1. Introduction

As the number of users on the World Wide Web increases everyday, its use in
different areas is also growing. One of the most powerful aspeds of the Web is that
anybody who hes Internet access can browse on the net. This enables daring the
information world wide.

One of the fast growing areas of the Web is distance alucaion (or distance
leaning). The reason dstance elucaion onthe Web is getting popuar is becaise it has
advantages over other types of distance ealucdion programs. It gives much more
flexibility to the users. The users can take the murses they registered for at any computer
conreded to the Internet. They usualy have amore flexible time frame to take their
clasesandtheir tests.

In terms of programming of these sites developers had urtil recently to use limited
range of tedhindogy to choose from. These techndogies usualy invoved Common
Gateway Interface(CGI) programming, Javascript, and Microsoft’s Active Server Pages.
This paper demonstrates that Java servlets and JDBC can be used programming for these
Sites.

This paper discusses this new techndogy and explains how this techndogy can be
used in programming in dynamic Web sites. Sedion 2 pesents an introduction to Java
language, Java servlets and JDBC. It also compares the present techndogy used in
creaing dynamic Web sites to the new Java servlet techndogy. Sedion 3 explains the
software used in this gudy and their configuration. It also describes in detall how this
projed is dore by explaining ead servlet and its relation to the database dass Lastly, it
describes the databse design. Sedion 4 gives the results and conclusion d the study,
while Sedion 5suggests the future work.

2. Background and Literature Review

This sdion begins by describing in Subsedion 1, the dternatives that are
currently available for programming interadive sites on the Web. In Subsedion 2, we
present Java servlets and hawv they can be integrated with JDBC. Finaly Subsedion 3

compares the present techndogies with Java servlets.



2.1. Java Servlet Alternatives

Common Gateway Interface is one of the most commonly used server-side
programming method to develop dynamic Web applicationg11]. CGlI is an applicaion
modue that receves requests from a Web server. The gplicaion processs the data it
recaves and sends it badk to the server. The server then sends the data to the dient's
browser. Server-side programming with CGI has sosme problems and limitations. CGI can
be implemented in various ways, bu typicdly it is implemented through the use of
compiled and interpreted languages. C and C++ are the most commonly used compil ed
languages and Perl is the most commonly used interpreted language.

In terms of interpreted languages, Perl (Pradicd Extradion and Report
language)[10] is the most popuar one because of its superior string handing cgpabiliti es
and extended fuctionality[9]. Although Perl is a very powerful language & processng
text, it has a downside because it requires the server to start a new interpreter for eah
request. This takes quite abit of time and resources.

One other thing to consider is that CGI runs as a processcompletely separate from
the Web server. This requires additional coding for sesson tradking when sesson
tradking is necessary onthat site.

Server-side JavaScript is another solution for generating dynamic Web sites. This
is adhieved by embedding JavaScript into the HTML pages. However, server-side
JavaScript is suppated ony on Netscape' s Enterprise and FastTrack Web servers.

Microsoft's Active Server Pages (ASP) is another method d programming
dynamic sites. Similar to server-side JavaScript, ASPis also embedded in HTML pages.
ASP is sppated only by Microsoft's Web servers (Internet Information Server and
Personal Web Server).

2.1.1. Common Gateway Interface

CGl is just a protocol, a formal process between a Web server and a separate
server-side program[1]. The server encodes the dient's form inpu data, and the CGI
program deades the form and generates output. The protocol is independent from the
programming language used to program CGl.

CGl scripts cdled in two main ways (methods). The HTTP GET method is used

in dacument retrievals where an identicd request will produce an identicd result, such as
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adictionary lookup.The HTTP FOST method sends form data separate from the request.
The GET method is only safe for short read-only requests, whereas POST is sfe for
forms of any size, as well as for updates and feedbad resporses. Therefore, by default,
the CGI modu e uses POST for al formsit generates.

