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One of the major investments of information technologies in large companies in the past decade has been
the enterprise system. Although the enterprise system has the advantages of managing and integrating
almost all of the business processes in the whole company, there have been strong criticisms that the
enterprise system often imposes its own logic or business process on a company and lacks flexibility and
adaptability in today’s dynamic business environment. The goal of this paper is to outline a new approach
in enterprise system development. We analyse the factors that affect the adoption of enterprise systems.
Market and business changes, and advances in information technologies call for a more flexible, open, and
scalable enterprise architecture. We describe the process that Dell Computer Corporation took in adopting
its component-based enterprise system architecture. The Dell example has demonstrated the importance of
fit between business information systems and fundamental organizational dimensions of the company
including strategy, business environment, and organizational structure. We also discuss the design method-
ologies for component-based enterprise system design. We take a coordination perspective, both at the
software level and the organizational level, in addressing the design methodologies for component-based
enterprise system development.

Introduction that must be considered: technology and business itself.
First, as information technology (IT) is quickly changing
As we end the twentieth century, the changes that arthe way companies do their business, technology itself
taking place in the business world are accelerating. Withs also moving forward in an amazing pace. The state-
increasing competition and shortening product cyclepf-the-art client/server architecture is being replaced by
many large companies are seeking solutions by investinthe more versatile Web-based distributed object comput-
heavily in information technologies to gain competitive ing framework. With the growing importance of elec-
advantages. One of the major investments of informatiotronic commerce, the next generation enterprise systems
technologies in large companies in the past decade hdmave to be deployed globally through a universal com-
been the enterprise system. These huge software packiunication network. To enterprise systems vendors, it is
ages can manage almost all of the business processesargreat challenge to design the architecture for the next
the whole company, including financial and accountinggeneration enterprise systems that are open, secure, scal-
manufacturing, logistics, human resources, and customeible, and adaptable. Second, the goal of an enterprise
service. Information generated in all of the business prosystem is to serve the underlying business. Therefore,
cesses can be kept, integrated, and managed. Althoudihe system has to fit the overall organizational context.
current enterprise systems bring seamless data inté-acing globalisation, increasing competition, and rapid
gration throughout the company, they do so at a heavyechnology changes, companies have to innovate con-
price. According to Davenport (1998), one major criti- tinuously in order to succeed in the market-place. Com-
cism toward enterprise systems is that they tend tganies can no longer assume the status quo as the legit-
impose their own logic or business process on compaimate way of doing business. Rather, they must have
nies. The system may push a company toward full intehigh flexibility, ranging from the capability to tailor pro-
gration even when a certain degree of business segrelucts and services for customers to the ability to expand
gation may be in its best interest. With a market ofproduction rapidly when market opportunities suddenly
around $10 billion per year, enterprise systems deservarise (Itther & Kogut, 1995). In a dynamic environment,

a detailed analysis. the enterprise system, which represents the data flow and
The goal of an enterprise system is to help companieworkflow of the company, should evolve with the busi-
streamline their business processes. In developing aress processes. Sticking to today’s ‘best practice’ and

