BOOLEAN ALGEBRA
BOOLEAN ALGEBRA
1 MARK QUESTIONS
1. Write the Sum of Product form of the function F (P,Q,R) for the following truth table
representation of F:

P Q R F

0 0 0 1

0 0 1 0

0 1 0 0

0 1 1 1

1 0 0 0

1 0 1 0

1 1 0 1

1 1 1 1

1. SolP Q R F Minterm

0 0 0 1 P’Q’R’
0 0 1 0 P’Q’R
0 1 0 0 PQR’
0 1 1 1 P’QR
1 0 0 0 PQR’
1 0 1 0 P QR
1 1 0 1 POR’
1 1 1 1 PQR

Sum of Product form of function
F(P,Q,R)is
F(P,Q,R)=P’Q'R*+P’QR +PQR’+P QR

2. Write the Product of Sum form of the function F(X,Y,Z) for the following truth table
representation of F:

X Y z F
0 0 0 1
0 0 1 0
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 0
1 1 0 1
1 1 1 1
SOL
X Y Z F Maxterm
0 0 0 1 X+Y+Z
0 0 1 0 X+Y+2°
0 1 0 0 X+Y+Z
0 1 1 1 X+Y+2Z72
1 0 0 0 X+Y+Z



1 0 1 0 X+Y+272
1 1 0 1 X+Y+7Z
1 1 1 1 X +Y+Z

So, F=(X+Y+Z). (X+Y +2).
X+Y+2).(X+Y+2Z).

3. Write the Product of Sum of the function G(U,V,W) for the following truth table representation
of G:

u v w G

0 0 0 1

0 0 1 0

0 1 0 1

0 1 1 0

1 0 0 1

1 0 1 0

1 1 0 0

1 1 1 1

SOL

U VvV W G Maxterm
0 0 0 1 U+V+W
0 0 1 0 U+V+W
0 1 0 1 U+V+W
0 1 1 0 U+V+W
1 0 0 1 U+V+W
1 0 1 0 U +V+W
1 1 0 0 U +V+W
1 1 1 1 U +V+W

To get the Product of Sum form, we need to product maxterms for all those input
combinations that product output as 0. Thus, G(U, V, W) = (U+V+W’). (U+V' +
wW’).
(U+V+W). (U+V +W)

4. Write the Product of Sum form of the function G (U, V, W) for the following truth table

representation of G:
U v

2

G(U, vV, W)

PR, P P OOOO
PP OORrR R OO
P OPRPORrRORO
OrORRFLROPRO

SOL



U \ W G Maxterm

0 0 0 0 U+V+W

0 0 1 1 U+V+W
0 1 0 0 U+V+W
0 1 1 1 U+V+W
1 0 0 1 U+V+W
1 0 1 0 U +V+WwW
1 1 0 1 U+V+W
1 1 1 0 U +V+W

To get the Product of Sum (POS) form, we need to product maxterms for all those
input combinations that produce output as 0. Thus,
G(U,V,W)=(U+V+W).(U+V+W).
(U+V+W). (U+V+W)

5. Write the Sum of Product form of the function F(A, B, C) for the following truth table
representationof F:

A B C F
0 0 0 0
0 0 1 0
0 1 0 1
0 1 1 1
1 0 0 1
1 0 1 0
1 1 0 0
1 1 1 1

SOoL
A B (o F Minterm
0 0 0 0 A’BC’
0 0 1 0 A’B’C
0 1 0 1 A’BC’
0 1 1 1 A’BC
1 0 0 1 AB'C’
1 0 1 0 AB’C
1 1 0 0 ABC’
1 1 1 1 ABC

To get the SOP form, we need to sum minterms for all those input combinations that
produce output

as 1. Thus,

F(A,B,C) = A’BC’+A’BC + AB’C+ABC

6. Write the POS form of boolean function G, which is represented in a truth table as follows:

A B C G
0 0 0 0




0 0 1 1
0 1 0 1
0 1 1 0
1 0 0 0
1 0 1 0
1 1 0 1
1 1 1 1
SOL
A B C G Maxterm
0 0 0 0 A+B+C
0 0 1 1 A+B+C
0 1 0 1 A+B+C
0 1 1 0 A+B+C
1 0 0 0 A+B+C
1 0 1 0 A+B+C
1 1 0 1 A+B+C
1 1 1 1 A+B+C

To get the Product of Sum (POS) form, we need to product maxterms for all those
input combinations that produce output as 0. Thus,
G(A,B,C)=(A+B+C).(A+B+C)
{A+B+C).(A+B+()

7. Write the SOP form of Boolean function F, which is represented in a truth table as follows:

X Y Z F
0 0 0 1
0 0 1 0
0 1 0 1
0 1 1 0
1 0 0 1
1 0 1 0
1 1 0 0
1 1 1 1
SOL
X Y Z F Minterm
0 0 0 1 X+Y+Z
0 0 1 0 X+Y+Z
0 1 0 1 X+Y+Z
0 1 1 0 X+Y+Z
1 0 0 1 X+Y+Z
1 0 1 0 X+Y+Z
1 1 0 0 X+Y+Z
1 1 1 1 X+Y+Z




