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Abstract 

This thesis develops a methodology for a new light weight H'ITP enabled workflow 

management system, called DPSFLOW, and entirely based on the Java and WWW as its 

basic technologies. In DPSFLOW Java is used as the modeling (build time) as well as the 

implementation language for workflow enactment. Modular and extendible workflow 

definitions are possible due to the object-orientation of Java. Using WWW and Java eases 

the implementation effort of the workflow engine, since H'ITP and the Java API already 

include a lot of functionality, and execution of workflows in the workflow engine that is 

basically combination of the Application Server and Database Server. It also includes a 

build time and a run time dimension of workflow imposing different requirements. The 

build time requirements comprise all issues related to modeling of control and data flow. 

Most of these requirements are not specific to workflow modeling, like graphical or 

formal representation, ease of use, readability, and modularity, or correctness. 

The run time requirements are related to the activation, enactment and termination of 

workflows. The system shall be extendible to be able to handle future unforeseen 

appl~cation scenarios. Continuously growing application areas and increasing 

organilational coverage call for a scalable system. The system should be open that it can 

run in a dishibuted.heterogeneous computing infrastructure in future 
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Chapter 1 

INTRODUCTION 



Introduction 

Business processes which are optimized in time and flow are becoming crucial for 

the commercial success of companies. Such processes can be modeled as a composition 

of activities and subsequently mapped onto workflow management systems. 

A workflow represents the operational aspects of a work procedure: the structure 

of tasks and the applications and humans that perform them; the order of task invocation; 

task synchronization and the information flow to support the tasks; and the tracking and 

reporting mechanisms that measure and control the tasks. 

A workflow management system completely defines manages and executes 

"workflows" through the execution of software whose order of execution is driven by a 

computer representation of the workflow logic. 

1.1 An activity based workflow management system 

Being activity based workflow management system means that the processes or 

the workflows are made of activities to be completed in order to get something done. This 

differs from entity based workilows, where the focus is set on a given document 

For example, the process describing a research in a campus library can be handled 

as an activity based process: we have to get a signed authorization from the teacher, find 

the books of interest using either the computer catalogs or the librarian's help, and then 

check-out the books we need (signing the appropriate stuff). This is a list of activities to 

be carried out in order to get books out of the library. There is no document attached in 

this process. 

Another example of an activity based process might be represented by the fund 

request submission process. A teacher of the university has to submit a request for buying 
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a new computer. The process starts by filling in a form where the teacher specifies what 

he intends to buy and how much does it cost. The form will be handled by the 

administration office and, if the total cost goes beyond a given threshold, it requires the 

personal authorization by the administration chief. Budget is then checked, to see if the 

teacher has appropriate funds left for the acquisition: At the end an e-mail is sent to the 

teacher informing about the result of the submission; the request is filed in the request 

archive and the database is updated subtracting the requested cost from the available 

money. This process has a main document (the request) but it has a lot of side actions to 

be carried out as well: signed authorization, archive insertion, database update, e-mail 

sending. The best way to describe this is through an activity based workflow, where the 

process is made of activities to be carried out. 

On the other hand simpler processes do not require the complex structure or an 

activity based workflow management system, and a simple entity-based workflow would 

suffice. For example, publication of documents on a web site can be simply modeled by 

the given document going through the states of new, submitted, and then approved or 

rejected. In these kinds of workflows the document is the main issue and its available 

actions are defined by its current state. 

1.2 Main issue 

The main issue for a workflow management system is answering the question 

"who must do what, when and how". In an activity based workflow management system 

(as DPSFLOW) this question finds an answer. 

DPSFLOlV(1Veb-Enabled WFMS) 2 
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Fig. 1.1 Simple Workflow Model 

The process defining the sequence of activities to be carried out says what should 

be done and when by the definition of activities and transition in stand alone editor. An 

activity (the what part of the issue) represents somethihg to be done: giving authorization, 

updating a database, sending an e-mail, loading a truck, filling a form, printing a 

document etc. Transitions define the appropriate sequence of activities for a process (the 

when part of the issue). 

Each activity will have an associated attributes designed to cany out the job: the 

"how" part. 

The "who" part is determined by the user assigned to cany out the activity, 

through its application. Usually activity applications will be used by someone, a person, 

but in many other cases the entity assigned to an activity might as well be an automatic 

system. After all, why should we have a person waste its time doing a database update 

that could be done by a much faster computer? 

1.3 Benefits of DPSFLOW 

One benefit to use a workflow management system is to improve the efficiency 

and performance of the processes we usually handle. A lot of activities we usually do can 
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actually be carried out by an automatic system.-Database update, research, document 

archiving and so on are activities that a computer will carry out without human 

intervention. This means that the activity job will be carried out much faster and the 

human resources can be used in some more valuable way (and they will be grateful for 

that). 

Another benefit to use a workflow management system is to always have the 

answer to the question "who must do what, when and how". Formalizing our process 

means wasting no time in deciding what to do, having the right person doing the job and 

being sure that our issue will have a way to be completed appropriately. 

1.4 The Workflow definition 

The goal of a workflow definition is to give answer of the question "who must do 

what, when and how". Activities and transitions describe the workflow we want to model 

(what and when part). Applications describe the how part and they are associated to 

activities. Users and roles describe the who part. 

1.4.1 Application Example 

An example of a simple business process is explained in this section to illustrate 

the usability of DPSFLOW. Figure 1.2 the composite workflow "purchasir~g 

new computer equipment" which could a company. It involves five workflow 

participants: a manager, a computer specialgt, a ikancial specialist, a secretary and an 

auto-user. The scenario is as follows. The manager realizes that new computer equipment 

is needed. He contacts the computer specialist to get informed about possible shops and 

cost. He simultaneously asks the financial specialist to look for the current budget being 

available. If the budget is higher than the cost, the secretary will order the equipment 

from the chosen shop. The managcr gcts the message of a successfully given order. 

Otherwise, if the budget is too low, he gets an appropriate trouble message. Joining the 

parallel tasks of the specialists and the decision how to continue, is defined as an auto- 

user activity, i.e. it is executed automatically. 
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equipment 

equip equip 

financial computer 

specialist specialist 

I 
yes 

cost, shop, equip 4 - 
Order equip 

secretary from shop 

"equip ordered" "budget 
t M  IOW" 

End: 

Fig. 1.2 Simple Business Process Model 

DPSFLOW (Web-Enabled WFMS) 5 



Chapter 2 

PROBLEM DEFINITION 

AND PROPOSED SYSTEM 



Chapter 2 Limitntions of Ctrrrent Syslem ond O w  Proposed Systest 

2. Problem Definition and Proposed System 

The state of the art in workflow management has been determinedso far by the 

functionality provided in commercial systems. Many products were developed without a 

clear understanding of the user requirements and these products were quite unprepared to 

meet the demands placed upon them by eager users. 

Issues such as performance, scalability or reliability are hardly ever considered in 

these areas, an unfortunate characteristic inherited by worktlow products. Usually 

commercial workflow products are not based on OLTP (On-Line Transaction Processing) 

or database technology. They use file system as transaction storage. Most of the time user 

activity states are kept in live threads and managed via programming. As a consequence, 

the robustness and technological maturity is lacking in workflow systems. Most glaring 

limitations of existing systems are: 

2.1 ClienffServer Model - A Major Limitation 

From an architectural perspective worktlow management systems are mostly 

clientlserver systems. A centralized workflow engine coordinates the workflow clients 

being related to the workflow participants. 

The growth of the internet and especially the World Wide Web (WWW) has 

caused an increasing shift from dedicated clientlserver software towards the exploitation 

of WWW technology for many kinds of applications, also for workflow management 

systems. 

Independence of operating system and hardware platform at the client side is 

guaranteed when using the standard WWW protocols and document formats. The basic 

WWW applications still follow the clientkerver paradigm. 

DPSFLO W (Web-Enabled WFMS) 7 



Chapter 2 Limitations of Current System and Olrr Proposed System 

2.2 The Architectural Limitations 

The architectural limitations (single database, poor communication support, lack 

of foresight in the designs, the problems posed by heterogeneous designs) have prevented 

existing systems from being able to cope with heavy load of Workflow participants. 

2.3 Lack of Robustness 

One of the major limitations of existing systems is their lack of robustness and 

limited availability. Current products have a single point of failure (the database) and no 

mechanism for backup. This is not as much a flaw as a design' decision, since these 

products were initially intended for small groups and small loads. Very large workflow 

management systems will involve several thousand users, hundreds of thousands of 

concurrently running processes and several thousand sites distributed over wide area 

networks. There will be critical systems and, as such, their continuous availability is 

crucial, in the same way continuous availability is the key to many banking and corporate 

database applications. It is not reasonable to expect corporations to rely on a workflow 

management if a single database failure can bring the entire system to a halt. Moreover, 

since workflow systems will operate in large distributed and heterogeneous 

environments, there will be a variety of components involved in the execution of a 

process. Any of these components can fail and, nowadays, there is not much that can be 

done about it. Existing systems lack the redundancy and flexibility necessary to replace 

failed components without having to interrupt the functioning of the system. 

2.4 Proposed System 

We propose a workflow management system, called DPSFLOW, entirely based 

on the WWW and Java as its basic technologies. In DPSFLOW Java is used as the build 

time (modeling) language as well as the implementation language for workflow 

enactment. Modular and extendible workflow definitions are possible due to the object- 

orientation of Java. Using WWW and Java eases the implementation effort of the 

workflow engine, since HTTP and the Java API already include a lot of functionality, and 
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execution of workflows in the workflow engine that is basically combination of the 

Application Server and Database Server. 

2.5 Goals 

1. Have a Workflow Engine that will be able to: 

understand workflow definitions 

handle activity instances and their flowing in the workflow 

return work lists to users assigned to activities 

2. Have a Process Designing Tool: 

intuitive and easy to use 

able to design complex processes 

3. Have a Web Oriented User Interface for a greater probability of use on any 

platform. The entire application programming interface will be callable via http 
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3 System Analysis 
Analysis is the software engineering task that bridges the gap between system- 

level software allocation and software design. Requirments analysis enables the system 

engineer to specify software funvtion and performance, indicate s o h a r e ' s  interface with 

other system elements, and establish constraints that software must meet. Most of the 

time spent in project development is given to analysis. System analysis was done using 

prototyping and object oriented methodology. 

