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Introduction to Java

The Java programming language is a high-level language that can be
characterized by all of the following buzzwords:

 Simple

* Architecture neutral
* Object oriented
 Portable

e Distributed

* High performance

* Multithreaded

e Robust
* Dynamic
e Secure
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Introduction to VM

i)
i)

%ﬁﬁmmpiler ]

] M
MyProgram, java MyProgram.class

My Program

An overview of the software development process.
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Introduction to VM

class HelloWorldApp {
public static void main{String[] args) {
System.out.println("Hellc World!");
}
}

HelloWorldapp. java

Eé] Compiler

JVIM JVIM

Through the Java VM, the same application is capable of
running on multiple platforms.

2019/9/12 Wen-Pinn Fang



Introduction to VM

bhrFmg ram. Java

Java
Java Virtual Machine platform

Hardware Based Platform

The APl and Java Virtual Machine insulate the
program from the underlying hardware.
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How to comiple
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The simplest example

public class simplest

{

public static void main(String [] args)

{

System.out.printin("the simplest
example");
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Compile and execute

C:\wpfang\teach\java\demo>dir
MR C ARG A TR -
GRS 58 1610-99B4

C:\wpfang\teach\java\demo HY H £%

2017/04/30 [-4-09:40 <DIR>
2017/04/30 [-4-09:40 <DIR>

2017/04/30 F4F 09:40 143 simplest.java
1 {[EfEZE 143 fi7 T4

2 il H#% 258,470,457,344 {iryr4H A H
C:\wpfang\teach\java\demo>javac simplest.java

C:\wpfang\teach\java\demo>java simplest
the simplest example

C:\wpfang\teach\java\demo>



javadoc

/**

* @author wpfang

* @version %I%, %G%

* @see <a href="140.138.146.85">wp</a>
*/

public class simplest

{

public static void main(String [] args)

{

System.out.printin("the simplest example");

}
}



javadoc

C:\wpfang\teach\java\demo>javadoc simplest.java
Loading source file simplest.java...

Constructing Javadoc information...

Standard Doclet version 1.8.0_111

Building tree for all the packages and classes...
Generating .\simplest.html...

Generating .\package-frame.html...

Generating .\package-summary.html...
Generating .\package-tree.html...

Generating .\constant-values.html...

Building index for all the packages and classes...
Generating .\overview-tree.html...

Generating \index-all.html...

Generating .\deprecated-list.html...

Building index for all classes...

Generating .\allclasses-frame.html...
Generating \allclasses-noframe.html...
Generating .\index.html...

Generating .\help-doc.html...

C:\wpfang\teach\java\demo>



javadoc

PACKAGE TREE DEPRECATED INDEX HELP

PREV CLASS NEXT CLASS FRAMES NO FRAMES ALL CLASSES
SUMMARY: NESTED | FIELD | CONSTR | METHOD DETAIL: FIELD | CONSTR | METHOD

Class simplest

java.lang.Object
simplest

public class simplest
extends java. lang. Object

See Also:

wp

Constructor Summary

Constructor and Description

simplest()
Method Summary
_ Static Methods Concrete Methods
Modifier and Type Method and Description

static void main(java. lang String[] args)

Methods inherited from class java.lang.Object

clone, equals, finalize, getClass, hashCode, notify, notifvAll, toString, wait, wait, wait




JAVAC

* Usage: javac <options> <source files>
* where possible options include:

- -g Generate all debugging info

— -g:none Generate no debugging info

— -g:{lines,vars,source} Generate only some debugging info

— -nowarn Generate no warnings

— -verbose Output messages about what the compiler is
doing

— -deprecation Output source locations where deprecated APls
are used

— -classpath <path> Specify where to find user class files and
annotation processors

— -cp <path> Specify where to find user class files and

annotation processors
— -sourcepath <path> Specify where to find input source files



JAVAC

Usage: javac <options> <source files>
where possible options include:

-bootclasspath <path>  Override location of bootstrap class files

-extdirs <dirs> Override location of installed extensions
-endorseddirs <dirs>  Override location of endorsed standards path
-proc:{none,only} Control whether annotation processing and/or

compilation is done.

-processor <class1>[,<class2>,<class3>...] Names of the annotation
processors to run; bypasses default discovery process

-processorpath <path>  Specify where to find annotation processors

-parameters Generate metadata for reflection on method
parameters

-d <directory> Specify where to place generated class files

-s <directory> Specify where to place generated source files

-h <directory> Specify where to place generated native header files



JAVAC

 Usage: javac <options> <source files>

 where possible options include:

— -implicit:{none,class} Specify whether or not to generate class files for
implicitly referenced files

— -encoding <encoding>  Specify character encoding used by source files

— -source <release> Provide source compatibility with specified release
— -target <release> Generate class files for specific VM version

— -profile <profile> Check that APl used is available in the specified profile
— -version Version information

— -help Print a synopsis of standard options

— -Akey[=value] Options to pass to annotation processors

— X Print a synopsis of nonstandard options

—  -J<flag> Pass <flag> directly to the runtime system

— -Werror Terminate compilation if warnings occur

—  @<filename> Read options and filenames from file



Eclipse

&« C | ® www.eclipse.org/downloads/packages/eclipse-ide-java-developers/marsr B %

= eclipse cusom s [N

GETTING STARTED MEMBERS PROJECTS MORE ~ ‘

HOME / DOWNLOADS / PACKAGES / ECLIPSE IDE FOR JAVA DEVELOPERS

{J? Eclipse IDE for Java Developers

Neon Packages

Oxygen Packages o Download Links
Mars Packages Package Description Windows 32.bit
Luna Packages The essential tools for any Java developer, including a Java IDE, a Git client, Windows 64-bit
Kepler Packages XML Editor, Mylyn, Maven integration and WindowBuilder Mac OS X (Cocoa) 64-
Jlunp Packages This package includes: bit .
ndigo Packages Linux 32-bit
Helios Packages = Eclipse Git Team Provider Linux 64-bit
Galileo Packages s Eclipse Java Development Tools
Ganymede Packages + Maven Integration for Eclipse Downloaded
All Releases « Mylyn Task List 2,066,961 Times

» Code Recommenders Tools for Java Developers

* WindowBuilder Core » Checksums...

¢ Eclipse XML Editors and Tools

» Detailed features list Bugzil\a

Maintained by: Eclipse Mylyn Project » Open Bugs: 24



Eclipse

(=

C' | ® www.eclipse.org/downloads/download.php?file=/technology/epp/downloads/release/mars/R/eclipse-java-mars-R-win32- &g v

& Create account  #9 Lo

= eclipse e

GETTING STARTED MEMBERS PROJECTS MORE ~

HOME / DOWNLOADS / ECLIPSE DOWNLOADS - SELECT A MIRROR

All downloads are provided under the terms and conditions of the Eclipse Foundation Software User v
Agreement unless otherwise specified. ESPYSEEP&FECEPORTS

Download from: Taiwan - Computer Center, Shu-Te University (http)

File: SHA-512

>> Select Another Mirror

Friends of Eclipse Mirror

Canada - Friends of Eclipse Mirror ¥ Become a Friend! # Friends login

« All mirrors (xml)

« Direct link to file
(download starts
immediately from
best mirrar)



& Workspace Launcher

Select a workspace

Eclipse stores your projects in a folder called a workspace.

Choose a workspace folder to use for this session.

Workspace:

Chwpfang\teach\java\demo2

Browse...

[ ] Use this as the default and do not ask again

OK

Cancel
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Eclipse

£ Java - Eclipse - O X
=File Edit Navigate Search Project Run Window Help
& | & Welcome 2 B s A =&

Welcome to the Eclipse IDE for Java Developers
% Overview Tutorials
Q Get an overview of the features ﬁ Go through tutorials

ﬁ& Samples <> What's New

Ty Try out the samples Find out what is new

i

Setup check: (1%) |



S New Java Project

O X
Create a Java Project EE:
Create a Java project in the workspace or in an external location.
Project name: |test1| |
Use default location
Lacation: | Chwpfang\teach\javazdemo2itest1 Browse...

JRE
(@ Use an execution environment JRE: JavaSE-1.8
(O Use a project specific JRE: jrel.8.0_111

(O Use default JRE (currently *jre1.80_111"

Project layout

(O Use project folder as root for sources and class files

(@ Create separate folders for sources and class files

Working sets
[ Add project to working sets
Working sets:

~

Configure JREs..

Configure default...

~ Select...

@ < Back Next > Cancel



Eclipse

S New Java Project O X

Java Settings L_f
Define the Java build settings.

# Source (= Projects =\ Libraries % Order and Export

BE|: :-|¢£‘:' RaE®
w Y test]
& src

= Details

&4 Create new source folder: use this if you want to add a new source folder
to your project.

& Link additional source: use this if you have a folder in the file system that
should be used as additional source folder.

% Add project 'test1' to build path: Add the project to the build path if the
project is the root of packages and source files. Entries on the build path
are visible to the compiler and used for building. v

O allow output folders for source folders

Default output folder:

|test1 /bin Browse...

@ < Back Next > Cancel



Eclipse

£ Java - Eclipse

File Edit Source Refactor Navigate Search Project Run Window Help
BvE-dLH~O0O~-Qu-#G~-BS &~

| Y] w o v %

Quick Access || & | (@ Java

% Package Explorer Z‘S] = 8

v [ testl

BES|e ~

& src
~ =i JRE System Library [JavaS!

5

S NE

DR E D D EEE

[

resources.jar - C\Progr:
rtjar - C\Program Files'
jssejar - C:\Program Fil:
jeejar - CA\Program File
charsetsjar - C:\Prograr
jfrjar - C\Program Files
access-bridge-64.jar - C
cldrdatajar - C:\Prograr
dnsns.jar - C\Program

dns_sd.jar - C\Program
jaccess.jar - C\Program
jfxrtjar - C:\Program Fil
localedata.jar - C:\Progr
nashornjar - C:\Prograr
sunecjar - C\Program |
sunjce_providerjar - C\
sunmscapijar - C\Prog
sunpkes11.jar - C\Prog
zipfsjar - C\Program Fi

B Task List 2 = 8
&~ |[%E%E| o] % f&

-

b Al b Acti..

@ Connect Mylyn ¢

Connect to your task
and ALM tools or creal
a local task.

5= Outline & = 0

s
&P

An outline is not available.

[#] Problems & | @ Javadoc| [&, Declaration

® Y~ O

Location Type

testl



& New Java Class O X

Java Class .
& Type name is discouraged. By convention, Java type names usually start with
an uppercase letter

Source folder: |test1 /src | | Browse... |

Package: |test1 |

[ ] Enclosing type: Browse...

Name: | test |

Modifiers: @ public (O package private protected

[ labstract [ ]final static

Superclass: |java.lang.0l:je::t | | Browse... |

Interfaces: Add...
Remove

Which method stubs would you like to create?
public static void main(String[] args)
[]Constructors from superclass
Inherited abstract methods
Do you want to add comments? (Configure templates and default value here)
D Generate comments

@ Finish | | Cancel
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Eclipse

£ Java - testl/src/test1 /testjava - Eclipse

File Edit Source Refactor Navigate Search Project Run Window Help
Heveo AP A ET W vEH vt oYy

Quick Access || & |8 Java

ﬂvl_r[__‘é_}vu_ u#vﬁv%v

[# Package Explorer = 4
Sle ¥
~ & testl
~ (& src
w 1 testl
» 1] testjava
> = JRE System Library [JavaS|

[ testjava &2 ]

= g

1 package testl;
2
3 public class test ||
4
= public static void main(String[] args) {

// TODO Ruto-generated method stub
System.out.println("test™);

E] Task List 2 = B8
&~ |El%E] | % &

-

Al > Acti..

@ Connect Mylyn

Connect to your task
and ALM tools or crea
a local task.

o= Qutline &2 = B8

#EEA®R W e

# testl

v O, test
@ % main(String[])
< >
[#! Problems 2 | @ Javadoc|@, Declaration @ Y= O

0 items

Description - Resource Path Location Type
< >

LW LN an.n
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Package and class

& i FIE R AT (class name)fH[EIEVIE N @ ERHERY
HEE 2 stk B Fpackage (&4 ~ E4E) HUMES: -

{7575 E & —{# package S H A ALK © BLElER

A 4H Hl (class) P2 =0 Y 5 B H H- )1 _F—1Tpackage 5 & °

Bk G EZEE A E R RE T -

package packagez4fE ;

Wen-Pinn Fang
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2019/9/12

Java EH 1
{Fpackage 44 AclassiVIZfF :

FEFEZRAY TAF H % N @ 1L —{# Bl package 4 fHiH [E Y
BRI BEREEZE TS -

FEFARATAEESE T > @A | javac H ekt \ R4k
fEZE 4T o NP g -

FIEARPTAIEEHSE T > @A | javac package 41 .28
RlAatE | BRI -

Wen-Pinn Fang
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Java 7]

RIEFA A S R AL — (BRI AEZR » BT DAE
EfTREEIR [F—{Epackage paZ - °

package pa;
CARMH I &2 package paZ
class CAR

/(

1
public static void main(String argsl[])
1
Car carl = new Car();
carl.show(Q);
}
}

2019/9/12 Wen-Pinn Fang 50



package

¢ H C P& package N7 HU I EH At package N AV
2B B C5ERK

1. HHFEEVEER] > B0 _Epublic

2. FHURI ARV > BEREE ' 7
Hpackage4tE . JH R 4%
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package

FE—{E R HJavaf2 U H » HINEFHEURERVE R -
A B R A EE RS R R Rl E AR A A
AR FERZ e N A& Rl - fEJavaN B A —IRZE &
TR AR LR SH B 4408 - A5 (8 22 fE] 4% 78 Fynamespace
(AHEZER]) - HERE BAKITpackageEﬁ*E%U?/t
WAL [FHUnamespace’® 1 o FHFYZE (BT -
Fpackage 4T A[E » BLAPES Diﬁ%ﬂ%?ﬁ%m@ﬁﬂ
HIRRE o
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package

daEiEfE T 0 AR TP R A I GZ A R
A0 FhN_package 41 > /\ﬁﬁi%cﬁiﬁﬁ*ﬁ%ﬂ%maﬂ
af > _BAlCEME T AEavaE RS A (import)

import package=xt# - J R4 ;
!

[ HPEE A H A package NHYFE A J

import pc.Car
Car carl = new Car();

T
[ BT A FT I package £ T }

2019/9/12 Wen-Pinn Fang 53




package

& package R K AT - o] DU IR I Y A e R 1
% N [F] HY package * &P 8 ~ [E /@ LAY
subpackage * ST BRI A BTN AR E—
FFpackagefE B f2 = A = RHYE B -
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package
public static final double PI

= 3.141592653589793;
public static double cos(double a)

{
-

import static java.lang.Math.PI



package

/**

* @author wpfang

* @version %I%, %G%

* @see <a href="140.138.146.85">wp</a>
*/

package test;

public class simplest

{

public static void main(String [] args)

{

System.out.printin("the simplest example");

}
}



C:\wpfang\teach\java\demo>dir
FUEREE C HHARERE S A AEE -
TR P95 1610-99B4

C:\wpfang\teach\java\demo K H #%

2017/04/30 _E4 10:04 <DIR>

2017/04/30 _E4 10:04 <DIR>

2017/04/30 _E4 09:59 257 simplest.java
1 {EfgZ%E 257 firycé
2 {E H$% 258,458,763,264 {i7 T4H 0] FH

C:\wpfang\teach\java\demo>javac -d . simplest.java

C:\wpfang\teach\java\demo>dir
FUEREE C HHAVRERE S A AEE -
T P95 1610-99B4

C:\wpfang\teach\java\demo K H #%

2017/04/30 _E4 10:05 <DIR>
2017/04/30 _E4 10:05 <DIR>
2017/04/30 _E4 09:59 257 simplest.java
2017/04/30 _E4 10:05 <DIR> test
1{EfEZE 257 firycé
3 {E H#$% 258,458,763,264 {i7 T4H 0] FH

C:\wpfang\teach\java\demo>java -cp . test.simplest
the simplest example

package



e jar cf jar-file input-file(s)



Jar command

Option Description
Produces verbose output on stdout while the JAR file is being

Vv built. The verbose output tells you the name of each file as it's
added to the JAR file.

0 (zero) Indicates that you don't want the JAR file to be compressed.

