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Unit-1

Logic simplification and combinational
logic design:



Que 1.1. Describe the binary codes. Show the classification of binary codes in tabular

format.
Answer

1. Code is the representation of group of symbols, words, or letters. As the digital
data is used as group of binary numbers, so, we call it as the binary codes.

2. These binary codes are used for the designing and analysis of digital circuit,
computer applications, in digital communication. The codes are classified into
certain following categories:

i Weighted codes

ii. Non-weighted codes Ref

iii. lective codes

iv. Sequential codes v. Alphanumeric codes
V. Error detecting and correcting codes.

3. Since, all these codes use only 0 and 1, so it is easier to implement. The binary
codes can also be used for representing the numbers as well as the alphanumeric
letters.

4. The classification of codes can be composed in tabular form which is as follows:

Codes
f : .
Weighted Reflective | Alphanumeric
codes codes codes
N welitel e 2491 . ASC}I . Error detgcting
Binary BcD codes * Excess-3 § *® EBCDIC &.Cfi_ll‘f'ectn}g codes
e 8421 * Excess-3 Sequential codes . P:rniltl;?mg
e 2421 © Gray ® 8421
¢ Excess-3

5. Weighted binary codes are those which obey the positional weight for the number
to represent.

6. In non-weighted codes, the positional weights are not assigned.

7. In reflective code, the reflectivity is desirable. For example, in 9’s complement
subtraction, i.e., code for 9 is the complement for 0, code for

8. is complement of 1, 7 for 2, 6 for 3 and 5 for 4. 8. In sequential code, each
succeeding code is one binary number greater than the preceding code.

9. The alphanumeric codes are designed to represent numbers as well as characters.

10.The error detecting and correcting codes are used to detect and correct the error

like 0 may change to 1 or vice-versa by using some special codes which possess
the capacity to detect and correct the error.



Que 1.2. Convert the following decimal numbers into binary.
(i). 35 (ii). 127
Solution: (i)

2 35
2 17 1 4
2 8 1
2 4 0
2 2 0
2 1 0
0 1

So (35)10 = (1001 ].)g

(i)
2 127
2 | 63 .
2 31 1
2 15 1
2 7 1
2 |3 1
2 | 1 1
0 1

(127)10= (1111111)2

Que 1.3. Convert the following decimal numbers into octal.
(i) 567 (ii) 1276

Solution: (i)

8 | 567
8 | 70 7 4
8 8 6
8 1 0

0 1

So (567)10=(1067)s



(i)

8 1276
8 159 1 1
8 19 7
8 |2 3

0 2

So (1276)10 = (2374)s

Que 1.4. Convert the following decimal numbers into hexadecimal.
(i) 8537 (ii) 98765
Solution: (i)

16 | 8537
16 | 533 9 ¢
16 | 33 5
16 | 2 1
0 2
So (8537) 10 = (2159) 16
(i)
16 | 98765
16 | 6172 D ¢
16 | 385 s
16 | 24 1
16 |1 8
0 1

So (98765} 10 = (181CD)|5

Que 1.5. Convert the following decimal numbers into binary.
(1) 0.625 (ii) 0.6
Solution: (i)

Decimal Product  Integer part
B25xd 125 1
250 x 2 0.5 0
.500 x 2 1.0 1
0
Stop

(0.625)10= (0.101):



(i)

Decimal Product Integer part
0.600 x2 1.200 1
0.200 x2 0.400 0
0.400 x 2 0.800 0
0.800 x2 1.600 1

(0.6)10= (0.1001(1001) ...)2

Que 1.6. Do the following conversions:
(i). (965.125)10 to octal
(ii). (8765.025)10 to hexadecimal
(iii) (6754.05)8 to decimal.

Solution: (i)
Integer part

8 965
8 120
8 15
8 1
0
Fractional part
Decimal Product Integer part
0.125 x 8 1.00 1 l
So (965.125),9 = (1705.1)g
(i1)
Integer part
16 8765
16 547
16 34
16 2
0
Fractional part
Decimal Product Integer part
0.025 x 16 0.4 0
0.4x 16 6.4 6
0.4x 16 6.4 6

repeated value

So (8765.025) 10 = (223D.0666...) 16




(iii). (6754.05)s to decimal

6754.05 = 6x8% + 7x8% + 5x8' + 4x8" + 0x8! + 5x87
= 3072 + 448 + 40 +4 +0 +.071285
= 3564.078125

So (6754.05)53= (3564.078125),¢

Que 1.7. Do the following conversions:
(1) (1100110111110.1011)2 to octal
(i)  (2467.534)s to binary

Solution: (i)

Octal Equivalent: 1 4 6 7 6 3 4

(1100110111110.1011), = (14676.34)g

(ii)
Octal number : 2 4 6 7. 5 3 4
Binary Equivalent: 010 100 110 111 . 101 011 100

(2467.534)s = (10100110111.1010111),
Que 1.8. Do the following conversions:

() (110011010110111110.101)2 to hexadecimal
(ii) (2AB6E7.5D4)16 to binary

Solution:

(1)

Binary 0011 0011 0101 1011 1110. 1010
Hexadecimal 3 3 5 B E A

(110011010110111110.101)2 = (335BE.A)6

(i)
Hexadecimal: 2 A B 6 E
Binary 0010 1010 1011 0110 1110

7. 5 D 4
0111.0101 1101 0100

(2AB6E7.5D4),5 = (1010101011011011100111.0101110101),
Que 1.9. Convert the hexadecimal number 4AC7.4B in to its equivalent octal number.

Solution: The given hexadecimal number is first converted to binary number and then
converted to octal number.



