Java Quick Reference

Welcome fellow Java enthusiasts!

This site grew out of adesireto store al the information | discovered in my study of the Java
Language in one easily accessible location and format.

If you're brand new to Java you may want to begin by working your way through a number of the
on-linetutorials. Click on Favourite Links and then choose Tutorials for alist of what's available
on the Web.

If you're studying for the Sun Certfied Java Programmer Exam (SCJP) click on SCJP2 Study
Notes. You'll find a collection of notes | made while studying for my own SCJP certification which
I'm happy to say | passed on December 14th, 2000.

All the best in your studies!
Jane

| The Java Certification Web Ring
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SCJP2 Study Notes

This section contains study notes for the Sun Certified Java 2 Programmer Exam (SCJIP2).

The objectives are based on the Testing Objectives for the New Sun Certified Programmer for Java
2 Platform posted on Sun's site as of October 1st, 2000.

The exam consists of 59 questions. A passing mark of 61% is required. The time limit, originally
90 minutes, has now been increased to 120 minutes.

NEW 1.4 EXAM as of August, 2002

Sun introduced a new exam version in August, 2002. |'ve marked up my pages to indicate which
objectives have been dropped or added; and, where possible, provided alink to study materias
related to the new objectives.

M ALWAYS CHECK SUN'SSITE FOR THE LATEST OBJECTIVES !!!

Usage

« use the menu on the left to navigate the various Certification Objective pages

« use the menu on the bottom of the Objective and note pages to navigate notes related to the
selected Objective

« save and compile the Code Examplesto see Java conceptsin action
« Tipsarethingsto be keep in mind when taking the exam
« Trapsarethings to watch out for when taking the exam

Testing concepts

If you're having a problem with a concept, WRITE SOME CODE to test it! DO NOT
use an IDE! Compile al your test code from the command line; this ensures you'll see
all the errors the compiler may create.

Why get certfied?
Read an on-line article by David L. Hecksdl and Marcus Green in The Certification Magazine
I Study Tip !

Visit JavaRanch on aregular basig!
It's the best site on the Web if you want to learn everything and anything about Javal

Pick up agood certification study guide. There are a number of excellent ones on the market, The
Complete Java 2 Certification Study Guide: Programmer's and Developers Exams (With CD-ROM)
aka RHE isafavourite of many JavaRanchers.

Of course, | like the one | co-authored with my fellow JavaRanch moderators the best<g>
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WA 1 Mike Meyer's Java 2 Certification Passport
@ : by Cindy Glass, Jane Griscti, Margaritalsayeva, Ajith Kallambella, and Kathy
Sierra

A concise, affordable and portable guide to Sun's Java 2 Exam 310-025

Errata Page
Best of luck in your studies!
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Java Quick Reference - Language Fundamentals

Language Fundamentals Certification Objectives

« ldentify correctly constructed source files, package declarations, import statements, class
declarations (of al formsincluding inner classes), interface declarations and
implementations (for java.lang.Runnable or other interfaces described in the test), method
declarations (including the main method that is used to start execution of a class), variable
declarations and identifiers.

« State the correspondence between index valuesin the argument array passed to amain
method and command line arguments. Identify al Java programming language keywords and
correctly constructed identifiers.

« Statethe effect of using avariable or array element of any kind when no explicit assignment
has been madeto it.

« State the range of al primitive data types and declare literal values for String and all
primitive types using all permitted formats, bases, and representations.

1.4 Exam Objectives

The objectives are basically the same; the first objective in 1.2 has been restated as.

« ldentify correctly constructed package declarations, import statments, class declarations (of
al formsincluding inner classes) interface declarations, method declarations (including the
main method that is used to start execution of aclass), variable declarations and identifiers.

« ldentify classesthat correctly implement an interface where that interface is either
java.lang.Runnable or afully specifiec interface in the question.
The second 1.2 objective has been split with an additional note on 'keywords

« State the correspondence between index valuesin the argument array passed to amain
method and command line arguments.

« Identify al Java programming language keywords. Note: There will not be any questions
regarding esoteric distinction between keywords and manifest constants.

| Source ’ Package Import | Class ’ Interface Constructors
Methods main |dentifiers Keywords Defaults Arrays
| Methods | | | Defaits | Arays

Primitives ’ # Literals char Litera [ String Literals’CIassLiterals

http://www.janeg.ca/scjp/language.html [15/03/2004 8:46:20 AM]



http://www.janeg.ca/mailto:feedback@janeg.ca

Java Quick Reference

Operators and Assignments Certification
Objectives

(1.4 Objectives areidentica )
« Determine the result of applying any operator, including assignment operators and
instanceof, to operands of any type, class, scope, or accessibility, or any combination of
these.

« Determine the result of applying the boolean equal s(Object) method to objects of any
combination of the classes java.lang.String, java.lang.Boolean, and java.lang.Object.

« Inan expression involving the operators &, |, &&, ||, and variables of known values state
which operands are evaluated and the value of the expression.

« Determine the effect upon objects and primitive values of passing variables into methods and
performing assignments or other modifying operations in that method.

| Conversions ’ Promotion Overflow | Unary ’ Prefix Arithmetic

|Bin/Hex/OctaI’ Bitwise Shift | Comparison ’ Logical Assignment

Cast ’ Ternary String equals() ’ Precedence | BitvsLogic
Method
Invocation
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Flow Control and Exception Handling
Certification Objectives

« Write code using if and switch statements and identify legal argument types for these
statements.

« Write code using al forms of loopsincluding labeled and unlabeled use of break and
continue, and state the values taken by loop control variables during and after loop
execution.

« Write code that makes proper use of exceptions and exception handling clauses (try, catch,
finally) and declares methods and overriding methods that throw exceptions.

1.4 Exam: Additional objectives

« Recognize the effect of an exception arising at a sepcified point in a code fragment. Note:
The exception may be a runtime exception, a checked exception, or an error (the code may
includetry, catch, or finally clausesin any legitimate combination).

« Write code that makes proper use of assertions, and distinguish appropriate from
inapporopriate uses of assertions.

« ldentify correct statements about the assertion mechanism.

For additional study materialstry:
Sun: Programming with Assertions
Developerworks: Working with Assertions
JavaWorld: Understand the mechanics of ... new assertion facility

| Statements if | switch for while | do
. Handling .
Labels EXCEPUONS pti try-cacn-finally
’ Labels Exceptions Excentions try-catch-finall
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Declarations and Access Control Certification
Objectives

(1.4 objectives areidentical )

« Write code that declares, constructs, and initializes arrays of any base type using any of the
permitted forms both for declaration and initialization.
(Covered under Language Fundamentals - Array Initialization)

o Declare classes, inner classes, methods, instance variables, static variables, and automatic
(method local) variables making appropriate use of al permitted modifiers (such as public,
final, static, abstract, and so forth). State the significance of each of these modifiers both
singly and in combination, and state the effect of package relationships on declared items
qualified by these modifiers.

« For agiven class, determine if adefault constructor will be created, and if so, state the
prototype of that constructor.
(Covered under Language Fundamentals - Constructors)

« State thelegal return types for any method given the declarations of all related methods in
this or parent class.
(Covered under L anguage Fundamentals - Method Declarations)

Additional References

« Chapter 6 Objects and Classes from The Complete Java 2 Certification Stuyd Guide by
Simon Roberts, Philip Heller, Michael Ernest

e Sun Tech Tip: Using Class Methods and Variables
e SunTech Tip: Globa Variables

Access Special : . Access
’ Modifiers ’ Modifiers et super’ Songr ’ AhsdiEnss Control

http://www.janeg.ca/scjp/declarations.html [15/03/2004 8:46:21 AM]



http://www.janeg.ca/mailto:feedback@janeg.ca
http://developer.java.sun.com/developer/Books/certification/page1.html
http://developer.java.sun.com/developer/TechTips/2000/tt0912.html#tip1
http://developer.java.sun.com/developer/TechTips/1997/tt0924.html#tip2

Java Quick Reference

Garbage Collection Certification Objectives

« State the behaviour that is guaranteed by the garbage collection system, and write code that
explicitly makes objects eligible for collection.

1.4 Exam

The above objective has been expanded as:
« Statethe behavior that is guaranteed by the garbage collection system.

« Write code that explicitly makes objects eligible for garbage collection.

« Recognize the point in a piece of source code at which an object becomes eligible for
garbage collection.

| Behaviour Eligibility | finalize()
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Overloading, Overriding, Runtime Types and
Object Orientation Certification Objectives

(1.4 Objectives areidentica )

« State the benefit of encapsulation in object oriented design and write code that implements

tightly encapsulated classes and the relationships "isa"' and "has a".

« Write code to invoke overridden or overloaded methods and parental or overloaded
constructors; and describe the effect of invoking these methods.

« Write code to construct instances of any concrete class including normal top level classes,

inner classes, static inner classes, and anonymous inner classes.

i i i ; 31 Field
Encapsulation |Polymorphism| isA/hasA Overloading | Overriding Var_iab|$
Initialization Toolevel Inner Classes | Local Classes ST &

Classes Classes

http://www.janeg.ca/scjp/overloading.html [15/03/2004 8:46:22 AM]



http://www.janeg.ca/mailto:feedback@janeg.ca

Java Quick Reference

Threads Certification Objectives

« Write code to define, instantiate, and start new threads using both java.lang. Thread and
javalang.Runnable.

« Recognize conditions that might prevent athread from executing.

« Write code using synchronized, wait, notify, or notifyAll, to protect against concurrent
access problems and to communicate between threads. Define the interaction between
threads and between threads and object locks when executing synchronized, wait, notify, or
notifyAll

1.4 Exam

The third 1.2 objective has been re-worded as:

« Write code using synchronized wait, notify and notifyAll to protect against concurrent access
problems and to communicate between threads.

« Define the interaction among threads and object locks when executing synchronized wait,
notify or notifyAll

ey | Mendes | S | gieeees| comrin | EEIEE
Interface Thread
. L Locking synchronized . notify(),
BrerLiian [yreionlzeieh Protocols keyword e notifyAll()

Thread

Mechanics
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_ Thej ava. | ang Package Certification Objectives
« Write code using the following methods of the java.lang.Math class: abs, ceil, floor, max,
L min, random, round, sin, cos, tan, sgrt.
__ « Describe the significance of the immutability of String objects.
B : : i : Accitional objecives
_ « Describe the significance of wrapper classes, including making appropriate selectionsin the
wrapper classes to suit specified behavior requirements, stating the result of excecuting a
_ fragment of code that includes an instance of one of the wrapper classes, and writing code
_ using the following methods of the wrappers classees 9e.g, Integer, Double, etc):
o doubleVaue
L 7 floavalue
. 0000 oo
0 parseXxx
L - geox
. Wrapper String . StringBuffer
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Thej ava. uti| Package Certification Objectives

« Make appropriate selection of collection classes/interfaces to suit specified behavior
requirements.

1.4 Exam

This objective has been renamed The Collection Framework and the following has been added:
« Distinguish between correct and incorrect implementations of hashcode methods.

Also see

« Collections - atutoria by Joshua Bloch
o The Collection Framework

« The Java Collections Framework

Abstract

Classes

Collections
Framework

Collection ’ Iterator ’ Li

&
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The | ava. awt Package Certification Objectives

NOT REQUIRED FOR 1.4 EXAM

« Write code using component, container, and LayoutManager classes of the java.awt package
to present a GUI with a specified appearance and resize behaviour, and distinguish the
responsibilities of layout managers from those of containers.

« Write code to implement listener classes and methods, and in listener methods, extract
information from the event to determine the affected component, mouse position, nature and
time of the event. State the classname for any specified event listener interface in the
java.awt.event package.

Pay Attention to which Layout Managers implement LayoutM anager2

« onething | discovered (after | wrote the exam!) that is of primeimportancein
the way containers handle components when they are resized is knowing which
Layout Interface the active LayoutManager implements. Any Layout Manager
that extends the LayoutManager2 Interface keeps track of their own
components.

« What this meansin practice isthat if the layout manager is set after components
have been added to the container and the layout manager implements the
LayoutManager2 interface, no componentswill bevisible.

« LayoutManager2 type managers do not query the container for alist of
components, they maintain their own list.

« FlowLayout and GridLayout, both implement LayoutManager. When the
container is resized they will query the container for alist of the components and
then layout them out according to their contract.

« CardLayout, BorderLayout, GridBagL ayout, BoxLayout, and OverlayL ayout
implement the LayoutManager2 interface. If the container isresized they rely on
their own, internal list of components. Components added to a container before
the LayoutManager was added will not be known and hence not included in the
layout when the container is resized.

Note

| haven't gotten around to re-writing my original notes. They are located at
http://members.rogers.com/jgriscti/awt.html
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The | ava. i1 o Package Certification Objectives

NOT REQUIRED FOR 1.4 EXAM
« Write code that uses objects of the file class to navigate afile system.

« Write code that uses objects of the classes | nputStreamReader and OutputStreamWriter to
trandate between Unicode and either platform default or | SO 8859-1 character encoding and
distinguish between conditions under which platform default encoding conversion should be
used and conditions under which a specific conversion should be used.

« Select valid constructor arguments for Filterl nputStream and FilterOutputStream subclasses
from alist of classesin the java.io package.

« Write appropriate code to read, write, and update files using FilelnputStream,
FileOutputStream and RandomA ccessFile objects.

« Describe the permanent effects of the file system of constructing and using Filel nputStream,
FileOutputStream, and RandomA ccesskile objects.

Tip

« focuson the classes mentioned in the objectives and their constructors

Also see

o Introduction to Javal/O

Pkg Overview | Data Streams CIERElE Byte Streams | File Class s T .ers =
Streams Writers
. Data Reading & C
it S Input/Output | Writing Files Zenfziier
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Sun Sites

« Sun Certified Programmer for the Java 2 Platform certification objectives.
o (JSK) Java 2 Platform Standard Editionv 1.3
o (JLS) Java L anguage Specification

Books

On-line

o Thinking In Java by Bruce Eckel
o Essentials of the Java Programming Language: A Hands on Guide, Part 1

« Essentials of the Java Programming Language: A Hands on Guide, Part 2
o Writing Advanced Applications for the Java Platform

Hardcover

« (JPL) The Java Programming L anguage Second Edition by Ken Arnold and James
Gosling, The Java Series, Addison Wesley, 1998

« (CPJ) Concurrent Programming in Java Second Edition: Design Principlesand
Patterns by Doug Lea, The Java Series, Addison Wesley, 2000

e (JCL1) TheJavaClassLibraries Second Edition, Volume 1 by Patrick Chan and Rosanna
Lee, The Java Series, Addison Wesley, 1998

e (JCL2) TheJava ClassLibraries Second Edition, Volume 2 by Patrick Chan and Rosanna
Lee, The Java Series, Addison Wesley, 1998

e (JCLS) The Java Class Libraries Second Edition, Volume 1: Supplemental for the Java
2 Platform, Standard Edition, v1.2 by Patrick Chan, Rosanna Lee, and Douglas Kramer,
The Java Series, Addison Wesley, 1999

e (GJ) Graphic Java: Mastering the AWT by David M. Geary and Alan L. McCléllan,
SunSoft Press, 1997

o (JJ) Java 2 Certification by Jamie Jaworski, New Riders, 1999

« (BB) Java Certification Exam Guidefor Programmersand Developers by Barry Boone,
McGraw Hill, 1997

e (VA) Programming with VisualAge for Java by Marc Carrel-Billiard and John Akerley,
Prentice-Hall, 1998
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Extracting Source code for the Java API classes

To extract source code for the Java Classfiles, check your JDK directory for asrc.jar file. In the
same directory, enter

jar tf src.jar > srclList.txt

Thiswill create atext filelisting al the .javafilesin the srcjar file.
View the text file to locate the path name of the class you're interested in and then type:

jar xf src.jar file pathname

For exanple, to extract the Reader.java file
jar xf src.jar src/javaliol Reader.java

Compiling with JDK 1.3 under Win98

If you're having problems compiling check the following:

1. you do NOT have CLASSPATH set in your AUTOEXEC.BAT file (JDK 1.3 does not
require the DOS environment variable).
If the variable is set because of other programs, make sure it beginswith a'.\' to ensure the
current directory is aways included.

2. you areissuing the compile command from within the directory containing the .java source
file

3. if you are using the javac switch -classpath DO NOT include an ending '\'

JRE can't locate .jar files under Win98

If you've downloaded some .jar files and installed them, asinstructed, to the jdk1.3\jre\lib\ext
directory but you're still getting ClassDefNotFound errors when you try to run an application that
references the jars; check your system for a Java JRE Plug-in. If one exists, copy the .jar filesto
that ...\jré\lib\ext directory and re-boot.

The Runtime should now be ableto find the .jar files properly.
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Tips

« an empty source filewill compile without error
« if a.javafile does not contain a public class or interface it can have any name

« asingle-type import will take precedence over an import-on-demand

« import-on-demand types do not increase the size of the compiled code ie only the types
actually used are added to the code

« whileimport-on-demand adds no overhead to the compiled code, they can slow down the
speed of the compile

« aconstructor body can include areturn statement providing no value is returned

« any method can throw a Runtime or Error exception without declaring it in the throws clause

« methods having the same name and parameter types do not have the same signature unless
the parameter types are listed in the same order

« main() can be declared final
« main() isinherited and can be overridden if not declared asfinal

« arg90] referencesfirst command line argument after the application name ( arraysin Java
are zero-based)

« main() can be declared public static void ... or static public void ...
« thevariable name does not have to be ar gs; can be anything aslong asthe typeis String[]

« Vvariables can have the same name as a method or a class

« only field variables are automatically initialized to their types default value; local variables
must be explicitly initialized

« arraysareinitialized to the default value of their type when they are created, not declared,
even if they arelocal variables

« array index operator [] has highest level of precedence
« integer variables can be used as array dimension values

« postfix/prefix operators have the highest level of precedence

« remember that when the postfix operator is used in an expression, the current value of the
variableis used

« aclass may be assigned to an Interface type if the class implements the interface or one of it's
sub-interfaces

« you cannot cast a primitive type to an object reference, or vice versa
« Yyou cannot cast a boolean type to another primitive type

« String operations whose result does not alter the original string (ie calling toUpperCase() on
a String that is already in uppercase) return the original string reference; otherwise they
return areference to anew String

« Stringsare immutable; the original String value can never be changed
« al the primitive type wrapper classes override the Object.equals() method to compare the
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value of the objects; the default Object.equals() method checksiif the variables reference the
same object

« Yyou do not have to have adefault statementinaswi t ch() block

« thedefault statementinaswi t ch() blcok can appear anywhere in the construct, does not
have to be last

« all sectionsof thef or () loop are optional

o finalize() canonly beexecuted once on any object

Traps

« code with package or import declarations given in wrong order

« more than one package declaration

« file with more than one public class or interface declaration

« filename.java does not match name of public class declared in the file

« single-typeimports for two classes in different packages but with the same simple name
« single-type import with the same simple name as a class defined in the sourcefile
« attempting to import a package vs atypeie import java.util vsimport java.util.*

« classattempting to extend more than one other class
« classdeclared both final and abstract

« aninterface method declared as native or synchronized
« an interface method declared as static

« subclass with default constructor when the superclass does not have a no-args constructor or
it's no-arg constructor has a throws clause

« constructor declared with areturn type

« anabstract method also declared private, native, final, synchronized, or strictfp
« anabstract method declared in a non-abstract class

« anative or abstract method with a method body

« method returning atype which is not convertible to the declared return type

« avoid method returning avalue

« astatic method referencing this or super

« main() declared other than according to the standard convention

« local (automatic) variables declared with amodifier other than final
« identifiers names beginning with a number or # sign

» main listed as a possible keyword

« capitalized words listed as possible keywords; particularly wrapper classes Integer, Boolean,
etc

o C/C++ keywords listed as possible Java keywords

« anempty string vs null asthe default value for a String object

« incorrect array declaration statements, particularly:
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array Type [#] varName;

incorrect array initialization statements, particularly:
array Type[] varName = new array Type[2];
varName = { value, value, value};

negative values for array index
long value for array index
array declaration used as an array creation statement

variables of primitive type handled as Objects

using the char literals \uOOOA or \uOOOD in comments or Strings
String literal "c" assigned to char type
using == operator to compare values of two different string reference variables

variables requiring narrowing conversion being passed to methods without using a cast
assigning atyped byte or short variable to achar variable

floating point operation throwing an ArithmeticException
Bitwise operator precdenceis. & " |

assigning subclasses with the same parent to each other
assigning a parent class to a subclass without a cast

result of an integer operation on byte or short types being assigned to a byte or short without
an explicit cast

anon-boolean value used for operandl in aternary expression
using == to compare the contents of two different String objects
using anew value based on a short-circuit operation that was never evaluated

code that resultsin a primitive value being changed in a method (can't happen)
code that results in an unchanged object value when it was changed in a method

failing to cast a value to match a method parameter type ie assuming narrowing conversion
on amethod call

anon-boolean valueused inaloopori f () statement
using the assignment operator '='vs'=="inan loopori f () statement

using an expression vs avaue promotabletointinaswi t ch() block
swi t ch() blockswith duplicate case values
swi t ch() blockswith incorrectly 'typed' case statements

swi t ch() blockswith missing break statements (unintentionally causing codeto fall
through to next case)

attempting to access a variable declared in the initialization outside of the for-loop
f or () loop with incorrect initialization expression
f or () loop with a non-boolean expression

aquestion that targets a specific object for garbage collection (can't be done)
aquestion that presumes to for ce the gc to run (can only suggest it run)
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Mock Exams

A complete list of Mock Exams can be found on Maha Annas JavaRanch site

Another list of Mock Exams by Levteck Getting Certified in Java

A Java SCJP Mock Exam by Ashok Gupta rated, by Levteck, as one of the more difficult mock
exams. The site aso contains study notes.
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Case Studies

Learning how to put an OOP application together is not an easy task.

While there islots of information available on the Java language and numerous books and articles
on using various OO methods and notations there are very few resources that marry thetwo ina
format that's helpful to beginners.

One tried and true method of learning how to program is to study the code created by other
programmers. Posted here are the results of my own look at code written and designed by others.
What's the basis for my choosing a case study? Right now it's pretty simple. The code must be

1. available, preferably on the web

2. it must utilize multiple user defined types

The pagesin this section will also belaid out dightly different than the rest of the site.

MailMerge
An example of aclassic batch processing application implemented in Java. The design
incorporates a Singleton pattern.

JCdculator

An example of a calculator component that can be used in any application. The design
incorporates a Command pattern.
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Java Quick Reference

Case Studies - Technical Articles Index

An index to various technical articles on the web.

Basics

o Accessing the environment from Java applications

« Constructor and Initialization Ordering

o Class and Object initialization

« Default Constructors

« Destroying Objects

o How arguments are passed to Java methods

« Interfaces and Constants

« Narrowing and Widening Conversions

o Overload Resolution

« Shadowing
o Understanding Expression Evaluation Order

o Using Assertions

o Using Import Declarations

o Using Variable length argument lists

Class Design

« Abstract Classes
o Abstract Classes vs Interfaces

« Anonymous Classes

« Cloning Objects

« JavaDesign Patterns 101 (Developerworks tutorial)
« JoshuaBloch: A conversation about design

o Loca Classes

« Making defensive copies of objects

« Making deep copies of objects

« Returning multiple values from a method
« Using Adapters

« Using Class methods and variables

« Use stack variables whenever possible

o When not to Overload Methods

Collections

« Using Java Collections

o Collection Utilities
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Java Quick Reference
« Choosing a Collections Framework | mplementation

« Using lterators
« Maintaining Insertion order in Collections

o Maintaining a Priority Queue

o Manipulating Arrays

« Sorting Arrays

« Sorting Lists

« Sorting with Comparators(Using Method Pointers)
« The Enumeration interface

« The RandomAccess Interface

o Using ArrayList and LinkedList

« Using Enumerations in Java Programming

« Using HashSet, LinkedHashSet and TreeSet
« Using Hashtable

« Using List Callections efficiently

« Using the LinkedHashMap Class

o Using Sets

« Using Vector in the Collections Framework
o Using Zero-Length Arrays

Exceptions

« Using Exceptions

« Finaly clauses

« Guidelines and tips on when and how to use exceptions
« Handling InterruptedExceptions

« Handling Uncaught Exceptions

« Reusing Exceptions

o Stack Trace Elements

o Usethefinaly keyword to avoid resource leaks

o Using finally vsfinalize for resource cleanup
o Why finalizers should (and can) be avoided

Graphics

« Blending Images

« Drawing and rendering simple graphic images without suffering a serious performance hit

« Providing a Scalable Image I con
« Using the BitSet Class

« Capturing standard output in alog file
« Converting Pathnamesto URLS
o File Channles

o Filter Streams
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Java Quick Reference

1/0O Redirection
Improving Java /O Performance

Improving I/O Performance with buffering

Improving Seridlization performance with Externalizable

Piped Streams
Programming with Buffers

Programming with File Attributes

Random Access for Files

Reading and writing Unicode using I/O Stream Encodings

Reading from Output Streams
Serialization in the real world
Seridization and Transient values

Temporary Files
Using Charsets and Encodings

Using Checksums

Using ReadResolve

Using the PushbackReader Class
Using the Serialiazable Fields AP

HTML

Extracting links from an HTML document

Java Tools/Extras

A custom utility class for JavaHelp software

Adding Help to your applications with JavaHelp software

Capturing Audio with the Sound API

Creating a HelpSet with JavaHelp software

Fundamentals of JavaMail API

Generating custom taglets (JavaDoc)

Getting started with Java Management Extensions (JM X)

Reading files from Java Archives (Jars) (An addendum to this article)
Sending mail with the JavaMail AP

Math

BigDecimal
Character (using the Character class)
Formatting BigDecimal Numbers

Format currencies
Format Dates
Formatting Decimal Numbers

Generating integer random numbers

Performing exact calcul ations with floating-point numbers

Representing currencies
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Java Quick Reference

« Some things you should know about Floating Point Arithmetic
o Using Random Numbers for Testing and Simulation

« Working with Number Bases (binary, decimal, octal, hex)

Miscellaneous

o Compiling source directly from a program

« Converting C programs to Java

o Discovering the calling methods name

o Goto statements and Java programming

« Invoking programs from Java applications

« Unpacking Zip files

« Producing MIDI Sound

« Using Method Pointers

« Using runtime.exec to invoke child processes

Optimization

o« A Memory Testbed Application / Controlling your Memory Manager

Patterns

« Employ Factory Methods to best advantage
« Singleton: Limit class instances with a modified singleton
« Singleton: Creating thread-safe singletons

Reflection

o Reflection
« Using javalang.Class

« Using Reflection to Create Class | nstances
o Using Reflection to test methods and classes

RMI

e Dynamic Class Loading in RMI
o ThelLifeCycle of an RMI Server
« Using RMI to access |legacy databases

o A JavaRMI server framework

Strings

o String vs StringBuffer

« Collators
o Interning Strings

o Optimizing String Performance

o String Concatenation and Performance
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Java Quick Reference

Optimizing StringBuffer Usage
StringBuffer editing
String tokenization using StreamT okenizer

String tokenization using StringT okenizer

Using Breaklterator to parse text
Using the CharSequence Interface
Using the javalang.Character class
Writing toString M ethods

Swing

Automating GUI programs with java.awt.Robot

Borders

Build a better GUI

Creating a File Chooser

Create a Splash Screen

Creating Image Thumbnails

Creating Modal Internal Frames (with a JOptionPane)
Creating Round buttons

Creating Tree Tables, Part 1, Part 2,

Custom Carets (cursors)

Cut, Copy and Paste

Displaying element level tool tips for Swing components

Drag and Drop Fundamentals
Drag and Drop, Part 1 , Part 2
Dragging Text and |mages with Swing

Effective Layout Management

Fonts (working with)
Handling Keyboard Focus

JColorChooser

JFileChooser

JFileChooser(Implementing type-ahead feature)
JFormattedTextField (and regular expresssions)
JList (advanced programming)

JList (Making sure your JList index isvisible)
JMenu (displaying large menus)

JScrollableDesktopPane (create a virtual, scrollable desktop)

JSpinner(selecting from an ordered list)
JTabbedPane

Jrable (cell rendering)

JTable (displaying multi-column lists)
Set your table options

JTextField (vaidating numerical input)
JTextPane

JToolTips (customizing)
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Java Quick Reference

JTree (manipulating hierarchical data)
JTree (understanding TreeModel)
Keymaps

Loading text filesin Swing efficiently
Look and Feel

Make a Splash Screen in Swing
Performance secretsin Swing

Press Esc to close Dialog windows

Printing in Swing

Saving and reconstituting Swing components

Tracking locations in a Document
Undoing Text edits
Using Swing Timers

Using the GraphicsEnvironment class

Swing model filtering (Using filter objectsto reinterpret data and state models)
The Java Foundation Classes(The new standard for Java GUI devel opment)
Using Progress bars and Monitorsin Java GUI Applications

Using Timersin Swing Applications

Text in Swing

Converting Numeric Entities

Displaying Multiline text

Displaying text in multiple styles

Text Overview

Text attributes

Modeling Text in Documents
Pattern Matching (java.util.regex)
The Element Interface

Tabbing
Sizing text with FontM etrics

Customizing a Text Editor

Concurrency in Swing Text

Threads

Acquire multiple locksin afixed, global order

Do not reassign the object reference of alocked object

Ease your multithreaded application programming (Producer-Consumer)
Exploiting Threadl ocal to enhance scalability

Can ThreadL ocal solve the double-checked locking problem?
Minimizing the overhead of synchronized blocks

Multi-threading in Java programs

Piped Streams (to communicate between threads)
Programmatically choose threads for notification

http://www.janeg.ca/case/techindex.html (6 of 7) [15/03/2004 8:46:26 AM]



http://developer.java.sun.com/developer/TechTips/2000/tt0209.html#tip1
http://java.sun.com/products/jfc/tsc/articles/jtree/index.html
http://developer.java.sun.com/developer/TechTips/1999/tt1005.html#tip2
http://developer.java.sun.com/developer/TechTips/1999/tt1117.html#tip2
http://java.sun.com/products/jfc/tsc/articles/lookandfeel_reference/index.html
http://www.javaworld.com/javaworld/javatips/jw-javatip104.html?
http://java.sun.com/products/jfc/tsc/articles/performance/index.html
http://www.javaworld.com/javaworld/javatips/jw-javatip69.html
http://www.javaworld.com/javaworld/jw-06-1999/jw-06-step.html?
http://developer.java.sun.com/developer/JDCTechTips/2003/tt0805.html#2
http://developer.java.sun.com/developer/TechTips/1999/tt1005.html#tip1
http://developer.java.sun.com/developer/TechTips/1999/tt0714.html#tip1
http://developer.java.sun.com/developer/JDCTechTips/2002/tt0521.html#tip1
http://developer.java.sun.com/developer/TechTips/1999/tt0615.html#tip2
http://www-106.ibm.com/developerworks/java/library/j-filters/index.html?dwzone=java
http://www-106.ibm.com/developerworks/java/library/gui.html?dwzone=java
http://developer.java.sun.com/developer/TechTips/2000/tt0912.html#tip2
http://java.sun.com/products/jfc/tsc/articles/timer/index.html
http://developer.java.sun.com/developer/JDCTechTips/2002/tt0723.html#tip1
http://developer.java.sun.com/developer/JDCTechTips/2002/tt0723.html#tip2
http://developer.java.sun.com/developer/JDCTechTips/2002/tt0821.html#tip2
http://java.sun.com/products/jfc/tsc/articles/text/overview/
http://java.sun.com/products/jfc/tsc/articles/text/attributes/
http://java.sun.com/products/jfc/tsc/articles/text/element_buffer/
http://developer.java.sun.com/developer/JDCTechTips/2002/tt0423.html#tip1
http://java.sun.com/products/jfc/tsc/articles/text/element_interface/
http://java.sun.com/products/jfc/tsc/articles/text/tabs/
http://developer.java.sun.com/developer/JDCTechTips/2002/tt0110.html#tip2
http://java.sun.com/products/jfc/tsc/articles/text/editor_kit/index.html
http://java.sun.com/products/jfc/tsc/articles/text/concurrency/
http://www-106.ibm.com/developerworks/java/library/j-praxis/pr52.html
http://www-106.ibm.com/developerworks/java/library/j-praxis/pr56.html
http://www-106.ibm.com/developerworks/library/j-prodcon/?n-j-2142
http://www-106.ibm.com/developerworks/library/j-threads3.html?n-j-10181
http://www.javaworld.com/javaworld/jw-11-2001/jw-1116-dcl_p.html
http://developer.java.sun.com/developer/TechTips/2000/tt0328.html#tip3
http://www-106.ibm.com/developerworks/java/library/multithreading.html?dwzone=java
http://developer.java.sun.com/developer/JDCTechTips/2001/tt0208.html#streams
http://www-106.ibm.com/developerworks/java/library/j-spnotif/index.html?dwzone=java

Java Quick Reference

« Protecting shared resources with synchronized blocks

o Understand that for methods, synchronized locks objects, not methods or code

« Using synchronized or volatile when accessing shared variables

o Using Synchronized Statements

o Using Timersto run tasks on a background thread
« Writing efficient thread safe classes
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This spot will eventually host study notes for the Sun Certified Java Architect Certification Exam.

Useful SCJA sites you may want to check out:
o SCJA 2 Study Notes by Aaron Robinson

« Martin Fowler'swhere you'll find awealth of information on UML, Extreme Programming,
Patterns and other design topics.

o ArgoUML afree CASE Tool.
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SCJD Study Notes

Preliminary Notes

« | haven't completed the assignment or passed the SCJID ... these notes are being
built as| go.

M ALWAYS CHECK SUN'SSITE FOR THE LATEST OBJECTIVES!!!

Overview

The exam consists of two parts:
1. A programming assignment
2. An examination to be taken at atest center. This exam contains multiple-choice and essay
guestions relating to the programming assignment.

Thereis no time limit on completing the assignment.

Quote from Sun

Basically, the SCID istesting your ability to apply the Java core APl set to code the
solution to a problem. Because it is a programming assignment, you do not have a set
time frame in which to complete the assignment. So, you can get the assignment and
determine the studying you need to do.

Questions and Answers about Java Platform Certification

It is recommended that you track your design decisions as the exam portion will ask you to explain
why you opted for one design feature over another. Also, register for the exam immeadiately upon
uploading your assignment, while your assignment is still fresh in your mind.

The majority consensus (from what 1've seen in the forums) is that the assignment takes roughly
120 hours of work to complete.

Downloading the assignment

Order the assignment from Sun. They will send you information on downloading the assignment
within 2 business days. The download will include ajar file containing:

« an Introduction and Index document
« source code that serves as a starting point
o abinary database file

Assignment features

The assignment requires the following features:

« aGuUI for viewing information. Must demonstrate good principles of design. The specific
design requirements will be provided in the assignment instructions.

« database extensions to support aflexible search and record locking
« network server functionality for the database systems.

« communications functionality to connect the user interface with the database. The server
must be multi-threaded and thread safe.

« the application must be able to run in either stand-alone or network mode

« the GUI interface must be flexible enough to allow the easy implementation of future
enhancements
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The finished assignment must include:

« source and object code

« Javadoc documentation

» Database server documentation

o User interface (client) documentation
« aREADME file

Marking

The programming assignment isworth 155 points, you need 124 points to pass

Marks are based on the following criteria
« Genera Considerations (58)
o ease of use (23)
o coding standards and readability (23)
o clarity and maintainablity of the design and implementation (12)
« Documentation (20)
o user documentation (10)
o javadoc source documentation (5)
o comments (5)
o User Interface (24)
o layout uses accepted GUI principles
o Server Design (53)
o locking (30)
o error handling (8)
o search agorithm: clarity and efficiency (15)

Knowledge of the following Technologies is apt
to be required

« Application Design: Use cases, CRC, UML, Patterns

« GUI Design using Swing components and event handling

« Database processing

« Networking: Client-Server design, TCP/IP, Sockets, RMI, 1/O Streams, Object Serialization
« Threads: implementing multi-threading

« Error and Exception handling

« Security profiles

o Documentation: JavaDoc, User Guide, Install instructions

Other SCJD Resources

o The Dallas SCID Study Group

« Brian Thorn received full marksfor his Documentation (Note: These links have not been
working lately. It's possible Mr. Thorn has removed his pages.)

o Programming Notes example

o User Documentation example

There doesn't appear to be all that much out there. If you come across a good resource site, please
let me know!
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SCJD Study Notes - Application Design

Thefirst thing you'll probably do when you download your assignment is read the guidelines and
take alook at the included code. Y our first impulse may be to jump in and start coding right away!
DON'T! The point of the assignment isn't just to produce working code, it's to produce well
designed object-oriented code!
Stop and ask yoursalf:

« What constitutes a well-designed Object-Oriented application?

o What features doesit have?

« What separates a good design from a poor one?

Do you have a clear idea of the answers?

Knowing what the various OOD terms: encapsulation, inheritance, polymorphism, etc. mean is not
the same as knowing how to apply them in adesign.

Design is often described as "more art than science". That doesn't help much if you don't have alot
of experience in designing OOP applications. Where do you start? How do you begin?

There are anumber of modeling tools. CRC, Use Cases, UML Diagrams, Patterns, etc. that help
you describe an application.

A design is actually amodel of the abstracted objects you will create to build your application.
Modeling tools help you to identify the abjects you'll need and how they will interact with each
other to produce the required results.

Y ou write your class files based on the objects you've model ed.

Y ou might want to poke around the Object Orientation Tips site to find some pointers.

00D OO0OP Resources
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SCJD Study Notes - GUI Design

The JDK comes with a number of Swing demo applications. Check your JDK installed directory, in
the demol/jfc directory. They include a JTable example, amongst other things. The most complete
demo is SwingSet2.
The following links are some notes I've made on what's available.

« SimpleExample - changing the Look and Feel

Resources
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SCJD Study Notes - Database Processing

Database

« Use aRandomAccessFile to build alow-level database. Article on Javaworld

Searching

o Plant your datain aternary search tree Article on Javaworld
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SCJD Study Notes - Networking

Networking

o Custom Networking tutorial on Sun's site.

o Chapter 17 Writing the Network Protocol from Java 2 The Complete Certification Study
Guide by Simon Robers, Philip Heller, and Michael Ernest

Remote Method Invocation (RMI)

¢ Sun's RMI White Paper
o Sun's Guideto RMI

« Fundamentals of RMI: Short Course By jGuru on Sun's site. Tutorial may be downloaded

« Building a Java Chat Server tutorial by Greg Travis on the IBM Developerworks site. The
tutorial covers the problemsinherent in building a server and techniques for over-coming
them. The tutoria isfree and can be downloaded but you need to register first.

« Distributed Computation with Java Remote Method Invocation abasic RMI tutorial by
Kevin Henry.

« LifeCycle of an RMI Server (Sun Tech Tip)
« Dynamic Classloading in RMI (Sun Tech Tip)

« JavaWorld RMI Article Index Anindex of al the RMI articles published at Javaworld.

RMI Tools

e rmic - The Java RMI Stub Compiler
o rmiregistry - The Java Remote Object Registry
o rmid - The Java RMI Activation System Daemon

Sockets

« All about Sockets Sun tutoria
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SCJD Study Notes - Threads

o Learn how to implement aread/write lock

o Singletons, critical sections and read/write locks

o Acquire multiple locksin afixed, globa order

« Do not reassign the object reference of alocked object

« Exploiting ThreadLocal to enhance scaability

« Ease your multithreaded application programming (Producer-Consumer)

o Can ThreadL ocal solve the double-checked locking problem?

« Minimizing the overhead of synchronized blocks

« Multi-threading in Java programs

« Piped Streams (to communicate between threads)

o Programmatically choose threads for notification

o Protecting shared resources with synchronized blocks

« Understand that for methods, synchronized |ocks objects, not methods or code

« Using synchronized or volatile when accessing shared variables

o Using Synchronized Statements

o Using Timersto run tasks on a background thread

« Writing efficient thread safe classes

« Double-checked locking: Clever, but broken. Do you know what synchronized really means?
(JavaWorld)

« Warning! Threading in a multiprocessor world Find out why many tricks to avoid
synchronization overhead just don't work. (Javaworld)
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SCJD Study Notes - Error and Exception
Handling

e Sun Tutoria on Exceptions

« Using Exceptions

« Exception Handling: The good, the bad and the ugly (Article by Michagl C. Daconta)

« The Proper Way to do Exception Handling (Article by Brian Maso)

» Exceptionsin Java: Nothing Exceptional about them (Article by Gaurav Pal and Sonal
Bansal)

« Using your own exception classes in Java (Article by Keld H. Hansen)
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SCJD Study Notes - Security

« Security in Java2 SDK 1.2 (Sun tutorial)

« Java's Security Architecture (Article by Bill Venners)

« Javasecurity: How to install the security manager and customize your security policy
(Article by Bill Venners)

o Java Security APl - Example
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SCJD Study Notes - Documentation

o JavaDoc Tool Home Page

o How to put commentsin your code with JavaDoc

« Javatheory and practice: | have to document THAT? Integrated documentation ala Javadoc
is both a benefit and a burden
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Projectsis arather glorified name for this section. Right now it's just small examples.
« PropertiesViewer - display the system properties returned by
System get Properties() inaJlree

o ClassBrowser - A simple Java class browser.
« FieldVvalidation - The exampleuses| nput Veri f i er 'sto validate user input.
« Calculator - asimple calculator that uses method reflection to invoke commands.

« CalendarComboBox - a custom 'date’ input component that mimics a combo-box, displaying
aperpetua calendar asit's drop-down.
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JavaRanch JavaRanch hosts numerous discussion groups related to all areas of Java
Development: SCJP, SCJA and SCJD Certification, EJB, XML, JSP and much,
much more including CattleDrive (Java College) where you can write practice
assignments and have someone nitpick your code for free!

JCHQ Java Programmer Certification Exam and Training. Popular site created by
Marcus Green. Discussions, tutorials, FAQ's and more.

JavaChina A SCJP Certification site created by Roseanne Zhang. Contains alarge
Certification FAQ, code examples and much more!

| Sun Sites Tutorials |On-line Books |Resource Sites

http://www.janeg.ca/links.html [15/03/2004 8:46:29 AM]


mailto:feedback@janeg.ca
http://www.javaranch.com/
http://www.jchq.net/
http://javachina.developergroup.org/

Java Quick Reference

Site Design

The siteis built and maintained by myself using HomeSite from Allaire

| swiped the folder and page icons from Jeff Rouyer, author of Dynamic HTML: Web Magic.
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New 2 Java Sun site geared to Java newbies. Contains an overview of the language,
how to get started learning and using Java, and links to other resources.

Certification Certification Objectives and exam details.

SDK Download site for latest Java 2 Software Development Kit

JS View or download the Java Language Specification.

VM View or download the Java Virtual Machine Specification.

Glossary Glossary of Java Technology related terms.

Code Conventions On-line document outlining coding conventions for the Java
Programming Language

Technical Articles Numerous articles on various aspects of the Java platform: Collections,
JDBC, Programming, JavaBeans, Graphics, etc.

Tech Tips Tips, Techniques and sample code.

Bugs Database containing reported Bugs. Y ou need to register with the site
before you can access the database.

Applets Sample applets contributed by Java enthusiasts or created at Sun.

Code Samples  Code snippets (examplets) showing how to handle various common
tasks.

Forte Resources Developer resource for Sun's Java Development IDE, Forte for Java.
Includes links to the FAQ, Technical Articles, Newsgroups,
Documentation and Downloads.

| Sun Sites Tutorials |On-line Books [Resource Sites
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Sun Java Tutoria The Java Tutorial viewable on-line or may be
downloaded.
Thinking in Java Popular tutorial by Bruce Eckel. Download

the html version.

Introduction to Computer Science using Java Interactive tutorial created by Bradley Kjell of
Cental Connecticut State University. Assumes
Nno prior programming experience.

Introduction to Programming Using Java  Tutoria written by David Eck of Hobart and
William Smith Colleges. May be taken
on-line or downloaded.

Java Tutorials A series of Javatutorials available in the
Objective Viewpoint column written by
George Crawford |11 for ACM Crossroads, an
student online magazine.

Pure Java Education Center Collection of Java"how-to" articles, tips,
technigues and source code.

Brewing Java A basic Javatutoria by Elliot Rusty Harold.

JavaTutorias A collection of introductory Java Tutorias
from Free Java Help.

Java 2 Certification A popular tutorial created by Marcus Green
geared to the Java 2 Certification Objectives

Java Jems Tutorias for beginners and SCJP certification.

JSP Tutorial Tutoria on Java Servlets

JDBC Tutoria Tutorial on Java Database Connectivity from

the Web Developers Virtual Library.

Sun Sites Tutorials |On-line Books |Resource Sites
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Data Structures and Algorithms with This book is about the fundamentals of data

Object-Oriented Design Patternsin Java structures and algorithms--the basic
elements from which large and complex
software artifacts are built.

JavaFree Library A list of Java online books made available
by Informit.

Java by Example Complete tutorial on the Java Language.

Java Expert Solutions Covers awide variety of topics: RMI,

JDBC, Applets, etc.

Focus on Java Programming Thisisafree, online textbook on
introductory Java™ programming. Lots of
excercises and example code.

| Sun Sites Tutorials |On-line Books |Resource Sites
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JavaFAQ Java FAQ from the computer-lang/java/programmers/fag newsgroup.
Updated weekly.

JavaFile Collection of free Java applets.

Digital Cats Javaresource site. Contains articles, links to other resources.

Gamelan One of the oldest and most popular Java resource sites.

JavaWorld Java How-To's and Tutorias from JavaWorld magazine.

Other resources A number of people have written study notes and built Java related sites.
Browse the Java Certification web-ring (see bottom of page) to find others.

| Sun Sites Tutorials |On-line Books |Resource Sites

| The Java Certification Web Ring

| [Previous] [Next] [Random] [List Sites] [Join Ring]
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Java Project - PropertiesViewer
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package ca.j aneg. properties;

i nport java.awt. D nensi on;

import java.util.lterator;

import java.util.Properties;

i nport java.util. Set;

import java.util.StringTokenizer;

i nport java.util.TreeMap;

i mport javax.sw ng. JPanel ;

i mport javax.sw ng. JOpti onPane;

i nport javax.sw ng.JScrol | Pane;

i mport javax.swi ng.SwingUtilities;

i nport javax.sw ng. JTree;

i mport javax.sw ng. event. TreeSel ecti onLi st ener;
i mport javax.sw ng. event. TreeSel ecti onEvent;

i nport javax.sw ng.tree. TreeSel ecti onModel ;

i mport javax.sw ng.tree. Def aul t Mut abl eTr eeNode;

i mport javax.sw ng. JFrane;

/** Displays system properties in a sorted, categorized tree heirarchy.
* Select a property node to display its correspondi ng val ue.
*
* @uthor Jane Giscti jane@ aneg.ca
* @ersion 1.0 Dec-21-2001
*/
public class PropertiesVi ewer extends JPanel {
private Properties props = System getProperties();
private JTree tree;
private JPanel owner;

/** Creates a JPanel containing a JTree. Nodes are categorized
* according to the first elenment of the property nanme. For exanple,
* all properties beginning with 'java' are categorized under
* the node 'java'.

*/
public PropertiesViewer(){
super();
owner = this;
createSortedTree();
JScrol | Pane jsp = new JScrol | Pane( tree );
j sp. set PreferredSi ze( new Di nension( 400, 300 ) );
j sp. setM ni munsi ze( get PreferredSi ze() );
add( jsp );

/** Builds the JTree. The properties are given to a TreeMap, which automatically
* sorts them The keys fromthe TreeMap are used to create the JTree nodes.
* A StringTokenizer is used to extract the first portion of the property nane
* to build category nodes.
*/
private void createSortedTree(){
Def aul t Mut abl eTr eeNode t op = new Def aul t Mut abl eTr eeNode(" Syst em Properties");
Set keySet = new TreeMap(props). keySet ();
Iterator iter = keySet.iterator();
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Def aul t Mut abl eTr eeNode key = nul |
Def aul t Mut abl eTr eeNode cat egory = nul |
String currentCategory = "";

String newCategory = ;

while( iter.hasNext() ){
key = new Def aul t Mut abl eTreeNode( iter.next() );
StringTokeni zer stok = new StringTokeni zer( (String)key. getUser Qbj ect (),

newCat egory = st ok. next Token();

i f( !currentCategory. equal s(newCat egory) ){
current Cat egory = newCat egory;
cat egory = new Def aul t Mut abl eTr eeNode( newCat egory );
t op. add( category );

}

cat egory. add( key );

}

tree = new JTree( top );
tree.putCientProperty("JTree.lineStyle", "Angled" );

tree. get Sel ecti onModel (). set Sel ecti onMode( Tr eeSel ecti onModel . SI NGLE_TREE_SELECTI ON) ;
tree. addTreeSel ecti onLi st ener( new TreelLi stener() );

}

/** The JTree listener. When a property node is selected a JOpti onPane
* s created to display the value associated wth the property.

*/

private class TreeLi stener inplenments TreeSel ectionLi stener{

public void val ueChanged(TreeSel ecti onEvent e) {
Def aul t Mut abl eTr eeNode node = ( Def aul t Mut abl eTr eeNode)
tree. get Last Sel ect edPat hConponent () ;

if (node == null) return;
bj ect nodel nfo = node. get User Obj ect () ;
if (node.isLeaf()) {

String property = (String)nodel nfo;

String value = props.getProperty( property );
i f( value.equals("") ){

value = "No associ ated val ue.";

}

JOpt i onPane. showessageDi al og( owner,
val ue,
property,
JOpt i onPane. | NFORVATI ON_MESSAGE)

}
}
}
/** Denps the PropertiesViewer.
*/
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public static void main(String[] args){
JFranme frame = new JFrane("Properties Viewer Denmp");
frame. set Defaul t G oseQperation( JFrame. EXIT_ON CLCSE );
PropertiesViewer pv = new PropertiesViewer();
frame. get Cont ent Pane() . add( pv );
frame. pack();
frane.setVisible( true );
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Java Project - ClassBrowser

The GUI

A screen shot of the application.