M Indicates that the default manifest file should not be produced.
Used to include manifest information from an existing manifest
file. The format for using this option is:jar cmf existing-manifest
jar-file input-file(s)

m See Modifying a Manifest File for more information about this
option.Warning: The manifest must end with a new line or
carriage return. The last line will not be parsed properly if it does
not end with a new line or carriage return.

C To change directories during execution of the command. See

below for an example.




C:\wpfang\teach\java\demo>jar cvf test.jar test
O &R UE

Hrig: test/ (58=0)(55=0)({z1F 0%)
i test/simplest.class (:E=435)(5=291)(EX4E 33%)

C:\wpfang\teach\java\demo>dir
MR C ARG SIS -
TR 5%: 1610-99B4
C:\wpfang\teach\java\demo HY H £%

2017/04/30 [4-10:12 <DIR>
2017/04/30 [410:12 <DIR>

2017/04/30 F4F 09:59 257 simplest.java
2017/04/30 F4F10:05 <DIR> test
2017/04/30 4 10:12 849 test.jar

2 (s 1,106 firyC4H
3 {[E H ##% 258,458,308,608 {ir 7-4H A ]



decompiler

* http://www.javadecompilers.com/



VARIABLE, CLASS AND OBJECT
ORIENTED PROGRAMMING



variable, class and object

Object

— Objects have states and behaviors. Example: A dog has states - color,
name, breed as well as behavior such as wagging their tail, barking,
eating. An object is an instance of a class.

Class

— Aclass can be defined as a template/blueprint that describes the
behavior/state that the object of its type supports.

Methods

— A method is basically a behavior. A class can contain many methods. It
is in methods where the logics are written, data is manipulated and all
the actions are executed.

Instance Variables

— Each object has its unique set of instance variables. An object's state is
created by the values assigned to these instance variables.



variable

* data type variable [ = value]][, variable [ =
value] ...] ;



variable

inta, b, c

inta=10, b =10;
byte B = 22;

double pi = 3.14159;
chara="a";



variable

* int [] A={1,2,3};



variable

e Local variables
 |Instance variables
* Class/Static variables



Local variable

declared in methods, constructors, or blocks.

created when the method, constructor or block is
entered and the variable will be destroyed once it exits
the method, constructor, or block.

Access modifiers cannot be used for local variables.

visible only within the declared method, constructor, or
block.

implemented at stack level internally.

There is no default value for local variables, so local
variables should be declared and an initial value should
be assighed before the first use.



Instance Variables

declared in a class, but outside a method, constructor or any block.

When a space is allocated for an object in the heap, a slot for each instance variable value is
created.

created when an object is created with the use of the keyword 'new' and destroyed when the
object is destroyed.

hold values that must be referenced by more than one method, constructor or block, or essential
parts of an object's state that must be present throughout the class.

can be declared in class level before or after use.

Access modifiers can be given for instance variables.

visible for all methods, constructors and block in the class. Normally, it is recommended to make
these variables private (access level). However, visibility for subclasses can be given for these
variables with the use of access modifiers.
have default values.

— For numbers, the default value is O,

— for Booleans it is false,

— for object references it is null.

— Values can be assigned during the declaration or within the constructor.
Instance variables can be accessed directly by calling the variable name inside the class.

within static methods (when instance variables are given accessibility), they should be called using
the fully qualified name. ObjectReference.VariableName.



Class/Static Variables

Class variables also known as static variables are declared with the static keyword in a class, but
outside a method, constructor or a block.

There would only be one copy of each class variable per class, regardless of how many objects are
created from it.

Static variables are rarely used other than being declared as constants. Constants are variables that
are declared as public/private, final, and static. Constant variables never change from their initial
value.

Static variables are stored in the static memory. It is rare to use static variables other than declared
final and used as either public or private constants.

Static variables are created when the program starts and destroyed when the program stops.

Visibility is similar to instance variables. However, most static variables are declared public since
they must be available for users of the class.

Default values are same as instance variables. For numbers, the default value is O; for Booleans, it is
false; and for object references, it is null. Values can be assigned during the declaration or within
the constructor. Additionally, values can be assigned in special static initializer blocks.

Static variables can be accessed by calling with the class name ClassName.VariableName.

When declaring class variables as public static final, then variable names (constants) are all in upper
case. If the static variables are not public and final, the naming syntax is the same as instance and
local variables



Object-Oriented

Polymorphism
Inheritance
Encapsulation
Abstraction
Classes

Objects

Instance
Method
Message Parsing



Encapsulation

Modifier Class Package | Subclass World
public Y Y Y Y
protected Y Y Y N
no
modifier Y Y N N
private Y N N N

2019/9/12
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INPUT AND OUTPUT



input and output

import java.util.Scanner;
public class io2

{

public static void main(String [] args)

{
String user;
Scanner s=new Scanner(System.in);
user=s.next();
System.out.printin("Hello "+user);



input and output

import java.util.Scanner;
public class iol

{
public static void main(String [] args)
{
double inch,cm;
Scanner s=new Scanner(System.in);
inch=s.nextDouble();
cm=inch*2.54;
System.out.printIn(String.valueOf(cm)+" cm = "+inch+"\"");
}



input and output

import java.io.File;
public class io3 {
public static void main(String[] args) {

File f = null;
String|[] strs = {"io1.java", "io2.java"};
try {

for(String s:strs ) {
f = new File(s);
boolean bool = f.canExecute();
String a = f.getAbsolutePath();
System.out.print(a);
System.out.printin(" is executable: "+ bool);
}
}catch(Exception e) {
e.printStackTrace();

}
}
}



Filestream

import java.io.*;
public class CopyFile {
public static void main(String args[]) throws IOException {
FilelnputStream in = null;
FileOutputStream out = null;
try {
in = new FilelnputStream("input.txt");
out = new FileOutputStream("output.txt");
intc;
while ((c =in.read()) '=-1) {
out.write(c);
}
Hinally {
if (in !=null) {
in.close();
}
if (out !=null) {
out.close();
}
}
}
}



CONDITION AND BRANCH



condition and branch

e if-else if —else
e switch



examples



LOOP



for —loop
while —loop
do-while —loop
break

continue

loop



exampes



Loop and array

public class array

{

public static void main(String [] args)
{
int [] A={1,2,3,4,5};
inti;
for(i=0;i<A.length;i++)
System.out.print(A[i]);
System.out.printin();
for(intj: A)
System.out.print(j);



FUNCTION



function

* Call by value
* Call by reference



Call by value

public class function1{

static void change(int data){
data=data+100;
System.out.printin("in "+ data);

}

public static void main(String args[]){
int x=100;
System.out.printin("before "+ x);
change(x);

System.out.printIn("after "+ x);



before 100
in 200
after 100



Call by reference

public class function2{

static void change(T data){
data.x=data.x+100;
System.out.printin("in "+ data.x);

}
public static void main(String args[]){
T x=new T();
x.x=100;
System.out.printin("before "+ x.x);
change(x);
System.out.printin("after "+ x.x);
}
}
class T
{
int x;

}



before 100
in 200
after 200



CLASS RECALL



Modifiers

* Access Control Modifiers
— Visible to the package, the default. No modifiers are needed.
— Visible to the class only (private).
— Visible to the world (public).
— Visible to the package and all subclasses (protected).

* Non-Access Modifiers
— The static modifier for creating class methods and variables.

— The final modifier for finalizing the implementations of classes,
methods, and variables.

— The abstract modifier for creating abstract classes and methods.

— The synchronized and volatile modifiers, which are used for
threads.



Abstract Class

B B 26 1 ([ = 1 (58 F [Be S - abstract i 26T T (iEtk
DL abstract 10 5 B¢ BH 0Y 28 7l - AT T B & il =2 1 R

(abstract class) °

abstract class ¥ERI|4&FE
{

HE5Tield;
abstract HE{HERAIRE methodLiE(2EL.);

3

GRS R AR R
1. MI—MBVERIAE - SR REE AR B E AT -
2. WEERINEHImethod % H EFEEEA T -



Abstract Class
B NS R RE EL A AL T (R S TR S
B~ P2 1% > AR e DA H AP T &= e (e 51 -
fHZRIA A DI 4B T 48Rk HHE A2 R A mal R
B AR R i S R TR R AR R RS > DR

FEAFEMRERE T A ERMR T ANRE T2 - NIiL&
RETEHNZBRENMHAEESR > W2 MUAE

(overriding) °

{5 Finstanceof 5+ » B DIAIE S HATfE Y - H
A7t = 2 —1{E2E 5l (class) ©
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11 (interface)

TN ES > MES RS ERE  FAE SRR —
fHan MEZ BE R BV ' class 5 > fE B & 41 K Rl 2Bk

linterface |+ ELAEIERGIFI—AREERIE &1 -

interface 7ME%H o0 |
{ !
ERIIRE Tieldsf = MHR ;
EHEENEREIRE method@fEQ)
¥ I

[‘*%‘E{ﬁ%ﬁﬁﬁ EFEmethodJEH = }

i
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5 P R R

58 FE 7y G U T E AR B R S L - RRAE AT
HAW AR B & SEFNES T EAEFE

(implementation) - (See Sample3.java)

class fgF|4fE implements 1\ EAFE
{

2019/9/12 Wen-Pinn Fang



Multiple Inheritance

e RARE R - FFEEAHE S EEB G T > te] g
TR S E AR > {Hlava (FRC++ A[E) N sF—ET
FE R R2{E SCHA R > MEZRALL - Javam] B 2B 5L _E
ST E > T528 Al 22 28047 26 EE 4 K (multiple inheritance)

A E|Y °
SRR




E1E2E 2L ERYST

A{ERE R A LAA2(E DL ERY B FAE—E - #EJavall

FEBVIESESE - B 2EBTE(EL -/ FEm 7

15 2R v DL 72 % 26 B 4 7K method 4 TRy H HY » (See

Sample4.java)

class Hpl%iE implements fHEAAMEL, /T HAATEZ, - -

[ T
[mx%?ffﬁz{uﬂ%@ }
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S A — R R B —A5 > 5] DU 28 B (extends) 1Y =CE 4
HENS T o EZREY S EIE B SC /T H (superinterface) 0 £T4E

I TEIHYE(

o

H AR B 78 11 T (subinterface) * FISCHTAY KB —1E » /1
TH ) A e 7, 2 B 275 4 R 7 extends

{

|

interface FfrEX%AE extends KA HEL,

[ﬁ@ﬁjﬁjubﬂuﬁﬁﬂ

J
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X
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Class and object

class CCAR
{

public class WORLD

{
public static void main(String|[] string)

{




Class and object

class CCAR
{

public class WORLD

{
public static void main(String|[] string)

{




EXCEPTION



Exception

H AL s R Iy =

==

H



Exception

* Example:
a/b="?



Exception

public class demo_exception

{
public static int div(int a,int b)

{

return a/b;

}

public static void main(String [] args)

{
System.out.printin(div(4,2));

}
}



Exception

C:supfangssiz>java demo_exception

C=wwpfangssis>




Exception

public class demo_exception

{
public static int div(int a,int b)

{

return a/b;

}

public static void main(String [] args)

{
System.out.printin(div(4,0));

}
}



Exception

C:wupfangssiz>java demo_exception

Exception in thread "main'" java.lang.ArithmeticException: ~ by zero
at demo_exception.divi{demo_exception. java:ba>
at demo_exception.main{demo_exception.java:12>

C:wpfangssis>




Exception

public class demo_exception

{
public static int div(int a,int b)

{
if(O==Db) {System.out.printIn("divided by zero");return -1;}
return a/b;

}

public static void main(String [] args)

{
System.out.printin(div(4,0));

}
}



Exception

C:supfangssiz>java demo_exception
divided by zero
—1

C:supfangssis>




Exception

public class demo_exception

{
public static int div(int a,int b)
{
return a/b;
}
public static void main(String [] args)
{
try
{
System.out.printin(div(4,0));
}
catch(ArithmeticException e)
{
System.out.printIn(e.getMessage());
}
System.out.printIn("the end");
}



Exception

C:supfangssiz>java demo_exception
< by zero
the end

C:supfangssis




Exception

public static void main(String [] args)

{
try

{
System.out.printin(div(4,0));

}

catch(Exception e)

{
System.out.printin(e.getMessage());

}
finally

{

System.out.printin("must run");

}

System.out.printIn("the end");



Exception

C:supfangssiz>java demo_exception
s by zero

must *un

the end

Cwwpfangssis >




public class demo_exception

{
public static int div(int a,int b)

{

return a/b;

}

public static void main(String [] args)

{
try

{
System.out.printin(div(4,0));

}

catch(ArithmeticException e)

{
System.out.printin(e.getMessage());

1
finally

{

System.out.printIn("must run");

}
System.out.printIn("the end");

2019/9/12

Exception
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Exception

C:supfangssiz>javac demo_exception.java

C:supfangssiz>java demo_exception
s by zero

must *un

the end

Cwwpfangssis >




public class demo_exception

{
public static int div(int a,int b)

{

return a/b;

}

public static void main(String [] args)

{
try

{
System.out.printin(div(4,1));

}

catch(ArithmeticException e)

{
System.out.printin(e.getMessage());

1
finally

{

System.out.printIn("must run");

}
System.out.printIn("the end");

2019/9/12

Exception
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Exception

run
the end

C:wpfangssis>




Exception

public class demo_exception

{
public static int div(int a,int b)
{
return a/b;
}
public static void main(String [] args)
{
try
{
System.out.printin(div(4,1));
}
catch(ArithmeticException e)
{
System.out.printin(e.getMessage());
1
finally
{
System.out.printIn("must run");
}
System.exit(0);
System.out.printin("the end");
}
}
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Exception

C:supfangssiz>java demo_exception

must P®un

C:supfangssis>




CheckException

ClassNotFoundException
FileNotFoundException
CloneNotSupportException
InterrupteException
|OException



RuntimeException

ArithmeticException
ArraylndexOutOfBoundsException
ArrayStoreException
ClassCastException
IndexOutOfBoundsException
lllegal ArgumentException
NullPointerException
NumberFormatException
SecurityException

(1] LLg A try-catch)



Exception

ETERLLED @ #EThrowablelE Bl 7E{# 4 ErrorE B Al

ExceptionZH 7! o ErrorfH 5l /& 15 I £b 7 o A2 = M A 4 48

%11 THYSE AR A R LR R AV AR o AT BEFMEY
am 2SN FR A S J& 7Y Exception 5 Al -

[ Throwable ]

| Error I [Exception J

[ IOException J [ RuntimeException J

[ ArraylndexOutOfBoundsException & J




Exception

B FE H throw & ([ BH S 7 A REHS IS M -

public void setCar (int n, double g) throws CarException
{
if(g<0)
{
CarException e = new CarException();

throw e;

¥
¥



Exception

fEmain()E FIFUsetCar()method YIS (E: > setCar() BEFTEMIYMANLH
BISNER o B LVEAEIE I setCar()dImain() R BRER B4 o

™ )

class Car
{ N
public void setCar (int n, double g) throws CarException
{
if(g < 0)
CarException e = new CarException();
throw e;
:
}

== —EARERE
class Sample5 throw B4 method B3 »

{ Se 2 ro s
public static void main(String argsf[]) - %%ggggﬂﬁﬁ(

{ / main()method FRAIA
throws = )
try{

carl.setCar(1234, -10.0);

L

catch(CarException e){

}
¥
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Exception

R —(E A gE g ok Y M methodHS » JHAN F -
{F Ftry~catch * fFmethod N BRI FIIN » T E...

