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Preface

| ntroduction

For years, the efficient data exchange between businesses has been an impor-
tant issue in improving business transactions. The automation of placing pur-
chase orders, acknowledging orders, sending invoices, initiating the payment
process, and preparing documents to closely related supply chain partners has
significantly improved business performance. Electronic document interchange
(EDI) seemed to carry the mission in the 1980s. However, without surprise, the
proprietarily formatted message of EDI shared via value-added network does
not react to the challenge appropriately. On the other hand, keen business com-
petition demands a new technology to replace the proprietary EDI system.
Extensible Markup Language (XML) gaining popularity in the late 1990s seemed
to answer to the call. The XML language uses text-based format and allows
users to define their own message format. The message can be sent through
the Internet and be manipulated by Java, where both Internet and Java are
ready for global data exchange in a perfect timing.

At the same time, the technology for intra-business integration has matured as
well. The enterprise resource planning (ERP) system integrating the business
modules, such as inventory management, accounting information system, cus-
tomer service, human resource, engineering, and manufacturing resource plan-
ning, providesthe strengths of amalgamated financial data, standardized manu-
facturing process, and complete human resource information in real time. The
ERP allows a company to manage resources while doing business with suppli-
ers and customers. In the interaction between companies, the online catalogue
becomes an interface. Traditionally, an online catalogue is a one-way ordering
system for the customer to purchase products from suppliers. Today, since the
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online catal ogue has integrated with the back-end system in some companies, a
customer can have more detailed information, trace the status of work-in-pro-
cess orders, and, to an end, participate in the product design.

Nowadays, being the best in producing quality products is not good enough.
Thereal e-business model isto streamline the supply chain with partners using
an integrated internal ERP system. New technologies can further improve the
supply chain. For example, GM uses radio frequency identification (RFID) to
trace the shop-floor process and update the database via Wi-Fi wireless con-
nection to manage their supply chain operations, and Wal-Mart usesto RFID to
trace inventory.

When most companies enhance the competition from company versus com-
pany to supply chain versus supply chain, what is the next step a company
should take? This book is written to echo the calls for advancing electronic
business. The answer to companies is collaborative commerce. Collaborative
commerce, asit will be defined in Chapter I, is (1) a collaborative technol ogy,
similar to workflow collaboration; (2) a customer-driven technology, similar to
apull-type supply chain; (3) afunctionally integrated technol ogy, similar to con-
current engineering; and (4) abusiness-driven technology, similar to enterprise
resource planning, for cross-organizational integration. Therefore, in collabora-
tive commerce, there are several activites involved: collaborative design, col-
laborative engineering, collaborative decision making, workflow collaboration,
knowledge networking, and others. In fact, there are currently many effortsto
provide the infrastructure for collaborative commerce. The most significant
oneisRosettaNet, which isaglobal consortium found in 1998 by more than 400
electronic components, 1T, and semiconductor manufacturing companiesto de-
fine and standardize e-business transaction processes among trading partners.

Book Or ganization

Thisbook isorganized in the following way:

Chapter | defines collaborative commerce and explains how companies use
information technology to achieve a closer integration and a better manage-
ment of business relationships among business partners.

Chapter 11 proposes a meta-taxonomy to classify the existing taxonomies of
collaborative systems found in the literature using three dimensions in e-col-
laboration: communication, cooperation, and coordination.

Chapter 111 discusses the roles of electronic business solutions (EBSS) in sup-
porting collaborative product development (CPD). Two fundamental questions
are examined: when and where EBSs should be applied for what CPD decision
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activities and how EBSs should be designed and developed to maximize their
usefulness and usability in supporting CPD decision activities.

Chapter 1V presents the evolution of concurrent engineering to extended en-
terprise collaborative engineering and introduces basic mainstays. The expan-
sion of enterprise architectures using extended and virtual models is possible
due to the advances of communication tools and the capabilities of computer-
aided toolsthat heavily depend on the digital product representation.

Chapter V introduces the collaborative decision-making (CDM) framework as
a means of systematically developing collaborative systems in an electronic
business environment. It argues that the CDM framework provides a holistic
view of the componentsthat play critical rolesfor collaboration, which include
group facilitation and coordination, knowledge repositories, dial ectic decision
support, and discussion strategy support.

Chapter VI focuses on a summary of the contemporary development of
workflow management systemsin collaborative commerce. Thetechnical facet
isdemonstrated from perspectives of architectures, standards, and system analy-
Sis.

Chapter VII aims to describe interorganizational “knowledge networks’ and
demonstrate how they have ushered in a new paradigm of collaborative busi-
ness by forging links between internal and external knowledge and information
resources.

Chapter VIII introduces networked collaborative e-learning as a specific model
of e-learning. It arguesthat any e-learning event or course is underpinned by a
set of educational values which determine the design of that event, and net-
worked collaborative e-learning is underpinned by abelief that e-learning com-
munities and identity formation are central features of thisform of learning.

Chapter IX examines various types of supply chain management information
systems. It argues that the approach best suited for an organization dependsin
part on the degree of integration between the partners, the complexity of the
business processes, and the number of partners involved.

Chapter X introduces the applications of collaborative transportation and con-
solidation management in global third-party logistics. These practicesaredriven
by the quest to improve service and reduce cost simultaneously under an e-
commerce model of global supply chain management.

Finally, Chapter XI dealswith ethical dimensionsin the environment of collabo-
rative commerce. An ethical failure model is devel oped based upon failure con-
cepts borrowed from the quality profession.
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I ntroduction

Many businessestoday tie collaborative relationships between partnersthrough
the use of digital technologies. The level of collaboration has moved beyond
buyingand selling to planning, designing, devel oping, communicating, discovering
information, researching, and providing servicesamong organisations. Thisnew
formof collaborationiscalled collaborative commerce. Following theevolution
of electronic business, collaborative commerce is defined as using information
technology to achieve a closer integration and a better management of business
relationshipsamong parties, including internal personnel, businesspartners, and
customers(Bond, Burdick, Miklovic, Pond, & Eschinger, 1999; Turban & King,
2003). Inresponding to ever-changing global market demand, business collabo-
ration will bring the whole supply chain to a competitive edge by decreasing
product development costs, shortening thetimeto market, andimproving product
quality.

A survey of morethan 300 businessexecutivesby Del oitte Researchin mid-2002
shows that collaborative commerce has led to better business operation and
information exchange and has provided a 70% rise in profitability for those
companies that adopted the technology compared with those that did not
integrate with their trading partners (Ferreiraet al., 2002). Similar results were
foundinasurvey conducted by NerveWire (2002). Companieswith avery high,
that is, Level 4, external integration level appear to be more competitive in
several metricsthan those companieswith lower integration levels. Theaverage
revenue of Level 4 companiesincreases by about 40%, which is about 3 times
that attained by companies at Level 2 or 3. Moreover, cost reductions at Level
4 are about 2.5 times the average of those at Level 2. Thisis all because the
integrated environment can enhance the value chain of suppliers, business
partners, customers, and employees through flexible business processes, better
product quality, rapid order fulfillment, improved reliability, improved capital
efficiency, and prompt information exchange and knowledge sharing.

The applications of collaborative commerce are various, including promising
areas such as collaborative design, collaborative engineering, collaborative
decisionmaking, collaborativeforecasting, financial collaboration, sharing knowl-
edge of human resources, collaborativeinventory management, and consolidat-
ing transportation. Moreover, several collaborative models are well known
today. For example, collaborative planning, forecasting, and replenishment
(CPFR) by the Voluntary Interindustry Commerce Standards A ssociation uses
ERP and demand planning systems for collaborative facilities forecasting and
planning. Collaborativeforecasting and replenishment (CFAR), jointly initiated
by Wal-Mart and P& G, provides no gap between what Wal-Mart plans to sell
and what P& G plans to produce (Chopra & Meindl, 2001).

Copyright © 2005, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of ldea Group Inc. is prohibited.
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Chapter |

Collabor ative
Commear cet

Eldon Y. Li, Yuan Ze University, Taiwan and
California Polytechnic State University, USA

Timon C. Du, The Chinese University of Hong Kong, China

Abstract

This chapter introduces collaborative commerce as a means of integrating
information technologies into e-business adoption. It explains how
companies use information technology to achieve a closer integration and
a better management of business relationships among business partners,
including internal personnel, business partners, and customers. In this
chapter, collaborative commerce is defined as (1) a collaborative technology,
similar to workflow collaboration; (2) a customer-driven technology,
similar to a pull-type supply chain; (3) a functionally integrated technology,
similar to concurrent engineering; and (4) a business-driven technology,
similar to enterprise resource planning, for cross-organisational
integration. The authors hope that understanding the characteristics and
infrastructures of collaborative commerce can improve the adoption of the
technologies.

Copyright © 2005, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of Idea Group Inc. is prohibited.
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Figure 1. Collaborative Commerce is an Evolutionary Technology
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such as IBM, i2, SAP, AMR, and so on, were competing to provide ways of
conceptualising their own way of enterprise collaboration over the Internet.

Although they varied in the way they implemented c-commerce, they were all
clamouring for the rewards and the competitive edge brought about by the c-
commerce business model. In general, collaborative commerce integrates
business processes such as demand planning, planning and scheduling, order
management, product development, vendor management, sales support, and
knowledge sharing between partnersthrough sharinginformation electronically
(see Figure 2). Moreover, collaborative commerce is a set of techniques to
allow companies to maintain better relationships with their trading partners
through automating their cross-enterprise process logic, rules, heuristic, and
workflow.

The emergence of the collaborative commerce model articulatesthe succession
of continuousimprovementsin supply chain management. To continue maintain-
ing the competitive edge of an enterprisein the digital economy, several efforts
inimproving business processes and operations have been made during the past
decades. First of all, enterprises adopted enterprise resource planning (ERP) to
centralize originally isolated information modul es within an organisation. Such
efforts resulted in the increase of information efficiency and integrity. Later,
enterprises recognised the benefit of information transparency in the supply
chain. Therefore, solutions for the exchange of valuable business information
within the supply chain became the focus of efforts to manage supply chain
performance. Such effortsreflect the benefit of information synergy on eliminat-
ing the bullwhip effect (Chopra& Meindl, 2001).

Copyright © 2005, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of ldea Group Inc. is prohibited.
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Two points need to be addressed better to understand collaborative commerce:

(1) Collaborative commerce is collaborative business. Just as the termi-
nologies electronic commerce and electronic business can be used
interchangeably, the term collaborative commerce can be used inter-
changeably with collaborative business. Note that commerce describes
the buying-and-selling transactions between parties. However, electronic
business hasabroader meaninginwhich morebusinessoperations, such as
design, production, and transportation, are involved. However, these two
terms are sometimes used interchangeably in describing business transac-
tionsviaelectronicmedia. Similarly, collaborative commerceisnot limited
to acollaborative development in buying and selling goods and services. It
includes all levels of the activities of business operations.

(2) Collaborative commerce is an evolutionary technology. Collaborative
commerce evolves from collaboration in the workflow to concurrent
engineering and the supply chain and beyond. Three dimensions can be
used to describe the movement of these technologies: collaboration,
organisational integration, and businessoperations(seeFigurel1). Workflow
collaborationisanimprovement onindividual effortsin businessactivities
to stronger cooperation. However, most of these activities belong to the
transactional type, which means that a task is assigned to an employee
either after another employee hascompleted hisor her task or concurrently
with that employee. In contrast, concurrent engineering has a deeper
collaborativeinvolvement with the employees.

Concurrent engineering brings employees with different expertise together for
product development. These activitiesinvolve morefunctional operations, such
as product design, procurement, and human resources management. Recent
technology in supply chain collaboration focuses more on interorganisational
integration than on the workflow and concurrent engineering. However, the
supply chainlinking organisationstogether to shareinformationisrarely involved
at thisfunctional level. Therefore, the trend towards moving workflow collabo-
ration, concurrent engineering, and supply chain collaborationto aprofound level
of functional integration is apparent. Thisis the origin of collaborative com-
merce.

While the term collabor ative commer ce, abbreviated as c-commerce, was first
coined by the Gartner Group in 1999 asthe next trend of e-business models and
IT investment inthe B2B world, it was conceptualised asanew form of business
model that had been enabled and leveraged by the Internet and integration
technologies(Bond et al., 1999). Soon after Gartner’ scoinage of theterm, major
softwarevendors, including ERP vendors and individual B2B software vendors

Copyright © 2005, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of Idea Group Inc. is prohibited.
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Figure 2. Collaborative Commerce Integrates Business Processes Across
and O
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Recently, market and gl obali sation competition, customer-oriented service strat-
egy, and product complexity have pushed enterprises a step further on in
business collaboration. To outsource minor business functions effectively and
focus on core competitiveness, enterprises need to integrate their information
systemswith external systemsowned by their collaborating partners. Inthisway
the information shared among partners and business processes could flow
seamlessly from organisation to organisation. Such system integration brings
multiple enterprisesto collaborate in shared business opportunities.

Insummary, collaborativecommerceis(1) acollaborativetechnology, similar to
workflow collaboration; (2) acustomer-driventechnology, similartoapull-type
supply chain; (3) a functionally integrated technology, similar to concurrent
engineering; and (4) abusiness-driven technology, similar to enterpriseresource

Copyright © 2005, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of Idea Group Inc. is prohibited.
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health care, telecommunication, manufacturing, and production (Bertino, Jajodia,
& Samarati, 1999). To allow workflow collaboration across organisations, four
elements need to be carefully designed: DBMS, WFMS, administration func-
tions, and applications monitoring. The DBM S manages conventional database
tasks, such as data maintenance, data integrity, concurrency control, and
recovery of current data and historical data. The DBMS needs to manage data
sharing among organisations. WFM Sdeal swith theworkflow processdefinition,
activities, and control. Accessto WFM Sisacrossthe coll aborating organisations.
This creates a high degree of complexity.

The applications provide services such as ERP, and its corresponding data are
normally managed by DBMS. The sharing of applicationsinvolvesthe complex-
ity of both the data level and the functional level. The administration and
monitoring element handlesadministrativetasksthat fall outsidethe scopeof the
DBMS and WFMS, such as statistical analysis, resource management, and
operational management. This element also implements some access control
mechanisms, especially those mechanisms related to other organisations. For
exampl e, collaboratorsmay beallowedto refer tothe statistical dataof total sales
rather than sales of individual itemswhen designing a product collaboratively.

Customer-Driven Technologies

Collaborative commerce should be customer-driven, similar to the theme of the
pull-type supply chain — pulled by the customer rather than pushed by the
manufacturer. Note that the supply chain links organisations together to share
information, products, and fundsto fulfill their customers’ requests efficiently.
Supply chain processes can be identified as belonging to four cycles: the
customer order cycle, thereplenishment cycle, the manufacturing cycle, and the
procurement cycle (Chopra& Meindl, 2001). A successful supply chain should
be driven by the customer order cycleto the procurement cycle. The shorter the
propagation channel, the quicker the response of the supply chain can be. The
customer order cycle links customers with retailers to fulfill the customer’s
orders. Theactivitiesinthe customer cycleincludeorder entry, order fulfillment,
and order receiving. The replenishment cycle focuses on replenishing the
retailer’ sinventory by coordinating betweenretailersand distributors. Activities
such as retail order entries, retail ordering, fulfillment of retailer’s order, and
receiving goods areinvolved. The activities between distributors and manufac-
turers are considered the manufacturing cycle. In this cycle, the replenishment
of thedistributor’ sinventory isthefocal point. The activitiesincludethearrival
of the order from the distributor, retailer, or customer; the manufacturer’s

Copyright © 2005, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of Idea Group Inc. is prohibited.
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planning, for cross-organisational integration. Thefollowing sectionswill illus-
trate the technologies followed by the infrastructure of system integration.
Finally the critical success factors of collaborative commerce adoption will be
discussed together with our conclusions.

Collaborative Technol ogi es

Collaboration is the focal point in collaborative commerce. Traditionally the
workflow is created to deal with specific cases in an organisation, such as
mortgage applicationsand engineering tests. Each case hasauniqueidentity and
alimitedlifetime. That is, acase should be completed within acertaintimelimit
and will exit the workflow system when thework iscompleted. That also means
that attributes are needed to describe the state and content of the workflow. The
work in aworkflow can be identified as tasks, which represent the indivisible
units of works. The tasks are carried out by processes. When the processes are
carried out in a workflow, they follow a specific sequence, which determines
which tasks need to be performed next. There are four different types of
sequences: sequential, parallel, selective, and iterative routings. Sequential
routing confines one task to be executed before another task, while parallel
routing allowstwo tasksto be performed without having any result on the other.
Similarly, selective routing provides the choice between or among tasks, and
iteration allows the same task to be performed more than once.

During implementation, the process needs to be enacted to perform atask. The
enactment is triggered by events, such as external events (a new order having
arrived), resources (an employee making arequest), or timesignals(at 8:00a.m.;
Aalst & Hee, 2002). Note that tasks are assigned to designated roles of an
organisation following principlessuch asthe separation of duties, |east-privilege
assignment, and dataabstraction (Sandhu, Coyne, Feinstein, & Y ouman, 1996).
These principles assure the successful implementation of the workflow. For
example, the separation of duties assigns two sensitive tasks to two exclusive
roles so that conspired perpetration can be avoided. On the other hand, theleast-
privilegepolicy, also called the need-to-know policy (Castano, Fugini, Martella,
& Samarati, 1995), providesonly minimum informationfor completing thetask.
In collaborative commerce, a number of organisations, including supply chain
partnersor even competitors, can collaborateintheworkflow of an organisation.
This implies that better control of access and degrees of collaboration are
expected in collaborative commerce.

The workflow management system (WFMS) manages the workflow on a day-
to-day basisin various application domains, such as office automation, finance,

Copyright © 2005, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of ldea Group Inc. is prohibited.
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production scheduling; the manufacturing and shipping of the item; and the
receipt of theitem by the distributor, retailer, or customer. Thelast cycle, called
the procurement cycle, isthe linkage between the manufacturers and suppliers.
This cycle ensures that the materials are available for manufacturing by
considering orders based on the manufacturer’s production schedule or the
supplier’ sstocking needsand the supplier’ sproduction scheduling and shipping.

There are many famousimplementations of the concept of the supply chain. For
example, inthe customer order cycle, theonline catalogueisauseful implemen-
tation for putting products online for customers. This provides significant
advantagesin giving up-to-dateinformation to customers. Similarly, salesforce
automation (SFA) automates rel ations between sellers and buyers by providing
product and price information. However, in the replenishment cycle, vendor-
managed inventory (VMI) allows the distributor or manufacturer to manage
inventories, and the wholesaler’'s or retailer’s continuous replenishment
programmes (CRP) allow suppliers to replenish the inventories of retailers
regularly based on POSdata. | nthemanufacturing cycle, advanced planning and
scheduling (APS) develops the detailed production schedules about what to
make, where to makeit, when to makeit, and how to makeit by considering the
availability of material sand plant capacity, among other businessobjectives. The
objective of an organisation is to optimize the capacity of manufacturing,
distribution, and transportation resources based on the data collected from ERP
or legacy systems. In the procurement cycle, a content catalogue that focuses
on the activities between the manufacturer and its suppliers can simplify the
procurement process and allow the manufacturer to keep track of the parts,
specifications, prices, and order processes of the suppliers.

However, to maintain the supply chain relationship, a high degree of trust is
needed. In general, trust is nurtured from deterrence-based trust, knowledge-
based trust, and identification-based trust (Turban & King, 2003). Deterrence-
based trust uses a variety of formal contracts to ensure cooperation between
parties, while knowledge-based trust is built on the knowledge of the other
trading partner (trustee), which allows the trustor to understand and predict the
behavior of the trustee. However, to build a strong relationship, identification-
based trust, which allows each party to consider the other party’s objective as
identical to its own, is beneficial. The same idea is applied to collaborative
commerce. Moreover, it should be noted that the partners in collaborative
commerce also include competitors, which is not common in the supply chain.
Therefore, the degree of trust and the need to do access control are especially
important.

Copyright © 2005, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of ldea Group Inc. is prohibited.
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However, the organisation culture that emphasizes collaboration is the most
important factor that gluestogether cross-functional integration. The sameidea
can be applied to collaborative commerce, which encourages cross-functional
and cross-organisational collaboration. Both the hard factors, such as the five
mechanisms, and the soft factor, that is, the collaborative culture, areall critical
to success.

Business-Driven Technologies

Business-driventechnology createsthe possibility of better informationtechnol-
ogy adoption. Successful informati on technol ogy adoption can betraced back to
the history of the adoption of enterprise resource planning (ERP) against
computer-integrated manufacturing (CIM). In the 1960s material requirement
planning (MRP) was adopted by most manufacturers to find out “what are we
goingtomake.” Todeliver productsto customers, thecompany needsto examine
“what it takes” to make the products and “what we have now.” Then, if we do
not have sufficient materials to make the products, we must decide “what we
have to get.”

With alittle help from computers, these questions were easy to answer in that
age since the business operations were simple. However, gradually, the manu-
facturerswanted to manage both the quality and quantity of the products so that
they could deliver them to happy customersontime. Thisrequiresan integrated
shop-floor control system, which controlsthe activities of all resourcesthrough
capacity requirement planning (CRP), scheduling, shop-floor control, and other
mechanisms. That brings usto afull-scale shop-floor control system, called the
manufacturing execution system (MES).

Inthe 1970s, the focal point of the manufacturers became how to integrate both
MRP and MES so that they could manage orders as well as shop-floor
production. The new system is called manufacturing resource planning (MRP
I1). Thekey to the success of MRP Il isintheintegration of individual modules
and information flow. Fortunately, a new generation of both the hardware and
software was evolved by the growth of information technology. This trend
nourished the integration of MRP 11. At the sametime, parallel to the growth of
MRP11, accountantsfound they needed to handl e tasks morethanjust credit and
debit data: they needed methods of internal control. Internal control providesa
reasonable way of protecting the business process of an organisation from the
misuse of assets. At that time, the accounting information system (AlS)
delivereditspromiseand prevailedin serviceindustries. Itisnot then surprising

Copyright © 2005, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of ldea Group Inc. is prohibited.
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Functional-I ntegrated Technologies

The degree of collaboration in collaborative commerce should go down to the
level of functional integration, similar to that in concurrent engineering (CE) —
asystematical approach to integrate product design and manufacturing process
support to minimize product development time. Prasad (1996) conceptualisedthe
functionalities for CE as two wheels. The first CE wheel represents the
integrated product and process organisation, whilethe second concurrent wheel
definestheintegrated product design and devel opment. Both wheels havethree
rings to represent the three essential elements of CE. The inner ring is the hub
of thewheel and includesthe four Ms: models, methods, metrics, and measures.
Basically, the four M elements provide the fundamental methodologies for CE
implementation. Themiddlering focusesonthework groupsthat drivethewheel
forward. Theelementsinthemiddleringfor bothwheelsareidentical : personnel
teams, virtual teams, logical teams, and technological teams. The centrality of
these teams emphasi zes the importance of teamwork. L ogical teamsare formed
to deal with the work process and to ensure that the subprocessesinterface with
one another logically (similar to thetasksin the workflow). The personnel team
isresponsiblefor assigning taskstoroles. Thevirtual teamisformedto assist the
personnel team only when conflictions need to be resolved or missions need to
be achieved. Thetechnol ogical team managesthe quality of products. The outer
ring for both wheel s functions to implement the CE. In the product and process
organisation wheel, thefunctionsare manufacturing competitiveness, life-cycle
management, process reengineering, CE definitions, system engineering, infor-
mation modeling, and the whole system product realisation taxonomy. The
functions for integrated product development are concurrent function deploy-
ment, total value management, development framework and architecture, deci-
sion support systems, intelligent information systems, life-cycle mechanisms,
and CE implementation guidelines.

Concurrent engineering tightly linksall functionsinvolved inthe product devel -
opment cycle in an organisation. A successful implementing mechanism for
cross-functional integration is therefore very important. Fleischer and Liker
(1997) modified thefive coordinating mechani smsproposed by Henry Mintzberg
(1983) to concurrent engineering to improve cross-functional integration. The
mechanismsare (1) direct supervisionthough theappropriatedesign of organisation
architecture and project management; (2) mutual adjustment through various
cross-functional teams; (3) the standardisation of design and performance
metrics; (4) the standardisation of work processes, such as operational proce-
dure, planning and scheduling systems, monitoring systems, and devel opment
process tools; and (5) the standardisation of worker skills.
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that some functionalities of boththe MRP || of manufacturing industriesand the
AIS of service industries have overlapped in some degree.

Inthe mid-1980s the new integrated system, called computer-integrated manu-
facturing (CIM), was proposed by CASA to accomplish functions such as
marketing and sales, engineering, R&D, quality assurance, warehousing and
distribution, shipping and receiving goods, finance and accounting control,
information systems, human resources, customer service, and manufacturing
material management. The architecture was again represented by SME as an
enterprise wheel in 1993 (Rehg, 1994). This architecture integrates both the
MRP Il and AIS and beyond by introducing inventory management and sales
management, financial functions, and human resources to MRP || manufactur-
ing and engineering functionsto AlS. Enterprise software such as MAPIC/DB
from IBM was one of the pioneersin this area.

However, asimplied by itsname, the core of CIM isin manufacturing; afact that
does not attract enough attention from top executives. This causes some
problems, especially when integration obstacles are encountered. Few success-
ful casesin CIM adoption were reported during that period. However, another
integration approach blazed thetrail inthe 1990s. Itiscalled enterpriseresources
planning (ERP), which compiles similar but fewer functions than CIM. The
drivingforceof ERPisinfinancial functions, themostinteresting functioninthe
enterprise system to top executives. The successful implementation of ERP
from companies such ASP, BAAN, PeopleSoft, Oracle, and J.D. Edwards has
opened a large market for the enterprise system.

However, an integrated enterprise resource planning system does not provide
enough competitive advantage to companies. Therefore, strategies such as
linking the ERP system to electronic commerce to sell products to consumers,
to suppliers to provide supply chain partnerships, to customers to provide
customer relationship services, to employeesto share so asto provide employee
management, and to distribution centresto provide consolidated | ogisticsservice
have been adopted. The outreach of ERP has created a new phenomenon, a
development from an integrated intra-organisational system into an
interorganisational system called EERP, or the enhanced ERP.

Aswill be observed from this history, the successful adoption of collaborative
commerce should be business driven rather than manufacturing driven. Fortu-
nately, collaborative commerce, as part of its name implies, has built upon the
current technologies such as e-commerce, mobile commerce, ERP, and the
supply chain. This provides the better ground for nourishing its growth.
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Technology Infrastructure

At the time that many system and software vendors are advocating XML and
Java, the need for sharing information across platforms is apparent. However,
other than these two programming languages, there are three key system
integrationinfrastructuresthat should beintroduced toimplement collaborative
commerce. They are STEP, CORBA, and RosettaNet.

STEP

The standard for the exchange of product model data (STEP) isan international
standard product data standard (SO 10303) for product data exchange. The
standard supportsvariousproduct dataformats (like engineering, manufacturing,
and supporting data) throughout the life cycle of a product for many major
industries, including automotive, el ectronics, aerospace, plant engineering, and
civil engineering. For example, a CAD file of an engineering drawing with a
proprietary format can be converted into a STEP format before sharing it with
other companies that use proprietary CAD formats.

STEP comprises many industry-specific application protocols (APs). The APs
arewritten in aproduct modelling language, called EXPRESS (SO 10303:11),
to model the necessary features in conformance with specific industry require-
ments. Theseinclude, for instance, AP203 for configuration-controlled design,
AP207 for sheet metal die planning and design, AP210 for electronic assembly
and interconnection packaging design, AP212 for electro-technical design and
installation, AP224 for mechanical partsdefinitionfor production planning using
machining features, AP225 for building elementsusing explicit shape represen-
tation, and so on. The exchanged message using a file-based exchange format
is based on SO 10303:21, in which Part 21 of the EXPRESS exchange format
is used to encode the message. The numbering of the parts of thisinternational
standard reflectsits structure (http://www.npd-sol utions.com/step.html):

. Parts 11 to 13 specify the descriptive methods,
. Parts 21 to 26 specify the implementation methods,

. Parts 31 to 35 specify the conformance testing methodology and frame-
work,

. Parts 41 to 49 specify the integrated generic resources,
. Parts 101 to 106 specify the integrated application resources,
. Parts 201 to 233 specify the application protocols,
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. Parts 301 to 332 specify the abstract test suites,
. Parts 501 to 518 specify the application’s interpreted constructs.

Moreover, STEP not only provides modelling methods to depict static features
of product data but also provides accessing methods for placing simple queries
directly on the product data model conforming to AP. The query language
Standard Data Access Interface (SDAI) was proposed as a functional interface
for application softwareto access and manipul ate the STEP datamodel, just like
SQL in terms of a database.

CORBA

The Common Object Request Broker Architecture (CORBA) is one of the
earliest effortstointegrate an enterpriseusing object-oriented technol ogies. The
CORBA 1.0 specification was proposed by the Object Management Group
(OMG) in 1991 and adistributed object-based computing facility was adopted.
The version was updated in 1993, where the Object Management Architecture
(OMA) wasintroduced to provide CORBA services. Intheversion of CORBA2
(August 1996), the Internet Inter-ORB Protocol (IIOP) was proposed to
improve its interoperability. Today, the CORBA3 specification has enabled
enterprises to use it through vertical domain integration, such as financial,
medical, and telecommunication, with either CORBA or non-CORBA infra-
structure.

Being similar to Microsoft’s DCOM, a distributed version of the Component
Object Model (COM), CORBA providesdistributed middiewaretolink services
(such as events, directories, naming, and security) with various operating
systems (like UNIX, OS/2, and NT). The middleware services are mainly
supported by an Object Request Broker (ORB) and Interface Definition
Language (IDL). The IDL provides interface services where the information
about theinterfacesisstoredintheinterfacerepository for runtimesupport. This
is done by compiling the IDL using a binding-compliant language to generate
static client-side stubs. The client can then call on the stubs to request the
service. Ontheother hand, the ORB isthe core component in CORBA. An ORB
isacommunicationinfrastructureto support communication between clientsand
servers. It is similar to human arteries, which transmit oxygen (service stubs).
Through the services of IDL and ORB, CORBA can be used to integrate
functions across heterogeneous platforms and back-end enterprise system
collaborative commerceintegration.
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RosettaNet

The most well-integrated technology that is ready for collaborative commerce
must be RosettaNet, anonprofit consortium of morethan 400 1eading information
technology (IT), electronic components (EC), semiconductor manufacturing
(SM), and solution provider (SP) companies (http://xml.coverages.org/
rosettanet.html). RosettaNet is named after the Rosetta stone, in which three
different languages are carved and which symbolizes the communication needs
among people with different cultures and different languages. The consortium
therefore aims at building standards for different industries and is perfectly
suitable for adoption by electronic business.

RosettaNet tries to simulate human conversation. That is, when a human wants
to communicate with business partner regarding a specific business process, he/
she can use a medium such as a telephone. The message must follow the
grammatical rules agreed in advance, so that the other party can understand the
dialogue. In fact, grammar is the system of the rules of words, and words are a
collection of alphabets. Corresponding with the layers of human-to-human
business conversation, the organisation uses the same ingredients to communi-
cate with business partners. For example, in an e-business scenario, the e-
businessprocessisdonethrough thee-commerceapplication, whilethedialogue
is actually made by the Partner Interface Processes (PIPs) standard of
RosettaNet.

ThePIPfollowsframeworksand the frameworks are the coll ection of dictionar-
ies. Itisnosurprisethat XML isconsidered the basic al phabet for the e-business
conversation. In partner-to-partner e-business exchange layers, RosettaNet
focuseson four things: thedictionary, theframework, the PI P, and the e-business
process. The Rosetta dictionary defines the fundamental business data entities
for business partnersto define products and services. Theframework, called the
RosettaNet Implementation Framework (RNIF), includes some fundamental
specifications for PIP communication. For example, RNIF 2.0 (http://
www.rosettanet.org/rosettanet/doc) defines packaging (such as Multipurpose
Internet Mail Extensionsand Secure Multipurpose Internet Mail Extensionsv2,
among others), protocol stack (such as Hypertext Transfer Protocol over SSL,
Simple Mail Transfer Protocol, File Transfer Protocol, and Block Extensible
Exchange Protocol, among others), security (the specifications for authentica-
tion, authorisation, and encryption non-repudiation), and confidentiality (or
privacy).

At the centre of the RosettaNet are the PIPs, which are grouped into seven
different core business clusters: partner product and service review, product
information, order management, inventory management, marketinginformation
management, service and support, and manufacturing. Each cluster is further
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broken downinto segments. For exampl e, one segment of the order management
cluster is a “quote & order” entry. The necessary PIPs for business require-
ments are identified in each segment. Through the efforts of RosettaNet,
collaborative commerce becomes feasible in the e-business environment be-
cause of thereadinesswithwhichitisprepared for businessstrategy, infrastruc-
ture, and business process application devel opment.

Conclusions

Application platforms have improved in the last decades together with the
implementation of enterprise systems. Previously an MRP system sharing
information with a department a LAN setting was considered suitable. Then
MRP1I moved thefocusfromintra-departmental integration to interdepartmen-
tal integration. At that time, the single LAN moved to multi-LANs and WAN.
The Internet has become the conveyer of information to almost everywhere in
the world. At the same time, the system infrastructure also evolves from peer-
to-peer linkageto client-server architecture and eventually becomesathree-tier
architecture. This evolution supports the growth of enterprises from regional
enterprises to global enterprises, which grows collaborative commerce itself.

