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13.
By By B

i

15. Because By is formed from two copies of By, one shifted
down one level, the height increases by 1 as k increases by 1.
Because By had height 0, it follows by induction that B; has
heightk. 17. Because the root of By, is the root of By with
one additional child (namely the root of the other By), the de-
gree of the root increases by 1 as k increases by 1. Because
By had a root with degree 0, it follows by induction that By
has a root with degree £.

n \ /\ %\
So Sy S, S;

Sy

21. Use mathematical induction. The result is trivial for k = 0.
Suppose itistrue for k — 1. Tj_ is the parent tree for 7. By in-
duction, the child tree for T can be obtained from Ty, .. ., Ty_»
in the manner stated. The final connection of r4_, to r;_; is
as stated in the definition of Sy-tree.
23. procedure level(T" ordered rooted tree with root r)
queue = sequence consisting of just the root »
while gueue contains at least one term
begin
v := first vertex in queue
listv
remove v from queue and put children of v onto
the end of queue
end
25. Build the tree by inserting a root for the address 0, and then
inserting a subtree for each vertex labeled i, for i a positive
integer, built up from subtrees for each vertex labeled i.j for
Jj apositive integer, and soon. 27.a) Yes b)No c) Yes
29. The resulting graph has no edge that is in more than one
simple circuit of the type described. Hence, it is a cactus.

<) N S < M-
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37. 6 39.a)0for00,11 for01, 100 for 10, 101 for 11 (exact
coding depends on how ties were broken, but all versions are
equivalent); 0.645n for string of length n  b) 0 for 000, 100
for 001, 101 for 010, 110 for 100, 11100 for 011, 11101 for
101, 11110 for 110, 11111 for 111 (exact coding depends on
how ties were broken, but all versions are equivalent); 0.5326n
for string of length n  41. Let G’ be the graph obtained by
deleting from G the vertex v and all edges incident to v. A min-
imum spanning tree of G can be obtained by taking an edge of
minimal weight incident to v together with a minimum span-
ning tree of G'.  43. Suppose that edge e is the edge of least
weight incident to vertex v, and suppose that T is a spanning
tree that does not include e. Add e to T, and delete from the
simple circuit formed thereby the other edge of the circuit that
contains v. The result will be a spanning tree of strictly smaller
weight (because the deleted edge has weight greater than the
weight of e). This is a contradiction, so T must include e.

CHAPTER 11

Section 11.1

La)l bl 0 d0 3.a)1-D+0-1+0)=
1+0+0)=1+(1+0)=1+1=1
b)(TAT)V(~(FAT)VF)=T

SaxTy 7]y DxTyz] x+yz
111110 11111 1
11110 0 111]0 1
11011 0 1{0]1 1
11010 0 110]0 1
011]1 1 0f1]1 1
of1]0f 1 0[1]0 0
ofofj1fo0 0101 0
00|00 01]0]0 0

W[y +mz  Dx[y[z] x0z+72)

111f1 0 1{1]1 1
1110 1 1{1]0 0
1101 1 110]1 0
1{0]0 1 11010 1
0f1f1 1 01111 0
0of1f0 1 011]0 0
010f1 1 010]1 0
010]0 1 01]0]0 0
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7. a) 110 1 p) 110 111
100 101 100 101
010 011 010 011
000 001 000 001
) 110 111 d) 110 111
100 101 100 101
010 011 010 011
000 001 000 001
9. (0, 0) and (1, 1) Ml.x+xy=x-14+xy=x(1+

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

13. Xy +y7 Xy + 7z
x|ylz|xy|yz|xz| +xz |xy|yz|xz| +xT
Ifryrjojofo 0 0]0]0 0
1{rjofo]1fo 1 0]o0]1 1
1lojif1]ofo 1 ofl1]0 1
1{ojof1]0fo0 1 0lo]1 1
ojt]1fo]oft1 1 1{o]o 1
ojrjojoj1rfo 1 1100 1
ojof1jofo]1 1 ofl1]0 1
ofojojojofo 0 0(0]0 [1}

