Homework 2 Solutions University of Pittsburgh — Computer Science Department

CS441 - Discrete Structures for Computer Science
Instructor: Dr.Litman

Problems from Section 1.3

20.

24.

Existential quantifiers are like disjunctions, and universal quantifiers are like conjunctions. See Examples 11
and LG,

a) We want to assert that P(r) is true for some r in the domain, so either P{-5) is true or P{—3) is true or
P(-1) is trne or P(1) is true or P(3) is true or P(5) is true. Thus the answer is P{-5) Vv P(=3) v P(-1) v
P(lyv P(3)yv P(5).

b) P{=5) A P(=3) A P(=1) A P(1) A P(3) A P(5)

c) The formal translation is as follows: ((=5 # 1) = P(=S)A((=3# 1) — P(=3))A{(=1 #1) — P(=1}) A
(I#F D =PINA{3#1)— PENA((5# 1) — P(5)). However, since the hvpothesis r # 1 is false when
v is 1 and true when z is anything other than 1, we have more simply P(—5) AP(=3)AP(-1) A P(3} A P(5).
d) The formal translation is as follows: ({5 2 0)AP(=5))V((=3 2 O)AP{=3)V{-1>MAP(-1)}V({{l >
MAPIV((320)AP3))V((5>0)AP(5)). Since anly three of the 's in the downain meet the condition,
the answer Is equivalent to P{1)v P{3) Vv P(5}.

e) For the second part we again restrict the domain: {(=P{=5)V=P{=3}V-P(=1)V-P(1)v-P(3)v-P(5)) A
(P{=1) A P(=3) A P(=5)). This is equivalent to (—~P(1) vV =P(3) vV =P(5)) A {P(=1) A P(=3) A P(-5)).

In order to do the translation the second way, we let. C(r) be the propositional function “.r is in your class.

Note that for the second way, we always want to use couditional statetuents with universal quantifiers atd

conjunctions with existential quantifiers.
a) Let P(x) be “x has a cellular phone.” Then we have Yo P(z) the first way, or vr(C{r) — P(r)) the

secorul way.
b) Let. F(r) be “x lias seen a foreign movie.” Then we have Ir F(x) the first way, or Jr(C(r) A F(x)) the

second way. !

¢) Let S(x) be “r can swim.” Then we have 3r-S5(r) the first way, or T (C'(x) A =S(r)) the second way.
d) Let Q(r) he “r can solve quadratic equations.” Then we have Yr Q) the first way, or Ve (C'(r) — Q(r))

the second way.
e) Let R{r) be “.r wants to be rich.” Then we have 3x-R(x) the first way, or J2(Clr) A-R(x)) the secon

way.

' LS

< el case we need to speeity some preopositional fanerions (predicates) amd identify the domain of diseanrse,

a) Let Eir) be = g Heas” and let the domain of disconrse be dogs. Our originai statement is v F{e).

Its negation is e =Fler. Tn English this reads "There s o dog that does not have Heas”

b) Let H(z) be “z can add.” where the domain of discourse is horses. Thew vur original statemwent is 3o Hirl
Its negation is VT —H{x). In Engtish this is rendered wost simply as “No horse cau add.”

¢) Let C(z) be “r can ciimb.” and let the dowmain of discourse be koalas, Our original statenient is v Clr).
its negation is 3z —Cf{x}. lu English this reads “There is a koala that cannot climb.”

d) Let F{z) be "x can speak French.” and ler the domain of diseourse he monkeys, Our original statement
is =3z F(r) or v —~Firy Its negation is Zr Fir). In Eoglish this reads “There is a moitkey that can speak
French.”

e) Let S(x) be "z can swim” and let Clr) be “7 can catch fish.” where the domain of diseonrse is pigs. Then
our original statement is 3r(S(r) » Clr)). Its negation is #r —(Slr) ~ Cleii. which could also be written
vr (=5(z) v~C(r)} by De Morgan's law. In English this is “No pig can both swim and carel fish.” or “Every
pig either is unable to swin or is unable to cateh fst.” .