3.1 Functional requirements 

Fulictional requirements describe the functions or functional behavior of the 

system. Functional requirements describe the functions according to the user point of 

view, how user interacts with the system and how the system behaves with the user. 

3.2 General Requirements 

The user (Administratorlmanager) will first draw the workflow processes map in 

IDE provided by the system. Then he will Assign activities to users. These users will be 

the names like clerk, manager, director etc. i.e.; the persons involved in  any business 

transaction that we bant to automate using workflow management system. 

On the successfUl creation of workflow process map it will be brought on to the 

web by special means. Using Web interface the administrator will assign database roles 

to the users created above. User management i.e.; password changing etc will be done 

from database end. Moreover administrator will monitor the Workflow in all its parts. At 

the lower end there will be a database server that will hold all the worMows or process 

maps build. There will be no live thread that will hold the information. All the 

information will be persistent. 

The user that is a part of business process or workflow process will be provided 

web based graphical user interface. It will be created dynamically, based on the workflow 

process map created by the administrator. Definitely to build graphical user interface for 

the specific user, the workflow process map will be filtered. We will model this complex 
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application using UML. Defining a model makes it easier to break up a complex 

application or a huge system into simple, discrete pieces that can be individually studied. 

We can focus more easily on the smaller parts of a system and then understand the "big 

picture." The reasons behind modeling can be summed up in two words: 

Readability 

Reusability 

System Considerations 

The following are major considerations that we would see carefully. 

Visualization tool (Workflow Builder) to develop processes. 

Process Definition using Workflow Builder 

Eliminate the record keeping of date stamping, logging, and tracking work. 

Cut out the effort looking for particular items. 

Ability to suspend work. 

Running parallel processes. 
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3.4 Information Description 
The first operational analysis principle requires an examination of the 

function domain. The information domain contains three different views of the data and 

control as each is processed by a computer program: (1) information content and 

relationships, (2) information flow, and (3) information structure 

3.4.1 Information Content Representation 
Information content represents the individual data and control objects that 

comprise some large collection of information that is transformed by the software. 

To understand this work flow, following are the terminologies which will be 

discussed in following chapters. 

Fig. 3.1 Workflow Information Contents Hierarchy 
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3.4.2 Information Flow Representation 

Information flow represents the manner in which data and control change as each 

moves through the system. Macro level flow of control of workflow management tool is 

given below which explains the architecture of Workflow components. 

3.5 Workflow Components and their Explanation 

We now explain in detail all components that are used in Workflow Management 

Systems. Without understanding these components we cannot further proceed. 
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3.5.1 Workflow 

Definition 

The automation of a business process, in whole or part, during which documents, 

informarion or tasks are passed from one participant to another for action, according to a 

set of procedural rules. 

Synorryms 

Workflow Management 

Worknow Computing 

Case Management 

3.5.2 Workflow Management System 
Definition 

A system that defines, creates and manages the execution of workflows through the use 

of s o h a r e ,  running on one or more workflow engines, which is able to interpret the 

process definition, interact with workflow participants and, where required, invoke the 

use of IT tools and applications. 

Synonynls 

Workflow Automation 

0 Workflow Manager 

Workflow Computing System 

Case Management 

3.5.3 B u s i n e s s  Process 

Definition 

A set of one or more linked procedures or activities which collectively realize a business 

objective or policy goal, normally within the context of an organizational structure 

defining functional roles and relationships. 

Synonyms 

3 0 Process 

DPSFLO W (Web-Enabled WFMS) 15 



3.5.4 Activity 

Definition 

A descnption of a plece of work that forms one logical step within a process An activity 

may be a manual activity, which does not support computer automation, or a workflow 

(automated) activity. A workflow activity requires human andlor machine resources(s) to 

support process execution; where human resource is required an activity allocated to a 

workflow participant. 

Synonyms 

Step 

Node 

Task 

Process Element 

Operation 

Instruction 

3.5.5 Automated Activity 

Definition 

An activity which is capable of computer automation using a workflow management 

system to manage it during execution of the business process of which it forms a part. 

Synonyms 

Workflow Activity 

Activity 

3.5.6 Manual Activity 

Definition 

An activity within a business process which is not capable of automation and hence lies 

outside the scope of a workflow management system. Such activities may be included 
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within a process definition, for example to support modeling of the process, but do not 

form part of a resulting workflow. 

Synonyms 

Non-automated Activity 

Manual Step 

Human Task 

Manual Work 

3.5.7 Instance 

Definition 

The representation of a single enactment of a process, or activity within a process, 

including its associated data. Each instance represents a separate thread of execution of 

the process or activity, which may be controlled independently and will have its own 

internal state and externally visible identity, for example, to record or retrieve audit data 

relating to the individual enactment. 

3.5.8 Process 

Definition 

A formalized view of a business process, represente d as a coordinated (parallf 

serial) set of process activities that are connected in order to achieve a common goal 

Usage 

Example: An eight activity process 
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Fig. 3.3 Processes in abstract form 

Synonyms 

Activity Network 

Directed Graph 

Petri Net 

Model 

Instruction Sheet 

3.5.9 Process Instance 

Definition 

The representation bf a single enactment of a process. 

Synonyms 

Process Definition Instance 

Case 

0 Workflow Definition Instance 

Instruction Sheet Instance 

3.5.10 Activity Instance 

Definition 

The representation of an activity within single enactment of a process, i.e. within a 

process instance. 

Synonyms 

Step Instance 

Node Instance 

Task Instance 

0 Work Element Instance 
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3.5.11 Workflow Participant 

Definition 

A resource which performs the work represented by a workflow activity instance. This 

work is normally manifested as one or more work items assigned to the workflow 

participant via the wordlist. 

Synonyms 

Actor 

User 

Role Player 

Work Performer 

3.5.12 Sub Process 

Definition 

A process that is enacted or called from another (initiating) process (or sub process), and 

which forms part of the overall (initiating) process. Multiple levels of sub process may be 

supported. 

Synonyms 

Subflow 

Sub Workflow 

3.5.13 Process Execution 

Definition 

The time period during which the process is operational, with process instances being 

created and managed. 

Synonyms 

Process Enactment 

Run Time Operation 

Workflow Execution (strictly this refers only to the automated parts of process 

'I execution) 
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3.5.14 Parallel Routing 

Definition 

A segment of a process instance under enactment by a workflow management system, 

where two or more activity instances are executing in parallel within the workflow, 

giving rise to multiple threads of control. 

Synonyms 

Parallel workflow processing 

Concurrent . . Processing 

3.51 5. Sequential Routing 

Definition 

A segment of a process instance under enactment by a workflow management system, in 

which several activities are executed in sequence under a single thread of execution. (No 

AND-Split or AND-Join conditions occur during sequential routing.) 

Synonyms 

Serial Routing 

3.5.16 AND-Split 

Definition 

A point within the workflow where a single thread of control splits into two or more 

threads which are executed in parallel within the workflow, allowing multiple activities 

to be executed simultaneously 

Usage 

At an And-Split separate threads of control within the process instance are created; 

these threads will proceed autonomously and independently until reaching an And- Join 

condition. 

Example 
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In certain workflow systems all the threads created at an And-Split must converge at a 

common And-Join point (Block Structure); in other systems convergence of a subset of 

the threads can ocfur at different And-Join points, potentially including other incoming 

threads created from other And-split points. (Free Graph Structure) 

Fig. 3.4 AND- Split 

Synonyms 

Split 

3.5.17 OR-Split 

Definition 

A point within the workflow where a single thread of control makes a decision upon 

which branch to take when encountered with multiple alternative workflow branches 

Usage 

An OR-Split is conditional and the (single) specific transition to next activity is selected 

according to the outcome of the Transition Condition(s). 

Example 
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Fig. 3.5 OR- Split 

Synonyms 

Conditional Branching 

Conditional Routing 

Switch 

Branch 

3.6 Users of DPSFLOW 

Users involved in DPSFLOW are: 

3.6.1 Workflow Manager 

This actor is responsible for the workflow top level management. This use cases 

include: 

Draw process maps 

Assign activities to users 

Monitor the Workflow in all its parts 

Exception handling and redesign the existing workflow 
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3.6.2 User 

This actor is responsible execution of a set of assigned activities. This use cases 

also include: 

Get the to-do list of all the activities 

Perform his activity according to the dynamically loaded workflow process 
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3.7 Use Case in Expanded Format 

3.7.1 Create Node 

Use Case ID: 

Use Case Name: 

Date Created: 

Actor: 

Description: 

Preconditions: 

Priority: 

Typical Course of Events: 

<<UC-CN-Ol>> 

Create Node 

Sep,2002 Date Last Updated: Feb,2003 

Any person who is a member of the administrative grouplrole 

When actor wants to create new workflow, he first has to drag 

node component from tool bar, then place it on the client area. 

A dialog box will be opened, i.e, use case <<UC-CM-02>> 

will be executed. 

1. User has the privileges of Administrative grouptrole and 

Workflow Builder has been loaded successfdly. 

High 

Actor Actions System Response 

1. The user selects Node 2. Button status is shown 

Button from tool bar by pressed and arrow pointer 

pressing it. changes. 

3. User clicks in the client 4. A dialog box is opened and 

area to place node the use case <<uc-CM-02 >> is 

called 
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3.7.2 Create Activity 

Use Case ID: 

Use Case Name: 

Date Created: 

Actor: 

Description: 

Preconditions: 

Priority: 

Norn~al Course of Events: 

<<UC-CA-02>> 

Create Activity 

Sep,2002 Date Last Updated: Feb,2003 

Any person who is the member of the administrative 

grouphole 

When actor has crated node, this use case will be executed. 

User will be prompted'to create activity. A activity will have 

attributes. 

