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 Represent information
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 Base or radix
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(10110)2
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Convert decimal number 25 into its binary 
equivalent
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Convert decimal number 100  into its octal 
equivalent.
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 Convert decimal number 315 into its Hex 
equivalent.
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E          6       4            B             Hex

1110   0110  0100    1011           Binary

1110 011001001011             Binary

001  110  011  001  001   011       Binary

1     6       3       1      1       3          Octal
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 0+0=0

 0+1= 1

 1+0= 1

 1+1 = 0 carry =1

 1+1+1= 1 with carry =1
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1111     carry

10111

+ 11001

110000

9+5=14    1001

+0101

1 110
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1
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0-0=0

1-0= 1

1-1= 0

0-1 = Diff 1 borrow is 1
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1 1 0 0

- 1 0 1 0

1                   Borrow

0 0 1 0

Solve 11011- 10110
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 38-29=09= 1001

100110

-011101

11    1        Borrow

001001

0-1= 1 with borrow 1
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Unsigned no. 8 bits= 256= 0 to 255

Signed no. 8 bits =1 bit sign and 7 bits for 
magnitude = -128 to -1,  0 to +127= 256
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A-B

1’S COMP OF B

ADD A WITH 1’S COMP OF B

IF CARRY THEN ADD IT TO RESULT

IF NO CARRY THEN TAKE 1’S COMPLEMENT OF 
RESULT AND APPLY - SIGN
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9 = 1001          4 = 0100 

1’s complement of 4 is 1011

1001

+ 1011

1 0100

+        1         Add carry to the answer

0101        Final answer is 5
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4 = 0100 and    9 = 1001 

1’s complement of 9 is 0110

0100

+ 0110

0 1010

Carry is 0 so take 1’s complement of answer

1010 Invert all bits

0101 = 5

apply – sign so final answer is -5

Gauri Rao



Gauri Rao



1010=10

0101= 1’s complement of 10

+     1

0110  = 2’s complement of 10
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9 = 1001          5= 0101 

1’s complement of 5 is 1010

2’s complement of 5 is  1011

1001

+ 1011

1 0100        Discard carry

0100        Final answer is 4
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5 = 0101  and 9 = 1001 

1’s complement of 9 is 0110

2’s complement of 9 is  0111

0101

+ 0111

0 1100        No carry

Take 2’s complement of answer and 

apply – sign

2’s complement of 1100 is 0100 = -4
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Decimal Signed 
binary

1’s 
complemen
t

2’s 
complement

+7 0 111 0 111 0 111

+6 0 110 0110 0110

+5 0 101 0101 0101

+4 0 100 0100 0100

+3 0 011 0011 0011

+2 0 010 0010 0010

+1 0 001 0001 0001

+0 0000 0000 0000

-0 0000 1111 0000

-1 1 001 1110 1111

-2 1 010 1101 1110

-3 1 011 1100 1101

-4 1 100 1011 1100

-5 1 101 1010 1011

-6 1 110 1001 1010

-7 1 111 1000 1001Gauri Rao



GATE IC
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AND GATE- IC 7408



NOT GATE



OR GATE 7432



NAND GATE 7400



NOR



EXOR- 7486



Universal Gates
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Universal gates

1. NAND

2. NOR
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NAND as NOT
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NAND as AND
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NAND as OR

(A’.B’)’=A+B
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NAND as NOR

(A’.B’)’=A+B
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NAND AS EXOR

A’

B’

(A’.B)’

(A.B’)’

((A’.B)’.(A.B’)’)’

= A’B+AB’
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NAND AS XNOR

(A.B)’

A’

B’

(A’.B’)’

((A.B)’.(A’B’)’)’

= AB+A’B’
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NOR as NOT
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NOR as OR
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NOR as AND

(A’+B’)’
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NOR as NAND

(A’+B’)’
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NOR AS EXOR

A’

B’

(A+B)’

(A’+B’)’
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NOR AS EXNOR
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GATE IC
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AND GATE- IC 7408



NOT GATE



OR GATE 7432



NAND GATE 7400



NOR



EXOR- 7486



Simplification Using Boolean 
Laws and K map

Unit II Session I, II,  III and IV



Boolean Laws



Prove the following laws



Prove that 



Prove that



Prove that (A+B)(A+C)=A+BC



Practice problems

1. Y= ABC +A’+AB’C

= AC(B+B’)+A’

=AC.(1)+A’

= AC+A’

=A’+C



1. AB+BC+A’C= AB+A’C

LHS=AB+BC(A+A’)+A’C

=AB+ABC+A’BC+A’C

=AB(1+C)+A’C(B+1)

=AB +A’C

=RHS

2.SIMPLIFY AND IMPLEMENT USING LOGIC GATE 
Y=(AB+BC)C= ABC+BCC=ABC+BC=BC(A+1)=BC

3. AB+CD USING ONLY NOR gates



Sum Of Product (SOP) form
Y=A.B+A.C+A.B.C



POS form (A+B).(B+C).(A+B+C)



