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Tuesday, April 26, 2011
1:30 – 3:00 p.m.

GE Corporate Headquarters
3135 Easton Turnpike
Fairfield, Connecticut 06828



Examination Prepared by 
School of Engineering, University of Connecticut
Mr. Jeffrey Meunier
Dr. Ion Mandiou

Directions:  
There are fifty (50) multiple choice questions in this examination booklet.  Choose the correct answer for each question, using the available space on this exam for any necessary scratch work.  There is only 1 correct answer per question. Record your answers using the answer sheet provided; only answers recorded on that answer sheet will be accepted for scoring. After the examination, turn in the answer sheet; you are permitted to take the exam booklet with you to help you prepare for the AP examination. No calculators are permitted.

Time allowed will be 90 minutes from when the test begins.  Minutes remaining will be announced during the test as follows: 60, 30, 15, and 5 minutes remaining.

Good luck and happy computing!

Notes:
· Assume that declarations of variables and methods appear within the context of an enclosing class.
· Assume that method calls that are not prefixed with an object or class name appear within the context of the class in which the method is declared.
· Unless otherwise noted in the question, assume that parameters in method calls are not null.


















 


Loops, Loops, Loops
Determine the value of the variable x after each of the following loops.
 
From the answer choices, choose the correct value of x.  If after the loop completes, x is undefined, choose x is undefined.  If the loop is unbounded (an infinite loop), choose loop is unbounded.
 
Pay close attention to all braces and semicolons. Formatting here is deliberately non-standard.
 
1. Choose the correct value of x:
int x = 1;
for( int i=0; i<5; i++ ) { x++; }
[1] x=1        [2] x=5       [3] x=6       [4] x=8       [5] x is undefined
 
2. Choose the correct value of x:
   for( int x=9; x>-4; x-- ) { }
[1] x=-5      [2] x=-4      [3] x=-3      [4] loop is unbounded      [5] x is undefined

3. Choose the correct value of x:
int x = 1;
for( ; x!= 1; ) { }
[1] x=-1      [2] x=0       [3] x=1        [4] loop is unbounded      [5] x is undefined

4. Choose the correct value of x:
int x = 0;
while( x++ < 4 ) { int i = 0; i++; }
[1] x=0       [2] x=1        [3] x=5        [4] x=6       [5] x=7
 
5. Choose the correct value of x:
int x = 0;
do {
x = 1;
while( x < 4 )
{ x++; }
} while( false );
 [1] x=0       [2] x=4       [3] x=5         [4] loop is unbounded      [5] x is undefined

6. Choose the correct value of x:
int x = 0;
while( x == 0 )
{ x = -1;
  x++;
}
[1] x=-1      [2] x=0      [3] x=1          [4] loop is unbounded      [5] x is undefined

7. Choose the correct value of x:
     int x = 0;
     boolean keepGoing = true;
     while( keepGoing ) {
       if( x > 6 )
         keepGoing = false;
       x = x + 1;
     }
[1] x=0      [2] x=7      [3] x=8      [4] loop is unbounded      [5] x is undefined
    
8. Choose the correct value of x:
int x = 0;
while( x < 4 );
{
  x++;
}
 [1] x=0      [2] x=4      [3] x=5      [4] loop is unbounded      [5] x is undefined
 
9. Choose the correct value of x:
int x=0;
int z=0;
for( int y=0; y<3; y++ ) {
  for( ; x<4; x++ ) {
    z++;
  }
}
[1] x=0      [2] x=4      [3] x=5      [4] loop is unbounded      [5] x is undefined


Loop iterations
10. Which of these for loops does not iterate the same number of times as the others?
 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
 for(int i=0; i<n; i=++i) { }
 for(int i=0; i<n; i=i++) { }
 for(int i=0; i<n; i++  ) { }
 for(int i=0; i<n; ++i  ) { }
for(int i=0; i<n; i+=2 ) { i--; }

 
main method
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. Which of these is the correct way to write a Java program's main method?

[1]  public static int main(String[] args) {}
[2]  public static void main(String[] args) {}
[3]  public void main(String[] args) {}
[4]  public static void main(String args) {}
[5]  public static void main(int[] args) {}


Primitive sizes
Each primitive type in Java has a certain space requirement, meaning that a value of each type requires a certain number of bits in order to store it in memory. Some types are equal in size to other types.
 
The boolean type is not used below because the Java standard does not define the size of a boolean.
 
12. Choose the list below which has the types in a monotonically increasing order, from left to right. Monotonically increasing means each type does not have a larger type to its left.