The UML

The UML diagram.
The ClassBrowser class diagram.

The CBClassGroup class diagram.
The CBClassInfo class diagram.

The CBDocument class diagram.
The CBTreePanel class diagram.
The CBTextPane class diagram.

The FieldGroup class diagram.

The ConstructorGroup class diagram.
The MethodGroup class diagram.
The ParsedClassName class diagram.
The NameComparator class diagram.
The AccessSeparator class diagram.

The Source Code

ClassBrowser
AccessSeparator
CBClassGroup
CBClassinfo
CBDocument
CBTextPane
CBTreePand
ConstructorGroup

FieldGroup

M ethodGroup
NameComparator

ParsedClassName

Refactoring Notes

Probably could be refactored to use a Group interface or abstract class as the ConstructorGroup, FieldGroup and
MethodGroup have identical functionality; the only difference being the type of their attributes.

The text display could also using some cleaning up. It would be nice to display the access groups using different colours:
red for 'private, 'green’ for public, etc.

Home | Projects
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ClassBrowser.java

package ca.j aneg. cb;

i nport java.aw . D nensi on;

i nport java.aw . event. Acti onEvent;
i nport java.aw . event. Acti onLi stener;
i nport java.io.File;

i mport java.io.| OException;

i mport java.util.zip.Z pException;
i mport java.util.zip.Z pFile;

I mport javax.sw ng. JFrane;

I mport javax.sw ng. JMenu;

i nport javax.sw ng. JMenuBar ;

i nport javax.sw ng. JMenultem

i nport javax.sw ng. JScr ol | Pane;

i nport javax.sw ng.JSplitPane;

/**
* A sinple Java class browser. <p>
* Takes a .jar or .zip archive, extracts the class nanes and
* displays themin a JTree by package or al phabetically. <p>
* Selecting a class displays it's supercl asses, fields,
* constructors and nethods in an adjacent JText Pane.
*
* @ut hor Jane Griscti jane@ aneg. ca
*@reat ed January 26, 2002
*/

public class C assBrowser extends JFrane {
private JSplitPane nmai nPanel;
private CBTreePanel treePanel;
private CBText Pane textPane = new CBText Pane();

/**

* Constructs a new Cl assBrowser object
*

*  @aram cbcg a CBC assG oup object

*/

public Cd assBrowser( final CBC assG oup cbcg ) {
super( "d assBrowser" );
set Def aul t Cl oseQperation( JFranme. EXIT_ON CLCSE );

treePanel = new CBTreePanel ( this, cbcg );

JScrol |l Pane tsp = new JScrol |l Pane( textPane );
tsp.setPreferredSi ze( new D nension( 500, 300 ) );
tsp. set M ni munti ze( tsp.getPreferredSi ze() );

mai nPanel = new JSplitPane( JSplitPane. HORI ZONTAL_SPLI T,
treePanel, tsp );

get Cont ent Pane() . add( mnai nPanel );
creat eMenuBar () ;

pack();
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setVisible( true );

[** Builds the nenu bar. */
private void createMenuBar() {

JMenu nenu = new JMenu( "View' );
menu. set Mnenonic( 'v' );

JMenul t em pkgl tem = new JMenul ten( "by Packages" );
JMenultem cl assltem = new JMenulten( "by C ass" );

pkgl t em addActi onLi st ener (
new ActionListener() {
public void actionPerfornmed( ActionEvent evt ) {
treePanel . swit chToPkgTree();
}

),

cl assltem addAct i onLi st ener (
new ActionListener() {
public void actionPerfornmed( ActionEvent evt ) {
treePanel . switchToC assTree();
}

),

pkglt em set Mhenmonic( 'p' );
cl assltem set Mhenmonic( 'c¢c' );

nmenu. add( pkgltem);
nmenu. add( classltem);

JMenultemexitltem = new JMenultem( "Exit" );
exi tltem addActi onLi st ener (
new ActionListener() {
public void actionPerformed( ActionEvent evt ) {
di spose();
System exit(0);

)

exitltem set Mhenonic( 'x' );

JMenuBar nenuBar = new JMenuBar () ;
menuBar . add( menu );

nmenuBar. add( exitltem);
set JMenuBar ( nmenuBar ) ;
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voi d di splayCd asslinfo( final String classNane ) {
t ext Pane. di spl ayd assl nfo( cl assNane );
}

private static void exit()({
System exit(1);
}

/**

* The main programfor the C assBrowser class
*@aram args The command |ine argunents
*/
public static void main( String[] args ) {
if( args.length == 0 ) {
Systemout.println( "Usage: java C assBrowser filepath" );

Systemout.printin( " where, filepath is the full path to the archive
file" );

Systemout.printlin( " containing the class or source files." );
Systemout.println( " e.g. c:/j2sdkl.4.0_01/src.zip" );
exit();

}

CBd assGroup cbcg = null;

try {
cbcg = new CBC assG oup( new ZipFile( new File( args[0] ) ) );

} catch( Zi pException e ) {
Systemout.println( args[0] + " is not a valid .jar or .zip file." );
exit();

}

catch( | Cexception e ) {
Systemout.println( args[0] + " is not a valid file path." );
exit();

}

Cl assBrowser cb = new O assBrowser( cbcg );

}
}
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package ca. | aneg. cb;

I mport java.util.ArraylList;

/*

* Takes an array of objects and uses their string nanmes to separate
* the elenents by their access |evels.

*

* @uthor Jane Giscti ] ane@ aneg. ca

*  @reated January 13, 2002

*/

cl ass AccessSeparat or {

/*
* Checks the nane of an object for one of the four access |evels:
* public, protected, private or default and returns four ArraylLists
* with the objects separated accordingly.
*/
static Qoject[] separate( final Cbject[] ob] ) {
ArraylLi st pub new ArraylList();
ArrayLi st pro new ArraylList();
ArraylList pri new ArrayList();
ArraylLi st pkg new ArrayLi st ();

String nane = nul | ;
i nt index = 0;
for( int i =0; i <obj.length; i++ ) {

nane = obj[i].toString();

i f( name.indexOF( "public" ) >=0) {
pub. add( obj[i] );

} else if( nane.indexCh( "protected" ) >= 0 ) {
pro.add( obj[i] );

} else if( nane.indexOr( "private" ) >= 0 ) {
pri.add( obj[i] );

} else {
pkg.add( obj[i] );

}

}
return new Qbject[]{pub, pro, pri, pkg};
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package ca. | aneg. cb;

i mport java.io.File;

i nport java.io.|CException;
inport java.util.ArraylLi st;

i mport java.util.Collection;

i mport java.util.Collections;

i mport java.util.Conparator;

i mport java.util.Enumeration;

i mport java.util.StringTokeni zer;
i mport java.util.zip.Z pEntry;
inport java.util.zip.Z pFile;

/**
* Constructs a new CBC assG oup object by extracting
* class names froma .jar or .zip archive file.
* Extracted class nanes are stored for retreival by package or
* al phabetically by nane.
*
* @ut hor Jane Griscti jane@ aneg. ca
*@r eat ed January 5, 2002
*/
cl ass CBO assG oup {

private ArraylList entries = new ArraylList();
private String[] sortedByPkg;

private String[] sortedByd ass;

private String groupNane;

CBA assGoup( final ZipFile zip ) throws | OException {
groupNanme = zi p. get Nane();

Enuneration all Entries zip.entries();

Zi pEntry zipEntry nul |

String nane;

while( allEntries. hasMreEl enents() ) {
zZipEntry = (ZipEntry)all Entries. next El enent () ;
name = zi pEntry. get Name();

/1 only want full paths, not partials
I f( name.endsWth( ".java” ) || nanme.endsWth( ".class" ) ) {
/1l drop the .java or .class ending

StringTokeni zer stok = new StringTokenizer( nane, "." );

String token
entries. add( token );

st ok. next Token();

}

Collections.sort( (ArrayList)entries );
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sortedByPkg = (String[])entries.toArray( new String[0] );

Collections.sort( (ArrayList)entries, CBNaneConparator.getlnstance() );
sortedByClass = (String[])entries.toArray( new String[0] );
entries = null;

/**

* Gets the class nane entries sorted by package.

*

*@eturn An array of class names sorted by package.
*/
String[] getByPackageNane() {
return sortedByPkg;
}

/**

* CGets the class nane entries sorted by cl ass.

*

*@eturn An array of class nanes sorted by the class sinple nane.
*/
String[] getByd assNane() {
return sortedByd ass;
}

/**

* Gets the nane of the group of entries.

*

*@eturn The full path name of the file containing this group of entries.
*/
String get GoupNane() {
return groupNane;
}
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package ca.]j aneg. cb;

i mport
i mport
i nport
i mport
i mport
i mport
i mport

*

/

* % S F  * *  *

java.lang.refl ect. Array;
java.lang.refl ect. Constructor;
java.lang.refl ect. Field;

java. |l ang. refl ect. Met hod;
java.util.ArraylLi st;

java. util.Arrays;

java. util.Col |l ections;

A CBC assIinfo object used to load a class and store pertinent class
i nformati on: superclasses, fields, nethods, constructor nanes.

@ut hor Jane Giscti jane@ aneg. ca
@r eat ed January 8, 2002

public class CBC asslinfo {

pr
pr
pr

pr
pr
pr
pr
pr
pr
pr

pr

L R R T T TR N N N TR

~

*

vate final static String NAME DELIM TER = ".";
vate final String fullyQualifiedNaneg;
vate final ParsedC assNane pcn;

vate C ass thisd ass;

vate String[] superd asses;
vate Fiel dGoup flds;

vat e Met hodG oup net hods;

vate ConstructorGoup ctors;
vate C ass[] nenberd asses;
vate O ass[] nenberlnterfaces;

vat e bool ean nenber Per mi ssi on = true;

Constructs a new CBC asslnfo object. Checks for a fully qualified class
name; however, this does not guarantee that the class is available to be
| oaded. <p>

A 'fully qualified name' consists of the classes package nane and sinple
name given in dot-notation format. For exanple, java.lang. Qbject<p>

A class may only be loaded, and its infornmation retreived, if it is
available to the JVMvia the bootstrap | oader or the system cl asspat h.

@ar am name a fully qualified class nane
@xception Cl assNot FoundException if nanme is not a fully qualified class
name

public CBCl asslinfo( final String nane ) throws C assNot FoundException {

if( tisFullyQualifiedName( name ) ) {
t hrow new O assNot FoundException( " '" + nanme + "' is not a fully

qualified class nane." );

}
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ful l yQualifiedName = nane;
pcn = new ParsedC assNane( name, NAVE DELIM TER );
| oadd assDat a() ;

private bool ean isFullyQualifiedNanme( final String name ) {
return name.indexOf( NAVE_DELIM TER ) > O;
}

private void | oadSuper d asses() {

t hi sCl ass;
subcl ass. get Supercl ass();

Cl ass subcl ass
G ass supercl ass

new ArraylList();

ArrayLi st tnp

whi l e( superclass !'= null ) {
String className = superclass. get Nane();
tmp. add( cl assNane );

subcl ass = supercl ass;
supercl ass = subcl ass. get Supercl ass();

}
Col l ections.sort( tnp );

superCl asses = (String[])tnp.toArray( new String[0] );

tnmp = nul | ;

private void | oadMenber C asses() throws SecurityException {
Class[] nenbers = thisC ass. getDecl aredd asses();

i f( nmenbers.length >0 ) {
ArrayLi st mnter new Arraylist();
ArrayLi st nCl ass new ArraylList();

for( int i =0; i < menbers.length; i++ ) {
i f( menbers[i].islnterface() ) {
m nter.add( nmenbers[i] );
} else {
nCl ass. add( nenbers[i] );
}

}

if( 'nClass.iseEnpty() ) {
menber Cl asses = (C ass[])nCl ass.toArray( new C ass[0] );
}

if( !'mnter.isEmty() ) {
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menber | nterfaces = (Class[])m nter.toArray( new O ass[0] );

}

private void | oadC assData() throws C assNot FoundException {

thisC ass = Cass.forName( fullyQualifiedNane );
| oadSuper d asses();

flds = new Fi el dGoup( thisCass );

nmet hods = new Met hodG oup( thisd ass );

ctors = new ConstructorGoup( thisCdass );

try {
| oadMenber d asses() ;

} catch( SecurityException e ) {
menber Perm ssi on = fal se;
}

/**

* Returns the sinpleNane attribute of the CBC asslnfo object

*

*@eturn The si nmpl eNane val ue

*/

public String getSi npl eNane() {
return pcn. get Si npl eName();

}

/**

* Returns the fullyQualifiedNane attribute of the CBC asslnfo object

*

*@eturn The fullyQualifiedNane val ue
*/
public String getFullyQualifiedNanme() {
return fullyQualifiedNane;
}

/**

* Returns the packageNane attribute of the CBC asslnfo object

*

*@eturn The packageNane val ue
*/
public String getPackageNanme() {
return pcn. get PackageNane() ;
}

/**

* Returns the package nanes associated wth the class represented by
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* this object.
*@eturn The packages val ue
*/
public String[] getPackages() {
return pcn. get Packages();
}

/**
* Returns all the fields declared in the class represented by this object.
*
*@eturn an object array containing Field objects
*/
public Field[] getAlFields() {
return flds.getAllFields();

}
/**

* Returns all the public fields declared in the class represented by this
* object.

*@eturn an object array containing Field objects

*/

public Field[] getPublicFields() {
return flds. getPublicFields();

}
/**
* Returns all the private fields declared in the class represented by this
* object.
*
*@eturn an object array containing Field objects
*/

public Field[] getPrivateFields() {
return flds.getPrivateFields();
}

/**

* Returns all the package fields declared in the class represented by this
* object. *
*@eturn an object array containing Field objects
*/
public Field[] getPackageFields() {
return fl ds. get PackageFi el ds();
}
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/ * %

* Returns all the protected fields declared in the class represented by
* this object.

*@eturn an object array containing Field objects

*/

public Field[] getProtectedFields() {

return flds. getProtectedFields();
}

/**

* Returns all the super classes the class represented by this object
* inherits from
*
*@eturn an object array containing C ass objects
*/
public String[] getSuperd asses() {
return superC asses;

}
/**
* Returns all the nethods declared in the class represented by this
* object.
*@eturn an object array containing Method objects
*/

public Method[] getAll Methods() {
return met hods. get Al | Met hods() ;

}
/**

* Returns all the public nethods declared in the class represented by this
*  object.

*@eturn an object array containing Method objects

*/

public Method[] getPublicMethods() {
return met hods. get Publ i cMet hods() ;
}

/**

* Returns all the private nmethods declared in the class represented by
* this object.
*
*@eturn an object array containing Method objects
*/
public Method[] getPrivateMethods() {
return met hods. get Pri vat eMet hods() ;
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}

/**

* Returns all the package nethods declared in the class represented by
* this object. *
*@eturn an object array containing Method objects
*/
public Method[] get PackageMet hods() {
return met hods. get PackageMet hods() ;
}

/**

* Returns all the protected nethods declared in the class represented by
* this object.
*
*@eturn an object array containing Method objects
*/
public Method[] getProtectedMethods() {
return met hods. get Prot ect edMet hods() ;

}
/**
* Returns all the constructors declared in the class represented by this
* object.
*
*@eturn an object array containing Constructor objects
*/

public Constructor[] getAll Constructors() {
return ctors.get Al'l Constructors();
}

/**

* Returns all the public constructors declared in the class represented by
* this object.

*

*@eturn an object array containing Constructor objects
*/
public Constructor[] getPublicConstructors() {
return ctors. get PublicConstructors();
}

/**

* Returns all the private constructors declared in the class represented
* by this object.

*

*@eturn an object array containing Constructor objects
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*/
public Constructor[] getPrivateConstructors() {
return ctors.getPrivateConstructors();
}

/**

* Returns all the package constructors declared in the class represented
* Dby this object. *
*
*@eturn an object array containing Constructor objects
*/
public Constructor[] getPackageConstructors() {
return ctors. get PackageConstructors();
}

/**

* Returns all the protected constructors declared in the class represented
* Dby this object.
*
*@eturn an object array containing Constructor objects
*/
public Constructor[] getProtectedConstructors() {
return ctors. get ProtectedConstructors();
}

/**

* Returns all the classes declared as nenbers of the class represented by
* this object if the package security allows access to the infornmation

*

*@eturn an object array of C ass objects
*@Bee i sMenber AccessAl | owed()
*/

public O ass[] get Menberd asses() {
return nenber Cl asses;

}

/**
* Returns all the interfaces declared as nenbers of the class represented
* Dby this object if the package security allows access to the information.
*
*  @eturn an object array of C ass objects
* @Bee i sMenber AccessAl | owed()
*

/

public O ass[] get Menberlnterfaces() {
return menberl nterfaces;

}

/**
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* Returns true if the class has declared fields.
* [
publ i ¢ bool ean hasFi el ds(){
return flds. hasFields ? true : fal se;
}

/**
* Returns true if the class has decl ared net hods.
* [
publ i ¢ bool ean hasMet hods() {
return net hods. hasMet hods ? true : fal se;
}

/**
* Returns true if the class has decl ared constructors.
* [
publ i ¢ bool ean hasCtors() {
return ctors. hasCtors ? true : false;
}

/**
* Returns true if the class has super classes.
*/
publ i ¢ bool ean hasSuper d asses() {
return Array.getlLength( superd asses ) > 0;
}

/**

* Cets the interface attribute of the CBC asslnfo object

*

*@eturn The interface val ue

*/

public boolean islnterface() {
return thisC ass.islnterface();

}

/**

* CGets the nenber AccessAl |l owed attribute of the CBC asslnfo object

*

*@eturn The nmenber AccessAl | owed val ue

*/

publ i ¢ bool ean i sMenber AccessAl | owed() {
return nmemnmber Per m ssi on

}

/**

* Returns a textual description of the object.

*

*@eturn the nane of the class represented by this object
*/
public String toString() {
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return "A Classinfo object for the """ + fullyQualifiedNanme +
"' class.";
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package ca.j aneg. cb;

| nport java.awt. Col or;

| nport javax.sw ng.text.BadLocati onExcepti on;

| nport javax.sw ng. text.DefaultStyl edDocunent;
| nport javax.sw ng.text. Styl e;

| nport javax.sw ng. text. Styl eConst ants;

/**

* A custom zed Defaul t Styl edDocunent used by the CBText Pane
* conponent to display class details as formatted text.

*

* @ut hor Jane Griscti jane@ aneg.ca
*@r eat ed January 5, 2002
*/

cl ass CBDocunent extends DefaultStyl edDocunent {

private static Style basicStyl e;

final static String BASIC = "Basic",;
final static String HEAD NG = "Headi ng";
final static String BOLD = "Bol d";

/** Constructs a new CBDocunent object */
CBDocunent () {

createStyl es();
}

/** Adds three styles to the docunent: Headi ng, Basic and Bold */
private void createStyles() {

/| Create the top-level style, with the required font

basi cStyle = addStyle( BASIC, null );

Styl eConst ant s. set Font Fam | y( basicStyle, "Courier New' );
Styl eConst ant s. set Font Si ze( basicStyle, 14 );

Styl eConst ant s. set Foreground( basicStyle, Col or.black );
Styl eConst ant s. set Fi rst Li nel ndent ( basicStyle, 50.0f );

St yl eConst ant s. set SpaceAbove( basicStyle, 6 );

Styl eConst ant s. set SpaceBel owm( basicStyle, 0 );

/'l Headi ng: centered, bold, larger font
Style s = addStyl e( HEADI NG basicStyle );
Styl eConstants. setBold( s, true );

Styl eConst ants. set FontSi ze( s, 16 );

http://www.janeg.ca/projects/cb/CBDocument.html (1 of 2) [15/03/2004 8:46:39 AM]



CBDocument.java
Styl eConst ant s. set Foreground( s, new Col or( 0x006699 ) );
Styl eConstants. setAlignnment( s, StyleConstants. ALI GN_CENTER );
Styl eConst ant s. set SpaceBel owm( s, 12 );

/1 Bol dText

s = addStyl e( BOLD, basicStyle );
Styl eConstants.setBold( s, true );
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package ca.j aneg. cb;

i nport java.lang.refl ect. Constructor;

i nport java.lang.reflect. Field,

i nport java.lang.refl ect. Met hod;

inport java.util.StringTokeni zer;

i mport javax.sw ng. JOpti onPane;

i mport javax.sw ng. JText Pane;

i mport javax.sw ng.text.AttributeSet;

i mport javax.sw ng.text.BadLocati onExcepti on;
I mport javax.sw ng.text. Styl e;

/**

* A conponent to display fornmatted text detailing the superclasses,
* interfaces, fields, constructor, and nmethods of a selected cl ass.
*

*  @ut hor Jane Griscti jane@ aneg. ca

*  @reated January 5, 2002

*/

cl ass CBText Pane extends JText Pane {
CBd assl nfo current d ass;
CBDocunment doc;

[** Construct a new CBText Pane object */
CBText Pane() {

super () ;
}

/**

* Formats the class nane and assigns it to the first line of the display
* docunent .
*/
private void showHeadi ng() {
String head = null

if( currentdass.islnterface() ) {

head = "Details for Interface " + currentC ass. getFullyQualifiedNane();
} else {

head = "Details for Class " + currentd ass. get FullyQualifiedNanme();
}
try {

AttributeSet s = doc.getStyle( doc. HEAD NG ) ;
doc.insertString( doc.getLength(),
head + "\n",
s );
doc. set Logi cal Styl e( doc.getLength() - 1, (Style)s );
} catch( BadLocati onException e ) {
JOpt i onPane. showMessageDi al og( this,
"Error displaying details. /n" + e,
"Di splay Error",
JOpt i onPane. ERROR_MESSACE ) ;
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return,;

/**

* Retreives the class superclasses, formats their nanmes and adds themto
* the display docunent

*/
private void showSuper d asses() {
String[] supers = currentd ass. get Super d asses();
1 f( supers == null ) {
return;
}
AttributeSet s = doc. get Styl e( doc. HEADI NG ) ;
try {
doc.insertString( doc.getlLength(),
" Super Cl asses \n",
s );
} catch( BadLocati onException e ) {
JOpt i onPane. showMessageDi al og( this,
"Error displaying details. /n" + e,
"Display Error",
JOpt i onPane. ERROR_MESSACE ) ;
return;
}
doc. set Logi cal Styl e( doc.getLength() - 1, (Style)s );
for( int i =0; i < supers.length; i++ ) {
try {
doc.insertString( doc.getlLength(),
supers[i] + "\n",
doc.get Styl e( doc.BASIC ) );
} catch( BadLocati onException e ) {
JOpt i onPane. showessageDi al og( this,
"Error displaying details. /n" + e,
"Display Error",
JOpt i onPane. ERROR_MESSACGE ) ;
return;
}
}
}
/**

* Formats the class details and adds themto the display docunent.

*

*@aram data An array of Interface, Field, Constructor, or Method objects
*@aram type Description of Paraneter
*/
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private void showbData( final Object[] data, final String type ) {

if( data == null ) {
return;
}

try {
if( type I'="" ) {
AttributeSet s = doc.getStyle( doc. HEADI NG );
doc.insertString( doc.getlLength(),

type + "\n",
s );
doc. setLogi cal Styl e( doc.getlLength() - 1, (Style)s );
}el sef
doc.insertString( doc.getlLength(),
"\'n",
doc. get Styl e( doc.BASIC ) );
}
for( int i =0; i < data.length; i++ ) {

di splayLine( data[i].toString() );
doc.insertString( doc.getlLength(),
Il\nll,
doc. get Styl e( doc.BASIC ) );

} catch( BadLocati onException e ) {
JOpt i onPane. showMessageDi al og( this,
"Error displaying details. /n" + e,
"Di splay Error",
JOpt i onPane. ERROR_MESSACE ) ;
return;

/**

* Wite a newline in the docunent

*

* @aram line the text to be displayed

*/

private void displayLine( final String line ) {
String classNane current Cl ass. get Si npl eNane() ;
StringTokeni zer stok new StringTokenizer( line, " (", true );
String token new String( "" );

whi | e( st ok. hasMoreTokens() ) {
t oken = st ok. next Token();

try {
I f( token.indexOr( className ) == -1 ) {

if( token.lastlndexO( '." ) >0 &&
I'token.endsWth( ")" ) ) {
int pos = token.lastlndexOr( "." );
t oken = token. substring( pos + 1 );
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}
doc.insertString( doc.getlLength(),
t oken,
doc.getStyle( doc.BASIC ) );
} else {
/'l show field, method, ctor nanme in bold
int pos = token.lastlndexOr( "." );

doc.insertString( doc.getLength(),
t oken. substring( pos + 1),
doc. get Styl e( doc.BOLD ) );

}

} catch( BadLocati onException e ) {

JOpt i onPane. showessageDi al og( this,
"Error displaying details. /n" + e,
"Display Error",

JOpt i onPane. ERROR_MESSACE ) ;
return;

/**

* Replaces the current content with the details of the supplied class. Al
* content is displayed using a Styl edDocunent .
*

*@aram str the nanme of the class for which details will be displayed
*/
voi d displayCd assinfo( final String str ) {

try {
currentCl ass = new CBC assIinfo( str );
} catch( C assNot FoundException e ) {
JOpt i onPane. showMessageDi al og( this,
"Unable to load class " + str +
"\ nPl ease check your classpath.",
"Error Loading C ass",
JOpt i onPane. ERROR_MESSACE ) ;
return;

}

doc = new CBDocunent () ;
set Styl edDocunent ( doc );

showHeadi ng() ;

i f( currentd ass. hasSuperd asses() ) {
showSuper C asses() ;

Gl ass[] inter = current d ass. get Menber I nterfaces();
showData( inter, "Interfaces" );
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Cl ass[] nenbers = current C ass. get Menber d asses() ;
showbDat a( nenbers, "Menber O asses");

i f( currentd ass. hasFields() ) {

Field[] flds = current d ass. get Publ i cFi el ds();
showbata( flds, "Fields" );
flds = current d ass. get PackageFi el ds();
showbData( flds, "" );
flds = current C ass. get Prot ect edFi el ds();
showData( flds, "" );
flds = current Cl ass. get Pri vat eFi el ds() ;
showData( flds, "" );

}

if( currentd ass. hasCtors() ) {
Constructor[] ctors = currentd ass. get PublicConstructors();
showbDat a( ctors, "Constructors" );
ctors = currentd ass. get Prot ectedConstructors();
showDat a( ctors, "" );
ctors = currentd ass. get PackageConstructors();
showDat a( ctors, "" );
ctors = currentd ass. getPrivateConstructors();
showDat a( ctors, "" );

}

i f( currentd ass. hasMethods() ) {
Met hod[] net hods = current C ass. get Publ i cMet hods() ;
showDat a( net hods, "Methods" );
nmet hods = current C ass. get Prot ect edMet hods() ;
showDat a( net hods, "" );
nmet hods = current d ass. get PackageMet hods() ;
showDat a( met hods, "" );
nmet hods = current C ass. get Pri vat eMet hods() ;
showbat a( net hods, "" );

}

set Caret Position( 0 );
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package ca. | aneg. cb;

i nport java.awt. D nensi on;

i nport java.util.Arraylist;

i nport java.util.Collection;

i mport java.util.Collections;

inmport java.util.Listlterator;

i mport java.util.StringTokeni zer;

i nport java.util.TreeMap;

i nport javax. sw ng. JPanel ;

i nport javax.sw ng.JScrol | Pane;

i nport javax.sw ng. JTree;

i nport javax.sw ng. event. TreeSel ecti onEvent;

i nport javax. sw ng. event. TreeSel ecti onLi st ener;
i nport javax.sw ng. tree. Def aul t Mut abl eTr eeNode;
i nport javax.sw ng.tree. Def aul t Tr eeMbdel ;

i mport javax.sw ng.tree. TreeNode;

i nport javax.sw ng.tree. TreePat h;

i nport javax.sw ng.tree. TreeSel ecti onModel ;

/**

* Builds and contains the JTree used to display the class heirarchy.

*

*  @ut hor Jane Giscti jane@ aneg.ca
*  @reated January 26, 2002
*/

cl ass CBTreePanel extends JPanel {

private C assBrowser parent;

private JTree tree

private Defaul t Mut abl eTr eeNode cl assTr ee;
private Defaul t Mut abl eTr eeNode pkgTr ee;
private CBC assG oup cl assG oup;

private Coll ection sortedd asses

new JTree();

new Arraylist();

/**

* Constructs a CBTreePanel object.

*

*  @aram frame the Cl assBrowser object to contain the panel

*  @aram cbcg the CBC assG oup to be displayed

*/

CBTreePanel ( final C assBrowser frane, final CBC assGoup chcg ) {
super () ;
parent = frane;
cl assG oup = cbcg;

bui | dPkgTree();
bui | dCl assTree();
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swi tchToPkgTree();

tree.putClientProperty( "JTree.lineStyle", "Angled" );
tree. get Sel ecti onModel (). set Sel ecti onMode(

TreeSel ecti onMbdel . SI NGLE_TREE_SELECTI ON ) ;
tree. addTreeSel ecti onLi stener( new CBTreelLi stener() );

JScrol Il Pane jsp = new JScroll Pane( tree );

j sp. set PreferredSi ze( new Di nmension( 300, 500 ) );
j sp. set M ni nuntSi ze( jsp.getPreferredSi ze() );

add( jsp );

/** Builds a tree nodel based on the class package nanes. */
private void buil dPkgTree() {
Def aul t Mut abl eTr eeNode t op = new Def aul t Mut abl eTr eeNode(
cl assG oup. get G oupNane() );
Def aul t Mut abl eTr eeNode pr evNode;
Def aul t Mut abl eTr eeNode node;

String el enent;
String key
StringBuffer keyBuf
String keyBuf Str;
TreeMap map
prevNode = top;
String[] pkgs

ne\’/v StringBuffer( "" );

new TreeMap();

cl assG oup. get ByPackageNamne() ;

/1 build tree nodes
for( int i =0; i < pkgs.length; i++ ) {
el ement = pkgs[i];
keyBuf = new StringBuffer( elenment.length() );

keyBuf Str = "";

StringTokeni zer stok = new StringTokeni zer( elenent, "/" );
Cl assl nfo data = null;

i nt tokenCount = 0;

whi | e( st ok. hasMoreTokens() ) {
key = stok. next Token();
t okenCount ++;

keyBuf . append( key + '.' );
keyBuf Str = keyBuf.toString();

I f( map. cont ai nsKey( keyBuf Str ) ) {

prevNode = (Defaul t Mut abl eTr eeNode) map. get ( keyBuf Str );
} else {
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dat a
node

new Cl assl nfo( keyBuf Str, key );
new Def aul t Mut abl eTr eeNode( data );

/'l check for top | evel package nanes
i f( tokenCount == 1) {
t op. add( node );
} else {
pr evNode. add( node );
}

prevNode = node;
map. put ( keyBuf Str, node );
sortedC asses. add( data );

}
}

}

pkgTree = top;
}
/*
* Builds a tree nodel based on the class nanes. <p>
*
* Note: This is not built by using the CBO assG oup sorted cl asses.
* uses the sane C asslnfo objects created for the package tree.
*/

private void buildd assTree() {

Col | ections.sort( (ArraylList)sortedd asses,
CBNaneConpar at or. get I nstance() );

Listlterator liter = ( (ArraylList)sortedd asses

).listlterator();

Def aul t Mut abl eTr eeNode cl assTop = new Def aul t Mut abl eTr eeNode(

cl assG oup. get G oupNane() );
Def aul t Mut abl eTr eeNode node;
Cl assl nfo el enent;

while( liter.hasNext() ) {
el ement = (Classinfo)liter.next();
node = new Def aul t Mut abl eTr eeNode( el enent );
cl assTop. add( node );

}

sortedd asses = nul | ; [/ finished with sorted cl asses

cl assTree = cl assTop;
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/ * %
* Switches the JTree nodel to the sorted class tree nodel.
* The display is automatical |y updat ed.
*/
void switchTod assTree() {
Def aul t TreeMbdel nodel = (DefaultTreeMdel)tree. get Model ();
nodel . set Root ( cl assTree );
nodel . rel oad();

/**
* Switches the JTree nodel to the package nanme tree nodel .
* The display is automatically updated.
*/
voi d swi tchToPkgTree() {
Def aul t TreeModel nodel = (DefaultTreeMdel)tree. get Model ();
nodel . set Root ( pkgTree );
nodel . rel oad();

/**

* The |istener for the JTree contained in CBTreePanel .

*

*  @ut hor Jane Giscti jane@ aneg.ca
*  @reated January 26, 2002
*/

private class CBTreelLi stener inplenents TreeSel ectionLi stener {
public void val ueChanged( TreeSel ecti onEvent e ) {
Def aul t Mut abl eTr eeNode node = (Defaul t Mut abl eTr eeNode)
tree. get Last Sel ect edPat hConponent () ;

1 f( node == null ) {

return;
}
i f( node.isLeaf() ) {
Classlinfo classinfo = (d asslnfo)node. getUser Cbj ect();
par ent . di spl ayd asslnfo( classlnfo.qualifiedNanme );
}
}
}
/**

* Separates the class nane fromthe package nane and stores them
* separately. A Classlinfo object acts as a | eaf node in the JTree.
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*

*  @ut hor Jane Giscti jane@ aneg.ca
*  @reated January 5, 2002
*/

class Cassinfo {

String qualifiedNane;
String classNane;

/**

* Constructs a new C asslnfo object

*

* @aram fullpath the fully qualifed class nane

*  @aram nane the sinple class nane

*/

Classlinfo( String fullpath, String nanme ) {
full path = full path.substring( O, fullpath.length() - 1);
qual i fi edNane = full pat h;
cl assNane = nane,

}

public String getQualifiedName() ({
return qualifiedNane;
}

/**

* Overrides ohject.toString() to provide each node with a display
* name; that of the class it represents.
*
*@eturn Description of the Returned Val ue
*/
public String toString() {
return cl assNane;
}
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package ca. | aneg. cb;

import java.lang.reflect. Array;

i mport java.lang.reflect. Constructor;
inport java.util.ArraylLi st;

i mport java.util.Arrays;

i mport java.util.Conparator;

/**

* A constructor group object contains class constructor information separated
* into groups based on their access privileges. Each grouping is sorted on the
* constructors sinple nane.

*

* @ut hor Jane Griscti jane@ aneg. ca
*@r eat ed January 13, 2002
*/

cl ass ConstructorGoup {

private final C ass owner;

private Constructor[] ctors;

private Constructor[] publicConstructors;
private Constructor[] protectedConstructors;
private Constructor[] packageConstructors;
private Constructor[] privateConstructors;

bool ean hasCtors;

/**

* Creates a ConstructorGoup object.
*
*@aram owner the class object the nmethods are derived from
*/
ConstructorG oup( final Cass owner ) {
t hi s. owner = owner;
ctors = owner. get Decl aredConstructors();
Arrays.sort( ctors, NaneConparator.getlnstance() );

hasCtors = Array.getlLength( ctors ) > O0;
i f( hasCtors ) separateByAccess();

}

private voi d separateByAccess() {
bject[] obj = AccessSeparator.separate( ctors );
ArrayList al = (ArrayList)obj[0];

publ i cConstructors = (Constructor[])al.toArray( new Constructor[O0] );

al = (ArrayList)obj[1];
prot ectedConstructors = (Constructor[])al.toArray( new Constructor[O0] );
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al = (ArrayList)obj[2];
privateConstructors = (Constructor[])al.toArray( new Constructor[0] );

al = (ArrayList)obj[3];
packageConstructors = (Constructor[])al.toArray( new Constructor[0] );

Constructor[] getPublicConstructors() {
return publicConstructors;
}

Constructor[] getProtectedConstructors() {
return protectedConstructors;
}

Constructor[] getPrivateConstructors() {
return privateConstructors;
}

Constructor[] getPackageConstructors() {
return packageConstructors;
}

Constructor[] getAll Constructors() {
return ctors;
}
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package ca.j aneg. cb;

i mport java.lang.reflect. Array;
I nport java.lang.reflect. Field;
I nport java.util.ArraylLi st;

i mport java.util.Arrays;

I mport java.util . Conparator;

/**

* A field group object contains class field information separated into groups
* based on their access privileges. Each grouping is sorted on the fields
* sinple nane.

*

* @ut hor Jane Griscti jane@ aneg. ca
*@r eat ed January 13, 2002
*/

class Fiel dGoup {

private final C ass owner;
private Field[] flds;

private Field[] publicFields;
private Field[] protectedFields;
private Field[] packageFi el ds;
private Field[] privateFields;

bool ean hasFi el ds;

/**

* Creates a new Fiel dG oup object.
*
*@aram owner the class object the fields are derived from
*/
Fiel dGoup( final Cass owner ) {
t hi s. owner = owner;
fl ds = owner. get Decl aredFi el ds() ;
Arrays.sort( flds, NameConparator.getlnstance() );

hasFi el ds = Array.getlLength( flds ) > 0O;

i f( hasFields ) separateByAccess();
}

/'l separate fields based on their access |evel
private void separateByAccess() {
bject[] obj = AccessSeparator.separate( flds );

ArrayList al = (ArrayList)obj[0];
publicFields = (Field[])al.toArray( new Field[0] );
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al = (ArrayList)obj[1];
protectedFields = (Field[])al.toArray( new Field[0] );

al = (ArrayList)obj[2];
privateFields = (Field[])al.toArray( new Field[0] );

al = (ArrayList)obj[3];
packageFields = (Field[])al.toArray( new Field[0] );

Field[] getPublicFields() {
return publicFields;
}

Field[] getProtectedFields() {
return protectedFields;
}

Field[] getPrivateFields() {
return privateFi el ds;
}

Field[] getPackageFiel ds() {
return packageFi el ds;
}

Field[] getAllFields() {
return flds;
}
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package ca. ] aneg. cb;

I mport java.lang.reflect. Array;

I nport java.lang.refl ect. Met hod;
I nmport java.util.Arraylist;

I nport java.util.Arrays;

i mport java.util. Conparator;

I mport java.util.StringTokeni zer;

/**

* A nethod group object contains class nethod information separated into
* groups based on their access privileges. Each grouping is sorted on the
* methods sinple nane.

*

*  @aut hor Jane Griscti jane@ aneg. ca

*  @reated January 13, 2002

*/

cl ass Met hodG oup {

private final C ass owner;

private Method[] nethods;

private Method[] publicMethods;
private Method[] protectedMethods;
private Method[] packageMet hods;
private Method[] privateMethods;

bool ean hasMet hods;

/**

* Creates a Met hodG oup object.

*

*@aram owner the class object the nmethods are derived from
*/
Met hodG oup( final C ass owner ) {

t hi s. owner = owner;

met hods = owner. get Decl ar edMet hods() ;

Arrays.sort( methods, NaneConparator. getlnstance() );

hasMet hods = Array. getlLength( nethods ) > O;

i f( hasMet hods ) separateByAccess();

/'l separate nethods based on their access |evel
private voi d separat eByAccess() {
(bj ect[] obj = AccessSeparator.separate( nethods );
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ArraylLi st al
publ i cMet hods

(ArrayLi st)obj[0];
(Method[])al .toArray( new Method[ O] );

al = (ArrayList)obj[1];
prot ect edMet hods = (Method[])al.toArray( new Method[ O] );

al = (ArrayList)obj[2];
privateMet hods = (Method[])al.toArray( new Method[O] );

al = (ArrayList)obj[3];
packageMet hods = (Method[])al.toArray( new Method[ O] );

Met hod[] get PublicMet hods() {
return publicMethods;
}

Met hod[] get Prot ect edMet hods() {
return protectedMet hods;
}

Met hod[] getPrivateMethods() {
return privateMet hods;
}

Met hod[] get PackageMet hods() {
return packageMet hods;
}

Met hod[] get Al I Met hods() {
return nmethods;
}
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package ca. | aneg. cb;

i nport java.util. Conparator;

/**
* Conpares fully qualified class, constructor, field and nmethod
*  nanes based on their sinple nane; ignores character case.
*
*  @ut hor Jane Griscti jane@ aneg. ca
*  @reated January 13, 2002
*

/

cl ass NaneConparator inplenents Conparator {

private final static NaneConparator |INSTANCE = new NanmeConparator();

/~k

* Ensure only one NaneConparator is created (Singleton)
*/

private NaneConparator() { }

private String getDelimter( final String str ) {
String delimter ="";
i1 f( str.indexOr( "/" ) >0) {

delimter = "/";
} else if( str.indexOr( "." ) >0 ) {
delimter =".";

}

return delimter;

private String extract( final String str, final String delimter ) {

String result = str;

/'l drop any paraneters if it's a method or constructor nane
1 f( str.indexOr( "(" ) >0) {
result = str.substring( 0, str.indexO( "(" ) );

}

if( delimter I'="" ) {
int index = result.lastlndexO( delimter );
result = result.substring( index + 1 );

}

return result;
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/**

* Returns a singleton instance of NameConpar at or

*

*@eturn a NanmeConpar at or obj ect
*/
public static NaneConparator getlnstance() {
return | NSTANCE;
}

/**

*  Conpares two objects

*

*@aram o0l the first object being conpared
*@aram 02 the second object being conpared

*@eturn a negative integer, zero, or a positive integer as the first
* argunent is less than, equal to, or greater than the second.
*/

public int conpare( final Object ol, final Object 02 ) {
String sl ol.toString();
String s2 02.toString();

String slDelimter
String s2Delimter

getDelimter( sl );
getDelimter( s2 );

sl
s2

extract( ol.toString(), slDelimter );
extract( o2.toString(), s2Deliniter );

return sl1.conpareTol gnoreCase( s2 );
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package ca.j aneg. cb;

I nport java.util.StringTokeni zer;

/**

* A ParsedC assNane takes a fully qualified class nane and breaks into it's
* conponent parts using the given delimter.

*

* @ut hor Jane Gisct jane@ aneg. ca
*@r eat ed January 26, 2002
*/

cl ass ParsedC assNanme {
private String sinple;
private String[] pkgs;
private String pkgNane;

Par sedC assNane( final String nanme, final String delimter ) {

StringTokeni zer stok
i nt tokens

new StringTokeni zer( nanme, delimter );
st ok. count Tokens();

1 f( tokens > 1) {

StringBuffer buf = new StringBuffer( nane.length() );
pkgs = new String[tokens - 1];

String tok ="";

for( int i =0; I <tokens - 1; i++ ) {

t ok = st ok. next Token();
pkgs[i] = tok;
buf . append( tok + '.' );

}
pkgNanme = buf.substring( 0, buf.length() - 1);

}
si npl e = stok. next Token();

String getSinpleNane() {
return sinple;
}

String[] getPackages() {
return pkgs;
}

String get PackageName() {
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return pkgNane;
}

/**

* The main program for the ParsedCl assNane cl ass; used for testing.
*
*@aram args The conmand |ine argunents
*/
public static void main( String[] args ) {
/1 good exanpl e
Par sedd assNanme pcn = new ParsedC assNanmg(

"] ava. awt . t ext.resour ces. Dat eFor mat ZoneData_en", "." );
System out.println( pcn.getSinpleNane() );
System out. println( pcn. get PackageNane() );
for( int i =0; i < pcn.pkgs.length; i++ ) {

Systemout.println( pcn.pkgs[i] );

}

Systemout. println();

/1 works ok with enpty tokens

pcn = new ParsedC assNane( "java..awt.Button", "." );

System out. println( pcn.getSinpl eNane() );

System out. println( pcn.get PackageNane() );

for( int i =0; I < pcn.pkgs.length; i++ ) {
Systemout. println( pcn.pkgs[i] );

}

/1 works ok with ending delimter

Systemout.println();

pcn = new ParsedC assNane( "java..awt. Franme.", "." );

System out.println( pcn.getSinpleNane() );

System out. println( pcn. get PackageNane() );

for( int i =0; i < pcn.pkgs.length; i++ ) {
Systemout. println( pcn.pkgs[i] );

}
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Java Quick Reference - Project - FieldValidation

Java Project - FieldValidation

# Field Validation Example = |0[X]

— i

Mame: |John Doe |

Age: 10

Birthday: |

-Status

E'Ag & s valid.

FieldVvalidation.java
Utils.java

Eachfieldisassigned an | nput Ver i f i er which checksthe contents of afield when it is exited. If the input does not fall
within the verifiers parameters, focus is automatically returned to the field. A corresponding message is displayed in the
'status’ area.

Thest ati ¢ method cent er () fromtheUt i | s classisused to center the window on the desktop.

Home | Projects
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FieldValidation
1 package ca.] aneg. proj ect;
2
3 i nport java.awt . Border Layout ;
4 i mport java.aw . Col or;
5 i nport java.awt. D nensi on;
6 i nport java.awt . Font;
7 i nport java.aw .event.W ndowAdapter;
8 i nport java.awt.event. W ndowEvent;
9 i mport java.text. Dat eFormat;
10 i nport java.text.ParseException;
11 i mport java.text.Sinpl eDat eFor mat ;
12
13 i nport javax.sw ng. Border Fact ory;
14 i mport javax. sw ng. Box;
15 i mport javax.sw ng. BoxLayout ;
16 i mport javax.sw ng. |l nputVerifier;
17 i mport javax.sw ng. JConponent;
18 i nport javax.sw ng. JFrane;
19 i mport javax.sw ng. JLabel ;
20 I nport javax.sw ng. JPanel ;
21 i mport javax.sw ng. JText Fi el d;
22 i nport javax.sw ng. border. Border;
23 i nport javax.sw ng. border. Titl edBorder;
24
25 i nport ca.janeg.swng.Uils;
26
27 [ **
28 * An exanpl e of validating user input fields using
29 * <code>j avax.sw ng. | nput Veri fier</code>.
30 *
31 * The verifiers are defined as inner classes.
32 *
33 * References:
34 * o<l >
35 * <li><a
href="http://ww. javawor| d. coni j avawor | d/j w 06- 2001/ j w- 0622-traps. html ?" >
36 * JavaWwrl d article by Mchael Daconta</a></li>
37 * <li><a
href="http://devel oper.java. sun. com devel oper/JDCTechTi ps/2001/tt1120. ht m ">
38 * JDC Tech Tip - VALIDATI NG NUMERI CAL | NPUT I N A JTEXTFI ELD</ a></1i >
39 *
40 * <ful>
41 * @uthor Jane Griscti, jane@ aneg.ca
42 */
43 public class FieldVvalidation {
44
45 private final static DateFornat dateFormat =
46 new Si npl eDat eFormat ( "MM dd/ yyyy" );
47 private final Font font = new Font( null,
48 Font. BOLD | Font. | TALIC,
49 12 );
50
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51 private final JFranme frane = new JFrane();

52 private final JTextField nane = new JTextField( 25 );
53 private final JTextField age = new JTextField( 3 );
54 private final JTextField birthday = new JTextField( 10 );
55 private final JTextField status = new JTextField( 30 );
56

57 public FieldVvalidation(){

58 frame.setTitle( "Field Validation Exanple" );

59

60 /1 assign a verifier to each input field

61 age.setlnputVerifier( new AgeVerifier() );

62 bi rt hday. setl nputVerifier( new BirthdayVerifier() );

63 nane. set | nput Verifier( new Bl ankFi el dVerifier() );

64

65 bui I dGUI () ;

66 }

67

68 [ *

69 * Build the exanple GU

70 */

71 private void buil dGU (){

72

73 JPanel mai nPanel = new JPanel ();

74 mai nPanel . set Layout ( new BoxLayout ( mai nPanel, BoxLayout.Y AXIS ) );
75 mai nPanel . set Bor der ( Bor der Fact ory. cr eat eConpoundBor der (
76 Bor der Fact ory. creat eEnpt yBorder( 5,5,5,5 ),
77 mai nPanel . get Border() ) );

78

79 mai nPanel . add( bui | dl nput Panel () );

80 mai nPanel . add( bui | dSt at usPanel () );

81

82 frame. get Cont ent Pane() . add( mai nPanel , BorderLayout. CENTER );
83

84 frame. addW ndowLi st ener (new W ndowAdapter () {

85 public void wi ndowd osi ng( W ndowEvent wevt) ({

86 System exit(0);

87 }

88 1)

89

90 franme. set Resi zabl e( fal se );

91 frane. pack();

92 Uils.center( frame );

93 frane.setVisible( true );

94 }

95

96 /*

97 * Build the GU input panel.

98 */

99 private JPanel buil dl nputPanel (){

100 JPanel panel = new JPanel ();

101

102 Bor der border = BorderFactory.createTitl edBorder (

103 Bor der Fact ory. cr eat eEt chedBor der (),
104 "I nput”,

105 Ti t| edBor der . LEADI NG
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106 Ti t| edBor der. TOP,

107 font,

108 Col or. GRAY ) ;

109

110 panel . set Layout ( new BoxLayout ( panel

111 BoxLayout.Y AXIS ) );
112 panel . set Border ( border );

113

114 panel . add( buil dFi el d( name, "Nane:" ) );

115 panel . add( buil dFi el d( age, "Age:" ) );

116 panel . add( buil dField( birthday, "Birthday:" ) );

117

118 return panel

119 }

120

121 | *

122 * Build an input field to be displayed in the input panel.
123 */

124 private JPanel buil dField( JConponent conp, String |abel ){
125

126 conp. set M ni nunti ze( conp. get PreferredSi ze() );

127 conp. set Maxi munti ze( conp. get PreferredSi ze() );

128

129 JPanel panel = new JPanel ();

130 panel . set Border ( Border Factory. creat eEnptyBorder( 2,2,2,2 ) );
131

132 panel . set Layout ( new BoxLayout ( panel

133 BoxLayout. X AXIS ) );
134

135 Box | eft Box = new Box( BoxLayout.X AXIS );

136 | ef t Box. set PreferredSi ze( new Di nension( 60, 20 ) );
137 | ef t Box. add( new JLabel ( | abel ) );

138

139 Box rightBox = new Box( BoxLayout.X AXIS );

140 ri ght Box. add( conp );

141

142 panel . add( | eftBox );

143 panel . add( ri ghtBox );

144 panel . add( Box.createHorizontal G ue() );

145

146 return panel;

147 }

148

149 | *

150 * Build the GUI status panel.

