
 



 



 

 

 

 

 

 

 



(2)ecture L 

 





 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



3)ecture(L 

 

 

 

In decimal number complement such as: 

0====�9 

7====�2 

6====�3 

9====�0 

4====�5 

1====�8 





 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Lectured (4)                     Logic Gats:                Set of Gats



 
 

2- Half – Adder: The basic digital arithmetic circuit is the addition of 

two binary digits. Input variables of a half-adder call augends & 

addend bits. The output variables the sum & carry. 

 

 



3-Full-Adder: A full - adder is a combinational circuit that forms the 

arithmetic sum of three input bits. It consists of three inputs &two 

outputs. 
 

 
Figure (2-a) Logic diagram for full adder (Logic Diagram) 
 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Lecture (5) 

Boolean Algebra &Logic Simplification: 

Figure (3-a) Truth table                    figure (3-b) Logic diagram 

 



 
 
 
 
 
 
 
 
 
 
 



Lecture (6) 

 

 
 



 





 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Lecture (7) 
 

Karnaugh map 
The Karnaugh map also known as Veitch diagram or simply as K map is a two dimensional form of 

the truth table, 

drawn in such a way that the simplification of Boolean expression can be immediately be seen from 

the location of 1’s 

in the map. The map is a diagram made up of squares , each sqare represent one minterm. Since any 

Boolean function 

can be expressed as a sum of minterms, it follows that a Boolean function is recognised graphically in 

the map from the 

area enclosed by those squares whose minterms are included in the function. 

A two variable Boolean function can be represented as follow 



 
To simplify a Boolean function using karnaugh map, the first step is to plot all ones in the function 

truth table on the 



map. The next step is to combine adjacent 1’s into a group of one, two, four, eight, sixteen. The group 

of minterm 

should be as large as possible. A single group of four minterm yields a simpler expression than two 

groups of two 

minterms. 

In a four variable karnaugh map 
variable product term is obtained if 8 adjacent squares are covered 

2 variable product term is obtained if 4 adjacent squares are covered 

3 variable product term is obtained if 2 adjacent squares are covered 

A square having a 1 may belong to more than one term in the sum of product expression 

The final stage is reached when each of the group of minterms are ORded together to form the  

implified sum of product expression The karnaugh map is not a square or rectangle as it may appear 

in the diagram. The top edge is adjacent to the bottom edge and the left hand edge adjacent to the right 

hand edge. Consequent, two squares in karnaugh map are said to be adjacent if they differ by only one 

variable. 

 

Minimization of Boolean expressions using Karnaugh maps. 
Given the following truth table for the majority function. 

 
The abc term was replicated and combined with the other terms. 

To use a Karnaugh map we draw the following map which has a position (square) corresponding to 

each of the 8 

possible combinations of the 3 Boolean variables. The upper left position corresponds to the 000 row 

of the truth table, 

the lower right position corresponds to 101. 



 
The 1s are in the same places as they were in the original truth table. The 1 in the first row is at 

position 110 (a = 1, b = 

1, c = 0). 

The minimization is done by drawing circles around sets of adjacent 1s. Adjacency is horizontal, 

vertical, or both. The 

circles must always contain 2n 1s where n is an integer. 

 

 
We have circled two 1s. The fact that the circle spans the two possible values of a 

(0 and 1) means that the a term is eliminated from the Boolean expression corresponding to this 

circle. 

Now we have drawn circles around all the 1s. Thus the expression reduces to 

bc + ac + ab 

as we saw before. 

What is happening? What does adjacency and grouping the 1s together have to do with minimization? 

Notice that the 1 

at position 111 was used by all 3 circles. This 1 corresponds to the abc term that was replicated in the 

original algebraic 

minimization. Adjacency of 2 1s means that the terms corresponding to those 1s differ in one variable 

only. In one case 



that variable is negated and in the other it is not. 

The map is easier than algebraic minimization because we just have to recognize patterns of 1s in the 

map instead of 

using the algebraic manipulations. Adjacency also applies to the edges of the map. 

Now for 4 Boolean variables. The Karnaugh map is drawn as shown below. 

 

 



 
 

 



 
 

 



Lecture (8) 

 
 



 



 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

 



Lecture (9) 

Flip-Flop: 
The storage elements employed in clocked sequential circuits are called 

flipflops. 

A flip -flops is a binary cell capable of storing one bit of information. It 

has two outputs, one for the normal value and one for the complement 

value 

of the bit stored in it. Type of flip-flops: 

1- S-R flip-flops. 

2- D flip-flops. 

3- J-K flip-flops. 

