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A. Title
Client/Server Technology
B. Introduction

Client/server is a network architecture that divides functions into client and server
subsystems, with standard communication methods to facilitate the sharing of information
between them. A client is defined as a requester of services and a server is defined as the
provider of services. Client/server computing [2] is a very efficient and safe means of sharing
database information in a multi-user environment. The client program usually accepts user
requests and provides screen displays. Server programs generally reside on more powerful
machines and are used to process information. A single machine can be both a client and a
server depending on the software configuration. When client-server programs are on different

machines, the client and the server machines are linked together through a network.

A common client/server example [5] is a print server. One can attach a printer to a PC
and then share it with other users across the network. It serves print requests from all users,
and off loads these requests from local machines. Another example is a mail server which
functions much like a post office, receiving mail centrally and delivering messages to

individual clients.

Some of the most popular applications on the Internet [4] follow the client/server design.
For example: Email clients, FTP (File transfer) clients and Web browsers. Each of these
programs presents a user interface (either graphic- or text-based) in a client process, that
allows the user to connect to servers. In case of email and FTP, the user enters a computer

name (or IP Address) into the interface to set up future connections to the server process.
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In a client/server environment [3], most of the data is processed on the server and only
the result are returned to the client. This reduces the amount of network traffic between the
server and the client machine, which improves network performance. A central computer
which is the server [2] responds to requests made by workstations which is the client for
information or resources. The server not only controls the distribution of the information, but
also engages in optimizing resource utilization. When the client completes editing the
information, the server receives the changed information and applies the changes on the

original.

The main advantages of client/server technology [3] are high performance and scalability.
Thousands of users can access the same database at the same time, and the database can store

billions of records.

Client-server applications [6] are modularized into client, server, and networking
components. The resources used by a client-server application can also dictate the
components, and thus the structure, of the client-server application. These resources include
the number of server machines involved in the application, the location of the database(s),

and the number of databases needed by the application.

The idea of splitting an application along client/server lines [9] has been used over years
to create various forms of Local Area Network (LAN) software solutions. These solutions,
however, are distinguished by the nature of the service they provide to their clients. For
example With a file server, the client passes request for file records over a network to the file
server. With a database server, the client passes Structured Query Language (SQL) requests
as messages to the database server. With a transaction Server, the client invokes remote

procedures that reside on the server with an SQL database engine. And with a web server, the
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entire exchange of data is mediated by the browser and server using HTTP, this new model

of client/server consists of thin, portable, universal clients that talk to super fat servers.

The performance of a client-server application [6] is affected by the client-server design
structure of the application. The use of the appropriate client-server design structure
combined with application logic design will yield the optimal performance for the
application. The components of the client-server application force the modularity of the
application code. In an application code, modularity will allow ease of updates to adopt to
new environments. The key to application modulation lies in the resources needed by the
application. The resource requirements of an application defines five design structures: Two-

tier, Three-tier, Distributed , Parallel processing and Hybrid.

Middleware is a key to developing three-tier client/server application. Middleware is
referred [12] to as the glue that holds together client/server applications. Middleware covers
all the distributed [9] software needed to support interactions between clients and servers.
Database-oriented middleware provides [12] an Application Program Interface (API) access
to a database. Middleware enables developers to easily link an application to popular
databases. Java Database Connectivity (JDBC) is a familiar API, these classes can be used to
help an applet or a servlet access any number of databases without understanding the native

features of the database.

The design structure of each application must be evaluated individually to take advantage
of differences in capability, development effort, development time, degree of flexibility, and

performance.
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C. Literature Review And Current State-Of-The-Art

In a typical mainframe architecture [7] all processes are within the central host computer.
Users interact with the host through a terminal that captures the user input and sends that
information to the host. User interaction is through PCs and UNIX workstations. Though this
architecture is effective, it is expensive, difficult to maintain and does not easily support

graphical user interfaces or access to multiple databases from geographically dispersed sites.

The earlier versions of client/server were based on file sharing architectures [8], where
the server downloads files from the shared location to the desktop environment. The
requested user job is then run on the desktop environment and when it is finished it is
returned to the server. File sharing architectures work if shared usage is low, update

contention is low, and the volume of data to be transferred is low.

