Object - Oriented Programming & Design
Part IVV: Core Implementation in Java
( with just enough C++ to compare and

contrast with Java, and to understand the
examplesin the Design Patterns book )|
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OO Programming L anguages

e Simula/ Smalltalk / C++/ Java/ Delphi / CLOS (Lisp) / Eiffel / C#/ JADE/ ...

This section introduces the major concepts of OO programming using C++ & Java.

e There are free on-line Javaresources, including tutorials and documentation.
e Follow the Beginning Java link on the cour se web site.
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Simula

First OO Programming Language, 1967.

Designed by Dahl, Myhrhaug, Nygaard at Norwegian Computing Center, Oslo.
Programming language for “event based simulation”.

Also agenera purpose language.

Bjarne Stroustrup started with Simula as motivation for C++.
Extention/Modification of Algol 60: (Simulamight be thought of as Algol60++).
Class concepts and reference-variables (pointers to objects).
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Smalltalk

Developed at Xeroc PARC in late*70s by Adelle Goldber, et al.
Smalltalk 80 was the first publicly distributed version.

Lots of interest from late 80s to mid 90s.

Pure OO - everything is an object.

First generally available integrated development system.

Has a garbage collector and a virtual machine.
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C++

Developed at Bell Labsin mid 80s by Bjarne Stroustrup.

Built on wide acceptance of C programming language.

The big, general purpose language of the early and mid 90s.

Not completely object-oriented.

Not a good language for novice programmers (gotchas!)

Don’t let the Java hype fool you; thereisalot of C++ being written.

Becauseit is based on C, it can work with an huge number of existing
applications, utilities, devices, etc.

Is suitable for system programming.
Good, reliable tools.

Mature.

Fast.
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Java
e Developed at Sun Microsystemsin early 90s by James Gosling.

e Originaly call Oak (object application kernel), and designed for usein

embedded consumer electronic applications.

Syntax looks alot like C++.

Good language for novice programmers (much simpler than C++).
Semantics are more like Smalltalk.

Usually slower than C++, due to the overhead of the VM (virtual machine).

Has grown remarkably since 1996. Evolving quickly. Tool vendors are hard-
pressed to keep up with new releases of the JDK (the Java Development Kit).
Y ou must pay attention to Java’s version numbers.

The only language designed for Internet applets. (Smalltalk can be compiled
into Java bytecode and run inside a browser’s Java VM).

Dynamic class loading (no link step required asin C++).
Portable (100% Thread and GUI portability can be challenging to achieve)
Secure.
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C#

e Pronounced “See Sharp”
o Much more similar to Java than to C++

— VM, garbage collection, reflection, no multiple inheritance, base class
Object, arrays checked, bytecode, security, initializes member fields, . . .

e Developed by Microsoft (as part of their .NET strategy) - for Windows

e Compilesinto .NET instruction language for the CLR (Common Language
Runtime) a cross-language variant of Java bytecode

o Many keywords and concepts are identical to Java
e Many keywords from Java have been gratuitously changed
— super ... base
— import ... using
— synchronized ... lock
— package ... namespace
o New features: stackAlloc(), delegates, pointers, LINQ, lambda expressions, ...

Copyright © 1996 - 2008
David Leberknight & Ron LeMaster. All rights reserved. (1V') Java Core Implementation - 7

“Hello World” in Java

Goal: Get some Java code up and running in a Java | DE élé]tegrated Development
Environment) with avisual debugger such asECLIPSE...

« Source code can be found on the course web site.
« Click on Beginning Java. Follow the instructions.

Note: there are afew Javalanguage rules worth mentioning:

« For every file Foo. ]J ava, there must be apublic class in the file whose name
matches the name of the file (a public class named Foo).

« Javapackages are hierarchical in the same way that file system directory structures
are hierarchical; Java package structures must have paralel directory structure. If
thereisabar package, there must beabar directory.

o If your PATH and CLASSPATH environment variables are not set up right, your
JDK (Java Development Kit) will not work properly.

« Tocompilea. j ava fileby hand, use: "j avac -g *.java" (the-g specifies
debug). Thiswill create. ¢l ass files.

« Peoplein the real world use atool called “Ant” to compile Java programs. Ant
seamlessly integrates into ECLIPSE.

« Sep through the code in the debugger asit runs, line by line. Inspect the values of
variables as they change.
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http://www.softwarefederation.com/cs4448.html

Java Packages

e Javapackages help to organize code, provide additional name scoping, and
additional access control. The package structure is designed to mimic thefile
system’s hierarchical directory structure.

e C++ provides nanmespaces, which provide similar name scoping benefits.

Suppose al of my Java development code resides under the J: \ j ava directory, and my
environment’s CLASSPATH = D:\j dk1.1.8\1ib\classes. zi p; J:\j ava;

Suppose | havethe J: \ j ava subdirectories pr oj ect Foo and pr oj ect Bar .
Further suppose that pr oj ect Foo has the subdirectoriescl i ent and ser ver .
Finaly, supposethecl i ent package hastheclasses X, Y, and, Z.

