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 المفردات النظرية الاسبوع 

1 A general idea of numerical systems (types and details) 

2 Transfers between the numerical systems 

3 Logic gates (types, working principle, truth tables, logical symbol) 

4 How to connect the logic gates to form logic circuits. 

5 Boolean algebra and the rule of de-Morgan 

6 
Simplification of logical equations using Boolean algebra and the laws 

of De Morgan's laws. 

7 The design of the logical gates using NOR and NANDcircuits,  

8 
Ways of writing the equation from truth table (POS, SOP). 

 

9 Karnaugh  Map (for two variables, the three variables, the four variables) 

10 Simplification of logical equations using  Karnaugh  Map 

11 

Calculations in the binary system (addition, subtraction, subtraction using 

complements). 

 

12 Logic circuit applications(half adder, full adder, parallel adder circuits) 

13 
Binarysubtractorcircuits (half subtractor,full subtractorparallel subtractor) 

circuit using the adder circuit by method of 1s complements. 

14 The circuit of digital comparator ( one stage and two stages) 



 

 

 

 

 

 

15 The circuit of decoder size of 2:4 ,3:8 and 4:10 

16 The circuit of encoder size of 4:2, 8:3 and 10:4 

17 
Introduction to sequential logic circuits, a general idea of the Flip Flop, flip 

flop type (S-R). 

18 The flip flop type J-K and master slave flip flop 

19 The D- flip flop and T flip flop 

20 
The registers, design of registers, enter the information and output from 

registers 

21 The shift register, shift to left, shift to right 

22 The counter- asynchronous counter  

23 The synchronous counter- the cycle counter 

24 The multiplexer and its applications 

25 The code convertor – the application of code convertor 

26 
Programmable logic array: Concepts of programmable logic array(PLA); 

Concepts of programmable array logic(PAL) 

27 
Buffers, Non inverting buffers, inverting buffers, Tri-state buffers, 

transmission gates 

28 

Introduction to Sequential logic latches and flip flops, Latches-

Edgetriggered flip flop, Flip-flop operating characteristics, Flip-flop 

applications 

29 Introduction To State Machine Design,  

30 State diagram and State table 



 



 



 



 



 



 



 



 



 



 



 



 



 



 

 



 

 



 



 



 



 



 



 



 



 



 

 



 



Binary Logic Gates 

           The basic building blocks of a computer are called logical gates. Gates are 

basic circuits that have at least one (and usually more) input and exactly one output. 

Input and output values are the logical values true and false. In computer 

architecture, it is common to use 0 for false and 1 for true. Gates have no memory. 

The value of the output depends only on the current value of the inputs. A useful 

way of describing the relationship between the inputs of gates and their output is the 

truth table. In a truth table, the value of each output is tabulated for every possible 

combination of the input values. usually consider three basic kinds of gates, AND-

gates, OR-gates, and NOT-gates (or Inverters). 

3.1 Basic Gates  

3.1.1  AND Gate  

The AND operation is represented by a dot(.) or by the absence of an operator. E.g. 

A.B=F AB=F are all read as A AND B=F. The logical operation AND is interpreted 

to mean that F=1 if A=1 and B=1 otherwise F=0 

A B 𝑭 = 𝑨. 𝑩 

0 0 0 

0 1 0 

1 0 0 



 

 

 

 

 

 

 

 

 

 

3.1.2  OR Gate  

The OR operation is represented by a (+) sign for example, A+B=F is interpreted as 

A OR B=F meaning that F=1 if A=1 or B=1 or if both A=1 and B=1. If both A and 

B are 0, then F=0.  

 

1 1 1 

A B 𝑭 = 𝑨 + 𝑩 

0 0 0 

0 1 1 

Truth Table 

Symbol 

Truth Table Symbol 



 

 

 

 

 

 

3.1.3 NOT Gate or INVERTER  

The inverter is a little different from AND and OR gates in that it always has exactly 

one input as well as one output. Whatever logical state is applied to the input, the 

opposite state will appear at the output. This operation is represented by a bar or a 

prime. For example, A′=A=B is interpreted as NOT A =B. 

 

 

 

 

3.2 Combined gates  

Sometimes, it is practical to combine functions of the basic gates into more complex 

gates, for instance, to save space in circuit diagrams. This section, shows some such 

combined gates together with their truth tables. 

