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First Name (PRINT): ___________________________________________________

Last Name (PRINT): ___________________________________________________ 

University ID: _________________________________________________________
Section/TAName: _________________________________________________________
I pledge on my honor that I have not given or received any unauthorized assistance on this examination.

Your signature: _____________________________________________________________

Instructions
· This exam is a closed-book and closed-notes exam.
· Total point value is 100 points.
· The exam is a 50 minutes exam.
· Please use a pencil to complete the exam.
· WRITE NEATLY.  If we cannot understand your answer, we will not grade it (i.e., 0 credit).
Grader Use Only

	#1
	Algorithmic Complexity
	(18)
	

	#2
	Program Correctness
	(10)
	

	#3
	Hashing
	(6)
	

	#4
	Language Features
	(22)
	

	#5
	Event-Driven Programming
	(4)
	

	#6
	Sets and Maps
	(20)
	

	#7
	Linear Data Structures
	(20)
	

	Total
	Total
	(100)
	


Problem 1 (18 pts) Algorithmic Complexity

1. (6 pts) Calculate the asymptotic complexity of the code snippets below (using big-O notation) with  

            respect to the problem size n.

a. for (int i = 0; i <= n/2; i++) 


f(n) = O(
n
)

       System.out.println("Hello");

b. for (int i = 15; i <= (n*n*n); i++) 

f(n) = O(
n3log(n)

)

       for (int k = 1; k <= n; k = k*2) 

           System.out.println("Hello");

c. for (int i = 0; i <  999; i++) 


f(n) = O(
n
)
              for (int k = 1; k <= n; k++) 

           System.out.println("Hello");

2. (4 points) Give the asymptotic bound of the following functions:

a.   log(n) + 300n4 + n - 2  






f(n) = O(
n4
)

b.   n + n2 +  200 







f(n) = O(
n2
)
3. (2 pts) List the following big-O expressions in order of asymptotic complexity (lowest complexity first)
O(nlog(n))
O(n!)

O(n)

O(log(n))
Answer: 
O(log(n)) 
O(n)
O(nlog(n))
O(n!)
4. (2 pts) What is a critical section?
Answer: Heart of the algorithm; dominates overall execution time
5. (2 pts) What is the big-O associated with array indexing? 
Answer:
O(1)
6. (2 pts) Name two NPC (NP Complete) problems we discussed in class.
Answer:  Any two valid NPC problems (e.g., TSP, Graph coloring, etc.)
Problem 2 (10 pts) Program Correctness and Exceptions
NOTE: IllegalArgumentException is NOT a checked exception


1. (3 pts) Write a method named print that prints the parameter value if the value is odd; otherwise the method will throw an IllegalArgumentException exception with the message “Error: even value”  

public void print(int k) {
Answer:


public void print(int k) {



if (k % 2 == 0)




throw new IllegalArgumentException("Error: even value");



System.out.println(k);


}

2. (4 pts) Write a method named execute that calls the print method you defined above, and catches the exception, generating the message “Error detected” if the exception is thrown.


public void execute(int value) {

Answer:


public void execute(int value) {



try {




print(value);



} catch (IllegalArgumentException e) {




System.out.println("Error detected");



}


}

3. (1 pt) What is code/test coverage?
Answer: Whether code is executed by some tests
4. (1 pt) When a finally block is executed?
Answer: Always
5.  (1 pt) What is a checked exception?
Answer: Exception we need to handle (either catch or declare)
Problem 3 (6 pts) Hashing

1. (2 pts) Describe the Java Hash Code contract.
Answer: Two objects considered equals by the equals method must have the same hashCode value
2. (2 pts) Name two properties of a good hash function.

Answer: It distributes values well; it is not expensive to compute
3. (1 pt) What is a collision?

Answer: Same hash value for multiple keys
4. (1 pt) Which of the following is the algorithm complexity associated with hashing, assuming we have a perfect (extremely good) hashing function?

a. O(n)

b. O(1) √
c. O(log(n))

d. O(nlog(n))


Problem 4 (22 pts) Java Language Features

1. (2 pts) What is the difference between an inner class (one without static) and a nested class (one with static)?

Answer: inner class (without static) cannot exist without an instance of the outer class (the static one can)
2. (2 pts) What value is returned by the compareTo method associated with the Comparable interface?
Answer: integer value representing the result of comparing the current object and the parameter 

(negative ( current object precedes parameter, 0 ( current object and parameter are equal, positive ( 
current object follows the parameter)
3. (3 pts) Which method(s) are associated with the Iterator interface?
Answer: hasNext, next, remove
4. (2 pts) What is the difference between a static initialization block and a non-static initialization block?