2.2. Java Servlets

2.2.1. Introduction

Java[7] is a relatively new and paverful programming language that provides
many useful feaures to software developers. It inherited its grengths from C++ while
eliminating most of the problems of C++. The syntax and programming logic of Java ae
very similar to that of C++. Java is smple, ojed oriented, patable, robust, and
multithreaded. The syntax for Javais smple and a deaned-up version d the version o
C++. There is no real for healer files, panter arithmetic (or even a pointer syntax),
structures, unions, operator overloading, and wrtual base dasses. Java is an oljed
oriented language, like C++. The main dfference between the two is in the aea of
inheritance C++ suppats multiple inheritance while Java suppats only single
inheritance

Javais platform independent (portable). Oncethe Java @de is compiled into byte
code, it runs on every machine which has Java Virtua Macdine (JVM) onit. Thisis one
of the biggest advantages of Java over C++. The Java compiler deteds many problems
during compilation. Some of these problems are deteded duing run time with ather
language compil ers. This makes Java arobust language. Java is aso multithreaded. This
fedure gives Java abetter red-time behavior[6].

The Java language was originally intended for use in small, embedded device[2].
Its first use on the Web came in the form of applets. Until recantly, Java has not been
used in serious rver-side Web development. Now, with the improvements in Java
applicaion grogramming interfaces (API’s), espedally the Servlet API, Javais becoming
an important tod for server-side Web programming.
2.2.2. Java Servletsand Their Applications

A servlet isadynamicaly loaded module that services requests from a Web server
andis ageneric extension to Java-enabled servers. The most common wse of servletsisto

extend Web servers providing seaure, patable, and an easy-to-use replacanent for other
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server-side scripting methods, such as CGI. Servlets run entirely in the VM and onthe
server-side; therefore they dont depend on lwowser compatibility (unlike Java goplets).

Servlets can be used for any number of Web-related appli caions where dynamic
Web pages are needed. One of the biggest applicaions for servlets is developing E-
commerce sites sncethey are one of biggest trend in Web development. Servlets can be
conreded to a database, either on the same server or on a different machine, and make
accessble the mntents of that database on the Web through JDBC which will be
described later. Sincethe servlet API includes classes and interfaces for sesgon trading,
servlets can be eaily used onsites where sesgon tradking is neeled.

2.2.3. Servlet Advantages

Today, servlets are one of the most exciting and rew tedhndogies in server-side
Web development. Servlets are dficient, persistent, patable, robust, extensible and
seaure3].

Serviets are dficient, because aservlet’s initialization code is exeauted orly once
when the Web server loads it for the first time. Once the servlet is loaded, handling new
requests is only a matter of cdling a service method. Since sesson tracing is built-in to
the servlet API, servlets can maintain states between requests, which makes them
persistent. Becaise servlets are written in Java, they are platform independent and
portable. This fedure enables srvlets to be moved to a new operating system withou
changing the source mde. Also becaise servlets are written in Java, they are developed
with the accssto the entire Java Development Kit (JDK) API. Therefore powerful Java
padkages, such as JDBC, Networking, Remote Method Invocdion, etc., can be used in
servlets. Servlets are seaure, becaise they run onthe server side, inheriting the seaurity
provided by the Web server. Servlets can also take alvantage of the Java Seaurity
Manager API.

2.2.4. Architecture of Servlets

There ae two padages that constitute the Servlet API; these aej avax. servl et
andjavax. servlet. http[6]. Thejavax. servl et pakage mntains classes to suppat
generic, protocol-independent servlets. These dasses are extended by the dasss in the
javax.servlet.http padkage to add HTTP-spedfic functionality. The top-level
padkage nameisj avax instead of the familiar j ava, to indicae that the Servlet APl isa
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standard extension.

Every servlet must implement the javax.servlet. Servlet interface Most
servlets implement it by extendng one of two spedal @ classs:
j avax. servl et.GenericServlet Or javax.servlet.http. HtpServlet. A protocol-
independent servlet shoud subclass Generi cServl et, while an HTTP servlet shoud
subclassHt t pSer vl et , which isitself a subclassof Generi cServl et with added HTTP-
speafic functionality.

Unlike aregular Java program, and just like an applet, a serviet does not contain a
mai n() method. Instead, cetain methods of a servlet are invoked by the server in the
process of handling requests. Each time the server dispatches a request to a servlet, it
invokesthe servlet’sservi ce() method.

A generic servlet shodd owerride its servi ce() method to handle requests as
appropriate for the servlet. The servi ce() methods accets two parameters. a request
objed and a resporse objed. The request objed tell s the servlet abou the requests made
by the dients (web browsers), while the resporse objed is used to return a resporse.
Figure 1[6] shows how a generic serviet handles requests.