3.2.1 NAND Gate 

1 0 1 

1 1 1 

A B 

0 1 

1 0 

Truth Table 

Symbol 



The NAND-gate is an AND-gate with an inverter on the output. This operation is 

represented by F=A.B . So instead of drawing several gates like this: 

 

 

draw a single NAND-gate with  

little ring on the output like this: a 

 

 

 

3.2.2 NOR Gate 

The NOR-gate is an OR-gate with an inverter on the output. This operation is 

represented by F=A+B. So instead of drawing several gates like this: 

 

 

 

 

draw a single NOR gate with a little  

ring on the output like this: 

A B 𝑭 = 𝑨. 𝑩̅̅ ̅̅ ̅ 

0 0 1 

0 1 1 

1 0 1 

1 1 0 

A B 𝑭 = 𝑨 + 𝑩̅̅ ̅̅ ̅̅ ̅̅  

0 0 1 

0 1 0 

1 0 0 

1 1 0 

Truth Table 

Truth Table 



  

 

 

3.2.3 Exclusive OR Gate(Ex-OR/ XOR) 

The Exclusive-OR-Gate is similar to an OR-gate. It can have an arbitrary number of 

inputs, and its output value is 1 if exactly one input is 1 (and thus the others 0). 

Otherwise, the output is 0. This operation is represented by  

 

 

 

 

 

 

 

3.2.4 Exclusive NOR Gate(Ex-NOR/ XNOR)  

The Exclusive-NOR-Gate is similar to an NOR-Gate. It can have an arbitrary 

number of inputs, and its output value is 1 if the two inputs are of the same values 

(1 and 1 or 0 and 0). Otherwise, the output is 0.  

A B 𝑭 = 𝑨 ⊕ 𝑩 

0 0 0 

0 1 1 

1 0 1 

1 1 0 

Truth Table 



 𝑭 = 𝑨. 𝑩 + 𝑨̅. 𝑩̅  

This operation is represented by 

 

 

 

 

 

Examples: Draw the following functions 

 

1-  F = A+B                                                                 2- F = A+B  
 
 

     

 

3-F = A.B.C                                                                      4- F = (A+B).(C+D)  

 

 

 

 

 

5-F = ABC( A + D)  

A B 𝑭 = 𝑨 ⊕ 𝑩̅̅ ̅̅ ̅̅ ̅̅ ̅ 

0 0 1 

0 1 0 

1 0 0 

1 1 1 



 

 

 

 

 

 

 

 

 

 

6- F = [D + (A + B) C] • E  

 

 

 

 

7-F = (A + B)(B + C)  



 

 

 

 

Example: Find the truth table of F. 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

A B B AB 𝑨𝑩̅ F 

0 0 1 0 0 0 

0 1 0 0 0 0 

1 0 1 0 1 1 

1 1 0 1 0 1 



Logic simplification 

4.1 Boolean algebra 

            Boolean algebra or switching algebra is a system of mathematical logic to 

performs different mathematical operations in a binary system. Boolean algebra 

which was formulated by George Boole, an English mathematician (1815-1864) 

described propositions whose outcome would be either true or false. There are only 

three basic binary operations, AND, OR, and NOT by which all simple as well as 

complex binary mathematical operations are to be done. There are many rules in 

Boolean algebra by which those mathematical operations are done. In Boolean 

algebra, the variables are represented by English Capital Letters like A, B, C, etc. 

and the value of each variable can be either 1 or 0, nothing else. In Boolean 

algebra, an expression given can also be converted into a logic diagram using 

different logic gates like AND gate, OR gate and NOT gate, NOR gates, NAND 

gates, XOR gates, XNOR gates, etc. Some basic logical Boolean operations: 

Input Output 

A B AND NAND OR NOR 
X-

OR 

X-

NOR 

NOT 

(𝑨̅) 
NOT (𝑩̅) 

0 0 0 1 0 1 0 1 1 1 

0 1 0 1 1 0 1 0 1 0 

1 0 0 1 1 0 1 0 0 1 

1 1 1 0 1 0 0 1 0 0 

 



4.2 Some Basic Laws for Boolean Algebra 

4.2.1 Boolean Postulates 

 

 

 

4.2.2 

Boolean 

Laws 

1. Commutative Law: According to Commutative Law, the order of OR 

operations and AND operations conducted on the variables makes no difference. 