adopting an enterprise system, there are two major factorglying on a single software company to provide a
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standard business process is a recipe for failure in tomoficlients). The latter is suited for applications that are
row’s competitive marketplace. process-intensive on the client side. The R/3 system
This paper aims to present a new framework forprovides different business modules including asset
tomorrow’s enterprise systems. It focuses on the technananagement, financial accounting, human resources,
logical as well as the organizational aspect of a globaproduction planning, sales and distribution, materials
enterprise system. After briefly analysing the market andnanagement, etc. These business applications are essen-
technology of today’s enterprise systems, the paper digtally business processes and logic that are imposed by
cusses the cutting edge technologies and their impac®AP. Therefore, companies that implement SAP have to
on the development of the next generation enterprise sysdopt the standard business processes provided by the
tems. Next we address the adoption and selection dfoftware system. Some level of customisation is possible
enterprise systems from an organizational perspectivday using the ABAP/4 development workbench that
We describe the implementation process of its enterpriseomes with SAP R/3.
system at Dell Computer Corporation and study the SAP R/3 has been a phenomenal success since its
issues of information systems fit and organizational perrelease. Companies can use R/3 to integrate data flow
formance. Further, we discuss the methodologies imnd access information in ways they never could before.
developing a component-based enterprise system. Weor example, a company’s inventory data can be updated
focus on the issues of coordination at both the organizaautomatically after each sale and the new numbers will
tional level and the software level. This is followed by be available throughout the organization so that the
the analysis of future trends in component-basednanufacturing division can make real-time production
enterprise systems development. The last section is th@lans and executives can make better strategic decisions.
conclusion. However, many companies have found that they have
many problems in implementing SAP. First, business
E . ) K processes provided by R/3 are generic solutions for an
nterprise systems’ market industry or industries. Although they might be the ‘best
Even excluding the consulting expenditures, today’spractice’ from an industry point of view, the particular
enterprise system industry is a $10 billion businesgrocess may not exactly fit the specific business model
(Davenport, 1998). According to Advanced Manufactur-of the company. Today, customers are becoming increas-
ing Research, an enterprise application research firm, tiegly sophisticated. They demand the right product at the
enterprise software sector will grow to more than $19right time with the right price. Companies have to
billion by 2001. The biggest players in the market arerespond immediately to the needs of their particular cus-
SAP, Oracle, JD Edwards, PeopleSoft, and Baan. Thellomer segment. Therefore, companies are desperately
total market share is 62% (Figure 1). SAP, a companyeeking solutions that will enable them to develop and
based in Walldorf, Germany, has 30% of the total marketleploy their information systems rapidly in order to
share. We will first look at the architectures for currentfacilitate their business processes and possible changes.
enterprise systems, particularly SAP and JD Edwards. But companies have either to invest heavily to develop
SAP has two main products: R/2 and R/3. R/2 is thetheir customised application or pray that software com-
mainframe product while R/3 is the client/server versionpanies such as SAP will ship out a package that fits
SAP R/3 can have a two-tier or a three-tier client/servetheir needs.
architecture (Figure 2). With a two-tier architecture, the Second, although the client/server architecture has
business applications can either locate on the databa®een an improvement compared to the earlier mainframe
server side or run together with the presentation servers

SAP Oracle
30% 10%
Presentation
J.D. Edwards
9%
PeopleSoft o
7% Application Server
Baan
6%
Other
38% Application and

. . . Database Server Database Server
Figure 1 Market share of the major enterprise vendors. (Data source:

Red Herring, 1998). Figure 2 Two-tier and three-tier client/server architecture.
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solution in terms of computation speed and graphicatompany’s proprietary middleware, which supports
user interface, it is very much a centralised and exclusiv®©DBC, socket-based communication, EDI, and flat files.
system. Business logic, being on the application servein the future, it will support COM, CORBA, and ALE
or on the client side, controls production, distribution, (Application Linking and Embedding) and Idoc
customisation, and other business processes. Differefiintermediate Document). JD Edwards has expended a
application modules communicate with each othemgreat effort to ensure interoperability and to develop its
directly without an intermediate layer. The whole own middleware. However, the company’s core business
software system is a monolithic package. It is extremelyis to develop business applications. The lack of an
difficult to reconfigure the system in order to communi- industry-standard middleware forces many companies to
cate with applications developed by other vendors. Aexpend extra effort to solve the problem of interoper-
companies want to change their business processes ragbility.
idly, it requires a software architecture that is flexible
and has the ability to integrate applications that coul . .
be developed by different vendors. Breaking the two-tie?TeChnmogy Imperative
or three-tier client/server architecture into a distributedRapid advances in computer and communication techno-
object architecture may be the real solution (Figure 3)logies are revolutionising the way business systems are
We will discuss the new architecture in the next sectiondeveloped. The Internet, distributed object technology,
SAP has realised many of the problems and haand Java are quickly changing the current computing
moved aggressively to improve the flexibility of its paradigm. The convergence of the Internet-based techno-
software. It plans to allow customers to select and purfogies provides the infrastructure to construct complex
chase SAP software bundles rather than the whole R/8oftware systems over the network.
system. Meanwhile, SAP is launching its new product,
mySAP.com, by integrating its core business appli-The Internet and the World Wide Web (WWW)
cations with the Web and electronic commerce. The Internet and the WWW have changed the landscape
Compared to SAP, JD Edwards has been a relativelpf computing in a way no other technologies have done
slower mover in developing a state-of-the-artbefore. Together they provide the universal communi-
client/server system. However, JD Edwards has beenation network and standard user interface that unify all
very aggressive recently in applying new technologiedlifferent computing platforms and allow people to
in enterprise systems. The company recognises the limaccess information and execute applications virtually
tations of the client/server model and tries to offer a profrom anywhere at any time. The Internet and Web-based
duct that can separate the business applications with theamputing have crossed the boundaries of different func-
technology. OneWorld, the JD Edwards’ product, hagional teams, companies, and nations and provides a
two modes: client/server mode and browser mode (JZomputing infrastructure for companies to develop inte-
Edwards, 1998). The latter is the company’s vision thagrated systems throughout the whole supply chain.
the future enterprise systems should be deployed through Because of the tremendous anticipated advantages of
a ‘configurable network’ with high interoperability. the Internet, many companies jump onto the Web-based
Components can run from different computer platformscomputing bandwagon before they are actually ready.
and interact with each other through the JDENet, theEarlier Web-based computing models predominantly
used the Common Gateway Interface (CGI) approach.
The focus is on information retrieval and display. The

