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ABSTRACT

We defined diagrams called Web transition diagramsto rep-
resent overall behavior of Web applications. Using these
diagrams, we can generate server program type Web ap-
plications such as CGl-based Web applications, and server
page type Web applications such as A SP-based Web appli-
cations.

The purpose of this paper is to design Web transi-
tion diagrams to represent wider class of Web applications
based on JavaServer Pages (JSP)/Servlet architecture. Then
we present an automatic generation method of JSP/Servlet
Web applications from these diagrams. We implement a
software system called T-Web system which enables Web
application designers to visualy compose Web transition
diagrams and generate Web applications from these dia-
grams without any manual programming. T-Web system
can generate both HTML-based Web pages and XML-
based Web pages for Web applications. Generated Web
applications support standard level of security against at-
tacks, the use of HTTP cookies, user authentication, and
$ession management.
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1 Introduction

Nowadays, the use of Web applications for data transac-
tion has been immensely increasing. Because of the sud-
den growth of Web application technologies, the develop-
ment of Web applications becomes more and more difficult
not only for non-programmers but al so for experienced pro-
grammers.

Even in the development of small size Web applica-
tions, we have to consider the consistency among applica-
tion components, security against attacks and methods to
protect Web users' personal information.

We defined Web transition diagrams to describe over-
all behavior of Web applications and an automatic gen-
eration method of Web applications from these diagrams.
Then we implemented a CGI-based Web application gen-
erator [1, 2] and an ASP-based Web application generator
[3] using amethod called template method. However, these

generators have following restrictions.

e Newly created templates cannot be treated as prede-
fined templates.

e They can generate either HTML-based Web pages [4]
or XML-based Web pages [5], but not both.

e They cannot generate advanced structural Web pages.

In this paper, we propose the following enhancement.

1. Web transition diagrams that can represent wider class
of Web applications based on JSP/Servlet architecture.
Integration of server program type technology servlet
[6] and server page type technology JSP [7] is possi-
ble.

2. A JSP/Servlet-based Web application generator which
accepts any number of additional templates for Web
page elements or programs. Generated Web applica-
tionssupport standard level of security against attacks,
the use of HTTP cookies, user authentication, and ses-
sion management.

We implement a software system called T-Web sys-
tem. Using T-Web system, Web application designers
including non-programmers can design JSP/Servlet-based
Web applications in terms of Web transition diagrams and
generate Web applications based on both HTML and XML
pages from the complete diagrams.

The rest of this paper is organized as follows. In sec-
tion 2, we explain Web transition diagrams. In section 3,
we describe and illustrate our JSP/Servlet-based Web ap-
plication generator. In section 4, we compare our approach
with other approaches. In section 5, we give concluding
remarks.

2 Web Transition Diagrams

This section presents the definition, notation and an exam-
ple of Web transition diagrams. Web transition diagrams
are directed graphs that can describe structures and over-
all behavior of general Web applications. They represent
both the flow of data through Web application components
(e.g. Web pages, programs, and databases) and hyperlink



relations between Web pages. Notation of Web transition
diagram components is shown in fig.1. Basic components
which always appear in Web transition diagrams are in the
core class. Additional components which are sometimes
necessary in Web transition diagrams are in the extended
class. In this paper, we mainly define Web transition dia-
grams for JSP/Servlet-based Web applications. However,
they can also represent Web applications based on other ar-
chitectures such as CGl architecture.
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Figure 1. Nodes and linksin Web transition diagrams

According to fig.1, a fixed Web page node represents
a Web page stored in afile system and accessible by a cer-
tain URI. An output Web page node represents a Web page
generated by a server program (aJava servlet in JSP/Servl et
architecture). A server program node represents a Java
servlet. A database node represents a database table. A hy-
perlink represents a hyperlink relation between Web pages.
A data-flow link represents a flow of data between com-
ponents. A bean node represents a Java bean. A system
program node represents any system process such as frame
contents presentation. A client browser node represents a
client browser used to store HTTP cookies. A server mem-
ory node represents a server memory space used to store
session objects. A mail server node represents amail server
for outgoing mails.

Fig.2 shows examples of relations between compo-
nents in Web applications represented by Web transition
diagrams. They can be described as follows.

