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EECS-1019C Test #1

Sur / Last Name:
Given / First Name:
Student ID:

e Instructor: Parke Godfrey

e Exam Duration: 75 minutes

e Term: Fall 2015
Answer the following questions to the best of your knowledge. Your answers may be brief, but
be precise and be careful. The exam is closed-book and closed-notes. No aids such as calculators,

etc., are allowed. Write any assumptions you need to make along with your answers, whenever
necessary.

There are five major questions, each with parts. Points for each question and sub-question are as
indicated. In total, the test is out of 50 points.

If you need additional space for an answer, just indicate clearly where you are continuing.
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1. (10pts) Propositional Logic.

a. (2pts) Propositional Equivalence. Prove or disprove by truth table that

(pvg) —r = (@E—=>r)A(@—r1)

b. (3pts) English to Compound Proposition. For Questions 1bi-1biii, write compound
propositions (propositional formula) using a, s, t, e, and p, the logical connectives, and

negation.

R+ w8

p:

You are abducted by aliens.

You study really hard for EECS-1019.

You are abducted by UofT students.

You do every problem in the EECS-1019 textbook.
You pass EFECS-1019.

i. (Ipt) You will pass EECS-1019 if you study really hard for it and you are not
abducted by UofT students.

ii. (1pt) If you did not pass EECS-1019, then you were not abducted by aliens.

iii. (Ipt) You will pass EECS-1019 only if you study it really hard or you do every
problem in the textbook
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c. (3pts) Truth Value. Answer true or false for the following.
i (Ipt) (1+2=7)—(2%5=10)

i. (Ipt) (14+2=7)« (2%x5=10)

iii. (Ipt) —((2%7=14)V (2% 7 =15)) V (11 % 13 = 145)

d. (2pts) Propositional Inference Rules.

i. (1pt) Show the inference rule of resolution.

ii. (1pt) Show one of De Morgan’s Laws for propositions.
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2. (10pts) Predicate Logic.

a. (3pts) Predicates. For Questions 2ai—2aiii, determine the truth value of the following
statements. Consider the domain to be Z, the set of all integers. Justify briefly each

answer.

i. (1pt) Va(x? > 0)

ii. (Ipt) Vo(z? —1xz+5>2%—2%x+3)

iii. (Ipt) Jz3y((z > y) A (z <y +1))

Mogwai(z):
Gremlin(z):
Human(x):
Sun(z):
Wet(x):
Fed(z):
Dies(z):
)

y)

Likes(z,y
InRoom(z,

x is a mogwat.

x is a gremlin.

x is a human.

x is exposed to sunlight.
T is gotten wet.

x is fed after midnight.
x dies.

. x likes y.
: x is in room y.

Figure 1: Predicates for Questions 2b & 2c.

b. (3pts) Predicate Statements. For Questions 2bi—2biii, write the statement in predicate
logic using the predicates in Figure 2, connectives, negation, and any needed quantifiers.

i. (1pt) Any mogwai fed after midnight turns into a gremlin.

ii. (Ipt) A mogwai or gremlin who is exposed to sunlight dies.

iii. (Ipt) If @ human and a gremlin are in the same room, the human dies.
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c. (2pts) Predicate Statements. For Questions 2ci & 2cii, write in proper, concise English
what the predicate statement says.

i. (Ipt) JxVy(Mogwai(z) A (Human(y) — Likes(y, z)))

ii. (Ipt) VaVy(Human(x) A (Gremlin(y) — —Likes(z,y)))

d. (2pts) Predicate Equivalence. Rewrite the predicate statment

VaVy(Human(z) A (Gremlin(y) — —Likes(x,y)))

(this is the same statement as in Question 2cii) into an equivalent predicate statement
without any negation (“—") inside the scope of the quantifiers.
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3. (10pts) Sets.

a. (4pts) Venn Diagram. Draw the Venn diagram for sets A, B, C, D, and £ that obeys
the following statements.

1. ANB#10 5. DC A
2. ANC#0 6. BND =10
3. BNC#0 7.CND#0

4. ANBNC=0

b. (6pts) Membership €& Cardinality.
For Questions 3bi-3biii, consider

A={zcZ (x> 1)AyeZ (z+xy=12)}
B={zcZ|(x>1)AIycZ(x*xy=21)}
i. (1pt) Prove that AN B # () or that AN B = 0.

ii. (Ipt) What is the cardinality of A? That is, |A|?
iii. (1pt) Show P(B), the powerset of B.

For Questions 3biv-3bvi, consider

C = {0,{0},{0,{0}}, {0, {0}, {0, {0} }}}

iv. (1pt) What is the cardinality of C?
v. (Ipt) {0,{0}} eC?

vi. (1pt) {0,{0,{0}}} € C?
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4. (10pts) Functions.

a. (2pts) General.
i. (Ipt) A function is said to map from its domain to its
ii. (1pt) Can f where f(1) = 17, f(2) = 19, f(2) = 23, £(3) = 29, f(4) = 31, f(4) = 37,
and f(5) = 41 be a function?
Why or why not?

b. (2pts) Injective I. Show that f :Z x Z — Z where f(x,y) = 2 + 9° is not injective.!

c. (3pts) Surjective. Show whether or not f : N — {0,1,2} where f(z) = 2% mod 3 is

surjective.?

d. (3pts) Injective II. Show whether or not f: ZT — (0,1] for
0,1]={z€Q| (0 <) A< 1)}

where f(x) = 1/z is injective.

'Recall that Z = {...,-2,-1,0,1,2,...}, Z* = {1,2,...}, N = {0,1,2,...}, and that Q is the set of all rationals.
2Recall that the modulo operator “mod” returns the remainder. E.g., 7+2 returns a quotient of 3 and a remainder
of 1. Thus, 7 mod 2 returns 1.
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5. (10pts) Proofs.

a. (bpts) Analytical Proof I. Show that
»A(pVa) —r)

and
“pA(g—r)

are logically equivalent by an analytical proof, valid-argument style; that is, show step-by-
step equivalent (“=") logical statements, and label with the law used (e.g., distributive)
to obtain that statement.

pA((pVaq) —r) =

= pA(g—r)
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b. (5pts) Analytical Proof II. Given the sets A, B, C, D, and £ and the axioms

1. ANB#10 5. DC A
2. ANC#0 6. BND =10
3. BNC#0 7.CND#D

4. ANBNC=10

about them (these are the very same as in Question 3a), prove by an analytical proof,
valid-argument style, that A Z C (that is, A is not a subset of C).
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EXTRA SPACE.

RELAX. TURN IN YOUR TEST. YOU HAVE REACHED THE END.



