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4.2

4.4

T2: T3:
X +1 1 X +X
0 1 1 0 0 0
1 1 1 1 1 1
T3
X XX X
0 0 0
1 1 1
T6
X Y +Y + X
0 0 0 0
0 1 1 1
1 0 1 1
1 1 1 1




4-2 DIGITAL CIRCUITS

4.5 The original expression assumes precedencé&lof  ower , that is, the expregsiofiist) . The paren-
thesization must be retained for the correct resdlijy’' +z') , or the precedence must be swapped.

4.6 The answers for parts (a), (b), (c) are as follows.
WXYZOIWXYZ'+WX'YZ+W XY Z +WIXY'[Z)

WXNYZIWXYZ +WXYZWX YZ+WXYZIW XYZ+WXYZWXLY'Z (T8)
0+0+0+0(T8,T5,T2')

0(A4")
4.7 (@ x

(b)
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P P OO Fr P OO FrR PP OO P Pk o o|<<
P O FPr OFP OFP OFrR OFR OFrR OFr ofN
O OO R P OFR P R P PP P O PR

4.9
@ F=XI¥+YX=(X+Y)OX +Y')
(b) F = AB = (A+B)[{A+B'){A' +B)

4.12 (1) Including inverters makes the problem too difficult. (2) In modern PLD-based designs, inverters do cost
nothing and really can be ignored.

4.13
Xy ,—,X W X ,_|W
00 01 11 10 Xy WX
z Yz 00 01 11 10
0 [ woe o AT JxorE
1[11[;1]]2 o1|@lD 1:|
— z
L1 11 1[1
Y z v [_
F=XDY+Z 10 g—l
X oY
|
(a) (b) X

F=W DX+ X DV [Z+X 0¥
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414
WX o'
Xmw oy w
(@ XY — (b) W X —
Z\_ 00 201 1 10 __ Y@ YzZN\ 00 (01 11 10— wprw
o@D 1 00| 1 (M2

X1
1 :|z o1 1
| =1,
11ﬂ [1_
Y v| |
F=X[Z+Y(Z 10_31 El L

F=(X+2) Y +2) ) P
X oY - 3

F=X[Z+XOV+WIIXDy
F=X+2Z)OX' +Y) QW' + X' +Y)

4.15 (a) Costis less —one less gate input.

X X+Y' +2Z
XY |
z\ 00 01 11 10
-j o X +z L
1 0 \
Y+Z
X+Y' +2Z' —_
Y
4.19
w0y’ (Z
w w
@ wx [ — L ® WX ——
yz\_ 00\01 11 10 yz\ 00 01 11 10
00| 1 \ d o0f 1 1] -xx
W' X O ﬁ L~
g i _ s
w oz o@D 013J d
NG — z T — |z
11{[1 d 11 d CHID)
Y — Y
10 1 10[ 1
Sl
W X 0¥
WX w DY 2
X X
F=W OV [Z +W X [Z+W XY F=W X +X ¥ + X [Z
+W X OV or X DY [Z'
4.20
X+Y+2Z
w w
(a) W X 1 ey (b) WX e N
YZ\ 00 0111 10 /~ yz\ 00 01 11 10
W+X+Z '
sz 000 Ojd‘fWJ'X 00 oo L wW+Y+Z
WHY +2 —
o1 o []9) o1 o fof d]
W+X +Y' z z
ufN_|@d)]]o] 1{d o]l
I — = Y
10[@][9) o) 0| fo o] o)
X+Y' +Z
W+Y' +2Z L | W +Y' +2Z
X \\W'+Z X
F=(W+X+Y)OX' +Y+2Z2) QW' +Z)OX+Y' + 2) F=XOW +Y'+2)

4.21 For the minimal sum-of-products expression to equal the minimal product-of-sums expression, the correspond-
ing maps must have the opposite don’t-cares covered, so that the expressions yield the same value for the don’t-
care input combinations.