                   (a) 𝐴 + 𝐵 = 𝐵 + 𝐴                                  (b) 𝐴𝐵 = 𝐵𝐴 

2. Associate Law: This law is for several variables, where the OR operation of the 

variables result is the same though the grouping of the variables is different. This 

law is quite the same in the case of AND operators. 

               (a) (𝐴 + 𝐵) + 𝐶 = 𝐴 + (𝐵 + 𝐶)                (b) (𝐴𝐵) 𝐶 = 𝐴 (𝐵𝐶) 

3. Distributive Law: This law is composed of two operators, AND and OR. 

                 (a) 𝐴 (𝐵 + 𝐶) = 𝐴𝐵 + 𝐴𝐶                          (b) 𝐴 + (𝐵𝐶) = (𝐴 + 𝐵) (𝐴 + 𝐶) 

 

4. Identity Law 

                   (a) 𝐴 + 𝐴 = 𝐴                                              (b) 𝐴𝐴 = 𝐴 



 

   5. Redundance Law                                                                          6. De Morgan's 

Theorem 

 

 

 

 

 

The laws of Boolean algebra are also true for more than two variables. Let us show 

one use of this law to prove the expression 𝐴 + (𝐵. 𝐶) = (𝐴 + 𝐵) . (𝐴 + 𝐶) 

 

 

Proof: 

𝐴 + 𝐵𝐶 = 𝐴. 1 + 𝐵. 𝐶 (𝑠𝑖𝑛𝑐𝑒, 𝐴. 1 = 𝐴) 

= 𝐴. 1 + 𝐵 + 𝐵. 𝐶 (𝑠𝑖𝑛𝑐𝑒, 𝐵 + 1 = 1) 

= 𝐴. 1 + 𝐶 + 𝐴𝐵 + 𝐵𝐶 (𝑠𝑖𝑛𝑐𝑒, 𝐴. 𝐴 = 𝐴. 1 = 𝐴) 

= 𝐴. 1 + 𝐴𝐵 + 𝐵𝐶 

= 𝐴 𝐴 + 𝐶 + 𝐵(𝐴 + 𝐶) 

= (𝐴 + 𝐵)(𝐴 + 𝐶) 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Examples 

Proof of De Morgan’s Theorem by truth table 

 



 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

  

 

4.2.3 Representation of Boolean function in the truth table 

          Boolean algebra deals with binary variables and logic operations. A Boolean 

function  is described by an algebraic expression called Boolean expression which 

consists  of binary  variables, the constants 0 and 1, and the logic operation symbols.  

 

 

Examples1 : 



Truth table for   = 𝐴 + 𝐵𝐶                                                            Truth table for 

 

Example 2: Simplify the following Boolean functions. 

 

  



 

 

 

 

  

 

 

 

 

 

 

 



 

  

 

 

 

 

 

 

 

 

 

 

 



 

4.3 Standard Forms of Boolean Expressions 

               Logical functions are generally expressed in terms of different 

combinations of logical variables with their true forms as well as the complement 

forms. Binary logic values obtained by the logical functions and logic variables are 

in binary form. An arbitrary logic function can be expressed in the following forms:  

1) Sum of Products (SOP)  

2) Product of Sums (POS)  

Sum of Products (SOP): In Boolean algebra, the logical sum of two or more logical 

product terms is referred to as a sum of product expressions. It is an OR operation 

on AND-operated variables.  

For example: Y = AB + BC + AC or Y = A′B + BC + AC′ are the sum of product 

expressions.  

Product of Sums (POS): Similarly, the logical product of two or more logical sum 

terms is called a product of sums expression. It is an AND operation on OR-operated 

variables.  

For example: Y = (A + B + C)(A + B′ + C)(A + B + C′) or Y = (A + B + C)(A′ + B′ 

+ C′) are product of sums expressions.  

