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Introduction 

o Binary logic deals with variables that have two discrete 
values: 1 for TRUE and 0 for FALSE. 

  

o A simple switching circuit containing active elements 
such as a diode and transistor can demonstrate the 
binary logic, which can either be ON (switch closed) or 
OFF (switch open).  
 

o The switching functions can be expressed with 
Boolean equations. Complex Boolean equations can 
be simplified by a new kind of algebra, which is 
popularly called Switching Algebra or Boolean 
Algebra. 



BASIC DEFINITIONS 

Boolean algebra, like any other mathematical system, may be 
defined with : 
o  set of elements,  set of operators, and number of 

assumptions and postulates.  
 

 

Various algebraic structures are formulated on the basis of the 
most common postulates, which are described as follows: 
1. Closer:  

A set is closed with respect to a binary operator if, for every pair 
of elements of S, the binary operator specifies a rule for 
obtaining a unique element of S. For example, the set of natural 
numbers N = {1, 2, 3, 4, ...} is said to be closed with respect to 
the binary operator plus ( + ) by the rules of arithmetic addition, 
since for any X,Y ∈ N we obtain a unique element Z ∈ N by the 
operation X + Y = Z.  



However, note that the set of natural numbers is not closed 
with respect to the binary operator minus (–) by the rules of 
arithmetic subtraction because for: 

 1 – 2 = –1, where –1 is not of the set of naturals numbers. 
 

2. Associative Law:    الارتباط 

 A binary operator * on a set S is said to be associated 
whenever (A*B)*C = A*(B*C) for all A,B,C ∈ S. 
 

3. Commutative Law:     التبادل 

A binary operator * on a set S is said to be commutative 

Whenever A*B = B*A for all A,B ∈ S. 

 

 



4. Identity Element:    

A set S is to have an identity element with respect to a 
binary operation * on S, if there exists an element E ∈ S 
with the property E*A = A*E = A. 

  

Example: The element 0 is an identity element with 
respect to the binary operator + on the set of integers I = 
{.... –4, –3, –2, –1, 0, 1, 2, 3, 4, ....} as A + 0 = 0 + A = A. 

 

Similarly, the element 1 is the identity element with 
respect to the binary operator × as    A × 1 = 1 × A = A. 



5. Inverse: 

 If a set S has the identity element E with respect to a 
binary operator *, there exists an element B ∈ S, which is 
called the inverse, for every A ∈ S, such that A*B = E. 
  

Example: In the set of integers I with E = 0, the inverse of 
an element A is (-A) since 

A + (–A) = 0. 

The multiplication inverse of A is 1/A, i.e., A . 1/A = 1. 
 

6. Distributive Law:  

The only distributive law applicable is that of (.) over + 
 

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







TWO-VALUED BOOLEAN ALGEBRA 

o Two-valued Boolean algebra is defined on a set of only two 
elements, S = {0,1}, with rules for two binary operators (+) and (.) 
and inversion or complement as shown in the following operator 
tables : 

 

 

 

 

 

 

 

o These rules are exactly the same for as the logical OR, AND, and 
NOT operations, respectively.  

 



1. Closure is obviously valid, as form the table it is 
observed that the result of each operation is either 0 
or 1 and 0,1 ∈ S. 

 

2. From the tables, we can see that: 

(i)     0 + 0 = 0     0 + 1 = 1 + 0 = 1 

(ii)    1 . 1 = 1  0 . 1 = 1 . 0 = 0 

which verifies the two identity elements 0 for (+) and 1 
for (.)  

 

3. The commutative laws are confirmed by the symmetry 
of binary operator tables. 

 



4. The distributive laws of (.) over (+) i.e.,  

A . (B+C) = (A . B) + (A . C), and (+) over 

(.) i.e., A + ( B . C) = (A+B) . (A+C) can be shown to be 
applicable with the help of the truth tables considering all 
the possible values of A, B, and C . 

 





BASIC PROPERTIES AND THEOREMS OF BOOLEAN ALGEBRA 

• DeMorgan's Theorem 

Two theorems that were proposed by DeMorgan play 
important parts in Boolean 

algebra. 

The first theorem states that the complement of a product 
is equal to the sum of the 

complements. That is, if the variables are A and B, then: 

 (A.B)′ = A′ + B′ 

The second theorem states that the complement of a sum 
is equal to the product of the complements. In equation 
form, this can be expressed as:  

(A + B)′ = A′ . B′ 



BASIC PROPERTIES AND THEOREMS OF BOOLEAN ALGEBRA 

DeMorgan’s theorems are applicable to any number of variables. Such 
as for three variables A, B, and C, the equations are:  

(A.B.C)′ = A′ + B′ + C′                   (A + B + C)′ = A′.B′.C′ 

 



The following is the complete list of postulates and theorems useful 
for two-valued Boolean algebra. 



FunctionsBoolean   

A Boolean function is an expression formed with binary 
variables, the two binary operators AND and OR, one unary 
operator NOT. 

The value of a function may be 0 or 1. 

• For example, if a Boolean function is expressed 
algebraically as:           F = AB′C 

Then the value of  F will be 1, when A = 1, B = 0, and C = 1. 
For other values of A, B, C the value of F is 0. 

• Boolean functions can also be represented by truth 
tables. For an n number of variables, 2n combinations of 
1s and 0s 

 



FunctionsBoolean   

Boolean function F = AB + C  truth table can be written as : 

 

 

 

 
 

A Boolean function from an algebraic expression can be 
realized to a logic diagram composed of logic gates. 

  



Canonical And Standard Forms الصيغ القانونية والقياسية 

Logical functions are generally expressed in terms of 
different combinations of logical variables with their true 
forms as well as the complement forms.  

logic function can be expressed in the following forms: 

 

 

Product Term: AND function is referred to as a product term 
or standard product. For example, ABC′ is a product term. 

 

Sum Term: An OR function is referred to as a sum term. 

For example, A + B + C′ is  a sum term. 
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a Sum of Products (SOP) Expression from a Truth TableDeriving  
 

The sum of products (SOP) expression of a Boolean function 
can be obtained from its truth table summing or performing 
OR operation of the product terms corresponding to the 
combinations containing a function value of 1.  

 



Deriving a Product of Sums (POS) Expression from a Truth Table 

The product of sums (POS) expression of a Boolean function 
can also be obtained from its truth table by a similar 
procedure. Here, an AND operation is performed on the 
sum terms corresponding to the combinations containing a 
function value of 0. 

 

 

 

 

 

 

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

 



DIGITAL LOGIC GATES 
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Thanks … 


