Structural Programming Course Content
and Data Structures

 Introduction * Vectors
« Objects « Testing/Debugging
Winter 2000 ¢ Methods * Arrays
i e Tracing Programs | ¢ Searching
CMPUT 102: Sharing Resources « Object State « Files /O
. Sharing resources | ICSTolyilgl]
Dr. Osmar R. Zaiane * Selection ¢ Inheritance
* Repetition * Recursion
University of Alberta
(1 Dr. Osmar R. Zaiane, 2000 Structural Programming and Data Structures University of Alberta -;'1 1 (1 Dr. Osmar R. Zaiane, 2000 Structural Programming and Data Structures University of Alberta ‘il 2
O ¥
A3
Objectives of Lecture 13 Cli:\}//)
Common Resources- Static Variables and Methods OUt“ne Of LeCtU re 13 Y '(J%
¢ Understand the use of static variables to shgre «| Static variables
common information between instances of the « Static methods
same class. _ * Adventure Version 4
¢ Study the use of static methods to perform
computations that independent of any object
* Re-write the Adventure program using some
useful static variables .
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Static Variables

Resources Common to a Class
« It is wasteful to require every object in a class fo

) :gg:jeet('jmbese(gﬂnc:g% zthiirgbgtleagisources are use an instance variable to access these cominon
X 3; N | dthe el ) ; resources.
— Each Circle object may need the value of & so . . . :
! Y * Instead, we can defineséatic variable in the

it can compute and return its area.
— Each TreasureChest object may need a common

maximum number of tokens so it can generate & public class Circle ...

random numbe< this number when it is private static final float pi = 34159f;

constructed (initialized).

class that can be bound to this common resoufce:

public class TreasureChest ...

— Each TreasureChest object may need a random private static final int maxTokens = 10;
number generator object to generate its initial private static Radomint generator;
number of tokens. generator = new Randomint(1);
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Outline of Lecture 13 S
« Static variables

Static methods
¢ Adventure Version 4
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Object Independent Actions

¢ Some actions are not performed by a
specific instance of a class.
— Start an application program.
— Perform an operation on some values.

« In fact, no instance may even need to exist
for these actions to be performed.
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Static Methods

¢ A static methodor class methods code that
can be executed without sending a message tp
any object:
public class OurProgram ...
public static void main(String args[])
public class String ...
public static String valueOf(int i)
¢ The syntax of static method calls looks like a
message is being sent to a class:
String.valueOf(3)y> “3”

« However, no message is actually involved.

£10r. Osmar R. Zaiane, 2000 Structural Programming and Data Structures Universiy of Aberta g 9

g
. 2,
Outline of Lecture 13 i

« Static variables
« Static methods
Adventure Version 4
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Adventure Version 4

%

« We are going to add some functionality to th
Arithmetic Adventure game .

¢ We will put treasure chests in rooms.

¢ When the adventurer tries to open a chest wj
will generate an arithmetic question.

» The chest will contain a random number of
tokens that will be added or subtracted to the
adventurer's total, depending on whether thg
adventurer answers the question correctly.

D
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Adventure - Code Change
Summary

In the Adventure class we will:
— replace the method enterRoom(Adventurer)

Add a class called Chest.

Add a class called Question.

Add a class called Randomint

Leave the Adventurer class unchanged.

(1D, Osmar R. Zaiane, 2000 Structural Programming and Data Structures Universiy of Aberta g 12
——




Running Adventure 4

]