To get the SOP form, we need to sum minterms for all those input combinations that
produce outputs as 1. Thus,
F(X,Y,Z)=(X.Y.2) +(X.Y.Z) +(X. Y Z) + (X. Y. 2)

8. Write the POS form of a boolean function F, which is represented in truth table as follows:

A B C F

0 0 0 0

0 0 1 1

0 1 0 1

0 1 1 0

1 0 0 1

1 0 1 0

1 1 0 0

1 1 1 1

SOL

A B C F Maxterm
0 0 0 0 A+B+C
0 0 1 1 A+B+C
0 1 0 1 A+B+C
0 1 1 0 A+B+C
1 0 0 1 A+B+C
1 0 1 0 A+B+C
1 1 0 0 A+B+C
1 1 1 1 A+B+C

To get the POS form, we need to product maxterms for all those input combinations
that produce output as 0. Thus,
F(A,B,C)=(A+B+C).(A+B+C).(A+B+C).(A+B+C)

9. Write the SOP form of a boolean function F, which is represented in a truth table as
follows:

A B C F
0 0 0 1
0 0 1 0
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 0
1 1 0 1
1 1 1 1
SOL
A B (o F Minterm

0 0 0 1 AB.C
0 0 1 0 AB.C



0 1 0 0 A.B.C
0 1 1 1 A.B.C
1 0 0 0 A.B.C
1 0 1 0 A.B.C
1 1 0 1 A.B.C
1 1 1 1 A.B.C

To get the SOP form, we need to sum minterms for all those input combinations that
produce output as 1. Thus,
F(A B ,C)=(A.B.C)+(A.B.C)+(A.B.C)+(A.B.C)

10. Write the SOP form of a boolean function F, which is represented in a truth table as
follows:

X Y Z F(X Y 2)

0 0 0 1

0 0 1 0

0 1 0 0

0 1 1 1

1 0 0 0

1 0 1 0

1 1 0 1

1 1 1 1
X Y Z F(X Y,2Z2) Minterm
0 0 0 1 X+Y+Z
0 0 1 1 X+Y+Z
0 1 0 0 X+Y+Z
0 1 1 1 X+Y+Z
1 0 0 1 X+Y+Z
1 0 1 0 X+Y+Z
1 1 0 0 X+Y+Z
1 1 1 1 X+Y+Z

To get the SOP form, we need to sum minterms for all those input combinations that
produce output as 1. Thus,
FIX,Y,Z)=(X.Y.2) +(X.Y.Z) +(X. Y.2) + (X.YZ) + (X. Y. 2)

11. Write the POS form of boolean function H, which is represented in a truth table as
follows:

O O Ol
O o<
O ON
= O R|T



R R R RO
R, R OO R
R ORrR O PR
R, OO R Bk

SOL

H Maxterm
1 X+Y+Z
0 X+Y+Z
1 X+Y+Z
1 X+Y+Z
1 X+Y+7Z
0 X+Y+Z
0 X+Y+Z
X

P PP PR OO0 O X
PP OOPR PR OO
P ORFrRPRORFROPRFR ON

(BN

To get the POS form, we need to maxterms for all those input combinations that
produce output as 0.Thus,
H(X,Y,Z)=(X+Y+2Z).(X+Y+2Z2). (X+Y+2)

12. Write the SOP form of boolean function G, which is represented in truth table as follows:

()

P P R PO OOO|v
PP OOR R OO
R ORrRORFROR O
P RPORBRLPRPRER OO

SOL

G Minterm
0 P.Q.
0 P.Q.
1 P.Q.
1 P.Q.
1 P.Q.
0 P.Q.
1 P.Q.
1 P.Q.

P PR R OOOOT
PP OORrR PR OO0
PO R ORFRORFR O
X0 X0V VAWMU OO

To get the SOP form, we need to sum minterms for all those combinations that produce
output as 1. Thus,
G(P,QR)=(P.Q.R)+(P.Q.R)+(P.Q .R)+(P.Q.R)+(P.Q.R)



13. Write the POS form of boolean function H, which is represented in a truth table as
follows:

A B C H

0 0 0 0

0 0 1 1

0 1 0 1

0 1 1 1

1 0 0 1

1 0 1 0

1 1 0 0

1 1 1 1

SoL
A B C H Maxterm
0 0 0 0 A+B+C
0 0 1 1 A+B+C
0 1 0 1 A+B+C
0 1 1 1 A+B+C
1 0 0 1 A+B+C
1 0 1 0 A+B+C
1 1 0 0 A+B+C
1 1 1 1 A+B+C

To get the POS from, we need to product maxterms for all those input combinations
that produce output as 0. Thus,

H(A,B,C)=(A+B+C).(,&+B+f).(ﬂ+§+c).

