Algorithms
Problem Set 1
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Gabriel Robins
Please make all algorithms as efficient as you can, and state their time and space complexities.
1-34. Solve the following problems from the [Cormen, Third Edition, 2009] algorithms textbook:
p. 14-15:
p. 29:
p. 39:
p. 52-53:
p. 60:
p. 61-63:
p. 75:
p. 82-83:
p. 87-88:
p. 96:
p. 107-110:
p. 117:
p. 122:
p. 128-129:
p. 142:

1-1
2.2-4
2.3-7
3.1-1, 3.1-2, 3.1-3, 3.1-4, 3.1-7
3.2-3, 3.2-4, 3.2-5, 3.2-6, 3.2-7, 3.2-8
3-2, 3-3, 3-4, 3-6
4.1-5
4.2-3, 4.2-5, 4.2-7
4.3-6, 4.3-9
4.5-1
4-1, 4-3, 4-5,
5.1-2, 5.1-3
5.2-4, 5.2-5
5.3-3
5.4-6

35.

What is the minimum number of N-sorter circuits (i.e., an N-input, N-output device where the
outputs are the sorted permutation of the inputs) needed to construct a (2N)-sorter?

36.

Give a sub-linear algorithm for finding the median among all the elements in two given (equalsized) sorted arrays?

37.

What is the minimum (exact) number of multiplications and additions needed to evaluate an
arbitrary N-degree, one-variable polynomial with integer coefficients?

38.

Give a linear-time algorithm that for a sequence of N integers, finds the contiguous subsequence
with the largest possible sum.

39.

Give an O(N log K)-time algorithm to merge K given sorted lists into a single sorted list, where
N is the total number of items in all the lists.

40.

Consider the following code for randomly permuting an array A of size N:
For i = 1 to N Do Swap(A[i], A[Random(1,N)])
where Random(i,j) returns a random integer uniformly distributed in the range i through j, inclusive.
a)
b)

Prove that in general, not all permutations are equally probable here.
Give an alternate random permuter without this flaw.

41.

Give a linear-time (and linear-space) algorithm to sort the ratios of N given pairs of integers
between 1 and N. I.e., we need to sort within O(N) time N pairs of the form (ai,bi) where 1≤ai≤N
and 1≤bi≤N using the sort key ai/bi.

42.

Write a program that when executed, prints out exactly itself and stops. No run-time input
whatsoever is allowed to be used by the program (i.e., the program may not read the keyboard, a
file, RAM, pipes, etc.) You may use any programming language you wish. Note that the program
must print itself out exactly, right down to the last punctuation mark, tab, and carriage return.
(Your solution should not be a blank program.) Name some applications of this idea.

.