Due to the limitations of file sharing architectures [7], the client/server architecture
emerged. The functionality of the application was separated logically into two parts, one
being the processes requiring the majority of the computing they were put on the server,
second the user interface and less processor-intensive processes, they were put on the client.
This approach introduced a database server to replace the file server, using a relational
database management system (DBMS). The client/server architecture reduces network traffic
by providing a query response rather than total file transfer. It also improves multi-user

update mechanism through a GUI front end to a shared database.

In a two-tier client/server architecture [10], the client communicates directly with the
database server. The application or business logic either resides on the client or on the
database server in the form of Structured Query Language (SQL) or stored procedures. A

two-tier client/server design first came into seen with the applications developed for local
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area networks in the late 1980’s and early 1990’s, and was mostly based on simple file
sharing methods implemented by X-base style products (dBase, FoxPro, Clipper, Paradox,

etc).

The Graphical User Interface (GUI) [10] became very popular in desktop environment.
The general purpose LAN file server was replaced by a specialized database server. This
model brought about the emergence of new development tools like PowerBuilder, Visual
Basic, and Delphi. As the application becomes more complex the client gets fatter and the
client needs a very powerful hardware to support it. In addition, the network using fat clients
is huge, so that the effective bandwidth of the network, and thus the corresponding number of

users who can effectively use the network, is reduced.

An alternative to fat Client [10], is thin client and fat server configuration. Here the user
invokes procedures stored at the database server, this is another approach which is used in the
two-tiered architecture. The fat server model has a better performance than fat client
approach because the effective use of the network. The disadvantage of this approach is that
stored procedures require proprietary customization and coding as they rely on a single

vendor's procedural functionality.

In two-tier client/server systems [9] the application logic is either buried inside the user
interface on the client side or within the database on the server side (or both). In three-tier
client/server systems, the application logic (or process) lives in the middle-tier, it is separated

from the data and user interface.

Client/server technology is slowly advancing [11] from two-tier architectures to three-tier
architectures for many reasons. The most important being that increase in the number of

users results in deterioration of performance of two-tier architecture. The second reason is
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that the implementation of the processing management services provide little flexibility and

limited choice of database management systems for the application.

Many of these limitations [11] in two-tier client/server architecture have been overcome
by the three-tier architecture through the use of a middle tier. The middle tier works between
the user interface which is the client and the data management which is the server and
provides process management. Using a three-tier system results in improvements in
flexibility, maintainability, reusability, and scalability. It enhances these measures by
centralizing process logic. This makes administration and change management easier by

localizing system functionality.

The goal of this project is to develop and implement a user-friendly web based client
server application to handle user traffic to the departmental website. It will allow the visitors
to the departmental web site to request information and will save their information on an
oracle database and will create summery reports. The application will be built in Java

platform using Oracle Database.
D. Methodology

This project invloves the design and development of a three-tier client/server application.
The application will allow all the visitors to the computer science departmental web site to
request and obtain different kinds of information related to the department. The request is
then saved on a relational database for further processing and analysis. This application will

create several summary reports.

This application allows the user to:
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(1) Register with their username, password and email address. The information will
then be stored in a database and helps the users to log on to the website to get

information in the future.

(2) Log on to the website using their user name and password and navigate through
the website to get information about the computer science department. The login

page is shown in Figure 1.

(3) Request for printed material to be mailed to them or get the information through

email to view the following detailed information. The request page is shown in

Figure 2.
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Figure2. User Request Page for printed material to be mailed or emailed.
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Figure 1. Login Page that allows the user to login to the website

Admission Information such as eligibility requirements, also admission
requirements for international students, which may be different from
local students and different documents needed to complete the

admission.

Course Information will contain the information on the available courses,
outline of the course and other course-related information such as

prerequisites, course description and books used.

Catalog: There are different catalogs to chose from such as Graduate
Program offering, Graduate Calendar, Application and Admission,

Tuition and Financial.
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iv. Application Form: The user can complete the application form online
when the appropriate link is sent to them or they can complete their

application by using the printed form.

(4) A link to the International student information page that will contain information

about cost, eligibility test, student visa, check lists etc
Following are some of the information available to the user about the department:

(1) Information regarding faculty’s email address, office hours, phone number and

their office location in the school.

(2) Departmental contact information such as email address, phone number, fax

number, contact person and office location.
(3) Information about location and direction to the computer science department.

