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Boolean Algebra
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(a) Network that implements f = x," + x, - X,

O—=2 0O=2 0= 0= 0=

(c) Timing diagram

x1 xz fu}’é) B
0 0 1 0
0 1 1 0
1 0 0 0
1 1 1 |

(b) Truth table
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Axioms o} éoolean Algebra
0:0=0 1+1=1
1-1=1 0+0=0
0-1=1-:-0=0 1+0=0+1=1

ifx =0, then x’ =1 if x =1, then x' =0
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* Single variable theorems

T1)x-0=0 T1T)x+1=1
T2)x-1= T2)x+0 =X
T3) X X=X T3 )X+ X=X
T4)x-x =0 T4)x+x =1
T95) X" =X
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. Two and three variable theorems
To)xX-y=y-Xx T6)x+y=y+Xx
T7)x-(y-z)=(X"y) z T7r)x+(y+z)=(x+y)+z
T8)x-(y+z)=xy+x-z T8)x+y-z=(X+y) (X+2)
T9) xX+Xx-y=X T9)x - (X+y)=X
T10)x-y+Xx-y =X T10) (x+y) - (x+y)=X

) x-y)y=x+y 1) (x+y)=x"y

T12) x+X ry=x+y T12)x - (X +y)=x"y

T13) X y+y-z+X -z=X"y+X -2z

T13) (x+y) - (y+2) - (X +2) = (x+y) - (X' +2)

ILLPS.//1TIdlldld.€Uu.5y/
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cxample: Apply theorems of Boolean Algebra to prove that
the left and right hand sides of the following logic
equation are identical.
KXy 4 Xy F XXX KT X XXX
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* The Venn Diagram dool s
-

- Graphical illustration of various operations and relations in the
algebra of sets

— A set s is a collection of elements that are said to be members of s
- In Venn diagram the elements of a set are represented by the
area enclosed by a square, circle or ellipse

- In Boolean algebra there are only two elements in the universe,
i.e. {0,1}. Then the area within a contour corresponding to a set s
denotes that s = 1, while the area outside the contour denotes s =0

- In a Venn diagram we shade:-the-area where s = 1


https://manara.edu.sy/

(a) Constant 1

O+

(c) Variable x

& QD

(e) x.y

GO D

(g) x-y

(b)) Constant O

C s

(d) x

& O WD

(f) x+ vy

&

(h) x.yw+2z

The Venn
diagram
representation.
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Verification of X y+Xxz+yz=xy+xz H%V
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X yHX-ZHY-Z

X y+x. 2
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Synthesis of digital circuits

Three-variable minterms and maxterms.

Row
number | ¥4 T2 T3 Minterm Maxterm
() () () () mag = '_I]_TQT::; :Lfn — ] + Iz + Iqg
| () () | iy = T]_TEIH ﬂf]_ =T &2 T Tﬁ
2 () 1 () Ty = T]_ZL‘ET;_; M; — £ T Eg - Ly
3 (] 1 1 Tl — '_IlIgIg :Ug — I -+ Eg - fg
4 i () () Tty — ;ITIT;_JT::; M 4 = Tl — &L T I'g
3 () d MMy = 1wy | Ms =T1 + s + Ty
0 1 ) g = iII]_LL'gT;_{ :u[;. = LL_']_ ——Eg m il
(i | | My = I1LyIy | :u? — T + I+ Ty
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Exam ple: ﬂ_% X —[>~>:|D_
Forthe three = 4 % ' ws | % > :D— ;

o ° X
variable function J

0 0 0 A }

) 0
Qt'r“’ﬁ: ilc?llaltze 0 o 1 1 Sum-of-products realization
determinethe 0 1 0 0 ™ D‘
minterms, c 1 1 0 f

maxterms, ] 0
canonical SOP, 10 1 ]
canonical POS,

. . ] ] 0 ] _Af. : :
minterm list. Product-of-sums realizations

1 ] 1 0
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DeMorgan’s equivalents DAV of NAND and NOR gates.
dsola
0)li_adi

1
X4 } Xq j >
Xem — X
2 Xy s

(b) X4 +IE = .:-':'1.;:'2
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« Converting a AND-OR realization of an SOP to a NAND-NAND realization

D L
DR = S

A5 X5

«  Converting a OR-AND realization of a POS to a NOR-NOR realization

n) > ) >
E%D - 2y 4 O
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realization of an SOP [ZV/ f(%1,%2,%3) = zm(l 2,4,7)

EJ..L.*:?J._' = (X1.X2.X3) + (X1.X2.X3)
X1 X2 X3 f + (Xl' Xz. Xg) +(X1. Xz. Xg)
0 0 0 0 .y
Sum-of-products realizations
0 0 1 1 }
0 1 0 1
0 1 1 0 - D_
1 0 0 1 f
v a=s
1 0 1 0
g A A AT L —
1 1 0 0 X1 * - : .
1 1 1 1 A
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realization of an POS [ZV

- O O

s
w

-0 = O = O = O

f

- O O

asols £ (X1, X2, X3) = HM(O: 3,5,6)

o b
f(xl ,xz,xg) —
(X1 + x2 + x3)(x1 + X7 + X3)
(X1 + x2 +x3)(x1 + x2 + X3)

Product-of-sums realizations

. lh:lj#' |.::u::
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XOR Gate - Exclusive OR -~

— )

Z=XY+XY=X®Y

_|_|oo><

- o= 0|

O = = 1O N
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XNOR Gate = Exclusive NOR

) >—

Z=XY+XY =X®Y

_|_|oo><

- o =|0o|x

- 0O | O = N
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Logic Design with XOR & XNOR

Example

Algebraically manipulate the logic expression for F, so
that XOR and XNOR gates can be used to implement
the function. Other AOI gates can be used as needed.

F=XYZ+XYZ+XYZ+XYZ

19 https://manara.edu.sy/
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Solution PAY/

F=XYZ4XY ZEXYZ+XY 2= z(xv+xv)+v(x2+xz)
F, = z(x @Y)+Y(X @z)

X
Y »
Z »

>

O
O

B
>0
>—
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