CS 441 Fall 2005 Exam 1 for the evening section (6:00pm - 7:15pm).
There are 8 parts (A to H) on 9 pages with a total score of 117 points. Do all problems.
Calculators are not allowed.

Part A: Propositional and Predicate logics

1. (15 points) Translate each English sentence (a-e) into logic and each logic proposition (f-j) into
colloquial English. Let

H(x) : x is happy. W(x,y) : x works for y.
(a) Joe doesn’t work for Jack.

2+ W( Joe, Sack)
(b) Someone works for Tom.

Fx Wex, Tom)

(c) Everyone works for somebody.
Yx 4 Y W, Y)
(d) If Jill is happy, then she works for herself.
HCTiD) — W(Till, Till)
(e) Everyone who works for herself is happy.
Yo [ Wezyx) = Hex) ]
(f) H(Ben) A H(Cindy)
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(2) Yx H(x)

(h) =3x H(x) /
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(i) Ix[-H(x) N W(x, Greg)]
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Part A: (continue)

2. (a) (5 points) Construct the truth table for (r A —p) V (q — p).

P g AP nAP | GPIIANTPIV(GHP)
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(b) (1 point) Classify the above proposition. (circle one)
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Part B: Methods of Proof

1. (6 points) Prove that the following argument is valid.

pVr premise 1
—q premise 2
pP—q . premise 3
r conclusion
Step Propositions Inference rule Citation
1 PVA prrnise |
7 14 Sl 2
2l g 8
4 AP oy Aollms o
5 N disdpsmiTiose ylloayom| 1 4

2. (10 points) Prove that if (n-2)(n+2) is an even number, then 7 is an even number.
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Part C: Sets

L. (8 points) Suppose the universal set is U = { x | x is a lower case letter in the English alphabet }.
LetA={ip,r}.
LetB={x | xisavowel A x follows ‘g’ in the alphabet }.
LetC={a,z}.

Represent each of the sets by listing their members.

@B =S516u]

B)-ANCo= ¢ I i
| |
ae <

o (i
© C-A = §i,p,a , \A)
@ |C| = 24

2. (8 points) True/False

(©)c e fabilcd )] True { False ) (circle one)
@ {ba} c {b,{ba},{a}) True ( False ) (circle one)
® Oe {c(d)ic)) True (False) (circle one)
(d SupposeA={3,3,4,3,{520}}) Then|A|=_23
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Part D: Functions

1. (6 points)
LetA={1,2,3,4}
LetB={uv,w,Xx,y}
Let f:A—B where f(1) =x, f(2) =y, f{(3)=u, f4)=v.

(a) Determine f( { 2,3,4 }).

5 L) w’}
(b) f is a one-to-one function. @ False (circle one)
(c) fis an onto function. True @ (circle one)
2. (3 points) |
Let g:R—R where g(x) = 3x +2 (QOH)(z) = %("(7‘)3
Let h:R—R where h(x) =2x -3 - S
Determine (g © h)(x). =9 (2233)
= B(IR 34
o GRRAAED
= 6 Z —~ :"

3. (2 points) Let f:R—R such that f(x) = [x]-Lx). Whatis the range of f?

o 4 % bamx}nég,w— : S
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4. (2 points) Suppose f:A—B is a bijection and g:B—C is an onto function. Then g o f is an onto
function.

False (circle one)




Part E: Big-O notation

1. Give the best big-O estimate for each of these functions.

(a) (2 points) Tn® +3n+4 O(%B)

3
() @ points) (2n+3logn)(n® +2n) On’)

(c) (3 points) 3n® logn+0.02n3 +(2n2 +4)(n2 +12) O (%4)
e : _______\_/_
St i Y o »
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2. (2 points) If fin) = Q (g(n)) and A(n) = O(g(n)), then h(n) = O(f(n)).

@ False (circle one)

3. (4 points) Show that 3n°+4n’+5 is O(n*). You should show systematically how to obtain a pair of
witnesses (C and k) for this relationship.
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Part F: Sequences and summation

1. (2 points) Write a formula using the summation symbol for “the sum of the first n even positive
integers”. o

> 9
121
2. (8 points) Suppose { a, } is an arithmetic sequence with 7 > 1 and the first five terms are
5,11, 17,23, 29. N~y g = bm_«»c wﬁ"w»,a b) C 2ie eu;»aZm]i
n

(a) Compute the 200 term.
(b) Compute the sum of the first 200 terms.
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Part G: Recursive Definition
1. (4 points) Let f be a function defined below. Compute £(6).
f(1)=2
f2)=4
f(n) =2 f(n-1) - f{(n-2) forn>3
n ) f 22 ko8 e
Toobiz % £ % 012

7f(5>:12

2. (4 points) Let S be a set defined below. Describe the set S in simple English.

2e S

3eS

Ifxe Sandye€ S, then x+y € S.
Nothing else is in S.
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Part H: Mathematical Induction
1. (3 points)To prove Vn P(n) using mathematical induction, what two statements do we need to prove?

Py  awd Yk [Pky— Pckeny]

2. Prove that the sum of the first n even positive integers is n(n+1) using mathematical induction.

Give a predicate P(n) for the statement to be proved.
n
> 91 = u(n+1)
o1

(2 points) P(n) means

(2 points) What is the statement that we need to prove in the basis step?

Basis step:
L
P vaore o Ral 1
1=t
(2 points) Prove this statement.
1
veo L 1(1+1) = 2
i =1 ‘,l /.1'
1 — Ll
Huws > 21 2 1{1+1)
Inductive step: 3 =1
(2 points) What is the inductive hypothesis? (what do we assume in the inductive step?)
k |
= ' i i
P(}g) > 99 = KKt
2=1
(2 points) What is the statement that we need to prove using the inductive hypothesis?
k-H )
) s g | A
Prict > 23 = (ki ke 2
131
(3 points) Prove this statement.
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