
CS 132 EXAM 2        MAY 5, 2008
1. True or false:
_F_A stack is a FIFO data structure.
_F_The middle elements of a stack are often accessed directly.
_F_Elements are added to the front of a queue.
_F_ It is faster to retrieve information from a binary search tree than a sorted list.  

_T_ HeapSort and QuickSort are both  O(N log N).  What does N refer to?

2. Answer 4 of the following (use the other sides of this exam): 
a. What do binary search trees and heaps have in common? What makes them different? 
They are both binary trees. The binary search tree is ordered so that each node is larger than all nodes in its left subtree and smaller than all nodes in its right subtree. The heap is ordered so that each node is larger than all nodes in its left and right subtrees.It also complete, but I didn't expect you to mention this.
b. Distinguish between a queue and a priority queue. 
In a queue, elements are added to the rear and removed from the front (first come/first served, FIFO), having nothing to do with the value of the element. A  priority queue is a way to access the largest element quickly and is stored in a heap. The largest element is removed, rather than the element that has been there the longest.
c. Integers are entered in a list, separated by commas: 1234, 4444, 7123, ... Describe or give an algorithm for how you would read the sequence of characters and return the integer without the comma.
The number is initialized at 0. The characters are read one at a time until you reach a comma. As each character is read, the number is multiplied by 10 and the integer corresponding to the character is added to it:

      number = 0 
      read a character
      while (the character is not a comma)

          multiply the number by 10 and add the integer corresponding to the character to it
          read the next character

Clever observation: all my data was 4 digits, so have a loop to read 4. 
d. What is the Poisson distribution and what is it used for?
It is a way to generate random events that happen "on the average" once in an interval of length λ. We used it to generate arrivals for the movie simulation.
e. Is there an O(1) search? If so describe.
Yes, hashing is O(1). A hash function on the element gives the position in an array at which it is stored.
f. Give an advantage and a disadvantage of implementing a stack using pointers instead of arrays

Advantage: the stack can be as large or small as needed, using memory efficiently
Disadvantage: pointers take more space and time. Harder to code
Use the following for questions 3 and 4
    template <class Type>

    struct nodeType

    {

      Type info;

      nodeType<Type> *link;

    };

    template<class Type>

    class linkedStackType

    {

    public:

        const linkedStackType<Type>& operator=(const linkedStackType<Type>&); 

        void initializeStack();

        bool isEmptyStack();

        bool isFullStack();

        void push(const Type& newItem);

        Type top();

        void pop();

        void printStack();
    private:

       nodeType<Type> *stackTop; //pointer to the stack

    };
3. Write code that would be in the main driver to do the following

a.   Declare aStack to be a stack of characters.
linkedStackType<char> aStack;
b.   Add A and B to the stack

aStack.push('A');
aStack.push('B');
c.   Print the top element

cout << aStack.top();
d.   Remove the top element
aStack.pop();
4. Fill in bodies for the following  functions 

a.  template<class Type>

    bool linkedStackType<Type>::isEmptyStack()

    {
      return stackTop==NULL;
          }

b. template<class Type>

   void linkedStackType<Type>::pop()

   {

      nodeType<Type> *temp;    

      if(stackTop != NULL)

      {

        temp = stackTop;            

        stackTop = stackTop->link;  

        delete temp;
            

      }

      else

         cerr<<"Cannot remove from an empty stack."<<endl;

   }

c. template<class Type>

   void stackType<Type>::printStack()

   // recursive 

   {

       recPrint(stackTop);

   }

   template<class Type>
   void stackType<Type>::recPrint ()

   {

     if (stackTop!=NULL)

     {

       cout << stackTop->info;

       recPrint(stackTop->link);

     }

   }

   void stackType<Type>::printStack()

   //non-recursive 
   {

     nodeType<Type> *current;    

     current = stackTop;

     while (current !=NULL)

     {


  cout << current->info << endl;

        current = current->link;

     }

   }

5. What data structure would you use for the following and why? Do not use any one more than twice.
a. Students who show up at my office and are met in the order in which they arrive. 

A queue so that I serve them in order of arrival
b. Email messages if you deal with the most recent first. 
a stack so that the most recent is accessible
c. Your CDs 
A tree with orderings by artist, date acquired, title.

