References and Objects

Waealssch. 2



ODbjects

Are structured regions of memory

— Reside in heap

Each object is an instance of atype

— e.g. String, File, Point, arrayOfinteger, arrayOfString, etc.
— “object” and “instance” are synonyms

Each object has named contents

— called instance variables or member variables or fields

— Binding: Each name assigned one slot in the object’s
memory region, as an offset from the start of the object

Each object has associated methods

— cdled instance methods or member methods
— these are shared between all instances of atype



_heap

Example: A Point Instance

Point
Int X 5 <
Ity -3

Int color | OxFFO000
Point
INt X 10
Ity 2

Int color | OxO0FFOO

\

_— type shown at top
— threeinstance variables

<— another instance of type Point:

thistime at coordinates (10, 2)
with color OXOOFFQO0 (green)

shaded area not actually

stored in memory




Objects

 What can we do with an object?

— e.g., want to change the coordinates of “that second
Instance of Point that has color green”.

— Need to name objects, so we can refer to them.



References

 Memory addresses

— Each dot in memory has an address
(number)

— Physically and logically: each location
In each chip of RAM is numbered
consecutively, starting at 0 and
counting upwards

 We can refer to an object by its
address in the heap

— In Java, you (the user) rarely get to see
the actual address

2000
2004
2008
2012
2016
2020
2024
2028
2032
2036

OxFFO000

Point

10

2

OxO0FFO0




Reference Variables heap

* A reference variable storesthe
address of an object, or null Point
— Used to refer to a particular object on the S
heap, or to nothing -3
— Think: a“pointer” to the object - OxFF0000
— Usually called just reference for short 5020
nul| -
static double drawLing( p3 Point
String label, // ref. toaString color| 9 10
onpL a2 200 2
1IN P<Z, // TEr. 10 a Foln
int color) { pl| 2024 Ox00FF00
- stack jus aftem>

to drawlLineg(...)




What can we do with areference?
. Assignment

pl = p2 T these operate on the

Equality testing «— reference variables themselves,
ol == p2 not the objects referred to

Pl !=p2
. Access the members of the object
that it refersto (“points at”):
pLx T these operate on the

. Type conversions (later) / objectsthat are pointed at
Instanceof operator (later)



Constructing New Objects

* new Point()

— allocates space for a new object/instance of type Point
on the heap

— Initializesits fields (to all zeros, in this case)
— returns areferenceto it

o Often specify parameters during creation:
— new Point(5, -3) =2 Initialize to x=5, y=-3, default color

— new Point(10 2, RED) - Initialize to x=10, y=2,
color=RED



A Very Detalled Example

public static void main(String argy ]) {
int x1 = Integer.parselnt(argg 0]);
int y1 = Integer.parselnt(args 1]);
Int X2 = Integer.parselnt(args 2]);
int y2 = Integer.parselnt(argy 3]);
Point pl = new Point(x1, y1);
Point p2 = new Point(x2, y2);
double d = distance(pl, p2);
If (d<10) pl.color = RED;
else pl.color = GREEN;
System.out.printIn(" Distancefrom"+pl+" to "+p2+" is "+d);

}

static double distance(Point a, Point b) {
int dx = ax- b.x;
int dy = ay - b.y;
return Math.sgrt(dx*dx + dy*dy);

}

WMelcome to DrJawva.
> Jawva Distance 5 -3 10 2
Distance from (5, -3, Ox£f0000) to (10, 2, 0x0) is 7.0710678L18654755



|:> public static void main(String argy ]) {

int x1 = Integer.parselnt(argg 0]);

int y1 = Integer.parselnt(argg 1]);

Int X2 = Integer.parselnt(argy 2]);

Int y2 = Integer.parselnt(argy 3]);

Point pl = new Point(x1, y1);

Point p2 = new Point(x2, y2);

double d = distance(pl, p2);

If (d< 10) pl.color = RED;

else pl.color = GREEN;

System.out.printIn(" Distance from "+pl+
" 1o "+p2+" is"+d);

}

static double distance(Point a, Point b) {
int dx = a.x - b.x;
int dy = ay - b.y;
return Math.sgrt(dx*dx + dy*dy);