(4) The news page containing important news about the department and details

regarding new courses that are being offered.

The information obtained will be stored in a relational database. Following are the types

of information stored:

(1) E-mail address: Email address is obtained during user registration. This will be

stored along with the user name and password.

(2) Mailing address: Mailing address is obtained when the user requests for printed

material to be mailed to them.
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(3) Type of Request: User information request will be stored in the database. This
will contain different types of information requested and a choice of how the user

prefers to receive this information.

Faculty and other staff members use this information to generate reports containing a list
of individuals who contacted the website. Reports will have a list of email and mailing
addresses. This information may be used to send an e-mail regarding new course offerings to

the people who contacted the website.

Figure 3 represents the detailed three-tier client/server application being developed
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Driver
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Data Tier

Figure 3. Detailed Three-tier client/server Architecture.
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A typical three-tier client/server application consisting of three well-defined and separate
processes, each running on a different platform. Figure.4 shows a three-tier architecture with

three different platforms.

Data Server
business data Middle Tier Server
business rules

Client
presentation logic

Figure4. Three-tier client/server Architecture [15]
Following are the three different platforms needed to run a three-tier application:

1. The client tier is a front-end (most often a PC) that communicates with the user through a

graphical user interface. This is the direct interface between the user and the computer.

2. The application server tier handles functions such as enforcing business rules, managing
transactions and processing information. This is a functional module that actually
processes data. This middle tier runs on a server and is often called the application server.
The middle-tier server [18] plays a vital role in a three-tier application. It handles

requests from clients by processing the request and returning the response to the client
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and connecting to database, and retrieving information from the databases. Middle-tier

servers provide business services to clients.

3. A database management system (DBMS) that stores the data required by the middle tier.
This tier runs on a second server called the database server. The database tier provides
data storage and other information services. The database tier consists of a standardized
database that focuses on issues such as data integrity, security, redundancy, and shared

services. Middle tier accesses the database tier with a driver supporting the JDBC.

Web application servers [13] provide a software framework to perform communications
between the stateless HTTP browser and the stateful back-end application. Following are
some of the typical program communication methods used by Web application servers: CGI
(Common Gateway Interface), ASP (Active Server Pages), JSP (Java Server Pages), Applets,
Servlets, ActiveX, CORBA (Common Object Request Broker Architecture), EJB (Enterprise
Java Beans), RMI (Remote Method Invocation), XML (Extensible Markup Language) and

XSL (Extensible Stylesheet Language).
The application is designed in the following segments:

(1) Client: The client is the presentation layer. It presents data to the user in a user
friendly format. It also sends and receives requests to and fro from one or more

servers for processing data.

(2) Web Server: A web server is a computer with special software to host web pages
and web applications. Web server is a program running on the server machine,
which accepts request from Client (Web browser) and sends back the result. Web

server serves web pages to clients across the Internet or an Intranet. The web
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server hosts the pages, scripts, programs, and multimedia files and serves them
using Hyper Text Transfer Protocol (HTTP), a protocol designed to send files to

web browsers and other protocols [16].

(3) Servlets: When the server receives a request, it passes the request to the Servlet.
The Servlet is an application program interface between the Web server and the
application program. The program is loaded into the Web Server when the server

starts up [14].

(4) JDBC: Java Database Connectivity (JDBC) technology is an API that is used to
access virtually any tabular data source from the Java programming language. It
provides cross-DBMS connectivity to a wide range of relational databases. JDBC
is used to connect the servlet program to database. The servlet queries the
database through JDBC and converts the recordset returned by the database into

an object [14].

(5) Database: A relational database consists of a set of tables, where each table is a
set of records. A record in turn is a set of fields and each field is a pair field-
name/field-value. All records in a particular table have the same number of fields
with the same field-names. Data are queried through JDBC from servlets and

displayed on browser using user interface.

Documentation of this project will comprise a user’s guide and detailed description of the
different modules of the application. Complete listing of the program source code will be

provided.



Page 14

E. Contributions of the Project

Most Web applications work on client/server environment. These kind of applications are
multi-tiered client/server applications which use different software and technology in each
tier for developing an application. The purpose of this project is to outline a roadmap and
guideline to client/server application development and will automate the information retrieval

for users of computer science departmental web site.
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