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Database Record
*
insert(Record r): boolean 1 >
find(Key k): Record getKey(): Key
delete(Key k): boolean

~

Kev

equals(Key y): boolean
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csEiéEEaugAMLE
7tsst £2M 1 - Person as Record

-
public class Person Each method becomes:
{
private String name; if (student)
private boolean student; // some code
private boolean faculty; else if (faculty)

// some code




Jtset

| &=
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—

Dxﬂx-l

{

private
private
private
private

private

publlc class Person

String name;
boolean student;
boolean faculty;

boolean graduate;

boolean fullTime;

]

Each method becomes:

if (student)

if (gré& ate .;Hfull—time)
// some ce@é;
else i ((!gradﬁﬁ‘e)

// more code Spaghettl Code

else if (faculty) ..



Jtset &5 2
/

public class Student public class Faculty

{ {

private String name; private String name;




Jtset &5 2
/

public class Student
public class Faculty

{
{
private String firstname;
private String name;
private String lastname;




public class Student
public class Faculty

{
{
private String firstname;
private String name;
private String lastname;

L 2 74| 02 S!
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tset £

2 - =HE

/public class Student ) /public class Faculty h
{ {
private String name; private String name;
} }
\ 4\ Y
public class Database { -
55 flg HE HiIgS
private—Person}-base;— Folg &+ gi3!

private Student[] base_student;

private Faculty[] base_faculty;
private Visitor[] base_visitor;
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A2 (inheritance)!




/

{

-

{

public class Student

private String name;

public class Person

private String name;

/public class Faculty

{

private String name;




“extends”: =2i2f=Ct= 20|

4 N

public class Person

{

private String name;

2o ZelA / super class

}
\ .

-
public class Student extends Person

{

~

At

Al S A / subclass

A ——————



/public class Person

AE=
- Public B H45
- Public HIAEES

{

private String name;

Private 2 A< OHEl

/public class Student extends Person

{

}
\

name AtE =7}!
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/w—l

public class Student extends Person

name A& 71S!

‘public class Person ~ Protected MZ X|™HXIE Al25}M
{
protected String name; ’ HE %EHﬁOﬂkl EE‘ 7|'§
- 12 2R ZA0|M=
\ y 32 =7t
- N
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|7l (inheritance hierarchy)

Person '

String name

Student

double gpa

double getGPA()

Faculy '

double salary

double getSalary()




Is-a 2H7|

Reference Obiject

Person p = ”inew Person|() ;

new Student () ;

”
Student s = r

A Person “is-a" Person.

A Student “is-a" Person.

A Student “is-a" Student.

A Person “is-not-a” Student.
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-
Person[] p = new Person[3];
pl[0] new Person{();
pll] new Student () ;
pl2] new Faculty();




Object 224
[public class Person extends Object J
{ .

O Object 2eliA: 2= SeAL &9 S2iA
O 0O SHAE H5SHK| 2= Z2lA: AIS2E Object E &=,
O L} HAES x=gt

2 Boolean equals(Object obj)
©  String toString()

2 Object clone()
O
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-

public class Person {

private int 1d;

private String name;

public String getName () {return name; }
}
\ v
a0 )
public class Student extends Person {

public int getID() {return 1id;}

}
A\
(

p

}
\

4

~
ublic class Faculty extends Person ({
private String id;
public String getID() {return id;}

4

O Lz & 0ll27t L= X[E27

C )
Student s = new Student():;
Person p = new Person();

Person g = new Person();
Faculty f = new Faculty();
Object o = new Faculty();

String n = s.getName() ;

p =5y

int m = p.getlID();

f = gq;

O = s;

\_ A




BUEc]e ErY £
-

public class Person {
private String name;

private int 1d;

public String getName () {return name;}
}
\ 4
o )
public class Student extends Person {

public int getID() {return 1d;}

}
A\
(

p

}
\

4

)
ublic class Faculty extends Person {
private String id;
public String getID() {return id;}

