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ITI 1120 Lab #11

Contents:  

Arrays of Objects

Old CSI 1100 exam, and how to do it!

Note

• This lab is a continuation of the exercise 
presented in the previous lab. Assume the 
ParkingPlace class in this lab is given.

ParkingPlace

+ ParkingPlace()
+ carArrives(String plate, int hour, int minutes):void
+ carLeaves():void
+ free() :boolean
+ getCar():String
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ParkingPlace - Methods

•ParkingPlace() : constructor without parameters that constructs a parking place that is 
initially free;
•String toString() : that returns "-------" if the parking place is free, and the licence 
plate of the car, if the parking place is occupied;
•void carArrives(String plate, int hour, int minutes) : modifies the state of the 
parking place by setting it to occupied, sets the plate of the car that occupies the place 
to plate, and sets the time since when it is occupied to hour and minutes; if the parking 
place is already occupied, the method does nothing;
•void carLeaves() : modifies the state of the parking place by setting it to free;
•boolean free() : returns true if the parking place is free, false otherwise;
•String getCar() : returns the plate of the car that occupies the parking place, if the 
place is occupied, null otherwise;
•int getHour() : returns the hour since when the parking place is occupied, if the place 
is occupied, -1 otherwise;
•int getMinutes() : returns the minutes since when the parking place is occupied, if the 
place is occupied, -1 otherwise;

Exercise 1

• Write a class UseParkingPlace that contains various public static 
methods that are clients of ParkingPlace. In the description of 
all methods below, we assume that a parking lot is always 
represented as an array of parking places. The class should 
contain the following methods:
– static int firstFreePlace(ParkingPlace[] p) : that, given a parking 

lot p, returns the index of the first free parking place in p;

– static int countFreePlaces(ParkingPlace[] p) : that, given a parking 
lot p, returns the number of free parking places in p;

– static int[] freePlaces(ParkingPlace[] p) : that, given a parking lot p, 
returns an array of integers containing the indices of all free 
parking places in p;

– static void carEnters(ParkingPlace[] p, String a, int hour, int
minutes) : that, given a parking lot p, modifies the array p by 
inserting the car a (represented by its plate) in the first free 
parking place available in p, assigning hour and minutes as arrival 
time; if there is no free parking place inp, the method does nothing;
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Exercise 1 (Con’d)

• static void carExits(ParkingPlace[] p, String a) : that, given a 
parking lot p, modifies the array p by freeing the parking place 
where the car ais parked; if the car a is not present in the parking 
lot, the method does nothing;

• static int longestParkedCar(ParkingPlace[] p) : that, given a parking 
lot p, returns the index of the parking place in which the longest 
parked car is present; if there is more than one such car, the 
method should return one of the indexes (chosen arbitrarily); if 
there is no car parked in the parking lot, the method should 
return -1;

• static String[] allParkedCars(ParkingPlace[] p) : that, given a 
parking lot p, returns an array of strings that represent the plates 
of all cars present in p;

Exercise 2

Realize a class ParkingLot to represent parking 
lots, and whose objects support the same 
functionalities as those implemented 
in UseParkingPlacethrough static methods. The 
class should export also a constructor that takes 
as parameter a positive integer n and constructs a 
parking lot with n parking places that initially are 
all empty.



12/3/2010

4

Solutions to old exam
Question 1A [4]

• Environment Canada will report a humidex value as 
part of a weather forecast if the temperature (T) is 
greater than or equal to 30 degrees, if the 
temperature is greater than or equal to 25 degrees 
and the humidity (H) is greater than 35%, or the 
temperature is greater than or equal to 20 degrees 
and the humidity is greater than or equal to 65%.

• Write a Boolean expression that is true if 
Environment Canada will report a humidex value, and 
false otherwise.

Question 1A

• Environment Canada will report a humidex value as 
part of a weather forecast if the temperature (T) is 
greater than or equal to 30 degrees, if the 
temperature is greater than or equal to 25 degrees 
and the humidity (H) is greater than 35%, or the 
temperature is greater than or equal to 20 degrees 
and the humidity is greater than or equal to 65%.

