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University of Puerto Rico Mayagiiez
Department of Electrical and Computer Engineering
ICOM 4075: Foundations of Computing

Partial Exam 3 {100 Points)

Name: C‘ LAVE Section:

Instructor: 8 Ve/ { a7

You will have 120 minutes to answer as many questions as possible. Any points that you obtain
beyond 100 will be considered bonus points that you can accumulate towards improving your grades
in previous partial exams.
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Question 1 (20 points). Use mathematical induction to prove that for any integern = 1
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Question 2 (20 points). Prove using the Principle of Mathematical lnductlon that for any positive n:
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Question 3 (20 points). Use strong mathematical induction to prove that for n write n

as a linear combination of 2 and 5. That is,

n = 2t + 55 for some non-negative integerssand t
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Question 4a (15 points). Consider the recursive definition of the set S of all pairs of non-negative
integers of the form (a, b):

Basis Step: (0,0) £ S
Recursive Step: if (a,b) €S then(a+4,b+3)ESand(a+3,b+4)ES

Prove by structural induction that for any (a,b) €5, 7| (a+ b)
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Question 4b (5 points). Prove that § is not equal to the set of all pairs (@, &) such that 7 | (a + b)
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Question Sa (15 points). Use a similar approach to Algorithm 5 from the textbook (see below) to design
a worst-case 0 (n) comparisons recursive algorithm that returns true if a list of integers a; ..a,

contains at least one negative number and returns £alse otherwise. The algorithm should be best-
case 0(1). Non-recursive responses will receive no credit.

ALCORITHM 5 A Recursive Linear Search Algorithm.

procedure search(i, j, x: i, j, x integers, | =i < j <n)
ifa,' = x then
return /
clse if { = j then
return 0
clse
return searchi(i + 1, j, x)
{output is the location of x inay. @)..... G, if it appears; otherwise it is 0]

procedure hasNegative(a;, as, w, aa, l;{ integers)
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{ output is true if the list a, ... 3, contains a negative number between Iocation@r‘- . False otherwise. }

Question 5b (5 points). Explain why your algorithm does O(n) comparisons in the worst case:
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Question 6 (20 points). Suppose you begin with a pile of n stones and split this pile into n piles of one
stone each by successively splitting a pile of stones into two smaller piles. Each time you split a pile you
multiply the number of stones in each of the two smaller piles you form, so that if these piles have r and
s stones in them, respectively, you compute the product r - s. Show that no matter how you split the

piles, the sum of the products computed at each step equals:

et Pn): Srpesy = n(n—1)
2
Hint: Use strong induction
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Problem Points
1 20
2 20
3 20
4 120
5 120

TOTAL /100

BONUS 20
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