}

e Maniscaled

args

6022

stack

3010
3014
3018
3022
3026
3030
3034
3038
3042
3046

— reference to an array of Stringsis on top of stack
— stack frame allocated for other variables




public static void main(String argy ]) {
|:> int x1 = Integer.parselnt(args 0]);
int y1 = Integer.parselnt(argg 1]);
Int X2 = Integer.parselnt(argy 2]);
Int y2 = Integer.parselnt(argy 3]);
Point pl = new Point(x1, y1);
Point p2 = new Point(x2, y2);
double d = distance(pl, p2);
If (d< 10) pl.color = RED;
else pl.color = GREEN;
System.out.printIn(" Distance from "+pl+
" 1o "+p2+" is"+d);

}

static double distance(Point a, Point b) {
int dx = a.x - b.x;
int dy = ay - b.y;
return Math.sgrt(dx*dx + dy*dy);

}

args

o Usesastatic method in class
Integer to convert String to integer

3010
3014
3018
3022
3026
3030
3034
3038
3042
3046




public static void main(String argy ]) {

int x1 = Integer.parselnt(argg 0]);

int y1 = Integer.parselnt(argg 1]);

Int X2 = Integer.parselnt(argy 2]);
|:> int y2 = Integer.parselnt(args[3]);

Point pl = new Point(x1, y1);
Point p2 = new Point(x2, y2);
double d = distance(pl, p2);
If (d< 10) pl.color = RED;
else pl.color = GREEN;
System.out.printIn(" Distance from "+pl+
" 1o "+p2+" is"+d);

}

static double distance(Point a, Point b) {
int dx = a.x - b.x;
int dy = ay - b.y;
return Math.sgrt(dx*dx + dy*dy);

}

e Remaining args parsed

d

p2

pl

y2| 2

X2| 10

yl| -3

Xx1| 5

args| 6022
stack

3010
3014
3018
3022
3026
3030
3034
3038
3042
3046




public static void main(String argy ]) {
int x1 = Integer.parselnt(argg 0]);
int y1 = Integer.parselnt(argg 1]);
Int X2 = Integer.parselnt(argy 2]);
Int y2 = Integer.parselnt(argy 3]);
[ > Point pl = new Point(x1, y1);
Point p2 = new Point(x2, y2);
double d = distance(pl, p2);
If (d< 10) pl.color = RED;
else pl.color = GREEN;
System.out.printIn(" Distance from "+pl+
" 1o "+p2+" is"+d);

}

static double distance(Point a, Point b) {
int dx = a.x - b.x;
int dy = ay - b.y;
return Math.sgrt(dx*dx + dy*dy);

}

d

p2

pl| 3010

y2| 2

X2| 10

yl| -3

Xx1| 5

args| 6022
stack

» Creates anew Point object on heap

 Initializes it to have coordinates x1, y1, def

e Assigns pl to refer to the new object




public static void main(String argy ]) {
int x1 = Integer.parselnt(argg 0]);
int y1 = Integer.parselnt(argg 1]);
Int X2 = Integer.parselnt(argy 2]);
Int y2 = Integer.parselnt(argy 3]);
Point pl = new Point(x1, y1);
[ > Point p2 = new Point(x2, y2);
double d = distance(pl, p2);
If (d< 10) pl.color = RED;
else pl.color = GREEN;
System.out.printIn(" Distance from "+pl+
" 1o "+p2+" is"+d);

}

static double distance(Point a, Point b) {
int dx = a.x - b.x;
int dy = ay - b.y;
return Math.sgrt(dx*dx + dy*dy);

}

args

6022

stack

» Creates a second Point object on heap

 [nitializes it to have coordinates x2, y2, def

e Assigns p2 to refer to the new object




public static void main(String argy ]) {
int x1 = Integer.parselnt(argg 0]);
int y1 = Integer.parselnt(argg 1]);
Int X2 = Integer.parselnt(argy 2]);
Int y2 = Integer.parselnt(argy 3]);
Point pl = new Point(x1, y1);
Point p2 = new Point(x2, y2);
[ double d = distance(p1, p2):
If (d< 10) pl.color = RED;
else pl.color = GREEN;
System.out.printIn(" Distance from "+pl+
" 1o "+p2+" is"+d);

}

static double distance(Point a, Point b) {
int dx = a.x - b.x;
int dy = ay - b.y;
return Math.sgrt(dx*dx + dy*dy);

}

o calling distance( )

args

» Pushes parameters pl and p2

e These becomeaand b




-~

public static void main(String argy ]) {

int x1 = Integer.parselnt(argg 0]);

int y1 = Integer.parselnt(argg 1]);

Int X2 = Integer.parselnt(argy 2]);

Int y2 = Integer.parselnt(argy 3]);

