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WHAT IS AN OBJECT?

%  Objects are the atoms of object-oriented software development.
> Objects are the basic building blocks of a software application.
%  Aswith atoms, objects can be viewed at several different levels, or dimensions.
> You can look at what an object does.
> You can look at how an object actually doesiit.
> You can look at what data an object contains.

%  What's special about an object isthat it is neither functional-centric nor data-
centric — it is both.

> Datais combined with the behavior that operatesonit.
»  Towork with the data, you must use the behavior.
»  To usethe behavior, you must have the data.
%  Objects can represent real-world entities, such as a cell phone or a book.
»  What information about acell phone isimportant to your application?
»  What does acell phone have to do in your application?

%  Objects can represent concepts, such as a process or an agorithm.
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An Object

Behavior
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THE ART OF ABSTRACTION

%  Consider acell phone.

»  Thephone has afairly standard interface, consisting of adisplay,
microphone, speaker and several input buttons.

»  To use the phone, you enter the number you want to dial, press send and
listen for a connection.

> You can use acell phone without having to understand the electronics that
make up the phone or the network of cellular towers, computer switches
and land linesthat handle the transmission.

. It can be helpful to have some idea of the basic principles so that if
you have a problem, you can arrive at a solution.

%  Thecell phoneisan example of how we use abstraction on adaily basis.

> You can probably think up several more examples, such asdriving a car
or using aword processing application.

%  Designing and building complex systems depends on the ability to view things
through the interface they present, instead of the details of how they work.

»  Abstractionisthe art of ignoring the details, concentrating on the
interface.

»  Wedifferentiate between what something can do (the interface) and how it
doesit (theimplementation).
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Thisviewpoint suggeststwo different rolesin OO development: producer and consumer. A producer
creates object typesfor use by aconsumer. A consumer writes application codeto work with the object
typesprovided by the producer. Bothrolesarefilled by software devel opers (though possibly with different
strengths). In some cases, they may bethe same person. For acell phone, who arethe producersand
consumers?
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ENCAPSULATING THE DETAILS

%  Encapsulation supports abstraction by enforcing separation of the interface and
Implementation.

»  Abstraction and encapsulation work together.
%  Dataand behavior are encapsulated within an object.

»  Anoutside entity, usually another object, can only access the object
through the abstraction, or interface.

> Objects control the face they show to the world.

%  Instructured languages, this could be done with functions or procedures and
data structures,

»  What's special about OO languages is that they combine the functions
with the data.
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<«— Interface

Implementation
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CLASSES

% A classisused to define atype of object.
»  Theclass specifies what data and behavior an object will have.

»  When an object is created from the class (instantiated), the values of the
dataarefilledin.

% A classisatemplate for creating objects.
%  The class contains the code for the object's methods (functions).
»  Thedataand methods for the class are called members.

%  Usually, class names begin with an uppercase |etter and object names begin with
alowercase | etter.

%  Ineffect, object-oriented languages allow you to define your own types,
complete with their own operations.

»  These user-defined datatypes declare variables, function returns, and
parametersjust aswith built-in types.

> Some languages do not even define standard built-in types; everythingis
an object.
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Going back to our object producer and consumer roles, an object producer workswith the object'sclass.
An object consumer ingtantiatesan object and workswith it through theinterface.

ClassProducer:

ClassConsumer:
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INHERITANCE AND THE CASE FOR REUSE

*

Programmers are notorious for not wanting to repeat work.

> In many cases, developers will copy existing code and make minor
changesto fit their needs.

. Thisresultsin multiple, similar copies of code scattered throughout
the organi zation, often with little or no documentation.

. What happens when an environment change affects the original
code?

OO languages implement a concept called inheritance, where a subclass will
inherit from a superclass.

> In object-oriented inheritance, the subclassinherits all of the superclass's
members.

. The subclass has an is-a relationship to the superclass.

» A classdeveloper can create a subclass, changing only the thingsthat are
unique to that type of object.

> If the superclass changes, those changes will automatically bereflectedin
the subclass.

Inheritance allowsfor faster system devel opment and easier mai ntenance.

»  Asaways, itisimportant to document the rel ationships between
subclasses and superclasses.
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Term Domain Term Domain
Superclass 0]0) Subclass (0]0)
Base Class C++ Derived Class C++
Parent Class Child Class
A subclassis-asuperclass. 00
Subclassisderived from superclass. C++
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callNumber
title
Book Film
author director
year
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OPERATIONS AND METHODS

*

An object's behavior is defined by its operations and methods.
»  Theoperation isthewhat, or interface.
»  Themethod isthe how, or implementation.

An OO method corresponds to a function or procedure in a structured
language.

» A method is scoped to, or works on, an object.

»  The object that the method works on is usually specified by the class
consumer.

