CS 498 MCS Algorithms < Fall 2026
» Homework 2 &

Due Tuesday, September 15, 2026 at 9pm Central Time

* Submit your solutions electronically on Gradescope as PDF files.

— Submit a separate PDF file for each numbered problem.

- You can find a EIX solution template on the course web site, which we encourage
you to use to typeset your homework.

- If you plan to submit scanned handwritten solutions, please use dark ink (not pencil)
on white unlined paper (not notebook or graph paper), and use a scanner or a
scanning app to create a high-quality PDF for submission (not a raw photo). We
reserve the right to reject submissions that are difficult to read.

— If you plan to use a tablet and a note-taking app, please make sure your submitted
PDF is broken into standard US-letter sized pages (not a long scroll).
* For each numbered problem, your solution must include three explicit declarations.
— Sources: Every source you consulted, either paper or electronic, excluding the official
course materials. (If you did not consult any external sources, write “None.”)

— Collaborators: Every person you worked with, excluding the instructors and the
homework group listed on the first page of your soultion. (If you did not work with
any other people, write “None.”)

— Al use: An explicit list of every Al tool that you used, and exactly how you used it. (If
you did not use any Al tools, write “None.”)

Solutions without all three declarations will not be graded.

See the course web site for more information.

If you have any questions about these policies,
please don’t hesitate to ask in lecture, in office hours, or online.
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1. Suppose you are given an array A[1..n] of integers such that A[i]+ A[i + 1] is even for
exactly one index i. In other words, the elements of A alternate between even and odd,
except for exactly one adjacent pair that are either both even or both odd.

Describe and analyze an efficient algorithm to find the unique index i such that
A[i]+A[i + 1] is even. For example, given the following array as input, your algorithm
should return the integer 6, because A[6] + A[7] = 88 + 62 is even. (Cells containing even
integers are shaded blue.)

17:40:23:72:39:88:62 13:40:53:92:21 1073 68

2. You have been hired by NASA to monitor an autonomous robot that is exploring a large
square area of the moon. The area is split into an n x n grid of smaller squares. The robot
starts in the upper left square, and then repeatedly moves from its current square to a
neighboring grid square. The robot’s program prevents it from leaving the grid, or visiting
the same square more than once. Unfortunately, the robot started moving before your
position at NASA started, and nobody knows where the robot is. Your first task is to locate
the robot!

You have access to a powerful telescope that lets you examine exactly one square in the
grid. If the examined square contains the robot, your task will be complete. Otherwise,
you can immediately see whether the robot visited that square; if the robot has visited
that square, its tire tracks will tell you the direction of the square it visited next. Using
the telescope is expensive and time-consuming, so you'd like to examine as few squares as
possible.

More formally, assume you have a function ExamINE(i, j) that reports the status of the
square in two i and column j using one of the values HERE, Up, DowN, LEFT, RIGHT, or
NEVER. For example, if the robot followed the grid path shown below, ExamINE(3, 4) returns
Up (the blue square); ExaMINE(3, 7) returns NEVER (the red square); and ExaMINE(7, 5)
returns HERE.
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Describe an efficient algorithm to find the robot, and analyze the number of grid squares
your algorithm ExamINEs in the worst case. [Hint: A brute-force algorithm can locate the
robot by Examining all n? squares, but you can do better than that!]
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*3. In class on Tuesday, we developed an algorithm to compute the median of the union of
two sorted arrays size n in O(logn) time.

But now suppose we are given three sorted arrays A[1..n], B[1..n], and C[1..n].
Describe and analyze an algorithm to compute the median of AUB U C in O(logn) time.
You can assume the arrays contain 3n distinct integers.

Some of you may find it easier to think about the more general Selection problem that
seeks to find the element a given rank k.

Additional practice problems (not for submission)

Feel free to ask us about these problems after class, in office hours, or on Ed Discussion!

4. Suppose you are given two unsorted arrays A[1..n] and B[1..n] containing 2n distinct
integers, such that A[1] < B[1] and A[n] > B[n]. Describe and analyze an efficient
algorithm to compute an index i such that A[i] < B[i] and A[i +1] > B[i+1]. [Hint: Why
does such an index i always exist?]

5. Suppose we are given an array A[1..n] of n distinct integers, which could be positive,
negative, or zero, sorted in increasing order so that A[1] < A[2] < --- < A[n].

(@) Describe a fast algorithm that either computes an index i such that A[i] =i or
correctly reports that no such index exists.

(b) Suppose we know in advance that A[1] > 0. Describe an even faster algorithm that
either computes an index i such that A[i] =i or correctly reports that no such index
exists. [Hint: This is really easy.]

6. Suppose you are given a sorted array A[1..n] of distinct numbers that has been rotated k
steps, for some unknown integer k between 1 and n—1. That is, the prefix A[1.. k] is sorted
in increasing order, the suffix A[k + 1..n] is sorted in increasing order, and A[n] < A[1].
For example, you might be given the following 16-element array (where k = 10):

9:13:16:18 19:23:28:31:37 42|—4:0:2 5 :7 8

Describe and analyze an efficient algorithm to determine if the given array contains a
given number x. The input to your algorithm is the array A[1..n] and the number x; your
algorithm is not given the integer k.

7. Prince Hutterdink and Princess Bumpercup are celebrating their recent marriage by inviting
all the dukes and duchesses in the kingdom to sample the castle’s celebrated wine cellars.
Just before the drinking begins, the happy couple learns that exactly one of their n bottles
of wine has been laced with iocaine powder, one of the deadliest poisons known to man.

Hutterdink and Bumpercup employ an army of Royal Tasters, who have built up an
immunity to iocaine powder. To test a set S of wine bottles, a Taster mixes one drop of
wine from each bottle in S and consumes the resulting mixture. If the mixture contains any
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iocaine, the Taster will become extremely ill, or as the Royal Miracle Workers optimistically
put it, only mostly dead. (Anyone else who consumes iocaine quickly becomes all dead.)

Each Taster must be paid 1000 guilders for each test they perform, so Hutterdink and
Bumpercup want to use as few tests as possible. Fortunately, they have an unlimited supply
of Tasters.

(@) Describe an algorithm to find the poisoned bottle using at most O(logn) tests. (This
is best possible in the worst case.)

(b) Now suppose two of the n bottles have been poisoned. Describe an algorithm to
identify both poisoned bottles, using as few tests as possible in the worst case.

(c) Finally, suppose the poisoners try to evade the Royal Tasters by reducing the amount
of iocaine in each poisoned bottle. Now when a Taster tests a set S of wine bottles,
they become mostly dead if and only if both poisoned bottles are in S. Describe an
algorithm to find both poisoned bottles using as few tests as possible in the worst case.

Standard recursive algorithm rubric. 10 points=

e 3foraclearand correct English description of the problem that your recursive algorithm solves.

— Thisisunnecessary if (and only if) a precise description is already given to you. But if your
algorithm solves a more general problem, you need to describe that more general problem.
Similarly, if your algorithm requires assumptions or conditions that were unstated in the
given problem statement, you must describe those assumptions or conditions.

— An English explanation of the algorithm is not enough. We want a description of what your
algorithm computes, not (here) an explanation of how it works.

¢ 1 for base case(s)

e 2 for correctly identifying/computing recursive subproblems (“divide”)
2 for correctly using the results of recursive calls (“conquer”)

» 2 fortime analysis = 1 for correct recurrence + 1 for closed-form solution

This rubric applies to both divide-and-conquer and backtracking algorithms.