	
	Smallest
	 
	 
	 
	 
	 
	Largest

	[1]
	char
	byte
	short
	int
	float
	long
	double

	[2]
	byte
	short
	char
	float
	int
	double
	long

	[3]
	char
	byte
	short
	int
	float
	long
	double

	[4]
	byte
	char
	float
	short
	int
	long
	double

	[5]
	char
	byte
	short
	int
	long
	float
	double



 
  








Conditions
Here are some variable definitions:
 
int x = 100;
int y = 200;
int z = x;
boolean a = true;
boolean b = false;
boolean c = a;
 
Use the variables to determine whether the following if conditions are true or false.
 
A. if(x==y)
B. if(x==z && a || b)
C. if(a ? y==z : y==x)
D. if(b || (a ? x!=z : a==!c))
 
13. What are the truth values of conditions A - D?
	
	A
	B
	C
	D

	[1]
	False
	True
	True
	False

	[2]
	False
	True
	False
	False

	[3]
	True
	False
	False
	False

	[4]
	True
	False
	True
	True

	[5]
	None of the above




 














This space intentionally left blank.
It really looks unintentional, though, doesn’t it?
Haha, but it’s not.
Oh, it’s not really blank now.  :(



Evens & odds
Read and understand this class:
 
public class Main
{
  static int odds = 0;
  static int evens = 0;
  
  public static void foo(int n) {
    switch(n%2) {
      case 0:
        evens++;
      case 1:
        odds++;
    }
  }
 
  public static void main(String[] args) {
    for(int i=16; i>0; i/=2)
      foo(i);
    System.out.println(odds + ", " + evens);
  }
}
 
14. What is the output from the main method?
[1]  0, 4
[2]  0, 5
[3]  1, 4
[4]  1, 5
[5]  5, 4










Scanner
This method reads two numbers and returns their sum.
 
void getXY() {
  Scanner kbd = new Scanner(System.in);
  int x = kbd.nextInt();
  String line = kbd.nextLine();
  int y = kbd.nextInt();
  return x+y;
}
 
Here are 4 possible options for lines that a user could enter when the getXY() method is called.
 
1. 100
Java
200
1. 100 Java 200 
1. 100 Java
200
1. 100
Java 200
 

15. Which of the previous 4 options allow the method getXY() to return the value 300?

[1]  All of them. They all work. 
[2]  Only option A.
[3]  Options A and C.
[4]  Only option C.
[5]  Options A, C, and D, but not B.
 
A class in a method?
This is a method with a class defined inside it.
 
public Object holodeck() {
  class Moriarty {};
  return new Moriarty();
}
 
16. What can you say about this method?
[1]  That's ridiculous. You can't define a class inside a method.
[2]  You can define a class inside a method, but you can't return an instance of it. Moriarty can't leave the holodeck().
[3]  You can return an instance of Moriarty, but you can't treat it as an instance of Moriarty.
[4]  You can return an instance of Moriarty, and were it to be properly cast, you can treat it as an instance of Moriarty.
[5]  You can return an instance of Moriarty, but in order to cast it as a Moriarty you must also define a second Moriarty class outside the holodeck() method. 
Branches
This method is recursive.
 
int branch(int x) {
  if( x == 1 )
    return 1;
  return branch(x-1) + branch(x-1);
}
 
17. Using the method defined above, what is the value of branch(5)?
[1]  0
[2]  4
[3]  8
[4]  16
[5]  32
Splitting a string
Excerpted from Java documentation:

public String[] split(String regex)
Splits this string around matches of the given regular expression. This method works as if by invoking the two-argument split method with the given expression and a limit argument of zero. Trailing empty strings are therefore not included in the resulting array. 
The string "boo:and:foo", for example, yields the following results with these expressions:

	Regex
	Result

	:
	{ "boo", "and", "foo" }

	O
	{ "b", "", ":and:f" }


   Parameters:
        regex - the delimiting regular expression 
    Returns:
        the array of strings computed by splitting this string around matches of the given regular expression 

After the method is called: 

String[] s = "a; b; c;".split(";");
 
18. What does the array variable s contain?
 	[1]  null
[2]  { "a; b; c;" }
[3]  { "a", "b", "c" }
[4]  { "a", " b", " c" }
[5]  { "a", " b", " c", "" }
 


International translation
One way to make an application usable by an international audience is to have subclasses override a method that displays information in a certain language. Each subclass can display that information using a different language.
 
Read and understand these classes:
 
public class Person { }
 
public class Speaker extends Person {
  public void speak() { };
}
 
public class EnglishSpeaker extends Speaker {
  public void speak() { System.out.println("Hello"); }
}
 
public class AustralianSpeaker extends Speaker {
  public void speak() { System.out.println("G'day"); }
}
 
public class SpanishSpeaker extends Speaker {
  public void sayHello() { System.out.println("Hola"); }
}
 
Using the classes above, determine what the output would be from each of these groups of two statements. Assume that the statements appear inside an otherwise correct program. Choose option [5] an error occurs if the statements would cause a compiler or runtime error.
 
