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ABSTRACT

The rapid growth and complexity of today’'s businesses have
created a need for business process management approaches
that will promote the efficient functioning of these
organizations. Users of business process management tools
greatly benefit from using visual process modeling
capabilities. Cross-business interacticn sets forth the

need for standardization of notations in designing these

models.

The goal of this thesis is to study state of the art
business process management notations and state of the art
diagramming frameworks associated with building a Visual
Modeler that can be easily integrated with existing
workflow management systems. This thesis presents a Visual
Modeler that has been created based on the research
findings. Two case studies are presented, which show how
the modeler has been effectively integrated as part of two

completely different workflow management systems.



Chapter 1

INTRODUCTION

A workflow can be simply defined as the routing of
documents and/or tasks through a network of processes. The
Workflow Management Coalition (WfMC) defines the term
workflow as “the auvtomation of a business process, in
whole or part, during which decuments, information or
tasks are passed from one participant to another for
action, according to a set of procedural rules” [WEMC99].
Two categories of workflows are worth mentioning:
scientific workflows and business workflows. The former is
mostly concerned with routing of data through wvarious
algorithms, applications and services. The latter
concentrates on business processes, including (among
others) scheduling, and dependencies. These are not
necessarily data-driven but rather are human-driven (e.g.,

to conduct a meeting).

A workflow management system (WEMS) is a software system
that completely automates the definition, management, and

execution of workflows. Typical elements of a WEMS include



a modeling component that enables administrators and
analysts to define process and activities, an execution
interface seen by end-users, and a workflow engine that

performs the coordination of processes and activities.

The WEMC published the Workfleow Reference Model [WEfMC95]
to characterize the major components and interfaces of a
generic WfMS architecture (see Figure 1). The model
suggests five interfaces a WEMS should support. Interface
1 defines process definition and modeling tools. Interface
2 defines progression of processes, activities, and work
items in the client application. Interface 3 defines an
invoked application interface that allows the workflow
engine teo invoke other applications. Interface 4 defines
workflow enactment services to enable interaction with
other workflow systems. Interface 5 defines administration

and monitoring of the entire workflow system.
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Figure 1: WEMC Workflow Reference Model Taken from
[WEMCO5]

The Workflow Generator and Tracking System (WFGenSystem-
UNF)! is a generic WfMS, which allows end-users to define
documents, workflow networks, and workflow systems. This
system, which implements three of the five recommended
interfaces, was developed by S8tacy Hutchings, in
cooperation with Dr. Arturo Sanchez, as part of her MS
project [Hutchings05]. The three interfaces of the
Workflow Reference Model, implemented in the WFGenSystem-
UNF are Interface 1, Interface 2, and Interface 5.
Currently, workflow engineers design/modify/update a

workflow in WEFGenSystem-UNF, by defining the states,

! Ssee http://orgquidea.ccec.unf.edu:BOB0/WFGensSysten—UNF/, if a lcading exception is
thrown (“Exception UNAVAILABLE”), please just press the “releoad” button of your browser.




transitions, and outgoing/incoming strategies for the

underlying process network, using a menu-driven interface,

This thesis deals with the construction of a visual
workflow modeler and its integration with exisating
workflow systems through a well-defined architecture. A
case study is presented which shows how the visual modeler
was integrated with two completely different WEMS:

WFGenSystem—UNF and XFlow.

More specifically, preparing this thesis entailed:

1. Researching state of the art WfMS architectural
blueprints.

2. Researching state of the art business process management
{BPM) notations.

3. Researching state of the art diagramming frameworks,

4, Implementing a Visual Modeler (VM) using the reseaxch
findings.

5. Interfacing the modeler with existing WEMS.

6. Deploying and testing the integrated software systems.



The rest of this document is organized as follows:

Chapter 2 covers a survey of existing WfMSs and their
visual modeling capabilities. Chapter 3 reviews the
business process mcdeling notations. Chapter 4 describes
available diagramming framewcrks and tools, and explores
their usakility with a visual modeler. Chapter 5 describes
the Visual Modeler architecture and implementation,
Chapter 6 presents case studies of integration of a VM
with existing WfMSs. Finally, Chapter 7 presents

conclusions and recommendations for future development.



Chapter 2

A SURVEY CI EXISTING WfMSs

There are several commercial and open source WEMSs
available. In this thesis, the following systems are
reviewed: JBoss JjBpm, Zebra, YaAWL, Enhydra JaWE, XFlow,
and WFGenSystem-UNF. These systems provide business
modeling functionality. Some of the systems are intended
for developers rather than for end users. Few of these
systems have a graphical user interface (GUI} for creating
and editing workflows, but none of these systems use

Business Process Modeling Notation {BPMN) as a diagramming

notation.

2.1 JBoss JBPM

JBoss JFBPM i1s an open source WEMS that can be used as a
standalone application or can be embedded within a Java
application (standard or enterprise edition) []jBPM]. JBoss
JBPM provides a process definition language called jPDL
for defining process workflows in Java [3PDL]. Also

included, as part of the package, 1s the JBPM graphical



designer, which is currently available as an Eclipse plug-

in (see Figure 2). The graphical designer is not based on

EPMN. JBoss JBPM is available for most operating systems.
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2.2 Zebra

JBoss 3BPM Graphical Process Designer
Eclipse Plug-in

Zebra is an open source workflow engine developed in Java

[Zebra].

Basic. The graphical designer is not based on BPMN.

iz available for most operating systems,

It includes a GUI designer developed in Visual

Zebra

provides



persistence through Hibernate, and has an interface for an

XML loader. Figure 3 shows a screen shot of this system.
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Figure 3: Zebra GUI Designer

2.3 YAWL

Yet Another Workflow Language {YAWL) is a workflow/BPM
system [YAWL]. YAWL conslists of a workflow engine and a

visual editor. It is developed in Java. YAWL uses an XML

schema, XQuery, XPath, and XForms for data storage and



management. YAWL uses JGraph for the workflow visual
editor and uses its own lexicon as notation. Figure 4

shows a screen shot of this system.
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2.4 XFlow

XFlow is an open source JZEE-based process management
system that provides a platform for building, executing,
and managing business processes and workflows [(XFlow].
XFlow runs within a servlet container and comes with JBoss
server implementation. XFlow does not provide any
graphical workflow modeler or process monitoring

capabilities.

2.5 Enhydra JaWE

Enhydra Java Workflow Editor (JaWE) is a workflow process
editor based on the WIMC’'s XPDL specifications for the
workflow file format [JaWE]. JaWE uses Enhydra Shark as
the workflow engine, also bhased on XPDL specifications, to
make a complete WEMS. XPDL stands for XML Process
Definition Language used to represent the Workflow Process
Diagram [XPDL}. XPDL provides the means to save and
exchange the process diagram among applications. JaWE XPDI
editor can be used with any notation-based diagram that
can generate XPDL format files. The workflow editor is not

based on any standard business process notation (see

Figure 5.

- 10 -
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2.6 WFGenSystem-UNF

WFGenSystem~UNF is a web application, developed by Stacy
Hutchings as part of her MS project. It generates
customizable web-based document WfMSs {Hutchings05]. The
motivation for and focus of WFGenSystem-UNF are the needs
of the end user. The system’s workflow engineer interface
provides functionality to define a form, a workflow, and a

process definition. Figure 6 shows the current style

_]_1_.



WFGenSystem~UNF offers to final users, which is form-

driven.
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Figure 6: Interaction Style Currently Used by WFGenSystem-
UNF to Design, Update and Modify a Workflow
Either the systems with embedded visual modelers,
discussed in the previous sections, do not provide easy
integration with existing applications, do not use a
standard notation, or do not provide clearly defined
interfaces so they can be used as a standalone application
with full menu opticns to manipulate diagrams. Appendix A

summarizes the advantages and disadvantages of the various

- 12 -



systems and tools. Table Al shows that not every system
studied provides graphical designing capability. None of
the systems with a graphical designer have graphical
designer user interface customization flexibility. None of
these systems use BPMN for workflcw. Graphical designer of
these systems cannot be integrated with other WfMSs. The
only exception is Enhydra JaWE, which has graphical

designer that can only be integrated with desktop-based

WEMSs.

The VM developed as part of this work solwves all of the
above problems, It provides a visual interface to define
workflows using a standard notation, and cffers features
such as editing, saving, and updating of workflows. The VM
can easily be integrated with any WfMS application through

well-defined interfaces (see Appendix A).