To provide Internet access, most the commercial enterprise systems moved to
the Internet-based ERP in the late 1990s. Nowadays, new generations of
telecommunication technology, such as the current 3G technology and the
anticipated 4G technologies, integrate the wire or wireless Internet with the
wireless telecommunication network. This allows the business process to be
executed truly anywhere and anytime. Will the new generations of telecommu-
nication technology changetheimplementation of enterprise systems? Or, more
precisely, will the high-speed wirel ess transmission change the applications of
the enterprise system? Collaborative commerce no double will be one of the
business models if that ever happens. But the types of collaboration may be
present in many different formats. To accomplish a collaborative vision of
commerce, several factors need to be considered to enable such collaboration.

(1) Better relationship management. Since the collaborative commerce
business model allows multiple organisations to weave a collaborative
network, each collaborator should have the ability to managetheresulting
dynamic businessrelationship. Thisisespecially true when the collabora-
tive community is expanded to a cyberspace marketplace.

(2) Better business process integration. Collaborative commerce represents
the most efficient way of doing business, where enterprises unwrap their
coreand competitivebusinessfunctionstotheir collaborative partners. The
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commitment isrisky but highly rewarded. The migration to collaborative
commerceisequivalent to changing the businessrel ationship fromindepen-
dent unitsto mutually dependent ones. As aresult the business process of
each collaborator should be understood by every partner. The business
process may also need to be decomposed into smaller components so that
the integration and collaboration between collaborators become possible.
Moreover, the degree of concurrent operations can also beimproved if the
tasks can be divided into disjoint subtasks. The success of seamless
collaboration can therefore be achieved by harmonizing all the business
processes in the network.

(3) Better knowledge and information sharing. Since the business pro-
cesses are contributed to over distributed and heterogeneous networks, it
is important to have a superior information infrastructure to allow the
information and knowledge to be shared during the processes such as
product development. Also, the better sharing of information is rewarded
with better access control of the organisational data. Although sharing
informationisencouraged, itisnot difficulttounderstand that all companies
have their own proprietary knowledge, which is not intended to be shared
with collaborators, evenintheclosest rel ationships. Thecompany may also
want to share some general information with specific partners at certain
times for certain projects.

(4) Better collaborative culture. Collaborative commerce brings the most
talented workerstogether to devel op productsto meet consumer demands.
Since the workers come from different organisations, they are influenced
by different organisational cultures as well as being encouraged by
different incentive schemes. Therefore, the successful building of a
collaborative atmosphere across organisations determines the success of
collaborative commerce.

Inconclusion, anintegrated and intelligent system supporting knowledge sharing
and collaboration can help companies to distinguish themselves from their
competitors. There are many application areas and issues that need to be
considered in collaborative commerce. These topics include areas such as the
management of a business infrastructure, capital markets and the virtual
economy, improvement of dataquality, support of decisionsand group systems,
enterprise strategies, entrepreneurship and creativity, enterprise process man-
agement, innovation and product development, Internet law and compliance,
Internet security and privacy issues, and knowledge management business
ethics. They will be addressed in the following chapters.
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Endnotes

1 The short version of this chapter was presented at the International
Conference on Electronic Business (ICEB2003) in Singapore.
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Chapter I |

ElectronicCollabor ation,
Communication and
Cooper ation:

A Taxonomy and a Prototype

Gregoris Mentzas, National Technical University of Athens, Greece

Georgia Bafoutsou, National Technical University of Athens, Greece

Abstract

This chapter investigates the subject of e-collaboration and proposes a
meta-taxonomy that classifies the existing taxonomies of collaborative
systems found in the literature. It also points out the three dimensions in e-
collaboration: communication, cooperation, and coordination. The most
commonly encountered functions of collaborative systems are identified
through an extensive review of commercial and research products. The
functions and the systems are classified with relevance to the communication,
cooperation, and coordination dimensions. We find that although all three
dimensions of collaboration are necessary for the successful completion of
work, there is a lack of an integrated system enabling all of them.
Consequently we present the C-CUBED system, which attempts to support
all three collaboration dimensions.
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I ntroduction

E-collaborationand collaborative systemsbring geographically dispersed groups
together, enhancing communication, coordination, and cooperation. Thisresults
in tremendous time and cost saving, greatly decreased travel requirements,
faster and better decision making, andimproved communi cation flow throughout
theorganization.

Broadly defined, the term electronic collaboration encompasses the support
of communication and coordination of two or more people through the use of
softwareprogramsinan effort tofulfil an assignment or solveaproblem together
(Borenstein, 1992; Schooler, 1996).

Researchers have identified at an early stage the need for providing means for
classification of the systemssupporting e-collaboration. Therefore classification
efforts have existed since the early 80s, and their number continues to grow.

This chapter performsareview of theresearch field of online collaboration and
provides a meta-taxonomy of the classification schemes of collaborative sys-
tems in the literature. In addition we present a prototype classification and
identify the need for a system that would support in an integrated way the
communication, cooperation, and coordination dimensions of e-collaboration.
Finally, we suggest the functional and technical architecture of a prototype
system devel oped to address this need through the access and management of
shared artefactsand offering, at the sametime, coordination capabilitiesthrough
the automation of business processes with the use of workflow management
technologies.

The chapter is organized in the following manner: the next section gives an
overview of previous literature concerning taxonomies and classifications of
collaborative applications. Then, the chapter discusses some of the most
common collaboration functions, while the three dimensions of e-collaboration
along with their basic characteristics are defined. The chapter then introduces
the proposed taxonomy of collaborative systems, and is followed with a
presentation of the results of our research on the market of e-collaboration,
givinginformation about the examined systemsand al so correl ating the systems
with theidentified collaboration functions. In the same section we al so identify
the lack of a system supporting in an integrated manner all three collaboration
dimensions. Next, the chapter presentsthetechnical and functional architecture
of a prototype application, aswell as ausage scenario of this system appliedin
thetendering/bidding process. Finally, the chapter discussesour conclusionsand
indicates future research issues.
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Taxonomies of Collaborative Systems in
the Literature

A classification criterion of collaborative systems defines a dimension of these
systems or a set of possible values that a characteristic of these systems can
assume (Antillanca & Fuller, 1999).

Criteriaareusually presented in taxonomies. A taxonomy createsarelationship
between the classification criteria and therefore can be considered as a
multidimensional space, where each criterion corresponds to a dimension
(Reinhard, Schweitzer, Volksen, & Weber, 1994).

Where collaborative applications are concerned, taxonomies are especially
useful, mostly when initial requirement decisions must be made. Also, taxono-
mies provide ways of comparison of the existing applications and give the
possibility to classify new applications in existing taxonomies. In case of
insufficiency of the existing taxonomies, thefuel isgivenfor creating new ones.
Finally it is easy to identify the areas with inadequate software coverage and
provide new, enhanced software products.

A first approach to provide ataxonomy of collaborative systemsistodistinguish
them by when and wher e the interaction takes place (time/space taxonomy; see
DeSanctis& Gallupe, 1987; Ellis, Gibbs, & Rein, 1991; Johansen, 1988). Inthis
context, two primary dimensions are identified (see Table 1).

Table 1. Time/Space Classification

Same Time Different Time
Face-to-face interaction Tasks that range over time
Conference Tables Spaces that belong to groups
Fublic screens Screens accessed by groups
Same Space Tools for wating and Tasks with different time schedules

exchanging of ideas
Project management

Remate, real-time interactions Cormrnunication & Coordination

Chat systems E-mail
Different Shared access to applications Electronic bulletin boards
Time I
Matification system far a Asynchronous conferences
prospective collaboration Wartkflow management systemns
Uze of multimedia Document management

Programming
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In the horizontal dimension we order collaborative tools by the location of
participants: they can be either at the same place (also referred to as colocated)
or at different places (remote). Similarly, the vertical dimension makes the
distinction whether theinteraction happensat the sametime (synchronous) or at
different times (asynchronous). These dimensions provide four communication
scenarios: synchronous, colocated; asynchronous, colocated; synchronous, re-
mote; and asynchronous, remote.

Grudin (1994) also providesaclassification of collaborative systemsintermsof
time and space. Time and space settings in collaborative software can be
classified as same, different but predictable, and different and unpredict-
able. Accordingly, nine different categories of collaborative systems emerge
(see Table 2).

A review of the literature reveals several other classifications of systems that
support group work. DeSanctisand Gallupe (1987) discussataxonomy based on
group size (smaller, larger) and task type (planning, creativity, intellective,
preference, cognitive, conflict, mixed motive).

Kraemer and King (1988) provide a classification of group decision support
systems (GDSSs). GDSSs are categorized with regards to the hardware they
need, the softwarerequired, the peoplethey involve, and the organi zational data
needed.

Apart from the space/time taxonomy, Ellis et al. (1991) describe a taxonomy
based on application-functionality, and Coleman (1995) also provides 12
categories of collaborative systemsin the same domain.

Jarczyk, Loffler, and Volksen (1992) developed a taxonomy to characterize
collaborative systems where five major classes of criteria are defined: func-
tional, technical, application, usability and ergonomics, and scalability.

Table 2. Collaborative System Categories

Same Time Different Time | Different Time
Predictable [ Unpredictable
. Wark with Spaces
Electranic . .
Same Space . different belonging ta
meetings
schedules groups
Whiteboards
Different Space | Conferences Vaice mail Collaborative
Predictable | with the use of weriting
multimedia
Different Space Broadcast Asynchronous Warkflow
Unpredictable SErminars conferences fanagernent

Adapted from Grudin (1994)
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The functional criteria describe the features of systems; the technical charac-
terizetheplatform, theenvironment, and the system architecture; the application
criteria help to define the application domain; usability and ergonomics are
important for the acceptance of atool; and, finally, orthogonality and scal ability
are meta-criteria that focus on the flexibility of the system with respect to the
other criteria.

Mentzas (1993) classifies collaborative software based on four major criteria:
coordination model characteristics, type of processing, decision support
issues, and organizational environment.

McGrath and Hollingshead (1994) deal with a task framework, where group
tasks are classified in four quadrants. Each quadrant is characterized by a
general performance process (action of a group): generate (alternatives),
choose (alternatives), negotiate, and execute. The quadrants are then subdi-
vided into two types of tasks each, and as aresult eight different types of tasks
arise. Thetask circumplex is atwo-dimensional representation. The horizontal
dimension shows a contrast between behavioural or action tasksto theright and
conceptual or intellectual tasks to the left. The vertical dimension reflects a
contrast between cooperation or facilitative compliance at the top and conflict
at the bottom.

Malone and Crowston (1994) define a taxonomy based on a collaboration/
coordination model. According to their framework, four levels of processes are
defined: collaboration/coordination, group decision-making, communica-
tion among the collaborators and perception of common artefacts.

Teufel, Sauter, MUhlherr, and Bauknecht (1995), in an effort to categorize the
collaboration systems, distinguish three possibilities of electronic support for
collaborative processes: communication support, cooperation support, and
coordination support. The various systems are placed in a triangle according
tothebasic functionality of each oneandinrelationto thethree possibilitiesfor
electronic support. The systems are further grouped in four categories: commu-
nication systems, shared i nformation spaces, workflow management, and work-
group computing.

Inthe groupware bible of L otus Devel opment Corporation (1996) areidentified
three classes of software supporting online collaboration: communication
systems, collaboration systems, and coordination systems. Communication
systemsare meansthat passively transmit information. The complexity of those
systemsranges from simpl e tool s supporting sametime, same place, one-to-one
interaction to sophisticated software capable of handling same as well as
different time and space situations including a large number of participants.
Collaboration systemsare common workspaces, which contributeto the diminu-
tion of time and space constraints. Examples of such systems are electronic
conferencing systems and shared databases. Finally, coordination systems
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Table 3. Collaboration Dimensions in the Literature
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- . clal=2|-|=|=E 2l o |m
Classification E|e RN % = L =
P oF = i I =
Criteria 8 m o g =
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Time/Space T * *
Application | i I I
Group Size * *
[7:]
2 -
@ Group Characteristics *
=
2
& | Types of Group Tasks | * * *
= Hardware * *
[X]
= Software * I *
—
®
HH +*
- Scalability
= Type of Interaction i I
=
S [Usability/Ergonamics *

. Electronic Mail: The most common and widespread communication tool.
It allows wide contact over the Internet and its primary use is for text
messages, normally relatively brief. Often the messages are accompanied
by file attachments.

. Chat: Real-time text talk where messages appear on both users' screens.
Usually, asplit screen is used, where the local typing appears in one part
and the remote in the other. There is no particular subject set and it does
not scale to more than a very few users.

. Bulletin Board: A message board where a conversation can be carried on
over time. The user can leave a message for someone, they can answer it,
and the initiator can respond back to them later.

. Whiteboard: Whiteboards allow two or more people to view and draw on
a shared drawing surface. This may be used for discussing or describing
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combine structured communication and collaboration actions and also support
informal conversations.

Ellis (2000) provides a categorization of collaborative systemsaccording to the
underlying technology. Thus, four aspects are determined: keepers, coordina-
tors, communicators, and team agents. Briefly, the first aspect, keepers,
groupsall functionality related to storage and accessto shared data. The second
aspect, coordinators, isrelated to the ordering and synchroni zation of individual
activities that make up the whole process. The third aspect, communicators,
groups all functionality related to unconstrained and explicit communication
among the participants. Finally, the fourth aspect, team agents, refers to
intelligent or semi-intelligent software components that perform specialized
functions and hel p the dynamics of a group.

Meier (2002) distinguishes three dimensions in the area of collaboration and
cooperative work: coordination, communication, and common ground. Col-
laboration support systems are also classified based on whether they provide
synchronous or asynchronous communication and collaboration support
and whether they address the needs of individuals, teams, or organizations/
networ ks/communities.

Table 3 sums up all the above references in the literature. The authors are
presented with regards to the classification dimensions they have dealt with.
Four major dimensionsareidentified: time/space, application, group issues, and
technical criteria.

Several sub-dimensionsare also provided. Under group issues, for instance, we
can distinguish group size (smaller-larger groups), characteristics of the group,
and types of group tasks. Group characteristicsinclude the existence or no of a
facilitator and the group composition, whichinturn determinesthe cohesiveness
of the group and the relationships between the members. There are eight types
of group tasks: planning, creativity, intellective, decision making, cognitive
conflict, mixed-motive, competitive, and performance/psychomotor tasks.
Technical criteria include hardware, software, and scalability. The mode of
interaction among users(implicit-explicit, formal-informal, communication, col-
laboration, perception of common objects) and the usability/ergonomicscriteria
are equally important.

Functions of Collaborative Systems

Thefollowing paragraphsbriefly describethetypical functionsof toolssupport-
ing collaborative work over the Web, asthose resulted from an extended survey
on alarge number of systems and the study of literature taxonomies.
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objects which are difficult to verbalise. Most shared whiteboards are
designed for informal conversation, but they may also serve structured
communi cationsor more sophisticated drawing tasks, such ascollaborative
graphicdesign, publishing, or engineering applications. Shared whiteboards
canindicatewhereeach personisdrawing or pointing by showingtelepointers,
which are colour-coded or labelled to identify each person.

. File and Document Sharing: This function includes the possibility of
viewing and editing shared files. Files are stored in a central server and
users can work on them, either using their local applications or the tool’s
functionality. Occasionally, there is the possibility for version control,
search, electronic signing, and access control.

e Synchronous Work on Files: Files can be edited simultaneously by a
number of users, either on each other’s screen or on a whiteboard.

*  Screen Sharing: Both people have the same view of the screen, and
possibly theremote user can take control of the other user’ ssystem. Screen
sharing can mean that either only the view of the screen is shared
(essentially a graphic representation of one screen is passed to the other
screen) or applicationscan be shared, in which case eventsfrom theremote
keyboard and mouse are used to drive the local input and pointer.

. Presentation Capability: Users can conduct presentations, i.e., show and
annotate PowerPoint slides.

e TaskList: Listsof actionsto be performed, pending activities, unresolved
problems, and scheduled meetings are kept, and the user isnotified of new
itemsinthelist.

. Meeting Scheduling Tools: Meeting scheduling tools include creating
meeting agendas and lists of issues or using calendars for organizing
meetings.

. Electronic Calendars: The electronic calendar supports the enhanced
collaboration of group members, providing common access to meeting
schedul es. Themembersnot only havethepossibility to register information
about their personal appointments but al so have accessto similar informa-
tion involving other users. In several occasions usersreceive notifications
about future scheduled meetings.

e Workflow Management: A workflow is defined as a collection of tasks
organized in such away to form abusiness process. The components of the
businessprocess, accordingto the Workflow Management Coalition (1999)
model, are presented in Figure 1.

Copyright © 2005, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of ldea Group Inc. is prohibited.



Electronic Collaboration, Communication and Cooperation 27

A workflow management system is asystem that defines, creates, and manages
the execution of workflows, using softwarethat “runs”’ in one or more workflow
engines.

A workflow life-cycle is fragmented in different parts that can be usually
grouped intwo phases: theworkflow design phase (build time) and theworkflow
execution phase (runtime or enactment).

The build-time functions include the definition and modelling of the workflow
process and its activities. These functions result in the definition of a business
process, using the computer. Moreexplicitly, during the build time, the business
process is translated from its real-world form to a typical, managed-by-a-
computer form, using one or more system analysis and modelling techniques.
This process form can be further divided in sub-activities/tasks.

Anactivity isacollection of events, asequence of logically connected functions
that can be executed by an entity that is a person holding a specific role (actor),
a system (processing entity), or a combination of the above.

A workflow, though, not only definesacollection of tasksbut al so their sequence,
the conditions that govern the task execution, their synchronization, and the
dataflow.

At runtime, the process definition is translated and executed by the workflow
engine, whichisresponsiblefor thecreationand control of operational instances,
the programming of the various activities, and the use of the appropriate human
and computer resources.

Figure 1. Business Process Components

Business Process
Process Definition Workflow Management System
ig congtituted from through
Activities Process Instances
can be l
include|one or more
or
Manual Automated during runtime
Activities Activities correspond to
Work Items Invoked Aps
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During runtime, each participant has accessto atask list corresponding to work
items. This task list can be edited according to the work items’ priority. As a
result, work items are performed either instantly or at a later stage.

Collabor ation Dimensions

Business processes have constituted for several years point of interest and
object of research for the development of software systems to support them.
Lately the emphasisis given on the collaborative nature of business processes
that take place in organizations and are performed by groups.

Theglobalisation of marketsand theincreased competitionintensify the needfor
businessprocessesthat evolve quicker and are of lower cost for the organi zation.
Moreover, the development of new forms of organizations, like the virtual
consortia, demands faster and more flexible responses to the challenges of the
dynamically evolving markets.

Specialized groups of people created by members of different companies,
collaborating mostly on a temporary basis, should work together in order to
generate the requested results. Electronic collaboration becomes common
practice nowadays.

Various researchers have already pointed out the three basic dimensions of e-
collaboration: communication, cooperation, and coordination (L otus, 1996; Teufel
et al., 1995). In the next paragraphs we analyse the basic features and identify
the most usual functions of IT platformsthat electronically support each of the
three dimensions.

Communication

Theterm communicationincludesbasicinformation exchangeamong the parties
involvedinacollaborativesituation. Emphasisisgiven ontheexplicitinteraction
between two or more people, either in the context of adiscussion or during the
exchange of an electronic message.

Communication processes do not usually have a structure or specific sequence
of steps. They can take place either randomly or on apredefined schedule. There
arepossibilitiesfor bilateral (one-to-one) or multilateral (one-to-many, many-to-
many) communication and real-time or asynchronous interaction.

Communication support has been the primary focus of many software systems.
The simple, text-based communication with the use of electronic mail has now
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been enhanced with multimedia (voice contact and el ectronic conferences with
the use of video).

Thesoftwarefor electronic mail isstill the most common and widely used. There
isneed for low-cost software offering speed and easiness of application and use.

Cooperation

Under the term cooperation we group the possibilities for work on shared
documents and files of various formats. In essence, cooperation is about the
actual collaboration of groups, aiming at the generation of artefacts.

Theinteractionin thiscaseisimplicit and takes place through the reference on
the shared artefact, it can occur at the sametime or asynchronously, and the use
of multimediaisusually notincluded. Groupwork isstoredinrepositoriesandis
accessible by all interested parties according to their access rights. The user
interfaceisusually simpleand no special programming knowledgeisrequested.

Coordination

The concept of coordination focuses on the programming and scheduling of
activities performed by the involved actors in a collaboration process.

Simplecoordination capabilitiesoffer theel ectronic calendaring tools. Electronic
calendars can be used either for personal or for group scheduling.

Also, elementary coordination is accomplished when interfacing with some
€l ectronic conferencing productsand el ectroni c meeting and el ectroni c workspace
systems through the use of task lists and meeting scheduling tools.

Basically, though, the dimension of coordination is supported by workflow
management systems. These systems offer assistance for strictly structured
actions that happen at a specific order as well as for semi-structured processes
that require intellectual work and whose parts are insufficiently defined and
changeable. Inboth cases, interactionisimplicit and of different timeand space.

Proposed Taxonomy

Thefunctionsdescribedin sectiontwo can beclassifiedinrelationtothetimeand
space dimensions (see Table 4). As one can conclude by studying Table 4, file
and document sharing is mostly remote and asynchronous, while real-time
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Table 4. Temporal and Spatial Dimensions of Collaborative Functions

Temporal Dimension Spatial Dimension
Function Synchronous | Asynchronous | Co-Located | Remote
E-mail ] | ]
Chat ] ] [ ]
Bulletin Board L] L]
Discussion L] ] ] | ]
Whitehoard L] L] L]
File &Dupument - -
sharing
Synchronous - - -
wiotk on files
Screen Sharing L] L] L]
Presentgt_inn - - - -
Capability
Task list L] L]
Megting - -
scheduling tools
Electronic - -
Calendar
Warklow - -
tanagement

cooperation takes place in the case of synchronous work on files and screen
sharing, where both dimensions of space are also included. Presentations can be
conducted either synchronously or asynchronously, and interacting users can be
either inremotelocationsor at the sameplace. Finally, asynchronousand remote
are the functions of task lists, meeting scheduling, electronic calendars, and
workflow management.

Theproposed taxonomy isabout classifying collaboration functionswithregards
to the collaboration dimensions. As a result the typical functions of each
dimensionareeasily identified.

In the context of our taxonomy, we create Table 5, where all functions are
presented according to the degree of communication, cooperation, and coordi-
nation they support. We consider three level s of support: low (*), medium (**),
and high (***).
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Table 5. Functions and Collaborative Dimensions

_Collahoraﬂon Dimensions Communication ;| Cooperation | Coordination

Functions
E-mail * ¥ * *
Chat L3 * *
Bulletin Board * ¥ * *
Synchronous discussion EE 3 »* *
Asynchronous discussion * * *
Whitehoard * ¥ W *
File management »* >, *
Synchronous wark on files * > *
Screen sharing > . EE 2 *
Presentation capability * > *
Task list * * 2
Meeting scheduling toals * * * %
Electranic Calendar * * * ¥
Workflow Management > W >, W

L2 2 3 High suppport of the dimension

* mMedium support ofthe dimension

* Low support of the dimensian

Wemakethefollowing acknowledgments: we consider thereal -timeinteraction
as offering a high possibility of communication. The support for cooperationis
considered high with functionsinvolving shared, real-time editing of files, and,
finally, workflow management correspondsto the highest level of coordination.
Table5iscreated taking al so into consideration the time/space classification of
Table 4.

Based on Table 5, we can identify the functions that are typical for each
dimension. We usually select the functions with “***” at the corresponding
column. In some cases, asiselectronic mail, theincorporation of thefunctionin
adimension is obvious, even with “**” at the required column.

Table 6 describes briefly the three collaboration dimensions, including a short
definition and alist of the basic functions of each dimension.

Systems Supporting e-Collabor ation

In the context of our research, we have examined 60 products, either commer-
cially available or research prototypes, which satisfy in some respect the user
requirements for communication, cooperation, and coordination. Table 7 pro-
vides company and URL information for the examined systems.
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Table 6. Brief Description of Collaborative Dimensions

C'?“almr?tm“ Definition Functions
Dimensions
Explicit interaction of two or more E-mail
Caommunication | people aiming at the exchange of
information of any kind Chat
File & Document Sharing
Implicit interaction taking place  |Synchronous wwork on files
Cooperation through reference to a commeon Wikiteboard
artefact Screen sharing
Presentation capakility
P ) | settl tof Taszk list
rogramming and settleme:n : :
heeting scheduling toals
Coordingtion activities performed by the parties i dg T 3
involved in a collaboration process SCIronIc Laenoars
Wiorkflowe Managermert

Table 7a. General Information About the Systems

Tools Company URL

Commonspace Sixth Floor Media, USA http: Awvew. sinthfloor com
DocuTouch Carporation,

DocuTouch LUSA http: ffwnae. docutouch. com

Documentum Documentum, USA http: dwnen. docurmentum. com

TeamMow TeamMow, Denmark hitp: Awvew. teamnow. com

CentraMow Centra, USA hitp: e, centranow, cam

Consencus@nyWARE (SoftBicycle, USA http: Awvew. softbicycle. com

CuSeeMe Conference

Sernver CuSeaie Metwaorks, USA  ihttp:Aewwaw cuseeme. com

DOLPHIM GMD, Germany http: fwvew darmstadt. gmd def

Evoke Collaboration

Evoke Communications,
LISA,

http: daneen. evolce. corm

Facilitate.com

Facilitate com, USA

http: A facilitate. com

Grouputer Stepup Systems, Australia ihittp: /A, stepup.com. au/
HelphMeeting Helpheeting LLC, USA http: fwvew helpmeeting. com
MeetingRoom GroupSystems.corm, USA  ihttp essee ventana. com
PlaceWWare PlaceyWare, LUSA http: fwvew placeware. corm
Weh-4h JDH Technologies, USA http: fwwew jdhtech com
aspsmartForum Advantys, France http: iy aspsmart. com
Instant TEAMR OO Lotus, LISA http: fhannan |otus. com
Intranets Intranets.com, USA http: A intarnets. com

Praject place

Prajectplace International
AB, Stockholm

hitp: fwwew. projectplace. co.uk

TeamTalk Trax Softwarks, US4 http: fwvew webcom. com/
Y Jungle Yungle, USA http: fasene vjungle. corm
WehBoard O'Reilly Software, LUSA hitp: fwven webboard, oreilly. com
MeetingPlace Latitude, USA, http: Ao, |atitude, corm
Methdeating Microsoft, USA http: fwwewe microsoft. com
PicturaTalk Pixion, LSA http: faaeee. pixion. com
Sametime Lotus, LISA, http: e |otus. com
BSCW GMD, Germany http: fbscw.gmd. de
Business Manager Info Parc, Austria hitp: e infoparc. com
Caucus Caucus Systems, USA hitp: fwwaw. caucus. com
Collab Fab Collaboration Fabricators  thttp:fwes. collabfab. com
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Table 7b. General Information About the Systems

Tools Company URL

AN Mitre, LISA http:#ovw. sourceforge. net

Cybozu Office 3 Cybozu, Japan http:Afcybozu.com

DA, GMD, Germany http:#orgwis. gmd. de/projects

eRoom eRoom Technaology, UK http:woew. eroom. com

Farum SiteScape, USA http: o, sitescape, com/

Groove Groove Networks, USA http:Awoee. groove. net

GroupPORT GroupServe, USA, http:#op1 . groupport. com

Grouphise Movell, USA http: fShinane. novell. comd

HyperOfiice my'WehOs com, USA http: e hyperofiice. com

InfoWWaorkSpace General Oynamics, LUSA http: Mhaneae. infowork space. com

Intraspect c-Business

Platfarm Intraspect Software, USA  ihttp Mwweeintraspect. com

JointPlanning UISA, httpc e, jointplanning.caom

QuickPlace Lotus, LISA http: e, lotus. com

tearnn teamOn, USA http:Mwane teamon. com

Tearmyyave TeamyWave Software, USA  ihttpe M teamwave. com
Universities of Berne,

WEGA Lausanne http:fvega.vptt.ch

CSEMAVarkflow CSE Systems http: e ceesys. co.at

Flowehdark 1B, LISA, http: Ao, ibirn. com

GFI Emailflow for

Exchange/SMTP Dockdan Technologies http:Awoee. docrantech. com

Ultirmus YWorkflow Suite

Ultirnus

http:Swoee Ultirmus. com

Actionworks Metro

Action Technologies, USA,

http: s, actionworksmetro.co
m

Keyflow ICom#Press, USA http: e, iCOMmxpress, com
Panagon Yisual

WyorkFlo & DM

Desktop FileMET Corpaoration, USA  thttp: S filenet. com
Staffware Staffware, UK http: e, staffware. com
TearmyWARE Flow,

DOLPHIM Fujitsu, Malyasia http: Ao tEarmware, com

TIB/InConcert Workflow

TIBCO Software Inc.

http:Awes tiboo. comfproductsfin
concert

Domino Workflow

IBM Lotus Motes

http: fhanane. lotus. com

http:wew. sema. es/sp/producta

FORO SEMA Group g/generales.htm
AlS Workware http: e infarmatic s, sintef. no/p
Dermonstrator Sintef rojects/ais/eksterweb
http:Awaear infarmatik uni-
ulm. deddbisif&lforschungfworkflo
ADERTworkFLOW University of Ulm wiiftext-adept_e html
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Table 8a. Collaborative Systems and Their Basic Functions

Communication Cooperation Coordination

Functions

E-mail
Chat
Bulletin Board
Discussions
File Management
Synchranous work on files
Whiteboard
Screen Sharing
Presentation Capahility
Tasklist
Meeting Scheduling Tools
Electronic Calendars
Wiarkflow Managerment

Tools

CommonSpace

CocuTouch

Cocumenturn

[Teamiow

CentraMow

Consencus @mAARE

DOLPHIN e (& @ ]

CuSeeMe Conference Server

Evoke Collahoration

Facilitate.com

Grouputer

Helpheating

heetingRoom

FlaceWare . .

heh-4M

aspSmantFarum

InstaniiTEAMROOM

Intranets

Froject place

[TeamTalk

Jungle

ehBoard

heetingPlace

Hethiesting

FictureTalk

Sametime

BsCwW il B .

Business Manager

Caucus . |0 hd
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Table 8b. Collaborative Systems and Their Basic Functions

Communication Cooperation Coordination

Functions

E-rnail
Chat
Bulletin Board
Discussions
File Management
Whiteboard
Screen Sharing
Tasklist

Tools

Synchronous work on files
Presentation Capability
Meeting Scheduling Tools
Electronic Calendars
Wiorkflow Management

Callab Fab bl Bl .

i . - .

Cybozu Office 3 b L .

DIVA b

eRoam

Farum hd

Groove

GroupPORT .

GroupWise

HyperOffice ¢ o hd hd hd hd

InfoWWarkSpace . L ] e (@ |@

Intraspect c-Business Platform .

LJaintPlanning

QuitkPlace hd e |

teamOn +*
Team\Wave LN L ] e (e |0 e |0 |0

VEGA hd

CSEMordlow b

Flowhdark

GFl Emailfiow for Exchange/SMTP

Ultimus YWarkflow Suite

Actionorks Metro

Keyflaw

Panagon Visual WorkFlo & IDM Desktop bl

Ensermnble

Staffware .

TeamWaARE Flow, DOLPHIN hd

TIBAnConcert Workiiow

Latus Workflow b

FORO

A5 Workware Demonsirator

ADER Tiyorion
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Consequently, the basic functions of each system are identified and demon-
strated in Table 8.

Based onthethree collaboration dimensionsand their basic functions (see Table
6), we derive the conclusion that the electronic support of collaboration has
primarily focused on two axes: either on the coordination of business processes
performed asynchronously by different actors (using, for example, aworkflow
management system) or on the automation of communication and cooperation
for groups involved in more loose processes (i.e., electronic mail, electronic
workspaces, etc.).

However, there exist several research efforts towards the integration of
workflow management systemswith tool ssupporting communication and coop-
eration (Agostini & De Michelis, 2000; Araujo & Borges, 2001; Bussler, 2000;
Haake & Wang, 1999; Kammer & McDonald, 1999; Kreifelts, Hinrichs, &
Woetzel, 1999).

In the next section, we propose a system (coded C-CUBED) that makes
availableto the usersacommon workspace, wherefiles of different formats can
be stored and edited, asynchronous discussions and real -time text talk can take
place, and meetings can be conducted, facilitating decision making. At the same
time users can take advantage of automated workflowsthat correspond to their
critical business processes. The system’ s capabilities cover abroad spectrum of
functions belonging to all three collaboration dimensions. Compared to other
research approaches, our prototype doesnot focuson exception handling; rather,
itfocuseson theintegration of the coordination, communication, and cooperation
dimensions and targets the efficient fulfillment of predefined activities.

C-CUBED Prototype Tool

C-CUBED isaprototypetool enhancing e-collaboration through functions such
as electronic mail, asynchronous and synchronous discussions, text chat,
whiteboard, screen sharing, polling, and file management. The system can be
used during theinteraction of teamseither within organizations(e.g., inthe case
of virtual teamsworking in atime- and resource-constrained project) or across
organizations(e.g., in the case of acollaborative commerce project that focuses
on new product development).
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Functional Architecture

Our primary concept, upon which the functional as well as the technical
architecture of the C-CUBED prototype is based, is the concept of the virtual
“room.” The“room” isaworkplace where users and computational objects are
stored. The integration of the virtual room in a collaboration environment
facilitatesthetransition from personal work to group efforts. M oreover, users of
the system can move freely from synchronous to asynchronous modes of
interaction.

The functional structure of a system depicts the various subsystems that make
up the whole system as well as the way these subsystems interconnect. The
functional design analyses the functions of the system in relation to the
requirements set for it.