19. Person p = new Person();
p.speak();
[1] nothing, [2] the word Hello, [3] the word G'Day, [4] the word Hola, [5] an error occurs

20. Person p = new EnglishSpeaker();
p.speak();
[1] nothing, [2] the word Hello, [3] the word G'Day, [4] the word Hola, [5] an error occurs

21. Speaker sp = new SpanishSpeaker();
sp.speak();
[1] nothing, [2] the word Hello, [3] the word G'Day, [4] the word Hola, [5] an error occurs

22. AustralianSpeaker as = new AustralianSpeaker();
as.speak();
[1] nothing, [2] the word Hello, [3] the word G'Day, [4] the word Hola, [5] an error occurs

23. SpanishSpeaker sp = new Person();
sp.speak();
[1] nothing, [2] the word Hello, [3] the word G'Day, [4] the word Hola, [5] an error occurs 
Superclasses
Here is a superclass:
 
public abstract class Superclass {
  public void method1() { }
  public abstract int method2(int x);
}
 
19. 
20. 
21. 
22. 
23. 
24. Which of these is a correct subclass of the Superclass class?

[1]  public abstract class Subclass extends Superclass {
     @Override
     public void method1(int x) {}
   	   }

[2]  public class Subclass extends Superclass {
     public int method2(int x) { return 0; }
   }

[3] public abstract class Subclass extends Superclass {
     public abstract void method1() {}
     public abstract int method2(int x) {}
   }

[4]  public class Subclass extends Superclass {
     public Subclass() { x = 0; }
   }

[5] public class Subclass extends Superclass {
     public Subclass() {
       Superclass();
     }
   }
 
 


Subclasses
Here is a subclass:
public class Subclass extends Superclass {
  public Subclass() {
    super(100, 200);
  }
  @Override
  public void zip() {}
}
 
25. Which of these is a correct Superclass of the Subclass class?

[1] public class Superclass {
     private int x, y;
     public Superclass(int x, int y) {}
     public void zip() {}
   }

[2] public class Superclass {
     private int x, y;
     public Superclass() {
       x = 100; y = 200;
     }
     public void zip() {}
   } 

[3] public class Superclass {
     private int x, y;
     public Superclass(int x, int y) { this.x = x; this.y = y; }
     public void zip(int x) {}
   }

[4] public class Superclass {
     private int x, y;
     private Superclass(int x, int y) {}
     public void zip() {}
   }

[5] None of the above.
 
 


Strings
Assume that this program fragment is placed in a correct main method in a class.
 
String s = "abc";
for(int i=0; i<s.length(); i++)
  for(int j=0; j<i; j++)
    s = s + s.charAt(i);
System.out.println(s);
 
26. What does that program fragment display when it is run?
[1]  abc
[2]  abcbcc
[3]  abcabc
[4]  abccba
[5]  Nothing, the loop never terminates.
  
Logical and
27. Given an array of boolean values, we would like to calculate the logical and on all the values in the array. Assuming that you are charged for each array access that the method makes: which method calculates the result correctly with the least cost? (Note that cost is considered to be the average cost over some number N of runs, for N >> 1.)

[1]     public boolean and(boolean[] bools) {
  for(int i=0; i<bools.length; i++)
    if(!bools[i]) return false;
  return true;
}
 
[2]     public boolean and(boolean[] bools) {
  boolean result = true;
  for(int i=0; i<bools.length; i+=2)
    result = result && bools[i] && bools[i+1];
  return result;
}
 
[3]     public boolean and(boolean[] bools) {
  boolean result = true;
  for(int i=0; i<bools.length; i++)
    result = result && bools[i];
  return result;
}
 
[4]     public boolean and(boolean[] bools) {
  boolean result = true;
  for(int i=0; i<bools.length; i++)
    if(!bools[i]) result = false;
  return result;
}
 [5]     They are all the same.
if statement
Given this if statement:
 
if(a == b || b == c && c == d )
  foo();
 
28. Which of the following if statements exhibits equivalent logic?
 
[1]     if( a == b )
  foo();
else if( b==c )
  if( c == d )
    foo();
 
[2]     if( a == b )
  if( c == d )
    foo();
else if( b == c )
  if( c == d )
    foo();
 
[3]     if( a == b )
  if( c != d )
    foo();
  else
    foo();
else
  foo();
 
[4]     if( !( a == b && b == c ) )
  if( c == d )
    foo();
 
[5]     if( a ==b )
  if( b == c )
    if( c == d )
      foo();
 
 


Display columns
Your next task is to write a method that takes an array and a number of columns, and displays the values in the array in that many columns, with the values in the array going down each column.
 