Some of you picked an array. This is faster for insertion, but doesn't allow fast retrieval.

A tree because bands breakup and a member starts a new band
d. 10 sets of outfits for your new job

A struct to represent an outfit and a  heap prioritized by condition (clean, ironed, no holes) 

A queue (to rotate)

An array because you have a fixed number

e. Your homework assignments
A priority queue where you only need to know the next deadline.

If you want to be able to check for the nost immediateclump, you might consider an ordered array so that you  can easily get to the most important assignments.

f. Your friends
One suggestion links between each pair of people who know each other. This would be a graph (see slides)

Another: a tree (not binary) where levels show friend of a friend connections. E.g. a node introduces its leaves to its parent
Use the following for question 6
template <class elemType>

class binaryTreeType

{

public:

   const binaryTreeType<elemType>& operator=(const binaryTreeType<elemType>&); 

   bool isEmpty();

   void inorderTraversal();

   void preorderTraversal();

   void postorderTraversal();

   int treeHeight();

   int treeNodeCount();

   int treeLeavesCount();

   void destroyTree();

   binaryTreeType(const binaryTreeType<elemType>& otherTree); 

   binaryTreeType();   

   ~binaryTreeType();   

protected:

   nodeType<elemType> *root;

private:

   void postorder(nodeType<elemType> *p);
   int height(nodeType<elemType> *p)  //NEW
};
6. Fill in bodies for them and the following. If you use helper functions, add them to the above and code them too.
template<class elemType>

binaryTreeType<elemType>::binaryTreeType()

{
   root=NULL:  

}

template<class elemType>

void binaryTreeType<elemType>::postorderTraversal()
{

  postorder(root);
}

template<class elemType>

void binaryTreeType<elemType>::postorder (nodeType<elemType> *p)
{

   if (p !=NULL)

   {

      postorder(p->llink);
      postorder(p-rlink);

      cout << p->info;
   }

}

template<class elemType>
int binaryTreeType<elemType>::treeHeight()
{

   return height(root)
}

template<class elemType>
int binaryTreeType<elemType>::height(nodeType<elemType> *p)
{

   if (p==NULL)

     return 0;

   else

     return (1 + max(height(p->llink), height(p->rlink));
}
a. (1 + 2) * 3   

1 2 + 3 *
b.  (1  +  2) * (3 - 4 / 5)  
1 2 + 3 4 5 / - *

9. Draw a binary expression tree for (1  +  2) * (3 - 4 / 5)
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10. a. Draw the heap resulting from adding the elements  20  10  40  30  35 in the order listed (20 first, then 10...). Show intermediate steps if you wish.
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b.   Show how the heap you drew in 9a would be represented in the following array.

         _40_       _35_       _20_       _10_       _30_       ___       ___      ___     

    [0]   [1]   [2]   [3]  [4]  [5]  [6]  [7]   

c.   Show the results of the first two iterations of heap sort in terms of either the figure in a or the array in b.
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11.  Show the results of the first two iterations of sorting for the following data:

    9    7   19    8   25    4    1   14    

   [0]  [1]  [2]  [3]  [4]  [5]  [6]  [7]    

a. insertion sort (find the first unsorted element in the list and move to proper position)
    7    9   19    8   25    4    1   14    

   [0]  [1]  [2]  [3]  [4]  [5]  [6]  [7] 

    7    8   9    19   25    4    1   14    

   [0]  [1]  [2]  [3]  [4]  [5]  [6]  [7]    

b. selection sort ( find the smallest element and swap with element 1…)
          _1_        _7_       _19       _8_       25_       _ 4       9       14    

   [0]   [1]  [2]  [3]  [4]  [5]  [6]  [7]   

         _1_         4       _19       _8_       25_       __7        9       14    

   [0]   [1]  [2]  [3]  [4]  [5]  [6]  [7]   

c. quick sort 

          _7_        _8_        4    1_       _9_       19       25_       14     

   [0]   [1]  [2]  [3]  [4]  [5]  [6]  [7]   

          _4_        _1_        7    8_       _9_       14       19        25     

   [0]   [1]  [2]  [3]  [4]  [5]  [6]  [7]   
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