15. x xX+x|x-x 7 x+1|x-0
0 0 1 0
1 1 1 1 1 0

19. x+ x+y)
x|ylz|y+z|0+D|x+y| +z |yz|x(p2)|xy|Gy)
1] 1 1 1 1 11 |11
11]o] 1 1 1 1 o] o |1 o
1fol1| 1 1 1 1 o] o |of o
1{ojo] o 1 1 1 o] o |of o
oj1]1] 1 1 1 1 1] 0o o
ojrfol 1 1 1 1 0| 0 0 0
olof1] 1 1 0 1 o] o o o
ojofo| o 0 0 0o |[of o Jo] o

21. — I -T-1-.- _
x|y|lx || X|[V]|X+y|x+y | &+p) | Xy
111 1 0 010 0 1 0 0
1{o]o 1 |o]1 1 1 0 0
of1]o0 1 {1]o0 1 1 0 0
ofo] o 1 [1]1 1 0 1 1

23.0.0=0.-1=0;1-T=1-0=0
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25. p— — T 1-T- -
x|y|x@y|x+y|xy|G@p)|x+p)xy)|xy|Xy|xy + Xy
11} o 1 [1]o0 0 ofo 0
1o] 1 1 o] 1 1 1{o 1
of1] 1 1 o] 1 1 01 1
ofo] o 0 Jof 1 0 0fo 0

27. a) True, as a table of values can show b) False; take
x=1,y=1,z=1,forinstance c)False;takex =1,y =
1,z =0, for instance  29. By De Morgan’s laws, the com-
plement of an expression is like the dual except that the com-
plement of each variable has been taken.  31. 16 ~33. If we
replace each 0 by F, 1 by T, Boolean sum by Vv, Boolean prod-
uctby A,and by — (and x by p and y by g so that the variables
look like they represent propositions, and the equals sign by
the logical equivalence symbol), then Xy = X + ¥ becomes
—(pAg)=-pV—-gandx +y =X ybecomes—(p V q) =
—-p A—q. 35.By the domination, distributive, and iden-
tity laws, x Vx=x VX)Al=xVX)AEXVI)=xV
(xAX)=xVv0=x. Similarly, x Ax=x Ax)VO=(x A
X)VEAX)=x A(xVvX)=xAl=x. 37. Because
Ov1=1and 0A1=0 by the identity and commutative
laws, it follows that 0 = 1. Similarly, because 1 v 0 = 1 and
1 A0 =1,itfollowsthatT = 0. 39. First, note thatx A 0 =
Oandx Vv 1 = 1 forall x, as can easily be proved. To prove the
first identity, it is sufficient to show that (x Vy) v (x Ay) =1
and (x V y) A (X A y) = 0. By the associative, commutative,
distributive, domination, and identity laws, (x Vy) v (X A
VN=y VIEVEAPI=yVIEVIAGEVI]I=yV[IA
@xVvyl=yvEvy)=(vy)vx=1vx=1and (x v
NAEAP)=FAXAXVY=YAIEAX)VE A =T A
OVEAP)]I=FATAY)=X A AY)=XA0=0.
The second identity is proved in a similar way. ~ 41. Using the
hypotheses, Exercise 35, and the distributive law it follows
that x=xvO0=xv(ExVvy)=@xVvx)Vvy=xvy=0.
Similarly, y = 0. To prove the second statement, note that
x=xAl=xAxAYy)=xAx)Ay=xAy=1. Sim-
ilarly, y =1. 43. Use Exercises 39 and 41 in the Sup-
plementary Exercises in Chapter 8 and the definition of a
complemented, distributed lattice to establish the five pairs of
laws in the definition.

Section 11.2

l.a)Xyz b)xyz ¢)xyz d)xyz 3.a)xyz+xyz+
Xyz+xyzZ+Xyz+Xyz+xyz b) xyz + xyz + Xyz
) xyz+xyz+xyz+xyz d)xyz+xyz S.wxyz+
wxyz + wXyz + wxyz + wxyz + wxyz + wxyz +
wxyz T.a)x+y+z bx+y+z c)x+y+z
9y +y2+ - +y=0ifandonlyif y; =0 fori =1,
2,...,n. This holds if and only if x; =0 when y; = x;
andx; = lwheny; =%. 1l.a)x+y+z b)(x+y+2)
x+y+2)x+y+2)x + y+2)T+y+2) ¢)(x+
y+2)x+y+2)x+y+2)x+y+2) dx+y+2)
x+y+2)x+y+2)x+Y +2)F+y+2)F+y+72)
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B.ayx+y+z b)x+[y+F+2)]
dx+Ex+y+2)]