7 Ethrows > FEER RGN TAEAS 45 RN OUFZ AT AE
A method °

B — T ANRHE - AR E method N EH £ H 7]
A o TR R R EC AR - RIS TR T ARV
F1E method 1 fj[1 A throws ° A BEF RIEFIINZ 46 R 46
2= FEH I methodiZ 3 -




Exception

public class MyStackTrace
{

public static void main(String[] args)
{
try
{
a();
}catch(HighLevelException e)

{
e.printStackTrace();

}
}



MULTITHREAD



68 7SN T 4% (Thread)

HlavazZkai - AT CAEIRF A 218 ' R E AR ) -
ERANE G E TR TR (Task) HYZRR @ H

B B — {8 A2 2 B R AR B o R Ry 2 — AT 48
(thread) °

® BRI & IERFEINHITISR @ ZHITHRHRNEXNHITAR

BRIE1

BRIE1 FREE2
RIE2



BB T4E

BB T8 A R TSE N 2E R AF > L E
(e AR Thread X5 & o - E(dH—{E 7551 -

class Car extends Thread

{ - NﬁéThreadéﬁﬁ%U@EE ﬁ%ﬁﬁ%u}
public void run()

{ ﬁﬁ%ﬁdﬂﬁ’\jrun() method]
DUEAM s T8 TR T ;




@A IARAE R ERY R sy T

HEIEZ|

[

cari.start();

car2.start();

public static void main(String args[])

public void run()

{

4@

publicjvoid run( )




UE ~ FFTE

AR DL sleep() method » FEENS T AT T4EEF IS

Tk
17 sleep() method 24 E Thread 87 T iy T4 51 -

7

It - B2 %5 B Thread.sleep(1000)HY T = @ & 2 0] LUETF

HITEE -

A a] LA FHjoin()iE (Elmethod » iR —(E S T4

R HFI T TEE R R - HCHEREHIT -



11y

Sy RN B TR T

AR ARG B EThread 8 5113504 - Al A S AF
IR (e FL AR I DA AR AT > ECHSY A (58 F 25m e o
fJRunnable M » ZEHEY » & ] DUEH BB T4 -

Class Car extends Vehicle implements
Runnable

1
}

BENs T4 A Y R
W 07 Thread JERIHYT5HBIRY T =0
W & {E Runnable 71 HHY /534
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BT
Fat

BEES ' [EZP

Ry T AR E G AR o

AN

public synchronized void add(int a)

1
}

i > add() methodZE 5 -

Jin_E 5 (Bl ]

(synchronization) ]

RS R T
VEAJRIRRT - HAME TEE @A Re Rk E T T

S IEAE
A

7545 synchronized EHRFEI%RS_FHUEhEH — 23RS -
f £ [5)25 (synchronization)



extends Thread

package wp.mt;
import java.lang.Thread;
class MyThread extends Thread

{
MyThread()

{
start();

}

public void run()

{
System.out.printIn("my thread");
}
}

public class demo_multithread

{
public static void main(String [] args)
{
MyThread t=new MyThread();
System.out.printin("The END");
}
}



C:wwpfangssis>java wp.mt.demo_multithread
The END
my thread

G pfangssisr g




. package wp.mt;

. import java.lang.Thread;

. class MyThread implements Runnable
. {

. String name;

. Thread t;

. boolean flag=true;

. public int count=0;

. MyThread(String name,int priority)
. {

. this.name=name;

. t=new Thread(this,name);

. t.setPriority(priority);

. t.start();

. }

. public void run()

. {

. while(flag)

. {

. System.out.printin(name);

. count++;
. }

. }

. public void stop()

. {

. flag=false;

. }

. }

2019/9/12

setPriority

. public class demo_multithread2

. {

public static void main(String [] args)
{
MyThread ta=new MyThread("thread a:",8);
MyThread tb=new MyThread("thread b:",7);
MyThread tc=new MyThread("thread c:",4);
try
{
Thread.sleep(1000);
}
catch(InterruptedException e)
{
System.out.printin(e.toString());
}
ta.stop();
tb.stop();
tc.stop();
System.out.printIn("ta:"+ta.count);
System.out.printin("tb:"+tb.count);
System.out.printin("tc:"+tc.count);
System.out.printIn("The END");

Wen-Pinn Fang 137



thread
thread
thread
thread

h:
h:
h:
h:
h:
h:
h:
h:
h:
h:
h:
h:
h:
h:
h:
h:
h:
a:
c:

th:1887

C:wwpfangssis>




implements Runnable

package wp.mt;
import java.lang.Thread;

class MyThread implements Runnable

{

String name;
Thread t;
boolean flag=true;
public int count=0;
MyThread(String name,int priority)
{

this.name=name;

t=new Thread(this,name);

t.setPriority(priority);

t.start();
try
{
t.join();
}
catch(InterruptedException e)

{

System.out.printin(e.toString());

}
}

public void run()

{

for(int j=0;j<3;j++)
{
for(int i=0;i<100000;i++)
t.yield();
System.out.printin(name+":"+j);
}
}

public class demo_multithread3

{

public static void main(String [] args)

{
MyThread ta=new
MyThread("thread a:",9);

MyThread tb=new
MyThread("thread b:",5);

MyThread tc=new
MyThread("thread c:",4);

MyThread td=new
MyThread("thread d:",3);

MyThread te=new
MyThread("thread e:",2);

MyThread tf=new
MyThread("thread f:",1);

System.out.printin("The END");
}



C:~wpfangssiszs>javac —d . demo_multithreadd. java

C:wwpfangssis>java wp.mt.demo_multithreadd

thread
thread
thread

En E@ E@ EE EE EE EER ER EE EE BN EE N EE EE R EE EE
[t I v I T R o I . I - i O e T i R = i .1

a
a
a
h
h
h
c
c
c
d
d
d
[
[
[
f
f
f

C:wwpfang~sis>




isAlive

package wp.mt;

. import java.lang.Thread; e  public class demo_multithread4

. import java.lang.*; ° {

; ?'ass MyThread extends Thread . public static void main(String [] args)

. String name; * {

. Thread t; . MyThread ta=new MyThread("thread a:",7);
: boolean flag=true; . System.out.printIn("alive:"+ta.isAlive());
. public int count=0; .

. MyThread(String name,int priority) t{ry

. { [

. this.name=name; . Thread.sleep(100);

. setPriority(priority); o }

. start(); .

. } . catch(InterruptedException e)

. public void run() ° {

) { . System.out.printin(e.toString());

. for(int j=0;j<3;j++) . }

. { o System.out.printIn("alive:"+ta.isAlive());
. for(int i=0;i<100000;i++) °

° tyleld(), . n ny,

. System.out.printin(name-+":"+); o System.out.printin("The END");

. } hd }

° } ° }
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C:wwpfangssis>java wp.mt.demo_multithreadd
alive:true

thread a::@

thread a:z:1

thread a:z:2

alive:false

The END

C:wwpfang~sis>




2019/9/12

getName

package wp.mt;
import java.lang.Thread;

class MyThread implements Runnable
{
private intv;
public void run()
{
for(int i=0;i<3;i++)
{

V]

’

System.out.printIn(Thread.currentThread().getName()+":v="+v);

}

}

public class demo_multithread5
{
public static void main(String [] args)
{
MyThread t=new MyThread();
(new Thread(t)).start();
(new Thread(t)).start();
System.out.printin("The END");
}
}

Wen-Pinn Fang
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C:~wpfangssiszs>javac —d . demo_multithread5. java

C:wwpfangssis>java wp.mt.demo_multithreads




Share memory

package wp.mt;
import java.lang.Thread;

class MyThread implements Runnable
{
private intv;
public void run()
{
for(int i=0;i<3;i++)
{

Vit

’

System.out.printin(Thread.currentThread().getName()+":v="+v);

}

}

public class demo_multithread6
{
public static void main(String [] args)
{
MyThread ta=new MyThread();
MyThread tb=new MyThread();
(new Thread(ta)).start();
(new Thread(tb)).start();
System.out.printin("The END");
}
}

2019/9/12
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C:wwpfangssis>javac —d . demo_multithreadt. java

C:swpfangssis>java wp.mt.demo_multithreadb




Thread.sleep

package wp.mt;
import java.lang.Thread;

class MyThread implements Runnable

{

private intv;
public void run()

{

for(int i=0;i<3;i++)

{

}

V++;
try
{
Thread.sleep(1000);
}
catch(InterruptedException e){}
System.out.printIn(Thread.currentThread().getName()+":v="+v);

public class demo_multithread7

{

public static void main(String [] args)

{

MyThread t=new MyThread();

(new Thread(t)).start();
(new Thread(t)).start();
System.out.printin("The END");

}
}

2019/9/12
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C:wwpfangssiszs>javac —d . demo_multithread?. java

C:wwpfangssis>java wp.mt.demo_multithread?




synchronized(this)

package wp.mt;
import java.lang.Thread;

class MyThread implements Runnable
{
private intv;
public void run()
{
for(int i=0;i<3;i++)
{
synchronized(this)

{
v+
try
{
Thread.sleep(1000);

}
catch(InterruptedException e){}

System.out.printin(Thread.currentThread().getName()+":v="+v);

}
}

}
}

public class demo_multithread8

{

public static void main(String []
args)

{
MyThread t=new
MyThread();

(new Thread(t)).start();
(new Thread(t)).start();
(new Thread(t)).start();

System.out.printIn("The
END");

}



C:wwpfangssis>java wp.mt.demo_multithreads
The END
T hread—
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synchronized

package wp.mt;
import java.lang.Thread;

class MyThread implements Runnable

{

}
}

private int v;
public void run()
{
go();
}
synchronized void go()
{
for(int i=0;i<3;i++)
{
// synchronized(this)
{
V++;
try
{
Thread.sleep(1000);

}
catch(InterruptedException e){}

System.out.printin(Thread.currentThread().getName()+":v="+v);

}
}

}

public class demo_multithread9

{

P

ublic static void main(String

[] args)

{

MyThread t=new

MyThread();

(new Thread(t)).start();
(new Thread(t)).start();
(new Thread(t)).start();
System.out.printin("The

END");

)



C:wwpfangssis>javac —d . demo_multithread?. java

C:wwpfangssis>java wp.mt.demo_multithread?
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DaemonThread

import java.io.*;
public class RunDaemonThread {
public static void main(String[] args) {
UserThread u = new UserThread();
(new Thread(u)).start();
}
}

class UserThread implements Runnable{

UserThread(){

DaemonThread d = new DaemonThread();

Thread t = new Thread(d);
t.setDaemon(true);
t.start();
}
public void run(){
for(int i=0; i<3; i++){
try{
Thread.sleep(1000);

} catch (InterruptedException e){}

System.out.printin("Usergf {74580 /T 1 " +i+ " ");

class DaemonThread implements Runnable{

public void run(){

int i=0;
while(true){
try{

Thread.sleep(500);

} catch (InterruptedException e){}
System.out.printIn("Daemon3i{ 7453 T J " +1i
£

i++;

7



DaemonThread

RunDaemonThread




Stop thread

package wp.mt;

public class demo_control_threadl

class CounterThread extends Thread e
{ . public static void main(String[] args)
public boolean stopped = false; e
int count = 0; . CounterThread thread = new
public void run() CounterThread();
{ J thread.start();
while (!stopped) . try
{ e
try J Thread.sleep(10000);
{ . }
sleep(1000); . catch (InterruptedException e) { }
} J thread.stopped = true;
catch (InterruptedExceptione){ } ° System.out.printin("exit");
System.out.printin(count++); ° }
} e }

}
}



spfangssis>java wp.mt.demo_control_threadl

Xit

-
A
1
2
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=
7
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package wp.mt;
class TryThread extends Thread
{

public TryThread(String firstName, String secondName, long delay)

{
this.firstName = firstName;
this.secondName = secondName;
aWhile = delay;
setDaemon(true);
}
public void run()
{
try
{
while (true)
{
System.out.print(firstName);
sleep(aWhile);

System.out.print(secondName + "\n");

}
}

catch (InterruptedException e)

{

System.out.printIn(firstName + secondName + e);

}
}
private String firstName;
private String secondName;
private long aWhile;

}

2019/9/12

interrupt()

public class demo_control_thread2

{
{

public static void main(String[] args)

Thread first = new TryThread("A", "a ", 200L);
Thread second = new TryThread("B ", "b ",300L);
Thread third = new TryThread("C", "c ", 500L);
first.start();
second.start();
third.start();
try
{
Thread.sleep(3000);
first.interrupt();
second.interrupt();
third.interrupt();
}
catch (Exception e)
{
System.out.printin(e);
}
}
}

Wen-Pinn Fang
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a
h
a
c
a
h
a
c
h
a
a
h
a
c
h
a
a
h
c
a
h
a

C ¢ java.lang.InterruptedException: sleep interrupted
a java.lang.InterruptedException: szleep interrupted
b java.lang.InterruptedException: zleep interrupted




Suspend resume

. package wp.mt;

. class MyThread implements Runnable {
. Thread thrd;

. boolean suspended;

. boolean stopped;

. MyThread(String name) {

. thrd = new Thread(this, name);

. suspended = false;

. stopped = false;

. thrd.start();

. }

. public void run() {

. try {

. for (inti=1;i<10; i++) {

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

. Thread.sleep(50);

. synchronized (this) {

. while (suspended)

. wait();

. if (stopped)

. break;

. }

. }

. } catch (InterruptedException exc) {
. System.out.printin(thrd.getName() + " interrupted.");
. }

. System.out.printin("\n" + thrd.getName() + " exiting.");
. }

2019/9/12

synchronized void stop() {
stopped = true;
suspended = false;
notify();

}

synchronized void suspend() {
suspended = true;

}

synchronized void resume() {
suspended = false;
notify();

}

}
public class demo_control_thread3 {

public static void main(String args[]) throws Exception {
MyThread mt = new MyThread("MyThread");
Thread.sleep(100);
mt.suspend();
Thread.sleep(100);
mt.resume();
Thread.sleep(100);
mt.suspend();
Thread.sleep(100);
mt.resume();
Thread.sleep(100);
mt.stop();
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MyThread exiting.

G pfangssisr g




Object Thread

notify() sleep()
notifyAll() vield()
wait()
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package wp.mt;
public class anonymous_class_thread

{

public static void main(String [] args)
{
( new Thread() {

public void run() { for(;;)
System.out.printin("thread running"); }

}).start();

}
}



Synchronized in Java

* synchronized methods
* synchronized blocks



* Synchronized methods are methods that are
used to control access to an object.

* Athread only executes a synchronized
method after it has acquired the lock for the
method’s object or class.



synchronized methods

package wp.mt;
public class SyncMethodsExample extends Thread {
static String[] msg = { "Beginner", "java", "tutorial,", ".,", "com",
"is", "the", "best" };
public SyncMethodsExample(String id) {
super(id);
}
public static void main(String[] args) {
SyncMethodsExample threadl = new SyncMethodsExample("thread1: ");
SyncMethodsExample thread2 = new SyncMethodsExample("thread2: ");
thread1.start();
thread2.start();
boolean tllsAlive = true;
boolean t2IsAlive = true;
do {
if (t1IsAlive && !thread1.isAlive()) {
tllsAlive = false;
System.out.printIn("t1 is dead.");
}
if (t2IsAlive && !thread2.isAlive()) {
t2lIsAlive = false;
System.out.printIn("t2 is dead.");
}
} while (tlisAlive || t2IsAlive);
}
void randomWait() {
try {
Thread.currentThread().sleep((long) (3000 *

Math.random()));
} catch (InterruptedException e) {
System.out.printIn("Interrupted!");
}
}
public synchronized void run() {
SynchronizedOutput.displayList(getName(), msg);
}
}
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synchronized methods

class SynchronizedOutput {
public static synchronized void displayList(String name, String

list(]) {
for (inti=0;i< list.length; i++) {
SyncMethodsExample t =

(SyncMethodsExample) Thread
.currentThread();
t.randomWait();
System.out.printin(name + list[i]);



BN 35 ST

thread running
thread running
C:wwpfangssis>javac —d .

SyncHethodsExample . java

C:wwpfangssis>java wp.mt.SyncHethodsExanple

threadl: Beginner
Java
tutorial.
com
is
the
threadl: bhest
tl iz dead.
thread2: Beginner
Java
tutorial.
com
is
the
thread2: bhest
t2 iz dead.

C:wwpfang~sis>




Synchronized blocks

* Once a thread has entered the code block
after acquiring the lock on the specified object,
no other thread will be able to execute the
code block, or any other code requiring the
same object lock, until the lock is relinquished.



. package wp.mt;
. public class SyncBlockExample extends Thread {

. [iD;
2019/9/12

. }

static String[] msg = { "Beginner", "java", "tutorial,", ".,", "com“,"is", "the", "best" };
public SyncBlockExample(String id) {

}

super(id);

public static void main(String[] args) {

}
void randomWait() {

}
public void run() {

SyncBlockExample threadl = new SyncBlockExample("thread1: ");
SyncBlockExample thread2 = new SyncBlockExample("thread2: ");
thread1.start();
thread2.start();
boolean tllsAlive = true;
boolean t2IsAlive = true;
do {
if (t1IsAlive && !thread1.isAlive()) {
tllsAlive = false;
System.out.printIn("t1 is dead.");
}
if (t2IsAlive && !thread2.isAlive()) {
t2lsAlive = false;
System.out.printIn("t2 is dead.");
}
} while (tlisAlive || t2IsAlive);

try {

Thread.currentThread().sleep((long) (3000 * Math.random()));

} catch (InterruptedException e) {
System.out.printIn("Interrupted!");

}

synchronized (System.out) {
for (inti=0; i< msg.length; i++) {
randomWait();

System.out.printin(getName() + msg

} Wen-Pinn Fang
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Join

package wp.mt;
public class ThreadJoinDemo {

public static void main(String[] args) {
Thread t1 = new Thread("T1");
Thread t2 = new Thread("T2");
try {
System.out.printIn("Wait for the child threads to finish.");
tl.join();
if (1t1.isAlive())
System.out.printIn("Thread T1 is not alive.");
t2.join();
if (t2.isAlive())
System.out.printIn("Thread T2 is not alive.");
} catch (InterruptedException e) {
System.out.printIn("Main Thread interrupted.");

}
System.out.printIn("Exit from Main Thread.");

2019/9/12 Wen-Pinn Fang

170



C:wwpfangssizs>java wp.mt.ThreaddoinDemo
Wait for the child threads to finish.
Thread T1 is not alive.

