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EC 3352 - DIGITAL SYSTEM DESIGN

UNIT —1: BASIC CONCEPTS

1.5 BOOLEAN FUNCTIONS:

Minimization and Implementation of Boolean expressions:
The Boolean expressions can be simplified by applying properties, laws

andtheorems of Boolean algebra.

Simplify the following Boolean functions to a minimum number of literals:

1. X (xX’+y)
= xx’+ Xy
=0 + xy
= Xy.

2. X+x’y
=X+ Xy +Xx’y
=Xty (x+x°)
=x+y (1)
=X+Yy.

3. (xty) (xty’)
= X.X+ xy’+ Xy+
yy’
= X+ xy’+ xy+ 0
=X (1+y’+y)
= x(1)

= X.
4.xy +x’z +Yyz.

=Xy + x’z + yz( X+

X’)

=Xy +x’z+Xyz+
x’yzRe-arranging,

=Xy +Xyz+Xx’z

+x’yz

[x.x’=0]
[x+0=x]

[ x+ xy=

X][ x+ x’

[ x. x=0]; [y
y’=0]
[1+y=1]

[ x+x’=1]
=xy (1+ 2) + x’z (1+y)
= Xy+ xX’Z.
S.Xy+ yz+ y’z
=xy+z(yty’)
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=xy+z (1)

= Xy+ z. [1+y=1]

[y+y =1]

6. (x+y) (x’+2) (y+2)
= (x+y) (x’+ 2) [ dual form of consensus theorem,
(A+B) (A’+C) (B+ C) = (A+ B) (A’+ C) ]

7. X’y+ Xy+ x’y’

=y (X+X) + Xy’ [x(y+2) = xy+xz]
=y (1) +xy’[x+ x =1 =y+ Xy’ [x+ Xy =x+y’]
=y+x.

8. x+ xy’+ x’y = X (1+ y’)+ x’y

=x (1) +x’y [1+x=1]
= X+ X’y [ X+ xX’y=x+Yy]
= X+Y.

9. AB + (AC)' + AB’C (AB + C)
= AB + (AC)' + AAB'BC + AB'CC

= AB + (AC)' + 0+ AB'CC [B.B" =0]

=AB + (AC)' + AB'C [C.C=1]
=AB+A'+C'+AB'C [(AC) = A"+ C']
=AB+A’+C'+ AB’ [C’ + AB’C = C’ + AB’]
=A'+ B+ C+ AB’ [A’+ AB = A’ + B]
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Re- arranging,

=A'+AB’+ B+ C' [A’>+ AB = A’ + B]
=A'+B+B+C' [ B>+ B=1]
=A"+1+ C [ A+ 1=1]

=1

10. (x’+y) (x+y)
= x’.x+ X’y+ yx+ y.y

= 0+ x’y+ xy+y [ x.x’=0]; [ x. x=X]
=y (xX+x+1)

=y(1) [1+x=1]

=y.

11.xy+ xyz+ Xy (w+ z)
= xy ( 1+ z+ w+ 2)
=xy (1) [1+x=1]
= XYy.
12.xy+ xXyz+ xyz’+ xX’yz = Xy ( 1+ z+ z’)+ xX’yz
=xy (1) +x’yz [1+x=1]
= Xy+ x’yz
=y (x+x’z) [ x+ x’y = x+ V]
=y (xtz).

13.xyz+ xy’z+ xyz’ = Xy (z+ z’) + xy’z

= Xy+ xy’z [ x+ x’=1]
= X(y+y’'2) [x+x’y = x+y]
= X(y+2)

14.xX°y’2’+ xX’yz’+ xy’z’+ xyz’
= X7 (Y+Y)+ X2 (7
y) [ x+ x’=1]
=x’2’+ xz’
=z’ (xX’+X)

=7
15.w’xyz’+ xyz’+ xy’z’+ xy’z

=xyz’ (W+ 1) + xy’z’+ xy’z
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=xyz’+ xy’z’+ xy’z

=x2’ (Y+y°) + xy’z [ x+x’=1]
=xz’+ xy’z
=X (z*+y’z)
=X (@Z+Yy’).
[1+x=1
16.w’xy’z+ w’xyz+ WXz
= w’xz (y’+ y)+ wxz [ x+ x=
= w’xz (1)+ wxz
= wW’Xxz+ WXZ 1]
= XZ (W+ W)
[+ xy = X+ y)
[ x+ x’=1]
= XZ. [ x+x°=1]

17.xX°y’2+ xX’y’z+ Xyz’+ X’yz+ xXy’7’
=x’y’ (z’+z) + Xy (2’+2)+ xy’Z’
=¥y (1) + Xy )+ xy'7 [ X+ x=1]
=xy’ +x’y + xy’z’
=X(Y+y) +xy’Z’
=x" (1) + [ x+ x’=1]
xy’z’
=x’ + Xy’Z’
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=x+y’z. [ X+ xy’ = X+ y’]
18.w’y (W’xz)’ + w’xy’z’ + wx’y