- 13 -



Chapter 3

A SURVEY CF MCDELING NOTATIONS

The Unified Medeling Language’s (UML) 2.0 Activity
Diagrams (AD) and BPMN provide nectations for graphically
specifying workflow-based business processes [Bock03]. In
this thesis UML 2.0 ADs and BFMN are reviewed and
compared, from the perspective of some of the workflow
patterns proposed by van der Aalst et al. [wvan der

Balst03), as shown in Appendix B,

The BPMN, developed by BPM Initiative (BPMI) and now
maintained by Cbject Management Group (CMG)?, provides a
graphical notation for expressing business processes in a
business process diagram [0OMG!. The objective of BPMN is
to support BPM by both technical users and business users,
by providing them with a notatiocn that is intuitive to
business users, yet able to represent the semantic of
complex processes. The BEPMN specification alsec provides a
mapping from the visual elements of the notation to the

underlying constructs of execution languages, particularly

‘ The OMG is an international, open membership, not—for-profit computer industry
consortium,

- 14 -



the Business Process ExXecution Language for Web Services
(BPELAWS)® [Andrews03]. The introduction of BPMN creates a
bridge between the business and IT layers of an

organization. As Stephen A. White describes:

The primary goal of BPMN is to provide a notation
that is readily understandable by all business users,
from the business analysts that create the initial
drafts of the processes, to the technical developers
responsible for implementing the technology that will
perform those processes, and finally, to the business
people who will manage and monitor those processes
[WhiteO4A] .

UML is a language with a very broad scope that covers a
lLarge and diverse set of application domains. Not all of
its modeling capabilities are necessarily useful in all
domains or applications. The modeling concepts of UML are
grouped into languade units. ADs are intended for modeling

computational and business/organizatiocnal processes.

UML 2.0 AD and BPMN share many of the same shapes for the
same purposes. There are some differences among the wisual
elements, with BPMN containing fewer core objects and
having variations on these objects to handle the

complexities that might arise in modeling processes. As

* BPEL4WS, provides a languade for the formal specification of business processes and
Lusiness interaction protocals,

_15...



shown in Tabkle B3 (see Appendixz B), BPMN offers separate
notations for displaying variations of flow. BPMN uses
notations consistently, for example, a diamond for a
decision and a rectangle for activity. UML 2.0 AD and BPMN
notations provide similar representations for most of the
control-flow patterns. The only exception is ADs do not
have an adeguate graphical representation of the

Interleaved Parallel Routing pattern and the Synchronizing

Merge pattern.

BPMN and UML 2.0 AD can be used as a graphical front-end,
to capture BPEL process descriptions. BPEL is an XML-based
language for the definition of business processes. BEA,
IBM, Siebel Systems, and Microsoft developed the Ffirst
version of BPEL, It was named BPELAWS [Andrews03]. BPEL4WS
1.1 was submitted to the Organization for the Advancement
of Structured Information Standards (QASIS) for
standardization purposes [0OASIS5]. The OASIS technical
committee came up with the name Web Services BPEL, version
2.0 in September 2004. This led to a broader acceptance of
BPEL in industry and it emerged as a standard to address
business process integration needs. BPEL is a language
that allows business analysts to define business processes

consistently, within or across companies. Because BPEL is

- 16 -



based on XML standards, it ensures interoperability when
integrating with other systems. The CASIS technical
committee did not suggest any graphical notation for Web
Services BPEL. BPMN can be used as a graphical front-end,
to capture BPEL process descriptions. White described a
translation from BPMN to BPEL [White05]. An approach for
the transformation of AD and BPMN, in the context of BPEL,
is described by Kalnins [KalninsO06), while Quyang et al.
came up with a more detailed translation and developed a

tool for translating BPMN to BPEL [Ouyang06}.

“"The two diagrams [BPMN and UML 2.0 AD] also share the
characteristic of being a view (a diagram} for the
Business Process Definition metamodel being developed
through an RFP [request for proposal] process in the OMG”
[White(04B]. Wohed et al. conducted a study for pattern-
based analysis of BPMN and UML 2.0 AD and concluded that
BPMN and UML 2.0 AD are almest fully overlapping

[Wohed05] .

In 72001, the BPMN effort started to create a notation to
draw business process diagrams for business people to use.
In 1594, the UMI effort started to standardize modeling

for software development for technical pecple. The ADs

_17_



were included subsequently, in an effort to refine UML for
business people, but it is still more technically
oriented. The membership of the BPMI Notation Working
Group represents a large segment of the BPM community.
They have come to a consensus that BPMN should serve as

the standard. For these reasons, BPMN was chosen as the

notation for the VM,

_18_



Chapter 4

DIAGRAMMING TOOLS AND FRAMEWORKS

The Visual Modeler that was developed as part of this
thesis was bullt using a diagramming framework. In this

chapter, we present a review of some frameworks that were

considered.

4.1 JGraphPad Pro

JGraphPad Pro is a commercial tool used to create diagrams
such as graphs, database layouts, and business process
workflows using BPMN. It uses the JGraph and JGraphLayout
packages, which are open source frameworks, and allows
easy integration with existing applications. It provides
customization of icons and configuration of the
application, using XML. JGraphPad Pro offers additional
features needed for the integration of the VM with other
components. However, it 1s priced at 51,495, which

prevented us from purchasing it for this work.

_]9_



4.2 ILOG JViews Diagrammer

ILOG JViews Diagrammer provides a set of confiqurable Java
components for creating graphical editing, wvisualization,
supervision, and monitoring tools. The Diagrammer includes
a custcmizable BPMN modeler thal can be used with desktop
or wWeb applications. The developer license for Diagrammer

is priced at $4,000, which also was not within the budget

for this work.

4,3 Business Process Visual Architect

Business Process Visual Architect (BP-VA) is a standalone
BPMN-based visual diagramming tool. BE-VA is a desktop-
based tool that provides limited customization eptions for
integration. BP-VA cannot run in a browser and cannot be
integrated with an existing web-based application, as it
requires full installation on a client’s machine with a
valid license key for execution. BP-VA is priced at $99

and is part of the Visual Paradigm Suite priced at $1,999.
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4.4 Enterprise Architect

Enterprise Architect is a UML 2.0-based modeling tool. It
is a full featured desktop application, but does not
provide support for BPMN, for process flow diagrams. The
purpose of this research work was to build a VM, which
supported BPMN; therefore, the UML notation-based tcol was
net the right fit. However, even with the current
configquration of this tool, which does provide support for
BPMN, it could not be integrated because it requires
complete installation on the client’s machine, with a

separate license for its use. This tool is priced at $135.

4.5 Enhydra JaWE

Bnhydra JaWE is the first open source graphical workflow
process editor based on the WEMC XPDL specification
[¥PDL] . Professiocnal and community editicons of this toocl
are available. Both the editions are available as plug-ins
for Borland Together Software {BT] and the commercial
product is called Together Workflow Editor [TWE]. The
professional edition provides more features than the

community edition. The editor can only be used as part of
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the Together Workflow Editor software, thus was not the
right tecol for this work, The community edition is free
and the professicnal edition of Together Workflow Editor

is available for 5659,

4.6 Java Swing and Java 2D Frameworks

Java Swing [SWING]} and Java 2D {[JAVA2D] graphical packages
provide a rich set of libraries to build GUIs, graphs, and
diagrams. The business process flow diagrams created using
these set of libraries do not provide any interactive
features. To make a powerful VM requires a layout engine,
user interface, and an adapter. Though not impossible,
creating a layout engine from scratch would be an
extensive task, thus was outside of the scope of this
project, due to Lime constraints. The framework is free to
download, but was not used for the project, because of thes

need to create a layout engine.

4.7 JGraph and JGraphLayout Frameworks

JGraph provides a very extensive set of packages to custom
build a business process~diagramming tool, It provides a

swing-like GUI package for the interface and a layout

_22_



package, providing automatic positioning functionality and
ease of use. These features enable rapid application
development and deployment. JGraph and JGraphLayout are
available for $495 for commercial use and are free for

non-commercial use.