Web browser is simply a display tool. All of the comput-
Cliens ing is conducted on the server side, and the results are
High ient/Server Web-Based ;
o0 18 Computing Ej} Distributed Object then cpnverted back into HTML pages_and sent pack to
g Computing the client’s browser. This communication model is not
g very efficient and wastes valuable network resources.
=] . . . .
O | | Advances in distributed object technology can overcome
= |_] many shortcomings in today’s Web-based applications,
9 ' make Internet applications more dynamic, and provide
B Low 3{;’:;2:; more versatile ways to exchange structured information
over the Web.

Distributed object technology

Low High Distributed object technology encompasses not only the
original object-oriented model but also component tech-

nology. Component-based system development is rooted
Figure 3 The evolution of computing frameworks. in the object-oriented model, which represents a major

Interoperability, Adaptability, and Global Access
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revolution in software engineering. Objects are straightin programming languages other than Java cannot take
forward abstractions of real-world entities. Softwareadvantages of the WWW.
objects, with properties such as encapsulation, inherit-
ance, and polymorphism, greatly increase software reJava and EJB
usability and simplify the software development processCompared to CORBA, Java provides an easier
The component model, on the other hand, focuses omplementation of Web-based distributed object tech-
building software systems by combining and matchingnology. To a large extent, it provides the missing link
pre-developed software objects. The component concepietween Web-based computing and the object tech-
is an extension of the object concept. However, the focusology. As an object-oriented language, Java is easy to
of component technology is not on inheritance but onunderstand, easy to learn, and easy to implement. With
the combination and integration of different softwarebuilt-in networking capabilities, Java makes network
components. The benefits of the component approactomputing a much easier task. Now network computing
range from rapid software development to increased cudpecomes one of the most fundamental parts of Java com-
tomisation and maintainability and enhanced softwarguting. On the client side, Java applets can be seamlessly
guality. Components with well-defined interface can beintegrated with Web browsers. As client applications, the
quickly combined and assembled to form a complexapplets are full-fledged applications that have rich
application system. graphical user interface. Java applets are platform-
With the component model, some software companiegndependent and guarantee that applications are
can focus on individual component development anddeveloped once and run everywhere’. As client objects,
leave system assembly tasks to others. With increasingpplets can interact with Java objects or objects
specialisation, software producers can enhance their pramplemented in different languages in the computer net-
ductivity. Businesses can purchase components from difwork through Internet Inter-ORB Protocol (IIOP) or Java
ferent vendors or develop more specialised componenBemote Method Invocation (RMI). This ensures the
in-house in order to assemble a highly customisednteroperability and robustness of the applications. On
enterprise system. In a dynamic business environmenthe server side, Enterprise JavaBeans (EJB) provides the
when companies are changing their business strategiéimework to develop component-based, highly scalable,
and processes, they can simply replace old componengnd secure enterprise systems. Under the EJB frame-
with new ones. The result is easy software maintenanceork, pre-developed and pre-tested components can be
and guaranteed minimum delay between business infoeasily combined and assembled on the application ser-
mation systems with business processes. CORBAyer. Client applications can access these components
Enterprise JavaBeans (EJB), and COM are some dhrough the Web-server and Java Naming and Direc-
today’s most popular component technologies. We willtory Services.
briefly describe the features of these technologies.