This is the method outline:
 
void printInCols(int[] a, int nCols) {
  // see below
}
 
If the method were called like this:
 
int[] nums = {1, 2, 3, 4, 5, 6, 7, 8, 9};
printInCols(nums, 3);
 
Then this is what the output should look like:
 
1        4        7        
2        5        8        
3        6        9        
 
29. Which of these options should be used as the method body?

[1]     for(int i=0;i<a.length; i++) {
  if(i>0 && i%nCols == 0)
    System.out.println();
  System.out.print("" + a[i] + "\t");
}
 
[2]     for(int i=0;i<a.length/nCols; i++) {
  for(int j=0; j<nCols; j++)
    System.out.print("" + a[j*nCols+i] + "\t");
  System.out.println();
}
 
[3]     for(int i=0;i<a.length; i++) {
  	  if(i>3)
    	  System.out.println();
System.out.print("" + a[i] + "\t");
}
 
[4]     All of the above.
 
[5]     None of the above.
 
 


Exceptions
Here is a convoluted pair of methods that uses an exception.
 
public static void a() throws Exception {
  try {
    System.out.print("b1");
    throw new RuntimeException("b2");
  }
  catch(Exception e) {
    System.out.print("b3");
    throw e;
  }
}
 
public static void main(String[] args) {
  try {
    a();
  }
  catch(RuntimeException e) {
    System.out.print("m1");
  }
  catch(Exception e) {
    System.out.print("m2");
  }
}
  
30. What is the output when the main method is run?

[1]  b1 b3 m2
[2]  b1 b2 m1
[3]  b1 b2 m2
[4]  b1 b3 m1
[5]  b1 b2 b3 m1 m2
 
String loop
31. What is the result of running this method?

public static void main(String[] args) {
  String[] strings = {null, null, null, null};
  int i = 0;
  for(String s: strings)
    s = "" + i;
  String t = "";
  for(String s: strings)
    t += s;
  System.out.println(t.length());
}

       [1] 0   [2] 4   [3] 16   [4] a null pointer exception   [5] an array index out of bounds exception
Accumulator
An accumulator is a storage cell. It stores a value, and that value can be incremented or decremented. It works just like a bank account: the bank account stores a value (the balance), and you can increment it (deposit money) or decrement it (withdraw money).
 
Here is an incomplete definition of an Accumulator class.
 
public class Accumulator {
  private int sum;
 
  public int accumulate(int i) {
    // see below
  }
}
 
 
32. What is the correct implementation of the accumulate method such that it increments the value of the Accumulator and returns the new value?

[1]     public int accumulate(int i) {
  sum += i;
  return sum;
}
 
[2]     public int accumulate(int i) {
  for(int j=0; j<i; j++)
    sum++;
  return sum;
}
 
[3]     public int accumulate(int i) {
  while(i>0) {
    i--;
    sum++;
  }
  return sum;
}
 
[4]     All of the above.
 
[5]     None of the above.
 
 


Incrementer
Each instance of this Incrementer class is responsible (in its increment method) for incrementing a number by a pre-defined amount. Note that although this class and the Accumulator class share a similar method name, the methods work differently.
 
public class Incrementer {
  
  private int inc;
 
  public Incrementer(int inc) {
    this.inc = inc;
  }
 
  public int increment(int x) {
    return inc + x;
  }
}
 
Here is a main method that uses the Incrementer class:
 
public static void main(String[] args) {
  Incrementer inc1 = new Incrementer(4);
  Incrementer inc2 = new Incrementer(inc1.increment(1));
  int x = inc2.increment(inc1.increment(1));
  System.out.println(x);
}
 
33. What is the output from running the main method?
[1]  11
[2]  10
[3]  7
[4]  6
[5]  None of the above.
 
 


Inheritance, perhaps
Here is a program that consists of three classes:
 
public class Parent {
  public int x = 100;
}
 
public class Child extends Parent {
  public int x = 200;
}
 
public class Main {
  public static void main(String[] args) {
    Parent p = new Child();
    System.out.println(p.x);
  }
}
 
34. Which statement about this program is true?
[1]  It does not compile because of the Parent p = new Child() statement.
[2]  It compiles but it does not run.
[3]  It runs but it throws an exception.
[4]  It runs and the output is 100.
[5]  It runs and the output is 200.
 