Min terms and Max terms 



Write SOP expression for following 
truth table



K- Map



2,3,4 VARIABLE K MAPS



2 variable k maps



3 variable k maps



4 VARIABLE K MAP



Rules for k map



Rules of K map





Form minimum number of groups



Wrap around



Overlapping of groups







PAIR



QUAD





OCTATE



0CTATE





Single cell



Simplify using k map

F(A,B,C)=∑ (1,3,6,7)





Simplify using k map 

f(a,b,c)= ∑ m (m0,m2,m3,m5)

A’

= A’B+A’C’+AB’C

A

B’C’  B’C   BC  BC ’



Simplify using k map

• ∑m(0,1,3,7,8,9,11,15)

Y = CD+ B’C’

m0 1 m1       1 m3       1 m2        0

m4      0 m5       0 m7       1 m6        0

m12     0 m13     0 m15     1 m4        0

m8      1 m9       1 m11     1 m10      0

AB

CD

00                               01                       11                          10
00

01

10

11



Simplify using k map



Exercise

Simplify using k map and implement using logic 
gates

F(A,B,C,D)=∑ m(0,1,2,3,5,7,8,9,11,14,15)

Time: 10 minutes



Don’t care

One of the very significant and useful concept in simplifying
the output expression using K-Map is the concept of “Don’t
Cares”. The “Don’t Care” conditions allow us to replace the
empty cell of a K-Map to form a grouping of the variables
which is larger than that of forming groups without don’t
cares. While forming groups of cells, we can consider a
“Don’t Care” cell as 1 or 0 or we can also ignore that cell.
Therefore, “Don’t Care” condition can help us to form a
larger group of cells.
A Don’t Care cell can be represented by a cross(X) in K-
Maps representing an invalid combination. For example, in
Excess-3 code system, the states 0000, 0001, 0010 are
invalid or unspecified. These states are called don’t cares.

https://www.geeksforgeeks.org/k-mapkarnaugh-map/




AB

A’C

A’D

AC’D’



POS
f(A,B,C,D)=π M(3,5,7,8,10,11,12,13)

f(A,B,C,D)=π M(3,5,7,8,10,11,12,13)





Simplify following POS expression

F(A,B,C)=π M(2,3,7)

(B’+C’)

(A+B’)

Y= (B’+C’). (A+B’)



M= 0,4,5,7,10,11,14,15

0 1 1 1

0 0 0 1

1 1 0 0

1 1 0 0





Quine Mc Cluskey Method

Unit II
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Quine-McClukey method

Quine-McClukey method is a tabular method based on 
the concept of prime implicants. We know that prime 
implicant is a product or sum term, which can’t be 
further reduced by combining with any other 
product or sum terms of the given Boolean function.

PI- Group of minterms which can not be combined 
with any other minterm or groups

EPI- Prime implicant in which one or more minterms 
are unique. It contains at least 1 minterm which is not 
contained in any other prime implicant.
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Procedure
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Example:- Simplify the following Boolean function 
f(W,X,Y,Z)=∑m(2,6,8,9,10,11,14,15) using Quine-McClukey
tabular method.

The given Boolean function is in sum of min
terms form. It is having 4 variables W, X, Y & Z. The
given min terms are 2, 6, 8, 9, 10, 11, 14 and 15. The
ascending order of these min terms based on the
number of ones present in their binary equivalent is 2,
8, 6, 9, 10, 11, 14 and 15. The following table shows
these min terms and their equivalent

binary representations.
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(                      )
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Practice problem

Simplify following expression using Quine Mc
Cluskey method

y(A,B,C,D)= ∑m (0,1,3,7,8,9,11,15)

Groups

1. 0

2. 1,8

3. 3,9

4. 7,11

5. 15
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Group Minterm A B C D

1 m0 0 0 0 0

2 m1 0 0 0 1

m8 1 0 0 0

3 m3 0 0 1 1

m9 1 0 0 1

4 m7 0 1 1 1

m11 1 0 1 1

5 m15 1 1 1 1
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GROUP MIN TERM A B C D

0 m0-m1 0 0 0 -

mo-m8 - 0 0 0

1 m1-m3 0 0 - 1

m1-m9 - 0 0 1

m8-m9 1 0 0 -

2 m3-m7 0 - 1 1

m3-m11 - 0 1 1

m9-m11 1 0 - 1

3 m7-m15 - 1 1 1

m11-m15 1 - 1 1
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GROUP Min A B C D

0 m0-m1-m8-m9 - 0 0 -

m0-m8-m1-m-m9 - 0 0 -

1 m1-m9-m3-m11 - 0 - 1

m1-m3-m9-m11 - 0 - 1

2 m3-m7-m11-m15 - - 1 1

m3-m11-m7-m15 - - 1 1

PI 0 1 3 7 8 9 11 15
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Unit III

Session I

Combinational circuits

Gauri Rao



Combinational Circuits

• The output of combinational circuit at any 
instant of time, depends only on the levels 
present at input terminals.