4

O Lz 3027t L= X[E27

C )
Student s = new Student();
Person p = new Person();

Person g = new Person();
Faculty f = new Faculty();
Object o = new Faculty();

String n = s.getName () ;

p =57

int m = p.getID();

f =gq;

O = s;

\_ A
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-

e
public class Person { O LCE =027 L= X|™H&?
private String name; - ~
public String getName () {return name;}
) Student s = new Student();
\_ y Person p = new Person();
~ ~ Person g = new Person();
public class Student extends Person { Faculty f = new Faculty();
private int id; Object o = new Faculty();
public int getID() {return id;} String n = s.getName () ;
} ER=NS)
\ J int m = ((Student) p).getID()
~ N E—er
public class Faculty extends Person { T
private String id;
public String getID() {return id;}
} p o v




Person p;
if (AR 3 2o s
p = new Student (

ST
It}
MO

}

else {
p = new Faculty():;

}
p.getID()? // Lt getID &7t SEEK|X|?
\_ Y.

O JHURIZ} EFY 2| 113t (casting)S Sail ZTtUaiolH S5E=
ZHz|o| SajA HEE Aok &




Gnemwees 00000
2K} (Visibility Modifier)

= HEHste

Public

Protected

Package

Private

\ 4
o Hstshs

O

O

O O

public: OIH{et AN ME T
2 7ts

protected: X}7| Xt&l / 22 TH7|
X| oo SafjA / XHA ZejAa

package: AI7| Xp&l /7 &2 1j7 |
Xl ete| Sl

private: S 24
CH7H public, private 2t AL
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public class Person public class Person extends Object
{ {
private String name; private String name;

} public Person() {
super () ;
}
}




easmwees 0000 0
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/public class Person extends Object {‘\

public Person() {}
}

public class Student extends Person {

public Student () {}
\} Student s = new Student() ;
Subclass Student ()
Superclass Y
Person ()
Indirect \
Superclass Object ()




= A

public class Person {
private String name;

publlc Person( String n ) {

LfﬁSystem.out.prlnt("#l ") ;
}

public class Student extends Person ({
public Student () {

'ﬁsuper(n);

System.out.print ("#3 ") ;

O Student s = new Student();

of AlSHZATH="7
(1) #1 #2 #3
2) #1 #3 #2

(
(3) #3 #2 #1
(4) #3 #1 #2

this @ this(..)2l XtO]:
- this: 4H| XtAZ 7t2]7|= Ha
- this(..): MM} HAE
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O| 4L, M2l A(super class), T, 221 = F9| HAE
= AIRE|X| 210, 51| Z2iA(subclass)2| A= H|lAE
7t AR EICE,
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-

public class Person {
private String name;
public Person (String n) {name=n; }

}

Person p = new Person(“Tim”);
System.out.println( p )’

public class Person {
private String name;
public Person (String n) { name=n;}
public toString () { return name;}

}

O

==:

Person@3343c8b3

(Object.toString =)

System.out.println( p );

Person p = new PerSOﬂ(“Tim'g println O] X}s 22 toString() §i}

 — L e
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public class Student extends Person {
private int studentID;

public int getSID() {
return studentID;

}

public String toString() ({
return this.getSID() + “: ” +
this.getName () ;




HAE ™o

public class Student extends Person ({
private int studentID;

public int getSID() {
return studentID;

}

public String toString() {
return this.getSID() + “: ” +
super. toString() ;

“super” refers to
superclass




M™ & ZH (static binding): O HAET SEE X|
Al Z2EE=A

O =X &= ZH (dynamic binding): 1™ HIAETt SEEX|
s Z28E=A




public class Person ({
public void methodl () {

Person u = new Undergrad() ;

System.out.print ("Person 1 "); u.methodl () ;

}
public void method2 () { Person

System.out.print ("Person 2 ");

Yoo e
} void methodl ()
public class Student extends Person { void method2 ()
public void methodl () { 4

System.out.print ("Student 1 ");

super.methodl () ; Student
method?2 () ;

} PN R T i T S
public void method2 () { ke MCle Rt )

System.out.print ("Student 2 "); void method2 ()

}

} 4
public class Undergrad extends Student ({ Undergrad

public void method2 () {
System.out.print ("Undergrad 2 ");
}

void method2 ()




public class
public void
System.out.