151 */

152 private JPanel buil dStatusPanel () {

153 JPanel panel = new JPanel ();

154

155 Border border = BorderFactory.createTitl edBorder (

156 Bor der Fact ory. cr eat eEt chedBor der (),
157 "Status”,

158 Ti t | edBor der . LEADI NG

159 Ti t| edBor der. TOP,

160 font,
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161 Col or. GRAY );

162 panel . set Border ( border );

163

164 status. set Editabl e( fal se );

165 st at us. set For eground( Col or.BLUE );

166 status. set Text ( "Ready" );

167 panel . add( status );

168 return panel

169 }

170

171 | *

172 * Checks to ensure a field is not blank.

173 *

174 * The 'shoul dYi el dFocus()"' net hod produces

175 * a 'beep’ if the validation fails. It is inherited
176 * by the other field verifiers.

177 */

178 private class Bl ankFi el dVerifier extends InputVerifier {
179

180 publ i c bool ean verify(JConmponent conmp) {

181 JTextField fld = (JTextField) conp;

182 String content = fld.getText();

183

184 bool ean isValid = true;

185 if (content.length() == 0) {

186 status. set Text ("Fi eld cannot be blank.");
187 isvValid = fal se;

188 }

189

190 return isValid;

191 }

192

193 publ i ¢ bool ean shoul dYi el dFocus(JConponent i nput) {
194 bool ean valid = super. shoul dYi el dFocus(i nput);
195

196 if ('valid) {

197 frame. get Tool kit (). beep();

198 }

199 return valid;

200 }

201

202 }

203

204 /*

205 * Checks the age field to ensure it is not

206 * enpty and that it contains an integer val ue.

207 */

208 private class AgeVerifier extends Bl ankFiel dVerifier {
209

210 publ i c bool ean verify(JConponent conp) {

211

212 JTextField fld = (JTextField) conp;

213 String content = fld.getText();

214

215 bool ean isValid = true;
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216

217 try {

218 I nt eger. parselnt(content);

219 } catch (Nunber For mat Exception nfe) {

220 fld. setText("");

221 status. set Text ("Age nust be a nunber.");
222 isValid = fal se;

223 }

224

225 if (isvalid) {

226 status.set Text("Age is valid.");

227 }

228

229 return isValid,

230 }

231

232 }

233

234 | *

235 * Checks the birthday field to ensure it is not blank
236 * and it contains a valid date string. There is no
237 * range checking on the date.

238 */

239 private class BirthdayVerifier extends Bl ankFi el dVerifier {
240 publ i c bool ean verify(JConmponent conp) {

241

242 JTextField fld
243 String content
244

245 bool ean isvalid = true;

246 try {

247 dat eFor mat . par se(content);

248 } catch (ParseException e) {

249 fld setText("");

250 status. set Text ("Birthday nust be mm dd/yyyy.");
251 isValid = fal se;

252 }

253

254 if (isvalid) {

255 status.setText("Birthday is valid.");
256 }

257 return isValid;

258 }

259 }

260

261 [**

262 * Main entry point for the class.

263 */

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

265 new Fi el dvalidation();

266 }

267

268 }

269

(JText Field) conp;
fld.getText();
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FieldVvalidation
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Utils
1
2 package ca. | aneg. SwW ng;
3 i nport java.aw . D nensi on;
4 i mport java.aw . Tool kit;
5 i mport java.awt . W ndow,
6
7 /**
8 * WUility nethods for Swi ng conponents.
9 *
10 *
11 *  @uthor Jane Giscti, jane@ aneg.ca
12 */
13 public class Utils {
14
15 [ **
16 * Center a conponent on the screen.
17 *
18 * Source:
19 * <a href="http://javaal manac. conf egs/j ava. awt/ screen_Cent er Screen. ht m ">
20 * The Java Al manac</ a>
21 *  @aram w ndow t he conponent to be centered.
22 */
23 public static void center( Wndow wi ndow ) {
24
25 /'l Get the size of the screen
26 Di nensi on di m = Tool kit.getDefaul t Toolkit().getScreenSize();
27
28 /'l Determ ne the new | ocation of the w ndow
29 int w= wi ndow. getSi ze().w dth;
30 int h = w ndow. getSi ze() . hei ght;
31 int x = (dimwdth - w / 2;
32 int y = (dimheight - h) / 2;
33
34 /'l Move the wi ndow
35 wi ndow. set Locati on(x, Yy);
36
37 }
38
39 }
40

Utils
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Java Project - Calculator

& Calculator
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Calculator.java
CalculatorEngine.java

Thisis asimple implementation of a Calculator. | started with some code | found in Object-Oriented Programming and
Java by Danny C.C. Poo and Derek B.K. Kiong which implemented the four binary operations. + - / * and = in the class
Cal cul at or Engi ne. | added the unary functions and built a Swing GUI.

Design Decisions
« CalculatorEngine

The original code returned Doubl e. t oSt ri ng( val ue ). Thisworked fine from the command line but gave
me problems when | was designing the GUI; exponential numbers were being returned.

| thentried using aJFor mat t edText Fi el d inthe GUI withaDeci mal For mat . This also presented
difficulties. The default pattern for Deci mal For mat is" #, ##0. 0#" . The display always showed 0. 0. | only
wanted to show decimal digits if the user had selected the decimal key. | changed the pattern to #, ###. #" and
invoked set Deci mal Seper at or Al waysShown( f al se ) but then the decimal did not show up until the
user selected another digit key and if that happened to be a zero, in any decimal position, it was not shown until a
number between 1 and 9 was selected.

Inthe end | gave up and decided to modify Cal cul at or Engi ne, adding thedi spl ay field, a
Nunber For mat t er and modifying the code to keep theval ue and di spl ay attributesin sync.

o Cdculator

The key to the GUI is displaying the various buttons in a pleasing manner and finding an easy way to invoke their
actions. By default, each JBut t on's action command is set to the value of the button label. This got me thinking
about how nice it would be if, when a user selected the cos button, the button action listener could invoke

engi ne. cos( ) . Thereflection mechanism in Java allows for just such a scenario.

| also wanted the buttons appearance to vary according to their functions: digit, unary, binary, control. To accomplish
this| created an inner class Cal cBut t on which implements Act i onLi st ener and then created a number of
subclasses to handle the different colour settings for each function.

All in al the whole thing came out fairly clean<g>. There is one small flaw that I'm aware of, if the result of aunary
operation such as nod is zero, the display shows nothing when really it should show a'0". Haven't figured out how to get
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around thisyet. If you have a solution, please let me know <g>
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Calculator

/* EIR R R S S b S R S R I S R S S R R I R S R R S I S R S b R R S S kS I S S S

*

File: Calculator.java
Package: ca.janeg.calc

Cont ai ns: | nner cl asses
Cal cButton
Di gi t But t on

Functi onBut t on
Unar yBut t on
Control Button

Ref er ences: Vi sual Conponents: Sum It Up with JCal cul ator
by C aude Duguay,
Article at http://archive.devx.com
(Layout)

The Java Programm ng Language: 2nd Edition
by Ken Arnold and Janes Gosling
Addi son-Wesl ey, 1998, 7th Printing 2000 (p311)

The Java Devel opers Almanac 1.4 (online)

L S R S B R T S B N S N S S R R R S . S . N N S I

http://javaal manac. conl egs/j ava. awt / screen_Cent er Scr een. ht m
http://ww. j avaal manac. coni egs/j avax. swi ng/ LookFeel Nati ve. ht n

Dat e Aut hor Changes
Cct 17, 2002 Jane Giscti Cr eat ed
Cct 22, 2002 Jane Giiscti Cl eaned up comments, |ayouts and action |istener
Cct 23, 2002 Jane Giscti changed Cal cButton to use a white foreground as

the default button color and renoved redundant
calls fromthe subcl asses

re-arranged the code in the class body to place
i nner classes after all nethods except main()

ER R R S S I S S R S R S I R S S R R R S I R R S Rk I R S b R R S R S S R S S */

package ca.]j aneg. calc;

i mport java.aw . Col or;

i nport java.aw . Conponent;

i nport java.awt . Cont ai ner;

i nport java.aw . Di nension;

i nport java.awt . Font;

i mport java.aw .G idLayout;

i mport java.aw .l nsets;

i nport java.awt. Tool kit;

i mport java.awt . W ndow,

i nport java.awt.event. Acti onEvent;

i mport java.aw.event. ActionLi stener;
i nport java.lang.reflect.|nvocationTarget Excepti on;
i mport java.l ang.refl ect. Mt hod,
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i mport javax. sw ng. Box;

i mport javax.sw ng. BoxLayout ;

i mport javax.sw ng. JButton;

i mport javax.sw ng. JFrane;

i nport javax.sw ng. JPanel ;

i mport javax.sw ng. JText Fi el d;

i nport javax.sw ng. U Manager

i mport javax.sw ng. Unsupport edLookAndFeel Excepti on;

/**

* A @QJ interface for <code>Cal cul at or Engi ne</ code>.

*

*  @ut hor Jane Giscti j ane@ aneg. ca
*  @ersion 1.0 Cct 17, 2002
*/

public class Cal cul ator extends JFrane {
private final C ass ENG NE;
private final Calcul atorEngi ne engi ne = new Cal cul at or Engi ne();
private final JTextField display = new JTextField();

/**
* Create a new cal cul ator instance.
*/
public Cal cul ator(){
set Def aul t Cl oseOper ati on( JFrane. DI SPOSE_ON _CLCSE );
setTitle( "Calculator" );

di spl ay. setEditabl e( false );
di spl ay. set Background( Col or. WHI TE );

/1l set up a C ass object used in actionPerformed()
/1 to invoke nethods on the Cal cul at or Engi ne
ENG NE = engi ne. get d ass();

bui I dGUI () ;

pack();

set Resi zabl e( fal se );
set LAF() ;

center( this );
setVisible( true );

}
private void buil dGUJ () {

Cont ai ner cp = get Cont ent Pane();
cp. set Layout ( new BoxLayout ( cp, BoxLayout.Y AXIS ) );

cp. add( display );
cp. add( buil dControl Panel () );
cp. add( bui | dButt onPanel s() )

}

private JPanel buil dControl Panel (){
JPanel panel = new JPanel ();
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}

panel . set Layout (new BoxLayout ( panel, BoxLayout.X AXIS));

panel . add( Box.createHorizontal A ue() );
panel . add( new Control Button( "Backspace", "backspace" ) );
panel . add( Box. createRi gi dArea( new Dinension( 2, 0) ) );

JPanel panel 2 = new JPanel ( new GidLayout( 1, 1, 2, 2 ) );
panel 2. add( new Control Button( "CE", "clearEntry" ) );
panel 2. add( new Control Button( "C', "clear" ) );

panel . add( panel 2 );

return panel;

private JPanel buil dButtonPanel s() {

}

JPanel buttons = new JPanel ();
but t ons. set Layout (new BoxLayout (buttons, BoxLayout.X AXIS));
but t ons. set Font (new Font ("Courier", 10, Font.BCLD));

5);

but t ons. add( bui | dUnar yPanel () )
buttons. add( buil dDi gi t Panel () )
butt ons. add( bui | dFuncti onPanel (

return buttons;

private JPanel buil dD gitPanel (){

JPanel panel = new JPanel ();
panel . set Layout ( new GridLayout( 4, 3, 2, 2 ) );

panel . add( new DigitButton( "7" ) );
panel . add( new DigitButton( "8" ) );
panel . add( new DigitButton( "9" ) );
panel . add( new DigitButton( "4" ) );
panel . add( new DigitButton( "5" ) );
panel . add( new DigitButton( "6" ) );
panel . add( new DigitButton( "1" ) );
panel .add( new DigitButton( "2" ) );
panel . add( new DigitButton( "3" ) );

panel . add( new DigitButton( "0" ) );

panel . add( new Di gitButton( ) )
/1 not a digit but added here to bal ance out the panel
panel . add( new UnaryButton( " +/- ", "sign" ) );

return panel;

private JPanel buil dFunctionPanel () {

JPanel buttons = new JPanel ( new GridLayout( 4, 3, 2, 2 ) );
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buttons. add( new FunctionButton( "/", "divide" ) );
but t ons. add( new FunctionButton( "&", "and" ) );
buttons. add( new FunctionButton( "<<", "leftShift" ) );
but t ons. add( new FunctionButton( "*", "nultiply" ) );
but t ons. add( new FunctionButton( "|", "divide" ) );

buttons. add( new FunctionButton( ">>", "rightShift" ) );

but t ons. add( new FunctionButton( "-", "subtract" ) );
butt ons. add( new FunctionButton( """ , "xor" ) );
butt ons. add( new FunctionButton( "pow' ) );

buttons. add( new FunctionButton( "+", "add" ) );
but t ons. add( new FunctionButton( "=", "equals" ) );
butt ons. add( new FunctionButton( "nod" ) );

return buttons;

}

private JPanel buil dUnaryPanel (){
JPanel buttons = new JPanel ( new GidLayout( 4, 3, 2, 2 ) );

but t ons. add( new UnaryButton( "sin" ) );
butt ons. add( new UnaryButton( "cos" ) );
but t ons. add( new UnaryButton( "tan" ) );
butt ons. add( new UnaryButton( "asin" ) );

but t ons. add( new UnaryButton( "acos" ) );
but t ons. add( new UnaryButton( "atan" ) )
but t ons. add( new UnaryButton( "log" ) );
butt ons. add( new UnaryButton( "deg", "degrees" ) );

butt ons. add( new UnaryButton( "rad", "radians" ) );
butt ons. add( new UnaryButton( "sqrt" ) );

butt ons. add( new UnaryButton( "%, "percent" ) );
but t ons. add( new UnaryButton( "1/x", "reciprocal" ) );

return buttons;

Center a conponent on t he screen.

@ar am wi ndow t he conponent to be centered.

* % X X

/
private void center( Wndow wi ndow ) {

/'l Get the size of the screen
D mension dim = Tool kit.getDefaul t Tool kit().getScreenSi ze();

// Determne the new |l ocation of the w ndow
int w= window. getSize().w dth;
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int h = wi ndow. getSi ze() . hei ght;
int x = (dimwidth - w / 2;
int y = (dimheight - h) / 2;

/! Move the w ndow
wi ndow. set Locati on(x, VY);

}

/*
* Set the Look and Feel to the system | ook and feel.
*/
private void set LAF() {
/'l Get the native |look and feel class name
String nativeLF = U Manager. get Syst enLookAndFeel Cl assNane() ;

/1l Install the | ook and feel
try {
U Manager . set LookAndFeel (nati veLF);
} catch (Instantiati onException e) {
System out. println( e.getMessage() );
} catch (C assNot FoundException e) {
Systemout.println( e.getMessage() );
} catch (UnsupportedLookAndFeel Exception e) {
Systemout.println( e.getMessage() );
} catch (111 egal AccessException e) {
Systemout.println( e.getMessage() );

/*
* Hel per class to handle button formatting.
* Each button acts as its own |istener.
*/
private class Cal cButton extends JButton inplenents ActionListener{

Cal cButton( String s, String action ){
super( s );
set Acti onCommand( action );
setMargin( new Insets( 2, 2, 2, 2) );
set Foreground( Col or. WHI TE ) ;
addActi onLi stener( this );

Captures the button events and then uses 'reflection'
to invoke the right method in the cal cul ator engine

Digit buttons are handled slightly different as they
all use the digit( int ) nethod and their val ues nust
be passed as argunents.

The digit button for the decimal has special handling;
new Integer( "." ) throws a Nunber For mat Excepti on,
have to use new Integer( '." ) which converts the ASCII

EREEE R S T B S R
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* value of '.' to an integer.

*

*/

public void actionPerforned(Acti onEvent e) {
String nmet hodNanme = e. get Acti onCommand() ;

Met hod nmet hod = nul | ;

try {
if ( e.getSource() instanceof DigitButton ) {
met hod =
ENG NE. get Met hod("digit", new Cass[] { int.class });
i f (et hodNane. equal s(".")) {
nmet hod. i nvoke(engi ne, new Cbject[] { new Integer( '." )});
} else {
nmet hod. i nvoke(engi ne, new Object[] {
new | nt eger( net hodNane )});
}
} else {
met hod = ENGA NE. get Met hod( met hodNane, null);
nmet hod. i nvoke(engi ne, null);
}

} catch (NoSuchMet hodException ex) {
Systemout. println("No such nethod: " + nethodNane);
} catch (111 egal AccessException ea) {

Systemout.println("Illegal access" + methodNane);
} catch (InvocationTarget Exception et) {
Systemout. println("Target exception: " + methodNane);

}

di spl ay. set Text (engi ne. di spl ay());

}

private class DigitButton extends Cal cButton {
DigitButton( String s ){
super( s, s );
set For egr ound( Col or.BLUE );

}

private class FunctionButton extends Cal cButton {
FunctionButton( String s ){
this( s, s);
}

FunctionButton( String s, String action ){
super( s, action );
set Background( Col or. GRAY );
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private class Control Button extends Cal cButton{
Control Button( String s ){
this( s, s);
}

Control Button( String s, String action ){
super( s, action );
set Background( Col or. RED );

}

private class UnaryButton extends Cal cButton {
UnaryButton( String s ){
this( s, s );
}

UnaryButton( String s, String action ){
super( s, action );
set Background( Col or.BLUE );

}
/**

* Main entry point for the program
*/
public static void main(String[] args) {
new Cal cul ator();
}

Calculator
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CalculatorEngine

File: Calcul ator Engi ne
Package: ca.janeg.calc

References: Object Oiented

by Danny C.C. Po

Dat e Aut hor
Cct 17, 2002 Jane Giscti
Cct 18, 2002 Jane Griscti
Cct 20, 2002 Jane Giscti

Cct 21, 2002 Jane Griscti
Cct 22, 2002 Jane Giscti

kkhkhhkkhkkhhkkhkhhkhkhhkhkhhkhkhhkhkhhkhkhhkhhhkhkhhkhkhhkhkhhkhkhhhkhhhkhdhhkhdhhkhdhhkhdhhkhd kkhkhkkhk ki, kkkikkk*x*% */

package ca.j aneg.cal c;

i mport java.text. Deci mal For mat;
i nport java.text. Nunber For mat ;

*

/

LI A A T R N T N N N S N N N

~

publ

A class to perform standard
For exanpl e,

<pr e>

EIR R R S S b S R S R I S R S S R R I R S R R S I S R S b R R S S kS I S S S

.java

Programm ng and Java,
o and Derek B.K Kiong, Springer, 1999 (p48-49)

Created

Added unary functions % sqrt, reciprocal, etc
Added var display, nunber formatter and rel ated
met hods

Added i nteger binary operations: xor, or, and
leftShift, rightShift

Cl eaned up comments

Added trig and | og unary functions

cal cul at or operations.

Cal cul at or Engi ne ¢ = new Cal cul at or Engi ne() ;

digit( 1);
.digit( 2);
.add();
digit( 1);
.digit( 3);
.equal s();
Systemout. println( c.di
</ pre>

OO0 00

Accuracy is limted to fifte

@ut hor Jane Giscti
@er si on 1.2

i c class Cal cul at or Engi ne {

private StringBuffer display
private Deci mal For mat df
private bool ean newQp
private bool ean inDecinmals

splay() );

en deci mal pl aces.

j ane@ aneg. ca
Cct 20, 2002

new StringBuffer( 64 );

( Deci mal For mat ) Nunber For mat . get | nst ance() ;
fal se;

fal se;
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private double val ue; /1 current digits

private double keep; /| previous value or operation result
private int t oDo; /1 binary operation waiting for 2nd val ue
private int deci mal Count ; /'l nunmber of decimal positions in current

[/ val ue

/**
* Creates a new <code>Cal cul at or Engi ne</ code> obj ect .
*/
publ i ¢ Cal cul at or Engi ne() {
super () ;
df . set Maxi munfractionDi gits( 15 );
}
/* -- Digits and the decimal point handler -- */
/**
* Accept a digit or decimal as input.
*/
public void digit(final int n){
/*
* Strategy:
* 1. Start a new value if at the beginning of a new operation
*
* 2. Append the input character, setting the decimal flag if it's
* a decimal point or increasing the decimal count if we're
* al ready into deci mal s.
* 3. Convert the revised input string to a double for use in
* cal culations; forcing input errors to return a 0.0 val ue.
*/
i f( newO ){
di spl ay. delete( 0, display.length() );
newQp = fal se;
}
char ¢ = (char)n;
if( c=="." ){
di spl ay. append( "'." );

i nDeci mal s = true;
}else if( 'inDecimals ){
di spl ay. append( n );
}el se{
i f( decimal Count < 16 ){
di spl ay. append( n );
deci mal Count ++;

}

try{
val ue = Doubl e. parseDoubl e( display.toString() );
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}catch( Nunber For mat Exception e ){

val ue =
}
}
/* -- Binary operations --
*
* 1. store the current
* 2. set the 'toDo
* 3. accept
* 4. performthe 'toDo
* IS requested
*/
/**
* Add the next
*/

public void add()({
bi naryQperation( "+" );
}

/**

* Subtract the next
*/
public void subtract(){
bi naryQperation( "-" );
}

/**

* Miltiply the next
*/
public void multiply(){
bi naryQperation( "*" );
}

/**
* Divide the previous val
*/
public void divide(){
bi naryQperation( "/" );
}

/**
* Bitwse And ( &)
*/
public void and()({
bi naryQperation( "&" );

}

/**

* Bitwse O (| )
*/

public void or(){

bi naryQperation( "|" );

val ue

i nput for a second val ue

op when '

ue by the next

Doubl e. par seDoubl e( "0.0" );

A binary operation signals the engine to:

flag with the requested operation

or anot her binary operation

i nput value to the previous val ue

i nput value fromthe previous val ue

i nput val ue by the previous val ue

i nput val ue
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/**
* Bitwise ( M)
*/
public void xor(){
bi naryQperation( """ );
}

/**
* Bitwise left shift ( <)
*/
public void leftShift(){
bi naryQperation( "<" );
}

/**
* Bitwise right shift ( >)
*/
public void rightShift(){
bi naryQperation( ">" );
}

/**
*  Modulous ( %)
x|
public void nod(){
bi naryQperation( "nt' );
}

/**
* Raise the previous value to the 'power; of the next input val ue
*/
public void pow(){
bi naryQper ati on(
}

/**

* Performany waiting binary operation and cl ear previous val ue
*/

public void equal s(){

p" )

compute();
toDo = O;
newQp = true;
}
/*
* Setup registers for next input value
*/

private void binaryOperation( final String op ){

if( toDo == 0 ){
keep = val ue;
}el se{

comput e() ;
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}

val ue = 0;
toDo = op. hashCode();
reset Deci mal s();
set Di spl ay();

}

/*

* Performa binary operation
*/

private void conpute(){

switch( toDo ){

case '+': val ue = keep + val ue; br eak;
case '-': val ue = keep - val ue; br eak;
case '*': val ue = keep * val ue; br eak;
case '/':
if( value '=0 ){ /'l ignore divide by zero
val ue = keep / val ue;
}
case '&: value = (int)keep & (int)val ue; br eak
case '|"': value = (int)keep | (int)value; br eak
case ' value = (int)keep ™ (int)value; br eak
case '<': value = (int)keep << (int)val ue; br eak
case '>': value = (int)keep >> (int)val ue; br eak
case 'ni: val ue = keep % val ue; br eak;
case 'p' val ue = Mat h. pow( keep, value ); br eak;
}
keep = val ue;
set Di spl ay();
}
/* -- Unary Qperations -- */
/**

* Conpute the square of the current val ue
*/
public void sqgrt(){
value = Math.sqgrt( value );
unaryQperation();

}

/**

* Reverse the sign on the current val ue
*/

public void sign(){

value = value * -1
unaryQperation();

}
/**

* Convert the current value to a percent
*/
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public void percent(){
val ue = value / 100;
unar yQperation();

/**
* Convert the current value to it's reciprocal val ue
*/
public void reciprocal (){
if( value > 0 ){
value = 1 / val ue;

}el se{
val ue = 0;
}
unaryQperation();
}
/**

* Conpute the sine of the current val ue.
*/
public void sin(){

value = Math.sin( value );

unar yQperation();

/**
* Conpute the cosine of the current val ue
*/
public void cos(){
val ue = Math. cos( val ue );
unaryQperation();

/**
*  Conpute the tan of the current val ue
*/
public void tan(){
value = Math.tan( val ue );
unaryQperation();

/**
* Conpute the asine of the current val ue
*/
public void asin(){
val ue = Math. asin( val ue );
unar yQperati on();

/**
* Conpute the acosine of the current val ue
*/
public void acos(){
val ue = Mat h. acos( val ue );
unaryQperation();
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/**
* Conpute the atan of the current val ue
*/
public void atan(){
val ue = Math. atan( val ue );
unaryQperation();

/**

* Conpute the log of the current val ue
*/
public void | og(){
val ue = Math.log( val ue );
unaryQperation();

/**
* Convert the current value to degrees
*/
public void degrees(){
val ue = Mat h. toDegrees( val ue );
unaryQperation();

/**
*  Convert the current value to radians
*/
public void radians(){
val ue = Mat h. t oRadi ans( val ue );
unaryQperation();

}
/*
* Setup flag to signal start of a new operation and
* set the display to match the val ue generated by a
* unary operation
*/
private void unaryQperation(){
newQp = true;
set Di spl ay();
}
/* -- Control operations -- */
/**
* Delete the last entered digit
*/

public void backspace(){
di spl ay. del eteChar At ( display.length() - 1);
val ue = Doubl e. parseDoubl e( display.toString() );
set Di spl ay();
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/**
* Clear all values
*/
public void clear(){
di spl ay. delete( 0, display.length() );
val ue = 0;
keep = 0;
toDo = O;
reset Deci mal s();

}
/**

* Clear the current val ue

*/

public void clearEntry(){
di spl ay. delete( 0, display.length() );
val ue = 0;
reset Deci mal s();

}

/*
* Reset the decimal flag and counter
*/
private void resetDeci mal s(){
i nDeci mal s = fal se;
deci mal Count = 0;

}
/**
* Convert the current value to a formatted string for
* displ ay
*/
private void setDisplay(){
if( value == 0 ){
di spl ay. delete( 0, display.length() );
}el se{
di spl ay.replace( 0, display.length(), df.format( value ) );
}

}
/**

* Returns the current value as a decimal formatted string
*/
public String display(){
return display.toString();
}

CalculatorEngine
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CaendarComboBox.java

As aNotes developer, I've gotten used to having a date input box with a perpetual calendar. | thought it would be nice to
have one for my Java projects. It turned out to be less difficult to create than I'd originally imagined.

The one truly nice thing about Javais the richness of it's API. | was able to create the Cal endar ConboBox by simply
arranging a number of existing components. JFor mat t edText Fi el d, Basi cArrowButton, JTabl e, and
Popup. Of course, code always looks simple once it's finished. Originally | didn't know the Basi cAr r owBut t on and
Popup classes even existed. It took some poking around in the APl and Java source code related to JConboBox before |
tracked them down.

| also needed to figure out how to build an array to hold the days in a month and leverage the various date related classes:
Cal endar, G egorianCal endar, DateFormat, andDat eFor mat Synbol s. Mr. Dunn's book, Java Rules
was particularly useful in helping me understand how these classes worked.

And last, but not least, were the layout experiments. | got stuck for afew hours on the calendar display; the buttonsin the
navigation panel kept changing size, it was very distracting. Finally realized that part of the problem wasthe JLabel
component | was using to display the month and year name and the fact that | was using aBoxLayout . Once | changed
thelabel to aJText Fi el d and the calendar panel layout to Bor der Layout , with the navigation portion placed in
Bor der Layout . NORTHand the table in Bor der Layout . CENTER the display started to behave itself.

| ran across afew other snags, they are hightlighted in the code comments. Below are my reasons for designing the class as
| did.

Design Decisions

o Classfields

The values represented by these fields are common to the system the classis running on. The datais based on the
system Local e whichisnot likely to change; at least, not during the active life of arunning application.

« Field access modifiers

All fields (except popup ) aredeclared pri vat e and f i nal . Thisisgood coding practice.

The pri vat e keyword helps to enforce encapsulation and forces you to think about your classes public interface. In
this case, only onefield, cur r ent needed to be publicly exposed; a gettor method, publ i ¢ Cal endar

get Dat e() was provided to return cur r ent asit's reasonable to assume an external class would need access to
the currently selected date.
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The keyword f i nal emphasizesthat the fields are required and that references cannot be accidently modifed during
the life of an object. It also notifies the compiler that the code relating to these values can be safely optimized.
Another advantage isthat it helps ensure that everything the object requires to work correctly will be available once it
iscreated; if you fail to initialize afinal variable during object creation the compiler complains.

o« Why popup isn't fi nal

The API recommends using PopupFact or y to create Popup objects. PopupFact or y caches popup objects,
managing their reuse and disposal. As the programmer’'s at Sun have been kind enough to supply me with a class that
can manage popup's it seemed sensible to use it rather than create af i nal popup reference and attempt to manage
it myself.

o Listenersasinner classes

There are three basic ways to implement listeners: as external classes, asinner classes or as anonymous classes. The
only reason to implement one as an external classisif it could possibly be used by another class; yet listeners are
generally very specific in nature and certainly are specific in this case so there was nothing to be gained by
implementing them as external classes.

Anonymous listener classes are generally used if they are required by only one element in the class and if they can be
written in nine or ten lines of code. When | started writing the class | had no idea how long a particular listeners code
would be and I did know that one listener, But t onLi st ener , would be required by three elements, not one. So
again, there was little to be gained by implementing the listeners as anonymous classes. Add to that the difficulty of
maintaining code that is peppered with anonymous classes and the choice of using inner classes became even more
attractive.

o TheregisterlListeners() method

For the most part, thisis simply a personal preference. | find it easier to keep track of listeners when they are all
located in one spot. Having a separate method to handle them just makes life easier for me.

Summary

If you've avoided creating custom components, thinking they're to much trouble or that you need to be an expert
programmer to create them, here's the proof that it just ain't so! They can be aot easier to create than you realize.

If you end up using the classin one of your applications please let me know how it fares<g>

Home | Projects
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CaendarComboBox

/* EIR R R S S b S R S R I S R S S R R I R S R R S I S R S b R R S S kS I S S S

*

* File: CalendarWdget.java

* Package: ca.janeg. cal endar

*

* Cont ai ns: But t onAct i onLi st ener

* Cal endar Model

* Cal endar Sel ecti onLi st ener

* | nput Li st ener

*

* References: 'Java Rules' by Douglas Dunn

* Addi son- Wsl ey, 2002 (Chapter 5, section 13 - 19)

*

* " Prof essional Java Custom U Conponents

* by Kenneth F. Krutsch, David S. Cargo, Virginia How ett

* WROX Press, 2001 (Chapter 1-3)

*

* Date Aut hor Changes

*

* Oct 24, 2002 Jane Giscti Created

* Oct 27, 2002 jg Cl eaned up cal endar di spl ay

* Cct 30, 2002 jg added ctor Cal endar ConboBox( Cal endar )

* Cct 31, 2002 jg Added |isteners and Popup

* Nov 1, 2002 jg Cl eaned up I nputListener code to only accept
* val i d dates

* Nov 2, 2002 jg nodi fi ed get Popup() to handl e display when

* conmponent is positioned at the bottom of the screen
* Nov 3, 2002 jg changed sone instance variables to class vari abl es
* Mar 29, 2003 jg added setDate() contributed by James Wl drop
* *kFhkkhkkhkkkkhkhkkkkk*k

EIR R SR R Sk S Sk S R S S S S R S S S I S S kS R I I S S R I I */

package ca. | aneg. cal endar;

i mport java.aw . BorderLayout;

i nport java.awt. Col or;

i nport java.awt. D nensi on;

i mport java.aw . Font;

i nport java.aw . Point;

i mport java.aw . Tool ki t;

i mport java.aw .event. ActionEvent;
i mport java.aw.event. Acti onLi stener;
i nport java.aw . event. KeyAdapter;

i nport java.awt.event. KeyEvent;

i mport java.text. Dat eFormat;

i nport java.text. Dat eFor mat Synbol s;
i mport java.text.ParseException;

i nport java.util.Cal endar;

i nport java.util.Date;

i mport java.util.G egorianCal endar

i mport javax.sw ng. Box;

i mport javax.sw ng. BoxLayout ;
i nport javax.sw ng. JFornmattedTextFi el d;
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i nport javax.sw ng. JPanel ;

i mport javax.sw ng. JTabl e;

i nport javax.sw ng. JText Fi el d;

i mport javax.sw ng. Li st Sel ecti onModel ;

i mport javax.sw ng. Popup;

i nport javax.sw ng. PopupFact ory;

i mport javax.sw ng. Swi ngConst ant s;

i nport javax. sw ng. border. Li neBorder;

i mport javax.sw ng.event. Li stSel ecti onEvent;

i nport javax.sw ng. event. Li st Sel ecti onLi st ener;
i nport javax.sw ng. pl af. basi c. Basi cArrowButt on;
i mport javax.sw ng.tabl e. Def aul t Tabl eModel ;

i nport javax.sw ng.tabl e. JTabl eHeader;

i mport javax.sw ng.tabl e. Tabl eCol umm;

/**
* A custom conponent that mmcs a conbo box, displaying
* a perpetual calendar rather than a '"list'.
*
*  @ut hor Jane Giscti j ane@ aneg. ca
*  @ersion 1.0 Cct 24, 2002
*/
publ i c cl ass Cal endar ConboBox extends JPanel ({
Il -- class fields
private static final DateFormatSynbols dfs = new Dat eFor mat Synbol s();
private static final String[] nont hs = df s. get Mont hs() ;
private static final String[] dayNanes = new String[ 7 ];
private static final Tool kit t ool ki t =
Tool ki t. get Def aul t Tool kit ();
private static final D nension screenSi ze = toolkit.getScreenSize();
private static final PopupFactory factory =
PopupFact ory. get Shar edl nst ance() ;
Il -- instance fields used with 'conbo-box' panel
private final JPanel i nput Panel = new JPanel ();
private final JFormattedTextField i nput
= new JFormatt edText Fi el d( new Date() );
private final Basi cArrowButton conmboBt n
= new Basi cArrowBut t on( Sw ngConst ants. SOUTH ) ;
/'l -- instance fields used with cal endar panel
private final JPanel cal Panel = new JPanel ();
private final JTextField cal Label = new JTextField( 11 );
private final Cal endar current = new G egorianCal endar ();
private final Cal endar Model di spl ay = new Cal endar Mbdel ( 6, 6 );
private final JTable tabl e = new JTabl e( display );
private final Basi cArrowButton nextBtn =
new Basi cArrowButton( Sw ngConstants. EAST );
private final BasicArrowButton prevBtn =
new Basi cArrowButton( Sw ngConstants. WEST ) ;
private final Basi cArrowButton cl oseCal endarBtn =

new Basi cArrowButton( Sw ngConstants. NORTH );
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private Popup popup

/**
* Create a new cal endar conbo-box object set with today's date.
*/
publ i ¢ Cal endar ComboBox() {
this( new GregorianCal endar() );

* Create a new cal endar conbo-box object set wwth the given date.

* @aramcal a cal endar object
*  (@ee java.util.GegorianCal endar

*/

publ i ¢ Cal endar ConboBox( final Cal endar cal ){
super();
/'l set the cal endar and input box date
Date date = cal.getTine();
current.setTinme( date );
i nput . set Val ue( date );
/'l create the GU elenents and assign |listeners
bui | dI nput Panel () ;
bui | dCal endar Di spl ay() ;
regi sterlLi steners();
/1 intially, only display the input panel
add( i nput Panel );

}

/*

* Creates a field and 'conbo box' button above the cal endar
* to allow user input.
*/
private void buil dl nput Panel () {
i nput Panel . set Layout ( new BoxLayout ( i nput Panel, BoxLayout.X AXIS ) );

i nput . set Col ums( 12 );
i nput Panel . add( input );

conmboBt n. set Acti onConmand( "conbo" );
i nput Panel . add( conboBtn );

}

/*

* Builds the cal endar panel to be displayed in the popup
*/

private void buil dCal endarDi spl ay() {

/1 Alow for individual cell selection and turn off

/1 grid Iines.

t abl e. set Cel | Sel ecti onEnabl ed(true);

t abl e. set Sel ecti onMode( Li st Sel ecti onModel . SI NGLE_SELECTI ON) ;
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t abl e. set ShowG i d( fal se );

/1 Calendar (table) colum headers

/1 Set colunmm headers to weekday nanes as given by

11 t he default Locale.

11

/1 Need to re-map the retreived nanes. |If used as is,

/1 the table nodel ends up with an extra enpty colum as
/1 the returned nanes begin at index 1, not zero.

String[] nanes = dfs. get Short Weekdays();

for( int i=1; i<names.length; i++ ){
dayNames[ i - 1] ="" 4+ nanes[ i ].charAt( 0 );
}

di spl ay. set Col uml dentifiers( dayNanes );
tabl e. set Mbdel ( di splay );

/1 Set the colum widths. Need to turn

/1 auto resizing off to make this work.

t abl e. set Aut oResi zeMbde( JTabl e. AUTO RESI ZE_OFF) ;
int count = table.getCol umCount();

for( int i =0; i <count; i ++ ){
Tabl eCol um col = tabl e. get Col uymMbdel (). get Colum( i );
col .setPreferredWdth( 20 );

}

/1 Colum headers are only displayed automatically

/1 if the table is put in a JScroll Pane. Don't want

/'l to use one here, so need to add the headers

/1 manual ly.

JTabl eHeader header = tabl e. get Tabl eHeader () ;
header . set Font ( header. get Font (). deri veFont( Font.BOLD ) );

JPanel panel = new JPanel ();

panel . set Layout ( new BoxLayout ( panel, BoxLayout.Y AXIS ) );
panel . add( header );

panel . add( table );

cal Panel . set Bor der ( new Li neBorder( Col or. BLACK ) );

cal Panel . set Layout ( new Bor der Layout () );

cal Panel . add( bui | dCal endar Navi gati onPanel (), BorderLayout.NORTH );
cal Panel . add( panel );

}
/*

* Creates a snall panel above the nonth table to display the nonth and
* year along with the "prevBtn', 'nextBtn' nonth sel ection buttons

* and a 'cl oseCal endarBtn'.

*/

private JPanel buil dCal endar Navi gati onPanel () {

JPanel panel = new JPanel ();
panel . set Layout ( new BoxLayout ( panel, BoxLayout.X AXIS ) );
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/1 Add a text display of the selected nonth and year.
/! A JTextField is used for the | abel instead of a JLabel
// as it is easier to ensure a consistent size; JlLabel

/'l expands and contracts with the text size
cal Label . set Edi tabl e( fal se );
int fontSize = cal Label . get Font().getSi ze();

cal Label . set Font ( cal Label . get Font (). deri veFont( Font.PLAIN, fontSize -

panel . add( cal Label );

/1l set button commands and add to panel
prevBt n. set Acti onCommand( "prevBtn" );
next Bt n. set Acti onCommand( "nextBtn" );
cl oseCal endar Bt n. set Acti onConmand( "cl ose" );

panel . add( prevBtn );
panel . add( nextBtn );
panel . add( cl oseCal endarBtn );

return panel;

}

/*

* Register all required listeners with appropriate
* conponents

*/

private void registerListeners(){

But t onActi onLi st ener btnLi stener = new ButtonActi onLi stener();

/1l ' Conbo-box"' I|isteners
i nput . addKeyLi stener( new I nputlListener() );
conboBt n. addAct i onLi st ener ( btnLi stener );

/1 Calendar (table) selection |istener

[/ Must be added to both the table sel ecti on node
[/ and the columm sel ecti on nodel; otherw se, new
/1 colum sel ections on the sanme row are not recogni zed

Cal endar Sel ecti onLi stener |istener = new Cal endar Sel ecti onLi stener();

t abl e. get Sel ecti onMbdel (). addLi st Sel ecti onLi st ener (
t abl e. get Col ummMbdel () . get Sel ecti onMbodel ()

l'istener );

. addLi st Sel ecti onLi stener( |istener );

/'l Cal endar navigation |isteners

prevBt n. addAct i onLi st ener ( bt nLi stener );

next Bt n. addAct i onLi st ener ( bt nLi stener );

cl oseCal endar Bt n. addAct i onLi stener ( bt nLi stener );

Rows in the table correspond to 'weeks', colums to

* % X * X

Strategy:
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* 1. get the first calendar day in the new nonth

* 2. find it's positionin the first week of the nonth to

* determ ne the starting colum for the day nunbers

* 3. find the actual nunber of days in the nonth

* 4. fill the calendar with the day val ues, erasing any days
* |l eft over fromthe old nonth

*

/
private void updateTabl e( Cal endar cal ){

Cal endar dayOne = new G egori anCal endar (
cal . get( Cal endar. YEAR ),
cal . get ( Cal endar. MONTH ),

1)

/1l conpute the nunber of days in the nonth and

/1l the start colum for the first day in the first week
i nt actual Days = cal . get Act ual Maxi mun( Cal endar. DATE );
int startlndex dayOne. get ( Cal endar. DAY_OF WEEK ) - 1

/1 fill the calendar for the new nonth

int day = 1;

for( int row=0; row < 6 ; row+ ){
for( int col =0; col < 7; col++ ){

if( ( col <startlndex & row == 0 ) || day > actual Days ){

/'l overwite any |eft over values fromold nonth
di spl ay. setvVal ueAt( "", row, col );

}el se{
di spl ay. set Val ueAt ( new Integer( day ), row, co
day++;

}

/'l set the nonth, year [ abel
cal Label . set Text ( nonths[ cal.get( Calendar. MONTH ) ] +
", " + cal.get( Calendar.YEAR ) );

/1l set the cal endar selection

t abl e. changeSel ecti on( cal . get( Cal endar. WEEK OF_MONTH ) - 1,
cal . get ( Cal endar. DAY_OF_WEEK ) - 1,
false, false );

}

/*
* (Cets a Popup to hold the cal endar display and determ nes
* it's position on the screen.
*/
private Popup get Popup(){
Point p = input.getlLocati onOnScreen();
D mension inputSize = input.getPreferredSi ze();
Di nensi on cal endar Si ze = cal Panel . get PreferredSi ze();

if( ( p.y + calendarSize.height ) < screenSize. height) {

[l wll fit below input panel
popup = factory. get Popup( input, cal Panel,
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p.Xx, p.y + (int)inputSize.height );
} else {
/'l need to fit it above input panel
popup = factory. get Popup( input, cal Panel,
p. X, p.y - (int)calendarSize.height );

}
return popup;
}
/*
* Returns the currently selected date as a <code>Cal endar </ code> obj ect .
*
*  @eturn Cal endar the currently sel ected cal endar date
*

/

publ i c Cal endar getDate(){
return current;

}

/**

* Sets the current date and updates the U to reflect the new date.
* @aram newbDate the new date as a <code>Dat e</ code> obj ect .
* @ee Date
* @ut hor Janes Wl drop
*/
public void setDate(Date newDate) {
current. set Ti me( newbat e) ;
i nput . set Val ue(current.getTime());

}

/*

* Creates a custom nodel to back the table.

*/

private class Cal endar Model extends Defaul t Tabl eModel {

public Cal endarModel ( int row, int col ){
super( row, col );
}

* QOverrides the nethod to return an Integer class

* type for all colums. The nunbers are automatically
* right-aligned by a default renderer that's supplied
* as part of JTable.

public C ass get Col umd ass( int colum ){
return | nteger.class;

/**

* Overrides the nethod to disable cell editing.

* The default is editable.

*/

public boolean isCell Editable( int row, int col ){
return false;
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}

/*
* Captures the "prevBtn', 'nextBtn', 'conboBtn' and
* 'closeCal endarBtn" actions.
*
* The conbo button is disabled when the popup is shown
* and enabl ed when the popup is hidden. Failure to do
* so results in the popup screen area not being cleared
* correctly if the user clicks the button while the popup
* Is being displayed.
*/

private class ButtonActionLi stener inplenments ActionListener {
public void actionPerforned( ActionEvent e ){
String cnd = e. getActi onConmand() ;

i f( cnd. equal s( "prevBtn" ) ){
current.add( Cal endar. MONTH, -1 );
i nput.setValue( current.getTine() );
}else if( cnd.equal s( "nextBtn" ) ){
current.add( Cal endar. MONTH, 1 );
i nput.setValue( current.getTine() );
}else if( cnd. equal s( "close" ) ){
popup. hi de();
conboBt n. set Enabl ed( true );
}el se{
conboBt n. set Enabl ed( fal se );
popup = get Popup();
popup. show() ;

}
updat eTabl e( current );
}
}
/*
* Captures a user selection in the cal endar display and
* changes the value in the 'conbo box' to match the sel ected date.
*
*/

private class Cal endar Sel ecti onLi stener inplenents ListSelectionListener {

public void val ueChanged(Li st Sel ecti onEvent e){
if ( 'e.getValuelsAdjusting() ) {
int row = tabl e. get Sel ect edRow() ;
int col = table.getSel ectedCol umm();

oj ect value = null

try{
val ue = displ ay. get Val ueAt (row, col);

}catch( Arrayl ndexQut O BoundsException ex ){
/'l ignore, happens when the cal endar is
/1 displayed for the first tine
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i f( value instanceof Integer ){
int day = ( (Integer)value ).intValue();
current.set( Cal endar. DATE, day );
i nput.setValue( current.getTine() );

}
}
}
}
/*
* Captures user input in the 'conbo box'
* |If the input is a valid date and the user pressed
* ENTER or TAB, the cal endar selection is updated
*/

private class |nputListener extends KeyAdapter {
public void keyTyped(KeyEvent e) {

Dat eFormat df = Dat eFor mat. get Dat el nst ance();
Date date = null;

try{
date = df.parse( input.getText() );

}catch( ParseException ex ){
/'l ignore invalid dates
}

/'l change the cal endar selection if the date is valid

/1 and the user hit ENTER or TAB

char ¢ = e.getKeyChar();

if( date !=null &&
( ¢ == KeyEvent.VK ENTER || ¢ == KeyEvent.VK TAB ) ) {
current.setTinme( date );
updat eTabl e( current );

CaendarComboBox
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SimpleExample Demonstrates

« changing the Look and Feel

« JRadioButtons, ButtonGroup, and mnemonics

« Setting up an ActionListener as an inner class

« creating an anonymous WindowAdapter, implementing WindowClosing

UML

JDK 1.3 Demo: SimpleExample.java

SimpleExample

frame:JFrame

metal String inner class RadioListener

metalClazshlame: String

miaftif: String
miotifClassharme: Strindg +actionPerformedi ActionEvent); woid

windones: String
windovesClassMame: String

matifButton; JRadioButton

metalButton; JRadioButton
wwindovwsButton: JRadicButton

+SimpleExampler]
+mainCstring[1): woid
+updateState):woid

girterface:
ActionListener

T Crested in main() to catch
! the window Clozing () evert

FAROOYMAL s
Window Adapter

Mnemonics

A mnemonic alows the user to activate a button by holding ALT + the assigned mnemonic
character. Setting the mnemonic for abutton is relatively simple, just call the the
set Mhenoni c(char c¢) method.

Button b = new Button("Hello");
b. set Mnenoni c(' h');

That'sit, no other coding required. One thing that's nice, if you're in Metal Look and Feel and
you atool tip, any assigned mnemonic is appended to thetip as'ALT+x' where 'x' = whatever
characters been assigned.

ToolTip

The demo doesn't include tool tips (the text you see when the mouse is over the component)
but assigning oneis easy; just invoke theset Tool Text Ti p(Stri ng) method.
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b. set Tool Text Ti p("The Hell o button");

Thiswill work for every component as the method is defined in JComponent (the superclass

of all Swing components).

Resources
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Design Theory

« Principles of good GUI Design by James Hobart

« TheDesign of Graphic User Interfaces on-line course.
o The Three Models Used in Designing for Ease of Use IBM Design site.

« Building user interfaces for object-oriented systems, Part 1 thru 6 Javaworld
articles by Allen Holub
o Javal ook and Feel Design Guidelines from Sun

Swing

« Swing by Matthew Robinson and Pavel Vorobiev. Book which can be viewed
on-line or downloaded as a Word'97 document.

« Write high-performance RMI servers and Swing clients by Andy Krumel

« Rendering cellsin Swing's JTable component by Brett Spell

« Add an undo/redo function to your Java apps with Swing by Tomer Meshorer
« Using the Swing Action Architecture by Mark Davidson (Sun article)

« Using Timersin Swing Applications by Hans Muller and Kathy Walrath (Sun
article)

« Threads and Swing by Hans Muller and Kathy Walrath (Sun article)

« Using Dynamic Proxies to Generate Event Listeners Dynamically by Mark
Davidson (Sun article)

« Card Panel - an Alternative to Card Layout by Hans Muller (Sun article)

« Testing Java Swing-Based Applications by J. D. Newmarch, University of
Canberra

Swing Resources and Articles at Sun

o Creating a GUI with JFC/Swing tutoria
o Index of Swing Articles

« JavaT™ | ook and Feel Graphics Repository, a collection of Toolbar Icons from
Sun

Resource
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Note

» These notes are derived from the book Object-Oriented Design in Java by
Stephen Gilbert and Bill McCarty

A classis aprogramming construct; atemplate used to create objects. Try to think in terms of the
object vs the class when you start a design. The design process involves building amodel of an
object using abstraction.

An interface describes the services the client wants accomplished ie the object's capabilities or
functionality. A public interface describes the objects contract with users.
" Always start by designing a minimal public interface."