The fully specified name of class X ispr oj ect Foo. cl i ent. X

e |tisnot always necessary to provide the fully specified name; Java providesthe
i mport statement for this purpose (not the same as the C++ #i ncl ude).

i mport projectFoo.client.X;

X x = new X(); [/ projectFoo.client is optional
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Naming Convention

e The defacto Java naming convention (which you should always use for all code that
you turn in for this course) states that ClassNames, all ClassNames, and only
ClassNames, begin with a capitol letter.
allOtherV ariableNamesShouldBeMixedCasel ikeThis.

e Example: What is happening with the following line of code?

java.lang. Systemout.printin( “print to the Java Console” );

Weknow that j ava. | ang must be a package.

We know that Syst emisaclass, with apublic & static member named out .

We know that out isanon-null reference to an object.

We don't know the type of object out refersto; we’re going to have to look it up.

We know that the class for which out isan instance has a public method pri nt 1 n() .
By theway, out refersto an instance of classPri nt St ream
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Access Control (Degree of Encapsulation)

Java and C++ both use the same keywords for access control:

publ i ¢ = Interface stuff -- Can be accessed by anyone.

pri vat e = Encapsulated stuff -- Can only be accessed by the class’ own
member functions, initializers, & (in C++) by theclass’ f ri ends.

pr ot ect ed = Same as private, except that the stuff isalso available to
subclasses. Additionally, in Java, if you grant access to your subclasses,
you grant it to every classin the same package aswell. Thisis often
referred to as package visibility.

e Java’s default access control is none of the above; if the level of accessfor a
member function or field is not specified, it can be accessed by any classin
the same package (not necessarily subclasses).

e Rule of thumb: make everything as inaccessible as possible. Make things
private unless there is a good reason not to. Encapsulation is good.
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| nheritance

In C++, base classes are almost aways declared public or protected, asin:
class Derived : public Base {}

e Makesureyousay : public or: protected sincethedefault is: pri vate, and
: privat e isvery rarely what you want.

e The public here means that public members of the Base class get inherited as
public members of the Derived class; likewise, protected members of the Base
class get inherited as protected members of the Derived class.

o |If the Base class were declared with the protected access specifier, then public and
protected members of the Base class would be protected in the Derived class (this
is used with so-called “mix-in” classes).

Java does not make this distinction:

cl ass Derived extends Base {}

Java however, makes a different distinction:

class Derived inplenments Anlnterface {}
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Memory Models

There are three types of memory: static, heap & stack.

e C++ programmers choose between heap or stack memory for new objects.
{ /1 Construct 2 Qojects ( C++ )

X X; /1 new X using Stack Menory

X* xp = new X(); // new X using Heap Menory

e This code has amemory leak because the heap memory pointed to by xp
never gets destructed ( needs an explicit cal todel ete xp).

e Note that the stack object x gets destructed automatically (no explicit call to
del et e required ) upon leaving the { block of code}.

e Java programmers create new objects on the heap only with new.
e Java’'s garbage collector would catch such amemory leak.
e Static memory isreserved for class static attributes, described |ater.
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C++ Memory Models & Syntax

X X; /1 Constructs a new X on the stack
X* xp = new X(); /1 Constructs a new X on the heap
Xp = &X; /1 “&” means “address of ~
X = *Xp; /1 »*” means “dereference” (opposite of “&”)
class X {
Y* yp = null; /] “*” nmeans “type: pointer to”
Y& barY( const Y& yy ) { [// “&” means “type: reference”
yp = yy.Vv; /Il Use ™. ” for references and stack objects
yp->foo(); /1l Use “->"” syntax for pointers
return *yp; /1 “*” means “dereference”
}
Y barY( Y yy ) { /1 Copies yy (pass by value)

return yy; /1 Copies yy again (return by val ue) I
}
b
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Constructors

e Both Javaand C++ have Constructors, which are necessary to ensure that an object
isin aconsistent and useful state before any other object can utilize it. When you
create an object, memory is allocated and the constructor code automatically runs.

X* xp = new X(); /'l new C++ object “on the heap”

X x; /'l new C++ object “on the stack”

X x = new X(); /'l new Java objects are always “on the heap”
X x; /1 In Java, this defines the type of x,

/1 but does not create a new object.
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Java Primitive Types

e Everything in Javais an Object, except the following “primitive types” ...
bool ean byte char float double int [ong short void

e Objectsin Java are passed by reference; primitive types are passed by value.

o Unlike C++, the definitions of the primitive types are identical for al platforms.

e C++ primitive types are passed by value (copied); C++ reference parameters are
passed by reference; other C++ parameters are passed by value.

e Javaprovidesimmutable classes: Bool ean, Byte, etc..(they may not change
state once initialized).

try // Java syntax to convert a string to an int:

{
anlnt = Integer.valueO ( nunberString.trim() ).intValue();

}
cat ch( Nunber For mat Exception t ) {}
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Pass by Reference/ Value Example

class IntWapper // Trivial class to wap primtive int
{
public int i;
public IntWapper( int i ) { this.i =1i; }
public String toString() { return "" +i; }
/'l To be nost useful, should override equal s() & hashcode()