COM
COM, which stands for Component Object Model, is
CORBA Microsoft's competing component development tech-

CORBA is a distributed object-oriented computing stan-nology. Introduced in 1993, COM is now a mature foun-
dard proposed by the Object Management Groumlation for component-based development. COM is the
(OMG). It provides an infrastructure allowing objects to technology that one uses to define components and
communicate independent of the specific platforms ané&nable software interoperability. It is not a language for
techniques used to implement the addressed objects. Tiraplementing components. Instead, developers can use
core of CORBA is the Object Request Broker (ORB), C++, Visual Basic, or even Java to create components.
which guarantees portability and interoperability of COM acts as a shell that wraps around components and
objects over the network, a heterogeneous systenenables communication between clients and server
CORBA provides an Interface Definition Language components. Microsoft describes its distributed compo-
(IDL), which can be used to define object interfacesnent architecture as DCOM (Distributed COM). DCOM
independent of implementation. Clients and servers in anakes it possible to create networked applications built
CORBA environment do not need to know the detailsfrom components. Compared with EJB, COM is a more
of each other’s implementation. IDL tells which methodsmature technology since Microsoft has been shipping
can be invoked on an object. With CORBA, users camand supporting the software for a couple of years. The
create object interfaces and implement objects using difdrawback is that companies have to use COM with Win-
ferent programming languages and achieve real interopdows NT server, which still lags behind in scalability
erability. However, the complexity in CORBA compared with systems such as UNIX.

implementation might be one of the reasons that distrib- With the growing interest in EJB, many CORBA ven-
uted object technology has not gained much ground imors have shifted their focus to developing Java-based
the industry. In addition, client applications implementedcomponent systems. Thus, the true competition in
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component development standard may lie between EJ®e discuss issues in business information systems fit and
and COM. It is hard to predict who will be the winner in organizational performance.

the future. However, at this moment, Microsoft's COM-

based model has an advantage for small- and mediunbell Computer

scale applications. Dell Computer is the world’s leading personal computer
(PC) producer. lIts direct sell and build-to-order model
Technology convergence has revolutionised the PC industry. Dell began in 1984

The convergence of the Internet, the WWW, and distrib-with its direct sell model. By bypassing the dealer chan-
uted object technology defines a new era in computingnel through which personal computers are traditionally
Each technology increases the value of the other techsold, Dell has eliminated the reseller's mark-up and the
nology. Taking away any of the above technologies, theosts and risks associated with carrying large inven-
impacts and values of other technologies will be signifi-tories.

cantly less. For example, the distributed object techno- Initially, Dell used different hardware systems and

logies have been around for some time; but with theapplications programs including Tandem and COBOL.

development of the Internet, the WWW, and Java comin order to integrate fully all of the systems on an
puting, the technology gets a new life. In our opinion, enterprise-wide basis, the company bought SAP R/3 in
the transition to Internet-based computing should1994. Immediately Dell started the customisation of SAP
embrace all of these technologies. to fit its organizational model and expected the transition
The integration of the WWW and distributed object and customisation period would take as long as five
technology offers a solid technological infrastructure andyears. However, after only two years of use the company

a set of tools to develop the next generation softwarelecided to drop the SAP project and started to use COM

systems. This infrastructure has the following synergiesas a standard in developing its component-based

e Applications can be deployed universally over theenterprise systems. Why did Dell make such a drastic
Internet and the Intranet. Users can access the systedecision after spending millions of dollars on SAP? The
virtually from any place at any time by using all simple answer is that the company feels SAP is not flex-
kinds of devices such as laptops, desktops, workible enough to fit its corporate strategy and meet its rap-
stations, phones, or hand-held wireless devices. idly changing business processes.

e Applications implemented in different languages and We portray Dell's decision matrix in Figure 4. Com-
running from different operating systems and plat-peting in a very dynamic environment with ever chang-
forms can communicate and share functions withing technology, customer tastes, and supplier relation-
each other through communication protocols such aships, Dell strongly believes that the company has to
IIOP, Java RMI, or COM. Data and information flow adopt a more flexible, component-based approach in
in the company can be seamlessly integrated. developing its enterprise systems in order to fit its over-

e System development cycles will be shortened sig-all corporate and operation philosophy. Dell Computer’s
nificantly by using component-based software engingoal is to become the No. 1 leader in the PC industry.
eering approach. Companies will able to reuse a loThe PC market is known for its rapid innovation and
of software codes. short product cycles. The company's strategy is to

e The resulting enterprise systems can be highly cusehange rapidly with the market demand, to reduce pro-
tomised by using the component approach andiuction cycle, and to hold as little inventory as possible.
assembling individual components that fit the busi-Its IS is a strategic piece in implementing its corporate
ness processes best. Systems can evolve with chang-
ing business strategies and processes easily.