Web Server CGeneri cSer vl et subclass

request

o I

r&eporse service
e

Figure 1. A generic servlet handing arequest.

In contrast, an HTTP servlet usually does not override the servi ce() method.
Instead, it overrides doGet () method to handle GET requests and doPost () method to
handle POST requests. An HTTP servlet can owerride ather or both of these methods.
The service() method d Htt pServl et handes the setup and dspatching to al the
doxxXX() methods. Figure 2[6] shows how an HTTP servlet handles GET and POST
requests.
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Figure 2. An HTTP servlet handliing GET and POST requests.

The remainder in the j avax. servlet and j avax.servlet.http padkages are
largely suppat classes. For example, the Ser vl et Request and Ser vl et Response Clases
in javax.servl et provide acces to generic server requests and resporses, while
Htt pSer vl et Request and Htt pServl et Response in javax.servlet.http provide
accessto HTTP requests and resporses. Thej avax. servl et . htt p padkage dso contains
an Ht t pSessi on classthat provides built-in sesson trading functionality and a Cookie
classthat allows youto set up and pocessHTTP cookies.

2.2.5. Java Servlet Engines

As mentioned abowe, servlets are standard extensions to Java. However, the
servlet APl is not part of the core Java API. Therefore, the servlet APl must be present on
the server-side, in additionto JVM, in order for the servlets to work. The first serviet API
was made avail able by the Java software division d Sun Microsystems. This product is
cdled as Java Servlet Development Kit (JSDK)[6]. In addition to JSDK, there ae many
third party servlet engines (standalone and add-on) available from different
manufadurers.

A standalone engine is a Web server that includes built-in suppat for servlets.
Some of the standalone servlet engines include Sun's Java Web Server[6], the World
Wide Web Consortium’s Jigsaw Server[6], and Netscgpe's Enterprise Server (version
3.51and later)[6]. One alvantage of these serversis that oncethe Web server isinstaled
and configured onthe server-side, the servlet engine is aso installed. Therefore, an add-

on servlet engine does nat need to be separately install ed and configured.
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An add-on servlet engine functions as a plug-in to an existing Web server. It adds
servlet suppat to a server that was nat originally designed with serviets in mind. Some of
the ald-on servlet engines include Java-Apacdie projed’s JServ modue€[6], Allare
Software’ s Jrun[6], and IBM’s WebSphere Appli cation Server[6].

2.3. JDBC Data Access

JDBC is a Java API for exeauting Structured Query Language (SQL) statements.
Sun Microsystems says that JDBC is a trademark and is not an aaonym for Java
Database Conredivity, however, it is offen associated with Java Database Conredivity.
It consists a set of clases and interfaces. JDBC makes it possble to write database
applicaions using apure Java APl [8].

In its smplest form, JDBC makes it possble to do three things: a) establish a
conredion with a database, b) send SQL statements, and ¢) process the results. JDBC
cannad be used to crede databases. Therefore, in arder to accessa database using JDBC, a
database has to be aeaed with a Relational Database Management System (RDBMYS).

Open Database Conredivity (ODBC) is probably the most widely used
programming interface for accessng the relational databases. ODBC, developed by
Microsoft, was the first standard database driver. ODBC drivers provide a ommon API
to database dients. However, using ODBC drivers in Java has its own drawbadks. It is
written in C language, which is nat an oljed-oriented language. It uses pointers and aher
programming structures that Java does nat suppat. Also, ODBC drivers must be install ed
onthe dient side. Thisrequires that an ODBC driver has to be present on the dient side
in order for Java gplets to be run onthe dient's Web browser. As mentioned abowe,
JDBC provides a ommon database programming APl for Java programs.

The JDBC API suppats bath two-tier and threetier models for database acces
In the two-tier model, a Java gplet or applicaion taks diredly to the database. This
requires a JDBC driver that can communicae with the particular database management
system being accessed. A user’'s SQL statements are delivered to the database, and the
results of thase statements are sent badk to the user. Figure 3[4] shows a smplified

version d atwo-tier architedure.



Java Applicdion

IDBC Client Madiine

I DBMS — proprietary protocol

s —— :
Database server (engine)
RDBMS

Figure 3. JDBC two-tier model.