}

public class JavaTypes // Exanple: int vs Integer vs |ntWapper

{
public static void main( String[] args )
{
JavaTypes jt = new JavaTypes();
jt.begin();
}
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Pass by Reference/ Value (cont.)

public void begin() I

{
int primtivelnteger = 1; // Passed by val ue
Integer integerCbject = new Integer( 1 ); // Imutable
I nt W apper intWapperObject = new I ntWapper( 1 );

addOne( primtivelnteger );
Systemout.printin( "Primtive int =>" + primtivelnteger );

addOne( integerObject );
Systemout.printin( "Integer bject => " + integerhject );

addOne( i nt Wapper Ooj ect );
Systemout.printin( "IntWapper Cbject => " + intWapperject );
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Pass by Reference/ Value (cont.)

private void addOne( int prinmitivelnteger ) {
primtivel nteger++;

}

private void addOne( Integer intQhject )

{ I/ Can't change the given (imutable) |Integer object.
/1 Note: The reference itself is passed by val ue (copied).
intCbject = new Integer( intCbject.intValue() + 1 );

}

private void addOne( | ntWapper intWapperQbject ) {

i nt Wapper Qbj ect.i ++;

}

Primtive int =>1
Integer hject => 1
I nt Wapper Object => 2
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Java’sclass String vs StringBuilder

e Instancesof j ava. | ang. St ri ng areimmutable.

e Thisisnot obvious because the language provides operators (such as + for
St ri ng concatenation) that make it look like the St ri ng changes state. In fact,
new objects are created for each such operation. This can be very inefficient.

String s = “New String Wthout new. ”; /1 1 new String object.
s += “nore” + ™ and nore String data.”; // 2 nobre new objects.

e Javaintroduced St ri ngBuf f er asasubstitutefor St ri ng to provide better
performance whenever you need amutable St ri ng. All accessis
synchroni zed for thread safety, which introduces another performance issue.
We recommend using St ri ngBui | der when performance matters.

StringBuilder sb = new StringBuil der( “New StringBuilder.”);
sb. append( “nmore and nore SrtingBuilder data.” );
String s2 = sb.toString(); // Al objects support toString().
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String vs StringBuilder

private void doFoo() 1
{
String s = new String( “S” );
StringBuilder sb = new StringBuilder( “SB” );

foo( s );
foo2( sb);
Systemout.printin( s + ~: 7 +sb); // !l ==> S : SB foo2.
}
private void foo( String s )
{
s += “foo0.”;, // This does NOT affect the input string reference!!
}
private void foo2( StringBuilder sb )1
{

sb. append( “_foo02.” );
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this

e Every object in both C++ and Java has areference to itself called this
e thisisan object’sway of saying “me”
e this can also be used (in Java) for one constructor to invoke another

class Bar { /1 Java
private int value = 46;
public Bar() {
this( 711 );
}
public Bar( int value ) {
this.value = val ue;

}
publ i c bool ean equal s( Object o ) {
return ( o ==this ); // identical instance?
}
}
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Constructor Chaining

Suppose class Derived is a subclass of class Base...

e For both C++ and Java, upon constructing a new Derived, the Base constructor
automatically executes first, followed immediately by the Derived constructor.

o C++ destructors execute in the reverse order - with the Derived destructor
executing first, followed immediately by the Base destructor.

e Both C++ and Java provide a mechanism for the Derived constructor to choose
which Base constructor to execute.

e Inal cases, codein the Base constructor executes before codein Deri ved() .
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Constructor Chaining (C++)]

cl ass Base {

public:
Base( ) { ..; } /1 Default constructor
Base( String* s ) { .. }
b
class Derived : public Base {
public:
const int foo;
Derived( ) : foo( 24 ) { .., } [/ Default constructor
Derived( String* s ) : Base( s ), foo( 38 ) { ..; }
b
e Thefirst Derived constructor implicitly invokes Base’s default constructor.
e The second Derived constructor invoke the second Base constructor.
o Notetheuseof the: “initialization operator” (required to initialize the const).
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Constructor Chaining (Java)

cl ass Base {
public Base( ) { .. } /'l Default constructor
public Base( String s ) { .. }
}
cl ass Derived extends Base {
public Derived( ) {
super ( “From Derived” );

}
public Derived( String s ) {
super( s ); // Invoke the chosen Base constructor

}

e Thecall tosuper () must bethe very first line of code in the Derived constructor,
because the Base class constructor code must run first.
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Java’s super keyword

e Java hasthe keyword super, which is an objects way of saying “my base class”
e super isrequired for “constructor chaining” as we just saw.
e super can aso be used to call abase class’ overridden method:

class Bar { /1 Java
public void x( List list ) { ..; }
}

cl ass Foo extends Bar {
public void x( List list ) {
super.x( list ); // would be this->Bar::x( list ) in C++
list.add( this ); // Add nyself to the List.
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Abstract Classes (Java)

abstract class Player {
public abstract Mve get Move();

public String getNanme { return nane; }
protected String name = “default nane”;
}
cl ass Conputer Pl ayer extends Player {
public final Move get Move() { ..; }
}
e Abstract classes may define some implementation.
e A class must be declared to be abstract if it has one or more abstract method.
e Concrete subclasses must implement all inherited abstract methods.
e Note: an entire classin Java can be final, which means it allows no subclasses.

