N

cs3101-003 Java: lecture #4

® NEWS.

— homework #3 due today
— homework #4 out today

e today’s topics:

— arrays
— references
— comparing objects
— vectors
- 1/0
* Streams
* java.io package
* keyboard input
* files
* exceptions
— StringTokenizer
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arrays (1).

e used to associate multiple instances of the same type of variable

e the “[ ] ” indicates it’s an array

e We can have arrays of anything (i.e., other data types)

e one example we’ve already used is St ri ng[ ] , whichisan array of St ri ng...

e Vvisualize an array as a sequence of boxes, contiguous in the computer’s memory, where
each box stores one instance of the type of data associated with that array:

e the boxes are numbered, starting with 0 and ending with the length of the array less one;
each number is called an index

e the indices for an array of 10 items can be visualized like this:
01234567829
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arrays (2).

e {0 use an array, first you must declare it:
int[] A

¢ then you must instantiate it:
A = new int[10];

e Or you can do both of these in one step:
int[] A= newint[10];

e then you can access its elements:
Al 4]
(index=4, which is the 5th item in the array...)

e you can use this accessed item just like any single data element of that type, in this case
ani nt

e the number of items in the array is the variable A. | engt h

€s3101-003-java-spring2003-sklar-lect04




arrays (3).

e here’s an example that stores in an array 5 random numbers between 0 and 100:

public class ex4a {
public static void main( String[] args ) {
int[] A= newint[5];
for (int i=0; i<A length; i++ ) {
Ali] = (int)(Mth. randon()*100);
}
for (int i=0; i<A length; i++ ) {
Systemout.printin( "t["+H +"]="+A[1] );
} /] end for i
} // end of main()
} /'l end of class ex4a
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two-dimensional arrays.

e arrays of arrays
e also called a two-dimensional array

e two-dimensional arrays are declared like this:
char[][] aZ2;

e and instantiated like this (for example for a 5x5 array):
a2 = new char[5][5];

e the first dimension is called row
e the second dimension is called column

e 50 the element in the i-th row and the j-th column is accessed like this:
az[ i [ j]
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arrays of objects (1).

e We can have arrays of anything — i.e., other data types — like classes
e for example, we can have an array of Coi n, using the class from last lecture
e the Coi n[ ] variable contains a list of addresses

e as with i nt or char arrays, first you must declare and instantiate the array:
Coi n[] pocket = new Coin[ 10];

e but because the array elements are not primitive data types, you must also instantiate
each array entry:

for ( int i=0; i<pocket.length; i++ ) {
pocket[i] = new Coin();
} /] end for i
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arrays of objects (2).

public class ex4b {
public static void main( String[] args ) {
final int NUMCO NS = 10;
Coi n[] pocket = new Coi n[ NUMCO NSJ ;
| nt headcount = 0, tailcount = O;
/1l instantiate each of the coins in the array
for ( int i=0; i<pocket.length; i++ ) {
pocket[i] = new Coin();
} /] end for i
/[l print the array
for ( int i=0; i<pocket.length; i++ ) {
Systemout.printin( "i["+ +"]="+pocket[i] );
} /] end for i
} // end of main()
} I/ end of class ex4b
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arrays of objects (3).

public class Coin {
public final int HEADS
public final int TAILS
private int face;
public Coin() {
flip();
} /1 end of Coin()
public void flip() {
face = (int)(Math.randon()*2);
} /1 end of flip()
public int getFace() {
return face;
} /1 end of getFace()
public String toString() {
String faceNane;
if ( face == HEADS ) {

faceNane = "heads";
}
el se {

faceNane = "tail s";
}

return faceName;
} 1/ end of toString()
} /1 end of class Coin
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arrays of objects (4).

e sample output:
i[0]=tails
i[1l]=tails
i [ 2] =heads
i[3]=tails
i[4]=tails
i [ 5] =heads
i[6]=tails
i [ 7] =heads
i [ 8] =heads
i [ 9] =heads

e but why do you have to instantiate twice?
e because when you instantiate the first time:

Coi n[] pocket = new Coin[10];

you are only allocating memory for references for each Coi n array element
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vectors (1).