Hexadecimal: 4 A C 7 . 4 B
Binary: 0100 1010 1100 0111 . 0100 1011

Now (100101011000111.01001011); to octal

100 101 011 000 111.010 010 110

(4ACT7.4B) 6 = (45307.226)5

Que 1.10. Perform the following binary additions.
(1) 110111 + 11010
(i) 101101.101+101011.011
(iii) 1101101.101+110110.01

Solution:
()
Carry _, 111110
110111
011010
10100 01
(i)
Carry _, 101111111
101101.101
101011.011
1011001.000
(iii)
Cary _, 1111100000
1101101.101
0110110.010
M0o100011.111
Binary Subtraction:
a b difference borrow
0 0 0 0
0 1 1 1
1 0 1 0
1 1 0 0

Que 1.11. Perform the following binary operations.

(i)  1101101- 1100111
(i) 11011.01-10101.11
(i) 1101.101-1001.011




Solution:

()

Borrow _, 0000110
1101101
1100111
0000110

(ii)

Borrow _, 010110
11011.01
10101.11
[00101.10

(iii)

Borrow __, 0000 10
1101.101
1001 .011
[0100.010

Que 1.12. The representation of -5 and +5 in 2’s complement form.
Solution:
MSB LSB

(11 ]o]1]1]-s
H_)

Sign bit Magnitude
MSB LSB

(oo 1]o]1]+s
%_)

Sign bit Magnitude

This system's benefit is that 0 only has one representation for -0 and +0. In the 2's

complement form, zero (0) is seen as always positive (sign bit is 0). It is therefore a
singular portrayal.
MSB LSB

‘o‘0|0|0|0‘+0

H_)

Sign bit Magnitude
Que 1.13. Multiply 10101 by 10011.
Solution:




Multiplicand 10101
Multiplier 10011

Partial products 10101
10101
00000
00000
10101

Product 110001111

Que 1.14. Divide 1101101 by 101.

Solution:
Quotient

Divisor ) Divident

10101 .11..
101 illOllOl

101
00111
00101
0001001
0000101
00001000
00000101
000000110
000000101

000000001

So, quotientis (10101.11)2 and remainder (.01)

Que 1.14. Perform decimal additions in 8421 code
(a). 25+13
(b). 679.6 + 536.8

Solution:

(a)
In BCD 25= 0010 0101
In BCD +13 =+0001 0011

38 0011 1000
No carry, no illegal code. This is the corrected sum



(b)
679.6 = 0110 0111 1001 .0110inBCD
+536.8=+0101 0011 0010 .1000in BCD

1216.4 1011 1010 0110 .1110 illegal codes
+0110 + 0011+0110 +. 0110 add 0110 to each

(1)0001 (1)0000(1)0101. (1)0100 propagate carry
/ / / /

+1 +1 +1 +1

0001 0010 0001 0110 . 0100

Que 1.15. Find the gray equivalent of the following binary numbers:
(i). 100010111

(ii). 111010110
(iii). 10000101011

Solution: (i)

aRRRERRY

(100010111)2= (110011100)

(i)
(NN NN NN NN
1 1 1 0 1 0 1 1 0
l l l l l l l l l
(111010110)2 = (100111101),
(iii)
(NN Y TN

SERRRRAREY

(10000101011)2 = (11000111110),

e Gray Code to Binary:



1 1 0 0 1 1 1 Gray
M/:’/v*’A'A

1 0 0 0 1 0 1 Binary
(1100111) ;= (1000101):

Que 1.16. Represent the decimal number 6 in
(i) excess-3 code,
(i)  BCD code,
(iii)  Gray code,
(iv) 8421 code and
(v) 2421 codes.
Solution: (i) Excess-3 code:
6 (in BCD) = 0110
+3 =0011

9 =1001

(iii) BCD code:
(6)10=0110 (in BCD)

(iv)  Gray code:

(6)2=0110
& @ 6
IAYA YA
0O 1 1 0
Vol
0 1 0 1

Gray code = 0101
(iv) 8421 code:
(6), = 0110

(6)g, 5 ;= 1010

(v) 2421 code:
(6)2,4,2,1 = 1100

Que 1.17. Using the theorems of Boolean algebra, prove the following identities:

@) (A+B)-(A+AB)-C+A-(B+C)+A-B
+A-B-C=A+B+C

G) (A+A - B)-(A-C+A-C-(A+B))-(B+0)
=A-B+A-C

(iii) A-B+B-C+ A-C =A-B+B-C+A-C



Solution: (i) L.H.S.

- (A+B)-(A+A-B)-C+A-(B+CO)+A-B+ A-B-C
— (A+B)-(A+A-B)-C+A+(B+C)+A-B+ A-B.C
- (A+B)-(A+B)-C+ A+ (B+C) +

o _+A-B+A-B.-C
= AAC+A+B-C+B-(A+C)
- A+AC+B-C+B-A+C

A+C+B-A
A+B+C
RH.S

nmnn

11
) - (A+A-B)-(A-C+A-C(A+ B))(B+C)
- AA(C+C(A+ B)(B+C)
= A(C+ A+ B)(B+C)
= A(C+ B)(B+C)
- A(B+C)

= AB+AC
= RHS.

(iii)
= AeBEBOF 2B
= A B4 B-CL+ A0
= A_B (C+C)+(A+A]

A-
+
A-B-C+A-B-C+A-
+
o A W G Y

B -
BOEA-CL BB
RHS.

Que 1.18. Simplify the following Boolean expression to a minimum number of literals.
i AC +ABC+ AC + AB
ii. (XY +2)+z+xy+wz

Solution: i.

