2.10 (5 points)
Letf= m(1,2,3,4,5,6,7).
The canonical sum-of-products for f is given by
f = X1 X' Xzt X1 Xo X3' + X1 X2 Xz + X1 X2' X3' + X1 Xo' X3
+ X1 X2 X3' + X1 X2 X3
It can be manipulated as follows:
f m(4,5,6,7)+ m(2,3,6,7)+ m(1,3,57)
= (XeX2' X3 Xq X' X3+ Xg Xz X3' + X1 Xa Xa3)
+ (X1 Xz X3' + X1' X2 X3 + X1 Xz X3' + X1 Xz Xg)
+ (X1 X2' X3 + X1' X2 X3 + X1 X2' X3 + X1 Xz Xg)
= X1 (X2 X3' Xp' X3 + Xo X3 + X2 X3)
+ X2 (X1' X3+ X1' X3 + X1 X3 + X1 X3)
+ X3 (X1' X2+ X1 X2 + X1 X' + X1 X2)
= Xp (X2 (X3'+ X3) + X2 (X' + X3))
+ X (X1' (Xs' + Xg) + X1 (X3' + X3))
+ X3 (X1 (X' + X2) + X1 (X' + X2))
= X1+ Xo + X3

2.11 (5 points)
Letf=M(0,1,2,3,4,5,6).
The canonical sum-of-products for f is given by
fo= X+ Xo+X3) (X1 + X2+ X3) (Xg + X2' + X3) (Xp + X' + X3) (X' + X2 + Xa)*
(X' + X2+ X3) (X1' + X' + X3)
It can be manipulated as follows:
f = M(O,1,2 3)+M(@,1,4,5) M@, 2, 4,6)
= ((Xe+ X2+ X3) (X + X2+ Xg) (X + X' + X3) (Xe + X2' + X3))e
(X1 + X2+ X3) (X + X2+ X37) (X1' + Xp + X3) (X1 + X2 + X3))e
(X1 + X2+ X3) (X + X"+ X3) (X1' + Xz + X3)(X1' + X2 + X3))
= (X1 X+ X3) (X1 + Xz + X3) (X1 + X'+ X3) (X + X'+ X3)" "
(X1 + X2+ X3) (X + X2+ X3') (X1' + Xz + X3) (X1" + X2 + X37)" " @
(X1 + X2+ X3) (X1 + X"+ X3) (X¢' + X2 + X3)(X1' + Xp' + X3))""
= (Xd X2 X3+ X1 Xo' Xg + X1 X2 X3' + X' Xo X3)'s
(X1' X2' X'+ X1' X2' X3 + X1 X2' X3' + X1 X2' X3)'®
(X1' X2' X3' + X1 X2 X3' + X1 X2' X3' + X1 X2 X3")' obtained by using DeMorgan's Theorem
= (X2 (X' X3'+ X' X3+ X2 X3' + X2 X3))'s
(X2' (X1' X'+ X1' X3 + X1 X3' + X1 X3))'®
(X3' (X1' X2' + X1 Xp + X1 X2' + X1 X))’
= xl"oxz"ox3"
= Xy X2 X3



2.12 (5 points)
Derivation of the minimum sum-of-products expression:
f = mmza+21T2+T12923 + T 17273
z1(Tz + 23)zs + 21F2(F3 + z3) + Fr2223 + F172%3
T1T2x3 + 21T2%3 + 1Z2T3 + T 12223 + T1Z273
= I3+ {#1 + El)‘tga‘!a + (ar; + %1 )Z273
zyz3 + 223 + T2T3

2.13 (5 points)
Derivation of the minimum sum-of-products expression:

f = 21TaTs+ 212924 + 21F223%4
21F9%3(F4 + 24) + 212224 + 21F225T4
21Z283%4 + £1T9F3%4 + 2122284 + 21722374
1 T9T3 + ¢1T2(Ts + 23)T4 + 212224
T1%2%3 + 21974 + 212224