A final classiskind of the opposite of an abstract class. Declare classesfinal
unless they are designed to be sub-classed.
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| nter faces (Java)

o Aninterface simply defines a set of method signatures.
o An “interface” in C++ isaclass with nothing but “pure virtual” methods.

e Javainterfaces may also define “constants” (which must be public, final & static).

e An interface may extend another interface.

interface Player {
Move get Move(); // public abstract Moyve get Move();
String get Name();
public final static String CONSTANT = “foo0”;

}

cl ass ConputerPl ayer inplenents Player {
public Move get Move() { ..; }
public final String getName() { ..; }
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Multiple Inheritance

e Javarules prohibit multiple implementation inheritance; a class can only inherit
code from one base class; but multiple interface inheritance is OK.

cl ass Drawi ngCanvas extends Canvas i npl enents MuselLi st ener,
MouseMbt i onLi st ener

e Be careful with C++ multiple implementation inheritance! These notes do not
cover al of the many issues.

cl ass Schedul abl eBackup extends Backup inpl enents Schedul abl e

e Note that alternative designs using delegation instead of inheritance are not only
viable, but often superior. Thisisatopic for section 5 OO Design.
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Abstract Classes & Virtual Functions (C++)

class Player // Abstract: has a “pure virtual ” met hod

{
public:
Pl ayer( );
virtual ~Pl ayer( ); /1 Note virtual destructor
virtual Mve* getMve( ) = 0; /1 “Pure virtual ”
virtual char* getNane( ) { return “default nane”; }
b
e Class Player cannot be instantiated because it has a pure virtual function.
e Abstract classes defer part of their implementation to concrete subclass(es).
e C++ functions must be declared to be virtual for polymorphismto be possible;

otherwise the decision as to which implementation to use will be made at compile-
time, based on the declared (not the run-time) type of the object.

e All methodsin Java are “virtua” (polymorphic, bound at run time) unless they are
final, static, or private.
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Polymor phism

e Polymorphic methods (“virtual” functions with dynamic, run-time binding) work
“behind the scenes” using Jump Tables, which contain pointers to the virtua
function code. If aclass has one or more virtua functions, then each instance
carries around a pointer to its class’ jump table. Every classwith avirtua function
has a different jump table. Polymorphism requires this run-time “indirection”.

Base jump table—»|

Base::xyz()
{...5}

Derived jump table—»|

—_—t

Derived::xyz()
{3}

—_—t
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Constructor Difficulties

If you need to do something complex within a constructor, consider having atrivial
constructor and acomplex init() method (two-phase construction). Also consider
lazy initialization, delegation, and creational design patterns such as Builder.

e There aretwo reasonsfor this:

— There can be subtle initialization problems with polymorphic method calls from
within base class constructors.

— Constructors do not have anormal return type to indicate success or failure;
instead they return areference (pointer) to the new object.

e |f thereis not enough memory to create the new heap object...
— Javawill throw an Qut Of Menor yError .

— C++will return 0 from the call to new Foo() , essentially anull pointer. The
programmer can optionally write a function that gets automatically called when
this happens by calling set _new_handl er (). The programmer can aso
optionally override the method new on aclass by class basis.
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Constructor Difficulties (cont.)

Javaand C++ differ in the class construction process...Upon constructing an instance of
aDerived class, both languages construct the Base part’s code first. However...

e C++ usesthe Base class jump table while executing the Base class construction code,
and then replaces that jump table with the Derived class jump table upon entering the
Derived class constructor code. Therefore, any callsto avirtual method from within
the Base class constructor code will call the Base class implementation of the method,
not getting the desired(?) intuitive(!) polymorphic behavior.

e Javaonly ever uses the Derived class jump table. Thus, callsto virtual methods from
within the Base class constructor code will call the Derived class implementation of
the methods.

C++ playsit safe, ensuring that all initialization code defined by a class gets executed
before methods may be called on behalf of an instance of the class.

Java alows Derived class methods to be called before the Derived class constructor code
gets executed; this can lead to subtle bugs in class initialization.

e Avoid these problems by design.
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Java Class I nitialization

First ... default initializers are performed on all member fields (0, 0. 0, nul I , f al se)]
Second... field initializers are performed, in declaration order, for base class

Third... base constructor runs

Fourth... derived classfield initializers are performed, followed by derived constructor

public class |nitTest {
public static void main( String[] args ) {
Systemout.printin( "N = 7 + new InitTestDerived().getValue() );
}
}

e outputss N =0
e 1?21?21 Seenextdide...
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Java Class I nitialization (cont.)]

class | nitTestBase

{
protected int baseValue = 46; // field initializer
public InitTestBase() { baseValue = foo(); }
protected int foo() { return 98; }

}

class I nitTestDerived extends |nitTestBase

{
private int derivedValue = 711;
public InitTestDerived() { derivedValue = foo(); }
protected int foo() { return derivedVvalue; }
public int getValue() { return baseVal ue; }

}
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Type Checking

Java and C++ both have strong compile-time type checking.
Typesinclude: i nt, I ong, char *, Stri ng, Obj ect .