Organizational perspective

In adopting an enterprise system, technology is only hal 2,
of the picture. Organizational perspective is equally”
important. In this section, we begin with the case study-S
of Dell Computer Corporation. Compared to Dell's E Standardized
direct sell business model, less is known about itsg — sowtons
implementation process of its enterprise system. How ™

ever, from interviews with executives at Dell's IT Less dynamic market  Highly dynamic environment
department, we learned that Dell's decision to replace Fast-paced changes
SAP with a more flexible approach in developing
enterprise applications is critical in executing the com-
pany’s strategies. Using our insights into the Dell case, Figure 4 Decision matrix at Dell Computer.

E Component-
based
system

(2

Business environment and corporate strategy
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strategies. Dell's website is its virtual market-place.of choosing its enterprise system solutions. Eventually
Information captured through close interaction with itsthe company realised its information systems have to fit
customers and suppliers enables the company to revolhe overall corporate strategy. The issue of fit between
utionise its business operations by producing exactlyan organization and its structure, technology, and pro-
what the customers want, virtually eliminating inven- cesses has been an active research area in organization
tories caused by inaccurate forecasting. At Dell, infor-theory (Thompson, 1967; Galbraith & Nathanson, 1979).
mation is a valuable asset, replacing warehouses anthe concept of fit, which is defined as the congruence
inventories. Therefore, business systems cannot be statioetween different components of an organization, is cen-
They have to keep changing with the changing taste anttal to the theory. Organizations are packages or mosaics
behaviour of online shoppers. They also have to adjush which all pieces must fit together. Organizational
constantly in order to work smoothly and efficiently with dimensions such as structure, reward systems, and
the company’s suppliers. In such a dynamic environ+esource allocation processes must be consistent not only
ment, a relatively static enterprise system such as SARith the organizational strategy but also with the others.
does not fit well. The following are a few specific Some researchers in IS (Robey, 1981; Markus &
reasons the company decided to terminate the SAP prdRobey, 1983; Leifer, 1988) have studied the fit between
ject: IS and organizational structures. In general, the fit
e The deployment cycle for SAP is too long. The between an IS and the organizational context is believed
initial plan to convert the whole company’s infor- to be critical to the success of the system deployment.
mation systems to SAP would take several yearsAlthough there are a couple studies at the individual user
during which the technology and market-place couldlevel (lveset al, 1983; Goodhue & Thompson, 1995),
change a lot. For a high tech company like Dell,research at the large-scale enterprise system level is gen-
which competes in a highly dynamic environment, erally overlooked. With more companies investing in
SAP simply takes too long to be deployed. large-scale enterprise systems, study in this area is immi-
e Even though SAP allows some customisation, fullnent. The Dell example has demonstrated the importance
customisation is impossible. Subsequently, Dell canof congruence between the IS and other components of
not make the system flexible and versatile enough téthe company including strategy, business environment,
change with changing business strategies. and organizational structure. Empirical studies on under-
e Should the company fit its business processes to itstanding and measuring the correlation of the structural
information system, or the other way around? This isvariables along different dimensions of organizations
the big debate in deciding the company’s IT strategyand IS are needed in order to provide further evidence.
Should SAP be implemented, the company would Dell's tremendous performance also supports the con-
have to change its operations to fit the systentingency theory that the ‘fit' in overall organizational
requirement. But executives in Dell realised that itdesign results in high performance (Galbraith & Nathan-
is not going to work for Dell. In fact, the IS and son, 1979). This is consistent with the results of econ-
business operations become so closely tied togethemic studies on the technologies and organization of
at Dell that many times they have moved forwardmodern manufacturing (Milgrom & Roberts, 1990),
together simultaneously. A large-scale monolithicwhich suggest the presence of complementarities among
enterprise system simply does not fit the organizathe elements of the firm’s strategies. Recently, studies
tional culture. in IS (Baruaet al, 1996) also showed that organizational
Dell's decision to go with component-based systempayoff of re-engineering is maximised when several fac-
development paid off. Today managers at Dell can trackors relating to IT, decision authority, business processes,
the company’s sales, production, and distribution infor-and business incentives are changed in a coordinated
mation in real time and make strategic or tacticalmanner. From the Dell case, we can see that the fit
decisions. The company continues to be the industry’®etween business IS and organizational context is in fact
leader in the direct selling of PC’s over the Internet anda dynamic process. Simply making IS fit the organiza-
has achieved a 50% growth rate in the past few yeargion is probably too narrow a view. While a company’s
In 1999 Dell surpassed $18 million a day in InternetlS should be deployed to implement business strategies
sales, or 30% of its total revenue. The company is steadvith minimum delays, organizations may develop new
ily moving toward its goal of achieving 50% of its sales ways to produce and distribute its products because of
over the Internet. the innovations in IT. This dynamic process of interac-
tions between IS and organizational context should result
Evaluating enterprise systems fit and performance in higher performance. Measuring the business value and
Deciding what business systems to deploy is aranalysing variations in organizational performance from
important theoretical and pragmatic question. In Dell'sthe interaction of IS and organizational context will
case, even though the company’s had a clear vision imake significant contributions to IS theory as well as
its business strategy, it did pay hefty prices in the proces® practitioners.
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Design methodologies Order Processing Distribution