Inthis context, the C-CUBED system is structured by autonomous subsystems,
as shown in Figure 2. Specifically there are seven discrete subsystems:

* the file management subsystem, providing functionalities for creating,
editing, and exchangingfiles;

e theworkflow management subsystem, which supports the automation of
business processes,

J the communi cation subsystem, which, ontheonehand, providesconnection
with databasesincluding dataof interest to the usersand, on the other hand,
supports the communication among users of the system;

e theadministration subsystem, enabling the user to insert new usersin the
rooms and manage the information entered in the system;

e thehelp subsystem, which provides help to the end user for functional as
well as technical issues;

e the user interface subsystem, which facilitates and expedites the interac-
tion between the end user and the system; and

e the access control subsystem, which involves registration to C-CUBED
and user validation before they can access any required information.

Thefunctionsfor synchronous communication and cooperation include:

o a shared whiteboard;
o screen and program sharing;
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J real-time text chat;

e conduction of surveysand polls;
J instant messages; and

°  group awareness mechanisms.

Technical Architecture

Technically, the C-CUBED system is based on a L otus Domino server and was
devel oped using programming languages such as Javaand JavaScript. L otusScript
and Notes Formula, two languages specifically suited for creating Domino
applications, werealso used. The overall system architectureisshowninFigure
3.

The system consists of a set of databases stored on the server. Such databases
include the room database, which serves as a repository of the rooms of the
system; the database, where the discussion topics (Discussion Db) are stored;
the databases involving the workflow definition, enactment, and management;
and other databases dealing with user authentication, communication, and
address books.

Figure 2. Functional Architecture of the C-CUBED Prototype
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WORKFLOW MANAGEMENT

COMMUNICATION
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Figure 3. Technical Architecture of the C-CUBED Prototype
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Synchronous communication and cooperation functions are available through
connection to the L otus Sametime server. The Sametime server is connected to
the Domino server to make use of the catalogue services. Also, the database
dedicated to discussion (Discussion Db) is connected to the Sametime in order
to obtain the synchronous characteristics. Asaresult, the Sametime discussion
database is created. This database combines features for asynchronous as well
as synchronous discussions, group awareness, and real-time text chat capabili-
ties.

Copyright © 2005, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of Idea Group Inc. is prohibited.



40 Mentzas & Bafoutsou

Use Scenario

Our usage scenario examines the case of a project-centric virtual organization,
made up of various companies that collaborate electronically.

In the case of project-centric business environments, as, for instance, in the
construction sector, a critical business process is tendering/bidding for a new
project. Thisprocessiseither internal inthe organization or inter-organizational .
The latter case occurs in the context of the new forms of network business
organizations, which aregrouped under theterm of “ virtual consortium” and hold
thefollowing characteristics(Hal aris, Kerridge, Baf outsou, Mentzas, & Kerridge,
2001):

* they are created by organizations remotely located, whose fundamental
competencies are complementary and are oriented towards the same
businessopportunity, and

*  they use the Internet for the exchange of data and information between
them.

The C-CUBED prototype can be successfully applied in all collaboration
situations described in the previous paragraphs. For the purposes of the use
scenario that follows, we choose the tendering/bidding processin the construc-
tion sector environment, where business opportunitiesareidentified in callsfor
tenders and the formation of consortiais a common practice.

The workflow designer models the tendering/bidding process using the Lotus
Workflow Architect, a tool for graphical design of business processes (see
Figure 4), and also defines the organizational diagram of the enterprises
participating in the process and the roles for the workflow automation (see
Figure 5).

The use scenario considers that the end user is amember of an enterprise of the
construction sector, wishingto bid for acontract. More specifically, theend user
belongs to the bidding workgroup. The firm has already made the decision to
create avirtual consortium in order to meet the requirements of the contract as
far as resources and experience are concerned.

The end user is connected to C-CUBED and creates a new room, the common
workspace for all members of the bidding workgroup. The goal isto create an
invitation for partnership in the context of creating avirtual consortium.

Room creation isfollowed by the definition of the rest of theroom usersand the
storing of filesrelevant to the bid and the company-recipient of the partnership
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Figure 4. “Form a VC" Workflow Process
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Figure 6. The Room
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Figure 7. Real-Time Text Chat
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Figure 8. Review Cycle
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invitation. These documents are available for viewing and editing by all autho-
rized room users. Figure 6 demonstrates the room and its users.

The next step isthe notification of the users’ associates for the existence of the
room, so as to connect to C-CUBED and proceed with the preparation of the
partnershipinvitation. Therefore the user takes advantage of the facilities of the
communication subsystem.

A first draft of the invitation of partnership is already complete, but the
contribution of the rest of the team is required. At first, a chat is conducted
between the user in question and another room user (see Figure 7).

In sequence, the document of partnershipinvitationisenteredinareview cycle,
as depicted in Figure 8.

The derived document will then obtain management approval, in the context of
the “Form aVC” workflow process, and will be sent to the potential partner.

The “Form a VC” workflow process includes the approval of the partnership
invitation by the management and the response of the potential partner. In case
of apositiveresult, the preparation of the collaboration agreement and itsreview
by the legal department and then the management follows. Concluding, the
partner is requested to sign the contract and the partnership is officially valid
(Figure 4).
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Weshould notethat the partner isnot asingle person but awhol e company, which
is asked to be a part of the virtual consortium. The user who takes part in the
workflow process is an authorized member of this company. C-CUBED is not
involved with the processes taking place in the company-partner as far as the
decision for the partnership is concerned.

During process modelling we have made a provision for loops, which cover
potential input of the legal department as well as of the management team for
each company participating in the virtual consortium. Also, it is possible that
several negotiations occur in the effort of reaching agreement with potential
partners.

In this use scenario, we examine the case of the legal department proposing the
revision of some contractual terms. Asaresult, theflow of work isdirected back
to the bidding workgroup in order to implement the required changes. Let's
assumethat the user, who claimsthework item, faces difficultiesin completing
the task. Therefore s/he makes the decision to start a discussion in a dedicated
space (foyer) and get the input of experienced colleagues (see Figure 9).

Theflow of work will move ontothelegal department aslong asall openissues
are resolved.

Figure 9. The Foyer
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Figure 10. Presentation of the Bid Document Using a Whiteboard
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Finally, areal-time meeting isorganized among the members of the consortium.
The purpose of this meeting isto finalize the bid document. In this context, the
document is presented in a whiteboard, where the participants add their
comments (see Figure 10).

The meeting endswith the conduction of a poll, which reveal s the standpoint of
the VC members concerning the specific bid (see Figure 11).

Discussion and Concluding Remarks

Collaborative work based oninformation sharing isbecoming a necessity at the
personal aswell asprofessional level. Collaboration requirementsincludethree
discrete elements: communication in case of remoteinteractions, automation of
business processes, and cooperation through shared information objects.

I nteracting through commoninformation objects (cooperation) isthekey dimen-
sion of collaboration applications. In this chapter we examined 60 commercial
products and research prototypes, the majority of which provide the possibility
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Figure 11. Conduction of a Poll
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of common access to files and documents, while some of them also offer tools
for their editing, either synchronously or not. M ost of these systems al so support
informal communi cation among users.

Electronic calendar tools partially support coordination, while one can identify
systemsthat al so include basic workflow management functionality, mostly by
putting documents in review and approval cycles. These systems are usually
applied in cases of planning and designing informal processes, as, for instance,
they allow the creation of a document, where all common actions of a project
team areschedul ed, or facilitatethe conduction of ameeting for decision making.
However, the users’ activities are neither controlled nor monitored, but it isleft
uptothemto decide how they will work (individually or in the context of ateam)
and what they will work on.

Consequently, collaboration systemsthat specialize either in communication or
in cooperation or even combine both dimensions provide limited support for
coordination during teamwork. One can | ocate shortcomingsin the functions of
business process definition, where neither workflow automation nor workflow
monitoringispossible.

In the following paragraphs we present the main functional and technical
characteristics of the C-CUBED system — which was presented in the previous
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sections of this chapter — that rai se these shortcomings and pinpoint areas for
future research.

C-CUBED Characteristics

Earlier in this chapter we described the functions of the collaboration systems
and classified theminthreedimensions. C-CUBED includesasufficient subtotal
of those functions so as to adequately deal with all three collaboration dimen-
sions.

The functions of the C-CUBED prototype are as follows:

e electronicmail

e asynchronousdiscussion

e real-time chat, using written messages
e screen sharing

*  whiteboard
e fileand document sharing
e tasklist

*  meetingschedulingtools
e workflow management

Table 9 presents C-CUBED in relation to the collaboration dimensions. This
tableis similar to Table 6, including the definition and basic functions of each
collaboration dimension, withthedifferencethat the outer right columnindicates
the grade of support of each function by the proposed C-CUBED system.

Figure 12 provides graphically the incorporation of C-CUBED in the space of
collaborationdimensions.

Each corner of thetriangle correspondsto a specific e-collaboration dimension.
Inside the triangle the various collaboration functions have been positioned
according to the degree of support they can provide to each e-collaboration
dimension.

Both Figure 12 and Table 9 make it obvious that the proposed C-CUBED
prototype encompasses the majority of functions of all three dimensions.
Workflow management is amalgamated with informal, direct communication,
realized through electronic mail messages, asynchronous discussion, and real -
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Table 9. C-CUBED in the Space of Collaborative Dimensions

qulahor?mon Definition Functions C-CUBED
Dimensions
o ) E-mail 9
Explicit interaction of
two of more people Chat @
Communication aiming at the Bulletin Board O
exchange of !
) ) Synchronous
information of any ) )
kind Discussion
Discussion L )
File Managerment L]
Implicitinteraction | Synchronous \Wark an O
i Files
Coopetation taking place through ;
referenceto a Whiteboard e
comman artifact Streen Sharing &
Presentation Capahility &
Programming and O
.s.e.ttlement of Task List
o activities perfqrmed higeting Seheduling O
Coardination pv the pames Tonls
Involved |n @ Electronic Calendar ]
collaboration
process warkflow Management ]
[ Full Suppart of the function
L] Partial Support of th function
) Mo support of the function

time chat as well as with indirect interaction accomplished through editing of
files, accessing a whiteboard, screen sharing, and conducting and watching
PowerPoint presentations.

At the sametimewith executing atask in the context of an automated workflow,
communicationwiththeother participantsintheprocessispossible. Thepurpose
of thiscommunication can, for exampl e, beanswering questionsthat ariseduring
the fulfillment of a certain task or the clarification of operational topics. Also,
studying relevant documents stored in the system during previous instances of
the process can prove to be particularly useful, since it exploits previously
obtained knowledge and experience.

The main technical and functional choice for the C-CUBED system is the
concept of “virtual rooms,” in order to allow the easy transition between
individual and group work as well as between synchronous and asynchronous
interaction. Defining a room as a place of individual or group work depends
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Figure 12. C-CUBED in the Space of Collaborative Dimensions
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exclusively on“thegoinginandout” of itsusers. Thereisnotechnical distinction
between rooms used by an individual and those that host groups, since thetools
required for the successful individual management of a space areidentical with
those that constitute a room functional for the needs of the team.

Therefore, when a user enters an already occupied room, this space becomes a
fully functional collaboration environment. Moreover, when team members
show upintheir reserved room, they automatically begintoworkinreal time. In
case they wish to interact asynchronously, this can be achieved by “leaving”
artefacts in the room.

Future Perspectives

Research ontheintegration of thethree e-collaboration dimensionsisstill open.
Varioustopicscan belocated that require special attention, extensive study, and
research.

One of these topicsrefersto the issue of flexible workflows, which differ from
structured, rigid ones in the sense that they allow their alteration during
enactment (Kammer & McDonald, 1999). Especially interesting in this caseis
the support for defining collaborative business processes (Haake & Wang,
1999).
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Knowledge management and its combination with workflow management
(Papavassiliou, Mentzas, & Abecker, 2001), communication, and cooperationis
a second open and interesting research field (Hasenkamp & Hilpert, 2001).
M anaging the corporate knowledge assetsiscritical for the successful operation
of anorganization, and the potential combination of e-collaborationfunctionalities
with workflow management can prove to be a valuable step towards this
direction.

Moreover, the virtual reality field generates fruitful research areas in e-
collaboration, which include, for example, the interaction of humans with
dynamic environments produced with the use of computers (Li, Chang, Hsu,
Kuo, & Way, 2001; Wann & Mon-Williams, 1996).

Finally, investigating the social nature of collaboration and the impact of the
human factor on the successful outcome of the processes involving remote
interactionisalwaystimely (Hayes, 2001; Pendergast & Hayne, 1999; Ramarapu
& Simkin, 1999).
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Chapter |11

Collaborative
Product Development

George Q. Huang, The University of Hong Kong, Hong Kong

Abstract

This chapter discusses the roles of electronic business solutions (EBSs) in
supporting collaborative product development (CPD). Two fundamental
guestions are of primary interest. One is when and where EBSs should be
applied for what CPD decision activities. The other is how EBSs should be
designed and developed to maximize their usefulness and usability in
supporting CPD decision activities. The author advocates an approach
based on decision activities. By this approach, CPD is considered as an
extended enterprise business process, which is in turn decomposed into
relatively simpler business decision processes (e.g., design specification,
design review and release, design change management, etc.). Such
decomposition takes place towards the level where appropriate EBSs can
be most cost-effectively designed, developed, and applied. The logics and
data requirements of these business decision processes form the natural
basis for designing the navigations and user interfaces as well as the back-
end databases and middleware for the corresponding EBSs. Individual
EBSs related to product design and development decisions are then
collated and deployed to form what is described in this chapter as a
collaborative product commerce (CPC) portal — a special enterprise
portal. The proposed approach is demonstrated with several examples as
has been followed by many researchers and practitioners.
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I ntroduction

Product development and design have been recognized as the heartland of both
manufacturing and service industries and received considerable attention and
investment from both academic researchers and industrial practitioners. Their
importance, complexity, and challenge have been widely recognized and empha-
sizedinthevast literature accumul ated over the years. Excellent textbooks have
appeared with varying emphases. Theories and methodol ogies, emerged from
good practices accumulated over the years by leading practitioners and re-
searchers, have been collected in these texts. In terms of research, several
excellent literature reviews have been conducted (Balachandra & Friar, 1997;
Brown & Eisenhardt, 1995; Cusumano & Nobeoka, 1992; Finger & Dixon,
1989a, 1989b; Griffin & Hauser, 1996; Krishnan & Ulrich, 2001; Shocker &
Srinivasan, 1979; Whitney et al., 1995).

Product development and design are distributed and collaborative in nature.
Multiple disciplines and heterogeneous tools are used. Teamwork is essential
through seamless tool integration and better coordination of human activities.
Researchers and practitioners have always been instrumental in applying the
latest information and communication technology (ICT) to deal with different
aspects of collaborative product development. There have been enormous
efforts in devising computer-supported environments to facilitate and enable
collaborative product development. Early developments and achievements in
computer-supported concurrent engineering (CSCE) had been reported in an
ASME workshop organized by Sriram, Logcher, and Fukuda(1989) and aspecial
issue in the IEEE Computer journal (Computer Support, 1993). Further
developmentsarewidely posted at several Web sites, e.g., http://www.cenet.org/
and http://www.ceteam.com/.

With the increasing popularity of the Internet and World Wide Web (Web or
WWW), there have been renewed attempts recently. One of the first and most
significantinitiativesinthe devel opment and application of Web-based systems
in CPD is the American research project — the MADE (Manufacturing
Automation and Design Engineering) program. MADE is a DARPA (Defense
Advanced Research Projects Agency) programinitiated in 1992 and compl eted
in 1996. The MADE program supports research, development, and demonstra-
tion of enablingtechnologies, tools, and infrastructurefor the next generation of
design environments for complex electromechanical systems. This program
involved a number of major research centers/groups, resulting in valuable
publicationsat conferences, in journals, and on the Internet (Bryant et al ., 1996;
Cutkosky, Tenenbaum, & Glicksman, 1996; Petrie, 1996; Whitney et al., 1995;
Will, 1996). Thisprogramisconcerned with comprehensiveinformation model-
ing and the design tools needed to support rapid design of electromechanical
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systems. This program emphasizes the notion of “tag team” design, in which
each designer performsthefunctions he or sheisbest at while leaving behind in
a design information web enough information for other designers to pick up
wherever the othersleft off. MADEFAST was ademonstration of thisapproach
conducted by several research groups that collaborated in the design and
manufacture of a prototype sensor-array aiming system. The MADE program
continues as the RaDEO (Rapid Design Exploration and Optimization, 1997)
program. Since then, significant progress has been achieved in Web-based
product design and manufacturing (Erkes et al., 1996; Huang & Mak, 2003).
Leading software vendors have capitalized upon the recent progress and
developmentsin design theories and methodol ogies, with some excellent elec-
tronic business solutions developed and available to support CPD activities.
WindChill from PTC provides a suite of example EBSs for supporting CPD.

This chapter focuses on discussing the roles of EBSs in supporting CPD. The
chapter isprimarily intended for two audience groups. Thefirst group includes
such audience members as managers/engineers involved in product develop-
ment projects who can appreciate the potential of EBSs. This audience group
would bemoreinterestedin questionslike: What EBSsshould be chosen?Where
and when should EBSs be applied for which decision activity/activities to
maximize the benefits? What do | need to prepare and/or change in order to use
EBSs?

The second audience group includes those managers/engineers who can recog-
nize opportunitiesfor initiating new projectsto design and develop new EBSsto
support CPD. This audience group would be more interested in questions like:
What EB Ss should be devel oped? Which decision activity/activitiesare generic
and important enough to warrant an EBS? How can | minimizethe user’ sefforts
and thus maximize the benefits?

The chapter is arranged as follows. The following section treats CPD as a
project consisting of work packages and a business process including decision
processes, respectively. Then, the chapter explains that both treatments con-
verge into aWeb portal for CPD. Next, the chapter summarizes afew example
EBSs used in CPD. A case study on collaborative design review is then given.
The chapter isfinalized by highlighting some of the potential benefits of EBSsfor
CPD.

CPD in Virtually Extended Enterprises

L et us raise two questions here: What EBSs should be designed and devel oped
for CPD? and Where can they be applied most effectively and efficiently in
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order to support CPD? There have been considerable efforts attempting to
design and devel op ambitioustotal CPD solutionwhere productscan bedesigned
and developed. Despite impressive progress in some directions, there are
fundamental limitationsfor such attempts. It has ot yet been demonstrated that
the complexity of CPD isitself reduced by the use of Web-based solutions. The
author of this chapter maintains that the CPD complexity should be reduced by
thehuman engineers, possibly withthehelp of ICT, and EBSsareappliedtosolve
subproblems of less complexity. In this respect, we need appropriate schemes
for complexity reduction.

This chapter discusses two standard methods for complexity reduction. Oneis
to consider CPD asabackbone business processwithin an organi zation and then
break it down into lower-level business processes and decision activities. The
other isto consider CPD as a project for developing a specific product. When
coming to the decision level, these two methods serve essentially the same
purpose: identify and apply the right EBS to support making the decisions most
effectively and efficiently.

Product Realization and Design Process as Business
Processes

From a macro perspective, the product realization process (PRP) is a business
process widely considered as the critical backbone of a manufacturing (and
service) organization. It starts with the recognition of market needs and
conception of product ideas; proceeds through numerous key stages such as
product innovation and design, manufacturing and purchasi ng of componentsand
raw materials, assembly and testing of the final products, warehousing and
delivery of products, and technical supports and customer service; and finishes
with thedisposal and retirement of the productsthat may well trigger thereverse
logistic process. The PRP has a major effect on how a company organizes its
operations.

The product development/design process (PDP) isjust one stage in PRP. From
amicro perspective by zooming in this stage, the PDP becomesitself abusiness
process. In a narrow sense, the PDP is mainly concerned with producing a
product design from aset of design specificationsready for full-scal e production.
The contemporary understanding of the PDP takes much broader view. In fact,
no difference has been drawn between the scopes of the PRP and the PDP
because the concurrent engineering approach favorsthe simultaneous consider-
ation of thetotal life-cycleissuesin product design. Themain differencebetween
the PRP and the PDP liesin that physical forms of products areinvolved in the
PRP, whilethe PDP only involvesthe planning and decisionsrel ated to the flow
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meet the special requirements appropriate for the product under devel opment.
Thepurposeisthe same: to reducethe complexity so that effective decisionscan
bemadeefficiently. Oncethedecisionactivitieshave beenidentified throughthe
complexity reduction process, the two questions (What EBSs should be
designed and developed for CPD? and Where can they be applied most
effectively and efficiently in order to support CPD?) raised at the very
beginning of this section can be discussed in more clarity.

Generally speaking, those decision activities that are logically related to each
other but only loosely coupled with other groups of decision activitiesshould be
grouped together and incorporated into one EBS.

Similarly, the designer would expect to search for an EBS appropriate for
supporting a group of decision activities that are logically interrelated but
relatively independent of other groups.

Web-Based Decision Supports Within and Outside
Enterprises

We have used the term EBS (el ectronic business solution) already without in-
depth description. Let usfirstintroducethe concept of Web applications. A Web
application is defined as any software application that depends on the World
WideWeb, or simply Web, foritscorrect execution (Gellersen & Gaedke, 1999).
Hence, software systemsthat are explicitly designed for delivery over the Web,

Figure 1. Typical CPD Decision Activities
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of and operations on materials. In other words, the PDP deals mainly with
planning, while the PRP deal s with execution and control. Planning, execution,
and control are normally addressed within the same decision support framework.
Inthisconnection, itisdifficult and unnecessary to divide EBSsbetween the PRP
and the PDP.

All stages included in the PDP can be further extended into sublevel business
processes that are weaved together with each other and other business pro-
cessesintheaorganization. For example, the stage of product design specification
(PDS) can be zoomed in to form a sublevel business process — customer and
market requirement analysis, closely related to the marketing and sal es process
in the company. In addition, there are other processes such as engineering
change management and design review.

Work Breakdown Structure in CPD Projects

Developingaproduct collaboratively isaproject normally dividedinto so-called
work packages. The concept of work breakdown structure (WBS) plays an
important role in project management. The project WBS displays and defines
hierarchically the product to be devel oped or produced by hardware, software,
support, and/or service element and relates the work scope elements to each
other and to the end product(s). Because it provides the framework for building
a project, it should be created early in the planning phase. The WBS is the
foundation for project planning and control. It isthe connecting point for work
and cost estimates, schedule information, actual work effort/cost expenditures,
and accountability. It must exist before the project manager can plan these
related and vital aspects of the project, and they all must be planned before the
project manager is able to measure progress and variance from the plan.

The WBS is a convenient method for dividing a project into smaller tasks or
activities. It subdivides the project into tasks that are each defined, estimated,
and tracked on tangible, deliverable items. It is at such levels where EBSs are
introduced to make specific contributions.

CPD Decision Activities

Whether we take a business process analysis approach or a project work
breakdown structure approach to decompose CPD, we will eventually reach
such level swhere specific product design decisionshaveto bemade. Theformer
will normally produce a generic roadmap of typical CPD design decisions and
decision activities. In contrast, the latter will customize such generic modelsto

Copyright © 2005, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of Idea Group Inc. is prohibited.



Collaborative Product Development 59

for example, Web sites, and that use the Web infrastructure for their execution
are Web applications. For example, many information systems that were
designed and built prior to the Web are now wrapped and made availableasWeb
applications through the use of Web browsers.

Electronic business solutions (EBSs) are decision support systems based on the
Web and/or Internet. They are essentially Web/Internet applications used to
facilitate business decision making and executing activities. Here, the use of the
word solutions instead of software systems deserves some explanation. The
software is only part of a solution. A solution includes other elements such as
good practiceguidelines.

Decision activities often invol ve multiple decision makers (EBS users) playing
different roles in the decision process, such as supplying input data and
interpreting output results. These decision makers may come from different
functional units other than design engineering within the enterprise or from
external business partners outside the enterprise. Even in the case that all
memberscomefrom different departments of the sameenterprise, they may well
be geographically dispersed, in addition to their diverse disciplines.

Enterprise Portal for Collaborative
Product Commerce

Individual EBSs can be deployed and applied separately as if they are stand-
alone systems. In this case, their access and operation are independent of each
other asif they are used as different systems. Alternatively, EBSs are deployed
and configured such that they are used asif they belong to the same system, with
a single entry point and amalgamated according to the user’s roles in the
enterprise. Such EBSs form what is called an enterprise portal. EBSs of the
enterprise portal can be sorted according to the corresponding business pro-
cesses and decision activities, thus forming special-purpose sub-portals. For
example, EBSsrelated to product realization and development form a collabo-
rative product commerce (CPC) portal, as shown in Figure 2.

Aberdeen Group (2000) defines CPC as “a suite of software and services that
integrates several product-centric business processes across multiple indepen-
dent enterprisesintoasingle, closed-loop solution.” CPC solutionsareinherently
Web based and extensively use data sharing, collaboration, and visualization
technologies. CPC represents a set of Web applications that encompass
business processes related to all product-centric activities across the entire
product life cycle, from the initial product design, product engineering and
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development, manufacturing and | ogisticsexecution, field serviceand technical
support, and feedback from these stages to be incorporated into the next round
of improvement product design.

CPC Portal Server

Amongall theWeb applicationsinaCPC portal existsaspecial Web application
at itscenter. Thisspecial Web applicationiscalled the CPC portal server, which
is simply a set of software solutions on the Internet hosting Web contents,
services, and applications. It is the integrator and controller of everything and
everybody involved. It provides a platform for portal operators to enable
interaction between end users and application/service providers. The platform
enables the procurement and provision of Internet-based services.

The CPC portal server isimplemented as a set of software components that can
be executed on one or more server computers. A very small implementation can
fit on one computer, but in most cases, aserver farmwill be deployed to balance
the load between multiple computers. The server is designed for maximum
scalability and reliability, so that if a server box in a farm fails, its load is
automatically assigned to another box.

At present, there are very few commercial CPC portal servers on the market
despite all the great potentials.

CPC Portal Users

Users of aCPC portal comprisedifferent strata of partiesor individualswho are
participating inthe product devel opment and realization process. |n most cases,
users can be categorized as either internal or external. To its CPC portal,
however, thedifferenceisnolonger betweeninternal and external but liesinthe
differing degrees of access authority. Such authorities are determined by the
roles that they play during the product development and realization process.

No matter what privilegesindividual usersareassigned, they aredividedintotwo
groups:

. Information creators who not only need quick and easy access to the data
but al so the meansto make substantial modificationsto those data. Process
planners, designers, analysts, and manufacturing engineersare some of the
example usersin this group.
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Figure 2. Collaborative Product Commerce (CPC) Portal
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. Information consumers who primarily need to view data and read/access
related material. Example usersinclude individual s in management, mar-
keting, sales, design reviewers, support, suppliers, and shop-floor person-
nel.

Information consumers need a low-cost, low-maintenance, and easy-to-use
environment to view the information and perhaps add/publish simple attributes.
For these users, the Web-based server is the only viable solution.

The*information creators,” on the other hand, will use the server asameans of
communication and as a decision support system on high-end graphical user
interfaces for concurrent design and collaborative engineering. This group of
users demands afast and versatile search and publishing capability, accessible
from CAD and PDM systems. URL sare embedded in the databasesthat provide
addition information for making modifications. Although a Web-based server
may not be the only way to make data availabl e to this group of users, the need
for collaboration and information sharing at the extended enterpriselevel makes
the Web-based solution very attractive.

EBS Providers and Portal Operator

The CPC portal operator is responsible for managing and maintaining the CPC
portal. The interesting question here is: Who should take the role as the portal
operator? There are several options. For example, the manufacturing company
itself can act as the portal operator. This requires the company to invest in the
hardware and software, as well as the human resources. Alternatively, a few
manufacturing companies form a group (consortium) to share the same portal,
with the investment amount also shared out among the group members.
Furthermore, the portal s can be operated by specialist portal operatorswho have
the hardware technologies, and skilled personnel can be invited to manage the
portals.

Application developers first develop the technology solutions or applications.
The applications are then licensed or sold to the application providers although
applications developers may also serve as the application providers in some
cases. The CPC portal server is a special Web application, and therefore the
portal operator is a special application provider. The CPC portal operator
subscribes to the services and applications on behalf of the users.

The CPC portal incorporatesand hoststhe applicationsaspart of itscomponents
in addition to those built-in Web applications. Alternatively, the applications
providers host the applications separately, while links are incorporated in the
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CPC portal to provide access points so that both the service providers and
subscribers are able to access the services as the portal users.

Third-party applicationsprovidersareabletointeract with aservice aggregator,
e.g., the CPC portal operator, after signing a contract with the operator and
receiving a provider account and password.

Special Features of CPC Portal

CPC is complex, and the technology requirements are far more extensive than
those associated with the e-commerce. This can be understood from the
following aspects:

*  SomeWeb applicationsin product development and real i zation arefocusing
onthedesign of new products(based on customer requirements), whichare
not available on the market yet.

*  Thetransactionsbetween playersinvolvenot only dataandinformation but
also the exchange of knowledge.

J The transaction of information, both in terms of variety and intensity,
requires more complicated techniques. For example, 3-D display and
manipulation of geometrical information of products and processes on the
Internet through the Web remains a great challenge.

*  The negotiation and collaboration between team participants within an
enterprise (design, manufacturing, assembly, marketing, management,
etc.) and/or across different enterprises (business partners, suppliers,
customers, etc.) have a higher frequency and greater intensity when
compared with ordinary e-commerce applications.

Electronic Business Solutions for CPC

The chapter has mentioned that the classic techniques in business process
management and project management can be used to decompose CPD into
sublevel business processes consisting of interrelated decision activities. Ac-
cordingly, there have emerged two general groups of EBSsfor supporting CPD.
The first group includes those that are dedicated to supporting major decision
activitiesof key businessprocesses/operationsinvolvedin product devel opment
and design. The second group of EBSs includes those that are especially

Copyright © 2005, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of Idea Group Inc. is prohibited.



64 Huang

Figure 3. Web Application for Market Testing of Product Concepts
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Figure 4. Schemebuilder for Conceptual Product Development
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designed and devel opedtofacilitate and support the group or team for compl exity
(“divide and conquer”) management. This section presents some examples of
these two types.

Market Research and Concept Testing

Web applications make it possible to carry out online market research and
product concept testing. Figure 3 shows an example of carrying out a conjoint
analysis at a Web site (http://www.surveysite.com/survey/conjoint/conjoint-
example.html). Dahan and Srinivasan (2000) developed an Internet-based
product-concept testing method which incorporates virtual prototypes of new
product concepts, substituting them for physical prototypes. The method can be
used with either static representations of the products or dynamic representa-
tionsthat demonstrate how the product worksthrough asimulated video clip. The
objective of this method is to allow design teams to select the best of the new
conceptswithin aproduct category with which to proceed; then thereisno need
to develop physical prototypes.

The general procedureis as follows:

e The manufacturer sets up a Web site for customers to voice their
requirements.

e The manufacturer (product development team) reviews the customer
requirementsin order to establish design specificationsfor the new product.

*  Thedesign specifications (customer requirements) arethen used to formu-
late design concepts (thisis conceptual design, which is discussed in the
next section).

*  Virtual (and/or physical) prototypes are prepared for candidate concepts
and displayed on the Internet.

e Customers are invited to test these concepts at the Web site.

*  Theteam on the manufacturer’ s side reviews the customer responses and
proposes changes to the conceptual design.

*  The project proceeds to the next stage.

Asvirtual prototypes cost considerably lessto build and test than their physical
counterparts, design teams using I nternet-based product-concept research may
beableto affordto exploreamuch larger number of concepts. Virtual prototypes
and thetesting methods associated with them may hel p to reduce the uncertainty
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and cost of new product introductions by allowing more ideas to be concept-
tested in parallel with target consumers.

Collaborative Early Product Definition

Early product definition, also known as conceptual product design and product
conceptualization, is acollaborative effort of the team members. Web applica-
tions are particularly attractive. While Chapter 12 is dedicated to thistopic, the
Schemebuilder is an example of a computer-aided tool for product
conceptualization, asshownin Figure4. Althoughitisnot yet aWeb-based tool,
it facilitates the development, refinement, and selection of design concepts
through a collaborative effort.

Schemebuilder isasoftwaretool that enablesthe rapid development of concep-
tual product designs, known as schemes. The computer hel psthe user to explore
alternative conceptsand produce design simulations. Thetool providesadesign
synthesis environment whichis coupled with astructured knowledge base. The
knowledge base provides intelligent access to design knowledge and a compo-
nent database. This is integrated with a simulation environment for design
analysis, capabl e of cross-domain, object-oriented simulation.

Both abstract and concrete knowledge are represented. The knowledge and
experience of any user may be added. Case-based retrieval is used with
multidimensional, hierarchical indexing. Three types of knowledge are repre-
sented: means of achieving functions, working principles or given function
structures that experience has shown to be successful, and components that
embody the means. Very complicated knowledge may be represented as rules.
Advice, triggered when relevant circumstances arise, may be accepted or
ignored. Control advice hasbeen embedded, which usestheautomatic simulation
capability. Schemebuilder is capable of automatic simulation generation made
possible by the useof object-oriented models. ThesimulationisruninMatlab, for
which amechatronic model library has been built.

Collaborative Design Review and Engineering Change
Management

Product design review (PDR) involves gathering and eval uating product design
anditsconcreteplansfor realization and improvements, so asto confirmthat the
processisready to proceed to the next phase. Product design review isatypical
scenario of collaborative product development. A teamistasked withthedesign
and development of anew product. Theteam consistsof membersfrom multiple
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disciplines. Somearelead users (key customers), someare core (key) suppliers,
and othersmay comefrom variousfunctionsand units of the organization. Al so,
all of them are geographically dispersed.

