ORIECES: DatasAbstraction™

MINORIECI=Oriented programming
Jrln"e like Java, opjects are used to
ree resent data

A class defines a type of object,

-
—
—

mcludlng
— |ts data
— [ts permissible operations

® Once a type Is defined, objects of that
type can be declared and used




9le: Planet

= Supf 9OSE that we want te represent
Olrl ets N Java

\/\ 8ican define a class called Planet
Data diameter, mass, orbit, orbital period,

-
—
—

— |pcation at a given time, ...

— Methods: setDiameter(), setMass(), etc.,
getDiameter(), getMass(), etc.




Sig: Using.a. StandarasClass™

- J]‘f‘f*" eRJEcts have different methoeds
ror jenipulating thelr data

> I e SPECIfic methods are determined

== B9asedlon what makes sense for that type

= of ehbject

® For Strings: length, concatenation,
comparison, substring, substring
comparison, ...




mples Palindromes;

SV ORSTHNG MEethods:
SIENGHN()— returins the length of the string

=harAt() — returns the character at a given
-- = "position in the string

“S'Palindrome — a word that reads the same
forward or backward

— Examples: eye, madam, radar, ...




Algogiialig

INNEEREWord fiiom theruser
yRCompare the first and last characters
IS [they are different, return false

2 Otherwise, repeat with the second and
second to the last, etc.

5. If the characters all match, return true

-
'
—
—




AlGEIHIM 20

SEMEIIONHE TNUEX OF the TSt (1efitmost) character
SEll i"ght 10/ 1noex the last (rightmost) character
WAIENEft is less than right

S Compare tne left character with the right character

.

e P i, T

== Jf they are not equal return false
— Increment left
— [Decrement right

s Return true




=

plblic class Palindrome {
plivlic static voeldimain(Strngl] args)*{r:"f
& Siring str = Consoele.in.readWord();

NSysiemPelpimiREIEssSssPalindiome(st));

o

_-.'* iaic lheelean iIsPalindreme(String s) {

= int left =0, right =s.length()-1;

—

while (left < right) {
i ( s.charAt(left) != s.charAt(right) )
return false;
left++;
right--;

}

return true,




VIETIOUS

=CENI Ty pe of ORJEect supports a specmed
sez Pitmethoeds

he Mmethods are called for a specific
EPJect and have direct access to that

45bject s data without having to pass the

‘I"---
i

_—_'

= @Ject as a parameter
String s;
s.length();




StidnEVethods

2 'oor' SAnlegualS(OhjectanOnject)
BCompanes this string with another object
2 } t |eiglefigl6)
= - =Number of characters in this string
— char charAt(int index)

— Returns the character at the position index withi
this string




peNVethods: ||

R IECOIPAETO(Strng str)

SRENlms aniinteger value, based on lexicographic order
y ]n;t'_ ndexof(int ch)
=N dex ofi where the ch occurs in this string or -1 if not
= nresent

—
e =
I —

— o int INAexOf(String str)

— Index of the first character of a matching substring str
 String concat(String str)

— Concatenates this string instance with str and returns the
result




SuldiaorViethods. |

S oLCoWerCase()
— -turns 2 Copy/ ofi this strng but 1 all lowercase
S ﬁg toUpperCase()

f IRELUrAS a copy. ofi this string but in all uppercase

StatIC String valueOf(type prim)

— Returns the String representation of primitive value prim
Where type can be any primitive




-

public class Stringlest {
pUBlICIsiatic voidimain(Sting | | angs)is
Stiiing strl ="aBcD”,sti2 ="abcd", str3
: Syseulotcs ntin(stribesuals(Sti2))i
ysien.out. printin(strd.length());
Systen.out.printin(strl.charAt(1));
System out.printin(strl.compareTo("aBcE"));
3 f_,_System out.printin(strl.compareTo("aBcC"));

= — System.out.printin(strl.compareTo("aBcD"));

-4 -
S -

System.out.printin(strl.indexOf('D"));

System.out.printin(strl.indexOf("Bc"));
System.out.printin(strl.indexOf("zz"));
System.out.printin(strl.concat("efg"));




——

pllic class StringTiest {
IR Static voidimain(String![ ] args)ssss
String strdl ="aBeD!,str2 ="abcd!,str3;

e ) e 4 T -
SIS =sifhire)le)\/e ASE(N)E
!

