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“entities” ?




Algorithmic Decomposition

each “entity” in the system denotes a
major step in some overall process
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Object-Oriented Decomposition

the system is decomposed into a set of
collaborating objects (and their classes)

Data and their
representation are a
secret of the object :)

Objects

Operations

Operations

Invocations
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Classes and Objects




Raw Definitions

A class is a set of objects that share a
common structure and a common behavior

An object has state, behavior [...] the
structure and behavior of similar objects
are defined in their common class

A single object is simply an instance of a
class




Class vs. Object

R

data and representation and
defines object’s operations

Objects
Clock project =
—J v~ "\
Il ifiicia Class
L 53 =l An object’s implementation is
Ll le defined by its class. The class
ze £ ng specifies the object’s internal




Anatomy of a Java Class

Instance variables
class Clock {
IHnstance variables / Instance Fields
llaccess_modifiers type var_namel, ...;
private int hour, minute;

« define object’s state
representation (the
representation of the data
the objects know)

« each object has its own
copy (memory locations) for
each instance variable

 access modifiers
¢ private - can be
accessed only in this class
¢+ public - can be accesses
from everywhere
« if missing, the field can
be accessed from the
same package




Anatomy of a Java Class

‘ Methods
class Clock {
IHnstance variables / Instance Fields . R .
Ilaccess_modifiers type var_namel, * define object’s behavior
private int hour, minute; (the implementation of an

/Methods object operations)
limodifiers returned_type method_name(type par_name, ..) { ...}

public void setTime(int h,int m) {
hour = (h >=0) & (h < 24) 2h :0;  can use/change the state
minute = (m >=0) && (m < 60) ? m :0; (current values of instance

variables) of an object

}

public String toString() {
return hour + “” + minute; g .

 access modifiers are like

in the case of fields




Anatomy of a Java Class

class Clock {
IHnstance variables / Instance Fields
llaccess_modifiers type var_namel, ...;
private int hour, minute;
/IMethods

limodifiers returned_type method_name(type par_name, ..) { ...

public void setTime(int h,int m) {
hour = (h >=0) && (h < 24) 7 h :0;
minute = (m >=0) && (m < 60) ? m :0;

}
public String toString()
return hour + “” + minute;

/IConstructors
Ilaccess_modifiers Class_Name(type par_name, ...) {}

public Clock() {
hour = minute = 0;

}
public Clock(int h, int m) {
setTime(h,m);

Constructors

« special methods executed
only once at the object
creation time

* used to initialize the
object state

- always has the same
name as the class and does
not have return type
(neither void)

¢ if no constructor, the
compiler generates one
with an empty parameter
list (no-arg constructor)




Creating an Object in Java

created at runtime and
allocated in the heap "

class Main {
public static void main(String argv[]) {

new Clock();
new Clock();
new Clock(12,20);

}
}

What about destruction ?
Don’t worry ! The garbage collector

takes care of this




Referring an Object in Java

hour min.

firstClock P ‘n [® ]
[class Main { —N LT ->

public static void main(String argv[]) {

IIReference variables Locals hour min,
IIHere local variables but they can also on Bl e

IIbe instance variables, etc. ‘A ¥

Clock firstClock, secondClock; stack n n
firstClock = new Clock();

secondClock = new Clock(); secondClock




H  hour min.
e
a <% 3
firstClock [ n “
| class Main { —N
public static void main(String argv[]) {
IIReference variables Locals : hour min.
/IHere local variables but they can also on s BTN
/lbe instance variables, etc. - ‘A g%
Clock firstClock, secondClock; stack ' n “
firstClock = new Clock(); '
secondClock = new Clock(); secondClock
firstClock = new Clock(12,20); . .
s hour min.
!
‘w/Tnr][
- [ ][]

Referring an Object in Java




Invoking an Object in Java

[ class Main { H ph A
public static void main(String argv[]) { e our min.
a
Clock firstClock, secondClock; firstClock p ‘: n
firstClock = new Clock(); ->
firstClock . setTime(13,30); _N Lot
Locals
on
stack
secondClock
TT— —
class Clock {