=Wy (WwW’+x’+2°) + wxy’z’ + wx’y

=wy (W+ x’+ z’) + w’xy’z’ + wx’y [ X’ =X]

=wyw+ wy xX+wyz +wxyz + wx’y

=0 +wxy+ wy 2’ + wxy’z’ + wx’y [x. x>=0]

Re-arranging,

=wx’y+t wx’y + wyz + wxy’z’ =

Xy (W+w) + w’z’ (y+ xy’)

=xy (1) + wz’ (y+ xy’) [ x+ x’= 1]

= xX’y+ w2’ (y+x) [ X+ X’y = x+ Y]

19.xy+ X (y+ 2) +y (y+ 2)
= xy+ xy+ XZ+ yy+ yz

= Xy+ Xz+ y+yz [x+ x=X]; [X. x=X]
= Xy+ Xz+y [x+ xy=X]
= y+ Xz [x+ xy=X]

20. [xy’ (z+ wy) + X’y’] 2
= [ xy’z+ xy’wy+
X’y’] 7z

,=
= [xy’z+ 0+ xX’y’] z Kt
=Xy’z. Z+t X’y’z i
- X?’Z‘F X’y’g [X- X= X]
=v’z (x+ X°
3 x 8‘) x) [ x+ x'=1]
=y’z
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21. X’yz+ xy’z’+ X’y’2’+ Xy’z+ Xyz
=yz (xX’+x) + xy’Z’+ X’y’Z2’+ xy’z
=yz (1) +y’z’ (X+ x’) + xy’z [ x+ x’=1]
=yz+y’z’ (1) + xy’z [ x+ x’=1]
=yz+ y’'z’+ xy’z
= yz+y’ (2’+ X2)
=yz+y’ (z’+ X) [ X+ xy = x’+ V]
= yZ+ y,Z,+ Xy,

22. [(xy)’+ x’+ xy]’
=[x+ y+ X+ xy]

=[x+ y+xy] [x+ x=X]

=[x+ y+ x]° [ X+ Xy =x’+Y]
=[y+1) [ X+ x*=1]
=[17r [1+x=1]

=0.

23. [ xy+ xz]’+ x’y’z
= (xy)’. (xz)’+ xX’y’z
- (X’+ y,) (X’+ Z’)+ X’y’Z
- X’X’_I_ X,Z,+ X,y’_l_ y,Z,+
xX’y’z [X+ x=X]
—_ X’+ X’Z’+ X,y’_l_ y,Z,+
xX’y’z
—_ X’+ X’Z’+ X,y’+ y, [Z,+
x’z]
=x’+ xX’72’+ X’y,‘l‘ ya [Z’+ X’] [ X+ Xy = X+ y]
= X+ Xy Y [2 [+ xy = x]
xX’]
= x’+ X’Y’+ yaZ9+
X’y,
=x+y’Z’+ x’y’ [x+ xy = X]
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=x’+ y’Z’.

24. xy+ xy’(x’z2’)’
- Xy+ Xy, (X,,+ Z”)
= Xy+xy’ (x+2)
= Xy+ xy’x+ xy’z
= Xy+ xy’+ xy’z
= Xxy+xy’ [1+ 7]
= Xxy+ xy’ [1]
= Xy+ Xy’
=X(y+y’)
=X [1]
=X

25. [(xy’+ xyz)’+ X (y+ xy’)I’
= [x(y’+yz)’+ X (y+ xy’)I’
= [x(y+z)’+ x (y+ x)I’
= [ X( y’+z)’+ xy+ x.x)]’
[x+ xy = X]
[X” - X]
[X. x=X]
[1+x=1]
[ x+x’=1]
[ X+ xy = X+ y]; [ x+ X’y = x+y]
= [ (xy’+xz)’+ xy+ x)|’ [X. x=X]
= [ (xy’+xz)’+ x)I’
=[(xy’). (xz)’+ x]’
= [ (xX+y”). X+2°)+ x]’
[x+ xy = X]
= [ (x+y). *+2)+ x]’ [x” =]

= [+ y2)+ X’
- [ X’_l_ yZ9+ X]’

[ (x+y) (x+ 2)= x+yZ]

=[1+yz’) [ x+ x’=1]
1ir [1+x=1]
0.