• Answer:

T ≥ 30 OR (T ≥ 25 AND H > 35) OR (T ≥ 20 AND H ≥ 65)



12/3/2010

5

Question 1B [4]

• Consider the following Java program :
MyClass[] obj;

int index;

obj = new MyClass[2];

index = 15;

while( index > 2 )

{

obj[index % 2] = new MyClass( );

index = index / 2;

}

// Line X

• How many instances of MyClass are created during the 
execution of this program? [2]

• How many instances of MyClass are still accessible at Line X ? 
[2] 

Question 1B

obj index # objects

Initial values ? ?

obj = new MyClass[2];

index = 15; 15

while( index > 2 ) : 
true

obj[index % 2] = new 
MyClass( );

1

index = index / 2; 7

while( index > 2 ) : 
true

∅ ∅

∅
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Question 1B

obj index # objects

From previous page 7 1

obj[index % 2] = new 
MyClass( );

2

index = index / 2; 3

while( index > 2 ) : 
true

obj[index % 2] = new 
MyClass( );

3

index = index / 2; 1

while( index > 2 ) : 
false

∅

∅

∅

Number of objects created:  3 Number still accessible:  1

Question 1C [4]
class Foo
{

private int x1;
public static int x2;
public static Bar x3;

public Foo(int x4)
{

...
}

}

class Bar
{

public int x5;
public static int x6()
{

...
}

public Foo x7()
{

...
}

}
• Suppose that the following instructions are used in the main() method in a class 

Test .  Each choice should be considered independently – as it if were in its own 
main() method. Circle the letter of the statement which causes a compilation 
error.

(a) Foo[] a = new Foo[5]; d) int k = Foo.x3.x5; 

a[4] = new Foo(-1);

(b) Foo f = Bar.x7(); e) Bar b = new Bar();

(c) Foo.x2 = Bar.x6(); Foo f = b.x7();
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Question 1C
class Foo
{

private int x1;
public static int x2;
public static Bar x3;

public Foo(int x4)
{

...
}

}

class Bar
{

public int x5;
public static int x6()
{

...
}

public Foo x7()
{

...
}

}

a)  OK

Foo[] a = new Foo[5];

a[4] = new Foo(-1);

Declare and create an array of 5 Foo object
references.  The references are all null .

There is a public Foo constructor with 1 integer
parameter.

Question 1C
class Foo
{

private int x1;
public static int x2;
public static Bar x3;

public Foo(int x4)
{

...
}

}

class Bar
{

public int x5;
public static int x6()
{

...
}

public Foo x7()
{

...
}

}

b)  Compile error

Foo f = Bar.x7(); The method x7() in the Bar class does not
have the keyword static , so it is an instance
method. Instance methods cannot be called
using the class name.
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Question 1C
class Foo
{

private int x1;
public static int x2;
public static Bar x3;

public Foo(int x4)
{

...
}

}

class Bar
{

public int x5;
public static int x6()
{

...
}

public Foo x7()
{

...
}

}

c)  OK

Foo.x2 = Bar.x6();

The method x6() in the Bar class is public , static ,
and returns a value of type int .  Because of the static
keyword, the method can be called via the class
name.

The value x2 in the Foo class is public , static , and of
type int .  Since the value is static , it is a class variable,
and since it is public , it can be accessed outside the class.

Question 1C
class Foo
{

private int x1;
public static int x2;
public static Bar x3;

public Foo(int x4)
{

...
}

}

class Bar
{

public int x5;
public static int x6()
{

...
}

public Foo x7()
{

...
}

}

d)  OK

int k = Foo.x3.x5

The value x3 in the Foo class is public , static , and of type
Bar .  Because the value is public , x3 can be accessed
outside the class, and because it is static , it can be accessed
via the class name.