;ubli: void setTime(int h, int m) {
hour = (h >= 0) && (h < 24) 2 h : 0;
minute = (m >=0) && (m < 60) ? m :0;




Invoking an Object in Java

[ class Main { h A
public static void main(String argv[]) { our min.
Clock firstClock, secondClock; firstClock
firstClock = new Clock();
firstClock . setTime(13,30); —N

secondClock = new Clock(12,20);
firstClock = secondClock;

Tweo T

Locals .
on P AR
stack ’

secondClock .
T— — . :

class Cloek { N S
.
public void setTime(int h, int m) {

hour = (h >= 0) && (h < 24) 2 h :0;
minute = (m >=0) && (m < 60) ? m :0;




[class Main {
public static void main(String argv[]) {

Clock firstClock, secondClock;
firstClock = new Clock();
firstClock . setTime(13,30);

secondClock = new Clock(12,20);
firstClock = secondClock;

firstClock . setTime(0,0);
lisecondClock . toString() returns “0:0”

[elass Clock {

;ublic void setTime(int h, int m) {
hour = (h >= 0) && (h < 24) 2 h : 0;
minute = (m >=0) && (m < 60) ? m :0;

firstClock
Locals

on Vo
stack ’

Invoking an Object in Java

How does the method know on which

copy of hour and minute should work ?




The Special this Reference

[class Clock{ el
;ublic vpii:e'::r’in;»;(im h,int m) { .....'~.~ H  hour min.
this.hour = (h >= 0) && (h < 24) 2 h:0; RS 4
this.minute = (m >= 0) && (m < 60) 2 m : 0;
) s.minute = (m ) && (m ) ?m Py mn
} Pt
during the execution of .-~
a method, this refers to”
the object in front of .-
the call o hour min.
Cw'ck firstClock, secondClock;
fifstClock = new Clock();
secondClock = new Clock(12,20);

firstClock . setTime(13,30);
secondClock . setTime(0,0);




The Special this Reference

[elass Clock {

;ublic void setTime(int h, int m) {
this.hour = (h >=0) && (h <24) 2 h:0;
this.minute = (m >= 0) && (m < 60) 2 m : 0;

during the execution of
a method, this-refers to
the object in front.of

the call

firstClock = new Clock();
secondClock = new Clock(12,20); 2

firstClock . setTime(13,30); Pt
secondClock . setTime(0.0): - - -~

hour min.




Parameter Passing in Java

void caller() { passed by value

inta=>5;

Clock b = new Clock();
b.setTime(19,55);
called(a, b);

2~

b~

caller

context

hour rﬁ‘jn.

Heap

v




Parameter Passing in Java

void caller() {

inta=5;

Clock b = new Clock();
b.setTime(19,55);
called(a, b);

void called(int ¢, Clock d) {

c=10;
d.setTime(0,0);

passed by value

a~, b~
caller g
context
hour rﬁjn.
Heap ~
Co][o]
'1
c d—:
called N TN

context 10




Parameter Passing in Java

void caller() { passed by value
inta=>5;
Clock b = new Clock();
b.setTime(19,55);

called(a, b);
caller g
context y .
hour min. hour n;jn.
id called(int ¢, Clock d) { Hleap
void called(int ¢, Clocl P
=10 (o ]
d.setTime(0,0);
d = new Clock(19.,55);
— C
called N

context 10 |0x599878




Parameter Passing in Java

void caller() {
inta=5;
Clock b = new Clock();
b.setTime(19,55);
called(a, b);
Iais still 5
/Ib referrers the same clock !
/Nts time indication is 0:0

}

void called(int ¢, Clock d) {
c=10;
d.setTime(0,0);
d = new Clock(19.,55);

passed by value

caller sen®
a\s© -
context s
) “e(e\’e“ h. hour min.




class Clock {

}

Ilcounts the number of clocks created
Iistatic - class variable/field/method
private static int count;
public static int getCount() {

return count;

}

public Clock() {
count++;
hour = minute = 0;

}

public Clock(int h, int m) {
count++;
setTime(h,m);

}

The static Modifier

counter

all objects have\

a single copy

IS

hour

hour

min.

min.