In C++ aclass defines atype.

In Java, an interface may also define atype.

A class may implement more than one interface, and so a class may have more
than one type.

Foo foo = new Bar(); // Conpiler error !!!l Type msnatch.
/1 Unless Bar is a kind of Foo.

e Smalltalk does not provide compile-time type checking.

e Thislack of type checking in Smalltalk provides greater run-time flexibility,
aswell as greater risk of run-time errors that might otherwise have been
caught by a compiler.
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Casting

e A variable of abase class type may refer to an instance of any of its derived classes.

Thisisavery common and useful thing to do, as it encourages generalizations.

Derived d = new Derived(); // Java

Base b = ( Base ) d; /1 It is OKto up-cast.

b. pol ynor phi cMet hod() ; /] Derived supports Base interface.
Derived d2 = ( Derived ) b; // Legal down-cast.

e But some down-casting is dangerous and can result in undefined behavior:

Derived d;

Base b = new Base();

d = ( Derived ) b; /1 1llegal - throws C assCast Exception
d. derivedMet hod(); /1 This would fail at run-time (if C++)

/1 because the Base class does not
/1 support the derivedMethod() 1
/1 No exception would be thrown in C++
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Casting (cont.)

e Casting can also be used to convert primitive types

doubl e pi = 3.14159;
int three = (int ) pi;

e Javaprovidesani nst anceof operator which can be used to prevent
an improper downcast.

if( b instanceof Derived ) {
d = ( Derived ) b;
}

e C++hasadynam c_cast operator which returnsnul | in the case of
an otherwise improper downcast.

Derived* d = dynanmic_cast< Derived* > ( b );
if( d!=null )
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Virtual Functions (C++)

#i ncl ude <i ostream h> /| C++ exanple
cl ass Base {
public:
Base() {}
virtual void foo() { cout << "Base Foo" << endl; }
voi d bar() { cout << "Base Bar" << endl; }

b
class Derived : public Base {
public:

int x = 0;

Derived() : x( 2 ) {}

void foo() { cout << "Derived Foo" << endl; }

void bar() { cout << "Derived Bar : ” << x << endl; }
b
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Virtual Functions (cont.)

int main( int argc, char** argv ) {
Base* b = new Base();

b- >f oo(); /| Base Foo

b- >bar () ; /| Base Bar

b = (Base*) new Derived(); /1 Note: “upcast” optional
b- >f oo(); /1 Derived Foo

b- >bar () ; /| Base Bar

Derived* d = new Derived();

d->foo(); /1 Derived Foo

d->bar (); /1 Derived Bar : 2

d = (Derived*) new Base(); /1 Note: “downcast ” required
d->foo(); /'l Base Foo *

d->bar (); /1 Derived Bar : 96622347 *

}
* In general, improper downcastsin C++ have undefined behavior and might crash !!!
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Destructors

e C++ also has Destructors, which were designed primarily for memory
management, allowing a class to free up whatever additional memory it “owns.”
Destructors are also useful whenever thereis other logic to be executed at object-
destruct-time, such as closing open files or database connections.

e C++ destructors can be a bit tricky:

— Objects created “on the stack” will get automatically destructed.
— Objects created “on the heap” will get destructed upon calling del et e.

— Arrays of objects created on the heap (with new Foo[ n 1) should be
destructed by callingdel ete [] foos; // Note the [].
— If you do not do thisright, your program will have a memory leak.

e Javaprovides an (asynchronous) f i nal i ze() method instead of adestructor.
finalize() getsautomaticaly called just before the object’s memory gets
garbage collected, which means maybe never. finalize() isprovided not for
memory management, but rather, for destruct-time logic only. Be careful,
however, since there is no guarantee that this method will ever get called.

Copyright © 1996 - 2008
David Leberknight & Ron LeMaster. All rights reserved. (1V') Java Core Implementation - 41

Virtual Destructors (C++)

e For any C++ class with subclasses, the destructor needs to be declared to be
virtual, or elseit will be bound at compile-time based on the declared type.
What is the program’s output? What if ~Base were declared to be virtual?

cl ass Base {
public:
Base() { cout << “Base::Base” << endl; }
~Base() { cout << “Base::~Base” << endl; }
b
class Derived : public Base {
public:
Derived() { cout << “Dervide::Derived” << endl; }
~Derived() { cout << “Dervide::~Derived” << endl; }
i
Base* pd = new Derived();
delete pd; // The declared type of pd is pointer to Base.
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Java Field Shadowing

public class Super Shadow {
protected int value = 7;
protected int getValue() { return value; }
public static void main( String[] args {
SubShadow sub = new SubShadow() ;
Super Shadow ss = sub;

Systemout.println( ”ss.getValue() =" + ss.getValue() );
Systemout. println( "sub.getValue() =" + sub.getValue() );
Systemout.println( ”ss.value =" + ss.value );
Systemout.println( "sub.value =" + sub.value)

}

cl ass SubShadow ext ends Super Shadow {
protected int value = 11; // shadows super’s val ue
protected int getValue() { return value; }
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Java Field Shadowing (cont.)