¢ Java has a nice class which handles arrays dynamically: j ava. uti | . Vect or

e the elements of a Vect or can be any type of Java (bj ect

e note that when you fetch an element from a vector, you have to cast it from a generic
object to the specific class type the object should be (see example below)

e some methods:

— constructor: Vect or () ;

— publ |
— publ |
— publ |
— publ |
— publ i
— publ i
— publ i

C

O O O O O O

voi d
voi d
voi d
voi d
voi d

addEl enent ( Obj ect obj );

| nsert El enment At ( Qbj ect obj, int index );
renoveEl enent At ( int index );

renoveAl | El enent s();

set El ement At ( Object obj, int index );

(bj ect elenentAt( int index );
I nt size();
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vectors — example.

inmport java.util.*;
import java.io.*,

public class ex4c {

public static void main( String[] args ) {
Vect or pocket;
i nt npocket = Integer.parselnt( args[0] );

pocket = new Vector( npocket );
for ( int i1=0; i<npocket; i++ ) {

pocket . addEl enent ( new Coin());
}

for ( int i=0; i<npocket; i++ ) {
Coin tnmp = (Coin)pocket.elementAt( i );
Systemout.print( tnp + " " );

}
Systemout.println();

} /1 end of main()

} /1 end of class ex4c
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vectors — things to notice.

e notice that we instantiate twice...

e notice that we instantiate in the call to pocket . addEl enent () :

pocket . addEl enent ( new Coi n());
e notice that we cast the return from pocket . el enent At () :

Coin tnp = (Coin)pocket.elementAt( i );
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references (1).

e When we declare a variable whose data type is a class, we are declaring an object
reference variable

e that variable refersto the location in the computer’s memory where the actual object is
being stored

e an object reference variable and an object are two separate things
e declaration of an object reference variable:
Coi n X;

e creation of an object (also called “construction”, “instantiation”):

x = new Coin();
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references (2).

e When you declare a variable as a primitive data type, the computer sets aside a fixed
amount of memory, based on the size of the data type

e When you declare a variable of any other data type (i.e., a class), you are actually
declaring a reference

e a reference is typically the size of an int or a long

e it stores an address or the location in the computer’s memory of where the actual data
will be kept

e you can think of it like a telephone book

— the phone book has a bunch of addresses in it
— but not the actual buildings
— just the locations of buildings
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references (3).

e here’s how it works inside the computer
e given the following declarations:

| nt | = 45;
String s = "hello";

e the memory looks something like this:
i S

o —lhel |l o

e i isthe label for the location in memory where the actual data is stored — in this case
thei nt 45

e S is the label for the location in memory where the address is stored; the address is the
location in memory where the actual data for s is stored

e in C, this is called a pointer
e We say that s pointsto or references the location in memory where the actual data for s
Is stored
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references (4).

e the reference is actually a memory address, usually a | ong

e given our example on previous slide, the memory might look like this:

variable name | location in memory | value

i 837542 45

S 837543 837602
837544
837545

s[ 0] 837602 ' h’

s[ 1] 837603 e’

s[ 2] 837604 "

s[ 3] 837605 ]

s[ 4] 837606 'O’
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references ().

e let’s go back to the Coi n example

e comment out thet oSt ri ng() method and re-run the example
e here’s the output now:

i [ 0] =Coi n@3d6a5
i[1]=Coi n@11f 71
i [ 2] =Coi n@73d3c
i [ 3] =Coi n@56a7c
i [ 4] =Coi n@20eeb
i [ 5] =Coi n@179c3
i [ 6] =Coi n@10d42
i [ 7] =Coi n@d87hb2
i [ 8] =Coi n@7d134
i [ 9] =Coi n@7e553

e these are the references of the array elements

e We can see these reference values because we took out thet oSt ri ng() method —
calling System out . printl n( pocket[i] ) automatically coerces its argument
(pocket[i])toaStringsoitcan printit; if there is no explicitt oSt ri ng()
method in the class, then a reference is the closest St r i ng representation
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references (6).

e When an object reference variable has been declared but the object it refers to has not
been created, then the object reference variable is called a null reference

e for example:
Coi n X;
x.flip();

e Will generate an error called a Nul | Poi nt er Except i on because the object which x
refers to has not been instantiated

e you can use a constant called nul | to check if an object reference variable is null
e for example:

Coi n X;

if ( x !'=null ) {

x.flip();
}
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references (7).

e an aliasis an object reference variable that refers to an object that was previously
constructed and is already referred to by another object reference variable

e for example:

Coin x = new Coin();

Coi n vy;
y =X,
y.flip();

e y is called an “alias” of x (and vice versa) because they both refer to the same location in
the computer’s memory
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references (8).

e garbage collection is necessary when all references to an object are gone

e because when there are no object reference variables, then there is no way to know where
in memory an object is located

e Java handles this for you automatically
e the JVM periodically invokes automatic garbage collection while it is running

e all the memory that is allocated to an application but is not being used is “restored” so
that it can be re-allocated to the application later

e if you want to perform some garbage collection on a class that you create yourself, then
you would write a method called f i nal i ze() and whenever the automatic garbage
collection was invoked and cleaned up an object of your class type, then your
finalize() method would be called
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references (9).

e When you pass objects as parameters (arguments) to a method, a reference is passed, not
the actual object

e SO be careful about what changes!
e here’s an example using three classes:

— Num
— Par anet er Test er
— ex4d
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public class Num {
private int val ue;
public Num( int update ) {

val ue = update;
} /1 end of constructor

references (10).

public void setValue( int update ) {

val ue = updat e;
} // end of setVal ue()

public String toString() {
return val ue+"";
} /1 end of toString()

} /1 end of Num cl ass
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references (11).

public class ParaneterTester {
public void changeValues( int f1, Numf2, Numf3 ) {
Systemout.println( "start call:\t"+

1=+ 14\t 2=" +F 24"\ £ 3="+f 3 ) ;

f1 = 999;
f2.setVal ue( 888 );
f3 = new Num ( 777 );

System

} // end

out.println( "end call:\t"+
"l LNt 2="H 2+ \t f3="+f 3 ) ;
of changeVal ues()

} /1 end of class ParaneterTester

public class ex4d {
public static void main( String[] args ) {
Par anet er Tester tester = new ParaneterTester();

int al
Num a2
Num a3
System

tester.
System

} /1 end

111;

new Num( 222 );

new Nun{ 333 );

out.println( "before call:\t"+
"al="+al+"\ta2="+a2+"\ta3="+a3 );

changeVval ues( al, a2, a3 );

out.println( "after call:\t"+

"al="+al+"\ta2="+a2+"\ta3="+a3 );

of main()

} /1 end of class ex4d
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e sample output:

before call:
start call:
end cal | :
after call:
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references (12).

al=111
f1=111
f 1=999
al=111

a2=222
f2=222
f2=888
a2=888

a3=333
f 3=333
f3=777
a3=333
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static modifier (1).

e an object reference variable is also called an instance variable
e because we instantiate the object in order to use it

e some members in some classes are static which means that they don’t have to be
instantiated to be used

e but static methods can only refer to local variables or to other static members
e g0 back to the earlier example ex4d

e if we put the changeVal ues() method inside the ex4d class file, then we’d need to
Instantiate an instance of the ex4d class in order to access that method
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static modifier (2).

public class exde {

public static void main( String[] args ) {
exde tester = new exde();

int al = 111;
Num a2 = new Num( 222 );
Num a3 = new Num( 333 );

Systemout.println( "before call:\t"+
"al="+al+"\ta2="+a2+"\ta3="+a3 );
tester. changeVval ues( al, a2, a3 );
Systemout.println( "after call:\t"+
"al="+al+"\ta2="+a2+"\ta3="+a3 );
} /1 end of main()

public void changeValues( int f1, Numf2, Numf3 ) {
Systemout.println( "start call:\t"+
"l 14Nt 2="H 2+ \t f3="+f 3 ) ;
f1 = 999;
f2.setValue( 888 );
f3 = new Num ( 777 );
Systemout.println( "end call:\t"+
fl="H 14Nt F2="H 24"\t f3="+f 3 );
} /1 end of changeVal ues()

} /1 end of class exde
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comparing objects (reprise from last class).

e comparing two Java objects is tricky
e you have to be careful of what you are comparing:

— is it the value of some member(s) of the class?
— or is it the reference?

e uUsing == compares the references
e Which is not the same as comparing the values of member(s) of the class

e here’s an example from the Coi n class:

— comparing the value of the f ace member of two coins:

if ( pocket[O0].getFace() == pocket[1l].getFace() ) {
Systemout.println( "coins 0 and 1 have the sane face val ue" );

}
— versus comparing the references:

if ( pocket[0O] == pocket[1l] ) {
Systemout.println( "coins 0 and 1 are the sanme" );

}

e many classes have a method called conpar eTo() to compare the value of member(s)
of the class
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streams (1).

e We’ve drawn a picture of input and output many times this semester:

input —

CPU

— output

e uUp to now, input has been from the keyboard and output has been to the screen

e today we will read input from “text files” and write output to “text files”

e input and output flow from and to streams

— a stream s an ordered sequence of bytes

— streams flow from a source to a destination

— with input, the source is the keyboard and the destination is a program
— with output, the source is a program and the destination is the screen
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streams (2).

e thus there are two categories of streams:
— input streams
— output streams
e streams can also be subdivided based on their content:

— character streams (i.e., text)
— byte streams (i.e., binary data)

e Or their usage:

— data streams (e.g., String in memory, file on disk)
— processing streams (manipulation of a data stream)
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streams (3).

e In order to handle streams in Java, we need several classes from the
j ava. i o package:

e classes that handle byte streams

— | nput St ream<« Fi | el nput St r eam
— Qut put St ream+« Fi | eQut put Stream<« Print St ream

e classes that handle character streams

— Reader < Buf f er edReader
—~-Witer <« BufferedWiter

e for example, inj ava. | ang. Syst em

—Systeminisanl nput Stream
— System out isaPrintStream
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keyboard input (1).