In the class Bar, the value x5 is public and of type int .  Therefore,
x5 can be accessed from outside of the class, and assigned
to a variable of type int .
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Question 1C
class Foo
{

private int x1;
public static int x2;
public static Bar x3;

public Foo(int x4)
{

...
}

}

class Bar
{

public int x5;
public static int x6()
{

...
}

public Foo x7()
{

...
}

}

e)  OK

Bar b = new Bar();

Foo f = b.x7();

Declare and create a new Bar() object.  The
invisible default constructor is used, since no
constructors are defined.

Method x7() is a public instance method, so it can
be called on a Bar object.  It returns an object
of type Foo, which can be assigned to f .

Question 2 [8]
class Football
{

public static void main(String[ ] args)
{

char[] t = {'G', 'e', 'e', '-', 'G', 'e', 'e'};
Rec(t, t.length - 1);

}

public static void Rec(char[] var, int i)
{

if (i < 0)
{  ; // do nothing
}
else
{

if ( (var[i] > 'A') && (var[i] < 'Z') )
{

System.out.print( (char) (var[i] - 'A' + 'a') );
}
else
{

if ( (var[i] > 'a') && (var[i] < 'z') )
{

System.out.print( (char) (var[i] - 'a' + 'A') );
}
else
{    ; // do nothing
}

}
Rec(var, i - 1);

}
}}

• Here is a 
program that 
uses recursion.

• What is 
printed by this 
program?
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Question 2

• Let’s look at various parts of the program:

if ( (var[i] > 'A') && (var[i] < 'Z') )

{

System.out.print( (char) (var[i] - 'A' + 'a') );

}

• The above will take any upper case letter (except for 
′A′ and ′Z′) at index i in the array var , convert it 
to lower case, and display the character on the 
console.      

Question 2

if ( (var[i] > 'a') && (var[i] < 'z') )

{

System.out.print( (char) (var[i] - 'a' + 'A') );

}

• The above will take any lower case letter (except for 
′a′ and ′z′) at index i in the array var , convert it 
to upper case, and display the character on the 
console.      



12/3/2010

11

Question 2

class Football
{

public static void main(String[ ] args)
{

char[] t = {'G', 'e', 'e', '-', 'G', 'e', 'e'};
Rec(t, t.length - 1);

}

public static void Rec(char[] var, int i)
{

if (i < 0)
{

; // do nothing
}
else
{

// if var[i] is upper case, convert to lower case a nd print it
// else if var[i] is lower case, convert to upper c ase and print it
// else do nothing

Rec(var, i - 1);
}

}
}

Question 2

public static void Rec(char[] var, int i)
{

if (i < 0) // Recursion base case
{

; // do nothing
}
else
{

// do stuff with var[i]

Rec(var, i - 1); // Recursive call
}

}

• The above will go through the array var in the backwards direction; 
that is, the index i will be decreasing down to 0.     
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Question 2

public static void main(String[ ] args)

{

char[] t = {'G', 'e', 'e', '-', 'G', 'e', 'e'};

Rec(t, t.length - 1);

}

• The method Rec will start from the end of the array t , change 
the case of each letter (ignoring non-letter characters), and 
print it. 

• The result:  EEgEEg

• Irrelevant side remark:  Did you see why the class was called 
“Football ”? ☺

Question 3 [15]

• Translate the following algorithm to a Java method:

GIVENS:
Base:  (a logarithm base, known to be > 0)
Operand: (an array of integers for which to find the integer 

logarithm)
N (the number of values in array Operand)

RESULT:
IntLog: (an array of N integer logarithms for the values in 

array Operand; a value of -1 is returned if the 
logarithm does not exist)

INTERMEDIATES:
Index (array index)
Value (used for repeated divisions)
Count (counts number of times an operand can be divided 

by base)

HEADER: IntLog ← Logarithms( Base, Operand, N )
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Question 3

BODY:

Index < N ?

Value ≥ Base

Value ← Value / Base
Count ← Count + 1

Value ← Operand[Index]
Count ← 0

IntLog[Index] ← Count

Operand[Index] > 0 ?

