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Abst r act

Enterprise conputing has progressed enornously in just the |ast
few years. Especially with the advent of the Wb, not only is it
possi bl e for diverse organization to automate and integrate their
busi nesses and conputer operations, it is inperative that they do
so. Suddenly, as nore and nore corporations becone Wb enabl ed and
find thenselves relying on a nyriad of applications, the ability
to evolve and integrate existing applications becones significant.
Virtually all enterprise organizations at sone tinme face the
problem of integrating different applications and database
systens. In addition, enterprise organizations nust constantly
evolve. This need to evolve occurs as enterprises strive for
conpetitive advantages. In today’'s econony, it is rare for an
organi zation to continue to be successful by nerely maintaining
the status quo. In a sense, enterprises are forced to evolve to
stay at the forefront of their industries. Enterprises frequently
find thenselves having to nmerge wth other enterprises,
reorganizing their i nternal structure, and adopting new
technologies and platfornms as they strive for conpetitive
advant ages.

The e-Business nodel is particularly wuseful for nmanaging
pur chasi ng and suppl y-chain i ssues, nmanagi ng cust oner
rel ati onships and providing custonmer service, and providing Wb-
based applications and services.

Since it is inperative that enterprises adapt to business and
t echnol ogy driven changes, they need an e-Busi ness nodel nore than
ever to adapt their existing business processes, applications, and
enterprise systens to these changes.

In these situations, enterprise application integration assunes a
great inportance. Enterprise application integration (EAl) enables
an enterprise to integrate its existing applications and systens
and to add new technol ogi es and applications to the mx. EAl also
hel ps an enterprise to nodel and automate its business processes.

Keywor ds: e-busi ness, business-to-business, enterprise application
integration (EAl)

| nt roducti on

Enterprise conputing has progressed enormously in just the last few
years. Especially with the advent of the Wb, not only is it possible
for diverse organizations to automate and integrate their businesses
and conputer operations, it is inperative that they do so. Suddenly,
as nore and nore corporations becone Wb-enabled and find thensel ves
relying on a nyriad of applications, the ability to evolve and
integrate existing applications becones significant.
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Virtually all enterprise organizations at some time face the problem
of integrating different applications and database systens. In
addition, enterprise organizations nust constantly evolve. This need
to evolve occurs as enterprises strive for conpetitive advantages. In
today’'s economy, it is rare for an organization to continue to be
successful by nerely muintaining the status quo. 1In a sense,
enterprises are forced to evolve to stay at the forefront of their
industries. Enterprises frequently find thenselves having to nerge
with other enterprises, reorganizing their internal structure, and
adopting new technol ogies and platfornms as they strive for conpetitive
advant ages. Mdre and nore, they are adopting an e-Busi ness strategy.

In these situations, enterprise application integration assumes a
great inportance. Enterprise application integration (EAl) enables an
enterprise to integrate its existing applications and systens and to
add new technol ogies and applications to the mx. EA also helps an
enterprise to nodel and automate its business processes (Figure 1).

Application !
Integration

Figure 1: Enterprise application integration
Fundanental s of enterprise application integration

Enterprise application integration (EAI) entails integrating
applications and enterprise data sources so that they can easily share
busi ness processes and data. Integrating the applications and data
sources nust be acconplished without requiring significant changes to
these existing applications and the data.

Typically enterprise applications grow into silos of data and
application functionality. System disparity precipitates an abundance
of costly nmanual reporting and data entry processes. Enterprise
Application Integration creates valuable information flow reduced
costs and allows for faster response to narketing opportunities
(G urca Vasil escu, 2007, p.665).

Before EAlI, integrating applications and data within a corporate
envi ronnent has been an expensive and risky proposition. As we noted
previously, conpanies were trying to conbine applications that often
ran on different hardware platforms and had no protocols for
comunicating with other software packages outside of their own
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narromy defined realm In a sense, conpanies had “islands” of
busi ness functions and data, and each island existed in its own,
separate probl em domain (Figure 2).
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Figure 2: A Typical Enterprise Domain

Supply chain managenent applications (for nmanaging inventory and
shi ppi ng), customer relationship nanagenent applications (for nanagi ng
current and potential custoners), business intelligence applications
(for finding patterns from existing data from operations), and other
types of applications (for managi ng data such as human resources data,
internal conmmunications, etc) typically cannot comunicate with one
another in order to share data or business rules. For this reason,
such applications are sonetinmes referred to as islands of autonation
or information silos. This lack of communi cation leads to
inefficiencies, wherein identical data are stored in mltiple
| ocations, or straightforward processes are unable to be automated.

