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CS 441 Fall-2665 Exam 1 forthe-efterncen-seetton{(2:30pm—=3-1+5pm)
There are 6 parts (A to F) on 9 pages with a total score of 110 points. Do all problems.
Calculators are not allowed.

Part A: Propositional and Predicate logics

1

(12 points) Translate each English sentence (a-c) into logic and each logxc proposition (d-f) into
colloquial English. Let

P(x): x has a cell phone. C(x,y): x has called y.

(a) Jill has never called Joe.
NC( N, Joe )

(b) Everybody who has a cell phone has called somebody.
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(c) No one has called anybody unless he/she has a cell phone. Wﬂw
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Part A: (continue)
2. (4 points) Consider the following sentence.

No one knows the email address of everybody in this class except for Mr. P., who knows all
email addresses.

Define one or more appropriate predicates.
Translate the sentence into a quantified proposition using the predicate(s).
Indicate the domain of discourse of each quantifier.
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3. (2) (5 points) Construct the truth table for (p <> —=q) A (r A p).
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(b) (1 point) Classify the above proposition. (circle one)
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Part B: Methods of Proof

1. (8 points) The proofin the table below proves that the following argument is valid. Complete
the proof by filling in the inference rule and citation for each line. See the list of inference rules

on the last page.

R(a) A —P(a) premise 1

Vx [RE) = Px) V Q)] premise 2

Ix Q) conclusion
Step Propositions Inference rule Citation
1 Vx [R(x) = (P(x) V Q(x))] foauoe 2
B R(2) —> (P(a) V Q(a)) wdniral bnidenio e, 1
3 R(a) A =P(a) piag.
4 R(a) shmplificalion, 2
5 P(a) V Q(a) Mmedus povvns 2,
6 —P(a) slmplifica o 3
7 Q(a) dliaginelinse, 2lipiaom, 5,6
8 3x Q) 2 ndinl otreralinyalion, =

2. (10 points) Prove that if n(n-2) is an odd number, then 7 is an odd number.
Hint: Use one of the following proof strategies: Direct proof, Proof of contrapositive, or Proof by
contradiction
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Part C: Sets

1. (8 points) Suppose the universal set is U = the set of integers between 1 and 20 inclusive.
Let A={5,12,17,20}.
Let B = {x|xisdivisibleby 4 and 1 <x <20 }.
LetC=H42,3 711

Determine the followings.

@ B ? b, %,12,16,20 {
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2. (8 points) True/False

(@ be{a {ab}, {{b}}} True (circle one)

® OU@b e (abcd) (a3 Fase ) eirce one
© (9} (D {ab},{20}) (TrueJFaise irele one)

(d IfANB= @and BN C=0Q, then itis always the case that A ~ C = (.

True (circle one)




Part D: Functions

1. (6 points)
LetA={u,v,w,x,y}
LetB={1,2,3,4}
Let A—B where f(u) =1, f(v) =4, f{lw)=2, f(x) =3, and fly) =4.

(a) Let S be the set { v,x,y }. Determine f(S).

§4,2]

(b) fis a one-to-one function. True (False) (circle one)
(c) fis an onto function. @ False (circle one)
2. (3 points)

Let gZR—R where g(x) =2x + 1
Let h:R—R where h(x) =3x + 5
Determine (g o h)(x).

(goh)(xy = g(h)) = §(3x+5) = 2(3x+
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3. (2 points) Let R—R such that f{ix) =[x |-x. What is the range of f?
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4. 2 points) Suppose :A—B is a 1-1 function and g:B—C is a bijection. Then go fis always a
bijection. :

True (circle one)




Part E: Sequences and summation

; : 2 2 2 -
1. (2 points) Write a formula for = + 7 + = +ot e using the summation symbol. Do not compute it.
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Part E: (continue)

3. (8 points) Suppose { a, } is an arithmetic sequence with 7 > 1 and the first five terms are
2:39.:16,23:30:

(2) Compute the 200" term.
(b) Compute the sum of the first 200 terms.
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Part F: Mathematical Induction and Recursive Definition

1. In this problem you will use mathematical induction to prove the following statement.

“For any positive integer #, it is the case that 2"/2 >n.”

Suppose we want to state this sentence as Vz P(n). Define an appropriate predicate P.

N 42 i
(2 points) P(n) is the statement 2/2 20
Basis step: .
(2 points) What is the statement P(1)? 9 1
' i
1
(2 points) Prove the basis step.
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(2 points) What is the inductive hypothesis?
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(2 points) What do you need to prove in the inductive step?
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(3 points) Complete the inductive step. -
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Part F: (continue)
2. (4 points) Let fbe a function defined below. Compute £(6).
f(0)=4

f1)=5
f(n)=1n-1) +f(n-2)-2 forn>2
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3. (4 points) Let S be a set defined below. List all elements of S that are smaller than 15.

leS
Ifx € S,then2x e S and 3x € S.
Nothing else isin S.
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4. (4 points) Let { a, } be a sequence where a, = 5#+2 and n > 1. Give a recursive definition for Oy

a%:a%_1+5 %’"%22