 


Constructors
Below are two classes. You will be asked to identify true and false statements about the classes.
 
public static class Parent {
  int x;
  public Parent(int x) {
    this.x = x;
  }
}
 
public static class Child extends Parent {
  // Child constructor A
  public Child() {
    // statement(s) omitted
  }
  // Child constructor B
  public Child(int x) {
    // statement(s) omitted
  }
}
 
Statements: 
 
1. Child constructor A is illegal, even if statements are placed inside it.
1. Child constructor B must invoke the constructor of the Parent class.
1. Child constructor B can be considered to be a legal constructor in the Child class, but only because it has a parameter.
1. The statement super(); placed inside constructor A will make it compile correctly.
1. The statement super(x); placed inside constructor B will make it compile correctly.
 
35. Which of the above statements are true and which are false?
[1]  All the statements are false.
[2]  Statements D and E are true, the rest are false.
[3]  Statements B and E are true, the rest are false.
[4]  Statement A and C are false, the rest are true.
[5]  All the statements are true.
 
 
 


Polymorphism (or not?)
The classes A, B, C, and D form an inheritance hierarchy.
 
class A {
  public String toString() { return "A"; }
}
 
class B extends A {
  public String toString() { return "B"; }
}
 
class C extends B {
  public String toString() { return "C"; }
}
 
class D extends A {
  public String toString() { return "D"; }
}
 
public static void main(String[] args) {
  A[] as = {new A(), new B(), new C(), new D()};
  System.out.println(Arrays.toString(as));
  for(A a: as)
    System.out.print(((A)a).toString());
}
 
36. What is the output of the main method?  You may assume that the Arrays.toString() method displays square brackets around the array and separates the elements by commas. In other words, this problem is not about the brackets and commas.

[1]  [A, A, A, A]
   	   AAAA
 
[2]  [A, A, A, A]
   ABCD
 
[3]  [A, B, C, D]
   AAAA
 
[4]  [A, B, C, D]
   ABCD
 
[5]  None of the above.
 
 


Arrays of the second dimension
Determine what this program fragment displays when it is run:
 
int[][] xs = { {0, 0, 0}, {0, 0, 0}, {0, 0, 0}, {0, 0, 0} };
for(int[] row : xs) {
  for(int col : row)
    System.out.print(col + " ");
  System.out.println();
}
 
37. Which of these options displays the same output?
 	
[1]    int[][] xs = { {0, 0, 0}, {0, 0, 0}, {0, 0, 0}, {0, 0, 0} };
for(int i=0; i<xs.length; i++) {
  int[] row = xs[ i ];
  for( int j=0; j<row.length; j++)
    System.out.print(row[j] + " ");
  System.out.println();
}
 
[2]      int[][] xs = new int[4][3];
for(int i=0; i<xs.length; i++) {
  int[] row = xs[ i ];
  for( int j=0; j<row.length; j++)
    System.out.print(row[j] + " ");
  System.out.println();
}
 
[3]      int[][] xs = new int[3][4];
    for(int i=0; i<xs.length; i++) {
  int[] row = xs[ i ];
  for( int j=0; j<row.length; j++)
    System.out.print(row[j] + " ");
  System.out.println();
}
 
[4]      Both 1 and 3, but not 2.
 
[5]      Both 1 and 2, but not 3.
 
 


The Lost Pyramid of Doom
In your new retro text-console adventure game you need to draw a pyramid having this exact shape:
 
...../\.....
..../..\....
.../....\...
../......\..
./........\.
------------
 
Your game development partner got this far, writing two methods, one of which is incomplete:
 
// display n characters in a row
void display(int n, char c) {
  for(int i=0; i<n; i++)
    System.out.print(c);
}
 
void triangle() {
  char pLeft='/', pRight='\\', sand='.', base='_';
  int n = 5;
  for( int i=0; i<n; i++) {
    // see below
  }
  display(n*2+2, base);
}
 
38. Choose the correct statements that form the body of the for loop:
 [1]      display(i, sand);
System.out.print(pLeft);
display(2*i, sand);
System.out.print(pRight);
display(i, sand);
System.out.println();
 
[2]      display(n-i, sand);
System.out.print(pLeft);
display(2*i, sand);
System.out.print(pRight);
 
[3]      display(n-i, sand);              
System.out.print(pLeft);
display(2*i, sand);
System.out.print(pRight);
display(n-i, sand);
System.out.println();
 
[4] All of the above
[5] None of the above

Array copy
The Java Arrays.copyOf static method can be used to create a copy of an array, and to give that copy a (possibly) different length from the original array.
 
public static Object copyOf(Object[] original, int newLength)
 
