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Instructions
· This exam is a closed-book and closed-notes exam.
· Total point value is 100 pts (110 pts for Honor Section).
· 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
	(26)
	

	#5
	Sets and Maps
	(20)
	

	#6
	Linear Data Structures
	(20)
	

	#7
	Honors
	(10)
	

	Total
	Total
	(100)/(110)
	


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.

   Answer/Grading: 2 pts each

a. for (int i = 0; i <= n/4; i++) 


f(n) = O(
n
)

       System.out.println("Bye");

b. for (int i = 1; i <= (n * n); i++) 

f(n) = O(      n2log(n)
)

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

           System.out.println("Processing");

c. for (int i = 0; i <  (n - 10); i++) 

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

           System.out.println("Computing");

2. (6 points) Give the asymptotic bound of the following functions:

a.   log(n) + n5  







f(n) = O(
n5
)

b.   2n + n2 








f(n) = O(
n2
)
c.   log(n) + n2 







f(n) = O(
n2
)
3. (4 pts) List the following big-O expressions in order of asymptotic complexity (lowest complexity first)
O(nlog(n))
O(n3)
      O(n)       O(log(n))
        Answer  O(log(n)) O(n)  O(nlog(n)) O(n3)   
4. (2 pts) What is the big-O associated with array indexing?
        Answer  O(1)
Problem 2 (10 pts) Program Correctness and Exceptions
NOTE: IllegalArgumentException is NOT a checked exception


1. (4 pts)  The method evaluate may throw an exception (IllegalArgumentException) according to the argument value provided.  Modify the following code fragment so the exception is handled by a catch clause in processInfo.  The catch clause will display the message “Invalid argument” using System.out.println.


public void processInfo() {



int y = 20;



int result = evaluate(y);



System.out.println(result);

}

Answer 


public void processInfo() {



int y = 20;



try {




int result = evaluate(y);




System.out.println(result);



}



catch(IllegalArgumentException e) {




System.out.println("Invalid argument");



}


}
2. (2 pts) The method computeValue throws a checked exception (named MyException).  Modify the following code so we don’t have to handle it in the method generateResults. 

public static void main(String[] args) {



new ExampleChecked().generateResults();


}


public void generateResults() {



computeValue(10);


}

Answer

public static void main(String[] args) throws MyException {



new ExampleCheckedImp().generateResults();


}


public void generateResults() throws MyException {



computeValue(10);


}

3. (2 pts)  When is  a finally block executed?

Answer Always
4. (2 pts)  What does it mean for a piece of code to have 100% code coverage?

Answer Every statement in the code is executed by the test set
Problem 3 (6 pts) Hashing

1. (3 pts) Describe the Java Hash Code contract.
  Answer  Two objects that are equal according to the equals method must have the same hashCode value
2. (2 pts) Does the default implementation of equals and hashCode in Java satisfy the Java Hash Code contact?  Explain briefly.
 Answer:  Yes, it does. equals compares object addresses and hashCode returns address object
3. (1 pt) What is the big-O for insertion and deletion operations for hashing if we were to have a perfect (extremely good) hashing function?

 Answer:  O(1)
Problem 4 (26 pts) Java Language Features

1. (3 pts) Name two things you can do with abstract classes that you cannot do with interfaces. 
Answer define variables, define methods
2.  (2 pts) ) When is the finalize() method invoked?
Answer When the object is garbage collected
3.  (3 pts) Which method(s) are associated with the Iterator interface?
Answer next(), remove(), hasNext()
4.  (2 pts) When is the following assignment valid?

ArrayList<Object> L = new ArrayList<String>();
Answer Never
5.  (3 pts) What is procedural abstraction?
Answer Specifies what actions should be performed, hiding algorithms
6. (4 pts)  The Ship interface defines a single method with the following signature:   public void stop();       
Using an anonymous inner class complete the following assignment where x is assigned an object that  

    implements the Ship interface and the method stop() will print (using System.out.println) the message  

    “Stop Ship”.