1. Use case <<UC-CN-Ol>> has been executed. i.e., user has 

the created the node. 

High 

Actor Actions System Response 

1. The user fills the options 2. Validates options on OK 

on the dialog box and press button press. 

OK. 3. A Hash Map or Linked 

List will be generated 

containing temporary activity 

and message. 

4. System places icon on 

designer panel, representing 

activity. 
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3.7.3 Assign Activities 

Use Case ID: 

Use Case Name: 

Date Created: 

Actor: 

Description: 

Preconditions: 

Priority: 

Normal Course of Events: 

<<UC-AA-03>> 

Assign Activities (to users) 

Sep,2002 Date Last Updated: Feb,2003 

Any person who is the member of the administrative 

grouplrole 

During the crated of node use case, this use case will be 

executed. User will be given option to enter the name the user 

for current activity. An activity will have exactly one user 

assigned. 

1. Use case <<UC-CN-OI>> has been executed. i.e., user has 

the created the node. 

High 

Actor Actions System Response 

1. The user fills the options 2. Validates options on OK 

on the dialog box and presses button press. 

OK. 3. A Linked List will he 

generated containing activity 

users and their messages. 
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3.7.4 Delete Activity 

Use Case ID: <<UC-DA-04>> 

Use Case Name: Delete Activity 

Date Created: Sep,2002 Date Last Updated: Feb,2003 

Actor: Any person who is the member of the administrative 

grouplrole 

Description: When actor has selected node and after right clicking he 

selects "Delete" option then this activity will be performed. 

Preconditions: 1. Use case <<UC-CN-OI>> has been executed. i.e., user has 

the created the node. 

Priority: Medium 

Normal Course of Events: Actor Actions 

1. The user selects any node 

and then presses delete button 

or clicks (X) button on the 

tool bar. 

System Response 

2. The system will check 

dependency =uc-CN-Ol>>of 

selected node. 

3. Deletion confirmation 

dialog will be prompted. On 

confirmation that node will 

be deleted from the client 

view panel. 
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3.7.5 Create Relation 

Use Case ID: <<UC-CR-05>> 

Use Case Name: Create Relation 

Date Created: Sep,2002 Date Last Updated: Feb,2003 

Actor: Any person who is the member of the administrative 

group/role 

Description: When want to link hvo nodes, this use case will be executed. 

User will be prompted to select relation type. 

Preconditions: 1. Use case <<UC-CN-Ol>> has been executed. i.e., user has 

the created the node. 

Priority: High 

Normal Course of Events: Actor Actions System Response 

1. The user selects 2. System changes button 

RELATION icon from appearance to press. 

toolbar 

3. The user presses mouse left 4. System selects that node, 

button down on any node updates link list. 

created in <<UC-CN-Ol>>. 

5. The user drags mouse 6. System creates arrow, 

directing destination node System opens popup menu 

and releases mouse. giving option to select 

transfer condition for this 

relation. 

7. The user selects any option 8. System sets arrow label, 

from transfer condition. sets "Source Node" attributes, 

updates linked list. 



3.7.6 Save Model 

Use Case ID: <<UC-SM-06>> 

Use Case Name: Save Model 

Date Created: Sep,2002 Date Last Updated: Feb,2003 

Actor: Any person who is the member of the administrative 

group/role 

Description: When user wants to save workflow in database, this use case 

will be executed. User will be prompted to select name and 

location of the database. 

Preconditions: 1. Use case <<UC-CN-01>> has been executed. i.e., user has 

the created the node. 

Priority: High 

Normal Course of Events: Actor Actions 

1. The user selects save 

option from File menu and 

presses save button. 

3. User fills-in the Save 

Dialog, i.e.; user provides 

workflow name and version 

and presses the save button. 

System Response 

2. System validates the 

workflow created and after 

validation it pops the save 

dialog box. 

4. System opens the 

connection with the data base 

and then parses all linked lists 

and saves Worktlow in the 

database. 
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4 System Architecture & Design 

The purpose of design is to create architecture for the evolving implementations. 

Object oriented design is a method of designing that encompasses the process of object 

oriented decomposition and a notation for depicting logical and physical as well as static 

and dynamic models of system under design. 

The designed phase focuses on defining the software to implement the application. 

The design object is to produce a model of the system which can be used later to build the 

system. The designed goal is to find the best possible design within the limitations 

imposed by the requirement and physical social environment in which the system will 

operate. 

4.1 Activity diagrams 
Activity diagrams describe the workflow behavior of a system. Activity diagrams 

are similar to state diagrams because activities are the state of doing something. The 

diagrams describe the state of activities by showing the sequence of activities performed. 

Activity diagrams can show activities that are conditional or parallel. 

Activity dagrams should be used in conjunction with other modeling techniques 

such as interaction diagrams and state diagrams. The main reason to use activity 

diagrams is to model the workflow behind the system being designed. Activity Diagrams 

are also useful for: analyzing a use case by describing what actions need to take place and 

when they should occur; describing a complicated sequential algorithm; and modeling 

applications with parallel processes. 

However, activity diagrams should not take the place of interaction diagrams and 

state diagrams. Activity diagrams do not give detail about how objects behave or how 

objects collaborate. 

Following are the major Activity Diagrams of DPSFLOW System. 
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4.1.1 Initialize Workflow Builder 

When we start Workflow Builder then these processes are done, which are shown 

in following activity diagram. 

Interaction Modules 

I 
Panel 

I 
Initialize Load lmns Wrkflw Builder 

Datasbuchrre Opened 

Fie. 4.1 Initialize Workflow 
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4.1.2 Create Workflow 

When user wants to create a new Workflow then following activities are 

accomplished. 

Click in Workflow Fill Actidly ap Default Stan Node to' 
Builder Client Area Node Pmpenies any Slaning Actidty 

New Workflav 
4 

Map Default End Node to 
Created and Map ActiUties any Ending Actiuty 

, 

Fig. 4.2. Create Workflow 
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4.1.3 Load Workflow 

The following steps will be accomplished whenever user saves the Workflow in 

the database. 

A c l k ?  S h w  Database 
Failure Message 

I 
Display S a d  

I 

Select Version e 

Fig. 4.3 Load Workflow 
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4.2 Interaction Diagrams 

An interaction diagram shows one of the flows through a use case. Every use case 

correspondingly has an interaction diagram. Integration diagram contains: 

Object: An Interaction diagram can use object names, class name or both. 

0 Messages: Through a message, one object or class can request that another carry 

out some specific function. For example, a form may ask a report object to print 

itself. 

There are two types of interaction diagrams: 

Sequence Diagram - ordered by time 

0 Collaboration Diagram - not ordered by time. 

4.2.1 Sequence Diagram 

Sequence diagrams are ordered by time. They are useful if some one wants to 

review the flow of logic through a scenario. Although Collaboration diagrams include 

sequencing information, it is easier to see on a Sequence diagram. 

Before describing the sequence diagram of the miscellanea, we would like to describe the 

server side sequence diagram which will be used in almost all of the next corning 

sequence diagrams of the Miscellanea. 

In the following sequence diagram we will describe the creation and removal of the bean 

managed persistence. This scenario appears when the bean managed entity bean handles 

client request. 

4.2.2 Collaboration Diagram 

Collaboration diagrams are useful if we want to assess the impact of a change. It 

is easy to see on a collaboration diagram, which objects communicate with which other 

objects. If we need to change an object, we can easily see which other objects might be 

affected. A collaboration diagram shows the same information, but is organized 
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differently. Sequence diagram can show focus of control; Collaboration diagrams can 

show a data flow. 

4.3 Interaction Diagrams of DPSFLOW 

Interaction diagrams of DPSFLOW are shown in the following pages. These 

contain the sequence diagrams. Since collaboration di,aagrams help us in impact of change 

therefore they are not as much important in our .project. Sequence diagrams show 

completely the flow of logic. 

4.3.1 Initialize Workflow Builder 

I i I 
i I 4 2: ,nitia,ize P rant Frern. 
I I 

4 .  I 
I I 
i 

! 
1 

I 
I 4:  Add A N O n  ~ i . ~ ~ d ~  
i i 

I I I 
, I 
I I 
I I 

' Fig. 4.4 Initialize Workflow Builder 
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4.3.2 Create Workflow 

Fig. 4.5 Create Workflow 
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4.3.3 Save Workflow 

Fig. 4.6 Save Workflow 
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4.3.4 Load Workflow 

Fig. 4.7 Load Workflow 
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I, 4.4 Conceptual Model 

The result of the analysis task is the conceptual model of the problem domain 

defined by classes relevant to the domain and associations between these classes. The 

goal is to capture the domain semantics with as little concern as possible of the 

navigational and presentational aspects. Activities of the conceptual design step are to 

find classes, to specify attributes and operations, to define hierarchical structures and to 

determine sub-systems. Well-known object-oriented modeling techniques, such as 

aggregation, composition, generalization and specialization are used to achieve this 

purpose. Classes and associations are described by attributes and operations; they can be 

organized into UML packages. The conceptual model is the starting point for the d e s i p  

of one or more navigational design, i.e. more than' one hypermedia application. It is 

represented by a UML class diagram. 

4.5 Navigational Class Model 
The navigational class model defines a view on the conceptual model showing 

which classes of the conceptual model can be visited through navigation in the 

application. This model is built with a set of navigational classes and associations, which 

are obtained from the conceptual model, i.e. each navigational class and each association 

of the navigational class model is mapped to a class, respectively to an association in the 

conceptual model. In the navigational class model navigability is specified for 

associations, i.e. direction of the navigation along the association is indicated by an arrow 

attached to the end of the association's line. It is possible to attach an arrow to both ends 

of an association. In this case the user can navigate in both directions along the 

association. We distinguish for each link a navigational source object and a navigational 

target object; the latter one may be determined dynamically. 

A navigational class is defined as a stereotyped class << navigational class >> 

with the same name as the corresponding class of the conceptual model. Navigational 

objects are instances of these navigational classes connected by links (in UML terms) that 

are instances of the associations of the navigational model. The navigational class model 

can be seen as a sub-graph of the conceptual model where classes which are not needed 
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for navigation are eliminated or reduced to attributes of other classes. The values of these 

attributes can be computed from some conceptual objects. Navigational classes and 

associations are graphically represented in a UML class diagram. 