/1 The program out puts:
super. get Val ue() = 11
sub. get Val ue() = 11
super.value =7
sub.value = 11

e Javafields do not behave the same as methods with regard to polymorphism.
Instead, Java fields (much like C++ non-virtual functions) are bound at compile-time
based on the declared type, rather than at run-time based on the actual type.

e |ngenera, itisnot agood ideato exploit field shadowing; avoid it!
e Thisisanother good reason to make fields private, with get() and set() methods.

e Also note: thisislesslikely to be an issueif you use
semanticallyM eaningful VariableNames (avoid field names such asfoo, i, and x).
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Shallow vs. Degp Copy

e C++ provides adefault “copy constructor” ( and oper at or =() ).
e Java provides a default clone implementation.
o These default implementations provide shallow copies.
e |f adeep copy isdesired, you must provide the code yourself.
o Beware: it iseasy to have bugs by getting this wrong!
Original Shallow Deep
XYz XyzZ Xy¥zZ 1 XYZ 1 XYZ
foo = 10 foo = 10 foo =10 foo =10 foo =10
bar = 20 bar = 20 bar = 20 bar = 20 bar = 20
:ABC ABC ABC
abc =123 abc =123 abc =123
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Copy Constructors

cl ass Foo
{
publi c:
Foo() // Default Constructor
{
this->bar = new Bar(); // this->is optional
}
Foo( const Foo& copy ) // Copy Constructor
{
thi s->bar = new Bar( *(copy.bar) ); // Deep Copy ..
/1 NOT: this->bar = copy.bar; (would be Shallow Copy).
}
private:
Bar * bar;

}s
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Java’s class Object

e java.l ang. Obj ect istheroot class of the class hierarchy for al Javaclasses. If a
Java class does not declare a superclass, it automatically extends Obj ect . Methods
defined by Qbj ect are thusinherited by all classes.

public class Object

{
protected oject clone(); // copy self (or use copy constructor)
public bool ean equal s( Object o ); // not the sane as ==
protected void finalize(); // for garbage collection
public final Class getdass(); // refer to Java Reflection notes
public String toString(); // frequently overridden

/'l refer to Java Reflection notes

Copyright © 1996 - 2008
David Leberknight & Ron LeMaster. All rights reserved. (1V') Java Core Implementation - 47

Java’s class Object (cont.)

e Theclassbj ect isthe ultimate generalization.

e Before Java5, Obj ect was frequently used in “collection classes” such as
java. util . Vector (essentialy adynamic array):

Vector v = new Vector();

v. addEl enent ( new Foo() );

Chject obj = v.elenentAt( 0 );

Foo foo = (Foo) obj; // downcast required

e Post Javab, thereis a better way to implement collection classes using
“generics.” But the class Obj ect istill useful in the context of “Reflection.”

e C++ does not have an equivalent base class. If you want atype that you intend
to mean “this can be areference to anything” it istypical in C++ to use void*.
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Arraysin C++

e C++ arrays are not objects; instead they use low-level “pointer arithmetic”.

char* chars = new char[ 4 ]; // uses indices 0..3
/1 char[ 1] is equivalent to (char)(chars + sizeof( char ))
delete [] chars; // note: the [] is required, else nenory |eak.

e C++ arraysdo not work well for arrays of objects (especially for heterogeneous
collections); the simple pointer arithmetic used is too simple, leading to problems.

e C++ arrays do not perform bounds checking, so you can “walk off the end” of the
array and not know (until after you pay your duesinside your debugger).

o C++ programmers should use a String classinstead of char *, and dynamic
collection classes (like those provided by the Standard Template Library) instead of
these error-prone arrays.
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Arraysin Java

o JavaArrays are objects:

Question[] questions = new Question[ 11 ]; // One new Array object
questions[ 0 ] = new YesNoQuestion( “Are we having fun yet?” );

/1l An attenpt to access questions[ 11 ] would throw an

/1 Arrayl ndexCQut Of BoundsException : %)

e JavaArrays have specia initialization syntax:

int[1[] ints = { {1}, {2,2}, {3,3,3} }; // ints.length is fixed at 3
makeChoi ce( new String[] { “pick ne”, “run away” } );

o Q: What if you don’t know the number of elements that the Array should hold at the
time when you construct the Array?

e A: Use some other dynamically sized collection class (such as ArrayList or HashMap).
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ClassMembers & Methods

e What if every instance of aclass needed to know how many instances there are?
Solution: make a class variable shared by all instances of the class.
Static members act as global variables for a class.

class Person [/ C++

{
publi c:
Person( ) { nunPeopl e++; }
vi rtual ~Person( ) { nunPeople--; }
static int getNunPeople( );
protected:
static int nunPeopl e;
b

int Person::nunmPeople = 0; // C++ static initialization syntax
int Person::getNunPeople( ) { return nunPeople; }
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Class Members & Methods (cont.)