Program - Adventure 4.1
importjava.util.*; _

public classAdventure{
/* Version 4

This program is an arithmetic adventussne ...
*
/

/* Constructors */
public Adventure() {

/*
Initialize an adventure by creating thgpeoprate
4 b objects.
*/
}
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Program - Adventure 4.3
Program - Adventure 4.2
/* Private Instance Mébds */
prog private voidplay() {
. . . . . I*
public static v0|dna|r'(Str!ng args[]) { Plays the Adventure game.
Adventure game; %
ame = new Adventure();
9 X 0: Adventurer  adventurer;
game.play();
adventurer = this.greeting();
this.enterRoom(adventurer);
this.farewell(adventurer);
}
010r. Osmar R. Zajane, 2000 Structural Programming and Data Structures Uriversty of Aberta (g} 15| 010r. Osmar R. Zajane, 2000 Structural Programming and Data Structures Uriversty of Aberta (i 16}
Program - Adventure 4.4 Program - Adventure 4.5
private Adventurergreeting) { _ _
/* .
System.out.print("Well ");
Great thet utsher and answer an Adventurer that System.out.print(playerName);
% represents the user. System.out. printl atter a day of hiking you spot a silver cus,”
. . System.out. printiAme cube appears o be about 5 meters on each)jde.”
String playerName; System.out. printlvou find a green door, open it and enti."
. System.out. printlfime oo cioses beind you wih a softwhi and disappgirs.”
SyStem.OUt.pl’lﬂﬂn(}\'lelcume to the Arithmetic Advemugamef‘); Sistem out gl’iﬂtkl(':r:x o closes By i st anc pp;a
M . .out. ere is a feel of mathematical magic in the ).
System.out.print("The date is "); Keyboard.in.pause();
System.out.pr!nti(rTew Cate()); returnnew Adventurer(playerName);
System.out.printl(); }
System.out.print("What isour mme?");
playerName = Keyboard.in.readString();
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privatevoid en

Program - Adventure 3.6

Roor(Adventurer adventurer) {

/*
The given adv®Rgurer has entered fl -

Program - Adventure 4.6

privatevoid enterRoonfAdventurer adventurer) {

/*
The given adventurer has entered the -

first room.
*/ first room.
Integer myTokens; */
. Chest chest;
System.out.print@g® many tokens Weyld you liké);
System.out.pript{adventurer.naf))e
System.ouSrint("?"); chest = new Chest();
myToketfs = Keyboard.in.readinteger(); chest.display();
adyefiturer.gainTokens(myTokens.intValue()); chest.open(adventurer);
} }
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Program - Adventure 4.7 Class - Chest 4.1
public classChest{
. ) /*
/p*rlvate voidfarewel{Adventurer adventurer) { An instance of this class represents a treasure chest in
Say farewell to the user and report t result. y the Adventure game. A Chest contains a number of tokens.
*
/ /* Constructor */
System.out.pr!nt@ongratulations "); ;J*Ubhc Chest() {
System.out.pr!nt(?dventurer.naﬁ)e B Initialize me so that | contain anmdom number of
System.out.print(" you have left the game with "); tokens
System.out.print(adventurer.toké)s % '
} System.out.printin(" tokens.); this.tokens = Chest.generator.next(Chest.maxTokens);
}
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Class - Chest 4.2 Class - Chest 4.3
public voidoper(Adventurer adventurer) {
/*  Ask the user an arithmetic question and if a correct
/* Instance Methods */ answer is given, add tokens to the given Adventurer.
If it is answered incorrectly, remove tokens. */
public voiddisplay() {
I* Question question;
Output a description of myself.
*/ question =newQuestion();
question.ask();
System.out.printin("There is a small carved chest in the center of /' We really want to do only one of the next two
the room."); /I lines, depending on the user’s answer.
System.out.printin("It appears to be a treasure chest!"); this.correctAnswer(adventurer);
} this.wrongAnswer(question, adventurer);
}
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Class - Chest 4.4

/* Private Static Variables */
private static finaint maxTokens = 10;
private static finaRandomint
generator mewRandomint(1);
/* Private Instance Variables */

privateint tokens;

/* Private Instance Mabds */
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Class - Chest 4.5

private void orrectAnswegAdventurer adventurer) {
/* Congratuéite the adventurer and add some tokens.*/
System.out.printl();
System.out. printlfa small loudgeaker apears in the air);
System.out.printin("You hear theund of a harp and a pleasart
voice says congratulations.");
System.out.priftrhe lid of the chest opens to reve} "
System.out.print(this.tokens);
System.out.printin(" valuable tokens.");
System.out.printin("They literally fly intoour pocket and the
chest disappears.");
adventurer.gainTokens(this.tokens);
adventurer.reportTokens();
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Class - Chest 4.6

private voidwrongAnswe(Question question, Adventurer adventyfer
/*
Report the coact answer and remove some tokens
from the given adventurer.
*/
int loss;