Traditionally, design review is conducted by circulating the documents of a
product design, so that they can be reviewed by one member to another. After
that, ameetingisthenarrangedto resolvedifferent opinions. Thisprocessisvery
inefficient, especially when some external membersfrom other regions, such as
key customers and suppliers, are involved. Engineering change management
(ECM) is another business process in product development, closely related to
PDR process. Chapters 10 and 13 discuss ECM and PDR, respectively, in more
detail.

Figure 5 illustrates the client user interface for the prototype supporting the
engineering change processduring the detail ed design stage of product devel op-
ment. Note that everything is done electronically with no need to hold group
meetings or refer to paper drawings. Also, the review and approval process can
takeplaceinacollaborative environment through the Web siteand conferencing

Figure 5. Web Applications for Collaborative Design Review
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tools such as NetMeeting and Conference, which will be discussed in the next
scenario.

Supplier Chain Integration

Suppliersfrequently possessvital product and process technology that can lead
to improvements in the new product development (NPD) process. Therefore,
there is a need to collaborate very closely with the suppliers at this stage of
product development. Itiswidely accepted that ESI (early supplier involvement)
isbeneficial to both the buyersand suppliers. Typical benefitsinclude: reduced
development costs, early availability of prototypes, standardization of compo-
nents, visibility of the cost-performance trade-off, consistency between design
and supplier’ sprocess capabilities, reduced engineering changes, higher quality
and fewer defects, availability of detailed process data, reduced timeto market,
early identification of technical problems, etc.

Here is asimple description of a scenario in which business partners integrate
their activitiesinthe extended enterprise. Initially, the end product manufacturer
prepares the design of the new product and provides the relevant design and
business documents on the Web site. Bids are then invited from low-tier
suppliers. Interested suppliers can access the Web site to obtain necessary
documents, so that bids can be prepared and later submitted. If necessary,
suppliers can usethe NetMeeting to hold alive collaborative discussion session
with the end product manufacturer. The whiteboard facility is brought up and
everyone starts the markup process as appropriate. Comments from chat
sessions and markups from the whiteboard are all saved in the Web site. The
informationisdynamically converted and displayedinthebest possiblemultime-
dia Web format. Supplier questions regarding a particular feature may be
resolved by direct interactions through the Web site. Conflicts between the
designers, shop-floor personnel, and the suppliers are all resolved through the
Web site.

Figure 6 shows an image of a live net-conferencing session between an
imaginary OEM (original equipment manufacturer) and asupplier, who may be
thousands of milesapart physically. Itisimportant to notethat thewhol e process
takes place electronically, with no need for expensive paper drawings. Notice
the presence of audio and video equipment and the ability to mark up and time-
stamp the documents electronically. The discussions from each session, stored
in a chronicle order in the same file, can be retrieved very easily, and the
complete file can be stored in the system.
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Figure 6. Supplier Involvement and Selection in New Product Development
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Intelligent Product Manuals: Technical Supports and
Customer Services

Onceaproduct hasbeen designed, manufactured, and delivered, the user rightly
expects that it be properly supported. Product support consists of everything
necessary to allow the continued use of a product. It may be required for the
tasksof planning (for use), handling andinstall ation (preparing for use), operation
(use), maintenance and troubleshooting (keeping in use), and upgrading and
disposal (changing and ending use). To accomplish these support tasks, the
product is brought together with the necessary supplies (consumables and spare
parts), equipment (tools and facilities), persons (suitably skilled), and informa-
tion.

A product support network provides for the production or acquisition, storage,

and supply of theabove-mentioned supportitems. It caninclude product training,
technical documentation, helplines, servicing, sparepartsordering, and mainte-
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Figure 7. Intelligent, Integrated, and Internet-based Product Manuals
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nance management. Conventionally, all support items are brought together
physically withtheproduct, whileinformation and personsare supplied remotely,
e.g., by telephonelink. Despitethisprovision, product support can still becostly,
labor intensive, and of poor quality from both the supplier’sand user’ s point of
view.

Intelligent product manuals (IPMs) are designed to supply the user with product
information of such high quality that thetask of theuser iseffectively de-skilled.
Figure 7 shows an example of an IPM. Thus, the product becomes easy to use
and maintain by thevirtue of thisenhanced task support. Thebenefitsof thistype
of system are reduced need for skilled persons and for training new technical
staff (decreased cost), respectively, and better and quicker task performance
(reduced cost and improved performance). Enhanced el ectronic communication
between the hardware, theinformation systems, and personsinvolvedin product
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support creates some other opportunitiesto be considered alongside with IPMs.
These include computer-based training, remote hardware monitoring (e.g., via
thelnternet), telepresenceof skilled persons(e.g., by videolinks), andintegrated
spare parts ordering and maintenance management systems.

Collaborative Product Development Project
Management

Collaborative product development (CPD) has been an area for intensive
research for two decades. Certain success factors are teamwork, better
communication, project management, information sharing, and consistency.
Figure 8 shows an overview of a prototype Web-based framework, called
POPIM (Pragmatic Online Project Information Management), for managing
collaborative product devel opment projectswithin an extended enterprise envi-
ronment (Huang, Feng, & Mak, 2001). The framework provides a common
workspacefor geographically dispersed project team membersto communicate,
share, and collaborate on a project through online access to the most up-to-date
projectinformation. Asaresult, ahigh-level dataconsistency can be maintained,
and experience and insights can be accumul ated to form the knowledge base. In
addition to standard project management functionality, such as defining work
structure breakdowns, determining work schedul es, teaming up with specialists,
and allocating resources, POPIM incorporates workflow management (includ-
ing dependency management) and deliverable management (document manage-
ment if documents are considered as one kind of deliverables). Individual
members have their personalized accounts according to their skills and roles/
responsibilitiesin aproject. A project team and its members may maintain their
own journals/records. More application-specific functions, such as product
design review and engineering change management, can beimplicitly performed
through online document forms.

Interoperable Web Applications

Web applications are usually developed for human users to use with Web
browsers. Some Web applications have been developed in such away that they
can accesseach other with little or without humanintervention. Thistype of Web
application is considered as interoperable. For example, an application server
andaclient areinteroperable. Theclientisabletoinitiate or terminatetheserver.
Moreimportantly, the server and the client are devel oped in away such that they
can exchangeinformationwhenthey are operating in amutually understandable
way.
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Figure 8. Managing a Product Development Project over the Web
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However, such mutual understanding isnot guaranteed between individual Web
applications. The reason is that participating Web applications in a project are
usually devel oped by third partiesor by the samedevel oper but at different times.
At the time when aWeb application is developed, other Web applications may
not exist or are still unknown for their existences. Therefore, they are not
developed to provide “plug and play” type of mutual interoperation.

Considerable efforts have been made to provide a standard for developing
interoperable Internet applications. Three of the most popular distributed object
paradigms are Microsoft’s Distributed Component Object Model (DCOM)),
OMG’ sCommon Object Request Broker Architecture(CORBA), and JavaSoft’ s
Java/Remote Method Invocation (Java/lRMI). The standards for distributed
computingonly provide specificationsregarding thecomputational feasibility in
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terms of the format of information and control exchange between applications.
They do not deal with the technical contents of the exchange. Both the formats
and contents are of great significance. In the area of distributed artificial
intelligence, KIF (Knowledge I nterchange Format) has emerged as aformat for
KQML (Knowledge Query and Manipulation Language) arguments. I nthe area
of product design and manufacture, STEP (standard for the exchange of product
model data) is being developed and adopted by individual participants as their
internal formats for representing product, process, and resource data and also
their results.

As far as the contents of exchange messages are concerned, there has been
effort in developing engineering ontologies. This effort focuses on defining
formal vocabulariesfor representing knowledge about engineering artifactsand
processes. These vocabularies specify the assumptions underlying the common
views of such knowledge.

However, themajority of existing Web applicationsinthefield of product design
and manufacture are not developed as being interoperable. This has been
highlighted by early experimentssuch asCyberCut and MADEFAST. CyberCut
is an extension of the Integrated Manufacturing and Design Environment
(IMADE), devel oped at theUniversity of California, Berkeley, into adistributed
agent environment on the Internet (Smith & Wright, 1996). Another illustrative
example system is MADEFAST. It was an early example of anew and rapidly
growing genre of projectsthat usethe World Wide Web (WWW) extensively for
collaborating and achieving results. The basic idea behind the MADEFAST
project is that an engineer would have access to a powerful workstation for
recording designs, sketches, memos, meeting notes, etc. Thisworkstationisalso
connected to the Internet, whereit hasaccessto the shared MADEFAST project
pages posted by all participants, as well as tools and services.

Most participant systems included in these CyberCUT and MADEFAST
experiments were developed by third parties or by the same developer at
different times. Therefore, they are not interoperable. Further processing is
necessary. One solution isto introduce the concept of agents that wrap up Web
application, even stand-alone applications, so that they can be interoperable.
Agentsareusually attached to the corresponding Web applicationson the server
side but downloaded to the client side. Such downloaded agents connect the
clients to the corresponding Web applications. Frost and Cutkosky (1996) and
Smith and Wright (1996) explained how individual agents work and how they
work as a community. The authors are further extending the concept of
intelligent agents in the context of workflow management (Huang, Huang, &
Mak, 2000a).

Copyright © 2005, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of ldea Group Inc. is prohibited.



Collaborative Product Development 75

Web Applications for Group/Team Work

Significant progress has been achieved in developing and applying support
systems for group or team decision making. There have appeared two major
research themes. Oneisgenerally referred ascomputer-supported collaborative
work (CSCW), and the other isworkfl ow management. The Web technology has
been used in both.

The aim of the Web-based CSCW research is to develop a Web-based
framework or architectureto support teamwork or group decision making rather
thanindividual decision support systems (DSS) for solving particular problems.
The participants in these frameworks are usually human members of a project
team. Much of the decision makingisaccomplished by theindividual participants,
with or without the help of computerized DSS. One example of Web-based
CSCW isGroupSystemsWeb (Romano, Nunamaker, Briggs, & Vogel, 1998). It
is an HTML/JavaScript Web-based group support system. It provides an
environment for group coordination and a suite of collaborative tools. The
environment builds upon the GroupSystem concept, which providesacomputer
for each participant, software for each task, a public screen to focus attention,
anetwork to share information, access to external dataat anytime, at any place
supports and extends that concept to provide support for distributed collabora-
tion.

The research on workflow management seems to involve not only human
participantsbut al so software systems. Systemsareabletoinitiateand terminate
by themselves. In contrast, participantsin CSCW are human users who may be
assisted by computer systems, not the software participants. In a workflow
model, participants, whether humans or software, are represented as nodes and
the flow of work as edges. The flow of work includes the flow of data and the
flow of control. WebWork (Miller, Palaniswami, Sheth, Kochut, & Singh, 1997)
is an example of a Web-based workflow management system. It provides the
command, communication, and control for theindividual tasksintheworkflow.
WebWork implementation reliessolely ontheWeb technol ogy astheinfrastruc-
ture for the enactment system. It supports a distributed implementation with
multiple Web servers. It has been developed as a complement to its more
heavyweight CORBA-based counterparts with the goal of providing ease of
workflow application devel opment, installation, use, and maintenance.

Although software systems can be participants in Web-based collaborative
workflow management systems, they can be operated manually by human users
or automatically operated by other systems. In the latter case, the software
participants become interoperable agents as discussed in this chapter. The
authors have proposed an approach where participant systems are represented
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asintelligent agentsand their interrelated activitiesare controlled and schedul ed
by flows of the work (Huang et al., 2000a).

Enterprise Portal for Collaborative
Design Review: Case Study

The business process of the case study in this section is that of collaborative
design review — atypical subprocess of the CPD process. The resulting Web-
based framework — CyberReview — can be considered an EBS that includes
anumber of facilitiesfor supporting decision activitiesinvolvedin CDR. If these
facilities are themselves considered individual EBSs, then CyberReview be-
comes an enterprise portal for CDR.

The Design Review” Business Process

Designreview (DR) isavital control point for any design project to transit from
one stage to another in a critical enterprise business process — the product
development process. Its purpose is to evaluate the design in terms of costs,
quality, and delivery; to ensurethat the most suitable knowledge and technol ogy
are incorporated into the design; and to resolve possible problems instead of
passing them downstream.

DR isitself a business process that can become very complicated. A team is
usually involved and tasked with the eval uation of adesign at a certain stage or
throughout the process. Theteam consists of membersfrom multipledisciplines.
Some membersrepresent lead users (key customers), some represent core (key)
suppliers, and others may come from various functions and units of the
organization. In addition to specialist disciplines, the members are typically
dispersed geographically.

Traditionally, DR is conducted in a sequential manner, as shown in Figure 9a.
In the sequential design review practice, the design team initiates the review
process by submitting a package of design documents. This package is then
circulated among the members of the DR committee one after another. Once all
the members finish reviewing all the design documents, a review meeting is
organized. Thisprocessisusually very tediousand thereview cycletimeisvery
long, becoming very inefficient especially when someexternal members, such as
key customers and suppliers, are involved from other geographical regions.

Ideally, members of the DR committee should conduct their own evaluationsin
parallel to each other. The parallel execution of DR activitiesis able to reduce
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Figure 9. Sequential vs. Parallel Design Review

(a) Sequential design review (b) Parallel design review

the DR cycle time and thus to improve DR efficiency dramatically. However,
thisis only possible within an appropriate environment or infrastructure. One
method isto make multiple copiesof the DR documentary package and circul ate
them simultaneously to the committee members. This approach creates an
excessiveamount of paperwork and causessignificant difficultiesin collating the
individual reviews. Naturally, analternativethatismoreenvironmentally friendly
and operationally moreefficient isto take advantage of theinformation technol -
ogy (IT) in general and the Web technology in particular.

Recently, there have been reports on using Web sites to serve as central hubs
for members in the DR team to share design documents. Undoubtedly, this
simple approach potentially leadsto significant improvementsin DR practices.
The research reported in this chapter has a more ambitious aim to develop an
overall methodology for enabling a more efficient and effective design review
system in the new product development process and to demonstrate the
framework through a prototype Web-based platform on the Internet/intranets
using Web technology.

STAR: Systematic Theory for Axiomatic Design Review

Axiomaticdesignwasoriginally proposed by Suhinthe 1980sand formulated as
a generic theory of axiomatic design, as demonstrated systematically in Suh
(1990). In the theory of axiomatic design, Suh (1990) defines design as the
mapping process between the functional requirements (FRs) in the functional
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domain and the design parameters (DPs) in the physical domain. Conceptually,
thedesign processcan beinterpreted asaprocess of invol ving choosing theright
set of DPs to satisfy the given FRs.

With the same convention of DPs and FRs, we can extend the theory of
axiomatic design into a systematic theory for axiomatic design review (STAR)
by reversing the direction of mapping between them. In STAR, the mapping is
from the DP domain to the FR domain. The establishment of STAR contributes
to the scarce literature on design review (DR). The ad hoc DR practice (Ichida,
1989) can now be guided in a systematic way. Thus, such systematic design
review practiceismorelikely to meet the requirementsimposed by thel SO 9000
quality standard where design review is mandatory (Schoonmaker, 1996).

Inaddition, STAR providesasystematic DR framework for devel oping comput-
erized (Web-based) decision support systems. Thisisasignificant additiontothe
PDM (product data management) technology, where DR has traditionally not
been treated as heavily as engineering change management (ECM). Based on
STAR, Huang (2002) has presented a proof-of-the-concept Web-based applica-
tion called CyberReview, which can bedeployed to form an enterprise sub-portal
to support DR activities.

Following previoustheoreticinvestigation and preliminary devel opment, wehave
fundamentally redesigned and developed the CyberReview system recently.
Improvements have been made in two main directions. One is related to the
techniques in which the system is implemented. This time, our do-it-yourself
components, such as TreeView and Menu, have been extensively applied. The
mai n advantage of this approach isto reduce the cost and cycletime drastically
in developing el ectronic business solutions. Thedevelopment inthisdirectionis
beyond the scope of this paper. The next section will present a brief overview
of the newly designed CyberReview.

CyberReview: Enterprise Portal for Collaborative
Design Review

As shown in Figure 10, CyberReview is deployed as a sub-portal of an
enterprise’ s CPC (collaborative product commerce) portal, which is part of the
enterpriseportal. After the DR projectissel ected, theuser will be presented with
the user interface that includes multiple tabs, as shown in the lower part of the
figure. They act asthe navigation bar, reflecting the workflow of DR within the
STAR framework. The components of the CyberReview are briefly explained
next.
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Another typical form of design review isto ask members of the review team to
fill in same forms, either online or offline, and then the results are collated by a
coordinator. These reports are public or common in the sense that all members
must complete them regardless of their roles and expertise.

Finally, adesignisoften reviewed by various specialists, who normally follow
their own review methods specifically developed from their disciplines and
produce specialist review reports. Some of these reports are dynamic online
documents and some are static offline documents, depending on whether the
specialist decision support systems are Web based or not. Normally, specialist
review reports are private in the sense that only the specialists of the relevant
disciplines have access to them.

Team Explorer for User and Role Management

Generally speaking, there are two groups of professionals involved in design
review: the design team, who produces and publishes the designs for review at
the enterprise DR portal, and the review team, who obtainsthe designsfrom the
portal to conduct a review. The memberships of these two teams may overlap
to varying extents depending on specific situations of acompany. With user role
management, their accessto relevant facilitiesis controlled automatically. The
third roleis that of coordinating design review activities, whether thisis done
formally by appointingaDR coordinator orimplicitly by onemember fromeither
the design team or review team. The Team Explorer provides facilities for
establishing theseteams and defining theroles of individual membersinthe DR
process.

Task Explorer for Project Management

The Task Explorer basically providesfacilitiesfor project management, for the
project manager or coordinator to plan and manage the activities and resources
involved in the design review process, in particular, for establishing the review
committee, defining design documents, and preparing review documents. It links
the Design Workspace, Review Workspace, and the team responsibilities and
roles. The Task Explorer also gives agood overview of the progress of the DR
project in the execution stage.
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Design Explorer for Design Wor kspace (DW)

The Design Explorer provides a set of facilities for manipulating the Design
Workspace of the STAR framework. Basic facilities include upload and
download mechanisms for the design team and the review team to deal with
design documents under review. The Design Workspace (DW) provides a
repository for archiving design objectsintheform of digitized documentsrel ated
to one design project. Such documents are further classified into offline static
and online dynamic. Static offline documents are those files produced by
proprietary software systems uploaded onto the CyberReview database. Dy-
namic online documentsare themsel ves dynamic Web pageswhose contentsare
connected to the CyberReview database or those of the proprietary Web
applications.

One of the examples of the dynamic online documentsis aWeb application for
manipulating the product structureintheform of Bill of Materials(BOM). Such
aBOM treeisdynamically constructed from the datain the back-end database.
The BOM Explorer isitself anindependent EBS and can be used in other high-
level EBSs such as design change management. In addition to the fact that
dynamic online BOM of a product is itself a document for design review, the
BOM Explorer isitself avery special representation of the Design Workspace.
VRML files, comments, and reviews may be directly related to BOM items.

Review Explorer for Design Review Workspace (RW)

The Design Review Workspace archivesthetempl ates of design review reports.
The Review Explorer provides facilities for uploading and downloading, even
designing, these templates. Similar to design documents under review, review
reports can also be classified into static offline and dynamic online.

DR activitiestake placein several forms, which require different review report
templates. For example, DR may take the form of free discussion within an
electronic forum, where areviewer selects adesign object (document), creates
one or morethreads of discussion, and presents his/her initial comments. Other
reviewersmay follow up thediscussionsalong the existing threads or create new
threads of discussions. The Comments Explorer providesdynamic onlinefacili-
ties for this purpose.

Another typical form of design review is through meetings among the review
team members. The M eeting Explorer providesaset of dynamiconlinefacilities
to support holding review meetings for both the chairperson (project manager)
and the team members before, during, and after the meeting.
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General Procedure of Using Cyber Review

The general procedure of using the CyberReview system followsthat of Figure
3. Thefollowing main activitiesareinvol ved:

*  Withthehelp of thereview coordinator, the project manager establishes a
review team or committee, specifies design documents to be included for
review, and prepares review documents (pro forma and procedure).

*  The design team uses the Design Explorer to upload the desired design
documents (including 3-D drawings in the VRML format) onto the
CyberReview repository.

. Individual membersin the review committee use the Comments Explorer
to carry out their reviews by submitting comments and suggestions to the
CyberReview database. Thisis generally asynchronous.

*  Withthe help of the Meeting Explorer, areview meeting is called upon to
resolvethecommentsfromindividual members. Thisisgenerally synchro-
nous.

Summary

Whether weare devel oping or applying EBSsto support CPD activities, weneed
to identify and group these activities at an appropriate level significant enough
to justify the development efforts or to maximize the application effectiveness
and efficiency. Although standard methods exist in business process manage-
ment and project management, exactly how to use such methods remains an art
and requires great care specific to the problem domains.

With the emergence of more and more EBSs on the software market and the
introduction of EBSsby moreand morecompaniesfor their product development
decision activities, the establishment of a Web portal for these EBSs becomes
morerelevant and essential. Theresulting effectivenessand efficiency of having
acentral portal/hub for all EBSsfor CPD exceed the simple sum of putting them
together. The difference becomes more evident if the design workspace is
shared without compartments.

However, a common design workspace without compartments does not come
without technical or disciplinary restrictions. Infact, all the Web-based systems
mentioned in this chapter have not yet overcome their technical limitations of
becominginteroperable Web services. Inaddition, individual EBSsdedicated to
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different groups of decision activities will continue to have their own working
memories. Great care is needed to capture the interfaces between different
groupsso that compartmentalized working memoriesare somewhat interrel ated.

Whilegreat challengesexist in order to break down the el ectronic compartments
between EBSs, the developments, as they have been, are offering tremendous
benefits and advantages over stand-alone systems or platform-specific net-
worked systems. Among many advantageswidely lauded, thefoll owing deserve
further mentioning to concludethischapter. Firstly, with client-server architec-
ture, both Web-based design services and their users can be geographically
distributed anywhere in the world as long as they are available on the Internet.
This suits well with collaborative product devel opment, where team members
often work at different localities and on different shifts.

Secondly, Web applications are accessible openly and concurrently 24 hours a
day throughout theworld. Such open accessibility reflectstheready availability
of specialist skillsand knowledgerequiredin collaborative product development.

Thirdly, as long as the user has the use of an open standard Web browser in a
client on the Internet/intranet, he or she can have instant access to any Web-
based design tools. Both the client and the server communicate with each other
using a standard HTTP (Hypertext Transfer Protocol), regardiess of their
hardware configurations and operating systems.

Fourthly, installation, maintenance, and upgrading are nolonger necessary onthe
client side. These activities are accomplished on the server side by the service
providers. Install ationisautomatically achieved during the downloading process
when an access is made to a Web site.

Fifthly, Web applications have the same performance as stand-al one systemsin
termsof functionality, interactivity, and usability. Thisisowingtothemultimedia
capability and client-side scripting/processing of the Web technol ogy.

Sixthly, Web applications can perform faster than conventionally networked
servers because some computation is performed locally on the client machines
rather than remote machines.

Seventhly, unlike stand-alone systems where only single users can gain access
at atime, Web applications can be accessed by multiple users at the same time.
Thistruly creates a concurrent engineering environment, where product devel-
opment activities can be carried out in parallel.

Eighthly, Web applications possess greater scalability. This can be easily
understood using the three-tiered architecture. Web applications can either
share the same data source or have their own data sources at the database tier.
The server components of the Web applications can be freely deployed without
affecting each other. The client components (Web pages) can be arranged
(scaled up) as desired.
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Finally, when the Web is used for information management, changes can be
posted on the network, thus allowing users in remote locations to have instant
access to these changes. A dynamically generated Web page that reports any
relevant information to the manufacturing engineers, either on request or by
notification, could drastically reducethe“ search” time. Furthermore, thereisno
need for the user to know explicitly how the datais transferred in the system.
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Chapter |V

Collaborative
Engineering

Manuel Contero, Polytechnic University of Valencia, Spain

Carlos Vila, Jaume | University, Spain

Abstract

This chapter introduces the importance of information technologies for the
integrated product and process development within the framework of
manufacturing excellence models. It argues that the success of the interaction
between different activities holds on the necessity of an appropriate
product data quality. The authors present a description of the evolution of
concurrent engineering to extended enterprise collaborative engineering
and introduce basic mainstays where computer tools and technologies
enabling virtual workgroups will suppose a key element for these
environments. The expansion of enterprise architectures using extended
and virtual models is possible due to the advances of communication tools
and the capabilities of computer-aided tools that heavily depend on the
digital product representation. It is expected that focus on the product data
quality not only will solve the intrinsic problems related to CAD model
structure data exchange but also will simplify the integration of downstream
applications in the collaborative engineering design chain.
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I ntroduction

Product development is akey activity for enterprise survival and competitive-
ness. This process must be agile and efficient in order to provide enough
flexibility to adapt products to a continuously changing market. Most of new
product development methods are based on empowering the role of design and
shortening the devel opment cycle of new products. Digital toolslike CAx and
product data management (PDM) systems are key elements in this strategy.
They allow usto experiment with many alternative solutions, providing better
high-quality productsinlesstimewhich areinexpensiveto produce. Shortening
the development cycle and lowering costs are some of the advantages of
employing digital mock-upsand simulatemanufacturinginavirtual environment.

A complete digital representation of the product and its manufacturing process
allowsusto carry out complex simul ations, avoiding the construction of physical
prototypes and detecting bottlenecksin the manufacturing process. In thisway,
both an important time reduction in the whole devel opment process and a better
guality are obtained, as more design alternatives can be explored.

However, this approach is not exempt of problems because it is necessary to
transfer product data between different software applications. This introduces
the data exchange problem because data can be degenerated or even lost during
exchanges. In this context, product data quality is becoming a key issue to
guarantee a true integration among actors defining the product development
process.

Beyond Concurrent Engineering to
Collaborative Product Development

L ookingintotheoriginsof the problem, itiswell known that product devel opment
has suffered an enormous evolution over the last two decades. The appearance
of concurrent engineering (CE) was a milestone in simultaneously lowering
product cost, increasing product quality, and reducing time to market. Concur-
rent engineering was born as an initiative of the US Department of Defense. In
1982, the Defense Advanced Research Projects Agency (DARPA) began a
programwith the objective of improving product development. Asaresult of this
program, Winner, Pennell, Bertrand, and Slusarczuk (1988) first defined theterm
concurrent engineering:
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“Concurrent Engineering is a systematic approach to the integrated,
concurrent design of products and their related processes, including
manufacturing and support. This approach is intended to cause the
developers, from the outset, to consider all elements of the product life-
cycle from conception to disposal, including quality, cost, schedule, and
user requirements.”

After this project, DARPA started a five-year program, the DARPA Initiative
in Concurrent Engineering (DICE), aimed toincorporatethismethodology inthe
US military industry. As part of this initiative, the Concurrent Engineering
Research Center (CERC) was founded at West Virginia University in the US.
Asaresult of thiswork, Cleetus (1992) proposed another definition for CE:

“Concurrent Engineering is a systematic approach to the integrated and
concurrent development of a product and its related processes, that
emphasizes response to customer expectations and embodies team values of
cooperation, trust, and sharing in such a manner that decision making
proceeds with large intervals of parallel working by all life-cycle
perspectives, synchronized by comparatively brief exchanges to produce
consensus.”

At the end of 90sthe quest for reducing costsled to the progressive outsourcing
of design tasks to suppliers. This movement brought suppliers into greater
involvement in design and product technology responsibility (Gao, Manson, &
Kyratsis, 2000). Themost advanced industries, likethe automotive, aeronautical,
and aerospace ones, soon adopted this trend. Automotive maker Chrysler
pioneered the development and the use of the extended enterprise concept. It
means working closely with the supply base in a teamwork atmosphere of
cooperation based ontrust, communication, and partnership, wheretheworkgroup
usually isgeographically dispersed and advanced tool ssupport communications.

In the last years, new enterprise models appear to exploit modern high-
performance computer networks. In this context, the concept of extended or
virtual enterprise (Goranson, 2003), with its sharing of data, costs, skills, and
technology, allows this new kind of enterprise to introduce products into the
market that previously could not deliver individually. The European Society of
Concurrent Engineering (Glossary, n.d.) defines avirtual enterprise as a:

“distributed, temporary alliance of independent, co-operating companies
in the design and manufacturing of products and services. Such a complex
organization makes use of systematic approaches, methods and advanced
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can befound in that the new information technol ogy environments demand new
organi zational capabilitiesto obtain competitive success. Frequently the funda-
mental origin of this problem isdueto astrategy of the company that is unclear
or because the new barriers have not been contemplated.

Many authors (Davenport, 1993; Kaplan & Norton, 1996) agree in that, to
resolve this lack of understanding, managers should be able to transmit the
strategy of thebusinessunit towardsthelower management level, defining some
specific strategic objectives that could be summarized in actions that will be
supportedin new techniquesor technol ogies. Inthe oppositeway, inferior levels
should be able to guarantee that all the efforts carried out in the operative part
are completely aligned with the strategy that will address future actions of the
company and that will establish the new medium- and long-term investments
regarding employees, processes, and technology.

Inthe applicationfield of new information technologies, strategy will be“ every
collection of rules that will assure a good decision made in each moment for
its implementation and development, in order to reinforce its alignment with
the global objectives of the organization.”

In ageneral way, we can say that, basically, strategic management emphasi zes
threeenvironments: the strategic analysis, whichimpliestheinvestigation of the
mission, the values and the objectives of the company, aswell asthe study of the
environment and the resources; the formulation of the strategy, which should
be carried out at corporative, business, and functional levels; and theimplemen-
tation of the strategy, whereit is necessary to study the organizational structure
of the company, their capacities, planning, and control.

For thedevelopment of the strategy, carried out by managers, itisconvenient that
it will include an entire series of associated performance measures or metrics
that will allow usto assessif thestrategy hasbeen clearly defined and formulated
and if it is being implemented correctly.

For example, Prasad (1996) proposes a global system of strategic metrics for
managersthat will allow themto eval uatethiscompetitivenessimprovement and
that should be later particularized in specific metrics for each process it is
required to innovate.

When establishing thisstrategy itisnecessary to consider theinteractionsof new
technologies. Therefore, it isnecessary to define new management models that
will facilitatetheintegration of different activitieswith their diverse objectives,
taking advantage of the new tools, to provide a new perspective for strategic
management.

Summarizing, managersshould adopt amodel that will allow themtoidentify the
predisposed improvement areas to increase competitiveness. This model will
require performance measure systemsthat will identify whichlevel of innovation
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technologies for increasing efficiency, and is enacted by the means offered
by recent Information and Communication Technologies.”

Integrating the virtual enterprise paradigm and the methods of concurrent
engineering, a new concept named concurrent enterprise arises. Thoben and
Weber (1997) proposed thefollowing definition:

“The Concurrent Enterprise is a distributed, temporary alliance of
independent, co-operating manufacturers, customers and suppliers using
systematic approaches, methods and advanced technologies for increasing
efficiency in the design and manufacturing of products (and services) by
means of parallelism, integration, team work, etc. for achieving common
goals on global markets.”

However, companieshavehad problemsadapting new technol ogieswhiletrying
to transform the product development process. Although they have spent many
millionsautomating thedesign activitiesand the manufacturing onesthey haven't
had success in achieving their strategic goals.

With this negative experience, companies began to understand that one of the
weaknesses was the lack of a link between their main objectives and the
innovation processes performed, and the need for asurvey to explore the origin
of thisrupture.

The vision of the company through the added value chain allows managers to
develop the processes management view, breaking up therefore with the
traditional models. Processes management reinforces the model s of managerial
administration becauseit allowsusto identify thosethat should be continuously
improved to satisfy the client’ s requirements. Furthermore, processes manage-
ment makes the connection of the main objectives possible with the innovation
actions that can strongly influence in strategic processes, such as those of
creation of value processes or support processes.

Within this context, it is clear that all the actions focused on technological and
organizational innovations for the product development process should come
from the company’s strategic planning since this is one of the processes that
exploitsthe competitiveness of thecompany, optimizing their contributiontothe
added value chain (strategic planning determines how one wantsto competein
a temporary horizon and it can be, basically, either being leaders in costs or
differing in the product).

Aswehavealready mentioned, companieshavenot known how to adapt the new
technol ogiesto the organization to achievethese strategic objectives. Thereason
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is necessary for the selected processes so it will be aligned with the global
strategy.

Therefore, it is necessary to survey different company activities from another
point of view, so that the contribution of each one and how they interact during
product development isreflected in the process. Thisapproach should beableto
offer us key information in understanding the importance of integration of
activities.

Manufacturing Excellence Models

Excellence modelswith ageneral approach try to evaluateif the companies are
implied in the encouragement of the total quality and to detect to what extent.
Reference modelsmake an effort to unify approaches, avoiding theproliferation
of total quality management models, so that companies can be compared to this
model and check out if they are achieving quality requirements.

On one hand, there are models such the Malcolm Baldrige Quality Award
(National Institute of Standards and Technology, 2003) and the EFQM M odel
(European Foundation for Quality Management, 2003), which result from
multipleiterations carried out in studies and proposal s by academic institutions
and governments. These models consider the different existent interrelations
inside and outside of the company that continuously feed back and converge, a
consequence of their maturity through time.

