Digital Logic and Computer Design		Unit II: Boolean Functions
1 BOOLEAN FUNCTION
· It may be defined with a set of elements, a set of operators, and a number of unproved axioms.
· A is a set of elements which is any collection of objects having a common property.
·  It contains the value of 1, 2, 3, and 4.
A = {1,2,3,4,...}
· The binary operators defined on the set S.
· S is called set which contains values x, y, and z.
· X, y € s denotes that x is a members.
· Z € s denotes y is not an element
 S = {x,y,z}
· The common axioms used to various algebric structure are;
i. Closure: 
· A is a set which closed with respect to a binary operator. N = (1, 2, 3, 4…)
· The set of natural numbers is not closed with respect to the binary operator (+)
1) a+b = c
a,b€N
c€N
2) 2-3 -1
2, 3 € N
-1 € N
ii. Assosiative law:
· S is a set with respect to a binary operator (*)
(x*y ) *z  = (x*y)*z
For all x, y, z€S
iii.Commutative law:
· S is a set with respect to a binary operators (*)
X*y = y*x
For all x, y € S
iv. Identity law:
· S is a set of which said to be an inverse with respect to a binary operator (*)
· e is an identity  element e * x = x* e =x
X€S
v. Inverse law:
· S is a set of which said to be an inverse with respect to a binary operator (*)
· e is an identity  element.
X*y = e
X€S
Y€S.
vi. Distributive law:
· S is a set of which said to be an inverse with respect to a binary operator (*and .)
X*(y.z)=(x*y).(x*z)
a.(b+c)=(a.b)+(a.c)


2. AXIOMATIC DEFINITION:
· George boole developed boolean algebra in 1854.
· C.E.Shannon introduced a two valued boolean algebra called switching algebra in 1938.
· E.V  Huntington have definition of formulated the axioms in 1904.
· Axioms are not unique for defining boolean algebra.
· Algebric structure defined 2 binary operators (+) (*).
· axioms are satisfy by using binary operators  are follow;

1. Closure: 
A) respect to the operator:+
B) respect to the operator:*
2. Iidentity:
A) respect to the designated by 0:
x+0=0+x=x
B) respect to the operators designated by 1:
x*1=1*x=x
3. Commutative :
A) respect to the +: x+y=y+x
B) respect to the *:x*y =y*x
4. Distributive:
A) over +,* : x*(y+z)=(x*y) + (x*z)
B) over *,+ : x+(y*z) = (x+y)*(x+z)
5. Element x€b , complement x’ € b
A) x+x’= 1
B) x*x’ = 0
6. Two elements x,y€b such that x ≠ y



· Defferent between Normal algebra and Boolean algibra.
	sn
	algebra
	boolean algebra

	1
	supports all arithmatic operation
	not supports all arithmatic operation

	2
	not supports complement
	supports complement

	3
	deals real numbers
	deals two valued boolean algebra

	4
	not supports distributive law
	supports distributive law



Two-valued Boolean algebra










4. BOOLEAN FUNCTIONS:
· A binary variable can take the value of 0 and 1.
· A Boolean function is an expression  formed with.
1. Binary variables (x, y)
2. Binary operator (AND, OR) and
3. Unary operator (NOT).


· The example for Boolean function;
                  F1=xyz1


                              x      
                              y                                         F1

                       z 
	
· The example for Boolean function;
              F2=x+y1z

x
y				F2
z




· The example for Boolean function;
	F3=xy’+x’y

x
y
				     F3
z


· The example for Boolean function;
	F4=x’y+y’z+z’x

x
y

z				     F4	








6. LOGICAL OPERATIONS:
 Not/ complement operation:
· Not is a complement function which used the operator  (x1) Not x.
                                F1=x1
	x
	F1

	0
1
	1
0


AND operation
· These function is formed by two binary variables
· It gives the value of product of function
· It used the(.) dot operator.
           F2=x .y
                                       
	X
	Y
	F2

	0
	0
	0

	0
	1
	1

	1
	0
	0

	1
	1
	1



OR operation;
· It used the operator symbol (+).
        F3=x +y

	X
	Y
	F3

	0
	0
	0

	0
	1
	1

	1
	0
	1

	1
	1
	1



Transfer operation;
· These operation is used to transfer value
· It has no operator.
       F4=x    
	X
	F4

	0
	0

	1
	1


NAND operations;
· It is a complement functions of AND operation
· It is not-AND
· The operator symbols of NAND is 
F5=x  y
    =(x .y)1
	X
	Y
	F5

	0
	0
	1

	0
	1
	1

	1
	0
	1

	1
	1
	0


NOR operation
· It is not-OR
· It is a complement functions of OR operation
· The operator symbols of NOR is 
                      F6= x   y
    = (x +Y)1
	X
	Y
	X+Y
	(X+Y)’