Thread T2 is not alive.

Exit from Main Thread.

C:wwpfang~sis>




DATA STRUCTURE



Data Structure

* |[n computer science, a data structure is a data
organization, management and storage format
that enables efficient access and modification.



Data Structure

Data types
— Primitive types
— Composite types or non-primitive type
— Abstract data types

Linear data structures
— Arrays
— Lists
Trees
— Binary trees
— B-trees
— Heaps
— Tries
— Multiway trees
— Space-partitioning trees
— Application-specific trees
Hashes
Graphs



Data Structure

Programming language
Data structure
Algorithm

The Art of Programming



Data Structure

T —_ 2,

Iterable

Mote: Map does not
extend Collection;

but it isa “collection®

L= “ﬂ!‘l‘ -'I

"SortedMap

“Sortedset Dequ eue

“NavigableSet

“Naviga I:-IEMap



Linked list

HM— 66 || 33 |—| AA

. head |

Array List

6643344«4&554994.77L




Linked-list

package demo_datastructure; ° class Node
public class dolinkedlist {

public static void main(String[] args) { ° {

Node nl=new Node(1); ° .
Node n2=new Node(2); !\IOde pNEXt,
Node n3=new Node(3); * Int data;

Node n4=new Node(4); o .

Node n5=new Node(5); NOde(lnt d){
Node n6=new Node(6); i data=d;

nl.pNext=n2; . _ .
n2.pNext=n3; pNeXt_nu";

n3.pNext=n4; ° }

n4.pNext=n5; .
n5.pNext=n6; * void show()

*
\I:IVCI)\?IZ(F;!Si;JII) * System.out.print("["+data+"
: 1");
p.show(); . }
p=p.pNext;
} e }

}



Data Structure

ERc S pac Mg

o— nul

Object3 Object4
next next o
Step 1 \
tail

head
\
O;Jjecﬂ
next
/ Object2
previous s
Step 2

;

new_node



Data Structure

/[-----insert ---- e //-----insert -
p=new Node(99); * p=new Node(99);
p.pNext=n5.pNext; * p.pNext=n5.pNext;
n5.pNext=p, * n5.pNext=p;
p=nl; * p=nl;
while(p!=null) * while(p!=null)

{ * {

p.show(); e p.show();
p=p.pNext; * p=p.pNext;

J * )



Combination

* ABCD
— A,B,C,D
— AB,AC,AD,BC,BD,CD
— ABC,ABD,ACD,BCD
— ABCD

* ABCD

0000
0001
0010
0011
0100
0101
0111
1000
1001
1010
1011
1100
1101
1111



public class combination {

public static void main(String[] args) {
// TODO Auto-generated method stub
inti;

int j;

char [JA={'A",'B','C','D'};
for(i=0;i<16;i++)

{

for(j=0;j<4;j++)

if(((i>>j) & 1) ==1)
System.out.print(A[j]);
System.out.printin();

}
}

}



Data Structure

Enumeration
BitSet
Vector

Stack
Dictionary
Hashtable
Properties




Enumeration

import java.util.Vector;

import java.util.Enumeration;

public class EnumerationTester {

public static void main(String args[]) {
Enumeration days;
Vector dayNames = new Vector();
dayNames.add("Sunday");
dayNames.add("Monday");
dayNames.add("Tuesday");
dayNames.add("Wednesday");
dayNames.add("Thursday");
dayNames.add("Friday");
dayNames.add("Saturday");
days = dayNames.elements();
while (days.hasMoreElements()) {

System.out.printin(days.nextElement());

}



BitSet

import java.util.BitSet;
public class BitSetDemo {

public static void main(String args[]) {
BitSet bits1 = new BitSet(16);
BitSet bits2 = new BitSet(16);
// set some bits
for(inti=0;i<16; i++) {
if((i % 2) == 0) bits1.set(i);
if((i % 5) != 0) bits2.set(i);
}
System.out.printIn("Initial pattern in bits1: ");
System.out.printin(bits1);
System.out.printIn("\nInitial pattern in bits2: ");
System.out.printin(bits2);
// AND bits
bits2.and(bits1);
System.out.printin("\nbits2 AND bits1:");
System.out.printin(bits2);
// OR bits
bits2.or(bits1);
System.out.printIn("\nbits2 OR bits1: ");
System.out.printin(bits2);
// XOR bits
bits2.xor(bits1);
System.out.println("\nbits2 XOR bits1: ");
System.out.printin(bits2);



Vector

import java.util.*;

v.addElement(new Float(9.4));
public class VectorDemo {

v.addElement(new Integer(10));

System.out.printIn("Current capacity: " + v.capacity());
public static void main(String args(]) {

// initial size is 3, increment is 2

Vector v = new Vector(3, 2);
System.out.printin("Initial size: " + v.size());
System.out.printIn("Initial capacity: " + v.capacity());

v.addElement(new Integer(1));
v.addElement(new Integer(2));
v.addElement(new Integer(3));
v.addElement(new Integer(4));

System.out.printIn("Capacity after four additions: " +
v.capacity());

v.addElement(new Double(5.45));
System.out.printIn("Current capacity: " + v.capacity());

v.addElement(new Double(6.08));
v.addElement(new Integer(7));
System.out.printIn("Current capacity: " + v.capacity());

v.addElement(new Integer(11));
v.addElement(new Integer(12));
System.out.printIn("First element: " +

(Integer)v.firstElement());

System.out.printin("Last element: " +

(Integer)v.lastElementy());

if(v.contains(new Integer(3)))
System.out.printIn("Vector contains 3.");

// enumerate the elements in the vector.
Enumeration vEnum = v.elements();
System.out.printIn("\nElements in vector:");

while(vEnum.hasMoreElements())
System.out.print(vEnum.nextElement() + " ");
System.out.printin();



Stack

public static void main(String args[])

import java.util.*; {
public class StackDemo { Stack st = new Stack();
System.out.printIn("stack: " + st);
static void showpush(Stack st, int a) showpush(st, 42);

{ showpush(st, 66);
st.push(new Integer(a)); showpush(st, 99);
System.out.printin("push(" + a + showpop(st);

Il)ll)'_ t
System.out.printIn("stack: " + st); zggxggggg’

} try {
showpop(st);

static void showpop(Stack st) {

System.out.print(*pop -> "); }catch (EmptyStackException e) {

System.out.printIn("empty

Integer a = (Integer) st.pop(); stack");
System.out.printin(a); } ’
System.out.printIn("stack: " + st); }

) }



Array
ArrayList
LinkedList
HashMap
set

container



ArraylList

import java.util.*;
public class ArrayListDemo {
public static void main(String args[]) {
Scanner scanner = new Scanner(System.in);
List<String> list = new ArrayList<String>();
System.out.printIn("#i A ZFE({EF quit £53K : )");
while(true) {
System.out.print("# ");
String input = scanner.next();
if(input.equals("quit")) break;
list.add(input);
}
System.out.printin("FE_EG A ¢ ");
for(inti=0;i < list.size() ; i++)
System.out.print(list.get(i) + " ");
System.out.printin();
for(String s : list)
System.out.print(s + " ");
System.out.printin();
Iterator iterator = list.iterator();
while(iterator.hasNext())
System.out.print(iterator.next() +" ");
System.out.printin();



Linked list

import java.util.LinkedList;
public class StringStack {
private LinkedList<String> linkedList;
public StringStack() {
linkedList = new LinkedList<String>();
}
public void push(String name) {
linkedList.addFirst(name);
}
public String top() {
return linkedList.getFirst();
}
public String pop() {
return linkedList.removeFirst();
}
public boolean isEmpty() {
return linkedList.isEmpty();

}



Map

import java.util.Map;
import java.util.HashMap;

public class HashMapDemo {
public static void main(String args[]) {

Map<String, String> map = new HashMap<String, String>();
String key1 = "leon",;

String key2 = "godleon";

map.put(keyl, "leon FYERH");

map.put(key2, "godleon FYEFR}");
System.out.printin(map.get(key1));
System.out.printin(map.get(key2));



HashMap

import java.util.Collection;
import java.util.HashMap;
import java.util.lterator;
import java.util.Map;

public class HashMapDemo?2 {

public static void main(String args[]) {
Map<String, String> map = new HashMap<String, String>();
map.put(“leon”, “leon EYERL" );
map.put(“godleon”, “godleon HYER} );
map.put(“bill”, “bill FTERL" );
/] 5ct& H Iterator FI[HHFTAE TTZE
Collection collection = map.values();
Iterator iterator = collection.iterator();
while(iterator.hasNext())

System.out.printin(iterator.next());

System.out.printin();

for(String s : map.values())
System.out.printin(s);
System.out.printin();

}
}



TreeMap

* import java.util.Map;
import java.util.TreeMap;

public class TreeMapDemo {

public static void main(String args|[]) {

Map<String, String> map = new TreeMap<String, String>();
map.put("godleon", "godleon FYEFRI");

map.put("leon", "leon FYER}");

map.put("bill", "bill BJEE");

for(String s : map.values())
System.out.printin(s);
System.out.printin();

}
}



Tree set

import java.util.Set;
import java.util.TreeSet;

public class TreeSetDemo {
public static void main(String args[]) {
Set<String> set = new TreeSet<String>();

set.add("godleon");
set.add("good");
set.add("bad");

for(String s : set)
System.out.print(s + " ");
System.out.printin();

}



Permutation

oTo] MBS ol
G is fixed 0 iz fixed D iz fixad
Swiap O with D Swap G with D Cwan O with G
EitN-| BN Bl o
G and D is fixed 0 and D is tixed —
D and G s fixed

MNow we will stop here as there can be no more o
swapping. All charecters are fixed except the last - naws Thoad

glements
one.



permutation

public class StringPermutations {

public static void main(String args[]) {
permutation("123");

}

public static void permutation(String input){
permutation("", input);

}

private static void permutation(String perm, String word) {
if (word.isEmpty()) {

System.err.printin(perm + word);

}
else {
for (int i =0; i &It; word.length(); i++) {
permutation(perm + word.charAt(i), word.substring(O0, i)
+ word.substring(i + 1, word.length()));
}
}



REFLECTION



reflection

public class ClassDemo {
public static void main(String args]]) {
String name = "godleon";
Class stringClass = name.getClass();

System.out.printin("fER12475E « " + stringCIass.getName());
System.out.printin("2 §)E'm\@ '+ stringCIass.isInterface());
System.out.printin("& & A ARIHE @ " + stringClass.isPrimitive());
System.out.printin("2 §)%[§$§U%{t[c " + stringClass.isArray());
System.out.printin("{ H7424%% : " + stringClass.getSuperclass().getName());

}
}
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* Class c=Class.forName(str);
* List Ist=(List) c.newlnstance();



public class ClassForNameDemo {

public static void main(String[] args) {

try {

/[forNamey{s

Class c = Class.forName(args|[0]);
System.out.printin("getName : " + c.getName());
System.out.printin("isInterface : " + c.isInterface());
System.out.printin("isPrimitive : " + c.isPrimitive());
System.out.printin("isArray : " + c.isArray());
System.out.printin("SuperClass : " + c.getCanonicalName());

/Inewlnstancefy{s&E FH

List Ist = (List) c.newlInstance();
for(inti=0;i<10; i++)
Ist.add("element” + i);
for(Object o : Ist.toArray())
System.out.printin(o);

}

catch(Exception e) {
e.printStackTrace();

}
}
}



getClassLoader()
getConstructor()
getFields()
getMethods()
getModifiers()

getPackage()
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Bootstrap Loader

ExtClassLoader
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AppcClassLoader




Student.java

public class Student {

private String name;

private int score;

public Student() {

name = "N/A";

}

public Student(String name, int score) {
this.name = name;

this.score = score;

}

public void setName(String name) {
this.name = name;

}

public void setScore(int score) {
this.score = score;

}

public String getName() {
return name;

}

public int getScore() {
return score;

}

public void showData() {
System.out.printin("Name : " + this.name);
System.out.printin("Score : " + this.score);

}
}



newlnstanceDemo.javaimport java.lang.reflect.Constructor;
import java.lang.reflect.InvocationTargetException;

import java.lang.reflect.Method;

public class newlnstanceDemo {

public static void main(String[] args) {

Class ¢ = null;

try {

¢ = Class.forName(args[0]);

/* (Begin)::::::::::::::: E&#@'fé{:

/15 %E Constructor T {sE Y 2 HAYRE
Class[] oParam = new Class[2];
oParam[0] = String.class;
oParam[1] = Integer. TYPE;

/1774 Constructor

Constructor constructor = c.getConstructor(oParam);
IFEESBINNE

Object[] paramObjs = new Object[2];

paramObjs[0] = "godleon";

paramObjs[1] = new Integer(90);

/1% 3@ ConstructorizE £ Y1k

Object obj = constructor.newlnstance(paramObjs);
System.out.printin(obj);

115 EMethod it {5 F Y 2 850 Y

Class[] mParam1 = {String.class}; // 25— <8
1172 4= Method(f5 & method #4 7 i1 22 )

Method setName = c.getMethod("setName", mParam1);
IFEESHNE

Object[] mParamObjs1 = {"godleon"};

IR

setName.invoke(obj, mParamObjs1); //i-0lsetNameJ7;£
115 7EMethodFfr{s Y 2 A

Class[] mParam2 = {Integer.TYPE};

177 Method (15 £ method 4 f i 2:8))

Method setScore = c.getMethod("setScore", mParam2);
IFEES NG

Object[] mParamObjs2 = {new Integer(90)};

IR

setScore.invoke(obj, mParamObjs2); /0l setScore 7774
17 Method (15 £ method {4 f i 2:8)

Method showData = c.getMethod("showData", null);
IR

showData.invoke(obj, null); /0l showData 77 7%

[* (End)=============== Il[| }j}} ===============(End) */

catch(Exception e) {
e.printStackTrace();
}
}
}
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* Swing and awt



. CheckboxGroup
. Component

Button
Canvas
Checkbox
Choice
Container

*  Panel

¢ ScrollPane

*  Window
- Dialog
»
- Frame

Label

List

Scrollbar

TextComponent
¢ TextArea
e  TextField

. MenuComponent

MenuBar
Menultem
. Menu

FileDialog

- PopupMenu

. MenuShortcut

AWT JT12

.y




Object

Component

&

Button

Label

Checkbox

Choice

List

Container

&

Window

Panel

Applet

Frame

Dialog




Show window

import java.awt.*;

class First2{

First2(){

Frame f=new Frame();

Button b=new Button("click me");
b.setBounds(30,50,80,30);
f.add(b);

f.setSize(300,300);
f.setLayout(null);
f.setVisible(true);

}

public static void main(String args[]){
First2 f=new First2();

1}



Show window with closing event

import java.awt.*;
import java.awt.event.*;
public class demoawt

{

public static void main(String args[])

{

Frame f=new Frame();
f.setSize(100,100);
f.setLayout(null);

f.addWindowListener(new WindowAdapter(){
public void windowClosing(WindowEvent e)

{
System.exit(0);
}

1
f.setVisible(true);



Window add component

import java.awt.*;

import java.awt.event.*;

class AEvent extends Frame implements ActionListener{
TextField tf;

AEvent(){

tf=new TextField();
tf.setBounds(60,50,170,20);

Button b=new Button("click me");
b.setBounds(100,120,80,30);
b.addActionListener(this);//passing current instance
add(b);add(tf);

setSize(300,300);

setLayout(null);

setVisible(true);

}

public void actionPerformed(ActionEvent e){
tf.setText("Welcome");

}

public static void main(String args[]){

new AEvent();

}

}



Using swing for convenient

import java.awt.*;

import java.awt.event.*;

import javax.swing.JOptionPane;
public class demoawt

{

public static void main(String args[])

i

Frame f=new Frame();
f.setSize(100,100);
f.setLayout(null);

f.addWindowListener(new WindowAdapter(){
public void windowClosing(WindowEvent e)

{
System.exit(0);
}
hH
e

Button b=new Button("Go");
b.setBounds(10,10,50,30);
b.addActionListener(new ActionListener()
{
public void actionPerformed(ActionEvent e)

{

JOptionPane.showMessageDialog

(null,"test","test",JOptionPane.INFORMATION_MESSAGE);
}
}
);
f.add(b);
f.setVisible(true);



import java.awt.*;
public class CanvasExample

{

public CanvasExample()
{
Frame f= new Frame("Canvas Example");
f.add(new MyCanvas());
f.setLayout(null);
f.setSize(400, 400);
f.setVisible(true);
}
public static void main(String args[])
{
new CanvasExample();
1
}
class MyCanvas extends Canvas
{
public MyCanvas() {
setBackground (Color.GRAY);
setSize(300, 200);
}
public void paint(Graphics g)
{
g.setColor(Color.red);
g.filloval(75, 75, 150, 75);
1
}

Canvas
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import java.awt.*;
import java.awt.event.*;
import javax.swing.JOptionPane;
public class demoawt
{
demoawt()
{
{

Frame f=new Frame();
f.setSize(500,500);
f.setLayout(null);

f.addWindowListener(new WindowAdapter(){
public void windowClosing(WindowEvent e)

{
System.exit(0);
}
hH
e

Button b=new Button("Go");
b.setBounds(10,10,100,50);
b.addActionListener(new ActionListener()
{
public void actionPerformed(ActionEvent e)

{

JOptionPane.showMessageDialog

(null,"test","test",JOptionPane.INFORMATION_MESSAGE);
}
}
);
f.add(b);
f.add(new myCanvas());
f.setVisible(true);

}

public static void main(String args[])

{

new demoawt();

class myCanvas extends Canvas

{

public myCanvas()

{
setBackground(Color.GRAY);

setSize(300,300);

}
public void paint(Graphics g)

{
g.fillOval(100,100,150,150);
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Swing

* Java Swing tutorial is a part of Java Foundation
Classes (JFC) that is used to create window-
based applications.

