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SE311: Design of Digital Systems 
Lecture 4: Boolean Algebra

Dr. Samir Al-Amer
(Term 041)         
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Outlines
■ Basic Definitions
■ Huntington Postulates
■ Boolean Algebra
■ Basic Postulates and Theorems
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Basic Definitions
Set: Collection of objects having common properties
Binary Operator (on a set S) : a rule that assigns to each pair of  
elements of S a unique element from S.

Example : S={0,1},  * is binary operator defined as
0*0=0;     0*1=0;   1*0=0;    1*1=1

Closure:

 S  , S,  allfor  if  Son operator binary  is  * ∈=∈ cca*ba,b

 S  , S,  allfor  if
   *operator binary   therespect to with closed is Sset A 

∈=∈ cca*ba,b
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Basic Definitions

       z) *(x  . y)*(x   z) .(y *  x
if  .over  edistibutiv is  * S,on operator binary   twoare . and* If

 :Law veDistributi
such that  every for  if inverse have  tosaid is

*operator binary   the  w.r.t.eelement  identity  having set A 
:Inverse

  if * r.t.element w.identity  is 
:ElementIdentity 

 S *  if
  ecommutativ is  *operator  binary  The

:eCommutativ
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Boolean Algebra
Huntington Postulates

yxsuch that  By  x,elements least twoat exist  The.6
0xx1x    x     
such that Bxelement an exist  thereBelement every For .5

)()()y(x)()()y(  xveDistributi  4.
xyy x  x         yy      xeCommutativ  3.

 x)1(x    .r.t identity w is 1    x)0(x    .r.t identity w is 0  2.
    w.r.t.closed is  B   ,  w.r.t.closed is  B  1.

:Postulates Huntington
Bset  on the definedoperator binary   twoare   and 

≠∈
=′•=′+

∈′∈
•+•=+•+•+=•+

•=•+=+
=••=++
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Boolean Algebra
To have Boolean Algebra, the set B and the two binary 

operators are defined such that the Huntington 
postulates are satisfied.

B={0,1}
x y x+y x•y
0 0 0 0
0 1 1 0
1 0 1 0
1 1 1 1

x x’
0 1
1 0
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Boolean Algebra
Comparison with ordinary algebra

 {0,1} as defined is algebraBoolean In 
algebra    

ordinary for  definednot  is    of complement The  x
defined)not  aredivision  andon (subtracti   inverse     

tivemultiplicaor  additive havenot  do algebraBoolean 
algebraordinary not not but     

algebraBoolean for   validis)()()y(   x
algebraBoolean for  holdsit but    

law eassociativ includenot  do Postulates Huntington  

B
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Boolean Algebra
Verification

      
{0,1} elements  twohasB

satisfied are complement on the Conditions
  validare)()()y(x 

and)()()y(x
hold law eCommutativ

.r.t identity w is 1 and  .r.t identity w is0
1or  0 is operations ofresult   the tablesFrom:Closure   

o

o

o

o

o

o

zxyxz
zxyxzBoth

•+•=+•
+•+=•+

•+
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Boolean Algebra
Postulates

)()()()(
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10
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Boolean Algebra
Duality

Dual expressions: are obtained by replacing 0 by 1, 1 by 0 AND 
with OR and OR by AND.
If an expression is valid then its dual is valid

Expression                                           Dual

)()()()(

01
10

zxyxzyxzxyxzyx
xyyxxyyx

xxxx
xxxx

+•+=•+•+•=+•
•=•+=+

=′•=′+
=•=+
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Proving Theorems
Using the Huntington Postulates 
Using Truth Tables x x+x

0 0
1 1

xxxxx
xxxx

xxxx

xxxTheorem

=+=′+=

′+•+=
•+=+

=+

0
)()(

1)(
:Proof

1•= xx
1=′+ xx
0=′• xx
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Basic Theorems of Boolean Algebra

Absorptionxxyx
DeMorganyxyx

eassociativzyxzyx
involutionxx
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xxx
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Basic Theorems of Boolean Algebra
Dual Theorems
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Theorem 2

1

,1
)(1)1()(

1)1(11
:Proof

11:2
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0 1
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Theorem 6

x
yx

yxxyxyx
xxyxxyxx

xxyxTheorem

=
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111
1)1()1(

11
:Proof

:6

x y x+xy
0 0 0
0 1 0
1 0 1
1 1 1
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DeMorgan Law
yxyx ′′=′+ )(

x y x’ y’ (x+y)’ x’y’

0 0 1 1 1 1

0 1 1 0 0 0

1 0 0 1 0 0

1 1 0 0 0 0
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Operator Precedence
In evaluating Boolean Expressions

Parenthesis
NOT
AND
OR

x+y’z
X

Z

Y
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