. Thisis called the invoking object.
cell.dial("303-555-1212");
Another way to view behavior is as a message sent to an object.
»  The messages that you can send are defined by the object's operations.

»  What happens when the message isreceived is defined by the object's
methods.

> From this viewpoint, the object that gets the message is called the receiver
object.

. It isthe same as the invoking object.
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Methods
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THE POWER OF POLYMORPHISM

%  Polymorphismisthe ability to send the same message to different types of
objects and have different results.

»  The objects share the same operation.
»  The objects have different methods.

%  For strongly typed languages, polymorphism isimplemented through
inheritance.

»  Thisensuresthat the receiver object can actually handle the message.
. It has a corresponding method.

%  Polymorphism allows developers to provide for future classes, or types, that
may be added to the system later.

»  Aslong asthe new type provides the operations the developer was
looking for, it can be used by the system.

»  Thisgreatly improvesasystem's maintainability, extensibility and
reusability.

> Entire classlibraries have been designed based on this principle.
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ATTRIBUTES

%  Anobject's attributes contain the object's data.

»  Thevaues of the data define the object's state.
%  Attributes are defined within the class as member variables or fields.

> Depending on the language, attributes may or may not be typed.

»  Typed attributes may be declared as a simple type or as a Class type.
%  Anobject usually has complete control over its attributes.

> It controls their lifecycle and who has access to them.

% A similar but less stringent type of relationship between objectsiscalled an
association.

> Associations are a so declared as member variables in the class definition.
»  Anassociated object is a class type, not asimple type.

»  Anobject usually does not have control over its associated object's
lifecycle and access.

. Many objects may be associated to a single object.
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Term Daomain
attribute 0o
field Java
member variable C++
instance variable SmallTalk
property VB
Object

Operations

‘-= Attributes
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REVIEW QUESTIONS

How doobj ect-oriented systemsimplement functional ity ?
What arethethree partsof an object?
What partsof anobject areusually encapsul ated?

How doesinheritancemakeasystem moremaintai nable?

@ © © ® @

How doespolymorphismimproveextensbility?
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CHAPTER 5 - DISTRIBUTED TECHNOLOGIES AND THE

WEB

*

*

\

OBJECTIVES

Explain the nature of distributed applications.

Apply adistributed technology to your Web
application.

N

/
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RPC AND MOM

*

A distributed application consists of clients and servers communicating over
network connections, using well-defined protocols and intermediate networking
applications.

»  Thesetoolsalow the user to concentrate on the application, not the
detailsof network programming.

There are two main communication scenarios for distributed applications. RPC
and MOM.

> Remote Procedure Calls (RPC) are a synchronous way of invoking a
procedure on a remote serve.

. To the devel oper, the remote call looks very similar to alocal
procedure call.

> Message-Oriented Middleware (MOM) provides an asynchronous
mechanism for message distribution.

. Messages are placed in a queue and retrieved by either aclient or a
server program.

RPC relies on stubs, which marshal requests from the client, then unmarshal
them on the server.

»  Thereply ismarshalled on the server, then unmarshalled on the client.

> Marshalling consists of converting the request to a stream of bytes that
can be passed across a network connection.

»  Theclient program waits until the reply has been received from the
server.

MOM relies on amiddieware product that queues the messages so that they can
be retrieved by the remote program.

Page 70
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Client Program

put message

MOM

get message

get message

Server Program

Queue

put message

> Queue <

RPC RPC
Client Program stub RPC RPC stub Server Program

run run
time time

stub request stub

call() l » call()
re
< ply
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CORBA

*

An Object Request Broker (ORB) is a server application that standardizes
location and access to a remote server object.

%  The Common Object Request Broker Architecture (CORBA) standardizes the
way that ORBs work.
»  Thelnternet InterORB Protocol (110P) isthe application protocol that
ORBSs use to communicate.
»  Thelnterface Definition Language (IDL) is the language developers use
to specify interfaces to server objects.
> CORBA aso specifies I DL-to-language mappings for many common
programming languages.
%  CORBA isimplemented by products provided by ORB vendors.
»  Thevendor sellsan ORB server application, an IDL to the language
compiler, and additional tools.
> CORBA language bindings are available for C++, Java, Smalltalk, Ada, C,
COM, and COBOL.
%  The Object Management Group owns the CORBA specification.
http://www.omg.or g/technol ogy/documents/formal/corba_iiop.htm
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IDL to Language Compiler

Header File or Interface

Header File or Interface

Client

Server Object
Implementation

ORB

Stub [« »|Skeleton
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J2EE

*

Java2 Enterprise Edition (J2EE) extends the Java programming language with
APIsthat defineinterfaces for distributed computing.

»  J2EE includes JSP and Servlets, RMI, EJB, JDBC and JNDI.

JavaServer Pages (JSP) and Servlets are Java objects that extend the
functionality of Web (HTTP) servers by creating documents at runtime.