Enterprise application integration (EAI) is the process of |inking
such applications within a single organization together in order to
sinplify and automate business processes to the greatest extent
possible, while at the sane tine avoiding having to nake sweeping
changes to the existing applications or data structures. In the words
of the Gartner Goup, EAl is the unrestricted sharing of data and
busi ness processes anong any connected application or data sources in
the enterprise (Hohpe, 2003, p.685).

One large challenge of EAl is that the various systens that need to be
linked together often reside on different operating systens, use
di fferent database solutions and different conputer |anguages, and in
sone cases are |egacy systens that are no |onger supported by the
vendor who originally created them In sone cases, such systens are
dubbed "stovepi pe systens" because they consist of conponents that
have been jamed together in a way that nakes it very hard to nodify
themin any way (Linthicum 1999, p.39).
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EAl can be used for different purposes:

Data (information) integration: ensuring that information i
nmultiple systems is kept consistent. This is also knowmn as E
(Enterprise Information Integration).

Process integration: |inking business processes across applications.
Vendor independence: extracting business policies or rules from
applications and inplenenting themin the EAl system so that even
if one of the business applications is replaced with a different
vendor's application, the business rules do not have to be re-
i mpl ement ed.

Comon facade: An EAl system could front-end a cluster of
applications, providing a single consistent access interface to
these applications and shielding users from having to learn to
interact with different applications.

n
I

Mul tiple technologies are used in inplenmenting each of the conponents
of the EAl system

Bus/hub: This is usually inplemented by enhancing standard
m ddl eware products (application server, nessage bus) or inplenented
as a stand-al one program (i.e., does not use any m ddl eware), acting
as its own mddl eware.

Application connectivity: The bus/hub connects to applications
through a set of adapters (also referred to as connectors). These
are prograns that know how to interact with an underlying business
application. The adapter performs two-way comunication, performng
requests fromthe hub against the application, and notifying the hub
when an event of interest occurs in the application (a new record
inserted, a transaction conpleted, etc.). Adapters can be specific
to an application (e.g., built against the application vendor's
client libraries) or specific to a class of applications (e.g., can
interact with any application through a standard conmunication
protocol, such as SOAP or SMIP). The adapter could reside in the
sane process space as the bus/hub or execute in a renpte |ocation
and interact with the hub/bus through industry standard protocols
such as nessage queues, web services, or even use a proprietary
protocol. In the Java world, standards such as JCA allow adapters to
be created in a vendor-neutral manner (Zahavi, 1999, p.21).

Data format and transformation: To avoid every adapter having to
convert data to/from every other applications' formats, EAl systens
usually stipulate an application-independent (or comopn) data
format. The EAl system wusually provides a data transformation
service as well to help convert between application-specific and
common formats. This is done in two steps: the adapter converts
information from the application's format to the bus's conmon
format. Then, senmantic transfornmations are applied on this
(converting zip codes to city names, splitting/ merging objects from
one application into objects in the other applications, and so on).
Integration nodules: An EAl system could be participating in
mul ti ple concurrent integration operations at any given tine, each
type of integration being processed by a different integration
nodul e. Integration nodul es subscribe to events of specific types
and process notifications that they receive when these events occur.
These nodul es could be inplemented in different ways: on Java-based
EAl systens, these could be web applications or EJBs or even PQICs
that conformto the EAl systenis specifications.
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Support for transactions: Wen used for process integration, the EAl
system al so provides transacti onal consistency across applications
by executing all integration operations across all applications in a
single overarching distributed transaction (using two-phase conmt
protocol s or conpensating transactions).