In the threetier model, commands are sent to a “middle tier” of services, which
then sends SQL statements to the database. The database processes the SQL statements
and sends the results badk to the middle tier, which sends them to the user. In many cases
the threetier architedure can provide performance alvantages. Figure 4[4] show the

threetier model.
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Figure 4. JDBC threetier model.



2.4. Present Technology vs Java Servlets

As the World Wide Web continues to grow, its use for different purposes are dso
increasing. One of the rapidly growing uses of the Web is on-line educaion and testing.
This can be onsidered as a form of distance leaning. The avantages of on-line
educaion and testing are many. Since asite on the Web is accessble from al over the
world, everybody who hes authenticaion to use the site can benefit from that site. The
limitations of time and locdion are diminated in online elucaion. On-line testing
provides instant results (scores/grades) to those who take it, while minimizing grading
and correding by hand.

The examples of the sites that provide Web based leaning and testing include
Web Course Tods (WebCT)[12], Bladkboard.com[13], Lean University.com[14],
University of Phoenix (Distance Leaning sedion)[15], etc. Programming of these kind o
sites typicdly involves a server-side scripting language and a RDBMS. As discussed in
ealier sedions, CGI progranming dominates srver-side dynamic Web programming.
CGI techndogy is old and hes its downsides. A small portion d this type of Web
programming involves JavaScript, however JavaScript canna be used for creding seaure
Sites.

Java servlets have anumber of advantages (as discussed in the previous edions)
over the &isting tedindogies. Some of the alvantages are seaurity, platform independent
and full access to Java APIl. Sesson tracking and interadion with a RDBMS are
necessary feaures that these kind d sites noud posss. Since sessontradcking is a built-
in feaure of servlets and database accss from servlets is very easy through JDBC,
developing dynamic Web sites and Web database goplicaions with servlets are smple

and efficient.

3. Methodology
This dion describes the different pieces of software used in this gudy and their
configuration. It also describes the projed by explaining the cmporents of it, such as the

servlets, JDBC classand the database design.



3.1. Software Used in This Study

All the pieces of software used in this sudy are mmpatable with and installed on
aRed Hat Linux 6.0, kernel 2.2.512, operating system. We used the Apadce Web Server
that comes with the &ove Red Hat distribution as the Web server. Although, Linux
comes with a third party Java mmpiler, Kaffe Virtua Madine, | downloaded and
installed the JDK for Linux provided by Bladkdown.arg which follows the Sun
Microsystems gedficaions for JDK. Theversion d JDK, | used, was 1.1.7v3.

As aservlet engine, | downloaded and install ed the Java Servlet Development Kit
2.1 avail able from Sun Microsystems. Currently, thisisthe latest servlet engine avail able.
In order for servlets to function corredly, some feaures of this engine had to be
configured before its use. Some of these feaures are the port number that the servlets run,
servlet diredory, and servlet properties file which hdds the names of the compiled Java
servlets.

| used Mini SQL 2.0.11as my database engine. Thisis afredy available RDBMS
(for  nonprofit  organizations) from  Hughes Tedwndogies, Austrdia
(www.Hughes.com.au). This database server is very small and compared to its gze very
powerful. Mini SQL is designed and developed to run onUNIX flavor operating systems.
Its installed version takes less than 3 megabytes ace on hard dsk.. This RDBMS
provides a SQL monitor and suppats dandard SQL commands. It passes the properties
of many large RDBMS's without the overhead o those. In order to conned my Java @de
to this database server, | used mSQL-JDBC 1.0 diver. Thisdriver is dso fredy avail able
from the Center for Imaginary Environments (www.imaginary.com/Java) to whoever
wants to useit.
3.2. TheProject

This gudy involved, in terms of Java servlets and JDBC, sixteen servlet programs
and ore database program. Whil e servlets generated the Web pages, the database program
functioned as a bridge between the servlets and the database server. Most of the serviets
creaed oljeds of the database dass and accessed the functions of the database dass
which will be explained in detail | ater. In addition to Java servlets and JDBC, this projed
involved some database design and programming. The database design consisted o five
tables. The database design will be explained later.
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Sesson traking was an essentia part of this projed. It was accomplished by
passng the user name from one servlet to another as a hidden field (since user name was
the unique identifier).