In this section, we discuss the design methodologies for
component-based enterprise systems. We will first

address the middleware in component-based software
engineering. Current component-based software engin-
eering literature has focused on the tools and standard
for component development. In enterprise computing,

putting together a complex enterprise system based on
pre-developed components is not a straightforward task. .
Thus, we discuss the coordination problems in component- Production Planning Production Operation
based enterprise system development, at both the organi-
zational level and software level.

or on multiple servers.
The Middleware
Component-based enterprise system development may

take se_veral approaches. For_ example, let us Iook_at Middleware can be thought of as the distributed
enterprise system that contains the following bus'nesﬁperating system in a multi-component environment.

(TO?.UIGS: ord(te_r proczszl_n?,_bpipducxon p'at!‘”'”% pr(l)'The functions that the middleware provides are similar
uction opération, and distribution. AS mentioneéd early, \ynat 5 |ocal operating system does for local appli-

I€r, t_he t_radltlonal client/server approach QIIOWS dlfferentca'[ions. But, different from the local operating systems,
application modules to communicate with each othe

! . . . . .~which are monolithic packages, the middleware is a
directly without an intermediate layer (Figure 5). This logical unit and can bg disp?arsed over the distributed
might be a reasonable solution if a company is

develoning the whol licati K by itself .fnetwork. As the system gets more complicated, more
eveloping the whol€ application package by ISEIl of gq\jces can be added onto the middleware. The basic
the system is relatively simple. But, for a complex

N ith ts being develobed by diff services the middleware provides should include naming
system with components being developed by different directory, messaging, and transaction monitoring.
vendors, this design will result in many problems, e.g

e . N ‘These services can be on a single server or on mul-
the loss of flexibility and interoperability since the com- tiple servers g
munication protocols are largely platform and language- '
dependent. o o
L . .. oordination at the organizational level
The solution is to add the middleware as an addltlonag 9

| betw bUSi ¢ idi Different from scientific computing, enterprise systems
ayer between bUSINesSS components, providing generiy iy, entity objects that represent real-world business
services such as naming, directory, and communicatio

'%8ivisions or teams. The goal of an enterprise system is

for different software components (Figure 6). This is e . ; .

. to help companies integrate all business information and
e;(zgtg the idea OftC.OR?A’ C?I\g,_ar:jqﬁEJB.tlln the CaS€streamline their business processes. In order to do that,
0 » components Implemented in difierent languagesy, o system should be able to coordinate activities across
can use the industrial standard [IOP or RMI to communi-

) ; o X the organization and provide decision tools for man-
cate with each other. With the availability of naming andagers g P

directory services, components can communicate with According to our recent interviews with executives

each other in a netwo_rk—transparent way; 1.e. componentg, 4 developers from the top enterprise system vendors,
can be accessed_ using location-independent 'dem'f'ergnalytical tools, decision support, and e-commerce appli-
regardless Of. thglr locations. . . . cations are the weak link in today’s enterprise systems.
From a distributed computing point of view, the Today'’s enterprise systems are able to capture all of the
transaction data, but they seriously lack analytical tools
to examine the data and help managers to make optimal
decisions. It is important to note that the decision-mak-
ing process in a global company with multiple product
lines and several regional headquarters could be
extremely complicated. Some decisions are made in cor-
porate headquarters while many are made in a more
decentralised way. It is a great challenge to the company
as well as to enterprise systems vendors to develop
Production Planning Production Operation innovative ways to coordinate the decision-making pro-
cess at different levels of the organization in order to
Figure 5 Traditional modular implementation. achieve the overall goal of the organization. Meanwhile,

Figure 6 Middleware connecting components.

