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CSSE 221 – Introduction to Software Development Honors
Exam #2
Fall term, 2009-2010
Instructions:
· Write all answers directly on this test.  Use the back as needed.
· This exam is open-everything, including but not limited to your computer, the Internet, the course web site, Angel, and your textbook(s). BUT: 
· You may NOT discuss the problems in this exam with anyone except your instructor until Thursday, November 12, in class (when you turn this in).
· Time limit:  3 hours for written problems and on-the-computer combined.
1.  [3 points]  According to the formal definition, f(n) is O(g(n)) if and only if:


2.  [5 points]  Applying what you just wrote,
the time required by algorithm foo on an input of size n is O(n log2n) if and only if:


3.  [2 points]  What is the most appropriate big-Oh expression for the run-time of the following code fragment:

int sum = 0;

for (int k = 0; k < n * n * n; ++k) {
    sum += Math.cos(k);
}

for (int k = 0; k < n; ++k) {
    sum += Math.sin(k);
}



Your answer: _____________________________
4. [5 points]  What is the most appropriate big-Oh expression for the run-time of the following code fragment:

int sum = 0;

for (int k = 0; k < Math.sqrt(n); ++k) {
    sum += Math.cos(k);
}

for (int k = 0; k < Math.log10(n); ++k) {
    sum += Math.sin(k);
}

Hint:  This problem is the same as the previous one, but the loops go the indicated number of times instead of n times.  This and the previous problem should have DIFFERENT answers.

Your answer: _____________________________
5.  [5 points]  What is the most appropriate big-Oh expression for the run-time of the following code fragment:

int sum = 0;

for (int k = 0; k < n * n * n; ++k) {
    sum += Math.cos(k);
    
    for (int j = 0; j < n * n * Math.log10(n); ++j) {
        sum += j * k;
    }
}



Your answer: _____________________________


6. [5 points]  What is the most appropriate big-Oh expression for the run-time of the following code fragment:

int sum = 0;

for (int k = 0; k < n * n * n; ++k) {
    sum += Math.cos(k);
    
    for (int j = 0; j < k; ++j) {
        sum += j * k;
    }
}

Hint:  the novel part of this problem is that the interior loop goes k times, not n times.

Your answer: _____________________________


The next several problems discuss different algorithms for the FIND-3rd-SMALLEST problem:  Given an unsorted array of  n  numbers, find the 3rd smallest number in the array.

7. [3 points]  What is the size of the input, for the FIND-3rd-SMALLEST problem?  (That is:  Your big-Oh analysis is going to be in terms of some variable.  What is that variable and what does it stand for?)

____________________________________________________________


8. [5 points:  1-2-1-1]  Consider this Algorithm 1:
· Step 1:  Sort the array from smallest to largest, using insertion-sort.
· Step 2:  Return the element in the array at index 2.
· Note:  the element at index 2 is the 3rd-smallest, because the array numbering is 0-based.
a. What is a worst-case problem instance for Algorithm 1? ______________________________
b. What is the most appropriate big-Oh expression for the run-time of Algorithm 1 on a worst-case input?  Explain your answer in a few words.

O(___________)    Explanation: _________________________________________________

c. What is a best-case problem instance for Algorithm 1? _______________________________
d. What is the most appropriate big-Oh expression for the run-time of Algorithm 1 on a best-case input?  Explain your answer in a few words.

O(___________)    Explanation: _________________________________________________
9.  [5 points: 1-4]  Consider this Algorithm 2:
· Step 1:  Loop through the array, from index 0 to the end of the array, to find the index K of the smallest number in the array.  Swap the elements at indices 0 and K (so now the smallest element in the array is at index 0).
· Step 2:  Repeat Step 1, but starting from index 1 and swapping the elements at indices 1 and K (so now the 2nd-smallest element in the array is at index 1).
· Step 3:  Repeat Step 2, but starting from index 2 and swapping the elements at indices 2 and K (so now the 3rd-smallest element in the array is at index 2).
· Step 4:  Return the element in the array at index 2.
a. What is a worst-case problem instance for Algorithm 2? ______________________________
b. What is the most appropriate big-Oh expression for the run-time of Algorithm 2 on a worst-case input?  Explain your answer in a few words.