c)(x+y)

lS.a)x *|x|x

110 0

011 1
DxTyTow[xlx[yiy[lololy
111 1 0 0 1
1100 0 1 0
01 0 1 0 0
0jJ]0f| O 1 1 0
IOx[y[x+y [N [INIEIY
1(1 1 0 1
110 1 0 1
01 1 0 1
010 0 1 0

17. a) {[(x | x)
b ([ 1)1 E 2]} ([ [x) | (2] 2)] |y}
DEIGINIEIGII

LI &) | GInNY | (]2)

c)x

19. It is impossible to repre-

sent X using + and - because there is no way to get the value

0 if the input is 1.

Section 11.3

1L.(x+y)y 3.xp)+Z+x)
F+y+2)+ExT+y+2)
7. ywx
w
P
y
v wwz
w
z
v vxy VWX + VWY + VWZ + VXY + Xz +
x{)—; VYZ + WXy + WXZ + wyz + Xyz
y
v vxz
X
z

<
=

¢
i

WXz

wyz

N R AT o AaRT weRrIT oNwec

;

5.c+y+2)+

Sx Fex Fex Sex o

o

wx Sex STex Sex

S
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X0 HA » o
Yo
x) FA » 5
) —;L_'—L!_L
Xy » FA » S
”2 ——_ﬂ_l,_‘ ?
X3 F4
» » » 23
X » FA s
i » ¢
X | FA s
¥ 4 ;
S6
HA = half adder
FA = full adder
— ]
e
—
—Do— d
—o—p
—
—Lo—>
— )
—
—
—>
—Do—P]
B
—> bi+l
—Do—pf
—>
—o—>
— )

13.

X1
hg
X
pJ

X

X0
Yo

) o—

X131t x¥olx1y1 +%,71)
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15.2) x ——>D}_> B Section 11.4
x —p| ¥

1.a) y ¥y b) xy and Xy

b) x —»

x _’D_l_’
x+y _
D L

y —»

©)x 3.a) y

L,
oD T

y —

=

-1
o
~

T

x —>] b) y
D |

x®y

=
=1
—
=
—

17.

=l

b)xyz,Xyz,xyz

Circuit
from > Carry =xy
15(c)

=1
s

7.8) i ¥

x
Circuit
from —> Sum=x@y X 1
15 (d)

Bl

=1
&y
|
IS

A b) 2 3

Foo
Rl
-
-
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© y 2 ¥ %

=1
—_

9. Implicants: xyz, xyz, x yZ, XyZ, xy, Xz, yz; prime impli-
cants: xy, xz, yz; essential prime implicants: xy, xz, yz

yz ¥z Yz pZ4

=1

11. The 3-cube on the right corresponds to w; the 3-cube given
by the top surface of the whole figure represents x; the 3-cube
given by the back surface of the whole figure represents y; the
3-cube given by the right surfaces of both the left and the right
3-cube represents z. In each case, the opposite 3-face repre-
sents the complemented literal. The 2-cube that represents wz
is the right face of the 3-cube on the right; the 2-cube that
represents Xy is bottom rear; the 2-cube that represents y Z is
front left.

wxyZ wxyz
Wwxyz wxyz e -
| — /
| —T w2 wEyz
wxyz Wxyz | —
WEYZ — | wyz |
wxyZ wXyz
wXyZ WXyz
13. ) vz )z ¥z yz
wx
wx
wX
Wwx 1

b) Wxyz, wXyz, wxyz,wxyz

15.a)

X3X4Xs5 X3X4Xs5 X3X4X5 X3XyX5 X3XgXs X3X4X5 X3X4Xs X3XyXs

XX,

XX

b)

XX

XX,

©)

X)X

X%,

d)