Of the tools and frameworks evaluated ({see Appendix A),
the JGraph and JGraphLayout frameworks seemed to be the
best fit for this work, due to foilowing reasons. These
frameworks provide support for BPMN notaticn, rich set of
application programming interfaces (API) for user
interface, powerful layout engine that promised to reduce
development time, flexibility to integrate with web-based
applications, and API for creating custom database or XML
adapter. JGraph and JGraphLayout applications cannot run
inside a browser, but can be integrated with web
applications, using the Web Start technology or as an
Applet. The web version of JGraph and JGraphlayout, called
MxGraph, is currently available as a beta version only
IMXGRAPH]. MxGraph is capakle of providing interactive
workflow diagrams inside a browser. This would have been
the right framework for the study, but because it was not
available for our purposes at that time, we decided upon

the JGraph and JGraphlayout frameworks.
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Chapter 5

THE vM: SOFTWARE ARCHITECTURE AND IMPLEMENTATION

The VM is a standalone Java application for designing
BPMN-based workflows. The VM is based on open source
packages, JGraph and JGraphLayout, the Java 1.5 Swing
package, and Java 1.5 SDK. JGraph provides the ability to
easily create workflow components like nodes, ports, and
the intercennectivity mechanism, while JGraphLayout
provides the implementation of layout algorithms and graph
regsizing capabilities, making the task of designing
complex workflows simpler. The JGraph package API provides
ways to persist data, in the form of XML documents or
directly to a database. The VM built as part of this

thesis uses an XML document for storing the workflow

definition.

The VM can design workflows using interactive user input
or modified existing workflows, by taking input in the
form of an XML file validated against the JGraph XML

Schema (see Appendix C). The designed workflows are
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persisted in the form of an XML file conformant to a

JGraph XML Schema.

The architecture of the VM built as part of this thesis
aims at enabling an easy integration of this tool with
existing WrMS. Two major components define The VM's
architecture: the VM user interface and the connectivity
module. The user interface provides designing
capabilities, whereas the connectivity interface provides
a communication channel between the user application and

the VM’s user interface. Figure 7 provides an overview of

the architecture.

Vigual Modeler Package

_  Tger Interface Module T
| JGraph Layout’ o |

. m.,-,.i,l.-.__ ]
| Ww kﬂaw XML Daza

Figure 7: VM Architecture
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The VM application (user interface module) consists of two

packages, as described in Table 1.

Package Description

edu.unf.soc.vm.ui Package which consists of the base
modeler and all User Interface (UT)
components of the BPMN used in the
workflow design

edu.unf.soc.vm Package which consists of the
extension of the base modeler, to
provide XML persistence of the
workflow and sub-menus for the
workflow object properties

Table 1: User Interface Packages

The user interface provides a limited set of BPMN notation
that can be used in the workflow design. Figure 8 shows
the toolbar available for workflow designing and editing,

including the set of BPMN entities.

Dl ojoiele @0

QR R

i
R

Figure 8: VM Toolbar

The toolbar buttons available are the following, from left
to right: Save, Start, Process, OR-Split/OR-Merge, AND-
Split/AND-Merge, Deferred Choice, FEnd, Toggle Connect

Mode, Undo, Redo, Bring to Front, Send to Back, Reset
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Zoom, Zoom In, Zoom Out, Group, Ungroup, Collapse, Expand,

and Expand All,

Using the rich user interface toclbar, a simple workflow
can ke designed in few mouse clicks. As workflow objects
are created, unique default labels are assigned to them.
The workflow in the Figure 9 shows two processes and three
labels. The start and end states have the default labels,

Start and End, which cannot be modified.

istial Mudeler Pratan §

Figure 9: A Simple Workflow Using the Rich User Interface

The user interface also provides an option to edit
individual properties of the workflow objects. Figure 10
shows sub-menu options for the selected process, Process
2. Figure 11 shows sub-menu options for the selected flow,
Label 5. Figure 12 shows the sub-menu options for the
workflow. The properties option can be customized by the

user through the connectivity interface.
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Figure 10: Process Sub-Menu

Flow Properties

Remove Flow

Figure 11: Flow Sub-Menu

anmn i sy
i

 Workflow Praperties

Remove Workflow

Figure 12: Workflow Sub-Menu

The connectivity interface module is provided for
customization of the user interface and custcm
implementation of the VM. The module consists of a Java
package, edu.unf.soc.vm.ceonnectivity, with one interface
class that can be implemented, as regquired. The methods in

the interface class are listed in Table 2.
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Interface edu.unf.soc.vm.connectivity.ModelerConnection:

Method

Description

displayWorkflowProperties{)

Method to display workflow
properties, invoked from
the workflow sub-menu of VM

displayProcessProperties ()

Method to display process
properties, invoked from
the process sub-menu of VM

displayFlowProperties ()

Method to display flow
properties, invoked from
the flow sub-menu of VM

getNewWorkflowId()

Method to return the
workflow id when a new
workflow is created

readWorkflow ()

Method to read the saved
XML, representation of the
workflow

removeWorkflow ()

Method to remove the
workflow and its related
information

removeProcess ()

Method to remove the
process and its related
information

removeFlow ()

Method to remove the flow
and its related information

saveWorkflow ()}

Method to save the XML
representation of the
workflow and related
information

saveProcess ()

Method to save the process
information

saveFlow(}

Method to save the flow
information

Table 2:

Available Methods of Interface Class

Together the VM user interface and connectivity interface

make the VM customizable.

They can be added to any

existing workflow applicaticn to enhance the workflow

_29_




design capabilities. The next chapter details the case
studies for two applications, showing how the required

interfaces were customized.
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Chapter 6

CASE STUDIES

Figure 13 shows hcw the same VM was integrated with two
different types of applications, using the same user
interface and custom connectivity. The WFGenSystem-UNF
application uses database persistence and the XFlow

application uses file system persistence.

WFGenSvstem-UNF-Visual| | XFlow

File
JGraph Packoge . ] s vten

Nodeler ' , ‘ i e
Workflow XML Data

Custonm Iinplenentation ) Cagtoln Iinplementation
Fox ) ) For
WFGenSystem-UNF-Visual XFlow

Figure 13: VM Architecture with Respect to Integration
with WFGensystem~UNF and XFlow Applications
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6.1 Case Study 1l: WFGenSystem-UNE

WFGenSystem—-UNF is a web-based document workflow
management system. WFGenSystem-UNF has been implemented,
using the model view controller architectural pattern. It
uses Java server pages for the user interface, MySQL for
database persistence, and consists of multiple modules.
The modules, categorized based on the user group, are
Administrator, Workflow Engineer, and Workflow User. The
Administrator module provides user and system management.
The Workflow Engineer module provides form, workflcow, and
process management. The Workflow User module provides task
management . This case study focused on the workflow
management of the Workflow Engineer module. Figure 14 and
Figure 15 demonstrate the VM integration with WFGenSystem-

UNF, in two levels of details.
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with the Integration of VM

5P / Visual Modeler \

Cliemt

FileSystem

Expor XML File . 4 yet
JGraph Engine
nvhke
ﬁual Modetar w Slore XK, File
Process A
User Inpul 0B -
User Intaface Refrieve Al Adajter "
XML File

\

_/

Figure 15:

Details of the VM Integration with

WEGenSystem—-UNF
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The VM was integrated with WFGenSystem-UNF in the form of
an embedded applet. Clicking on New cor Edit Workflow from
the Design Workflow menu option of the Workflow Management

tab starts the VM (see Figure 16).

Curart Uz, 2ped Chaneadd

Design A New Workflow

L T

igjlo/Oieje @loliie: ajaia]

qﬁ}_gw

Figure 16: VM Integrated with WFGenSystem-UNF

The customization to integrate the VM with WFGenSystem-UNF
was dene by implementing an instance of the connectivity
module toc target this specific integration. The packages

and their methods are described in Tables 3-5.
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Package edu.unf.soc.vm.connectivity:

Class NDescription

ModelerConnection Interface definition with the
availlable methods
ModelerConnectionFactory Factory class to get the
instance of the
ModelerConnection

implementation
ModelerConnectionImpl Implementation class that

implements the interface

methods
ModelerConnectionHelper Helper class with methods

used in the
ModelerConnectionImpl

Talble 3: Classes of Package edu.unf.soc.vm.connectivity

Package edu.unf.soc.vm.ccnnectivity.db:

Class Description

Workflow Class to represent the weorkflow
database entity used by WFGenSystem-
UNF for persistence of workflow data
WorkflowVersion Class to represent the workflowversion
database entity

Process Class to represent the state database
entity

Flow Class to represent the transition
database entity

DeferredChoice Class to represent the deferredchoice

database entity

Takle 4: Classes of Package edu.unf.soc.vm.connectivity.db
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Package edu.unf.scc.vm.connectivity.dialoeg:

Class Description

WorkflowDlalog | Class to create the Workflow properties

dialog

| ProcessDialog Class to create the Process properties
dialog

FlowDialog class to create the Flow properties
dialog

Table 5: Classes of Package
edu.unf.soc¢.vim,connectivity.dialog

Using the VM, a new workflow in the WFGenSystem-UNF can be

designed following these steps:

1

From the Workflow Management menu in WFGenSystem-
UNF, choose the Design Workflow option.