Order Processing Distribution
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coordination is equally important in an inter-organiza-in nature (Fanet al, 1999). Asynchronous distributed
tional environment. A firm has to find out efficient ways processing occurs when different components can par-
to work with its suppliers and manage the whole of itsticipate at different times in the application process. For
supply chain processes. For example, an enterprise syesxample, an order process system requires the trans-
tem for manufacturing companies should be able to solvaction server to handle requests from many different cli-
the following operation problems: ents. With synchronous processing, the transaction ser-
e Decide the current production level of each productver has to reply to each request before it processes the
e Find out the volume of each raw material or inter- next one. With asynchronous processing, the server can
mediate product that should be procured or pro-schedule its operations more efficiently because it does
duced. not have to reply to each order immediately. Meanwhile,
e Select the best vendors and negotiate the prices. the client application does not have to wait for the
Figure 7 depicts the architecture of an enterprise sysimmediate reply in order to conduct the next task.
tem with components for analytical applications and In an enterprise system, data are shared and can be
decision support. Generic middleware provides serviceaccessed by many different business applications or
such as naming and directory service, transaction procomponents. For example, customer information is
cessing, and message transmission for functional compahared by order processing, production planning, sales,
nents. Coordination mechanisms are implemented asnd distribution. Inventory information is shared by pro-
domain-specific middleware that provides services foduction planning, operation, distribution, and sales. Man-
intraorganizational or interorganizational business interagement of shared information is an important task in
actions. Different from generic middleware servers thatomponent-based system development since the access
provide the same services for different organizationscontrol mechanism may be distributed in different sys-
domain-specific services vary from organization totems. First of all, we should specify clearly the access
organization, reflecting the differences of organizationakights that are assigned to each application processes. A

structures and decision-making processes. component is not allowed to access the data that is irrel-
evant to its process. If different components can access
Coordination at the software level the same data item, it is critical to ensure that an appli-