Table 1 gives ®rvlet names and the file name which generates that serviet. A
general flow diagram for the servletsis given in Figure 5.

Table 1. Servlets and their brief descriptions.

Servlet Name File Name
\Welcome welcome.java
\Welcome?2 welcome2 java
QABoard gaboard java
List list.java
Message message.java
Reply reply.java
EntryRep enrtyrep.java
Post post.java
Entry entry.java
Sample sample.java
SamAns samans.java
Quiz quiz.java
Answer answer.java
Grades gradesjava
Change change.java
Passvd passvd.java

The first function d the database dass (quizdbclasg is connect () function,
which makes a mnredion to the database server on the locd host. If the wnredion is
established and the database (quizl) is opened succesduly, this function returns true,
otherwise false. The next function is the | ogi nCheck() function (cdled from the
Vel cone serviet), which takes the user's name and password from the Wl corme servlet
and seaches the relevant database table (passvd) for these entries. If the user name and
passwvord are found in the database and matched, this function returns true, otherwise
false. Explanations of the tables will be described later. The st op() function caculates
the duration d quiz, and inserts the duration into the taken table. This function also marks
the database that student has taken the quiz.

The i nsert Grade() and get Grades() functions of the database dassinserts a

student's quiz grade into the grade table and retrieves and returns a student's grades from
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the grade table, respedively. The i nsert G ade() function is cdled from the Answer
servlet and the get Grades() functionis cdled from the G- ades servlet. There ae some
functions which invalve with the seaurity when a student attempts to take aquiz cdled
from the Qui z servlet. The t aken() function seaches the database to seeif the student
has aready taken that particular quiz. The i pCheck() function cheds the IP address of
the remote computer that a student is trying to view the quiz page. Because students are
restricted to take quiz only from a set of computers, accessfrom other computers will be
denied. The tinmeCheck() function cheds the time of the quiz time and student's
conredion time. If the student is trying to accessthe quiz page other than the quiz time,

the student's accessto this page will be denied.

Login Screen (HTML Form)

v

Welcome

> Welcome2

A ¢ A
QA B&ard Sal*ple Q*iz Gra%es Chinge
; ; v v
€« List Pist SanAns AnSwer Passvd
* Entry
Message
Reply
EntryRep
< ¢ v v v v v >

Figure 5. Flow chart for the servlets.

There ae dso some database related functions invalving the Questior/Answer

(Q/A) posting board. These functions are get Subjects(), get OneSubject(),
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get Message(), i nsMessage() andi nsRepl y(). The get Subj ect s() function gets the
message number, the user name who pasted that message, posting date and the subjed of
that message from the subjeds table. This function gets al the entries from the subjed
table. The get OneSubj ect () function daes the same thing with get Subj ects()
function, except this function gets only one message from the database. The
get Message() function gets the message body of a particular message from the message
table. The i nsMessage() function inserts the message number, user name, pasting date
and time, subjed of the message and the message body into subjed and message tables.
Thei nsRepy() functioninsertsareply to apreviously posted message in to the database.

The first screen that comes on when the program is darted is the login screen
(Figure 6). This is the only page that is generated by HTML. The page dter the login
screen is the welcome screen. This reen is generated by Wl cone servlet. This srviet
takes the user name and password from the previouslogin page and chedks if they exist in
the database using the | ogi nCheck() function d the database dass If the user didn't
enter user name or passvord, o if user name/passvord couldn't be foundin the database,
this srvlet generates an error page displaying the gpropriate aror message. If the user
name and passwvord are foundin the database, this srviet cdl s the next servlet.

The next page, generated by Welcome2, is the main screen (Figure 7) for this
projed. This page has links to ather pages, such as Q/A posting board, sample and red

online quiz pages, €tc.
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Figure 6. Login screen.
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Figure 7. Main screen.
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The Q/A posting board page (Figure 8), generated by QABoard, has two links,
oneisto view the previously posted messages and reply to a particular message, and the
other is to pcst a new message. The page that shows the previously entered messages,
generated by List, gets the entries from the database and dsplays them as links to the
messages using the get Subj ect s() function d the database dass If the user clicks on
one of the links, the message body is displayed onthe next page and an ogtion to reply to
this message. The user can aso choose to past a new message withou replying to a
message.