AC +ABC+ AC + AB:

Let
Y= AC + AC + AB + ABC

C(A+A)+A(B+BC)

C+AB+0)
C+AC +AB

C+A+AB
C+A(l+B)
A+C



il.
(XY +2)+z+xy +wz

Let
Y=

—_—

Xy +2)+z+xy +wz

z+xy+wz

Xy +
Xy +xy+z(1+w)
vy o+

=X xy+z=x Oy+z

Que 1.19. Simplify the following expressions

Y =BC+BC+BA
Solution: -

Y =BC+BC+ BA

Y=B(C+C)+BA

Y =B+ BA (vC+C=1)

Y=B(1+A) (v14+A=1)

Y=B.1

Y=B

Que 1.20. Simplify the following expressions
Y = A+ AB + ABC + ABCD + ABCDE
Solution:
Y = A+ AB + ABC + ABCD + ABCDE
Y = A+ A(B + BC + BCD + BCDE)
Y = A+ (B + BC + BCD + BCDE)
Y =A+ (B+B(C+CD + CDE))
Y =A+ (B+ (C+CD+ CDE))
Y =A+ (B +(C+T(D+DE)))
Y=A+ (B+(C+ (D+DE)))
Y=A+B+C+D+E

Que 1.21. Simplify the following expressions
Y=C+BC
Solution:

= )
+ O+
wl -,
=+
+ cu
=]

o
-

Que 1.22. Simplify the following expressions
Y =AB(A +B)(B+B)

Solution:
Y=(A+B)@A+B)Q1)
Y =AA+ AB + BA + BB
Y=0+AB+B)+0
Y =4A(1)
Y=A

Que 1.23. Simplify the following expressions

Y=(A+C(AD+ADY+AC+C
Solution:



Y=(A+CAMD+D)+AC+C
Y=(A+C)(A(1)+AC+C
Y=AA+AC+AC+C
Y=A+AC+C
Y=A1+C)+C

Y=A+C

Que 1.24. Simplify the following expressions
Y=AA+B)+ (B+AA)(A+B)
Solution:
Y = AA + AB + BA + BB + AAA + AAB
Y=0+AB+AB+0+A+AB
Y=BA+A)+A+AB
Y=B+A(1+B)
Y=A+BR

Que 1.25. Simplify the following expressions

Y=A+BC+DE+F)
Solution:

Y=(A+BC) (D(E+F))

Y=(A+BC)(D+(E+F

Y=(A+BC)(D+E+F

Que 1.26. Simplify the following expressions
Y=AB+A(B+C)+B(B+0C)
Solution:
Y=AB+AB+ AC+ BB + BC
Y=AB+AC+B+BC
Y = AB 4+ AC+ B(1+C)
Y=AB+AC+B
Y =B(A+1)+AC
Y=B+AC

Que 1.27. Simplify the following expressions
Y=AB+A(B+C)+BB+C)
Solution:
Y = AB + A(BC) + BBC
Y =AB(1+0C)
Y =AB

Que 1.28. Simplify the following expressions
Y = ABC + ABC + ABC + ABC + ABC
Solution:
Y = ABC + ABC + ABC + ABC + ABC
Y = ABC + ABC + ABC + AC(B + B)
Y = ABC 4+ ABC + ABC + AC
Y = ABC + BC(A+A) + AC
Y = ABC + BC + AC
Y = (AB + A)C + BC
Y = (A+B)C+BC
Y = AC+ BC + BC



Que 1.29. Simplify the Boolean function.
F(wxv2)=Xm (13,711, 15)

which has the don't care conditions
d(wxy,z)=2d (0, 2, 5)

Solution
yz
wi_ 00 01 11 10
00 [xo Lif[]s] %

01 04 5 1706

0 0 1 0
11 12 13 15| 14

100 04 Of|1usf%0

vz
WX 00 01 11 10

00| *o [11 Llg] * o

01 04l><5 1]7 06

11 ¢ 12 013 ! 15 014

10 08 09 _111 010

F=yz+Wwz

(b)
The K-map in Fig. (b) is more feasible because, we have to use the minimum don'’t care.

Que 1.30. Simplify the following expression into product of sum (POS) form
i. ABC+ ABD + BCD

ii. ACD + CD + AB +ABCD
Solution (i)
ABC + ABD + BCD
Let Y = ABC + ABD + BCD

= ABC(D+ D)+ AB(C +C)D + (A + A) BCD
ABCD + ABCD + ABCD + ABCD + ABCD + ABCD

Y =Em(7,9,11, 12, 13, 15)

Now for POS form we will take complement function,
Y =11M0,1,23,4,5,6,8, 10, 14)



A+BII[0 0 o | @]
0 1 3 2
A+B|[ 0O 0 0
4 5 7 6
A+B 0
12 13 15 14
A+ B 0 8 9 11 .il(]
Y =(A4+B)(A+CNC +D)(B+D)
(ii) _
ACD + CD + AB + ABCD
Let,Y = ACD +CD + AB + ABCD
= A(B+B)CD+(A+A)B+B)CD
+AB(C+C)D+D)+ABCD
= A(B+B)CD+(A+A)(B+B)CD
+AB(C+C)D+D)+ABCD
= ABCD+ ABCD + ABCD + ABCD + ABCD
+ ABCD + ABCD + ABCD + ABCD
Y=3¥m(l,5,8,9,10,11,13, 14, 15)
Now for POS form, we have to take complement function,
Y =11 M(0,2,3,4,6,7,12)
CD - - -
AB C+D C+D C+D C+D
A+B 0 : ) 03 0 5
A+B|[0] 0110
_ _ 4 5 7 [i]
A+Bllo
12 13 15] 14
A+B
8 9 11 10

Y =A+D)(A+ C)(B +C+D)

Que 1.31. Minimize the given Boolean function using K-map.