—.

ystem.out.printin(str3);

. f3 =Sirl.toUpperCase();
B System.out. println(str3);

str3i=String.valueOf(123);
System.out.printin(str3.equals("123"));




StigieBUfer .

> Sjif J J@S are /mmuz‘ab/e
— pce y/OU create one, you can't change It

Woeu can only return a new string that is a
= Changed version of the old one

— You can change them: insert(), reverse(),
replace(), setCharAt(), setLength(),
deleteCharAt(), append(), ...




SEMIENTS ofrasSinplesElass

Da_r. 0

- r~s Wed yristance variables, data members,
iaels

= V ethods

| —
= .—-
—

= —Called /nastance methods, proceaure members,
member functions

® Toegether these implement a level of
apbstraction for some particular type of
data




DENINAG & REW. LYPE:

SEISIREESCrInE the data that will be stored
Il <= BJECLS ofi this type

- r en descripe the operations that will be
pported On objects of that type

-
=
- - -
— —

—_—




nle: Counter

SVERGHERNVANT Lo COUNT things, WhY hot
SJECE el abstraction for deing It?
BAGVantage: you can reuse it in different

_.-. places In the program, or even in other
-- = pleglrams

—e Data
— Current value of the counter (initially zero)

® Operations:

— Reset, Increment, Decrement, Get the
current value




d reset() { value = 0; }

mt ieadValue() { return value; }
Void increment() { value = value +1; }
volid decrement() { value = value -1, }




J'the Counter

Solniercl = new Counter();
CQ} er c2 = new Counter();

S reset();

2 reset();
cl Increment();
cl.increment();
System.out.printin(cl.readValue());
System.out.printin(c2.readValue());

-
—
—




AlSclCt Datasli/pes =

SSIESSES alloW US torimplement Abstract Data
T '*s ((ADiS) — an alstraction: representing a
perucular kind of data

_',-’Fhe data and methods combine to implement the

— Tihe implementation is all in one place

— The type can be used in many different places in the
program or In many programs




Inpertant Details

member variables

S this case, the integer variable called
B value
= =A/hen the methods are called, the call is
ofi the form
<objectname>.<methodname>()

® [he object Itself is an implicit parameter
to the method, so that any references
to the data access that object’s copy of
the member variables

n

=PI COUMtEr OPJECE Mas LS OWi Copy. of

—
—




ViBrENEXamples

SeEMplEXx NUMBErS, VEectors, matrices,
Wi/ datennfiormation, address
[ieEmatien, shapes (circle, square,
plieciangle, oval, triangle), a file, a

eyboard a game board (checkers, chess,
= tlctactoe) a game piece, a character
string, a die, a deck of cards

® Think of some more
® | et’s Implement some of them




paeNHIding: public vswpEvate™

SMINCENEral, each classiis in a separate file
=NERame of the file matches the name of the
CIEsS (With! .Java at the end)

= =H ‘classes in the same directory (or file)
""‘E—are part of the same package

- e \Whether or not a method Is In the same
class or package as the data or method it
IS accessing affects what it can see and do




Plelicand Prvate

G data nd Methods are preééded 0)Y
o eyword public

Lle
J
H Vate data and methods are preceded by

> Py
T

—-.'IF"-..ll._'I:F

Mekeyword private
%—:‘*' By default, everything is semi-private (my
- term)

— |f you don’t specify public or private, you get
this default behavior




PHpIc and Pryvate in-AcHen

Rivate data and methods are accessible only by
MEMEUS 1N the same class

SEMIEprivate data and methods are accessible

pyAany method in the same class or the same
g.ckage

— S Puhlic data and methods are accessible by any
= methoc regardless of whether or not it Is in the
Ssame class or package

s Protected data Is available in the class, subclass
oI package

—
e
|
——
| '\-"'
= —




0)|

JCOURILERjaVa -2 SImple counter
plidliciclass Counter {
Vlinstance variables - hidden
Bpivate int value;

//methods - exposed

public void reset() {value = 0; }

public int get() { return value; }

public void click() {value = value +1; }




WidaiN i Trhe Data\Wasni*Private™

"'hreset()
00 click();
= click();
foo.value = 17;
int a = foo.get(); // returns the wrong value




egonstructors ..