Select the New Workflow option from the selection
list, to design a new workflow.

The VM applet starts with the Workflow Properties
dialeg (see Figure 17). Enter the Label,

Description, and the Mode, then click Save.
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| Workflow Properties

Workflow Lakel: (New workflow
New Yarkfl ow

Description:

Figure 17: Workflow Properties Dialog

Using the toolbar in the modeler, design the
workflow.

Edit the Process Label and Flow Label, and
properties, using the corresponding dialog boxes

(gee Figures 18 and 19).

- Process Properties |

'Process Labet [Process 2

‘Participant: IDepantnem ’

f
|
: o , 1
Initial State: lNu b J
:Can Cancel Instance: iNc;[ - } ’

}Can Close Instance: INu . . lv:!

Igi.'ian Reassign: [M;Eu;,}
| save |

Figure 18: Procesg Properties Dialog
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4 Flow Properties :

Flowe Lahel: lLabels

;ﬂ.ssignmem Strateimy. [Pull ” !vi
'DC Label: I
5 S — : — RPN
fD(tDescﬂpﬁnn:
|
4 Save l
Figure 19: Flow Properties Dialog
6 Use the Save option in the tooclbar to create the

individual workflow States, Transitions, and

Workflow Definitions.

7 Publish the Workflow for use by the Definition

Management module.

Use of the VM in this application seemed to make the
visualization cof a complex workflow easier and faster.
Appendix D presents a demonstration of the WFGenSystem-
UNF-Visual application, using the VM from the design of

the workflow network to the implementation of a complete

system.
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6.2 Case Study 2: XFlow

XFlow is a JEE~based process management system. XFlow runs
in an EJB and Servlet container, using JBoss 4.0 and
Tomcat for container implementation. XFlow does not have
any GUI for workflow design or workflow process

monitoring. The VM can easily be integrated with XFlow.

XFlowl.2.1l, used in this study, is distributed in the form
of a compressed zip file. The XFlow package comes with the
JBoss 4.0 (bundled with Tomcat) server and some workflow
examples that can be deployed and tested on the XFlow
gerver. The XFlow package does not provide any interface
to design workflows. Currently, users define their
workflows using a text editor to create an XML file that
validates to the XFLOW file schema. For this case study,
the VM connectivity module was implemented for the XFlow
application, so it generates the XML files, which conform

to the XML schema for XFlow.

The XFlow server can be deployed and run from a MS Windows
or UNIX shell. For this case study, the Windows version of
XFlow was used, running on the Windows XP Professional

operating system and the Java 1.4.2 15 SDK.
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The VM application is launched as an Applet, using the
Java Applet Viewer, as shown in Figure 20. Once the VM

starts, a workflow can be designed.

\isual Modeler

iAppIet started.

Figure 20: VM Applet Integrated with XFlow

To generate the XML cutput {<file>,xflow), the

connectivity module was implemented, using the packages

identified in Tables 6-8.

- 40 -



Package edu.unf.soc.vm.connectivity:

Class Description

Interface definition with the
available methods
ModelerCeonnecticenFactory | Factory class to get the
instance of the
ModelerConnection
implementation
ModelerConnectionImpl Implementation class that
implements the interface
methods

ModelerConnectionHelper Helper class with methods used
in the ModelerConnectionImpl

ModelerConnection

Table 6: Classes of Package edu.unf.soc.vm.connectivity

Package edu.unf.soc.vm.connectivity.db:

Class Description

Workflow |Class to represent the workflow properties

Table 7: Classes of Package edu.unf.soc.vm.connectivity.db

Package edu.unf.soc.vm.connectivity.dialog:

Class Description

WorkflowDialog Class to create the Workflow properties
dialog

Tabkle &: Classes of Package
edu.unf.soc.vm.connectivity.dlialog

The interface methods implemented for the XFlow

integration are identified in Table 9:
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Method Description

readWorkflow () Method to get the existing
workflow XML file
saveWorkflow{} Method to save the workflow

XML file and create input
file to XFlow
(<file>.xflow)
displayWorkflowProperties () | Method to display workflow
properties dialog (see
Figqure 21)

Table 9: Methods Implemented for XFlow

Figure 21: Workflow Properties Dialog for XFlow

The VM generates the cutput XFLOW file, as shown in Figure
22. Appendix E presents a demonstration of the XFlow

application, using the VM to design a workflow.

The VM can be integrated with virtually any application,
web-based or desktop. This is possible 1if a correct

implementation of the interfaces in the connectivity

module is provided.
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(xflov name="SimpleWorkflow">

¢<nodes>
¢node id="StartHode" type="Start"- »
¢node id="Pl" type="Process"~>
<node id="P2" type="Process" >
¢<node id="P3" type="Process"~/>
<node id="P4" type="Process"~ >
¢tnode id="P5" typs="Process" >
¢<node id="EndNode" type="End"-:

¢ nodes >

{transitions>
<transition from="StartHode" to="P1"- >
¢transition from="P1" to="B2"->
¢<transition from="P2" to="P3":

<rule>{intValue &1lt: 10]<-rule>
< trangition>
¢trangition from="P2" to="P4">
(rule>[intValue &gt := 10]<- rule>

{/transition>
<transition from="FP3" to="PL5"~->
¢transition from="P4" to="P5"“~:
<transition from="P5" to="EndHNode"-:

{/transitions;

¢/xf low>

Figure 22: XFLOW File OQutput from VM
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Chapter 7

CONCLUSIONS AND FUTURE WORK

7.1 Conclusions

A wide variety of WEMSs were reviewed. Not all of the
systems reviewed were created based on the needs of the
end user. Few WEfMSs provide a GUI fer defining workflows,
The goal of this work was to enhance existing WfMSs, by
providing a Visual Modeler for visually defining

workflows, using BPMN,.

The VM was designed to empower end users to define complex
workflow diagrams easily. While one of the applications
used as a test case (WFGenSystem~UNF) allows end-users to
define one component at a time for the workflow (i.e.,
states, transitions, and rules), the VM zllows users to
define these components as a whole, giving users a high-
level perspective of the workflow design. XFlow, the
second application tested, natively uses an ¥XML editcr for
creating workflows. In this case, the VM provided for a

visual representation of the workflow design.
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A complex and powerful WIMS may remain under utilized,
when workflows are defined using a non-friendly interface.
The VM enhances existing WfMSs, as demonstrated in the

case studies, making them more manageable for a wider

community of users.

The VM was designed so the integration with existing
systems can be approached in a systematic and clear
manner, by implementing well-defined interfaces. This was

also demonstrated in the case studies.

7.2 Future Work

The current VM implements a subset of the BPMN, namely: -
Process, Start and End Event, OR-Split, QR~-Merge, BND-
Split, AND-Merge, and Deferred Choice. Implementation of

the whole BPFMN set would enhance the VM modeling

capabilities.

