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ABSTRACT

The main purpose of this paper is to present an architecture
framework for business process reengineering based on distributed
workflow management. The proposed framework is primarily based
on a multi-tiered architecture, which are the front-end desktop client
machines, the middle tier application servers, the back-end servers,
and the configuration server. This architecture delivers the benefits
of the client/server computing paradigm and the Web technology in
a distributed manner. The application logic and processing are
embedded on the middle tier application servers instead of on the
desktop client machines. The check verification business process is
adopted as a case study in order to illustrate the operation and the
benefits of the proposed multi-tiered architecture.

Keywords: Workflow management systems (WFMS), Distributed
information systems, Business process reengineering,
Office automation.

P INTRODUCTION

he advent and widespread exposure of a
ruly global economics has immersed all
nesses into an intensively competitive
ronment moving with accelerating rates
‘changes. Gradual improvements in
ductivity and enhancement in quality are
longer enough to maintain market
dership. The fast delivery of new
ts/services and the rapid modification
sting applications are key survival
rs. These requirements have . forced
prises to constantly 'reconsider and
limize the way of doing business [1,2].

ly computer applications have greatly
reased productivity and have provided
ter services. Despite their great success,
 early versions . of computer applications
ye two major bottlenecks [2]. First, All
siness policies and information accesses
e coded into the application program.
systems were hard to maintain and to
hance especially when the business
icies and data were changed. The
tabase technology has partially solved this
blem by separating data accesses from
applications. Nevertheless, business
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policies are still coded and any changes
would require modifying the application
code. Second, the traditional computer
applications were designed and developed to
work independently to solve specific
problems. The currently available network
and distributed computing technologies have
made it possible for them to collaborate and
exchange messages. A new robust technology
for integrating these processes islands at a
higher level so that they can collaborate to
provide business solutions is urgently
required. am

Workflow technology has been proposed to
address the above problems of early
computer applications. The realization of this
new technology is reached by providing
methodologies and software to support: (1)
business process modeling to capture
workflow as workflow specifications, (2)
business process reengineering to optimize

specified processes, and (3) workflow
automation to.  generate workflow
implementations - from workflow

specifications [2,3]." The key concept behind
workflow technology is the need for business
process reengineering whose purpose is to
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increase productivity, reduce cost, and
respond to the changing environment more
quickly. The development of new
technologies such as distributed computing,
object technology, and distributed database
that facilitate open and reliable information
exchange and collaboration across the
organization is another driving force for the
promotion of workflow technology [4,5,6].

The workflow concept has evolved from
the notion of process in manufacturing and
office. The search to increase efficiency by
concentrating on the routine aspects of work
activities makes it possible to separate the
work activities into well defined tasks, roles,
and procedures which regulate most of the
work in organization or office. With the
introduction of Information Technology,
processes in work place are partially or
totally automated by information systems.
Database, transaction processing, and
distributed systems technologies provide the
basic infrastructure for supporting
information processes [7].

The main purpose of this paper is to
present an architecture framework for
business .process reengineering based on
distributed workflow management. The
proposed architecture is intended to be more

reliable - in  the ‘presence of concurrent

activities or failures. This paper is organized
as follows: the next section illistrates the
basic structure -of . most  workflow
management systems placing emphasis on
both the traditional models for workflow

7

management systems and their
recently adopted reference models. The
focus on transactional processi
concurrency control issues in worl
management  systems and how they
from itraditional database systems, foll
by the presentation of the proposedn
tiered distributed workflow manage;
system. Also, an overview is given fo
kind of business processes that contain|
manual and automated activities in ¥
the check verification workflow sy
considered for automation. Finally,
conclusions of the work are presented.

WORKFLOW MANAGEMENT SYSTEN

A workflow process is a coordinated
activities that are connected in orde
achieve a common business goal [2]
activity is defined as a logical ste
description of a piece of work |
contributes toward the accomplishment
process. A single activity may be condu
either manually or automatically. A work
process is first specified using a pro
definition language and then executed]
Workflow Management System (WFMS)
A WFMS is a system that completely defi
manages, and executes workflow pro
through the execution of software wh
order of execution is defined by a compi
representation of the workflow logic
Figure 1 illustrates the traditional mod
workflow management systems.
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The traditional model of workflow management systems




ility problems [11,12,13].