14. Write the POS form a boolean function G, which is represented in a truth table as
follows:

u % w G

0 0 0 1

0 0 1 1

0 1 0 0

0 1 1 0

1 0 0 1

1 0 1 1

1 1 0 0

1 1 1 1

SOL

u Vv w G Maxterm
0 0 0 1 ut+v+w
0 0 1 1 Uu+v+w
0 1 0 0 u+v+w
0 1 1 0 u+v+w



1 0 0 1 u+v+w
1 0 1 1 u+v+w
1 1 0 0 u+v+w
1 1 1 1 u+v+w

To get the POS form, we need to product maxterms for all those input combinations that
produce output as 0. Thus,

G(u, v, w)=(u+v+w).(u+v+w). (u+rv+w)).(u+v+w)

15. Draw a logic circuit diagram for the boolean expression: )Z(er )
SOL U+v+w)

XDy — \f+z
.;DTJ

& ¥ +2)

16. Draw a logic circuit diagram for the boolean expression: A.(B+CT
SOL

A. (B + C)
Be——— /
L @-——1/0—/

N2 Tl
~ (B 4

Ol

17. Draw a logic circuit diagram for the boolean expression: K(B+C)
SOL

18. Prove that X . (X +Y) = X by truth table method.

SOL
X Y X+Y X. (X+Y)
0 0 0 0
0 1 1 0
1 0 1 1
1 1 1 1

From the above table it is obvious that X . (X + Y) = X because both the columns are
identical.

19. Find the complement of the following Boolean function:

F1=AB’ C'D’
SOoL
(AB’ +CD’) =(AB’)’ . (C’D’y’ (De Morgan’s first theorem)
=(A’+B”).(C”+D”) (De Morgan’s second theorem

i.e. AB=A+B)



=(A’+B) .(C+D)
(X!’ — X)
20. In the Boolean Algebra, verify using truth table that X + XY for each X, y in (0, 1).
SOL
As the expression X + XY is a two variable expression, so we require possible combinations
Of values of X, Y. Truth Table will be as follows:

X Y X+Y X. (X+Y)
0 0 0 0
0 1 0 0
1 0 0 1
1 1 1 1

Comparing the columns X + XY and X, we find, contents of both the columns are
identical, hence verified.

21. In the Boolean Algebra, verify using truth table that (X + Y)’ + X’Y’ for each X’ Y in (0, 1).
Sol
As it is a 2 variable expression, truth table will be as follows:

X Y X+Y X+Y)y | X Y’ XY’
0 0 0 1 1 1 1
0 1 1 0 1 0 0
1 0 1 0 0 1 0
1 1 1 0 0 0 0

Comparing the columns (X + Y)’ and X'Y’, both of the columns are identical, hence
verified.

22. Give the dual of the following result in Boolean Algebra
X . X =for each X.
Sol
Using duality principle, dual of X . X’ =0 is X + X’ = 1 (By changing (.) to (+) and viceversa and
by replacing 1’s by 0’s and vice versa).

23. Define the followings:
(a) Minterm (b) Maxterm (c) Canonical form
Sol
(a) A Minterm is a product of all the literals (with or without the bar) within the logic
system.
(b) A Maxterm is a sum of all the literals (with or without the bar) within the logic
system.



(c) A boolean expression composed entirely either of minterms or Maxterms is
referred to canonical expression.

24. Interpret the following logic Circuit as Boolean expression:

Sol =
F=AB+CD

25. Interpret the following Logic Circuit as Boolean Expression:

il \D_W}

Sol
F=(W+X)(Y+2Z).

26. Write the dual of the Boolean expression A + B’ .C.
Sol
Dual of the Boolean expression A +B’.CisA. (B’ + C).

27. Write the dual of the Boolean expression (B’ + C) . A.
Sol
Dual of the Boolean expression (B’+ C). Ais (B’ .C) + A.
28. Represent the boolean expression X (Y’ + Z) with help of NOR gates only.
Sol

e —

L ___\_ \\ (X + (Y # 2)) = X(Y +2)
_— i

g\:—\\\ .“'” \ R ¥, /
Z (Y +2)
L A

29. State Demorgan’s Laws:
Sol
De Morgan'’s first theorem. It states that X+Y=X.Y



De Morgan’s second theorem. It states that X.Y=X+Y

30. Which gates are called Universal gates and why?
Sol
NAND and NOR gates are less expensive and easier to design. Also, other switching

functions and (AND, OR) can easily be implemented using NAND/NOR gates. Thus, these
(NAND/NOR) gates are also referred to as Universal Gates.

2 Marks Questions

1. Name the law shown below and verify it using a truth table.
A+B.C=(A+B).(A+CQ)
Sol
A +B.C=(A+B).(A+C)
The above stated law is called distributive law.

A B C B.C A+B.C A+B A+C (A+B).(A+C)
0 0 0 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

Since, the column 5 and column 8 are equal. Hence, the given law A+B.C = (A + B).(A
+ C) is verified.

