
MCS Algorithms Midterm 1 Questions Fall 2026

Write your answers in the separate answer booklet.
You have 120 minutes (after you get the answer booklet) to answer four questions.

Please return this question sheet and your cheat sheet with your answers.

1. (a) Solve each of the following recurrences.
• A(n) = A(n/3) + 2A(n/4) + A(n/6) +O(n)

• B(n) = 8B(n/2) +O(n2)

• C(m, n) =

¨

O(1) if m≤ 2 or n≤ 2

C(m/2, n) +O(m + n) otherwise

(b) For each of the following recursive functions, describe an appropriate memoization
structure and evaluation order, and state the running time of the resulting iterative
algorithm.
• Compute Chex(m, n) where

Chex(i, j) =

⎧

⎪

⎨

⎪

⎩

0 if i < 1 or j < 1 or i > 2m or j > 2n

i · j +max

�

Chex(i − 2, j + 1)

Chex(i − 1, j − 1)

�

otherwise

• Compute Irks(1) where

Irks(i) =

¨

i if i > n

max
�

Irks(i + j) + Irks(i + 2 j)
�

� 0< j ≤ n
	

otherwise

2. Recall the pancake sorting problem from class: You are given a stack of n pancakes with
distinct sizes. In a single flip, you can insert a spatula underneath any pancake in the stack,
lift all pancakes above the spatula off the stack, and put those back on top of the stack in
reverse order. Your goal is to sort the pancakes by size, with smaller pancakes on top of
larger pancakes, using as few flips as possible, at least in the worst case.

Flipping the top four pancakes

[Continued on the next page.]
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Describe pancake-sorting algorithms that maintain the following loop invariants for
all k. For each algorithm, state the exact number of flips that algorithm performs in the
worst case (not just a big-O bound).

(a) At the end of the kth iteration, the top k pancakes are the largest k pancakes, in their
final sorted order.

(b) At the end of the kth iteration, the bottom k pancakes are the smallest k pancakes, in
their final sorted order.

3. Suppose you are given two sorted arrays A[1 .. n] and B[1 .. m] of distinct numbers.

(a) Describe and analyze an algorithm that computes, given a single index i, the number
of elements in B that are strictly greater than A[i].

(b) Describe and analyze an algorithm that computes, for every index i, the number of
elements in B that are strictly greater than A[i]. The output of your algorithm is an
n-element array. For full credit, your algorithm should run in O(n +m) time, but (as
usual) slower correct algorithms will receive partial credit.

For example, given the sorted arrays A = [0, 2,3, 6,7, 9] and B = [1, 2,4, 5,7, 8]
as input, your algorithm should return the array [6, 4,4, 2,1, 0].

(c) Now suppose you are given only a single unsorted array C[1 .. n]. An inversion
is a pair of indices (i, j) such that i < j and C[i] > C[ j]. Describe an efficient
divide-and-conquer algorithm to compute the number of inversions in C . [Hint: Use
a solution to part (b) as a black box.]

4. You are planning a long road trip. There are n hotels along your route; you are given a
sorted array Dist[1 .. n], where Dist[i] is the positive distance in miles from the start of the
trip to the ith hotel. These hotels are the only places you are allowed to stop, but you
can choose which hotels you stop at. Your final destination is the final hotel (at distance
Dist[n]), so you must stop there.

Ideally, you would like to travel exactly 350 miles per day, but this may not be possible,
because the hotels are not spaced exactly 350 miles apart. If you travel x miles between
two hotel stops, you must pay a penalty (350− x)4 for that day. (Notice that x could be
either larger or smaller than 350.)

You want to plan your trip so that the sum of all your daily penalties is as small as
possible. For psychological reasons, you must drive directly from each hotel to the next,
and each hotel must be further along the road than the previous hotel, even if driving
backward for a day would decrease your total penalty.

Describe and analyze an algorithm that computes the smallest possible total penalty.
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