System.out.printl();

System.out. printlfa small loudgeaker apears in the air);

System.out.printin("You hear theund of a deep gong and a
pleasant voice says:");

System.out.print("8rry, the corect answer is ");

Class - Chest 4.7

loss = Math.min(this.tokens, adventurer.tokens());
System.out.print("You see ");
System.out.print(loss);
System.out.printin(" valuable tokens fly out of your pocket arjd
fall to the floor.");
System.out.printin("A small vacuum cleaner appears, sweepfs up
your gattered tokens and disappears.");
adventurer.loseTokens(loss);
adventurer.reportTokens();

System.out.prirfquestion.answer()); }
System.out.printin(".");
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Class - Question 4.1 Class - Question 4.2
mgﬁ:ﬁ;@gﬂ;w o /* Instance Methods */
ublicvoid as
o p 04
An instance of this class represents an arithmetidgrom the Pose myself. Eventually | would like to indicate
% Arithmetic Adventure game. whether the user’s response was ectror not.
*/
Integer answer;
/* Constructor */ g
/p*Ub“C Questio) { System.out.print(this.leftOpend);
Initialize me so that | have two operands System.out.print(" + ),
% ’ System.out.pr!nt(ltlh |sl.'r|.ght0pem);
this.leftOperand = Question.generator.next(Question.maxOperand); SyStem'OUI'p”nt( - ) .
this.rightOperand = Question.generator.next(Question.maxOperand); answer = Keyboard.in.readInteger();
} }
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Class - Question 4.3 Class - Randomint 4.1
public int answef) { importjava.util.*;
I* public classRandoming
Answer my correct answer. I*
*/ An instance of this class represents a generator that can generaje a
return this.leftOperand + this.rightOperand; series of random positive ints.
} *l
/* Private Static Variables */ /* Contsructor */
private static finaint maxOperand = 9; public Randomingint seed) {
private static finaRandomint I*
generator = new RandomInt(2); Initialize me so that | use the given seed.
/* Private Instance Variables */ */
privateint leftOperand; this.generator = new Random(seed);
privateint rightOperand; }
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Class - Randomint 4.2
No Changes to End of Lecture

/* Instance Methods */

/P*“b"c int nex{(int max) { « The rest of the Adventure program is
Answer a Random int between 1 and the given max. included for completeness.
“ » There are no changes from the last version

returnMath.round(max * this.generator.nextFloat() - 0.5f) + 1 in the rest of these slides.

}

/* Private Instance Variables */
privateRandom generator;
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Class - Adventurer 4.1 Class - Adventurer 4.2

public classAdventurer{ _ _

I /* Instance Methods */

An instance of this class represents a player of the Adventure ggme. ‘ .
public Stringname) {

/* Answer a String representing my name. */
returnthis.name;

*/

/* Constructors */

public Adventure(String name) { }

* -
Initialize me with the given name and zero tokens. public int tokeng) {

*/ /* Answer my number of Tokens. */
this.name = name: returnthis.tokens;
this.tokens = 0; }

}
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Class - Adventurer 4.3
public void gainTokengint anint) { _

%
: Add the given number of tokens to my total.
*

/ this.tokens = this.tokens + anint;
}

public void loseToken@nt anint) {

%

: Remove the given number of tokens from my total.
*

/ this.tokens = this.tokens - anint;

}

public void reportToken§ { _
/*

*/

/* Private Instance Variables */

private String name;
privateint tokens;

Class - Adventurer 4.4

Output the number of tokens | have.

System.out.print(f ou have");
System.out.print(this.tokens);
System.out.printin(fokens in your pocke);
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