inport java.io.*;
public class Keyboard {
public static char readChar() {

int i = 0;
try {
i = Systemin.read();
}
catch ( 1 OException iox ) {
Systemout.println( "there was an error: " + io0oXx );
}

return (char)i;
} /1 end of readChar()

public static String readLi ne() {
| nput St reanReader isr = new I nput St reanReader( Systemin );
Buf f eredReader stdin new Buf f eredReader ( isr );
String s = null;
try {
s = stdin.readLi ne();
}

catch( 1 Oexception iox ) {
Systemout.println( "there was an error: " + iox );
}

return s;
} /1 end of readLine()
} /1 end of class Keyboard
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keyboard input (2).

public class hello {
public static void main( String[] args ) {
Systemout.print( "who would you like to say hello to? " );
String line = Keyboard. readLi ne();
Systemout.println( "hello "+line+"!'\n" );
} /1 end of main()
} /1 end hello class
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exception handling.

e example:
try
i

}
catch ( 1 Cexception iox ) {

Systemout.printin( "there was an error:

}

e t r y clause contains code which may generate an exception, i.e., an error

I -

Systemin.read();

+ 10X );

e cat ch clause contains code to execute in case the error happens; i.e., where to go if the
exception gets caught
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files (1).

e typically, there are three processing steps when using files:

1. open
2. read, write or update
3. close

e we’ll only talk about read and write in Java (not update)

e in order to implement file 1/0O in Java, we need several classes from the
java.i o package:
— Fi | eReader
—FileWiter
— Buf f er edReader
—BufferedWiter
—PrintWiter
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files — reading example.

inport java.io.*;
public class ex4f {

public static void main( String[] args ) {

String line = "";
/'l read data fromfile into programvari abl es
try {

Fil eReader fr = new Fil eReader( "data.dat" );
Buf f eredReader infile = new BufferedReader( fr );
line = infile.readLine();
infile.close();

}

cat ch( Fil eNot FoundException fnfx ) {
Systemout.println( "file not found: data.dat" );

}

catch( 1 Oexception iox ) {
Systemout.println( iox );

}

Systemout.println( "line=s["+line+"]" );

} /1 end of main()

} /1 end of ex4f class
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files — writing example.

inport java.io.*;
public class ex4g {

public static void main( String[] args ) {

try {
FileWiter fw= new FileWiter( "nyfile.dat" );
PrintWiter outfile = new PrintWiter( new BufferedWiter( fw));
outfile.printin( "hello world" );
outfile.close();

}

catch( 1 Oexception iox ) {
Systemout.println( iox );

}
} /1 end of main() method

} /1 end of ex4g class
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files — using them.

e the simple model for programs that work with data files is to:

1. open the data file for reading

read the contents of the data file into program variables
close the data file

manipulate the values in the program variables

open the data file for writing

write the manipulated values to the data file

7. close the data file

S e A

e useful input class: St ri ngTokeni zer

e useful output class: Deci mal For nat

€s3101-003-java-spring2003-sklar-lect04

37




N

java.util. StringTokeni zer.

e used to break up a string into “tokens”, i.e. components
e each token is separated by a “delimiter”

e default delimiter is whitespace

e but you can set another value for delimiter

e primary method used: public String next Token();
e example:

line = infile.readLine();

t okeni zer = new StringTokenizer( line );

nanme = tokeni zer. next Token();

try {
units
price

}

cat ch( Nunber For mat Exception nfx ) {
Systemout.println( "error in input; line ignored: " + line);

}

I nt eger. parsel nt( tokenizer. next Token() );
Fl oat . par seFl oat ( t okeni zer. next Token() );
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j ava. t ext . Deci nal For nat .

e used to format decimal numbers

e construct an object that handles a format
e use that format to output decimal numbers
e formatting patterns include:

— 0 used to indicate that a digit should be printed, or O if there is no digit in the number
(i.e., leading and trailing zeros)

— # used to indicate that if there is a digit in the number, then it should be printed;
indicates rounding if used to the right of the decimal point

e example:

Deci mal Format fmt = new Deci mal Format ( "#. 00" );
doubl e price;
Systemout.println( "price = $" + fnt.format( price ));
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exercises.

e start with the example class ex4a that stores in an array 5 random numbers between 0
and 100

e Write a method that finds the minimum number and returns its index;
modify the main to call the method and print out the smallest number

e modify the main to ask the user how big she wants the array to be,
read the user’s answer from the keyboard as a String,
convert the String to an int and
use it as the size of the array

e Write a method that writes the contents of the array to a file;
modify the main to call this method
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