(a) Both mininal sum-of-products expressions cover cell 15; they are equal. The minimal product-of-sums
expression also covers cell 15, so the expressions are not equal. The s-of-p and p-of-s expressions require the
same number of gates, but the p-of-s requires one fewer input.

(b) Both mininal sum-of-products expressions cover cell 3 and 9 and not 15; they are equal. The minimal
product-of-sums expression covers cell 15, and not 3 or 9, so the expressions are equal. The p-of-s expression
requires fewer gates and inputs.



4-4 DIGITAL CIRCUITS

4.22 Consensus terms that must be added to cover the hazards are “circled” with rectangles.

(a) g (b) XY [Z
w w
W X — W X — WX DV
Y oo% 01 11 10 yz\_00\01 11 10
OQ(TF/,XDY' 00 T/WDY’DZ
1 u ]Y o1 @ ol i|z
X W X Y|: 11 111
10 1 1 Nl X 7
Xay I
X
4.28
X Analyzing this circuit with the standard
method for feedback sequential circuits
Y _>07 —O} (Section 5.5), we get the following
— Q . f
DO—O excitation equation:
F QU= X'{(Y[@)' +Q)
= X'QY'+Q' +Q)
=X =X
Thus, QU is a function ok alone, and
is independent of the circuit's previous
“state.”
4.29
X[ = X (T1")
XY +Y') = X (T5)
XY + XIY' = X (T8)
4.31
(X+Y)Y = XY+ Y'Y (T8)
= XY +Yy' (16')
= XY + 0 (T%)
= XY (T1)
4.35
X O XX, = X X0 WX, X)) (TE, T7' as required)

X X0 X (T3)
Xy Xyt o+ X+ X = X+ X, + .0+ (X, +X) (T6, T7 as required)
= (Xg+ X, + . +X) (T3)
4.37 Figure 3-4(d) is more appropriate, since electrically a ROR gate is just the wiredND of inverters.
4.39

(@) True. IfAB = 0 theneithea =0 oB =0 .WA+B =1 theneithar=1 ®r=1 . Therefore,
A,B=0,10r1,0andA =B’ .
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4.46

4.52

4.58
4.61

4.63
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F(Xp, o X X o) = Xq e X E(O, e, 0, X g ey X))

T TIEE 1

Xy e X' (O, oy L, X gy s X))

+ )éE EI,EIXIEII EF(

2 minterms  2combs

Lo X s X))

A dual theorem may be written based on maxterms.

Yes, 2-inputNAND gates form a complete ]
set of logic gates. We prove the result i M ]
the figure on the right by showing tha
these gates can be used to make 2-ing

AND gates, 2-inpudR gates, and inverters,—4 | \o
which form a complete set.
Take the dual, “multiply out,” and take the_:

dual again. The result is the same as “ad )O
ing out.”

(a) 16 ns. (c) 18 ns. (d) 10 ns. _E )o—

To make it easier to follow, we’'ll take the
dual, multiply out, and then take the dual

Y

)

again. Also, we’ll simplify using theoremB3'  ail®’ , otherwise we’ll get a nonminimal result for sure. For
Figure 4-27:
F=XZ+Y'Z+XIYIZ
FO = (X+Z2)QY' +2)X' +Y +2Z")
= XY'Z'+XZY +zZ0' X' + ZY' X'+ 22X + Z[2[Y(T8, TS, T2')
= XY'Z'+XYZ+X'Y'Z'+X'Z+Y[Z (T3, T6)
F=X+Y+Z)X+Y+Z)X'+Y'+Z)X"+Z)QY + Z) (not minimal)

For Figure 4-29:
F=XZ+Y'
FP = (X+Z")¥'
XY'+Z'Y' (T8)
XY'+v'[z' (T6")
(X+YHQY'+2Z") (minimal)

n
1

w
WX —
yz\ 00 01 11 10

W DX DY —_ 01 @] 1) :|z
Y|:11\ﬂ 1)

W Y [ T

F=W XL¥+W LV [Z'+WLV [Z+WIX[Z

T— WXz

=
o

o
[

&
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4.69 For part (d), note that it is easiest to work with the product-of-sums directly; rather than multiplying out, one
simply enters the Os on the map.