F(A,B,C,D)=Xm (3,4,5,7,9,13, 14, 15)

Solution
CD
AA TD CD cp D
AB| 1 .
0 1 3 2
Al 1] (|1
4 5] 17 6

AB |T|13 1]

12 15 14

9] 11 10




F= ABC + ACD + ACD + ABC

Que 1.32. Implement the following Boolean function with NAND gates.
F(x,y,2)=2m(1,23,4,57)

Solution

YZ

)N 00 01 11 10

0 (1 [ ()] 1)
0 1 3 2

i @ [)] 1)
| 5 7 6

F=z+Xxy+xy

Implementation using NAND gates

F=(x+¥5).X+y.(2)
= 2Z+xy+X.y

Que 1.33. Simplify the boolean function Y together with don't care condition d using K-
map and implement it with two level NAND gate circuit.

Y=BD + BCD + ABCD
Solution

Y = BD + BCD + ABCD
(A+A)B(C+C)D+(A+ A)BCD+ ABCD

1]

ABCD+ABCD+ABCD+ABCD+ABCD+ABCD+ABCD
Y =S m(5, 6,7, 10, 13, 14, 15)

CDgop 01 11 10

AB

00 0 1 3 2
ol af | 15| [1] 7 16
Ll 12 113 - i3 T14
10 8 9 ul s

Y =BD + BC + ACD



NAND gate implementation:

O w
El
e}

BD + BC

(BD + BC)

D
p—] P2

ACD
Que 1.34. Simplify the following Boolean function using K-map

Y=2m{0,1,8,5 6,79 11.16; 18,19, 20,
21, 22, 24, 26)
Solution

fiC,D, E, A, B)

AB“DEOOO 001 011 010 110 111 101 100
00 1] l_ll |T| O]
0 4 12 8 24 28 20 16
o1 |1 1 |_1| Ill
1 5 13 9 25 29 21 17
u [ )
3 7 156 11 27 31 23 19
10 1 1 1 1]
AL 1 6 14 10 26 30 22 | — 18
LI

Y = DEAB + CDB + ACDE + CDAB + CDEB + CDEB + CDEA + CDEA
Que 1.35. Simplify the Boolean function

56, 57, 60, 61)

F(A,B,C, D, E F)=2Zm (0,5,7,8,9,12, 13, 23, 24, 25, 28, 29, 37, 40, 42, 44, 46, 55,
Solution
_ Group 2 _
; AB  [ABCDF) - AB
CDEPIoo 01 11 /} 10 CDEFoo 01 11 10
]
oo| L1} Fy 00
of /a3 9 16] 17) 19| 18
s @@I 01 O
Group 1 4 TEN_"1 6 20l 21 23\ 22
ABDEE | 17 | \ ul Lt \
N 12| i3 sl 14 gy 28| |29 31 \\30
| \ (ACE) 111 i
10\! s 9 1}|1 10 0 5 T 25| 27 lbg
Er_oulj 3 Group 5 Group 6
(BCDEF) (BCE) (BCDEF
— |
F AB [ EF AB 1
CDN-00 01 11',' 10 CDN-00 o1 11 1(}3
00 / 00 /’
32| 33| /35| 34 48|l 49| 51| /50
P 4 4
01 @~ 01
36| 37 39 38 52| 53] 55 54
11—1| 1 | [T [1
44| a5] 47 |46 60 161 63 62
1 1 1]1
Oy a1l 43 ~13 10 “55 51 59 s
N, Group 7 -
YABCF)




Unit - 2

Combinational circuits:



Que 2.1. What is magnitude comparator? Design a three-bit comparator circuit using

logic gates.

Solution: A magnitude comparator is a combinational circuit designed primarily to
compare the relative magnitude of the two binary numbers A and B.
e Naturally, the result of this comparison is specified by three binary variables that
indicate, whether

o A>B,
o A=B
o A<B.
> . —» A>B
Inputs {A Magnitude | A=B
B+t Comparator | 5 A B
Truth table:
Inputs Outputs
A | B Z, | Z, | Z,4
0 0 0 1 0
0 1 0 0 1
1 0 1 0 0
1 1 0 1 0
Boolean Equation
Z1 is high when A > B,
Z1=AB
Z2 is high when A = B,
Z=AB+A'B=A OB
Z3 is high when A < B
Z3=A'B
Circuit Diagram
S D
) DAL ey,
= |

3-bit magnitude comparator:




A=AA A
B=B,B B,

Two number A and B are equal, only if all the pairs of significant digits are equal. i.e,,
A,=B,A =B,A =B,

When numbers are binary, then equality relation of each pair of bits can be expressed by
the equivalent function as,

x,= AB +AB,,i=0,1,2
Design procedure
(A=B)= x, x,.x,=(A, OB,) (A O B;) (4, ©B,)

(A>B) = AyB, +x,A,B, +x,x,A,B,
(A<B)= EQBQ + xgﬁlBl + xgxlgﬂBD

AZ
Xy (A<B)
BZ

B, (A >DB)

3 (A=DB)

Que 2.2. What is the role of multiplexer in the digital electronics? Explain the logic how
it selects a one input among several inputs.

Solution: A multiplexer (MUX), also known as a data selector, is a digital circuit that
combines multiple data inputs into a single output line. It essentially acts as a switch,
selecting one of the input lines to be routed to the output, based on the control signals
applied to its selection lines.
e Multiple Inputs: A multiplexer can have many inputs linesn=2ml(e.g, 2, 4, 8, 16).
o Single Output: It always produces a single output line.
o Selection Lines: These control signals determine which of the input lines is
connected to the output (m).
o Combinational Logic: Multiplexers are combinational circuits, meaning their
output depends only on the current input values.