static methods do not execute on an object
* this does not make sense in static methods
* cannot access instance fields via this (implicitly or explicitly)
* usage: ClassName.methodName(params)




A Class in UML (basics)

Clock
- hour :int
- minute : int
-count : int

+toString():String
+Clock()
+Clock(h:int;m:int)
rgetCount() : int

visibility name(param_list) : return_type

param_name : type

+setTime(hant; mint):void visibility(+/-) name : type

visibility
+ public
- private

static features
are underlined




Inheritance and Polymorphism




Inheritance

inheritance is a relationship among
classes wherein one class shares the
structure and/or behavior defined in

other classes

Two “flavors”
¢ class inheritance

° type inheritance




Class inheritance in Java

public void setTime(int h, int m) {
hour = (h >= 0) && (h < 24) 2h: &;
minute = (m >= 0) && (m < 60) 2 m :0;
}
public Sering toString() {

return hour +“” + minute;

}
public Clock() {

hour = minute = 0;

Ewhﬁe Clock(int h, int m), {
setTime(h,m);

|class EnhancedClock {

}

private int hour, minute,second;

public void setTime(int h, int m) {
hour = (h >= 0) && (h < 24) 2 h : 0;
minute = (m >= 0) && (m < 60) I m : 0;

public String toString() {

return hour +“” + min- o
} \\ca*-‘o >
public Enhar- of auv >

- P'\ot

edClock(int h, int m, int s) {
setTime(h,m);
second = (s >=0) && (s < 60) s : 0;

)publie veid setEnhancedTime(int h, int m, int s) {
setTime(h,m);
second = (s >=0) && (s < 60) 25 :0;

}




Class inheritance in Java

Superclass

class Clock {
private int hour, minute;
public void setTime(int h, int m) {
hour = (h >= 0) && (h < 24) 2h: 0;
minute = (m >= 0) && (m < 60) 2 m :0;

}

public String toString() {
return hour +“” + minute;

}

public Clock() {

hour = minute = 0;

}puuie Clock(int h, int m) {
secTime(h,m);

class EnhancedClock extends Clock {

A simple code
factorization (reuse)
mechanism

Subclass

private int second;
public String toString() {
return super.toString() +“:" + second;

public EnhancedClock() {
second = 0;

public EnhancedClock(int h, int m, int s) {
super(h,m);
second = (s >=0) && (s < 60) ?s :0;

public void setEnhancedTime(int h, int m, int s) {
setTime(h,m);
second = (s >=0) && (s < 60) ?5:0;

min.
sec. + old&new operations

n e.g. EnhancedClock ref = ...

lIl ref.setTime(0,0);
ref.setEnhancedTime(0,0,0);




Some Important Detai

; Constructors
class EnhancedClock extends Clock {
privass int second; * the first instruction in a
public String toSting0{ s v constructor must be a call to a
80

ructor from superclass

If the superclass has a
no-arg constructor, the
compiler implicitly adds
acalltoit

}
public EnhancedCl
second = 0;

}

public EnhancedClock(int h,
super(h,m);
second = (s >=0) && (s <

}

public void setEnhancedTime(int h, int m, int s) {
setTime(h,m);
second = (s >=0) && (s < 60) 25:0;

}

}




Some Important Details

class EnhancedClock extends Clock {
private int second;
public String toString() {
return supertoString() + “:” + second;

}
public EnhancedClock() {
second = 0;

public EnhancedClock(int h, int m, int s) {
super(h,m);
second = (s >=0) && (s < 60) s : 0;

}

public void setEnhancedTime(int h, int m, int s) {
setTime(h,m);
second = (s >=0) && (s < 60) 25:0;

}

}

Constructors

¢ the first instruction in a
constructor must be a call toa
constructor from superclass

Visibility

« subclass cannot access private
members from superclass

« it can access them if they are
declared using the protected
access modifier (# in UML)

More details

* an inherited method can be
redefined (overridden)

* a class can extend only one class

« if a class is used only to factor code
(does not have objects of itself) make
it abstract (see later)

> Object is superclass for all classes




Some Important Details

Constructors

class EnhancedClock extends Clock {
private int second;

public String toString() {
return supertoString() + “:” + second;