The main page includes two links to the quiz pages. One of the links is to the
sample quiz page (Figure 9). This page, generated by Sample serviet, displays how the
red quiz will | ook like and explains how it will work and famili arize the students with the
red quiz. There is notime limit on this page. After the student submits the answers, the
next page, generated by SamAns wrvlet, displays the corred answer for eadh guestion
and the score of that user. The red quiz page is the page where students take the online
quizzes (Figure 10). This page is generated by Quiz servlet. When this page is loaded, it
first chedks if the student has taken the quiz before by cdling t aken() function d the
database dass then chedks the IP addressof the remote computer by caling i pCheck()
and the time by ti meCheck() functions. This ®rvlet aso starts a Java timer to measure
the duration d the quiz. A JavaScript timer shows the quiz time starting from the loading
of the quiz page. The purpase of this JavaScript timer is to show the dapsed time to the
student. The timer is gopped when the student presses the submit button when he/she
finishestaking the quiz. This rviet passes the duration measured by the Javatimer to the
next servlet. The next page, generated by Answer servlet, caculates the duration d the
quiz and updites the taken table in the database, inserting the duration d the quiz and
marking the taken field as true. This srvlet also dsplays the corred answers of the
guestions and the student's grade. It inserts the student’s grade for that quiz into the
gradestable by cdlingi nsert Grade() function.
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Figure 8. Question/answer posting board main page.

Finally, the main page has two links to two aher feaures. By foll owing the links,
the students can view their previously taken orline quiz grades (Figure 11). This page,
generated by G ades serviet, uses the get Grade() function d the database dass to
retrieve the grades of the student. The students can also change their existing passwvords
(Figure 12). The page, generated by Change servlet, takes the existing and new
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Figure 9. Sample quiz page.

Figure 10. Online quiz page.
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Figure 11. Grade viewing page.

Thttp: /feai s uar ednt o EES 7

Figure 12. Passvord changing page.
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passvords of the student and cdls the next servelt (Passwd). Passwd servlet updates the
student’s passvord (by changePasswd() function) after chedking its validy.

The database design, as mentioned ealier, involved 5 tables. These tables are
password, taken, grade, subjed and message. The primary key was the user name for
tables passwvord, taken, grade and subjed, and the primary key was message number for
table message. The passvord table mntains general information abou the users. This
table stores the first and last names of the users, user names, passvords, e-mail addresses
and a field that spedfies whether the user has super user privileges. The taken table
includes a field for the user name, a filed for the time for ead student to finish that
particular quiz (duration), and afield for if the student has taken that quiz previously. The
grade table stores the user names and the grades of the students for ead quiz. The subjed
table contains user fields for name, the number of the message, message insertion chte
and time and the subed of the message. The message table stores the number of the

messages and the message body.

4. Results and Conclusions

This dudy involved server-side programming with Java servlets to produce
dynamic Web pages and Web database gplications. As mentioned before, currently, CGI
is the most commonly used medhod in this field. Java servlets are new, exciting fast
growing techndogy in web programming.

This gudy demonstrated that Java servlets can be used online testing/courseware
programming. It utilized instant grading for student’s quizzes, eliminating human
grading/corredions. The grades were stored in the database. This also simplifies the
cdculation d student’s average final course grades.

The Q/A posting board provides a useful tod for message/question pcasting and a
discusson bard. Students can benefit from it by posting new questions and even by
answering some of the questions.

The database design used is athreetier model. The database dass(qui zdb) aded
as the midde gplicaion server between the Java servlets and the database engine.
Although speed of database queries wasn't much of an issue in this projed, the threetier

model is used here because it usualy provides better performance
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5. Future Work
In the future, more functionality may be alded to this projed. Some of these

functionaliti es may include, automatic assgnment submisson and grading, chat room(s),
posted classnotes, etc.

Although the quizzes are timed, there is no automatic submisgon feaure on this
page when the quiz ends. Thisfeaure muld be alded onthe quiz page. So that, at the end
of the quiz, the next page (answer page) loads automaticdly before student submiting the
quiz page.

JavaServer Pages (JSP) is another new and exiting tedhnique in dynamic web site
programming. JaveServer Pages are standard extension d the Java Servlet API. Possble

future studies may involve mmpining servlets and JSPto generate better results.
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