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Notes: 
· Attempt ALL questions. 

· Show all details of your answers. 

· If you need to make any reasonable assumptions, write them down as part of your answers. 


Scores: 

	Questions
	Points
	Scores

	Q1 
	20
	

	Q2
	20
	

	Q3
	15
	

	Q4
	15
	

	Q5
	15
	

	Q6
	15
	

	Total Score
	100
	


Q1. [20 Points] 
Answer each of the following questions completely but briefly. Each question is worth 2 points.

1. The minimum number of keys in the root node of a B-tree of order 23 is (23 / 2( - 1 . True/False?
2. There is a full binary tree with 33 nodes. True or false?
3. An open-addressed hash table is 75% full, what is its load factor?

4. Let n be hash table size for an application where collision resolution is done using

quadratic probing. Give two values of n that guarantee Property 2.
5. Which garbage collection algorithm defragments the heap?
6. Which garbage collection algorithm fails when there are cyclic references in the garbage?

7. In the Buddy System of free-list implementation, the starting address of a block of size 16 bytes is 11110000 what is the starting address of its buddy?
8. Suppose a process requests 9K of memory, and it is given 16K of memory by the memory manager. This is an example of which kind of fragmentation? 

9. A string encoded using LZ78 gave the following codewords:

<(0,A)><(1,B)><(2,B)><(3,C)>

     How many bits are required to transmit this coded information?

10. Calculate the number of bits transmitted in the following output of LZW encoding scheme.

<67><69><256>:  ________________

Q2. [20 points: 10 + 10]
Q2. (a) [10 points] Write an instance method: 

public boolean existsPath(Object[] x) 

of the BinaryTree class that uses a recursive helper method to determine whether or not the invoking BinaryTree object has a path with the following key sequence:

x[0], x[1], . . . , x[x.length – 1] starting from the root node.

Note:

· Assume that the array x is filled with keys.

· Your methods must not use:

· any looping statements

· instance or static variables

· iterator or traversal methods

· Any other method you use that is not provided in the help sheet must be implemented.
Q2.(b) [10 points]  Suppose myMethod() is an instance method of BinaryTree class:

public void myMethod(){


BinaryTree tree = this;


StackAsLinkedList stack = new StackAsLinkedList();


if(! tree.isEmpty()){


   stack.push(tree);


   while(! stack.isEmpty()){



     tree = (BinaryTree) stack.pop();



     System.out.print(tree.key + "  ");



     if(! tree.getLeft().isEmpty())




        stack.push(tree.getLeft());
 



     if(! tree.getRight().isEmpty())




        stack.push(tree.getRight());
 


  }


}

}
What is the output of the call:

    tree.myMethod();

if tree is the following BinaryTree instance:
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	Output:




Q3. [15 points: 3 + 12]

Q3. (a) [3 points] Write down a topological listing of the vertices of the following graph. 
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Q3. (b): [12 points] Write a method of the following signature:

public static boolean isMinSpanningTree(Graph t, Graph g)

The method should return true if t is a minimum spanning tree of g, and return false otherwise. Assume that: 

1. g is a connected and undirected graph.

2. t is  an undirected graph and has no cycle.
Question 4: [Points:7 + 3 + 5 ]

Q4. (a) [7 points] Trace Dijkstra's Shortest Path algorithm to find the shortest path from vertex D to each of the other vertices. Use the table given below:
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	Pass:
	initial
	1
	2
	3
	4
	5
	6
	shortest distance
	predecessor

	Active vertex:
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Q4. (b) [3 points] Draw the vertex-weighted directed graph that is labeled by the shortest distances from vertex D:
Q4. (c) [5 points] Use Kruskal’s algorithm to find a minimum-cost spanning tree for the
            following graph. Use the table given below and then draw the resulting tree:
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	edge
	
	
	
	
	
	
	
	
	
	
	
	

	weight
	
	
	
	
	
	
	
	
	
	
	
	

	insertion status
	
	
	
	
	
	
	
	
	
	
	
	


      The minimum-cost spanning tree is:
Q5. [15 points: 5 + 10]

Q5a.   [5 points] Find the smallest table size and an appropriate hash function so that

the following integers are loaded without a collision. Show your resulting hash table with all the values loaded.
10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 110
Q5b.    [10 points] Using quadratic probing, in which 
h(key) = key % 7  and c(i) = ( i2, 
insert the keys: 
18, 19, 26, 15, 14, 

in the given order in the following partially-filled hash table of size 7. Show all computations, including the computations to insert the last key.
	0
	1
	2
	3
	4
	5
	6

	
	
	
	
	11
	
	13


	KEY
	Computations

	18

	

	19

	

	26

	

	15

	

	14

	


Q6. [15 points: 5 + 5 + 5]
Q6.(a):  [5 points] Encode the string SSTUSTUUSTUS using the LZ78 encoding algorithm.  Show all details of your work using a properly labeled table (i.e. you must indicate the title of each column in your table).              
Q6.(b):  [5 points] Decode the codewords (0,S)(0,T)(1,U)(1,S)(2,S)(3,U)(6,T)
using the LZ78 decoding algorithm.  Show all details of your work using a properly labeled table.
Q6.(c):  [5 points] Consider the following codeword output of the LZW encoding algorithm: 

              <67> <68> <256> <258> <68> <260> <68>

Decode the codeword output to obtain the uncompressed message. Show all details of your work using a properly labeled table.  