Satic methods are class methods that can be invoked without a reference to an
instance of the class. They cannot refer to any nonstatic member variables;
they have no (implicit) this pointer; they cannot be called polymorphically as
with non-static methods. Use static, class members and methods:

e whenever all instances of aclass share data... Keeping one copy of that data, in
one place, can save memory and ensure consistency. Bonus question: under
what circumstances will that one copy ever get garbage collected?

e whenever you need access to a class, but you do not have areference to any
instance of the class... Statics provide global access.

Foo f = Myd ass. bar(); /1 Java
Foo* f = MyClass::bar(); [/ C++

o The C++ code usesthe: : “scoping operator” for invoking class methods.

e Note that Java provides an optional static initialization block, providing the
programmer with more control over theinitialization of static members.

e Also note: any classin Javacan have astatic mai n() method.
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Static Polymor phism (lack of)]

public class StaticPoly {
public static void main( String[] args ) {
StaticPoly staticPoly = new StaticPoly();
StaticPoly subStaticPoly = new SubStaticPol y();

Systemout. println( “A=" + staticPoly.foo() );
Systemout. println( “B=" + subStaticPoly.foo() );
Systemout.println( “C= + StaticPoly.foo() );
Systemout.println( “D=" + SubStaticPoly.foo() );
}
public static int foo() {
return 1,
b}
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Static Polymor phism (lack of, cont.)

class SubStaticPoly extends StaticPoly {
public static int foo() {
return 2;

/1 The program out puts:
A=1
B=1
Cc=1
D=2

e Note: this problem can be worked around using Java reflection.
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| n-class exer cise: Database Server Proxy

e Write Java code that ensures that one and only one instance of a
DatabaseServerProxy class can exist.

e The code should aso provide aglobal point of accessto the instance.
e Hint: uses private and static.

Note: the DatabaseServerProxy classis an example of the Singleton design pattern -
there can be at most one instance of the class at a given time.

Note: the DatabaseServerProxy classis an example of the Proxy design pattern -
thereal DB isrunning on a different machine across the network. The Proxy
pattern allows a client object to communicate with a representative of the server
object, rather than with the server object directly; this allows all of the code that
understands the remote interface to be encapsulated inside the proxy class
(including error handling).
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Singleton Code

cl ass Dat abaseServerProxy { // C++
public:
stati c Dat abaseServerProxy* instance();
private:
Dat abaseServer Proxy() {}
~Dat abaseServerProxy () {} // why not virtual ?
st ati ¢ Dat abaseServer Proxy* thel nstance;
b
Dat abaseSer ver Proxy* Dat abaseServer Proxy: :thel nstance = 0;
Dat abaseSer ver Proxy* Dat abaseServer Proxy: :instance() ({
if( thelnstance == 0 )

{
t hel nstance = new Dat abaseServerProxy(); // where’s delete?
}
return thel nstance;
}
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Design Pattern: Singleton

Singleton

- $ uniguelnstance

+ $ getinstance
- Singleton()
- ~Singleton() // C++

Intent: Ensure that at most one instance of aclass exists, and provide global accessto it.

There are classes that should have one and only one instance. Examples: TheFile
System; The Abstract Widget Factory; The Database Proxy; The Security Manager...

Make the constructor private. Give the class one static instance of itself.

e Ensurethat theimplementation is thread-safe.

What about destroying (deleting) the instance? The classisresponsible for its
creation, and therefore should a so be responsible for its demise... Perhaps apply the
Reference Counting resource management pattern?

Variation: Java’sC ass. f or Nane( String cl assNanme )
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Singleton (cont.)]

/

|/ Example Singleton class fromthe Video Store:

class Inventory { // Java

}

private static Inventory instance = new |l nventory();
private Inventory() {}
public static Inventory instance() { return instance; }

e A Variation of this Singleton formulation is to have a class with nothing but static

methods. But this approach is limited because neither Java nor C++ allows static
methods to behave polymorphically. What about defining a subclass of the Singleton
class? Onework around for thisisto apply the Bridge pattern to separate the
Singleton’s abstraction from its implementation; the Singleton class can delegate to
some other abstract implementation class that does the real work.
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Memory M anagement

Memory management (especially in C++, but also in Javato alesser degree) is a serious
issue, which can consume alot of programming effort - to prevent bugs and ensure
optimal performance (for Java’s garbage Collection).

e |n C++, whenever memory isdynamically alocated (on the heap), 1 (one) object,
class, or method must be responsible for freeing (deleting) that memory.

e |nJava, set referencesto nul | when done, especially statics and collections.
e Avoid creating gratuitous new objects, especialy inside aloop.

Some Petterns:

You createit, you deleteit. ..

Ownership transfer

Memory Manager

Reference Counting

Garbage Collection (implemented by Java, C#, & Smalltalk virtual machines).
Note: memory is not the only resource that must be managed.

Copyright © 1996 - 2008
David Leberknight & Ron LeMaster. All rights reserved. (1V') Java Core Implementation - 59

Java Garbage Collection

Pass 1: Find and mark all the objects that can be reached by direct or indirect reference
from all variablesin scope, for al active Threads.