Point pl = new Point(x1, y1);

Point p2 = new Point(x2, y2);

double d = distance(pl, p2);

If (d< 10) pl.color = RED;

else pl.color = GREEN;

System.out.printIn(" Distance from "+pl+
" 1o "+p2+" is"+d);

}

static double distance(Point a, Point b) {
int dx = a.x - b.x;
int dy = ay - b.y;
return Math.sgrt(dx*dx + dy*dy);

}

 Accesses objects pointed to

byaand b
e readsthefield x from each

args




public static void main(String argy ]) {
int x1 = Integer.parselnt(argg 0]);
int y1 = Integer.parselnt(argg 1]);
Int X2 = Integer.parselnt(argy 2]);
Int y2 = Integer.parselnt(argy 3]);
Point pl = new Point(x1, y1);
Point p2 = new Point(x2, y2);
[ ) double d = distance(p1, p2):
If (d< 10) pl.color = RED;
else pl.color = GREEN;
System.out.printIn(" Distance from "+pl+
" 1o "+p2+" is"+d);

}
static double distance(Point a, Point b) {

int dx = ax - b.x;
|:C int dy = ay - b.y;
return Math.sgrt(dx*dx + dy*dy);
}

args

o Accessesfieldy from objects




public static void main(String argy ]) {
int x1 = Integer.parselnt(argg 0]);
int y1 = Integer.parselnt(argg 1]);
Int X2 = Integer.parselnt(argy 2]);
Int y2 = Integer.parselnt(argy 3]);
Point pl = new Point(x1, y1);
Point p2 = new Point(x2, y2);
[ ) double d = distance(p1, p2):
If (d< 10) pl.color = RED;
else pl.color = GREEN;
System.out.printIn(" Distance from "+pl+
" 1o "+p2+" is"+d);

}
static double distance(Point a, Point b) {

int dx = a.x- b.x;

int dy = ay - b.y;
IIC return Math.sgrt(dx*dx + dy*dy);
}

args

o Computes result, and returns it




public static void main(String argy ]) {
int x1 = Integer.parselnt(argg 0]);
int y1 = Integer.parselnt(argg 1]);
Int X2 = Integer.parselnt(argy 2]);
Int y2 = Integer.parselnt(argy 3]);
Point pl = new Point(x1, y1);
Point p2 = new Point(x2, y2);
[ double d = distance(p1, p2):
If (d< 10) pl.color = RED;
else pl.color = GREEN;
System.out.printIn(" Distance from "+pl+
" 1o "+p2+" is"+d);

}

static double distance(Point a, Point b) {
int dx = a.x - b.x;
int dy = ay - b.y;
return Math.sgrt(dx*dx + dy*dy);

}

e Assignsreturn valuetod

args




public static void main(String argy ]) {
int x1 = Integer.parselnt(argg 0]);
int y1 = Integer.parselnt(argg 1]);
Int X2 = Integer.parselnt(argy 2]);
Int y2 = Integer.parselnt(argy 3]);
Point pl = new Point(x1, y1);
Point p2 = new Point(x2, y2);
double d = distance(pl, p2);
[ Dif (d< 10) pl.color = RED;
else pl.color = GREEN;
System.out.printIn(" Distance from "+pl+
" 1o "+p2+" is"+d);

}

static double distance(Point a, Point b) {
int dx = a.x - b.x;
int dy = ay - b.y;
return Math.sgrt(dx*dx + dy*dy);

}

e Comparesdto 10

args

OxFFO000

Point

10

0x0

* Then access object pointed to by pl

and sets color to RED




public static void main(String argy ]) {
int x1 = Integer.parselnt(argg 0]);
int y1 = Integer.parselnt(argg 1]);
Int X2 = Integer.parselnt(argy 2]);
Int y2 = Integer.parselnt(argy 3]);
Point pl = new Point(x1, y1);
Point p2 = new Point(x2, y2);
double d = distance(pl, p2);
If (d< 10) pl.color = RED;
else pl.color = GREEN;
> System.out.printIn(" Distance from "+pl+
" 1o "+p2+" is"+d);

}

static double distance(Point a, Point b) {
int dx = a.x - b.x;
int dy = ay - b.y;
return Math.sgrt(dx*dx + dy*dy);

}

e Printsresults

WMelcome to DrJawva.
> Jawva Distance 5 -3 10 2

args

OxFFO000

Point

10

0x0

Distance from (5, -3, O<Ef0000) to (10, 2, Ox0) iz 7.0710675L18654755




L essons

e |nJava, amost everything is an object:
— e.g., String, array of whatever, File, Point
— but not primitive types (int, boolean, char, ...)