Note that the ASCII codes for A, B, C, D, … are: 65, 66, 67, 68, …
ICS 202 – Data Structures
Quick Reference Sheet

	public interface Iterator {


boolean hasNext( );


Object next( ) throws NoSuchElementException;

}

public interface Visitor  {


void visit (Object object);


boolean isDone( );

}

public interface Container {


int getCount( );


boolean isEmpty( );


boolean isFull( );


void purge( );


void accept (Visitor visitor);


Iterator iterator( );

}

public interface SearchableContainer extends Container {


boolean isMember (Comparable object);


void insert (Comparable object);


void withdraw (Comparable obj);


Comparable find (Comparable object);

}

public class Association implements Comparable

     public Association(Comparable key, Object val)


public Association(Comparable key)


public Comparable getKey( )


public Object getValue( )

      public void setKey(Comparable key)


public void setValue(Object value )

      public int compareTo(Object obj)
      public boolean equals(Object obj)


public String toString( )

}

public interface Stack extends Container {

           Object getTop( );

           void push(Object obj);

          Object pop( );

}


	public class MyLinkedList {


public void purge( )


public Element getHead( ) 


public Element getTail( ) 


public Element find(Object obj)


public boolean isEmpty( ) 


public Object getFirst( )


public Object getLast( )


public void prepend(Object obj)


public void append(Object obj) 


public void assign(MyLinkedList list) 


public void extract(Object obj)

      public void extractFirst( )

      public void extractLast( )


public String toString( )

      public Iterator iterator( )


public final class Element {



public Object getData( )



public Element getNext( )



public void insertAfter(Object obj) 



public void insertBefore(Object obj)



public void extract( ) 


}

}

public interface Queue extends Container {

          Object getHead( );

          void enqueue(Object obj);

          Object dequeue( );

}

public class AVLTree extends BinarySearchTree {

    public AVLTree( )

    public int getHeight( )

    public void insert(Comparable comparable)

    public void attachKey(Object obj)

    public Object detachKey( )

}




	public class BinaryTree extends AbstractContainer implements Comparable{    public BinaryTree(Object obj, BinaryTree left, BinaryTree right)

    public BinaryTree( )

    public BinaryTree(Object obj)

    public void purge( )

    public boolean isLeaf( )

    public boolean isEmpty( )

    public Object getKey( )

    public BinaryTree getLeft( )

    public BinaryTree getRight( )

    public void attachKey(Object obj)

    public Object detachKey( )

    public void preorderTraversal(Visitor v)
    public void inorderTraversal(Visitor v)
   public void postorderTraversal(Visitor v)
   public void breadthFirstTraversal(Visitor visitor)
   public void accept(Visitor visitor)
   public boolean isMember(Object obj)
   public int getHeight()
} 

public class BinarySearchTree extends BinaryTree {

    private BinarySearchTree getLeftBST( )

    private BinarySearchTree getRightBST( )

    public boolean isMember(Comparable  c)

    public Comparable find(Comparable  c)

    public Comparable findMin( )

    public Comparable findMax( )

    public void attachKey(Object obj)

    public void insert(Comparable comparable)

    public void withdraw(Comparable comparable)

} 

// implemented by MinHeap

public interface PriorityQueue extends Container{

    public abstract void enqueue(Comparable c);

    public abstract Comparable findMin( );

    public abstract Comparable dequeueMin( );

}
public abstract class AbstractGraph implements Graph {


public AbstractGraph(boolean directed)
}

public class GraphAsArrayLists extends AbstractGraph {
        public GraphAsArrayLists(int size, boolean directed)

}
	public interface Graph{

    public int getNumberOfEdges( );

    public int getNumberOfVertices( );

    public Iterator getVertices( );

    public Iterator getEdges( );

    public void addVertex(String label);

    public void addVertex(String label, Comparable weight);

    public Vertex getVertex(String label);

    public int getIndex(Vertex v);

    public void addEdge(String from, String to);

    public void addEdge(String from, String to, Comparable weight);

    public Edge getEdge(String from, String to);

    public boolean isReachable(String from, String to);

    public boolean isDirected( );

    public boolean isWeighted( );

    public boolean isConnected( );

    public abstract boolean isStronglyConnected( );

    public abstract boolean isWeaklyConnected( );

    public boolean isCyclic( );

    public void preorderDepthFirstTraversal(Visitor visitor, Vertex start);

    public void postorderDepthFirstTraversal(Visitor visitor, Vertex start);

    public void breadthFirstTraversal(Visitor visitor, Vertex start);

    public abstract int topologicalOrderTraversal(Visitor visitor);

}

public interface Edge extends Comparable{

    public abstract Vertex getFromVertex( );

    public abstract Vertex getToVertex( );

    public abstract Comparable getWeight( );

    public abstract boolean isDirected( );

    public abstract Vertex getMate(Vertex vertex);

}

public interface Vertex  extends Comparable{
    public String getLabel( );

    public Comparable getWeight( );

    public Iterator getIncidentEdges( );

    public Iterator getEmanatingEdges( );

    public Iterator getPredecessors( );

    public Iterator getSuccessors( );

}
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