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1. Write programs in a language of your choice to implement bubble sort. Keep track of the
amount of time spent during the execution of your program. In addition, keep track of the
number of times (salient) operations are performed.

Generate 1000, · · · , 100, 000 random numbers between 1 and 100, 000 and sort them. Increase
the upper limit if your computer sorts 100, 000 numbers too quickly for you to record time.

Write down the algorithm for the program in pseudo-code. What are the best case, worst
case and average case scenarios for the sorting algorithm? Generate the number sequences to
fit the cases you are testing.

You need to compare how the sorting algorithm works in three scenarios: best case, worst
case, and average case. Clearly label your graphs. Scale appropriately. Use graphing sheets
or a computer graphing tool. Use the ratio test as well as the power test, discussed in the
accompanying handout from Goodrich and Tamassia’s book.

How do your experimental results compare with the theoretical results discussed in class?

You do not need to hand in soft copies of your program. Hard copies, graphs, and written
answers to questions are su!cient. I will ask you to demo if I have doubts about your results.

2. Sum the following series to obtain closed form solutions.

(a) The series
12 + (12 + 22) + (12 + 22 + 32) + (12 + 22 + 32 + 42) + · · ·

to n terms.
(b) The series

4 + 44 + 444 + · · ·

to n terms.
(c) The series

1 + 4x + 12x2 + 32x3 + · · ·

when 0 < x < 1
2 .

3. Show the following by induction:

(a) Show that 52n + 3n! 1 is divisible by 9 for any n " 1.
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(b) Show that n! > 3n for n " 7, n # N .

4. Solve the following recurrence relations using any method you like. Assume that T (n) is a
constant for n $ 2.

(a) T (n) = 2T
!n

2

"
+ n3

(b) T (n) =
%

n T (
%

n) + n

(c) T (n) = 2T
!n

2

"
+ n

logn

5. In cryptography we need to multiply long integers, say ones with 4096 bits in them. Let’s
not consider binary numbers at this time, just decimal integers, but long ones. Write a
straightforward algorithm to multiply two integers, each of size n digits. Write the algorithm.
Analyze it in precise steps for time complexity. Please no short cuts!

Now, write a divide-and-conquer algorithm to perform long integer multiplication. Analyze,
in precise steps, this algorithm for time complexity as well. Is the time complexity better
than that of the original algorithm?

Implement the two algorithms and draw graphs to show how time required for operations
varies with size of the matrices. Compare with theoretical analysis using the ratio and power
tests. I may ask some of you to demo your programs to me.
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