2.14 (5 points)
The simplest POS expression is derived as
f = (z1+z3+za)(z1+ T2+ 23)(21 + T2+ Fa + 24)
(xy + 23+ z4)(21 + Fa + z3)(21 + T2 + 23 + 24)(21 + T2 + Fa + 24)
(z1 4 23+ z4)(z1 + T2 + 23)((21 + T2 + 24) (23 + 73))
(z14 zs+ z4)(z1 + T2+ 2a)(z1 + F2 + 24) - 1
= (214 23+ 24)(21 + T2 + 23)(21 + T2+ 24)

2.15 (5 points)

The simplest POS expression is derived as

f = (z1+za+ z3)(z1 +Fa+ 23)(F1 + Fa + z3) (21 + 22 + F3)

((z1 + z2) + z3)((z1 + z2) + Fa)(21 + (T2 + 23))(Z1 + (T2 + 23))
(21 + 22)(%2 + 23)
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2.16
(@) (5 points) Location of all minterms in a 3-varialbe Venn diagram:
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(b) (5 points) We have

Xy Xy Xy X, Xy X, " Xq

Therefore, we get the Venn Diagram for f as follows:

which implies that the minimal sum-of-products for f is given by f = Xx; X, + X3.
2.17 (5 points)

which implies that the minimal sum-of-products is given by f = X; X3' + X' X3.

2.18 (5 points)
In Figure P2.1a, it is possible to represent only 14 minterms. It is impossible to represent the minterms x;' X' X3 X4 and
X1 X2 X3' X4'.

In Figure P2.1b it is impossible to represent the minterms x; Xz X' X4' and X3 Xz X3 X4'.
2.19
(5 points) Locations of minterms:
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(5 points) Representation of f:
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2.20 (5 points)
The simplest SOP implementation of the function is
f = Tizaza+ 213333 + 212233 + r122483
= (F1+ 21)2axs + 21(F2 + 22)%3
= zx3+ 21%3

2.21 (5 points)
The simplest SOP implementation of the function is
f = ETaxs+ Fyza23 + 21T3T3 + 212273 + 217223
= TF1(Fz+ 23)23 + 21(Fz + 22)%3 + (T2 + 21) 2225
= TiZ3+ r1T3+ 223

Another possibility is

f = Tzs+z21T3+ 2122

2.22 (5 points)

The simplest SOP implementation of the function is

[ = (214 23+ 23)(z1 + 22 4 23)(F1 + 22 + T3)
((z1 + 2z3) + 22)((21 + =23) + F2)(F1 + 22 + F3)
(21 + 23)(Z1 + 22 + F3)
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2.23 (5 points)
The simplest SOP implementation of the function is
f = (z1+z2+ z3)(z1+ 22 +F3) (T + 22 + Ts)(F1 + Ta + Ta)
((z1 + z2) + z3)((z1 + x2) + T3)((F1 + 23) + 22)((F1 + x3) + 72)
= {(z1 4+ z3)(Z1 + Ta)



2.24 (5 points)

The simplest sum-of-products expression for f is derived as follows:
f = Xy X3' X4+ Xo X3' Xg + X1 X' X'

X3' (X1 X4+ X2 Xg + X1 X2)

X3' (X2 X4 + (X1 X4' + X1 X2))

X' (X2 Xg + Xg (X4' + X))

= X3 (X2 Xg + X1 (X2 X4)") obtained by using DeMorgan's Theorem
Letting g = Xz X4, We get
f = Xx'(@+x19)

= X3'(9+X) obtained by using 16a

X3' (X2 X4 + X1)
X2 X3' Xa + X1 X3'

2.25 (5 points)

f X1' X3' X' + X1" X3' X4' + X1' X4 X5 + X1 X2' X3' X5
= X1 (X3'Xs' + X3' Xa' + Xa X5) + X1 X2' X3' X5
= X1' ((Xs' X5' + Xg X5) + X3' X4) + X1 X2' X3' Xs
= Xq'((X3' X5' + Xg X5) + X3 X4') + X1 X2' X3' X5