1. Multiple-frame Web page: a representation of a
multiple-frame Web page and corresponding frame
contents

2. Java servlet: a representation of relations between
a servlet and Web pages, a database table, a client
browser, or a server memory space

3. Java servlet-Mail server: a representation of a
servlet sending an email message to a mail server

4. Java bean-Web page: a representation of JSP codes
setting or/and getting a bean property

An example of Web transition diagrams is shown in
fig.3. The diagram describes overall behavior of a meeting
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Figure 2. Examples of relations between Web application
components represented by Web transition diagrams

room booking system. The system allows Web users to
register as new members, login to the system to reserve
or cancel their reservations, and request for their forgotten
passwords.

3 Generation of JSP/Serviet Web Applica-
tions

We implement a software system, called T-Web system,
to generate JSP/Servlet Web application components from
predefined templates. We present its method in this sec-
tion. Fig.4 shows the structure, processes, input and output
of T-Web system.

T-Web system consists of two parts: a Web transition
diagram editor and a Web application generator. Web ap-
plication designers compose a Web transition diagram on
the Web transition diagram editor. The Web application
generator generates a Web application from the complete
Web transition diagram and predefined templates without
any procedural programming by the designers. The editor,
the generator, templates and template method are described
respectively in the following sections.

3.1 Web Transition Diagram Editor

According to the notation of Web transition diagrams, con-
cepts used in the Web transition diagram editor (illustrated
infig. 5) are asfollows.

1. Excluding system program nodes, each of nodes in
Web transition diagrams realizes a set of parameters
and its properties which is a union of a set of input
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Figure 3. A Web transition diagram of a meeting room booking system

parameters (A), a set of output parameters (B) and a
set of node properties (C'), namely AU B U C.

. Neither of fixed Web page nodes, output Web page
nodes, server program nodes, a client browser node,
a server memory node and a mail server node has a
property (fig.5 case 1). Inthese nodes, parametersina
set of output parameters (B) but a set of input param-
eters (A), namely B — A, are newly crested param-
eters. In fixed/output Web page nodes, newly created
parameters are input control elements (e.g. i d and
passwor d in Web page Logi n in fig.3) or parame-
ters attached with a program activator (e.g. day and
t i me attached with program activatorsin<<l i st >>
inWeb pageLi st infig.3). In server program nodes,
they are parameters created for program processes.
None of parameters can be created in a client browser
node, a server memory node or a mail server node.

. Database nodes and bean nodes always have at least
one property (fig.5 case 2). A union of a set of in-
put parameters (A) and a set of output parameters (B)
must be an equivalent set or a subset of the set of node
properties (C), namely (A U B) C C. Properties of
database nodes are database fields. Properties of bean
nodes are Java bean properties.

. A data-flow link brings parameters from a set of out-
put parameters of a source node to a set of input pa
rameters of a destination node. One parameter may be
brought to other nodes by two or more data-flow links

but there must be at most one copy of a parameter on
each link.

5. A hyperlink cannot bring any parameter. It only rep-
resents a hyperlink relation between Web pages.

Using these concepts, Web transition diagram editor
allows users to create new nodes, create new parametersin
the nodes, and specify output parameters of each nodes by
giving details to each data-flow link. The editor automati-
cally collectsal input parameters from incoming data-flow
links of each node and provides the users a list of input
parameters usable in the node. This guarantees the consis-
tency among components in Web transition diagrams.

Templates and their details stored in afile system are
read into the editor when T-Web system is run, as shown
in fig.4. Template details are presented in a property box
of each node to guide users to select an appropriate tem-
plate and specify details of the node. For fixed/output Web
page nodes, users must create Web page elements by select-
ing element type from the list and specify element prop-
erties. For server program nodes and bean nodes, users
must select atemplate mostly suitable for the processes and
specified values of template parameters. All the links are
automatically created when users specify relationships be-
tween apair of nodes, for instance, a data-flow link from a
server program node to an output Web page node is created
when users specify the name of the output Web page node
as atemplate parameter of the server program node. The
steps of Web transition diagram composition are creating
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all nodes, specifying their names, and then specifying de-
tails of database nodes, bean nodes, fixed Web page nodes,
server program nodes and output Web page nodes respec-
tively. A Web transition diagram is completed when all
nodes have names, necessary details and relationships with
other nodes.

The output results of the editor are a Web transition
diagram, afile containing global parameters, afile contain-
ingtemplates of all Javafilesand afile containing templates
of all Web pages as shown in fig. 4.