It is possible to add an option, which would allow users
to design their workflows using a grid. This would make
alignment and placement of workflow objects easier and

more precise, resulting in a more organirzed layout.
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Comparison of WfMSs, Diagramming Tools and Frameworks with the VM

Graphical Graphical
Graphical Designer Designer
Graphical [Desigher User Integration |Integration |Workflow
Workflow |Interface BPMH for |with Desktop (with Web XML
Designer [Custemization [Workflow {Based WIS |Based WIMS |Persistence
Existing WfllSs:
JBoss jBPM X X
Zebra % %
AL # X
KFlow X
Enhydra JaWE X i X
W GenSystem-UNF
Tools and Frameworks:
JGraphPad Pro * A X X *
ILOG Jviews Diagrammer % b3 X% 3 %
Business Process - Visual
Architect A X X
Enterprise Architect A X
Enhydra Jawk A A X
Java Swing and Java 20
Frameworks™ X A
JGraph and JGraphLayout
Frameworks™ X A b X X A
Visual Modeler X b b3 b X X

* These frameworks only provide basic capabilities that can be used to build a
workf low designer with above festures.
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APPENDIX B

BPMN AND UML NOTATICN COMPARISON

This appendix presents the results of comparing UML 2.0
ADs and BPMN, as visual notations that can be used by
users to specify workflow-based business processes. Tables
B1-B5 contain a summary of the visual elements used by
each notation. Tables B6-BS contain a comparison of these
two notations from the perspective of how they support van
der Aalst’s workflow patterns [van der Aalst03].
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Comparison of Activity/StatefAction &Control Nodes of BPMN and UML Notations

BPWMN 1.0

UL 2.0

Element Description Netation Element Description Notation
Event An event is something that "happens” Action An action element describes a

during the course of a business basic process or transformation

process. These events affect the flow that occurs within a system. It is

of the process and usually have a the basic functional unit within an l label

cause (trigger} or an impact (result). Activity diagram. Actions can be

There are three types of Events, thought of as children of activities.

based an when they affect the flow:

Start, Intermediate, and End.
Start Start Event indicates where a Initial The initial element is used bythe

particular process will start. O Actlvity and State Machine diagrams .

Init 3l

Intermediate  |Intermediate Events occur between a Depicts an exit from the system kbut

Start Event and an End Evert. It will has no effect ah athar executing flows ,

affect the flow of the process, but wil £, it the activity @

not start or (directly) terminate the

process. Flow Final
End As the name impties, the End Event Final Indicates the completion of an activity

indicates where a arocess will end. O @

Firal
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Comparison of Activity/State/Action &Control Nodes of BPMN and UML Notations

BPMN 1.0 UL 2.0
Element Description Notation Element Description Motation
Process A Task 1 an atomnic activity that is Activity An activily organizes and specifies
included within a Process. A Tasgk is the participation of subordinate Activity
used when the work in the Process is behaviots, such as sub-activities or
not broken down to a finer level of aclions, to reflect the control and data
Process Modzl detail. flow of a process
Sub-Process  |The details of the Sub-Process are not Sub-Activity A sukactivity element is 2 pointer to 2
visible in the Diagram. A "plus” sign in child Activity diagram
the lower-center of the shape - Sub-Activity
indicates that the acthity is a Sub- Example
Process and has a lower-level of
detail.
Raceire BPIMN uses Process notation with Receive A recelve element is used to define
[Receive] label to indicate Receive Activity ihe acceptance or receipt of a 2 fooni 2 ;
action request. Movement from a receive esewe |
element occurs only once receiplis —
fulfilled according to its specification. :
The receive element comes in dva
Send BPMM uses Process notaticn with . |Send activity |The send elementis used to depict
[Send] label to indicate Bend action [Sendt] - the action of sending a signal 3
Send Curent Send
| Isuelist
Group The grouping can beused for | — - —. _ Region There are two types of regions

documentation or analysis purposes,

suppored. Expansion region AND
Interruptible activity region

feamemmr
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Comparison of Trapsition/Edges of EPMN and UML Notations

BPIIN 1.0

UML 2.8

Element

Description

Notation

Element

Description

Notation

Mormal Flow

Marmal Sequence Flow refers to
the flowr that originates from a
Start Event and continues through
activities via altemative and parallel
pathe untit it ands at an End
Event,

Control Flow

The controf fiow is a cornector Iinking

target node once the source node's
activity is completed.

two nodes in an Activity diagram. Control
flowy connectors bridge the Nlow bebwaen
attivity nodes, by direcling the flow ig the

Action

Aclion

Uncortrolied Flow

Uncontrolled-low refers to flaw that
is not affzcted by any conditions
or doeg not pass through 2
Gateway,

Conditional Flow

Sequence Flow can have condition
expressions that are evaluated at
runtime ta determing whether or
not the flow wAll be used. Ifthe
conditional flow is outgoing from
zn activity, then the Sequence
Flow will have a mini-diarmond at
the beginning of the line.

Default Fiow

For Data-Based Exclusive
Decisions or Inclusive Decisians,
one type of flaw is the Default
condition Nlow. This flow will be
used only if afl the ather outgoing
cenditional flow is not true at
runtime,

Message Flow

A Message Flow is used to show
the flow of messages bebween two
entities that are prepared ta send

and receive them.
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Comparison of Transltien/Edges of BPMN and UML Netations

BPRN 1.0

UNL 2.0

Element

Deseription Notation

Element

Description

Notation

Exception Flow

Exception Flow occurs outsids the
Normal Flow of the Process and is
based upon an Intermediate Event

. tl
that occurs duting the perfarmance

=

Interrupt Flow

The Intermygt fow is a tcolbox element
used o define the two UML concepts of
cannectars fr Exception Handler and
Interruptible Activity Reaion, An interrupt

Aot luite |

Pl epeigy e

of the Process. Exezption flow is also known as an actwity edge.
Flow
Campgns:atiun Cnm.pensatiun Associgtion occurs | ——
Association outside the Mormal Flow of the
Process and is based upan an i
event \@—”
Compengtion
Association
Data QObject Data Objects are considered Dbject Flow Object fows are usse In Activity
Artifacts because they do not have dizgrams and State Machines. When
any direct efiect on ths Sequence ™ used in an Activity diagram, an abject | Activity2
Flow or Message Flaw of the fiow connects twe elements, with s
Pracess, but they do provide specific data passing through it.
information about what aclivities Hame
require to he gerfarmed and/or
what they produce,
Dacision This Decisioh represents a Decision This node represents a paint it an

branching point where Aematives
are based on conditional
expragsions contained within the
ouigeing Sequence Fiow. Only
one of the Afternatives will be
chosen.

C ondition 1

Candition 2

activity where a single incoming edge
branches into several outgoing sdges.
You typically use constraints, also
called guard conditions, an the
autgoing edges to determine which
edge should be foliowed. A decision
may be shown by labaling multiple
output transitions of anh action with
different guard conditions.
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Comparison of Transition/Edges of BPMN and UML Notations

BPMH 1.0

UHL 2.0
Element Descriptien Hotation Element Description Notation
Merge EPMN uses the terrn "merge” to Merge This node represents a peint in an
refer to the exclusive combining of activity whera several incoming edges
two or more paths into one path come together into @ single outgaing
(also known as an a OR-Join), edge.
Fark Fork or AND-Split is a place in the Fork This nade represents a point in an
Process where activities can be activity where a single Incoming flow
performed concurrently, rather is split into geveral outgoing floves. {
than seguentially.
Join Synchronization or an AND-Join is Join This node represents a peint in an

a place In the Process to combine
two or more paraliel paths into one
path.

activity where several incoming flows
arg synchronized into a single
outgoing flow,

B e
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Comparison of Process Patterns using BPMN and UML Notations

Pattern BPMN URKIL
Sequence o — ; — ~— ~—— <
g»ﬁ 2 c ] A :»»\u e \_\- c ’
L 1 \ AN
Parallel Split (And
Split) e
N J AN
A on?
NS
e l
L'\
Synchronization s —
A ‘-\\
— N
_—
TN ~ k\ J
/ N e
otk
Exclusive Choice (Or o
Split) a i ) TN
7»—::\‘::\* ')1 &
! M : ‘\\\W,......_,./"
s >
. / ! s N
. ’L\\ -/
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‘Comparison of Process Patterns using BPMN and UML Notations

Pattern

BPNN

UML

Simple Merge

ST
e A ::_ .: 8 " -
AT : \ : e
s 5 | M y / g
[N S
7""1\ 7 -<A /—w.‘. ©
;o P L
S—— } % e
Multiple Choice =
Multiple Merge
i IR N
— | N
“ S .
: o
\ 1 — |
- ~ L ¥
M c b
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Comparison of Process Patterns using BPMN and UML Notations

Pattern BPMN UmML
Discriminator
..l»‘ & D ] =] Sem PR LT v o
s st . i ' —————— — / ! : P
3 S - S\ { \_1 / ™
i e Ol pal i ]
e T A I P
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N out of M Join g
- - S ] BT —_
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Comparison of Process Patterns using BPMN and UML Notations

Pattern

BPLIN

Synchronizing Merge

i1

Arbitrary Cycles
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APPENDIX C

JGRAPH XML SCHEMA

What follows is the XML Schema Definition (XSD) file
generated from the JGraph XML output file of the diagram
using Altova XMLSpy product.