❖ Standard form 

The standard form of the Boolean function is when it is expressed in the sum of the 

products or products of the sums fashion. The examples stated above, like Y =AB + 

BC + AC or  



Y = (A + B + C)(A + B′ + C)(A + B + C′) are the standard forms.  However, Boolean 

functions are also sometimes expressed in nonstandard forms like F = (AB + 

CD)(A′B′ + C′D′), which is neither a sum of products form nor a product of sums 

form. However, the same expression can be converted to a standard form with the 

help of various Boolean properties, such as:      

  F = (AB + CD)(A′B′ + C′D′) = A′B′CD + ABC′D′ 

 

 

❖ Canonical Sum of Product Expression (Minterm)  

A product term containing all n variables of the function in either true or 

complemented form is called the minterm. Each minterm is obtained by an AND 

operation of the variables in their true form or complemented form. For a two-

variable function, four different combinations are possible, such as A′B′, A′B, AB′, 

and AB. These product terms are called fundamental products standard products or 

minterms. In the minterm, a variable will possess the value 1 if it is in true or 

uncomplemented form, whereas, it contains the value 0 if it is in complemented 

form. For three variables function, eight minterms are possible as listed in the 

following table: 



 

 

 

 

 

 

 

 

 

a Boolean When 

function is 

expressed as 

logical sum of the 

minterms all the 

the rows of a from 

table, for truth 

the value of which 

function is 1, the 

it is referred to as the canonical sum of product expression. The same can be 

expressed in a compact form by listing the corresponding decimal-equivalent codes 

of the minterms containing a function value of 1. For example, if the canonical sum 

of the product form of a three-variable logic function F has the minterms A′BC, 



AB′C, and ABC′, this can be expressed as the sum of the decimal codes 

corresponding to these minterms as below:  

where Σ (3,5,6)  = A′BC + AB′C + ABC'    6+ m 5+ m 3= m   C) = Σ (3,5,6)  B, F (A,

represents the summation of minterms corresponding to decimal codes 3, 5, and 6.   

1) Check each term in the given logic function. Retain if it is a minterm, and continue 

to examine the next term in the same manner.  

2) Examine the variables that are missing in each product which is not a minterm. If 

the missing variable in the minterm is X, multiply that minterm with (X+X′).   

3) Multiply all the products and discard the redundant terms.  

Example3: Obtain the canonical sum of product form of the following function  

             F (A, B) = A + B  

Solution: The given function contains two variables A and B. The variable B is 

missing from the first term of the expression and the variable A is missing from the 

second term of the expression. Therefore, the first term is to be multiplied by (B + 

B′) and the second term is to be multiplied by (A + A′) as demonstrated below:  

F (A, B) = A + B  

= A.1 + B.1  

= A (B + B′) + B (A + A′)  

= AB + AB′ + AB + A′B  

= AB + AB′ + A′B (as 

AB + AB = AB) 

A B Minterms designation 

0 0 A'B' 0m 

0 1 A'B 1m 

1 0 AB' 2m 

1 1 AB 3m 



 

= Σ (1,2,3)   1+ m 2+ m 3= m    F (A, B) = AB + AB′ + A′B  

 

 

 

 

 

❖ Canonical Product of Sum Expression (Maxterm)  

A sum term containing all n variables of the function in either true or complemented 

form is called the maxterm. Each maxterm is obtained by an OR operation of the 

variables in their true form or complemented form. Four different combinations are 

possible for a two-variable function, such as A + B, A + B', A' + B, and A' + B'. 

These sum terms are called standard sums or maxterms. Note that, in the maxterm, 

a variable will possess the value 0, 

if it is in true or uncomplemented 

form, whereas, it contains the 

value 1 if it is in complemented 

form. Like minterms, for a three-

variable function, eight maxterms 

are also possible as listed in the 

following table: 

 



 

 

 

 

 

 

When a Boolean function is expressed as the logical product of all the maxterms 

from the rows of a truth table, for which the value of the function is 0, it is referred 

to as the canonical product of sum expression. The same can be expressed in a 

compact form by listing the corresponding decimal equivalent codes of the 

maxterms containing a function value of 0. For example, if the canonical product of 

sums form of a three-variable logic function F has the maxterms A + B + C, A + B′ 

+ C, and A′ + B + C′, this can be expressed as the product of the decimal codes 

corresponding to these maxterms as below:  

= (A + B + C) (A + B′ + C) (A′ + B + C′)   5M 2M 0= M  F (A,B,C) = π (0,2,5)  

where π (0,2,5) represents the product of maxterms corresponding to decimal codes 

0, 2, and 5.  