* |tis built on the top of AWT (Abstract
Windowing Toolkit) APl and entirely written in
java.



sSwing
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Window Panel
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JMenu

AbstractButton

f

JButton




import javax.swing.*;

public class FirstSwingExample {
public static void main(String[] args) {
JFrame f=new JFrame

JButton b=new JButton("click");
b.setBounds(130,100,100, 40);

f.add(b);//adding button in JFrame

f.setSize(400,500);
f.setLayout(null);
f.setVisible(true);

}
}



Difference between AWT and Swing

No. Java AWT Java Swing

1) AWT components are platform-dependent. Java swing components are platform-
independent.

2) AWT components are heavyweight. Swing components are lightweight.

3) AWT doesn't support pluggable look and feel. Swing supports pluggable look and feel.

4) AWT provides less components than Swing. Swing provides more powerful
components such as tables, lists, scrollpanes,
colorchooser, tabbedpane etc.

5) AWT doesn't follows MVC(Model View Controller) where | Swing follows MVC.

model represents data, view represents presentation and
controller acts as an interface between model and view.
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* Java painter
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JAVAFX
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* https://openjfx.io/openjfx-docs/

* https://gluonhg.com/products/javafx/




e JavaFXis a software platform for creating and
delivering desktop applications, as well as rich
Internet applications (RIAs) that can run across a
wide variety of devices.

* JavaFXis intended to replace Swing as the
standard GUI library for Java SE, but both will be
included for the foreseeable future

e JavaFX has support for desktop computers and
web browsers on Microsoft Windows, Linux, and
macOS.



* https://docs.oracle.com/javafx/2/api/javafx/sc
ene/doc-files/cssref.html



Empty application

package demofx;

import javafx.application.Application;
import javafx.stage.Stage;

public class emptyFX extends Application {

@Override

public void start(Stage arg0) throws Exception {
arg0.setTitle("empty application");
arg0.show();

}

public static void main(String[] args) {
launch(args);



7 empty application
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package demofx;

import javafx.application.Application;
import javafx.scene.Scene;

import javafx.scene.control.Button;
import javafx.scene.layout.StackPane;
import javafx.stage.Stage;

public class demojavafx extends Application{

public static void main(String[] args) {
launch(args);

}
public void start(Stage arg0) throws Exception {

final Button button = new Button();
button.setText("Hello World");

final StackPane root = new StackPane();
root.getChildren().add(button);

final Scene scene = new Scene(root, 300, 250);
arg0.setTitle("Hello World!");
arg0.setScene(scene);

arg0.show();



package demofx;

import javafx.application.Application;

import javafx.event.ActionEvent;

import javafx.event.EventHandler;

import javafx.scene.Scene;

import javafx.scene.control.Button;

import javafx.scene.layout.StackPane;

import javafx.stage.Stage;

import jdk.internal.org.objectweb.asm.Handle;

public class fxbutton extends Application {
@Override
public void start(Stage arg0) throws Exception {
Button b=new Button();
b.setText("go");

b.setOnAction(new
EventHandler<ActionEvent>() {

public void
handle(ActionEvent arg0) {
}

1;

StackPane sp=new StackPane();
sp.getChildren().add(b);

Scene s=new Scene(sp,300,300);
arg0.setScene(s);
arg0.setTitle("demo btton");
arg0.show();

public static void main(String[] args) {

// TODO Auto-generated
method stub

launch(args);



B demo btton — O -
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e GridPane



public class gridpanedemo extends Application {

Label IC;

Label IF;

TextField C;

TextField F;

Button b;

@Override

public void start(Stage arg0) throws Exception {
IC=new Label();

IC.setText("C");

IF=new Label();

IF.setText("F");

C=new TextField();

F=new TextField();

b=new Button();

b.setText("Go");

b.setOnAction(new EventHandler<ActionEvent>() {

public void handle(ActionEvent arg0) {
F.setText(String.valueOf(Double.parseDouble(C.getText()

}

)*9./5+32));

N;

}

GridPane gp=new GridPane();
gp.setAlignment(Pos.CENTER);
gp.setHgap(10);
gp.setVgap(10);
gp.add(IC,1,0);

gp.add(C, 0, 0);

gp.add(IF,1,1);

gp.add(F, 0,1);

gp.add(b, 0, 2,2,1);

Scene s=new Scene(gp,300,200);
arg0.setScene(s);
arg0.setTitle("temperature");
arg0.show();

public static void main(String[] args) {

}

launch(args);
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public class FXmouse extends Application {

Label I;

@Override

public void start(Stage arg0) throws Exception {
StackPane sp=new StackPane();
I=new Label();
sp.getChildren().add(l);
Scene s=new Scene(sp,800,600);
s.setOnMouseMoved(new EventHandler<MouseEvent>() {
public void handle(MouseEvent arg0) {

l.setText("("+arg0.getX()+","+ arg0.getY()+")");

1;

arg0.setScene(s);
arg0.setTitle("mouse event");
arg0.show();

}

public static void main(String[] args) {
launch(args);

}
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Line

public class FXmouse extends

Application { public void handle(MouseEvent arg0) {
Label I; *  lsetText("("+arg0.getX()+","+
@Override arg0.getY()+")");
public void start(Stage arg0) throws
Exception {
Line line = new Line(); . }
line.setStartX(100.0); . N;
line.setStartY(50.0); «  arg0.setScene(s);
line.setEndX(500.0); *  arg0.setTitle("mouse event");
line.setEndY(50.0); «  arg0.show();
- )

Group root = new Group(line);
. public static void main(String[] args) {

StackPane sp=new StackPane(); «  launch(args);
sp.getChildren().add(root); . }

|I=new Label();

sp.getChildren().add(l); . }

Scene s=new Scene(sp,800,600);

s.setOnMouseMoved(new
EventHandler<MouseEvent>() {



Canvas

package demofx;

import javafx.application.Application;
import javafx.scene.Scene;

import javafx.scene.canvas.Canvas;

import javafx.scene.canvas.GraphicsContext;
import javafx.scene.layout.Pane;

import javafx.stage.Stage;

public class fxcanvas extends Application {

@Override
public void start(Stage stage) throws Exception {
Canvas canvas = new Canvas(400, 200);
canvas.setWidth(400);
canvas.setHeight(200);
GraphicsContext gc = canvas.getGraphicsContext2D();

gc.strokeText("Hello Canvas", 150, 100);

gc.strokelLine(9, 9, 100,100);

Pane root = new Pane();

root.setStyle("-fx-padding: 10;" +
"-fx-border-style: solid inside;" +
"-fx-border-width: 2;" +
"-fx-border-insets: 5;" +
"-fx-border-radius: 5;" +
"-fx-border-color: blue;");

root.getChildren().add(canvas);

Scene scene = new Scene(root);
stage.setScene(scene);
stage.setTitle("Creation of a Canvas");
stage.show();

}

public static void main(String[] args) {
launch(args);
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public class fxanim extends Application {
public static final int width = 800;
public static final int height = 600;
public static final long duration = 30000;
public static final int count = 30;
@Override
public void start(Stage primaryStage) throws Exception {
Group root = new Group();
Scene scene = new Scene(root, width, height, Color.BLACK);
primaryStage.setScene(scene);
Rectangle colors = new Rectangle(0, 0,
new LinearGradient(0f, 1f, 1f, Of, true, CycleMethod.NO_CYCLE, new Stop[]{
new Stop(0, Color.web("#f8bd55")),
new Stop(0.14, Color.web("#c0fe56")),
new Stop(0.28, Color.web("#5dfbc1")),
new Stop(0.43, Color.web("#64c2f8")),
new Stop(0.57, Color.web("#bedaf7")),
new Stop(0.71, Color.web("#ed5fc2")),
new Stop(0.85, Color.web("#ef504c")),
new Stop(1, Color.web("#f2660f")),}));

colors.widthProperty().bind(scene.widthProperty());
colors.heightProperty().bind(scene.heightProperty());

Group circles = new Group();

for (inti=0;i< count; i++) {

0 g;;le circle = new Circle(Math.random() * 50 + 75, Color.web("white",
circle.setStrokeType(StrokeType.OUTSIDE);
circle.setStrokeWidth(4);
circles.setEffect(new BoxBlur(10, 10, 3));
circles.getChildren().add(circle);

Timeline timeline = new Timeline();
for(Node circle : circles.getChildren())

{

KeyFrame start = new KeyFrame(Duration.ZERO, new
KeyValue(circle.translateXProperty(), Math.random() * scene.getWidth()),
new KeyValue(circle.translateYProperty(), Math.random() *
scene.getHeight()));

KeyFrame end = new KeyFrame(new Duration(duration), new
KeyValue(circle.translateXProperty(), Math.random() * scene.getWidth()),
new KeyValue(circle.translateYProperty(), Math.random() *
scene.getHeight()));

timeline.getKeyFrames().addAll(start, end);

}

timeline.play();

//colors.setBlendMode(BlendMode.SCREEN);
colors.setBlendMode(BlendMode.OVERLAY);

root.getChildren().add(circles);
root.getChildren().add(colors);

primaryStage.show();

}
public static void main(String[] args) {
launch(args);

}
}
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package fxpainter;

import com.sun.xml.internal.ws.resources.DispatchMessages;

import javafx.application.Application;
import javafx.beans.InvalidationListener;
import javafx.beans.Observable;

import javafx.event.Event;

import javafx.event.EventHandler;
import javafx.scene.Cursor;

import javafx.scene.Scene;

import javafx.scene.canvas.Canvas;
import javafx.scene.canvas.GraphicsContext;
import javafx.scene.control.Button;
import javafx.scene.control.Label;
import javafx.scene.control.ToolBar;
import javafx.scene.input.MouseButton;
import javafx.scene.input.MouseEvent;
import javafx.scene.layout.BorderPane;
import javafx.scene.layout.HBox;

import javafx.scene.layout.Pane;

import javafx.scene.layout.StackPane;
import javafx.scene.paint.Color;

import javafx.scene.shape.Line;

import javafx.stage.Stage;

public class painter_main extends Application {
public static final int width = 800;
public static final int height = 600;

BorderPane borderPane ;
ToolBar toolbar ;

HBox statusbar;

Pane sp;

Canvas canvas;

Label coord;

Button btnLine;

Point p1=new Point(0,0);
Point p2=new Point(0,0);
Point p=new Point(0,0);
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package imageprocessing;

import java.awt.Graphics2D;

import java.awt.image.Bufferedimage;
import java.io.File;

import java.io.lOException;

import javax.imageio.ImagelO;

import sun.awt.image.PixelConverter.Rgba;
import javafx.application.Application;
import javafx.embed.swing.SwingFXUtils;
import javafx.event.Event;

import javafx.event.EventHandler;

import javafx.scene.Scene;

import javafx.scene.canvas.Canvas;

import javafx.scene.canvas.GraphicsContext;
import javafx.scene.control.Button;

import javafx.scene.control.ToolBar;
import javafx.scene.image.lmage;

import javafx.scene.image.lmageView;
import javafx.scene.image.PixelFormat;
import javafx.scene.layout.BorderPane;
import javafx.scene.layout.GridPane;
import javafx.scene.layout.Pane;

import javafx.scene.paint.Color;

import javafx.stage.FileChooser;

import javafx.stage.Stage;

public class imagetool extends Application {
final static int width=800;
final static int height=600;
BorderPane bp;

ToolBar tb;

Button btnread;

Button btngray;

GridPane gp;

ImageView im1;

Canvas canvas;

Stage mainstage;

String filename;

public void start(Stage stage) throws Exception {

mainstage=stage;

Image
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File

public class file {

public static void main(String[] args) {
String tmp;

try {

Scanner s=new Scanner(new
File("C:/wpfang/teach/java/demo/demo_socket/src/demo_socket/file.java"));

while(s.hasNextLine())

{
tmp=s.nextLine();
System.out.printin(tmp);

}

} catch (FileNotFoundException e) {
e.printStackTrace();

}



public class file_write {
public static void main(String[] args) {
String str = "test";
BufferedWriter writer;
try {
writer = new BufferedWriter(new FileWriter("test.txt"));
writer.write(str);
writer.close();}
catch (IOException e) {
e.printStackTrace();

}
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wiresherk
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Get http

public class geturl {
public static void main(String[] args) throws IOException {
URL url=new URL("http://140.138.146.85");
HttpURLConnection conn=(HttpURLConnection) url.openConnection();
conn.connect();
BufferedinputStream is=new BufferedInputStream(conn.getinputStream());
byte [] tmp = new byte[1024];
int len=0;
final Charset UTF_8 = Charset.forName("UTF-8");
while ((len = is.read(tmp)) !=-1) {

String value = new String(tmp, UTF_8);
System.out.print(value);
}
is.close();
}
}



public class status {

public static void main(String[] args) {

try {

Socket s=new Socket("www.yzu.edu.tw",80);
System.out.printin(s.getinetAddress()),

} catch (UnknownHostException e) {
e.printStackTrace();

} catch (IOException e) {

e.printStackTrace();

}

}
}



public class socketserverdemo {
public static void main(String args[]){
mythread t=new mythread();
t.start();

}

}

class mythread extends Thread
{

ServerSocket ss;

mythread()

{

try {

ss=new ServerSocket(81);

} catch (IOException e) {
e.printStackTrace();

}

}

public void run() {
while (true)

{
System.out.printin("waiting...");
try {

Socket s=ss.accept();
System.out.printin(s.getLocalAddress());
s.close();
}
catch (IOException e) {
e.printStackTrace();
}
}
}
}



Server

import java.net.ServerSocket; * ) ) in = new
import java.net.Socket; java.io.BufferedInputStream(socket.getinputStream());

. byte[] b = new byte[1024];
public class SocketServer extends java.lang.Thread { : IS:;T;?‘::;? ="
private boolean OutServer = false; : - while ((length = in.read(b)) > 0)// <=OHJEERLIZ4E R
private ServerSocket server; . {
private final int ServerPort = 8765;// BEEE ¢ port . data += new String(b, 0, length):
. }

public SocketServer() {

try { . System.out.printIn("FHUSHY{E:" + data);
server = new ServerSocket(ServerPort); v P (FE )