}
public EnhancedClock() {

}
public EnhancedClock(int h, int

}

second = 0;

super(h,m);

second = (s >=0) && (s < 60)

¢ the first instruction in a
constructor must be a call toa
uperclass

Overriding example
« the method has the same signature
as the inherited method
« the old implementation can be ccess private
invoked using super.methodName(...) Jerclass

=it can access them if they are

public void setEnhancedTime(int h, int m, int s) { declared using the protected

}
}

setTime(h,m);

second = (s >=0) && (s < 60) 25:0;

access modifier (# in UML)

More details
* an inherited method can be

redefined (overridden)

* a class can extend only one class

« if a class is used only to factor code
(does not have objects of itself) make
it abstract (see later)

> Object is superclass for all classes




Some Important Details

Clock
~hour tint
- minute : int
FsetTime(hant; mant)void
+oString():String
+Clock()
+Clock{hintm:int)

Tock

~second :int

Constructors

¢ the first instruction in a
constructor must be a call toa
constructor from superclass

Visibility

« subclass cannot access private
members from superclass
« it can access them if they are

declared using the protected
modifier (# in UML)

+setEnhacedTime(nint, mint, sant)void
+oString():String

+EnhancedClock()
+EnhancedClock(hint, miint, siint)

In UML

More details

* an inherited method can be
redefined (overridden)

* a class can extend only one class

« if a class is used only to factor code
(does not have objects of itself) make
it abstract (see later)

> Object is superclass for all classes




Second flavor - Type vs. Class

The interface of Clock objects

Clock * the set of all declarations (not the bodies)
:'r‘n?r““fn:ei"_‘im i of the public operations an object provides
FsetTime(hnt; man)void )

Hoarmsgsung U« ~ this interface specifies the type of an

+Clock(hiintmint) object

pam—

Conceptually class != type
* a class is actually the implementation of a type
° a type is ~ the declarations of the public operations of a class

Source of interchangeable use
 a class also defines the interface (operation declarations) of
an object and thus also specifies the object type




Pure Type Declaration in Java

interface Clockinterface {

face void setTime(int h, int m);
+setTime(h:int, m:int):void String toString();
+toString():String }

<<interface>>
[

Case | : Using an interface

* all members are implicitly public

* methods do not have bodies (are abstract)
* interfaces cannot be instantiated

* we cannot specify any implementation detail of an object
* we cannot have instance fields
* fields are implicitly static and final (like a constant)




Pure Type Declaration in Java

{abstract}
C

+setTime(h:int, m:int):void
+toString():String

abstract class Clockinterface {
public abstract void setTime(int h, int m);
public abstraet String toString();

}

Case 2 : Using a pure abstract class

¢ a class having only abstract methods

* abstract methods do not have bodies

* a class with abstract methods must be declared abstract
* abstract classes cannot be instantiated




Type Inheritance

Refers to an inheritance
relations between types

a type (subtype) inherits some operation
declarations from another type

(supertype)




Type

Case |
Using interfaces

interface Clockinterface {
void setTime(int h, int m);
String toString();

Inheritance in Java

clas:

<<interface>>
Clockinterface

setTime(hint, man)void
+t0String():String
px

Ci
Tour -int
- minute : int
+setTime(hint; min)void

+oString():String
+Clock(]
+Clock(hiintimint)

}

s Clock implements Clockinterface {
private int hour, minute;
public void setTime(int h, int m) {
hour = (h>=0) && (h<24) 1 h:0;
minute = (m >= 0) && (m < 60) ? m :0;

}
public String toString() {
return hour +*“:” + minute;

}
public Clock() {
hour = minute = 0;

}
public Clock(int h, int m) {
setTime(h,m);

}




Type Inheritance in Java

Case 2
Using classes

[abstract class Clockinterface {
public abstract void setTime(int h, int m);
public abstract String toString();

}

Between classes,
extends means
both class and
type inheritance

class Clock extends Clockinterface {
private int hour, minute;
public void setTime(int h, int m) {
hour = (h>=0) && (h < 24) 7 h : 0;
minute = (m >= 0) && (m < 60) ? m : 0;

public String toString() {

return hour +“” + minute;