Answer: static block is executed when a class is loaded; non-static block when an instance of the class is created
5. (2 pts) What is procedural abstraction?
Answer: Specifies what actions should be performed, hiding algorithms
6. (3 pts)  The Pet interface defines a single method with the following signature:   public void feed();       
Using an anonymous inner class complete the following assignment where x is assigned an object that  

    implements the Pet interface and the method feed() will print (using System.out.println) the message  

    “Feeding pet”.

Pet x = 

Answer: Pet y = new Pet() { public void feed() { System.out.println(“Feeding pet”); }};
7. (2 pts) What is the difference between an interface and an abstract class?
Answer: In addition to declare methods like in an interface, you can also define methods and instance variables in an abstract class
8. (2 pts) When is the finalize() method invoked?
Answer: When the object is garbage collected
9. (2 pts) When is the following assignment valid?
ArrayList<Object> L = new ArrayList<String>();

Answer: Never
10. (2 pts) Given the following code fragment:          for (Object obj : L) { … }
Which interface is implemented by the class associated with L?
Answer: Iterable
Problem 5 (4 pts) Event-Driven Programming
1. (2 pts)  Describe two of the components associated with the Model-View-Controller (MVC) model.
Answer: Any two of:

Model ( Application data, View ( Visual Interface, Controller ( User interaction
2. (2 pts) Suppose you are implementing a program that allows users to compute how much will be spent on gas for a particular trip.  The program will have a GUI. How would you organize the code (classes) for the program using the MVC model?       

         
Answer: Two groups of classes: one dealing with the computation of how much gas is spent and a second one representing the actual GUI (View/Controller)
Problem 6 (20 pts) Sets and Maps

To implement the RoadsDatabase class we will use a map that associates a road number to a set of cities.
public class RoadsDatabase {

    private Map<Integer, Set<String>> database;

    public RoadsDatabase() { /* You must implement */ }

    public void addCityToRoad(int roadNumber, String city) { /* You must implement */ }

    public TreeSet<String> citiesCoveredBy(int[] roadNumbers) { /* You must implement */}

    public TreeSet<Integer> roadsAssociatedWithCity(String city) { /* You must implement */ }

}
What You Must Implement

1. (3 pts) Implement a constructor for the class that creates an empty map.
Answer:


public RoadsDatabase() {

   
   database = new HashMap<Integer, Set<String>>();


}

2. (5 pts) Implement the addCityToRoad method that associates a city with the specified road number. A map entry for the road number must be created if one does not exist.
Answer:

public void addCityToRoad(int roadNumber, String city) {


   Set<String> cities = database.get(roadNumber);


   if (cities == null) {


      cities = new HashSet<String>();


      database.put(roadNumber, cities);


   }


   if (!cities.contains(city))


      cities.add(city);


}
3. (6 pts) Implement the citiesCoveredBy method that returns a sorted set of cities associated with the road numbers in the array parameter.
Answer:


public TreeSet<String> citiesCoveredBy(int[] roadNumbers) {


   TreeSet<String> answer = new TreeSet<String>();


   for (int road : roadNumbers) {


      Set<String> cities = database.get(road);


      if (cities != null)


         answer.addAll(cities);


   }


   return answer;


}
4. (6 pts) Implement the roadsAssociatedWithCity method that returns a sorted set of road numbers associated with the specified city.
Answer:


public TreeSet<Integer> roadsAssociatedWithCity(String city) {


   TreeSet<Integer> answer = new TreeSet<Integer>();


   for (Integer road : database.keySet()) {


      if (database.get(road).contains(city))


         answer.add(road);


   }


   return answer;


}

Problem 7 (20 pts) Linear Data Structures

Implement the methods below based on the following Java class definitions.  You may not add any instance variables, static variables or auxiliary methods to the LinkedList class.  In addition, you may not use the Java API LinkedList class.
public class LinkedList<T extends Comparable<T>> {

   private class Node {

      private T data;

      private Node next;

      public Node(T data) {

         this.data = data;

         next = null;

      }

   }

   private Node head; /* List head pointer */

   public LinkedList(LinkedList<T> src) { /* You must implement */ }

   public void remove(T target) { /* You must implement */ }

}

1. (10 pts) Implement a copy constructor that initializes the list with the data elements of the src list.
Answer:


public LinkedList(LinkedList<T> src) {


   Node curr = src.head, lastAdded = null;


   while (curr != null) {


      Node newNode = new Node(curr.data);


      if (head == null) 


         head = lastAdded = newNode;



else 



   lastAdded = lastAdded.next = newNode;



curr = curr.next;


   }


}
2. (10 pts) Implement the method remove that removes all elements from the list that are equal to or larger than the parameter.  
Answer:


public void remove(T target) {


   Node prev = null, curr = head;


   while (curr != null) {


      if (curr.data.compareTo(target) >= 0) {


         if (curr == head)


            head = head.next;


         else


            prev.next = curr.next;


      } else


            prev = curr;


      curr = curr.next;


   }


}
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