2. Obtain the Boolean expression for the logic circuit shown below:

Name the law shown below and verify it using a truth table.
X+X.Y=X+Y

v XY XY
e F=XV+(W+2)
4 A



3 Obtain the Boolean expression for the logic circuit shown below:

Sol

So, the obtained boolean expression is F = AB + (C + D)

4 Verify the following using boolean laws
X+Z=X+X.Z+Y.Z
Sol
X+Z=X+X.2+Y.Z

RHS=X+X .Z+Y.Z

=(X+X). (X+2)+V.Z (by using distributive law)
=1.(X+2)+VY.Z (by using X + X" =1)
=X+Z+VY.Z

= X+ Z(1+Y)

=X+Z (by using absorption law)
= LHS Hence proved

5 Verify the following using boolean laws
A+C=A+A.C+B.C
Sol
A+C=A+A’.C+B.C

RHS=A+A’.C+B.C

=(A+A’).(A+C)+B.C (by using distributive law)
=1.(A+C)+B.C (by using A+ A’ =1)
=A+C+B.C

=A+C.(1+B)

=A+C (by using absorption law)

=LHS Hence proved

6 Obtain the Boolean expression for the logic circuit shown below:



Sol
So, the obtained boolean expressionis F=(X"+Y) +Y.Z

7 State DeMorgan’s laws. Verify one of the DeMorgan’s laws using a truth table.
Sol
DeMorgan’s Laws:

It states that
(i) (A+B)=A.B (i)(A.B)=A+B
Truth table forA+B=A .B

A B A+B (A+B) A B A.B
0 0 0 1 1 1 1
0 1 1 0 1 0 0
1 0 1 0 0 1 0
1 1 1 0 0 0 0

Column 4 and Column 7 are equal, first law is proved.

8 Draw a logic circuit for the following boolean expression.
A.B' +(C+B’) .A’
Sol
F=A .B"+(C+B’).A

9 Obtain the Boolean expression for the logic circuit shown below:

Sol
So, the obtained boolean expression is F= P’Q + (Q + R’)



10 Verify the following using boolean expression using truth table:

(i) X+0=X
(ii) X+X' =1
Sol
(i) X+0=X ([i)X+X' =1
X 0 X+0 X X’ X+ X
0 0 0 0 1 1
1 0 1 1 0 1
So, X+0+X As X+ X’ = 1. Hence proved.

11 Write the equivalent Boolean expression for the following logic circuit:

Sol
So, the obtained boolean expression if F=(u + v) .(u +w)

12 Verify the following boolean expression using truth table:

(i) X.X'=0 (i) X+1=1
Sol
(i) XX =0 (i) Xx+1=1
X X XX X 1 X+1
0 1 0 0 1 1
1 0 0 1 1 1
As X. X’ = 0. Hence proved. As X+ 1=1. Hence proved.

13 Write the equivalent boolean expression for the following logic circuit:

Sol
So, the obtained boolean expressionisY = (u, v’ ) + (u’ . w’)

14 Verify the following boolean expression using truth table:
u. (U +v)=(u+v)



sol
u.(u+v)=u+v

’

u v u u+v u+v u.(u +v)
0 0 1 1 0 0
0 1 1 1 1 0
1 0 0 0 1 0
1 1 0 1 1 1

As u.(u’ +v)and u + v columns are not equal. Hence, terms on RHS and LHS are not
equal.
Hence, u.(uU+v)#u+v

15. Write the equivalent boolean expression for the following logic circuit:

Sol
So, the obtained boolean expression is F= (X + Y’). (X +Z’)

16. Verify the following boolean expression using truth table:
X+Y.Z=(X+Y).(X+2)

Sol
X Y Z YZ X+YZ X+Y X+Z (X+Y).(X+2)
0 0 0 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

17. Write the equivalent boolean expression for the following logic circuit:

Sol



(P. Q')+ (P.R")

18. State and prove DeMorgan’s laws in boolean algebra.
Sol
DeMorgan’s Laws

The two DeMorgan’s throrems are:
() XY =X +Y
This theorem states, that the complement of a product is equal to sum of
complements, i.e.
complement of two or more variables used in AND gate is the same as the OR gate
of the complement of each individual variables.
Truth Table
X Y X Y XY XY X+Y
0 0 1 1 0 1 1

XY =X+ Y. Hence approved
(i) X+ Y=X.Y
This theorem states, that the complement of sum of equal to product of
complements, i.e. complement of two or more variables used in OR gate is the same
as the AND gate of the complements of each individual variables.

Truth Table
X Y X+Y X Y X+Y XY
0 0 0 1 1 1 1

0 1 1 0 0 0
0 1 0 0
1 0 0 0

X+ Y=X.Y. Hence proved.

19. Write the equivalent boolean expression for the following logic circuit:



20. Write the equivalent boolean expression for the following logic circuit:

21. Verify the following algebraically:
XY+X.Y=(X+Y).(X+Y)

Sol XY+XY =(X+Y).(X+Y)
Taking RHS
X' +Y).(X+Y)
=X'X+X'Y+Y X+Y'Y
=0+X'Y+Y X+0
[X.X"=0]
=XY+X.Y
[X.Y =Y X]
= RHS
Hence proved

22. Verify the following algebraically:
(N +B).(A+B)=A.B+A.B

Sol

(A”+B’).(A+B)=A'B+AB’

LHS (A’+B’).(A+B)
=A’A+A'B+B’A+B'B
=0+A'B+B’'A+0 [as A’.A=0]
=A’B + AB’ [as A.B’ =B’.A]
= RHS

Hence proved

23. Write the equivalent boolean expression for the following logic circuit:



24. Write the equivalent boolean expression for the following logic circuit:

25. Verify X'.Y + X. Y + X".Y’' = (X’ + Y’) using truth table.

Sol
X Y X’ Y X'y Xy’ Xy XY+ XY + XY X +Y
0 0 1 1 0 0 1 1 1
0 1 1 0 1 0 0 1 1
0 0 1 0 1 0 1 1
1 1 0 0 0
As columns XY +XY +X'Y' + X'+ Y and X’ + Y’ are equal.
So, XY+XY +X' Y =X +Y