}
public Clock() {

hour = minute = 0;

}
public Clock(int h, int m) {
setTime(h,m);




Type Declaration in Java

1. Using (abstract) classes

Pros

* we can combine type declaration with common
implementation of subtypes (not all methods must be
abstract in a Java abstract class, it can have instance fields)

Cons
¢ a class can extends only one other class

2. Using interfaces

Pros
¢ a class can implement multiple interfaces (multiple types)

Cons
¢ a little more difficult to factor common implementation




Class Hierarchy Example

<<interface>>
Clockinterface

sefTime(h:int, m:int)void

+oString():Stri

Clock
~hour int
- minute : int
“selTime(hint; min)void
+0String():String
+Clock
+Clock(hintm:int)

EnhancedClock DateCiock
- second : int - date : Date

“+setEnhaced Time(nant, mint, sinjvoid +setDate(d:Date) void
+oString():String +oString():String
+EnhancedClock() +DateClock(d:Date, h: int, m: int)
+EnhancedClock(hiint, mint, sint)




The effect of type inheritance

Polymorphism: A reference variable of a declared
type (class) can refer objects of that type (class) and
of any of its subtypes (subclasses)

<Jnterfaces>
Clockinterface
SetTmo(nint, man) Vo
+toString():String
™

Ci
Four -t

+SmalClock(hintmint)

+Clock()
+Clock(hintmint)
3|

&
~Second Tt

Clockinterface a;
Clock b;

a = new Clock();
a = new EnhancedClock();
a = new SmallClock(5,6);

b = new Clock();
b = new EnhancedClock();
b = new SmallClock(5,6); //Compile error

a=b;
b = a;//Compile error

T, ST o +selDale(d:Dale] vold
+oSting():String

+DateClock(d:Date, h: int. m: i)

+oString() String
+EnhancedClock()
+EnhancedClock(hint, mint, sint)




Correct Invocations

On a reference variable we can invoke any instance
operation specified by its declared type (class) or by
one of its supertypes (superclasses)

ci
Four -t

+Clock()
+Clock(hintmint)

&
~Second Tt

<ierfacess
Clockinterface
FSeTmeRa, Mo "
B Clockinterface a;
24 Clock b;
EnhancedClock ¢;

\ a.setTime(0,0);
b.setTime(0,0);
c.setTime(0,0);
< seErhancedTime(000%
b.setEnhancedTime(0,0,0); //Compile error

b = new EnhancedClock();
b.setEnhancedTime(0,0,0); //Compile error

T, ST o

+oString() String
+EnhancedClock()
+EnhancedClock(hint, mint, sint)

+selDale(d:Dale] vold
+oSting():String
+DateClock(d:Date, h: int. m: i)




Runtime Type Check and Casts

Enh
~Second it

~hour it

- minute < int

“SsetTime(nint

+oString():S

+Clock()

+Clock(hintmint)
I

[void someMethod(Clockinterface a) {

1/ here a could refer instances of
/I Clock, SmallClock, EnhancedClock, DateClock
//'We don't know exactly but we can find out at
Ilruntime
if(a instanceof EnhancedClock) {

a.setE Time(0,0,0); //Still compile error

+0Sting():String
+SmallClock(h:int,m:int)

+oString():String

+EnhancedClock()

it s

&
“+setDate(d Date] void
+oString() String

((EnhancedClock)a).setEnhancedTime(0,0,0);

}

((EnhancedClock)a).setEnhancedTime(0,0,0);
/ICorrect at compile time but at runtime
Ilyour program can crash if a does not refer an

IIEnhancedClock

hint, m: int)

mint, sint)




interface Clocklnterface {
void setTime(int h, int m);
String toString();

A—
|class Clock implements Clockinterface {

public String toString() {
return hour +*:" + minute;
}

)

'clm EnhancedClock extends Clock {

IIRemember that this methed overrides the
Ilinherited toString
public String toString() {

return super.toString() +“:" + second;
}

}

V:Im SmallClock implements Clockinterface {

public String toString() {
return // bits operations to extract data

Dynamic binding
[void someMethod(Clockinterface a) {

1/ here a could refer at runtime instances of
11 Clock, SmallClock, EnhancedClock, DateClock
/I so, multiple overridden versions of toString exists
String s = a.toString();
}
TT—

Hmmm, what code is
invoked ??




