2.15 Use algebraic manipulation to find the mininpneduct-of-sums expression for the
function f =( X, + X, + X3 ) ( X+ X, + X3 ) ( Xy + X, + X5 ) -( X + X, +X,5)

Solution:
f :( X1+X2+X3)'( X1+X2+X3 )'(X1+X2+X3 )( X1+X2+X3)

=( X+ X, +X%3)( X1+X2+;3)( X1+X_2+X3 ) ( X_1+X_2+X3)
= (X + X)) (X5 + X5 ) (X, + X5 ) (X, +Xy)

= (% +X5) (X, +X3)
2.20Design the simplest sum-of-products circuit thgpliements the function,

f( X, X5, %3) = > m(3,4,6,7)

Solution:
The simplest SOP implementation of the function is

f( X, X5, X3) = > M(3,4,6,7F m, +m, +m +m,
= = XXXy F XXXy F XX Xy F XX Xy
= = XX+ XXX XXX F X X X

= =300 + %) + XX 06 + %) = X% + XX

X1 _

XX
=

X2

2.23Design the simplest product-of-sums circuit thgplements the function,
(X, X5, X5) = |_| M(0,1,5,7)

Solution:
f( X, X0, X5) = |_| M(0,1,5,7) =M, M, .M. M,

f = (3 + %+ X)(% + X+ X) (% + X, + %) (% + X, + X5)
= = (%4 %)X+ %) (% + %) (X, + %)
= = (% + %)X +X)



(% +X%;)

Y'Y

X f =00 +%,)(% +X)

X2

(% +%)

2.2Perive the simplest sum-of-products expressionthar function
fax "X "X '"+X"'X'X"+X"X X +X X'X"X

1 3 5 1 3 4 1 45 12 3 5
SX(CUXTEXXTEXX)EX XXX

1 3 5 3 4 4 5 12 3 5
=SX (XX "FEXX)EX"X)EX XXX

1 3 5 4 5 3 4 12 3 5
=SX (XX "FEXX)EX"X)EX XXX

1 3 5 4 5 3 4 12 3 5
Lettlngx=>%',y=x3‘, andz=3‘<,weget
= 1 + 1 + 1 I+ 1 1
f X, (xy+x'2) >§x4) X XXX _ _
= xl' (xy+tyz+xz)+ >3< x4') + xlxz' x3' X, obtained by using the consensus property
=SX (XX EXX X X)EXX)EX XXX

1 5 3 3 4 5 4 3 4 12 3 5
=SX (XX "TEXX X X)HXX)EX XXX

1 3 5 3 4 4 5 3 4 12 3 5
SXOUX XX FX X FXX)EX XXX

1 3 5 3 4 4 5 3 4 12 3 5
SXCXTEXFEX)EX X)) EX XXX

1 3 5 4 4 4 5 12 3 5
EXXHEX"X X +FX XXX

1 3 1 45 12 3 5
SXX X XXX XX)

1 45 3 1 12 5
=SX XX X (X X"X)

1 45 3 1 2 5
EXXEXX X+ XXX

1 3 1 45 2 3 5

2.28 Design the simplest circuit that has threetsypx1, x2, and x3, which produces an output
value of 1 whenever two or more of the input vaealhave the value 1; otherwise, the output
has to be 0.

Solution:

Truth table:

X X f

PP OOOO x
OCoORrPrOoO
RPORORrRO
RPORrROOO



1 1 0 1
1 1 1 1

f( X, X5, X3) = > m(3,5,6,7F m, + mg +m, +m,

= = XXXy + XX X F Xy X X + XXX

= F = XXX F XXX+ XXXy F XXXy F XXX F Xy X X
= 125000 +) X500 %) + X%, (% + X))

= =X,% + XX + X%,

X1 T\ X%

% |

] f =X X +X.X+X.
| —

X3 |

2.32 For the timing diagram in Figure P2.3, syniteethe functiorf( X,, X,, X3 ) in the simplest
product-of-sums form.
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Figure P2.3 A timing diagram representing a logic function.
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f(X, X5, X3) = [TM(L,2,4,7)= MM, M, M;
f =0+ %+ %) (X + X, + X) (X + X, + %) (X + X, +X,)

2.33 For the timing diagram in Figure P2.4, syniteethe functiorf( X,, X,, X; ) in the simplest
sum-of-products form.
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Figure P2.4 A timing diagram representing a logic function.
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f( X, %5, X3) =D M(1,2,3,47)=m, +m, +m, +m, +m,

= = XXXy + XX Xy F Xy X X + XX X F Xy XX

= f = XXX F XXXy F XXXy F XXXy F XXXy F X X X + XXX
= T 200606 +X) + X, (% %) + XXX + XX (% + X,)

= f = XX XXy XXXy F XX



2.40Design the simplest circuit that implements the
functionf(x,, X, X;) = > m(3,4,6,7) using NAND gates.
Solution:

f(X, X5 %5 ) =) M(3,4,6,7F My +m, +mg +m,

= F = XXX + XXX + XX X + XXX

= = XXXy F XXXy F XXXy F XX X

= T 220600+ %) + X500 %) = %5+ X%,
Design Using NAND gates:

T =%+ X5 = (%:%).(%,.%)

0 f = (X%,).(4%) = PQ

With P =(x,.x;) and Q = (X..X;)

_)e_,jo(i: (%%5)

X3 X, F = (). (%.%) = PQ= XX + XX,

E e

2.45 Use algebraic manipulation to derive the mimmsum-of-products expression for the
function f = X,.X,. X5 + XX + X,. X5 + XX, Xg
Solution:

X1

F =X % + XX+ Xo X + Xy X Xg
= 206X %) + X% +X%.X)
= f =x06 +%) + %06 + %)

= f = XX, F XX F X Xg XX,
= f =06 +% %) + X%

= f =x0+X)+XX,

= f =x0)+xX

= f =x+XX