4.6 DPSFLOW Navigational Class Model 
Following is the Navigational Class Model of DPSFLOW Management System. 

user 

Fig. 4.8 Navigational Class Model 
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4.7 Class Diagrams 

A class diagram is similar to a family tree. A class diagram consists of a group of 

classes and interfaces reflecting important entities of the business domain of the system 

being modeled, and the relationships between these classes and interfaces. The classes 

and interfaces in the diagram represent the members of a family tree and the relationships 

between the classes are analogous to relationships between members in a family tree. 

Interestingly, classes in a class diagram are interconnected in a hierarchical fashion, like a 

set of parent classes (the grand patriarch or matriarch of the family, as the case may be) 

and related child classes under the parent classes. 

Similarly, a software application is comprised of classes and a diagram depicting 

the relationship between each of these classes would be the class diagram. 

By de];nition, a class diagram is a diagram showing a collection of classes and 

interfaces, along with the collaborations and relationships among classes and interfaces. 

A class diagram is a pictorial representation of the detailed system design. Design 

experts who understand the rules of modeling and designing systems design the systenl's 

class diagrams. A thing to remember is that a class diagram is a static view of a system. 

The structure of a system is represented using class diagrams. Class diagrams are 

referenced time and again by the developers while implementing the system. 

4.7.1 Elements of a Class Diagram 

A class diagram is composed primarily of the following elements that represent 

the system's business entities: 

4.7.1.1 Class 

A class represents an entity of a given system that provides an encapsulated 

implementation of certain functionality of a given entity. These are exposed by the class 

to other classes as methods. Apart from business functionality, a class also has properties 

that reflect unique features of a class. The properties of a class are called attributes. 
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4.7.1.2 Interface 
An interiace is a variation of a class. As we saw from the previous point, a class 

provides an encapsulated implementation of certain business functionality of a system. 

An inte~face on the other handprovides only a dejnition of businessfrrnctionality of a 

system. A separate class implements the actual business functionality. 

4.7.1.3 Package 
A package provides the ability to group together classes andfor interfaces that are 

either similar in nature or related. Grouping these design elements in a package element 

provides for better readability of class diagrams, especially complex class diagrams. 

4.8 DPSFLOW Class Diagrams 
In DPSFLOW we have made following Classes that were created when we generalized 

our Navigational Class Model. 

4.8.1 WfConnection 

Fig. 4.9 Class Diagram of WFConection 
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4.8.3 ActivityAttributes: 

Fig. 4.1 1 Class Diagram of ActivityAttributes 
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4.8.4 Attribute: 

Fig. 4.12 Class Diagram of Attribute 



4.8.5 ProcessActivities 

Fig. 4.13 Class Diagram of ProcessActivities 
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4.8.6 Relation 

Fig. 4.14 Class Diagram of Relation 
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4.8.7 ResultType 

Kin: m 
id:mnl 

w : M  
addCodcr0: vW 
Ww:Sbig 
@o:m. 
rawwcd@:vca 
rtmmCW3: vW 
RdTjwo: xid 
Rea(1jwo:xid 
ResllrupO: vca 
raeflestl1ype0: bmea 
srr0:vW 
sdD?xl:xid 

Fig. 4.15 Class Diagram of ResultType 



4.8.8 SaveDbDlg 

/*Lnnl/ 

Fig. 4.16 Class Diagram SaveDbDlg 

DPSFLOIVIIVeb-Enabled IVFMS) 50 



Chapter 4 System Archifectttre & D e s i ~ t  

Fig. 4.17 Class Diagram of SplashScreene 

DPSFLOW (Web-Enabled WFMS) 5 1 



Chapter 4 System Architecture & Design 

Fig. 4.18 Class Diagram of ~ o r k l o w  Builder 

4.8.11 WFClient 

Fig. 4.19 Class Diagram of WFClient . 
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4.8.12 WorkflowProperties 

Fig. 4.20 Class Diagram of WorkflowProperties 
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4.8.13 Workflow 
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5. Database Architecture & Design 

The database needs a structure definition to be able to store data and to recognize 

the content and be able to retrieve information. The structure has to be developed for the 

need of applications, which help us perform a business process to achieve an added value 

for the customer. 

Database implementation is the final step in developing a business supporting 

application. It has to comply with the requirements of the business process, which is the 

first abstraction of the view of the database. 

5.1 Logical Database Design 

The process of constructing a model of the information used in an enterprise 

based on a specific data model, but independent of a particular DBMS and other physical 

considerations. 

The decision on the kind of data storage is the step from the conceptual to logical 

database design, as the logical database design describes a DBMS related representation, 

and the conceptual design the target independent process including the logic of the 

application. 

This decision is not always easy when talking about long-term transient data, 

which is used just until the application stops and not used very often. Examples for Ions- 

term transient data are web-server component data, like transaction data, user data, etc. 

We would like to expand the definition and include the granularity and language 

of description. With the logical database design the natural language and granularity of 

objects has to be used. Any differentiation from the base element would influence the 

result of the design and focus already on a specific architecture. 
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The process of constructing a model of information used in an enterprise based on 

a specific data model, using natural objects of information and natural associations 

between them. The model of information is independent of a particular implementation 

and other physical consideration. 

The logical database design is the model of valuable information. It describes the 

information itself and the relationships between information. The kind of relationships is 

not limited, because any limitation would affect the structure of information. 

The description of the information is implementation neutral. It uses abstraction to 

depersonalize objects from the conceptual database design. Objects of the same kind are 

grouped together to one persistent class. The objects are still at the same granularity level 

as the global requirements. 

Persistent classes contain attributes, which represent the basic element of 

persistent storage. An attribute can store any kind of data independent of the later 

physical limitation. DBMS independent attribute types are used on the logical level to 

prevent any physical influence. 

The accessibility of the persistent data is defined by operations on a class. In the 

design process ope;ations evolve from messages at interaction diagrams. Operations can 

be public or private, in which case they deal with the internal integrity of the information. 

Private operations are n~ostly defined out of the complexity of the business process, 

which is best recognized in the use case realization. They are rules for complex relations 

between information. 

The association between classes can represent any kind of influence. The 

association does not have any influence on the attributes, and the attributes do not have 

any influence on the association. 

Since the logical model does not consider any particular implementation, the 

associations may include aggregation (often called part of association), inheritance (type 

of association), and any kind of cardinality (including m to n associations). 
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Following is the detailed logical view of our database design. 

Fig. 5.1 Logical Database Design of DPSFLOW 

The logical design is most commonly expressed in a class diagram, which is a 

partial view on the whole design. The resulting artifacts of the logical design are 

persistent classes and the associations between classes, as well as the essential constraints 

on the data. The logical database design handles the information view on the enterprise. It 

contains most important information in the enterprise as well as the associations between 
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information. As a difference to the conceptual database design, logical database design 

does not contain the process itself, because the process is further evolved in the 

application design. 

5.2 Physical Database Design 

Physical Database Design is process of producing a description of the 

implementation of the database on secondary storage. It describes the storage structures 

and access methods used to achieve efficient access to the data. 

The physical database design defines the way to implement the data storage. It is 

target dependent and complies with the storage technology, the instance of the database, 

the architecture, and the implementation rules. 

The physical database design has to remodel the artifacts of the logical design 

according to the used storage technology, which can be hierarchical, network, relational, 

object-relational, object-oriented, or multidimensional. 

The aim of the physical design is for the relational database to define the tables 

and detailed constraints for the in the logical database design specified data model. The 

columns of a table are specified with the details on internal representation. 

Associations are translated to relationships, which are represented by key 

constraints. Operations can be implemented as all kinds of access methods. Together they 

form information out of pure data. 

An important view on data is the security, which can be easily defined out of the 

use case realizations and the logical database artifacts. It is important to have the global 

overview of the application and data storage to be able to design security schemas. 

The resulting artifact of the physical database design is the exact description of 

the implementation. Figure on the next page is the database design of our model. 
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ACTIVITY-ID: VARCHAR2WI 
PERFORMER: VARCHAR2CIO) 

DOC COUP 

DOLID :  VARCHARZPOI 
WT-ID: VARCHARWOI 
ACTIVITY-ID: VARCHAR2RO) 

. . 
VERSION: NUMBER 

--ek - W-1D:VARCHanZUO) 
AlTRlBUTE_TYPE:VARCHAR2UO) 
ATTRIBUTE-ID: VARCHAR2UO) 
ATTRIBUTE-TEXT-VALUE: VARCHARMO) 
ATmlBUTE-NUMBER-VaLUE: NUMBER 
aTTRlBUTE-DATE-VALUE: DATE 

VEREION NUMBER . J 

EMP-ID: V A R C H A W )  VERSION: WF-ID: VLRCRAR2UOJ NUMBER 

EMPNAME: VARCHARZ@0) 
PASSWDRD: VARCHARZ@D) EMP-ID: VARCHARZBO) 
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5.3 Normalization of Tables 

Normalization is the process of grouping data elements according to specific 

"normalization" rules in order to minimize processing difficulties. Normalization is 

usually done in three steps, or forms (i.e. first normal form, etc.), but some have extended 

this to as many as five steps (fifth normal form). 

Normalization of table means to reduce anomalies, occur in the tables, so that the 

database design becomes efficient and good. A good design principle is "one fact in one 

place" i.e. avoid redundancy in tables. Normalization exist around the concept of normal 

forms. A relation is said to be in a particular normal form if it satisfies a certain 

prescribed Set of conditions. For example, a relation is said to be in first normal form 

(abbreviated INF) if and only if tit satisfies the condition that it contains scalar values 

only. 

5.3.1 First Normal Form 

A relation is said to be in fust normal form if and only if all underline domains 

contain atomic values only.If we see our relations, we can say that, there is no attribute to 

contain non-atomic entry. 