Theimplementation is how the object goes about providing the services

In Procedural programming design is based on the implementation; it is task oriented.
Object-Oriented programming design is based on the interface; it is service oriented. Y ou need to
be concerned, initialy, with what an object can do, not how it doesiit.

Encapsulation hides the non-essentialsie it hides the implementation details. Thisis not about
setting every field to private and writing public gettors and settors. Y ou need to make sure your
public interface does not rely on how the objects behaviour isimplemented. Think what would
happen if every time you upgraded your PC you had to learn a new keyboard layout! Saleswould
plummet and programmers would become extinct.

When you begin to design an object, you need to act like an investigative reporter and discover the:
« WHO

« WHERE, and
o WHAT

of an object's existance.
« Whoisgoing to use the object? What clients(actors) are going to use the object you're
designing
« Whereisyour object going to exist? What hardware and software isinvolved? Will it exist
in aframework ie inside other objects? What operating system will it run on?

« What functions should it have from the user's point of view? What services can it be
reasonably expected to provide?

Asafirst step, describe, in a single paragraph, exactly what the object you're building should do
(requirements). This paragraph isinformal and written from a user's perspectiveie "l want an
object that can display the current date and the time in an analog or digital format." not "This
object uses the Java Date class and JPanel to display the date and time. The analog display blah,
blah, blah ...."

State and Behaviour

State

An objects attributes define its state (condition). The attributes can be defined as.

1. Instancefields. Aninstance is one object created from a class. The instance attributes are
unique to each object. For example, a Name class might have two attributes: firstName and
lastName. Every object created from the Name class would have a different value for each
attribute.
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2. Classfields. A state that holdstrue for every object in the class. For example, an Employee
class may include an id attribute that holds the last id number and isincremented every time
anew Employeeis created. The valuein theid field would be common to all Employee
objects.

3. Class constants. Pre-defined conditions that can be applied to all objectsin the class. For
example, aclass that defines buffer objects may have a MAX_BUFFER value.

Behaviour

Design Traps

It might be easier to describe well-designed code in terms of what it isnot vswhat it is. The
following is a summary of such information gleaned from various sources:

Source: Object-Oriented Design in Java by Stephen Gilbert and
Bill McCarty

Data Warehouse Trap

An object isnot arepository for data that the rest of your program will use! An object should
manipulate it's own data; not passit to other parts of the program which then manipulate it.

Spectral Object Trap

An object isnot acollection of methods you pass data to. Objects with no data are ghosts.

Multiple Personality Trap

An object should model only one object. Every data element and every method should contribute to
that object.

00D OOP Resources
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Must Read

« |f you read only one book before you start your SCJID assignment make it
Effective Java by Joshua Bloch. Thisis an excellent book that will give you new
insightsinto how the Javalanguage is best utilized. It contains 57 items grouped
into categories: Creating and Destroying Objects, Classes and Interfaces,
General Programming, Threads, etc. that describe the programming idioms that
work best along with the how and why of implementing them.

Other sources worth investigating:
« Javaldioms
« The Essence of Object-Oriented Programming with Javaand UML
« The Pragmatic Programmer
« Design Techniques Articles about Java program design by Bill Venners

00D OO0OP Resources
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Modeling Tools

Use Case A semi-formal description of what a user wants from a system and
how they expect to interact with the system to bring about a
specific result. Generally people; however, a user can also be
another system or another piece of the same system. Sometimes
referred to as scenarios.

« Structuring Use Cases with Goals by Alistair Cockburn
o Use and Abuse Cases(PDF) by Martin Fowler

o Modeling Essential Use Cases by Scott W. Ambler

« Roles before Objects by Doug Lea

« Deadling with Roles(PDF) by Martin Fowler

CRC Class-Responsibility-Collaboration cards. Martin Fowler calsit
"One of the most val uable techniques for learning OO" (UML
Distilled p9)
« A Laboratory For Teaching Object-Oriented Thinking by
Ward Cunningham and Kent Beck, the devel opers of CRC.
Interaction Two flavours: sequence and collaboration. Useful when trying to
Diagrams capture the behaviour of several objects within asingle use case.
Martin Fowler recommends using State diagrams to model the
behaviour of one object across multiple use cases. (UML Distilled
p78)
« Introduction to UML sequence diagrams by Scott W.
Ambler
Class Diagrams Classes describe objects in the domain and the static relationships
that exist between them. Detail the class data (attributes) and
operations (behaviour).
« A genera discussion of Class Diagrams by Martin Fowler.
Includes tips on when and how they are best utilized.

o UML Tutorid - Class Diagrams(PDF) by Robert C. Martin
« Class Diagramsin Analysis an exercise in developing Class

Diagrams from a Use Case accompanied by lecture notes
(PDF) which explain the analysis process.

Design Patterns Patterns are example models of processes that crop up repeatedly
in software development. For example, developers are often faced
with problems that require moving through alist or collection. The
Iterator pattern describes a standard technique for handling
iterations.

« The Design Patterns Java Companion by James Cooper
« Implementing Basic Design Patterns in Java by Doug Lea

« Speaking on the Observer pattern How can you use the
Observer pattern in your Java design? (JavaWorld)

On-line Analysis and Design Tutorials/Lectures

« Interactive Web Tutorial for OOP by Deniz Zubair choudhury
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« The Essence of Object-Oriented Programming with Javaand UML by Bruce E. Wampler
(draft of book)

« Techniquesfor Object Oriented Analysis and Design by Martin Fowler

« Systems Analysis and Design A series of lectures and practical exercises based on the book

Object-Oriented Systems Analysis and Design using UML by Simon Bennet, Steve McRobb,
Ray Farmer

o Object-Oriented Analysis and Design lecture series by J.W. Schmidt, Claudia Niederée, and
Michael Skusa

A Commercially Robust Process for the Development of OO Software Systems(PDF)

Free Modeling Software

« DOME free modeling software from Honeywell.

« mUml from MountField Computers free for non-commercial use. Written entirely in Java
using Swing GUI. Capabilities allow you to draw all 9 UML diagramsin colour. Diagrams
can be saved as JPEGs or saved asHTML pages.

« If you have Visio v4, v5 or Visio 2000 you can download a free Visio Stencil and Template
for UML courtesy of Navision and Paul Hruby.

« ArgoUML free casetool; part of the Tigris.org open-source platform.

« If youreusing Linux or Sun Solaris, you can download a free copy of JVision for
non-commercia use. (Sorry, if you're using Windows it will cost you.)

Miscellaneous

« UML Reference Card Allen Holub has put together a great page with annotated UML
diagrams.

« UML Dictionary put together by Kendall Scott, author of The Unified Modeling Language
User Guide and four UML/OOP related books.

oob [ OOP Resources
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o Overview

o User Defined Types
o Quas Pseudo Code
« Noteson Design

« Using an Abstract class

« Extending a RuntimeException

¢ The GUI implementation

o Solves aproblem or problem domain?

Source

The code for this study is from Developing Java Software, 2nd Edition by Russel Winder and Graham Roberts and may be
downloaded from the authors support site.
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Problem Statement

Implement an application, in Java, that will merge an address file with aletter file. The letter fileisaLaTex document. The

Java application will invoke LaTex viathe operating system. The Latex application will process and print each newly
created document.

Address File Structure

The address file will contain element groups tagged as follows:

<NAME>
<TELEPHONE>
<FAX>

<EMAI L>
<ADDRESS>

The address element must be the last in the group. Street, city and country information must be separated by commas. If the
same element appears more than once within a group, the value of the last element is used.

Sample LaTex File

\ docunentcl ass{rlw letter}

\ begi n{ docunent }

\ begi n{l etter}{<NAVE>\\
<ADDRESS>}

\ openi ng{ Dear <NAME>, }

This is just some text to show where the text of the letter would be.
\cl osi ng{ Yours sincerely,}

\end{l etter}
\ end{ docunent }

Home | Case Studies | TOC | Next
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LaTex

LaTex isatypesetting system used in the production of technical and scientific documentation.

For more information see The LaT ex Home Page
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User Defined Types

Full UML Class Diagram

The application isimplemented with the following user defined types:
« MalMerge
o CommandServer
o UNIXCommandServer
o MSWindowsCommandServer
« FailedCommandException
o MessageBox
« FilesSelector
o FilesSelector$BrowseButtonActionlL istener
« Report
» ExitActionListener
« ExitWindowAdapter

Home | Case Studies | Previous | TOC | Next
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When MailMerge is started it ...

gets an instance of CommandServer based on the operating system
if( args == 0 ) {
creates anot her instance of Mail Merge
creates a FileSelector, passing it the new Mil Merge instance
the FileSel ector captures user input: |etterFileNanme, addressFil eNane,
pri nt er Name
and updates the fields in the Ml Merge instance
destroys itself when the user dismsses it
creates a Report to display values input by user
destroys itself when the user dismsses it
} else {
retrieves the file and printer names fromthe comand |ine argunents
}

opens the files
reads the letter file into nmenory
for( each record in the address file ) {
reads a record
di spl ays the val ues
creates a tenporary file
nmerges the record with the letterfile
wites the nerged result to the tenporary file
sends commands to the operating systemvia the CommandServer to
create a DVI file
convert the DVI file to a PostScript file
spool the postscript file to the printer
del ete the tenporary files

}
cl oses the address file
exits
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Text and GUI Modes

The application was designed to be run in text mode. A GUI interface was added later. Thisinvolved having Mai | Mer ge
extend JFr ane. The main window, however, is never displayed. The original class spawns another instance of
Mai | Mer ge which acts as the parent of the GUI elements.

If Mai | Mer ge is started with no command line parameters a FileSelector dialog is displayed. The user entersthefile
names or clicks a browse button which displays a JFileChooser dialog. When finished, he clicks ok. At that point the input
is saved to the Mai | Mer ge instance originally passed to Fi | eSel ect or . Because Mai | Mer ge has only static fields,
updating an instance of Mai | Mer ge effectively updates the original Mai | Mer ge (remember, only one copy of a static
field exists for all instances of the class).

Java Libraries

Standard Java library classes were used for file handling:

j ava. i o. Buf f er edReader java.io.BufferedWiter
java.io.File java.io. Fil eReader java.io.FileWiter
java.io. Fil eNot FoundException java.io.| OException

All of these are listed using import-by-type versus impor t-on-demand statements. (See the import statements in the
MailMerge source code).

The standard classes St r i ng and St r i ngBuf f er were used for string manipulation.

Standard Swing classes were extended to create all the GUI elements.

j avax. swi ng. JFrane j avax. swi ng. JDi al og j avax. swi ng. JOpt i onPane
j avax. swi ng. JBut t on j avax. swi ng. JFi | eChooser j avax. swi ng. JPanel
j avax. swi ng. JText Fi el d j avax. swi ng. JLabel

Event Listeners
When a listener isrequired for an event specific to the class it is implemented as an anonymous class.

For example, the listener attached to the ok Button in FileSelector is declared as an anonymous class implementing the
ActionL istener interface (see the source code for FileSelector)

When a listener isrequired for an event specific to the class but can be used by more than one component belonging to
the class, it isimplemented as an inner class.

For example, a FileSelector dialog has two browse buttons both of which, when clicked, result in a JFileChooser dialog
being displayed. The BrowseButtonActionListener classis declared within the FileSelector class. It implements the
ActionListener interface and provides a constructor that takes a JTextField. The value of the parameter is saved so that
each new instance of the listener knows which field it must set.

When a listener isrequired for a class but its functionality is not specific to the class (it has a behaviour that could apply
in other situations) it isimplemented as a separate class.

For example, the ExitWindowAdapter, which simply calls System.exit(0), is implemented as a separate class; alowing it to
be re-used by other classes.
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Event listeners are named according to the interface they implement or the adapter they extend and the component they
will be registered with.

For example, rather than name the listener responsible for closing awindow as ExitWindow it is named
ExitWindowAdapter. From the nameit is evident that the class will cause awindow componet to be exited and that the
class extends the WindowAdapter class versus implementing WindowL istener interface.

Passing parameters

All method parameters (except those in MaillMerge.editMarkers() ) are passed asfinal. It is considered good practice to pass
parameters asfinal if the method will not modify the value in any way. The use of final signalsthisintent. Also, it allows the
compiler to optimize the code for better performance.

Passing commands to the operating system

CommandServer isimplemented using the Singleton pattern. It has a private constructor. The only way to instantiate the
classis by calling the public static getl nstance() method. Thefirst call to the method creates an instance of the class and
assignsit to a private static field, instance. Subsequent calls to getl nstance() will return the same instance.

An instance specific to the operating system isrequired as:
1. thereis no wildcard expansion unless the operating systems command shell is explicitly started
2. operating systems have different command syntaxes
3. the Java method used to pass commands to the operating system does not start acommand shell
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Java Case Study - Mail Merge - Using an Abstract class

CommandServer was implemented as an abstract class. Why?

In thisinstance, the bulk of the code isidentical across operating systems. The subclasses UNI XCommandServer and
M SWindowsCommandSer ver are specializations. Had the type been defined as an interface a good portion of the code
would need to be repeated in each implementation class.

An dternative would have been to define CommandServer as an interface and provide a separate CommandSer ver | mpl
class that defined the common code. This skeletal implemention could then be extended by subclasses.

Not sure the alternative would buy anything in this example. Especially if you decided to add additional functionality. Right
now the class has two methodspri nt Fi | e() anddel et eFi | es() . Operating systems offer avast array of commands
and it's highly likely that one day you'll want to add more methods to handle them. If CommandServer was defined as an
interface adding methods would break existing code; all types based on the interface would need to add implementation for
the new methods.
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Java Case Study - Mail Merge - Extending RuntimeException

Generally you hear that you should extend Exception versus RuntimeException when you define your own exceptions.
RuntimeExceptions are used for exceptions that an application cannot reasonably be expected to handle.

The FailedCommandException is thrown when a CommandServer object cannot execute LaTex, print the file or delete
temporary files. The circumstances surrounding the events are aresult of the operating system setup. LaTex may not be
installed, GhostScript may not be installed, the user may not have delete authority for the drive he's accessing.

The application cannot be reasonably expected to handle these situations therefore the choice of extending
RuntimeException versus Exception isjustified.
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Java Case Study - Mail Merge - The GUI implementation

The handling of the GUI israther awkward. The initial MailMerge window is never displayed and a second MailMerge
instance is created and passed to GUI components. This method also hides the manner in which the required fields in the
original MailMerge are updated; it's not intuitive.

One possible alternative would be to create a seperate object to hold the data input fields, add afield of that data type, add a
JFrame field and add a second constructor that creates the JFrame and takes the new object as a parameter. The JFrame
would be used as the parent of any GUI components and, if the application is started in text mode, no GUI elements would
be created.

Trying to refactor a program helps you test your understanding of how it works. Tried the above as a refactoring exercise,
revising the code as follows:

1. Created anew class, MailMergel nputFields

2. Modified the FileSelector and Report classes to take a MailMergel nputFields object and a JFrame object instead of a
MailMerge object. Changed all references in the classes to use the new object.

3. Modified the MalMerge class:

o removed the inheritance to JFrame

o replaced theindivual fields letter FileName, addr essFileName and printer Name with a
MailM er gel nputFields object

o removed the MailMerge instance and added a JFrame reference.

o changed all referencesin the MailMerge class to use the new MailMergel nputFields object and JFrame
reference where necesssary.

Made afew other minor changes: split the codein mai n() into two separate methods, set up() and pr ocessFi | es()
and modified thet er m nat e() method so it could be used as a single exit point from the application. The revised class
filesare:

« MailMergelnputFields

« MailMerge Note: the commands directed to LaTex have been commented out asit is not installed on my system.
« FilesSelector

« Report
o Revised UML Diagram
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Java Case Study - Mail Merge - Solves a problem or a
problem domain?

Does the example solve a specific problem or solve a problem domain?

Asthe original problem domain was defined as " create a system to merge addresses with a LaTex document” the application
does, for the most part, provide a solution for the domain.

There are hard-coded elements that narrow the domain to a Windows system which uses Ghostview to print PostScript files
and has the sofware stored at c: / GSTool s/ GSVi ew . If the code was used on a system that stored Ghostview in another
location it would fail. The code would have to be altered either by hard-coding the new location (not a recommended
solution) or by providing the user ameansto input the required location.

Had the problem domain been defined in wider termsi.e. as "develop a mail merge system”, then no, the application would
not provide a solution for the domain.

The scope of a problem domain can be as narrow or as wide as the user wants. One of the key problemsin establishing
requirements is determining exactly what the problem domain is. If the person requesting the system and the person
desigining the system have different ideas concerning what is inside the domain then the resulting system will either fail to
meet user expectations or go beyond user expectations. In the first instance you'll have an unhappy user. Y ou may aso have
an unhappy user in the second instance, especialy if you could have produced code that met the users expectations in half
the time and at half the cost.
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Java Case Study - JCalculator

o Overview
o User Defined Types
« Wheretheactionis

« Command Behaviour

« Unary Function Behaviour

« Binary Function Behaviour
e« SumMmary

Source

The code for this study isfrom Sumit up with JCalculator an article by Claude Duguay in JavaPro, August 2001, Vol.5 No.
8,and may be downloaded from Devx
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Java Case Study - JCalculator - Overview

Problem Statement

Implement a numerical calculator that can easily be added to any Swing application. Provide basic arithmetic and
trigonometric functions along with features found on most standard calculators:. clear an entry, clear al entries, memory
clear, memory recall, etc. The application can be started in simple or expanded mode.

GUI Simple View

ki JCalculator Test |:||E|FX|

|

C  Backspace EIE 5

hiC: 7 a g i st
ME 4 ] a = %
MS 1 2 3 = 1
M+ |+ 0 . 0| =

GUI - Exanded View

| " Elackspace‘ CE | &

M| 7 g 91 abs| and | Ish ! sorit| exp log In

ME| 4 ] 6| mad| oar rsh = %o pow | w2 13

MS | 1 2 3 it ®ar il - 1% sin cos tan

M+ | +-] 0O ; rnd ot [i + = asin | acos| atan
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Java Case Study - JCalculator - User Defined Types

User Defined Types

Full UML Class Diagram

The application isimplemented with the following user defined types:
« JCalculator - defines a calculator object

« CalculatorButton - defines a button used by the calculator object

» CalculatorCommands - defines the commands associated with calculator buttons

« CalculatorField - defines objects used to display information in the cal culator

« CalculatorStack - defines an object to hold the intermediary results of calculator button operations
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Where the action is

The design utilizes the Command Pattern with all the action being handled by Cal cul at or But t on. The operation
performed is determined by the buttons command object. The Cal cul at or But t on constructor takes the following form:

public CalculatorButton( String text,
JCal cul at or cal cul ator,
Cal cul at or Cormands. Conmmand conmand)

where, St r i ng isthe buttons label text, JCal cul at or isareference to the current calculator object and
Cal cul at or Conmmands. Command is acommand object.

Cal cul at or Conmands. Conmand is an interface defined within the Cal cul at or Commands class. The

Cal cul at or Commands class contains the definitions for three other interfaces: Functi on, Unary and Bi nary. The
Funct i on interface extends the Command interface and Unar y and Bi nar y extend Funct i on. Individual command
objects directly implement Cormand, Unary or Bi nary. All of them are of type Cal cul at or Commands. Command.
(see CalculatorCommands)

Each command object implementsthe exec() method declared in the Contrand interface. In the example, all the
individual commandsi.e. One, Plus, Clear, etc. aredeclared asst at i ¢ nenber cl asses of

Cal cul at or Commands. Each calculator button is given a specific command object. For example, code that adds a
Cal cul at or But t on totheJCal cul at or objectis:

add( new Cal cul atorButton( "8", this, new Cal cul ator Commands. Eight() ) );

where "8" isthe label that will appear on the button, t hi s isthe current JCal cul at or object and new

Cal cul at or Commands. Ei ght () createsthe command object that will be associated with the Cal cul at or But t on.
When a calculator button is clicked, an Act i onEvent isgenerated and listeners are notified. A Cal cul at or But t on
object acts asit's own listener by implementing theact i onPer f oned() method of the Act i onLi st ener interface.

The implementation of the Command pattern in this exampleis alittle unusual. Generally, theact i onPer f onmed()
method in a Command pattern exampleis very simple:

public void actionPerfornmed(Acti onEvent e){
command. exec() ;
}

where all the behaviour associated with the button would be implemented in the exec () method of the command object. In
this example, the button itself is controlling some of the behaviour.

public void actionPerfornmed(Acti onEvent event)

{
if (command != null)
{
i f (command i nstanceof Cal cul at or Comrands. Unary)
{
eval uat e();

Cal cul ator Stack stack = cal cul at or. get St ack();
st ack. pushFuncti on(( Cal cul at or Commands. Funct i on) conmrand) ;
eval uat e();
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i f (conmand i nstanceof Cal cul at or Commands. Bi nary)
{
eval uate();
Cal cul atorField field = cal cul ator.getField();
Cal cul at or St ack stack cal cul ator. get Stack();
st ack. pushNunber (fi el d. get Nunber ());
st ack. pushFuncti on(( Cal cul at or Commands. Funct i on) conmand) ;
field.clearField();

if (!(conmand instanceof Cal cul at or Commands. Functi on))

{

command. exec(cal cul ator);

}

}
[/ Handle '='

el se eval uate();

}

Command logic is being handled within theact i onPer f or med() method and a portion of the command behaviour is
implemented in the Cal cul at or But t on. eval uat e() method rather than by the command object itself.

protected void eval uate()

{
Cal cul ator Stack stack = cal cul ator. get St ack();
i f (!stack.isEmpty() && stack.isFunction())
{
CalculatorField field = cal culator.getField();
Cal cul at or Commands. Functi on function = stack. popFunction();
st ack. pushNumnber (fi el d. get Nurber ());
function. exec(cal cul ator);
field. set Nunber (stack. popNunber());
}
}

This makesit alittle more difficult to work out what is actually happening when a calculator button is clicked on. UML
Sequence diagrams can help when you're trying to sort out interactions between objects.
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Java Case Study - JCalculator - Command Behaviour

Command Behaviour

Command objects which are not Functions (One, Two, Clear, etc) directly implement the

Cal cul at or Commands. Conmand interface. When a button associated with a Conmrand typeis clicked, the

act i onPer f or med() method invokesthe objectsexec() method; the Cal cul at or But t on. eval uat e() method
is not invoked.

Sequence Diagram for a Command

zetText() or addDigit(

aCalculatorButton aCommand adCalculatar aCalculatorField
T T T
ActionEvent IJ-l exec)] : : :
etField
L] il :
1
|
|
1
e I
I
I
I
1
|

1

From the above we can see that
1. whenan Act i onEvent istriggereditissenttoaCal cul at or But t on
2. the button invokesthe exec() method of its assoicated command object, passing it a reference to the calculator
object
3. the command object uses the reference to the calculator object to get areferenceto the Cal cul at or Fi el d being
used to display the numbers entered by the user and the results of any calculations
4. the command object then uses the field reference to set the text in the field or add a digit to the text already being
displayed
Let'ssay auser clicksonthe"1" calculator button. This generates an Act i onEvent and the button is notified; invoking its
act i onPer f omed() method. The method checks to make sure the command associated with itself isnot aFunct i on

and callstheexec() method of it's Command object. In this case, the object istype One. Theexec() method in the One
classisimplemented as follows:

public void exec(JCal cul at or cal cul ator)

{
CalculatorField field = cal culator.getField();

field. addDigit(1);
}

TheaddDi gi t () of Cal cul at or Fi el d actually concatenates the digit '1' to any text currently being displayed. For
example, what we see before we click on the '1' button is:
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That's fairly straight forward. Unary function commands are a bit more complicated.

Home | Case Studies | Previous | TOC | Next

http://www.janeg.ca/case/jcalc/jcalc_5.html (2 of 2) [15/03/2004 8:47:13 AM]



Java Quick Reference - Case Study - JCalculator - Unary Function Behaviour

Java Case Study - JCalculator - Unary Function Behaviour

Unary Function Behaviour

Unary Function Sequence Diagram

alnaryFucntion

aiCalculatarButton adCalculstar aiCalculatorstack aiCalculatorField
1 1 1 1 1
1 1 1 1 1
el 1 1 1 1
= 1 1 1 1
ActionEvent getsStack)) : : : :
I —_ | 1 |
evaluate) ’U I 1 |
Aszume [ latack izEmpty () & : : :
nathing an stack izFunction(] ] : ! ! :
the stack at I 1 I I
thiz poirt : ; ; :
| | |
| | |
getstack) : I I I
function nowy on pushFlel::tll:ln() " : :
top of stack GetStacks) i : :
. | |
1 1 1
. 1 1 1
getField() . | [Fetrieves the | :
T % I | function that was ! !
popFunction() : just pushed on the : :
i getMumber] stack i i
pushN'umber(j : ¥ecues the :
: = function that was | :
I popped from the I I
evaluste) | , stack ! exec( calculstor ) !
[ lstack izEmpty(l & ; ; ; =
stack isFunction() ] o l getStack() l
_ Lr : pophumber
Retreives the e '

result put on the : pushiumber()
stack by the I e t T
command ohject | popRumber() \ | |
i 1 i i
: zethumber() : :
1 o | 1
1 Fesult appears i I
i calculator dizplay ;
! area !
| |
| |
| |
| |
| |

|

]

1

I

I

- |
| |
| |
| |
| |

Every button has an associated Cal culatorCommands.Command object reference and a JCal cul ator reference.

Perfarms the
calculstion and
pushes the resuft
on the stack

L ets assume the calculator button that was clicked hasa Sqrt command of type Cal culatorCommands.Sqrt which implements Unary. The

code for Sgrtis:

public static class Sgrt

{

public void exec(JCal cul ator cal cul ator)

{

i mpl enents Unary

Cal cul ator Stack stack = cal cul ator. get Stack();
st ack. pushNunber ( Mat h. sqrt (st ack. popNurber ()));
}
}

The Sgrt button is clicked, an ActionEvent is raised and the buttons actionPerformed() method is invoked.
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the actionPerformed() method checks its objects (the buttons) command object type and determinesiits of type
CalculatorCommands.Unary

it invokesits own evaluate() method

the buttons reference to the calculator object is used to get areference to the calcul ators stack

the stack isEmpty() method is invoked and returns 'true’ so evaluate() returns control to the actionPerformed() method
the actionPerformed() method retrieves a reference to the calculators stack through the buttons calculator reference

. the buttons command object (in this case aSqrt) is pushed onto the stack

. the buttons evaluate() method is again invoked

. areference to the calculators stack is retrieved

. thistime the stack is not empty and its top object is afunction (the Sgrt object)

. the buttons calculator referenceis used to retrieve areference to the calculators display field

. the Sgrt object is popped off the calculators stack

. thefield reference is used to retrieve the number currently displayed

. theretrieved number is pushed onto the stack

. the Sgrt objects exec() method isinvoked and a copy of the buttons calculator reference is passed as an argument
. the Sgrt object uses its calculator reference (the one passed to exec() ) to get a reference to the calculator stack

. the number pushed onto the stack in evaluate() is popped off the stack and used as an argument to Math.sqrt()

. theresult returned by Math.sgrt() is pushed onto the stack

. control returns to the buttons evaluate() method

. the result pushed onto the stack by the Sgrt object is retrieved and passed to the calculator field by invoking the fields setNumber()

method
the evaluate() method returns control to the actionPerformed() method
thereis nothing elseto do

Whew! There are an awful lot of busy objects! The actual job of providing the square of a number is handled by the command object, Sart,
but the responsibility for getting everything ready for the Sqrt object is being handled by the button object.

Hmmm ... still not all that clear; letstry to think of it as a conversation between actors. The cast:

get

Eval

Button - a CalculatorButton

Calculator - a JCalculator that belongs to Button

Sqrt - a CalculatorCommands.Unary that bel ongs to Button
Math.sgrt - afriend of Sgrt's

ActionPerformed - Button's hel per

Evaluate - Button's hel per

Stack - a CalculatorStack that belongs to Buttons cal culator
Display - a CalculatorField that belongs to Buttons calcul ator

But t on: "Hey, |'ve just been clicked! ActionPerforned, you need to
to work!"

Act i onPer f or med: "Ck. Do we have a command? Ch yeah, a Sgrt and its a Unary.
uate can you check things for me?"

Eval uat e: "Sure thing. Calculator, pass ne your Stack for a mnute.”
Cal cul ator: "Here he is."” [Hands Stack to Eval uate]

Eval uat e: "Qops .. its enpty nothing for nme to do. ActionPerforned,

it's up to you."

Act i onPer f or med: "Cal cul ator, let ne have your Stack. Stack, here, take a copy

of Sgrt."

[Hands Sqrt to Stack] "Ok Evaluate, your turn again."
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Eval uat e: "Cal cul ator, can you let nme see Stack agai n?"

Cal cul ator: "Sure." [Hands Stack to Eval uate]

Eval uat e: "Alright Stack are you enpty?"

St ack: "Nope. "

Eval uat e: "Do you have a function?"

St ack: "Let me see, yup, | got a function on top of ne."
Eval uat e: "Great. Calculator, can you give ne your Display?"

[ Cal cul ator hands Display to Eval uate]

Eval uat e: "Stack, let me have that function and Display, you give Stack
t he nunber you're hol ding."

[Stack hands Sgrt to Evaluate and Display gives Stack a

nunber ]
Eval uat e: "Ck Sgrt, you do your thing. Qops, here you need to talk to
Cal cul ator™”
[ Hands Sqrt a connection to Cal cul ator]
Sqrt: "Cal cul ator, give ne Stack pl ease."

[ Cal cul at or hands over Stack]
Stack (sotto voice): "Hey, I'mtired of being man handl ed! Geesh, don't you guys
have
anything better to do!"

Sqrt: "Stack, give me the number your holding. | need to pass it to
Mat h. sqrt."
Mat h. sqrt: "Here Sgrt, | did ny thing with the nunber, you can have it
back now. "
Sqrt: "Here you go Stack ... take nunber back now. Hey Eval uate,
I"mfinished."
Eval uat e: "Stack, let me have the nunber Sqrt just gave you." [Stack
hands
the nunber to Evaluate]. "Display, can you showthis to
everyone?"
Di spl ay: "Sure thing." [Display takes the nunber and holds it up for
al |
to see]
Eval uat e: "Ck ActionPerformed, |'mfinished!"
Act i onPer f or med: "Button, we're all done now. "
But t on: "Thanks guys. What a teanl”
[ The End]

That's alittle clearer. The calculator is basically acting as a holder for all the objects. Theact i onPer f or med() and eval uat e()
methodsin Cal cul at or But t on are directing events and the actual work/function is being handled by the

http://www.janeg.ca/case/jcalc/jcalc_6.html (3 of 4) [15/03/2004 8:47:15 AM]



Java Quick Reference - Case Study - JCalculator - Unary Function Behaviour

Cal cul at or Commands. Comrand object.

So what happens if the command object is a Binary function?
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Binary Function Behaviour

Binary Function Sequence Diagram

gicalculatorButton adCalculator aCalculatarFigld aCalculatorStack
T T T T
=l I |getStack(j ! : :
ActionEvert EvalEtET] : : :
[ letack.isEmpty & 1 1 1
[ stack isFunction | : : :
e lyetField ' : '
In this scenario, a getField() : : :
Birary Function button : :
has been clicked and getStackn) L] I I
thers iz nothing on the = : :
stack. gethumber) ! !
The actionPerformed . = |
method just puts the : :
numker being 1 pushMumber) |
dizplayed and the ; : ;
button command on 1 I . L
the stack, clears the : : pushFunction() i
dizplay and returns. : :
clearField) : ‘L
[l . |
. l
| |
1 | I
1 1 1
1 1 1
1 | |
1 | I
1 1 1
1 1 1
1 1 1
1 | |
1 | I
1 1 1
1 1 1
1 I |

L
|
|
1
1
|

Hmmm .. the stack is being setup but no calculations are happening. How does a Binary function get executed? Y ou'd expect the user to enter
another digit followed by "=". Lets take another look at act i onPer f or med() .

public void actionPerforned(Acti onEvent event)

{
if (command !'= null)
{
i f (command i nstanceof Cal cul at or Contrands. Unary)
{
eval uate();

Cal cul ator Stack stack = cal cul ator. get St ack();
st ack. pushFuncti on(( Cal cul at or Commands. Functi on) conmand) ;
eval uate();

}

i f (command instanceof Cal cul at or Comrands. Bi nary)
{
eval uate();
Cal cul atorField field cal cul ator.getField();
Cal cul at or St ack st ack cal cul ator. get Stack();
st ack. pushNunber (fi el d. get Nunber ());
st ack. pushFuncti on(( Cal cul at or Commands. Functi on) conmand) ;
field.clearField();

if (!'(command instanceof Cal cul ator Conrands. Function))

{
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comrand. exec(cal cul ator);

}

}
/1l Handle '=
el se eval uate();

}
It looks like "=" is not a Command object. Only the evaluate() method comesinto play. Ok, so let's say the user enters'1 + 1 =', what happens?

Equals [ =) Sequence Diagram

e
1
|

aiCalculatorButton aldCalculatar aCalculatarStack aiCalculatorFigld aBinary
T T T T T
ActionEvent : : : : :
— | | | |
1 1 1 1
1 1 1 1
| | | |
get=tack) : : : :
—T 1 1 1
1 1 1 1
| | | |
| | | |
1 1 1 1
1 1 1 1
1 1 1 1
getField() : : : :
=3 1 1 1
1 1 1
| | |
| | |
| | | |
I I I I
: popFunction() : : :
1 ™S | 1 |
1 1 1
1 1 1
I gethumber) L I I
1 | o | |
evaluatel) pushumber]) | |
[ l=tack isEmpty() & i ! I
stack isFunction)) | : L , :
| . | execl) |
! ! etStack() ! #
U : pophumber;
| = : [earlier number stored
: prNu:rnher(j by Binary seg )
; pushMumber() petforms calc
popMumbet]) . + T
1 | 1 1
1 1 1
| | |
: settumber) IT _ : :
| | :
| | |
| | |
1 1 1 1
1 1 1 1
| | | |
| | | |
1 1 1 1
1 1 1 1
| | | |
! ! ! j

Thistime there is something on the stack; the '1' and '+' placed there earlier, so evaluate() pops off the function, pushes the current number (the
onein the display area) onto the stack and then invokes the functions exec() method.

Then Binary.exec() method then retrieves both the numbers from the stack and performs its operation, pushing the result back onto the stack.

The evaluate() method then pops the result off the stack and calls the display fields setNumber() method; which shows the result of the
operation to the user.

But what happensif '=" isn't pressed after the second digit is entered? What if the user enters'1 + 1 + 2 before hitting '='?
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Multiple Binary Function Sequence Diagram

aCalculatorButton adCalculstor aCalculatorFisld aCalculatorStack aBinaryFunction
T T T
ActionEvert : : :
%‘1 | |
getStack() ! I
= 1
i
|
getField() !
|
|
1
1
1

i

T

1

1

]

]

1

1

]

]

]

1 1
#h I
I

]

popFunction;] :

1

]

]

1

2

1

|

1
gethumber()

clearField()
1

L
I
|
1 1
: pushMumber() :
evaluatel) : : =
[ l=tack izEmpty() & ! !
stack isFUNCHion() | | Exec() . .
T T T T =
1 1 1 1
| I | |
I T T T
1 1 1 1
: : ! getstaekl) ! Retrieves the t
! ! ! I popbLmber]) numbers in the
: : : : stack and
! ! ! ! popMumber) processes them,
| | | | 3
I I I I puzhing the result
: : ! ! pushMumber) orto the stack
I I I ! !
| | | | |
1 1 1 1 1
1 1 I 1 1
I I I I I
| | | | |
| | | | |
1 I 1 1 1
— | I I |
: getFisld : : : :
T 1 1 1 1
1 1 1 1 1
| getStack() | | | |
L 1 I | I
Setsthe [, ! ! ! ! !
stack to I aethlumber() I I I
huald the: : . : : :
result of I I 1 1 1
the | | puEhNUmBEr() : : :
previous : : : : :
operation | I I I I
and the : : pushFunction() : : :
current T T T 1 I
function : ; : ; |
| | | |
L 1 1 1
| | | |
1 1 1 1
1 1 1 1
| | | |
| | | |
1 1 1 1
1 1 1 1
| | | |
| | | |
| | | |

Almost the same thing as happens when '=" is pressed except that the previous function is evaluated and the result of the operation is placed on
the stack followed by the current function. The'1 + 1 + 2" would result in the following:

User Enters Field D splay St ack
1 1 enpty
+ bl ank +1
1 1 +1
+ bl ank + 2 ( result of previous stack
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value '1'

"+ current display
val ue of "1' )

2 2 + 2

= 4 empty ( previous result value is
added to

current display value )
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Java Case Study - JCalculator - Summary

Summary

WEell, originaly I thought that this was an elegant, straight forward design. After working through the sequence diagrams
though, | now have my doubts. I don't think working out code logic should be quite that difficult!

Admittedly, the code was not written as a demonstration of design technique; the author provided it as a plug-in component
that can be used in any program; and it does work quite nicely.
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Data Streams (JCL1)

The | ava. i1 o Package - Overview

« the package contains three main groups of classes and interfaces
1. classesto build data streams
2. classes and interfaces for serialization
3. classes and interfaces for working with the file system

« data streams that read values from a data source are input streams
« data streams that write values to a data repository are output streams
« thedata can be either byte or character values

DataStream SuperClasses

Byte Streams Character Streams
abstract class InputStream abstract class Reader
abstract class OutputStream abstract class Writer

reading or writing

Filter Streams

« there are two classes which convert bytes to characters

« data streams can be chained together

cl ass | nput StreanmReader extends Reader
class QutputStreanWiter extends Witer

« data containers, for example files, usually provide methods which return a stream for either

« filter streams perform some processing or filtering as the datais passed through
« afilter ouput stream performs the processing befor e the data is written out
« afilter input stream performs the processing after the datais read from its original source

FilterStream SuperClasses

Byte Streams

Character Streams

class FilterInputStream

class FilterReader

class FilterOutputStream

class FilterWriter

Dat al nput St r eam

« and character streams

Buf f er edReader
Li neNunber Reader
PushbackReader
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« there are number of filter streams for both byte streams

Buf f er edl nput St r eam

Li neNunber | nput St r eam
Pushbackl nput St r eam

Buf f er edQut put St ream
Dat aQut put St ream
PrintStream

PrintWiter
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In-Memory Streams

« there are also classes for reading and writing data held in memory

Byt eArrayl nput St ream
Byt eArrayQut put St ream

Char Arr ayReader
CharArrayWiter
St ri ngReader
StringWiter

« the StringReader/Writer classes read data from a StringBuffer object
Pipes
« there are classes that alow you to build streams that operate between threads

Pi pedl nput St ream
Pi pedQut put St ream

Pi pedReader
Pi pedWiter

Files

« there are anumber of classes for working with the file system

File

Fi | eDescri ptor

Fi | el nput St ream Fi | eReader
Fi | eQut put St ream FileWiter

Fi | enaneFil ter
Fi | ePer m ssi on RandomAccessFi |l e

« notethat File, FileDescriptor and RandomA ccessFile are direct subclasses of Object

Note

The File class can be used to create directories

Serialization (JCL1)

« serialization isthe process of converting an object to a stream of bytesin such a manner that
the original object can be rebuilt (lets you write an object to afile or other data container)

Pkg Overview | Data Streams CRETESET Byte Streams | File Class Reao!—ers&
Streams Writers
. Data Reading & C
it S Input/Output | Writing Files Zedfziior
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Thej ava. i o Package - Data Streams

« SunsJava Tutoria on 1/O also breaks up the classes into Data Sink Streams and Data
Processing Streams

« asink isaspeciaized data container ie strings, files, pipes

Sink Type |Character Streams Byte Streams
Memory [Char ArrayReader, |ByteArrayl nput Stream

Char ArrayWiter Byt eArrayQut put St ream

Stri ngReader, StringBufferlnputStream

StringWiter
Pipe Pi pedReader, Pi pedl nput St ream

Pi pedWiter Pi pedQut put Stream
File Fi | eReader, Fil el nput St ream

FileWiter Fi | eQut put St ream

« data processing streams perform some type of operation ie buffering or character encoding
Process CharacterStreams Byte Streams
Buffering Buf f er edReader, Buf f er edl nput St r eam
Buf feredWiter Buf f er edQut put St r eam
Filtering Fi | t er Reader, FilterlnputStream
FilterWiter Fi | t er Qut put Stream
Converting | nput St r eanReader,
between Qut put Streami¥iter
Bytes and
Characters
Concatenation Sequencel nput St ream
Object hj ect | nput St ream
Seridization Ohj ect Qut put St ream
Data Conversion Dat al nput St r eam
Dat aCut put St r eam
Counting Li neNurber Reader Li neNunber | nput St r eam
Peeking Ahead |PushbackReader Pushbackl nput St r eam
Printing |Pri ntWiter Print Stream
Pkg Overview | Data Streams Character Byte Streams | File Class Reao!—ers&
Streams Writers
: Data Reading & o

Bilter Sreems Input/Output | Writing Files Seridization
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Thej ava. i o Package - Character Streams

o Reader and Writer are the abstract superclassesfor all character streams.

— BufferedReader i—[ LinebumberReadsr )
—  CharidrrayReader i
Inputitreamkeader FileReadear
o e a
FilterReader PushbackReader
—C PipadReadar )

— atringReader )

— Bufferedwriter '
—  CharfArrayWriter i

Cutputitraamwritar FilaWritar
S e

_..{

— PipediWriter i
—{L StringWriter )

— FrintWriter )

Note: Classes shown in 'yellow' are abstract.
Items shown in 'gray’ read and write from data sinks.
Images are from the Sun Tutorial on 1/0

« character streams can read or write any Unicode character set.
o Bytestreamsare limited to |SO-Latin-1 8-bit encoding.

FiltarWriter )

Pkg Overview | Data Streams CIERElE Byte Streams | File Class s T .ers =
Streams Writers
. Data Reading & C
it S Input/Output | Writing Files Zenfziier
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The | ava. 1 o Package - Byte Streams

« uselnputStream and OutputStream classes to read 8-bit bytes

— FileInputStraam h
—{_ PipedInputStrean )

FilterInputstraanm

—{_E}rteﬁr rayInputStreaan J
— Sequencelnputitrean )

—(St ringBufferlnputstraan )

LinebumberInputstraam )

Datalnputatrean

BuffaredInputitraan

FushbackInputitreaam

' ObjectInputitrean '

—  FileOutputitrean i

—{_ P pedOutputstrasam )

FilterOutputatrean

—{ ByteaArrayOutputatrean i
—{ ObjectOutputitreaan '

Note:Classesin 'yellow are abstract.
Classesin 'gray' read and write to data sinks.
Images from Sun Java 1/O tutorial

o ObjectlnputStream and ObjectOutputStream are used for serialization

Datalutputstraamn

BufferedOutputstrean

Qutputatraan

Printatrean

I Warning !!!

These classes cannot be used to read or write Unicode characters.

Pkg Overview | Data Streams CIERElE Byte Streams | File Class s T .ers =
Streams Writers
. Data Reading & C
it S Input/Output | Writing Files Zenfziier
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Thej ava. i o Package - File Class

« used to access file and directory objects using the file-naming, path conventions of the
implementing operating system
« the class has three constructors

File(String pathnamne)
File(String parent, String child)
File(File parent, String child)

wher e,
par ent is the pat hnane
child is the filenane

« used to create an instance of aFile BUT does not actualy create afile

/1l does not create a file on the system
new File("test.txt");

« however, you can use the createNewFile() method

File f = new File("test.txt");
/[l returns '"false' if file exists
f.createNewFil e();

« or, the method createT empFile() which creates the file in the default temporary directory
using specified file extensions

« theclass has four CONSTANTS which define properties of the file conventions on the
operating system
char separator Char

thefield isinitialized to hold the system separator
/ for UNIX

\ for Win32

: for Mac

String separ ator
a string representation of the separatorChar
char pathSeparator

initialized to hold the character used by the system to separate file namesin alist
: for UNIX
: for Win32

String pathSepar ator
string representation of the pathSeparator character

FileName Methods

« there are anumber of methods for retreiving filenames, paths, etc

get Absol ut ePat h() get Absol ut eFi | e()
get Canoni cal Pat h() get Canoni cal Fi |l e()
get Name()

get Parent () getParentFil e()
get Pat h()

conpar eTo()
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t oURL()
the absolute path is system dependent and may include r elative indicators

For exanple, the follow ng code creates a file
"test2.txt' in the directory directly above the
current directory:

File f1 = new File("..", "test2.txt")
f1l.createNewFile();

Systemout.println( fl.getAbsolutePath() );

Cut put (on W n98):
D:\Java\jeg\io\..\test2. txt
the canonical path isthe same as the absolute path BUT all relative indicators are resolved

For exanpl e,
System out.println( f1.getCanonical Path() );
Qut put (on Wn98):

/1 '.." in absolute path is resol ved
D:\Java\jeg\test 2. txt

toURL () will construct avalid URL identifier for the File

Systemout.printlin( f.toURL() );

CQut put :
file:/D:/Javal/jeg/ioltestl.txt

Note

« theFile class overrides the Object.equals() method.
« Twofilesareequal() if they have the same path, NOT if they refer to the same

underlying file system object.

File Status Methods

there are methods to check the status of afile

canRead() | ast Modi fi ed() isDirectory()
canWite() set Last Modi fi ed() i sFile()

exi sts() set ReadOnl y() i sHi dden()

I engt h() i sAbsol ut e()

Modifiying Files and Directories

there are a number of methods for modifiying files and creating directories

del et e() mkdi r () listFiles()
del eteOnExit () nmkdi rs() i st Roots()
renameTo()

list() and listFiles() can be used with FilenameFiltersie ™'
listRoots() returns the system drives

while renameT o() will change the name of the file on the system, the reference will return
the original path and name

/1l File object reference
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f.createNewFil e();
/1 new File reference

f.renaneTo(f2); /1

Cut put (on W n98):

exi sts on the system

Qut put :
fal se
true

D:\Java\jeg\io\testl.txt // original

File f = new File("test.txt");
/] creates the file

File f2 = new File("test Renane. txt");
renames the file

Systemout.println( f.exists() );
Systemout.println( f2.exists() );

path for

Systemout. println( f.getAbsolutePath() );

And if you check to see which file actually

lfl

Note

« Thereisno method which alows you to change directories!

Security

permissions

o TestFileClass.java

Source Code for Examples

« for example, an Applet would probably not be allowed to create a new file

« many of the above methods will work correctly only if they are allowed by the security

Pkg Overview | Data Streams e Byte Streams | File Class Resies .ers =
Streams Writers
. Data Reading & C
it S Input/Output | Writing Files SenzlEier
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Thej ava. i o Package - Readers and Writers

InputStreamReader

« InputStreamReader extends Reader and has one subclass, FileReader

« InputStreamReader reads bytes and trandates them to Unicode characters using the
specified character encoding or the default system encoding

« the class has two constructors

| nput St r eanrReader (| nput St ream i n)
| nput St reanReader (I nput Streamin, String enc)

« tousean InputStreamReader you must first create an instance of it for a byte input stream.
Y ou can then read the stream using any of the Reader methods.

OutputStreamWriter

« OutputStreamWriter extends Writer and has one subclass, FileWriter

o OutputStreamWriter translates between Unicode characters and bytes using the specified
character encoding or the default system encoding

« the class also has two constructors

Quput StreanWi t er (Qut put St ream out)
Quput Streamiter(CQutput Streamout, String enc)

« Yyou use OutputStreamWriter by first creating an instance of it for a byte output stream; you
can then write to the stream using an Writer methods.

Character Encoding

« Character encodings specify how 8-bit bytes are trandated to 16-bit Unicode

« they are represented by Strings which follow the naming standards set by IANA Character
Registry

« every implementation of Javais required to support the following sets:

US- ASCI | Seven-bit ASCI|, a.k.a. |1S0646-US, a.k.a. the
Basi ¢ Latin block of the Unicode character
set

| SO 8859-1
| SO Latin Al phabet No. 1, a.k.a. ISOLATIN1

UTF- 8
Ei ght-bit Uni code Transformation Fornat

UTF- 16BE
Si xteen-bit Uni code Transformati on Fornat,
bi g- endi an byte order

UTF- 16LE
Si xteen-bit Uni code Transformation Fornat,
littl e-endian byte order

UTF- 16

Si xt een-bit Uni code Transformation Fornat,
byte order specified by a mandatory initial
byte-order mark (either order accepted on
i nput, big-endian used on out put)

« specific platformsie those used in Japan, China, Mid-East, etc, may include other encodings
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« the streams are used to read and write data encoded in a character set which is different than
the default system encoding

« For example (JPL pg238), to read bytes encoded under SO 8859-6 for Arabic characters

public Reader readArabic(String file) throws | OException {
InputStreamfileln = new Fil el nput Sgrean(file);

return new I nput StreanReader (fileln, "iso-8859-6");
}
Pkg Overview | Data Streams et Byte Streams | File Class Rem!—ers&
Streams Writers
. Data Reading & C
Sl S Input/Output | Writing Files SeiefEziler
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Thej ava. i o Package - Filters

« Filters sit between input and output streams, processing the bytes being transferred
« FilterInputStream extends InputStream and Filter Output Stream extends OutputStream

« thismeans a FilterInputStream, and any of it's subclasses, can take any InputStream as an
argument and a FilterOutputStream can take any OutputStream

« thisalowsthe chaining of filter streamsie a FilterlnputStream can take another
FilterlnputStream,; the original source can be an object that is not afilter stream aslong asit
isn't reading from another input stream

« Output filters can also be chained, you can have as many filters as you like but the last in the
chain must be an OutpuStream

« both methods simply override al their inherited methods, passing al their processing along
to the underlying Input or Output stream

FilterlnputStream Subclasses

Subclass Constructors

BufferedinputStream Bufferedl nputStream(I nputStream in)
Bufferedl nputStream(I nputStream in, int size)

Datal nputStream Datal nputStream(I nputStream in)

LineNumberlnputStream LineNumberlnputStream(I nputStream in)

PushbackInputStream PushbackInputStream(I nputStream in)

PushbackInputStream(I nputStream in, int size)
FilterOutputStream Subclasses

Subclass Constructors

BufferedOutputStream BufferedOutputStream(OutputStream out)
BufferedOutputStream(OutputStream out, int
size)

DataOutputStream DataOutputStream(OutputStream out)

PrintStream PrintStream(OutputStream out)
PrintStream(OutputStream out, boolean
autoflush)

« technically, you should use PrintWriter when doing character related I/O , PrintStream is
included for historical reasons. It should only be used with System.in asit assumes Latin-1
character encoding.