2m Il_:.' n:1 V'
Multiple Inputs E MUX Single Output
1, —»
Sy S; Sy
m Selection Lines
2x1 MUX
No of inputn =2
No. of output =1
No of selection linem =1 (n = 2m)
Block diagram of 2 to 1 MUX
IO —— 2:1 > Y
I1 —,| MUX
S
Truth table
0 I,
1 I,
Boolean Equation
Y=SIo+SI
Circuit Diagram
IO
4 g
I1

-
s

Que 2.3. Implement the function

F(ABC) = Zm(2,4,7)
i. Using8x1 MUX
ii. Using4x1MUX

Solution. (i) Using 8 x 1 MUX

Given No of Variables or selection line m = 3



No of inputn = 8 (n = 2m)
No. of output =1

Required MUX
No of inputn =8
No. of output =1
No of Variables or selection line m = 3

(n=2m)
Implementation table
Minterm A B o flA.B,C)
0 0 0 0 0
1 0 0 1 0
2 0 1 0 1
3 0 1 1 0
4 1 0 0 1
5 1 0 1 0
6 1 1 0 0
7 1 1 1 1
Logic diagram
1 1 1
lo
I
2
I3
I4 8-to-1
I5 MUX
l6
17

(ii) Using 4 x 1 MUX

Given
e No of Variables or selection line m = 3
e Noofinputn=8(n=2m)
e No.of output=1

[}
Required MUX
e Noofinputn=4
e No.of output=1
e No of Variables or selection line m = 2
(n=2m)
e Let's Suppose ‘A’ asan inputand B, Cas a
selection line

Implementation table



’[() II 12 13

A 0 1 2 3
A 4 5 6 7
0 A A
Logic diagram
ats lO
O 4404 | ¢
Ao—e>o 2 Mux
I3
S1 S
B C
OR

e Let's Suppose ‘B’ as an input and A, C as a selection line
Implementation table

I{) ]l 12
B 0 1 4 5
B 2 3 6 7
B 0 B
Logic diagram
B
lo
0 M oguo1 [
0—|>o— 2 MuUX
I3
S1 S
A C
OR

e Let's Suppose ‘C’ as an input and A, B as a selection line
Implementation table

Iy I 6] I

cC 0 2 4 6
1 3 5 7
0 C C

Logic diagram



1 4-to-1 E
2 mux
I3

B

Que 2.4. Implement the product-of-sums Boolean function expressed by

F:HM(I,Z,S)

(i) Using 4 x 1 MUX
(i) Using8x 1 MUX

Solution. We know that

F= HM(LZ,S) :Zm(0,3,4,6,7)
F(ABC):Zm(O,3,4,6,7)

(i) Using 8 x 1 MUX

Given
e No of Variables or selection line m = 3
e Noofinputn=8(n=2m)
e No.of output=1

Required MUX
e Noofinputn=8
e No.of output=1

e No of Variables or selection linem = 3
(n = 2m)

Implementation table

C B A fABC)

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




Logic diagram

il

D
oW lblglylg lgly
C So
8-to-1
B S1 MUX
A Sh
Y

(ii) Using4x1MUX
Given
e No of Variables or selection linem =3
e Noofinputn=8(n=2m)
e No.of output=1

Required MUX
e Noofinputn=4
e No.of output=1
e No of Variables or selection line m = 2
(n =2m)
e Let's Suppose ‘C’ asan inputand B,A as a
selection line

Implementation table

l,() ]] 12 13
C 0 1 2 3
C 4 5 6 7
1 0 c 1
Logic diagram
l1l
lo
o SR S R
C l2° mux
I3
S1__So




Que 2.5. Implement the function:
F(A,B,C)= ABC + ABC + ABC + ABC
Using 4 : 1 multiplexer using B and C variables to the selection lines.

Solution.
F(A,B,C)= ABC + ABC + ABC + ABC
F(A,B,C)=Zm (1,2,4,7)
Given
e No of Variables or selection linem =3
e Noofinputn=8(n=2m)
e No.of output=1

Required MUX
e Noofinputn=4
e No.of output=1
e No of Variables or selection line m = 2
(n=2m)
e Let's Suppose ‘A’ as an inputand B, Cas a
selection line

Implementation table

Input | I,| I; | Ly | L4
Al o@D 3
Al@D|s5]6|®@

Outputto A A" A A

multiplexer
Logic diagram
A A 1,
A’ P
LT, 4:1 | _
T+ | L omox [T
L1,
A.’
L
A 3
[T
B C

Que 2.6. Design the following boolean function using 4 x 1 multiplexer.
F(A, B,C,D)=2m(0,1, 3,4,8,9,15)

Solution.
F(A B CD)=Xm(0,1,3,4,89,15)
Given
e No of Variables or selection line m = 4
e Noofinputn=16 (n=2m)
e No.of output=1



Required MUX
e Noofinputn=4
e No.of output=1
e No of Variables or selection line m = 2
(n=2m)
e Let's Suppose C, D as an inputand A, Bas a
selection line

Implementation table
Iy I Iy Iy
co | O | ® 12
CD @ 5 ® 13
cD 2 6 10 14
co | B 7 n | ®
C+D | CD g CD

I,=CD+CD+CD=C+D

L=cp

I,= CD+CD=C

I,=CD

3

Logic diagram

C
D b D Iy
ILdx1 |
:D_I MUR F(A, B, C,D)
2
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Que 2.7. Implement the following Boolean function.
F(A,B,C,D)=%2(0,1,3,4,7,8,9, 11, 14, 15)
(1) 4:1MUX
(i) 2:1MUX
(iii)
Solution. (i) 4 : 1 MUX
F(A B,C,D)=2(0,1,3,4,7,8,9, 11, 14, 15)
Given
e No of Variables or selection line m = 4
e Noofinputn=16 (n=2m)
e No.of output=1