Hence proved

26. Write the equivalent boolean expression for the following logic circuit:

27. Represent (P +Q’. R) in POS form.

Sol

Q QR P+ QR Maxterm

P+Q+R

P+Q+R
P+Q'+R

P+Q +R’
PP+Q+R
P+Q+R

R B OO0 O Oo|v
©Oor r oOOoOlp
R O R, OFr O|m
R R, O O R B
R O OO R O
R B OO R O



0 0 1 P+Q'+R
1 0 0 1 P+Q +R’

The POS form of P+ Q'R willbe (P+Q+R). (P+Q +R). (P+Q’ +R’)

28. State the verify absorption law in boolean algebra.

Sol
Absorption law states
(i) X +XY=X
(i) X (X +Y) =X
Truth table for X + XY = X
X Y XY X+ XY
0 0 0 0
0 1 0 0
1 0 0 1
1 1 1 1
Hence, columns 1 and 4 are equal.
As X+ XY=X
Truth table for X (X + Y) = X
X Y X+Y X(X+Y)
0 0 0 0
1 0
0 1
1

Hence, columns 1 and 4 are equal.
AsX(X+Y)=X

29. Convert the following boolean expression into its equivalent canonical Sum of Product
(SOP) form:
(X'+Y + Z').(X'+Y + Z2).(X'+Y'+2).(X'+Y'+Z')

Sol
F=(X+Y+Z).X+Y+2Z2).(X+Y +2).X+Y' +2)

=(10 1). (100). (110). (1112)

=Ms. My. Ms. My

=1(4,5,6,7)

Thus, equivalent SOP expression will be (incorporating the missing terms from POS
expression)

=5(0,1,2,3)
i.e. Mo+ mi+mz+ms=(X.Y.Z)+(X.Y.Z) +(X. Y. Z) +(X. Y. 2)



30. Convert the following boolean expression into the equivalent canonical product of Sum

(POS) form.
A.B".C+A’ B.C+A'.B.C

Sol
AB.C+A’B.C+A’BC

ie.(101) (011) (010)
=ms+msz+mz =5 (2,3,5)
= POS is equal to
=11(0,1,4,6,7)
=Moo M;i1.My. Mg.M7
=(A+B+C).(A+B+C).(A+B+C). (A+B+C).(A+B+0C).

31. State and verify distributive law in boolean algebra.
Sol
Distributive law states

()X (Y+2Z)=XY+XZ and (i) X+YZ=(X+Y)(X+2)
Truth table for X (Y + Z) = XY + XZ

X Y Z Y+Z X.(Y+2) XY Xz XY + XZ
0 0 0 0 0 0 0 0
0 0 1 1 0 0 0 0
0 1 0 1 0 0 0 0
0 1 1 1 0 0 0 0
1 0 0 0 0 0 0 0
1 0 1 1 1 0 1 1
1 1 0 1 1 1 0 1
1 1 1 1 1 1 1 1
As columns X .(Y + Z) and XY + XZ are equal.
As X .(Y+Z)=XY +XZ Hence
proved
Truth table for X+ YZ) = (X+Y) + (X + 2)
X Y Z YZ X+YZ X+Y X+2Z (X+Y)(X+
2)
0 0 0 0 0 0 0 0
0 0 1 0 0 0 1 0
0 1 0 0 0 1 0 0



=)
P P O O R
R O L O K
R O O O R,
N = M SN
e N N SN
T N N SN
T N SN

As columns (X + YZ) and (X + Y) + (X + Z) are equal.
AsX+YZ=(X+Y)(X+2)
Hence proved

32. Convert the following boolean expression into its equivalent canonical Sum of Product
(SOP):
(UV+v+w)(u+v +wW)(u+v+w)

33. Given the following truth table, write the sum of products from of the function F (x, y,

z7):

R R R P OO O O X
R P, O O R LB O O
P O R, OFr OFr ON
R O O R O R KL O M

Sol
Xyz+x'yzZ +xy 7’ +xyz

34. Provethealgebraically X'y ‘2’ + X'y z+x yz’ + X'yz’' + xy'z’ + xy'z=x"+vy'.
Sol
Xy Z+xX'y z+x'yz’ +x'yz’ + xy’z’ +xy'z=x"+y’
LHS.=xy' (22 +2) + X'y (z+2Z') +xy’ (2’ + 2)
=Xy’ + X'y +xy’

:——% ’ - 7 _

—‘@o s (zZ7+z=1,z+2"=1)
z— - =x"(y’+y) +xy’
Y —) Do

:XI+XyI

35. Convert X+ Y to minterms
Sol
X+Y=X.1+Y.1



=X.(Y+Y)+Y(X+X) (X + X =1 complementarity law)
=XY+ XY+ XY+ XY

= XY+ XY+ XY+XY

=XY+XY+XY (XY + XY + XY Idempotent law)