3.2 Web Application Generator

As shown in fig. 4, Web application generator reads in
a file containing global parameters, a file containing tem-
plates of al Java files and a file containing templates of
all Web pages from the file system. To generate result-
ing files, the generator replaces values of template pa-
rameters into templates using following method. In tem-
plates, parameter names are distinguished by inserting
them between the combination of slashes (/ ) and asterisks
(*), namely / * PARAVMETER NAMVE*/ or / ** PARANE-
TERNAME**/ . A textfrom'/*’ to’*/ " or from’'/ **’
to'**/ "’ isreplaced by atext created using the following
rules.

1. Any character between '/ *’ and '*/’ or between

Node o
Input utpus A: a set of input parameters
A ) C B B: a set of output parameters
C: a set of node properties

Case 1 Case 1: Nodes without property
=, | (fixed/output Web page nodes,
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(database nodes and bean nodes)

Figure 5. Concepts used in the Web transition diagram ed-
itor

"[*** and "** /' which is not a part of parameter
name must be attached to each parameter value at its
original position. (e.g. '/ */ JSPDI RECTORY/ */’
becomes '/ shoppi ng/ ' if the value of the parame-
ter JSPDI RECTORY is’shoppi ng’.)

2. If a parameter value does not exist, the whole text
must be replaced by anull character.

3. If aparameter has multiple values, there are two pos-
sible cases.

(@ If the parameter name is enclosed by '/ *’
and '*/’, each value after attached by non-
parameter characters must be separated by a
comma. (eg. '/*" COLUMNLABEL"*/' be-
comes’"Item | D', "Item Nane", "Unit
Price"," O der Nunber"’ if values of the
parameter COLUMNLABEL are 'ltem I D,
'l'tem Nane’, 'Unit Price’ and 'O der
Nurber ’.)

(b) If the parameter name is enclosed by '/ **’
and '**/ ', each value after attached by non-
parameter characters must be separated by a
new-line character. (e.g. '/ **Stri ng PARAM

"My **[ becomes’String id = "";

String name = ;

String price = "";’ if values of the
parameter PARAM are 'id’, 'nane’ and
‘price’))

Output files from the generator are as follows.

1. HTML Web pages (.jsp) are ISP pagesinHTML for-
mat. Onefileis generated from each Web page node.

2. XML Web pages(.jsp) are ISP pagesin XML format.
Onefileisgenerated from each Web page node which
contains database information.

3. Style sheets (.xdl) are style sheet files for Web pages
in XML format. One file is generated for each JSP
pagein XML format.



4. A cascading style sheet (.css) is a cascading style
sheet file. One file is generated for each Web appli-
cation.

5. Java servlets (.java) are Java servlet files. Onefileis
generated from each server program node.

6. Javabeans(.java) are Java bean files. Onefileisgen-
erated from each bean node.

7. Libraryfiles(,java) are library files required for Web
applications generated by T-Web system. Onefileis
generated from each library file template.

8. A databasetablecreator program (.java) isasource
file of a Java program that can create all database ta-
bles used in the Web application.

9. A makefile (.bat) isabatch file containing commands
to compile al Javafiles.

From output of the generator, the following steps must
be done before the Web application can be launched.

1. The makefile must be run to compile al Javafiles.

2. The environment on the Web server must be set for
JSP/Servlet-based Web applications.

3. Either the set of HTML-based Web pages or the set
of XML-based Web pages must be uploaded to the
appropriate directory on the Web server.

4. Java servlets, Java beans and library files must be
uploaded to the appropriate directories on the Web
server.

5. Database system must be connected to the Web server
by network and database tables must be created. A
database table creator program may be run to create
all database tables automatically.

3.3 Templates and Template Method

As shown in the fig.4, templates must be predefined for
the structure of Web pages, elements in Web pages, server
programs (Java servlets), Java beans, library files and a
database table creator program. All template files are writ-
ten in XML format in which Web transition diagram editor
can systematically read. When T-Web system is run, the
editor firstly reads templates from the file system and pro-
vides lists of templates to be selected when designers com-
pose Web transition diagrams. For each Web application
component, designers are supposed to select an appropri-
ate template from the lists and specify values to template
parameters.