5.3.2 Second Normal Form 

A relation that is in first normal form and has every nonkey attribute fully 

functionally dependent on the primary key is called second normal form (2NF). 

If we see relations, we can say that, all non-key attributes are fully functional dependent 

on one attribute of the relation named primary key. 

5.3.3 Third Normal Form 

A relation that is in second normal form and has no transitive dependencies 

present is in third normal form. There should be no situation that a non-key attribute's 

value can be obtained by knowing the value of another non-key attribute. If we see our 
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relations, we can say that, there is no situation in any table to get same result from non- 

key attribute as primary key can get. 

5.4 Definition of data types and constraints 

Now, after normalization process, we have completed the process of getting good 

designed and principled tables. Now we will represent the tables according to their data 

types and constraints. This representation of the tables is almost the same as exist in any 

practical database. 

5.4.1 WORKFLOW 

Table 5.1 Workflow 

5.4.2 ACTIVITY 

WF ID 
ACTIVITY - ID 
VERSION 
RESULT TYPE ID 
DISPLAY NAME 
DESCRIPTION 
START END 
PERFORMER 
DURATION 
ACTIVITY TYPE 
MESSAGE CONTENTS 
MESSAGE-DISPLAY - VALUE 
NODE-GEOMETRY 

NOT NULL VARCHAR2 ( 2 0 ) 
NOT NULL VARCHAR2 ( 2 0) 
NOT NULL NUMBER 

vARcHAR2 ( 2 0 ) 
NOT NULL VARCHAR2 ( 2 0) 

vARcHAR2 ( 2 0 ) 
VARCHAR2 ( 2 0) 
vARcHAR2 ( 2 0) 
NUMBER 
VARCHAR2 (2 0) 
VARCHAR2 (200) 
VARCHAR2 (20) 
VARCHARZ ( 2 0 ) 

Table 5.2 ACTIVITY 
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Name ~ull? TYP~ 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - - - - - - - -  - - - - - - -  
WF ID NOT NULL VARCHAR2 (2 0) 
ACTIVITY-ID NOT NULL VARCHAR~ (2 0) 
VERSION NOT NULL NUMBER 
ATTRIBUTE ID NOT NULL VARCHAR2 (2 0) 
ATTRIBUTE~TYPE NOT NULL VARCHAR2 (2 0) 

Table 5.3 ACTIVITY - ATTRIBUTES 

5.4.4 ACTIVITY-STATUSES 

Name Null? Type 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
INSTANCE - ID 
WF KEY 
VERSION 
WF ID 
ACTIVITY STATUS 
ACTIVITY-ID . 
PERFORMER 

- - - - - - - -  - - - - - - -  
NOT NULL NUMBER 
NOT NULL VARCHAR2 (2 0) 
NOT NULL NUMBER 
NOT NULL VARCHAR2 (20) 
NOT NULL CHAR (18) 

VARCHFLR2 ( 2 0 ) 
VARCHAR2 (2 0 ) 

Table 5.4 ACTIVITY - STATUSES 

5.4.5 ACTIVITY-TRANSITIONS 

Name Null? Type 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - - - - - - - -  - - - - - - -  
FROM PROCESS - ACTIVITY NOT NULL NUMBER 
RESET CODE NOT NULL VARCHAR~ (20) 
TO PROCESS ACTIVITY NOT NULL NUMBER 
ARROW - GEOMETRY VARCHAR~ (20) 

Table 5.5 ACTIVITY - TRANSITIONS 

5.4.6 ACT-DOC 

Name Null? Type 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - - - - - - - -  - - - - - - -  
DOC ID NOT NULL VARCHAR2 ( 2 0 ) 
WF ID NOT NULL VARCHAR2 ( 2 0 ) 
ACTIVITY - ID NOT NULL VARCHAR2 (2 0 ) 
VERSION NOT NULL NUMBER 

Table 5.6 ACT DOC - 
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5.4.7 ATTRIBUTES 

Name Null? TYPe 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - - - - - - - -  - - - - - - -  
WF ID NOT NULL VARCHAR2 (20) 
VERSION NOT NULL NUMBER 
ATTRIBUTE ID NOT NULL VARCHAR2 (2 0) 
DISPLAY N&E NOT NULL VARCHAR2 (2 0 ) 
VALUETYPE NOT NULL VARCHAR2 (2 0 ) 

Table 5.7 ATTRIBUTES 

5.4.8 ATTRIBUTE-VALUES 

Name 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ATTRIBUTE ID - 
INSTANCE - ID 
WF KEY 
VERSION 
WF ID 
ATTRIBUTE TYPE 
ATTRIBUTE-TEXT VALUE 
ATTRIBUTE-NUMBER VALUE 
ATTRIBUTEDATE - - VALUE 

NUI~? TYP~ 
- - - - - - - -  - - - - - - -  
NOT NULL VARCHAR2 (2 0 ) 
NOT NULL NUMBER 
NOT NULL VARCHAR2 (2 0) 
NOT NULL NUMBER 
NOT NULL VARCHAR2 (20 ) 
NOT NULL VARCHAR2 ( 2 0 ) 

v ~ c H A R ~  ( 2 0 ) 
NUMBER 
DATE 

Table 5.8 ATTRIBUTE - VALUES 

5.4.9 EMPLOYEE 

Table 5.9 EMPLOYEE 

5.4.1 0 PROCESS-ACTIVITIES 

INSTANCE ID - 
WF ID 
VERSION 
ACTIVITY ID 
PERFORMER 

NOT NULL NUMBER 
VARCHAR2 ( 2 0 
NUMBER 
VARCHAR2 ( 2 0 ) 
VARCHAR2 ( 2 0 ) 

Table 5.10 PROCESS-ACTIVITIES 
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5.4.1 1 RESULT-CODE 

Name ~ ~ 1 1 3  Type 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - - - - - - - -  - - - - - - -  
WF ID NOT NULL VARCHAR2 (2 0 ) 
VERSION NOT NULL NUMBER 
RESULT TYPE ID NOT NULL VARCHAR2 (2 0 ) 
RESULT-CODE- - NOT NULL VARCHAR~ (2 0) 

Table 5.11 RESULT - CODE 

Table 5.12 RESULT - TYPE 

WF KEY 
WF-ID 
VERSION 
PERFORMER 
EMP - ID 

NOT NULL VARCHAR2 ( 2 0 ) 
NOT NULL VARCHARZ(20) 
NOT NULL NUMBER 
NOT NULL VARCHAR2 ( 2 0 ) 
NOT NULL VARCHAR2 (2 0) 

Table 5.13 WF - USERS 

5.4.14 WORKFLOW-ITEMS 

Name Null? ?LTpe 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - - - - - - - -  - - - - - - -  
WF KEY NOT NULL VARCHAR2 (20 ) 
WF-ID NOT NULL VARCHAR2 (20) 
VERSION MOT NULL NUMBER 
OWNER NOT NULL VARCHAR2 ( 2 0 ) 

Table 5.14 WORKFLOW - ITEMS 

DPSFLO W (Web-Enabled IVFMS) 65 



Chapter 6 

IMPLEMENTATION 

IN J2SE & J2EE 



Clmptcr 6 Implementation in JZSE & J2EE 

6. Implementation 

The goal of development and implementation phase is to create the logic of the 

system design that will translate into the code in a specific language. For a given design 

the aim in this phase is to implement the design in the best possible manner. The 

development and implementation phase affects both testing and maintenance profoundly. 

A well written algorithm and logic can reduce the testing and maintenance effort. An 

important concept that helps the understandability of program is structured programming 

and object oriented programming. The goal of the structured programming is to make the 

control flow in the program linear, where as object oriented programming is based on 

events, functions and state of the object. 

In this project Secret Service designed in object oriented so coding will perform 

in object oriented programming. 

6.1 Technology Used 

We have developed this new enterprise system in Java Technology. It would be very 

helpful before going into the software details if we provide very brief idea regarding this 

technology. 

Java technology readily harnesses the power of the network because it is both a 

programming language and a selection of specialized platforms. As such, it standardizes 

the development and deployment of the kind of secure, portable, reliable, and scalable 

applications required by the networked economy. 

The Java language is a programming language (much like C and C*). Built upon the 

Java language are a number of "editions": The JZxE's. There are 3 editions of Java, first 

two closely related and the other less. 
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Java 2 Standard Edition (J2SE) 

Java 2 Enterprise Edition (J2EE) 

Java 2 Micro Edition (J2ME) 

J2EE. J2SE and J2ME are basically different specifications. These editions specify which 

parts of the Java language runtime features must be supported and which programmer 

API's are available. 

6.1.1 Java 2 Standard Edition (JZSE) 

Java 2'~tandard Edition 1.4 (J2SE 1.4) is the specification of the Java language, version 

1.4. For example the J2SE 1.4 contains a whole set of API's for socket manipulation and 

GUI building. Then we will see optional packages like Advanced Imaging, Cryptography 

etc. 

6.1.2 Java 2 Enterprise Edition (J2EE) 

J2EE is a superset of J2SE. That means it contains more classes than the J2SE. It is built 

on top of the J2SE and uses the same tools and compilers. J2SE is the "foundation" of the 

java language. If we write something using JZSE we can run it on a machine with J2EE 

but if we write something using J2EE we can't run it on a matching with only J2SE. The 

later will lack some classes that we use. 

These are other packages that were put together for server-side, for companies. J2EE 

includes some additional tools for creating and developing things like Enterprise Java 

Beans, Remote Objects, Java Server Pages, Servlets, Java Naming and Directory 

Interface etc. 

6.1.3 Java 2 Micro Edition (JPME) 

J2ME is a subset of J2SE so everything we write in J2ME should run under J2SE but not 

the other way around. 

Java 2 Micro Edition (J2ME) is only used for cellular phones, PDAs programming. 
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6.1.4 Java Development Kit (JDK) 

The Java Development Kit 1.4 is Sun's reference implementation of the Java 2 Standard 

Edition 1.4 specification. 

