CSC 464 - 01






Assignment 2

Given:  February 7, 2001




Due:  February 16, 2001

Value:  40 points

Objectives:   

· use mathematical induction to prove the solution to a recurrence

· derive a simple recurrence

· understand mergesort and quicksort

Please do the work neatly in pencil using only one side of a page. 

Part 1:  Each of these problems asks you to use mathematical induction to prove a “candidate solution” to a recurrence.  Remember that the “tools” for such proofs are:  the recurrence itself, the inductive step of the proof, and the laws of mathematics.  Please clearly label each of the three parts of the proof and state the reason for each step of the equation in part c of each proof.

1. Consider the recursive algorithm Hanoi developed in class.  Let tn = the number of times Hanoi moves a disk when solving the problem for n disks.  The recurrence is:

t1  =  1


if n = 1

tn  =  2tn-1  +  1
if n > 1


This recurrence has solution:

tn  =  2n  -  1

for n ( 1


Use mathematical induction to prove this solution holds for all n ( 1

2. Given the recurrence:

t1  =  3


if n = 1

tn  =  4tn-1

if n > 1


the candidate solution is:

tn  =  3(4n-1)

for n ( 1


Use mathematical induction to prove this solution holds for all n ( 1

3. Given the recurrence:

t1  =  2


if n = 1

tn  =  tn-1   +  5

if n > 1


the candidate solution is:

tn  = 5n  -  3


Use mathematical induction to prove this solution holds for all n ( 1

4. Given the recurrence:

t1  =  1


if n = 1

tn  =  tn-1   +  n

if n > 1


the candidate solution is:

tn  = n(n  +  1)/2


Use mathematical induction to prove this solution holds for all n ( 1

   5.
Write a recurrence equation for the nth term of the sequence  2, 6, 18, 54, …, and then use induction to verify the candidate solution:
 tn  =  2(3n-1)

(1 –4 are worth 4 points each; 5 is worth 6)

Part 2:  In class we examined the initial recursive calls to mergesort for the array of Figure 2.2, page 53.  We numbered the calls to mergesort.  Your task here is to imitate Figure 2.2 for the array:
123   34   189   56   150   12   9   240


showing all divisions and merges and numbering each call to mergesort to the left of the array for which it is called.

(4 points)

Part 3:  Use Wirth's version of quicksort to trace all calls to quicksort, in order of execution, for the same array as above:  123   34   189   56   150   12   9   240.  

a. For each call:

b. trace:  low, high, pivotIndex, i, j

c. show exchanges

d. re-write the array with its values at the end of the call

(14 points)

Extra Credit:  Suppose we need to compute an for some reasonably large non-negative integer n; e.g., as in primality testing for cryptography.  The simplest iterative algorithm (as in raising to a power using a for loop) performs n – 1 multiplications and so is O(n).

A recursive, divide and conquer algorithm can do the job with O(log2 n) multiplications.  You task here is to develop such an algorithm and then code it as a C++ function.  Use the driver program   power_test.cpp  in the class directory on the f: drive in
          \Data\Turk\csc464
Hand in a hard copy with your name at the bottom of the program comment section and a disk with the source file at the root.

(5 points extra)

You may NOT consult the instructor for help with this extra credit problem.