[interface Clockinterface {
void setTime(int h, int m);
String toString();

A—
|class Clock implements Clockinterface {
public String toString() {
return hour + " + minute;
}
}

'clm EnhancedClock extends Clock {

IIRemember that this methed overrides the
Ilinherited toString
public String toString() {

return super.toString() +“:" + second;
}

}

V:Im SmallClock implements Clockinterface {

public String toString() {
return // bits operations to extract data

R

Dynamic binding

void someMethod(Clockinterface 2) {
1/ here a could refer at runtime instances of
11 Clock, SmallClock, EnhancedClock, DateClock
/I so, multiple overridden versions of toString exists
String s = a.toString();

}
T —

It depends

If a refers an instance of EnhancedClock class
then goto toString from EnhancedClock
else
if a refers an instance of Clock class
then goto toString from Clock

The binding between the call and
the executed implementation is
performed at runtime




[interface Clockinterface {
void setTime(int h, int m);
String toString();

T—
[class Clock implements Clockinterface {
public String toString() {

return hour + " + minute;

}

Dynamic binding

void someMethod(Clockinterface a) {
1/ here a could refer at runtime instances of
11 Clock, SmallClock, EnhancedClock, DateClock
/I so, multiple overridden versions of toString exists
String s = a.toString();

}

vclm EnhancedClock extends Clock {

I/IRemember that this method overrides the
Ilinherited toString
public String toString() {

return super.toString() + “:" + second;
}

}

':qu SmallClock implements Clockinterface {

public String toString() {
return // bits operations to extract data

It depends

If a refers an instance of EnhancedClock class
then goto toString from EnhancedClo~* N | 1
else ax:\c’é \s
if a refers an instance of Cle-" “g,o‘“ (_G\
then goto toStrine ~ ne
e 9 \S

t\3
e on
“v‘° c\““o“o“s

JERYS e
7" e e e“\e‘- n the call and
vy 4 Sxa0c
\ o

st~ _ced implementation is
- performed at runtime




Object Class

toString():String
Object * used by many library methods to convert
an object into a string representation
+toString():String « e.g. displaying purposes
+equals(0:Object):boolean » Object implementation returns object’s
+hashCode()int class name + its hash code

* it can be excluded from the previous
example interfaces and abstract classes

equals(Object):boolean
« used by many library methods

(e.g. collection system) to compare dne™®
two objects for equality -\ ) \4
~ev me{\
° Object implementation returns true use © -\“\Q\e o5e5
when this == o ano e e
~o\ M w0




Examples

[class Mylnt {
private int n; T — -
" . Myint a = new Mylnt(9);
s it Myinc b = new Myinc3):
)pubﬂc String toString() { System.out.printin(a); /Prints on screen “9”
y e e ek
public boolean equals(Object o) { ot
if(o ins f Mylne) { IIthe same object
) mﬁm’: ((Myln)o).n; System.out.printin(a.equals(b)); /Prints on screen “true”
}
} T — m—

T— —




Threads and Synchronization
Mechanisms in Java




Execution Thread

A single sequential flow of control
within a process

//Defining a thread in Java

Q Q Stack class MyTask extends Thread {
... the data public void run() {
Data section of the , /[The “main” of the thread
process is shared }
I .
7 between its
C——1 Gode th d /IStarting a new thread
FEAds, MyTask t = new MyTask();
— THUS ... t.start();
ed
xecu®

re ©
ads 2 Q) oo
A t“:: porae )




class Square {

private ing |, L; _
public vo‘set(int a) { I=5

1=2;¥!=10() JL=5(@)

L=3a

if (1= 1) { v ... continues
lICan we get here? L=10(a)

B
class Task extends Thread {
private Square s;
private int |;
public Task(Square a, int b) { s = a; | =b;}
public void run() {
while (true) { s.set(l); }

class Main {
public static void main(String argv[]) {
Square s = new Square();
(new Task(s, 10)).start();
(new Task(s,5)).start();
B