SWANGLIISULICION ST @ SPecial method In a
rlrlb

J as the same name as the class

:t ISt autematically called when an object
~of that type is created

s Constructors are usually used to set data
In the object to an initial value

® Constructors can take parameters

i'__
-\_-l-

-
—
—




0)|

JCOURILERjaVa -2 SImple counter
plidliciclass Counter {
Vlinstance variables - hidden
Bpivate int value;

//methods — exposed

public void Counter() { value = 0; }
public void reset() { value = 0O; }

public int get() { return value; }

public void click() { value = value +1; }




0)| e

FUsliciclass Complex {
grvaierdouble real;
Privete double imaginary
Bplblicivoid Complex() { real = 0; imaginary = 0;}

: :-—'.-.public void Complex(double r, double 1) {

L

——
y |
.\-_...-

reall=r;, Iimaginary = I;
J
public double getReal() { return real; }
public double getlmaginary) { return imaginary; }

J




Usingr Constructors

plex a =new Complex();
ex b = new Complex(1, 5.7);
ex ¢ = new Complex(1,0);




=eldsrand Metheds™

30 '
Py
[cl

A}

c fields and MEthoeds are preceded 0)Y

5
@Eyword static
|ke other methods, static methods are

J
— et asseciated with a specific object
‘e Statlc methods are called by using the

o —

class name and the method name
— main(); and Math.random();




Nyarianles

T F
}D

Gaate members are associated with
Iass father than a particular object of

t e

. Static data members are accessed like
::_ l'-,statlc methods: class name followed by
-~ field name

— Example: Math.PI
e Sometimes called c/ass variables

r .f"
Dc

if)
'£'r .

.ﬁ_
ﬂ)




0)|

oubligcliseyie
V/instance variables - hidden
Sorvate int value;
B Drivate static int howMany = 0

= ~  /Imethods - exposed
public Counter() { howMany++; }
public void reset() { value =0; }
public int get() { return value; }
public void click() { value = value + 1; }
public static int howMany() { return howMany; }




gleissaeounteriest2 { y
Boublic static void main(String[]l args){
b Systemioutprintin(Cotnterhowiany()i
- Counter c1 = new Counter();
" Gounter c2 = new Counter();
- cl.click();
c2.click();

c2.click();

System.out.printin("Counterl value is " +

cl.get());
System.out.printin(*Counter2 value is "+

c2.get());
System.out.printin(Counter.hnowMany());

}
;




gE CallingVetihoe sy

flefel zlfe three Ways to caII a method
er éndlng on

Whether the method is in the same class or
= = not

’—whether the method Is an instance method or
a class method

o
cleie




I
jealinree Ways to Call 8

VIEGIEO

SREIE Same  Class: you' Just use the method
flzl rf- ieliewed by any parameters in parenthesis
ita=feo(); //foo is a method in this class

...:-.r’= linstance method: you have to call it for a
%’é-‘?jartlcular object

= — String s = “abc”; int a = s.length();

s A class method: call it with the class hame
— Int a = Math.random();




=
siass Change |
; ’ —
prvaie int dollarsiguarters,dimes;penmes;

orivate double total;

Change(int dlint g,int dm,int p) {
~ dollars = dl;
guarters = q;
dimes = dm;
PENNIES = p;
total =dl + 0.25*q + 0.1*dm + 0.01*p;




Stelic:Change makeChange(double paid,
- doublerewed)y
eouble diiii= pald WEd;

Jn dollarsTauzl ollgflesy a2 alalle

"dollars = (int)diff;
pennles = (Int)((diff -dollars)*100);

~guarters = pennies /25;

i =y :

*__-_.'*-if-* PeEnnies -= 25 *quarters;
? dimes = pennies /10;
pennies -= 10 *dimes;
return new Change(dollars, quarters,
dimes,pennies);