On the other hand, there are the proposal s of particular aim excellence models,
headed to manufacturing companies, as developed by the Society of Manufac-
turing Engineers and by the Next Generation Manufacturing project (NGM).

These excellence models clearly reflect the new problem of information
technologiesinall itsextensions, not only fromthetechnol ogical point of view but
also as support tools for the innovation of products.

Information technol ogies have posed asecond industrial revolution, deeper and
wider than the steam machine. The competitiveness, and therefore the survival
of the existing company, isdetermined in good measure by its adaptation to this
changing environment and the advantages that these new tools bring.

In 1985, the Computer and Automated Systems Association of the Society of
Manufacturing Engineers (CASA/SME) published its integrated vision of the
company (computer-integrated manufacturing wheel) that symbolized the gen-
eral structure of an automated company. This model, which was generally
accepted, demonstrated that production had entered into the new era of
information technol ogies, where computerswoul d befundamental to managethe
manufacturing company.
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However, this model did not articulate topics as important as the need for
simplifying the processes before its automation or also the interaction of the
company with itsclients and suppliers. Therefore, anew model was devel oped,
looking for the integrated management and overcoming the existing barriers
between design and production. The new manufacturing enterprise wheel
(Computer and Automated Systems Association of the Society of Manufactur-
ing Engineers, 1993) upgraded the previous vision of the manufacturing com-
pany, based only ontheinternal integration and automation and stressing the key
roleof theclient. Itis, essentially, aframework that describessix critical success
factors (client, people and teamwork, systems and knowledge, key processes,
resources and responsibilities, and the manufacturing infrastructure) belonging
to different levels that will allow the company to achieve a competitive
production.

Somehow thewheel defined by CASA/SME (1993) guided the Next Generation
Manufacturing (NGM) project (Agility Forum, Leadersfor Manufacturing, and
Technologies Enabling Agile Manufacturing, 1997), which provides a frame-
work to assessthe business of amanufacturing company and to develop strategic
answers to gain success in the next-generation companies.

TheNGM framework usesahierarchical format that, inthefirst place, identifies
the global drivers of the new marketplace, forces that guide the competitive
environment of the future and that exist independently of the actions of any
individual company. Theseguidelinesarethereadinessand location of informa-
tion, the quick changesintechnol ogy, theaccessto technology, theglobalization
of markets, the correspondence between experience and their remuneration, the
environmental responsibility and the limitation of resources, and, finally, the
increment of client expectations.

From these guidelinesderivesaset of attributesthat next-generation companies
and enterprises must possess. A series of barriers and attendant dilemmas are
then identified that must be overcome to achieve the NGM attributes. Key
enablers to overcome these barriers are then defined as imperatives. From the
imperatives arise the specific action recommendationsthat can be acted upon to
move toward the next generation.

TheNGM project identified aset of generic enabling practicesand technol ogies
that were critical for achieving the NGM attributes and resolving the NGM
dilemmas. They clustered these enablersinto 10 high-leverage imperatives, as
follows, grouped within the four elements of the NGM model:

*  people-related imperatives. workforce flexibility and knowledge supply
chains
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*  business-process-related imperatives: rapid product/process realization,
innovation management, and change management

e technology-related imperatives: next-generation manufacturing pro-
cesses and equipment, pervasive modeling and simulation, and adaptive,
responsiveinformation systems

* integration-related imperatives. extended enterprise collaboration and
enterpriseintegration

This framework is not only a practical approach to the present reality of
manufacturing companies but also a reference for the interaction between key
processes, such product devel opment, and thosethat will allow the collaborative
engineeringvision.

Product Development Continuous | mprovement

Aswe have exposed, new excellence model s are driving companies on the way
to competitive positionsthroughtheintegration of all theareas, processesvision
and the development of strategic planning integrated systems.

If we pay attention to the basic added value chain proposed by Kaplan we can
detect that there is a process that requires special attention, the innovation
process, which represents, for manufacturing companies, a key element where
the company can add more value to the created product.

Inorder to completethisprocesssuccessfully, companieshaveto think about the
goal of continuously reducing development times and costs and increasing
product quality. NGM provides, therefore, an appropriate framework for im-
proving the product devel opment process through theimperative rapid product/
process realization and its relationship with the other imperatives, specially
modeling and simulation, adaptive and responsiveinformation systems, extended
enterprise collaboration, and enterprise integration.

This means that the transformation of the product development process should
be done through information technol ogy implementation. Although anew pro-
cesses-oriented vision focus on product development will be necessary, it isnot
enough to regularize new information-technol ogy-based environments.

But thistransformation requires a strategy aligned with the excellence models,
which have not received enough attention, and several key elements need to be
focused on:
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e An organizational model that should be capable of supporting those
strategic objectives. A model that contemplates the whole product life-
cycle, from client product requirementsand thefirst conceptual ideas until
itsretreat (Wang, Shen, Xie, Neelamkavil, & Parsadani, 2002).

e Consideration of the human resources integration while implementing the
new integrated product development organizational structures, bearingin
mind the new teamwork techniques.

e Adoption of new product design methodol ogiesand theories. They allow us
to consider integrating suitabl e product production aspectsas soon as other
life-cycleactivities, assuring that the client’ svoicedrivesthewholedesign
process (Smith & Blanck, 2002).

e Computer support systems that necessarily ought to include product
development tools and those ones that could facilitate the negotiation
process, exploiting current information technologies.

These key elements, which should drive the transformation of the product
development process, constitute the basis of continuous improvement through
concurrent engineering philosophy and deserve our attention on how to align
them with concurrent engineering best practices.

Concurrent Engineering Principles

Theimplementation of the concurrent engineering philosophy, and consequently
collaborative engineering, implies agreat cultural change within the company,
and it should be carried out cautiously. The maturity of concurrent engineering
practicescan hardly end up efficient if they aren’ t preceded by correctly planned
implementation, aligning the objectives of the product development process
improvement with the strategic objectives.

All the exposed ideas bring usto anewer concept of concurrent engineering that
observes the aspects approached during our exhibition. Its definition goes
beyond those carried out initially and seeksto highlight the improvement in the
innovation of products and of processes that can be achieved with the adoption
of thisnew philosophy:

“Concurrent engineering supposes the integration of the product
development process through teamwork with all the areas involved in its life
cycle. With this aim, product design methodologies and tools are used to
allow a regular exchange of the produced information related to the
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product and to allow internal and external collaboration, and that they
facilitate that decisions making is carried out in a synchronized way and
consensus getting this way the improvement of terms, quality and innovation
required by the client.”

With this definition it is important to define a series of elements that could
constitute concurrent engineering basic mainstays. The correct unfolding of
these elements, customized for each company, will provide an appropriate
concurrent engineering environment through which we will assure the success
of thisnew work philosophy.

We consider crucial, as the first mainstay, to define the new design and
manufacturing processclearly, whichisnot usual, especially insmall and medium
enterprises. In order to achieve this aim, processes and activities modeling is
fundamental because it can provide a common working framework to begin to
implement concurrent engineering. Drawing a model of company processes
forces usto obtain aconsensus on the objectives, eases the communication, and
constitutes atool for the analysis and the design of new processes. Obviously,
modeling isatool used for continuousimprovement, and the proposed changes
can beintroduced before being put into practice, hel ping usto evaluatetheimpact
of product development process modifications.

However, product devel opment process modeling isnot enough; weal so need to
evaluate certain characteristic activities to be able to manage the innovation
process and to control and track the new process, determining, therefore, the
obtained improvements. This means that it is necessary to define an entire
performance measures system that will help usto control the new process and
to qualify and quantify the improvements of the process.

Asteams are the core of concurrent engineering, it is necessary to define them
and to adapt them to the new design process, considering all the activities that
influencethe product life-cycle; they are the second basic mainstay. Teams can
be put into practice, setting up formal meetings and using diverse workgroup
techniques, where team members can transmit their experience and knowledge,
achieving better results.

Thisknowledgealready existsinvery small companiesthat havequalified people
with a lot of practice, but usually they don’t constitute or formalize these
procedures and, therefore, they don’t manage this knowledge. Besides, nobody
guaranteesthat these teams are taking the maximum advantage of their potential
when not using methods or appropriate techniques for integrated product
development.

Consequently, methodologies and techniques focused on improving product
design and development constitutethethird basic mainstay. Therearemorethan
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100 of themlisted (Boothroyd, Dewhurst, & Knight, 1994; Pugh, 1991), but some
of the most frequently used ones are:

e QFD (quality function deployment), a structured method in which
customer requirements are translated into appropriate technical require-
ments for each stage of product development and production.

. DfX (design for X) techniques capture, in a standard procedure, all the
factorsknown to beimportant in aparticular design activity. For example:

e design for manufacturability (DFM): rules that can ease manufactur-
ing during early conceptual development,

e design for assembly (DFA): rules that can ease assembly during early
conceptual devel opment,

e design for environment (DFE): rules to achieve a design that uses
minimum material and energy at all stages of the life cycle, providing
maximum reuse and recycling of products.

. FMEA (Failure model and effects analysis): a procedure to analyze each
potential failuremodeinasystem, to determinethe potential effectscaused
on the system, and to classify each potential failure mode according to its
severity.

. DOE (design of experiments): a branch of applied statistics dealing with
planning, conducting, analyzing, andinterpreting controlled teststo evaluate
the factors that control the value of a parameter or group of parameters.

e Taguchi methods: aquality engineering methodol ogy, based on the design
of experiments, to providenear optimal quality characteristicsfor aspecific
objective to improve quality and reduce costs.

We can also |ean on computer-aided technol ogies, CAD/CAM/CAE tools; and
other CIM-related tools, together with new communication and information
technologies, will allow reducing design and productiontime. They represent the
fourth basic mainstay.

Actually, companiesalready deal with agreat amount of information that needs
to betransferred: drawings, data, reports, process plans, work orders, and so on.
Thiscan be carried out in many different waysand by diverse mediums, causing
acomplex management. Those companiesthat are geographically distributed or
that have atechnical office with aconsiderable number of employeeswho work
very closely with ahigh horizontal and vertical interdependency degree cannot
easily centralize this type of information. Therefore, the help of well-defined
architectures for an intranet, Internet, and electronic data interchange system
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ought tobeaprerequisitetowork in successful advanced concurrent engineering
environments. These systems and their architectures constitute the fifth main-
stay.

The accomplishment of these five mainstays, obviously customized for each
company, with the empowerment of the computer tools and technologies
enabling virtual workgroups will suppose not only a successful concurrent
engineering environment but also the first step to collaborative engineering.

Collaborative Engineering Key |Issues

In order to cover the strong competitiveness of the global market, companies
should be equipped with the ability of effective and efficient communication so
that correct information can betransferred to the correct personintheright place
and at the precise moment. Besides, during thelast two decades, manufacturing
globalization has quickly become enhanced and its importance has been in-
creased.

Therefore, since 1980 great efforts have been directed to developing and
implementing computer-supported collaborative work (CSCW) systems. A
CSCW environment is a set of software, hardware, language components, and
proceduresthat support agroup of peoplein decision-rel ated meetings(Monplaisir
& Haji, 2002). CSCW systems usually include software such communication
tools, shared computer-aided applications, file transfers, chats, or
videoconferencing.

Thesetools have hel ped the essence of integrated and collaborative concurrent
product and processes development that, from now on, we will refer to as
collaborative engineering.

Collaborative Engineering Concepts

Wemust broaden the scope of concurrent engineering toincludethe new models
of extended enterprise, virtual enterprise, and concurrent enterprise that have
been spread during the last decade. The concept of collaborative engineering
encompasses both supplier integration and advanced communications tools to
copewith the product devel opment process and extends the scope of concurrent
engineering. Withtheintention of widening the scope of concurrent engineering,
de Graaf (1996) proposesthefollowing definition for collaborative engineering:
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“ Collaborative Engineering is a systematic approach to control life-cycle
cost, product quality and time to market during Product Development, by
concurrently developing products and their related processes with response
to customer expectations, where decision making ensures input and
evaluation by all life-cycle disciplines, including suppliers, and information
technology is applied to support information exchange where necessary.”

In Figure 1 we present a schematic vision of our collaborative engineering
model, based on de Graaf’s definition. The central element is the workgroup,
usually geographically dispersed, workinginthe context of the extended/virtual
enterprise. Concurrent engineering methodol ogies and information technology
tools support the product and processes development. Asin de Graaf’s defini-
tion, product life-cycle, customer input, and supplier involvement areunderlying
elementsincluded in the model.

Figure 1. Collaborative Engineering Conceptual Model
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Computer Support for_Collaborative Engineering

Collaborativeengineering dealswith all themainstaysand all theincluded topics
such modeling, teamwork, methodol ogies, computer support, and architectures.
In this chapter we will focus only on advanced communication tools and
information technology toolsinorder tofind, finally, what istheinherent problem
of electronic collaboration.

Advanced Communication Tools

The heterogeneous enterprise architectures we have presented previously have
promoted the development of new Web-based design tools, which combine
CAD, PDM, and Web access in a unified environment. These tools are aimed
to reduce costs between original equi pment manufactures(OEM ) and suppliers
sharing acommon design platform. Usually thiskind of applicationisbuilt ona
three-tier architecture using the Internet as the communication infrastructure.
Thus, we have a first tier where a thin client, usually through an Internet
navigator, providesthe front end to the system. In a second tier, an application
server hosts the software application. Finally, the database server, holding the
central data repository that stores and manages design data, provides the third
tier. This technology also introduces the concept of subscription, where users
pay amonthly subscription fee for the service. Thisapproach allows companies
to reduce information technology expenses, avoiding buying and maintaining
expensive software and hardware. The growing Internet bandwidth is supposed
to broaden this technology in the near future.

Thefirst supporting technol ogiesfor collaborative engineering wewill comment
on are communication tools. These tools evolve parallel to the Internet and are
fundamental to provide collaboration for ageographically dispersed work team.
Here we can distinguish between synchronous and asynchronous collaboration
(Deng, Pettersen, Jensen, Bang, & Davidrajuh, 2000), depending whether the
collaborative partnersareworking simultaneously or not. Examplesof asynchro-
nous collaboration are e-mail and newsgroups. On the other hand, to arrange a
virtual meeting with our partners, synchronous communication tools like
whiteboards, videoconferencing, and application sharing are needed. In the
context of the extended enterprise, itisusual to find amulti-platform and multi-
vendor environment. For that reason, communication standards are an enabling
element toreal team collaboration. Thelnternational TelecommunicationUnion
andthelInternational MultimediaT el econferencing Consortium have devel oped
several families of standards with this purpose. Thus, the T.120 series of
recommendationscollectively definesamultipoint datacommunication service
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for usein multimediaconferencing environments. I nsidethis series, recommen-
dationsrelated to the communication layer arefound (T.122, T.123, and T.125).
The collaboration layer provides support for both data and audio/video confer-
ences. Thus, recommendations related to data conferencing are:

e T.126: multipoint still image and annotation protocol
e T.127: multipoint binary filetransfer protocol

e T.128: multipoint application sharing

e T.134: text chat application entity

The audio/video conferencing part proposes three standards associated with
communication bandwidth:

. H.320 for ISDN videoconferencing
. H.323 for LAN videoconferencing
. H.324 for low-bit-rate connections such as POTS

Nowadays, themainlimitation for using thesetool siscommunication bandwidth.
From a practical point of view, in restricted bandwidth situations, parts of the
data-video-audio conference can be redirected to other communication chan-
nels; for instance, moving audio conferencing to normal telephone calls and
making sel ective use of thevideo, whichisthe most bandwidth-consuming part.

One of the most interesting facts about communications tools is that many of
them arefree, or their cost is much reduced. So, an imaginative use of them can
be very productive. For example, setting up a newsgroup server can be avery
cheap way to provide adiscussion forum where team work members can ask for
help or receive general notifications about the product development process.

Obviously, communication tools are not enough for collaborative engineering.
They providevirtual teamsthe meansto discussand analyze design projects, but
there are still several issues to resolve, such as encouraging members’ partici-
pation, conflict resolution, meeting control, or decision making. The last one,
decision making, is critical in collaborative engineering and other fields, and,
therefore, decision support systems have been devel oped since the early 1970s.

Decision support systems (DSSs) are a particular category of computerized
information system that supports business and organizational decision-making
activities. DSSs are interactive software-based systems and subsystems in-
tended to help decision makers use communications technologies and compile
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Figure 2. Architecture of Communication Tools
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useful information from raw data, documents, personal knowledge, and/or
business model sto hel p answer questions, identify and solve problems, hold up
or refute conclusions, and make decisions.

The evolution of DSSs started with a decision tool (Shim et al., 2002) that
contained sophisticated database management capabilities (with accessto data,
information, and knowledge), powerful modeling functions, and friendly user
interface. During the 1990s new tools — data warehouses, online analytical
processing (OLAP), and data mining — began to be developed for improving
DSSs. But it has been with the exponential growth of Internet technology that
DSSs have acquired avery important role due to the rapidly expanding volume
of real-time data, information, and knowledge. The Web environment has been
constituted as a critical delivery platform for the development of Web-based
DSSs, which extends its original capabilities and allows the participation of a
large number of geographically distributed users. Web-based means that the
entire application isimplemented using Web technol ogies, while Web-enabled
means that main parts of an application, like a database, remain on a legacy
system although the application can be accessed from a Web-based component
and displayed in a Web browser.

In particular, Web-based DSSsrefer to applicationsthat deliver to amanager or
business analyst decision support information or decision support toolsusing a
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thin-client Web browser like Netscape Navigator or Internet Explorer that is
accessing the global Internet or acorporateintranet. Computer serversthat host
DSS applications are linked to the user’ s computer by a network with the TCP/
IP protocol. Web-based DSSs can be communications driven, data driven,
document driven, knowledgedriven, model driven, or ahybrid. Webtechnol ogies
can be used to implement any category or type of DSS.

If wefocusontheengineering product development cycle, conceptual designis,
possibly, themost crucial task. Itinvolvesseveral phases, startingwith engineer-
ing specifications clarification and followed by the establishment of functional
structures of the product, the search for appropriate working principlesand their
combination, and the evaluation of concept variants against technical and
economical criteria (Wang et al., 2002). The conceptual design ends with the
phase of decision making, which, aswe mentioned before, iscritical in collabo-
rative engineering; and, therefore, Web-based DSSs are needed.

When analyzing the implementation of Web-based DSSs, we must take into
consideration that we can find several types of distributed concurrent engineer-
ing design (DCED) environments depending on the way teams are located and
ontheway DSSs operate. Huang and M ak (2002) found nine possible combina-
tions of teams and DSSs, attending to the combination of a colocated, local, or
distributed team with a stand-alone, centralized, or distributed DSS. The
combination of distributed team and distributed decision support systemisthe
maost sophi sticated mode that has been adopted thanksto Web technologies. The
choice can be more complex if we consider that there can be several levels of
collaboration depending on sharing final results, sharing decision models, or
sharing intermediate results. We must al so hote that during collaborative design
the use of information technologies ought to be coordinated with Web-based
DSSs.

I nformation Technology Tools

Information technology (I1T) development has completely transformed product
development. New methodol ogies, specifically oriented toward shortening the
development cycle, have been adopted. The growth in simulation-based design
tools nowadays makes it possible to analyze the behavior of complex products
without constructing physical prototypes. Virtual factory software allows simu-
lating production and detecting bottlenecks early in the factory design phase.
These new methods are represented in Figure 3. The essential element in this
development approach isthe 3-D solid model provided by CAD applications. A
plethoraof downstream applicationslike CAM, CAE, and many other CAx tools
depends on the geometric model.
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Digital mock-up (DM U) toolsare ableto manage | arge assemblies of thousands
of parts. In thisway, it is possible to detect tolerance and assembly problems
early inthedesign phase. Current DM U applicationsare ableto manage complex
products such as a complete airplane representation. However, optimized
tessellated representations extracted from the 3-D solid models are needed to
cope with so many parts. Some systemsal so provide several representationsfor
each part, each one according to a different level of detail (LOD). These tools
providesimultaneouscapabilitiesfor design collaboration, markup, fly-through,
and interference and collision detection.

Virtual prototyping tools go a step beyond. Their objective isto assess product
function and operating performance. Virtual prototyping solutions make use of
finiteelement analysisand advanced cal cul usto predict accurately the operating
performance of the product by means of virtual tests. Thus, we can simulate a
crashtest with avirtual car, analyzeitsdynamic behavior, optimize aerodynam-
icswith computational fluid dynamics (CFD) applications, and so on.

Inthe superior stage, virtual factory simulation (Klingstam & Gullander, 1999;
Zhai, Fan, Yan, & Zhu, 2002) is used to assess manufacturability and assembly
of the product. There are two main types of simulations:

. Discrete event simulation (DES) applications simulate the behavior of
entities when an event occurs at adistinct time. Thiskind of simulationis
aimed at material flow simulation, the manufacturing system, andinforma-
tion flow analysis. Usually, time in a DES simulator does not proceed
linearly butinirregularintervals.

Figure 3. Advanced Product Development
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*  Geometricsimulation (GS), also known ascontinuoussimulation, proceeds
withtimelinearly in constant intervals and provides ageometric represen-
tation of the whole manufacturing system. It is appropriate for 3-D
visualization, offline programming of robots, and collision detectionduring
the manufacturing process.

Virtual factory simulation providessignificant savings, allowing early detection
of manufacturing bottlenecksin the design phase, not under operation.

The other essential element of information technology isPDM systems. Product
datamanagement (PDM; Drira, Molina, Nabuco, Rodriguez-Peralta, & Villemur,
2001) is the supporting tool that enables us to carry on these advanced
simulations. PDM hasevolved from aCAD file manager application in mid-80s
to provide sophisticated functions as:

. Engineering data management: providing data vaulting and document
management, product structure and configuration management, classifica-
tion, and search.

. Engineering workflow management: providing project management, engi-
neering change and release management, and communication support.

At present, PDM systemsare evolving to takeinto account I nternet, Web-based
technologies (Liu & Xu, 2001) and the new extended/virtual enterprise para-
digm. This evolution leads to the concept of “product life-cycle management”
(PLM; Miller, 2001), which isabroadening of PDM capabilities to support the
management of product definition and associated processes in the extended
enterprise framework by means of Internet/Web technologies. These kinds of
systemsare particularly interesting for global companieswith facilitieslocated
aroundtheworld and al sofor enabling trueintegration among OEMs, clients, and
suppliersin the product development process.

Figure 4. Evolution from PDM to PLM
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PLM systemsallow usto simplify and unify theinformation flow, permitting us
to operate with data not only coming from CAXx applications but also with other
data and knowledge generated in all extended enterprise areas. PLM users can
have all the updated information related to product structure and its processes,
using it for their specific tasks and to generate all the required personalized
reports. These systems include modules or subsystems needed during the
product development cycle; some of them are:

e design process management module

*  engineering changes orders management module

e product configuration management module

e filesrepository and electronic expedition of documentation

Withtheseservices, sharing global information of the product becomesareality,
obtaining, therefore, rich inputs that can have a significant effect on costs,
quality, innovation, and competitiveness, whichisthe competitive advantage of
collaboration. Some of the advantages can be:

. Eliminate the search processand retrieving of lost or not well-located data.
. Facilitate theinformation flow within the workgroup.
. Eliminate the time invested working with old data.

. Providean activenotification systemto maintaininforming of themembers
of the team.

e Allow work of geographically dispersed work teams.
*  Thetimeof development and the global costs can be drastically decreased.

PLM systems allow us to create, to negotiate, to share, and to reuse vital
information of the product and the market inreal time. Based in the use of Web
technologies, they allow us to connect partners, clients, and suppliers in the
design and development process of the product, negotiating all the functions
associated with the life cycle that are basic for their existence (collaborative
design chain).

Collaboration requiresthe useof astructure of collaborative dataadministration
implanted inthe corresponding databases. Thestored informationwill bevisible
onthelnternet and accessiblefromany localizationfor all theauthorized people.
PLM is, insummary, theinfrastructureto get an extended company. Theseideas
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Figure 5. Collaborative Engineering Process Applied to the Ceramic-Tile
Supply Chain
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canbeexemplified with aspecific model of thecollaborative engineering process
for the ceramic-tile supply chain, which is avery dynamic sector (Figure 5).

Tofinishthisanalysisof collaborative engineering, we must emphasize that the
key for all of the product devel opment processisadigital product representation.
The next section will study this aspect in depth.

The Problem of Product Data Exchange

CAD and PDM systems are the primary elements for the advanced product
development process, as noted in Figure 3. Product data management systems
(Driraet al., 2001; Hohn, Steingrover, & Dyla, 2000) supply an infrastructure
orientedto provide everybody’ sneed for informationinaconcurrent engineering
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. Rendering: This application takes advantage of the 3-D model by means
of asurface representation generated by atessellation process, as provided
by the stereolithography (STL) format.

. Digital mock-ups: Thisapplicationusually usessimplified representations
of partsobtained by tessellation and i mplement modelswithdifferent levels
of detail (LODs), specially for visualizing complex structures.

. Digital prototypes: The simulation and finite element applications use
simplified representati ons of the primary view for makingtheir cal culations.
FEA applications need geometry free of small detail sto proceed with mesh
generation. This can be easily accomplished by an appropriate modeling
methodology where unwanted features can be suppressed.

. Physical prototypes: Handmade prototypes have been replaced with
rapid prototyping tools. RP machines make use of a derived model
extracted by tessellation fromthe 3-D solid. The STL format istheindustry
standard for this purpose. The other application for physical prototypesis
CAD datainput in styling applications, where 3-D laser scanning devices
provide clouds of points that later must be transformed to surfaces and
imported into the CAD application.

. Final products: CAM and assembly simulation make an intensive use of
theprimary view. Besides, sometimesit isnecessary to make modifications
intheoriginal geometry. For example, in mould design, usually nominal part
geometry must bedeformedto all ow injected partsto get theright geometry
andtolerances. Thisrequirement introducesadditional difficultiesbecause
the reuse of the primary CAD model for this purpose depends on the
modeling methodol ogy previously used.

Figure 6. Digital Product Model
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environment. These systems also cover external partners' access and company
security and release procedures. We can distinguish:

. Product data (and tooling data): geometry, DMU, analysis and simula-
tion results, materials, reports, etc.

. Process data: advanced manufacturing engineering data (relations be-
tween parts/tool s/processes), build sequence planning and machining data,
work cell definition and plant layout, and so on

Both types of data are closely related to the geometric model provided by CAD
applications. Aswewill seelater, thequality of these CAD model swill beof vital
importancefor asmoothintegration among actorsrealizing the product devel op-
ment process.

Product Data Model

From a practical point of view, as we restrict our analysis to the available
commercial technology, we propose the product data model represented in
Figure 6. Thismodel isbuilt on aPDM system, which serves as the repository
of the different product views that integrate the digital product master model.
CAD provides the connection line among those different views.

Current technology is clearly biased towards design (Hoffmann & Arinyo,
2000). Hence, the 3-D solid model sare considered asthe primary view, deriving
secondary views for other purposes like DMU, analysis, or manufacturing.
Whichever modification of the geometry must be carried on the primary view.
Now, we will analyze how the different tasksin the advanced product devel op-
ment process make use of the primary view:

. Documentation: Most of the engineering drawings are obtained from the
3-D geometric model. Projections and sections are easily created from the
3-D model. Many parametric systems propose a set of dimensions, and the
user has only to select the more convenient ones. Nevertheless, in the near
future, we expect thedrawingsto berelegated to asecondary role; and they
will be even eliminated, at least in the most technologically advanced
industries, asproposed in Step 3 of VDA Recommendation 4953 (Verband
der Automobilindustrie, 1999), where the creation of drawingsisomitted.
Notice thelegal implications since OEMs assign abinding natureto CAD
model data (Volkswagen AG, 2002).
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computer-readableform (Bloor & Owen, 1995): use of acommon system, direct
translation, or indirect translation by means of aneutral file. Thefirst optionis
followed by many OEM sthat, in order to avoidinteroperability problems, impose
specific software systemsontheir suppliers. It meansimposing significant costs
on suppliers, which must maintain multiple systems to satisfy the demands of
multiple customers. Direct translation isanother potential interoperability solu-
tion; but currently it has limited capabilities because translators are not widely
available and have high maintenance costs, and proprietary formats are many
times encrypted, impeding development of translators. The number of direct
translators that need to be written increases exponentially with the number of
systems between which one wishes to transfer information. The number of
translatorsrequired to intercommunicate n systemsisn(n-1). Thethird optionis
to use a neutral file. Software vendors have to write two translators, one to
translate hisinternal dataform into the neutral format and the other to translate
a neutral-format file into his proprietary data format. This approach has the
advantage that it is only necessary to write 2n translators to communicate n
systems, without knowing the proprietary format of other software vendors to
produce viable translators. This is the more interesting alternative from an
economic point of view becauseif wedevel op arich neutral format that supports
the main features found in commercial CAD systems, by only developing two
translators we can communicate with all the rest of the systems.

ISO 10303 (STEP) has been chosen as the main neutral format in industry,
relegating | GESand other popular formatsto asecondary role. Theinitial release
of STEP, publishedin 1994, providesasuccessful way to transfer both drawings
and solid models. Nevertheless, current CAD systems provide modeling tools
like parametric features, constraints, and history-based modeling not supported
by the current release of STEP. Consequently, it can be said that the current
edition of STEP provides a way of exchanging “static” information about the
product. The information transmitted is simply a “snhapshot” of the model
because when making the translation, all the parameterization, constraints, and
feature information is lost. This is a serious handicap for true collaborative
engineering because the engineer encodes his“ designintent” in the selection of
features, constraints, and parameters he makes.

The proper nature of 1SO standards development, based on a succession of
stages (see Table 1), leads to atechnologic gap between current CAD systems
and STEP capabilities.

However, there are several initiatives directed to shorten this gap. Thefirst one
isaimed to provide “static” feature support. In 2001 two application protocols
(APs) supporting features representation reached IS status. They were:
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Finally theimportance of theassociativity concept must behighlighted; it allows
changes made on the primary view to be automatically transferred to the
secondary ones, avoiding many mistakes caused by the continuous variations
suffered by the product model during the development process. The quest for
associativity is one of the reasons that justify the adoption by big OEMs of a
unique, integrated CAD system.

The Interoperability Problem

The diversity of partners and software tools, in the context of the extended
enterprise, that manipul atesthe product digital model leadsto acomplex flow of
product data. Usually, each system hasits own proprietary data representation.
Asaresult, product dataare created and stored in multiple, incompatibleformats.
These incompatibilities cause imperfect interoperability among the software
tools involved in the product development process. Imperfect data exchange
imposes costs on the industry due to higher costs of design and production and
slower completion of design changes. A study done by Gallaher, O’ Conner, and
Phelps (2002) concluded that poor data quality adds 10% to the cost and up to
25%todelivery timeintheUStoolingindustry. A survey performedfor theNIST
Strategic Planning and Economic Assessment Office by Brunnermeier and
Martin (1999) estimates the economic cost of bad interoperability in the US
automotive industry at $1 billion per year. A similar study in the German
automotive industry (Trippner & Endres, 1998) calculates at approximately a
half billion dollars per year the economic impact of the data exchange problem.
As noted by Gallaher et al. we can distinguish three types of interoperability
costs:

*  avoidancecoststo prevent technical interoperability problemsbeforethey
occur, for example, maintaining several CAx systems in order to avoid
tranglation issues among different systems

e mitigating costs to address interoperability problems after they have
occurred, usually the cost of repairing damaged CAD models after
translation, or full reworking if data exchangeisunavailable

e delay costsderived frominteroperability problemsthat delay theintroduc-
tion of a new product

A correct product data exchange strategy is intimately related to later
interoperability costs. There are three alternatives to transfer product data in
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Table 1. Stages in 1SO Standards Development

No. |Stage Déliverable

0 Preliminary |PWI. Preliminary Work Item

1 Proposd NWI. New Work Item

2 Preparatory |WD. Working Draft

3 Committee |CD. Committee Draft

4 Enquiry DIS. Draft International Standard

5 |Approva FDIS. Find Draft International Std.

6 Publication |IS. Internationa Standard

e AP 214: core data for automotive mechanical design processes

e AP 224: mechanical product definitionfor process planning using machin-
ing features

From a design point of view, AP 214 provides two conformance classes
supporting feature-based design:

e CC14: conformance class for feature-based design

e CC15: conformance class for feature-based design with flexible feature
placement

However, at this moment commercial CAD systems do not support these
conformance classesyet. Work for supporting parametric- and constrai nt-based
models in STEP began in 1995 with a new work item (NWI) for SO 14959:
parametrics data exchange. However, in 1997 the development of SO 14959
was cancelled, and related devel opments were transferred to | SO 10303. Then,
in 1998 two initiatives were launched to accomplish the development of
parametricsinside STEP: apreliminary work item (PWI1) titled “History-based
shape modeling” and aNWI titled “ Parametrization and constraints for explicit
geometric product models.” In 2000, a second NWI with the title “STEP
assembly model for products” was set up for supporting 3-D parametric
assembly of parts.

Copyright © 2005, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of ldea Group Inc. is prohibited.



114 Contero & Vila

currently only 17% ($156 million) of the potential benefits of STEP are being
carried out. The completion of these new STEP parts will increase savings
significantly, providing support to many advanced featuresfoundin commercial
CAD systems.

Product Data Quality

The growing importance of product data exchange for the product devel opment
processin the context of the extended enterprise has been analyzed in previous
sections. However, we must distinguish between intrinsic and extrinsic prob-
lems related to the data exchange process. Intrinsic problems are those related
to the structure of the CAD model before any translation process begins, while
extrinsic problems are related to those issues appearing during translation. We
have concluded that the development of STEP is the best solution to solve the
extrinsic problems (Vergeest & Horvéth, 2001) that appear during the data
exchange process. At this point, we are going to focus on the intrinsic aspect of
the product data exchange problem. It is here that the concept of product data
quality isfundamental inunderstanding the origin of many problemsthat suppose
impedimentsto collaborative engineering.