Copies the specified array, truncating or padding with nulls (if necessary) so the copy has the specified length. For all indices that are valid in both the original array and the copy, the two arrays will contain identical values. For any indices that are valid in the copy but not the original, the copy will contain null. Such indices will exist if and only if the specified length is greater than that of the original array. The resulting array is of exactly the same class as the original array.
Parameters:
original - the array to be copied
newLength - the length of the copy to be returned
Returns:
a copy of the original array, truncated or padded with nulls to obtain the specified length
 
39. What is the correct implementation of the copyOf method?
[1]      public static Object[] copyOf(Object[] original, int newLength) {
  Object[] newElems = new Object[newLength];
  int count = newLength < original.length ? newLength
                                          : original.length;
  for(int i=0; i<count; i++)
    newElems[i] = original[i];
  return newElems;
}
 
[2]      public static Object[] copyOf(Object[] original, int newLength) {
  Object[] newElems = new Object[newLength];
  for(int i=0; i<original.length; i++)
    newElems[i] = original[i];
  return newElems;
}
 
[3]      public static Object[] copyOf(Object[] original, int newLength) {
  if(newLength == 0)
    return original;
  return copyOf(new Object[newLength], newLength-1);
}
 
[4]      public static Object[] copyOf(Object[] original, int newLength) {
  if(newLength == 0)
    return original[0];
  return original[newLength].copy++copyOf(original, newLength-1);
}
 
[5]      None of the above

ArrayList
An ArrayList is a linear, ordered, random-access data structure similar to an array that, unlike an array, can re-size itself when it reaches its capacity. The ArrayList class has an instance method called add that places an object in the next available empty location (the empty location with the lowest index number).
 
40. Given the two member variables elems and next (see below), what is the correct implementation of the add method? Assume that the Arrays.copyOf method is the same as the one from the previous problem, and that the capacity of an ArrayList doubles when it is resized.
 
Object[] elems = new Object[8];
int next = 0;

[1]      public void add(Object obj) {
  Object[] newElems = new Object[elems.length*2];
  elems = Arrays.copyOf(newElems, elems.length);
  elems[next] = obj;
}
 
[2]      public void add(Object obj) {
  if(next > elems.length)
    elems = Arrays.copyOf(elems, elems.length*2);
  elems[next++] = obj;
}
 
[3]      public void add(Object obj) {
  elems = new Object[elems.length*2];
  if(next > elems.length)
    elems = newElems;
  elems[next++] = obj;
}
 
[4]      public void add(Object obj) {
  if(next > elems.length)
    elems[++next] = obj;
  elems = Arrays.copyOf(elems, elems.length*2);
}
 
[5]      public void add(Object obj) {
  if(next++ > elems.length)
    elems = Arrays.copyOf(elems, elems.length*2);
  elems[next] = obj;
}
 
 



Queues
A queue is a first in, first out data structure. The line you wait in at the store or at the bank is a queue. A customer arrives and starts the head of the queue. Other customers arrive and queue up behind the first customer. The first customer to be removed from the queue is the one waiting at the front of the queue, and all the other customers then move ahead so that the second customer now becomes the first customer.
 
Queueing involves two operations:
1. enqueue: place an object (customer) at the end of the queue, or at the head of the queue if it is empty.
1. dequeue: remove the first object (whomever is next) from the queue.
 
Assuming that there is a Queue class with these methods:
· public void enqueue(Object obj); // place obj at end of queue
· public Object dequeue(); // remove object from beginning of queue
 
41. What is the output from this main method?
 
pubic static void main(String [] args) {
  Queue q = new Queue();
  q.enqueue(100);
  q.enqueue(200);
  q.enqueue(300);
  q.enqueue(400);
  q.enqueue(q.dequeue());
  q.enqueue(q.dequeue());
  q.enqueue(q.dequeue());
  q.enqueue(q.dequeue());
  q.enqueue(q.dequeue());
  System.out.println(q);
}
 
You may assume that the brackets and commas are correct, and that the head of the queue is printed on the left, and the tail on the right.
 
[1]  [100, 200, 300, 400]
[2]  [200, 300, 400, 100]
[3]  [300, 400, 100, 200]
[4]  [400, 100, 200, 300]
[5]  None of the above.
 
 


Recursion (and Recursion (and Recursion))
One day while your teacher is using the school's steam-powered mechanical Java compiler, all the loops break: for loops, while loops, do/while loops. Your teacher fears that all hope is lost, because the computer can no longer iterate over an array of numbers in order to calculate its sum. However, when you arrive on the scene you discover that method calls still work, so you quickly write a recursive method that will do the job and save the day!
 