Letting X =Xs', Y = X3', and z = X4, We get

f X1 (XY + X' 2) + X3" X4') + X1 X2' X3' X5
= X' (XYy+Yyz+X2Z)+ X3 Xs) + Xy X2 X3' X5 obtained by using the consensus property
= X1 ((Xs' X3' + X3' X4 + X5 Xg) + X3' Xg') + X1 X2' X3' X5
= X1 ((Xs'X5' + X3' X4 + X4 X5) + X3' Xg') + X1 X2' X3 X5
= X1 (X3' Xs'+ X3 Xg + Xg X5 + X3' Xg') + X1 Xo' X3' X5
= X1 (X3 (X5' + Xg + Xg') + X4 X5) + X1 X2' X3' X5
= X1'X3' '+ X1 Xg X5+ X1 X2' X3' X5
= X1 Xa X5+ X' (Xq' + X1 X2' Xs)
= X1 X X5+ X3 (Xq' + X2' Xs)
= X1' X3+ X1 Xg X5+ X' X3' X5

An alternative manipulation by using DeMorgan's Theorem

—h
|

X1' X' (Xa' + X5)"" + X1' Xg X5 + X1 X' X3' X5
X' X3' (Xa X5)'  + X1' Xg X5 + X1 X' X3' X5
Letting g = X4 Xs, We get

fo= Xi'X'Q' + X' g+ X1 %' X' Xs

X1' (X3' 9"+ 0) + X1 X2' X3' X5

X1' (X3' +@) + X1 X' X3' X5

X1' X3' + X1' Xg X5 + X1 X' X3' X5

X1' Xq X5 + X3' (X1' + X1 X2' Xs)

X1' X4 X5 + X3' (X1' + X' Xs)

X1' X3'+ X1' Xg X5 + X' X3' X5



2.26 (5 points)
The simplest product-of-sums expression for f is derived as follows:
foo= (X' X3+ X)) (X2 + X3+ Xg) (Xg + X2 + X3)
= (Xe+ X'+ X3) (X¢'+ X3+ Xg') (X' + X3+ Xg)
Letting X = X1, Y = X2' + X3, Z = X3' + X4', we get
f (X +y) (X' +2) (X' + X3+ Xa)
= (X+y)(X'+2)(Yy+2) (X' + X3+ Xyg) obtained by using the consensus property 17b
= (Xt X'+ X3) (Xa' + X3+ Xg') (X2 + X3' + Xg') (X2 + X3' + Xq)
= (XX X3 (Xd' X5+ Xg) (%2 + X37) + Xa') (X2' + X3')+ X))
= (XX +X3) (Xa' + X3' + Xg') (X2 + X3)
= (% * (X' +X57) (%' + X37) (X1' + X3' + Xg)
= (' X3) (Xd' + X5' + X4)

2.27 (5 points)
The simplest product-of-sums expression for f is derived as follows:
fo= (X +Xg+Xs) (Xg+ X3'+ Xs5) (Xg + Xz + X5) (X1 + X4' + X5')
= ((X2'+ X3+ Xs5) (X1 + X3' + X5)) (X1 + X2 + X5) (X1 + X4' + Xs5)
Letting X = X3, Y = Xp' + X5, and z = X; + Xs, We get
f (X +y) (X' +2)) (Xs + X1+ X2 ) (Xs' + X1 + X4)
(X+y) (Y +2) (X' +2)) (X5 + X0 + X2 ) (Xs' + X¢ + X4)
(X2' + X3+ X5) (X1 + X2 + X5) (X1 + X3' + X5) (X5 + X1 + X2) (Xs' + X1 + X4)
(X1 + X2" + X5) (X1 + X2 + X5) (X1 + X3' + X5)) (X2' + X3 + X5) (X5' + X1 + X4
(X1 + Xs) (X2' + X3+ X5) (Xs' + X1 + X4)
(X2' + X3+ Xs) ((X1 + Xs) (X5' + X1 + X4"))
Letting u = Xs, V = X1, W = X3 + X4', We get
f (X2'+ X3+ Xs) (U +V) (U +Ww)) using the consensus property 17b
(2" + X3+ Xs) ((U+V) (v +W) (U + w))
(X2' + X3+ Xs) (X1 + Xs) (X1 + X4) (X5 + X1 + X4)
(X2' + X3+ Xs) (X1 + Xs) (X1 + X4) (Xs" + X1 + X4))
(X' + X3+ Xs) (X1 + Xs) (X1 + X4)