XX

X)X
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1

1

X3X4Xs5 X3X4X5 X3X4X5 X3XyX5 X3XgXs X3X4X5 X3X4Xs X304X5

X3X4Xs5 X3X4X5 X3X4X5 X3X4X5 X3X4Xs X3XyXs X3X4X5 X3X4Xs

1

1

1

1

X3X4X5 X3X4X5 X3X4X5 X3X4Xs X3XgXs X3X4Xs X3X4Xs X3XyXs

1

1
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e) X3X4X5 X3X4X5 X3X4X5 X3X4X5 X3XgXs X3X4Xs X3x4X5 X3x4Xs

%2l 1 1 1 1

Tl 1 1 1

D X3X4X5 X3XyX5 X3XyX5 X3X4X5 X3XyXs X3X4X5 X3x4Xs5 X3X4Xs
XX 1 1 1 1
X1t 1 1 1 1
Ti¥2 1 1 1 1
XX 1 1 1 1

17.2)64 b)6 19.Rows 1 and 4 are considered adjacent.
The pairs of columns considered adjacent are: columns 1 and
4,1and 12,1 and 16,2 and 11,2 and 15, 3 and 6, 3 and 10, 4
and 9, 5and 8, 5 and 16, 6 and 15, 7 and 10, 7 and 14, 8 and
13,9 and 12, 11 and 14, 13 and 16.

21. Smith ——p
Jones —
Adams —

Smith ——p
Jones —
Burton ——»

Marcus ———p
Adams —|
Burton ——pf

23.a)xz b))y ¢)xz+Xxz+yz
25. a) wxz + wxy + wyz + wXyz b) xyz + wyz+
WXYZ+wXyz +WXxyz C)yz+wxy+wxy+wxyz
dwy+yz+xy+wxz+wxz 27. x(y +2)

d)xz+xy+yz

S-76

31.XxZ+xz  33. We use induction on n. If n = 1, then we
are looking at a line segment, labeled 0 at one end and 1 at
the other end. The only possible value of k is also 1, and if the
literal is x, then the subcube we have is the 0-dimensional
subcube consisting of the endpoint labeled 1, and if the lit-
eral is X}, then the subcube we have is the 0-dimensional
subcube consisting of the endpoint labeled 0. Now assume
that the statement is true for #; we must show that it is true
for n + 1. If the literal x,1; (or its complement) is not part
of the product, then by the inductive hypothesis, the prod-
uct when viewed in the setting of n variables corresponds to
an (n — k)-dimensional subcube of the n-dimensional cube,
and the Cartesian product of that subcube with the line seg-
ment [0, 1] gives us a subcube one dimension higher in our
given (n + 1)-dimensional cube, namely having dimension
(n + 1) — k, as desired. On the other hand, if the literal x,,
(or its complement) is part of the product, then the product
of the remaining k — 1 literals corresponds to a subcube of
dimension # — (k — 1) = (n + 1) — k in the n-dimensional
cube, and that slice, at either the 1-end or the 0-end in the
last variable, is the desired subcube.

Supplementary Exercises

La)x=0,y=0,z=0x=1,y=1,z=1 b)x=0,
y=02z=0x=0,y=0,z=15x=0,y=1,z=0;x =
Ly=0z=Lx=1,y=1z=0x=1y=1z=1
¢)Novalues 3.a)Yes b)No c¢)No d)Yes 5.22""
T.a)If F(x1,...,x,) = 1, then (F + G)(x1,...,x,) =
F(x1,...,x,)+G(x1,...,x,) =1 by the dominance law.
Hence, F < F +G. b) If (FG)(x1, ..., x,) = 1, then
F(x1,...,%,)-G(x1,...,x,)=1. Hence, F(xy,...,%,) =
1. It follows that FG < F. 9. Because F(x1,...,x,) =1
implies that F(xy, ..., x,) = 1, < is reflexive. Suppose that
F <G and G <F. Then F(xy,...,x,) =1 if and only
if G(x1,...,x,)=1. This implies that F = G. Hence,
< is antisymmetric. Suppose that F <G < H. Then if
F(x1,...,x,) =1, it follows that G(xy, ..., x,) = 1, which
implies that H(xi,...,x,)=1. Hence, F < H, so that
< is transitive. 1l.ayx=1,y=0,z=0 b)x=1,
y=0,z=0 ¢x=1,y=0,z=0



