COP 3503H 

Final Exam Solutions

Fall 2008

December 8, 2008

Lecturer: Arup Guha

Grade : _____ / 125
1) (10 pts) Place the following 10 functions in increasing order by growth rate. (Note: Assume all logarithms have the base 2.)
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(Solution)
Grading: 1 pt each slot, OR subtract 1 point for each item out of order. The latter is going give a better grade in most cases.

2) (5 pts) What is the most likely theta run-time in terms of n, the input size, of an algorithm that has been measured with the following run-times:

	n (input size)
	T(n) (ms.)
	T(n)/
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Although they are not exact, each of the values in the last column above are very close together. Thus, the most likely theta run-time of this algorithm is 
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Grading: 3 points for the answer (all or nothing), 2 points for the work/justification.
3) (6 pts) For any array A, define MaxAve(A) to be the maximum value of the average of the values A[0], A[1], A[2], … , A[k] for all values of k, with 0 ≤ k < n, where n is the length of the array A. For example, if A was of length 3 and contained 2, 12 and 4, then MaxAve(A) = 7 because the average of 2 and 12 is 7, which is larger than the average of 2, or the average of 2, 12 and 4 together. Determine the MaxAve(B), B is below:
	index
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	B[index]
	2
	7
	5
	3
	8
	4
	4
	11
	5
	6
	4
	6
	8
	6


We can adapt the MCSS algorithm and simply keep a running sum and divide each running sum by the appropriate value to get the average for that set of values. Here's a table showing the work (Note: averages are rounded to one decimal):
	index
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	B[index]
	2
	7
	5
	3
	8
	4
	8
	11
	5
	6
	4
	6
	8
	6

	Sum
	2
	9
	14
	17
	25
	29
	37
	48
	53
	59
	63
	69
	77
	83

	Avg.
	2
	4.5
	4.7
	4.2
	5
	4.8
	5.3
	6
	5.8
	5.9
	5.7
	5.8
	5.9
	5.9


 Max Average = 6, the average of 2, 7, 5, 3, 8, 4, 8, and 11.
Grading: Full credit for 6, 4 points (5 to 6), 2 points (4 – 5), 0 points otherwise
4) (10 pts) Determine the value of the following sums. Place a box around your final answer.

a) (5 pts) 
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Grading: 2 points for setting it up, 2 points for simplifying, 1 point for the answer.
b) (5 pts)
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Grading: 2 points for setting it up, 2 points for simplifying, 1 point for the answer.
5) (5 pts) The heap A has n items in it while the heap B has n3 items in it. If both heaps are implemented efficiently, and it takes 5 milliseconds to remove the minimum value from heap A, how many milliseconds would you expect it to take to remove the minimum value from heap B?
The number of operations needed on heap A is roughly lg n. The number of operations needed on heap B is roughly lg n3 which is equal to 3lg n. Thus, we expect the amount of time it would take to remove an element from heap B is 3*5ms = 15 ms.
Grading: 5 pts for 15, 4 pts for (10-20ms but not 15), 3 pts for (20-40), 2 pts (40-100)
 
    1 pt (100-200), 0 pts otherwise
6) (5 pts) What is the result of removing 5 from the AVL tree below?
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Grading: 1 pt each for 20, 25 and 30. 1/2 pt for the other 4.
7) (7 pts) Consider implementing a hash table of size 13 that stores integers with the hash function f(x) = (4x + 5) mod 13 using the quadratic probing strategy. Place the following values in the hash table in the following order: 3, 6, 7, 19, and 32.
	index
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	value
	
	
	
	6
	3
	
	32
	7
	
	
	
	
	19


Grading: 1 point for 3, 6 and 7. 2 points for 19 and 32.
8) (6 pts) Show the results of each iteration of a radix sort of the following numbers:

	Initial List
	First Pass
	Second Pass
	Third Pass
	Sorted List

	8137
	2281
	3327
	8137
	1895

	2165
	1974
	8137
	2165
	1974

	3327
	5194
	2165
	5194
	2165

	1974
	2165
	3665
	2281
	2281

	3665
	3665
	1974
	3327
	3327

	2281
	1895
	2281
	3665
	3665

	1895
	8137
	5194
	1895
	5194

	5194
	3327
	1895
	1974
	8137


Grading: 2 pts for each column, 1 pt off if there are mistakes in a column and 2 pts off if there are more than 3 mistakes in a column