Remote Method Invocation (RMI) is Java's mechanism for doing RPC.

> Server objects are registered with an rmiregistry and accessed using Java
classes.

Enterprise JavaBeans (EJB) are distributed components that exist within an
application server.

»  They are accessed viaRMI or 11OP (CORBA).

Java DataBase Connectivity (JDBC) is Javas APl for accessing relational
databases.

»  TheAPI isimplemented for a specific database by a group of classes
calledadriver.

Java Naming and Directory Interface (JNDI) is Javas APl for locating remote
components.

»  JNDI can be used to locate EIJBs, RMI or CORBA server objects and
relational databases.
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HTTP
Request
Web Server
JSP ISP
Locate with JNDI
Communicate with
RMI or IIOP
App Server
JDBC
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PERSISTENCE

%  Objectsare usually considered to be in memory, but the information often must
be kept in some long-term storage device.

> Objects can be stored in flat or binary files, relational databases or object
databases.

> Usually only the data is stored, not the methods.

%  Thedeveloper usualy needsto write the codeto read or writeinformationin
delimitedflat files.

»  The storage could be handled by specialized classes or integrated into the
functionality of the existing classes.

%  Somelanguagesand classlibraries provide for serialization, which writesthe
data and structure of an object in binary format.

> Serialization can be used to save objects or to send them across a
network connection.

»  Javaand Microsoft Foundation Classes for C++ provide for serialization.
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RELATIONAL AND OBJECT DATABASES

%  Object datais often stored in relational databases.

> M ost organizations use rel ational databases astheir enterpriseinformation
systems.

> Even with object-relational extensions, developersare usually responsible
for reading and writing to the database tables.

. Basic datatypes are easy, but the inherent differences between
object and relational relationships can quickly cause problems.

%  Theeasiest storage for a developer isin object databases.

»  Although they've been around since the mid-1990s, object databases are
not widely used.

. Ad-hoc queries are difficult.

»  Thedeveloper does not need to worry whether the object is currently in
memory or on disk.
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:Book

1sbn="0684801221"

published="1952"

title="The Old Man and the Sea"
author="Ernest Hemingway"

0316769487 The Catcher in the Rye JD Salinger 1951
| 10446310786 To Kill a Mockingbird Harper Lee 1960
0684801221 The Old Man and the Sea | Ernest Hemingway 1952
0451526341 Animal Farm George Orwell 1945
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XML

%  The eXtensible Markup Language (XML) organizes data within a document.

> By contrast, Hyper Text Markup Language (HTML) specifies how to
display a document.

% XML istext-based.
> It can be written or read by any program.

. Though less common, people can even read or write XML using
regular text editors.

> It can be passed across networks using most standard protocols.
%  Thedataisorganized with elements, which look very much like HTML tags.

»  Anelement actually consists of two tags, a beginning and an end, and the
datain between.

%  Developersand organizations can define their own elementsto specify the
structure of the data.

> Since HTML isinterpreted by a Web browser, the tags are pre-defined
and not extensible.
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books2.xml
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XML EXTENSIONS

%  Thereare many extensions and applications of XML.
> XHTML isastricter, well-formed version of HTML.
> eXtensible Sylesheet Language Transformations (XSLT) isan XML

extension that converts XML document content to other XML or HTML
documents.

> Smple Object Access Protocol (SOAP) is used to invoke methods on
objects, similar to [1OP for CORBA.

. The advantage of SOAP isthat any server program, not just an
ORB, can decipher the method call.

> Smple API for XML (SAX) and Document Object Model (DOM) are
parsers for XML.

. These makeit easier to write an application that parses XML
documents.
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\

XML
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MICROSOFT .NET

%  .NET is Microsoft's platform for distributed XML Web services.

> XML Web services alow much more robust communication than
traditional HTML.

. NET uses SOAP to communicate between Web services.
%  .NET builds upon previous Microsoft technologies.

»  Active Server Pages (ASP) generate dynamic HTML from HTTP
reguests.

. ASPNET allows components to respond to RPC-type requests
using SOAP.

»  ActiveX Data Objects (ADO) are used to access relational databases.

. ADO.NET packages datain XML so that it can be used by many
types of clients.

%  Microsoft provides atool, Visual Studio.NET, for developing .NET distributed
applicationsin avariety of languages.

> Currently, Visual Basic.NET, C++ and C# are available for developing
NET services.
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Web Service Web Service

\ Internet Explorer Browser

XML N SOAP

\ / IS Web Server

ASPNET
Web Service

ADO.NET
Web Service
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REVIEW QUESTIONS

What arethetwotypesof distributed applications?
HowisXML differentthanHTML?

What isthepurposeof astubinthe CORBA architecture?

e ®© ® @

What protocol doesMicrosoft's.NET architectureuseto communicate between Web services?
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