. in.close();
. . . . in = null;
} catch (java.io.lOException e) { . socket.close();

System.out.printin("SocketE{ & HRE !"); .
System.out.printIn("IOException :" + e.toString());

. } catch (java.io.lOException e) {
} . System.out.printIn("Socket 4R [HRE 1");
} . System.out.printIn("IOException :" + e.toString());
. }

public void run() {
Socket socket; . }
java.io.BufferedIinputStream in; . }

System.out.printIn("{=1k 28 ELRLEN 1"); .

ublic static void main(String args
while (!OutServer) { P ( g args(]) {

. (new SocketServer()).start();
socket = null; . }
try { .
synchronized (server) { . }
socket = server.accept();
}

System.out.printin("HY {5745 : InetAddress ="
+ socket.getlnetAddress());

// TimeOuth[t]

socket.setSoTimeout(15000);
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import java.net.InetSocketAddress;
import java.net.Socket;
import java.io.BufferedOutputStream;

public class SocketClient {
private String address = "127.0.0.1";// #H4%HYip
private int port = 8765;// 45/ port

public SocketClient() {

Socket client = new Socket();
InetSocketAddress isa = new InetSocketAddress(this.address, this.port);
try {

client.connect(isa, 10000);

BufferedOutputStream out = new BufferedOutputStream(client

.getOutputStream());

/] EH R

out.write("Send From Client ".getBytes());

out.flush();

out.close();

out = null;

client.close();

client = null;

} catch (java.io.IOException e) {
System.out.printIn("Socket7H45 5 [ RE 1");
System.out.printIn("IOException :" + e.toString());

}

}

public static void main(String args[]) {
new SocketClient();
}
}

Client
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main
public class Main {

public static void main(String args|])
{
if(args.length==0)
System.out.printIn("Z5 /8 A £k #server5client");
if(args[0].equals("server"))
(new SocketServer()).start();
else
new SocketClient();



Server

public class SocketServer implements java.lang.Runnable {
private int port;
private java.net.ServerSocket ss;

public SocketServer(int port) throws java.io.lOException {
this.port = port;
// 17— ServerSocket
this.ss = new java.net.ServerSocket(port);

}

public void run() {
java.net.Socket sk = null;
while (true)// 7k iBENTT
{
/] EFFEA
System.out.printIn("waiting...");
try{
// iS5 H4% Socket
sk = this.ss.accept();
// Bif5-ClientiE#43Address
System.out.printin(sk.getLocalAddress());
sk.close();
} catch (java.io.lOException e) {
e.printStackTrace();
}

}
}

public static void main(String args[]) throws java.io.lOException {
// runableZnew—{fEThread, F{runnable’ & A
java.lang.Thread thread = new java.lang.Thread(new SocketServer(81));
thread.start();
}
}
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et

public boolean doGet(String sURL, String cookie, String referer,

String charset) {

boolean doSuccess = false;

BufferedReader in = null;

try {
URL url = new URL(sURL);
HttpURLConnection URLConn = (HttpURLConnection) url .openConnection();
URLConn .setRequestProperty( "User-agent", "Mozilla/5.0 (Windows; U; Windows NT 6.0; zh-TW; rv:1.9.1.2) "

+ "Gecko/20090729 Firefox/3.5.2 GTB5 (.NET CLR 3.5.30729)");

URLConn .setRequestProperty("Accept”, "text/html,application/xhtml+xml,application/xml;q=0.9,*/*;q=0.8");
URLConn.setRequestProperty("Accept-Language", "zh-tw,en-us;q=0.7,en;q=0.3");
URLConn.setRequestProperty("Accept-Charse", "Big5,utf-8;0=0.7,*;9=0.7");
if (cookie != null) URLConn.setRequestProperty("Cookie", cookie);
if (referer I= null) URLConn.setRequestProperty("Referer", referer);
URLConn.setDolnput(true);
URLConn.setDoOutput(true);
URLConn.connect();
URLConn.getOutputStream().flush();
in = new BufferedReader(new InputStreamReader(URLConn .getInputStream(), charset));
String line;
while ((line = in.readLine()) != null) {
System.out.printin(line);

}

} catch (IOException e) {
doSuccess = false;
log.out.printin(e);
e.printStackTrace();

} finally {
if (in != null) {

try {
in.close();

} catch (java.io.lOException ex) {
logger.info(ex);

}
in =null;
}
}
return doSuccess;

}
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post

public boolean doPost(String sURL, String data, String cookie,
String referer, String charset) {

boolean doSuccess = false;

java.io.BufferedWriter wr = null;

try {
URL url = new URL(sURL);
HttpURLConnection URLConn = (HttpURLConnection) url .openConnection();
URLConn.setDoOutput(true);
URLConn.setDolnput(true);
((HttpURLConnection) URLConn).setRequestMethod("POST");
URLConn.setUseCaches(false);
URLConn.setAllowUserInteraction(true);
HttpURLConnection.setFollowRedirects(true);
URLConn.setInstanceFollowRedirects(true);
URLConn.setRequestProperty( "User-agent", "Mozilla/5.0 (Windows; U; Windows NT 6.0; zh-TW; rv:1.9.1.2) "

+ "Gecko/20090729 Firefox/3.5.2 GTB5 (.NET CLR 3.5.30729)");

URLConn .setRequestProperty("Accept”, "text/html,application/xhtml+xml,application/xml;q=0.9,*/*;q=0.8");
URLConn.setRequestProperty("Accept-Language", "zh-tw,en-us;q=0.7,en;q=0.3");
URLConn.setRequestProperty("Accept-Charse", "Big5,utf-8;9=0.7,%;94=0.7");
if (cookie != null) URLConn.setRequestProperty("Cookie", cookie);
if (referer !=null) URLConn.setRequestProperty("Referer", referer);
URLConn.setRequestProperty("Content-Type", "application/x-www-form-urlencoded");
URLConn.setRequestProperty("Content-Length", String.valueOf(data .getBytes().length));
java.io.DataOutputStream dos = new java.io.DataOutputStream(URLConn .getOutputStream());
dos.writeBytes(data);
java.io.BufferedReader rd = new java.io.BufferedReader(
new java.io.InputStreamReader(URLConn.getInputStream(),
charset));
String line;
while ((line = rd.readLine()) != null) {
System.out.printin(line);
}
rd.close();
} catch (java.io.lOException e) {
doSuccess = false;
logger.info(e);
} finally {
if (wr !=null) {
try {
wr.close();

} catch (java.io.lOException e) {
doSuccess = false;
logger.info(e);
} finally {
if (wr !=null) {
try {
wr.close();
} catch (java.io.lOException ex) {
logger.info(ex);

}

wr = null;

return doSuccess;

}
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— Stream Socket ( Connection-Oriented Protocol )

— Datagram Socket ( Connectionless Protocol )
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Java Socket

* JavasZiLAEEs AP
— java.net (Networking)
— javax.net.ssl (Networking with Secure Socket Layer)
— java.rmi (Remote Method Invocation)
— javax.rmi (Remote Method Invocation for IIOP)



Java.net
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— FEFHURL (Uniform Resource Locator )
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— ERIETCP ( Transmission Control Protocol ) iE=H,E
— GRIEAEEEENEE ( Authentication ) K FEPE ( Permission )
— NEBEEHEZS (ContentHandler)




e FEURL

)b

* Interface
— URLStreamHandlerFactory
* C(lass

— java.net.HttpURLConnection
— java.net.JarURLConnection
— java.net.URL
— java.net.URLClassLoader
— java.net.URLConnection
— java.net.URLDecoder
— java.net.URLEncoder
— java.net.URLStreamHandler
* Exception
— java.net.MalformedURLException
— java.net.UnknownServiceException
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e C(Class
— java.net.InetAddress
e Method

— public byte[] getAddress()

— public static InetAddress[] getAlIByName(String host) throws
UnknownHostException

— public static InetAddress getByName(String host) throws
UnknownHostException

— public String getHostAddress()
— public String getHostName()

— public static InetAddress getLocalHost() throws
UnknownHostException

* Exception
— java.net.UnknownHostException
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SocketImplFactory
SocketOptions

e (lass

java.net.ServerSocket
java.net.Socket
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* Exception

java.net.BindException
java.net.ConnectException
java.net.NoRouteToHostException
java.net.ProtocolException
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* Class
— java.net.Authenticator
— Java.net.NetPermission
— java.net.PasswordAuthentication
— java.net.SocketPermission
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Download html

import java.io.*;
import java.net.*;
import java.util.*;

public class app

{
public static void main(String[] args) throws Exception
{
String filename="index.txt";
String result="";
URL url = new URL("http://140.138.146.85/index.php");
DatalnputStream in = new DatalnputStream(url.openStream());
RandomAccessFile out = new RandomAccessFile(filename, "rw");
try
{
byte data;
while(true)
{
data = (byte)in.readByte();
out.writeByte(data);
System.out.print(new String(new byte[]{data}));
}
}
catch(EOFExceptione) { }
System.out.printin(" £ 3 &L ");
in.close();
out.close();
}



JSoup

package demo_jsoup;

import java.io.lOException;

import java.net.URL;

import java.util.ArrayList;

import org.jsoup.Jsoup;

import org.jsoup.nodes.Document;

import org.jsoup.select.Elements;

public class app {

public static void main(String[] args) throws IOException {
URL url = new URL("http://140.138.146.85/courses/pd105b/wpclassroom/showall.php");
Document xmIDoc = Jsoup.parse(url, 0);
Elements node = xmlDoc.select("td");
ArrayList list = new ArrayList();
list.add(""+node.get(1).text());
String res = String.join(" " list);
String parts[] = res.split("\\s");
for (inti=0; i< parts.length; i++)

System.out.printin(parts[i]);

}



Server

import java.io.*;
import java.net.*;
public class UdpServer {
int port;
public static void main(String args[]) throws Exception {
UdpServer server = new UdpServer(5555);
server.run(); o
}
public UdpServer(int pPort) { port = pPort;}
public void run() throws Exception {
final int SIZE = 8192;
byte buffer[] = new byte[SIZE];
for (int count = 0; ; count++) {
DatagramPacket packet = new DatagramPacket(buffer, buffer.length);
DatagramSocket socket = new DatagramSocket(port
Socket. socket.receive(packet);
String msg = new String(buffer, 0, packet.getLength());
System.out.printin(count+" : receive = "+msg); socket.close();

b1}



Client

import java.io.*;
import java.net.*;
public class UdpClient extends Thread {

int port;

InetAddress server;

String msg;

public static void main(String args[]) throws Exception {

for (int i=0; i<100; i++) {
UdpClient client = new UdpClient(args[0], 5555, "UdpClient : "+i+"th message");

client.run();
}
}
public UdpClient(String pServer, int pPort, String pMsg) throws Exception {
port = pPort;
server = InetAddress.getByName(pServer);
msg = pMsg;
}
public void run() {
try {
byte buffer[] = msg.getBytes();
DatagramPacket packet = new DatagramPacket(buffer, buffer.length, server, port);
DatagramSocket socket = new DatagramSocket();
socket.send(packet);
socket.close();
}

catch (Exception e) {
e.printStackTrace(); }
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Json

* https://search.maven.org/#search%7Cgav%7C
1%7Cg%3A%220rg8.json%22%20AND%20a%3A
%22json%22



* http://data.coa.gov.tw/Service/OpenData/Dat
aFileService.aspx?Unitld=069



package demo_json;
import java.io.BufferedReader;
import java.io.lOException;
import java.io.lnputStream;
import java.io.lnputStreamReader;
import java.io.Reader;
import java.net.URL;
import java.nio.charset.Charset;
import org.json.JSONException;
import org.json.JSONObject;
public class app {
private static String readAll(Reader rd) throws IOException {
StringBuilder sb = new StringBuilder();
int cp;
while ((cp = rd.read()) !=-1) {
sbh.append((char) cp);
}
return sh.toString();
}
public static JSONObject readJsonFromUrl(String url) throws I0Exception, JSONException {
InputStream is = new URL(url).openStream();
try {
BufferedReader rd = new BufferedReader(new InputStreamReader(is, Charset.forName("UTF-8")));
String jsonText = readAll(rd);
JSONObject json = new JSONODbject(jsonText.substring(jsonText.indexOf('{')));
return json;
}Hinally {
is.close();
}
}
public static void main(String[] args) throws I0Exception, JSONException {
JSONObject json = readJsonFromUrl("http://data.coa.gov.tw/Service/OpenData/DataFileService.aspx?Unitld=069&ndctype=JSON&ndcnid=6034");
System.out.printin(json.toString());
System.out.printin(json.get(" |z #¢"));
}
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BOWLING GAME KATA



Scoring Bowling.

114/4(5 6|45 017 6 2| M6
5 |14 | 29 | 49 | 60 | 61 | 77 | 97 |[117|133

The game consists of 10 frames as shown above. In each frame the playel
two opportunities to knock down 10 pins. The score for the frame is the tot:
number of pins knocked down, plus bonuses for strikes and spares.

A spare is when the player knocks down all 10 pins in two tries. The bonus
that frame is the number of pins knocked down by the next roll. So in frame
above, the score is 10 (the total number knocked down) plus a bonus of 5 (
number of pins knocked down on the next roll.)

A strike is when the player knocks down all 10 pins on his first try. The bon
for that frame is the value of the next two balls rolled.

In the tenth frame a player who rolls a spare or strike is allowed to roll the e
balls to complete the frame. However no more than three balls can be rolle
tenth frame.



The Requirements.

Game

+ roll(pins : int)
+ score() : int

 Write a class named “Game” that
has two methods

— roll(pins : int) is called each time the
player rolls a ball. The argument is
the number of pins knocked down.

— score() : int is called only at the very
end of the game. It returns the
total score for that game.



A quick design session

+ roll(pins : in) Clearly we need the Game class.
Cco i




A quick design session

10

A game has 10 frames.



A quick design session

Game 10 Frame 1.2 Roll

+ roll(pins : int)
+ score() : int - pins : int

A frame has 1 or two rolls.



A quick design session

Game 10 Frame 1.2 Roll

+ roll(pins : int)
+ score() : int - pins : int

T :

Tenth Frame

The tenth frame has two or three rolls.
It is different from all the other frames.



A quick design session

Game 10 Frame 1.2 Roll
+ roll(pins : int) + score() : int
+ score() : int - pins : int
The score function must 1
iterate through all the
frames, and calculate
all their scores. Tenth Frame




A quick design session

nextframe 1 NE score for a spare or a
strike depends on the

frame’s successo
Game 10 Frame 1.9 Roll
+ roll(pins : int) + score() : int
+ score() : int - pins : int

Tenth Frame




Begin.

* Create a project named BowlingGame
* Create a unit test named BowlingGameTest

import junit.framework.TestCase;

public class BowlingGameTest extends TestCase {

}



Begin.