At the software level, the components that form a com-cation is free from the interference from other appli-
plex enterprise system are interdependent, and someations so as to avoid the inconsistencies on the same
times they may have conflicts in terms of accessing sysdata. The most common way to implement concurrency
tem resources. We also take a coordination perspectiveontrol is to use exclusive locks. By locking the data,
in the system design. Issues such as asynchronous prifte application is in effect serialising the access to the
cessing and concurrency have to be addressed for distriblata. While applying locks, we need to make sure the
uted component systems. portion of the data to be serialised should be kept as
Our implementation of a distributed electronic marketsmall as possible. By applying unnecessary locks, the
recognised that distributed applications are asynchronouserver operation will become less efficient. Meanwhile,
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Figure 7 Enterprise system with decision support component and coordination mechanism.
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it is necessary to avoid deadlocks. There should be sesis and decision-making will replace traditional batch
vices available to detect and delete deadlocks. There aprocessing.
several other design issues in the component-based sys-The component approach is the future direction of
tem. For example, load balancing, security, and fault tolsoftware engineering (Figure 8). Assembling pre-
erance have to be dealt with in a coordinated approactieveloped components represents a huge advance in
as well. software engineering. There will be companies specialis-
ing in developing business applications as well as spe-
cialising in middleware development. The component
Future trends model of software engineering is essentially introducing
the market mechanism to software engineering. In order
There are several aspects that the next generatidior the component framework to flourish, a component
enterprise system will improve: (1) accessibility andmarket is indispensable. A component market will lead
interoperability, (2) flexibility, (3) adaptability, and to higher competition, better products, and lower costs.
(4) real-time processing and intelligence. First, the sysEventually, this might lead to new market structures of
tem should be able to run on any platforms and behe software industry, breaking large monopolies and
deployed through any devices. Applications running ongenerating high efficiencies.
different devices or located on different servers should The digital market-place for software components
be able to communicate and share functions with eacbhannot prosper without the standardisation of software
other easily. In order to achieve that, the systems haveomponent products and market mechanisms such as
to make full use of the synergies of Internet-based disquality assurance. The following are some factors that
tributed object technology. will affect the future software market.
Second, the future enterprise systems will be more
flexible and much easier to customise. The underlyingstandardisation
idea is to use the market approach in software develop order to let software components be like commodities
ment. The monopoly model where a company provides ¢at can be bought and sold over the market-place, they
bundled, monolithic package will not work in the future. have to be standardised. Naturally, there will be multiple
Rather, we will see more specialisation and more compemarkets for different software components with different
tition in the software market. There will be companiesgranularities. For example, there will be large compo-
specialised in middleware and different business applinents such as order processing and production planning
cations. Companies will produce components with staneomponents and small components such as a spelling
dardised interfaces. A customer can buy the best compaheck. Software companies may want to construct large
nents from the components market and customise aromponents from smaller components. For example, a
have it customised into an application that fits seamlesslproduction planning component can be constructed by
with its business processes (Figure 8). This will lead tocombining sub-components such as production forecast,
higher software quality and shorter development cyclesscheduling, and material requirement planning (MRP).
Third, the systems will have adaptability. One of the
greatest advantages of the new computing framework i€ustomisation
its capability to deal with changes. Companies today ar@ he pre-developed components should allow some level
facing great challenges in keeping up their IS with theof customisation so that highly customisable software
changing needs of the organization and reducing costs isystems can be constructed. This issue will become more
converting one system to another. The market-orientednportant in developing intelligent software systems.
component approach provides a good solution. By using/lost of today’s business processes and IS are rule-
the open architecture, applications developed at differertiased. To a large extent, the rules are functional. How-
time periods and by different vendors can work togetherever, based on the repetition of learned behaviour from
ensuring that today’s software and hardware investmeryiast experiences, rules do not change easily. But the
can be protected, and any new changes can be madempetitive environment requires a new set of capabili-
easily by just plugging new components. Companies caties that are not incorporated in the firm’s current
easily replace any components with better ones witldecision rules. Therefore, the future intelligent compo-
great ease. The result is that the system will always supaents will largely be goal-oriented. Companies should be
port the fundamental business model, rather than thable to configure the goal of the agents and subsequently
other way around. induce changes of agent behaviour and the business pro-
Lastly, future systems will be more intelligent and cesses.
support real-time decision-making. Software agents will
become human assistants, monitoring the business opeCertification
ations, collecting information, and helping humans toThe future software component market will exist over
make better decisions while real-time information analy-a public communication network such as the Internet.



34 Adoption and design of component-based enterprise systems M Fan et al

The Software Component Market
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Figure 8 The component-based software engineering.

Components should be traded and delivered easily frorfor the next generation enterprise system. We described
the buyers to the sellers. One of the difficulties associathe process that Dell Computer took in adopting its
ted with the online market is to ensure that the softwareomponent-based enterprise system architecture. The
is actually produced by the claimed company. The solissue of enterprise system fit is an important research
ution is to let every vendor be certified by a third party question to both academia and practitioners. The Dell
certification authority. The vendor should also sign itsexample has demonstrated the importance of congruence

digital signature on its products. between business information systems and other compo-
nents of the company including strategy, business
Pay by use environment, and organizational structure. Future

The software component market should allow innovativeresearch should concentrate on empirical studies to
sales and payment models. Quality assurance is amderstand and measure the fit along different dimen-
important issue in the digital software component marsions of organizations and 1S, and investigate whether
ket. Distributing the software components freely but col-the congruence leads to higher organizational perform-
lecting revenues based on the use of the software coulance.

well be a solution to guarantee the software quality (Cox, We also addressed the design methodologies for
1996). Components with poor quality will have less andcomponent-based enterprise system development. We
less usage. Eventually, only the companies with goodook a coordination perspective, both at the organiza-
qualities will survive, and the ‘lemons’ will be driven tional level and at the software level. At the organiza-
out of the market-place. tional level, domain-specific coordination mechanisms
should be in place in order to coordinate various busi-
ness activities. We believe decision support and coordi-
nation mechanisms are the missing links in current
This paper has discussed the organizational and technenterprise systems. Issues surrounding the design of
logical aspects of component-based enterprise systen@mpeting coordination mechanisms for different
Business challenges and rapid advances in comput@rganizational or inter-organizational processes warrant
information technologies call for the design of a morefurther research. At the software level, middleware
flexible, open, and scalable enterprise system architeshould support interoperability and provide software
ture. The convergence of the Internet, the WWW, andcoordination services for asynchronous processing, con-
distributed object technology provides the building blockcurrency control, and fault tolerance.

Conclusion
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