IntLog[Index] ← – 1

Index ← 0
IntLog ← CreateNewArray(N)

true

true

true

false

false

false

Index ← Index + 1

Question 3
public static int[] logarithms( int base, int[] operand, int n)
{

int intlog; // RESULT:  An array of logarithms for the values in operand
int index;
int value;
int count;

index = 0;
intlog = new int[n];
while ( index < n )
{

if ( operand[index] > 0 )
{

value = operand[index];
count = 0;
while ( value >= base )
{

value = value / base;
count = count + 1;

}
intlog[index] = count;

}
else
{

intlog[index] = -1;
}
index = index = 1;

}
return intlog;

}
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Question 4 [15]

• Olympic 10 metre platform diving events are scored as follows.  
Each judge watches an athlete's dive, and then submits a score 
for the dive (out of 10).  The dive is also previously assigned a 
"degree of difficulty" (DD) based on the complexity of the 
particular dive (example: forward 2 1/2 somersault in the tuck 
position has DD = 2.7). The highest and lowest scores are 
discarded, and the remaining scores are added together and 
then multiplied by the degree of difficulty to determine the 
total dive score.

• Write an algorithm that will compute an athlete's total dive 
score from an array of scores submitted by N judges, for a dive 
of degree of difficulty DD. 

Question 4

GIVENS:

Scores (An array of judges’ scores)

N (The length of array Scores)

DD (Dive’s degree of difficulty)

RESULT:

Final (The diver’s final score)

INTERMEDIATES:

Index (Index for array Scores)

Sum (Sum of values in array Scores)

Max (Maximum score)

Min (Minimum score)

HEADER:

Final ← DetermineFinalScore( Scores, N, DD )
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Question 4

BODY:

Index < N

Scores[Index] > Max

Max ← Scores[Index]

Sum ← Sum + Scores[Index]
Index ← Index + 1

∅

true

Max ← Scores[0]
Min ← Scores[0]
Sum ← Scores[0]
Index ← 1

true
false

Final ← DD × ( Sum – Max – Min )

Scores[Index] < Min

Min ← Scores[Index]∅

false
true

false

Question 5 [15]

• The lower right sub-matrix of a matrix is formed by selecting 
one element position (row and column) and excluding all elements 
that are to the left or above the selected element.  For 
example, in the matrix M below, if we select M11 = 5, the matrix 
S is the lower right sub-matrix.

• Write a Java method that will take a matrix of integers M, and a 
row and column index, and returns a new matrix that is the lower 
right sub-matrix of M formed from that position.  The header 
of the method is as follows:
public static int[][] subMatrix( int[][] m, int the Row, int theCol )

















=
987

654

321

M 







=

98

65
S
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Question 5

public static int[][] submatrix( int[][] m, int the Row, int theCol  )
{

int[][] s;   // RESULT:  the submatrix of matrix m
int sRows;   // INTERMEDIATE :  number of rows in s
int sCols;   // INTERMEDIATE :  number of columns i n s
int row;     // INTERMEDIATE:  index for row positi on in s
int col;     // INTERMEDIATE:  index for column pos ition in s

sRows = m.length - theRow;
sCols = m[0].length - theCol;

s = new int[sRows][sCols];
for ( row = 0; row < sRows; row = row + 1 )
{

for ( col = 0; col < sCols; col = col + 1 )
{

s[row][col] = m[row + theRow][col + theCol] ;
}

}
return s;

}

Question 6 [25]

• In this question, you will create a class Experiment
that represents a record of some sort of scientific 
experiment.  In order to verify that the results of an 
experiment are repeatable, there is a class Trial that 
contains the results from one run of an experiment.  
An experiment will then include a number of Trial
objects.

• The class Trial stores a result that was measured 
during an experiment, and the duration that the 
experiment took, measured in milliseconds. The class 
Trial has already been implemented.  A UML class 
diagram for the class Trial is as follows:
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Question 6 [25]

• In this question, you will create a class Experiment
that represents a record of some sort of scientific 
experiment.  

• In order to verify that the results of an experiment 
are repeatable, there is a class Trial that contains the 
results from one run of an experiment.  An 
experiment will then include a number of Trial
objects.