Met hodol ogi es used in Web-driven application integration

Wth the advent of the Wb, enterprise application integration has
taken on a larger significance beyond that of nerging application
systens solely within an enterprise

Enterprise servers now handle and naintain huge anmounts of data and
busi ness logic. Furthernore, because the Wb enables easy information
and service access, it has becone a principal neans of conmunication.
An enterprise nust be able to nake its business data accessible to
others, from internal enployees to external partners, suppliers, and
buyers. Enployees require access to the enterprise data to keep
abreast of conpany policies and developnents, and to carry on the
internal business of the conpany. For exanple, enployees file their
expense reports through a Wb interface. Business partners may be
comuni cating i nportant technol ogi cal infornation.

Buyers and suppliers need access to enterprise data to facilitate the
parts ordering and delivery process.

As nore and nore businesses establish a presence on the Wb, Wb-
driven EAl becones nore and nore essential. Enterprises need to
integrate their existing applications and enterprise systens to drive
their business-to-consuner and business- to-business interactions,
plus their other Wb services. In fact, success in e-Business is
driven by an enterprise’s ability to integrate existing applications
and extend the reach of these applications to Wb-based access.

Up to now, applications were classified as either front-office or
back-of fice applications. Front-office applications are considered to
face the customer or end user. Front-office applications include
applications for custonmer relationship nanagenment and narketing
aut omat i on. Back-of fice applications provi de t he i nformation
infrastructure for running the back-end business processes of an
enterprise.

Applications provided by an enterprise resource planning (ERP) system
are good exanpl es of back-office applications.

Traditional EAl focused on integrating the front and back office
applications. However, traditional EAl is beconming Wbdriven EAl.

Rat her than being targeted to the front end or the back end, nost EA

applications are now integrated for the front and back ends and Wb
enabl ed. Just as it is inperative for an enterprise information system
(EI'S) to nove to a web-based architecture, there is also a need for
enterprise applications to be deployed on wdely adopted, standard
application platforms. Enterprises now regard application servers as
mature platfornms for devel oping Wb-based applications. As Figure 2
shows, application servers are particularly appropriate for the B2C
and business-to-business (B2B) areas that place so nuch stress on
application integration.

The application server provides a natural point of integration between
an enterprise’s existing enterprise information systems and the
Webbased applications. The application server also helps handle
transacti ons and can be scal ed as needed.
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technol ogy of choice for
illustrates this Wb

The J2EE application platform is the
enterprises and application vendors. Figure 3
direction to which enterprises are currently noving. The success of
the Java progranmmng |anguage and the J2EE platform are also
responsi ble for this Wb-driven application integration, in |arge part
because they nmke it weasier to develop and inplenent Wb-based
appl i cati ons.
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Figure 3: Web-driven Application Integration

To maximze this Wb-driven application integration, enterprises are
turning nore and nore to the Java programm ng |anguage and the J2EE
platform Java is a platformindependent conputer |anguage that is
designed for the Wb, and it is a successful, w dely adopted platform
for enterprise application devel opnent (Sharma, 2001, p.90).

In addition to the Java platform enterprises are using XM to
exchange corporate data across application domains. XM. is a platform
i ndependent way of representing data formats, and it is invaluable for
exchangi ng data anong different entities. There is a synergy between
XML and Java. XML is to data what the Java programming |anguage is to
application services. Because of XM.'s platformindependent features,
it serves as a foundation for +the current generation of Wb
t echnol ogi es.

Aut omating business interactions between suppliers, custonmers, and
trading partners allows conpanies to better share information and
optimze processes across the value <chain from better denmand
forecasting to streamined nmanufacturing to nore responsive custoner
servi ce:

Reduce | arge val ue added network (VAN) fees.

Reduce costs, ©processing time, and errors through autonated
processi ng of invoices, purchase orders, and paynents.
Synchroni ze price, product, and pronotion information between

trading partners and reduce di sputes.

| mprove col l aboration and visibility across the val ue chain.

Achi eve conpliance with governnent and customer mandates such as
H PAA, RosettaNet, and EDI -1 NT.

integration represents a significant area
technology to drive tangible RO and

Busi ness-t o- busi ness (B2B)
of opportunity for using
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fundanmental |l y change the way businesses conmunicate and interact with
each ot her (Naick, 2000, p.53).

9 & i
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Fi gure 4: Business-to-business integration

Manage the secure execution of transactions over the internet using
accepted i ndustry standards.