Given this array:
 
int[] numbers = { a very long array of numbers };
 
42. Which of the methods below correctly calculates and returns the sum of the numbers in the numbers array? 

Assume that this is the method call:
 
int total = sum(numbers, 0);
  
[1]      int sum(int[] nums, int pos) {
  if(pos >= nums.length)
    return 0;
  return nums[pos] + sum(nums, pos+1);
}
 
[2]      int sum(int[] nums, int pos) {
  if(pos < nums.length)
    return 0;
  return nums[pos] + sum(nums, pos+1);
}
 
[3]      int sum(int[] nums, int pos) {
  if(pos == 0)
    return 0;
  return nums[pos] + sum(nums, pos);
}
 
[4]      All of the above.
 
[5]      None of the above.
 
 


Stack push
A stack is a last-in, first-out data structure. The push operation places a new object at the top of the stack. The pop operation removes and returns the object at the top of the stack. Notice that if the numbers 1, 2, 3, and 4 are pushed onto a stack in that order, leaving 4 at the top and 1 at the bottom, then when the numbers are popped, they come off in the order 4, 3, 2, 1.
 
Here is a stack class that can hold up to 4 elements.
 
public class Stack {
  Object[] stack = new Object[4];
  int top = 0;
 
  public int count() { return top; }
 
  public void push(Object obj) {
    // see #43
  }
 
  public Object pop() {
    // see #44
  }
}
 
Your task is to complete this class so that if more than 4 objects are pushed onto the stack, no exception is thrown, or if the pop method is called on an empty stack, no exception is thrown.
 
43. Choose the correct implementation of the push method.
 
[1]    public void push(Object obj) {
  stack[top++] = obj;
}
 
[2]      public void push(Object obj) {
  if(top < stack.length)
    stack[top++] = obj;
}
 
[3]      public void push(Object obj) {
if(obj < top)
    stack[top++] = obj;
    }
 
[4]      All of the above.
 
[5]      None of the above.
 
 


Stack pop
From the previous page

public class Stack {
  Object[] stack = new Object[4];
  int top = 0;
 
  public int count() { return top; }
 
  public void push(Object obj) {
    // see #43
  }
 
  public Object pop() {
    // see #44
  }
}
 
44. Choose the correct implementation of the pop method for the Stack class:

[1]      public Object pop() {
  return stack[--top];
}
 
[2]      public Object pop() {
  if(top > 0)
    return stack[--top];
  return null;
}
 
[3]      public Object pop() {
  if(top < stack[top])
    return stack[top];
  return null;
}
 
[4]      All of the above.
 
[5]      None of the above.
 
 


Hash tables and stacks
It might be possible to use a hash table to implement a stack. Here's a partial implementation:
 
public class Stack {
  private HashMap<Integer,Object> stack;
  private int stackPointer;
  public Stack() { stack = new HashMap<Integer,Object>(); }
}
 
A HashMap is the same as a lookup table. The insertion of values in a HashMap instance is through the method put(key, value).  Retrieving values from a HashMap is through the method value = get(key). 
 
Treating a HashMap as a stack, pushing a value involves a call to the put method, and popping a value involves a call to the get method.
 
45. Which of the methods below are correct implementations of the push and pop methods for this Stack class?

[1]    public void push(Object obj) {
  stack.put(stackPointer++, obj);
}
public Object pop() {
  return stack.get(--stackPointer);
}
 
[2]      public void push(Object obj) {
  stack.put(stackPointer++, obj);
}
public Object pop() {
  return stack.get(stackPointer--);
}
 
[3]      public void push(Object obj) {
  stack.put(obj, stackPointer++);
}
public Object pop() {
  return stack.get(--stackPointer);
}
 
[4]      All of the above.
 
[5]      This can't be done. It is not possible to implement a stack using a hash table.
They are incompatible data structures.
 
 


Colors
A color can be represented as three primary color components of red, green, and blue (usually called RGB) in varying amounts between 0.0 and 1.0. Using the additive color scale, mixing the maximum amounts of all three colors (R=1.0, G=1.0, B=1.0) yields the color white. The absence of all three colors (R=0.0, G=0.0, B=0.0) yields the color black. Other colors use different amounts of RGB. For example, yellow is R=1.0, G=1.0, B=0.0. Brown is R=0.5, G=0.5, B=0.0. Here is a class that represents colors in this way:

class Color {
  public double red, green, blue;
  public Color(double red, double green, double blue) {
    this.red   = red;
    this.green = green;
    this.blue  = blue;
  }
}
 
We need to add a method to this class called convertToGrayScale that converts an RGB color into a gray scale value. This method must create and return a new color is that has all three of its RGB components set to the arithmetic mean (average) of the original color's RGB components. 