• The combinational circuit do not use any 
memory. The previous state of input does not 
have any effect on the present state of the 
circuit.

• A combinational circuit can have an n number 
of inputs and m number of outputs
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Combinational Logic Circuit

• :A combinational logic circuit consists of logic 
gates whose output is determined by 
the combination of current inputs.

• It consists of input variables, logic gate and 
output variables.

• No feedback is required.

• No memory is required.

• Examples of Combinational Circuits: Adders, 
Code converters,Multiplexer, Decoder etc.
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Block diagram
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Half Adder

Half adder is a combinational logic circuit with two inputs and 
two outputs. The half adder circuit is designed to add two single 
bit binary number A and B. It is the basic building block for 
addition of two single bit numbers. This circuit has two 
outputs carry and sum.
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Design Half Adder
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Full Adder
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Truth Table
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K map
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Sum
Cin(y’)+Cin’(y)=Cin xor Y=Cin xor A xor

B

Gauri Rao



Full adder Circuit Diagram

AB

AC

BC
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Full adder using 2 half adders

1

1

1

0

1

1

1

1
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Half Subtractor
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K map
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Half Subtractor
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Full Subtractor

• The Half Subtractor is used to subtract only 
two numbers. To overcome this problem, a full 
subtractor was designed. The full subtractor is 
used to subtract three 1-bit numbers A, B, and 
C, which are minuend, subtrahend, and 
borrow, respectively. The full subtractor has 
three input states and two output states i.e., 
difference and borrow.
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Full Subtractor
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Truth Table
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K map for difference
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Bin Y’+Bin’ Y= Bin XOR Y= Bin XOR A 
XOR B
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K map for borrow
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Full Subtractor

Diff= A XOR B XOR Bin

A’B

A’Bin

B Bin
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4 bit parallel adder
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A =        1   1  0  1

B=         1   0  0 1

Sum= 1   0110

S3=0    Cout=1

S2 =  1 C2=0

S1= 1   C1=0

S0  =0  C0=1
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BCD Numbers

BCD or Binary Coded Decimal is that number system or code which 
has the binary numbers or digits to represent a decimal number.
A decimal number contains 10 digits (0-9). Now the equivalent binary 
numbers can be found out of these 10 decimal numbers. In case of 
BCD the binary number formed by four binary digits, will be the 
equivalent code for the given decimal digits. In BCD we can use the 
binary number from 0000-1001 only, which are the decimal equivalent 
from 0-9 respectively. Suppose if a number have single decimal digit 
then it’s equivalent Binary Coded Decimal will be the respective four 
binary digits of that decimal number and if the number contains two 
decimal digits then it’s equivalent BCD will be the respective eight 
binary of the given decimal number. Four for the first decimal digit and 
next four for the second decimal digit. 
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Let, (12)10 be the decimal number whose equivalent 
Binary coded decimal will be 0001 0010. Four bits from 
L.S.B is binary equivalent of 2 and next four is the binary 
equivalent of 1.
Table given below shows the binary and BCD codes for 
the decimal numbers 0 to 15.
From the table below, we can conclude that after 9 the 
decimal equivalent binary number is of four bit but in 
case of BCD it is an eight bit number. This is the main 
difference between Binary number and binary coded 
decimal. For 0 to 9 decimal numbers both binary and BCD 
is equal but when decimal number is more than one bit 
BCD differs from binary.
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Example 1

But the result of addition here is less than 9, 
which is valid for BCD numbers.
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Example 2

If the four bit result of addition is greater than 9 and if a carry bit is present in 
the result then it is invalid and we have to add 6 whose binary equivalent is 
(0110)2 to the result of addition. Then the resultant that we would get will be 
a valid binary coded number. In case 2 the result was (1111)2, which is greater 
than 9 so we have to add 6 or (0110)2 to it.

1111

+   0110

0001 0101

1       5
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BCD ADDER
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TRUTH TABLE
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K map
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4 bit BCD ADDER

B3   B2    B1    B0 A3  A2     A1   A0

Y=1

0     1    1     0 S3    S2   S1    S0
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Case1: sum <= 9 and carry=0

Case 2: sum > 9 and carry=0

Case 3: sum <= 9 but carry=1
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Code Converters
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Binary To Gray Code Converter

Gray Code system is a binary number system in which every 
successive pair of numbers differs in only one bit. It is used in 
applications in which the normal sequence of binary numbers 
generated by the hardware may produce an error or 
ambiguity during the transition from one number to the next.