}
public void
System.out

}
}
public class

public void

System.out.

Person {
methodl () {
print ("Person 1 ");

Person u = new Undergrad() ;
u.methodl () ;

method2 () {

.print ("Person 2 ");

Student extends Person {
methodl () {
print ("Student 1 ");

super.methodl () ;

method?2 () ;

}
public void

System.out.

}
}
public class

method2 () {
print ("Student 2 ") ;

public void method2 () ({
System.out.print ("Undergrad 2 ");

}
}




public class Person {
public void methodl () ({
System.out.print ("Person 1 "); u.methodl () ;

Person u = new Undergrad() ;

}
public void method2 () {
System.out.print ("Person 2 ");

}
}
public class Student extends Person ({

public void _ {
System.out.print ("Student 1 ");
super.methodl () ;
method2 () ;

}
public void method2 () {

System.out.print ("Student 2 ");

}
}
public class Undergrad extends Student {

public void method2 () {
System.out.print ("Undergrad 2 ");
}



public class Person {
public void methodl () {
System.out.print ("Person 1 "); u.methodl () ;

Person u = new Undergrad() ;

}
public void method2 () {
System.out.print ("Person 2 ");

}
}
public class Student extends Person {

ublic void methodl () ({
System.out.print ("Student 1 ");
super.methodl () ;

method?2 () ;

}
public void method2 () {

System.out.print ("Student 2 ");

}
}
public class Undergrad extends Student {

public void method2 () {
System.out.print ("Undergrad 2 ");
}




public class Person ({
public void methodl () {

Person u = new Undergrad() ;

System.out.print ("Person 1 "); u.methodl () ;
}
public void method2 () { OU"'pU‘I' SO fGI"
System.out.print ("Person 2 "); )
Student 1

}
}
public class Student extends Person ({

public void methodl () {
System.out.print ("Student 1

method?2 () ;

}
public void method2 () {

System.out.print ("Student 2 ");

}
}
public class Undergrad extends Student {

public void method2 () ({
System.out.print ("Undergrad 2 ");

}
}



public class Person {
public void methodl () {

Person u = new Undergrad() ;

System.out.print ("Person 1 "); u.methodl () ;
}
public void method2 () ({ OU‘I'pU'I' SO far'
System.out.print ("Person 2 "); ]
Student 1

}
}

public clas(itudent extends PersoD_

public void
System.out.print ("Student 1 ");

jmetneaz ) super = £ 2HAE 7I2[H

public void method2 () ({
System.out.print ("Student 2 ");

}
}
public class Undergrad extends Student {

public void method2 () {
System.out.print ("Undergrad 2 ");

}
}



public class Person ({ _ .
public void methodl () { Person u = new Undergrad() ;

Svstem.out.print ("Person 1 7); | methodl ()

public void method2 () {
System.out.print ("Person 2 ");

}
}
public class Student extends Person ({

public void methodl () {
System.out.print ("Student 1 ");
super.methodl () ;
method?2 () ;

}
public void method2 () {

System.out.print ("Student 2 ");

}
}
public class Undergrad extends Student {

public void method2 () {
System.out.print ("Undergrad 2 ");
}




public class Person ({
public void methodl () {

Person u = new Undergrad() ;

System.out.print ("Person 1 "); u.methodl () ;
}
public void method2 () { OUprf SO far'
System.out.print ("Person 2 "); i

) Student 1 Person 1

}
public class Student extends Person {

public void methodl () {
System.out.print ("Student 1 ");
super.methodl () ;

}
public void method2 () {
System.out.print ("Student 2 ");