.
Blilelic, String toString() {
Jetum (S + total FAnk
: + dellars + dellars\n¢
S guarters + - guarters\n*
+ dimes + “ dimes \n"

+ pennies + “ pennies \n");




USinerthe Class

SHEIIGENIESTE Vel
PilsliCACIEISSI Change Test {
ouo Siatic veld main(String [ | args){
‘double owed = 12.37;
-double paid = 15.0;
= System.out.printin("You owe “ + owed);
System.out.printin(*You gave me “ + paid);
System.out.printin(*Your change Is “ +
Change.makeChange(15.0, 12.37));




AGCESSING Another Objects
Zhvaie Elelds™
fehangeTest2.java

sl class ChangeTest?2 {
puslicsiatic void main(String[] args){

= gange ¢l = new Change(10,3,4,3);
;’P Change c2 = new Change(7,2,2,1);
=~ Change sum = cl.add(c2);
System.out.printin(sum);

J
I




iEradd() method

giislicAenanoe add(Change addend) {
hge iesult = new Change(
dollars + addend.dollars,
guarters + addend.quarters,
dimes + addend.dimes,
pennies + addend.pennies);

return result;




add(Oumethods

pislIESAlIC Change add(Change augnd,
Change addend) {

glienge result = new Change(

augend.dollars + addend.dollars,

augend.guarters + addend.quarters,

augend.dimes + addend.dimes,

augend.pennies + addend.pennies);
return result;




mEWAtS called

PINICACIASS ChiangeTests
pu,,'é' Staticivoidimain(String(] args){
'F"rf\ange ¢l = new Change(10,3,4,3);

C jange ¢2 = new Change(7,2,2,1);
= Change sum = Change.add(c1, c2);
System.out.printin(sum);




Dzl Jects Reference
IyPes

- es- e an object {0)z| method IS dlfferent
e Passing a primitive type

_{mltlve types are call-by-value
= e called method gets a copy of the passed

=
IF-_:'.. " —
—

-
i

— == olject
s Objects are call-by-reference

— The called method gets a copy of the
reference to the object, which refers to the
same object!




.
Wigelr'S*Really.Going GnpEeres ==

el Gl

.
=
o
.
A—i
=
=
S
i
a
—— = e
o z - —
- -
- -
-
e - 2

~ 00 = new Complex();




eall=pVv-reference

- rnf Galledimethoed gets a copy of the
Tence'

cause the called method has a

. eference to the same object, any changes
— to the ebject in a method will change the
actual object!




0)|

// Obje?' darameters canpeTmoaiiec
AESEHPASSINGIREENENCES |
1ic static veld maim(String [ | args){
= étringBuffer shufi =new StringBuffer(“testing"”);
B System.out.printin(“sbuf is now "+ sbuf);
moediiy(shbuf);
System.out.printin(“sbuf is now "+ shuf);
J
static void modify(StringBuffer sh) {
sh.append(”,1 2 3"),

;
}




0)|

I (ou eziplipneeliiaiecioitzlzlte
SessHVieoityParameters |
1ic Static veld main(String[] args) {
= étringBuffer sbufi = new StringBuffer(“testing™);
B System.out. printin(“sbuf is now "+ sbuf);
moediiy(shbuf);
System.out.printin(“sbuf is now "+ shuf);
J
static void modify(StringBuffer sh) {
sb = new StringBuffer("doesn't work");

;
}




S50 ,0)0)&

- Rer*' arlecal varianle (adefined 1 a
MELoW) s only accessible within that
frlgigiee

AN, It 1S only accessible after the point at

*-r* Which'it is defined in the method

=
.\_...-
—
—

=13 Instance and class variables are accessible
from within any method In the class

— Before or after the point at which they are
defined in the class

.