Ship x = 

Answer Ship y = new Ship() { public void stop() { System.out.println(“Stop Ship”); }};
7. (2 pts) Which method(s) is implemented by a class that implements the Iterable interface?
Answer iterator()
8. (7 pts) Make the following class generic so that it can deal with an arbitrary class rather than only Strings.  Feel free to cross out parts of the following code. 

public class Col        {


private ArrayList<String> c;

public String get() {  return c.remove(0);   }

public void insert(String value) {   c.add(value);   }

}

Answer
public class Col<T>        {


private ArrayList<T> c;

public T get() {  return c.remove(0);   }

public void insert(T value) {   c.add(value);   }

}

Problem 5 (20 pts) Sets and Maps

The AppStore class keeps track of applications different operating systems have available.
public class AppStore {


private Map<String, Set<String>> store;


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


public void addApp(String osType, String appName) { /* You must implement */ }


public String getOsTypeWithMaxNumApps() { /* You must implement */ }
}

What You Must Implement

1. (2 pts) Implement a constructor for the class that creates an empty map.
Answer

public AppStore() {


store = new HashMap<String, Set<String>>(); 

}

2.  (9 pts) Implement the addApp method that adds the specified app to the collection associated with the specified operating system (osType).  A map entry for the operating system must be created if one does not exist.
Answer

public void addApp(String osType, String appName) {



Set<String> osTypeApps = store.get(osType);



if (osTypeApps == null) {




osTypeApps = new TreeSet<String>();




store.put(osType, osTypeApps);



}




osTypeApps.add(appName);


}
3. (9 pts) Implement the getOsTypeWithMaxNumApps method which returns the operating system with the maximum number of apps.  You can assume no two operating systems have the same number of apps. 
Answer

public String getOsTypeWithMaxNumApps() {



int max = -1, numApps;



String osTypeMaxApp = null;



for (String osType : store.keySet()) {




numApps = store.get(osType).size();




if (numApps > max) {





max = numApps;





osTypeMaxApp = osType;




}



}



return osTypeMaxApp;


}
You may find the following Map methods helpful:

· V get(Object key) - Returns the value to which this map maps the specified key.

· V put(K key,V value) - Associates the specified value with the specified key in this map.

· Set<K> keySet() - Returns a set view of the keys contained in this map. 

· boolean isEmpty() - Returns true if this map contains no key-value mappings.
· int size() - Returns the number of key-value mappings in this map.
You may find the following Set methods helpful:

· boolean contains(Object o) - Returns true if this set contains the specified element.

· boolean add(E o) - Adds the specified element to this set if it is not already present

· V remove(Object key) - Removes the element from the set

· boolean isEmpty() - Returns true if this set contains no elements.
· int size() - Returns the number of elements in this set (its cardinality).
Problem 6 (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() { /* YOU MUST IMPLEMENT THIS METHOD */ }



public void addBefore(T elem, T toInsert) { /* YOU MUST IMPLEMENT THIS METHOD */ }

}

1. (2 pts) Implement a constructor that defines an empty list.

2. (18 pts) Implement the method addBefore which adds toInsert before the first instance of elem in the list.  The list should not be modified if elem is not part of the list.
1. (2 pts) Implement a constructor that defines an empty list.
Answer
public LinkedList() { 



head = null;


}

2. (18 pts) Implement the method addBefore which adds toInsert before the first instance of elem in the list.  The list should not be modified if elem is not part of the list.
Answer

public void addBefore(T elem, T toInsert) {



Node prev=null, curr = head;



while (curr != null) {




if (curr.data.compareTo(elem) == 0) {





Node newNode = new Node(toInsert);





if (curr == head) {






newNode.next = head;






head = newNode;





} else {






newNode.next = curr;






prev.next = newNode;





}





break;




} else {







prev = curr;





curr = curr.next;




}



}


}

Honors (10 pts) Only students in the Honor Section need to answer this question

1. (10 pts) Using the previous LinkedList definitions, define a recursive method called toString() that prints a list in reverse order.  Use a “#” to separate each element. Feel free to add any auxiliary methods; however you may not add any variables (instance/static) to the classes. Non-recursive solutions will receive no credit.
Answer

public String toString() {



return toString(head);


}


public String toString(Node headAux) {



if (headAux == null)




return "";



else {




return toString(headAux.next) + "#" + headAux.data;



}


}
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