1. (a) For each of the following functions, determine whether it is O(n?), Q(n?), or both.
You need only check the appropriate box or boxes; you do not need to provide proof or justification.

Note that we are not asking you to provide the “best” O-notation/Q-notation; merely to describe
it with one or both of the choices provided..

a(n) =n(logn)!® @ O(n?) O Q(n?)
/ bn)=n®+nyn BO(n?) ®Qn?)
‘ c(n) = n2d O 0(n? ®Qn?)

(b) Give a closed form for each of the following recurrences:
i. T(n) =4T(n/2) +3 o=l b=z day?d 105,, a = Joy -7
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(c) The KNAPSACK problem has input of n items, each of which has a positive integer weight w; and
a real number value v;. The goal is to select a subset of items whose total weight is at most some
integer W (also part of the input) and whose total value is as large as possible. Which of the
following would be a polynormal runtime for an algorithm that solves KNAPSACK?

e UO nlog W)
- W, O(W logn)
’ ) O(nW)

. O(nmax; w;)

(d) Recall that a heap is commonly represented as an array, and that a string is an array of characters.
Which of the following strings’ array representation is a max-heap, using alphabetical order (z >

i A "/ y > x etc) for comparisons?

A P "% grading 1 h

23 - pinhead

iti. oranges

iv. michael



2. For each of the following questions, decide whether it is true or false by checking the appropriate box.
If it is true, give a short explanation. If it is false, give a short counter-example.
Suppose we have a connected undirected graph G = (V, E) with positive costs ¢, on the edges, and a
distinguished vertex s. The costs may or may not be distinct. We also have T, a minimum spanning
tree of G, and P, a tree of the shortest paths in G from s to all other vertices.
Now suppose we create G’, an exact copy of G’s vertices and edges, but we replace each cost ¢, with

2.
(a) P is still the shortest path tree of G’ from s: True O False [.
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(b) T is still a minimum spanning tree of G': True @ False .
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3. Suppose you have an array A of n integers. You wish to produce a two-dimensional array B that is
n x n, where B[i][j] (for i < j) holds the sum of elements A[i..j] (inclusive). B[i][j], for i > j, is
undefined - you may use those spots in B however you want (or leave garbage/defaults there). Give an
efficient ?lgorithm that will produce array B; for full credit, your algorithm should run in time ©(n?).
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