Many commercial systems have been
roduced to support workflow management
y carrymg out document management,
g, application launching, human
dmatmn collaboration, and co-decision
,10]. However, the commercial systems
fler from the following disadvantages: (1)

presence of concurrency and failures,
d (38) suffer from performance and

efficiently support  workflow

nagement, organizations must evolve their

computing environments to a new
tributed environment. Distributed object

nagement must be investigated and

to

‘ allow workflow management
stems to cope with replacement migration
i evolution of heterogeneous,
fonomous, and distributed systems [8].

The lack of standards has been one of the
jor obstacles to the commercialization of
tkflow technologies. Workflow developers
ve their own workflow model, specification
age, and Application Program Interface
The past few years have witnessed a
cant progress in the establishment of
ow-related standards [5]. Examples of
standards are WFMC. MAPI-WF, and
Enabling distributed technologies
h as e-mail, CORBA, and ActiveX/DCOM
~also among the standard technologies
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affecting the workflow research and products
[8].

WFMC that stands for the Workflow
Management Coalition was founded in 1993
and since that is considered as the standard
body for all workflow systems. The standard
work of WFMC is focused around the
workflow reference model illustrated in
Figure 2. The reference model specifies a
framework for the workflow systems with all
its characteristics, functions, and interfaces.
The main issue is to specify the five APIs that
surround the workflow engine. These APIs
provide a standard means for
communication between the workflow
engines and clients.

MAPI-WF which stands for message API
Workflow Framework, is Microsoft's initiative
to the WFMC. The idea is to combine the
functionality of workflow systems and the
flexibility of messaging systems so that
applications that span both messaging users
and applications can be deployed. In a
messaging environment, a workflow request
can be packed within some body part of a
message. MAPI-WF provides a standard set
of body parts and properties so that workflow
packages can be delivered to and from
workflow engine. Workflow components such
as workflow engine, workflow applications,
and workflow tools that conform to the
WFMC-WF can communicate via various

types of messaging systems [5].
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Figure 2 The wfmc workflow reference model
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Recently, two new technologies for
workflow systems have been advised, these
are the object technology and the distributed
computing technology. In contrary with
traditional database management systems,
workflow management systems  are
distributed and extendable by nature. In
order to accomplish a workflow task. the
workflow engine needs to invoke remote
applications. Object and Distributed
computing technologies such as CORBA,
which stands for Common Object Request
Broker Architecture, and ActiveX/DCOM,
which stands for Distributed Components
Object Module are vital in executing remote
and heterogeneous applications.

TRANSACTIONS AND CONCURRENCY
CONTROL IN WFMS

Transaction processing, as first
introduced for database applications, is an
execution processing with ACID properties
[6]. The keyword ACID came from the four
properties that govern the execution of a
transaction. First, either all or none of the
transaction’s effects take place (Atomicity).
Second, the transaction must map the
database from one consistent state to
another consistent state (Consistence).
Third, multiple transactions may be executed
concurrently but the overall effect must be
equivalent to some sequential execution
(Isolation). Fourth, the effects of executing
the transaction are made permanently once
committed (Durability).

Many researchers, as extension to the
conventional transactional models, have
investigated workflow models that support
certain transactional properties [1,7,14]. It is
possible to incorporate transactional
semantics such as recovery, atomicity and
isolation to ensure correct and reliable
workflow execution. For example failure
atomicity can be accomplished via forward
recovery and backward recovery
compensation [11]. Execution atomicity can
also be ensured by specifying consistency
units of workflow processes and coordinating
their execution to ensure serializability [15].

Although traditional = concepts  of
transactional database can be applied to
workflow processes, several bottlenecks still
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surrounding the research efforts. Fi
workflow activity is more complicated
database transaction .and: may if
human interactions, .heterogeneous
and distributed components. Secon
structure of a workflow process i
complicated than a database transactio
the execution of a process may est
quite complex control and data
dependencies among = activities 0
process.  Third, a  workflow
specification may include '
execution of activities [15]. :

The primary purpose of concur
control in traditional database is to et
execution isolation of a transaction
other conflicting transactions. Many rese
efforts have been conducted conce
concurrency control in WFMS [7
Although the outcome of most res
illustrated that concurrency control is
unnecessary or too costly for many wor
applications, concurrency control is
important for some workflow applicat
where critical operations require a consi
view of the execution environment [18].