* Create a project named
BowlingGame

* Create a unit test named
BowlingGameTest

import junit.framework.TestCase;

public class BowlingGameTest extends TestCase {

}
Execute this program and verify that you get the following error:

No tests found in BowlingGameTest



The first test.

import junit.framework.TestCase;

public class BowlingGameTest extends

TestCase {
public void testGutterGame() throws

Exception {
Game g = new Game();
3

}




The first test.

import junit.framework.TestCase; public class Game {
¥
public class BowlingGameTest extends

TestCase {
public void testGutterGame() throws

Exception {
Game g = new Game();
}

}




The first test.

import junit.framework.TestCase; public class Game {
3
public class BowlingGameTest extends

TestCase {
public void testGutterGame() throws

Exception {
Game g = new Game();
}

} I




The first test.

public class Game {

}

import junit.framework.TestCase;

public class BowlingGameTest extends

TestCase {
public void testGutterGame() throws
Exception {
Game g = new Game();
for (int i=0; i<20; i++)
g-roll(0);




The first test.

public class Game {
public void roll(int pins) {

public class BowlingGameTest extends }

TestCase { }
public void testGutterGame() throws
Exception {
Game g = new Game();
for (int i=0; i<20; i++)
g-roll(0);

import junit.framework.TestCase;




The first test.

public class Game {
public void roll(int pins) {

public class BowlingGameTest extends }

TestCase { }
public void testGutterGame() throws
Exception {
Game g = new Game();
for (int i=0; i<20; i++)
g-roll(0);
assertEquals(0, g.score());

import junit.framework.TestCase;

}
}




The first test.

public class Game {

import junit.framework.TestCase;
public void roll(int pins) {

public class BowlingGameTest extends 3}
TestCase {
public void testGutterGame() throws public int score() {
Exception { return -1;
Game g = new Game(); 3}
for (int i=0; i<20; i++) }
g-roll(0);

assertEquals(0, g.score());

}
} [ e s




The first test.

public class Game {

import junit.framework.TestCase;
public void roll(int pins) {

public class BowlingGameTest extends 3}
TestCase {
public void testGutterGame() throws public int score() {
Exception { return O;
Game g = new Game(); 3}
for (int i=0; i<20; i++) 3}
g-roll(0);

assertEquals(0, g.score());

}
} I




The Second test.

import junit.framework.TestCase; public class Game {
public void roll(int pins) {
public class BowlingGameTest extends }
TestCase {
public void testGutterGame() throws public int score() {
Exception { return O;
Game g = new Game(); }
for (int i = 0; i < 20; i++) }
g-roll(0);
assertEquals(0, g.score());
3

public void testAllOnes() throws
Exception {
Game g = new Game();
for (int i = 0; 1 < 20; i++)
g-roll(1);
assertEquals(20, g.score());
}
}




- qoame creation Ls
duplicated

1lhe Second test.

import junit.framework.TestCase; public class Game {
public void roll(int pins) {
public class BowlingGameTest extends }
TestCase {
public void testGutterGame() throws public int score() {

Exception { return O;

Game g = new Game(); }

for (int i = 0; i < 20; i++) }

g-roll(0);

quals(0, g.score());

public void testAllOnes() throws
Exception {

Game g = new Game();
for (int

g-ro >
assertEquals(20, g.score());

}
}




- qoame creation Ls
duplicated

1lhe Second test.

import junit.framework.TestCase; public class Game {
public void roll(int pins) {
public class BowlingGameTest extends 3}
TestCase {
public void testGutterGame() throws public int score() {
Exception { return O;
Game g = new Game(); 3}
for (int i = 0; i < 20; i++) }
g-roll(0);
assertEquals(0, g.score());
3

public void testAllOnes() throws
Exception {
Game g = new Game();
for (int i = 0; 1 < 20; i++)

g-roll(1);
assertEquals(20, g.
}

}




- roll Loop Ls duplicated

The Second test.

import junit.framework.TestCase; public class Game {
private int score = 0;

public class BowlingGameTest extends

TestCase { public void roll(int pins) {
private Game g; score += pins;
3
protected void setUp() throws Exception
{ public int score() {
g = new Game(); return score;
} 3
3

public void testGutterGame() throws
Exception {
for (int i = 0; 1 < 20; i++)
g-roll(0);
assertEquals(0, g.score());

}

public void testAllOnes() throws

Exception {
g-roll(1);
assertEquals(20, g.score());

}
}




- roll Loop Ls duplicated

The Second test.

import junit.framework.TestCase; public class Game {
private int score = 0;

public class BowlingGameTest extends

TestCase { public void roll(int pins) {
private Game g; score += pins;
3
protected void setUp() throws Exception
{ public int score() {
g = new Game(); return score;
} 3
3

public void testGutterGame() throws
Exception {
int n = 20;
int pins = 0;
for (int i =0; 1 < nj; i++) {
g-roll(pins);

assertEquals(0, g.score());

}

public void testAllOnes() throws

Exception {
for (int i =0; 1
g-roll(1);
assertEquals(20, g.score ;

}
}




- roll Loop Ls duplicated

The Second test.

import junit.framework.TestCase; public class Game {
private int score = 0;

public class BowlingGameTest extends

TestCase { public void roll(int pins) {
private Game g; score += pins;
3
protected void setUp() throws Exception
{ public int score() {
g = new Game(); return score;
} 3
3

public void testGutterGame() throws
Exception {
int n = 20;
int pins = 0;
rolIMany(n, pins);
assertEquals(0, g.score());

}
private void rollMany(int n, int pins)
{
for (int i = 0; i < n; i++)
g-roll(pins);
3
public void testAllOn
Exception {
for (int i =0; 1
g-roll(1);
assertEquals(20, g.score());
3

}




- roll Loop Ls duplicated

The Second test.

import junit.framework.TestCase;

public class BowlingGameTest extends
TestCase {
private Game g;

protected void setUp() throws Exception

{
g = new Game();
3

public void testGutterGame() throws
Exception {
rolIMany (20, 0);
assertEquals(0, g.score());

}

private void rollMany(int n, int pins)
{
for (int i = 0; i < n; i+4)
g-roll(pins);
}

public class Game {
private int score = 0;

public void roll(int pins) {
score += pins;

}

public int score() {
return score;
3
3

public void testAllO
Exception {
for (int i =0; 1

g.roll1(1);
assertEquals(20, g.score());
b
b




- roll Loop Ls duplicated

The Second test.

import junit.framework.TestCase; public class Game {
private int score = 0;
public class BowlingGameTest extends

TestCase { public void roll(int pins) {
private Game g; score += pins;
3
protected void setUp() throws Exception
{ public int score() {
g = new Game(); return score;
} 3
3

public void testGutterGame() throws
Exception {
rol IMany (20, 0);
assertEquals(0, g.score());

}
private void rollMany(int n, int pins)
{
for (int i = 0; i < n; i+4)
g-roll(pins);
}

Exception {

rolIMany(20,1);
assertEquals(20, g.score());
3
3




The Second test.

import junit.framework.TestCase; public class Game {
private int score = 0;
public class BowlingGameTest extends

TestCase { public void roll(int pins) {
private Game g; score += pins;
3
protected void setUp() throws Exception
{ public int score() {
g = new Game(); return score;
} 3
3
private void rollMany(int n, int pins)
{
for (int i = 0; 1 < nj i++)
g-roll(pins);
}

public void testGutterGame() throws
Exception {
rolIMany (20, 0);
assertEquals(0, g.score());

}

Exception {

rolIMany(20,1);
assertEquals(20, g.score());
3
3




- ugly comment in test.

The Third test.

import junit.framework.TestCase; public class Game {
private int score = 0;
public class BowlingGameTest extends

TestCase { public void roll(int pins) {
private Game g; score += pins;
}
protected void setUp() throws Exception
{ public int score() {
g = new Game(); return score;
} }
}
private void rollMany(int n, int pins)
{
for (int i = 0; 1 < nj i++)
g-roll(pins);
}

public void testGutterGame() throws
Exception {
rolIMany (20, 0);
assertEquals(0, g.score());

}

public void testAllOnes() throws
Exception {

rol IMany(20 ;
assert, g.score());
¥

public void testOneSpare() throws
Exception {
g.roll(5);
g.roll(5); // spare
g-roll(3);
rolIMany(17,0);
assertEquals(16,g.score());




- ugly comment in test.

The Third test.

import junit.framework.TestCase; public class Game {
private int score = 0;
public class BowlingGameTest extends

TestCase { public void roll(int pins) {
private Game g; score += pins;
3
protected void setUp() throws Exception
{ public int score() {
g = new Game(); return score;
} 3
3
private void rollMany(int n, int pins)
{
for (int i = 0; 1 < nj i++)
g-roll(pins);
}

public void testGutterGame() throws
Exception {
rolIMany (20, 0);
assertEquals(0, g.score());

}

public void testAllOnes() throws
Exception {
rolIMany(20,1);
assertEquals(20, g.score());

}

public void testOneSpare() throws
Exception {
g.roll(5);
g.roll(5); // spar
g-roll(3);

rolIMany(17,0);
assertEquals(16,g.score());




- ugly comment in test.

The Third test.

import junit.framework.TestCase;

public class BowlingGameTest extends
TestCase {
private Game g;

protected void setUp() throws Exception

{
g = new Game();
3

private void rollMany(int n, int pins)
{
for (int i = 0; i < n; i+4)
g-roll(pins);
}

public void testGutterGame() throws
Exception {
rolIMany (20, 0);
assertEquals(0, g.score());

}

public void testAllOnes() throws
Exception {
rolIMany(20,1);
assertEquals(20, g.score());

}

public void testOneSpare() throws
Exception {
g.roll(5);
g.roll(5); // spare
g-roll(3);
rolIMany(17,0);
assertEquals(16,g.score());

public class Game {
private int score = 0,

}

public void rog

}

score += pins;

rempteol to use flag to
remeember previous voll. So

int pRaRy fuust be wrong.

public int score() {

}

return score;



- ugly comment in test.

The Third test.

import junit.framework.TestCase;

public class BowlingGameTest extends
TestCase {
private Game g;

protected void setUp() throws Exception
{
g = new Game();

}

private void rollMany(int n, int pins)
{
for (int i = 0; i < n; i+4)
g-roll(pins);
}

public void testGutterGame() throws
Exception {
rolIMany (20, 0);
assertEquals(0, g.score());

}

public void testAllOnes() throws
Exception {
rolIMany(20,1);
assertEquals(20, g.score());

}

public void testOneSpare() throws
Exception {
g.roll(5);
g.roll(5); // spare
g-roll(3);
rolIMany(17,0);
assertEquals(16,g.score());

public class Game {

private int score = yoll() caleulates scove, but
/’wame does not 'metg that.
public void 40l1(int pins) {

score += pins;

}

score() does not caleulate
public int ore() { Score but name bmplies
return score; that it does.
3

Design Ls wrong,.
Responsibilities are
misplaced.



- ugly comment in test.

The Third test.

import junit.framework.TestCase; public class Game {
private int score = 0;
public class BowlingGameTest extends

TestCase { public void roll(int pins) {
private Game g; score += pins;
3
protected void setUp() throws Exception
{ public int score() {
g = new Game(); return score;
} 3
3
private void rollMany(int n, int pins)
{
for (int i = 0; 1 < nj i++)
g-roll(pins);
}

public void testGutterGame() throws
Exception {
rolIMany (20, 0);
assertEquals(0, g.score());

}

public void testAllOnes() throws
Exception {
rolIMany(20,1);
assertEquals(20, g.score());

}

// public void testOneSpare() throws
Exception {

// g-roll(5);

// g-roll(5); // sp

// g-roll(3);

// rol IMany(17,0);
// assertEquals(16,g.score());




- ugly comment in test.

The Third test.

public class Game {

import junit.framework.TestCase;

public class BowlingGameTest extends
TestCase {
private Game g;

protected void setUp() throws Exception

{
g = new Game();
3

private void rollMany(int n, int pins)
{
for (int i = 0; i < n; i+4)
g-roll(pins);
}

public void testGutterGame() throws
Exception {
rolIMany (20, 0);
assertEquals(0, g.score());

}

public void testAllOnes() throws
Exception {
rolIMany(20,1);
assertEquals(20, g.score());

}

// public void testOneSpare() throws
Exception {
// g.roll(5);

}

private int score = 0;
private int rolls[] = new int[21];
private int currentRoll = 0;

public void roll(int pins) {
score += pins;
rolls[currentRoll++] = pins;

}

public int score() {
return score;
3

// g.roll(3);
// rol IMany(17,0);
// assertEquals(16,g.score());




- ugly comment in test.

The Third test.

import junit.framework.TestCase; public class Game {

private int score = 0;
public class BowlingGameTest extends private int rolls[] = new int[21];
TestCase { private int currentRoll = 0;

private Game g;
public void roll(int pins) {

protected void setUp() throws Exception score += pins;
{ rolls[currentRoll++] = pins;
g = new Game(); 3}
3
public int score() {
private void rollMany(int n, int pins) int score = 0;
{ for (int i = 0; 1 < rolls.length; i++)
for (int i = 0; 1 < nj i++) score += rolls[i];
g-roll(pins); return score;
} 3
3

public void testGutterGame() throws
Exception {
rolIMany (20, 0);
assertEquals(0, g.score());

}

public void testAllOnes() throws
Exception {
rolIMany(20,1);
assertEquals(20, g.score());

}

// public void testOneSpare() throws
Exception {

// g-roll(5);

// g-roll(5); // sp

// g-roll(3);

// rol IMany(17,0);
// assertEquals(16,g.score());




- ugly comment in test.

The Third test.

import junit.framework.TestCase; public class Game {
private int rolls[] = new int[21];
public class BowlingGameTest extends private int currentRoll = 0;
TestCase {
private Game g; public void roll(int pins) {
rolls[currentRoll++] = pins;
protected void setUp() throws Exception 3}
{
g = new Game(Q); public int score() {
} int score = 0;
for (int i = 0; 1 < rolls.length; i++)
private void rollMany(int n, int pins) score += rolls[i];
{ return score;
for (int i = 0; 1 < nj i++) 3}
g-roll(pins); 3}
}

public void testGutterGame() throws
Exception {
rolIMany (20, 0);
assertEquals(0, g.score());

}

public void testAllOnes() throws
Exception {
rolIMany(20,1);
assertEquals(20, g.score());

}

// public void testOneSpare() throws
Exception {

// g-roll(5);

// g-roll(5); // sp

// g-roll(3);

// rol IMany(17,0);
// assertEquals(16,g.score());




- ugly comment in test.

The Third test.

import junit.framework.TestCase; public class Game {
private int rolls[] = new int[21];
public class BowlingGameTest extends private int currentRoll = 0;
TestCase {
private Game g; public void roll(int pins) {
rolls[currentRoll++] = pins;
protected void setUp() throws Exception 3}
{
g = new Game(Q); public int score() {
} int score = 0;
for (int i = 0; 1 < rolls.length;
private void rollMany(int n, int pins) score += rolls[i];
{ return score;
for (int i = 0; 1 < nj i++) 3}
g-roll(pins); 3}
}

public void testGutterGame() throws
Exception {
rolIMany (20, 0);
assertEquals(0, g.score());

}

public void testAllOnes() throws
Exception {
rolIMany(20,1);
assertEquals(20, g.score());

}

public void testOneSpare() throws
Exception {
g.roll(5);
g.roll(5); // spar
g.roll(3);

rolIMany(17,0);
assertEquals(16,g.score());

i++)



- ugly comment in test.

The Third test.

import junit.framework.TestCase; public class Game {
private int rolls[] = new int[21];
public class BowlingGameTest extends private int currentRoll = 0;
TestCase {
private Game g; public void roll(int pins) {
rolls[currentRoll++] = pins;
protected void setUp() throws Exception }
{
g = new Game(); public int score() {
} int score = 0;
for (int i = 0; 1 < rolls.length; i++)
private void rollMany(int n, int pins) {
{ it (rolls[i] + rolls[i+1] == 10) //
for (int i = 0; 1 < nj i++) spare
g.roll(pins); score += ...
} score += rolls[i];
}
public void testGutterGame() throws return score;
Exception { 3} This tsn't going to work
rol IMany (20, 0); } because L might not vefer to
assertEquals(0, g.score()); the first ball of the frame.
}
N ) Desigwn Ls still wrong.
public void testAllOnes() throws
Excegg:?aaﬁy(zo,l); Need to walk through array
assertequals(20, g.score()); tWODMHS(OWS{V“W£)Mt“
3} tlme.

public void testOneSpare() throws
Exception {
g.roll(5);
g.roll(5); // spare
g-roll(3);
rolIMany(17,0);
assertEquals(16,g.score());




- ugly comment in test.

The Third test.

import junit.framework.TestCase; public class Game {
private int rolls[] = new int[21];
public class BowlingGameTest extends private int currentRoll = 0;
TestCase {
private Game g; public void roll(int pins) {
rolls[currentRoll++] = pins;
protected void setUp() throws Exception 3}
{
g = new Game(Q); public int score() {
} int score = 0;
for (int i = 0; 1 < rolls.length; i++)
private void rollMany(int n, int pins) score += rolls[i];
{ return score;
for (int i = 0; 1 < nj i++) 3}
g-roll(pins); 3}
}

public void testGutterGame() throws
Exception {
rolIMany (20, 0);
assertEquals(0, g.score());

}

public void testAllOnes() throws
Exception {
rolIMany(20,1);
assertEquals(20, g.score());

}

// public void testOneSpare() throws
Exception {

// g-roll(5);

// g-roll(5); // sp

// g-roll(3);

// rol IMany(17,0);
// assertEquals(16,g.score());




- ugly comment in test.