Required MUX
e Noofinputn=4
e No.of output=1
e No of Variables or selection line m = 2
(n =2m)
e Let's Suppose C,D as an inputand A, Bas a



selection line

Implementation table

et
bo [e2

(00)
(01)
(10)

Q@ » o g
@ 5 © @ &

® +» OO
®@®s=

Q G Q) &
o ol o g

(11)

First column (o)
=CD+CD+CD
=CD+D)+CD = C+CD

C+D

Second column (I1)
= CD+CD+CD
Third column (I2)
= CD+CD+CD
= C(D+D)+CD

Fourth column (Is)
= CD+CD

=CD+D) =C

Logic diagram

01

4 F(A, B, C, D)
L mux

‘ | Select
A B lines

(ii) 2 : 1 MUX
F(A,B,C,D)=%(0,1,3,4,7,8,9, 11, 14, 15)

Given
e No of Variables or selection linem =3
e Noofinputn=8(n=2m)
e No.of output=1

Required MUX
e Noofinputn=2
e No.of output=1

e No of Variables or selection linem =1
(n=2m)



e Let's Suppose A, B, Casan inputand D as a
selection line

Implementation table
D D
I(} Il
| @ O
ABC| 2 ®
aE| @ 5
ABC| 6 @
ABC ®
ABc| 10 @)
ABC| 12 13
asc) @ ©
First column (lo)
= ABC + ABC + ABC + ABC
= AC (B +B)+ A(BC + BC)
= AC+A(BOC)

Second column (I1)
= ABC + ABC + ABC + ABC + ABC + ABC
= BC(A+A)+BC(A+A)+BC(A+A)
= BC+ BC+BC
= B(C+C)+BC
= B+BC
= B+C

Logic diagram

A
C
— o
C 2:1
MUX
A FiA, B, C,D)
B ﬁ ': Il
C
| Select line
D

Que 2.8. Design the following boolean function using the multiplexer:
F(A/B,C,D)=Xm(0,3,5,6,8,9, 14, 15).

Solution.
F(A,B,C,D)=Xm(0,3,5,6,8,9, 14, 15)



Given
e No of Variables or selection line m = 4
e Noofinputn=16 (n=2m)
e No.of output=1
Required MUX Lets 8 X 1
e Noofinputn=8
e No.of output=1
e No of Variables or selection line m = 3
(n=2m)
e Let's Suppose ‘A’ as an input and B, C, and D as a selection line

Implementation table

D, | D, D,

7

[

D,| D, |D,
2 @4

1
@ 10) 111213
A

a(©/[CIS
®
" @9

@

Logic diagram

Que 2.9. Implement the function F=Xm(0, 1, 3,4, 7, 8,9, 11, 14, 15) using 8:1 mux.

Solution.
F=Xm(0,1,3,4,7,809,11, 14, 15)
Given
e No of Variables or selection line m = 4
e Noofinputn=16 (n=2m)
e No.of output=1

Required MUX
e Noofinputn=8
e No.of output=1
e No of Variables or selection line m = 3
(n =2m)
e Let's Suppose ‘A’ as an input and B, C and D as a selection line



Implementation table
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Que 2.10. Construct a 16 x 1 multiplexer with two 8 x 1 and one 2 x 1 multiplexer. Use
block diagrams.

Solution.
Given

e Noofinputn=16

e No.of output=1

e No of Variables or selection line m = 4

(n=2m)

Required MUX

e Noofinputn=8

e No.of output=1

e No of Variables or selection linem =3

(n=2m)
Logic diagram
Sy S
Sl S1
Sy S,

0

1

2 8x1 |
3—1 3 MUX

4

5

6

7

7 —
2x1
S, MUX [}
Sl
g 7
88— 0 S,
1%_ L g1
11— § MUX |
12— 4
13—5
14—6
15— 7




Que 2.11. What do you mean by encoder?

Solution.

In digital electronics, an encoder is a combinational logic circuit that converts a set of
input signals into a binary code, essentially representing which input is active at a given
time. It's a device that transforms information from one format to another, often from a
larger number of input lines to a smaller number of output lines.

o Converts inputs to binary code:
Encoders take a set of input signals and produce a corresponding binary output code.

o Combinational logic circuit:
Encoders are built using logic gates (AND, OR, NOT, etc.) and do not require memory
elements.

e Common types:
Examples include 4-to-2 encoders, 8-to-3 encoders (also known as octal encoders), and
decimal-to-BCD encoders.

e Applications:
Encoders are used in various digital systems, including data transmission, multiplexing,
and controlling.

2n — — n
inputs : Encoder | outputs
4x2 Encoder
No of input 2n = 4
No. of outputn =2
Block diagram
Ya—’
N Adfe2 =™
A 2
. Encoder
= 5 coder | B
Truth table

~lOo|lC| O
o|l=|| O
OO | =[O
(=R = =T
= Rl = =]
- O -O

Boolean Equation
01=Y2+Ys3,
00=Y1+Y3



Circuit Diagram
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Que 2.12. Write a short note on decoder.
Solution.