The main focus of concurrency control
workflow systems is a little bit different fre
that of database systems. In databa
systems, the main objective is to guarant
the execution isolation of transactions, whi
include atomic read/write operations tl
are visible to the DBMS. In workl
systems, the WFMS ensures the execuf
isolation of workflow activities that incl
atomic read/write operations as well
external executions that are invisible to
WFMS. The WFMS is responsible for t
consistency of the  overall executi
environment, which includes both t
internal databases, which is visible to t
WFMS and the external execution, which 2
invisible to the WFMS.

Thus, the main issue of concu
control in workflow systems is correctne
criteria. The serializability technique used
traditional database transactions is ft
restrictive for most workflow applicatio
due to the fact that workflow activities
mostly long-duration. It is not acceptable
many workflow applications to schedi
conflicting activities sequentially as



- read/write operations in database
transactions. Some existing research
addresses the problem by specifying and
enforcing data and execution dependencies
- among workflow activities [6,16,17]. Check-
in & check-out schemes are suitable for
workflow in the engineering environment
such as CAD/CAM and CASE, where
decisions to access objects are more adhoc.
. Some other research efforts use database
techniques but allow flexible specification of
consistency requirements with respect to
scope and granularity. An example is given
in [16] which allows grouping a collection of
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workflow activities of a workflow process into
a consistency unit and uses traditional
concurrency control to ensure isolation of
consistency units in terms of serializability.
Enforcing  proper data and execution
dependencies ensures correct execution of
activities inside a consistency unit.

PROPOSED SYSTEM ARCHITECTURE

The proposed system architecture for
Distributed Workflow -Management Systems
over a TCP/IP network is based on a multi-
tiered-computing model.- The diagram of
Figure 3 illustrates this model.
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Figure 3 The proposed multi-tiered distributed wfms
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According to the above diagram, the main
components that constitute the model
functionality are:

e The client side of the model (WFMS
client):
is either a standard Java-Enabled Web
browser  with process definition
browsing facilities or a specialized
process definition tools. The standard
process definition tools include both a
graphical definition component and a
scripting language interface. Two Java
applets, one for the graphical definition
component and the other for the script
language definition component, have
been developed. The script language can
be interpreted and transformed into a
graphical representation and vice versa
depending on the user preferences.

e The middle tier application servers
(Application management tools):
contain a set of application developmeéent
environments that carries out most of the
processing requirement. This includes,
but not restricted to, Database
applications, SQL Server software, Expert
System building tools, Neural Networks
Simulation environments. and Object-
Oriented Components (Java Applets and
Active X Components). It is intended here
to move all the application logic and
processing to the middle tier servers.

e The server side of the model (WFMS
server) this can be one of more servers
representing the WFMS functionality in a
distributed manner. Each WFMS server
has four basic components which are:

i. WFMS Engine: This is the core
component of the WFMS. It is
responsible for sequencing, timing,
dependency, and concurrency control
of the various processing units
described in the workflow scenario.

ii. Resource Management Tools: these
tools are used at run time to allocate
execution resources to a task based on
rules set by the organization.
Authorization and Authentication of
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users are also performed b
security management interface. .
iii. Process Definition Tools:

business process is defined
'graphical definition applet
scripting language applet from u
the client Java-Enabled Web bre

either the graphical definition infs
or the scripting language int
processing.
iv.Process Management Tools:
includes the execution managel
and monitoring. An instance of
business process can be )
stopped or paused via the execl
management interface. The monit
interface can retrieve st
information for each process insts
and load information for the er
system.

e The WFMS Configuration server: w
is responsible for configuring |
administrating the whole system, tur
the performance issues, :
administrating user accounts and nee

CASE STUDY: CHECK VERIFICATIO}
WORKFLOW SYSTEM

In a check verification business proce
the main purpose is to examine che
received from customers and make pa
according to each check or reject a che
Although the check verification process
usually made manually with high precisi
the fast delivery of the service may in sor
situations placing a great burden on fl
organization and it results in
accidental mistakes. The process is b
illustrated by the block diagram of Fig

i. The check is manually scanned an
stored into an object database f
further processing and archivin
purposes. ‘

ii. Image enhancement routines 2
executed on the scanned check imag
for eliminating the noise resulting fror



- the scanning process znd removing
unwanted piece of information.

ii. Feature extraction algorithms are
~ applied to the check image to extract
useful information such as the account
number, the amount of payment, the
~ customer name, signature, etc.

iv.The check is then indexed in a
relational database based on some
previously extracted accounting
information.

v. The extracted signature from the check
- is  subsequently analyzed by an
automated Artificial Neural Network

An Architecture Framework for Distributed Workflow Management

(ANN) classifier based on a database of
signatures to verify the validity of the
check signature.

vi.If the signature is invalid or the

, transaction is not acceptable, the check
is rejected and returned to the
customer.

vii.A task is then performed in order to
determine if payment should be made
to the customer.

viii. Validated checks are accepted with
the corresponding transaction being
performed and the payment is made to
the customer.

