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CMSC 451: Midterm #1

Solve each of the following problems. There are 95 total points. You may use your graded, corrected
homeworks for reference, but you may use no other notes or books. If you need additional space, use
the back of the exam pages. If you need still more space, use the blank paper provided. Good luck!

Problem 1. (20 points) At the start of the semester you are given n homework assignments {a1, . . . , an}.
You can do the assignments in any order, but you must turn in 1 assignment per week over the n weeks of
the semester. Assignment ai has a di�culty di (assume the di�culty values are distinct). If you turn in ai

on week j, you get di ⇥ (n� j) points. For example, the following picture illustrates the points you get for
doing assignment ai on week j:

di(n-j)

ai

jWeek j+1 n

di

A greedy algorithm to maximize the number of points you get is:

Algorithm. Do the assignments in order of decreasing di�culty di.

Use the exchange argument to prove the above algorithm finds the order of the assignments
that maximizes your points. You can use pictures for key steps of the argument.
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Carl Kingsford
• This midterm covers different material than we covered, so your midterm will look different.
• This midterm was designed to take 80 minutes, not 50 minutes.
• The background and strength of the students in the class was taken into account when designing the midterm. The same will be true this semester.

• This midterm allowed students to use their homeworks during the exam. This will NOT be the case for your midterm.

Carl Kingsford
Although we did not cover the material necessary to answer this question, it provides an example of what a question might look like: the algorithm is given, all that is asked for is an argument that the algorithm is correct. The general approach for the proof is also given as part of the question.



Problem 2. (25 points) Short answer (no need for proofs).

i. Recall the “scheduling to minimize lateness” problem: Given n jobs specified by their length ti and
deadlines di, what is the greedy algorithm to schedule them to minimize the maximum lateness?

ii. Let G be an undirected graph with positive, distinct weights we on each edge e. Suppose you can only
ask about the weights on two di↵erent paths Puv and Quv from vertex u to vertex v. Give a rule you
can use to eliminate at least 1 edge in G from the MST.

iii. Suppose you are trying to compute a stable marriage between a set of men and women. How can you
ensure that the women are as happy as possible?

iv. If a connected graph G = (V,E) contains no cycles, how many edges does it have? (Or can you not be
sure?)

v. Suppose {x, y} is an edge in an undirected graph G. Can x and y have the same parent in a DFS tree
of G? Briefly, why or why not?
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Carl Kingsford
Your midterm will include a question like the following that has several short answer questions.



Problem 3. (10 points) A clique of a graph G is a set C vertices of G such that every pair of distinct
vertices in C have an edge between them. The Maximum Clique problem is to find a clique with the largest
number of vertices.

(a) Give a hereditary subset system (E;S) that models the Maximum Clique problem.

(b) Give an example that shows the hereditary subset system in (a) does not satisfy the augmentation
property, and explain why.
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Problem 4. (20 points) You are given an array of positive and negative integers x[1], x[2], . . . , x[n]. Give
an O(n log n) divide-and-conquer algorithm to find the contiguous subsequence with the largest
sum. Briefly explain why your algorithm is correct.
For example, if the array was:

-10 50 60 -150 20 80 -10 -5 100 -5

1 2 3 4 5 6 7 8 9 10

x =

then the brace above indicates the contiguous subsequence with the largest sum. You must use a divide
and conquer strategy to get full credit.

Hint: Divide the array in half, and consider the possible cases that can occur.
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Problem 5. (20 points) You are given a sequence of words w1, w2, . . . , wn that you want to wrap in a nice
paragraph, breaking lines between words. Every pair of words placed on the same line should be separated
by exactly 1 space. The length of word wi is length(wi). Each line has space for M characters. The badness
of a line is given by a function badness(x), where x is the number of spaces left at the end of a line, and the
badness of a paragraph is the sum of the badnesses of the lines. (You can assume badness(x) � 0 for all x.)
For example:

         1         2         3
1234567890123456789012345678901234
----------------------------------
Further, the dignity of the-------
science itself seems to require---
that every possible means be------
explored for the solution of a----
problem so elegant and so---------
celebrated.-----------------------

7
3
6
4
9
23

would have badness = badness(7) + badness(3) + badness(6) + badness(4) + badness(9) + badness(23).

(a) Give a dynamic programming recurrence relation (including base case) to find a wrapping of the
words with minimum badness.

(b) State the running time of a DP algorithm based on your recurrence.
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