In digital electronics, a decoder is a combinational logic circuit that converts a binary code
(or other coded input) into a specific output signal, activating only one output line for
each unique input combination. Essentially, it translates a coded input into a readable,
decoded output.

e Input:
Decoders receive binary or coded input signals. These inputs represent different
combinations of data.

e Decoding Process:
The decoder's logic circuitry is designed to recognize each unique input combination and
activate a corresponding output line.

e Output:
The decoder produces a unique output signal for each valid input combination, effectively
"decoding” the input.

e Purpose:
Decoders are used to select specific memory locations, control data routing, and perform
various other tasks in digital systems.

n input lines m output lines

decoder m = 9n

vy

—
e
n:28 [T™
|
1
|
R

Enable —pf

2 to 4 binary decoder:
No of inputn = 2
No. of outputm =2nr=4

Block diagram
:

A —
2 to 4
Enable | 'DECﬁder'

—

E " »

=

Mo g
["-R

o

Truth table



Inputs Outputs
E|A| B |Y;| Y, Y, Y,
O(X|X|O0]J]O|O0O]|O
1({0(0|]O0]JO|O0O] 1
101|001 ]O0
1({1{0|021[0]O0
1(1(1|1]0[O0]O0
Boolean Equation
Yo=EA'B’
Y1=EA'B
Y2=EAP
Ys=EAB
Circuit Diagram
A B Enable
E
= — Y
= —"
) Y
n—{_j 2
= — s

Que 2.13. Using a decoder and external gates, design the combinational circuit defined
by the following three Boolean functions:
F, =x'yz' + xz,
F,=xy'z' +yz',
F, =x'y'z' +xy
Solution.
No of inputn =3
No. of outputm=2n=8
F =x'yz' +xz=xyz' +xz(y +y')
x'yz' +xyz+xy'z=2m(2,7, 5)
F,=xy'2' +yz' =xy'z' + (x + x')yz’
=xy'z' +xyz' +x'yz’ =X m(2, 4, 6)
F,=x'y2' +xy=x"y'z' +xy(z + 2')

Parlal

=x'y'2' +xyz + xyz' =X m(0,6, 7)
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Que 2.14. Draw the logic diagram of a two-to-four-line decoder using NOR gates only.
Solution.

Truth table:
Enable | Input Output
E A B| Y, Y, Y, ¥,
0 x x 010 00
1 0 0 010 0|1
1 0 1 010 1[0
1 1 0 0|1 0|0
1 1 1 110 0|0

Y,=(A+B+E)=ABE
Y,=(A+B+E)=ABE
Y,=(A+B+E)=ABE

Y,=(A+B+E)=ABE
Circuit using NOR gate:

s,
>-|j>o—‘- _Do— Y,
—o ‘,_Do_Yz
E—> Do

Que 2.15. Design a full subtractor circuit with a decoder and two OR gates.
Solution.

Full subtractor using decoder
Truth table:




Input Output
A B C D B,
0 0 0 0 0
0 0 1 1 1
0 1 0 1 1
0 1 1 0 1
1 0 0 1 0
1 0 1 0 0
1 1 0 0 0
1 1 1 1 1
Boolean Equation
Difference: D=Xm(1,2,4,7)
Borrow: Bo=Xm (1,2,3,7)
Decoder using OR gates
0
1 D
A — 2
3:8 3
B — Decoder 4
5
‘7 6 >,
7 J

Que 2.16. Describe half adder and full adder in brief. Implement the circuit using logic
gates.
OR

Design a full adder using two half adders.
Solution.
ADDERS

e Half Adder

e Full Adder

Half Adder
A half adder is a digital logic circuit that adds two single-bit binary numbers, producing a
sum and a carry output. It has two input bit (A B) and two output (S - Sum, C- Carry)

A— Half — S - Sum,
Input Adder Out-Put
B—— — C- Carry

If there are two input variables the combinations are four (22 = 4). Now form the truth
table of the half adder.



A B S C
0 0 0 0
0 1 1 0
1 0 1 0
1 1 0 1
Using two-variable K-map
B For S B For C
A 0 1 A 0 1
0 0
0 1 0 1
1 1
2 g 2 3

S= AB+AB =A®B
C=AB

Logic implementation of a half-adder.

A—4

B

Half-adder implementation using NAND gates.

Al

L

}_

B

r
|

1]

Half-adder implementation using NOR gates.

A B

Full Adder

’_‘)Di S=AB+A
} C=AB
— [A-(A B)]
(AB)
Bs
[B.(A B)]
c



A full adder isa combinational logic circuit that adds three one-bit binary numbers,
producing a sum and a carry-out bit.

e [t takes two input bits (A and B) and a carry-in bit (Cin) from a previous stage,

e Outputs a sum bit (S) and a carry-out bit (Cout).

e Full adders are essential components in digital circuits, particularly for multi-bit

binary addition.
Input
A— ——S — Sum,
| Fun
B Aeldar Out-Put
Cin— — Cout = Carry

If there are three input variables the combinations are eight (23 = 8). Now form the truth
table of the full adder.

A B Cin__ SUM(S) Cout
0 0 0 0 0
0 0 1 1 0
0 1 0 1 0
0 1 1 0 1
1 0 0 1 0
1 0 1 0 1
1 1 0 0 1
1 1 1 1 1
Using three-variable K-map
B For S BC
AN_ 00 01 11 10 AN, 00
0 0 1 3 2 0 0
) 4 5 Tl 6 1 4

S= ABC+ABC+ABC+ABC
CO =AB + AC + BC

A full adder can be implemented using two half adders and one OR gate.
Sum:

S = ABC + ABC + ABC + ABC

= ABC + ABC + ABC + ABC
C(AB+ AB)+C (AB+ AB)
C(AB+ AB)+C (AB+ AB)
A@Ba&C

Carry:



CO=AB+AC+BC
=AB +C(A +B)

= AB+C(A+B)(A+A)(B+B)

AB(1+C)+CA@B)
=AB+C(A®B)

AB+C[AB+ AB + AB]
AB + ABC +C (AB+ AB)

Logic implementation of a half-adder.

