COT 5405 Homework Assignments

Assignment #1 (Due: 8/28/03)

1) Prove the following formula for all positive integers n and non-negative integers k:
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Assignment #2 (Due: 9/2/03)
1) For all positive integers n, show:
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Assignment #3 (Due: 9/4/03)
1) Given that X and Y are independent discrete random variables, prove that 

E(XY) = E(X)E(Y).

2) Give an example of dependent discrete random variables X and Y where




E(XY) ( E(X)E(Y)

Assignment #4 (Due: 9/9/03)
1) You flip a fair coin 50 times. What is the probability of getting an even number of heads? (You will only get full-credit for an answer without a summation, but will get partial credit for an answer with a summation.)

2) Consider the following algorithm that generates a random permutation of integers:

   1) Initialize an array perm of size n with all 0s.

   2) Initialize a counter to 0.

   3) Generate a random integer in between 1 and n, inclusive.

   4) If this random integer is not stored in the array, set perm[count] equal to it.

       If it is in the array, go back to step 3.

   5) Increment count.

   6) If count is less than n, go back to step 3.

   What is the expected number of times for step three to run during this algorithm? Your 

    answer will be a sum.Give an approximate value for this sum in terms of n.

Assignment #5 (Due: 9/11/03)
1) Design a standard Turing Machine that accepts an input (from an input alphabet of 0s and 1s) that contains an equal number of 0s and 1s and rejects all other inputs. Assume that the end of the input is designated by a blank character. Keep in mind that your tape alphabet may have extra characters not included in the input alphabet.

EC) Solve question #1 from the previous assignment if you use a coin that has a probability of 2/3 of landing on heads on a single coin toss.

Assignment #6 (Due:9/16/03)

1) Does a Turing Machine exactly with the same parameters as a Standard Turing Machine except for a transition function: Qx( ( Qx(x{2L,R} have the equivalent computing power as a Standard Turning Machine? (Note that 2L means that the read/write head always moves exactly 2 spaces to the left when it moves left.) If so, prove the equivalence between the two computing models. If not, show a language that one of the machines can accept that the other can  not.

Assignment #7 (Due:10/9/03)

1) We showed a greedy algorithm for making change using the minimum number of coins possible in class. This algorithm works for the denominations of U.S. coins. However, this algorithm would not work for all possible denominations of coins. Prove this by coming up with a single problem instance of a set of coins and a number of cents for which to make change where the greedy algorithm does not arrive at the optimal answer.

2) In class we proved that a greedy algorithm for scheduling a single room with the goal of maximizing the number of events in the room always works. However, a greedy algorithm does not work if we are attempting to maximize the amount of time the room is in use. More formally, give a set of requests R1, R2, .. Rn, where Ri is the ordered pair (tiinitial ,  tifinal ), find a subset S of the set {R1, R2, .. Rn} such that ,  tifinal  ( tjinitial , or   tjfinal  ( tiinitial , for all distinct values of i and j where Ri ( S and Rj ( S.

One might try to come up with one of the following three greedy algorithms to solve this adjusted problem:

a) Look at all requests and schedule the one that starts first. After that finishes, take a look at the requests that are still valid (haven't started yet), and pick the one of those that starts first. Continue until there are no more possible events to schedule.

b) First schedule the longest event. Once you've blocked out that time, look at the remaining non-conflicting events and schedule the longest one of those. Continue this until there are no remaining non-conflicting events.

c) Use the same greedy strategy that solves the problem shown in class: Namely: always pick the event that ends first and schedule it. To schedule the next event, pick the one that ends first of the valid ones left. Continue until there are no more possible events to schedule.

Show that all three of these greedy algorithms do not work by coming up with three instances of sets of requests for a single room for which each algorithm fails to maximize the amount of time the room is used.

Assignment #8 (Due:10/14/03)
1) The matrix below stores the adjacency matrix representation of a graph g. (Inf denotes the lack of an edge between vertices.) Use Dijkstra's algorithm to find the shortest paths from vertex A to all other vertices in the graph. Please fill in the matrix given to you below to execute the algorithm. The last row you fill in should contain all of the shortest path lengths. (Note: The first and last rows of the chart are omitted since they are mostly "trivial" steps.

	
	A
	B
	C
	D
	E
	F
	G
	H

	A
	0
	7
	inf
	inf
	5
	inf
	2
	inf

	B
	2
	0
	10
	2
	inf
	3
	inf 
	6

	C
	inf
	12
	0
	1
	11
	4
	9
	2

	D
	inf
	inf
	4
	0
	1
	4
	7
	2

	E
	5
	1
	8
	inf
	0
	5
	2
	6

	F
	inf
	7
	6
	4
	inf
	0
	9
	3

	G
	8
	10 
	15
	7
	11
	9
	0
	inf

	H
	inf
	5
	1
	4
	8
	3
	6
	0
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2) Do problem 6.22 in the text. (It's on page 217.) (Note: if you don't have a book, either borrow it from someone in the class, or come to my office and I'll photocopy the problem for you.)

Assignment #9 (Due:10/23/03)

1) Prove that the average-case running time of the Quick-Select algorithm running on n items is O(n).

Assignment #10 (Due: 10/28/03)

1) Determine the number of ways to make change for 27 cents assuming that the denominations of coins available to you are 2 cents, 5 cents, 8 cents, 13 cents and 20 cents. Use the algorithm shown in class. If you choose to code this up, make sure you provide a printout of your code and a printout of the table it produces.

2) You have won a shopping spree Each item has a weight and you can either take the whole item, or not take it at all. Your weight limit for your shopping spree is 100 lbs. Given the list of items below, what is the maximal value of the shopping spree?

#
Item

Weight 
Total Value

1
Clock

40

$120

2
Lawn Mower
50

$145

3
Pottery

30

$80

4
Golf Clubs
20

$100

5
CD Player
10

$55

Note: Since each item's weight is a multiple of 10 lbs. for the purposes of the algorithm, trace through it by dividing each weight through by 10 and using an accordingly adjusted target. Fill in the matrix below, showing each update to the array B:

	Item
	B[0]
	B[1]
	B[2]
	B[3]
	B[4]
	B[5]
	B[6]
	B[7]
	B[8]
	B[9]
	B[10]
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