46. Which of these methods does this correctly?
 [1]      public Color convertToGrayScale() {
  double mean = (red + green + blue) / 3.0;
  return mean;
}
 
[2]      public Color convertToGrayScale() {
  double sum = new Color((red+green+blue)/3.0);
  sum += new Color((red+green+blue)/3.0);
  sum += new Color((red+green+blue)/3.0);
  mean = sum / 3.0;
  return new Color(mean, mean, mean);
}
 
[3]      public Color convertToGrayScale() {
  return new Color(red/3.0, green/3.0, blue/3.0);
}
 
[4]      public Color convertToGrayScale() {
  sum = red + green + blue;
  mean = sum/3.0;
  return new Color(mean, mean, mean);
}
 
[5]      public Color convertToGrayScale() {
  sum = red + green + blue;
  return new Color(sum, sum, sum);
}
Anonymous classes
47. What is the output from running the main method below?
 
public static void compare(Object obj, Object[] objs) {
  for(Object obj1 : objs)
    System.out.print(obj.equals(obj1) + " ");
}
 
public static void main(String[] args) {
  Object obj = new Object() {
    @Override
    public boolean equals(Object obj) {
      return obj instanceof String;
    }
  };
  Object[] objs = { "Hello", 100, "World", 200 };
  compare(obj, objs);
}
  
[1]  true  false true  false
[2]  false true  false true
[3]  false false false false
[4]  true  true  true  true
[5]  The program does not run correctly because a class cast exception is thrown.
 
 


Inner classes
Here is a program that consists of three classes; one of them is an inner class.
 
public class Outer {
  public int x = 100;
 
  private class Inner extends Outer {
    public int x = 200;
  }
  
  public Inner getInner() {
    return new Inner();
  }
 
}
 
public class Main {
  public static void main(String[] args) {
    Outer o = new Outer();
    Object i = o.getInner();
    Outer.Inner i2 = (Outer.Inner)i;
  }
}
 
48. Which statement about this program is true?

[1]  It does not compile because of the Object i = o.getInner() statement.
[2]  It does not compile because of the Outer.Inner i2 = (Outer.Inner)i statement.
[3]  It compiles but it throws a class cast exception when it runs.
[4]  It runs and the output is 100.
[5]  It runs and the output is 200.
 
 


We're all clones
A box can contain a single object:
 
public class Box {
  public Object value;
  public Box(Object value) {
    this.value = value;
  }
  public Box clone() {
    return new Box(value);
  }
}
 
A crate can contain two boxes:
 
public class Crate {
  public Box[] boxes = new Box[2];
  public Crate(Box box1, Box box2) {
    boxes[0] = box1;
    boxes[1] = box2;
  }
  public Crate clone() {
    return new Crate(boxes[0], boxes[1]);
  }
}
 
Create two boxes and a crate, then clone the crate:
 
public static void main(String[] args) {
  Box b1 = new Box(100);
  Box b2 = new Box(200);
  Crate c1 = new Crate(b1, b2);
  Crate c2 = c1.clone();
  c2.boxes[1].value = 100;
}
 
49. What are the values in the boxes in crate c2 when the program ends?
[1]  100, 100
[2]  100, 200
[3]  200, 100
[4]  200, 200
[5]  None of the above.
 
 


Locatable objects
In a graphics application that you're writing you need to place graphics objects in a container and then be able to move them around the screen as a single collective object.
 
Read and understand the following Locatable interface and LocatableContainer class and then answer some questions about them.
 
public interface Locatable
{
  // move the object by an amount (dx, dy) on the Cartesian plane
  public void moveBy(int dx, int dy);
  // set the object to the location (x, y) on the Cartesian plane
  public void setXY(int x, int y);
}
 
// A LocatableContainer instance can contain any number
// of Locatable objects
public class LocatableContainer implements Locatable
{
  private ArrayList<Locatable> elems = new ArrayList<Locatable>();
  // the container itself is located at this point:
  private int x, y;
 
  public void add(Locatable elem) {
    elems.add(elem);
  }
 
  public void moveBy(int dx, int dy) {
    // see #50 below
  }
 
  public void setXY(int x, int y) {
  this.moveBy(x-this.x, y-this.y);
  }
 }
 


50. What is the correct way to write the body of the moveBy method in the LocatableContainer class so that it the container and the container's elements are moved by the amount dx, dy?

[1]    for(Locatable elem : elems) {
  elem.moveBy(dx, dy);
  x += dx;
  y += dy;
}
 
[2]    for(Locatable elem : elems)
      elem.moveBy(dx, dy);
    x += dx;
    y += dy;
 
[3]   for(Locatable elem : elems)
  	elem.moveBy(dx, dy);
 
[4]     All of the above.
 
[5]     None of the above.
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