For example, the states of a system may change from 3(011) 
to 4(100) as- 011 — 001 — 101 — 100. Therefore there is a 
high chance of a wrong state being read while the system 
changes from the initial state to the final state.
This could have serious consequences for the machine using 
the information. The Gray code eliminates this problem since 
only one bit changes its value during any transition between 
two numbers.
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Binary to Gray Code converter Truth table
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Let be the bits representing the binary numbers, 
where b0 is the LSB and b3 is the MSB, and
Let be the bits representing the gray code of the 
binary numbers, where g0 is the LSB and g3 is the 
MSB. 

To find the corresponding digital circuit, we will use 
the K-Map technique for each of the gray code bits 
as output with all of the binary bits as input.
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K map for g0
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K map for g1
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K map for g2
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K map for g3
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Corresponding minimized boolean
expressions for gray code bits
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Code converter
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BCD to excess-3 code converter
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K map for E3
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K map for E2

Gauri Rao



K map for E1
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K map for z
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Minimized expressions
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E3= D3+D2(D0+D1)

E2=D2’(D1+D0)+ D2D1’D0’

E1= D0 EXNOR D1

E0= D0’
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BCD to Excess-3 code converter
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Practice Problem

BCD to Gray code converter
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Truth table
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K map simplification
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Circuit diagram
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Thank you
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Multiplexers
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Block diagram
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Data selector
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Multiplexer
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Multiplexer
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2:1 multiplexer
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2:1 MUX
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4:1 Multiplexer

S1 S0
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4:1 MUX
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8:1 MUX
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4:1 MUX USING 2:1 MUX
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8:1 MUX
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8:1 MUX using 4:1 MUX only
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16:1 MUX

S3 S2 S1 S0
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S3 S2 S1 S0 Y

0 0 0 0 D0

0 0 0 1 D1

0 0 1 0 D2

0 0 1 1 D3

0 1 0 0 D4

0 1 0 1 D5

0 1 1 0 D6

0 1 1 1 D7

1 0 0 0 D8

1 0 0 1 D9

1 0 1 0 D10

1 0 1 1 D11

1 1 0 0 D12

1 1 0 1 D13

1 1 1 0 D14

1 1 1 1 D15

TRUTH TABLE
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16:1  MUX USING ONLY 4:1
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WHAT WILL BE THE OUTPUT IF

S3=1 S2=0 S1=1 S0=1

Y=?

D11
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F(A,B)=(0,1,3)

0

1

2

3

S1   S0

LOGIC 1 LOGIC0

Y4:1 MUX
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Implement the following function using 8:1 MUX 

D0 D1 D2 D3 D4 D5 D6 D7

A’ 0 1 2 3 4 5 6 7

A 8 9 10 11 12 13 14 15

1 A 0 A’ A’ A A A’
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Home work
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Implementing boolean expressions 
using MUX

NPTEL video IIT Madras

https://youtu.be/QrZgp0SAUFQ

https://www.youtube.com/watch?v=QrZgp0SAU
FQ
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https://youtu.be/QrZgp0SAUFQ
https://www.youtube.com/watch?v=QrZgp0SAUFQ


Demultiplexer
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Block diagram



De multiplexer



Functional Diagram

One: Many



1:2 De MUX



1:2 De MUX



1:4 De MUX





S1’ S0’



1:4 De Mux



1:8 De MUX



Truth table



1:8 De MUX Circuit



1:8 using two 1:4 demux

0

0

1
1

1

0S2

S1
S0



S2 S1 S0 Y0 Y1 Y2 Y3 Y4 Y5 Y6 Y7

0 0 0 D 0 0 0 0 0 0 0

0 0 1 D

0 1 0 D

0 1 1 D

1 0 0 D

1 0 1 D

1 1 0 D

1 1 1 D



1:8 MUX using 1:4  and 1:2 MUX

I1

I0



Truth table



Comparison



Block diagram



Decoder





2:4 decoder



Truth table



Boolean function Implementation



3:8 decoder



3:8 decoder using 2:4 decoder





IC 74138





Truth table





Encoder



Block Diagram



4:2 Encoder



Truth Table



Implementation



8:3 Encoder



Truth table



Implementation



Priority Encoder





A 4 to 2 priority encoder has 4 inputs : Y3, Y2, Y1 
& Y0 and 2 outputs : A1 & A0. Here, the input, 
Y3 has the highest priority, whereas the input, 
Y0 has the lowest priority. In this case, even if 
more than one input is ‘1’ at the same time, the 
output will be the (binary) code corresponding 
to the input, which is having higher priority.



Truth table









Digital Comparator
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Digital Comparator
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Block diagram
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Truth table
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Circuit diagram of 1 bit Comparator
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Truth table for 2 bit comparator
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Equations
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Magnitude Comparator
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Cascading
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