* Objects have contents:
— e.g., Point has x, y, and color

e Only way to access object contents is through a
reference
— Can have multiple references to same object

— No direct way to figure out the actual address from within
a Java program; no way to turn an address (if you had
one) back into areference.



References as Parameters

 Method parameters are a copy of the reference, not
the object

— Not always intuitive! Consider:

static void swap(Point pl, Point p2) { static void destroy(Point pl) {
Point tmp = p2; pl.color = Ox0;

p2 = pl; pl=null; X
pl =tmp; X }

}

— (But the alternative is even more confusing)



Assignment
e Same as parameter passing (or rather, vice-versa)

o Assigns copy of thereference, does not make a
copy of the object
— Not aways intuitive! Consider:

Button noButton = new Button("No");
Button yesButton = new Button();
yesButton = noButton;
yesButton.setl_abel (" Yes'): X
panel .add(noButton);

panel .add(yesButton);

— Called aliasing: often confusing!
— Thereisaway to make a copy of an object; rarely used



Comparing References

« Comparesthe referencesfor equality, not the
obj ects
— Not always intuitive! Consider:

Point p1 = new Point(5, 3); X
Point p2 = new Point(5, 3);
iIf (p1 ==p2) System.out.printin(* same reference”);

— Same goes for ‘1=’
— If you want to compare objectsfor equality, instead do:

If (pl.equals(p2)) System.out.printin(* identical objects’);




Live and Dead Objects

Button noButton = new Button("No");
Button yesButton = new Button();
yesButton = noButton;

e Question: What happens to second Button instance?
— Lost forever; call it dead

* Liveobjects (arecursive definition)
— Anything referred to by another live object

* Dead objects
— therest
— Eventually reclaimed, or garbage collected, by the system



Method Dispatching

e Objects have instance methods as well asfields

> Point
/ int x 5
pl inty -3
Int color | 0xFFO000
System.out.printin(“angleis “+pl.angle()); | double angle()
Int quadrant()

e Method dispatching: process of finding the right

method to call

— Dynamic: looks at object, searches for method with
correct name and parameter types.




String

e Like any object, but:

— has a special way of creating new ones: “...”
e “abC” creates anew String, returns reference to it
 has a special operator for concatenation: +

e |mmutable

— All of It’sfields are declared private, so are
Inaccessible

— None of its methods ever change the object
— No one can create additional methods for String
— Thought exercise: why is this important?



String Concatenation

 |f ether Ihsor rhsisa (referenceto a) String, then
‘+’ means string concatenation; also use “+="-

 Slring concatenation creates a new string object and

returns areferenceto it “ good”
note: s Strings=“good”;| S| “hot”
Isreassigned! |s=“not” + s \ not good
I P ILE » “not good at all”

* |f oneside not a String, it Is converted.

_eg., “abc’ +5- “abcs’
1 + (2 + (14 3”) 9 (14 123”



String Comparison
e Operators“==" and “!=" compare references
— Rarely useful for strings

— Usually want to compare contents
— S0 use equals() instead

String s1 = “Hdllo”;

If (s1 =="“Hello”) System.out.printin(*oops’);

If (sl.equals(“Hello”) System.out.printIn(* better”);

If (“Hello”.equals(sl)) System.out.printin(*odd, but okay”);




Other String Methods

e Other than equals(), there are many
— Look in Java APl (on web)
 |nspecting a string:
— “Hello” .length() = returnsint 5
— “Hello”.charAt(1) - returns char ‘€
— “Hello”.indexOf(‘0’) = returnsint 4
— “Hdlo” .endsWith(*10") = returns boolean true
 Modifying astring (hey, aren’t they immutable!):
— “cs211” .toUpperCase() - returns String “ CS211”
— “cs211” .replace(* 1, ‘' 0’) = returns String “ ¢s200”
— “ ¢s211 “.trim() = returns String “cs211”



Arrays
 Read Weisssec. 2.4
e Arraysareobjects

Int [ ] a=new int[5];
a0] =123;
a[4] = alength;

« Arrays can hold references as well as primitives
String [ | staff = new String[5]; // initially, all null
staff[0] = “Kevin”; /[ new object, save reference in array

String [ ] people = staff; // alias to same array!
people[1] = “El”; // new object, save reference in array