Data Quality Definitions

The Automotive Industry Action Group (AIAG) defines product dataquality in
thefollowingway:

“Quality Product Model Data is constructed accurately, completely
representing the geometric model (math data), and accurately and completely
representing all additional information in a way that can be shared and
used by multiple users and managed with a minimum effort.”

However, Phelps (1999) proposes a more simple definition:

“Product data quality is a measure of the accuracy and appropriateness of
product data combined with the timeliness with which those data are
provided to all the people who need it.”

Thisdefinitionis close to the concept of data quality coming from the software
engineering domain, where alist of desirable quality dimensionsisdefined. For

Copyright © 2005, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of ldea Group Inc. is prohibited.



Collaborative Engineering 113

In the medium term STEP is expected to implement 2-D parametric sections
(explicit geometry supporting different types of geometric, numeric, and alge-
braic constraints), 3-D parametric assemblies (connecting associations among
the components constituting an assembled product and their relations), and
history-based modeling. Thisispossiblebecauseitisrelatively easy toimplement
with the current structure of STEP. For that, new integrated generic resources
(IGR) are being implemented:

*  2ndeditionof Part 42: Geometric and topol ogical representation. Status: | S.

. Part 50, Mathematical constructs: This part of 1SO 10303 specifies the
resource constructs for the explicit representation of mathematical struc-
tures and data related to properties of a product. Status: |IS.

. Part 51, Mathematical description: Specifies the use of mathematical
valuesfor identification of properties, products, states, or activities; theuse
of mathematical spaces as identification schemes for spaces or sets of
properties, products, states, or activities;, and the use of mathematical
functions to describe property variation within a set or space of products,
states, or activities. Status: DIS.

. Part 55, Procedural and hybrid representation: Defines fundamental re-
sources for the representation of models by the sequences of operations
used to construct them.

In addition to these IGRs there are two integrated application resources (IAR):

. Part 108, Parameterization and constraints for explicit geometric product
models: Providesgeneral representationsfor parameterized quantitiesand
for constraint rel ationships between entity data type instances in models.
Transfer of thisinformation with product shape modelsof Brep and related
types captures key aspects of design intent that govern the behavior of a
transmitted model in areceiving system. Status: DIS.

. Part 109, Component relationship and assembly constraints for assembly
model of aproduct: Specifiestheresource constructsfor therepresentation
of the detailed geometric relation between constituents of an assembly
model, including geometric constraints between them. Status: CD.

Gallaher et al. (2002) estimate that current release of STEP has the potential of
save $928 million (2001$) per year by reducing interoperability problemsin the
automotive, aerospace, and shipbuilding industries. This study shows that
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example, Ballou and Pazer (1985) identify four dimensions of data quality:
accuracy, completeness, consistency, and timeliness.

Other approaches give a wider vision integrating contextual aspects of data
quality. Thus, Shanks and Corbitt (1999) propose a semiotic data quality
framework based on four levels: the syntactic (structure of data), the semantic
(meaning of data), the pragmatic (usage of data), and the social level that
concerns the shared understanding of the meaning of symbols.

Another important ideanoted by Wand and Wang (1996) isthat the notion of data
guality depends on the actual use of data. They agree with many other authors
who define data quality as “fitness for use,” showing that the concept of data
quality isrelative. Finally, they al so notethat asimportant asdefining the concept
of data quality is, it isalso important to know how it isto be measured.

Product Data Quality Standards

Nowadays, the most extended product data quality standard is VDA 4955
(Verband der Automobilindustrie, 2002) and its equivalent ODG11CQ9504
“ODETTE CAD/CAM Quality Assurance Method” ODETTE standard. Al-
though originated in the automotive sector, it has been adopted in many other
industries. VDA 4955 providesquality criteriafor both geometrical and organi-
zational aspects of CAD/CAM data. These criteria can be implemented in
software applications known as quality checkers to automate quality auditing.

The geometric criteria (see Table 2 for an example) analyze the polynomial
degree of curves and surfacesto avoid undesired oscillating curvesand rippling
surfaces. There are criteriafor checking the orientation and parametrization of
curve elements and surfaces. The detection of surface and curve defects
(overlaps, steps, and gaps) and theanal ysisof their continuity arevery important
for downstream applications such as NC processing and coordinate measuring
machines (CMM). The organizational criteria of VDA 4955 propose some
recommendationsrelated to model naming and structuring, drawing generation,
and modeling methodol ogy.

Other organizationsintheautomotiveindustry have developed similar standards.
Thus, the French association GALIA has developed the standard CAO.3 y
CAO.4 with similar content to VDA 4955. The Japan Automotive Manufactur-
ers Association (JAMA) has recently developed a standard related to product
dataquality. Inthe US, the Automotive Industry Action Group has established
its Vehicle Product Data Quality (VPDQ) workgroup after the organization
identified product data quality as the highest priority issue affecting product
development in supply chains.
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With theobjectiveof unifyingthe emergent national recommendationsrelatedto
product dataquality, the* Strategic Automotive Product DataStandardsIndustry
Group” (SASIG), establishedin 1995, isworking on devel oping aninternational
recommendation (SASIG-PDQ) for product data quality in the automotive
industry. This group isintegrated by AIAG, VDA, GALIA, JAMA, ODETTE
Sweden, Australia’ sFederal Chamber of Automotivelndustries(FCAL), andthe
Japan Automobile Parts Industry (JAPI). Thefirst version of thisrecommenda-
tion wasreleased in 2001 (Automotive Industry Action Group, 2001).

Implementing a Product Data Quality Strategy

Product data quality (PDQ) can be analyzed from three points of view. Thus,
threelevel sof quality can bedistinguished (Contero, Company, Vila, & Aleixos,
2002):

1. Morphological: related to the geometrical and topological correctness of
CAD models

2. Yyntactic: evaluates the use of the proper modeling conventions

3. Semantic/pragmatic: related to CAD model capability for reusing and
modification

Improving quality at these three levels is an important aid to supporting
collaborative engineering. It isimportant to adhere to some PQD standard, such
as VDA 4955, that provides a good reference for analyzing morphological
quality. Syntactic quality can beimproved by circulating the proper configuration
files and start parts, assemblies, and drawings among the members of design
teams. Also, modeling conventions (for example, naming conventions, layer
structure, and part/assembly parametersand attributes) areabasicissueto avoid
data-sharing problems and provide an easier understanding of CAD models.
Semantic quality is related to the structure of the CAD model. Complex parts
with more than 100 features become difficult to modify because of the multiple
interrelations among features. Modeling methodology is a key issue in this
context so it is very important to document the “best practices” for building
complex CAD models and make thisinformation available through “modeling
guidelines” to design teams.

Commercial quality checkersprovideavaluablehelpto enforcing morphol ogical
and syntactical checks. The more widespread checkers are:

. Parametric Technology: Model CHECK
e Transcend Data: CAD/1Q
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Table 2. Geometric Data Criteria in SAS G-PDQ 1.0

Entity Category
Quality code & Curve Surface Edge Edge Loop Face Shell Solid Model
Category G-CU G-SU G-ED G-LO G-FA G-SH G-SO G-MO
Go Large Large edge
L© | pisconti nuity | segment gap Large patch gap gap Large face gap|
Gq Non-tangent | Non-tangent Non-tangent
NT " P
Discontinuity segments patches faces
NS Gz Non-smooth Non-smooth Non-smooth
Discontinuity | segments patches faces
EG Edge Gap Large edge
face ga
VG | Vertex Gap Large vert. gap
Small curve | Small surface
cr| Curvature- radius of radius of
Radius
curvature curvature
wv Wavy Wavy planar Wavy surface
curve
FO Folded Folded surface
e Degenerate Degenerate
Curve surface boundary|
Degenerate at Degenerate
DP N
Point surface corner
Sharp edge Sharp face
SA | Sharp Angle Angle Angle
X Tiny curve or | Tiny surface or . X N .
Tl Tiny segment patch Tiny edge Tiny face Tiny solid
NA Narrow Narrow surface Narrow face
or patch
Relativel Relatively narrow|
RN Y neighboring Narrow region
Narrow
patches
IS | Intersection inte?seelgtin Self-intersecting inle?sﬂfc—tin Intersecting inte?seelgtin Intersecting
9 surface 9 loops 9 shells
curve loop shell
NN | Non-NURBS Non-NURBS Non-NURBS
edge face
K Indistinct  (Indistinct curve| Indistinct surface
Knots knots knots
HD | High-Degree High-degree High-degree
curve surface
FG | Fragmented Fragmented Fragmented Fragmented
curve surface edge
CL Closed Closed edge Closed face
T Inconsistent Inconsistent | Inconsistent | Inconsistent | Inconsistent
Topology edge on curve | edge in loop |face on surface| face in shell
FR Free Free edge
NM | Non-Manifold Over-used
edge
OU | Over-Used Over-used
vertex
MU Multiple Multi-region Mulu—vqlume Multi-solid
face solid model
M | Embedded Embedded Embedded Embedded Embgdded
curves surfaces faces solids
UN Unused Unused patches
\e) Void Solid void
NU Non- Non-updateable|
Updateable solid
Missin Missing solid
MH 1ssing construction
History >
history
Unused solid
UH ﬂ?;i?d construction
Y history
HY Hybrid Hybrid model

Prescient Technologies: DesignQA
Software Factory: PE Check
TransCAT: Q-check

M ost of the quality checker applications are based on Web browser technology,
where recommendations are presented to the user in the form of an HTML,
XML and Java-based report, which appears in the user's Web browser. A
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quality evaluation process must be done before exchanging models with other
CAD systems or submitting them to a PDM server. Commercial tools support
both interactive and batch processes to automate the checking process.

Conclusions

Collaborative engineering represents the natural evolution of the concurrent
engineering approach to product development. The expansi on of new enterprise
architectures asthe extended and virtual modelsis possible due to the advances
of communication tools that break the geographic barriers and the impressive
capabilities of computer-aided tools. However, both communication and com-
puter-aided toolsheavily depend onthedigital product representation. Currently,
problemsrelated to the interchange of these digital models are one of the most
important obstaclesto successinimplementing collaborative engineering.

We have distinguished intrinsic problems to data exchange as those related to
the structure of the CAD model before any translation process begins and
extrinsic problems as related to those issues appearing during translation. We
have concluded that the development of STEP is the best solution to solve the
extrinsic problems, extending its current capabilitiesto support 2-D parametric
sections, 3-D parametric assemblies, and history-based modeling.

Product dataquality isakey issueto avoidintrinsic dataexchange problemsand
simplify theintegration of downstream applicationsin the design chain. Devel-
opment of commercial quality checkersand product dataquality standards, such
as VDA 4955 and SASIG—PDQ 1.0, showsthe growing interest and importance
of thistopic.
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Abstract

This chapter introduces the collaborative decision making (CDM) framework
as a means of employing a systematic approach to develop collaborative
systems in an electronic business environment. It argues that the CDM
framework provides a holistic view of the components that play critical
roles for collaboration, which include group facilitation and coordination,
knowledge repositories, dialectic decision support, and discussion strategy
support. The framework emphasizes the importance of supporting dynamic
collaboration across multiple aspects of the group decision making process
as a basic requirement. This chapter identifies the major components of
decision support functionalities that need to be embedded in CDM systems
so as to reduce the cognitive burden of decision makers.
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| ntroduction

Corporate business practices and strategic applications are becoming increas-
ingly globalized through expansions, diversification, and joint ventures. Ad-
vanced telecommunications and computer network technologies have enabled
the emergence of anew organizational model such asavirtual team or avirtual
enterprise. In virtual enterprises and in the strategic, tactical, and operational
communities, decision makers have distinct complimentary areas of expertise
and aregeographically and often temporarily distributed over theglobe (Lipnack
& Stamps, 1997; Raghu, Ramesh, Chang, & Whinston, 2001; Raghu, Ramesh,
& Whinston, 2003; Ramesh & Whinston, 1994; Townsend, DeMarie, &
Hendrickson, 1998). Most of the decisions have become increasingly complex,
as the level of professional and technical skills required is becoming very
sophisticated, reachinginto deeper level sof specializationinnarrower domains.
A hypercompetitive business environment further emphasizes the need to
collaborate and bring together geographically dispersedindividualsandrally their
contributions. These trends together emphasize the need for effective and
efficient teamwork among distributed group members (Dennis, 1996; Panko,
1991). Group work includes problem sol ving, decision making, resourcealloca-
tion and coordination, and task structuring. Since groupstend to have abroader
rangeof skillsand abilitiesthanindividuals, groups often can deal with complex
tasks more effectively than individuals (Finnegan & O’ Mahony, 1996). How-
ever, group decision making requirescollaboration and continuousinteraction of
variouspartiesinvolvedinorder to maximizetheeffectivenessof group decision
making.

The key to achieving effectiveness in collaborative work lies in effective
communication among group members. Collaborative decision making by a
group of distributed individualstypically involves aninformal structure where
group members debate various decision alternatives, which requires effective
conflict management and coordination. To arrive at an acceptable resolution,
collaborative decision making occursviatheexchangeof ideas, information, and
datato enable an understanding of mutual positionson the decisionissues. Over
the last decade, many advances have been made in information technology to
support collaborativework when faced with distance and timebarriers. Ranging
from teleconferencing and messaging systems (Nunamaker, Dennis, Valacich,
Vogel, & George, 1991) and electronic meeting systems (Barua, Chellappa, &
Whinston, 1995) to intelligent agents (Sheth & Maes, 1993) and workflow
systems, computer-supported collaborative work (CSCW) has focused on
studies of tools and techniquesthat enabl e effective distance communicationin
collaborativework processes, aswell astheir psychological, social, and organi-
zational effects. Collaborative computing technologies such as group support
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systems (GSSs) have enabled group interactions among dispersed members
within an organization (Jarvenpaa, Rao, & Huber, 1988; Vogel, Nunamaker,
Martz, Grohowski, & McGoff, 1990). GSSs have enabled people with different
backgroundsto communicate and coordinate group interactionsto generate and
organize ideas, evaluate proposed alternatives, and make decisions (Dickson,
Poole, & DeSanctis, 1992). Coping with distance and time barriers, group
members can display documents online and discuss the contents via e-mail
asynchronously or via electronic meeting rooms synchronously. In addition to
streamlining collaborativework by enhancing knowledge acquisition and sharing
among group members, researchers and practitioners in the CSCW field have
attempted toimprovethequality of decisionsmadethrough the use of computer-
based information systems. Recent advances combine group discussion soft-
ware with more advanced features to support both structured and unstructured
€l ectronic communicationfor collaborativework such asbrainstorming, informa-
tion gathering and sharing, consensus building, and decision making (Zwass,
1998). Effects of these collaborative systems have reached other domains as
well. For example, information retrieval (IR) systemsincorporate collaborative
filtering techniques to enable decision makers to retrieve wanted documents
based on document contents and annotations made by other users (Romano,
Roussinov, Nunamaker, & Chen, 1999).

Thischapter drawsfrom and reviewsthe foundational concepts of collaborative
decision making and deci sion support from broad streams of research, including
CSCW, GSSs, and artificial intelligence. While the literature in each of these
streams is extensive, we will focus on some of the immediately relevant and
important worksin these domains. The aspect of social awarenessisimportant
to collaborative work. An awareness of social group issues can be achieved
through the understanding of the behavior and actions of groups, and collabora-
tive computing technologies can aid in the social conditions of work groups
(Anderson, 1991; Valacich, George, & Nunamaker, 1994). Collaborative deci-
sion making within a social setting is achieved within groups of decentralized
members that cooperate to achieve objectives that are typically beyond the
capabilities of any individual member. As such, collaborative decision making
can be viewed and modeled as atype of distributed reasoning process, whereby
agroup collaboratively engagesin a search and negotiation processto reach an
agreement or a solution. While a number of theoretical models have been
proposed for investigating decision making in asocial setting, littleresearch has
covered the full breadth of social and cognitive activities that are typically
involved inacollaborative decision-making process.

We present an integrative framework for collaborative decision making (CDM)
to facilitate an effective design of a system that is rooted in the pragmatics of
organi zational decision making and that avoids many of the problems with the
conventional decision-analysis tools (Figure 1). CDM can also serve as the
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Figure 1. Collaborative Decision-Making (CDM) Framework
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basis for providing support for argumentative processes through a common
knowledge base for collaborative decision making. We address the CDM
framework from four broad perspectives: group facilitation and coordination,
knowledge repositories, dialectic decision support, and discussion strategy
support. Each of these perspectives shares some requirements on basic system
components as backbone services. This framework highlights what features to
expect in future collaborative decision-support systems and how such features
can enhance productivity in groups and distributed decision-making processes.
Providing system support for enabling distributed teamsto coordinate has been
studied extensively in the literature. First, under group facilitation and coor-
dination, we will discuss the recent trends in the areas of CSCW and
collaborative technologies such as GSSs. The focus here will be both on the
technology and social aspects. Second, to establish knowledge repositories,
organizations require aunifying, semantically developed structure to represent
knowledge and share information. The volumes of data and diversity of exper-
tise, culture, language, and vocabularies exacerbate the complexity of knowl-
edge storage and retrieval. CSCW literature has indicated that to make team-
work effective, decision makers need to work collaboratively based on ashared
information base (Dennis, 1996; Gray, Mandviwalla, Olfman, & Stazinger,
1993). To facilitate communication among such heterogeneous teams, it is
imperativefor organizationsto devel op unified knowledge and datarepositories.
In this context, using the knowledge management perspective, we will discuss
theimportance of building domain ontology and taxonomiesthat will play akey
role in shaping collaborative decision-support systems of the future. Finally,
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dialectic decision support and discussion strategy support are two aspects
of collaborative decision making that are perhaps the least understood. Consid-
erable research in the areas of argumentation analysis, natural language pro-
cessing, and structured knowledgeinterchange hastaken place over the past few
years. It is critical to recognize group development as a social process and
accommodate collaborative techniques such as negotiation when designing
system support for collaborative decision making. However, application of these
fundamental areas in collaborative decision making has been scarce if not
nonexistent. We will devote a considerable portion of this book chapter in
presenting our views on what roles dialectic decision support and discussion
strategy support play in supporting collaborative decision making.

Group Facilitation and Coordination

CSCW has been defined as:

“An endeavor to understand the nature and requirements of cooperative
work with the objective of designing computer-based technologies for
cooperative work arrangements’ (Schmidt & Bannon, 1992, p. 11).

Research in CSCW requires a multidisciplinary approach to study how people
collaborate using communication and computer technology. Research topics
include not only the design and use of collaborative technologies, such as
electronicmail, videoconferencing, group authoring, and group decision support,
but al so sociological and psychological aspects associated with the use of those
technol ogies. Decision problemsthat groups deal with often require the knowl-
edge of a group of people with diverse backgrounds. For instance, during
brai nstorming sessions, participantsgenerate and post their ideassynchronously
and vote on the ideas generated using the system in real time. By removing
distance barriers, providing techniques for structuring decision analysis, and
systematically directing pattern, timing, or content of the discussion, moreideas
can be presented and analyzed than in a traditional face-to-face meeting
(DeSanctis & Gallupe, 1987). Thus, collaborative systems can support and
organize human parallel processing, allow broader input, and promote more
representative participation and discussion than in atypical face-to-face envi-
ronment (Zwass, 1998).

Research on group work and collaborative systemsin the information systems
area has focused extensively on a particular class of computer-based systems
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called groupware. Group decision support systems (Huber, 1982), a kind of
groupware, are computer-based systems that facilitate group communication
with the purpose of improving the decision-making process (Bui & Jarke, 1986;
DeSanctis& Gallupe, 1987; Hiltz, Turoff, & Johnson, 1989). GSSs, grown from
GDSSs, have been defined as a blend of human intelligence, information
technology, and software that interact to solve complex problems (DeSanctis &
Gallupe, 1985; Huber, 1980; Romanoet al., 1999). Specifically, GSSsaredefined
as computer-based information systems to support intellectual collaborative
work that consist of networked computers, software, and typically a public
screen (Ellis, Gibbs, & Rein, 1991; Jessup & Valacich, 1992; Romano et al.,
1999). GSSs support group decision making by providing group members with
common space and hel ping ateam of decision makersto perform group decision-
making tasks through the interactive sharing of information (DeSanctis &
Gallupe, 1987; Huber, 1984). Theliteratureindicatesthat there have been many
types of GSSs to meet the diverse business needs, including strategic group
decision support systems (SGDSSs; Finlay & Marples, 1992), group communi-
cation support systems (GCSS; Pinsonneault & Kraemer, 1990), and distributed
group decision support systems (DGDSS; Jacob & Pirkul, 1992). There are
many kindsof commercially available GSSs, for example, Beauclair and Straub
(1990) found that some 78 different GDSSs were being used by the companies
intheir sample. Some representative GSS packages are summarized in Table 1.

Methodology for the design and development of collaborative systems has to
address both technology and social aspects. Research in this area, therefore, is
concerned with diverse issues, ranging from systems development aspects of
groupware technologies to sociological issues at work (Bannon & Schmidt,
1991). Advancesin computing and communication technol ogy, multiuser inter-
face, and concurrency control have helped collaborative systems to gain wider
acceptanceand to demonstrate benefitsfor group activities(Romano, Nunamaker,
& Briggs, 1997). For example, Recommender systems provide integrated
support for collaborative searching and visualization of results, which helps
decision makers search for and quickly retrieve relevant and meaningful
information through automated situation analysis and course-of -action genera-
tion and recommendation (Nunamaker, 1997; Romanoet al ., 1999). Recommender
systems seek to decreasethe problem of information overload, using atechnique
called collaborativefiltering, which was originally used to provide an effective
and efficient way for users to search through large volumes of information.
According to Maltz and Ehrlich (1995), the concept of collaborative filtering
originated withthe Information Tapestry project at Xerox PARC. Collaborative
filtering is based on the premise that many people have common interests and,
therefore, can provide each other with valuable recommendations (Goldberg,
Oki, Nichols, & Terry, 1992; Maltz & Ehrlich, 1995). Collaborativetechnologies
have also fast evolved toward open, Web-based environments and are increas-
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Table 1. Status of Group Support Systems Environment

System Technique References
DTCLab Brainstorming, voting, ranking
MCCsystem | & ectronic black board Jarvenpaaet al. (1988)
PlexSys Whole array of toolbox, including brainstorming, George (1989)
voting, ranking specialized questionnaire, policy
formation, etc.
GroupSystems Brainstorming, voting, ranking specialized Denniset a. (1990)

questionnaire, policy formation, anonymity,
evaluation, issue analyzer, session director, stakeholder
identification and assumption surfacing (SIAS),
aternative evaluator, issue prioritization, group
dictionary, group writer, group outliner, topic
commenter, idea generator, categorizer, group matrix,
survey, text editor, clipboard, calendar, etc.

SAMM Brainstorming, voting, ranking specialized DeSanctis et al. (1987)
questionnaire, policy formation, etc.

SAGE (Software | A Macintosh based derivative of SAMM
Aided Group
Environment)
Mestingware Similar to GroupSystems and SAMM

Raman et a. (1992)

Lewis (1992)

ingly used in anumber of other contexts. The existence of an open environment
becomesincreasingly important to support dynamic collaboration and ensurethe
effectiveness and efficiency of collaborative systemsfor ever-expanding orga-
nizational boundaries. For instance, workflow management systemsareincreas-
ingly shifting organizational paradigmsby providing new operational meansfor
organizational activities.

It is well acknowledged that while a group problem-solving method may be
similar toanindividual problem-solving method, group problem solvingismore
complex thanindividual problemsolving (Finnegan & O’ Mahony, 1996; Hohmann,
1997; Simon, 1997; Wong, 1994; Zhang, 1998). Hohmann emphasized the
importance of communication and collaboration in a group problem-solving
process, arguing that cognitive activities that occur in a group are even more
variedthanthoseinindividualson account of theinterplay of cognitiveactivities
among individuals. His collaborative model identifies several group-oriented
processes such asdistributing taskstoindividual s, coordinating team outcomes,
andintegrating sol utions. Simon presentsacollaborative decision-making model,
stressing the need for group-level understanding of the problem, arguing that
group-level objectives facilitate coordination in a group. Wong specifically
focuses on conflict resolution, including negotiation attributes as part of the
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collaborative decision-making model, yet lacking the coordination of activities
between group members. The challenge for collaborative systems is therefore
to focus on facilitating group interaction, with an emphasis on communication,
collaboration, and coordinationinagroup. The supporting/contradicting eviden-
tial data presented in acollaborative decision-making process can grow signifi-
cantly in both size and complexity, producing information overload and causing
asubstantial cognitiveload on the decision makersand the group. Theliterature
in CSCW has demonstrated that computer-generated feedback is an effective
decision aid for dealing with cognitive conflict tasksduring collective activities
(DeSanctis& Gallupe, 1987; Hogarth, 1987; Sengupta& Te' eni, 1993). Ramesh
and Whinston (1994) proposed the architecture called argumentative reason-
ing facilitation systems (ARFSs) to provide this support by structuring and
facilitating discussionsthroughout. Theexpected end resultsincludeareduction
inthecognitiveload onthe decision makers, abetter understanding of theissues,
and possibly faster convergence to fairly well-supported decisions. Along the
sameline, it isargued that due to the dynamic and complex nature of tasks and
the voluminousinformation dealt with, groups may need a knowledge manage-
ment process and an integrated environment to support that process (Romano et
al.,1997).

Collaborative systemsresearch al so deal swith diversebehavioral and sociologi-
cal aspects, including culture, group dynamics, and political aspects such as
power and influence. It is noted that most applications have emphasized
technological aspects rather than sociological aspects (Alter, 1992). Fulk,
Schmitz, and Steinfield (1990) arguethat behavior and sense-making are subject
to social influence. Therefore, investigating social processesisanecessary step
towardsan understanding of group behavior. Such understandingiscrucia when
attempting to support group processes via collaborative systems. There is
evidence to the effect that social factors often influence the nature of the work
processandthewaysinwhichthetechnology isused (Giddens, 1984; Orlikowski
& Baroudi, 1991). Forsyth (1990) argues that group members influence one
another through social interaction. A large body of literature has investigated
dysfunctional properties of group decision making. Various social processesin
groups are considered detrimental to the quality of decisions and the perfor-
mance of groups. For example, it is argued that groups may be prone to
groupthink, adrive for consensus that overrides realistic appraisal of decision
alternatives (Esser, 1998; Janis, 1982). The source of groupthink is a group’s
cohesion, which may lead to a lack of productive criticism and subsequently
inferior quality of decision. Groups often have normsthat perform animportant
regulatory functioninsmall groups(Baron, Kerr, & Miller, 1992). Definedlocally
asastandard or rulethat is accepted by group members, group norms may have
substantial impact in eliciting conformity to specific solutions.
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Social influenceisoften divided into two perspectives: normative and informa-
tional influence. Normative influence refersto the conformity that resultsfrom
aperson’s desire to gain acceptance (Deutsch & Girard, 1955). This occursto
enhance one’s position in the group and to maximize social rewards such as
acceptance and status (Sanders & Baron, 1977). Normative influence results
from the belief that others’ views are socially desirable. This occurs when an
individual’ sactionsare opento actual or anticipated surveillancefromthegroup
or fear of rejection or punishment. Informational influence, or persuasive
arguments, refers to the conformity that results in a situation from accepting
evidence about reality provided by others. It derivesfrom the belief that others’
views are valid and reliable (Deutsch & Girard; El-Shinnawy & Vinze, 1998).
Thisoccurswhen onetriesto persuade othersthrough valid arguments with the
use of logic or verifiable facts (Bishop & Myers, 1974). Thistype of influence
isgreatest when oneisunsure of one’ sown ability to make an accurate judgment
inaparticular situation (possibly fromthelack of adequate evidence). Research-
ers and practitioners have recently paid serious attention to the organizational
and sociological issues such aswork structure to better deal with difficulties of
decision-making processes in agroup (Gopal & Prasad, 2000).

Knowledge Repositories

Theabsenceof logical mental structuringin collaborative decision making could
lead to apoor grasp of theissues by decision makers. Decision making isalmost
always domain dependent and so isreasoning. It iswell acknowledged that the
volumesof dataand diversity of culture, language, and vocabulariescollectively
impose a significant burden on decision makers to perform decision-making
tasks. As such, sharing the same mental structure is very critical for decision
makers to be productive. To facilitate communication among culturally and/or
technically diverse populationsof peopleand systems, itisthereforeimperative
to impose uniform semantic structures where possible and define contextual
metadataon other sourcesof information to enabl e di ssemination of information
acrossdifferentlevel sof organizations(Raghu et al ., 2003). CDM environments
need to support meta-information on which group memberscanrely for effective
information exchangein asession (Gray et al., 1993). CDM systems, therefore,
should provide tools that model the world for any given domain and support a
unifying, semantically developed structure, such as the domain knowledge
ontology of an underlying project. For example, in the domain of software
engineering, languages for requirement, design, and implementation should be
well established beforehand to ensurethe effective use of collaborative systems.
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Standardization at the semantic level, in this vein, plays a critical role by
developing standard ontology for aspecific domain.

The development of domain-oriented ontology may be required to alleviate
difficulties described above. Ontology is “the basic structure or armature
around which a knowledge base can be built” (Swartout & Tate, 1999),
which characterizes mechanism and content of domain conceptualization, free
of technical requirements (Chandrasekaran, Josephson, & Benjamins, 1999;
Edgington, Choi, Henson, Raghu, & Vinze, in press; Kim & Fox, 2002; O’ Leary,
1998; Swartout & Tate, 1999). In the context of knowledge management
systems, ontology is ataxonomy of relationships that defines the knowledge,
alongwith aconceptual model, athesaurus, and aset of expanded attributes. The
conceptual model representsthe metadataencompassing the set of relationships
among concepts, which can be formed from shared vocabulary. A thesaurus
complements the model by documenting the various names and label s attached
tothethingsinthemodel (Edgingtonetal.,inpress). Intheartificial intelligence
domain, aknowledge base is acomputer-readabl e translation of an ontology. It
is widely recognized that constructing ontologies is an important step in the
development of knowledge bases. Ontology, onceincorporated in collaborative
systems, can serve as a link between decision makers and information. It
logically abstractstheinformation so asto providethe conceptsand rel ationsand
retrieve relevant information based on inference functions, which could fulfill
“informationretrieval.” Thetechniquesand industry standardsthat facilitatethe
development and implementation of ontologiesare briefly summarized in Table 2.

Unlike data-centric information systems that cannot incorporate context into
reasoning processes, information-centric systems can understand the informa-
tion being processed through structured information representations. The ontol -
ogy-enabled knowledge base may be dynamic or static. Itisincreasingly critical
for large-scal e ontol ogy-based systemsto allow for dynamic ontology definitions
instead of static, predefined standards. That is, we need to allow client agentsto
discover the ontology of services at runtime, enabling opportunistic access to
remoteinformation. Asclientsincorporate new ontology into their owninternal
information models, the clients build context that enables them to reason on the
information they receive from other systems. For example, a multi-agent
architecture for CDM can consist of ontology services and domain servers that
integrate dataobtai ned from diverse heterogeneous sourcesto provideinforma-
tionrepository services. Theuseof ontology can provideacontext that enhances
the ability of intelligent agents with their own knowledge and information base
to reason about information received. Once formulated, the system can mature
as new knowledge is captured by the system and entrenched in the knowledge
base (Pohl, 2001).
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Table 2. Ontology-related Technology

Category Description
Industry e |SLE (International Standards for Language Engineering): Publicly available
Standards language resources.

e TopicMaps (ISO/IEC 13250 standard) to capture semantics by providing a
terminology and link to resources.

e DAML-O (DARPA Agent Markup Language Ontology Language): A
language for the core ontology of the language.

e OIL (Ontology Interchange Language): OIL isthe first ontology
representation language that is properly grounded in W3C standards such as
RDF/RDF-Schemaand XML/XML-Schema.

e RSS(RDF Site Summary): An XML application, conforming to the W3C's
RDF Specification.

e SUO (IEEE Standard Upper Ontology): A specification of the semantics of a
general-purpose upper level ontology.

Ontology GFP (Genetic Frame Protocol), OKBC (Open Knowledge Base Connectivity),
Codification KIF (Knowledge Interchange Format), CycL (Cyc representation Language), etc.
L anguages
Ontology Protégé-2000, Ontology Builder, Apollo, OILEd, LinkFactory, OntoEdit,
Tools JavaskyL ine, Documentum, OntoWeb, Ontolingua Server, OntoSaurus,
OpenKnoME, SymOntoX, WebODE, WebOnto, etc.

InCDM, ontology can be used asaspecification medium for describing adomain
that can be used as the foundation for a knowledge base around which group
facilitation and coordination can be structured. For decision makers, ontology
can provideastructured vocabulary for interacti on between systemsand peopl e.
The goal is to communicate consistently in a domain of discourse without
necessarily operating onaglobally shared theory. Thus, themain challengeisthe
volume and number of different information sourcesthat would potentially feed
useful and usable information to CDM systems.

Dialectic Decision Support

In areal-world situation where the group determines courses of action collec-
tively and argumentatively, itisnot the casethat all the decision alternativesare
available up front, but instead they evolve from analyses and argumentation
during collaborative decision making. The consensual ly reached determinations
of possible outcomes capture the imagination, involvement, and collective
conviction of group membersin choosing action plans. Thetraditional toolsare
prescriptive models of decision making. To facilitate the decision makers in
arriving at a best consensual decision, a descriptive model of argumentation
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process provides the basis for structuring, coordinating, and integrating group
interactions in a practical and efficient manner (Ramesh & Whinston, 1994).
L ogical structuring of argumentsand coordination are crucial to effective group
decisionmaking.