Pass 2: Return the memory for all unmarked objects back to the heap’s free memory pool,
maybe callingfi nal i ze() on those objects.

e Note: In Java, Garbage Collection happens asynchronously, in a Virtual Machine
process (Thread) outside of your control, and it can be slow.

e Memory leaks can happen in Javaif you have non-nul | references to unwanted
objects. If you want an object to be garbage collected, you have to be sure that al
referencestoit arenul | . Such memory leaksin Java are common with non-nul |
static references, and also non-Java memory, and other system resources.

e Toincrease the performance of your garbage collector, set referencesto nul | when
you’re done with them, breaking the reference chains; also clean out your collections.

e Sometimes you need to call special functions for built-in Java classesto free up system
resources efficiently. Examples:

— Call cl ose() for java.sgl.Connection, java.sgl.ResultSet, ...
— Call di spose() for java.awt.Graphics, java.awt.Frame, javaawt.Dialog, ...
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Java Garbage Collection (cont.)

"stack frames" "stack frames"

for main Thread for other Thread
method invocations: garbage method invocations:

static memory
for some
unused but loaded

class:
I
leak
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Reference Counting

e Make the object responsible for its own timely demise.

class Shared // C++

{

public:
Shared() { refCount = 1; }
voi d adopt () { refCount++; }
voi d di sown()
{

if( 0 ==--refCount ) delete this; // object suicide

}

private:
int refCount;

}
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Refer ence Counting (cont.)]

Example from a C++ String class:

« Instances of String share an instance of a StringRepresentation object.
« StringRepresentation has “copy-on-update” semantics.

"abc" : String
"abc" :
StringRepresentation

referenceCount = 2

"abc" : String
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C++ Operator Overloading

e C++ dlows operator overloading with the “operator” keyword.

e Methods are overloaded when they have the same name but different signatures
(ignoring the return type):

cl ass Foo
{
public:
X* bar( const X& x );
Y* bar( String* initializer ); /1 Overl oaded bar ()

bool ean operator==( const Foo& other ); // Overloaded ==

Foo& operator=( const Foo& other ); // Overloaded =
private:

Y* managedMenory;

}s
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C++ Operator Overloading (cont.)

e C++ provides overloading for many operators, including: + - * / %"~ & | ~ !
===1l=<>+= -= << >> && || ++ -- -> () [] new delete

e Also: operator long(), operator int(), operator const char*(), ...

Foo& Foo: : operator=( const Foo& other ) {
if( &ther !'=this ) // Do this or self assignnent crashes !!
{
del et e managedMenory; // Do this or have a nmenory |eak !!
managedMenory = ot her. nanagedMenory;
}
return *this; // This allows assignment chaining: a = b =c...

}

Foo f( 1);
Foo* f2 = new Foo( 2 );
f =*f2; I/ ldentical to: f.operator=( *f2);
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C++ Templates (Parameterized Types)

e Motivation: Write atype-safe C++ “collection class” (without voi d*). . .

tenplate < class X > /1 tenplate is a C++ keyword.
cl ass LinkedLi st /Il Xis the tenplate paraneter.
{
public:
X* getFirst( ); /1 Refer to Iterator design pattern

X* get Next ( );

b
Li nkedLi st< My ass > nyd asslLi st; /'l Usage in code...
MyC ass* foo = nmyd assList.getFirst( ); // No cast required

e This mechanism eliminates the need for a class called LinkedListOfX.
e Learnto use C++’s Standard Template Library (STL)...
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Java Templates (Generics)

e Asof Javal.5, Javaalso has “generics” providing increased type safety and
expressiveness. (Collectionswill be dealt with in more detail later).

/1 Bad exanple - avoid this usage:

private final Collection foos = ...; // collection of Cbjects
foos.add( new Bar() ); // Wong, but conpiles and runs
for( Iterator i = foos.iterator(); i.hasNext(); ) {

Foo foo = (Foo) i.next(); // throws C assCastException

/1 A better way:
private final Collection< Foo > foos = new ArraylList< Foo >();
foos.add( new Bar() ); // WIIl not conpile (unless Bar is-a Foo)
for( Foo foo : foos ) { // No downcast required.

/'l Easy syntax, type safety, all good :-)
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Inner Classes

e Javaprovides an “inner class” mechanism, allowing classesto be
contained within other classes, just like methods and fields.

The motivation for thisis programmer convenience, intended to be
used for small or trivial jobs where aclassisrequired.

Aninner class may see the private methods and fields of its containing
class (if static) and/or object (if non static).

We will see numerous examples later with the Java AWT. Inner
classes are great for AWT event handling ")

class Quter {
private class Innerl {}
public static class Inner2 {} // CQuter.l|nner2
} /] Quter$lnner2.class
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Inner Classes (cont.)

public class Quter {
public Quter() {
new | nner();
}
private String io = “OUT”;
private class |nner {
private String io = “in ”;
public Inner() {
Systemout.print( “ + this.io );
Systemout.println( “ + Quter.this.io); // !

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

e Outputs.in OUT

e Theinner class’s .classfileisnamed: Qut er $I nner. cl ass
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