26. [ (xy+ 2)) (x+y)+2) |’
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=[(xy+ 2) (X.y)+D) I’

= [ xy. X’y’+ xy. z+ 2. X’y’+ 72’. z]°

=[ 0+ xyz+ x’y’z’+ 0]’ [x. x>= 0]
= [xyz+ X'y’ |

= (xyz)’. (X’y’z’)’

= ( X,+ y,+ Z,). (X,,+ y,,+ Z”)

= (X’+ Y+ 2). (x+ y+ 2). [x” =X]

27. (X+Yy) (x’2’+ z) (y’+ xz)’
= (x+y) (X’2’+ 2) (. (x2)’)
= (Xx+y) (x’+2) (y. (x2)°) [ x+ X’y =Xx+y]; [x* = X]
= (x+y) (x’+2) (y. (x’+2))
= (x.X’+ Xz+ xX’y+ y2) (xX’y+ yz’)
= ( 0+ xz+ xX’y+ yz) (X’y+ yz’)
= (Xz+ X’y+yz) (X’y+ yz’)
= XZ. X’y+ Xz. yz2’+ xX’y. X’y+ X’y. yzZ’+ yz. X’y+ yz. yz’
= 0+ 0+ xX’y+ x’yz’+ X’yz+ 0 [Xx. x>=0]; [X. x=X]
=x’y+ xX’yz’+ xX’yz
=xy (1+ 2+ 2)
=x’y (1) [1+x=1]
=x’y.

28.Y=Ym (1,3,5,7)
=x’y’z+ X’yz+ xy’z+ Xyz

=x’z(y’+y) + xz(y’+y)

=x’z (1)+ xz (1) [ x+ x’=1]
=x’z+ Xz

= z( x’+ X)

=z(1) [ x+ x’=1]
=Z.

COMPLEMENT OF A FUNCTION :

The complement of a function F is F’ and is obtained from an interchange of 0’s
for 1’s and 1’s for 0’s in the value of F. The complement of a function may be
derived algebraically through DeMorgan’s theorem.
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DeMorgan’s theorems for any number of variables resemble in form the two-
variable case and can be derived by successive substitutions similar to the method
used in the preceding derivation. These theorems can be generalized as

(A+B+C+D+...+F=A"B CD ... F

(ABCD...F)y = A>+B+ C+ D+ ... +F".

Find the complement of the following functions,

1. F=xXy2’+ X’y’z F’= (Xyz’+ X’y’z)’
= (X”+ y’+ Z”) . (X”+ y’?+Z’) —
(x+y’+2). (x+ y+ 2)).
2. F=(xy + y’z + xz) x.

F =[xy +yz+xz2) x]’
=(xy+yz+xz) +x’
=[(xy) . (y'2). (x2)’]+ X
= [(X+y). (y+2). (X'+2)] + X
= [(Xytx’Z’+0+y'72) (x'+2))] + X’
=xXXy+txX'xXz2+xyz+xyz’+x2°2’+y' 2’27+ X’
=Xy+ X2+ Xy 72+ Xy’ + X2+ y'z’+ X’ [X+ x=x], [x. x=X]
=Xyt X2+ X2 (y+y)+yz+x [x+ x’=1]
=xy+x'z2’+xz2 (1) +y'z+ x’
=Xyt+xXz+yz+x
=Xyt x+xz2’+y’'z’
=xX(yt1) + X'zt y’'z’ [y+1=1] = x’ (1+2) +y’Z’
[y+1=1]

- X’+ y’Z’

3. F=x (y’2’+ yz) F'= [X
'z +yz)I
=X+ (y'2+ Y2y
= X+ (YZ). (y2) = X
y+z°). ¥+ z)=x+
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(yt2z). (y'+2).
4. F= xy’+ Xy F'=
(xy’+x’y)’
=xy’). Xy)
= Xty) (xty’) =
X'xt Xy yx+ yy’

= X’y’+ Xy.

5 f = wxly + xy’+

wxz £ = (wx’y +

xy’+ wxz)’
= (WX'y)’ (xy)’ (wxz)’
= (WHxty) (X’ +y) (Wt x'+27)
= (WX Wyt xx’+ Xyt Xy’ yy’) (W X'+ 2)
= (WX + Wyt xyt xX’y’) (Ww+x'+2°)
=wX. W+ wy wHXy. wt+ Xy wt+ wx X’ +tw’y. x’+ Xy. x’+ xX’y’.

X+ wx.Z’+ wy. 2+ xy. 27+ xX’y’.7Z’

o 0

X'z2’+ wWyz’+ xyz’+

WX+ Wyt wxyt wxXy+ wx'+ wx'yt 0+ x’y'+w
X’y’ZB

W3X7+ W,y+ W’Xy_l_ W7X,y,+ W,X9y+ X,y,+ W,X,Z,+ W9yZ9+ Xyz7+ X,y,Z,
wx'(1+ y'+ y+ 2)+ wy( 1+ x+ 2°)+ Xy’ (1+ 2°)+ xyz’

wx’ (DF wy(D+ x7y"(D)+ xyz’

WDX’+ W7y+ X’y’+ Xyz,
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