	0
	0
	0
	1

	0
	1
	1
	0

	1
	0
	1
	0

	1
	1
	1
	0



XOR operation
· Exclusive-OR abreacted XOR,EOR.
· The functions are the complement of each other.
· It used operator’s symbol (       ).
    	 F7=x        y
        	XOR= XY’+X’Y
	X
	Y
	X’
	Y’
	XY’
	X’Y
	XY’+X’Y

	0
	0
	1
	1
	0
	0
	0

	0
	1
	1
	0
	0
	1
	1

	1
	0
	0
	1
	1
	0
	1

	1
	1
	0
	0
	0
	0
	0








7. DIGITAL LOGIC GATES 
NOT gates
· Not is a complement function
	x
	F1

	0
	1

	1
	0



  F1=x1
         
                       x                        F1=x1   
Buffer/transfer gate:
· Buffer gate is used to transfer the value of function

F2=x
	x
	F2

	0
	0

	1
	1


         
                       x                        F2=x  
AND gate
· These function is formed by two binary variables
· It gives the value of product of function
· It used the(.) dot operator.
          
	X
	Y
	F2

	0
	0
	0

	0
	1
	1

	1
	0
	0

	1
	1
	1




 F2=x .y
                        
       


OR gate;
· It used the operator symbol (+).
        F3=x +y



	X
	Y
	F3

	0
	0
	0

	0
	1
	1

	1
	0
	1

	1
	1
	1


NAND gate;
· It is a complement functions of AND operation
· It is not-AND
· The operator symbols of NAND is 
	F5=x  y
   	 =(x .y)1

	X
	Y
	F5

	0
	0
	1

	0
	1
	1

	1
	0
	1

	1
	1
	0






NOR gate
· It is not-OR
· It is a complement functions of OR operation
· The operator symbols of NOR is 
                      F6= x   y
    = (x +Y)1
	X
	Y
	X+Y
	(X+Y)’

	0
	0
	0
	1

	0
	1
	1
	0

	1
	0
	1
	0

	1
	1
	1
	0



XOR operation
· Exclusive-OR abreacted XOR,EOR.
· The functions are the complement of each other.
· It used operator’s symbol (       ).


    	 F7=x        y
        	XOR= XY’+X’Y
	X
	Y
	X’
	Y’
	XY’
	X’Y
	XY’+X’Y

	0
	0
	1
	1
	0
	0
	0

	0
	1
	1
	0
	0
	1
	1

	1
	0
	0
	1
	1
	0
	1

	1
	1
	0
	0
	0
	0
	0




5. CONANICAL AND STANDARD FORM
MINTERM:
·  A binary variable appear in normal form(x) in its compliment form (x’).
· It may appear in either form there are four possibilities.
· x’y’, x’y, xy’, xy
· Four AND term represent one of the distinct areas is called minterm.
MAX TERM:
· Four possible combination of OR binary values x’+y’, x’+y, x+y’, x+y.
· These four term of distinct area is called maximum term.
· The procedures for obtaining product of max term directly form the truth table.
· From a max term for each combination of the variable which produces a 0 in the function AND of all those max term.
· Boolean function expressed as a some of min term of product max term as set to be a canonical form. 
Sum of Minterms
The Boolean function F=A+B’C
	A=A(B+B’)
	  =AB+AB’
	  =AB(C+C’)=AB’(C+C’)
	  =ABC+ABC’+AB’C+AB’C’
      
         B’C= B’C(A+A’)
		=AB’C+A’B’C
	A+B’C   = ABC+ABC’+AB’C+AB’C’+AB’C+A’B’C
		=m1+M4+m5+m6+m7
            F(A,B,C)=£(1,4,5,6,7)
Product of Max terms
The Boolean function F=xy+X’z
		=xy+x’z
		=(xy+x’)(xy+z)
		=(x+x’)(y+x’)(x+z)(y+z)
		= (y+x’)(x+z)(y+z)
	(x’+y)= (x’+y+z) (x’+y+z’)
	(x+z)= (x+y+z) (x+y’+z)
	(y+z)= (x+y+z) (x’+y+z)
	F=(x’+y+z) (x’+y+z’) (x+y+z) (x+y’+z) (x+y+z) (x’+y+z)
	F=(x’+y+z) (x’+y+z’) (x+y+z) (x+y’+z) 
	  =M0.M2.M4.M5
F(x,y,z)=π(0,2,4,5)

Canonical Form
Sum of minterms            F(A,B,C)=£(1,4,5,6,7)
Compliment of F	F(A,B,C)’=£(0,2,3)
Product of max terms  F(x,y,z)= π(0,2,3)
The De Morgon’s Theorem
	F(A,B,C)’=(m0+m2+m3)
	F(x,y,z)=π(M0.M2.M3)
		M’j=Mj