9) (5 pts) What is the minimum number of comparisons necessary to sort 14 values, using a comparison sort? Utilize the following information in your solution: 14! ~ 8.72x1010, log28.72 ~ 3.12, and log210 ~ 3.32. You will only get full credit if you utilize the information given and arrive at the correct answer.
Let k equal the minimum number of comparisons. Then we have that k is the smallest integer that satisfies the following equation:

[image: image31.wmf]!

14

log

2

>

k




(1 pt)

[image: image32.wmf])

10

72

.

8

(

log

10

2

x

k

>



(1 pt)

[image: image33.wmf]10

log

10

72

.

8

log

2

2

+

>

k


(1 pt)
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(1 pt)
Thus, the minimum number of comparisons necessary is 37.
10) (5 pts)  In the iterative permutation algorithm shown in class, what permutation of the values 1, 2, 3, 4, 5, 6, 7, 8, 9 comes after the permutation 3, 7, 9, 2, 8, 6, 5, 4, 1?

3, 7, 9, 4, 1, 2, 5, 6, 8 (1 pt for fixing 3, 7 and 9, 1 pt for getting 4, 3 pts for putting the rest in increasing order.)
11) (10 pts) Perform a Topological sort on the items 1, 2, …, 10, going through the algorithm given the constraints below. Make sure to run the Depth First Search on item 1, then item 2, then item 3, etc. In each Depth First Search, if there is ever more than one possible node to visit, visit the node with the minimum value. Using these rules, there is exactly one correct answer. You will ONLY be graded upon your answer for this question. Constraints of the form (x,y) mean that item x must be completed BEFORE item y.
Here are the constraints: 
(1, 5), (3, 7), (3, 8), (6, 10), (7, 1), (7, 4), (7, 6), (8, 2), 





(8, 5), (9, 4), and (9, 6)

1, 5 is obtained from the DFS on 1.
2 is obtained from the DFS on 2.

3, 8, 7, 6, 10, 4 is obtained on the DFS from 3. We first searched 3->7, then 3->8.

9 is obtained from the DFS on 9.
Answer: 9, 3, 8, 7, 6, 10, 4, 2, 1, 5 (Grading: 1 pt each slot, no exceptions!)
12) (12 pts)  Run Dijkstra's Algorithm to find the shortest distances in the graph H described below from vertex A to all other vertices.
H contains vertices A, B, C, D, E, F, and G.

H contains the following edges with the following weights:

AB 3

BC 8

DE 10

EG 4

AC 15

BD 13

DF 6

FE 2

AG 40

CD 4

DG 20

Fill in the chart below as shown in class to receive full credit:

	Add to Set
	A
	B
	C
	D
	E
	F
	G

	A
	0
	3
	15
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	40

	B
	0
	3
	11
	16
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	40

	C
	0
	3
	11
	15
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	40

	D
	0
	3
	11
	15
	25
	21
	35

	F
	0
	3
	11
	15
	23
	21
	35

	E
	0
	3
	11
	15
	23
	21
	27


(Grading: 1 pt for each "change", 1 pt for each final value, 2 pts for vertices added)
Note: Each row stores the estimates at that point in the algorithm from A to each of the vertices in the graph.
13) (10 pts) Determine a valid Huffman coding for a file with the following letter frequencies. Show all of your work.
	Letter
	Frequency

	A
	13

	B
	5

	C
	27

	D
	32

	E
	18

	F
	30

	G
	7

	H
	15


	Letter
	Huffman Code

	A
	0011

	B
	00100

	C
	000

	D
	11

	E
	011

	F
	10

	G
	00101

	H
	010


Here is one valid Huffman Tree:
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The Huffman codes associated with this tree are listed above, using the convention of 0 to the left, and 1 to the right.
(Grading: 1 point for each code, 2 floating points for any random mistakes)
14) (12 pts) Determine the length of the longest common subsequence and a common subsequence of that length of the two following strings: AGACTTAGATCA and TCGAGTGCCTACA. To get full credit, you must fill in the grid below:
	