Half adder

r_____
|
I
|
|
I
|
|
I
o)

H.A.

C
.S Ny
B HA
1

Que 2.17. Describe a half subtractor with its logic diagram.

Solution. Half Subtractor

A half subtractor is a combinational logic circuit that performs the subtraction of two
binary digits (bits). It takes two input bits, a minuend (A) and a subtrahend (B), and
produces two output bits: a difference bit (D) and a borrow bit (Bout).

A—

B———

Half

Subtractor

—— D=A-B

If there are two input variables the combinations are four (22 = 4). Now form the truth

table of the half subtractor.

Inputs Outputs
A B | D B,
0 0 0 0
0 1 1 1
1 0 1 0
1 1 0 0

Using three-variable K-map



A\E 0 1 N

0 1 0 1
01 01
1({1

2 3 ! 2 3

D=AB'+AB=A®B B.=AB

The logical implementation using basic logic gates and XOR gate:

A—l
D=A-B
B /

Half Subtractor using NAND gates
X ¥,

Que 2.18. Design a full subtractor circuit with three inputs x, y, Bin and two outputs Diff
and Bout . The circuit subtracts x -y - Bin, where, Bin is the input borrow, Bout is the
output borrow and Diff is the difference.

Solution.

A full subtractor is a combinational logic circuit that performs subtraction of two binary
digits, considering a borrow input from the previous stage. It takes three inputs: the
minuend bit (A), the subtrahend bit (B), and a borrow-in bit (Bin) from the preceding
stage. [t produces two outputs: a difference bit (D) and a borrow-out bit (Bout).

A— —— D
B Full
Subtractor
Bin —— ——BC

If there are three input variables the combinations are eight (23 = 8). Now form the truth
table of the full adder.



Inputs Outputs
x y B, | Diff B,
0 0 0 0 0
0 0 1 1 1
0 1 0 1 1
0 1 1 0 1
1 0 0 1 0
1 0 1 0 0
1 1 0 0 0
1 1 1 1 1

Using three-variable K-map

Diff=x y B, + x y B, + xyB,  + xyB,

m

yBin
% 00 01 11 10

0 |1 (afff 1]
0 T 3 2

1 1
4 5 7 6

in T XY

Bout =; Bin +yB
A full subtractor can also be implemented using two half subtractors and an OR gate.

Diff = xyBin+x§§in+EyEm+fme

= B (xy+Xy)+B, (xy+Xy)

=B (x®y)+B, (x®y)=(xDy)®B,_
B =xy+xB, +yB

in=fy+Bin('q_c+y)
=xy+B x+y)(x+x)(y+Yy)
= Xy+B, (xy+xy+xy)=xy+xyB, + B, (xy+x y)

=XyB,+D+B (x@y)=xXxy+B, (xDy)

The logical implementation using basic logic gates and XOR gate:
Halt subtractor\.d

/
Bin /




Bin B DI m—— D

HS
A—{ A D A Bo

HS
BB B, DBM

Full subtractor circuit using NAND gate.

= A®B®B, =(A®BYA®B)B, B,(A®B)B,,

B,,= AB+B (A®B) = AB+ B, (A® B)

= AB.B,(A®B)=B(A+B)B,|B,+(A®B)|

B,.= BABB,[B, (A® B)]|

in

By using the above expressions for D and Bout, the full subtractor is implemented using
only NAND gates

out

Que 2.19. Design a 4-bit binary parallel adder.

Solution. 4-BIT BINARY PARALLEL ADDER

A 4-bit parallel adder isa digital circuit that adds two 4-bit binary numbers
simultaneously. It uses four full adders connected in series, where each full adder
processes a pair of bits from the input numbers along with the carry-in from the previous
stage. The output is a 4-bit sum and a carry-out.

Cs C C1 Co
A3 A2 A1 Ao
Bz B2 Bi Bo
S3 S2 S1 So

e The sum of two n-bit binary numbers, A and B, can be generated in two ways:
either in a serial fashion or in parallel.

e The series addition method uses only one full-adder circuit and a storage device
to hold the generated output carry.

e The pair of bits in A and B are transferred serially, one at a time, through the single
full-adder to produce a string of output bits for the sum.

e The stored output carry from one pair of bits is used as an input carry for the next
pair of bits.

e The parallel method uses n full-adder circuits, and all bits of A and B are applied
simultaneously.

e A binary parallel adder is a digital function that produces the arithmetic sum of
two binary numbers in parallel.



[t consists of full-adders connected in cascade, with the output carry from one full-
adder connected to the input carry of the next full-adder.

c; c, c, C, c,
-] FA - FA - FA -+ FA -
S4 S:ﬁ SZ Sl

Que 2.19. Draw a BCD adder circuit and explain its working.

OR

Draw a decimal adder to add BCD number.

Solution.. BCD ADDER

BCD adder is circuit that adds two BCD digits in parallel and produces a sum digit which
is also BCD. BCD numbers use 10 symbols (group of 4 bits 0000 to 1001). BCD adder
circuit must be able to do the following and it is shown in

Add two 4-bit BCD numbers using straight binary addition.

If 4-bit sum is equal to or less than 9, the sum is a valid BCD number and no
correction is needed.

If the 4-bit sum is greater than 9 or if a carry is generated from the sum, the sum
is invalid BCD number. Then the digit 6 (0110)2 should be added to the sum to
produce the valid BCD symbols.

Addend (BCD digit) Augend (BCD digit)

bbb i

K Binary adder-1 le—— Carry in
242,702,

Output
carry

[ C=K+ZgZ,+ZgZ,

| va‘

4-bit binary adder

rYvY

Ss.3i85.8;