36. Convert the following three input F denoted by the expression F=3Y (0, 1, 2, 5) into its
canonical Sum-of-Products form.
Sol
If three inputs we take as X, Y and Z then
F=mo+mi+my+ms
Mo = 000 == X Y Z
m:=001"" XYZ
my=010=== XY Z
ms=101 == XY_Z
Canonical S-O-P form of the expression is
XYZ+XYZ+XYZ+XYZ

37.  Simplify ABCD + ABCD + ABCD + ABCD.

Sol
=AB’C(D’ + D) + ABC(D’+ D)
=ABC.1+ABC.1 (D +D’=1)
=AC(B + B)
=AC.1=AC (B+B’=1)

38.  Provide that X. (X + Y) = X by algebraic method.

Sol

LHS=X.(X+Y)
=X.X+X.Y
=X+X.Y (X.X=X)
=X.(1+Y)
=X.1=X=R.H.S (1+Y=1)
=X.1=X=R.H.S

39. VerifyX.Y'+Y . Z=X.Y'.Z+X.Y'.Z+ X’.Y’.Z algebraically.

Sol

LHS=X.Y+Y'.Z
=X.Y(Z+Z)+(X+X)Y' .Z (Z+Z' =1land X+ X' =1)
=XY'Z+XY'Z+XYZ+XYZ
=XYZ+XYZ+XYZ

= RHS, Hence Proved.



40. Perform the following:
(a) State and prove the De Morgan’s Theorem (Any One) Algebraically.

Sol
(a) DeMorgan’s Theorem’s state that

(i) X+Y=X.Y (i) X.Y=X+Y
Proof. Assuming that DeMorgan’s laws are true. That means, all Boolean laws should
hold on it. Let
X+Y=P
As from given theorem (i), we get
Q=X.Y
Since Boolean laws on hold on it, complementarity law should also hold on it.
== P+P=1andP.P=0
P+P=1
Replacing value of P, we get
P+X.Y+1
LHS=(P+X) (P+Y)
Replacing value of P, we get
(X+Y+X)(X+Y+Y)=(X+X+Y)(X+1)
=(1+Y)(X+1) (X+X'=y+Y =1)
=1.1 (1+Y=1+X=1)
=1=RHS
Similarly, replacing Pand P in P .P =0, we get
(X+Y)X.Y=0
LHS = XXY + YXY
=0+0 (XX’ =0, YY’ = 0)
=0 =RHS.
Thus, complementarity law fully holds on it.
==  DeMorgan theorem is a legal Boolean algebra theorem.

41. State and prove the absorption algebraically.
Sol
Absorption law states that
(i) X+XY =X and (i) X (X+Y)=X
Proof. (i) X+XY=X
LHS+XY=X(1+Y)
=X.1 [1+Y=1]

= X = RHS Hence Proved.



42. Given the following truth table, derive a Sum of Product (SOP) and Product of Sum
(POS) form
of Boolean expression from it:

X Y Z G(XY,2)
0 0 0 0
0 0 1 1
0 1 0 1
0 1 0 1
1 0 0 0
1 0 1 1
1 1 0 0
1 1 1 1

43, Given the following truth table, derive a sum of product (SOP) and Product of Sum
(POS) form of Boolean expression from it.

A B c F(A B,C)
0 0 0 1
0 0 1 1
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 1
1 1 1 0

44, Represent the Boolean expression X. Y’ + Z with the help of NOR gates only.
Sol
X.Y+2Z

=Z+XY’ X+Y=Y+X]
=(Z+X)(Z+Y’) X+YZ=(X+Y)(X+2)]

=y S
=D

XY '+ 2

45. Represent the Boolean expression (X + Y’) .Z with the help of NAND gates only.
Sol
(X+Y).Z=X.Z+Y'.Z



3 Marks Questions

1. Obtain the minimal form for the following boolean expression using Karnaugh’s
Map:

F(A,B,C,D)=15(1,4,5,9,11, 12, 13, 15)

Sol
cD
B8 (o0 A o 115) cD cD
s [
A'B [~
0 1 3 2
vg | |1 i
i o | WO 1 7 6
i ; 5L
AB L] 1] 1]
& 2 13 5 14
5 | 1 »!
| == 8__ = 9 11 10

There are 3 Quads:
Quad 1 (m1 + ms +mg+ ms3) reduces to C'D
Quad 2 (ms4 + ms +m12+ ms3) reduces to BC'
Quad 3 (mg + m11 +m13+ mis) reduces to AD
Hence, the final expression is:
F(A, B, C) = C'D + BC’ + AD

2. Obtain the minimal form for the following boolean expression using Karnaugh’s
Map:
F(A,B,C,D)=5(1,3,4,5,6,7,12, 13)

Sol



AE\(:D LBy -EH cD cor
A'B 1 1

0 1 3 2
A'BR 1» 1 i 1 1

“—4— 5 7“ Gy 6

AB ] 1

12 3 15 14
AB

8 . 9 ,_H _‘13

There are 3 Quads:
Quad 1 (m; + m3 +ms+ my) reduces to A’D
Quad 2 (m4 + ms +mg+ m7) reduces to A’B
Quad 3 (ms + ms +m12+ mi3) reduces to BC’
Hence, the final expression is:

F(A, B,C,D)=AD+A’B+BC’

3. Obtain a simplified form for the following boolean expression using Karnaugh’s Map:
F(P,Q,R,S)=3(0,2,4,5,6,7,8,10,13, 15)
Sol

RS RS|RS|RS|RS
PQ ‘ |
PO %)
PiQ 0 1 ) ]

i1 ir‘? 1 1;

PQ 4 ; 5 7 6

PQ ;L‘_“ 1
12 13 15 14

é = :

PQ 8 9 11 10

There are three Quads:
Quad 1 (ms + ms +mg+ m7) reduces to EQ
Quad 2 (ms + m7 +m13+ mss) reduces to QS
Quad 3 (mo + mz +msg+ mig) reduces to Qs
Hence, the final expression is:
F(P, Q, R, S) = PQ+ QS +QS



4. Obtain the minimal form for the following boolean expression using Karnaugh’s
Map:
H(P,Q,R,S)=5(0,1,2,3,5,7,8,9, 10, 14, 15)
Sol

RS
PQ R'S R'S RS |RS
PQ| 111 ] |1] 101
| S— b FRS SS— 1 53 ”
; i
PQ .t 1
4 5 7 6
PQ b 1]
12 13 15 14
Pl 317 1] [
8 |9 1| | 10

There are three Quads and 1 Pair:

Quad 1 (mo + mz +ms+ mip) reduces to CIS
Quad 2 (m1 + m3 +ms+ my) reduces to PS
Quad 3 (mo + m; +ms+ mg) reduces to QR
Pair 1 (m14+ m1s) reduces to PQR

Hence, the final expression is:
H(P,QR,S)=Q'S +P’'S+Q R +PQR

5. Obtain the minimal form for the following boolean expression using Karnaugh’s
Map:
FU,V,W,Z)=5(0,1,2,3,6,7,8,9, 10, 13, 15)
Sol

0. F(UV,W,2)=3(0,1,2,3,6,7,8,9,10, 13, 15)



ST ,
W WZE% w2z wz Wz

s 15 ‘»
0 1 | 3 2
|
uv Ll oo
4 5 7 6
oV Bl 1
12 13] 15 14
uv [11 |1
[ |8 9 1| 10
|

There are three Quads and 1 Pair:

Quad 1 (mo + m2 +msg+ mag) reduces toVZ
Quad 2 (mo + m1 +msg+ mg) reduces toVW
Quad 3 (m3 + ms3 +mg+ my) reduces to uw
Pair 1 (m13+ m1s) reduces to UVZ

Hence, the final expression is:
FUVW,Z)=V'Z +V W + U’ W +UVZ

6. Reduce the following boolean expression using K-map:
F(PI Ql RI S) = z(ll 2I 3' 4I 5I 6I 7I 8’ 10)

Sol

8 9 11 10“

There are three Quads and 1 Pair:

Quad 1 (m; + m3 +ms+ my7) reduces to P’S
Quad 2 (ms4 + ms +mg+ m7) reduces to P'Q
Quad 3 (m; + m3 +mg+ m7) reduces to P’'R
Pair 1 (ms+ m1o) reduces to PQ’S’

Hence, the final expression is:

F(P, Q, R, S)=P’S+P'Q+PR+PQ’S

7. Reduce the following boolean expression using K-map:



F(A,B,C,D)=75(2,3,4,5,6,7,8,10,11)

Sol
CD
AB cb €D ,D CD
i3 1 |
AB L | 1]
0 1 3 4
As| O T RE
L ! A
4 5 7 g
AB
12 13 15 14
A B ""TJ T @Tﬁ
T s 9 11 [ 10

There are 2 Quads and 1 Pair:

Quad 1 (ms + ms +mg+ my) reduces to AB
Quad 2 (m3 + m3 +m1o+ m11) reduces to BC
Pair 1 (ms + m1o) reduces to ABD

Hence, the final expression is:

F(A, B, C,D) = AB +BC + ABD

8. Reduce the following boolean expression using K-map:
F(Al BI CI D) = z(ol 1I 2I 4I 5I 6I 8I 10’)
Sol

D | |
AB\ c'p| C¢D CD |CD
+—10 L
apgl [T 1] O -
|
| 1o 3| | 2
|
A'B L,‘-h_, ,.,.,:', i 1
i P . 5 4 6
AB
12 13 5 14
= —
AB 1 1
8 9 1 1 10

There are 3 Quads:
Quad 1 (mo + m1 +ma+ ms) reduces to A’C’
Quad 2 (mo + m2 +msg+ mag) reduces to B’ D’
Quad 3 (mg+ mz+mas+ me) reduces to A’ D’
Hence, the final expression is:

F(A, B, C,D)=A’C’ +B’D’ + A’ D’



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Reduce the following boolean expression using K-map:
F(P,Q,R,S)=5(0,1,2,4,5,6,8,12)

Reduce the following boolean expression using K-map:
F(A,B,C,D)=3(3,4,5,6,7,13, 15)

