CPSC 212-301



Name: _____________________________

Test #2, Part B



October 27, 2003

Closed books. Closed Notes.  Calculators OK. 80 points. 60 minutes. The weight of each question is indicated in parentheses.  Please use a pencil.  If you need more space, use the back of the sheet.

1. (5) Consider a full tree with N elements. Give a formula for the null path length of the root.  Your answer should be an expression involving the variable N.
2. Consider the following values (ignore any duplicates):
15 78 56 25 19 38 57 76 34 53 72 91 

(a) (5) Use: h1(x)= x%19 to hash the values into the following array.  Use quadratic probing to resolve collisions.
           __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __

            0  1  2  3  4  5  6  7  8  9 10 11 12 13 14 15 16 17 18
(b) (5) Use: h1(x)= x%19 and h2(x)= 17-(x%17) to hash the values into the following array resolving collisions with double hashing.
           __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __

            0  1  2  3  4  5  6  7  8  9 10 11 12 13 14 15 16 17 18
3. (2) What is the complexity of the following sorting algorithm, counting comparisons?  ________________
(8) Show clearly how you arrived at your answer.

   public static void mysterySort(int[] x) { 

      for (int i=x.length-1; i>0; i--) {

         int index = 0; 




         int value = x[index];




         for (int j=1; j<=i; j++)

            if (x[j] < value) {

               index = j;

               value = x[index];

            } // if

         swap (x, index, i);

      } // i

   } // mysterySort

4. a) (10) Perform the following operations into an initially empty binary maxheap.   Note that a number indicates an insert operation and a “D” indicates a delete operation.  Show the final tree.
5 19 25 36 D 23 16 D 15
b) (10) Perform the following operations into an initially empty leftist  minheap.   Note that a number indicates an insert operation and a “D” indicates a delete operation.  Show the final tree.
5 19 25 36 D 23 16 D 15
5. a) In class, we discussed decision trees and concluded that it takes a minimum of two comparisons (best case) and three comparisons (worst case) to sort three values. 

(2) What are the corresponding numbers (of comparisons) to sort four values?  



_____ min number of comparisons (best case)        ___ max number of comparisons (worst case)

(3) Explain clearly how you arrived at your answer. 
b) (5) Consider the values shown below.  Show the values after the first two passes of radixSort.
463  128  259  789  012  005  258  278  166  689  592  543

after Psss 1:   ___  ___  ___  ___  ___  ___  ___  ___  ___  ___  ___  ___

after Psss 2:   ___  ___  ___  ___  ___  ___  ___  ___  ___  ___  ___  ___

c) (6) Identify the following sort algorithms.
_____________ 
Which of the sorts we studied requires at most one swap per pass?
_____________ 
Which of the sorts can know that the array is sorted when it makes no swaps in a pass?

_____________ 
Which is the internal sort of choice when the objective is to produce the longest possible runs in preparation for external sorting.
d) (5) Consider arrays A and B below.  Array A is initialized with random integers.  Array B is initially empty.  Use A and B to Mergesort the values in decreasing order.  Show the contents of the arrays after Passes 1 and 2.



A:  3   6   8   5   2   0   1   9

Pass 1:






B: ___ ___ ___ ___ ___ ___ ___ ___

Pass 2:
A: ___ ___ ___ ___ ___ ___ ___ ___

Pass 3:






B:   9   8   6   5   3   2   1   0

e) (4) How many passes (see question (d) above) does it take to MergeSort a set of N values, where N is some positive integer?  Be precise.  Your answer should be an expression involving the variable N.
6. Study the code shown below.  It is one of the methods used in the Disjoint Set ADT.  Then answer the questions below.  Assume that the array s[] is the array which holds the disjoint set and that each element of the array is initially -1.

/* 1 */    public void mystery (int root1, int root2 ) {

/* 2 */       if (s[root2] < s[root1])

/* 3 */          s[root1] = root2;

/* 4 */       else {

/* 5 */          if (s[root1] == s[root2])

/* 6 */             s[root1]--;

/* 7 */          s[root2] = root1;

/* 8 */       } // else

/* 9 */    } // mystery

a) (4) In general, what does the method mystery do?
b) (3) Explain clearly what the purpose of lines 2 and 3 is.
c) (3) Explain clearly what the purpose of lines 5 and 6 is.
Answers

1. floor(log N)  or   log(N+1) - 1

2. a)       19 38 78 __ 57 53 25 __ __ 76 __ __ 72 91 __ 15 34 __ 56

         i:  0  1  2  3  4  5  6  7  8  9 10 11 12 13 14 15 16 17 18

   b)       19 __ 78 53 __ __ 25 34 __ 76 91 57 __ 38 __ 15 72 __ 56

         i:  0  1  2  3  4  5  6  7  8  9 10 11 12 13 14 15 16 17 18

3. O(n^2)

i:   n-1  n-2  n-3 ...  3  2  1

#comp:   n-1  n-2  n-3 ...  3  2  1

   ==>   total number of comparisons = 1 + 2 + 3 + ... + n-2 + n-1

                                     = (n-1)n/2

                                     = O(n^2)

4. a)           root: 23

      children of 23: 16 19

      children of 16:  5 15

   b)           root: 15

      children of 15: 19 __

      children of 19: 25 23

      children of 25: 36 23

5. a) best case = 3       worst case = 6
      best case: you get lucky and find that a<b, b<c, and c<d 

      worst case: you have to work hard to find that that: 

          a<b, c<b, a<c, b>d, c>d, and a>d

in other words, a had to be compared with b, c, and d; b had to be compared to c and d; and c had to be compared to d
   b)               483 128 259 789 012 005 258 278 166 689 592 543

      after Pass 1: 012 592 463 543 005 166 128 258 278 259 789 689

      after Pass 2: 005 012 128 543 258 259 463 166 278 789 689 592
   c) selectionSort, bubbleSort, heapSort

   d) Pass 1 B: 6 3 8 5 2 0 9 1

      Pass 2 A: 8 6 5 3 9 2 1 0

   e) ceil(log n)

6. a) Union by height

   b) root2 becomes parent of root1, i.e.,

root of taller tree becomes parent of root of shorter tree
   c) adjust height of merged tree by 1 because original trees were of equal height