O(___________)    Explanation: _________________________________________________




The next several problems discuss different algorithms for the FIND-(N/4)th-SMALLEST problem:  Given an unsorted array of  n  numbers, find the (n/4)th smallest number in the array.  For example, if the array is:
90	20	10	19	88	12	33	75	50	55	36	29
then n is 12 and the (n/4)th smallest number is the (12/4)th smallest number, that is the 3rd-smallest number, which is 19 in the above example.
You may assume that  n  is evenly divisible by 4 and that the array contains no duplicates.

10.  [2 points]  What is the size of the input, for the FIND-(N/4)th-SMALLEST problem?  (That is:  Your big-Oh analysis is going to be in terms of some variable.  What is that variable and what does it stand for?)

___________________________________________________________
11.  [5 points:  1-2-1-1]  Consider this Algorithm 3:
· Step 1:  Sort the array from smallest to largest, using insertion-sort.
· Step 2:  Return the element in the array at index n/4 - 1.
a. What is a worst-case problem instance for Algorithm 3? ______________________________
b. What is the most appropriate big-Oh expression for the run-time of Algorithm 3 on a worst-case input?  Explain your answer in a few words.

O(___________)    Explanation: _________________________________________________

c. What is a best-case problem instance for Algorithm 3? ______________________________
d. What is the most appropriate big-Oh expression for the run-time of Algorithm 3 on a best-case input?  Explain your answer in a few words.

O(___________)    Explanation: _________________________________________________



12. [5 points:  1-4]  Consider this Algorithm 4 (for the FIND-(N/4)th-SMALLEST problem described on the previous page):
· Step 1:  Loop through the array, from index 0 to the end of the array, to find the index K of the smallest number in the array.  Swap the elements at indices 0 and K (so now the smallest element in the array is at index 0).
· Step 2:  Repeat Step 1 until you have done it a total of n/4 times , but on the Mth time starting from index M-1 and swapping the elements at indices M-1 and K (so after the Mth time, the Mth-smallest element in the array is at index M-1).
· Step 3:  Return the element in the array at index n/4 - 1.
a. What is a worst-case problem instance for Algorithm 4? ______________________________
b. What is the most appropriate big-Oh expression for the run-time of Algorithm 4 on a worst-case input?  Explain your answer in a few words.

O(___________)    Explanation: _________________________________________________

13. [5 points:  2-1-2]  Consider this Algorithm 5 (for the FIND-(N/4)th-SMALLEST problem described on the previous page):
· Step 1:  Sort the array from smallest to largest, using quick-sort.
· Step 2:  Return the element in the array at index n/4 - 1.
· Note that this algorithm is the same as Algorithm 3, except that you use quick-sort instead of insertion-sort.
a. What is the most appropriate big-Oh expression for the run-time of Algorithm 5 on a worst-case input?  Explain your answer in a few words.

O(___________)    Explanation: _________________________________________________

b. What is the most appropriate big-Oh expression for the run-time of Algorithm 5 on a best-case input?  Explain your answer in a few words.

O(___________)    Explanation: _________________________________________________

c. What is the most appropriate big-Oh expression for the average-case run-time of Algorithm 5?  Explain your answer in a few words.

O(___________)    Explanation: _________________________________________________


14. [bookmark: OLE_LINK1][bookmark: OLE_LINK2][10 points]  Write a recursive implementation of a function foo(n) that takes an integer n and returns the nth foo number (as an integer), for any positive integer n, where the nth foo number is defined by:


Note:  full credit even if there are small syntax errors (e.g. semicolons).

	public static int foo(int n) {  // put your code in the space that follows













}