The canonical product of the sum form of a logic function can be obtained by using 

the following procedure.  

1) Check each term in the given logic function. Retain it if it is a maxterm, and 

continue to examine the next term in the same manner.  



2) Examine the variables that are missing in each sum term that is not a maxterm.  If 

the missing variable in the maxterm is X, add that maxterm with (X.X′).  

3) Expand the expression using the properties and postulates as described earlier and 

discard the redundant terms.  

Example4: Represent (SOP) and (POS) expressions by using the following truth 

table:  

SOP:-  

F = A'BC'+ AB'C'+AB'C+ ABC'  

F = Σ (2,4,5,6)     POS  

F = (A+B+C) (A+B+C') (A+B'+C') 

(A'+B'+C')   

F = π (0,1,3,7) 

 

 

Example5: Simplify the expression for F(A,B) = Σ (0,2,3)  

Solution: F = m0 + m2 + m3  

= A'B'+AB'+AB  

= B'(A'+A)+AB  

= B'+AB  

= B'+A 



 

Summary 

1- Boolean Algebra: a mathematical tool used in the analysis and design of 

digital circuits 

2- OR, AND, NOT: basic Boolean operations 

3- OR: HIGH output when any input is HIGH 

4- AND: HIGH output only when all inputs are HIGH 

5- NOT: output is the opposite logic level as the input 

6- NOR: OR with its output connected to an INVERTER 

7- NAND: AND with its output connected to an INVERTER 

8-  Boolean theorems and rules: to simplify the expression of a logic circuit and 

can lead to a simpler way of implementing the circuit 

9- NAND, NOR: can be used to implement any of the basic Boolean operations 

 

 

 

 

 

 

 

 

 



Karnaugh maps 

5.1 Introduction 

            The Boolean theorems and De-Morgan's theorems are useful in 

manipulating the logic expression. We can realize the logical expression using 

gates. The number of logic gates required for the realization of a logical expression 

should be reduced to the minimum possible value. One of the methods used to 

minimize the logical expression is the K-map method. A Karnaugh map provides a 

pictorial method of grouping together expressions with common factors and 

therefore eliminating unwanted variables. The Karnaugh map can also be described 

as a special arrangement of a truth table. The K-map is a graphical device used to 

simplify a logical equation or to convert a truth table to its corresponding logic 

circuit in a simple, logical method. It is also known as the Veitch diagram. A K-

map is a diagram made up of squares and may be considered to be the graphic 

representation of the minterm canonical form. Each minterm is represented by a 

cell, and the cells are assembled in an orderly arrangement such that adjacent cells 

represent minterms that differ by one variable. The number of cells in a K-map 

depends upon the number of variables in the Boolean expression. The variables 

map contains four cells, the three variables map contains eight cells, and the n 

of the map is assigned by 0’s  cells. Each row and column n2 svariables map contain

and 1’s  

 

 

 

 



5.2 Two-Variable K-Map 

The two-variable map is shown below. There are four minterms for two variables; 

hence, the map consists of four squares, one for each minterm. 

 

 

 

 

 

Example 1: Simplify the following Boolean functions using the (K- Map) Method. 

 

 

 

 



 

 

 

 

 

 

 

 

5.3 Three-Variable K-Map  

A three-variable K-map is shown below. There are eight minterms for three binary 

variables; therefore, the map consists of eight squares. Note that the minterms are 

arranged, not in a binary sequence, but in a sequence similar to the Gray code.   

The characteristic of this sequence is that only one bit changes in value from one 

adjacent column to the next. As more adjacent squares are combined, we obtain a 



product term with fewer literals.  One square represents one minterm, giving a 

term with three literals.  Two adjacent squares represent a term with two literals.   

Four adjacent squares represent a term with one literal. Eight adjacent squares 

encompass the entire map and produce a function that is always equal to 1. 