A BIG Concern

Sometimes
hazards may occur
on shared data
and thus,
synchronisation/
cooperation
mechanisms are

required




Synchronized Methods

ihi

“It is not p for two invocati of synchronized methods on the
same object to interleave. When one thread is executing a synchronized
method for an object, all other threads that invoke
synchronized methods for the same object
block (suspend execution) until the first thread is done with the object*

class Square {
private int |, L;
public synchronized void set(int a) {
=2
L=a;
if(1!=L){
//Can we get here? No :).
}
B




Synchronized Blocks

Similarly, it is
not possible
to interleave the
synchronized (obj) { execution of such
} blocks (or sync methods)
that are
synchronized using
the same obj
instance




A Simplified View on
java.io System




Byte-Oriented Output

DataOutputStream

+writeByte(vint) void
+writeChar(v:int):void
+writeDouble(v:doubie) void
+wiiteUTF(v:String):void

#out Tabstracty
1

\ FilteredOutputStream

+dlose()void

Fitered

+write(b:bytel))

PrintStream

PrntStream{out OutpuStieam)
+print(v-boolean):void
+printin(y:boolean) void
+print(v:String):void
+printin(v:String):void
+print(v-Object):void
+printin(v:Object) void

FlleOutputStream ByteArrayOutputStream ‘Something Tie
canbe
FFeC ‘ ‘ added
[

DataOutputStream dos =
new DataOutputStream(new FileOutputStream(“a.dat”));




yored .
R Byte-Oriented Output
o s‘e“;?(\\"é‘x
25

‘DataOutputStream |

+writeByte(vint) void
+writeChar(v:int):void
+writeDouble(v:doubie) void
+wiiteUTF(v:String):void

#out Tabstracty
1

\ FilteredOutputStream

Fitered

+dlose()void

+write(b:bytel))

PrintStream

+PriniStieam(outOUtpUISTeam)
+print(v:boolean) void

+printin(v:boolean):void ByleArrayOutputStream
+print(v:String)void

ke
can be

+printin(v:String):void e
+print(v-Object):void i ‘

+printin(v:Object) void

DataOutputStream dos =

new DataOutputStream(new ByteArrayOutputStream()); e
ot
Y o“s\‘

//toByteArray returns a byte[] with the written ~ a“dﬂf(\a‘-\
o
o




Byte-Oriented Input

DatainputStream

+readBytel) byte
+readChar():char
+readDouble():double
+readUT():String

{abstract)

FilieredinputStream InputStream
[ 1

FiteredinputSiream(in-inputstream)

+close():void
+read() : int

Something like
"SocketinputStream" can be
‘ ‘ added

-

DatalnputStream dis =

new DatalnputStream(new FilelnputStream(“a.dat”));




DatainputStream

Tabstract)
InputStream
+readByte(byte

+readChar():char
+readDouble():double
+readUT():String

FilieredinputStream
[ 1

FiteredinputSiream(in-inputstream) P>| +closefvoid

read() : int

Something like
"SocketinputStream" can be
added

|

byte[] tmp = new byte[1024];

//put data in tmp

DatalnputStream dis = otne’

new DatalnputStream(new ByteArraylnputStre~- a “\’A“‘{‘ s \
o o

o




{abstract)

Telose(vold
wite(bint)void
+wite(b:bytel)

Char-Oriented

Tabstract)
Writer

“close(1void
+write(c:int): void /a char
+write(b:charf]):void
+write(str String) void

Output

PrintWriter

+close():void
+flush():void

pr
) +newLine()void

+print(strString)void
+printin( void
+print(iint)void

//be careful on flushing
PrintWriter pw =
new PrintWriter(
new BufferedWriter(
new OutputStreamWriter(
new FileOutputStream(“a.txt”))));




Char-Oriented Output

Tabstract)
Writer

“close(vod
+write(c:int): void /a char
+write(b:charf]):void
+write(str String) void

{abstract)

PrintWriter

Telose(vold
wite(bint)void
+wite(b:bytel)