R-S flip flop 
The most foundational flip-flop is called Reset-Set (R-S )flip-flop, the (R-S) 

flip-flop has three inputs and two outputs, one of the input is denoted by C 

and is normally a clock input. The two output are always in opposite states 

from each other and denoted Q and Q’ because the R and S input are both 

ANDed with the clock (enable), they have no effect on the state of the flip 

flop 

while the clock is 0, the following figure (14) is (a) logical diagram and (b) 

logical symbol of R-S flip-flop and figure (15) illustrate truth table for R-S 

flip_flop. 

 



 

 



 
 

 

 

 

 

 

 

 

 

 

 



 

Lectured (10) 

Shift Register: A register is a digital circuit with two basic functions: 

1- data storage, 2- data movement. 

The storage capability of a register makes it an important type of 

memory device. The concept of storing a 1 or 0 in a D flip flop. A 1 is 

applied to the data input, and clock puls is applied that stores the 1 by 

setting the flip-flop when the 1 on the input is removed, the flip-flop 

remains in the set state, there by storing the 1. A similar procedure applies 

to the storage of a 0 by resetting the flip-flop. 

Type of shift register: 
1- Serial in\ Serial out shift right. 

2- Serial in\ Serial out shift left. 

3- Parallel in\Serial out. 

4- Serial in\Parallel out. 

5-Parallel in\ Parallel out. 

6 Rotate right. 

7- Rotate left. 

 
Figure (20) Type of shift register 

 

 





 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Lectured (11) 

Decoders & encoders: 

1- Decoder: 

A decoders is combinational circuit that converts binary 

information form the n coded inputs to a maximum of 2n unique 

outputs. 

That decoders are called n-to-m line decoders where m <=2n. 

The logic diagram of a 3-to-8 line decoder is three data inputs, 

A0, A1, and A2 are decoded into eight out puts, each out puts 

representing one of the combinations of the three binary input 

variables. 

This decoder is a binary – to – octal conversion. 





 

 

Figure (15-b)Truth table for 2-to-4 line decoder 

 

 

 



 

2- Encoder: 

An encoder is a digit circuit that performs the inverse operation 

of a decoder. An encoder has 2n (or less) input lines and n output 

lines. An encoder is the octal – to – binary encoder. 

It has eight inputs, one for each of the octal digits, and three 

outputs that generate the corresponding binary number. 
 

 

Figure (16-a) Truth table for octal – to – binary encoder 

 



 

Figure (16-b) 8 – to – 3 lines Encoder (Logic Diagram) 

 

3- Multiplexers: 

A multiplexer is a combinational circuit that receiver binary 

information form one of 2n input data lines and directs it to a 

single out put line. 

The selection of a particular input data line for the output is 

determined by a set of selection inputs. A 2n- to- 1 , A 4-to-1. 

Multiplexer is called Data Selector. 



 



Lectured (12) 

4-Demultiplexers: 

A demultiplexer (DEMUX) basically reverses the 

multiplexing function. It takes digital information from one 

line and distributes it to a given number of output lines. For 

this reason, the demultiplexer is also known as a data 

distributor. As you will learn, decoders can also be used as 

demultiplexers. 

A 1 to 4 lines demultiplexer (DEMUX) circuit. The data input 

line goes to all of the AND gates. The two data select lines 

enable only one gate at a time, and the data appearing on the 

data input line will pass through the selected gate to the 

associated data output line. 



 
 

 



Lectured (13) 

 

Binary Counter: The binary counter is consist two types. 

1- Asynchronous counter operation. 

2- Synchronous counter operation. 

1- Asynchronous counter operation: 

In figure (25-a, b, c) shows a 2-bit counter connected for asynchronous 

operation. Notice that the clock (CLK) is applied to the clock input (C) 

of only the first flip-flop, FF0, which is always the least significant bit 

(LSB). The second flip-flop, FF1, is triggered by the Q0 output of FF0. 

FF0 changes state at the positive-going edge of each clock pulse, but 

FF1 changes only when triggered by a positive-going transition of the 

Q0 output of FF0. Because of the inherent propagation delay time 

through a flip-flop, a transition of the input clock pulse (CLK) and 

transition of the output of FF0 can never occur at exactly the same 

time. Therefore, the two flip-flops are never simultaneously triggered, 

so the counter operation is asynchronous. 

 

 

Figure (25-a) 2-Bit Asynchronous Binary Counter 

 

 

2- Synchronous counter operation: 

The term synchronous refers to events that have a fixed 

time relationship with each other. A synchronous counter is 

one in which all the flip-flops in the counter are clocked at 

the same time by a common clock pulse. 

A 3-bit synchronous binary counter is shown in figure 

(26-a) and timing diagram is shown (26-b) you can 

understand this counter operation by examining its 

sequence of states as shown in truth table (26-c). 



 