6.2 Class Description 

Class name: Activity 

Description: Use to create the activity instances of a Workflow 

Given below is detail of class exposed with their description. 

package wfclient; 

import java.util.*; 
import java.awt.*; 
import javax.swing.*; 
import java. sql . ; 
import dms-viewer. + ; 

public class Activity ( 

String id = ""; / /  Unique name of Acrivity 
String label = ""; / /  Display name of Activity 
String desc = " " :  / /  Brief Description of Activity 
String performer = ""; //  Like Clerk, Manager 
String message = ""; //  The message that performer will forward 
String START-END = new String("M1DDLE"); 
String geometry = "" ;  / /  This will contain the icon's geometry 
private boolean iscreated = false; 
LinkedList sentAttrib = new LinkedList 0; 
LinkedList recievedAttrib = new LinkedListO; 
Vector camp-attatched = new VectorO; 
int doc-camp-index =. -1; 
String resultType; 
String act-type = new StringO; 
String MessageDname = new String("Message name"); 

public Activity0 ( )  

public Activity(String id) ( 
this.id = id; 

1 

public Activity(String id, String disply, String str) ( 
this.id = id; 
this.labe1 = disply; 
this.START-END = str; 
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public Activity(String id. String label, String desc, String 
performer, String message, String START-END, int time, String 
qeometrv. LinkedList sentAttrib. LinkedList recievedAttrib. - 
String resultType, String act-type. String MessageDname) ( 

this.id = id; 
this.labe1 = label; 
this.desc = desc; 
this.performer = performer; 
this.message = message; 
this.START-END = START-END; 
this.time-out = time; 
this.geometry = geometry; 
this.sentAttrib = sentAttrib; 
this.recievedAttrib = recievedllttrib; 
this.resultType = resultme; 
this.act-type = act-type; 
this,.MessageDname = MessageDname; 
this.isCreated = true; 

1 

public void addDocComponent(Doc~Comp comp) ( 
String docid = comp.getTempID0; 

if (this.alreadyExists(docid)) ( 
this.comp~attatched.remove(this.doc~comp~index); 
this.comp~attatched.add(this.doc~comp~index, comp); 

1 
else ( 

this.comp-attatched.add(comp); 
) 

public void removeDocComponent(Doc~Comp comp) { 
String docid = cornp.getTempID0; 

public Vector getDocComponent0 { 
return this.comp-attatched; 

1 
public boolean alreadyExists(String doc-id) ( 
boolean ret = false; 
for (int index = 0; index c this.comp-attatched.size0 ; index++) ( 
Doc-Comp dctemp = (Doc-Comp)this.comp-attatched.get(index) ; 

if (doc-id.equals(dctemp.getTempID0 1 )  ( 
doc-comp-index = index; 
ret = true; 
return ret: 
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return ret; 
I 
public Vector getcomponentvector ( )  { 

return this.comp-attatched; 

public boolean saveActivity(C0nnection corn, String wfid, int ver) ( 
boolean ret; 
trv I 
Preparedstatement activity-stmt; 

String activity = "insert into 
ACTIVITY(WF~ID,VERSION,ACTIVITY~ID,~' + 
"RESULT~TYPE~ID,DISPLAY~NAME,DESCRIPTION,PERFORMER," + 
"START-END,DURRTION,ACTIVITY-TYPE,MESSAGE-CONTENTS,MESSAGE- 
DISPLAY-VALUE,NODE-GEOMETRY)" + 

" VALUES ( . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

activity-stmt = conn.prepareStatement(activityl; 

activity-strnt .setStringLl, wfid) ; 
activity-strnt.setInt(2, ver); 
activity-stmt.setString(3, this.id); 
activity-stmt.setString(4, this.resultType); 
activity-stmt.setString(5, this.labe1); 
activity-stmt.setString(6, this.desc); 
activity-stmt.setString(7, this.performer); 
activity-stmt.setString(8, this.START-END); 
activity-stmt.setInt(9, this.time-out); 
activity-stmt.setString(l0, this.act-type); 
activity-stmt.setString(l1. this.message); 
activity-stmt.setString(l2, this.MessageDname); 
activity-stmt.setString(13, this.geometry); 

activity-stmt.executeUpdate0; 
/ /  Save Doc Components attached 
String act-doc = 

"INSERT INTO ACT-DOC(WC-ID, WF-ID, ACTIVITY-ID, VERSION)" + 
~~vALuEs(?,?,?,?) I-; 

String doc-comp = "INSERT INTO DOC-COMP(C0MP-ID, 
DOC~ID,WF~ID,ACTIVITY~ID,VERSION) VALUES ( ? , ? , ? , ? , ? ) " ;  

Preparedstatement act-doc-stmt = conn.prepareStatement(act-doc); 
Preparedstatement doc-comp-stmt = 
conn.prepareStatement(doc-comp); 

for (int i = 0 ;  i c this.comp-attatched.size0; i++) ( 
.Doc Comp tempDC = (Doc~Comp)this.comp~attatched.get~i); 
str:ng doc-id = tempDC. getTempID0 ; 
Vector tempComp = tempDC.getComponents0; 

act-doc-stmt.setString(1, doc-id); 
act-doc-stmt.setString(2, wfid); 
act-doc-stmt.setString(3, this.id); 
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act - doc-stmt.executeUpdate0; 

for (int j = 0; j c ternpComp.size0; j + + )  { 
String comp = (String) tempcornp.gqt(j); 

doc-cornp-strnt.setString(1, cornp);' 
doc~comp~stmt.setString(2, doc-id) ; 
doc-cornp-stmt.setString(3, wfid); 
doc-cornp-stmt.setString(4, this.id); 
doc~comp~strnt.setInt(5, ver); 

1 
1 
ret = true; 

1 
catch (Exception exp) ( 
exp.printStackTrace0; 
ret = false; 
Object[] options = ( 

"OK") ; 
JOptionPane.showOptionDialog(null, "Record not inserted in 
ACTIVITY","ErTOTm'. JOptionPane.DEFAULT-OPTION, 
JOpti0nPane.ERROR-MESSAGE, null, options, options[Ol); 

//Now close the connection 
try 
conn.rollback0; 
conn. close ( )  ; 

1 
catch (Exception ex) ( 

System.out.println(ex.toString0 ) ;  

1 

I 
return ret; 

1 
public void setSentAttrib(String id) ( 

sent~ttrib. addlast (id) ; 
1 

public void setSentAttrib(Col1ection c) ( 
sentAttrib = new LinkedList (c) ; 

1 

public String getSentAtrrib(int i) ( 
return (String) sentAttrib.get (i) ; 

public void setSentAttrib(Strin9 [I  id) { 
for (int i = 0; i c id.length; i++) 

sentAttrib.addLast(id[il); 
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public LinkedList getSentAttrib0 { 
return sentAttrib;. 

1 

public void setRecievedAttrib(String id) ( 
recie+edAttrib.add(id); 

I 
public void setRecievedAttrib(Col1ection v) ( 

recievedAttrib = new LinkedList(v1; 
1 

public String getRecievedAttrib(int index) { 
return (string) recievedAttrib.get (index) ; 

I 
public void setRecievedAttrib (String [ I  id) { 

for tint i = 0; i < id.length; i++) 
recievedAttrib. add (id [i] ) ; 

1 
public LinkedList getRecievedAttribList0 ( 

return recievedllttrib; 
1 

public void setResultType(String rt) ( 
this.resultType = rt; 

I 
public String getResultType0 ( 
return this.result-e; 

) 

public void setID(String id) ( 
this.id = id; 

1 

public String getID0 ( 
return id; 

1 

public void setLabel(9tring id) ( 
label = id; 

I 

public String getlabel 0 ( 
return label; 

public void setDesc(String id) { 
this.desc = id; 

1 

public String getDesc(String id) ( 
return desc; 
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public void setMessage(String str) ( 
this.message = str; 

1 

public string getMessage0 { 
return this.message; 

1 

public void setPerforrner(String str) ( 
performer = str; 

1 

public string getperformer0 ( 
return this.perfonner; 

I 

public void setTimeout(int time) ( 
time-out = time; 

I 

public int getTimeout 0 [ 
return time-out; 

1 
public void enableCreated(boo1ean b) ( 

iscreated = b; 

1 

public boolean iscreated0 ( 
return iscreated; 

public void setNodeGeometry(String b) ( 
geometry = b; 

1 
public void set~odeGeometry(~0int pl) ( 
geometry = p1.x + " , "  + p1.y; 

I 
public LinkedList getSendAttributes0 ( 

return this.sentAttrib; 
1 

public LinkedList getReceavedAttributes0 ( 
return this..recievedAttrib; 

1 

public string getNodeGeometry0 ( 
return geometry; 

1 
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Testing is the process of executing a program with the explicit intention of finding 

errors i.e., making the program fail and test cases are devised with the purpose in mind. A 

test case is a set of data items that the system processes as normal input. A successful test 

is the one that finds an error. Software testing is partly intuitive but largely systematic. 

Good testing involves much more than just running the program a few times to see 

whether it works. 

There are some important types of testing as given below: 

Glass Box Testing 

Focused testing 

Control Flow 

. Data Integrity 

Module I Unit or Element Testing 

Integration Testing 

Internal Boundaries Testing 

Algorithm-Specific Testing 

Black Box Testing 

Functional Testing 

Big Bang Testing 

Performance Testing 

Regression Testing 

Beta Testing 

Port Testing 

Quality Testing 
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Load Testing 

Stress Testing 

7.1 Glass Box Testing 

The testing in which a tester has access to the code is called glass box or structural 

testing. Tl~e  programmer usually does it. It has further testing types. 

7.1 .I Focused Testing 

The programmer can test the program in pieces. He can write special test code 

that feeds interesting values to an isolated module, and reports intermediate results 

obtained from the module. I tested my application modules by giving interesting values. 

e.g. We tested "Add Activity" module by giving it different values. It shows proper 

messages on any error or operation. 

7.1.2 Control Testing 

The programmer knows that what the system is supposed to do next. He can 

modify the program so that it constantly reports what its id doing, or he can use a special 

program called debugger to run the program and track the order in which lines of code 

are executed. 