Reduce the following boolean expression using K-map:
Flu,v,w,z)=5(3,5,7, 10,11, 13, 15)

Reduce the following boolean expression using K-map:

F(P,Q,R,S)=5(1,2,3,5,6,7,9,11, 12, 13, 15)

Reduce the following boolean expression using K-map:
H(u,v,w,z)=5(0,1,4,5,6,7,11, 12,13, 14, 15)

Reduce the following boolean expression using K-map:
F(A,B,C,D)=5(0,1,2,3,6,7,8,11, 14, 15)

Reduce the following boolean expression using K-map:
F(AI Bl CI D) = z(olzl 3l 4l 6I 7I 8’ 10’ 12’)

Reduce the following boolean expression using K-map:
F(AI BI Cl D) = Z(Of 1I 2I 4l 5I 8I 9I 1OI 111)

Reduce the following boolean expression using K-map:
F(A,B,C,D)=5(1,3,4,5,7,9,11, 12,13, 14)

If F(a,b,c,d)=Y(0,2,4,5,7,8,10, 12, 13, 15), obtain the simplified form using K-

Map.

What is the simplified Boolean equation for the following K-map.

cd = -

M cd [00 cd[01]  cd[11]

l \ L 8  § b | 4 P

ao \

! i | | i
[00) a b ; a
. 0 | 9‘:
T e 1
_ ; s !
[01} ab 1 i
‘ : o
|
[11] ab 1 1 1 |
111) l
[ 13 5 14 i
?
(10] ab 1 1 f
8 9 1 10 |




Sol
Completing the Karnaugh map by entering 0’s in the empty squares with their
minterm’s subscripts and then by encircling all possible groups, we get the
following K-map.

d 0 o i
& cd[00] ed[01] ed[11] ¢d[10]
a

, i | =
s i ;
[00]ab | r
L i ,,OJEA f | 3 2
[01]ab ! 1)
E al 5 7 6
5 e e e
[11] ab 1 A |
| at L] [ i “I\)
12 13 15 | 14
[10] ab 1 L 1, 1)
o P . — s o R
8 9 = 10

3 Quads and a pair is marked:
Quad 1 (mi2 + mi3 + mis + mss) reduces to ab
Quad 2 (mg + m11 + mi3 + mis) reduces to ad
Quad 3 (Mo + m11 + mi4 + mis) reduces to ac
Pairl (mz+ mip) reducestobcd.
Hence the final reduced expression is
F=ab+ad+ac+ bcd

20. Minimise the following function using a Karnaugh map.

FW,X, Y,2)=5(0 4,8, 12).

Sol

1. Given function

F(W, X Y,2)=5(0,4,8,12) =mo+ ms+ mg+ mz
mo=0000=WXYZ ms=0100=WXYZ
mo=1000=WXYZ m1;=1100=WXYZ
Mapping the given function on a K-map, we get



Y2 (00)YZ [01]Yz [1yz [0]YZ

WX
[
[00] WX 1 0 0 0
0 1 3 2
OIWX | |1 0 0 0
4 S 74 6
My wx 1 0 0 0
12 13 15 14
[10) WX 1 0 0 0
L — 8 9 1 10

Only 1 group is here, a Quad (mo + m4 + miz2 + mg)
Reduced expression for this quad is Y Z thus, final reduced expressionis F=Y Z

21. Obtain the simplified form a Boolean expression:
F(uv,w 2)=¥(0,1,3,5,7,9, 10,11, 12,13, 14, 15)
using Karnaugh Map.

Sol
2. There are 4 gps: 1 octet, 2 Quads and 1 pair
Octet (m1 + m3 + ms+ my+ mg+ mi1 + mi3 + mis) reduces to z.
Quad 1 (miz+ miz+ mig+ mis) reduces to uv.
Quad 2 (mipo+ mi1+ mig+ mis) reduces to uw.
Pair (mo + m1) reduces tou vw
The final reduced expression is

UVW+UV+UW+2Z



wz
uv [00] w2z 01wz 11wz [10] wz

uv [01] 1 1 1

0 1 3 2
uv [01] 1 1

4 5, 7 6
uv [11) E 1 [ 1 1)

12 13 15 14
uv [10] \_ 1 \ L/ 1)

8 9 1 10

22. Obtain a simplified form for a Boolean expression

F(x,y,zzw)=%(0,1,3,4,5,6,7,9,10, 11, 13, 15)

using Karnaugh Map.

Sol

Zw ,

xy [00] z w. [01) zw 1) zw [10) zw
xy [01) (1 1 1

0 1 : 3 2
xy o | (\1_ 1) 1 i |

4 5 74 6
xy [11] 1 1

12 13 15 14
x¥ [10] \: 1 ", 1

. 8 9 11 j 10

There are 4 groups: 1 octet, 2 Quads and 1 pair.
The octet (m1+ ms + ms+ m7+ mg+ mi1; + miz + mis) reduces to w.
The quad 1 (mo + m1 + ms+ ms) reduces to x z
The quad 2 (m4 + ms + mg+ m>) reduces to x y.
The pair (mo + m11) reduces to x y z
The final reduced expression is
F(X,y,Z, WW+XZ+Xy+XYyZ