Ng an INstance or Classy

veiflelglfe

Videnrariocal varianle (In'a metnod) has the
san;' Name as an Instance or class variable, the
BreallVariable eclipses the class variable
’.-Iieferences to that name In the method will refer to

= thelocal variable

E
= ==

the class name

® An eclipsed instance variable can be accessed
using /s




IESSBPEZ.|aVa:Instance vVs. class Vs. Iocal sg_pe
SESS SCOPE2 { -
Stelicintx =1
INA= 2
glslicstaticivold maim(String[] args){
intx =3,y =4
' “System out.printin(*local x = * + x);

~ System.out.printin("class x =* + Scope2.x);

——
| —

—
—

=== System.out.printin(*local y = * + y);
System.out.printin(*instance y = + this.y);




Chany ntdelians;nt quarters;nt dimes,int pennies) {
B0llars =dollars;
'mJ;_ _quarters =guarters;

s“dimes —dimes;
3iS.pennies =pennies;
otal dollars + 0.25 *quarters + 0.1 *dimes + pennies;




eyiord final and Class
Sohsiants

INSASUAIlY 2 bad Idea tor make instance
rnnr ICIaSs Variahles public
BNE Better to provide accessor methods

-

= --ThIS allows us to guarantee certain conditions

ol et

- -
o=

== about the data

s IHowever, there is one type of class
variable that iIs commonly made public:
constants

— Immutable variables with special values




.
mples
= VletiggEl

SNTEOE MAXINT
NGie: generally written all uppercase

g;:_:_‘;Beflned with the keyword final
= public static final double Pl = 3.14159265;

® Any attempt to modify a constant will
result In an error




WIIVAUSE' these,

o (‘or stelits are only defined: once

Seme numbers, suchi as pi, are used very
| ften




AVgel/St ol Objects

S ISIRESAVE Cannave arrays of prmitive types,
WERCANIAlSOr have: arrays: ofi objects
SNRECAllthat
e=Nlen we declare an array we have to use new to

== create the storage for the array

— *— When we create an object we have to use new to

create the storage for the object

® S0, When we create an array of objects we have
to use new twice; once for the array and once
for the objects.



]n"r[] 00}
i o =IHew IRLL5];

.
i .

seomplex|] bar;
‘“‘Joar = new Complex[15];
~ for(int1=0; i < bar.length; i++)
pari] = new Complex();

— And, the book has a better Card class than mine




N ol N NG
DD o

Ic static final int CEUBS = 1;
pc:.‘o ic static final int BIAMONDS = 2;
pu,o (G stanc mal it NEARTS=3;
publie static final int SPADES = 4;
mr SHitValue:
.2* |t(|nt Ny suitValue = I; }
- ,--'- public String toString() {
: switch (suitValue) {
case CLUBS: return "clubs”;
case DIAMONDS:return "diamonds”;
case HEARTS:return "hearts";
case SPADES:return "spades”;

default;return "error":




I—l—
—

-

e —
I —
—_—

e i, S
‘5 =

p!ja Sting teString() {
it (p>1 && p <11)

= return String.valueOf(p);
= else switch(p) {

case 1:return "Ace’;
case 11: return "Jack";
case 12: return "Queen”;
case 13: return "King";
default: return "error";




f'-d(Suit s,Pips p) { suit =s; pip =p; }

-

B Card(Cardic) { suit = c.suit; pip = c.pip;}

i —
e i, TR
- -

public String toString() {
return pip.toString()+* of “+suit.toString();

J
;




_- ,'_aeck = new Card [52];

-

deckli] = new Card(new Suit(i /13 +1),
new Pips(i %13 +1));

B [0n (inti = 0; i < deck.length; i++)

—
—I-
F:'—---.—-
i g
- —
- —
m—
:




=
sublic void shuffle() { A
ffor (int i = 0; 1= deck.length; i++) {
HNEGRD VBt random()752);
Card t = deckK[i[;
deck]i] = deck]k];

K] =t;




.
pUlIC String toStrng(){
tring t =",

for (int i = 0; i < 52; i++)
~if (i +1)%5 ==0)

t=t+ “\n* + deck [i];
else
t =t +deck [i];

return t;




PU9lIC Class Cardiest {

puldliCAStatic void main(String angs{l)id s
IDeck deck = new Deck();

System.out.prntin(MnNew Shuffle \n"+deck);

SdEck shuffle();

-

i System.out.printin("\nNew Shuffle \n"+deck);

deck.shuffle(),

System.out.printin("\nNew Shuffle \n"+deck);

}
}