Using Borland JBuilder 8 Enterprise Edition, we debugged whole application to 

control flow test. 

7.1.3 Data Integrity 

The programmer knows which parts of the program modify its item of data. He 

might also write spdcial code that calculates the value that a test variable should have at a 

given point in the program. 

7.1.4 Module1 Unit/ Element Testing 

In this testing different modules are checkedaindependent of their functionality. 

Even the part is performing its task in the program correctly, but not coronet in sense is 

reported as a bug, because it can rise at any other time. 
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We tested my DPSFLOW as standalone application. When I run it, a stand alone 

application runs. 

We choose the New Workflow &om File Menu. Default application pane opens 

with start and end activity placed already. It means that user must start his workflow from 

start activity and end it to end activity. 

Similarly we tested all components of DPSFLOW. 

7.1.5 Integration Testing 

The modules are not integrated with a sequence but different modules are 

integrated and then checked their functionality. we did integration testing by integrating 

Activity Module and Relation module. 

7.1.6 Internal Boundaries Testing 

The progammer can see internal boundaries in the code that is completely 

invisible to the outside tester. Let a program use so temporary storage so the programmer 

is in thk good position to test that at which polnts it should do what, i.e. what maximum 

storage i t  can do. 

7.1.7 Algorithm - Specific Testing 

In this testing the good or bad behaviors of the program are not examined but 

algorithm is checked. Let a program have to use memory so efficiently so whenever it is 

algorithinically tested the main focus will be that how does it manages the memory. 

Similarly, if a program has to do some animations on the screen then its performance for 

animation will be checked, it will not be checked that how it is managing the memory. 

7.2 Black Box Testing 

In this type of testing the code is invisible from the tester; he can just check it 

from outside of it. Black box testing has following forms. 
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7.2.1 Functional Testing 

Different parts of the s o h a r e  are tested and checked the behavior. Let there are 

two modules one makes the file and other module reads it at another time. So at first 

when the first module has completed its execution then immediately the file is deleted 

and checked that what happens with the next module. In this way the internal 

functionality of program is checked from outside of it. 

7.2.2 Big Bang.Testing 

In this testing different parts of the software are run without any sequence, and 

checked that is their any failure in the system. This testing has some bad features. 

It is too hard to figure out what causea the failure. 

Error in one module can also block other module. 

Bad feeling during testing. 

The simple way of it is just do mouse click non-sequentially on the application 

system screen. We tested application by pressing different function and other keys while 

application starts. We checked that it might hit some place cause a failure, but a. 

Secondly, run different options of the program at a time, it might cause error in the 

system. 

7.2.3 Performance Testing 

It works like Algorithm specific testing; the clear difference is that in that testing 

we can see the code, while in it we can not see it. We guess outside the system that what 

is happening inside. 

7.2.4 Regression Testing 

In it the test cases are repeated again and again. It itself is not a testing but a 

mechanism. Let open miscellanea address dialog, enter some wrong values, it will give 

error messages. Now close it and open it again, enter values. Repeat testing again and 

again. This mechanism will ensure that there are no bugs in address dialog. 
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7.2.5 Beta Testing 

It is testing neither done by programmer nor by the quality-assuror, but the 

software is released as a beta version of the system. Now the users of the system use it 

find its errors and report it to the company. It has two benefits. Firstly, the software is 

used by the people that might unaware of the system that's why they will be able to find 

more simple errors. Secondly, it tells that in which direction the work should be done. 

At present we have not released this software so beta testing was not possible. 

7.2.6 Port Testing 

In this testing phase the system is checked for portability, it contains 

Over all functionality 

Key board handling 
I 

Disks 

Operating system error handling 

b Installation 

0 Compatibility 

Interface 

Other changes that programmer knows well. 

7.2.7 Load Testing 

In this testing the program is med to run at its maximum. We checked our 

application by creating heavy Workflow that contained many Activities it runs smoothly. 

 her; is some change in interface but rest of the application runs proficiently. 

7.2.8 Stress Testing 

In this testing the program is tried to run while many other applications are also 

running and the processor is continuously busy. Let run a media file + a web server + a 

database server + word + excel + power point + antivirus + ... and continuously check 

DPSFLO W (Web-Ennbled WFMS) 80 



Clinpter 7 Testing 

that what our system is doing as the memory and processor is going to be busy more and 

more. Our System worked fme. 
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8 User manual 

This manual provides the detail explanation of DPSFlow (Web-Enabled Workflow 

Management System). DPSFlow has three modules. 

Workflow Builder 

Web Admin 

Workflow ClientsNsers Module 

First one is Stand alone application that is called Workflow Builder, which provides 

graphical user interface to the user to create and/or modify workflow processes. These 

processes are stored in database. 

Second module is web based application that uses application server or web server to 

run and manipulate the stored workflow processes. Following are detailed interfaces for 

this complete application. 

8.1 Workflow Builder 

This is stand alone part of the Web-Enabled Workflow Management System 

which can run on any platform. It uses Oracle Thin, Drivers to connect to database in 

which schema resides. 
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8.1 .I Create New Workflow 

To create new workflow in workflow builder, he will first click on new button on 

the tool bar in figure 8.1. Then he will see a default model which is shown in figure 8.2 . 

Figure 8.1 Workflow Builder just after launching application 
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Now the di-sabled icons have become active. User will create activities and relate 

them accordingly. We will discuss each step in detail later. Here is the default layout of 

new workflow model. This contains two main features. One is create new activity and 

second is relate activities. 

Figure 8.2 Workflow Builder default layout 

Whenever a new workflow process is made it should start from default start node 

and must end on default end node. 

Now to create new activity user will click on create activity icon on the tool bar 

and then will click on main panel. A new dialog will open that is shown in figure 8.3. 

This property dialog further contains further tab pages which are explained in detail 

below. 
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8.1.2 Node Properties - Activity Tab Page 

This form takes necessary inputs from the user who is creating new activity. User 

must have to fill Activity ID input screen without blank spaces and Display Name. This 

Display name option for future work that this will help programmers to internationalize 

Workflow Builder. 

In this screen workflow user is specified like clerk, manager etc 

Figure 8.3 Node Properties - Activity (continued) 
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8.1.3 Node Properties - Attributes Tab Page 

Any activity can send any number of attributes to next activities. The flow will be 

managed by the connection of activities. When the user will create attributes those 

attributes will be stored in the Global Attribute Container. After creating all the attributes 

user will select an attribute then he will click send able or receivable button to assure that 

whether the user of this activity will send the value of this attribute to the next user or 

will it receive the values in these attributes provided that some other user send him these 

attributes. This will-be more clear when we will explain the web interface. 

Following is the main screen for defining and selecting new attributes 

Figure 8.4 Node Properties - Attribute (continued) 
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8.1.4 Node Properties - Result Tab Page 

Finally user will specify that what are the possible paths that can be followed by 

this activity by specifying the result type and result codes. For example "Clerk" is 

assigned an activity like "Verrfy Accounf". Now there can be two possible paths that can 

be followed on the result of Clerk's activity. He can approve user's contents or can reject 

them. It means that he should see two buttons on the screen, Approved & Reject. SO 

here, in Workflow Builder, while defining the workflow, we will create one group id that 

is called Result Type, like APPROVE-REJECT which is result type. Then we will 

create unique paths, called Result Codes, like one will be  rove, second will be 

Reject. 

Figure 8.5 Node Properties - Result (continued) 
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Finally when the user will press OK button then the activity will be placed on the 

client panel, which is shown in the following diagram with the label "First Activity" 

Similarly we create all activities and then we join all activities with connecting tool. 

Figure 8.6 Node Properties (continued) 
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We have created. a sample Workflow named "Bank" which is shown in the figure 8.7 

below. 

Then this Workflow will be saved in database and we will move to web based interface 

of this system. 
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8.2 Web Adrnin Module 

This is our web based interface for the Workflow Management System. 

Administrator will use this part. This interface is used to Launch and maintain the 

workflow. 

8.2.1 Login 

Administrator will provide his id and password to enter in the system. The screen 

shot is shown below 

Figure 8.9 login screen for administrator 
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8.2.2 Select Workflow 

Now administrator can view the workflows that were created using Workflow 

Builder. He will click on the link Launch New WorkJow. All workflows along with their 

versions will be shown. Now he will click on show details button to view the details of 

the particular workflow, which is shown in figure 8.1 1. 

selected workflo 

Figure 8.10 Launch Workflow on the Web (continued) 
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8.2.3 Launch Workflow 

Now administrator will see the details of the workflow selected in figure 8.10. In 

this interface he will see all users that are actually workflow users like Clerk, Manager, 

Peon etc. These users can be created on the fly while defining new workflow. Then they 

will be assigned permanent database roles whose privileges can also be managed. These 

Roles can also be created and maintained. 

This is also possible that we have created a workflow named "Purchase Request 

Flow" that is used to purchase and PC in Accounts Department. Now if Examination 

Department says that they also want to use this Workflow then we will have to Launch 

the same Workflow for them. It means that there should be some mechanism to uniquely 

identify the same workflow for two different departments. Here we have introduced the 

word "Item Key" Just give the unique key for Examination Branch which must be 

different from the key used by Accounts Department. 
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Assign Employees and Launch, 

This is unique key that will 
be used to launch multiple 

Wmkk.*hl.mB: B& instances of one workflow 
VDPYM a: for different depanments 

- . These are 

Figure 8.11 Launch Workflow on the Web - Details of Selected Workflow 
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This is third interface of DPSFlow which is used by the clients or the participants 

of the workflow. We will explain this in detail. 

8.3.1 Client Login 

Same like administrator, the workflow participant will be logged in the system by 

providing the correct user name and password. The screen shot is shown below. 

Figure 8.12 login screen for Workflow UsedParticipant 
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8.3.2 Activity Statuses 

AAer successful login the user will see the status of its activity. Now below is the 

first user of our sample workflow named "Bank" If  the second user is also logged in the 

system its status will be shown ready and its activity will be disabled. It means that until 

the first user will not perform its activity the second user will not be allowed to perform 

its activity task. 