« most Reader and Writer classes can also act asfilters as most of them already have
constructors which take another character stream

« to create your own filter streams
1. Create subclasses of FilterlnputStream and FilterOutputStream
2. Override the read() and write() methods
3. Override any other methods you might need
4. Make sure the input and output streams work together

Summary

« Ifitsaninput filter, it can take any InputStream object.
« If anoutput filter, it can take any OutputStream object.
« FilterWriter classes take a Writer object.

« FilterReader classes take a Reader object.
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Source code for Examples

o TestFilterWriter.java

Pkg Overview | Data Streams Sl Byte Streams | File Class REELEEE _ers &
Streams Writers
. Data Reading & C
Al ShETE Input/Output | Writing Files ek
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The | ava. i1 o Package - Data Input and Output

« DatalnputStream and DataOutputStream, like al filters, must be attached to some other
stream

« DatalnputStream implements Datal nput and has one ctor
Dat al nput St ream( | nput Stream i n)

« DataOutputStream implements DataOutput has one ctor
Dat aCut put St r eam( Qut put St r eam out )

and one field written which contains the number of bytes written.
Note: if this overflowsit is set to Integer. MAX_VALUE.

« DatalnputStream has specialized read() methods, and DataOutputStream, specialized write()
methods to handle the various primitive types and UTF-8 characters

|Datal nputStream Methods |DataOutputStream Methods
write(int oneByte)
read(bytel] buf) write(bytel] buf)
read(byte[] buf, int offset, int count)  (write(byte[] buf, int offset, int count)
|readBooIean() |WriteBooIean(boolean b)
readByte() |writeByte(i nt val)
writeBytes(String str)
readChar() writeChar(int val)
writeChars(String str)
readDouble() writeDouble(double val)
readFloat() writeFloat(float val)

readFully(byte[] buf)
readFully(byte]] buf, int offset, int
count)

readint() writelnt(int val)
readLine()
readLong() writeLong(long val)
readShort() writeShort(int val)
readUnsignedByte()
readUnsignedShort()
readUTF() writeUTF(String str)
skipBytes()

Itemsin red are deprecated.
All the methods throw | OException

Source Code for Examples

o DatalOTest.java

Character
Streams

’ Pkg Overview ’ Data Streams

‘ Byte Streams REZLESE ‘

Writers

File Class ‘
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Filter Streams
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The j ava. 1 o Package - Reading and Writing
Files

« FileStreams have three types of constructors
1. aconstructor that takes a filename as a String
2. aconstructor that takes a File object
3. aconstructor that takes a FileDescriptor object

« Wwhen constructors (1) or (2) are used, a new FileDescriptor object is created. This can be
accessed by calling getFD()

« aFileDescriptor object represents a system-dependent value that describes an open file
« FileOutputStream has one additonal constructor

Fil eQutputStrean(String nane, bool ean append)

« if thefile exists, you can set append to true to force the write to occur at the end of thefile;
otherwise, the existing file is overwritten

« FileOutputStream (and FileWriter) have a flush() method that forces the underlying buffer to
be flushed.

Note

o flush() does NOT guarantee that the contents will be written to disk. To
guarantee the data is written to disk use the FileDescriptor method sync()

» FileReader and FileWriter read and write 16-bit Unicode characters
« FilelnputStream and FileOutputStream read and write bytes

Random Access Files (JPL pg 258)

« the RandomAccessFile classis NOT a subclass of InputStream, OutputStream, Reader or
Writer; instead it incorporates al their functionaly plus additional methods by implementing
the Datal nput and DataOutput interfaces.

Note

« You cannot use a RandomA ccessFile object where any of the other input and
output streams are required.

« the class has two constructors

publ i c RandomAccessFil e(String nane, String node)
publ i c RandomAccessFile(File file, String node)

« the mode argument must be either " r" or "rw" to indicate if the fileisto be opened for
reading only or reading and writing

« if thefileisopened for writing and it does not exist; it will be created

« aswith the other File streams, a FileDescriptor object is created when the file is opened
« theclassalowsyou to set aread/write pointer to any position in the file

» key methods are:

public long getFilePointer() throws | OException
public void seek(long pos) throws | OException
public void skipBytes(int count) throws | OException
public long length() throws | OException
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Source code examples

« Read afile using FilelnputStream

« Writeto afile using FileWriter

« Copy afile (jung.txt) to another file using FileReader and FileWriter

« Anexample, CopyBytes, to do the same thing using FilelnputStream and FileOutputStream
» Test using a RandomA ccessFile

Pkg Overview | Data Streams Cinzgcte: Byte Streams | File Class m—erS&
Streams Writers
. Data Reading & C
it S Input/Output | Writing Files Zenflziier
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http://www.janeg.ca/scjp/io/jung.txt

The bigger the crowd the nore negligible the individual becones. But if
the individual, overwhel med by the sense of his own puniness and i npotence,
should feel that his life has lost its neaning--which, after all, is not
identical with the public welfare and hi gher standards of |iving--then he
is already on the road to State slavery and, w thout knowi ng or wanting it,
has becone its proselyte.

The man who | ooks only outside and quails before the big battalions has no
resource with which to conbat the evidence of his senses and his reason.
But that is just what is happening today: we are all fascinated and
overawed by statistical truths and |arge nunbers and are daily apprised of
the nullity and futility of the individual personality, since it is not
represented and personified by any mass organi zation

C. G Jung, The Undi scovered Self, New American Library, 1958
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The j ava. i1 o Package - Serialization

Serialization (JCL1)

« serialization isthe process of converting an object to a stream of bytesin such a manner that
the original object can be rebuilt (lets you write an object to afile or other data container)

« anobject can be serialized only if it's class implements the Serializable or Externalizable
interface; it's superclass must have a no-arg default constructor or be Serializable itself

» aclasses serializable fieldsare all of its nontransient and nonstatic fields; this applies to all
public, protected, package and private fields (JCL1)

Note

Only the accessible fields of the superclasses are serialized

« the serialized fields are written out using ObjectOutputStream.defaultWriteObject() and
read back using ObjectOutputStream.defaultReadObject()

« al the objectsreferred to directly or indirectly are al'so serialized

« if afield contains an object that is not serializable, a NotSerializableException is thrown
« deserialization isthe process of restoring a serialized object to a copy of the original object
« al Javaprimitive types, arrays, Strings and objects can be serialized/deserialized

« primitive types can be serialized using Datal nputStream Interface and deserialized using
DataOutputStream Interface

Pkg Overview | Data Streams CIERElE Byte Streams | File Class s T .ers =
Streams Writers
. Data Reading & C
it S Input/Output | Writing Files Zenfziier
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Thej ava. uti| Package - The Collections
Framework

« acollectionisacontainer or object that groups multiple objects into a single unit

« aCaoallections Framework provides a unified system for organizing and handling collections
and is based on four elements:

1. Interfacesthat characterize common collection types

2. Abstract Classes which can be used as a starting point for custom collections and
which are extended by the JIDK implementation classes

3. Classes which provide implementations of the Interfaces

4. Algorithmsthat provide behaviours commonly required when using collectionsie
search, sort, iterate, etc.

« the Collection Framework in Java has six core collection Interfaces:

Collection Map

SortedMap

SortedSet

« the Collection Framework also provides an interface for traversing collections: Interator and
it's subinterface Listlterator

« thelterator interface should be used in preference to the earlier Enumeration interface

Abstract
Classes

=
Qa

Iterator

’ Collections

Framework Collection ’
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The j ava. uti| Package - The Collection
Interface

« thisistheroot interface for the collection heirarchy

« itisnot directly implemented by an SDK class; instead they implement the subinterfaces List
or Set

« itistypically used to manipulate and pass collections around in a generic manner

« classes which implement Collection or one of it's subinterfaces must provide two
constructors

1. adefault, no-argument constructor, which creates an empty collection, and

2. aconstructor which takes a Collection as an argument and creates a new collection
with the same elements as the specified collection

Query Methods
contains(Object 0) returns true if the collection contains the specified element
isEmpty() returns true if the collection has no elements
iterator() returns an Iterator object.

There is no guarantee as to the order of the returned
elements unless the collection is an instance of a class that
guarantees the order.

size() returns the number of elementsin the collection or
Integer. MAX_VALUE if the collection equals or exceeds
Integer. MAX_VALUE

toArray() returns the collection elements as an array.
If the collection class guarantees an order, the array
elements are in the guaranteed order.

toArray(Object a]) returns all the elements in the collection whose type is that
of the array type.

If the collection does not fit in the array, a new array of the
same type is returned.

If the array islarger than the collection, the array element
after the last collection element is set to null
Bulk Methods

containsAll(Collection c) | returns true if the collection contains the all the elementsin
the specified collection

addAll(Collection ¢) adds all the elementsin the specified collection to this
collection

clear() removes al the elementsin the collection

removeAll(Collection c) |removesal the this collections elementsthat arein the
specified collection.

retainAll(Collectionc) |retainsall the elementsin this collection that are contained
in the specified collection

Modification Methods
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add(Object 0) adds an element to the collection.
Returnsfalse if the element is not added as the collection
class guarantees no duplicates.

remove(Object 0) removes the specified object from the collection, if it exists.
equals() and hasCode()
eguals(Object 0) programmers may override the Object.equals() method to

implement collection specific comparisons eg "value"
comparison vs "reference” comparison

hashCode() programmers overriding equals() must also override
Object.hashCode()

Tips

« any SDK class which implements Collection or any of it's subinterfaces will contain the two
required constructors CollectionName() and CollectionName(Collection c)

Collections Collection Abstract
Framework EEE— Classes

=
Qa

Iterator
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Thejava. uti| Package - The List Interface

« provide skeletal implementations that can be used as the basis for building custom collection
classes

« available classes are:

AbstractCollection
AbstractList
AbstractMap
AbstractSequential
AbstractSet

a s wbdPE

« JSK implementations extend the applicable Abstract class and implement the appropriate
Interface

Abstract

Collections
Classes

Eramework [terator ’ Li

&

Collection ’
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Thejava. uti| Package - The Iterator Interface

« used to sequentially access collection elements

« €element order depends on the collection ie List elements are presented as they appear in the
List, Set elements can be in any order

Iterator Methods

hasNext() | returns true if the iteration has more elements

next() returns the next element in the iteration

remove() |removesthe most recently retrieved element from the underlying collection

« hasone subinterface, Listlterator, which allows a programmer to traverse aList in either
direction and make modifications to the underlying List

java.util.ListIterator Methods

Query Methods

hasNext()

returns true if there are more elementsin aforward direction

hasPrevious()

returns true if there are more e ementsin a backward direction

next()

returns the next element in the List

nextlndex()

returns the index of the next element in thelist, or, the size of thelist
if there are no more elements

previous()

returns the previous element in the List

previousl ndex()

returns the index of the previous element in the list. If positioned at
the first element, returns -1

Modification Methods

add(Object obj) |inserts the new object immeadiately before the element which would
be returned by next().
remove() removes the last element in the List retrieved by a next() or
previous() operation.
Can only be made once after anext() or previous() operation and
cannot be made if there has been an intervening add().
set(Object obj) |replacesthe last element in the List retrieved by a next() or previous()
operation; there can be no intervening call to add() or remove().
colzerms Collection AlrEmes] Iterator List
Framework = Classes =
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Thejava. uti| Package - The List Interface

aListisacollection whose elements can be accessed by an index
the indices are zero-based

alist has methods for inserting and removing elements

alist can contain duplicate elements

alList provides aspecia Listlterator which allows you to move backwards and forwards
through the elements

there are three basic ways in which a List can be modified:
1. add an element
2. remove an element
3. replace an element

alist can support any or none of the above; attempts to modify alist that does not support the
above will result in an UnsupportedOperationException

there is no way to append Lists unless you provide your own method

java.util Implementations of List

ArrayList |extends AbstractList implements List, Cloneable, Serializable

Elements are ordered.
Internally uses an array to store elements.

Index accessis quick, while adding and removing elements, except at the
end of the array, is expensive.

LinkedList | extends AbstractSequentialList implements List, Cloneable, Serializable

Elements are ordered.
Internally uses a doubly linked list to store elements.

Adding and removing elements involves updating two links; index access
isslow asthe entire list must be traversed. LinkedL ist retains areference
to both the first and last elements; retrieving the first or last element is
efficient.

Vector extends AbstractList implements List, Cloneable, Serializable

Older class that was modified in JDK 1.2 to implement List.
An expansible array.

The vector will grow automatically to take new objects. Y ou can aso
shrink a Vector. Otherwise, manipulated the same as an array.

May contain null elements.

All methods are synchronized

List Methods
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Positional Methods

get(int index)

returns the element at the specified position

set(int index, Object element)

replaces the element at the specified position with
the given object

add(int index, Object element)

inserts the specified element at the specified
position, shifting all the elements and adds one to
their index values

remove(int index)

removes the element at the specified position,
shifiting all the elements and subtracting one from
their indices

Search Methods

indexOf(Object 0)

returns the index of the first occurence of the
specified element or -1 if it isnot found

| astlndexOf (Object 0)

returns the index of the last occurence of the
specified element or -1 if it is not found

List Iterator

listlterator()

returns alist iterator of the elementsin their proper
sequence

listlterator(int index)

returns alist iterator of elements starting at the
specified index

subList(int fromlndex, int tol ndex)

returns the portion of the list between the specified
indices exclusive of the tolndex element

Collections

Framework Collection

Abstract
Classes

=
“a

Iterator
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The j ava. | ang Package Certification - Main
Classes

« thejavalang Package contains classes that are fundamental to the Java programming
language

« itisawaysimplicitly imported
« the most important classes are Object and Class

Object

« the Object classis at the root of the class heirarchy, al other classes inherit it's methods

protected Object cloneg() throws CloneNotSupportedException

returns an identical copy of an object. The object must implement the Cloneable
interface

public boolean equal s(Object obj)

returnstrue if obj isthe same object as the referenced object
protected void finalize() throws Throwable

called by the garbage collector prior to collecting the object
public final Class getClass()

returns the runtime class of an object
public int hashCode()

returns adistinct integer representing a unique object; supports hash tables
public final void notify()

wakes up a single thread waiting on the object's monitor
public final void notifyAll()

wakes up all threads waiting on the object's monitor
public String toString()

returns a string representation of the object

public final void wait() throws InterruptedException,
public final void wait(long timeout) throws InterruptedException,
public fianl void wait(long timeout, int nanos) throws InterruptedException

causes the current thread to wait until another thread invokes notify() or notifyAll() for
this abject, or, the specified time elaspses

Class

« theClassclasswasintroduced in JDK 1.2
« instances of the Class class represent classes and interfaces in a running Java application
« asorepresents arrays, primitive types and void, al of which are Classinstances at runtime

« oObjects of the Class class are automatically created as classes are loaded by the JVM; they
are known as class descriptors

« provides over 30 methods which can be used to obtain information on arunning class

« some of the more useful methods are: getName(), toString(), getSuperclass(), islnterface(),
newlnstance()
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Other classes

Wrapper classes used to represent primitive types as Objects: Boolean, Byte, Short,
Character, Integer, Float, Long and Double

Math class provides commonly used mathematical functionsie cos, sine, tan

String and StringBuffer classes provide commonly used operations on character strings
System operation classes: ClassL oader, SecurityManager, Runtime, Process and System
which manage the dynamic loading of classes, creation of external processes, security, and
host inquiriesie time of day

Package classis new to JDK 1.2. Provides methods for obtaining package version
information stored in the manifest of jar files. Useful methods include: getPackage(),
getAllPackages(), which provide package objects that are known to the class loader, and

isCompatibleWith() which is used to determine wether a package is comparableto a
particular version.

all the Exception and Error classes, including Throwable

Interfaces

Cloneable. Contains no methods. Used to differentiate between objects that are cloneable and
non-cloneable.

Comparable, new in JDK 1.2. Defines the compareTo() method. Objects implementing this
interface can be compared and sorted.

Runnable. Defines the run() method which isinvoked when athread is activated.

. Wrapper String . StringBuffer
’ Main Classes ’ cl ’ Math Class Immutabilit String Class Class
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The j ava. | ang Package Certification - Wrapper
Classes

« onefor each primitive type: Boolean, Byte, Character, Double, Float, Integer, Long, and
Short

« Byte, Double, Float, Integer and Short extend the abstract Number class
« al arepublic final ie cannot be extended

« get around limitations of primitive types

« alow objectsto be created from primitive types

« all the classes have two constructor forms

o aconstructor that takes the primitive type and creates an object eg Character(char),
Integer(int)

o aconstructor that converts a String into an object eg Integer("1"). Throws a
NumberFormatException if the String cannot be converted to a number

Note

« The Character class does not have a constructor that takes a String argument

« al, except Character, have a valueOf(String s) method which is equivalent to new
Type(String s)

« al have atypeVaue() method which returns the value of the object asit's primitive type.
These are all abstract methods defined in Number and overridden in each class

o public byte byteValue()
o public short shortValue()
o publicint intVaue()
o public long longVaue()
o public float floatValue()
o public double doubleValue()
« al the classes override equals(), hashCode() and toString() in Object
o equals() returnstrue if the values of the compared objects are the same

o hashCode() returns the same hashcode for objects of the same type having the same
value

o toString() returns the string representation of the objects value
« dl haveapublic static final TY PE field which is the Class object for that primitive type

« al havetwo static fields MIN_VALUE and MAX_VALUE for the minimum and maximum
values that can be held by the type

Void

« thereisalso awrapper classfor Void which cannot be instantiated.

Note

o The constructors and methods described above do NOT exist for the Void class
although it does have the TY PE field.

Character

« contains two methods for returning the numeric value of a character in the various number
systems
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o public static int digit(char ch, int radix)
o public static int getNumber(char ch)
« and one method to return the character value of a number
0 public static char forDigit(int digit, int radix)
« hastwo case conversion methods
o public static char toL owerCase(char ch)
o public static char toUpperCase(char ch)

« also contains avariety of other methods to test wether a character is of a specific type eg
isLetter(), isDefined(), isSpaceChar(), etc

« getType() returns an int that defines a character's Unicode type

Integer, Short, Byte and Long

« al have parseType methods eg parselnt(), parseShort, etc that take a String and parse it into
the appropriate type

« thelInteger and Long classes also have the static methods toBinaryString(), toOctal String()
and toHexString() which take an integer value and convert it to the appropriate String
representation

Float and Double

« both classes have static fields which define POSITIVE _INFINITY, NEGATIVE_INFINITY,
and NaN

« and the following methodsto test avalue
o public boolean isNan()
o public static boolean isNaN(type value)
o public boolean isInfinite()
o public static boolean islnfinite(type value)
« Float aso has a constructor that takes a double value
« both classes have methods to convert avalue into a bit pattern or vice versa
o public static int floatTol ntBits(float value)
o public static float intBitsToFloat(int bits)
o public static long doubleToL ongBits(double value)
o public static double longBitsToDouble(long bits)

: Wrapper String ; StringBuffer
’MamCI&es’ cl ’ Math Class ’Immutabilit ’ String Class ’ Class
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Thej ava. | ang Package Certification - Math
Class

« contains static constants E and Pl

E: 2.718281828459045
Pl : 3. 141592653589793

« contains methods for common mathematical operationsie abs, sin, exp, round, etc.
« al methods are static

« the Math class cannot be instantiated

« methods involving angles use radians vs degrees and minutes

« al methods, except round(), return adouble

« al methods take at least one double as an argument, except random which takes no
arguments

« thefollowing methods are overloaded to return and handle int, long and float
o static type abs(type a)
o static type max(type &, type b)
o static type min(type a, type b)

IEEEremainder

« calculates the remainder as defined by |IEEE-754

« theremainder operator, %, makes values symmetric around zero ie negative and positive
values return corresponding remainders

7 %2.5: 2.0
-7 %2.5. -2.0

o Math.|EEEremainder keeps resulting values y units apart

Mat h. | EEEr emai nder( 7, 2.5): -0.5
Mat h. | EEEr emai nder (-7, 2.5): 0.5
abs()

« returnsthe absolute or positive value of the argument
Mat h. abs(1234. 59): 1234. 59
Mat h. abs(-0.0): 0.0
Mat h. abs( Fl oat . NEGATI VE_I NFI NI TY) : Infinity
Mat h. abs( Fl oat . NaN) : NaN

« EXCEPT if thevalueisegual to Integer.MIN_VALUE, in which case, it returns the value as a
negative

at h. abs(I nteger. M N _VALUE) : -2147483648

ceil()

« returnsthe smallest double value not less than the argument and equal to an integer (counts
up)
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« if theargument is aready an integer, returns the argument
« if theargument isNaN or infinity, returns the argument

« if theargument is between -1.0 and 0O, returns 0

Mat h.ceil ( 9.01): 10.0 /1 counts up (away from zero)
Mat h. cei | (-9.01): -9.0 /1 counts up (towards zero)
Mat h. cei | (10): 10.0
Mat h. cei |l (-0.03): -0.0
Mat h. cei | (Doubl e. NaN):  NaN
floor()
« returnsthe largest double value not greater than the argument and equal to an integer (counts
down)

« if the argument is an integer, returns the argument
« if theargument is NaN, infinity, negative or positive zero, returns the argument
« if the argument is between -0 and O, returns -0

Mat h. f1 oor( 9.01): 9.0 /1 counts down (towards zero)
Mat h. fl oor(-9.01): -10.0 /1 counts down (away from zero)
Mat h. f | oor (10): 10.0

Mat h. f1 oor (-0. 03): -1.0

Vat h. f I oor (Doubl e. NaN) :  NaN

min() and max()

« min() returns the smallest of two values
« max() returnsthe largest of two values

Math. min(-1.5, 1.5): -1.5
Mat h. max(-1.5, 1.5): 1.5
Mat h. m n(0.0, -0.0): -0.0 /I zeros are not equival ent

Mat h. mi n( Fl oat . NaN,
Fl oat. POSI TIVE INFINITY) ) ; NaN

random()

« returns a pseudo-random positive double number between 0.0 and 1.0

« if you want to seed the number or generate random numbers in different ranges use the
java.util.Random class

Mat h. randon() : 0. 2379468138972043

round()

» hastwo versions
o public static long round(double @)
o public static int round(float a)
« only method that does not return adouble
« adds 0.5 to the argument and returns the closest int
« if the argument is not a number, returns zero

« if the argument is anegative infinity or less than the MIN_VALUE for the type, returns the
MIN_VALUE

« if theargument is apositive infinity or greater than the MAX_VALUE for the type, returns
the MAX_VALUE
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Mat h. round( 1.5): 2

Mat h. round(-1.5): -1

Mat h. round( Fl oat . NaN) : 0

Mat h. r ound( Fl oat . NEGATI VE_I NFI NI TY) : -2147483648

Mat h. r ound( Doubl e. POSI TI VE_I NFI NI TY) : 9223372036854775807
Mat h. round( Fl oat . MAX_VALUE) : 2147483647

(Fl oat . MAX_VALUE is 3.4028235E38)

Note

o If thevalueisFloat. MAX_ VALUE the round method returns
Integer. MAX_VALUE

rint()

« roundsto the closest integer
« if integers are equidistant, favours the even integer

Math.rint( 5.5):
Math.rint(-5.5): -
Math.rint( 5.49):
Mat h.rint (-5.49): -

oo o
coooo

sqrt()

« returns the positive square root of a number
« returns NaN if argument is negative

Mat h. sqrt (45): 6. 708203932499369
Mat h. sqrt (-45): NaN

pow(double a, double b)

« returnsthe first argument raised to the power of the second argument
Mat h. pow 2, 2): 4.0

Trigometric functions

« al resultsare returned in radians
» thereare2* Pl degreesinacircle, ie 2/Pl = 90 degrees
sin(double @)

if the result is NaN or infinity, returns NaN
if the result is negative zero, returns-0.0

cos(double a)

if the result is NaN or infinity, returns NaN
tan(double @)

if theresult isNaN or infinity, returns NaN

if the result is negative zero, returns-0.0
asin(double a)

returns a value between -PI1/2 and PI1/2
if theresult isNaN or absolute valueis greater than 1, returns NaN
if the result is negative zero, returns -0.0

acos(double a)

returns a value between 0.0 and PI
if the result is NaN or absolute value is greater than 1, returns NaN
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atan(double a)

returns a value between -PI1/2 and PI1/2
if theresult is NaN, returns NaN
if the result is negative zero, returns -0.0

« atan2(double a, double b) converts rectangular co-ordinates to polar co-ordinates

« hastwo additional methods, new in JDK 1.2, to convert between radians and degrees
o double toRadians(double angdeg)
o double toDegrees(double angdeg)

Mat h. si n(90): 0. 8939966636005579
Mat h. cos(90): -0.4480736161291701
Mat h. t an(90) : -1.995200412208242
Mat h. asi n(-0): 0.0

Mat h. acos(-0): 1.5707963267948966
Mat h. at an(90) : 1. 5596856728972892
Mat h. t oRadi ans(90) 1.5707963267948966

Mat h. t oDegrees(Math. PI/2): 90.0

Logarithms

« two functionsto handle logs
o doublelog(double a)
o double exp(double a)
« log() returns the natural logarithm of the argument
« if theargument isless than zero, returns NaN
« if theargument is positive infinity, returns positive infinity
« if theargument is-0.0 or 0.0, returns negative infinity

Mat h. | og( 10): 2.302585092994046
Mat h. | og(-10): NaN
Mat h. | og(0.0): -Infinity

« exp() returns e to the power of the argument

« if theargument is NaN, returns NaN

« if the argument is positive infinity, returns positive infinity
« if the argument is negative infinity, returns positive zero

Mat h. exp(5): 148. 4131591025766
Mat h. exp( Fl oat . NaN) : NaN
Mat h. exp( Fl oat . POSI TI VE_I NFI NI TY) : Infinity

Mat h. exp( Fl oat. NEGATI VE_INFINITY): 0.0

Example Code

o TestMath.java
. Wrapper String . StringBuffer
’ Main Classes ’ cl ’ Math Class ’ Immutabilit ’ String Class ’ Class
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The | ava. | ang Package Certification - String
Immutability
« String objects are read-only or immutable ie the contents of a String object never change
String str = "Hello";
str = "Goodbye";
« inthe above example, the second assignment of "Goodbye" to String, what actually happens
isthat a new string "Goodbye" is created and the object reference of the new string is stored
in the variable str
« operations that seem to modify a String object actually create new read-only String objects;
leaving the original object unchanged
« the StringBuffer class provides mutable or flexible string handling
Also see
String literals

. Wrapper String , StringBuffer
’ Main Classes ’ cl ’ Math Class ’ Immutabilit String Class Class
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Language Fundamentals - String Literals
« String literals are enclosed in double quotes

"This is a string literal."
« A string constant expression occurs when two or more string literals are concatenated

"This is " + "a string " + "constant expression.”
« Character escape codes can be used in String literals

"Aline with a carriage return \r"

I Warning !!!

Y ou cannot use the character literals \u0OOOa (newline) or \u000d (carriage return) in
String literals as they will be interpreted as LineTerminators, not as input characters
(JLS 83.10.5)

"Aline with unicode carriage return character \u000d"

« If you useocta vauesin Strings to represent characters be sure to use a zero prefix (JPL

pg33)
Note: the zero prefix is not required for octal valuesin char literas

"\0116" octal val ue equivalent to escape
char \'t followed by 6 "\t6"
"\ 116" interpreted as letter N

Each String literal is areference to an object of class String.

String literals or strings that are the values of constant expressions, are interned so as
to share unigue instances.

public String.intern() (JSK 1.3)
"Returns a canonical representation for the string object.

A pool of strings, initially empty, is maintained privately by the class String.

When the intern method isinvoked, if the pool aready contains a string equal to this String object
as determined by the equal s(Object) method, then the string from the pool is returned. Otherwise,
this String object is added to the pool and a reference to this String object is returned.

It follows that for any two strings sand t, s.intern() == t.intern() istrueif and only if s.equals(t) is
true.

All literal strings and string-valued constant expressions are interned.”

Output from (JLS § 3.10.5) example code:

« the JLS gives example code using literals in the following classes:
0 classtest
o class Other (in the same javafile as class test)
o classother.Other (in a different package)
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« the code gives the following output:

String variables initialized as:

String hello = "Hel |l o"
String lo ="lo"

(1) hello == "Hell o"

(2) Gher.hello == hello

(3) other.Qher.hello == hel

(4) hello == ("Hel"+"10")

(5) hello == ("Hel"+l0).inte

(6) hello == ("Hel" + 10)

« literal stringswill represent the samerefer

arwbdE

pool

« litera stringswill represent different refer
6)

true
true
true
true
true
fal se

lo

rn()

enceif they are created

in the same class and in the same package

in different classes within the same package

in different classes in different packages

using constant expressions computed at compile time

by explicitly using the intern() method and the resulting string is already in the string

encesif they are newly created at runtime (Line

Summary

method, their references will be the same

« if String objects having the same data are created using a constant expression, a
string literal, areference to an existing string, or by explicitly using the intern()

if String objects having the same data are created explicitly with the new
operator or their values are computed at runtime, their references will be

different
String strl = "Lions and Tigers and Bears!";
String str2 = "Lions and Tigers and Bears!";
String str3 = str2;
String str4 = new String("Lions and Tigers and Bears!");
String str5 =" Ch my!";
String str6 = "Lions and Tigers and Bears! Ch ny!";
String str7 = strl + strb5;
String str8 = (strl +" Ch ny!").intern();

Compari son out put:

strl == str2 -> true /1 the
strl == str3 -> true /!l hold
strl == str4 -> fal se /[l str4
str2 == str3 -> true /! hold
str2 == str4 -> fal se /[l str4
str3 == str4 -> fal se /[l str4
str6 == str7 -> fal se [l str7
str6 == str8 -> true [l expl

str2 literal existed ("interned")
the sane reference
explicitly created
t he sane reference
explicitly created
explicitly created
conputed at runtine

icit use of intern() at runtine

JSK 1.3 for the javalang.String class states:

"Strings are constant; their values cannot be changed after they are created. String buffers support
mutable strings. Because String objects are immutable they can be shared.”

In other words, because the compiler knows the strings original value cannot be changed onceit's
created it can safely use existing data and avoid cluttering up memory with duplicates.
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Example code

e TestStringLiteral.java

Traps

« using == operator to compare contents of two string reference variables pointing to different

String objects

Source Package Import Class Interface Constructors
M ethods main Identifiers Keywords Defaults Arrays
Primitives # Literals char Literal |String Literals | Class Literals

http://www.janeg.ca/scjp/lang/strLiteral.html (3 of 3) [15/03/2004 8:47:32 AM]



http://www.janeg.ca/scjp/lang/TestStringLiteral.java

Java Quick Reference - Language Fundamentals - Source Files

Language Fundamentals - Source Files

A Java source code file or compilation unit has three basic parts, each of whichisoptiona (JLS
§7.3):

« A package declaration

o import declarations

« top-level class and interface declarations

Package declaration

« if used, it must be the first non-comment statement in the source code file
« Yyou can not declare more than one
« syntax: package packageName;

Import declarations

« if used, must be the first non-comment statement directly following the package declaration.
» YOU can use as many import statements as you want

« if no package statement appears in the source code file, the import statement must be the first
non-comment statement in the file

top-level class and interface declarations

« A top-level classor interface is defined as any class or interface whose declaration is not
contained within the body of any other class or interface declaration. (JLS 88 and §9).

« Yyou can declare multiple classes and interfaces within a file with the following caveats:

o The Sun SDK allows one and only one public class or interface within a source code
file

o The filename must exactly match the name of the public class or interface declared in
the file and have the .java extension

Non-public classes may have main() methods. If they have no access modifier
(package access) they may still be run from the command-line using the classname.

Example Code

o TestPkglmport.java

Tips

« an empty source file will compile without error
. if a. ] ava file doesnot contain apublic class or interface it can have any name

Traps

« code with package or import declarations given in wrong order
« more than one package declaration
« filewith more than one public class or interface declaration
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« filenamejava does not match public class name as declared within thefile

| Source Package Import Class Interface Constructors
M ethods main Identifiers Keywords Defaults Arrays
Primitives # Literals char Literal |String Literals | Class Literals
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Language Fundamentals - Package Declarations

Syntax

package packageNane;

« packages provide a naming context and an or ganizational structure for Java compilation
units

« package names are hierarchical with component names separated by dots (JPL pg 25)

« the standard convention for package naming is to use the reversed internet domain name of
whoever's creating the package. For example:

com sun. j ava. am /1 Sun packages
comibmutils /1 1 BM packages
com acre. tool s /1 Acme conpany packages

« the package naming structure directly maps to a directory structure. For example, if you were
developing the Acme company packages your compilation units for the com.acme.tools
package would bein:;

directory.............. com
subdirectory........... acne
subdirectory.......... tool s
« the Java compiler uses a combination of the CLASSPATH and package name to locate the
sourcefile

« host systems may store packages in databases (JLS §7.2.2)
« if used, it must be the first statement in the source code file
« you can not declare more than one

« the package naming structure isfor ease of organization only, it does not confer a special
relationship (JLS 8§7.1) ie

There is no special relationship between the packages:

com acne. t ool s, and
comacne. utils

The fact that they share a commobn subpackage, acne,
has no neaning in terns of a types scope.

Unnamed packages (JLS §7.4.2)

« if no package declaration isfound, the class or interface is made part of an unnamed
package

« every implementation of Java must provide for at least one unnamed package
« most systems allow for one unnamed package per directory

| Source ’ Package Import Class ’ Interface Constructors

|
| Methods ’ main Identifiers | Keywords ’ Defaults Arrays
| Primitives ’ # Literals char Literal | String Literals ’ Class Literals
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Language Fundamentals - Import Declarations

Syntax
i nport packageNane. *; /1 type-inport-on-demand
i nport packageName. O assNane; [l single-type-inport

i nport packageNane. | nt er f aceNane; /'l single-type-inport
« theimport statement is used to reference classes and interfaces declared in other packages

« thetype-import-on-demand import statement will cause the package to be searched when a
typeis declared for a class which has not been declared within the sourcefile

« duplicate type-import-on-demand statements are ignored (JLS §7.5.2)

« thejava.lang package is automatically imported in every compilation unit, it does not have
to be specifically imported

« YOu can access classes and interfaces from other packages without first importing them but
you must use their fully qualified names For example:

If you inport the java.awt.Button class by using:
i nport java.awt.*; , or,
i nport java.awt. Button;

You can create a Button by coding:
Button nyButton = new Button();

W thout the package inport you'd need to code:

java.awt . Button nmyButton = new java.aw.Button();

« imported types are available to al classes and interfaces within the same compilation unit
(JLS §7.5)

« itislegal toimport asingle-type and a package having the same names (JLS §7.5.4)

i.e.
i mport java.util.Vector;
i mport Vector. pest; /1l no conpile error
Also see

e Sun Tech Tip: Using Import Declarations

Tips

« asingle-type import will take precedence over an import-on-demand

« import-on-demand types do not increase the size of the compiled code ie only the types
actually used are added to the code

« I'veread that while import-on-demand adds no overhead to the compiled code, they can slow
down the speed of the compile; however, Peter van der Linden, in Just Java 2, 4th Edition
saysit ain't so and my guessis he knows ... he's akernel programmer for Sun
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Traps

« single-typeimports for two classes in different packages but with the same simple name
« single-type import with the same simple name as a class defined in the sourcefile
« atempting to import a package vs atypeie import java.util vsimport java.util.*

| Source Package Import | Class Interface Constructors
| Methods main Identifiers | Keywords Defaults Arrays

| Primitives | # Literals char Literal | String Literals | Class Literals
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Language Fundamentals - Class Declarations
Syntax (JJ pg 137)

nodi fiers class C assNane extendsC ause inpl enentsC ause {
/1l O ass body
}

The modifiers, extendsClause and implementsClause are all optional.

Modifiers

public protected private
abstract static final strictfp

« if two or more modifiers are used in adeclaration it is customary, but not required, to show
them in the order given (JLS 8.1.1)

« no modifiersare allowed in Anonymous class declarations (JJ pg 147)
« A class may not be both final and abstract as an abstract class implies extension
« package access (no access modifier declared) is also referred to asfriendly access

« acompile error occursif the same modifier appears more than oncein adeclaration (JLS
88.1.1)

extendsClause (JJ pg 137)

« consists of the extends keyword followed by the name of the class being extended

« the extended classis referred to as the parent or superclass

« multiple extends areillegal ie a class may have only one superclass

« if no extends clause is used, the class automatically inherits from the java.lang.Object class
« acompileerror occursif afinal class appearsin the extends clause (JLS 88.1.1.2)

« an Anonymous class cannot have an extends clause (JPL pg74)

implementsClause (JJ pg 137)

« identifiesinterfacesimplemented by the class

« consists of theimplements keyword followed by a comma seperated list of the names of the
interfaces to be implemented

class X inplements interfaceA, interfaceB, ... { }

« aclassmust provide a method implementation (execution code) for every method declared in
or inherited by the interface

« if aninterfaceisnot provided in the implements clause, the class does not implement the
interface even if it provides an implementation for every method declared in the interface

Class body (JJ pg 138)

« theclass body declares member s (field variables and methods), constructors and initializers
« class members may aso beinner classes or interfaces
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« classattempting to extend more than one other class
« classdeclared both final and abstract

Source Package Import Class Interface Constructors
M ethods main Identifiers Keywords Defaults Arrays
Primitives # Literals char Literal |String Literals | Class Literals
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Language Fundamentals - Interface Declarations

Syntax (JJ pgl42)

nmodi fiers interface InterfaceNane extendsC ause {
/1l Interface body
}
The modifiers and extendsClause are optional.

A compiletime error occursif an interface has a simple name the same as any of it's enclosing
classes or interfaces (JLS §9.1)

Modifiers (JLS §9.1.1)

public protected private
abstract static strictfp

Note

« top-level interfaces may only be declared public

private interface A {} /1 compile error
protected interface B{} /1 conpile error

« inner interfaces may be declared private and protected BUT only if they are defined in a
class

public interface A {

private interface B {} /1 conpile error
protected interface C {} /1 conpile error
}
public class A {
private interface B {} /1 conmpiles K
protected interface C {} /] compile K
}
« acompileerror occursif the same modifier appears more than once in an interface
declaration (JLS §9.1.1)
« every interface isimplicitly abstract; the modifier is obsolete and should not be used in new
programs (JLS §9.1.1.1)

extendsClause

« consists of the extends keyword followed by a comma separated list of the interfaces being
extended.

’ Note
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« Classes are based on single-inheritance, they can only extend one class.

« Interfaces are allowed multiple-inheritance, they can extend more than one
interface.

interface | nterfaceA extends
interfaceX, interfacey, ... {}

Interface body

« aninterface body may contain constant declarations, abstract method declarations, inner
classes and inner interfaces

« fieldsin aninterface areimplicitly static and final ie they MUST be constants (JLS89.3)

« methodsin aninterface are implicitly abstract and public; they CANNOT be static
(JLS89.4)

« methods cannot be declared strictfp, native or synchronized (JLS89.4)
« member classes declared in an interface are implicitly public and static (JLS89.5)

Also see

o Sun Tutoria: Interfaces and packages

e Tech Tip: Abstract classes vsinterfaces

Code Examples

o TestInterfaceModifiers.java

o TestInterfacelnClass.java

Traps

« aninterface method declared as native or synchronized
« aninterface method declared as static

Source Package Import Class Interface Constructors
M ethods main Identifiers Keywords Defaults Arrays

Primitives # Literals char Literal |String Literals | Class Literals
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Language Fundamentals - Constructor
Declarations

Syntax (JLS §8.8)

nodi fiers C assNanme(argunents) throwsC ause {
/1 Constructor body
}

The modifers, ClassName, arguments, and throwsClause are optional.

[Note: al are optional in the sense that your class does NOT have to declare a constructor (see
following on default constructors);however, if you do include a constructor modifiers, arguments
and the throws clause are optional .]

« aconstructor can use the access modifiers public, protected or private or have no access
modifier (package access)

« aconstructor can not use the modifiers abstract, static, final, native, synchronized or
strictfp (JLS 88.8.3)

« constructors are not considered class members, they are not inherited
« if aclass constructor is not declared, a default constructor is supplied by the compiler

nodi fiers O assName() {
super();

« thedefault constructor has the same access modifier as the classitself, either: public,
protected, private or package (no modifier)

« to prevent aclass from being instantiated outside the class declaration you can create a
private constructor.

Note

A method having the same name as the class is not treated as a constructor

public void Myd assNane() {} /1l not a constructor
public Myd assName() {} /1 constructor

A constructor cannot have areturn type.

Also see

Sun Tech Tip: Default Constructors

Tips
« aconstructor body can include a return statement providing no valueis returned
Traps

« subclass with default constructor when the superclass does not have a no-args constructor or
it's no-arg constructor has athrows clause
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« constructor declared with areturn type

Source Package Import Class Interface Constructors
M ethods main Identifiers Keywords Defaults Arrays
Primitives # Literals char Litera |String Literals | Class Literals
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Language Fundamentals - Method Declarations
Syntax (JJ pg88)

nodi fiers returnVal ue nmet hodName( par anet er Li st)
t hrowsd ause

/1 Method body
}

The modifiers and throwsClause are optional .

Modifiers

« legal access modifiers: public, protected, private or package (none declared)
« legal special modifiers: abstract, final, native, static, or synchronized

« astatic method isreferred to as a class method

« anon-static method isreferred to as an instance method

« the access modifier of an overriding method must provide at least as much access as the
method being overridden. (JLS §8.4.6.3)

Original Method Access Overriding method nust be

public public
prot ect ed public or protected
package package, public or protected

returnValue (JLS §8.4.5)

« legal return types: void, any primitive datatype, an Object reference or Array type
« if void isused, the method may not use areturn statement with an expression

return; /1 |egal
return(x); /1 illegal

« if aprimitive datatypeis used, the method must return a value that is promotable to the
declared type

« if anarray typeis used, the method must return avalue of the same array type. For example,
if the returnType is String[][] then the method must return a String[][] array

« amethod can declare areturn type without having a return statement in its body

class Di zzyDean {
int pitch() { throw new Runti neException("90 nph?!"); }
}

parameterList

« consists of acomma-separated list of parameter declarations

myMet hod(int a, long ¢, boolean flag){}
« aparameter may aso be declared final
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myMet hod(final int i){}
throwsClause

« consists of the keyword throws and a comma-separated list of the exceptions that may be
thrown

« identifiesal the checked exceptions that may be thrown but not caught by the method
« thethrows clause must include exceptions that may be thrown by another method being
invoked by the declared method

« itisnot necessary to throw the predefined exceptions which are subclasses of the Error or
RuntimeException classes (JLS §8.4.4)

« amethod that overrides another method cannot be declared to throw more checked
exceptions than the method being overidden.(JLS § 8.4.4)

class classA {
voi d nmet hodA() throws exX, exY{
/! method body
}

class cl assB extends cl assA {
voi d nmethodA() throws exX { // can throw | ess exceptions
/1 method body

}
}
class classC extends cl assA {
voi d nethodA() throws exX, exY, exZ { [/ illegal
/1 method body
}
}

Method Signature

« A method signature is made up of the method name and parameter list (it does not include
the return type)

« itisillegal for aclassto declare two methods with the same signature
Method body

« astatic method cannot use this or super operatorsin it's body (static implies a class method
unrelated to any specific instance) (JLS §8.4.3.2)

« amethod declared native or abstract has a semi-colon (;) for abody. Do not use curly
braces{}. (JLS 88.4.5)

Exanpl e of native and abstract nethod decl arati ons:

public native void close() throws | OExcepti on;
public abstract void open() throws | OException;

versus non-native or abstract nethod decl arati on:

public void close() throws | OException {
!/ Method body
}

« if amethod is declared void then the body should not include a return statement that has an
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expression (JLS §8.4.5)
public void nethodA() {
return( 1 +1); /1 illegal
}
public void methodA() {
return; Il 1egal
}

Also see

Understanding that parameters are passed by value and not by reference

Code Examples

o TestMethods.java

Tips

« any method can throw a Runtime or Error exception without declaring it in the throws clause

« methods having the same name and parameter types do not have the same signature unless
the parameter types are listed in the same order

Traps

« anabstract method also declared private, native, final, synchronized, or strictfp
« an abstract method declared in a non-abstract class

« anative or abstract method with a method body

« method returning atype which is not convertible to the declared return type

« avoid method returning avaue

« astatic method referencing this or super

| Source Package Import | Class Interface Constructors
| Methods main Identifiers | Keywords Defaults Arrays
Primitives # Literals char Literal |String Literals | Class Literals
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Language Fundamentals - main()

Syntax

public static void main(String[] args) {
/1 method body
}

« entry point for a Java application

« required by all Java applications (not required in Applets)
o must be declared public static void

« void must appear before main()

Exanpl e:
static public void main(String[] args){} /1 1egal
public static void main(String[] args){} /1 |egal
public void static main(String[] args){} /1 illegal

« can also be declared final
« main() has only one argument: a String array
« the argument can be declared in many ways and the variable name does not have to be args

Exanpl e:

mai n( String args[] )

mai n( String [] args )

main( String[] parans )

mai n( String[] args ) /'l standard convention

« theargsarray isused to access command line arguments

Exanpl e:
java MyApp test this out

« theargsarray usesazero based index therefore args[0] would return "test” in the above
example

« an application can have more than one main() method as every class can have amain()
method

« which main() is used by an application depends on the class started at runtime

« advantageisthat each class can useit's own main() as atesting structure for the class

« main() isinherited and can be overridden if not declared final
Code compiled with JIDK 1.3 will work ok even it isdeclared private, protected or has no access
modifier; however, for the purpose of the certification exam the correct method declaration is

public static void main(String[] varname)
(see discussion at JavaRanch)

Code Examples

o TestMain.java
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Tips

Java Quick Reference - Language Fundamentals - main()

» main() can be declared final
« main() isinherited and can be overridden if not declared as final

« arg90] referencesfirst command line argument after the application name ( arraysin Java
are zero-based)

« main() can be declared public static void ... or static public void ...
« thevariable name does not have to be ar gs; can be anything aslong asthe typeis String[]

Traps

« main() declared other than according to the standard convention

Source | Package Import Class Interface Constructors
M ethods main Identifiers Keywords Defaults Arrays
Primitives # Literals char Literal |String Literals | Class Literals
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Language Fundamentals - Variable declarations
and Identifiers

Syntax

nodi fiers Type decl arator;

Exanpl e:
public int i;
private | ong nyNunber;
protected nyVar = 10;
« variables provide named access to data stored in memory
« variables may be declared as a primitive type or areference type

« Javasupports two different kinds of variables: field or class variables and local or automatic
variables

« field variables are declared as members of a class; they store information (data) relating to an
object
« vaid field modifiers: public, protected, private, final, static, transient, volatile

« local or automatic variables are declared within methods; they are temporary placeholders
which store values and references to data for objects being operated on by the method

« valid local modifiers: final

Identifiers

« anidentifier is an unlimited-length sequence of Javaletters and Java digits
« anidentifier cannot have the same spelling as a Java keyword, boolean literal, or null literal
« valididentifiers begin with one of the following:

o aUnicode letter

o the underscore character ()

o adollarsign($)

« JLS 83.8 recommends that the dollar sign only be used for identifiers that are mechanically
generated (ie within IDE'S)

« JPL pg 5.4 recommends sticking to one language when writing identifiers as a number of
characterslook alike in various languages but have seperate Unicode values

« methods and variables can have the same names; method identifiers always take the form

nmet hodNane()

the parantheses allow Javato recognize the identifier as a method vs a variable and therefore
distinguish between the two.

Naming Conventions

« Package names - lowercase.for.al.components

« Classand Interface names - CaptializedWithlnternalWordsCaptialized
« Method names - firstWordL owercaseButl nternal WordsCapitalized()

o Variable names - firstWordL owercaseButlnternal WordsCaptialized

« Constants- UPPER_CASE WITH_UNDERSCORES
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Tips

Traps

« Vvariables can have the same name as a method or a class

« local (automatic) variables declared with amodifier other than final
« identifier names beginning with a number or # sign

| Source Package Import | Class Interface Constructors
| Methods main Identifiers | Keywords Defaults Arrays
Primitives # Literals char Literal |String Literals | Class Literals
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Language Fundamentals - Keywords

Keyword type | Keywords
Primitive types ]boolean, byte, char, double, float, int, long, short
Access modifiers ]publ ic, private, protected

Special modifiers abstract, final, native, static, strictfp, synchronized, transient,

volatile
Control flow if, else, do, while, switch, case, default, for, break, continue
OORP specific class, extends, implements, import, instanceof, interface, new,

package, super, this

Exception handling ’catch, finally, try, throw, throws
Method specific ]return, void

Unused * ]const, goto

* Note

« const and goto are not used in Java however they are reserved as keywords.

« trueandfalseare Boolean Literals; null isanull Literal. They cannot be used
asidentifiers.

