CS 173: Midterm Exam 1
Fall 2005

Name:

NetID:

Lecture Section:

Section Leader:

General Directions

1. Make sure your name is on every page.
2. Remember to write clearly and legibly. Unreadable answers will receive no credit.
3. This is a closed book exam. No notes of any kind are allowed. No calculators.

4. Remember to time yourself.
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Multiple Choice

Problem 1 (Spts)

Which of the following is logically equivalent to p — ¢?

a) ¢V -p
b) the contrapositive of p — ¢
¢) the inverse of the converse of p — ¢

d) all of the above

Problem 2 (5pts)

Which of the following is a negation of VaVy[((z > 0) A (y > 0)) — (z +y > 0)]?

a) Jz3y[(z > 0) A (y > 0) A (z+y <0)]

b) JzIy[((z <0) V (y <0)) A (z+y > 0)]
) VaVy-[((z > 0) A (y > 0)) — (z+y > 0)]
d) 3z3y[(x <0)V(y <0)V(z+y>0)
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Problem 3 (5pts)

Which of the following must by true?

a) (XNY)U(Y - X)=X
b) X x (Y -2)=(XxY)— (X x Z)
0X-(YUZ) =(X-Y)uZ
d) IfA—C =DB-CthenA=B.

Problem 4 (Spts)

Which of the following is not a tautology? Hint: You can answer this fastest if you think about inference rules.

a) [gN(p—q)]—p

b) (pAq)—p

o [(pva)A-p]—q

d [(pVa)A(-pVr)—aqnr

Problem 5 (Spts)

If all sets are finite, which of the following must be true?

a) If a function is bijective, its domain and co-domain have the same cardinality.

b) If a function is one-to-one, its domain and co-domain have the same cardinality.

¢) If a function is onto, its domain and co-domain have the same cardinality.

d) If a function is neither one-to-one nor onto, its domain and co-domain do not have the same cardinality.

Problem 6 (5pts)

Which of the following arguments is valid?

a) Va(S(z) — L(z)), S(a) . L(a)
b) Vz(S(z) — L(z)), L(a) . S(a)
o) Vz(S(z) — L(z)), ~S(a) . ~L(a)
d) 3z(S(z) A L(z)), S(a) . L(a)
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Problem 7 (5pts)

Let f(z) = 3z + 2 and g(z) = 22 be functions defined on the integers (f : Z — Z, g : Z — Z). Which of the
following is true?

a) go f =0(z?)

b) go f = O(x3),and g o f is not O(z?)

) go f(z)=fog(x)

d) g o f has an inverse function.

Problem 8 (5pts)
Which of the following is false?
a) {z} C {z}

b) {z} € {z, {x}}
¢) {z} C P({z}), where P({x}) is the power set of {z}

d) {z} C {z,{z}}
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Short Answer Problems

Problem 9 (10pts)

Given:

Use an indirect proof for the following:

Prove:

Name:

p— (m—w)

w—d

-d

-p
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Problem 10 (10pts)

Prove that B — A C A — B, for any sets A and B.
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Problem 11 (10pts)

Tell whether each of the following is True or False. The universe is all integers.

a) VaVyJz(x —y = 2)

b) VyIzIz(z —y = 2)

¢) VaVyVz(z —y = 2)

d) VaVy3z(z —y = 2)

e) VaedyIz(x —y = 2)

f) JrIyVe(z —y =2)

g) JxIyIz(z —y = 2)

h) JaVyVz(z —y = 2)
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Problem 12 (10pts)

Prove that 8n2 + n is O(%- — 5).
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Problem 13 (20pts)

a)

b)

)

Let ;7 and k be integers, with 7 even and k odd. Prove that the product of j and k is even.

Solution

j =2n,and k = 2m + 1 for some integers n, m. Then jk = 2n(2m + 1) = 2z for some integer z. Thus, the
product jk is even.

Criteria

6 points for perfect answer. -2 points for not distinguishing m and n. -1 not concluding argument with the

definition of an even number. -4 points for an answer that only specifies j and k, with no further argument. -5
points for an effort in the wrong direction.

Prove that the product of consecutive integers is even. Hint: you can use part a) in your solution.

Solution

Every pair of consecutive integers has one even and one odd. By part a) the product of such a pair is even.

Criteria

7 points for perfect answer. -3 for restricting the least value to be even or odd. -1 point for other minor errors.

Prove that the square of an odd integer equals 8k + 1 for some integer k. Hint: you can use part b) in your
solution.

Solution

We wish to consider the square of an odd number: (2n +1)%. (2n+1)?2 = 4n® +4n+1 =4n(n+1) + 1.
Notice that from part b), n(n + 1) is even, so we have (2n + 1)? = 4(2k) + 1 for some integer k.

Criteria

7 points for perfect answer. 2 points awarded for setting up problem and multiplying out the square without
further argument. 4 points awarded for correct setup, multiplication, and factoring.
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SCRATCH PAPER
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