<?xml version="1.0" encoding="0TF-8"7>
<!==W3C Schema generated by XMLSpy v2007 rel. 3 spl
(http://www.altova.com) -->
<xs:schema xminsg:xs="http://www.w3.org/2001/XMLSchema">
<xsielement name="veid">
<xs:complexType>
<xsg:choice minOccurs="0">
<xs:element ref="douhle"/>
<xs:element ref="object"/>
<xstelement ref="void" maxOccurs="unbounded"/>
<X¥S:sedquence>
<xs;element ref="string"
max0ccurs="unbounded" />
<xs:choice minOccurs="0">
<#s:element ref="boolean"/>
<xs:element ref="int"/>
<xs:element ref="object"/>
</xs:choice>
</xs!sequence>
</xs:choice>
<xs:attribute name="property" type="xs:string"/>
<xsiattribute name="method" type="xs:string'/>
<xg:attribute name="index" type="xs:byte"/>
<xs:;attribute name="id" type="xs:string"/>
</xs:complexType>
</xs'!element>
<xsielement name="string" type="xs:string"/>
<xs:element name="object">
<¥s:complexType>
<xs:choice minOccurs="0">
<xg:element ref="int" maxOccurs="unbounded"/>
<¥5:seguence>
<xs:element ref="null" minOccurs="0"/>
<xs:element ref="void"
maxOccurs="unbounded" />
</x=:sequence>
<AS5:seduence’>
<xs:element ref="string"/>
<xsichoice>
<xsielement ref="int"
maxOccurs="unbounded"/>
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<xs:;element ref="void"
maxOccurs="unbounded” />
</xs:cholice>
</xns:sequence>
<¥5:seguence>
<xstelement ref="object"
maxQccurs="unbounded" />
<xs!sequence minOccurs="0">
<xs:seguence minOccurs="0">
<xs:element ref="array"
maxQccurs="unbounded" />
<xs:element ref="boolean”/>
</x5:sequence>
<xs:element ref="void"
maxQccurs="unbounded" />
</xs:sequence>
</xs8:sequence>
</xs:choice>
<xs:attribute name="idref" type="xs:string"/>
<xs:attribute name="id" type="xs:string"/>
<xs:attribute name="class" type="xs:string"/>
</xs:complexType>
</xs:element>
<xsi:element name="null">
<xs:complexType/>
</¥s:element>
<xs:;element name="java'">
<xs:complexType>
<Xs:sequence>
<xs:element ref="ohject"/>
</Xs:s5equence>
<xs:attribute name="version" use="required"
type="xs:string"/>
<xs:attribute name="class" use="required"
type="xs:5tring"/>
</xs:complexType>
</xg:element>
<xs:element name="int" type="xs:short"/>
<xs:element name="deouble" type="xs:decimal"/>
<Xs:element name="koolean" type="xs:bcolean"/>
<xs:element name="array">
<xs:complexType>
<Xs:sequence>
<xsi:element ref="void" minOccurs="0"
maxOccurs="unbounded" />
</xs:sequence>
<xs:attribute name="length" use="reguired"”
type="xs:byte" />
<xsiattribute name="class" use="required"
type="xs:string"/>
</xs:complexType>
</xs:element>
</xs:schema>
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APPENDIX D

WEGENSYSTEM-UNF-VISUAL SYSTEM DEMONSTRATION:
UNF HELPDESK EXAMPLE

This appendix presents a demonstration of the WFGenSystem-
UNF-Visual applicaticn, using the VM from the design of
the workflow network to the implementation of a complete
system. The complete system is assembled by creating a
form, creating a workflow, creating a workflow definition
to link the form and workflow, and creating a workflow
system using the workflow definition. The example here
shows how to create a sample workflow system, UNF
HelpDesk, using the VM.

As shown in Figure D1, the user logs in to WFGenSystem-
UNF-Visual application.

Worlflow Geneeator and Tracking System

Logn

Usesmme  eqpiar

Furavent LT YT FI T T
Lokt

PRI

Figure D1l: The Login Screen
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As shown in Figure D2, the Workflow Engineer can design a
form, using the Design Form option from the Form
Management menu.

Werkflow Generator nud Tracking System

[ ) T o S S R T e

Figure D2: Design Form Option
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As shown in Figure D3, the Workflow Engineer enters a form
label and optional description, to add a new form. Figure
D4 and Figure D5 show that the user adds pages and
secticns to the form.

Worlflow Generater and Tracking System e ama e

Gorriher flieHs e

Fange anns -

J[ Jutm | Sames 11 saictvin | | Cortmidd | v s |

Ferm Likel, T Erge e 4l Cevain

for et U 6, L2 B Y reid

e aLtiptan

Mede: pppgn v
velete foroe 1
vecalon:
Created Gy
Podined €y

Figure D3: Design Form - Form Tab
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Wers My peLt TGt

Workflesy Generstor and Tracking System

dpthiChglared

Rosign A Now Form

LA HLATEPS N OHT)

PtdeLikel sagr gro
frden,  ow
Betetasupes |

Figure D4: Design Form - Pages Tab

Y

SRS R

“ 54 o1

Fraye s

rhesten
[Frpadrn v
Crder: |y

fccren bibel
rages

{
I

Culple Sovtion:

i

Figure D5: Design Form - Sections Tab
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Before adding the controls to the form,

the Workflow

Engineer creates form list categories to be used on the

form, by selecting Manage Form List from the Form

Management menu.
and the Item tab is shown in Figure D7,

The Category tab is shown in Figure D6

Worklow Generater and Tracking System

S e e B

Crente or Modify A Form List

Sapophene 3 Eonger, W Al A

i (:.;e-?,;:.:-,\ ”_u:_m ' e

Lotegry.
Coatriphom

pslerten Type

ifype t“ﬂ?i’:!!-’.\"\i fé'ﬁ:‘:) IS 0 By Bl

Ao o
Ceeated Ty
Preaaliod Sy

Hevgp

Marcier e

Gurm e BnkEhshn i

Figure D6: Manage
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Figure D7: Manage Form Lists - Item Tab
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As shown in Figure D8, the Workflow Engineer adds controls
to the form. The form can be viewed, as shown in Figure

Do.

l torne] | Pages I l $rivons U Conttols ] Wewtom:

{Faase sreatagenrsl v
Ceatret Typer I}567 TN
Sedect Listy {‘-w-_ .

Covieol Litek: lr'”""""*- - _'I'

Tocltim  iyre oFireLaar

etentmloss | T =TT R e e s ]

vidthi

L
Seclion
Crder:

Delele Control:

Figure D8: Design Form - Coatrols Tab

— Laerfizion

[YSEIPE T3

Appirstan )
oonally |

— Tarh Sosn 1010

Ansinn Tu TE e Regt YE

Figure D%: Design Form - View Form Tab
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The Workflow Engineer can define roles, to ke used in the
from the Manage Rcles option of the Workflow

workflow,
Management menu, as shown in Figure D10,
| Lo Workflow Generator and T'racking System R pE Il
T RN R TI I ) Sry it Sini

Toveel e fptCI] e

Figure D1{0: Manage Roles Option
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As shown in Figure D11, the Workflow Engineer creates a
custom role and, in Figure D12, adds Acceount Members to
that role. Group members can also be added to the role, as
shown in Figure D13,

- Workflow Genevator nnd Tracking System e s N
L.
Sl o e BT L e e 1 e ]

Crieate or Modify A Role

R R el Salinida v

Frece !,

Figte:
Cesaptan:

Crostol Oy Lot Coamned) 1T33007 ¢
Toahed Gp Lok Graieaed D

| B
o

Figure D11: Manage Roles —-Reoles Tab

o : WWorkflow Generalor and Tracking System Honr At
1
= i b e e e i e D e
& ' bt

Creale or Modife A Role

P et Lt A

5; Feios I Ate o Fenileara i;".\:-:»q- Rireeabiis

;;-,i Lhatersen ~
Member gl thanden & Remove Member
a1 g

Figure D1Z: Manage Roles - Account Members Tab
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Worhllow Generater amd Tracking Systeny
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[SPER R A TR P VT P

Crente or Modify A Rele

Ve B gme i Spalert iy ar w
i P | Akt Yaotcra i ,i!'-(C{yN gy

L] L

embers Lz v Rumuee Memten |-

Figure D13: Manage Roles - Group Members Tab
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Then the Workflow Engineer designs the workflow,

using the
Design Workflow option from the Workflow Management menu
{(Figure D14} .