Frameworks for early single-user decision support systems are based on
classical decision theory. These frameworks have been widely used to identify
arange of decision optionsand possiblescenarios, to estimate potential outcomes
for each scenario, and then to assign quantitative probabilitiesto these scenarios
and utilitiesto the outcomes (Von Neumann & Morgenstern, 1944). Some of the
exemplary approaches include game theory, decision analysis, multi-criteria
decisionmaking, and generalized approach for structuring and modeling negotia-
tions (Kersten & Szapiro, 1986). When decision makersact rationally to choose
acourse of action, gametheory can beinstrumental in the analysis of situations
where there is a conflict of interest. The assumptions of perfect rationality and
perfect or near perfect knowledge of all parties|ead to aprescriptive orientation.
Game theory is avery rigorous approach to conflict resolution that provides a
formal problem analysis.

Decision analysis tools based on classical decision theory have encountered
numerous problems. First, they require a prior knowledge of all decision
alternatives and possible outcomes, while decision alternatives actually evolve
and the outcomes could change over time in many organizational decision
processes. Consequently, they fail to capturefully the time-dependent devel op-
ment of decisions in organizations (Ramesh & Whinston, 1994). Second, they
rely heavily on quantitative parameters, such as outcome probabilities, whose
interpretationisnot always objective. Thisisconsistent with awell-established
finding from psychological research that human decision makersdo not manage
uncertainty in ways that closely resemble classical normative probabilistic
reasoning (Kahneman, Slovic, & Tversky, 1982; Nisbet & Ross, 1980; Parsons
& Fox, 1996). Decision tools employing a quantification of subjective assess-
ments may fail to capture theimagination or conviction of the decision makers
that may arise when they are justified argumentatively. Even in the intuitive
cases, at least partially supporting linesof reasoning areusually presentedtowin
group support (Ramesh & Whinston, 1994). Third, they usually employ decision
criteria, such as expected payoffs and others, which may not necessarily be
robust against deviations (Huber, 1981) and be truly consistent with group
behavior in thereal world. Finally, they ignore akey element of organizational
decision making: argumentation.

The important decisions in many organizations are products of argumentation
and conflicting positions. M any working rel ationshipscould beamix of elements
such as cooperation, conflict, competition, collaboration, commitment, control,
coercion, and coordination (Kling, 1991, p. 85). For instance, a claim can be
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defeated by new information, and aconclusion could be reached through achain
of such defeasible reasons. Argumentation isarational, social activity aimed at
defending a standpoint so that it is acceptable. Dialectic is aform of argumen-
tation process, of which theappropriatenessof formal dial ecticshasbeen studied
asabasisfor defeasible reasoning (Loui, 1993). The problems described above
illustrate the difficulties for applying conventional decision theory to human
decision making. Parsons and Fox (1996) drew on the work carried out at the
Imperial Cancer Research Fund, suggesting that a knowledge-based,
semiqualitative model, such as asymbolic decision model that uses argumenta-
tion as the basic framework, gives a better account of human reasoning under
uncertainty than a statistical model. They also suggested that argumentation
offers a complement to numerical methods for reasoning about a general
framework within which many competing approaches can be understood and
that group decision support systems built based on this model have a number of
advantages over conventionally availabletechnologies.

Thebasisfor dial ectical decision supportinthe CDM framework can comefrom
argumentationtheory. Inacollaborative discussion process, the discussiontakes
the form of argumentation, where the positions of some individuals can be
challenged. Decisionsfollowing the discussions should be made not only onthe
information presented during discussionsbut al so onthe strength and validity of
the reasoning processthat tiesthe discussion together (Peleman, 1979; Peleman
& Olbrechts-Tyteca, 1969). Reasoning in general may be categorized into strict
and defeasible reasoning (Vreeswijk, 1992). While strict reasoning is structur-
ally coherent and logically consistent, and is thus not open to argumentation,
defeasible reasoning includes structures and logic that are open to argumenta-
tion. A groupwill focuson adiscussion’ sdefeasi ble components, and systematic
support is needed in this area (Raghu et al., 2001). Defeasible reasoning arises
dueto perceptual differences among individual s about claimsthat lack astrong
support baseinterms of evidential dataor strict reasoning. Theresolution of the
difference hinges on strengthening the support base and/or persuasive presen-
tation. Therefore, any analytical approach to assess a claim as “winning” or
“losing” needs to model these differences and can at best be heuristic. Many
researchers have attempted heuristic resolution of defeasible logic, as well as
providing structural formalismsfor representation (Fischer, Lemke, McCall, &
Morch, 1991; Hua& Kimbrough, 1998; Lin & Shoham, 1995; L oui, 1993, 1994;
Nute, 1988; Nute& Erk, 1998; Nute, Hunter, & Henderson, 1998; Pollock, 1987,
1991; Swanson, 1988; Vreeswijk, 1992).

Argument analysisfor logical consistency and coherence hastraditionally been
consideredinthedomain of logic and philosophy (Kimbrough, 1986; L ocks, 1985;
Mitroff, Mason, & Barabba, 1982; Toulmin, 1958; Toulmin, Rieke, & Janik,
1979). Inthemoderntheory of argumentation, Toulmin played asignificant role
in that he developed a structure of argument that captures the layout of
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arguments. Toulmin proposed a conceptual model of argumentation to capture
thedynamicsof the processof reasoning in argumentation, el aborating argumen-
tation schemata by using a pictorial expression relevant for argumentation.
Focusing on practical significance of logic, Toulmin analyzed the structure of
arguments using five basic constructs: claims, warrants, backing for warrants,
supporting data, and rebuttal s (Ramesh & Whinston, 1994). Asan alternativefor
formal logicfor argumentativediscourse, Toulmin’smodel hasinfluenced much
of theoretical research in argumentation theory by providing concepts and
insights. Kimbrough devel opsagraph representation of argumentsand devel ops
algorithmsfor determining whether aclaimislogically consistent with thebasic
premises from which the claim is derived. The system proposed by Kimbrough
isafull theorem prover for sentencelogic using agraph model of arguments. In
short, the works of Toulmin and Kimbrough develop formalisms for argument
logic representation and methods for determining the logical consistency of
arguments.

Toulmin’smodel isproblematic when appliedto complex, interactivearguments.
A parallel yet alternate approach to argument analysis was proposed by
Lorenzen (1965, 1984, 1987), whosework on dialoguelogic attempted to capture
argumentation as a dialogue between a proponent and an opponent. According
to the Lorenzen model, a dialogical argument game proceeds in the form of
persuasion dialogue, in which one party tries to get the other to accept athesis
or, conversely, the other tries to refute the first. The Lorenzen model requires
that each derived assertion be logically consistent with the earlier assertions
accepted by the deriving individual. The focus of the L orenzen model ison the
proof strategies rather than on formal representation. The Lorenzen model can
be used as a general framework for a theorem prover by giving hints at the
complexity of the resolution process. Barth and Krabbe (1982) extend thisidea
of formal dialectics to describe rules for the conduct of conflict-resolving
discussion. A comparison of the Toulmin and L orenzen systems gives us useful
insightsinmodeling argumentation processes. The Toul min systemisarepresen-
tation formalism, which can be used by a theorem prover in determining the
logical consistency of arguments. In contrast, the L orenzen model isaformalism
for gaming and coordination. Insummary, the Toulmin andthe L orenzen systems
ideally complement each other, providing a basis for the presented framework
that would be most useful in designs for collaborative technologies. Together,
they provide a framework for the representation and gaming of arguments.

Ramesh and Whinston (1994) integratethe approaches of Toulminand L orenzen
and proposeformalismsfor recording, organizing, and coordinating argumenta-
tive discussions in organizations. Based on the formalism derived from an
abstraction of argumentation process, they first developed a language for
argument representation and then developed a network architecture of the
arguments termed the claims-argument-proposals (CAP) net, which drivesthe
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human-computer interaction. Therealization of defeasiblereasoning could also
be used with terminological knowledge. For instance, adefeasiblelogic and the
inference layer can be realized on the top of ontology layer so that the
nonmonotoni ¢ reasoning process can adequately interact with ontol ogical knowl-
edge of the domain. Two types of ontologies can be considered: argument
ontologies and domain ontologies. Argument ontologies can be regarded as
meta-level ontol ogies, including componentsexpressedin Toulmin’ sframework,
such asreasons, defeaters, warrant, undercutters, etc. Domain ontol ogies can be
incorporated in knowledge bases of different argumentation systems to enable
quicker development of argumentation systems and to capture a more descrip-
tive set of domain-specific properties (Hunter, 2001).

Discussion Strategy Support

Collaborativedecision making inmost organi zationstypically evolvesfromeither
formal or informal deliberations in groups where the group members consider
and debate various possi bl edecision options. Group decision making evolvesout
of the interactions among the group members in that decisions build on past
decisions and their consequences, al so affecting the course of future decisions.
The dynamics of thisevolution are captured in the conceptual paradigm shown
inFigure2. For instance, when agroup in an organization has decisionsto make
collaboratively, the group membersfirst analyze a case of interest and propose
certain courses of action based on their respective lines of reasoning. The
discussion can start with a quick review of possible options, as the group
members take positions, which could be endorsements or oppositions to the
claim. The group members do not always agree on specific claims and argu-
ments, therefore causing conflicts in the group. In such cases, the decision
makers are often involved with negotiation through communication. Asaresult
of negotiation, certain actions may be accepted, while the others may be
rejected. Thisargumentation could generate certain new proposalsaswell, until
the primary decision issues are resolved. Consequently, the above sequenceis
capturedintheloop between proposal s, argumentation, and revised reasoningin
the paradigm. Once accepted, proposals translate to decisions to implement
actionscontained inthem. Thechanging environment and the outcomes of earlier
decisionsgiveriseto hew issues, and the process of analysisand argumentation
continues.

When individual s make statements, several implicit ideas are usually intended.
Theseideas mostly taketheform of implied relationshipsthat occur beneath the
labyrinth of explicit assertionsand arevery important to mutual understanding of
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argumentation process. Theinteractionsduring thisprocessaremodel ed through
an argument gaming formalism and a coordination formalism. These formal-
isms are the central components of an argumentative reasoning facilitation
system (ARFS). The role of such systemsin group deliberation is to structure
arguments in a logically sound and complete framework and facilitate the
interactions effectively. The CAP-net was motivated by the Toulmin system of
representation, and the formalismsfor gaming and coordination were motivated
by the Lorenzen system of argumentation. The developed formalisms are an
adaptation of thetwo systemsto the development of practical computer aidsfor
group decision making. The ARFSframework devel ops pragmatic and efficient
support tools to ease the cognitive burden of decision makers, focus the group
on critical issues, and guide creative positional and argument strategy devel op-
ment throughout the discussion in collaborative decision making.

Formal models of reasoning can provide clarity and precision. Nute and Erk
(1998) proposed thedevel opment of an argument-based decision support system
utilizing defeasible, or nonmonotonic, reasoning. Knowledge-based systems
(KBS) that model inference about specific domainsincorporate representations
of the knowledge necessary to solve problemsin their domains, allowing users
to model knowledge not already represented in the system. Such an argumen-
tation-based system (ABS) can provide tools to help the user represent know!-
edge about any domain and would incorporate an inference mechanism to help
the user derive conclusions from the knowledge that has been modeled. The
system would make the inference process visible to the user and allow the user
toconstruct avariety of what-if scenarioseasily and quickly, eventually allowing
the user to construct and evaluate competing arguments on any subject before
making adecision. Itincorporatesaqualitative approach to the representation of
uncertain or incompl ete information, one that does not require the user to assign
numbers to pieces of knowledge.

Itissuggestedthat current collaborativetechnol ogiesdo not fully match theway
organizational groupswork. Van Genuchten, Vogel, and Nunamaker (1998) al so
suggest that the next wave in collaborative technologies development should
incorporate primary work processes for wide acceptance and institutionaliza-
tion. Limitationsof current collaborativetechnol ogiesincludeasimplified view
of groups and an implicit prescriptive worldview in design (Mandviwalla &
Olfman, 1994; Romanoet al., 1999). Toexplicitly providemechanismsto address
social interaction in the group context, dialectical argumentation has recently
begun to be applied to the design of collaborative technologies, such as multi-
agent systems, where a group of intelligent software agents interact to achieve
specified goals. An argumentation system would make use of many of the
traditional conceptsof artificial intelligencesuch asnatural language processing,
knowledgerepresentation, and ontology. Natural languageisviewed asthemost
suitable method for interacting with an argumentation system in the area of
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each other among thegroup members. Infact, these unarticul ated intentionsplay
acritical rolein collaborative decision making by directing argument strategies
and explicit statements from behind. While argument networks capture all the
explicit statements, some, if not all, of theimplicit notions can be captured from
the structure of the stated arguments. Thiswill significantly enrich the ability of
the argument-based system to capture the content and structure of adiscussion
within acomputationally supporting framework. These views can be extremely
useful to a decision maker by facilitating what-if analyses on the group’s
behavior. Work on this aspect of exploration of implicit assertionsisrequired if
effective discussion strategy support mechanisms are to be built.

The collaborative technol ogies should reflect the social protocolsthat underlie
group communicationinterms of strategiesand policiesfor argument exchange
and decision making. It is critical to maintain a persistent discussion thread in
order to sustainthe group’ sfocusthroughout the process. Periodic feedbackson
positional assessment to group memberswould foster creative problem solving
and positional strategy development during a collaborative decision-making
process. Automated support for conflict resolution and argument assessment is
much needed in afast-emerging facet of corporate collaboration (Raghu et al .,
2003). Research on automated negotiation in multi-agent systems to date has
focused on two issues: the design of protocols and associated strategies. A
negotiation protocol definesthe rules of encounter between negotiation partici-

Figure 2. Decision Evolution Process
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Source: Ramesh & Whinston, 1994, p. 296
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pants. For example, negotiation typically proceeds in a series of rounds, with
agents either alternating or simultaneously taking it in turnsto make proposals.
Protocols, defining when agreement has been reached and what the agreement
is, may be designedto havecertain desirabl e propertiessuch asconvergence. An
agent’s key task is to employ a negotiation strategy, which defines how it
behaves during negotiation, that maximizesitswelfare. Automated negotiation
relies on the ideathat agents must use the shared protocol and knowledge base
in order to resolve issues.

Mathematical logic and classical proof theories(Gensler, 1990; L orenzen, 1984)
do not provide an adequate framework for dealing with arguments. Using binary
categories as a basis for rejecting or accepting arguments prevents one from
assessing the relative strengths of the arguments. Argumentation support
requiresan extension of the conceptsof inferenceinfirst-order logic. Thenature
of the problem requiresinference mechanisms that support the complexities of
argument evaluation. Inthiscontext, morerecent research (Pinkas, 1995; Raghu
etal., 2001; Thagard, 1989) has attempted to apply connectionist approachesto
argumentation analysis. Connectionist modeling has been viewed as a natural
approach to capture human cognition central to the analysis of defeasiblelogic.
It has been used to model defeasible argument in collaborative discussions
(Raghu et al., 2001), prepositional logic (Pinkas, 1995), causal reasoning (Sun,
1995), and explanatory coherence (Thagard, 1987). From a connectionist
perspective, discussionisbrokeninto basic, atomic-level information unitsalong
with their logical and other human-intended relationships. This paradigm can
also be used to derive assessments on subsets of a large argument network
selectively or on higher-level meta-networks derived by aggregating argument
sets from a basic network into meta-units and meta-arcs. Thus the model can
provide selectively local views of a comprehensive discussion as well as
condensed global perspectives on an entire discussion. While connectionist
model sdo not havethestrong theoretical underpinningsof logic-based defeasible
graphs, using connectionist models for this purpose has many advantages over
methods that utilize simple binary categories of acceptance and rejection
(Vreeswijk, 1992). Inference approaches that depart from binary categoriza-
tions achieve better sensitivity in argument assessment by indicating the degree
of acceptance or rejection of arguments. In addition, such methods enable
assignment of weightsto the positions and claims. This enables one to capture
not only the relations between claims and positions of the members but also the
strength of therelation. A dynamic argument should deriveitsdialectical power
by the logical coherence inherent in its structure and by the support it derives
from its evidence.
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Future Research and Emerging | ssues

As organizations have become more distributed geographically, teams and
managers have to substitute alternative tools and methods for traditional face-
to-facemeetings, such ase-mail, bulletin boards, chat rooms, audio-conferencing,
andvideoconferencing. Thesetool shave benefitsbut al so limitationsin simul at-
ing face-to-face meetings. A comprehensive approach should be taken to
support multiple aspects of group interaction. The primary objective of this
chapter istherefore to present areview of the needs of pragmatic and efficient
support tools to ease the cognitive burden and guide creative positional and
argument strategy development throughout the discussion. This chapter dis-
cussed an integrated framework to incorporate the imminent requirements in
collaborativetechnol ogies by emphasizing the dynamic information modelsfor
dialectic decision strategy support. The presented framework is enhanced by
domain ontology to create a unified environment for collaborative decision
support systems. The main contribution of this chapter is to demonstrate that
further decision support functionalities can be embedded in CDM systems that
hel p decision makersbetter utilizethe volumes of i nformation collected through
various sources.

Weare currently witnessing aconvergence of several threads of technology and
business imperatives. Other research paradigms such as knowledge manage-
ment are increasingly being integrated with groupware technology. Both tech-
nologically andbehaviorally, particul ar attentionwill be paidtoflexible, dynamic,
and open characteristics of the collaborative systems, as well as to issues of
cognitive and information overload. Collaborative technologies have begun
focusing on providing enterprise collaboration solutions. As global infrastruc-
tures span organizational boundaries, support for dynamic work practices and
different ways of communication will be extremely important for organizations
to support evolving roles and responsibilities assigned to group members in
various organizational settings. As the volume of data and human-centered
information avail ableto decision makerscontinuestoincrease at an accel erating
rate, the need to represent information in software-processable formats be-
comesmoreapparent. Wehaveidentified thekey requirementsfor collaborative
decision-making systemsin this chapter. These requirements can be translated
into a number of functional and nonfunctional requirements, such as security,
fault tolerance, safety, etc., for future enterprise collaboration systems.
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Chapter VI

Wor kflow
Collaboration

Benjamin Yen, The University of Hong Kong, Hong Kong

Guohua Wan, University of Macau, Macau

Abstract

The chapter focuses on a summary of the contemporary development of
workflow management systems in collaborative commerce. The technical
facet is demonstrated from perspectives of architectures, standards, and
system analysis. The business requirements and application scenarios are
exemplified in knowledge sharing, marketing services, and procurement
processes. The evaluation approaches are introduced for assessment of
system performance and information quality. Conclusions with future
trends are illustrated in three aspects — from tangible to intangible access,
from internal to external coordination, and from physical to virtual
application.
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I ntroduction

Today’s dynamic business environment is driving business organizations to
compete globally on low costs and great customer services. As a key success
factor for effective competitiveness, the management of core business pro-
cesses, which deliver value to the customers, suppliers, and internal staff,
becomesincreasingly important. By automating, optimizing, and continuously
improving the core business processes, organizations can satisfy their custom-
ers, employees, partners, and suppliersby establishing solid competitive advan-
tages.

Since the 1980s, information technology (IT) has provided a wide range of
applications supporting automation and management of business processes.
Workflow management systems (WFMSs) are the most important of those
applications. They provide accurate and consistent information flows between
the participantsin the business process, smooth integration of the flow of work,
timely sharing of dataand information during the planning and implementation
phases, and harmonious support for the collaboration of work.

Definitions of Workflow and Workflow Management
Systems

The workflow concept has evolved from the notion of the process in manufac-
turing and the office. Such processeshave existed sinceindustrialization and are
results of effortsto increase efficiency by concentrating on the routine aspects
of work activities. They typically separate work activities into well-defined
tasks, roles, rules, and procedures, which regulate most of the work in manufac-
turing and the office (Georgakopoulos et al., 1995).

There are many different views about a process (Basu & Kumar, 2002). First,
a process can be viewed as a collection of tasks executed by various resources
within a value system comprising one or more interacting units to satisfy
customers. Each process takes a specific set of inputs and transforms them into
aspecific set of outputs. Workflowsassociated with routine processesare called
production workflows, while processes associated with nonroutine processes,
resulting in possibly novel situations, are called ad hoc workflows. On the other
hand, a repetitive, predictable process with simple task-coordination rules is
called an administration workflow. Ideally, business processes should be
designedto systematizetheroutinefunctionswhile accommodating exceptional
circumstances. Clearly, the specific tasks used to implement abusiness process
may vary from one instance to another. Each such combination of tasks
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comprising an enactment of the business processthen represents aworkflow for
this process (Basu & Blanning, 2000).

A second view is from the Workflow Management Coalition (WfMC; http://
www.wfmec.org). According to the WM C, a workflow is:

“the automation of a business process, in whole or in part, during which
documents, information or tasks are passed from one participant to another
for action, according to a set of procedural rules.”

This view also assumes that each enactment of the process has a specific
workflow and uses the term “work case” to describe each instance. In fact,
according to this definition, the terms “workflow management” and “case
management” are synonymous. The key feature of this view is its focuses on
automation of processes and the implementation of workflow control through a
software system called a “workflow engine.”

A third view of aworkflow isasaparticular type of process. For instance, Baresi
et al. (1999) define a “workflowable” process as one with the following
characteristics:

. Predictability: the process is clearly defined and structured.

. Repeatability: the process corresponds to a repeated situation.
. Distributed: the process involves several organizational units.
e Automation: the process can benefit from automated support.

. Idling: the process containsidle periods that can be reduced by automatic
checking and deadline management.

e Opportunity: the process involves applications that can be easily imple-
mented.

Although these views are quite similar in essence, they are different in specific-
ity. Thefirst oneisgeneral and all encompassing, while the third view is more
specific in identifying the aspects of business processes that are suitable for
automation through 1T-based workflow management systems.

Workflow management systems (WFMSs) are a kind of information system
specifically used to automate, coordinate, and streamline workflows. Thus a
WFM Sisaset of toolsused to design and defineworkflows, the environment in
which these workflows are executed, and a set of interfaces to the users and
applicationsinvolvedintheworkflows.

Copyright © 2005, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of ldea Group Inc. is prohibited.



Workflow Collaboration 153

Benefits of Workflow Management Systems

Asabusiness-process-enabling technol ogy (automation, coordination, and stream-
lining of business processes), a successful workflow management system may
resultin:

*  higher workload capacity

*  reduced process time and improved process quality

e better control of current states and progress of business processes

* eliminated elapsed time between tasks and duplicated tasks

e efficient task delivery and timely and accurate delivery of information
*  improved customer and staff satisfaction

For instance, Ader (2000) reports productivity gainsfrom processautomation of
5% to 30% and cycle-time reductions of 30% to 80%. According to a Gartner
survey, successful workflow projects met or exceeded ROI expectations
approximately 89% of the time. Fisher (1997-2000) presents a comprehensive
set of cases of successful workflow projects, which illustrate the benefits of
workflow management systems.

Introduction to Collaborative Wor kflow

Business is more than just interactions and transactions. Now that most
companies have adopted the Web for transactions and communications, they
now plan to use the Web to form a collaborative-centric business model. A
collaborative workflow is the workflow that automates critical business
processes that are not transaction oriented. Collaborative process management
and workflow enabling requirementsaretechnol ogies such asdocument sharing
and management. Collaborative workflow enables greater speed in delivery,
quality, and consistency in services and products. Furthermore, they are lever-
aging theknowledge and information sharingintheir employees, customers, and
partners for a company to gain a competitive edge. Collaborative workflow
systems are becoming more and more popular with the advances of Internet
technol ogy and object technology.
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Key Literature Review

There has been much research work on workflow and workflow management
in the last decade. In this section, we review some of the key literature.

Georgakopoul os, Hornick, and Sleth (1995) provideacomprehensive high-level
overview of workflow management methodol ogiesand software products. They
discuss the infrastructure technologies that can address the limitations of
commercial workflow technol ogy and extend the scope and mi ssion of workflow
management systems to support increased workflow automation in complex
real-world environmentsinvolving heterogeneous, autonomous, and distributed
information systems. They al so addressissues of how distributed object manage-
ment and customized transaction management can support further advancesin
commercial workflow management. In their special issue introduction paper,
Stohr and Zhao (2001) provide basic definition and frameworks to aid under-
standing of workflow management technologies and discuss technical and
management research opportunitiesin workflow automation. Alonso, Agrawal,
El Abbadi, and Mohan (1997) discuss the functionalities of workflow manage-
ment systemsand thelimitations of commercial workflow management systems
and elaboratevariousdirectionsfor research and potential futureextensiontothe
design and modeling of workflow management systems. Basu and Kumar (2002)
provide a perspective on the state of the research in workflow management
systems and discuss possible future research in workflow management, with
particular emphasis on workflow systems in integrating interorganizational
processes and enabling e-commerce solutions.

Besides these survey and overview papers, research has been done in various
aspects of workflow and workflow management systems, including concepts of
process and workflow, approaches (e.g., Baresi et al., 1999; Medina-Mora,
Winograd, & Flores, 1993; http://www.wfmc.org, 1996) to workflow specifica-
tion and modeling (e.g., Basu & Blanning, 2000; Desel & Esparaza, 1995; Ellis,
1999; Fowler & Scott, 1997; Kumar & Zhao, 1997; Marshak, 1994; McCarthy
& Dayal, 1989; Murata, 1989; van der Aalst, 1998; Winograd & Flores, 1987);
workflow analysis, monitoring, and control (e.g., Chrysanthis & Ramamrithm,
1994; Rusunkiewicz & Sheth, 1995; van der Aalst, 1998; Wachter & Reuter,
1991); distributed interorganizational workflows (e.g., Bauer & Dadam, 1997,
Cerietal., 1997; Kumar & Zhao, 2001; Lindert & Deiters, 1999); integration of
workflow with legacy systems and supply chain (e.g., Hartmann et al., 2001;
Herring & Milosevic, 2001; Lenz & Oberweis, 2001; van der Aalst & Kumar,
2003); and architecture and enabling technology of workflow management
systems (e.g., Monola et al., 1993; Rusinkiewicz & Sheth, 1994; http://
WWWwW.omg.org).
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Chapter Structure

Thischapter aimsat providing ageneral introductionto collaborativeworkflow,
and some results of our research. The reminder of the chapter is organized as
follows. The following section gives a description of workflow management
systems, including basic conceptsof the business processand processmodeling,
the architecture of workflow management systems, the standards of workflow
management systems, and the enabling technol ogy. Then, wedescribeworkflow
management systems in a collaborative environment, including collaborative
workflow for internal businessprocessesin e-commerce, collaborativeworkflow
for customer relationship management, and collaborative workflow for supply
chain management (coordination, planning, and control). Next, we discuss
evaluation of workflow management systems, including assessment of technical
requirements and business performance, structure-based performance evalua-
tion, and data/information quality. Finally, we discuss the future directions and
conclusions for this chapter.

Workflow Management Systems

Process and Process Modeling

The processes in an organization can be categorized into material processes,
information processes, and business processes (Medina-Moraet al., 1993). The
scope of a material process is to assemble physical components and deliver
physical products. Information processes relate to automated tasks (i.e., tasks
performed by programs) and partially automated tasks (i.e., tasks performed by
humans interacting with computers) that create, process, manage, and provide
information. Business processes are market-centered descriptions of an
organization’ sactivities, implemented asinformation processes and/or material
processes. That is, abusiness processis engineered to fulfill abusiness contract
or satisfy a specific customer need. A workflow may describe business process
tasks at a conceptual level necessary for understanding, evaluating, and rede-
signing the business process. On the other hand, workflows may capture
information process tasks at alevel that describes the process requirements for
information system functionality and human skills.

Process modeling involves capturing a process in a workflow specification.
There are two basic categories of process modeling methodol ogies: communi-
cation-based and activity-based (Marshak, 1994).
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The communication-based methodologies stem from the Winograd/Flores
conversation for action model (Winograd & Flores, 1987). This methodol ogy
assumes that the objective of business process reengineering is to improve
customer satisfaction. It reduces every action in a workflow to four phases
based on communication between a customer and a performer:

1. Preparation: a customer requests an action to be performed or a per-
former offers to do some action.

2. Negotiation: both customer and performer agree on the action to be
performed and define the terms of satisfaction.

3. Performance: the action is performed according to the terms established.

4.  Acceptance: the customer reports satisfaction (or dissatisfaction) with the
action.

Each workflow loop between a customer and performer can be joined with
other workflow loops to complete a business process. The performer in one
workflow loop can be a customer in another workflow loop. The resulting
business process reveal s the social networksin which agroup of people, filling
variousroles, fulfills abusiness process.

Activity-based methodol ogies focus on modeling the work instead of modeling
the commitmentsamong humans. Unlike communication-based methodol ogies,
activity-based methodologies do not capture process objectives such as cus-
tomer satisfaction.

The communication-based and activity-based workflow models can be com-
bined when process reengineering objectives are compatible with both models
(e.g., satisfy the customer by minimizing workflow tasks and human roles).

Wor kflow Application Architectures

Organizationshavedifferent kindsof processes, which may be supported by one
or more workflow management systems. The WFMSs are distributed, client/
server-based systemson local areanetworks or aglobal network with hundreds
of thousands of users at thousands of sites and on a variety of hardware
platforms. Someworkflow systemsrun onintranetswithaWWW interface. The
appropriate architectures for WFM Ss of the different classes of workflow are
very important. There are three basic alternatives (Stohr & Zhao, 2001).

. Production architecture: production WFM Ss support complex flows and
communicate with corporate database and mainframe systems. Usually, a
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workflow containing all the documents related to a particular process
instance or “case” is generated and presented in turn to each agent that
needs to be involved in processing the case. Most existing production
WFMSs consist of a single workflow engine using a single database to
provide services to a number of usersin a client-server architecture.

. Messaging-based architecture: administrative WFMSs support less
demanding throughput requirements and are often implemented by adding
workflow featuresto the e-mail transportation mechanism. This primarily
involvesadding electronicform, logging, and work list generation capabili-
ties to the underlying e-mail system. This kind of architecture can easily
integrate with other office packagesandissuitablefor applicationssuch as
call centers and customer service.

. Document-centric architecture: systems using this architecture add
workflow capabilities to document management systems. In corporative
workflow, work may be processed by one user passing to another user
through an e-mail message containing pointer(s) to the document(s)
processed next.

Existing products in each of the three classes are moving rapidly towards
Internet-based and object-oriented systems, providing more interoperability
between internal applications and the workflow of suppliersand customersin a
supply chain. Thesekindsof systemswill be easier to adapt to new requirements
and applications.

Workflow Standards

Standards are important factors in making workflow pervasive. In the past few
years, significant progress has been made with respect to workflow-related
standards, such as WfMC, MAPI-WF, and ODBC, and enabling technologies,
such as e-mail, CORBA, and ActiveX/DCOM.

e  WFMC standards: the WfMC was founded in 1993 and is now considered
the primary standard body for the workflow market. The standardization
work of the WfMC is centered around the workflow reference model (see
Figure 1).
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Figure 1. Architecture of a Workflow Management System
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The reference model specifies aframework for workflow systems, identifying
their characteristics, functions, andinterfaces. Thefocushasbeen on specifying
thefive APIs (application programming interfaces) that surround the workflow
engine. Thefive APIs are: (1) process definition model and interchange APIs;
(2) client APIs; (3) applicationsinvocationinterface; (4) workflow interoperability;
and (5) administration and monitoring. These APIs provide astandard means of
communication between workflow enginesand clients (including other workflow
components such as process definition and monitoring tools). So far, the WfMC
has drafted specifications for all APIs except Interface 3. Most workflow
vendors plan to support the WIMC APIs, and some vendors have already
demonstrated the WfIMC APIs (e.g., for Interface 2) working with their
workflow engines.

Workflow interoperability and standards are vital as automation technology
becomes more complex, and the coalition’s work in this industry is central to
keeping up withtherapid progress. Onthe other hand, workflow standardization
isstill inits preliminary stage and has along way to go.

. MAPI Workflow Framework: MAPI isamessage API standard promoted
by Microsoft, and the MAPI Workflow Framework (MAPI-WF) is
Microsoft’ sinitiativetotheWfM C. Theideaisto combinethefunctionalities
of workflow systems and the flexibility of messaging systems so that
applicationsthat span both messaging users and business applications can
be deployed. It addresses the interoperability issue between messaging
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systems and workflow systems. In a message environment, a workflow
request (e.g., of Interface 4) can be packaged 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 the workflow
engine. Workflow components(e.g., workflow engines, workflow applica-
tions, and workflow tool s) that conformto M API-WF can communicatevia
messaging systems such as Microsoft Exchange.

Given the popularity of messaging systems and the influence of Microsoft,
MAPI-WF will play an important role in the future. Many workflow vendors
have already expressed their intentionsto support MAPI-WF in their workflow
products.

Technical Requirements and Enabling Technology

Toeffectively support WFM Ss, organi zations must evol vetheir existing comput-
ing environmentsto a new distributed environment that:

*  iscomponent-oriented, i.e., supportsintegration and interoperability among
loosely coupled components corresponding to heterogeneous, autonomous,
and/or distributed (HAD) legacy and new systems;

e supportsworkflow applications corresponding to business or information
process implementations accessing multiple HAD systems;

*  ensures the correctness and reliability of applications in the presence of
concurrency and failures; and

e supportstheevolution, replacement, and addition of workflow applications
and component systems as processes are reengineered.