Tips

« Javakeywords are always lower case; you can immeadiately eliminate any capitalized words
appearing in a question listing possible keywords

Traps

« main listed as a possible keyword

« capitalized words listed as possible keywords; particularly wrapper classes I nteger, Boolean,
etc

o C/C++ keywords listed as possible Java keywords

| Source ’ Package Import | Class ’ Interface Constructors
Methods main |dentifiers Keywords Defaults Arrays
| Methods | | | Defaits | Arays

Primitives ’ # Literals char Litera [ String Literals’CIassLiteraIs
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Language Fundamentals - Default values

Type Default value
boolean false

byte 0

char "\uo0oo'

short 0

int 0

long ol

float 0.0f
double 0.0d
Object null
Array based on Array type

Automatic Initialization

« Field variables (class members) are automatically initialized to default values
« Local variables (method or constructor variables) are not automatically initialized

« Arrays, whether field or local variables, are automatically initialized to the default values of
their declared type

class Checklnit {
/1 field variable
static int i;
/1l field array reference variable
static String[] s = new String[10];
static void myMethod(){

int j; /1 local variable
int[] a=newint[5]; // local variable array

/1 causes conpile error if not explicitly initialized

j = 10;
Systemout.println(" Local variable: " + j);
Systemout.println(" Local array ref: " + a[3]);

}

public static void main(String[] args) {
Systemout.printIn("Field variable i: " + i);
Systemout.printin(" Field array ref: " + s[2]);
nmyMet hod() ;

}

}
Qut put of Checklnit:

Field variable i: 0O /1 default value of int
Field array ref: null /1 default value for String[]
Local variable: 10 /1 explicit value
Local array ref: 0 /1 default value of int[]

Timing and duration of variable initializations (JLS 84.5.3)

Variable Type Definition Initialization
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Tips

Traps

Class (Field) Declared with the
static keyword within a prepared.
classor interface

Instance (Field) Declared within aclass
without the keyword
static

Array components unnamed variables
created when an array

object is created not
when declared

Method parameters named argument values anew parameter variableis created
passed to a method

Exception-handling parameter variablesin a catch
clause

Local variables declared by local
variable declarations

Created when the class or interfaceis

Automatically initialized to the
default value of itstype

Duration: aslong asthe classis
loaded

Created when anew instance is
created

Automaticaly initialized to the
default value of itstype

Duration: for the life of the instance
object

intialized to the default value of the
array type

Duration: until the array is no longer
referenced

each time the method isinvoked
initialized with the corresponding
argument value from the method call
Duration: method execution

Constructor parameters named argument values a new parameter variable is created
passed to the
constructor

each time anew instance is created or
the constructor is caled

initialized to the corresponding
argument value

Duration: construction execution

anew exception-handling parameter
is created each time an exception is
caught by acatch clause

initialized with the actual object
associated with the exception
Duration: catch clause execution

anew local variableis created
whenever flow of control entersa
new block or for statement
initialized to whatever value is
explicitly set within the block or for
statement

Duration: execution of the block or
for statement

« only field variables are automatically initialized to their types default value; local variables
must be explicitly initialized
« arraysareinitialized to the default value of their type when they are created, not declared,
even if they arelocal variables

« anempty string vs null asthe default value for a String object

| Source ’ Package Import Class ’ Interface Constructors
| Methods ‘ main Identifiers | Keywords ‘ Defaults Arrays
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Primitives

# Literals

char Litera

String Literals

Class Literas
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Language Fundamentals - Arrays

Array declarations

« arrays are Java objects
« dl Javaarrays are technically one-dimensional. Two-dimensional arrays are arrays of arrays.

« declaring an array does not create an array object or allocate space in memory; it creates a
variable with areference to an array

« array variable declarations must indicate adimension by using []

Exanpl es of valid array declarations: (JJ pg84)

String[]s;
String []s;
String [] s
String [ ]
String[] s;
String[ ]
String s[];
String s []
String s [ 1; /1 extra white space ignored

’s; /1 extra white space ignored

S; /] extra white space ignored

String[] s[];
String[][]s;
String s [1 [ 1; /] extra white space ignored

« declaring the size of the array with the following notation isillegal

String[5] s; /1 illegal declaration
« thestandard convention for declaring arraysis:

String[] s; /1 one-di mensi onal array
String[][] s; /1 two-di mensional array

Initializing arrays

« all arrays are zero-based

« arrays must beindexed by int values or byte, short or char values (as these can be promoted
toint) (JLS 810.4)

« using along index value to access an array causes acompile error

« attempting to access an array with an index less than O or greater than the length of the array
causes an ArraylndexOutOfBoundsException to be thrown at runtime (JLS §10.4)

« since arrays are Objects they can beinitiaized using the new operator
« When created, arrays are automatically initialized with the default value of their type

String[] s = new String[100]; /1 default val ues: null
bool ean[] b = new bool ean[ 4] ; /1 default values: false
int[] T =newint[10][10]; /1 default values: O

« array references declared as members are initialized to null BUT array references declared in
methods ar e not initialized

class TestArray {

http://www.janeg.ca/scjp/lang/arrays.html (1 of 3) [15/03/2004 8:47:39 AM]



mailto:feedback@janeg.ca

Java Quick Reference - Language Fundamentals - Arrays

int[] arr; /1 menber declaration, initialized to 'null’

public static void main(String[] args) {
int[] arrl; [l reference variable "arrl" not initialized

/1 conpiles ok

Systemout.printin("arr:" + new TestArray().arr);
/1l conpile error

Systemout.printin("arrl: " + arrl);

}

« asarraysare alocated at runtime, you can use avariable to set their dimension

int arrSize = 100;
String[] nyArray = new String[arrSize];

« you can use curly braces{} aspart of an array declaration to initialize the array

String[] oneDimArray = { "abc","def","xyz" };
Note

o Curly braces{} can only be used in array declaration statements.

String[] s;
/1 illegal initialization
S e { n alb(:ll , n def II’ Ilhi j Il);

int[] arr = newint[] {1,2,3}; // legal

« Yyou can assign an array anull value but you can't create an empty array by using a blank index

int[] array = null; /1 1egal
/] illegal initialization
int[] array = newint[];

Initializing two-dimensional arrays

« thefirst dimension represents the rows, the second dimension, the columns

« curly braces{} may aso be used to initialize two dimensional arrays. Again they are only valid
in array declaration statements.

int[][] twoDimarray = { {1,2,3}, {4,5,6}, {7,8,9} };
« you can initialize the row dimension without initializing the columns but not vice versa

int[][] nyArray = newint[5][];
/1 illegal

int[][] myArray new int[][5];
« thelength of the columns can vary

cl ass Test TwoDi mArrays {
I/ initialize # of rows
static int [][] nyArray = new int[3][];

public static void main(String[] args) {

nyArray[0] = new int[3]; Il initialize # of cols
nyArray[1] = new int[4]; /1 in each row

nyArray[2] = new int[5];

for(int i=0; i<3; i++) /1 fill and print the array

fillArray(i, i+3);

System out. println();
} /1 end main()

private static void fillArray(int row, int col) {
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for( int i=0; i<col;
nmyArray[row [i]

for( int i=0; i<col;
Systemout. println()
}
}
Qut put of Test TwoDi mArrays:
012

0123
01234

Also see

i++)

i ++)

Sun Tech Tip: Manipulating Java Arrays

Code Examples

o TestTwoDimArrays.java

Tips

Traps

array Type [#] varName;

« long valuefor array index

Systemout.print(nmyArray[row[i]);

« array index operator [] has highest level of precedence
« integer variables can be used as array dimension values

incorrect array declaration statements, particularly:

« incorrect array initialization statements, particularly:
array Type[] varName = new array Type[2];
varName = { vaue, value, value};

« hegative valuesfor array index

« array declaration used as an array creation statement

Source | Package | Import Class Interface Constructors
Methods main Identifiers Keywords Defaults Arrays
Primitives # Literals char Literal |String Literals | Class Literals
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Language Fundamentals - Primitive Types

_E_)ata Bit Size Range Min/Max values Default
ype
booleann/a true or false n/a false
byte  DINSAEDIL T o0 0079 128 t0 127 0
Integer
16-bit
char  |Unicode2.0 |0to 216-1 0to 65,535 0000
character
signed 16-bit| .o . s i
short | -verer -(215) to 215-1 32,768 to 32,767 0
. Signed 32-bit | a1 o -2,147,483,648 10
Nt linteger  [(@P1025-1 2,147,483,467 0
. . -9,223,372,036,854,775,808
long is:]gtgnegrwblt -(263) to 263-1 to ol
€9 9,223,372,036,854,775,807
signed 32-bit NEGATIVE_INFINITY Can also have the value
float floating-poi nttO NaN (Not a number) 0.0f
9PN o0SITIVE INFINITY
signed 64-bit NEGATIVE_INFINITY Can also have the value
double floating-point 0 NaN (Not a number) 0.0d
9PN oS TIVE INFINITY

« arithmetic with floating-point numbers will never throw an exception; instead one of the
constant values: NEGATIVE_INFINITY, POSITIVE_INFINITY, or NaN are returned (BB
pg 123)

« Variables declared as primitive types are not object references. They are placeholders for
storing primitive values (JJ pg29)

« by default integer values are of type int and floating-point values are of type double
« float values are single-precision
« doublevaues are double-precision

Wrapper classes

« al the primitive types have corresponding wrapper classes which allow you to create
objects of type Integer, Boolean, Float, etc.

« thewrapper classes have the same names as the primitive types except they begin with a
Captial.

I Warning - do NOT mix up the Types !!!

bool ean b;

I'S NOT THE SAME AS

Bool ean b;

You can say: bool ean b = true;

You CANNOT say:
Boolean b = true; -> Boolean is a class, must use
Bool ean b = new Bool ean(true);
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Differentiate between reference and primitive types

Traps

« variables of primitive types handled as Objects

| Source Package Import Class Interface Constructors
| M ethods main Identifiers Keywords Defaults Arrays
| Primitives # Literals char Literal |String Literals | Class Literals
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Language Fundamentals - Numeric Literals

numeric constants are written using literals

Integer literals

Integer constants are strings of octal, decimal, or hexidecimal digits

deci mal base 10 10
oct al base 8 010 (8) /1l preceded by a zero
hex base 16 OxA (16) /1 preceded by 0x

Integer constants are long if they endin| or L

321 or 32L /1 capital L recomrended use

if anint literal isassigned to ashort or abyte and it's value is within legal range, the literal
is assumed to be a short or a byte.

byte b = 5; /1 assunmed to be a byte
short s = 32500; // assumed to be a short
short sh = 50000; /1 illegal

In al other cases you must explicitly cast when assigning an int to a short or byte. (JPL pg
108)

int i =5 /1 declared and initialized int
byte b; /] decl ared byte

b =1i; /1 causes conpile error

b = (byte)i; [l conpiles

Floating-point literals JPL pg 108

floating-point numbers are expressed as decimal number swith an optional decimal point

Exanpl es of valid floating-point nunbers:

0. 10

1.

. 0001

1. 8el /1 'e' = exponenti al

at least one digit must be present
floating-point constants are double values unless they are suffixed with an f or F
if ad or D suffix is used they are double values

10.5 // assuned doubl e val ue
10. 5F /] float val ue

adouble constant cannot be assigned to afloat variable even if the double is within the float
value range; however, a double can be cast as afloat

double d = 3.213; /| doubl e const ant
float f;
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Traps

« assigning anon-integer literal to a byte, short or character

Java Quick Reference - Language Fundamentals - Numeric Literals

d .

(%Ioat)d;

« assigning adouble literal to afloat

/1 conpile error
[l conpiles

Source Package Import Class Interface Constructors
M ethods main Identifiers Keywords Defaults Arrays
Primitives # Literals char Litera |String Literals | Class Literals
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characters

it's hexadecimal representation

"\ udddd' /1 where 'dddd'
« single characters are represented within single quotes

« thechar type represents 16-bit Unicode characters
o Unicode is asuperset of the ASCII character set which allows non-English language

a' /] char literal
"9 /] char literal

« there are three exceptions that require the use of the Escape character

« Octal character constants can have three digits or less (\000 through \377)

Language Fundamentals - Character Literals

« any Unicode character can be written as aliteral using the Escape character (backslash \) and

= hex digit (0 - F)

singl e quote A di spl ays as '
doubl e quot e AT di spl ays as "
backsl ash A di spl ays as \
« there are certain specia characters which can be represented by escape sequences
Esc Char Unicode Char Definition
\n \uOOOA newline
\t \u0009
\b \u0008 backspace
\r \u000D return
\f \u000C form feed
| \ddd octal value

I Warning !!!

‘end-of-line'.

Always use the specia characters\n' or ‘\r'

The compiler translates Unicode characters at the beginning of the compile cycle.

Using the Unicode escape characters \uOOOA for newline and \uOOOD for returnin a
String or comment produces a compile-error as they are interpreted, literaly, as

Traps

« String literal "c" assigned to char type
| Source ’ Package Import Class ’ Interface Constructors
| M ethods ’ main Identifiers Keywords ’ Defaults Arrays

| Primitives ’ # Literals char Litera StrinqLiteraIs’CIassLiteraIs
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e NewinJDK 1.1

int i =5

Also see

String s = "Hello";

Systemout. println(i.class);
System out. println(s.class);

Sun Tech Tip: Using Class Literals

Language Fundamentals - Class Literals

System out. println(int.class);

/] output: int

System out. println(System cl ass);
/] output: java.lang. System

« Yyou cannot use avariable with .class

/1 conpile error
/1 conpile error

« classliterals are created by appending .class to the name of a primitive or reference type

| Source ’ Package Import | Class ’ Interface Constructors
| Methods ’ main Identifiers | Keywords ’ Defaults Arrays
Primitives ’ # Literals char Literal [ String Literals ’ Class Literals
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The | ava. | ang Package Certification - String
Class

Strings can be created implicitly by:
1. using aquoted string ie "Hello", or,
2. by using + or += on two String objects to create a new one
strings can be created explicitly by using the new operator
new String() creates an empty string
new String(String value) creates a new string that is a copy of the string object value
two basic String methods are
o publicint length()
0 public char charAt(int index). Index values range from 0 to length()-1

any String method requiring an index will throw an IndexOutOf BoundsException if
0> index > length()-1

there are also anumber of indexOf() methods which allow you to find the first and last
position of a character or substring within a string

i ndexCF (char ch) [/l first position of 'ch'
i ndexOF (String str) [l first position of 'str’
| ast | ndexOf (char ch) /1 last position of 'ch'

| ast I ndexOF (String str) /1 last position of 'str'

each of the above methods also have overloads that allow a second int start argument which
specifies the character position other than 0 from which to begin the search

al the methods return -1 if the character or string is not found

Comparison

charactersin strings are compared numerically by their Unicode values

equals() method returns true if both string objects are of the same length and have the same
sequence of Unicode characters

equalslgnoreCase() can be used to compare strings, ignoring wether a character is lowercase
or uppercase

compareTo returns an int that is <, =, or > than 0 if one string, based on it's Unicode
characters, isless-than, equal to or greater-than another string

regions of strings can aso be compared

public bool ean regi onMatches(int start, String other,

int ostart, int len)

publ i ¢ bool ean regi onVat ches(bool ean i gnoreCase, int start,

String other,
int ostart, int len)

an area of each string is compared for the number of characters specified by len
simple tests for the beginning and ending of strings can be done using

public boolean startsWth(String prefix, int toOfset)
public boolean startsWth(String prefix)
publ i c bool ean endsWth(String suffix)

Note
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« These methods return true if acomparison is done with an empty string

"String".endsWth(""); Il true
"String".startsWth(""); [/ true

Comparisons using intern()

« two utility methods hashCode() and intern() are available
« hashCode() returns the same hash value for any two strings having the same contents

« intern() returns a String that has the same contents as the one it isinvoked on AND any two
strings having the same content return the same String object allowing comparisons to be
done using String references vs string contents

« using intern() for comparison purposes is equivalent to comparing contents but is much
faster

Related strings

« several methods return new strings that are like the original but with the specified

modifications

public String concat(String str)

public String replace(char ol dChar, char newChar)
public String substring(int beginlndex)

public String substring(int beginlndex, int endlndex)
public String toLowerCase()

public String toUpperCase()

public String trin()

Because al of the above methods return new strings, comparisons such as
String s = "String"; /1l in the pool

if(" String ".trim) ==5s)
System out. println("Equal™");
el se
System out. println("Not Equal");

OR

if(" String ".trim) == "String")
System out . println("Equal ");

el se
System out. println("Not Equal");

« produce NOT EQUAL. The string pool is NOT checked for a matching string and as a result
the string object references are always different or, not equal (refer to String Literals -
intern() for more info on the string pool)

« HOWEVER, if the invoked method does not produce a different string ie the resulting
string, after the method invocation, is the same as the original, THEN the original object
reference is returned by the method and the results are EQUAL

if("String".substring(0,6) == "String")
System out. println("Equal");

el se
System out. println("Not Equal");

if("String".replace('t',"t") == "String")
System out. println("Equal");
el se
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Systemout. println("Not Equal");

Strings and Arrays

« there are anumber of constructors and methods that will convert a character array to a String
and vice versa

public String(char[] val ue)
public String(char[] value, int offset, int count)

public static String copyVal ueX (char[] data)
public static String copyVal ue (char[] data,
int offset, int count)
public void getChars(int srcBegin, intSrcEnd,
char[] dst, int dstBegin)
public char[] toCharArray()

« there are also anumber of constructors and methods that convert 8-bit character arrays to and
from 16-bit String objects

public String(byte bytes[], int offset, int |ength)
public String(byte bytes[])

public byte[] getBytes()
public String(byte bytes[], int offset, int length, String enc)
public String(byte, bytes[], String enc)
public byte[] getBytes(String enc)
« where enc is the standard name for the character language encoding ie UTF8 or
I SO-L atin-1

Also see

Sun Tech Tip: Interning Strings

Example Code

o TestStringOperations.java

» TestStringCompares.java

o TestStringModifications.java
o TestStringMethods.java

o TestParselLinejava

: Wrapper String . StringBuffer
’MamCIasaes’ cl ’ Math Class ’Immutabilit ’ String Class ’ Class
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The j ava. | ang Package Certification -
StringBuffer Class

« used to modify or manipulate the contents of a string
« StringBuffer objectsare NOT implicitly created; the following will not compile

StringBuffer sb = "Hell o";
StringBuffer sbh = { "Hello" };

« you must use the new operator to invoke one of three constructors

public StringBuffer()
public StringBuffer(int |Iength)
public StringBuffer(String str)

« every StringBuffer hasan initia capacity (length) of 16 characters

« if theinterna buffer overflowsit is automatically made larger however it is more efficient to
specify the capacity only once,

« there are three methods avail able to manage capacity

public StringBuffer(int capacity)

public synchroni zed void ensureCapacity(int m ninmum
public int capacity()

public int |ength()

public void setLength(int newLength)

« the String methods which return a new object ie concat(), replace(), etc actually use
StringBuffer behind the scenes to make the modifications and then returns the final String
using toString(). For example, the following code (JJ pg 208)

String s ="";
s - S + n all + mn bll ;
« istreated, by the compiler, as something similar to

String s ="";

s = new StringBuffer("").append("a").append("b").toString();
« the StringBuffer class does not inherit from String
« touseaStringBuffer object as a parameter to amethod requiring a String, use the

StringBuffer toString() method. For example, to print the result of a StringBuffer object
manipulation

StringBuffer sb = new StringBuffer("Hello");
sb. append(" World");
Systemout. println(sb.toString() );

« StringBuffer has overloaded append() and insert() methods to convert any type, including
Object and character arrays, to a String; both methods return the original StringBuffer object

« thereverse() method returns the original StringBuffer object with the charactersin reverse
order

« Yyou can access and modify specific characters or arange of characters

public char char At (int index)
public void setCharAt(int index, char ch)
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public StringBuffer replace(int start, int end, String str)

public StringBuffer deleteCharAt(int index)
public StringBuffer delete(int start, int end)

Note: the subString() nmethod returns a String
public String subString(int start)
public String subString(int start, int end)

« there are no methods to remove part of a buffer; you need to create a character array and
build a new buffer with the portion of the array you're interested in; this can be done using

public void getChars(int srcBegin, int srcEnd,
char dst[], int dstBegin)

Example Code

o TestStringBuffer.java

: Wrapper String : StringBuffer
’ Main Classes ’ cl ’ Math Class Immutabilit String Class Class
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Threads - Overview

« 0N an operating system arunning program isknown as a pr ocess

« asingle process can have seperate runnabl e tasks called threads

« athread isasingle sequentia flow of control within a process

« athread isaso referred to as alightweight process

« with asingle-processor CPU, only one thread is executing at any given time

« the CPU quickly switches between active threads giving the illusion that they are all
executing at the same time (logical concurrency)

« 0on multi-processor systems several threads are actually executing at the same time (physical
concurrency)

« multi-programming occurs when multiple programs or processes are executed

« multi-threading occurs when concurrency exists amoung threads running in a single process
(also referred to as multi-tasking)

« Javaprovides support for multi-threading as a part of the language

« support centers on the:

javalang.Thread class

o javalang.Runnableinterface

o javalang.Object methods wait(), notify(), and notifyAll

o synchronized keyword

« every Javaprogram has at |east one thread which is executed when main() isinvoked

« al user-leve threads are explicitly constructed and started from the main thread or by a
thread originally started from main()

« when thelast user thread completes any daemon threads are stopped and the application
stops

« athread's default daemon status is the same as that of thread creating it

« you can check the daemon status using isDaemon()

« You can set the daemon status using setDaemon().

O

Y ou cannot change a thread's status after it has been started
« main() daemon statusisfalse

« if youwant all your threads to quit when main() completes you can set their statusto
daemon using setDaemon(true)

« there are two basic ways to create and run threads
1. by subclassing the Thread class
2. by implementing the Runnable interface

Also see

o Sun Tutorial on Threads

« |IBM Redbook: Java Thin-Client Programming - Introduction to Threads
e SunTech Tip: Why Use Threads?

« Bewarethe daemons

« Exploring Java, Chapter 6, Threads
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Example Code

« Source code to check daemon status of main()

Overview Thread Class ArEsle Thread States | Scheduling Bl
Interface Thread
. L Locking synchronized . notify(),
Execution [Synchronization Protocols EET wait() notifyAll(
Thread
Mechanics
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Threads - The Thread Class

« theeasiest way to create athread is by subclassing java.lang. Thread

cl ass Basi cThread extends Thread {
char c;

Basi cThread(char c) {
this.c = c;
}

}
« toactually start the thread running you must invoke its start() method

Basi cThread bt
Basi cThread bt1
bt.start();
btl.start();

« the start() method allocates system resources required for athread, schedules the thread to
run and invokes the run() method

« the above code will execute but nothing will happen
« if you want your thread to do something you need to override the run() method

« therun() method is actually defined in the Runnable interface which the class Thread
implements

new Basi cThread('!");
new Basi cThread(' *');

public void run() {
for(int i=0; i<100; i++) {
System out. print(c);
}

}
« if the above code is added and the threads started you see something like:

*!*!*!*!*!*!*!*!*!*!*!*!*!*!*!*!*!*!*!*!*!*!*!*!*!*
!*!*!*!*! *!*!*!*!*!*!*! *!*!*!*!*!*! *!*!*!*!*!*!****
kkhkkkhkkhhkkhkhkhkkhkkhkhhkkhkhkkhkhhkhkhkhkhhkhkhkhkikkhkhhkikkhkikkhkkhkikkhkkk*%x
« theoutput isintermingled because the threads are running concurrently and are interleaved
« Yyou can alter thread processing with program control mechanisms
« oneway isto use the sleep() method which is defined in the Thread class
« the deep() method stops the execution of athread for a given number of milliseconds
« it aso throws an InterruptedException so you need to wrap it in a try-catch block
« adding sleep() to the run method can alter the threads execution

Note

« the deep() method uses atimed wait() but does not tie up the current object's
lock (for information on locks see Synchronization)

New run() nethod:

public void run() {
for(int i=0; i<100; i++) {
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Systemout. print(c);

try{
sl eep((int)(Math.randon() * 10));

} catch( InterruptedException e ) {
Systemout.printlin("Interrupted");
}

}

Exanpl e out put:

I N Rl Bl Bl B N B B R B R R A R R N B R
NN RN R R R R e R R A R R R R
N Rl Bl Rl B R R R R R e N R R R R R
!*!**!*!*!**!**!!*!***!!!****!*!!****!*!**!!**!!!

*k k%

« Yyou can give athread a name by creating it with a String argument

Thread t = new Thread(" Threadl");
« if athread is created without a name, one is automatically generated in the form Thread-n,
where n is an integer
« thefollowing is output from TwoThreadsTest which creates two SimpleThread's and

displays their automatically generated names using the getName() method of the Thread
class.

Thread-0
Thread-1
Thr ead- 0
Thread-1
Thread-0
Thr ead- 1
Thread-0
Thread- 1
Thread-1
Thread-0
DONE! Thread-0
DONE! Thread-1

A DRRWWNNREFLPEFLPOO

ThreadGroup

« Yyou can group threads using the ThreadGroup class
« thisalows multiple threads to be handled as one unit ie for setting priority, destroying, etc

« threadsin the same group can access information about other threads in the group but not
about the parent thread or threadsin other groups

« aThreadGroup can have both daemon and nondaemon threads

Example Code

« BasicThread.java

« Bouncing Ball Applet: UpDown.java

o PrimeNumbers Applet: Ex1.java

« JavalsHot: Threadl.java

« Traffic Simulation: Traffic.java and SetOfLights.java
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Overview Thread Class ArElE Thread States | Scheduling Endlng 2
Interface Thread
. L Locking synchronized . notify(),
Execution |Synchronization Protocols EET wait() notifyAll(
Thread
Mechanics
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Threads - Thread Synchronization

every instance of class Object and its subclass's has alock
primitive data type fields (Scalar fields) can only be locked viatheir enclosing class

fields cannot be marked as synchronized however they can be declared volatile which orders
the way they can be used or you can write synchronized accessor methods

array objects can be synchronized BUT their elements cannot, nor can their elements be
declared volatile

Class instances are Objects and can be synchronized via static synchronized methods

Synchronized blocks

allow you to execute synchronized code that locks an object without requiring you to invoke
a synchronized method

synchroni zed( expr ) {
/1l "expr' nust evaluate to an bject
}

Synchronized methods

declaring a method as synchronized ie synchronized void f() is equivalent to

void f() { synchronized(this) {
/! body of nethod

}
}

the synchronized keyword is NOT considered part of a method's signature. IT ISNOT
AUTOMATICALLY INHERITED when subclasses override superclass methods

methods in I nterfaces CANNOT be declared synchronized

constructors CANNOT be declared synchronized however they can contain synchronized
blocks

synchronized methods in subclasses use the same locks as their superclasses
synchronization of an Inner Classisindependent on it's outer class
anon-static inner class method can lock it's containing class by using a synchronized block

synchroni zed(Quterd ass.this) {
/1 body
}

Locking

locking follows a built-in acquire-rel ease protocol controlled by the synchronized keyword

alock isacquired on entry to a synchronized method or block and released on exit, even if
the exit is the result of an exception

you cannot forget to release alock
locks operate on aper thread basis, not on a per-invocation basis
Java usesre-entrant locksie athread cannot lock on itself

class Reentrant {
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}

publ i c synchroni zed void a() {
b();
Systemout.printin("here I am in a()");

}
public synchronized void b() {

Systemout.printin("here | am in b()");
}

« inthe above code, the synchronized method a(), when executed, obtains alock on it's own
object. It then calls synchronized method b() which also needs to acquire alock on it's own
object

« if Javadid not allow athread to reacquireit's own lock method b() would be unable to
proceed until method a() completed and released the lock; and method a() would be unable to
complete until method b() completed. Result: deadlock

» asJavadoes alow reentrant locks, the code compiles and runs without a problem

« thelocking protocol isonly followed for synchronized methods, it DOES NOT prevent
unsynchronized methods from accessing the object

« onceathread releases alock, another thread may acquire it BUT thereis no guarantee asto
WHICH thread will acquire the lock next

Class fields and methods

« locking an object does not automatically protect access to static fields

« protecting static fields requires a synchronized static block or method

« static synchronized statements obtain alock on the Class vs an instance of the class
« asynchronized instance method can obtain alock on the class

synchroni zed( Cl assNane. cl ass) {
/1 body
}

« thedatic lock on aclassis not related to any other classincluding it's superclasses
« alock on a static method has no effect on any instances of that class (JPL pg 185)

« you cannot effectively protect static fields in a superclass by adding a new static
synchronized method in a subclass; an explicit block synchronization is the preferred way

« nor should you use synchronized(getClass()); this locks the actual Class which might be
different from the classin which the static fields are declared

Example Code

« Source code for reentrant example

Overview || Thread Class || DUMRDIE | el States| | Scheculing | oarda

Interface Thread

. L Locking synchronized . notify(),

Execution [Synchronization Protocols E— wait() notifyAll(
Thread
Mechanics
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Threads - The Runnable Interface

« the Runnable interface declares a single method: run()
« Yyou can execute a Runnable object in its own thread by passing it to a Thread constructor
» here'sthe BasicThread class modified to use the Runnable interface

cl ass RunBasi cThread i npl enents Runnabl e{
char c;

RunBasi cThread(char c) {
this.c = c;
}

[l override run() nethod in interface
public void run() {
for(int i=0; i<100; i++) {
System out. print(c);

try{
Thr ead. sl eep((int)(Mth. random() * 10));
} catch( InterruptedException e ) {
Systemout. println("lInterrupted Exception caught");
}

}

public static void main(String[] args) {

RunBasi cThread bt = new RunBasicThread('!");
RunBasi cThread bt1 = new RunBasicThread('*');

/] start RunBasi cThread objects as threads
new Thread(bt).start();
new Thread(btl).start();

« the most significant code revisions are shown in red

« note that you can still make use of the methods declared in the Thread class but you now
have to use aqualified name ie Thread.sleep() and you have to pass your runnable object to
the thread when it is created ie new Thread(bt).start()

« the Clock applet is an example of an Applet (based on the Sun Thread tutorial) using the
Runnable interface:

When to implement Runnable vs subclassing Thread

« Whenever your class has to extend another class, use Runnable. Thisis particularly true
when using Applets

Example Code

o Click Applet
« Bouncing Ball applet: UpDown 1
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o PrimeNumbers applet: Ex1 a
« JavalsHot: Thread2

Guenfz | Theroks | BIEE e ey | ZREEE

Interface Thread

; L Locking synchronized . notify(),

SEHilen | SME eI Protocols keyword walt notifyAll()
Thread
Mechanics
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Threads - Thread States

« each thread hasalife-cycleall it'sown

o duringit'slife-cycleit can exist in anumber of states
New

Runnable

Not Runnable

Dead

o o o o

Note

» These states are those used in the Sun Java Thread tutorial. Other references
may use 'ready’, 'waiting' or other terminology to describe the Runnable and
Non-runnable states.

New

anew thread is an empty Thread object; no system resources have been allocated as yet.
Calling any thread method other than start() causes an Illegal ThreadStateException

Runnable

athread enters the Runnable state after the start() method is invoked. The start() method
allocates system resources, schedules the thread, and calls the threads's run() method. When
the thread actually runs is determined by the scheduler

Not Runnable
athread is not runnable when
0 it'ssleep() method isinvoked
o it'swait() method isinvoked
o itisblocked on I/O ie waiting on system resources to perform an input or output
operation
the thread becomes runnable again when a specific condition has been met based on the
action which put it in the not runnable state
o when the number of milliseconds called in sleep() have elapsed
o when the condition it is waiting on has changed and it receives a notify() or notifyAll()
message
o when the required system resources are made available and the 1/0O compl etes
Dead

athread enters the dead state when it's run() method compl etes.
an interrupt does not kill athread
the destroy() method kills a thread dead but does not release any of it's object locks

Life Cycle of a Thread from Sun Thread Tutorial

rnning

viald .

start

e »
Mew Thread . Mot Runnahble I

l The run method ferminates

« athread can bounce between runnable and not runnable states as a result of either
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1. scheduling, or
2. programmer control

Guenz | Theroks | BIEE s sy | ZREEE

Interface Thread

. L Locking synchronized . notify(),

Sl Protocols keyword walt notifyAll()
Thread
Mechanics
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Threads - Thread Scheduling

« execution of multiple threads in some order on asingle CPU system is called scheduling

« Javausesfixed-priority scheduling algorithms to decide which thread to execute

« thethread with the highest priority runs first

« if another thread with a higher priority is started, Java makes the lower priority thread wait

« if more than one thread exists with the same priority, Java quickly switches between themin
round-robin fashion BUT only if the operating system uses time-slicing (see below)

Priorities

« it'spossibleto assign athread priority
« the Thread class contains three integer priority constants
1. [ 1] MIN_PRIORITY
2. [ 5] NORM_PRIORITY
3. [10] MAX_PRIORITY
« the default thread priority iSNORM_PRIORITY
« when athread is created, it takes the priority of the thread which created it
« Yyou can check athreads priority using getPriority()
« Yyou can change athreads priority using setPriority()

« if you change the priority on an executing thread to alesser priority, it may stop executing as
there may be another thread with a higher-priority (BB pg 259)

Actual Scheduling depends on the OS

« the above act as a guide to scheduling however the actual implementation depends on the
Operating System
» most operating systems use one of two scheduling methods
1. Preemptive scheduling
2. Timedlicing
« In preemptive scheduling the highest priority thread continues to run until it dies, waits, or
is preempted by athread of higher priority
« Intimedlicing athread runs for a specific time and then enters the runnable state; at which

point the scheduler decides wether to return to the thread or schedule a different thread
(method used by Win95/NT)

o DONQOIT rely on thread priority as a guarantee that the highest priority thread will always
be running; the operating system has the final say

« priorities are used as guides to efficiency
« priority manipulations CANNOT be used as a substitute for locking (see synchronization)

General Conventions for setting priorities (CPJ pg 16)

« following represent the genera conventions for setting thread priorities based on the type of
activity thethread isinvolved in

Range Use
10 Cri si s nmanagenent
7-9 Interactive, event-driven
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4-6 10
2-3 Background conput ati on
1 Run only if nothing else can
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Threads - Ending a Thread

« athread normally ends when it's execution completes
« there are other methods of stopping it, some of which should not be used

interrupt()

« interrupting athread tellsit that you want it to pay attention

« it doesnot force the thread to halt although it will wake up a sleeping thread
« islnterrupted checksto seeif athread isin an interrupted state

« thestatic method interrupted can be used to clear athread's interrupted state

« if athread iswaiting or sleeping and the thread is interrupted, the methods wait() and sleep()
will throw an I nterruptedException

join()
« onethread can wait for another to complete using the join() method

« invoking join() guarantees that the method will not return until the threads run() method has
completed

« join() will aso take a milliseconds argument which will causeit to wait until the thread
completes for the designated time period

destroy()

« destroy() kills athread dead without releasing any of it's locks which could leave other
threads blocked forever

o it'suse should be avoided

stop()

« Yyou can force athread to end by calling stop() which in turn throws the Error ThreadDeath
« Yyou can also throw ThreadDeath yourself

o ThreadDeath SHOULD NOT BE CAUGHT!

o NOTE: stop() is adeprecated method and should not be used!!!

suspend() and resume()

« both methods are deprecated and should not be used!!

setDaemon(true)

« if you want your thread to stop executing when main() completes, set it's daemon status to
true using setDaemon(true)

yeild()

« Javadoes not time-diceieit will not preempt a currently executing thread to allow another
thread of the same priority to run

« the operating system may use time-slicing but you should not rely on time-slicing when
creating threads

« awell behaved thread will use the yield() method to voluntarily yield to the CPU, giving it a
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chance to run another thread of the same priority.
« if no threads of the same priority are available, execution of the yielding thread continues.
« Note: lower priority threads are ignored.

« theyield() method only hintsto the VM that if there are other runnable threads the
scheduler should run onein place of the current thread. The VM may interpret this hint any
way it likesie how theyield is handled is dependent on the VM implementation for the
operating system

Also see

Sun Tech Tip: Handling Interrupted Exceptions

Overview Thread Class Azl Thread States | Scheduling =l
Interface Thread
: L. Locking synchronized . notify(),
Execution |Synchronization Protocols keyword wait oAl
Thread
Mechanics
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dead

Alive or Dead?

Threads - Thread Execution

« thethread has been put to sleep viasleep() method
Example: Sleeping
« thereis more than one thread with the same priority and the VM is switching between the
threads
Example: SamePriority
« thethread'swait() method has been invoked
Example: Waiting
« thethread'syield() method has been invoked
Example: Yielding
« the suspend() method has been invoked (this is a deprecated method and should no longer be

« thereisalso no way to detect if alivethread is Runnable or Not Runnable
« neither can athread identify which thread started it

Why a thread might not be executing (BB pg 270)

« thethread does not have the highest priority and can't get CPU time
Example: LowPriority

« the Thread classincludes an isAlive() method which returnstrueif athread has been started
and not stopped

« athread stops when its run() method finishes executing
« theisAlive() method returns falseif the thread is new or dead
« thereisnoway to detect if athread is not alive because it was never started or becauseit is
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Threads - Thread Locking Protocols

Note

« Thisinformation is not required for the Certification exam. I've included it
because | found it useful in helping me to understand how thread locks or
monitors actually worked.

« each program has an area of main memory where it storesit's classes, arrays and variables
« the main memory hasamaster copy of every variable and contains one lock for each object
« thismain memory areais accessible by all the programs threads

« threads can only communicate thru the shared main memory

« each thread has aworking memory where it keeps copies of the values of variables it uses
or assigns

« toaccessashared variable, athread obtains alock and flushesits working memory,
guaranteeing the shared value will be loaded from main memory

« asathread executes, it operates on its working copies

« when a synchronized block or method is entered, actions by the thread and main memory
must occur in a specific order

1. thethread obtains alock on the object and flushes its working copy of the object
2. main memory reads the objects value from it's master copy
1. thethread loads the value passed by the main memorys read operation
2. thethread usesit's working copy of the object, passing it to it's excuatable
engine
3. thethread assigns the resulting value back to it's working copy
4. thethread storesthe new value, passing it back to main memory

3. main memory writes the value passed by the threads store action back to the master
copy
4. thethread releasesit's lock on the object

« every read action by main memory must be followed by aload action in the thread
« every store action in the thread must be followed by awrite action in main memory

« theread and write actionsin main must be executed in the order they were performed in the
thread

« every use action in athread must be followed by an assign action however an assign does
not necessarily have to be proceeded by ause

« al use and assign actions must occur in the order dictated by the threads executable code
« assign must follow aload before a store can occur or another load can occur
« every lock action by athread MUST be paired with an unlock

« asJavaallowsre-entrant locks, athread may obtain multiple locks which must be paired
with matching unlocks

« only onethread at atime can hold alock on an object
« athread is not permitted to unlock alock it doesn't own
« athread can only release it'slock after it has performed astore

Special case: double and long variables

« double and long variables are handled as two 32-hit variables
« if thevariables are not declared volatile and if they are being used by two or more threads the
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final result may be a combination of both thread actions

volatile

« declaring athread volatile prevents the compiler from optimizing and in-lining the code;
forcing the thread to reread the value every time the variable is accessed

int value = 5;
for(;;) {
di spl ay. showval ue(val ue);
Thr ead. sl eep(1000); /1 wait one second

« inthe above example, value is assigned aliteral, under normal conditions, if
display.showVaue() does not make any changes to value the compiler would in-line the
code, assuming value will not be changed while the method is running

« however, if you have other threads that can change value then you should declare it as
volatile

« thiswill stop the compiler from in-lining the code and force the value to be reread each time
the loop iterates
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Threads - synchronized kewyord

« threads often need to share acommon resource ie afile, with one thread reading from the file
while another thread writesto the file

« thisisan example of aproducer/consumer relationship

Race conditions

« race conditions occur when multiple, asynchronously executing threads access the same
object returning unexpected (wrong) results

« they can be avoided by synchronizing the methods which access the shared resource

« the Sun Thread tutorial has an example which uses a Producer class, and a Consumer class
which respectively write and read integers from a CubbyHole class. If the CubbyHole class
is unsynchronized, asin the following code:

public class CubbyHol e {
private int contents;

public int get() {
return contents;
}

public synchroni zed void put(int value) {
contents = val ue;
}

}

Example output from an unsynchronized Producer/Consumer

Consuner #1 got:
Producer #1 put:
Consuner #1 got:
Consunmer #1 got:
Consunmer #1 got:
Consuner #1 got:
Consunmer #1 got:
Consuner #1 got:
Consuner #1 got:
Consunmer #1 got:
Consuner #1 got:
Producer #1 put:
Producer #1 put:
Producer #1 put:
Producer #1 put:
Producer #1 put:
Producer #1 put:
Producer #1 put:
Producer #1 put:
Producer #1 put:

« results are unpredictable; a number may be read before a number has been produced or
multiple numbers may be produced with only one or two being read

« adding synchronization ensures that a number is first produced, then read in the correct order

OCONOUITAWNPFPOOOOOOOOOOOo
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public class CubbyHol e {
private int contents;
private bool ean avail able = fal se;

public synchronized int get() {

while (available == false) {
try {
wait () ;

} catch (InterruptedException e) { }

avail able = fal se;
noti fyAll ();
return contents;

}
public synchronized void put(int value) {
while (available == true) {
try {
wait();
} catch (InterruptedException e) { }
}
contents = val ue;
avail abl e = true;
noti fyA Il ();
}

« the keyword synchronized is added to the method declarations

« the Object methods wait() and notifyAll() are used to communicate between executing
threads

Output after code is synchronized

Producer #1 put:
Consuner #1 got:
Producer #1 put:
Consuner #1 got:
Producer #1 put:
Consuner #1 got:
Producer #1 put:
Consuner #1 got:
Producer #1 put:
Consuner #1 got:
Producer #1 put:
Consuner #1 got:
Producer #1 put:
Consuner #1 got:
Producer #1 put:
Consunmer #1 got:
Producer #1 put:
Consunmer #1 got:
Producer #1 put:
Consuner #1 got:

©COOOUON~NOOODUO AP WWNNRELPPLP,OO

Source for synchronized version

Other examples using synchronized

« Anexample of using synchronized methods and object locks Thread3
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Also see

Sun Tech Tip: Using Synchronized Statements

« Anexample of synchronizing access to variables Account

Acquire multiple locksin afixed, global order to avoid deadlock

« An example using a synchronized statement on a common object Thread4

« Anexample of amuseum which uses Walkmen radios for tours. WalkmanHire uses
Museum, Counter, and Visitors classes.

Overview || Thead Class || DUMRIE | i Stares| | Scheduling | arda
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Thread
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Threads - wait() method

« thewait() method causes athread to release the lock it is holding on an object; alowing
another thread to run

« thewait() method is defined in the Object class
« wait() can only be invoked from within synchronized code
« it should always be wrapped in atry block asit throws |OExceptions
« thereare actualy three wait() methods
1. wait()
2. wait(long timeout)
3. wait(long timeout, int nanos)
« thetimeout is measured in milliseconds
« nanosis measured in nanoseconds
« wait() can only invoked by the thread that own's the lock on the object

» when wait() is called, the thread becomes disabled for scheduling and lies dormant until one
of four things occur:

1. another thread invokes the notify() method for this object and the scheduler arbitrarily
chooses to run the thread

2. another thread invokes the notifyAll() method for this object
3. another thread interrupts this thread
4. the specified wait() time elapses
« when one of the above occurs, the thread becomes re-available to the Thread scheduler and
competes for alock on the object

« onceit regainsthe lock on the object, everything resumes as if no suspension had occurred

« if thethread wasinterrupted by another thread, an InterruptedException is thrown BUT not
until after the thread regainsit's lock on the object

Throws

« thewait() method throws three exceptions
1. lllegal ArgumentException - if the timeout value passed isinvalid
2. lllegaMonitorStateException - if the current thread does not own the object's lock

3. InterruptedException - if another thread interrupts the current thread. The interrupted
status of the current thread is cleared
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Threads - notify() and notifyAll() methods

« thenotify() and notifyAll() methods are defined in the Object class
« they can only be used within synchronized code
« notify() wakes up asingle thread which is waiting on the object's lock

« if thereis more than one thread waiting, the choice is arbitrary ie thereis no way to specify
which waiting thread should be re-awakened

« notifyAll() wakes up ALL waiting threads; the scheduler decides which one will run
« if there are no waiting threads, the notifys are forgotten

« only notifications that occur after athread has moved to wait state will effect it; earlier
notifies are irrelevant
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Threads - Thread mechanics
Wait Sets (CPJ pg 184)

« just asevery object hasalock it also has await set that is manipulated using wait(), notify(),
notifyAll() and Thread.interrupt

« oObjects having locks and wait sets are referred to as monitors
« any object can act as amonitor

« each object'swait set is maintained internally by the VM and holds threads blocked by wait
until a corresponding notify is received or the waits are otherwise released

« the methods wait(), notify() and notifyAll() can only be invoked when the synchronized
lock is held on their target

wait()

the following happens when wait() isinvoked

o if the current thread has been interrupted, the method exits immeadiately and throws
an InterruptedException; otherwise, the thread is blocked

o the JVM placesthe thread in the wait set associated with the target object

o thelock for the target is released but all other locks held by the thread are retained. A
full release occurs even if the lock is re-entrantly held due to the thread having nested
synchronized calls

o when the thread resumes (ie wait state ends) the lock statusis fully restored

timed waits()

o if atimed wait() has not been notified beforeit'stimeis up, it releases automatically
0 thereisnoway to tell if await has returned due to notification or timeout

o thethread may resume at any arbitrary time after it has timed out based on thread
contention, scheduling and timer granularities

notify()

the following happens when notify() isinvoked
« the VM arbitrarily chooses athread, if one exists, from the target's wait set

« thethread must re-obtain it's synchronized lock on the target object. It will always be
blocked at least until the thread calling notify() releasesit's lock or if some other thread
obtainsthe lock first

« oncethelock is obtained, the thread resumes from the point of it's wait

notifyAll()

« worksthe same as notify() except all waiting threads are removed from the target wait set
and allowed to compete for the lock

« only one thread can obtain the lock so they continue one at atime

Thread.interrupt

« if athread suspended in wait is invoked, the same notify mechanics apply except that after
re-acquiring the lock, an InterruptedException is thrown

« if aninterrupt and notify occur together there is NO guarantee as to which will take
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precedence

Example Code

« Using wait() and notify() to control access to a shared resource Thread5
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Overloading, Overriding, Runtime Types and
Object Orientation - Encapsulation

« oObjects have both state (details about itself) and behaviour (what it can do)
« asoftware object maintains information about its statein variables
« what an object can do, its behaviour, isimplemented with methods

« in Object-oriented programming (OOPs), an object is encapsulated when its variables and
methods are combined into a single component

« encapsulation also involves access to an object; itsinterface

« atightly encapsulated object hides all it's variables and provides public accessor methodsie
the only way you can use the object is by invoking it's public methods

"Hiding data behind methods so that it is inaccessible to other abjectsis the fundamental basis of
data encapsulation." (JPL pg.12)

« encapsulation has two main benefits: (VA pg44)
1. modularity
2. maintainablity

Modularity

« because the object encapsulates all it's variables and the methods needed to make it work, it
isasalf-contained entity that can be maintained independently of other objects

Maintainability

« because the object hidesit'simplementation details behind a well-defined interface, the
details can be changed without affecting other parts of the program

Example

cl ass Test Book{
public static void main(String[] args) {
Book bl = new Book();
System out. println(bl);

/[l bl.title = "Java Programi ng Language";
/1l bl.author = "Ken Arnold and Janmes Cosling";

/1 must use accessor nethods
bl.setTitle("The Java Progranmm ng Language: Second Edition");
bl. set Aut hor ("Ken Arnold and Janes Gosling");

/1l Systemout.println(bl.title, bl.author);

Systemout.printin(" Title: " + bl.getTitle() );
Systemout.println("Author: " + bl.getAuthor() );

}

« Inthe example code, the instance variablestitle and author are private; they can only be
accessed by their gettor and settor methods

« any attempt to directly set or get the variables produces a compile error
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Example Code

o TestBook.java

Java Quick Reference - Overloading, Overriding, Runtime Types and Object Orientation - Encapsulation
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Overloading, Overriding, Runtime Types and
Object Orientation - Polymorphism

« polymorphism trandates from Greek as many forms ( poly - many morph - forms)

o iNOOPsit refersto
the propensity of objects to react differently to the same method (VA pg 110)

» method overloading isthe primary way polymorphism isimplemented in Java

Overloading methods

« overloaded methods:
1. appear in the same class or a subclass
2. have the same name but,
3. have different parameter lists, and,
4. can have different return types
« an example of an overloaded method is print() in the java.io.PrintStream class

public void print(bool ean b)
public void print(char c)
public void print(char[] s)
public void print(float f)
public void print(double d)
public void print(int i)
public void print(long |)
public void print(Cbject obj)
public void print(String s)

« the actual method called depends on the object being passed to the method

« Javauseslate-binding to support polymorphism; which means the decision as to which of
the many methods should be used is deferred until runtime

Overriding methods

« late-binding also supports overriding
« overriding alows asubclass to re-define amethod it inherits from it's superclass
« overriding methods:
1. appear in subclasses
have the same name as a superclass method
have the same par ameter list as a superclass method
have the samereturn type as as a superclass method

the access modifier for the overriding method may not be more restrictive than the
access modifier of the superclass method

= if the superclass method is public, the overriding method must be public

= if the superclass method is protected, the overriding method may be protected
or public

= if the superclass method is package, the overriding method may be packagage,
protected, or public

» if the superclass methodsis private, it is not inherited and overriding is not an
issue

o wb
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6. the throws clause of the overriding method may only include exceptions that can be
thrown by the superclass method, including it's subclasses

cl ass LBException extends Exception {}
cl ass LBExceptionl extends LBException {}

I n supercl ass:
public void testEx() throws LBException {
t hr ow new LBException();
}

I n subcl ass:

public void testEx() throws LBExceptionl {
t hrow new LBExceptionl();
}

« overriding is allowed as LBEXxceptionl thrown in the subclassis itself a subclass of the
exception LBException thrown in the superclass method

Side effect of late-binding

« itisJavas use of late-binding which allows you to declare an object as one type at
compile-time but executes based on the actual type at runtime

class LB 1 {

public String retValue(String s) {
return "In LB 1 with " + s;
}

}

class LB 2 extends LB 1 {

public String retValue(String s) {
return "In LB 2 with " + s;

}
}
« if you create an LB_2 object and assign it to an LB_1 object reference, it will compile ok
« at runtime, if you invoke the retValue(String s) method on the LB_1 reference, the LB_2
retVaue(String s) method is used, not the LB_1 method
LB 2 I b2 = new LB _2();
LB 1 1b3 =1b2; [l conpiles ok
System out. println(lb3.retValue("Today"));
CQut put :

In LB 2 with Today

Example Code

o TestLateBinding.java

Encapsulation Overriding

Polymorphism’ iSA/hasA ’Overloadinq

Field
Variables
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Overloading, Overriding, Runtime Types and
Object Orientation -is A vs Has A

« isadefinesadirect relationship between a superclass and a subclass

« hasaidentifies arelationship in which one object contains another object (defined by field
variables)

Examples

« A circleisashape that has a center point and aradius. (JJ pg 138)

public class Circle extends Shape { // a circle is a shape
Poi nt center; /1 a circle has a point
doubl e radi us; // a circle has a radius

}

« Define aclass hierarchy for the following classes (BB pgl4):
1. An Employee class that maintains an employee number.
2. A Full-time employee class that maintains an employee number, hours worked per
week and calculatesit's own pay using a salary() method.

