
CSE 20 Winter 2016
Practice Exam for Final Exam

This practice exam may help prepare you for the final exam. Lots of additional practice problems can
be found in the textbook at the end of the relevant sections. See the HW assignments and class website for
relevant reading sections. We also recommend reviewing HW assignments and solutions from throughout the
quarter, along with the practice exams for both midterm tests.

1. Algorithms and optimization

(a) Consider the following algorithm.

1. procedure mystery(a, b : positive integers)

2. a := a− b
3. b := a+ b

4. a := b− a
Describe the values of the variables a and b at the end of this procedure. Justify your answer.

(b) Consider the following algorithm.

1. procedure loop(x : integer)

2. while (x mod 2 6= 0)

3. x := x+ 1

4. return x

Describe the output of this procedure as a function of x. Justify your answer.

2. Number systems and integer operations

(a) Convert (17)8 to (i) binary, (ii) hexadecimal, and (iii) decimal.

(b) Draw a logic circuit with input signals b0, b1, b2, b3 which produces output signals s0, s1, s2, s3, s4
such that s4s3s2s1s0 is the 5-bit two’s complement representation of −1 multiplied by (b3b2b1b0)2.

3. Propositional logic For each of the following formulas, decide whether it is a tautology, contradiction,
or contingency. Then, find a logically equivalent formula in CNF.

(a) ¬p ∨ (p→ q)

(b) (p⊕ q)⊕ r
(c) (p ∧ q) ∨ (¬p ∧ q) ∨ ¬q

4. Predicates and Quantifiers Express each of the following statements using quantifiers, variables, propo-
sitional connectives, and predicates (make sure to define the domain and the meaning of any predicates
you introduce). Then, express its negation as a logically equivalent compound proposition without a ¬
in front. Decide whether the statement or its negation is true, and prove it.

(a) If m is an integer, m2 +m+ 1 is odd.

(b) For all integers n greater than 5, 2n − 1 is not prime.

(c) There are exactly two binary strings that are prefixes of the string 0.

(d) The set of even integers is closed under subtraction.

5. Proof strategies Prove each of the following claims. Use only basic definitions and general proof strategies
in your proofs; do not use any results proved in class / the textbook as lemmas.

(a) The difference of any rational number and any irrational number is irrational.

(b) If a, b, c are integers and a2 + b2 = c2, then at least one of a and b is even.

(c) For any integer n, n2 + 5 is not divisible by 4.



(d) For all positive integers a, b, c, if a 6 |bc then a 6 |b.

6. Sets Prove or disprove each of the following statements.

(a) For all sets A and B, P(A) ∪ P(B) = P(A ∪B).

(b) For all sets A and B, P(A) ∩ P(B) = P(A ∩B).

(c) For any sets A,B,C,D, if the Cartesian products A×B and C ×D are disjoint then either A and
C are disjoint or B and D are disjoint (or both).

7. Induction and Recursion Starting with a large collection of same-sized squares, consider all possible
shapes that can be formed by placing squares so that each new square shares an edge with at least one
previously-placed square and no squares overlap.

Figure 1: Sample shapes

In the sample shapes (see figure), the perimeter of (a) is 4, the perimeter of (b) is 6, and the perimeter
of (c) is 36, if we assume that each side of the square has length 1.

Use mathematical induction on the number of squares to prove that the perimeter of the shape (length
of the boundary) is always even, no matter how many squares are placed or how they are arranged.

For full credit, fill in the appropriate work at each of the spaces below.

Basis step:Fill in proof . . .

Let k be an arbitrary number of squares.

For the induction step, assume (as the induction hypothesis): Fill in proof . . .

WTS:

8. Induction and Recursion Define a set of binary strings, S, recursively by BASIS STEP: λ ∈ S, 0 ∈ S;
RECURSIVE STEP: if x ∈ S, then xx ∈ S. Prove using structural induction that, for every x ∈ S, |x|
is a power of 2.

9. Functions & Cardinalities of sets Prove each of the following claims.

(a) The composition of two bijections is a bijection.

(b) The Cartesian product Z+ × Z+ is countable.

(c) The interval of real numbers [5, 8] is uncountable. Hint: you may use the fact that the unit interval
[0, 1] is uncountable.

10. Binary relations Define a binary relation on the set of binary strings {0, 1}∗ which is
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(a) an equivalence relation with finitely many equivalence classes.

(b) an equivalence relation with infinitely many equivalence classes.

(c) a partial order with infinitely many minimal elements (and no minimum element).

(d) a partial order with a minimum element and a maximum element.

3