 

 

 

 

Example 2: Simplify the following 

Boolean functions using the (K- Map) Method. 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.4 Four-Variable K-Map  

The number of squares in 4 variable K-map is sixteen since the number of 

variables is four. The following figure shows 4 variable K-Map. The combination 



of adjacent squares that is useful during the simplification process is easily 

determined from inspection of the four-variable map:  One square represents one 

minterm, giving a term with four literals.  Two adjacent squares represent a term 

with three literals.  Four adjacent squares represent a term with two literals.  Eight 

adjacent squares represent a term with one literal.  Sixteen adjacent squares 

produce a  function that is always equal to 1. 

Example 3: Simplify the following Boolean functions using the (K- Map) 

Method.  

F(A,B,C,D) = Σ (1,5,7,9,11,13,15) 

 

 

F= AD + BD + C'D 

 

 

Example4: F(A, B, C, D) = Σ (0, 1, 2, 4, 5, 6, 8, 9, 12, 13, 14)  

 

 

 

F= C' + A'D' + BD' 

 



 

 

Example5: F = A'B'C'D' + A'B'C'D + A'B'CD' +A'BCD' + AB'C'D' + AB'C'D + 

AB'CD'  

 

 

F= B'D'+ B'C' + A'CD' 

 

 

 

Example6: Minimize the following expressions using K-map 

          (A) 𝑌 𝐴, 𝐵, 𝐶 = Σ𝑚 (1,3,5,7)                                         (B) 𝑌 𝐴, 𝐵, 𝐶 = Σ𝑚 

(0,1,4,5) 

                                                  (C) 𝑌 𝐴, 𝐵, 𝐶 = Σ𝑚 (0,2,4,6) 



      (A) 𝑌 𝐴, 𝐵, 𝐶 = Σ𝑚 (1,3,5,7)                                      (B) 𝑌 𝐴, 𝐵, 𝐶 = Σ𝑚 (0,1,4,5) 

 

 

 

(C) 𝑌 𝐴, 𝐵, 𝐶 = Σ𝑚 (0,2,4,6) 

 

 

 

Example7: Simplify the expression using K-map 𝑌 𝐴, 𝐵, 𝐶 = Σ(0,1,2,3,4,5,6,7) 



 

 

 

 

 

 

Example8: Minimize the following expressions using K-map 

   (A) 𝑌 𝐴, 𝐵, 𝐶 = Π𝑀 (1,3,5,7)                             (B) 𝑌 𝐴, 𝐵, 𝐶 = Π𝑀 (0,1,4,5) 

                                             (C) 𝑌 𝐴, 𝐵, 𝐶 = Π𝑀 (0,2,4,6) 

     (A) 𝑌 𝐴, 𝐵, 𝐶 = Π𝑀 (1,3,5,7)                                     (B) 𝑌 𝐴, 𝐵, 𝐶 = Π𝑀 (0,1,4,5) 

 



 

 

(C) 𝑌 𝐴, 𝐵, 𝐶 = Π𝑀 (0,1,4,5) 

 

 

5.5 Don’t- care conditions  

don’t- -care conditions can be used on a map to provide further simplification of 

the Boolean expression.  To distinguish the don’t-care condition from 1’s and 0’s, 

an X or d is used.  In choosing adjacent squares to simplify the function in a map, 

the don’t-care minterms may be assumed to be either 0 or 1.  

Example 9: Simplify the following Boolean functions using the (K- Map) 

Method.  

1) F(A, B, C) = Σ (2, 3, 4, 5)      which has the don’t-care conditions  d(A, B, C) = Σ 

(6,7) 

 

 

 

F = A + B 

 

 

2) F(A, B, C, D) = Σ (1, 3, 7, 11, 15)  which has the don’t-care conditions   

d(A, B, C, D) = Σ (0, 2, 5)  



 

 

 

F = A'B' + CD 

 

 



  𝑭 = 𝑨 . 𝑩


  𝑭 = 𝑨 + 𝑩


  𝑭 =   𝑨 . 𝑩 -


  𝑭 =   𝑨 + 𝑩 -


  𝑭 = 𝑨 ⊕ 𝑩


  𝑭 =   𝑨 ⊕ 𝑩 -


    𝑭 = 𝑨 . 𝑩 +   𝑨 - .   𝑩 -  


  𝑨   𝑩 -


    𝑨 -


    𝑩 -