}
}
public class Undergrad extends Student ({

public void method2 () {
System.out.print ("Undergrad 2 ");
}



public class Person {

public void methodl () | Person u = new Undergrad() ;

System.out.print ("Person 1 "); u.methodl () ;
}
public void method2 () { Ou.l-pu.l- SO far'
System.out.print ("Person 2 "); )

} Student 1 Person 1

}
public class Student extends Person ({

public void methodl () {
System.out.print ("Student 1 ");
super.methodl () ;

} this = X HSCl X E 7I2|Z
public void method2 () { = = H =ooL T '”E |' ||:|
System.out.print ("Stu

}
}
public class Undergrad extends Student

public void me
System.out.print ("Undergrad 2 ");

}
}




public class Person ({
public void methodl () {
System.out.print ("Person 1 "); u.methodl () ;

Person u = new Undergrad() ;

}
public void method2 () {
System.out.print ("Person 2 ");

}
}
public class Student extends Person ({

public void methodl () {
System.out.print ("Student 1 ");
super.methodl () ;
this.method2 () ;

}
public void method2 () {

System.out.print ("Student 2 ");

}
}
public class Undergrad extends Student ({

public void method2 () {
System.out.print

}
}




public class Person {
private String name;
public Person(String name)

{this.name = name;} O AlsiAnt?
public boolean isAsleep(int hr)
{ return 22 < hr || 7 > hr; } - I
public String toString() { return name; }
public void status( int hr ) {
1f (this.isAsleep (hr)) o Ee=rsnoer\‘/vpétudent(“xl-3”);
System.out.println( “F&S: " + this ); p.status(1);
else
System.out.println( "WSZ: " + this );} A MUS: KB~
} B.VEES: xi8”

public class Student extends Person

{ c. 2dl 2@F
public Student (String name) {super (name); }
public boolean isAsleep( int hr )// override
{ return 2 < hr && 8 > hr; }

} A y
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public class ClockWriter extends JPanel ({
public ClockWriter() {
int width = 200;
JFrame f = new JFrame(); // ZE|e 4N
f.getContentPane().add(this); // XIS Zg|of| 2%
f.setTitle("Clock"); // ZEe HE AF
f.setSize(width, width); // ZEY 37| 43
f.setVisible(true); // Z2 HOo{F!
}
public void paintComponent (Graphics g) { ... }
public static void main(String[] args) {
new ClockWriter(); // A ‘4o
}
) )




oY, g, =712 it Jel

JFrame o 25 JPanel
«
» paintComponent
o =~Az P e

sHIE=
ha& (OEE=T HZ)

Graphics |




O 2p7iEhHHH EIC

O &, paintComponent M2~ =2t Wx||SHOF SHC,

O il 4= (inheritance)2t HIAE M2 (overriding)

H
(ﬁ JPanel :] (/ MyPanel :)

k\ paintComponent k¥ paintComponent

paintComponent paintComponent

JPanel MyPanel




width = 200

d=100

200




GregorianCalendar time = new GregorianCalendar();
int s _angle = 90 - (time.get(Calendar.SECOND) * 6);
int m angle = 90 - (time.get(Calendar.MINUTE) * 6);
int h angle = 90 - (time.get(Calendar.HOUR) * 30);

\ y

O GreogianCalender.get = AFESIH AIEZE 44

o} k=R o] k=]
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O g.fillArc(105, 70, 90, 60, 175, 45)




AA 32|7]

/
int width = 200;
int gap = 50;

int d = 100;
g.setColor(Color.white);
g.fillRect (0, 0, width, width);
g.setColor(Color.black);
g.drawOval (gap, gap, d, d);
g.setColor(Color.blue);
g.fillArc(gap+25, gap+25, d-50,
g.setColor(Color.red);
g.fillArc(gap+ 5, gap+ 5, d-10,
g.setColor(Color.black);
g.fillArc(gap+10, gap+10, d-20,

// HS 2|7
/7 ANA A 2

/7 AE, 23,

d-50,

d-10, m angle, 5);

d-20, s angle, -3);