The Third test.

import junit.framework.TestCase; public class Game {
private int rolls[] = new int[21];
public class BowlingGameTest extends private int currentRoll = 0;
TestCase {
private Game g; public void roll(int pins) {
rolls[currentRoll++] = pins;
protected void setUp() throws Exception 3}
{
g = new Game(); public int score() {
} int score = 0;
int i = 0;
private void rollMany(int n, int pins) for (int frame = 0; frame < 10;
{ frame++) {
for (int i = 0; 1 < nj i++) score += rolls[i] + rolls[i+1];
g-roll(pins); i += 2;
} }
return score;
public void testGutterGame() throws 3}
Exception { 3}

rolIMany (20, 0);
assertEquals(0, g.score());

}

public void testAllOnes() throws
Exception {
rolIMany(20,1);
assertEquals(20, g.score());

}

// public void testOneSpare() throws
Exception {

// g-roll(5);

// g-roll(5); // sp

// g-roll(3);

// rol IMany(17,0);
// assertEquals(16,g.score());




- ugly comment in test.

The Third test.

import junit.framework.TestCase; public class Game {
private int rolls[] = new int[21];
public class BowlingGameTest extends private int currentRoll = 0;
TestCase {
private Game g; public void roll(int pins) {
rolls[currentRoll++] = pins;
protected void setUp() throws Exception }
{
g = new Game(); public int score() {
} int score = 0;
int i = 0;
private void rollMany(int n, int pins) for (int frame = 0; frame < 10;
{ frame++) {
for (int i = 0; 1 < nj i++) score += rolls[i] + rolls[i+1];
g-roll(pins); i += 2;
} }
return score;
public void testGutterGame() throws }
Exception { }

rolIMany (20, 0);
assertEquals(0, g.score());

}

public void testAllOnes() throws
Exception {
rolIMany(20,1);
assertEquals(20, g.score());

}

public void testOneSpare() throws
Exception {
g.roll(5);
g.roll(5); // spar
g-roll(3);

rolIMany(17,0);
assertEquals(16,g.score());




- ugly comment in test.

The Third test.

import junit.framework.TestCase; public class Game {
private int rolls[] = new int[21];
public class BowlingGameTest extends private int currentRoll = 0;
TestCase {
private Game g; public void roll(int pins) {
rolls[currentRoll++] = pins;
protected void setUp() throws Exception 3}
{
g = new Game(Q); public int score() {
} int score = 0;
int i = 0;
private void rollMany(int n, int pins) for (int frame = 0; frame < 10;
{ frame++) {
for (int i = 0; 1 < nj i++) it (rolls[i] + rolls[i + 1] == 10)
g-roll(pins); // spare
} {
score += 10 + rolls[i + 2];
public void testGutterGame() throws i += 2;
Exception { } else {
rolIMany (20, 0); score += rolls[i] + rolls[i + 1];
assertEquals(0, g.score()); i += 2;
} }
3
public void testAllOnes() throws return score;
Exception { 3}
rolIMany(20,1); 3}
assertEquals(20, g.score());
3

public void testOneSpare() throws
Exception {
g.roll(5);
g.roll(5); // spar
g-roll(3);

rolIMany(17,0);
assertEquals(16,g.score());
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e The Third test.

import junit.framework.TestCase;

public class BowlingGameTest extends
TestCase {
private Game g;

protected void setUp() throws Exception

{
g = new Game();
3

private void rollMany(int n, int pins)
{
for (int i = 0; i < n; i+4)
g-roll(pins);
}

public void testGutterGame() throws
Exception {
rolIMany (20, 0);
assertEquals(0, g.score());

}

public void testAllOnes() throws
Exception {
rolIMany(20,1);
assertEquals(20, g.score());
3

public void testOneSpare() throws
Exception {
g.roll(5);
g.roll(5); // spare
g-roll(3);
rolIMany(17,0);
assertEquals(16,g.score());

public class Game {
private int rolls[] = new int[21];
private int currentRoll = 0;

public void roll(int pins) {
rolls[currentRoll++] = pins;

}

public int score() {
int score = O;
ing i = 0;
for (int frame = 0; frame
frame++) {
it (rolls[i] + rolls[i +
// spare
{

score += 10 + rolls[i + 2];
i += 2;
} else {
score += rolls[i] + rolls[i + 1];
i += 2;
}
3

return score;

}
}
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import junit.framework.TestCase;

public class BowlingGameTest extends
TestCase {
private Game g;

protected void setUp() throws Exception

{
g = new Game();
3

private void rollMany(int n, int pins)
{
for (int i = 0; i < n; i+4)
g-roll(pins);
}

public void testGutterGame() throws
Exception {
rolIMany (20, 0);
assertEquals(0, g.score());

}

public void testAllOnes() throws
Exception {
rolIMany(20,1);
assertEquals(20, g.score());

}

public void testOneSpare() throws
Exception {

The Third test.

public class Game {
private int rolls[] = new int[21];
private int currentRoll = 0;

public void roll(int pins) {
rolls[currentRoll++] = pins;
3

public int score() {
int score = 0;
int framelndex
for (int frame
frame++) {
it (rolls[framelndex] +
rolls[framelndex + 1] == 10) //

0;
0; frame < 10;

spare
{
score += 10 + rolls[framelndex +
2];
framelndex += 2;
} else {
score += rolls[framelndex] +
rolls[framelndex + 1];
framelndex += 2;
}
}
return score;
3
3

g.roll(5);
g.roll(5); // spar

g-roll(3);
rolIMany(17,0);
assertEquals(16,g.score());
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The Third test.

import junit.framework.TestCase;

public class BowlingGameTest extends
TestCase {
private Game g;

protected void setUp() throws Exception

{
g = new Game();
3

private void rollMany(int n, int pins)
{
for (int i = 0; i < n; i+4)
g-roll(pins);
}

public void testGutterGame() throws
Exception {
rolIMany (20, 0);
assertEquals(0, g.score());

}

public void testAllOnes() throws
Exception {
rolIMany(20,1);
assertEquals(20, g.score());

}

public void testOneSpare() throws

public class Game {

private int rolls[] = new int[21];
private int currentRoll = 0;

public void roll(int pins) {
rolls[currentRoll++] = pins;
3

public int score() {
int score = 0;
int framelndex
for (int frame

0;
0; frame < 10;

frame++) {

it (isSpare(framelndex))
{

score += 10 + rolls[framelndex +

2];

{

framelndex += 2;
} else {
score += rolls[framelndex] +
rolls[framelndex + 1];
framelndex += 2;
}
}

return score;

}

private boolean isSpare(int framelndex)

return rolls[framelndex] +

Exception { Index + 1] == 10;
g.roll(5);
g.roll(5); // spar

g-roll(3);
rolIMany(17,0);
assertEquals(16,g.score());




The Third test.

import junit.framework.TestCase;

public class BowlingGameTest extends
TestCase {
private Game g;

protected void setUp() throws Exception

{
g = new Game();
3

private void rollMany(int n, int pins)
{
for (int i = 0; i < n; i+4)
g-roll(pins);
}

public void testGutterGame() throws
Exception {
rolIMany (20, 0);
assertEquals(0, g.score());

}

public void testAllOnes() throws
Exception {
rolIMany(20,1);
assertEquals(20, g.score());

}

public void testOneSpare() throws
Exception {
rollSpare();
g-roll(3);
rolIMany(17,0);
assertEquals(16,g.score());

}

private void rollSpare() {
g.roll(5);
g.roll(5);

public class Game {
private int rolls[] = new int[21];
private int currentRoll = 0;

public void roll(int pins) {
rolls[currentRoll++] = pins;
3

public int score() {
int score = 0;
int framelndex
for (int frame
frame++) {
it (isSpare(framelndex))
{

score += 10 + rolls[framelndex +

0;
0; frame < 10;

2];

framelndex += 2;

} else {
score += rolls[framelndex] +

rolls[framelndex + 1];

framelndex += 2;

}

}

return score;

}

private boolean isSpare(int framelndex)

{

return rolls[framelndex] +

ii”i‘iiiiilndex + 1] == 10;
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The Fourth test.

import junit.framework.TestCase;

public class BowlingGameTest extends
TestCase {

public void testGutterGame() throws
Exception {
rolIMany (20, 0);
assertEquals(0, g.score());

}

public void testAllOnes() throws
Exception {
rolIMany(20,1);
assertEquals(20, g.score());

}

public void testOneSpare() throws
Exception {
rollSpare();
g.roll(3);
rol IMany
assertEg

9,9.score));

public void testOneStrike() throws
Exception {
g.roll(10); // strike
g.roll(3);
g.roll(4);
rolIMany (16, 0);
assertEquals(24, g.score());

}

public class Game {
private int rolls[] = new int[21];
private int currentRoll = 0;

public void roll(int pins) {
rolls[currentRoll++] = pins;
¥

public int score() {
int score = O;
int framelndex
for (int frame
frame++) {
it (isSpare(framelndex))
{

score += 10 + rolls[framelndex +

0;
0; frame < 10;

2];

framelndex += 2;

} else {
score += rolls[framelndex] +

rolls[framelndex + 1];

framelndex += 2;

}

}

return score;

}

private boolean isSpare(int framelndex)
{
return rolls[framelndex] +
rolls[framelndex + 1] == 10;
¥
¥

private void rollSpa
g.roll(5);
g.roll(5);

}
}
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import junit.framework.TestCase;

public class BowlingGameTest extends
TestCase {

public void testGutterGame() throws
Exception {
rolIMany (20, 0);
assertEquals(0, g.score());

}

public void testAllOnes() throws
Exception {
rolIMany(20,1);
assertEquals(20, g.score());

}

public void testOneSpare() throws
Exception {
rollSpare();
g.roll(3);
rolIMany(17,0);
assertEquals(16,g.score());

}

public void testOneStrike() throws
Exception {
g.roll(10); // strike
g-roll(3);
g.roll(4);
rolIMany(16, 0);
assertEquals(24, g.score());

}

private void rollSpare() {
g.roll(5);
g.roll(5);
3
3

S J(he Fourth test.

public class Game {
private int rolls[] = new int[21];
private int currentRoll = 0;

public void roll(int pins) {
rolls[currentRoll++] = pins;
3

public int score() {

int score = O;

int framelndex

for (int frame
frame++) {

it (ro

f

strike
{
score += 10 +
rolIs[frapelndex+1] +
rolIs[framelndex+2];
frameIndex++;
}
else iff (isSpare(framelndex))
{
score += 10 + rolls[firamelndex +
2];
framelndex += 2;
} else
score \&= rolls[fr ndex] +
rolls[framelndex + 1];
framelndex += 2;
}
}

return score;

}

private boolean isSpare(int framelndex)

Index] +
Index + 1] == 10;



-ugly comment in
testonestrike.
-ugly comment in

+he Fourth test.

import junit.framework.TestCase; public class Game {
private int rolls[] = new int[21];
public class BowlingGameTest extends private int currentRoll = 0;
TestCase { public void roll(int pins) {
rolls[currentRoll++] = pins;
public void testGutterGame() throws ¥
Exception { public int score() {
rolIMany (20, 0); int score = 0;
assertEquals(0, g-score()); int framelndex = 0;
} for (int frame = 0; frame < 10;

frame++) {

public void testAllOnes() throws it (rolls[framelndex] == 10) //

Exception { strlke{
rolIMany(20,1); score += 10 +
assertequals(20, g.score()); strikeBonus(framelndex);
¥ framelndex++;
} else if (isSpare(framelndex)) {
public void testOneSpare() throws score += 10 +
Exception { spareBonus(framelndex);
rollSpare(); framelndex += 2;
g-rol1(3); } else {

score +=
sumOfBal IsInFrame(framelndex);
framelndex += 2;

rolIMany(17,0);
assertEquals(16,g.score());

} }}
public void testOneStrike() throws return score;
Exception { }
g-roll(10); // strike ) ) B
g.roll(3); private int sumOfBallsInFrame(int
: framelndex) {
g-roll(4);
rolIMany(16, 0); LIS framelndex]+rol Is[frane Index+1] -
assertEquals(24. g.score()): ro} s[framelndex]+rolls[framelndex+1];
3
private int spareBonus(int framelndex)
private void rollSpare() { {
g.roll(5); return rolls[framelndex + 2];
g.roll(5); H
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testonestrike.
'he Fourth test.
import junit.framework.TestCase; public class Game {
private int rolls[] = new int[21];
public class BowlingGameTest extends private int currentRoll = 0;
TestCase { public void roll(int pins) {
rolls[currentRoll++] = pins;
public void testGutterGame() throws ¥
Exception { public int score() {
rolIMany (20, 0); int score = 0;
assertEquals(0, g-score()); int framelndex = 0;
} for (int frame = 0; frame < 10;

frame++) {
it (isStrike(framelndex)) {
score += 10 +
strikeBonus(framelndex) ;

public void testAllOnes() throws
Exception {
rolIMany(20,1);

framelndex++;
assertEquals(20, g-score()); } else if (isSpare(framelndex)) {
} score += 10 +
spareBonus(framelndex) ;
public void testOneSpare() throws framelndex += 2;
Exception { Y else {
rollSpare(); score +=
g.rol1(3d); sumOfBal IsInFrame(framelndex) ;
. framelndex += 2;
rolIMany(17,0); }
assertEquals(16,g.score()); }
} return score;
public void testOneStrike() throws ¥
Exception { private boolean isStrike(int framelndex)
g.rol1(10); // strike {
g.rol1(3); return rolls[framelndex] == 10;
g.rol1(4); }

rolIMany(16, 0);

rivate int sumOfBallsInFrame(int
assertEquals(24, g.score()); b (

framelndex) {

ks return rolls[framelndex] +
rolls[framelndex+1];
private void rollSpare() { }
g.roll(5);
g.roll(5); private int spareBonus(int framelndex)

{
_ retum roistirmeindesl
}



The Fourth test.

public void testGutterGame() throws
Exception {
rolIMany (20, 0);
assertEquals(0, g.score());

}

public void testAllOnes() throws
Exception {
rolIMany(20,1);
assertEquals(20, g.score());
3

public void testOneSpare() throws
Exception {
rollSpare();
g-roll(3);
rolIMany(17,0);
assertEquals(16,g.score());
}

public void testOneStrike() throws
Exception {
rollStrike();
g-roll(3);
g.roll(4);
rolIMany(16, 0);
assertEquals(24, g.score());
3

private void rollStrike() {
g-roll(10);
3

private void rollSpare() {
g.roll(5);
g.roll(5);

3

public class Game {
private int rolls[] = new int[21];
private int currentRoll = 0;

public void roll(int pins) {
rolls[currentRol1++] = pin
}

public int score() {
int score = 0;
int framelndex
for (int frame
frame++) {
it (isStrike(framelndex)) {
score += 10 +
strikeBonus(framelndex) ;
framelndex++;
} else if (isSpare(framelndex)) {
score += 10 +
spareBonus(framelndex);
framelndex += 2;
} else {
score +=
sumOfBal IsInFrame(framelndex);
framelndex += 2;
}
}
return score;

3
private boolean isStrike(int framelndex)

{
return rolls[framelndex] == 10;

}

private int sumOfBallsInFrame(int
framelndex) {
return rolls[framelndex] +
rolls[framelndex+1];

}

private int spareBonus(int framelndex)

S5

0;
0; frame < 10;

{
_ retum roistirmeindest
}



The Fifth test.

. public class Game {
public void testGutterGame() throws private int rolls[]1 = new int[21];
Exception { private int currentRoll = 0;
rolIMany (20, 0); _ _ _ _
assertEquals(0, g.score()); public void roll(int pins) {
3} rolls[currentRoll++] = pins;
}
ublic void testAllOnes() throws S
Exgeption { O pu?l;c int scoge() {
. int score = 0O;
rolIMany(20,1); ) int framelndex = 0;
assertkquals(20, g.score()); for (int frame = 0; frame < 10;
3 frame++) {
i} i} it (isStrike(framelndex)) {
public void testOneSpare() throws score += 10 +
Exception { strikeBonus(framelndex);
rollSpare(); framelndex++;
g-roll(3); } else if (isSpare(framelndex)) {
rolIMany(17,0); score += 10 +
assertEquals(16,g.-score()); spareBonus(framelndex) ;
} framelndex += 2;
} else {
public void testOneStrike() throws score +=
Exception { sumOfBal IsInFrame(framelndex) ;
rolIStrikeQ); framelndex += 2;
g-roll(3); }
g-rol1(4); L _
rol IMany (16, 0): ) return score;
assertEquals(24, g.score());
} private boolean isStrike(int framelndex)
public void testPerfectGame() throws t return rolls[framelndex] == 10;
Exception { 3}
rolIMany(12,10);
assertkquals(300, g.score()); private int sumOfBallsInFrame(int
3 framelndex) {
return rolls[framelndex] +
private void rollStrike() { rolls[framelndex+1];
g.rol1(10); }
private int spareBonus(int framelndex)

- - {
}