3. A Retired employee class that maintains an employee number, the number of years
worked, and calculates it's own pay using asalary() method.

public class Enpl oyee { /1 an enpl oyee
| ong id; /1 has an id, and
String status; /] a status

}

abstract class Enpl oyeeStatus extends Enpl oyee {
abstract double salary();
}

[l fulltime is a status
class Ful |l Ti me extends Enpl oyeeStatus {
doubl e hrs;
doubl e sal ary(){
return hrs * 60.0;

}
}
/] retired is a status
cl ass Retired extends Enpl oyeeStatus {
i nt years;
doubl e salary() {
return O;

}
}
« Create classes for 2DShape, Circle, Square and Point. Points have an (x,y) location. Circles
have an (x,y) location and aradius. Squares have an (x,y) location and alength. (BB pgl7)

cl ass Point { /1 a point
int x; /1l has an x-1location, and
int y; /1l a y-location
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}
cl ass 2DShape { /1 all 2DShapes
Poi nt p; /1 have a point
}
class Circle extends 2DShape { // a circle is a 2DShape
doubl e radi us; // and has a radius
}
cl ass Square extends 2DShape { // a circle is a 2DShape
doubl e I engt h; /1 and has | ength
}
Encapsulation [Polymorphism| isA/hasA Overloadin Overridin ZEL
=2 Ymorp d 9| variables
Initiglization | 22V | nner Classes | SAICNESE || (o (e | AROMYMOUS
Classes Classes Classes
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Overloading, Overriding, Runtime Types and
Object Orientation - Overloading Methods

« overloaded methods can have the same name but must have different parameter lists
« parameter lists are considered different if the order of the arguments are different
« asubclass method can overload a superclass method

Examples (based on BB pg 194-5)

« thefollowing code shows the method test(int i, long j) in a Super class, and method test(long
j,inti) inaSub class

Super cl ass:
test(int i, long j);

Sub cl ass
test(long j, int i);
« thiscode will compilefineif any variables passed to the methods are easily recognizable as
either ani nt oral ong

Sub sb = new Sub();
/1 second arg is defined as L(ong); no anbiguity
sb. test (100, 3000L);

CQut put :
uses test(int i, long j) in Super class
« however, if the compiler cannot differentiate between along and an int a compiler error will
occur

Sub sb = new Sub();
/| causes conpile-error, 3000 can also be an int
sb. test (100, 3000);

Quput :
conpile-error: reference to test() is anbi guous

I Warning !!!

« When analyzing code, watch for ambiguous references that can cause compile
errors.

Overloading constructors

« you can overload constructors within the same class

cl ass SuperCtor {
SuperCor(){}
SuperCior(int i) {} // conpiles ok

}

« Yyou can't overload them in subclasses as they must have the same name as the class (ie they
would have to have the superclass name and would therefore not be constructors in the
subclass)

http://www.janeg.ca/scjp/overload/overloadingMethods.html (1 of 2) [15/03/2004 8:48:05 AM]



mailto:feedback@janeg.ca

cl ass SuperCtor {
SuperCior(){}

}

class SubCtor() {
SuperCtor(){}

}

Also see

« Polymorphism
e Sun Tech Tip: Overload Resolution

[l conpile-error

Example Code

o TestOverload.java

o TestOverloadCtor.java

Java Quick Reference - Overloading, Overriding, Runtime Types and Object Orientation - Overloading Methods

. . ; ) . Field
Encapsulation [Polymorphism| isA/hasA Overloading Overriding Var_i ables
sz | CEEE o s | SEENEEN ) sy AL
— Classes e Classes E—— Classes

http://www.janeg.ca/scjp/overload/overloadingMethods.html (2 of 2) [15/03/2004 8:48:05 AM]



http://developer.java.sun.com/developer/TechTips/2000/tt0314.html#tip2
http://www.janeg.ca/scjp/overload/TestOverload.java
http://www.janeg.ca/scjp/overload/TestOverloadCtor.java

Java Quick Reference - Overloading, Overriding, Runtime Types and Object Orientation - Overriding Methods

Overloading, Overriding, Runtime Types and
Object Orientation - Overriding Methods

« fields cannot be overridden but they can be hidden ie if you declare afield in a subclass with
the same name as one in the superclass, the superclassfield can only be accessed using super
or the superclasses type

 asubclass can override methods in it's superclass and change it's implementation

« it must have the samereturn type, name, and parameter list and can only throw
exceptions of the same class/subclass as those declared in the original method

cl ass Super {
void test() {
Systemout.printin("In Super.test()");

}
}
cl ass Sub extends Super {
void test() { /1 overrides test() in Super
Systemout.printin("ln Sub.test()");
}
}

« cannot have weaker access rights than the original method

In Sub cl ass:
/1 conpile-error, original has package access
private void test() {}
protected void test() {} /1 conpiles ok
public void test() {} /1 conpiles ok

« Yyou can have multiple overloaded methodsin aclass but only one overriding method

In Sub cl ass:
void test() {} /'l overrides test() in Super
public void test() {} // conpile-error: test() already declared
/1 different access nodifiers not part of
/1 method signature for nam ng purposes
void test(String str) {}// conpiles ok, overloads test()

« Only accessible non-static methods can be overridden
« static methods can be hidden ie you can declare a static method in the subclass with the

same signature as a static method in the superclass. The superclass method will not be
accessible from a subclass reference

« any class can override methods from its superclass to declare them abstract, turning a
concrete method into an abstract one at that point in the type tree. Useful when aclass's
default implementation isinvalid for part of the class hierarchy (JPL pg 77)

Overriding with constructors

« you cannot override a constructor in a superclass as they are not inherited

« you cannot override a constructor in the same class as they would both have the same
signatures; get an 'already declared' compile-error

« if you'reinstantiating a Subclass object and if the Superclass constructor calls a method that
is overridden in the Subclass, the Subclass method will called from the superclass
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constructor -- NOT the one in the superclass
cl ass Super {
Super () {
Systemout.println("In Super constructor");
test();
}
void test() {
Systemout.printIn("In Super.test()");
}
}
cl ass Sub extends Super {
Sub() {
Systemout.println("In Sub constructor");
}
void test() { /1 overrides test() in Super
Systemout.printin("lIn Sub.test()");
}
}
Qutput if Sub sb = new Sub() is invoked:
In Super Constructor
In Sub.test()
In Sub Constructor
Also see
« Polymorphism
Example Code
o TestOverridejava
Encapsulation [Polymorphism| isA/hasA Overloadin Overridin Field
=t XIOID d 9 | variables
Initialization | ~ORASE || Classes | DAUCNESt || ) Classes | ANOMVMOUS
Classes Classes Classes
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Overloading, Overriding, Runtime Types and
Object Orientation - Field Variables

« consider the following scenario:
1. Super hasafield 'i' and a method test() which displays i’
2. Subisasubclass of Super with it'sown field 'i' and method test()
3. Super callsthetest() method in it's constructor
« Which valuefor 'i' will be displayed when a Sub object is instantiated?
« Answer: the default value of the field 'i' in Sub
« the subclass object isinstantiated as follows:

the Supercl ass constructor is called
the Subcl ass nmethod test() is used
as the Subclass has not been fully initialized,
the default value of it's field variable is displayed
the Subcl ass variables are initialized
the Subcl ass constructor is called

« When an overridden method is called from a superclass constructor both the Subclass
method and field variables are used

« Which methods and variables are used when an object reference for a Superclassis created
and the assigned object is a Subclass type?

« Answer: both the Subclass methods and variables are used. The declared type isonly valid at
compile-time. The actual object typeisused at runtime.

« BUT

« if you accessthefield variable directly, ie not through a method, the variable for the
declared typeis returned.

Creating a Super objref and pointing it to Sub obj
/'l subcl ass obj stored in super reference
Super spl = sb;

/1 field variable in Sub object
test() in Sub uses i: 20.0

/1 field variable in Super object
spl.i 10

Example Code

o TedstFieldsjava

. . . : - Field
Encapsulation |Polymorphism| isA/hasA Overloading Overriding Var_i ables
ez ien | CEE o s | SELENEE | ey | ATEDIIELS
— Classes e Classes EE— Classes
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Overloading, Overriding, Runtime Types and
Object Orientation - Initialization

Steps that occur when a new instance is created (JLS812.5)

1. memory is alocated for all the instance variables in the class and instance variablesin all of
it's superclasses

2. theinstance variables are set to their default values
3. the constructor used in the creation expression is called according to the following:
1. arguments for the constructor are assigned to newly created parameter variables

2. if the constructor begins with this(); invoke the constructor recursively following the
same five steps

3. if the constructor does not begin with this(), then invoke, explicitly or implicitly, the
corresponding superclass constructor using super(). These are processed recursively
following the same 5 steps.

4, execute the instance initializers and instance variables for this class
5. execute the remainder of the constructor body

Exanpl e:

cl ass Point {

int x, vy;

Point() { x =1, v =1; }
}

cl ass Col oredPoi nt extends Point {
i nt col or = OxXFFOOFF;
}

cl ass Test {
public static void main(String[] args) {
Col oredPoi nt cp = new Col oredPoi nt ();
System out . println(cp.color);

}

When the new i nstance of Col oredPoint is created:
1. first nmenory is allocated for the fields 'color' in
Col oredPoi nt and then for the fields 'x, y' in Point
2. the fields are initialized to their default val ues
3. the no-arg Col oredPoi nt constructor is invoked.
As none exists, the superclasses no-arg constructor
is invoked. This is done inplicitly ie the conpiler
added the default no-arg ctor at conpile tine
4. the Point ctor does not begin with this() so an
i nvocation is made to the no-arg ctor for Object
(Poi nt's supercl ass)
5. any instance variable initializers of Object are
i nvoked and the body of the no-arg ctor is executed
6. next, all the instance initializers for Point's instance
vari abl es are invoked and the body of the Point
constructor is executed.
7. initializer for instance variables of Col oredPoi nt
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Il

Il

/1

are invoked and the body of the ctor is executed.

JLS 81241

« beforeaclassisinitialized it's direct superclass must beinitialized but interfaces
implemented by the class need not be initialized

« areferenceto aclassfield only causestheinitiaization of it's class even if it isreferred to by
asubclassieif 'taxi' isastatic field in 'Super' class and is referenced by 'Sub.taxi’; only
'Super' isinitialized; not 'Sub'

« theinitiaization of an Interface does not implicitly cause initialization of it's Superlnterfaces

JLS 88.8.5.1

« aconstructor beginning with this() or super () can not use any class or superclass instance
variables as an argument to a parameter

No argument constructor

« ONLY the no-arg constructor is called implicitly when new instances are created

New Cl assB i nst ance !/l extends C assA, has no ctor

d assA() ctor

New Cl assD i nst ance /] extends O assA, has a no-arg ctor

d assA() ctor
ClassX) ctor

New Cl assF instance with no-args // CassF extends O assE

/1 which extends C assA
d assA() ctor
d assE() ctor
Cl assF() ctor

i nvoked with different ctor

New Cl assF instance with paraneter

C assA() ctor /[l no-arg ctor's of superclasses inplicitly
Cl assE() ctor /1 called
d assF(String nane) ctor

« if the constructor being invoked explicitly calls a superclass constructor then the superclass
no-arg constructor is not implicitly invoked

Cl assC extends O assB whi ch extends C assA

(no call to super(str) in CassC(String str))

New Cl assC i nst ance creat ed

d assA() ctor [l implicitly called
d assB() ctor [l inplicitly called
Hel | o

(A assC(String str) explicitly calls super(str))

New Cl assC i nst ance creat ed

d assA() ctor [l inplicitly called
In ClassB /1 explicit call;

/1 NOimplicit call to O assB()
Hel | o

I Remember !!!
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1. If NO constructor exists, the compiler will add a default no-arg constructor

2. The no-arg constructor of all superclassesin the hierarchy will be invoked and
executed BEFORE the type constructor is executed UNLESS the type
constructor explicitly calls another superclass constructor

3. Thereare NO IMPLICIT invocations to any other constructors

Also see

Sun Tech Tip: Constructor and Initialization Ordering

Example Code

o TestCtor.java
o TestCtor 1.java

. . . : L Field
Encapsulation |Polymorphism| isA/hasA Overloading Overriding Var_i ables
ety | BEEE | o s | SELEREEL ) o e || SLSLILEE
- Classes |— | Classes |- | Classes
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Overloading, Overriding, Runtime Types and
Object Orientation - Top-level Classes

« atop-level class can be declared public, final or abstract
« Or it can have no access modifier which defaults to package or friendly access

public class Test TopLevel {}
final class Final dass {}
abstract class Abstractd ass {}

cl ass PackageCd ass {}
« Yyou can have more than one top-level classin a source code file; however, you can have only

one public classin a source codefile

Example Code

o TestTopLevel.java

. : . : . Field
Encapsulation |Polymorphism| isA/hasA Overloading Overriding Var_i ables
e arien | S o s | SEIENEEN ) o ey | AL
— Classes e Classes EE— Classes
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Overloading, Overriding, Runtime Types and
Object Orientation - Inner Classes

« Inner classes are non-static classes defined within other classes (JLS88.1.2)

class Quter {
class I nner {} [l class definition within the
/1 the body of class Quter
}

« the compiled classfiles for the above are: Outer.class and Outer$lnner.class
« thelnner classtypeis. Outer.lnner
« instances of inner classes can be created in a number of ways

Create an Quter cl ass object:
Quter ol = new Quter();

Then create an I nner class object:
Quter.Inner i1 = ol.new Inner();

O, create the inner class directly:
Quter.lnner i2 = new Quter().new I nner();

O, create one fromw thin the outer class constructor
class Quter {
Quter() {
new I nner () ;
}

}
« inner classes may have no declared access modifier, defaulting the class access to package
« oOr, inner classes may be declared public, protected, private, abstract, static or final

class Quter {
public class Publiclnner{}
protected class Protectedl nner {}
private class Privatelnner{}
abstract class Abstractlnner {}
final class Finallnner {}
static class Staticlnner {}

« each instance of anon-static inner class is associated with an instance of their outer class
o Staticinner classesare aspecia case. See Static Inner Classes

« inner classes may not declare static initializers or static members unless they are compile
time constantsie static final var = value; (JLS88.1.2)

« Yyou cannot declare an interface as a member of an inner class; interfaces are never inner
(JLS88.1.2)

« inner classes may inherit static members (JLS88.1.2)
« theinner class can access the variables and methods declared in the outer class

« torefer to afield or method in the outer class instance from within the inner class, use
Quter.this.fldname
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Java Quick Reference - Overloading, Overriding, Runtime Types and Object Orientation - Inner Classes

o Testinner.java
Encapsulation |Polymorphism| isA/hasA Overloadin Overridin b
= YO . 9 | Variables
Initialization | 2N | nner Classes | SACNESteEd | o o asces | AROVMOUS
Classes Classes Classes
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Overloading, Overriding, Runtime Types and
Object Orientation - Static Nested Classes

o adtaticinner class behaveslike any top-level class except that its name and accessibility are

defined by its enclosing class (JPL pg 50) ie use new Outer.Inner() when calling from
another class

» formally called top-level nested classes (JPL pg 50)

Note

There isaot of confusion over the terminology involving 'static nested classes. They
arenot inner classes!

While the formal name, as stated in the Java Programming L anguage, Second Edition
by Ken Arnold and James Gosling, is 'top-level nested', it isahit of an oxymoron.

Joshua Bloch, author of Effective Java, prefers the term 'static member class which
provides a clearer sense of how such classes are utilized.

class Quter {

public static void main(String[] args) {
int x = Inner.val ue;
}

static class Inner {

static int value = 100;
}

« they are not associated with an instance of their outer classie you can create an Inner class
object from within the Outer class using new Inner(); you do not need to create an Outer
class object first asis required with non-static inner classes

« static inner classes can directly access static fields of the outer class but must use an instance
of the outer class to access the outer classesinstance fields

Example Code

o TestStaticlnnerClass.java

. . . : - Field
Encapsulation |Polymorphism| isA/hasA Overloading Overriding Var_i ables
ez ien | CEE o s | SELENEE | ey | ATEDIIELS
— Classes e Classes EE— Classes
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Overloading, Overriding, Runtime Types and
Object Orientation - Local Classes

« may be declared within ablock of code

class Quter {
voi d display() {
class Local {

/1 body of Local class
}

}
}

« the compiled name of the above Local classis: Outer $1$L ocal .class

« local inner classes are not class members and are not tied to an instance of the enclosing
class

« asthey are not class members, they cannot be instantiated outside of the code block in which
they are declared by using the class as areference ie new Outer.new Local (); won't work

« they may not be declared private, public, protected, or static. May be declared final
« they may access static and non-static members of the enclosing class
« they may only accessfinal variables or parameters of the enclosing code block

Example Code

o TestLocalnner.java

. . . : - Field
Encapsulation |Polymorphism| isA/hasA Overloading Overriding Var_i ables
ez ien | CEE o s | SELENEE | ey | ATEDIIELS
— Classes e Classes EE— Classes
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Overloading, Overriding, Runtime Types and
Object Orientation - Anonymous Classes

anonymous classes are classes which have no name

they are declared and defined using the name of the class or interface they extend ie new
Enumeration()

no modifiers, extends or implements are alowed
if any parameters are passed the superclass must have a corresponding constructor

Anonymous classes do not have constructors of their own as constructors always take the
name of the class and Anonymous classes have no name

even though you cannot use an extends clause, you can extend the superclass by overriding
methods

you cannot ‘overload' or 'add' new methods. See example code

Once you create an anonymous class and override a method, that method is used until the
classis unloaded

they are most often used to implement an event listener interface or extend an adapter class

Example Code

TestAnonymous.java

TestAnonymousClass.java

. . . : - Field
Encapsulation |Polymorphism| isA/hasA Overloading Overriding Var_i ables
ez ien | CEE o s | SELENEE | ey | ATEDIIELS
— Classes e Classes EE— Classes
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Java Quick Reference - Garbage Collection -

Behaviour

Garbage Collection Certification - Behaviour

the Java garbage collector consists of three basic activities:

1. monitors program objects to determine when they are no longer required

2. informs selected objects that they should rel ease any non-memory resources

3. destroys objects and reclaims their memory resources
the gc operates as a seperate asynchronous background thread that tracks all program objects
an object ceases to be needed by a program when it is no longer reachable

an object is reachable if areference to the object existsin any variables of any executing
code

an object is subject to garbage collection when it can no longer be reached but it is not
necessarily garbage collected immeadiately

there are no guarantees as to when the gc will reclaim an object or the order in which objects
arereclaimed

thereisnoway totell if and when an object will be collected, you can only tell when an
object becomes eligible for garbage collection

you can request garbage collection by calling one of

Runti nme. get Runtinme().gc() // no guarantee gc will run
Systemgc() // no guarantee gc will run

you can also request that the finalize() method be run for objects deemed eligible for
collection but which have not yet had their finalization code run

Runti ne. runFi nal i zation()
System runFi nal i zati on()

Also see

Garbage Collection in Java
Sun Tech Tip: Reference Objects
Sun Tech Tip: Performance tip: Garbage Collection and setting to null

Traps

aquestion that targets a specific object for garbage collection (can't be done)
aquestion that presumes to for ce the gc to run (can only suggest it run)

| Behaviour Eligibility | finalize()
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Garbage Collection Certification - Eligibility

« variables and objects are eligible for garbage collection when they become unreachable
« following summarizes the normal duration of a declared object or variable

Declaration Duration

static field aslong asthe classis loaded
instance field for the life of the instance
Array components aslong asthe array is referenced
Method parameters until method execution ends

Constructor parameters until the constructor execution ends
Exception handling
parameters

Local variables in afor-loop, until the loop completes
in acode-block, until the code block completes

until the catch clause completes execution

« any variable set to null automatically becomes eligible for garbage collection

gc and the String pool

Y ou may run across mock exam questions or discussions that state Strings created as
part of the String pool are never garbage collected. This may well be true as garbage
collection isimplementation dependent.

The certification exam will not contain questions that rely on specific implementations
of any JVM; for exam purposesit is unlikely you will see any gc questions involving
pooled Strings. Just remember once an Object reference has been set to null it is
eigiblefor garbage collection.

| Behaviour Eligibility | finalize()
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Java Quick Reference - Garbage Collection - finalize()

Garbage Collection Certification - finalize()
Syntax (JDK 1.3)

protected void finalize() throws Throwable {}

« every classinherits the finalize() method from java.lang.Obj ect

« the method is called by the garbage collector when it determines no more references to the
object exist

« the Object finalize method performs no actions but it may be overridden by any class

« normally it should be overridden to clean-up non-Javaresourcesie closing afile

« if overridding finalize() it is good programming practice to use atry-catch-finally statement
and to always call super .finalize() (JPL pg 47-48). Thisis a saftey measure to ensure you do
not inadvertently miss closing a resource used by the objects calling class

protected void finalize() throws Throwable {

try {
cl ose(); /'l close open files

} finally {
super.finalize();
}

« any exception thrown by finalize() during garbage collection halts the finalization but is
otherwiseignored

« finalize() isnever run morethan once on any object

Also see

o Object finalization and cleanup - JavaWorld, June 1998
e Sun Tech Tip: Using finally versus finalize to guarantee quick resource cleanup

Example Code

o TestGC.java

| Behaviour Eligibility | finalize()
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Declarations and Access Control - Access

Modifiers

Modifier Used with Description

public Classes A Class or Interface may be accessed from outside its
Interfaces package.
Constructors  Constructors, Inner Classes, Methods and Field variables
Inner Classes may be accessed from wherever their classis accessed.
Methods
Field variables

protected Constructors  May be accessed by other classes in the same package or
Inner Classes  from any subclasses of the class in which they are declared.
Methods
Field variables

private Constructors  May be accessed only from within the classin which they are
Inner Classes  declared.
Methods
Field variables

no modifier  Classes May only be accessed from within the package in which they
Interfaces are declared.
Constructors
Inner Classes
Methods
Field variables

Access Special . , Access
’ Modifiers ’ Modifiers this and super ’ Scope ’ Inheritance Control
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Declarations and Access Control - Special
Modifiers

Modifier Used with Description
abstract Classes Declares a Class or Method that isincomplete.
Interfaces All Interfaces are implicitly abstract so the modifier is
Methods redundant.
A Class which has an abstract Method must be declared
abstract.
fina Classes Indicates a definition is complete and cannot be changed.
Field variables Classes may not be extended.
Methods Field variables may not be modified once avalue is assigned.
Method Methods cannot be overridden.

parameters Required for Method parameters and Local variablesif they
Local variables are to be used by an Inner Class.
Note: A Class may not be both final and abstract.

native Methods Indicates a platform-specific method written in another
language.
Note: a method cannot be both native and abstract
static Initializers Indicates an initializer, method or variable belongs to a class
Methods vs an instance (object) of the class.
Variables Static initializers are processed once, when the classis
loaded.

Static methods are used to access static variables. They may
not be used to access non-static variables unless they specify
an instance of the class.

synchronized Methods Indicates a method acquires alock on an object before it
executes.
Used to control access to objects shared by multiple threads.
transient Variables Indicates the variable is not part of the permanent state of an
object and may not be serialized (written to a stream).
volatile Variables Indicates a variable may be changed by more than one thread.

Each thread hasiit's own copy of aworking variable. Volatile
ensures the variable is compared to the master copy each
timeit is accessed.

Access Special : . Access
’ Modifiers ’ Modifiers et super’ Songr ’ AhsdiEnss Control
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Declarations and Access Control - this and super
this (JLS §15.8.3)

« thisisan Object-Oriented Programming (OOP) operator

« itisused to refer to the current instance of an object

« it can be used in the body of aclass constructor to refer to the object being created

« it can be used in the body of an instance method or initializer to refer to the object whose method is being executed
« it cannot be used in a static method or initializer

« most commonly appears in constructors

« can be used to explicitly call another constructor

« When used in a constructor it must be the first statment in the constructors body

cl ass Super {

int Xx;
int y;

Super () {
System out. println("Super object being created.");

Super( int x, int y) {
this(); /! call no-arg constructor
this.x X;
this.y Y;

}
super

« super is an Object-Oriented Programming (OOP) operator

« Uused to call aconstructor declared in a classes superclass

« commonly used in constructors and to access hidden fields or invoke overridden methods in the superclass
« if usedin aconstructor, must be the first statment in constructor body

Remember
« Constructors are not inherited!
cl ass Subcl ass extends Super {

int w
Subcl ass(){

this(0,0,0); [/l call 3-param constructor
}
Subclass( int x, int y) {

this(x,y,0); [/l call 3-param constructor

http://www.janeg.ca/scjp/declarations/this.html (1 of 3) [15/03/2004 8:48:18 AM]




Java Quick Reference - Declarations and Access Control - this and super

}

Subclass( int x, int y, int w) {
super (Xx,Vy); /1 call superclass constructor
this.w = w

Remember
« You cannot use this() and super() in the same constructor.

Subclass( int x, int y, int w {
this();
super (X, Y); /1 conpile-error

Example Code

o TestThisAndSuper.java

TestThisAndSuper.java
cl ass Test Thi sAndSuper {

public static void main(String[] args) {

Super sup = new Super (10, 15);
System out. println("Super x:

n

+ sup.x + " y: " + sup.y);

Subcl ass sub = new Subcl ass( 20, 25, 30);
Systemout.println("Sub x: " + sub.x + " y: " + sub.y +" w " + sub.w;

cl ass Super {

int x;
int y;

Super () {
System out. println("Super object being created.");

Super( int x, int y ) {
this(); /1 call no-arg constructor
this.x X;
this.y y;
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cl ass Subcl ass extends Super {
int w

Subcl ass() {
this(0,0,0); /1 call 3-param constructor

Subclass( int x, int y ) {
this(x,y,0); /1 call 3-param constructor

Subclass( int x, int y, int w) {
super (X, Y); /1 call superclass constructor
this.w = w

}
TestThisAndSuper.java
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Declarations and Access Control - Scope

« names are used to identify entities declared in a program ie classes, methods, variables,
parameters, etc

« each name or identifier occupies a particular namespace
« every declaration has a scope; the areas of a program from which it can be accessed by its

simple name

Declaration Scope (accessible from)

package all compilation units within the package

import all the classes and interfaces within the compilation unit (source code
file)

class or interface all other declarations within the same file

label the statements immeadiately enclosed by the labeled statement ieif a
loop is labelled, everything declared within the loop-construct has
access to the label

member the body of the class and anything declared within the class

parameter the body of the method or constructor

local variable the code block in which the declaration occurs

local class the enclosing block including the local class body

local variableina the body of the for-loop

for-loop initializer
parameter inacatch  the body of the catch clause
clause

Order of searching for an identifier (JPL pg 113 and JLS 86.5)

« when aname (identifier) is used; the meaning, or scope, of it's name is searched for based on
where it appears in the code starting with:

1. if used in a code block, for-loop, or in a catch clause, search isfor alocal variable within the
enclosing construct

2. if inamethod or constructor, searches for a matching parameter
3. search continues for a class or interface member, including inherited members

if its a nested type, searches enclosing block or class. If its a static type, only static members
of enclosing blocks or classes are searched.

explicitly named imported types

other types declared in the same package
implicitly named imported types
packages on the host system

Shadowing (JLS 86.3.1)

E

© N o o

« Because of the way identifiers are looked up; shadowing declarations can occur
« For example, afield declaration can be shadowed by alocal variable declaration

cl ass Test Shadow ng {
static int x = 1; /] field variable

public static void nmain(String[] args) {
int x = 0; /] local variable
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Systemout.println("x =" + X);
System out . printl n("Test Shadowi ng. x = " + Test Shadowi ng. x)
}
}
CQut put :
x =0
Test Shadowi ng. x = 1
« becausetheidentifier x is used within a code block main() a search is made for a declaration
of x within the body of main(). Asoneisfound, int x = 0, the simple identifier name x is
assumed to be within scope as alocal variable
« toaccessthefield variable x, you must use its fully-qualified name TestShadowing.x
Note
« it was not necessary to instantiate an instance of the TestShadowing object to
access the static field variable. If x had been an instance variable it would have
been necessary to create a new instance of TestShadowing and use it's reference
to access x
Hiding

« Shadowing is not the same as hiding

« hiding applies to members that would normally be inherited but are not because of a
declaration of the same identifier in asubclass (JLS § 6.1.3)

cl ass SuperA {

int x = 10;
}
cl ass SubA extends SuperA {

int x = 20; /1 hides x in superclass
}

« amethod can hide a method in the superclass by overriding it

static Methods cannot be overridden

« amethod cannot override a static method in the superclass; however, it can hide
it by using the same declaration

cl ass SuperA {
static void nmethod2() {
}

}

cl ass SubA extends SuperA() {
voi d method2() {

/! decl aration causes a conpile-error

static void nethod2() {
/1 conpiles ok
}

« static methods are hidden vs overridden as the JL S states they "cannot be

overridden" so the compiler never compares subclass method declarations to
static superclass method declarations.

« astatic method in a subclass cannot hide an instance method in the superclass
(JLS88.4.6.2)
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}

cl ass SuperA {

cl ass SubA extends SuperA() {

void nmethodl() {
}

static void nethodl() {
/1 conpile-error
}

a hidden method can be accessed by using super(), casting to the superclass or using the
methods fully qualified name (JLS §8.4.6.2)

((SuperA)y).nethod2(); // cast to access hi dden nethod

instance variables can hide static and non-static variablesin the superclass (JLS §8.4.6.1)

Obscuring (JLS 8§86.3.2)

there may be times when a simple name could be interpreted as avariable, atypeor a
package

based on the rules, avariable will be chosen before atype, and atype before a package
in such situations a declaration is said to be obscured
following naming conventions helps to avoid obscuring (see Naming conventions).

Also See

Tech Tip on Sun Site re: Shadowing, hiding, etc

Example Code

o TestShadowing.java

o TestHiding.java

Access Special : . Access
Modifiers Modifiers N SHEE R kslic ke Control
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Declarations and Access Control - Inheritance
Package members (JLS §6.4.1)

« package membersinclude all subpackages, and all top-level class and interface types
declared in the package source files

« subpackages are determined by the host system.
« thejava package always includes the subpackages lang and io and may include others
« no two distinct members of a package may have the same simple name

Class and Interface members (JLS 86.4.2 & §86.4.3)

« class members are fields, methods, classes or interfaces declared within the body of the class
or inherited by the class

e constructorsare not members
« afield or method can have the same simple name
« amember class or interface can have the same name as afield or method

« aclass can have two different field variables with the same simple name if they are declared
in different interfaces and are inherited but they can only be accessed using their
fully-qualified names (compile-error: ambiguous results if simple names are used)

« aclass can have two or more methods with the same simple-name if their signatures are
different (overloading)

« aclass may have a method with the same simple-name and signature as an inherited method.
The original method is not inherited and the new member is said to implement it, if the
original was abstract or override it

Array members (JLS 86.4.4)

« thepublicfina field length which contains the number of components in the array (may be
Zero or any positive number)

« the public method clone which overrides the method clone in Object and throws no checked
exceptions

« al membersinherited from class Object

Access Special : . Access
’ Modifiers ’ Modifiers et super’ Songr ’ AhsdiEnss Control
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Declarations and Access Control - Access
Control

« accessibility isastatic that can be determined at compile time
« it depends only on types and declaration modifiers
« accessihility effectsinheritance of class membersincluding hiding and overriding

Determining accessibility (JLS 86.6.1)

1. apackageisaways accessible

2. apublic classor interface is accessible from any code aslong asit's compilation unit is
reachable by the code

3. anarray isaccessibleif and only if it's element typeis accessible

4. amember of areferencetype (ie aclass, interface, field or method of an object reference) or
aclass constructor is accessible only if the member was declared to allow access

o declared public, all code can access the member

o declared protected, accessible from other code within the same package or from
subclasses in other packages if the outside code isinvolved in the implementation of
the class. For example, the following produces a compile-error

package point;

class Point {
protected int X, vy;
}

package threepoint;
i mport point. Point;

cl ass ThreePoi nts extends Point {
protected int z;

public void delta(Point p) {
p.x += this.x; // conpile-error: cannot access p.X
p.y += this.y; // conpile-error: cannot access p.y

}

Even though ThreePoints is a subclass of Point, it cannot
access the protected fields in Point. The subcl ass must be
involved in the inplenmentation of Point. The fact that the
code is within the body of a subclass is irrelevant. To the
conpiler, Point is a type reference and p.x and p.y are
decl ared protected in the type Point.

If the paraneter is changed to ThreePoints p the code will
conmpil e as the type ThreePoints inherits the protected fields
x and y from Point.

« declared private, accessible only from within the body of the enclosing class; private
members are not inherited
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class Privatel {
private bool ean state;

Privatel() {
Systemout.println("Privatel state: " + state);
}

}

class Private2 extends Privatel {

Private2() {
/1 conpile-error
Systemout.printin("Privatel state: " + state);

}

« if no access was declared, default access appliesie accesible only from code within the same
package

Example Code

« Point.java
o ThreePoint.java
o TestPrivateAccess.java

Access Special : ; Access
Modifiers Modifiers N SHEE Llisfifies Control
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Flow Control and Exception Handling -
Statements
Java Statements (JJ pg108)
Statement |Dw:ri ption
empty consists of ; and performs no operation
block group of statements enclosed in {}. Treated as a single statement when
used with other statements
{ x +=y;
if( x <10)
return vy;
}
declaration declares a variable with a particular type and optionaly assigns avalue:
int x = 10;
labeled any statment may be labled using identifier:
start Loop:
for( ;; ){}
assignment evaluates an expression and assigns the result to avariable: x =y + z;
invocation calls an object method: s.toString();
return returns avalue from a method call: return x;
Object creation  |creates anew instance of agiven class. String s= new String("abc");
if..else selects between two alternatives
if( a==b)
/[l do this
el se
/1 do this
switch selects from various alternatives
switch( a ) {
case 1:
case 2:
case 3:
defaul t:
for executes a set of statements for a defined number of iterations
for( int i=0; i<10; i++ ) {
/1l do this
}
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while

executes a block of statements while aconditionistrue

whil e( !'done ) {
/1 do this
}

do

executes a block of statments while a condition isfalse

do {
/1l this
}while( !done );

break

transfers the flow of control to alabeled block or out of an enclosing
statement

continue

forces aloop to start the next iteration

try-catch-finaly

catches and processes exception errors that occur during the execution of
agiven block of code

try {
/1l some operation

} catch (Exception e) {
/1 handl e the exception

} finally {
/1 do this
}
throw throw an exception
synchronized gets alock on an object and executes a statement block
synchroni zed(obj ) {
obj . set Property(x);
}
Statements if switch for while do
. Handling .
Labes ot ry-cach-tinally
Labels Exceptions Excentions try-catch-finall
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Flow Control and Exception Handling - if...else
Statement

Syntax

i f( bool ean expression ) {
st at enent 1;

st at enent n;

}

i f( bool ean expression ) {
st at enent 1;

st at ement n;
} else {
st at ement a;

statenment z;
}
« the expression must be a boolean type
« curly braces are only required if there is more than one execution statement
« inthefirst form, the statements are only executed if the boolean expression evaluatesto true

« inthe second form, the first set of statements are executed if the boolean expression
evaluates to true; otherwise, the statements following else are executed

o Mmay be nested

if( x ==y) {
/] do this

} elseif( x>y ) { /1 nested "if'
/] do this

} else {
/1 do this

}

Example Code

o Testlf.java

Traps

« anon-boolean value used inthei f ( )
« using the assignment operator '=' vs '=='

Statements if switch for while do

Handling

Labels Exceptions Excentions

try-catch-finall
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Flow Control and Exception Handling - switch
Statement

Syntax (JLS §14.10)

switch( expression ) {
case val uel:
statenment 1;
br eak;
case val ue2:
st at enment 2;
br eak;
case val ue3:
st at enment 3;
br eak;

case val uen:
st at ement n;
br eak;
defaul t:
st at enent s;

}

« transfers control depending on the value of an expression
« thetype of the expression must be byte, char, short or int
« caselabels must be constant expressions capable of being represented by the switch

expression type
Watch for mismatching case constants!
char c;
switch( ¢ ) {
case 'a':
case 'b':
case "c": /1 String, not character!
case 'd':
}

« No two case constant expressions may be the same
« thedefault case does not have to be at the end of the code block
« if no case matches the expression, the default case will be executed

« if break isomitted between case blocks the code will fallthrough, continuing to execute
statements until abreak statement or the end of the switch block is encountered

Example Code

o TestSwitch.java
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Java Quick Reference - Flow Control - switch Statement
TipsS

« you do not have to have a default statement

Traps

« duplicate case values
« Case statements with wrong type
» missing break statements

 using an expression vs a value promotable to int

« the default statement can appear anywhere in the construct, does not have to be last

Statements if switch for while do
: Handling ;
LaDEIS EXCEpUONS : try-caicn-finally
Labels Exceptions Eleaibis try-catch-finall
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Flow Control and Exception Handling - for
Statement

Syntax (JLS §14.13)

for( initialization; boolean expression; iteration ) {
statenent (s);

}

« executes someinitialization code, then repeatedly executes a boolean expression and some
iteration code until the expression isfalse

« al three parts are optional ie the following examples are legal

for( intialization; ; )

for( ; expression; iteration)

for( ; ; iteration)

for( ; ;) /'] endl ess | oop
Initialization

« initializes variables used within the loop
« if variables are declared within the loop, they are discarded after the loop completes

« For example, in the following code the initialization variable i is declared outside the for
loop; soit'svaueis till available once the loop completes

int i;

for (i=0; i<10 ; i++ ) {
/1 do sonething

}

Systemout.printlin("value of i: " +1i );
« Inthefollowing code, x is declared and initialized inside the for-loop and is therefore only
accessible within the loop

for (int x=0; x<10 ; x++ ) {
/1l do sonething

}
/1 conpile-error, cannot resolve synbol: x
Systemout.printlin("value of i: " + x );

« can be more than one initialization statement but the variables must either be declared
outside the for-loop or the type for the variables must be declared at the beginning

Fol | owi ng conpil es and runs ok:
for( int x=10, y=0; x>y; X--, y++){
Systemout.println( x + "\t" + y);
}
Fol | owi ng produces conpile error

int Xx;
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for( x=10, int y=0; x>y; X--, y++){
Systemout.println( x + "\t" +vy);
}

Boolean expression

« if the expression evaluates to tr ue the loop continues; otherwise, the loop is exited and
execution continues after the loop statment block

lteration

« if the expression evaluates to true, the block statements are executed and then the iteration
occurs

« if the expression evaluates to false, iteration does not occur
Break statement

« Yyou can use abreak statement to exit afor-loop at any time
« the break forces processing to the line following the for-loop statement block

for( i1=0; i1<10; i++){
if( i==5) break;
}

/1 process continues here after the break
Continue statement

« YOu can use continue to force processing to the next loop iteration

for( i=0; i<10; i++){
i f( i==b)
conti nue; [/l skip printing 5
el se

Systemout.println(i);
}

Example Code

o TestFor.java
o Jaworski Exam Question 7, Chapter 5
o Jaworski Exam Question 8, Chapter 5

Tips

« al sectionsof thef or () loop are optiona

Traps

« attempting to access a variable declared in the initialization outside of the for-loop

« incorrect initialization expression
« non-boolean expression

Statements if switch for while do
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. Handling .
LaDEIS EXCEPUONS epti try-caicn-finally
Labels Exceptions ExCentions try-catch-finall
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Flow Control and Exception Handling - while
Statement

Syntax (JLS §14.11)

whi | e( bool ean expression ) {
statenent (s);
}

« executes statement(s) repeatedly until the value of expression isfalse
« if the expression isfalsethe first time, the statements will never execute
int i = 1;

while( i>3 ) {
Systemout.println("This shouldn't print");
}

« both the break and continue statements can be used to alter the processing of awhile loop

while( i < 10 ){

if( i ==5) break; /1l break out of I|oop
Systemout.printlin(i);
i ++;
}
while( i < 10 ){
if( i==5) {
i ++;
conti nue; [l force next |oop
}
Systemout.printlin(i);
i ++;
}

Example Code

o TestWhilejava

Traps

« non-boolean expression
« using '='instead of '=="for boolean expression

Statements if switch for while do

Handling
Exceptions

Labels Exceptions try-catch-finally
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Flow Control and Exception Handling - while
Statement

Syntax (JLS §14.12)

do {
st at enent (s);
} whil e(bool ean expression);

« executes statement(s) until expression isfalse
« statement(s) are always executed at least once

do {
Systemout. println("A ways executed at |east once");
} while( false );

« break can be used to alter do-loop processing

do {
if( i==6 ) break; /1 exit |oop
Systemout.println(i);
i ++;

Iwhile( i < 10 );
« continue can be used to ater do-loop processing

do {
if( i==6) {
i--
conti nue; /] skip 6
} else {
Systemout. println(i);
==
}

} while (i >= 0);

Example Code

o TestDo.java
| Statements if | switch for while | do
. Handling .
LaDEIS EXCEPUONS pti try-cacn-finally
’ Labels Exceptions Excentions try-catch-finall
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Flow Control and Exception Handling - Label
Statements

Syntax

identifier:
« can be used with loops or statement blocks
o must precede the statement
« useful with break or continue which normally terminate or continue the innermost block

outer:
for( i=0; i<10; i++ ){
for( j=10; j>0; j--){

ifC ] ==5){
break outer; /] exit entire |loop
}
}
}
Qutput: 05
outer:

for( i=0; i<10; i++ ){
for( j=10; j>0; j--) {
if(j==5) {
conti nue outer; /] next iteration of i

}

}
Qutput: 10 5

Note

« two or more statements can have the same name as long as one is not enclosed
within the other

Example Code

o TestLabelsjava
o Jaworski Exam Question 9, Chapter 5

o Jaworski Exam, Question 10, Chapter 5

| Statements if switch for while do

Handling

. try-catch-finally
Exceptions

Labels Exceptions

http://www.janeg.ca/scjp/flow/labels.html [15/03/2004 8:48:31 AM]



mailto:feedback@janeg.ca
http://www.janeg.ca/scjp/flow/TestLabels.java
http://www.janeg.ca/scjp/flow/Q5_9.java
http://www.janeg.ca/scjp/flow/Q5_10.java

Java Quick Reference - Flow Control - Exceptions

Flow Control and Exception Handling -
Exceptions

Definition:
An exception is an event that occurs during the execution of a program that disrupts the
normal flow of instructions. (Sun tutorial: Handling Errors with Exceptions)
« exceptions provide a clean way to check for errors
« they are an explicit part of amethods contract

« exceptions are thrown at runtime if errors occur when aclassisloaded or during method
execution

« runtime exceptions are objects of the classesjava.lang.RuntimeException,
java.lang.Error or their subclasses

« runtime exceptions are also called unchecked exceptions
« code may also throw an exception using the throw statement
« these are non-runtime or checked exceptions

« any exceptions you create in your code should extend java.lang.Exception which
implements the interface java.lang.Thr owable

« Yyou create your own exceptions to add useful datato an error message or, if you are
interested in a particular error

« both forms of exceptions (checked and unchecked) may be caught and handled in
exception-handling code

« an uncaught exception is caught by a default handler which halts execution and displays an
error message

« exception handling is done using the try-catch-finally statment

| Statements if | switch for while | do
. Handling .
Labels EXCEPUONS pti try-cacn-finally
’ Labels Exceptions Excentions try-catch-finall
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Flow Control and Exception Handling -
Exception Handling

« methods must declare which checked exceptions they may throw in their throws clause

public void nethodNane throws Exceptionl, Exception2, ()

« Yyou do not have to include any checked exception which will be caught and handled within
the method

« amethod can throw multiple exceptions
« amethod can only thr ow exceptions that have been declared in the throws clause

« anoverriding method cannot throw any checked exceptions which are not part of the
original methods throws clause

« thethrows clause must also include any possible exceptions that can be thrown by the
method

« if you invoke a method that has a checked exception in its throws clause you can
1. catch and handle the exception
2. catch it and throw one of the exceptions listed in the method throws clause
3. declare the exception in your throws clause

« amethod which does not have a throws clause may still throw unchecked exceptions or
errors

« these exceptions and errors can occur at any time, in any code

St andard Unchecked Exceptions:

Arithmeti cException Il egal TrheadSt at eExcepti on
ArraySt oreExcepti on | ndexQut OFf BoundsExcepti on

Cl assCast Excepti on M ssi ngResour ceExcept i on
Enpt ySt ackExcepti on Negati veArraySi zeExcepti on
II'l egal Argunment Excepti on NoSuchEl enent Excepti on

1l egal Moni t or St at eExcepti on Nul | Poi nt er Excepti on

II'l egal St ateException Nurber For mat Excepti on

SecurityException

St andard Unchecked Errors:

Abstract Met hodErr or NoSuchFi el dErr or

Cl assFor mat Err or NoSuchMet hodEr r or

ExceptionlinlnitializerError Qut O Menor yErr or

II'l egal AccessError St ackOver f | owErr or

I ncompat i bl eCl assChangeErr or Thr eadDeat h

I nstantiati onError UnknownEr r or

I nt ernal Error Unsati sfi edLi nkErr or

Li nkageErr or Veri fyError

NoCl assDef FoundEr r or Vi rt ual Machi neError
o Staticinitiaizers, instanceinitializers, and class or variable initializers must not produce any

checked exceptions

« exceptions are thrown using the throw statement

t hrow Expression;
t hr ow new Exanpl eException();
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« or by invoking a method that throws an exception

« the expression must be an instance of a Throwable object ie the exception class must
implement Throwable

Statements if switch for while do

Handling

Labels Exceptions ExCentions

try-catch-finall
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Flow Control and Exception Handling -
try-catch-finally

Syntax (JPL pg155)

try {
statenents;

} catch (exceptionTypel identifierl) { /[l one or nultiple
statements;

} catch (exceptionType2 identifier2) {
statements;

}

.}lll‘inally{ /1 one or none
statenents;

}

« must include either one catch clause or afinally clause
« can be multiple catch clauses but only one finally clause
« thetry statements are executed until an exception isthrown or it completes successfully

« acompile-error occurs if the code included in the try statement will never throw one of the
caught checked exceptions (runtime exceptions never need to be caught)

« if an exception isthrown, each catch clauseisinspected in turn for atype to which the
exception can be assigned; be sure to order them from most specific to least specific

« when amatch isfound, the exception object is assigned to the identifier and the catch
statements are executed

« if no matching catch clause is found, the exception percolates up to any outer try block that
may handle it

« acatch clause may throw another exception

« if afinally clauseisincluded, it's statements are executed after all other try-catch processing
is complete

« thefinally clause executes wether or not an exception isthrown or abreak or continue are
encountered

Note

« If acatch clause invokes System.exit() the finally clause WILL NOT execute.