Now user will click its activity "OPEIVACCOLOVT". A new screen will be opened 

for the user showing the details of the activity. That is Shown in figure 8.14 

I Hello Dear M a t  

Figure 8.13 Activity Status for Workflow UserIParticipant 

- 
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8.3.3 Detail of Activity for User One 

After clicking the hyperlink in figure 8.13, the user will see following screen. 

Here he will see two panes showing Received Attributes and Send able Attributes. He 

will f i l l  the values in Send able attributes and will press appropriate button to  complete its 

activity. (After viewing figure 8.15, this process will be easy to understand) 

Hello Clerk 

of workflow so it 
receives nothing from 
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8.3.4 Detail of Activity for User Two 

Now when the second user will view its Status Active, he will enter its activity. 

He will see following screen. AAer pressing Approve button he will forward control to 

next user and his activity will be ended. 

Similarly this process will continue until last user completes its activity and then 

the workflow will be ended and we will again have to launch it. 

Hello UaadClerk 

filled by p r a w n  user 
and are read-only here 

In rhtsactivq 
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INTRODUCTION 

WorMlorv management is one of the areas that in 
recent years have attracted the attention of many 
researchers, developers and uers. It has primarily 
evolved from the need to undersand, to organize and, 
often ultimately, to automate the processes on which a 
business is b a s d  Workflow is concerned with the 
automation of procedures where documents, information 
or tasks are passed between paticipults according W a 
defmed set of mles to achieve an overall buskrs  goal. 
This uanpukrizedfacil~ation or automation of a business 
process, in whole or psrt is called worldlow. Wkra as a 
system that completely defms, manages and executes 
"workflows" thrav& the execdon of sofhvare whose 
order of execution is driven by a c o m e r  representation 
of the wokflow logic is called WwLdlow Mamg,emant 
systm'". 

A workflow is an abstraction of business proccss. It 
consists of activ~tics, which correspond to individual 
process steps and agents, which execute these activities. 
An agent may hz an information system (e.g., a database 
system), a h m a n  (eg.. a customer representative) or 
combination of both (e.g., a human using a software 
program). Ihe  wakflow specification may also specify 
execution durauors for both thz activities and the process 
itseIP. 

'I'lle bdxc C O I I C ~ ~  of workflow manaymmt s)stcm 
C ~ J I  tw hest nuod~red  ism tk  Jefins~oni probldcd by 

the reference model of the Wakflow hlanagzment 
Coalition (WFMC), an international organization leading 
the efforts to standardiia workllow management p d i c t .  
It defines worknow ar- 

The automation of a business proccss, in whole or 
pa* d w i i  which documents, information a tasks are 
passed from one participant to a t h e r  for actio~x 
accordmg to a sct of procedural rules'! . 

Workflow management includes a build time and a 
run time dunension imposing different requirements 
eachl'l. The build time requirements comprkc all issues 
related tomodeling of control and data flow, 1ke graphical 
or formal representation, ease of use, r?adability, 
abstractionand modularity, or cmrecess  (Fig. 1). 

The run time requirements are related to the 
activation, enactment and termination of warknows Thc 
system should be extendible to be able to handle funne 
unforeseen application scenarics. Workflow definitions 
may change over time and thus workflows should bz 
dpamically c~stomizable and adaptable. Continuo~nly 
%rowl% application a r e s  aud increasing organizational 
coverage call for a scalable system. The system s h m l d k  
open that it can run in a distributed heterogeneols 
computing infrastmcbxd". 

Workflow management am3 at moddix and 
controlling the execution of process in both business and 
scientific applications. It has gained increasing attention 
recently, since it allows combining data-orientad view en 
applications, which is traditional for an information 
system, with a process-oriented one in which activities 
and their occurrence over timc are modeled and suppied 
properlyJ3. 

m SMuad, Deparm~ent of Computzr Scien ~~. ~~ ~~ - 
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Fig 2. WFhlC reference architectwe 

used for creatins multiple irstances of thz same business 
ROC61 d d g l l  
rod defmillm 

Burhcss p c m  
d y i b  modeling 
end dcfinitim tmls 

process ata !&a tims. The workflow cxg.inc and thc tools 
cornn~unicale with a workflow databare to store and 
update workflow relevant data. such as wodrflow 
schmas, ststistical informatioh and eonkol inhmation 

Build timc required to execute and monitor the active proa3s 
R- drfmition 

Rvn dmc instm~ceP'. 
A 
i Pc-cImga LUIITATIONS OF EXISTLVG SYSTEMS 

Roceu instan6atiw 
and conbol W m M m  e,,.admat l a v i c c  The state of tho art in workflow mam,pmcnr has 

been determined so far by the functionality provided in 

StX cornmarcid syrtmls. P a n d o x i c ~ y ,  thii has bcsn the 
nlujor ,ourcz of limitations. Many produco wcre 
developed without clear mdzrstandmg oi  the user 

~ntcrastirm with yM f i Z F - 1  requirements and the= pojucrs were quiet mpreppalpd 

and applicatian I& to meet the demand; placed u p n  them by eager vscrs. 
Issues such as pzrformancc, scalability a rzliability are 
hardly ever corsidored in therc meas, an unlormnate 

F ig  I :  Worklow system chcterkt ics  characleristic inherited by the workflow products. 
C m ~ m t  workflow systems are not dzsipnsd to be 

CURRENT STATE OF WORKFLOW emtdded into earlisr appl ia t ias  easily. This causes 
BI.ANAGEMWT SYSTEMS problem for large scale enterprise deployments. 

independznt softwm vendors and system intcqaton 
According to the Workflow Management Coalition who need comprehensive b i n c s s  prmrss management 

PVFMC) reference  made^"', a worklow consists of an facility for their applicatiom. Cment home~rowq quick 
engine, appl~cation qsnts, and administration and bnd dirty worknow engines arz had-end. 
monitoring twls @ig. 2). The process definition tool is Moreover existing systems are almost incumptible. 
i+ual aditor which is used to defms the specification i 2.. !n spite of he efforts of the workflow manazement 
the schema, of rvorknow process The same schema car, coatiti04 cwent products incorporate in thz derisn vely 
be 

a 
t7 



concrete and excltsive inteqretatiom of the world that 
maker particularly impossible to federate different 
systems. These incompatibilities are not j u t  the syntax or 
the platform, but the very interpretation of the workflow 
execution. In most cases, the worktlow is so tied to the 
underlyiq support system that it is not feasible to extend 
its functionality to acconimdate other rvorkflow 
interpretations1". 

\Vorkllow spzc~fications may be ambiguous cn 
contailinflcxiblesaraitics. Visual&orkflowprogramming 
lmgtages sonictimes lack representativns for timing and 
execution constraints of work flow^^^. 

SYSTEM ARCHlTECTURE 

This wokflow mamgement system provides support 
in two furtional areas. Build time andR~mtime control. 
The build time functions suppat the definition and 
modeling of workfiow pwessm. Internally all elements of 
worlrflow erq,irieisz~er can reside m the same node or tx 
transparently diitribvlsd across many nods. This 
architechre can grow incrementally from a small urnpact 
system to a large system that can handlz h~mdrzdds of 
processss per how. 

Fig. 3: System architecture 

The R~mtime control fimctim are implemented in 
workflow client interface, which handle the execution of 
processes. Runtime unllrol is built on top of perjislence 
storage which allows system to recover from failure. In 
this recovery process dak is not lost like if it is present in 
live thread. Navigational logic of end user between 
activities govcnls workflow. Within the workflow 
management system two components are considered, 
storage server and navigation server. These are referred 
to as the \vorkflow engine. Navigation saver is also called 
weh server. Tlis interacts with usen as wzll as with other 
invoked applicatmw (Fig. 3). 

Workflow client f~mctiomlity is delivered thrcu~h a 
web brmvser. Web sewer reads wakflow models from 
database, controls the execution of worMouss and then 
generates web based mterfaces related to the activity for 
specific end user and renders it to hm.  Uscrs accesrthe 
workflow sptem us& web based client. 

Following & s i g  decisions have been adopted to 
achieve main goals of flexibility and platform 
independence. 

1. Thin cliznt architecture has two parts: Proczrr 
definition tool, named Workflow Builder and the 
HTTP tasrd clients. Workflow Builder is written in 
Java. lava byte code can be intzrpretcd on a lase  
variety of platforms including the Sun Solaris and 
Windows platforms. This allows to execute the code 
on a laqe variety of systems wilhout recompilq i t  

3. All other client fiinctionalities liks starting the 
process, modify& process at run time, access tasks 
and check statls and history, is delivered thoush 
web browser. 

3. Workflow models are currently stored in a relational 
database and the workflow s w e r  accesses these 
models using a JDBC interface'". Using this 
middleware component different underlying 
relational database pro&& can Ix used witho~tt 
changing the code. 

CONCLUSION AND FUTURE WORK 

In this study cment workflow management systems 
have been analyzed which lead us to concluds that 
current systems are irexible, lack any standardi~ation 
across any products and are not designed to te 
embedded into earlier application easily Then 
architecture of flexible and platfam independent simple 
workflow management system is presented for 
heterogeneous and diikibited environment. 

This proposed system incorporates all of the 
components necessary for adding process layer Lo 
business applications. The architechre is designed to be 
distributed on heterogeneous environment Java is used 
as the workflow process definition tml and imcrnel 
technologies are used as workflow client application% 
This research and development is step towards building 
scalable and reliable distributzd norkflou, management 
s?8t?ms. 

.b already mentioned, workflow managsment can h. 
comidzrd an impmtant direction in the future 
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development of information systems. In ffuture focus will 
be on reflexivity that allows a workflow component to 
progamnaticdly examhe, analyze, create, andmanipulate 
i t s  own process and data as part of automatable tash  
within the e~ecuting workflow. We will evolve and 
optiknizs work4ow management system throqh 
measurement, tracking, and reuse of gcneralizeable 
proc<ss f r ~ u e n t s  to improve h e  ability of the warl;flow 
to adapt new applicatiom and ndes. 
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