Question 6

• The class Trial stores a result that was measured 
during an experiment, and the duration that the 
experiment took, measured in milliseconds. The class 
Trial has already been implemented.  A UML class 
diagram for the class Trial is as follows:

Trial

- result : double
- duration: int

+ Trial( theResult : double, theDuration : double )
+ getResult( ) : double
+ getDuration( ) : int
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Question 6

• In the rest of this question, you will fill in the methods for Experiment.  
Your Experiment class should provide four public methods and/or 
constructors that would permit the following class TestExperiment to 
execute:

class TestExperiment
{

public static void main (String[] args) 
{

Experiment anExperiment;
anExperiment = new Experiment( 2 );
anExperiment.addTrial( new Trial( 99.1, 10000 ) );
anExperiment.addTrial( new Trial( 97.1, 11000 ) );
anExperiment.addTrial( new Trial( 94.1, 12000 ) );
Experiment.setPredictedResult( 98.6 );
anExperiment.print();

}
}

• Executing main() would result in the following being printed on the screen :

No more trials can be added to the experiment.
Trial 0: Result 99.1, duration 10000 (within 0.5 of  prediction)
Trial 1: Result 97.1, duration 11000 (within 1.5 of  prediction)

Question 6

class Experiment
{

// FIELD DECLARATION(S): (4 marks)

// CONSTRUCTOR: (5 marks)
// Takes one integer parameter representing the maximum
// number of trials that can be put into the experiment
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Question 6

class Experiment
{

// FIELD DECLARATION(S): (4 marks)

private Trial[] trials;
private int numTrials;
private static double prediction;

// CONSTRUCTOR: (5 marks)
// Takes one integer parameter representing the maximum
// number of trials that can be put into the experiment

public Experiment( int maxTrials )
{

trials = new Trial[maxTrials];
numTrials = 0;

}

Question 6

// METHOD setPredictedResult: (4 marks)

// Method parameters: a double that is the predicte d result

// of the experiment.

// RESULT:  none
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Question 6

// METHOD setPredictedResult: (4 marks)

// Method parameters: a double that is the predicte d result

// of the experiment.

// RESULT:  none

public static void setPredictedResult( doublenewPre diction )

{

prediction = newPrediction;

}

Question 6

// MODIFIER METHOD addTrial: (6 marks)

// Method parameters: a Trial object that should be  added to the Experiment.

// Results:  will print a message if the experiment  has no room to store

// additional trials (see sample output for message  format) 

// Modified:  the Experiment object 
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Question 6

// MODIFIER METHOD addTrial: (6 marks)

// Method parameters: a Trial object that should be  added to the Experiment.

// Results:  will print a message if the experiment  has no room to store

// additional trials (see sample output for message  format) 

// Modified:  the Experiment object 

public void addTrial( Trial newTrial )

{

if ( numTrials >= trials.length )

{

System.out.println("No more trials can be added to the experiment.");

}

else

{  

trials[numTrials] = newTrial;

numTrials = numTrials + 1;

}

}

Question 6

// METHOD print: (6 marks)
// Method parameters: (none)
// Returns: (none) 
// This method prints the result and duration  of e ach trial, along with
// the absolute value of the difference from the pr edicted result.
// See the TestExperiment sample output for exact f ormat.



12/3/2010

22

Question 6

// METHOD print: (6 marks)
// Method parameters: (none)
// Returns: (none) 
// This method prints the result and duration  of e ach trial, along with
// the absolute value of the difference from the pr edicted result.
// See the TestExperiment sample output for exact f ormat.

public void print( Trial newTrial )
{

int index;
double aResult;
double difference;
for ( index = 0; index < numTrials; index = index +  1 )
{

aResult trials[index].getResult();
difference = Math.abs( aResult – prediction );
System.out.print("Trial " + index + ": " );
System.out.print("Result " + aResult + ", " );
System.out.print("Duration " + trials[index].getDur ation() + ", " );
System.out.println("(within " + difference + " of p rediction)" );

}
}

Question 7 [10]

Binary search – to be discussed in lecture