X A
(@) XY — (b) AB —
2N 00 o1 11 10 X cp\ 00 01 11 10

0 [T 00
1[11@1]]2 011111:|D

[ 5 EE (I T T S
Y c
~——D
F=XI¥+Z 10
| I
B
F=D

4.70 Note that in these maps are drawn for the “true” function and we’'ve written sum terms for the prime implicates
(the dual of prime implicants) directly, instead of using the complement method suggested in Section 4.3.6.

X+Z

X

(a) XY
z

1
00 10 Y+Z

A

AB —

01 11 cp\,00 01 11 10,
ol 1 oo|( J
D—1}
11111 :|z ot 1111
D
L 11111
' | o ]
10
T 1
| I
B
F=D
4.72
@ Vv OW O [
w w
WX — WX —
yZ\L 00 01 11 10 yZ\ 00 (01 11 10
LV X (2 L
00 1 00[1 1] | — WXtz
iy
o1 11 o1 )1
z z
1 1)1 1 1)1
Y = Y
10 10 \
VIOWZ
X X
V=0 v=1
F=V IXZ+VOWZ+VOW DY I
®) V' X DY [ W X' Y '
w w
WX 1 WX 1
yZ2\L 00 01 11 10 yZ2\L00/01 11 10
oo (1 (1 [[1 oo
o1 1)1 i| o1 i|
z z
11 11 \ 11 T]1
, an) , @n)
10 L v ow ov 10 |[1 1}L
| N XY [Z —_ VXY
X X
v v=1

=0
F=

VOWOY' + X OY [Z+W X OY' [Z' +V X Y



EXERCISE SOLUTIONS 4-7

4.73 Note that in these maps are drawn for the “true” function and we’'ve written sum terms for the prime implicates
(the dual of prime implicants) directly, instead of using the complement method suggested in Section 4.3.6.

() V+Z W +2Z
w
WX 1 WX 1
yz\g00 01 11 10, yz\ 00 01 11 10
wW+xX+2~_oollo) o 00 @_OJ
WX +Y 01'5] 0 01([3 0)
z ; S z
11 Q 0 11&[@ 0
Y — Y
w9 o[ J[F TN v w2z
T LLI T T
[ [ .
M \\HX X \Y+Z
V+W+Y
V=0 V=1
F=(V+2) OV +X) OW +2) OV + W +2Z) (Y’ +2)
(b) V+W+X +2Z W+ X +Y Vi+ X +Y ) )
W W V'+W +Y
WX — WX 1
Yz 00 OlI 11 10 Yz 00 01\11 10
W+Y+Z’\00 @»// vex+z0 ‘O 0 6]IL—V'+Y+Z
~
11[(0) [o_ i 11[ (0] ol
Y Y| =
wojfoJ[e)] o [lo]] 10, 0) Ui
T T
Je— Ny L vewex
V+Y'+2Z X X
V=0 V=1

F=(X+Y)OV+Y' +Z2)OQV +W +Y)OW+ X' +Y)OQW + Y + Z) or (W + X + Z')

4.74
w w
(a) WX 1 WX —
yz\ 00 01 11 10 yzN\ 00 01 11 10
00 00 | |
01[1 (1) 1] 01 1] 1
z z
11 ‘ 11 ll 1J
Y Y
10 ) 10
UV oV 2 J 'T' UV IXZ 'T'
F=U VIV [Z+U VIXZ
uVv=0,0 uVv=0,1 + XDV [Z
w w
WX 1 WX 1
yz\ 00 01 11 10 yzN\ 00 01 11 10
00 00
01 (D 01 @D
z z
11 11
Y %
10 10
| I | I
X OV [ X X
uVv=1,0 uv=11

4.83 The name of the circuit comes from its output equation,

F =2B OR NOT 2B.
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