Also see

« Sun Tutorial on Handling Errors with Exceptions
e Sun Tech Tip: Finally Clause

Example Code

o Example code from Java 2 Certification

« Some other exception handling code
o Jaworski Exam Question 14, Chapter 5
o Jaworski Exam Question 15, Chapter 5
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| Statements if switch for while do
; Handling .
Labels Exceptions Excegfions try-catch-finall
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Conversions

Implicit conversions (JPL pg 121)

« conversions which happen automatically

« any primitive type value can be converted to atype which supports alarger value (widening
primitive conversion)

« implicit conversion occurs from integer to floating point values but not vice versa

« YOU can use an object of one type wherever areference to one of it's supertypesisrequired ie
you can reference up the class hierarchy but not down

« Yyou can assign anull object reference to any object reference

Explicit conversion (JPL pg 122)

« when one type cannot be assigned to another type through implicit conversion you can use
the cast operator

Identity Conversion (JLS 85.1.1)

« any type can be converted to it's own type
« only conversion alowed for boolean primitive type

Widening Primitive Conversion (JLS 85.1.2)

byte -> short ->int ->1long -> float -> double
char ->int ->1long -> float -> double

« widening conversions of integer types preserve the exact original value of the number
« runtime errors never occur as aresult of widening conversion

« which iswhy widening conversion does not allow byte and short valuesto be converted to
char asthe char typeis unsigned while byte and short are signed; the byte and short would
lose information

byte b = 126;

short s = 1000;

char c;

c =b; // conpile error: possible |oss of precision
c =s; [/ conpile error: possible |oss of precision

« widening conversion of anint or long to afloat may result in loss of precision however the
new float value will be the correctly rounded equivaent of the original number

« the same applies when along is widened to a double

Narrowing Primitive Converson (JLS 85.1.3)

double -> float ->long -> int > char -> short > byte
« narrowing primitive conversion may lose information about the overall magnitude of the
number and may also lose precision
« runtime errors never occur as aresult of narrowing conversion because compile time errors
occur if you try it; need to use cast operator
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« narrowing conversion loses all but the lowest bits (see Working with Binary, Octal and Hex
numbers)

« narrowing from floating-point numbers to integer numbers occurs within the following
minimum and maximum values (values are rounded-toward-zero)

I ong: -9223372036854775808. .9223372036854775807
int: -2147483648. . 2147483647
short: 0..-1
char: 0..65535
byte: 0..-1
« if thefloating-point valueis NaN the result is an int or long value of zero

Widening Reference Conversion (JLS 85.1.4)

« convert from any class, interface or array reference to an Object reference

« convert from any classto any interface that it implements

« convert from any class, interface or array type to anull reference

« convert from any subinterface to any interface it extends

« fromany array to type Cloneable or type java.io.Seriaizable

« from any array of referencesto an array of compatible reference types

« the above conversions never produce a runtime error or require special action

Y ou can't instantiate an interface reference as interfaces are always abstract

Superlnterface si = new Superlnterface(); /1 conpile-error

Narrowing Reference Conversion (JLS 85.1.5)

« from Object to any other class, interface or array type
« from any superclass to a subclass

« from any non-final classto any interface aslong as the class does not implement the
interface

« from any interface to any non-final class
« fromany interface to any fina class providing the final class implements the interface

« from any interface to any other non-superinterface and providing neither interface contains
methods with the same signature

« from any array of reference types to any other array of reference types as long as the types of
each array are compatible under the Narrowing Reference rules

The above will be allowed at compile time but may throw a runtime ClassCastException if the
types are not compatible

Summary

« widening conversions do not require casts and will not produce compile or
runtime errors

« harrowing conversions require explicit casts. Will compile ok but may result in
runtime ClassCastException errors

String Conversions
« every other type, including null, can be converted to String
Method Conversion

« each argument is converted to the type of the method parameters
« widening conversion isimplicit
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« narrowing conversion isnot implicit (values must be cast)

Forbidden Conversions (JLS 85.1.7)

« referenceto primitive

« primitive to reference (excepting String)

« null to primitive

« reference or primitive to boolean

« boolean to reference (excepting String) or primitive

« One classto another unless they have a superclass/subclass rel ationship (excepting String)
« find classto interface unless the final class implements the interface
« classto array unlessthe classis Object

« array to any class other than Object or String

« array to any interface other than java.io.Serializable or Cloneable

« interface to interface if they contain methods with the same signature

Also see

Sun Tech Tip: Narrowing and Widening Conversions

Example Code

o TestConversions.java

Traps

« Vvariables requiring narrowing conversion being passed to methods without using a cast
« assigning atyped byte or short variable to achar variable

Conversions | Promotion Overflow Unary Prefix Arithmetic
Bin/Hex/Octal Bitwise Shift Comparison Logical Assignment
Cast Ternar String equals() Precedence | BitvsLogic
Method
Invocation
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Operators and Assignments - Cast Operator

« the cast operator (type) is used to convert numeric values from one numeric type to another
or to change an object reference to a compatible type

« used to enable conversions that would normally be disallowed by the compiler

byte a = 1;

byte b = 2;

byte ¢ = a + b; /[l a and b are pronpoted to int
byte ¢ = (byte)(a + b); // conpiles ok

Casting with Object references (JLS 85.5, JJ pg 67)

« areference of any object can be cast to areference of type Object

« areference to an object can be cast into areference of type ClassName if the actual class of
the object, when it was created, is a subclass of ClassName

« areference to an object can be cast into areference of type InterfaceNameif the class of the
object implements Interface, if the object is a subinterface of InterfaceName or if the object
isan array type and InterfaceName is the Cloneable interface

If you cast up the class hierarchy you do not have to use the cast operator; if you are cast down the
class hierarchy you must use the cast operator (BB pg 41)

However, the compiler uses the declared type to verify the correctness of each method call; which
means you cannot invoke a subclass method from a superclass reference. (See post by Michael

Ernest at JavaRanch)
« acast may work at compile-time but fail at runtime if the actual class of the object cannot be
converted legally
« whileyou can cast up and down the class hierarchy, you cannot cast sideways
« Yyou can cast an object reference using String

Exanpl e from Java 2 Certification by Jam e Jaworski, pg 69

String s1 = "abc";

String s2 = "def";

Vector v = new Vector();
v. add(s1);

s2 = (String) v.elementAt(0); // cast all owed
Systemout. println();
Systemout. println("Value of s2: \t\t" + s2);

out put: abc
Note: if the String cast is omitted, the type of v.elementAt(0) is an Object and a compile
error (incompatible types) results.
« you cannot use String as a cast type for a primitive type
String s= (String)x isinvalid
you can use String s = new Byte(x).toString();

X x = new X();
Yy = new Y();
Z z = new Z();
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X xy = new Y(); // conpiles ok (up the hierarchy)

X xz = new Z(); [/ conpiles ok (up the hierarchy)

Y yz = new Z(); // inconpatible type

Yyl =new X(); [// Xis not aVY

Zz1 =newX(); // Xisnot aZz

X x1 = vy; /1 conpiles ok (y is subclass)

X x2 = z; /1 conpiles ok (z is subclass)

Y yl = (Y) x; /1 conpiles ok but produces runtime error
Zz1 = (2) x; /1 conpiles ok but produces runtine error
Y y2 = (Y) x1; /1 conpiles and runs ok (x1 is type Y)

Z 22 = (2) xz; /1 conpiles and runs ok (x2 is type 2)

Y y3 = (Y) z; /'l inconvertible types (casts sideways)
Z 23 = (2 vy, /'l inconvertible types (casts sideways)
Gbject o = z;

Object ol = (Y)o; // conpiles ok but produces runtime error

The casts work at compile time since the cast variable could conceivably be of a compatible type;
however, at runtime the type of the variable is known and if it cannot guarantee to implement the
contract of the cast type ajava.lang.CastClassException will be thrown.

Casting with arrays

« to cast an object reference to an array type reference, the object must be an array of a
component type that is compatible with the component type of the array type reference

double arr[] = {1.5, 2.256, 3.59};
i nt arrl[] = (int) arr; /] conpile-error

X[] arrX
Y[] arrY

{ new X(), new X(), new X() };
{ new Y(), new Y(), new Y() };

arrX = arrY, /1 conpiles ok

Also see:
« Conversions
Example Code
o TestCast.java
Tips

« you cannot cast a primitive type to an object reference, or vice versa
« yOu cannot cast a boolean type to another primitive type

Traps

« result of an integer operation on byte or short types being assigned to a byte or short without
an explicit cast
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Conversions | Promotion Overflow Unary Prefix Arithmetic
Bin/Hex/Octal Bitwise Shift Comparison Logica Assignment
Cast Ternary String equals() Precedence | BitvsLogic
Method
Invocation
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Operators and Assignments - Numeric
Promotion

Unary Numeric Promotion

« the Unary operators + and - when applied to byte, char or short numeric typesresult in the
operand being automatically promoted to an int.(JLS 85.6.1)

Exanpl e produci ng conpile error:

byte b 5; /1 assign byte val ue
byte bl +b; /1 found int, required byte
« unary promotion also appliesfor all shift operators. A long operator does not force the
conversion of aleft-hand int operator to long(JLS85.6.1)

Binary Numeric Promotion

« When operands are of different types, automatic binary numeric promotion occurs with the
smaller operand type being converted to the larger.

« thefollowing rules are applied in the order given. (JLS 85.6.2)
o if either operand is adouble, the ather operand is converted to double
o otherwise, if one of the operandsis afloat, the other operand is converted to a float
o otherwise, if one of the operandsis along, the other operand is converted to along
o otherwise, both operands are converted to int

Exanpl es produci ng conpile-errors:

byte = byte + byte; /1 found int, required byte
int =float + int; /1 found float, required int
long = float + |ong; /1 found float, required I ong
float = double + float; /1 found double, required float

Remember to check the type of the variable to which results are assigned

Rules apply to following operators:

« Additive: + and -

o Multiplicative: *, /, and %

o Comparison: <, <=, >, and >=
o Equaity: =and!=

« Bitwise: &, and |

Special case for Ternary conditional operator (JLS 815.25)

« if one of the operands is byte and the other is short then the type of the expression is short

byte = true ? byte : short // found short, required byte

« if one of the operandsis a constant of typeint and the other operand has a type of byte, short,
or char and the value of the int operand is within the other type range, the type of the
expression will be the type of the non-int operand.
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short = true ? short : 1000; // conpiles and runs K
short = false ? short : 1000; // conpiles and runs K

Example Code

o TestNumericPromotion.java

Traps

« expression assigning byte or short operationsto abyte or short variable

Conversions | Promotion Overflow Unary Prefix Arithmetic
Bin/Hex/Octal Bitwise Shift Comparison Logica Assignment
Cast Ternary String equals() Precedence | BitvsLogic
Method
Invocation
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Operators and Assignments - Overflow and
Underflow

« anoverflow results when a calculated value is larger than the number of bytes allowed for its
type

« aunderflow results when a calculated value is smaller than the number of bytes assigned to
itstype

« Java handles overflows by discarding the high-order-bytes that won't fit into the number of
bytes allowed by its type (JJ pg 52)

int n = 2000000000;
Systemout.println(n * n); // output: -1651507200

An int is 32-bits, the result of n*nis
4, 000, 000, 000, 000, 000, 000 whi ch
needs 64-bits which in binary is:

---------- hi gh-order bytes -------
00110111 10000010 11011010 11001110

------- | ow order bytes -----------
10011101 10010000 00000000 00000000

because an 32-bit cannot retain the nunber,
the 4 high-order bytes are
dropped | eaving the four | ow order bytes:

10011101 10010000 00000000 00000000

whi ch represent 1651507200 and since the right nost bit
is althe sign value is negative

« overflow or underflow conditions never throw aruntime exception; instead the sign of the
result may not be the same as that expected in the mathematical result

Y ou probably won't need to calculate overflows or underflows on the exam but should understand
how they work.

(also see Working with Hex, Octal and Binary numbers)

| Conversions ’ Promotion Overflow | Unary ’ Prefix Arithmetic
|Bin/Hex/OctaI’ Bitwise Shift | Comparison ’ Logical Assignment
| Cast ’ Ternary String equals() ’ Precedence | BitvsLogic
Method
Invocation
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Operators and Assignments - Binary/Octal/Hex
and Decimal Number Systems

Probably not directly required on exam but helpful when using bitwise and logical operators.

Decimal system

« the decima number system we use every day is built on base ten 10,

« itisbased on 10 positions numbered O thru 9
« each position corresponds to a power of 10

1024 = 1 x 103 -> 1 x 1000 = 1000
0 x 102 ->0 x 100 = 000

2 x 101 -> 2 x 10 = 20

4 x 100 -> 4 x 1 = 4

1024

Binary system

« computer memory is based on the electrical representation of data

« each memory position is represented by abit which can be either "on’ or 'off'. This makesit
easier to represent computer memory using a base 2 number system rather than the base 10
decimal system.

« thebinary system represents numbers by a series of 1's and 0's which correspond to ‘on' and
‘off' values

« alrepresentsan'on' position, a0, an 'off' position
« abyteisrepresented by 8 bits numbered O to 7 from left to right
« theleftmost bit is called the high-order bit, the right most bit, the low-order bit

« inthedecimal system, each position corresponds to a power of 10, in the binary system, each
position corresponds to a power of 2

01001001 = 0 x 27 ->0x 128 = 0
1 x 26 ->1x 64 = 64

0 x 25 ->0x 32 =0

0 x 24 ->0x 16 = 0

1 x 28 -> 1 X 8 = 8

0 x 22 -> 0 X 4 = 0

0 x 21 -> 0 x 2 =0

1 x 20 -> 1 x 1 =1

73

« thelargest number which can be represented by a byte is 255 or
128+ 64+ 32+ 16+ 8+ 4 + 2 + 1 = 255 or the bit pattern: 1111 1111

« the smallest number is O represented by the bit pattern: 0000 0000
« 0to 255 gives 256 possible values

Two's-complement

« thetwo's complement method allows us to represent negative and positive values within the
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0 to 256 hit positions

in this system the numbers 0 thru 127 represent themselves and the numbers 128 to 256
represent negative numberswhere 255 = -1, 254 = -2, 253 =-3, ...

-lisrepresented by 256 - 1 = 255, -127 is represented by 256-127 = 129, and -50 would be
represented by 256 - 50 = 206

the high-order bit (the 7th position) is reserved for the sign value of a number
a0in the high order bit means 'the sign value is set to positive'
alinthe high-order bit means 'the sign value is set to negative

01111111 = O + 64 +32 +16 +8 +4 +2 +1 = 127
10000000 = 128 or set sign negative
11111111 = O - 64 - 32 - 16 - 8 - 4 - 2 -1 = -127

larger numbers are represented by increasing the number of bitsin a memory block

thisis donein multiples of 8 hence 16-bit, 32-bit and 64-bit memory

16-bit memory can store numbers up to 216-1, 32-bit, 232-1, 64-bit, 264-1

if signed numbers are being used, the left-most bit still represents the sign

0, 16-bits allows us to store 0 to 65,535 positions (216 - 1), 32-bits, 0 to 4,294,967,295 (232 -
1)

using two's-complement arithmetic with 32-bit memory, subtract the negative number from
65,536 to find it's positive complement ie -336 would be represented by 65536 - 336 = 65200

Octal system

uses base 8

octal digits are represented by 0 thru 7

each position is a power of 8

each octal number can be represented by 3 binary digits
22421420 = 442+1 =7

|Decima|| Octal | Binary

0

0 000

001

010

011

100

101

O O & W N

110

~N| O O B W N

| 7 |111

to convert from Octal to Binary just replace the octal digit with the corresponding binary
pattern

Cctal . 17 Bi nary: 001 111
to convert from Binary to Octal just replace the binary pattern with the corresponding octal
digit

Bi nary: 111 010 Cctal: 72

Hexidecimal system

the hexidecimal system uses a base of 16
hexidecimal digits are represented by 0 thru 9 and the letters A,B,C,D,E,F
one hexidecimal digit corresponds to a four-digit binary number
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o 28422+421420=8+4+2+1=15

Decimal | Hex | Binary |Decimal| Hex | Binary
0 0 0000 8 8 1000
1 1 0001 9 9 1001
2 2 0010 10 A 1010
3 3 0011 11 B 1011
4 4 0100 12 C 1100
5 5 0101 13 D 1101
6 6 0110 14 E 1110
7 7 0111 15 F 1111

« thismakesit easy to convert a number from binary to hex (just replace the binary pattern
with the hex digits) or from hex to binary (replace the hex digit with the binary pattern)

Bi nary: 0000 1111 -> Hex: O0xOF

Bi nary: 1011 0011 0000 0010 -> Hex: 0xB302

Hex: OxAOFF -> Binary: 1010 0000 1111 1111
Hex: OxFO75 -> Binary: 1111 0000 0111 0101

Converting between number systems

« to convert adecimal number to aHex, Octal or Binary number divide by the required base,
the resulting remainders, in reverse order represent the required value

Convert Decimal 49 to Binary 49:

49 | 2 = 24 remai nder: 1 ( 49 - 2*24 = 49 - 48 = 1)
24 | 2 = 12 remai nder: O (24 - 2¥12 = 24 - 24 = 0)
12/ 2 = 6 remai nder: 0 (12 - 2* 6 =12 - 12 = 0)
6/ 2= 3 remai nder: 0 ( 6-2*3 = 6- 6=0)
3/ 2= 1 remai nder: 1 ( 3-21= 3- 2=1)
1/ 2= 0 remai nder: 1 ( 2-2*0= 1- 0=1)
Proof: 110001 = 32+16+0+0+0+0+1 = 49,
Convert Decimal 49 to Cctal 49:
49 / 8 = 6 remai nder: 1 (49 - 86 = 49 - 48 = 1)
6/ 8=0 remai nder: 6 ( 6-80= 6- 0=06)
Proof: 61g = (6 * 81) + (1 * 80) = 48 + 1 = 494,
Convert Decimal 49 to Hexidecimal 49:
49 /| 16 = 3 remai nder: 1 (49 - 16*3 = 49 - 48 = 1)
3/ 16 =0 remai nder: 3 ( 3-16*0= 3 - 0 =23

Pr oof : 3116 = (3* 161) + (1*160) =48 + 1 = 4910
« inJavaoctal numbers are represented by 3 digits beginning with a zero, so 61g would be
written as 061
« Hex numbers are always represented by 4 digits preceeded by 0x, so 31, would be written
as 0x0031

« when converting large decimal numbers to binary, the smplest method isto convert to Hex
and then to binary
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Convert 4823 to Hex:

4823 /| 16 = 301 rerminder: 7 (4823 - 16*301 = 4823 - 4816 = 7)
301/ 16 = 18 remainder: 13 ( 301 - 16* 18 = 301 - 288 = 13)
18/ 16 = 1l remainder: 2 ( 18 - 16* 1 = 18 - 16 = 2)
1/ 16 = O remainder: 1 ( 1- 16 0 = 1- 0= 1

Hex val ue: 0x12D7
Hex val ue converted to binary: 0001 0010 1101 0111

« when converting large binary numbers, the simplest method isto convert to Hex and then to
decimal

Convert Binary 0001 0010 1101 0111 to deci nal

0001 1 1 * 163 = 4096
0010 2 2 * 162 = 512
1101 D 13 * 161 = 208
0111 7 7 * 160 = 7
4823

Study aids

« If you have Windows 95 you can use the Calculator in the Scientific mode
(Start->Programs->A ccessories->Cal culator) to check results of decimal to hex, binary, and
octal conversions.

« You can also use the Java Integer wrapper class to output binary, hex and octal strings.
Example: System.out.printin(lnteger.toBinaryString(-29));

« Marcus Greene has a great applet that lets you play around with bit-shifting at
http://www.software.u-net.com/appl ets/BitShift/BitShiftAr.html

References:

o C: Sep-by-Sep by Mitchell Waite and Stephen Prata, SAMS, 1991
o Hexidecimal and Octal Notation

| Conversions ’ Promotion Overflow | Unary Prefix Arithmetic
|B|n/Hex/OctaI ’ Bitwise Shift | Comparison Logical Assignment
| Cast ’ Ternar String | equals() | Precedence | BitvsLogic
’ Method ’

Invocation
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Operators and Assignments - Unary Operators

« Operate on asingle operand

« theunary ~, + and - operators can only be applied to numeric primitive types
« theunary ! (logical complement) can only be applied to a boolean type

« rulesof unary numeric promotion apply

Unary ~ Bitwise complement (inversion) (JLS 815.15.5)

« only used with integer values
« invertsthe bitsie a 0-bhit becomes 1-bit and vice versa
« inall cases~x equals (-x)-1

byte b0 = 7; /1 binary: 0000 0111

byte bl = ~b0; /! binary: 1111 1000 ( -8 )
~7 =-7-1 = -8

~3578 = -3578-1 = -3579

~-1234 = -(-1234)-1 = 1233

Unary ! Logical complement (JLS 815.15.6)

« returnsthe logical complement of aboolean type

true; /1l conplement of 'false' is '"true'
fal se; [l conplement of '"true' is 'false'

I (fal se)
I (true)

Unary + operator (JLS 815.15.3)

« theresult of the unary + operator isavalue not avariable

byte b = +5; [l result: 5

The unary plus (+) operator has no effect on the sign of avalue; it isincluded for symmetry only
and to allow the declaration of constants
ieMIN_VALUE = +2.0; (JPL pg 128)

Unary - operator (JLS 815.15.4)

« for integers negation effect is the same as subtraction from zero
« two's complement is used for integers so for al vaues of x, -x equals (~x)+1

e b;
-5; /1 result: -5
(~5) + 1; /[l result: -5

by
b
b

In -

« negation of the maximum negative int or long value results in the same number. An overflow
occurs but no exception is thrown.

int i;
long | = OL;
i = -(-2147483648); /1 result: -2147483648

http://www.janeg.ca/scjp/oper/unary.html (1 of 2) [15/03/2004 8:48:40 AM]



mailto:feedback@janeg.ca

Java Quick Reference - Operators - Unary Operators

| = -(-9223372036854775808L) // result: -9223372036854775808;
« for floating-point negation is not the same as subtraction from zero
« theunary (-) operator merely negates the sign of the value

double d = 0D;
d -(15.63); /1 result: -15.63
d -(-15.63); /!l result: 15.63

Example Code

o TestUnaryQuestions.java

Conversions | Promotion Overflow Unary Prefix Arithmetic
Bin/Hex/Octal Bitwise Shift Comparison Logical Assignment
Cast Ternary String equals() Precedence | BitvsLogic
Method
Invocation
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Operators and Assignments - Prefix and Postfix
Operators

« theoperators ++ and -- are used to increment or decrement a variable value by 1

« binary numeric promotion is applied on both the 1 and the variable value before the
addition or subtraction occurs (ie at a minimum both values are promoted to an int) BUT the
type of the expression is the type of the variable so narrowing conversion is applied if
necessary ieif the original variableisabyte, short, or char theresult is narrowed to the

corresponding type
byte b = 2;
byte bil;

bl = ++b; // no error although pronotion occurs

b = 127;

bl = ++b; // result: -128 (no error as fits within byte type)
« the expression has the same type as the variable

« they can appear before avariable (prefix) or after avariable (postfix)

« cannot be used with final variables

Prefix (++x) and Postfix (x++) increment operators

« 1isadded to the value of the variable and the result is stored back in the variable
« both operators have the same effect asx = x + 1

int Xx;
X = 0;
++X; /Il result: 1
x = 0;
X++; /[l result: 1

Prefix (--x) and Postfix (x--) decrement operators

« 1issubtracted from the value of the variable and the result is stored back in the variable
« both operators have the same effect asx =x - 1

int x;
x = 0;
--X; /] result: -1
X = 0;
X- - /] result: -1

Using prefix and postfix operators in expressions

« when aprefix expression (++x or --x) is used as part of an expression, the value returned is
the value calculated after the prefix operator is applied
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int x = 0;
int y = 0;
y = ++X; /[l result: y=1, x=1

X is incremented by 1 and the result

« when apostfix expression (x++ or x--) is used as part of an expression, the value returned is

the value calculated befor e the postfix operator is applied

is assigned to y

int x = 0;
int y = 0;
y = X++; /1 result: y=0, x=1

original value of x is stored, x is increnented,

original value of x is assigned to vy

« when using the postfix form of the operators do not try constructs like

int x = 0;

X = X++; /] result: 0, x is not increnented

original value of x is saved (x0rig)
X is increnented
x0rig js assigned to x

therefore, x will always equal original value

Effect on 'char’' type

« both the prefix and postfix forms may be used on char types

char ¢ = 'a';
c++; /] result: b
--C; /] result: a

« thetype of the variable does not change

Example Code

o TestPrefixAndPostfix.java

Tips

« postfix/prefix operators have the highest level of precedence

« remember that when the postfix operator is used in an expression, the current value of the

variableis used
Conversions | Promotion Overflow Unary Prefix Arithmetic
Bin/Hex/Octal Bitwise Shift Comparison Logical Assignment
Cast Ternar String equals() Precedence | BitvslLogic
Method
Invocation
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Operators and Assignments - Arithmetic
Operators

Additive operators (JLS 815.18)

o +and-
« have the same precedence and are |eft-associative

« oOperands must be primitive numeric types (see exception for String and +) or compile error
occurs

Multiplicative operators (JLS 815.17)

o *./,%
« have the same precedence and are |eft-associative
« operands must be primitive numeric types or compile error occurs;

Integer Division and Division by Zero (JJ pg 50, JLS §15.17.2)

« integer division rounds towards O; ie result is truncated

10/ 3 = 3; [/l truncated result
« if thevalue of the divisor in integer division is0 an ArithmeticException is thrown

10/ O /1l runtinme error: ArithmeticException

« if thevalue of the divisor in floating-point division is 0 no exception is thrown; the value of
the results are as follows:

o division of apositive floating-point value: POSITIVE_INFINITY
o division of anegative floating-point value: NEGATIVE_INFINITY
o division of afloating-point value by -0: POSITIVE_INFINITY

10.34/ O /1 result: Infinity
-10.34/ O /[l result: -Infinity
10.34 / -0 /[l result: Infinity
0 /0 /1 result: NaN (Not a nunber)

Modulo operations (JLS 815.17.3)

« the modulo operator % is also called the remainder operator asit returns the remainder, or
fractional part, of adivision operation

o« X%Yyisequivaenttox - ((int) (x/y) * y)
« can be used with both integer and floating-point numbers
« following rules apply asto the sign of the result:
0 result isnegative if the divdend is negative
o resultispositiveif the divdend is positive
o if thedivisor is zero, aruntime ArithmeticException is thrown
O

if the dividend is afloating-point value and the divisor is zero, no exception is thrown
and the result is NaN

5 %3 = 2
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-5 %3 =-2
50 %3 = 2.0
-5.0 %3 =-2.0
5.0 %0 = NaN [/ not a nunber
Also see:

« Binary numeric promotion

o Overflow and underflow

e Sun Tech Tip: Division by Zero

Example Code

TestArithmetic.java

Traps

« floating point operation throwing an ArithmeticException

| Conversions | Promotion Overflow Unary Prefix Arithmetic
| Bin/Hex/Octal Bitwise Shift Comparison Logical Assignment
Cast Ternary String equals() Precedence | BitvsLogic
Method
Invocation
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Operators and Assignments - String Operators

« the+ and += operators both work on Strings
« operators actually signfy concatenation
« theresult of the operation is anew string

« Strings are objects, not primitive types, and are read-only and immutable; the contents
never change

« String variables storereferencesto a string object NOT the string itself

String str = "Hello";

String strl = "Universe!";

String str2 = str + strl; // join the two strings together
String str3 =""

str3 += str; // += only works with an initialized var
String str4 = str2;

« inthe above code areferenceto the string "Hello" is stored in the variable str
« areferencetothestring "Universel" is stored in the variable str1

« areferenceto anew string "Hello Universe!" is stored in the variable str2

« thereferencefor anew string "Hello" is stored in variable str3

str3 == str // false (ref to different String objects)
« thereferencefor str2isstored in variable str4

str4 == str2 // true (references are the sane)

Where it can get confusing

« the String class creates a pool of Strings

« when you create a String by using the new operator or by using the + and += operators (the
string is computed at runtime) you are implicitly telling the compiler to create a new String
object

« When you create a String by assigning a string literal the compiler searches the existing string
pool for an exact match. If it finds one, anew string isNOT created. Instead the variableis
assigned areference to the existing pooled string.

String str5 = "Hello Universe!"; // created in the string pool

String str6 = "Hello Universe!";

str5 == str2 // false (str2 is not part of the pool, created
/] using '+ operator)

str5 == str6 // true (matched an existing string found

/1 in the pool)
« toactually compare the contents of String objects use the String method equal ()

str5.equal s(str2); // true (both objects hold the sanme string
/1 characters)
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Strings and primitive types

« by therules of String Conversion (see Conversion) any type can be converted to a string
« thisincludes the primitive types

« for primitive types, conversion occurs by the compiler calling Type.toString(x) behind the
scenes.

int x = 10;
Systemout.println("Result: " + x);

is the sane as
Systemout.println("Result: " + (Integer.toString(x)) );
Also see:

o String literals
e Sun Tech Tip: Interning Strings

Example Code

o TestStringOperators.java

Tips

« String operations whose result does not alter the original string (ie calling toUpperCase() on
a String that is already in uppercase) return the original string reference; otherwise they
return areference to anew String

« Stringsare immutable; the original String value can never be changed

Traps
« using == to compare the contents of two different String objects
| Conversions | Promotion Overflow Unary Prefix Arithmetic
| Bin/Hex/Octal | Bitwise Shift Comparison Logical Assignment
| Cast | Ternary String equals() Precedence | BitvsLogic
Method
Invocation
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Operators and Assignments - Bitwise Operators

« & AND, | OR, ™ exclusive OR

« used for operations on integer and boolean values (see logical bitwise operators)
« resultsare calculated bit-by-bit

« binary numeric promotion rules apply

o left associative
« order of precedence: &, *,

& AND operator

« returnsal if corresponding bitsin both operands have a1, otherwise returnsa 0

63
252

00000000 00000000 00000000 00111111
00000000 00000000 00000000 11111100

00000000 00000000 00000000 00111100 -> 60

| OR operator

« returnsa0 if corresponding bits in both operands are 0, otherwise returnsa 1

63
252

00000000 00000000 00000000 00111111
00000000 00000000 00000000 11111100

00000000 00000000 00000000 11111111 -> 255

N exclusive OR

« returnsaOif the corresponding bits of both operands are both 0 or both 1, otherwise returns a

1
63 = 00000000 00000000 00000000 00111111
252 = 00000000 00000000 00000000 11111100
00000000 00000000 00000000 11000011 -> 195
Also see

« Unary bitwise complement operator ~

o Logica (boolean) bitwise operators

Example Code
« TestBitwisejsva
Tips

« precdenceorderis. & " |
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| Conversions | Promotion Overflow Unary Prefix Arithmetic
Bin/Hex/Octal Bitwise Shift Comparison Logical Assignment
Cast Ternary String equals() Precedence | BitvsLogic
Method
Invocation
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Operators and Assignments - Logical Operators

Boolean logical operators & | and *

« when both operands are boolean the result of the bitwise operators & | and ” is aboolean
o & -trueif both operands are true, otherwise false

« " -trueif both operands are different, otherwise false

» | -falseif both operands are false, otherwise, true

true & true = true; /1l both operands true

true & false = false; /1 one operand is false

true ~ false = true; /1 both operands are different
true ™ true = fal se; /1 both operands are the sane
true | false = true; /1 one operand is true

false | false = fal se; /1 both operands are false

Conditional AND Operator &&

« both operands must be boolean

« resultisaboolean

« returnstrueif both operands are true, otherwise false

« evaluates the right-hand operand only if the left-hand operand istrue

true & & true = true; /'l both operands eval uated
false & & true = fal se; /1 only | eft-operand eval uat ed

Conditional OR Operator ||

« both operands must be boolean

« resultisaboolean

« returnstrueif one of the operandsistrue

« evaluates the right-hand operand only if the left-hand operandsisfalse

false || true = true; /1 both operands eval uated
false || false = fal se;
true || false = true; /1 only | ef-operand eval uat ed
true || true = true;

The conditional operators are also referred to as short-cir cuit operators.

Also see

o Integer Bitwise operators
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Example Code

o TestLogical.java

Conversions | Promotion Overflow Unary Prefix Arithmetic
Bin/Hex/Octal Bitwise Shift Comparison Logical Assignment
Cast Ternary String equals() Precedence | BitvsLlLogic
Method
Invocation
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35

31 -> Oxif
&

Shift val ue

-29

31 -> Ox1f
&

Shift val ue

Deci nal 16

fill

replaceit

Left-shift 5
right
di scard left
« thesign-bit is shifted to the left aswell, so it can be dropped off or a different sign can

val ue << 2

« when the value to be shifted (left-operand) is an int, only the last 5 digits of the right-hand
operand are used to perform the shift. The actual size of the shift is the value of the
right-hand operand masked by 31 (0x1f). ie the shift distance is aways between 0 and 31 (if
shift valueis > 32 shift is 32%value)

00000000
00000000

o << |eft-shift, >> right-shift, >>> unsigned right-shift
« only used on integer values

« binary numeric promotion is not performed on the operands; instead unary promotion is
performed on each operand separately (JLS §15.19)

« both operands are individually promoted to int if their type is byte, short or char

« along shift operator does not force aleft-hand int value promation to long (JLS85.6.1)
« left-associative

« left-hand operator represents the number to be shifted
« right-hand operator specifies the shift distance

Operators and Assignments - Shift Operators

/! 2 is the distance to be shifted

00000000
00000000

00000000
00000000

00100011
00011111

00000000

11111111
00000000

00000000

11111111
00000000

00000000

11111111
00000000

00000011

11100011
00011111

00000000

00000000

00000000

00000011

_>3

« when the value to be shifted (left-operand) is along, only the last 6 digits of the right-hand
operand are used to perform the shift. The actual size of the shift is the value of the
right-hand operand masked by 63 (0x3D) ie the shift distance is always between 0 and 63 (if
shift value is greater than 64 shift is 64%value)

« the shift occurs at runtime on a bit-by-bit basis

Left-shift << (JLS §15.19)

« bitsare shifted to the left based on the value of the right-operand
« new right hand bits are zero filled

« equivalent to left-operand times two to the power of the right-operand
For example, 16 << 5=16* 25=512

00000000000000000000000000010000

00000000000000000000000000010000
0000000000000000000000000001000000000
00000000000000000000001000000000
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« new left hand bits are filled with the value of the left-operand high-order bit therefore the
sign of the left-hand operator is always retained

« for non-negative integers, aright-shift is equivalent to dividing the |left-hand operator by two
to the power of the right-hand operator
For example: 16 >>2=16/22=4

Deci mal 16 00000000000000000000000000010000
Ri ght-shift 2 00000000000000000000000000010000
fill left 00000000000000000000000000000100
di scard right 00000000000000000000000000000100 -> Decinmal 4
Deci mal -16 1111111111211111111211111111110000
Ri ght-shift 2 111111111111111111211111111110000
fill left 11111111112111211112111111111110000

discard right 11111111112111121111211121111111100 -> Decinmal -4

Unsigned right-shift >>> (JLS §15.19)

« identical to the right-shift operator only the left-bits are zero filled
« because the left-operand high-order bit is not retained, the sign value can change
« if theleft-hand operand is positive, the result is the same as a right-shift

« if theleft-hand operand is negative, the result is equivalent to the left-hand operand
right-shifted by the number indicated by the right-hand operand plus two left-shifted by the
inverted value of the right-hand operand
For example: -16 >>>2=(-16 >>2) + ( 2 << ~2) =1,073,741,820

Deci mal 16 00000000000000000000000000010000
Right-shift 2 00000000000000000000000000010000
fill left 00000000000000000000000000000100
di scard right 00000000000000000000000000000100 -> Decinal 4
Deci mal -16 11111111112111211111211111111110000
>>> 2 11111111112111211111211111111110000
fill left 00111111111111111211111111111110000

discard right 00111111112111111112111211111111100

Don't panic that it will take you forever to convert a shift question on the exam. Y ou probably
won't get more than one or two questions and they'll likely involve numbers under 20.

Also see

« Working with Binary, Hex, and Octal numbers

Example Code

o TestShift.java
Conversions Promotion Overflow Unary Prefix Arithmetic
Bin/Hex/Octal Bitwise Shift Comparison Logical Assignment
Cast Ternar String equals() Precedence Bit vs Logic
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Method
Invocation
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Operators and Assignments - Comparison
Operators

« used to compare primitive types and object references
« organized into three subgroups: relational, equality and the instanceof operator

Relational operators (<<=>>=) (JLS §15.20.1)

« produce a boolean result
« work with integers and floating-point numbers
« binary numeric promotion rules apply for numeric types

« any relationa expression with NaN isfalse
« positive and negative zero are considered equal therefore
-0.0<0.0isfadseand-0.0<=0.0istrue
Thisis not true for Math.min() and Math.max(), which treats -0.0 as being strictly smaller than 0.0
« results, otherwise, are the same as their mathematical equivalents

Less than: 5 < 6 true
Less than or equal to: 5 <=5 true
Geater than: 5 > 6 fal se
Greater than or equal to: 5 >=5 true
Less than: -0.0 < 0.0 fal se
Less than or equal to: -0.0 <= 0.0 true
Geater than: 5 > NaN fal se

Equality operators (==!=) (JLS § 15.21)

« produce a boolean result

« lower precedence than the relational operators

« are used to compare primitive types, including boolean, and object references
« binary numeric promotion rules apply for numeric types

« if either operand is a Nan the result is false for == but true for |=
« -0.0and 0.0 are considered equal

« if the operands are object references, the result istrue if both refer to the same object or array
or if both are null

« if the operands are String objects, the result is false unless they refer to the same String
object, even if the two objects contain the same characters (to compare the charactersin a
String object use the String.equals() method) (see String Literals)

Equals: 5 == 5.0 true
Not Equal: 5 !'= 5.0 fal se
Equals: arrl == arr2 false [different array objects]
Equals: arrl == arr3 true [ref to same array object]
Not Equal: arrl !'= arr2 true
Not Equal: arrl != arr3 fal se
Equal s: sl1 == s2 true [sane literal]
Equal s: sl1 == s3 true [sanme object reference]

http://www.janeg.ca/scjp/oper/comparison.html (1 of 2) [15/03/2004 8:48:47 AM]



mailto:feedback@janeg.ca
http://www.janeg.ca/scjp/lang/stringLiterals.html

Java Quick Reference - Operators and Assignments - Comparison Operators

Equal s: s1 == s4 false [s4 is new object]

instanceof Type Comparison Operator (JLS §15.20.2, JJ pg 60)

« left-operand must be a reference object or null; cannot use primitive types
« right-operand must be a Class, Interface name or Array type

« determinesif the left-operand is an instance of the class, interface or array type specified by
the right-operand

« returnsthe boolean vauetrueif:
o left-operand is aclass or subclass of the right-operand
o left-operand is an interface or subinterface of the right-operand

o left-operand is an array of the same class, subclass or interface, subinterface of the
right-operand array type

arr instanceof String[] -> true [l arr = array of Strings
nyNul | i nstanceof Cbject -> false // null is not an object
arrl instanceof int[] -> true /[l arrl is an arry of int

Example Code

o TestComparison.java

| Conversions ’ Promotion Overflow Unary Prefix Arithmetic
|Bin/Hex/OctaI ’ Bitwise Shift Comparison Logical Assignment
| Cast ’ Ternar String | equals() Precedence | BitvsLogic
Method
Invocation
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For

Il

Operators and Assignments - Assignment
Operators

12 assignment operators:
=*= [Z20p= 4= -= <<= >>=>>>= § == |:
al areright-associative ie a=b=c groups as a=(b=c) vs (a=b)=c except the simple assignment
operator = which isleft-associative
eg at+b+c = (at+b)+c
all are used with primitive data types except = and += which can be used with Strings
al operators of the form op = cast their result to the type of the left-operand
thereis no implicit cast with the simple assignment operator =

inall cases, x oper=y isequivaent to x = x oper y

Exanpl e:

X +=y is equivalent to X =X +y
X %y is equivalent to X =X %y
X |=vy is equivalent to X =x1|vy

Rules for Simple Assignment and Object references

« if theleft-hand operand is a class, the right-operand must be either anull, or of the same

class or subclass type as the class of the left-operand

0 if classB extendsclass A,
A a=new B() isok
as class B is guaranteed to fully implement class A

o Bb=newA()isnot ok
asthereis no guarantee that the new A object will implement everything in class B

if the left-hand operand is an interface, the right-operand must be either anull, or of the same
interface or superinterface of the left-operand, or, a class that implements the interface or it's
superinterface

o if interface InB extends InA, class C implements InA, and class D implements InB
INA inA = new C(); isok
as class C guarantees to implement everything in interface InA
InB inB = new C(); isnot ok
asthe new Cis not guaranteed to implement everything in interface InB

0 InA inAl=new D(); isok
asclass D is guaranteed to implement everything in interface A through it's
implementation of InB which extends InA

class A{}

class B extends A{}
interface InA {}

interface InB extends | nA {}
class Cinplenments InA {}
class D inplenents InB {}

A al
B bl

new B(); // Bis a subclass of A
new A(); // inconpatible types
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I nA inA = new C(); // Cinplenents |nA
InB inB =new D(); // Dinplenments InB
InNAinA2 = newD(); // Dinplenents InA as a superinterface
[l InBinB2 = new C(); // inconpatible types
i NA = i nB; /1l InAis a superinterface of InB
/1 inB = i nA; /1 conpile-error: inconpatible types
bject 01 = inA /1 an Cbject type can take any reference
bj ect 02 = inB;
hject 03 = new C();
C c = new Object(); // inconpatible types
B b2 =null; [// any object reference can take a null
InNA inA3 = null;
Summary

implements what the | eft-operand type contract guarantees.

« |f everything in the left-operands type contract can be met through the contract
of the right-operand type, then the assignment will work. It doesn't matter if the
right-operand type implements more than the |eft-operand type; aslong asiit

N Warning !

class of the object is always used.

« The compiler treats the object on the right-side of the assignment as if it wasthe
same type as the object on the left-side of the assignment. At runtime, the real

Cl ass of object al -> Class B
Cl ass of object ol -> Cass D
Cl ass of object o2 -> Class D
Cl ass of object 03 -> Cass C

Array assignments (JLS 85.2)

/1l declared type was O ass A
/1 declared type was bject
/1 declared type was Cbject
/1 declared type was Object

« anarray can only be assigned to avariable of the same array type, of type Object, of

interface Cloneable, or of interface java.io.Serializable

int intArr[] =1{ 1,2,3};
=i

int intArrlf[] ntArr; /1 conpiles ok
[l String arr[] = new A(); /1 inconpatible types
[l String arr[] = inA /1 inconpatible types

bj ect obj = intArr; // conpiles ok

/1 inA=intArr; // inconpatible types
Serializable inS = intArr; // conpiles ok
Cl oneabl e inC=intArr; // conpiles ok

Also see

« Conversions
e Sun Tech Tip: Definite Assignment
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Example Code

o TestAssignment.java

Tips

« aclass may be assigned to an Interface type if the class implements the interface or one of it's
sub-interfaces

Traps

« assigning subclasses with the same parent to each other
« assigning a parent class to a subclass without a cast

| Conversions | Promotion Overflow Unary Prefix Arithmetic
|Bin/Hex/OctaI | Bitwise Shift Comparison Logical Assignment
Cast Ternary String equals() Precedence | BitvsLogic
Method
Invocation
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Operators and Assignments - Ternary Operator

Syntax

operandl ? operand2 : operand3
« asoreferred to as the conditional operator
« if operandl istrue, operand2 is returned, else operand3is returned

true ? op2 : op3 /1 op2 returned
false ? op2 : op3 /1 op3 returned

« operandl must be aboolean type
« operandl can be an expression that evaluates to a boolean type

(5 =5) ? "yes" : "no" /1 output: yes
« operandl and operand2 must be promotable numeric types or castable object references, or
null

« if one of operand2 or operand3 is a byte and the other a short, the type of the returned value
will be a short

byte = true ? byte : short // found short, required byte

« if one of operand2 or operand3 is a byte, short or char and the other is a constant int value
which will fit within the other operands range, the type of the returned value will be the type
of the other operand

short true ? short : 1000 // conpiles and runs ok
short false ? short : 1000 // conpiles and runs ok

« otherwise, normal binary numeric promotion applies

« if one of operand2 or operand3 isanull, the type of the return will be the type of the other
operand

« if both operand2 and operand3 are different types, one of them must be compatible (castable)
to the other type

Class_A a = new Cass_A();
Class_B b = new Cass_B(); // subclass of Cass_A

Cass Cc new O ass_C();

Cass A al = b;

O ass_C cl;

cl =false ? a: c; /1 conpile-error: inconpatible types
al = true ? b : a; /[l returns class type of Class B

Example Code

o TestTernary.java
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Traps

« anon-boolean value or expression used for operandl

Conversions | Promotion Overflow Unary Prefix Arithmetic
Bin/Hex/Octal Bitwise Shift Comparison Logical Assignment
Cast Ternary String equals() Precedence | BitvsLogic
Method
Invocation
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Operators and Assignments - Boolean equals()

« defined in java.lang.Object therefore inherited by all classes

« returnstrueif and only if the two variables being compared hold a reference to the same
object

To check if objects are of the same class use the Comparison operator: instanceof

Class_A a = new C ass_A();

Cass B b = new Cass_B();

Class_C c = new O ass_A();

Cass B d = b;

Cass_Ae = null;

a. equal s(b) [l false (different obj refs)
a. equal s(c) [l false (different obj refs)
b. equal s(d) /1 true (same object refs)

a. equal s(e) /1 false (always returned when

/1 conpared to a null)

« javalang.String overrides the java.lang.Object equals() method to return true if and only if
the objects being compared contain the same sequence of characters.

String sO = "Hell o";

String s1 = new String("Hello"); [l force new string object
String s2 = sO0;

s0. equal s(sl) [l true (diff objects, sanme chars)

s0. equal s(s2) /'l true (same chars, coincidence

/1 they are sanme objects)

« javalang.Boolean overrides the java.lang.Object equals() method, returning true if and only
if the Boolean objects represent the same boolean value

Bool ean b0
Bool ean bl
Bool ean b2

new Bool ean(true);
new Bool ean(fal se);
new Bool ean(true);

Bool ean b3 b1;

b0. equal s(bl) [/l false (different bool ean val ues)
b0. equal s(b2) /1 true (same bool ean val ues)

b1l. equal s(b3) [l true (same bool ean val ues)

FYI

Y ou cannot assign values to Boolean types with either of the following constructs:

Bool ean b3 new Bool ean();

bool ean b4 true;
b3 = b4; [l conmpile-error: inconpatible types
b3 = true; /1 conpile-error: inconpatible types
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Example Code

« TestBooleanEquals.java

Tips

« al the primitive type wrapper classes override the Object.equals() method to compare the
value of the objects; the default Object.equals() checks if the variables reference the same

object
| Conversions | Promotion Overflow Unary Prefix Arithmetic
|Bin/Hex/OctaI| Bitwise Shift Comparison Logical Assignment
| Cast | Ternary String equals() Precedence | BitvsLogic
Method
Invocation
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Operators and Assignments - Precedence

Operator precdence (JPL pg 378)

Operator type |Operators

Postfix [] - (params) expr++ expr--
Unary ++expr --expr +expr -expr ~ !
Creation or Cast new (type)expr
Multiplicative * | %

Additive +-

Shift << >> >>>

Relational < > >= <= instanceof
Equality ===

Bitwise AND &

Bitwise exclusive OR n

Bitwise inclusive OR |

Logical AND &&

Logical OR Il

Ternary ?

|Assignment |= += = F S 2 %= S>> <<= >>>= &= |=

« Precedence can be overridden using parantheses

5+3 * 2 /!l Result: 11
(5+3) *2 /1l Result: 16

« When two operators of the same precedence are next to each other, associativity rules apply
« al binary operators (except assignment operators) are |eft-associative
« assignment isright-associative

a-b+cisevaluated as (a - b) + ¢
5-2+1 /!l Result: 4, not 2
a=b=cis evaluated as a = (b = ¢)
int a;

int b =5;

int ¢ = 1;

a=>b=c; /!l Result: 1

Possible problem areas

« Where boolean expressions are used to control loops

while( v = streamnext() !'= null )
processVal ue(v);

according to precedence rules, evaluates as
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v = (streamnext() != null )

not the intended
(v = streamnext()) != null

Example Code

o TestPrecedence.java

| Conversions | Promotion Overflow | Unary Prefix Arithmetic

|Bin/Hex/OctaI Bitwise Shift | Comparison Logical Assignment

Cast Ternary String equals() Precedence | BitvsLogic
Method
Invocation
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Operators and Assignments - Bitwise vs Logical
Operators

« the operand of every expression is evaluated before the operation is performed except for the
short-circuit operators (& &, |) and ternary operator

« behaviour can produce unexpected results if you're not careful. For example, the following
code illustrates what can occur if you try to set the value of avariablein anif condition and
you always expect the new value to be available:

10;
12;

>S5
=
I

if( (i)
if( (ig)

(i=3) >5) /1 value of i after oper: 3
(i=3) >5) /1l value of i after oper: 10

—

|
|
11
11
if( (i>) & (i=3) >5) /1 value of i after oper: 3
if( (i>) & (i=3) >5) /1l value of i after oper: 10

« with & and | both operands are always evaluated

« with && and }} the second operand is only evaluated when it is necessary

« with} (i<j) evaluatesto true; there is no need to check the other operand as }; returnstrue if
either of the operands are true

« with && (i>]) evaluatesto false; there is no need to check the other operand as & & returns
true only if both operands are true. In this case one is false so there is no need to check the
other operand

Also see

Bitwise operators
Logical operators

Example Code

o TestBitwiseAndLogical.java

Traps

« using anew value based on a short-circuit operation that was never evaluated

’ Conversions | Promotion ’ Overflow Unary Prefix | Arithmetic
’Bin/Hex/OctaI | Bitwise ’ Shift Comparison Logical | Assignment
’ Cast Ternary ’ Strin equals() Precedence | BitvsLogic
| o

Invocation
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Operators and Assignments - Method Invocation

« when you pass a primitive value to a method, a copy of the value is made available to the
method, not the value itself

« any changes made to the value in the method do not affect the original value

int i = 50;

changeVal ue(i); /1 where nethod nultiplies i by 3
CQut put :

Original value of i: -> 50

Val ue of i in the nethod: -> 150

Val ue of i after nethod invocation: -> 50

Passing object references

« When you pass an object refer ence to a method, a copy of the referenceis passed.
Operations in the method which change the object reference do not affect the original;
however, changes to the object itself within the method affect the original object

int[] array = { 10, 10,10 } /1 original array
changeObj ect Ref erence(array) // set the reference to a new array

changeAct ual Obj ect (array) /'l set the 2nd el enent of the array
CQut put :

Oiginal array val ues: 10, 10, 10

Array in the nethod: 20, 20, 20

After Object reference changed in nethod: 10, 10, 10

After object changed in nethod: 10, 20, 10

Method invocation conversion (JLS 85.3)

« each argument is converted to the type of the method parameters
« widening conversion isimplicit
« narrowing conversion isnot implicit (values must be cast)

Also see:

« Conversion
« Understanding that parameters are passed by value and not by reference

Example Code

o TestMethodlnvocation.java

Traps

« code that resultsin a primitive value being changed in a method (can't happen)
« codethat resultsin an unchanged object value when it was changed in a method
« failing to cast avalue to match a method parameter type ie assuming narrowing conversion
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on amethod call

Conversions | Promotion Overflow Unary Prefix Arithmetic
Bin/Hex/Octal Bitwise Shift Comparison Logical Assignment
Cast Ternary String equals() Precedence | BitvsLogic
Method
Invocation
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