Wozrldluw Generater snud Tracking System e e !I

I STV P I T SNTIPEN

'u;.;;-,:
errgr Binies

Sy gy

Figure D14: Design Workflow Option
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The Workflow Engineer can medify an existing workflow, by
selecting it from the dropdown list. She can create a new
workflow, by selecting the option New Workflow, as shown
in Figure D15.

- mrp— e ——— - —
' WorkRow Generatar and Tracking & L

ElmeTUe Bont Cogwna

Design A New Workflow

| YORPE DI rirt et Dl

U e S 23

Figure D15: Create New Workflow
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The VM starts and the Workflow Properties dialog is
displayed. The Workflow Engineer enters the workflow name
and description for the new workflow, as shown in Figure

Dle.

L Al

Werkflow Generator and Tracking Systens

Lot it

Design A New Workflow

dpFrovest] A

[HR H [ iH e \ [
i i
1

.

Laphy

- it

Figqure D16: Workflow Properties Dialog
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The Workflow Engineer can design the workflow, using the
VM toolbar as shown in Figure D17.

Waorkflow Generator and Tracking System

IO M

A T L T ey

Nesign A New Workflow
[y HepnstEyatin, ot 10T W

G0 @18 &0l L Ciaw g

[ Manizs T (=T

Figure D17: VM
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The Workflow Engineer designs the workflow, by laying out
the processes (states) and flows (transitions), as shown
in Figure D18.

Worldlow Generator nnil Tracking Spatam

TV i e M

Besign A New Workflow
L R R ) VRS
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2y ya M A% B
(v‘? S < 5
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: Q3> SO e =
~5€_y_$ “ \\_'_/
L.
Hﬁ:ﬂm}.w
' H
! I
“ - !

Sctuat pbwl

Figure DI1B: Initial Workflow Design
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The Workflow Engineer saves the workflow design and starts
defining the process properties, as shown in Figure D19,
The Workflow Engineer then defines the flow properties, as
shown in Filgure D20.

Workliow Genertor ind Tratklug System L 1
i .
‘\ %
i . Priveds b Iy o ) B
(&I v 'Jﬁ\’: @} ?}"f} &l 2 Pranipons [y Futegunied Soystens bises v: :
iz Stane, fvos | v .,
Can §lgncd lns’.&nte.;l}:i ["" é]ul i i
T i
g 5
=S Can (s lnktance: - M ,».:"/' :
L 5
. Con [tnakyan! R : E
: PR . vm..’.‘__' '\rul‘l&{‘
: | soww ©
! L |
H T ]
it
: |
i
b :
|
|
|
i
s SO B S L
fasnial etmiar: Pt 1

Figure D19: Process Properties Dialog
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Figure D20: Flow Properties Dialog
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After the workflow process and flow properties are saved,
the workflow design can be moved to Test mode, as shown in
Figure D21, in order to create a workflow definition.

Worldlow Generater unl Tracking System LR U L
[r"‘ - B . Tt
Tyl !jz!ifg{-:l.f.;}! i
! Design A New Workflosy
i T e e .
' Wik Tt N I
‘ - o e nd L | OIEN LaDe el
omieo sreie ot g P ! L
P R S i B e S
: [ 5
! et or: “ ‘ II |
Q ! (1?:::; i
; g = 2 :
:; Y ptavi H,;a’ e
: Ll "':""ﬂﬂ:l:f—.@._
| ]
|

Figure D21: Workflow Mode Changed To Test
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The final designed workflow diagram for the HelpDesk
System is shown in Figure D2Z.

Iarkfluw Genertor und Tracklug Svstem

Bl Symhivg a1 PRI W

G0t wlelid.0 L N

! L
i smp}
! e ,\(

eI N
- ~

bl ez

Figure D22: HelpDesk System Workflow Diagram
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The Workflow Engineer then creates a process definiticn to
asscciate the design Help Request Details form and the
HelpDesk workflow, by selecting Design Definition from the
Definition Management menu, as shown in Figure D23.

Woerkilow Generator and Tracking System }
J

Tomre e gtithgt |

P . i T e
h. . S S e . . L e 2 WL Bhen bt

Figure D23: Definition Management - Design Definitiocon
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The Workflow Engineer creates a definition label and
description, and then selects the Help Reguest Details
form and the HelpDesk System workflow, as shown in Figure
D24.

Warkflow Generatar and Tracldng System

Desbgn A New WaorkfMow Defintling

Degmaend L h 1z

fi

Beranan batet st

Dest iphing:

3
i . !
Fonn! - o
: o te Pefpling: ) N

UZE T R N
Crepdpd s Iy dnrlonrt DRI R A
anmfind Dz

Figure D24: Design Definition - Definition Tab
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The Workflow Engineer selects the fields to display on the
pending tasks page from the Queue Fields tab, as shown in
Figure D25.

Workllow Generater and Tracking System L

R T R LA T R A B CHTE S S R e A LA R R IR R RO

Gourrthn UL

Design A New Workfow Definition

PRIV
HPPAER gt Ui S by .
boelikun fouw*.-fwc.ds-: Roley Fumvrlur_r._-x P

Tiseue Gohiran §:

Sunnndind.

fyrne Calarnn 3

Figure D25: Design Definition - Queue Fields Tab
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The Workflow Engineer creates the form rules and
transition rules from the Rules tab, as shown in Figure
D26. All the rules can be viewed from the View Rules tab,
as shown in Figure D27.

Worldftow Generator and Tracking Systern T IR Rt

S T H ST ATUNI TR TR i

il TV il

Design A New Worlilow Definilion
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i Rode Trbe:  p gt w
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Corek Type s
H VARSI Fuage st pupianr v
i G tesrapy, L '

Figure D26: Besign Definition - Rules Tab
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WorkNow Generator and Tracking System
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J.‘ DEtition | | Queat Fidlon | Putes i i Vi Retes

Toams B
LT

St T bRy red

E L A ISR R Y RS I

g

[REHALTR

IR AN R

T T

R R P R LA P

Figure D27: Design Definition - View Rules Tab
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The Workflow Engineer publishes the process definiticn.
The Administratecr then creates the system definiticn, by
selecting Manage Systems from the System Management menu,
as shown in Figure D28,

PoHe [T ISR A

Workflow Generator il Tracking System

I".

|

| e S el TEA 2 e R e i D T e s | o
' g Sy L N T AT RO

Ve s U S i

Figure D28: System Management - Manage System
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The Administrator defines the system label, description,
and style sheet teo be used with the system, on the System
tab, as shown in Figure D29.

Cremte o Madify A System !
(113 ELR T woREa W
RN E AP
{ feputen ;! Lt Fltisey ) . :
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Workuw Generator and Tracking $)»1em
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Figure

029:

Manage System —- System Tab
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The Administrator associates the published process

definition with the system, as shown in Figure D30.

R L LN W T S TN ST

Cremte ot Modify A System

RRILLE T PN
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[

i

Spatén | Syslom Procestes !

Petlin M

PROTERn D ran! e s

Wi Reme o Syslem |

Workflow Generator and Tracking System S

. .‘::‘(»(v-n.'-:_:-

Figure D30: Manage System — System Prcocesses Tab
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The created UNF HelpDesk System is then available in the
Select a System menu, as shown in Figure D31.

Werkllow Generator nnd Tracking System

iy - TH Argiaal

TR R R A R T e AT UL e e T

st e e T B i I U T .
Coriitae e

Figure D31l: Select a System - UNF HelpDesk
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The User selects g system to get the task management
component, as shown in Figure D32.

Figure D32: UNF HelpDesk - Select a Workflow
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The User adds a new workflow instance, by selecting the
Add New Instance menu. The system presents the User with
the Help Request Details form, as shown in Figure D33,

Lezar &elen
|_ Bawa brafne

ApRplrsinn
Telvly

I — Tech Supsia Seaen
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Figure D33: UNF HelpDesk - Add New Instance
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User Task Management lists the new instance {(ID 14) with
initial status of Dispatch, as shown in Figure D34.

11 OF L2AT AN = s 1228201 Resashed
AL 101 Pl i li b 110003 Grpateh
e

Figure D34: UNF HelpDesk -~ Pending Queue

- 93 -



The User selects the ID of the instance, to view the task,
as shown in Figure D35. The Summary tab displays the
details of the form. The Comments tab displays the history
of the instance, as shown in Figure D36.
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Figure D35: View Instance Details - Swmary Tab
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Figure D36: View Instance Detalls — Comments Tab
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The Transition Talk shows transition choices to the User,
as shown in Figure D37. The User sends the reguest to the
Department Queue and assigns it to Support Repl, as shown
in Figure D38.

