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Number System is a system of representing letters or numbers in  

computer understandable form.

 Examples – Binary, Decimal, Octal and Hexadecimal

Number System Base Digits or Symbols  

included

Binary 2 0,1

Decimal 10 0,1,2,3,4,5,6,7,8,9

Octal 8 0,1,2,3,4,5,6,7

Hexadecimal 16 0,1,2,3,4,5,6,7,8,9,A,  

B,C,D,E,F



A binary number system is made up of only 0s and 1s. Example : 001010

• Conversion from any Number system to Decimal

• Conversion from decimal to other system

• Conversion from Binary to Octal / Hexadecimal

• Conversion from Octal / Hexadecimal to binary

• Conversion from Decimal to other system

Code Conversion
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 Codes are alternate representations for the binary numbers.

 Different codes are used for binary numbers. Commonly used are

1. BCD (Binary Coded Decimal) Code

a) 8421

b) 2421

c) 4221

2. Excess-3 Code

3. Gray Code
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 Commutative Law

A + B = B +A

A . B = B .A

 Associative Law

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

A (BC) = (AB) C

 Distributive Law

A (B + C) = AB + AC
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1a. A + 0 = A

2a. A + 1 = 1

3a. A + A = A

4a. A + A’ = 1

5a. A’’ =A

6a. A + AB = A

7a. A + A’B = A + B

8a. A + BC = (A + B) (A +

C)

9a. AB + A’C + BC = AB +A’C

1b. A . 1 = A

2b. A . 0 = 0

3b. A . A = A

4b. A . A’ =0

5b. A’’ =A

6b. A (A + B) = A

7b. A (A’ + B) =AB

8b. A (B + C) = AB + AC

9b. (A+B) (A’+C) (B+C) = (A+B) (A’ +C)



• The AND and OR functions can be shown to be related to eachother  
through the following equations.

Theorem 1:

―The complement of a product is equal to the sum of individual  

complements.‖ In other words,

(AB)‘ = A‘+ B‘ or

NAND = Bubbled OR

Theorem 2:

―The complement of a sum is equal to the product of individual  

complements.‖ In other words,

(A + B)‘ =A‘ . B‘ or

NOR = Bubbled AND



A truth table is a mathematical table used in logic—specifically in

connection with Boolean algebra and Boolean functions - which sets

out the functional values of logical expressions on each of their

functional arguments, that is, for each combination of values taken by

their logical variables.



 Universal gates are the ones which can be used for implementing  

any gate like AND, OR and NOT, or any combination of these basic  

gates.

 NAND and NOR gates are universal gates.

 But there are some rules that need to be followed when  

implementing NAND or NOR based gates.



Any given truth table can be converted into a logical expression, by

either SOP or POS method.

• To obtain SOP expression,

a) Take the cases where output is a logical 1

b) Represent each case as a product of the variables, such that output is 1.

This product is known as a minterm.

c) ORing the minterms gives us the SOP expression.

• To obtain POS expression,

a) Take the cases where output is a logical 0.

b) Represent each case as a sum of the variables, such that output is 0.  

This product is known as a maxterm.

c) ANDing the maxterms gives us the POS expression.



•Karnaugh maps provide a systematic method to obtain simplified sum-of-

products (SOPs) Boolean expressions.

•This is a compact way of representing a truth table and is a technique that  

is used to simplify logic expressions.

•It is ideally suited for four or less variables, becoming cumbersome for five  

or more variables.

• A K-map of n variables will have 2n squares.

• Each square represents either a minterm or maxterm.

•For a Boolean expression, product terms are denoted by 1's, while sum  

terms are denoted by 0's - but 0's are often left blank.



A combinational circuit can have an n number of inputs and m numberof  

outputs.

Some of the Combinational circuits are

1. Half Adder

2. Full Adder

3. Half Subtractor

4. Full subtractor

.



Combinational Logic Design also holds

1. Decoder

2. Encoder

3. Multiplexer

4. Demultiplexer



 The outputs of a sequential logic circuit depend on both the current inputsand

on previous inputs and outputs of the circuit.

Sequential elements have storage elements that record the state of the circuit.

In other words, the state information combined with the inputs is generating the

outputs.

 The state and inputs also combine to generate a new state of the circuit.

The same inputs in a sequential circuit may generate different outputs and  

different new states, depending on the circuit’s current state.



A bi-stable device i.e. a circuit with only 2 stable states, namely the ‘0’state

and the ‘1’state.

Ability to retain its state and store a bit of information.

 It is one-bit memory cell.

A flip-flop has 2 outputs and they complement eachother.

 Types of Flip Flop – SR Flip Flop, JK Flip Flop, D Flip Flop, T Flip Flop.



A common form of register used in computers and in many other typesof  

logic circuits is a shift register.

It is simply a set of flip flops (usually D latches or RS flip-flops) connected  

together so that the output of one becomes the input of the next, and so on in  

series.

It is called a shift register because the data is shifted through the register  

by one bit position on each clock pulse.



 On the leading edge of the first clock pulse, the signal on the D input is

latched in the first flip flop.

On the leading edge of the next clock pulse, the contents of the first flip-

flop is stored in the second flip-flop, and the signal which is present at the D  

input is stored is the first flip-flop, etc.

Because the data is entered one bit at a time, this called a serial-in shift  

register. Since there is only one output, and data leaves the shift register  

one bit at a time, then it is also a serial out shift register.



Parallel input can be provided through the use of the preset and clear  

inputs to the flip-flop.

The parallel loading of the flip-flop can be synchronous (i.e., occurs with  

the clock pulse) or asynchronous (independent of the clock pulse)  

depending on the design of the shift register.

Parallel output can be obtained from the outputs of each flip-flop as  

shown in Figure.



 Counter is a register which counts the sequence in binary form.

 The state of counter changes with application of clock pulse.

 The counter is binary or non-binary.

 The total number of states in counter is called as modulus.

 If counter is modulus-n, then it has n different states.

 State diagram of counter is a pictorial representation of counter states  
directed by arrows in graph.
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State diagram of mod-8 counter



 All Flip-Flops are in toggle
mode.

 The clock input is applied.

 Count enable = 1.

 Counter counts from 0000 to  
1111.



In synchronous counters, the clock inputs of all the flip-flops are connected  

together and are triggered by the input pulses. Thus, all the flip-flops  

change state simultaneously (in parallel).

The J and K inputs of FF0 are connected to HIGH. FF1 has its J  

and K inputs connected to the output of FF0, and the J and K inputsof  

FF2 are connected to the output of an AND gate that is fed by the  

outputs of FF0 and FF1.

After the 3rd clock pulse, both outputs of FF0 and FF1 are HIGH. The  

positive edge of the 4th clock pulse will cause FF2 to change its state due  

to the AND gate.



Bidirectional counters, also known as Up/Down counters, are

capable of counting in either direction through any given count

sequence and they can be reversed at any point within their count

sequence by using an additional control input