+close():void

+lush():void

pr
8 +newLine()void +print(str:String)-void
+printin():void

+print(iint)void

PrintWriter pw =
new PrintWriter(
new BufferedWriter( " otne’

new OutputStreamWriter(System.out)*" dm"‘“ o0 \
20 m\j\“"“\
o




Char-Oriented Input

{abstract)

+close():void
+read() - int /lchar
+read(b:char])int

{abstract}
InputStream

+close()void

+read() : int
+read(b:bytef]) +readLine():String oo

BufferedReader br =
new BufferedReader(
new InputStreamReader(
new FilelnputStream(“a.txt”));




Char-Oriented Input

{abstract)

+close():void
+read() - int /lchar
+read(b:char])int

{abstract}
InputStream

+close()void

+read() : int
+read(b:bytef]) +readLine():String oo

BufferedReader br =
new BufferedReader(
new InputStreamReader(System.in)); et
ot

\
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Object Serialization/De-serialization

class Square implements Serializable { The Class Of a serializable
.;;;"i\m(e int x; ObieCt mUSt be
private String name; descendant of the
y Serializable interface
serialization

aSquare ) —

names of classes used, the state of

all the objects in corresponding
graph-like structure

name

l—

T——

"
1010001 1000100100001...




Object Serialization/De-serialization

class Square implements Serializable { The Class Of a serializable
.;;;"i\m(e int x; ObleCt mUSt be
private String name; descendant of the

y Serializable interface

serialization de-serialization
corresponding classes are
instantiated (their code must be

available locally) and the states of
the objects are restored
(preserving the original graph)

’ 410100011000100100001...




Object Serialization/De-serialization

class Square implements Serializable { The Class Of a sel"ializable
.;;;"iﬂ(e int x; ObleCt mUSt be
private String name; descendant of the

y Serializable interface

serialization de-serialization
o
1010001 IOOOIOOIOOOOI used‘ "Nor\c

acros®

Se\-\a“" ‘ ‘. b‘ect




Object Serialization/De-serialization

Square s = new Square();

/IAny kind of output stream

Ile.g. FileOutputStream, ByteArrayOutputStream, etc.
OutputStream os = ...

ObjectOutputStream oos = new ObjectOutputStream(os);
oos.writeObject(s);

/IAny kind of input stream

/le g. FilelnputStream, ByteArraylnputStream, etc.
InputStream is = ...

ObjectinputStream ois = new ObjectinputStream(is);
Square s = (Square)ois.readObject();




Miscellaneous
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Intercepting Exceptions

try {
//Code that may throw
/lexceptions e.g. IO operations

} catch(Typel e) {
/ICode executed when an
Ilexception of Typel appears

} catch(TypeN e) {

//We can handle multiple exceptions

} finally {
I/Always executed

}

Normal execution

1. Try block

2. Finally block

3. Next statement after
try-catch-finally

Exceptional execution

I. Try block

2. When the exception
occurs, the try block is
abandoned

3. First compatible catch

4. Finally block

5. Next statement after
try-catch-finally




Dynamically created
using new, are allocated
in heap and are
accessed via reference
variables

Arrays

'class Main {

pul

blic static void main(String argv[]) {
[EntryType[] refName;

ine[] ¢l €2;

String[] ¢;

lInew EntryType[size]

tl = new int[2];

2 = new int[3];

¢ = mew String[2];

/IThe first element is at index 0

tl — lle.g.,tI[0]
Local
t2 — Illength field records the number
vars \Z Jlof allocated entries e.g., tl.length
c —| }
v }
Heap




Accessing Classes from a Package

Usually, Java programs / libraries are
structured in packages (containing classes)

Outside its package, use the full name of a public class

java.io.BufferredReader br;

... OF use an import clause at the beginning of the file

import java.io. * ; e\\s
or P
W\ S 5 €O
import java.io. BufferredReader; '“’.‘“c‘“de.t v ackag® “ow“”
s NOT 20 i W2 sl
BufferredReader br; wis coﬁ‘?“e es W ound e)
e sor ‘_\as e me is ( rce
h S n
earc c\as® | con W
o