Here, the two most important enabling technologies for workflow systemsin
recent yearsare object technol ogy and distributed computing technology. Unlike
other software systems such as database management systems, workflow
systems are distributed and open by nature. To perform a workflow task, the
workflow engine needs to invoke remote workflow applications. Object and
distributed computing technologies such as CORBA and ActiveX/DCOM are
very useful inwrapping, managing, and invoking heterogeneous applications.

Several workflow products have used CORBA and ActiveX/DCOM as trans-
port services to invoke remote applications. There is also research (e.g., Das,
Kochut, Millir, Sheth, & Worah, 1997) investigatingaCORBA -based workflow
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enactment system that supportsascal abl e software architecture, multi-database
access, and an error detection and recovery framework.

Wor kflow Management Systems in a
Collaborative Environment

Organizations are increasingly using electronic means to conduct businesses;
thus, they must automate their business processes. The processes include
customer-to-business interaction as well as interaction within and between
businesses. Thisnaturally leadsto collaborativeworkflowsfor internal business
processes, for customer rel ationship management, and for supply chain manage-
ment. In the following section, some of the research and products are described
and summarized.

Collaborative Workflow for Business Processes in
E-Commer ce

Kumar and Zhao (2002) describe various interorganizational electronic com-
merce applications and discuss their needs for workflow support. Then, they
propose a blueprint for XRL, an Extensible Routing Language that enables
routing of commercial documents over the Internet and helpsin creating truly
intelligent documents. X RL isaway to embed routinginformationinadocument
so that it can be routed in avariety of different ways. These basic constructs,
straight sequence, parallel, and flexibl e sequence routing, can then be combined
together to develop more complex routing schemes. This routing language is
simple, yet powerful enough to support flexible routing of documents in the
Internet environment.

Van der Aalst and Anyanwu (1999) present an approach for designing
interorganizational workflows that, on one hand, allows full cooperation and
collaboration of business partnerstowards the compl etion of abusiness process
while, on the other hand, allows business partners to preserve their autonomy.
Theworkflow modeling isbased on the Petri net formalism. Interorganizational
workflows cross-organizational borders often results in conflicting require-
ments. On one hand, the overall workflow should be managed and coordinated
to avoid stagnation and errors. On the other hand, local autonomy is needed to
enable each of the business partners to handle their part of the workflow as
effectively and efficiently as possible. The approach for designing
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interorganizational workflowsis afour-step process that involves creation of a
public process, partitioning the public processamongst the partners, and all owing
for modification by theindividual partners of their parts of the processto create
private processes.

DST’ sAutomated Work Distributor (AWD) isan advanced, intelligent workflow
and customer rel ati onshi p management system. With AWD’ sworkflow-enabled
e-commerce solutions, a virtual business environment can be created while
managing workflow more efficiently and taking greater control of customer
relationships. AWD’s e-commerce solutions include AWD/eMail®, which
integrates inbound and outbound correspondence e-mail directly into AWD
workflow (DST Systems, 2003).

Collaborative Workflow for Customer Relationship
M anagement

A case study reported by Microsoft (1999) about the Salzburg municipal
authority of Austria shows increased administration efficiency and improved
relations with citizens by aworkflow system integrated with geographic infor-
mation systems and document management system. With its File 2000 project,
the Salzburg municipal authority isrealizingits| T challengetoimplement flexible
business-process solutions, and establish and run knowledge databases and
networks. The first phase of the project, Build Info-3, was completed in 1999.
It incorporated a host-oriented building procedure switching over to a process-
oriented Microsoft WindowsNT-based citizen rel ationship management (CRM)
workflow system, with integrated geographic information systems (GIS) and
document management. By 2000, some 80% of authority business will have
workflow support onthenetwork, spanning 800 PC workstationsin six locations.

Clientsof Capital IQ canintegrate Capital 1Q market intelligence and analytics
modulesinto their existing CRM and workflow platformsto help enhance their
idea generation processes and make their platforms more robust for their users.
Integrating user-relevant data and tools with an existing relationship manage-
ment platform drives user adoption, which is the key success factor for CRM
platforms. These solutions consist of single sign-on, HTML, and/or XML Web
services integrations (Capital 1Q, 2003). IMA (2003) also intends its service,
AbsoluteCRM, to providean easy integration of any onlineforminto aready-to-
use CRM workflow system. Active Report is the application that powers
AbsoluteCRM. Within Active Report every submitted request will go through
various states depending on the actions taken. Every state will have aresulting
state based on this action. Figure 2 shows the various states (oval s) and actions
(black arrows) taken on a new customer request.
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Figure 2. Workflow in Active Report for an Example of a New Customer
Request
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IBM Multipayment Framework in WebSphere Commerce Payments offers
pay ment-management functions while supporting back-end business functions
like ERP, CRM, workflow, and custom-written applications. Sellers can store
and capture payment information such as buyer account numbers and financial
routing numbers to use in executing transactions. The framework can perform
payment-management functions using avariety of currently supported payment
instruments, i ncluding payment cards, and new payment instrumentsintroduced
in the marketplace (IBM, 2003).

Collaborative Workflow for Supply Chain Management

DemandAnalytX is a Web-based application designed to receive and share
information and facilitate communications and approvals throughout the cus-
tomer organization and with trading partners to support collaborative business
(SupplyScience, 2003). DemandAnalytX fully automates the replenishment
processto avoid constant parameter entry and review and the resulting frustrat-
ing communications bottlenecks among stores, distribution centers, and suppli-
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Figure 3. Enterprise Workflow of the DemandAnalytX Solution

Store templates!
Constraints

Contract

Schedules Lewel 11

Confirmation

[DCizuppliar]
Supplier
Information \
Faorecasting Furchase
F';E::::;:Sns le:::mg and Ordering =  Order — Order
Algarithms Lrizpatch
Distribution / / \ ]
Infarmation
Lewel |
FPromotionss Confirmation
Ewvents Inwentony [store]

Counts

Source: http: //www.supplyscience.conVproducts/wor kfl ow.htm

ers. Figure 3 illustrates the enterprise workflow of the DemandAnalytX
solution. Once information is gathered and processed, demand is forecast, and
theorderismodeled, theactual ordering processwill takeplace. DemandAnalytX
implementsthe processof order restriction and order confirmationdefinedinthe
contract. Thus the confirmation workflow is customized to suit the needs of
demand-chain participants. The order confirmation is completed via the Web
client and PDAS, as appropriate.

The TradeMatrix Network is divided into the TradeMatrix Network client and
the TradeMatrix Network server (i2, 2000). The TradeMatrix Network server
isalso referred to as the integration server. The TradeMatrix Network client is
theinterface exposed to the EAI vendors, and all of the interface discussionsin
thefollowing sectionsrefer to the TradeMatrix Network client. Figure 4 shows
the TradeMatrix Network architecture.

Evaluation of Wor kflow M anagement
Systems

The evaluations of the workflow management system can be from the perspec-
tives of business, system, and use. The business issues cover the business
needs, cost, and ROI, and the scope can be a department, an enterprise, or a
supply chain. The system performance includes system requirements, speed,
scalability, flexibility, etc., and the focus can be information presentation (i.e.,
user interfaces), information handling (i .e., databases), andinformation process-
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software functionality requirements. They establish a catalogue of evaluation
criteria, summarize the huge amount of criteria into smaller classes (criteria
categories), and order the classesin a semantically structured directory. A tool
implementing the evaluation framework is also described in their work.

Perry, Porter, Votta, and Wade (1996) notice that most software engineering
research has focused on improving the quality or reducing the cost of software
but has ignored the need to reduce cycle time (the calendar time needed to
develop and deliver a product.) Because short time-to-market can be a signifi-
cant advantage in rapidly changing and highly competitive markets, many
companies are demanding tool s and practices that build quality software faster.
To help understand theimportance of reducing cycletime, consider the software
inspection process. Although this is an expensive process, its cost is often
justified on the groundsthat, since the longer adefect remainsin the system the
more expensiveitistorepair, the cost of finding defectstoday must belessthan
the cost of repairing themin the future. Many people believe that workflow and
process automation tools can significantly reduce cycle time. They develop
workflow tools that allow distributed groups to execute a wide variety of
softwareinspection processes. Moreimportantly, they are using thistechnol ogy
in a live software development project to support controlled experiments
exploring how process structure affects cycle time.

Carlsen, Krogstie, Slvberg, and Lindland (1997) propose a framework for
evaluating quality in process modeling languages (PMLs) and models. It is
appliedto arepresentative sampleof flexibleworkflow productsand prototypes.
They study the properties of the various products’ underlying PMLsand derive
their first-cut ontology, or meta-model. Theframework, in particular, addresses
model comprehensibility but alsoincludessocial quality and knowledge quality;
it conformsto a social constructivist approach to process support. The frame-
work is based on the following concepts: A business processis represented in
a business process model expressed in a process modeling language (PML).
The model is subject to audience interpretation from various human stake-
holdersand technical actors(i.e., tools). Some of the stakeholders contribute to
modeling and are called participants. They reflect their participant knowledge
of the business processin the model. Relationships between these conceptsgive
a framework for understanding quality related to business process modeling.
InConcert, TeamWare Flow, and Obligati onsasdynamic approachesand Action
Workflow and WooRKS as static approaches are used for the product survey.
A set of desirable flexibility features for workflow systems was derived: wide
stakeholder model orientation; extensible metalanguages (physical quality);
flexible error handling support (syntactic quality); quick turnaround for model
changes; variety and modifiability in support for model fragments (semantic
quality); animation, simulation, and explanation generation toincrease compre-
hensibility; application of shared workspaces to decrease model complexity
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Figure 4. TradeMatrix Network™ Architecture
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ing (i.e., system functions). The usability concerns the measurement of ease of
use, usefulness, effectiveness, etc., and the focus can be a single user,
homogeneous group, or heterogeneous group.

Another view of evaluation issues focuses on what, how, or what/how to do the
assessment of workflow management systems. This may include the model
(e.g., Petri-net-based WFM S) and itsrelated eval uation methods, how to do the
data collection (e.g., time logs), and where/what to do on evaluation (e.g.,
processes in various applications). On the other hand, thereis alot of research
oninformation quality (1Q) inrecent years, and it isstarting to get attention and
applicationsin the area of information systems. Combined with the traditional
service quality assessment and other performance measurements, 1Q can be a
framework for the process-oriented information systems applied in the e
business. In addition, theimpact study of workflow management systemsisalso
important to investigate the suitability of the extension of the systems' usagein
new development and applications.

Assessment of Technical Requirements and Business
Performance

Berger, Ellmer, and Quirchmayr (1997) describe a project focusing on the
evaluation of workflow management systems for a large Austrian bank. They
first classify the WFM S requirements into supplier requirements, system plat-
form requirements, software requirements, software quality requirements, and
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(pragmatic quality); argumentation support (social quality); systematic approach
to organizational learning and knowledge creation; structuring of processmodels
for simultaneousreuse and comprehensibility (knowledge quality); and suitable
ontology for wide range of processes aswell as process stakeholders (language
guality). None of the surveyed products are flexible along all these dimensions,
and some features are not covered by any product.

A white paper of Ultimus (2002) provides a method for categorizing and
evaluating workflow automation products—first it providesaclear definition of
workflow so that the readers can understand what it isand what it isnot; second,
it provides a method of categorizing workflow products into one of two types;
third, it definesand clarifiestherelationship between business process manage-
ment (BPM), WFA, and EAI; and finally, it provides a systematic method of
evaluating various workflow products by comparing their capabilities and
compl eteness. When eval uating workflow products, thetwo key areasthat must
be considered are: (1) capability: how capableisthe product to meet workflow
automation requirements and (2) completeness. how complete is the product
with respect toworkflow. By eval uating products against these key features, you
can develop a capability/completeness matrix. Each quadrant of the matrix
represents a different type of products: (1) workflow enablers; (2) workflow
engines; (3) application-specific workflow; and (4v) general -purpose workflow
applications.

Structure-Based Performance Evaluation

Lin, Qu, Ren, and Marinescu (2002) propose a stochastic Petri nets workflow
model (WF-SPN), which is the extension of WF-net. Based on this model,
performance equivalent formulas are defined for four basic routing patterns —
sequential routing, parallel routing, selective routing, and iterative routing
— of the workflow system. The main performance analysis technique for
workflow is Markovian analysis. The performance analysis method is: first,
based on WF-SPN, transforming each basic routing subset (pattern), which
consists of a number of tasks, into one task, and this task has the same time
performance with the original subnet so as to simplify the original workflow
system; then, for the simplified workflow system, repeating the first step until
simplifying the workflow system to one task with the sametime performance as
intheoriginal workflow system. The complexity of thisworkflow performance
analysismethod increaseslinearly with theincrease of the scal e of theworkflow
model. An exampleillustratesthe applicability and efficiency of the method for
real-world problems.

Salimifard and Wright (2002) propose a modeling methodology for workflow
management systems based on colored Petri nets. It combines different model-
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ingviewsandintegratesaprocessmodel and an organizational model. Processes
and resources are modeled at the same abstraction level. A process is decom-
posed into task structures, whilst human resources are considered at role level.
Activity-based costing (ABC) is combined with classical temporal analysis of
workflow. The methodology is supported using the software tool Design/CPN
for both modeling and simulation. The suitability of the method has been tested
using an application example.

Dehnert, Freiheit, and Zimmermann (2000) introduce a methodology for the
modeling and performance eval uation of workflow processes, whichintegrates
deterministic and stochastic durations. The approach is not limited to the
functional aspectsbut includes aresource description aswell. Evaluation of the
performanceisfacilitated by associating stochastic, deterministic, or zerofiring
delayswithtransitions. Basi c quantitative measureslikethethroughput, utiliza-
tion, queuelength, processing time, and others can be computed either by direct
numerical analysis or discrete event simulation. This is done using methods
developed for extended deterministic and stochastic Petri nets (eDSPNS)
because the stochastic process underlying both model types belongsto the same
class. The evaluation of the model can be used to answer questions such as:

. How many documents can be processed per week with the modeled
organization?

J What is the mean time for a case to be finished?
. How big isthe utilization of the resources?
J What are the bottlenecks?

. How muchtime doesadocument spend during processing, waiting, or being
transported?

J How will the above numbers change if the available staff decreases, e.g.,
dueto holidays?

Van der Aalst and van Dongen (2002) develop techniques using “workflow
logs,” which contain information about the workflow process as it is actually
being executed. They extend existing mining techniquesto incorporatetime and
assumethat eventsin workflow logs bear time stamps, which isused to attribute
timing such as queue timesto the discovered workflow model. The approachis
based on Petri nets, and timing information is attached to places. They also
present the workflow-mining tool EmiT, which translates the workflow log of
several commercial systems to an independent XML format. Based on this
format the tool mines for causal relations and produces a graphical workflow
model expressed in terms of Petri nets.
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Data and Information Quality

Ballou, Wang, Pazer, and Tay (1998) present an information-manufacturing
model that can be used to determine the timeliness, quality, cost, and value of
information products. The model has a predefined set of data unitsthat undergo
predefined processing activities. The work is customer driven in that the value
of the information products manufactured by the system is determined by the
customer of information products. They apply the model to a mission-critical
information-manufacturing system found in amajor optical products company,
Optiserve. One of the benefits of the information-manufacturing model is its
ability to model the impact on an information system of achanged environment
and the efficacy of various options for addressing these changes. Thisresearch
isparticularly timely inlight of theindustrial trend toward total quality manage-
ment and business process reengineering. At the intersection of these driving
forcesisinformation quality.

Wang, Lee, Pipino, and Strong (1998) further study the issues of managing the
information asaproduct instead of information by-product. Totreat information
as a product, acompany must follow four principles:

. Understand consumers’ information needs.
. Manage information as the product of awell-defined production process.
. Manage information as a product with a life cycle.

*  Appointaninformation product manager (1PM) to managetheinformation
processes and resulting product.

Redman (1998) summarizestheimpact of poor dataquality intypical enterprises
as operational impacts, typical impacts, and strategic impacts. Creating aware-
ness of these issues within an enterprise is the first obstacle that practitioners
must overcomewhenimplementing dataquality programs. Thetangibleimpacts,
such as customer dissatisfaction, increased cost, ineffective decision making,
and the reduced ability to make and execute strategy, are bad enough. The
intangibleimpacts, including lower moral e, organizational mistrust, difficultiesin
aligning the enterprise, and issues of ownership, may be even worse.

Orr (1998) describesanumber of general data-quality rulesone can deducefrom
afeedback system view of information systems:

. Unused data cannot remain correct for very long.

. Data quality in an information system is a function of its use, not its
collection.
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. Data quality will, ultimately, be no better than its most stringent use.
. Data quality problems tend to become worse as the system ages.

e The less likely some data attribute (element) is to change, the more
traumatic it will be when it finally does change.

. Lawsof dataquality apply equally to dataand metadata (the data about the
data).

Wang (1998) points out that researchers and practitioners alike have moved
beyond establishing information quality as an important field to resolving 1Q
problems — problems ranging from IQ definition, measurement, analysis, and
improvement to tools, methods, and processes. He al so describes in detail that
total data quality management (TDQM) at MIT develops the concepts, prin-
ciples, and proceduresfor defining, measuring, analyzing, and improving infor-
mation products, and an 1Q survey software instrument for information quality
assessment.

Dataquality isamultidimensional concept. Companies must deal with both the
subjectiveperceptionsof theindividual sinvolved withthe dataand the objective
measurements based on the data set in question. Subjective data-quality assess-
ments reflect the needs and experiences of stakeholders: the collectors, custo-
dians, and consumers of data products. If stakehol ders assessthe quality of data
as poor, their behavior will be influenced by this assessment. One can use a
guestionnaire to measure stakeholder perceptions of data quality dimensions.
Many health-care, finance, and consumer product companies have used one
such questionnaire, developed to assess the data quality dimensions listed in
Table 1 (Pipino, Lee, & Wang, 2002). They also describe the subjective and
objective assessments of data quality and present three functional forms —
simple ratio, min or max operation, and weighted average — for developing
objective data-quality metrics. Using the subjective and objective metrics to
improve organizational data quality requiresthree steps:

. Performing subjective and objective data quality assessments.

e Comparing the results of the assessments, identifying discrepancies, and
determining root causes of discrepancies.

. Determining and taking necessary actions for improvement.

This framework is also extended for the information quality benchmarks
summarized asfollows (Kahn, Strong, & Wang, 2002). They present amethod-
ology and test its efficacy through arigorous case study. The main contribution
of the research is:
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Table 1. Data Quality Dimensions

Dimensions Definitions

Accessibility the extent to which information is available, or easily and
quickly retrievable

Appropriate Amount of the extent to which the volume of information is appropriate

Information for the task at hand

Believability

the extent to which information is regarded as true and
credible

Completeness

the extent to which information is not missing and is of
sufficient breadth and depth for the task at hand

Concise Representation

the extent to which information is compactly represented

Consistent Rep tation

the extent to which information is presented in the same
format

Ease of Manipulation

the extent to which information is easy to manipulate and
apply to different tasks

Free-of-Error

the extent to which information is correct and reliable

Interpretability the extent to which information is in appropriate languages,
symbols, and units, and the definitions are clear

Objectivity the extent to which information is unbiased, unprejudiced,
and impartial

Relevancy the extent to which information is applicable and helpful for
the task at hand

Reputation the extent to which information is highly regarded in terms of
its source or content

Security the extent to which access to information is restricted
appropriately to maintain its security

Timeliness the extent to which the information is sufficiently up-to-date
for the task at hand

Understandability the extent to which information is easily comprehended

Value-Added the extent to which information is beneficial and provides

advantages from its use

Source: Pipino et al. (2002)

. Devel oping atwo-by-two conceptual model for describing 1 Q. Thecolumns
capture quality as conformance to specifications and as exceeding con-
sumer expectations, and the rows capture quality from its product and
service aspects. We refer to this model as the product and service
performance model for information quality (PSP/1Q), asshownin Table 2.

. Integrating the |Q dimensions identified in our previous research into the
PSP/1Q model, as shown in Table 3. Since a measurement instrument for
thel Q dimensionshasalready been devel oped, thisintegration providesthe
basisfor 1Q assessment and benchmarks within the context of the PSP/1Q
model.

Demonstrating the efficacy of the PSP/IQ model in three large health-care
organizations.
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Conforms to
Specifications

Consumer Expectations

Meets or Exceeds

Product
Quality

Sound Information

The characteristics of the information
supplied meet IQ standards.

Useful Information

The information supplied meets
information consumer task needs.

Service

Quality

Dependable Information

The process of converting data into
information meets standards.

Usable Information

The process of converting data into
information exceeds information
consumer needs.

Source: Kahn et al. (2002)

Table 3. Mapping the IQ Dimensions into the PSP/IQ Model

Conforms to Meets or Exceeds
Specifications Consumer Expectations
Sound Information Useful Information
Product ¢ Free-of-Error e Appropriate Amount
Quality + Concise Representation ¢ Relevancy
+ Completeness » Understandability
* Consistent Representation
o Interpretability
s Objectivity
Dependable Information Usable Information
Service * Timeliness * Believability
Quality e Security *  Accessibility
* Ease of Manipulation
» Reputation
* Value-Added

Source: Kahn et al. (2002)

Future Directions and Conclusions

Fromtheimpactsof technology evolution, business processextension, anddigital
economy drive, the undergoing devel opment of workflow management system
goes into three directions — from tangible to intangible, from internal to
external, and from physical to virtual.
1. Fromtangible to intangible: The workflow management system evolves

from being based on a stand-alone PC, to local network connected, to

Internet based, and most recently to mobile device platform. The accessi-
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bility has been enhanced through the communication stemming from
physical linkage to wireless connection.

2. Frominternal to external: The main focus of workflow management has
been extended from synchronization of intra-organizational functionsinto
coordination of interorganizational activities. In addition to the general
organization of front-office and back-office tasks, the scope has been
broadened to production planning, scheduling and control, distribution,
retailing, etc.

3.  Fromphysical tovirtual: Inparallel tothevertical integrationinthesupply
chain, workflow management al so reaches the point of horizontal integra-
tion, as in e-hub and e-market, that triggers both forward and backward
aggregation in e-business. The management of highly dynamic grouping
increases the added value for the coordination of information flows.

From Tangible to Intangible: M obile Wor kflow

Dueto the short cycle of the development in information technology, workflow
management systems have been evolved from personal computer based to
network/Internet connected and recently to wireless platform. The first task is
to decide the models and protocols in order to migrate the processes onto the
mobile devices, such as mobile phone and PDA (personal digital assistant).
However, the new technology isnot mature enough (or will never be) to replace
the existing systems, so platform compatibility becomes another concernin the
mobileworkflow.

Workflow technol ogy hasrecently been employed not only within businesses but
also as a framework for implementing services over the Internet. With the
advancement and spreading of various mobiletechnologiesand infrastructures,
thereisincreasing demand for mobileusersto connect to workflow management
systems (WFMSs). The basic requirement is to support SMS (Short Message
Service), WAP (Wireless Application Protocol), and Web browsers on PDAS,
in addition to regular Web browsers on PCs. Asthe capabilities and bandwidth
of these mobile devices are significantly inferior to computers over regular
Internet connections, workflows have to be adapted to accommodate these
limitations (Chiu, Cheung, & Kafeza, 2002). I nstead of redesigning or adapting
workflowsin an ad hoc manner for different kinds of platforms, they propose a
framework of workflow adaptation for mobile users based on three tiers of
views: user interface views, data views, and workflow views. User interface
views provide alternative presentations of inputs and outputs. Data views
summarizedataover limited bandwidth and display themindifferent forms. Chiu
et al. introduceanovel approach of applying workflow viewsto mobileworkflow
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adaptation, where mobil e users may execute amore concise version or modified
procedures of abusiness process. The workflow view also serves asthe centric
mechanism for integrating user interface views and data views. They also
demonstratethefeasibility of the approach by extending theflexible Web-based
WFMS E-ADOME into ME-ADOME.

Mobile workflow is now only at a starting stage. The WHAM (workflow
enhancement for mobility) prototype supports amobile workforce and applica-
tionsin aworkflow environment, with afocus on network connectivity and the
mobility of workflow resources (Jing et al., 2000). Tjoaet al. (2000) introduced
a Java Border Service Architecture, which is an abstract layer between the
presentation and application logic of an application, to handle mainly user
interface issues of mobile devices, using workflow as an example. As for
commercial products, Staffware (2000) has recently introduced WAP Business
Process Server. However, all of them do not support platform-specific workflow
adaptation or integrated platform-independent solution. Neither do they support
view mechanisms.

Figure 5. Wireless Technology Solution of Scion Communications
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Scion Communi cations (2003) examinesthe business processes and operational
challenges of specific industries and develops applications to mobilize the
workforcesand conduct critical tasksmoreefficiently withwirelesstechnology.
Recognizing that many businesses require tailored mobile applications at an
affordabl e price, Scion Communications has devel oped awirel ess peer-to-peer
platform that minimizesdevel opment costsandtimelines. Thewirelessplatform
— SWIFT (Scion Wireless Information Flow Technology) — handles the key
communication, discovery, and device management components of wireless
applications(e.qg., encryption, device authentication), which minimizesdevel op-
ment cyclesand cost. Figure 5 showsthe wireless technol ogy solution of Scion
Communications.

From Internal to External: Reactive Planning and
Scheduling

Senkul, Kifer, and Toroslu (2002) model the scheduling of workflows as a
problem of finding a correct execution sequence for the workflow tasks, i.e.,
execution that obeys the constraints that embody the business logic of the
workflows. Research on workflow scheduling has largely concentrated on
temporal constraints, which specify correct ordering of tasks. Approachesinthis
areaaretypically based ontemporal logic, Petri nets, and concurrent transaction
logic. Another important class of constraints — those that arise from resource
allocation — has received relatively little attention in workflow modeling.
Examplesof such resourcesincludephysical objects, likeworkshop devicesthat
atask might need in order to accomplish its goal, or intangible resources, such
as time and budget. Since typically resources are not unlimited and cannot be
shared, scheduling of a workflow execution involves decisions as to which
resourcesto useand when. Intheir work, aframework for scheduling workflows
whose correctness is given by a set of resource allocation constraints is
presented. This framework integrates concurrent transaction logic (CTR) with
constraint logic programming (CLP), yielding anew logical formalism, whichis
called concurrent constraint transaction logic (CCTR).

Smith, Hildum, and Becker (1999) examine the workflow management process
from a scheduling perspective. Recognizing that effective workflow manage-
ment requires an ability to efficiently allocate limited resources to tasks over
time, they concentrate on characterizing thisdomain asacontinuous distributed
scheduling problem and on understanding the requirementsand opportunitiesfor
providing workflow-scheduling support within multi-agent environments. The
research goals are twofold: (1) to relate the characteristics of the workflow
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management problem to scheduling models previously developed for other
domainsand (2) toidentify theissuesand challenges surrounding theapplication
of previously developed scheduling technol ogy to this problem.

In a workflow, tasks executing on autonomous, heterogeneous systems are
coordinated through data and control constraints. An important challenge in
workflow management i sthe scheduling of actionsand operations performed by
the concurrently executing tasks. Jensen, Wallace, and Soparkar (1997) apply
thetechniques of supervisory control theory to construct ascheduler that allows
the best possible approximation to the desired class and provides an effective
meansto model several workflow systemsand to create scheduling mechanisms
to manage them.

Singh, Meredith, Tomlinson, and Attie (1995) present an approach of event
algebrain which dependencies characterizing workflows can be declaratively
expressed and by whichworkflows can beefficiently scheduled. They al so show
how to symbolically process these dependenciesto determine which events can
or must occur andwhen. Attie, Singh, Emerson, Sheth, and Rusinkiewicz (1996)
formalize intertask dependencies using temporal logic. This involves event
attributes, which are needed to determine whether a dependency is enforceable
and to properly schedule events. Each dependency is represented internally as
a finite state automaton that captures the computations that satisfy the given
dependency. Sets of automata are combined into a scheduler that produces
global computations satisfying all relevant dependencies and thus enacts the
givenworkflow.

Inmost availableworkflow systems, performanceand reliability problemsarise
because of a centralized architecture. Agents offer a new way to decentralize
and scale a workflow system. In an agent-based workflow system, the agents
perform, coordinate, and support the whole workflow or parts of the workflow.
However, there are some problems that can be solved simply in centralized
workflow systems but are hard in agent-based workflow systems, for example,
task scheduling (Stormer, 2000). Sewell and Tan (1997) use a market-based
mechanism for dynamic scheduling in workflow automation. The WorkWeb
Systemisan expanded workflow system that isableto manageand control office
resources. The BPT agent in the system autonomously manages each workflow
processinstance, trying to acquirethe necessary resourcesto completeitintime.
The WorkWeb System also provides visual interfaces to manage and control
office goals and several workflow replanning algorithms to handle exceptional
cases (Tarumi, Kida, Ishiguro, Y oshifu, & Asakura, 1997).
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From Physical to Virtual: E-Service, E-Market, and
E-Hub

Themain strengths of aB2B exchange are benchmarked onitsability to provide
support for negotiations and returns on the value for time and money; the
flexibility in terms of arbitrations; ease of use; and, top of all, managing the
manageability, i.e., administering the activities and maintai ning customer rela-
tionships. The highly collaborative process of creating a request or an offer is
greatly facilitated by Hermes, which tracks current status and ownership as
users contribute and approve content. The equally collaborative process of
exchanging requests and offers between organizations is also facilitated and
expedited by tracking communications and maintaining a full audit trail of all
information exchanged between parties (COMPUSOL, 2003).

Lack of application integration limitsthe benefits of e-markets, but vendorsare
addressing the problem. IBM adds XML complianceto its WebSphere applica-
tionserver. Thenew product, WebSphere B2B Integrator, isoptimized for online
marketplaces. The software adds functions such as dynamic pricing, workflow
management, and the ability to generate requests for proposals (Sweat, 2000).
E-Hubisan Oracle consulting solution aimed at allowing customersto create e-
service hubs. A key requirement of the e-hub is to integrate applications.
Oracle9iAS InterConnect isacomponent of E-Hub that handlesthisintegration
requirement. Oracle Workflow provides business process management. Inte-
gration of Oracle Workflow makesthe enterprise-wide business-process-driven
integration feasible. InterConnect and Workflow work cooperatively at design
time and runtime, sharing metadata, events, and other services (Oracle, 2003).

Microsoft (Microsoft .Net Enterprise Servers, 2001) describes a case study of
e-hub applicationsfor PartnerCommunity.com. Two tightly integrated applica-
tions built on the BizTalk Server 2000 e-commerce platform provide
PartnerCommunity.com customerswith comprehensive functionality for effec-
tive partner management. The applications are made up of a Web-portal
application that supports collaboration and a B2B document and message
exchange service. The two applications work together within the e-hub infra-
structure of PartherCommunity.com. Each application was developed on a
multi-tier platform. The Web portal utilizes the Microsoft .NET Enterprise
Server model of a three-tier application. It was built using Microsoft Active
Server Pages and runs on Microsoft Windows 2000 with Internet Information
Services (11S), Microsoft SQL Server, and Microsoft Site Server. The solution
makes extensive use of the BizTalk Extensible Markup Language (XML)
Framework and XML technologies. It al soincorporates component object model
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(COM) and COM+ components for business rules and the access-datatier. The
document and message exchange service makes further use of Microsoft
products— incorporating BizTalk Orchestration to control transaction process-
ing workflow and Microsoft Message Queue Service (MSMQ) for third-party
integration and asynchronous communication channels.

An e-market is an electronic trading community made up of buyers and sellers
with common needs. E-marketsincludeauctions, exchanges, and multi-supplier
online catalogs. E-markets typically offer a wide variety of ancillary services
required by themembersof thetrading community, such asauthenticating buyers
and sellers and streamlining procurement workflows, risk management, settle-
ment services, conflict resolution services, and logistics services (Seybold,
2000).

Ane-market containsfivefundamental elements: content, commerce, coordina-
tion, community, and connectivity (L ubinsky, 2001):

e  Content: aggregate, normalize, and standardize catalog information for
customers; provide search and content filtering capability; create member
profiles.

e Commerce: provide dynamic pricing, transaction, payment, and global
trade capabilities.

e Coordination: enable approval workflow and negotiation: exchange,
auctions, reverse auction, dynamic contracts, order tracking, etc.

e Community: buildloyalty and repeated usethrough chat, discussion, shared
workspaces, and e-mail.

e Connectivity: integrate back-end systems, trading partner systems, and
other e-markets for seamless information flow.

The core e-market technology includes database, application server, portal,
Lightweight Directory Access Protocol (LDAP), and process support. Depend-
ing on the complexity required for process support, process support is an
execution platform for long-running processes and can be based on either an
enterprise application integration (EAI) solution or workflow engine. The
business process functions as part of the infrastructure for the e-market.
Business process servers, whether they are EAIl servers or workflow engines,
usually includetool sfor building and implementing busi ness processesand rules
(Lubinsky, 2001).
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Conclusions

E-busi ness and workflow management areintegrated asaresult of evolution for
natural amalgamation, and both concern the information flow in application
processes. This chapter focuses on the summary of the current status of
workflow management systems in collaborative commerce and highlights the
applications and development trends as well. The technical facet isillustrated
from the perspectivesof system architectures, standards, and requirements. The
business applications are exemplified in knowledge sharing, marketing service,
and procurement processes in supply chain management. The assessment
methods are described for system performance and information quality, and
conclusions with future trends are illustrated in three aspects — from tangible
tointangible, frominternal to external, and from physical to virtual.
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