S-77

Belyxoy oy [ean
111 1 0 1
110 0 1 0
011 0 1 0
00 1 0 1

15. Yes, as a truth table shows  17. a)6 b)5 ¢)5 d)6

19. x
Sum=x®y
y—%¢

Carry = xy

21. x3 +x,%;  23. Suppose it were with weights a and b.
Then there would be a real number T such that xa + yb > T
for (1,0) and (0,1), but with xa + yb < T for (0,0) and (1,1).
Hence,a >T,b>T,0<T,anda+b < T. Thus, a and b
are positive, which implies thata + b > a > T, a contradic-
tion.

CHAPTER 12

Section 12.1

1. a) sentence = noun phrase intransitive verb phrase
= article adjective noun intransitive verb phrase =
article adjective noun intransitive verb = ...

(after 3 steps) ... = the happy hare runs.
b) sentence => noun phrase intransitive verb phrase

= article adjective noun intransitive verb phrase
= article adjective noun intransitive verb

adverb. . . (after 4 steps). .. = the sleepy tortoise runs
quickly

c) sentence => noun phrase transitive verb phrase
noun phrase = article noun transitive verb phrase
noun phrase = article noun transitive verb noun
phrase = article noun transitive verb article
noun = . . .(after 4 steps). . . = the tortoise passes the hare
d) sentence => noun phrase transitive verb phrase
noun phrase = article adjective noun transitive
verb phrase noun phrase = article adjective noun

transitive verb noun phrase = article adjective
noun transitive verb article adjective noun

= ...(after 6 steps). . .= the sleepy hare passes the happy
tortoise

Answers to Odd-Numbered Exercises S-77

3. The only way to get a noun, such as fortoise, at the end is to
have a noun phrase at the end, which can be achieved only via
the production sentence — noun phrase transitive verb
phrase noun phrase. However, transitive verb phrase —
transitive verb — passes, and this sentence does not contain
passes.

5.a) §=1A=10B = 101A=1010B = 10101 b) Because
of the productions in this grammar, every 1 must be followed
by a 0 unless it occurs at the end of the string. ~ ¢) All strings
consisting of a 0 or a 1 followed by one or more repetitions
of 01

7.8=081=00811=000S111= 000111

9.2) §=08=005=00S1=00S11=00S111=00S1111=
001111 b) $=05 =008 =0014A=0011A=00111A =
001111 11. §=0SAB = 00SABAB = 00ABAB = 00
AABB = 001ABB = 0011BB = 00112B = 001122
13.2)§ > 0,S > 1,5 > 11 b)S - 15,5 > A
©)S—0Al, A—> 1A, A5 04, A> 1 d)S— 04,
A—11A,A— )1 15.2)§ - 00S,S > A b)S — 104,
A— 004A,A—> 1 ¢)S— AAS,S —> BBS,AB — BA,
BA— AB,S—> X, A—0,B—1 d)S— 00000000004,
A—>0A, A=A e)S— AS,S— ABS,S— A, AB —
BA,BA— AB,A— 0,B — 1 f)S — ABS,S — A,
AB - BA,BA - AB,A—-0,B—>1 ¢S — ABS,
§—-T,§S—>UT—> AT,T - A,U - BU,U — B,
AB - BA,BA— AB,A—>0,B—>1 17.2)S — 08,
S—> A b)S - A0, A —> 1A, A —> A ¢) S — 0008,
S — A 19.a)Type 2, not type 3 b) Type 3 ¢) Type 0,
not type 1  d) Type 2, not type 3 ) Type 2, not type 3
f) Type 0, not type 1 ) Type 3  h) Type 0, not type 1
i) Type 2, not type 3 j) Type 2, not type 3 21. Let S; and
S5 be the start symbols of G and G, respectively. Let S be
a new start symbol. a) Add S and productions § — S; and
§ — $,. b)Add S and production S — $;5;. ¢)Add S
and production § — A and § — §;S.

23.a) sentence

noun phrase intransitive verb phrase

article adjective noun intransitive verb

the happy hare runs