The set of predefined templates may not be expressive
enough. The reason is that there might not be any template
suitable for some processes, and providing alarge number
of templates may cause a difficulty of template selection.
However, T-Web system has been designed for unlimited

number of templates. It accepts new templates for Web
page elements, JSP codes, Java serviets and Java beans
composed by programmers according to some simple rules
of template parameter usage as mentioned in the previous
section. Examples of templates predefined in T-Web sys-
tem for Java servlets are as follows.

1. insert if unique: The servlet inserts a set of param-
eters into a database table only if all parameters are
unique.

2. insert if unavailable: The servlet inserts a set of pa-
rameters into a database table only if similar parame-
ter values do not exist in any record in the database.

3. insert in any case: The servlet insertsa set of param-
etersinto a database table without any condition.

4. insert or replace: The servlet insertsa set of parame-
tersinto adatabase table or replace on existing records
if they satisfy specified condition.

5. match: The servlet compares values of parameters
with the existing values in the database table.

6. show all info: The serviet retrieved al available
database information.

7. show someinfo: The servlet retrieved database infor-
meation that satisfies specified condition.

8. cancel: The servlet cancels current values of database
information that satisfies specified condition.

9. update: The servlet updates values of database infor-
mation that satisfies specified condition to be current
values of parameters.

10. delete: The servlet deletesthe record that satisfy spec-
ified condition from the database table.

11. sendmail: The servlet sends an email message to the
specified recipient through a mail server.

For Web page elements and JSP codes, templates for
almost all of the basic elements and a number of JSP codes
have been predefined such as templates for frames, hy-
perlinks, Java applets, images, forms, input controls, JSP
codes to get current date, JSP codes to get access count,
JSP codes to get database information, JSP codes to define
a Java bean and JSP codes to set/get a bean property.

4 Comparisons

This section evaluates our Web transition diagrams and T-
Web system by comparing them with other approaches.
We may observe that there are many types of dia-
grams used for design or construction process of Web ap-
plications. A site map is an example of diagrams whose
purpose is obvioudy different from that of Web transition
diagrams. Site maps are normally used to represent the



structure of Web application contents, while Web transi-
tion diagrams are used to represent the structure of Web
applications in construction level. However, Web transi-
tion diagrams have a site map function such that they can
represent hyperlink relations and brief Web page contents.

Using of UML class diagramsto represent ASP-based
Web applications is another example [8]. UML class dia-
grams with extension for Web applications can represent
client pages, server pages, interfaces and relationships be-
tween pages and interfaces. They are useful for low-level
design process and construction process. On the other
hand, our Web transition diagrams represent behavior of
Web applications in higher level because they are used for
automatic generation, not for manual construction.

Currently there are many tools and approaches for
Web application development proposed by software ven-
dors or research projects [9]. Here we compare our T-Web
system with examples of tools for non-programmers and
tools for programmers. Visual Web page editors such as
Microsoft’'s FrontPage [10] and Adobe's GoLive [11] are
examples of tools for non-programmers which can con-
struct the whole Web sites without manual programming.
These tools are originally proposed for the construction of
static Web sites. They are full of features for presentation
logic but lack of features for data processing and datatrans-
actions with databases. Microsoft’s Visual InterDev [12] is
an example of tools for programmers which enables us to
design and construct Web applications based on ASP archi-
tecture. Thistool can construct data-intensive Web applica-
tions, but requires scripting language programming ability.

T-Web system for JSP/Servlets is a tool for non-
programmers. It enables us to construct basic Web page
elements and server programs dealing with databases in
JSP/Servlet Web applications. It can generate server pro-
grams with codes for data processing and database transac-
tion without any programming ability requirement. Visua
Web page editors may be used to decorate the Web pages
generated by T-Web system.

5 Concluding Remarks

We have presented the use of Web transition diagrams to
represent general Web page elements and Web application
componentsin JSP/Servlet-based Web applications. T-Web
system has been implemented as a Web application gener-
ator for JSP/Servlets. From Web transition diagrams com-
posed in Web transition diagram editor, Web application
components based on both HTML and XML can be gen-
erated by the Web application generator using predefined
templates. Resulting Web applications support standard
level of Web security, the use of HTTP cookies, user au-
thentication, and session management. Examples of Web
applications that can be generated by T-Web system are
booking systems, shopping systems, organizer systems and
Webboards.

T-Web system accepts any additional templates for
Web page elements, JSP codes, Java servlets and Java

beans newly composed by users. Methods and concepts
used in this system may be possible in the generation of
Web applications based on other architectures.
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