Tranysen

Plossa e ascloglion: Jrmrien V.

o o

Figure D37: View Instance Details — Transition Tab
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Figure D3§: View Instance Details - Transition Tab
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Selected instance is then removed from the pending tasks
of the User, as shown in Figure D39. Support Repl logs in
and views his pending tasks. The workflow instance ID 14
iz listed, as shown in Figure D40,

Helpllezk staluz: F-m-!"n; !Jylj(;;z-rf v

Figure D39: Pending Tasks for User
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Figure D40: Pending Tasks for Support Repl
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Support Repl transitions the instance to Work In Progress,
while working on the request. The pending task is listed
in the Work In Progress queue, as shown in Figure D41.

Helpliesk shstus: [Pt Hyfecen v

SuppetiReat Lagh

RINM2EEY 1685 1Y

Figure D41: Pending Tasks for Support Repl

- 100-



Support Repl transitions the instance to Resolved, when
the task is complete. The request 1s listed as Resolved in
the pending tasks gueue for the User, as shown in Figure

D4z,
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Figure D42: Pending Tasks for User
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The User updates the request to Pending User status, while
verifying the resoclution. The request is listed as Pending
User, in the pending tasks queue for the User, as shown in
Figure D43.
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Figure D43: Pending Tasks for User
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The User updates the request to Closed status, when the
request 1s verified. The reguest is listed as Closed in
the pending tasks gqueue for the User, as shown in Figure
D44,

Helptlonk staluz; | FenangipReccn
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Figure D44: Pending Tasks for User
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The User can view the complete status log cof the

from the Comments tab, as shown in Figure D45.
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Figure D45: Task History
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APPENDIX E

XFLOW SYSTEM DEMONSTRATION:
SIMPLEWORKFLOW EXAMPLE

What follows is a demonstration of the XFlow application,
using the VM to design a workflow. The complete process
consists of creating a workflow, deploying the workflow on
the JBcss Server, and executing the workflow. The example
shows how to create a simple workflcw, using the VM.

The User starts the VM applet, as shown in Figure E1.

IC:sxflow_appletPappletuiever —J-Djava.security_ policy=java.policy.applet index_hi 3
tnl

Figure El: Start VM using Appletviewer
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The User designs a simple workflow. While saving the
workflow diagram, the Workflow Title dialog is displayed
for the name of the workflow, as shown in Figure EZ.
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Figure EZ: Workflow Title Dialog of VM for XFlow
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After the workflcw is saved, a XFLOW format workflow file
is generated in the XFlow applet folder. The file is shown
in Figure E3.

._f“.‘_i]m;ﬁ|'-.:-T!’."u.J‘l}'_:ﬂli.)'.f,- CHITTT N BT RT)] k e g
_File Edit Format Wew Help

Je7am] version="1.0" encoding="UTF-8"7» ;
<xFlow hame="simpTleworkflow"> ;
<hodess :
«node fd="start" type=“5tart“£>

‘<node id="PL" type="Process"/»

<node fd="p2" type="Process"/»

<node 1d="P3" type="Process"/»

‘<node 1d="P4" type="Process"/»

<node d="P5" type="process"/> :
<node id="End" type="gnd"/» i
</nodes>

<transitions:

‘<transition from="start" to="PL1"/»
<transition from="P1" to="pP2"/ >
‘<transition from="p2" to="pz"/ v
<transition from="pP3" to="P4"/ >
tetransition from="p4" to="P5"/ >
<transition from="p5" to="gnd"/>
</transitionss

</ owy

Figure E3: SimpleWcorkflow.xflow Output File
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In a command window, the user starts the JBoss Server,
using the startup scripts distributed with the XFlow
package. The output of the console window after the JBoss
Server startup is shown in Figure E4.

-8 %!

L _WH!H‘uUiPUhﬂu REITE

uer/deiault/deploy/Jnx cunuule uar/
'3 24:24,.233 IBFO  [MainDeployer] Starting deploynent of package: File:/C:/xflovl
/Jh0"°4 Brzeprversdefaultrdeploysuveh—console.war
25,215 INFO [EmbheddedCatalinaServicedl] deploy,. ctxPath=/ueh-—console. war
=file:/Cir/xflowl.2.1/jbosad.B/scrver/default tnp deployrsserversdefanlt/deploy
RB/weh—console.var/39.veb—console.var/
[23:24:25,225 INFO [Enginel ContextConfigl /ueh—consolel: Missing default wech.xml
ng applxcatlnn wel_wml only
,445 INFO [Epgine! Lontextﬂonfig[/weh—nonsole]: fdded certificates —> v
-quest attribute Ualve
24:25,47% UARN  [EmbeddedCatalinaServicedl] Unable to invoke setDelegate on ¢
lass loaderipry.jhoss.nx.loading.mifiedClassloader3@Bhfdeal wrl~file: Gz xFlouwl
). ?2.17jboss4 . Br/serversdefanlt tnprdeploy/server default /deploy/web—-console.wars39
_ueh-consale.war/ .addedOrder=332
(23:24:25,475 INFO {Enginel StandardManayer(/wveh-console Seeding random nambey
generatar class java.security.SecueeRandon S —
f3 24:25,474 INFO IEngine 1 StandardManageri ueh- -consolel: Seeding of randon num
ther generator has been completed
(23:24:25,896 INFO [MainDeployer! Deplayed package: File:/C:/xflowl.2_1i-jhuss4.8
serveprsdefanltsdeploy vueh-console . uar
23:24:25,.906 INREO  [URLDeplovymentScanner] Stavrted
3:24:25,.986 THFO [MainDeployerl Deployed package: File:r/Cisxflowl.2_1/jhozs4.8
serversdefanltrconfjhoss—service .xnl
23:24:25,916 INPFO [Server] JBoss started in 38Bs:libms

Figure E4: JBoss Server Startup Trace Messages
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In another command window, the user deploys the
SimpleWorkflow, using the DeployModel tool, as shown in
Figure ES5.

[C-sxFlowl .2 1xexamplesssimple >e:N\j2s5dkl.4.2_15\bhinsjava xflow.tools.PeployModel
g imp leVorkt Iow. xf low
Success

G sxf lowl .2 . INexamplesSsinple >

Figure E5: Deploy SimpleWorkflow using DeployModel
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In another command window, the user runs the Increment
Processes for all the processes, as shown in Figure EG.

ppberer peepnds

22socF Towl . 2.1 ycd exanplesSsimple

sxFlowl.2 . 1\exanpleswsimple re:j2sdkl . 4.2_1i5\hinNjava RunincProcesses “PL, P2,P
3. P4 _BLY

rocess: Pl's inbox is enpty
Process: F2's dnbox ds empty

r3 inhox enpty
inhox empty
inhex iz empty

Figure E6: Increment Process Started
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In yet another command window, the user now creates an
instance of SimpleWorkflow. Figure E7 shows the workflow
started with a new Workflow ID.

::\xfloui.le)cd exanplés\»lmplé

Cisxflowl. 2. 1\exanplesssimple >e=nj2adkl .4.2_15\hinNjava Start8impleWorkf low
Workflow started suwccessfully. VYorkflow ID: 8
xFlowd .2 _1sexanplesssimple >

Figure E7: Workflow Instance Created
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The first process of SimpleWorkflow then receives the work
item and waits for a user response, as shown in Figure ES8.

c Y : -io-x
SofFlowl 2 1%ed exanplesszinple .
xf lowl .2 .1Nexamplesssimpledocnj2sdkl 4.2 _155\hinNjava RunIncProcesses “P1.P2.P
P4, P5
rgcess: Pl's inbhaox is empty

inbox iz enmpty
inbkox is empty
inhox is empty
inhox is enmpty
item.

v‘

Figure E8: Workflow Process Receives a Work Item
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The SimpleWorkflow can be seen in action, when the second
process receives the work item and waits for a user
response, as shown in Figure E9.

inhox is empty
inhox is emply
inbox is emply
inhox is empty

: inbox is enpty
rocess: P1 got a work iten.
fCurrent pavload is: @
rter value of incremeat: 1
fProcess: P2 got a werk item.
ECurrent payload is: 1
fEntes value of increment: _

Figure EY: SimpleWorkflow in Action
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