	T
	C
	G
	A
	G
	T
	G
	C
	C
	T
	A
	C
	A

	A
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	G
	0
	0
	1
	1
	2
	2
	2
	2
	2
	2
	2
	2
	2

	A
	0
	0
	1
	2
	2
	2
	2
	2
	2
	2
	3
	3
	3

	C
	0
	1
	1
	2
	2
	2
	2
	3
	3
	3
	3
	4
	4

	T
	1
	1
	1
	2
	2
	3
	3
	3
	3
	4
	4
	4
	4

	T
	1
	1
	1
	2
	2
	3
	3
	3
	3
	4
	4
	4
	4

	A
	1
	1
	1
	2
	2
	3
	3
	3
	3
	4
	5
	5
	5

	G
	1
	1
	2
	2
	3
	3
	4
	4
	4
	4
	5
	5
	5

	A
	1
	1
	2
	3
	3
	3
	4
	4
	4
	4
	5
	5
	5

	T
	1
	1
	2
	3
	3
	4
	4
	4
	4
	5
	5
	5
	5

	C
	1
	2
	2
	3
	3
	4
	4
	5
	5
	5
	5
	6
	6

	A
	1
	2
	2
	3
	3
	4
	4
	5
	5
	5
	6
	6
	7


There are several common subsequences of length 7 of the two given strings. To determine any of these, trace back the algorithm from the bottom right corner. Any time you get a matching letter, move up the diagonal. When you don't move either up or left, depending on which number is the same. As you move, write down the letters in the common subsequence from back to front. Following the steps in blue above yields the longest common subsequence GATTACA. (Yes, this is the title of a movie starring Ethan Hawke.)
Grading: 1 pt for each row, subtract a whole number of points
15) (15 pts) Determine the minimum number of multiplications to calculate the matrix product ABCDE, when A, B, C, D and E have the following dimensions:

A: 2x4, B: 4x5, C: 5x1, D: 1x4, E: 4x3

To get full credit, you must fill in the grid below as shown in class:

	
	A
	B
	C
	D
	E

	A
	0
	40
	28
	36
	46

	B
	X
	0
	20
	36
	44

	C
	X
	X
	0
	20
	27

	D
	X
	X
	X
	0
	12

	E
	X
	X
	X
	X
	0


Also, give the parenthesization of ABCDE that yields this minimum number of multiplications.
The cases for multiplying two matrices are directly written above. 

Here's the work for the remaining sub cases:

(AB)C = 40 + 0 + 2x5x1 = 50


(BC)D = 20 + 0 + 4x1x4 = 36

A(BC) = 0 + 20 + 2x4x1 = 28***


B(CD) = 0 + 20 + 4x5x4 = 100
(CD)E = 20 + 0 + 5x4x3 = 80

C(DE) = 0 + 12 + 5x1x3 = 27
A(BCD) = 0 + 36 + 2x4x4 = 68

B(CDE) = 0 + 27 + 4x5x3 = 87

(AB)(CD) = 40 + 20 + 2x5x4 = 100

(BC)(DE) = 20 + 12 + 4x1x3 = 44

(ABC)D = 28 + 0 + 2x1x4 = 36

(BCD)E = 36 + 0 + 4x4x3 = 84

A(BCDE) = 0 + 44 + 2x4x3 = 68

(AB)(CDE) = 40 + 27 + 2x5x3 = 97

(ABC)(DE) = 28 + 12 + 2x1x3 = 46***
(ABCD)E = 36 + 0 + 2x4x3 = 60
The minimum number of multiplications necessary is 46 and the matrix product that uses this many multiplications is ((A(BC))(DE)). We can ascertain this by looking at the starred(***) work above.

Grading: 40, 20, 20, 12: all 1/2 pt, ABC, BCD, CDE work: 2 pts each

     ABCD, BCDE: 2 pts each, Final answer: 3 pt

16) (2 pts) In what state did Alan Eustace, University of Central Florida graduate, Google VP and UCF programming team donor, attend college? Florida
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_1239006096.unknown
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