Image Enhancement
& Payvment
Feature Extraction
" Make o
Mailbox Papwisent Customer
Folder
Check
Check Personal Helpdesk
Reset Check F orm Index FOIdeI Examine FOlde: Adjudicate 2 Reject
— Scan "| Check ~| Signature | Check | Check
Invalid
Check ) Personal
...Record| BBOLY ol eereremsmnssssesenssnssmsmssonsasomgtse il
H Records = H
Checks Neural Network Signaturés
Database Classifier Database
....................................................... T T PO R R e 1

- In order to partially automate most of the
lasks mentioned above for the check

e generated and used. These forms allow
the user as well as external processes to
easily enter, receive,, post and route
information in personal folders, public
folders, or mailbox folders. Personal folders
are the kind of storage areas for personal
storage, backup, and design. Public folders
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Figure 4 The check verification workflow system

contain folders to share among all users.
Mailbox folders are password-protected
folders for personal use.

Table 1 illustrates the kind of objects
(forms or specialized folders) that have
generated by the WFMS engine as part of the
check verification system to facilitate the flow
of information from manual and automated
tasks. The objects have been generated to
run under Windows NT using both Microsoft
Exchange tools and Visual Basic language
specifications.
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Table 1 Generated objects for the check verification svstem
OBJECT ! TYPE PURPOSE 1
1.  Scanned Check Form Lets the emplovee submits ~a form containing ||

accounting information from the scanned check to ||
the *Index Check™ process. It can also be filled and
prepared automatically by the “Check Scan” |
process.

2. Check Signature Personal Folder

The “Index Check”™ process uses image enhancement f
and feature extraction routines to get useful
information about the check and the signature
image. This information is then placed on the Check
Signature Folder for further processing.

3.  Adjudicate Check Helpdesk Folder

Checks with invalid signatures in which the
automatic verification svstem failed to recognize are ||
submitted to a special Helpdesk folder. A technician, |
whose job is to examine the signature manually for |
validity, subsequently accesses this folder.

4.  Invalid Pavment Personal Folder

The “examine signature” process generates
information indicating that the check needs to be
manually verified. The “Adjudicate Check™ process
will automatically fetch this folder and process its
contents.

5. Valid Payvment Mailbox Folder

The “examine signature” process generates
information outlining the pavment instructions and
deduction transaction: to be performed. This
information is securelv addressed to the accountant
who is responsible for making the pavment to the
customer. ]

CONCLUSIONS
This paper proposed an architecture
framework for  distributed  workflow

management. The framework is based on a
multi-tiered model combining the benefits of
the client/server computing paradigm and
the web technology in a distributed manner.
The basic functionality of the WFMS such as
process definition, execution and monitoring
as well as resource allocation is distributed
among different servers. Each of these
servers is itself a complete WFMS with its
own engine. Information concerning process
execution is kept locally and there is no
centralized server. The WFMS server that is
close to the corresponding external
applications can execute workflow activities.
The WFMS components interact with each
other using a message delivery protocol
based on the well-known TCP/IP protocol
and the Microsoft Exchange messaging tool.
The proposed system is more reliable due to
the fact that the failure of one or more WFMS
server will not stop workflow process
execution.

Although  most real-world workflow
systems such as the check verification
system presented in this paper are difficult
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to 'be fully automated, the use of Micro:
Exchange messaging tool has greatly helj
in filling the gaps between fully automa
tasks and manually prepared tasks. H
collaboration -and coordination are
the benefits gained from such a setup.

Although ensuring atomic and consist
process execution is missing from workf
management systems and remains an of
research issue, failure recovery in {
proposed system is implemented by havi
the WFMS responsible for bringing
process execution to a designated save pot
The save point represents an acceptal
intermediate state of process execution.
rollback workflow  process executig
compensation activity will be invoked
undo the effects of the completed activiti
Unlike database transactions which canl
compensated and . re-executed easily, ¥
came to realize that workflow compensati
is highly costly. It is therefore necessary
avoid unnecessary compensation whenev
possible. In this research, we adopted stat
specification of compensation in which th
workflow designer is himself responsible
determining the compensation to I
performed in case of failure.
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