Streamline inter-enterprise processes that go from your back-end
systens to your partners' systens.

Manage a large and diverse community of trading partners wth
m ni mal over head.

Enterprise information systens

Before delving into the details of EAl, it is useful to understand the
definition of an enterprise information system An enterprise requires
certain business processes and underlying data to run its business. An
enterprise informati on system enconpasses these business processes and
information technology (IT) infrastructure.

Typically, the enterprise business processes include applications for
handling payroll processing, inventory nmanagenment, manufacturing
production control, and financial accounting (accounts payable and
accounts receivabl e).

W define an enterprise infornmation system as an application or
enterprise system that provides the information infrastructure for an
enterprise. Typically, an EI'S consists of one or nore applications
depl oyed on an enterprise system An EIS provides a set of services to
its users. Services exposed to clients may be at different |evel of
abstracti ons—+ncluding the system level, data level, function |evel
and business object or process level. Gaphically, this mght |ook as
shown in Figure 5 (Dumas, 2005, p.65-67).

In this EIS environnent, the applications reside on the application
server. The application server has a vendor-specific infrastructure
particularly regarding such services as transaction processing,
security, load balancing, and so forth. Different vendors nay supply
the applications that sit on the server, or they may be devel oped by
the IT departnment in house. Applications have been witten in various
| anguages, such as COBO., C, and C++. There are application
programming interfaces (APIs) for clients to access the different
applications. An APl is sone routine that allows a client to do such
operations as create a purchase order or update a custonmer record. The
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data access interface represents the neans of access to the |egacy
datastores or relational databases. The busi ness object interfaces are
abstractions representing the business-specific logic for accessing
functions and data (Dunn, 2004, p.43).

ENTERPRISE INFORMATION SYSTEM

Application ] ( Application J

Business Object
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Interface

I Function S
Client | B.O.
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Interface Transaction Security EIS
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Figure 5: Enterprise Information System Environnent
Typically, EISs include the follow ng:

Enterprise applications that have been developed by an enterprise
specifically to neet its business needs. These are considered to be
custom applications. Typically, |egacy applications run on different
conputing environments. In addition, they are developed using
di f ferent progranm ng | anguages, such as C and COBQOL.

Applications that are part of an ERP suite of applications. ERP
applications cover a wide range of functions, including inventory
nanagenent , production control, human resour ces. Logi stics
applications are another set of ERP applications.

Transaction prograns running on a mainframe transaction processing
system

Legacy dat abases that nmanage data critical to the business processes
of an enterprise.

For a variety of reasons, EISs vary greatly even within the sane
enterprise. Usually, EISs vary because of the follow ng:

Enterprises purchase or inplenent different ElISs over a period of
years as their business needs grow.

Enterprises deploy enterprise applications on different platforms or
archi tectures.
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Enterprises customze an EISto fit their own uni que busi ness needs.

Typically, an enterprise develops EISs over tinme, as a need for a
particular EIS arises. For exanple, an enterprise may start out by
purchasing a manufacturing system Over the years, as its business
grows, it increnentally adds different accounting packages, custoner
support, human resources, and so forth. It nmay be able to add sone
systens to the platformthat hosts its manufacturing operations.
However, other packages require different platform capabilities, or
have only been developed for a particular platform or architecture.
Not only does the enterprise add the new software systens, it also
buys additional hardware that may be conpletely different than its
original configuration

It is easy to see that when an enterprise has been in business for a
long time, it may very well have EISs in use that have been devel oped
and installed on different conputing platfornms and architectures. It
is not uncommon for a large, established enterprise to have a few
applications that run on a nainfrane transaction processing system
These nai nfrane based systens may have been purchased years ago.

The sane enterprise runs other applications that nmay be part of an
integrated ERP suite of applications. In addition, it is typical for
an enterprise to customze its applications to its own enterprise-
speci fi ¢ busi ness processes.

This level of customzation can vary greatly. For exanple, an
enterprise may purchase an off-the-shelf ERP application, and then
custom ze the application so that it addresses its specific business
processes. At the sane tinme, it may develop other applications
internally, using its own enployees or consultants. These internally-
devel oped applications are conpletely custom applications, designed to
specifically neet the enterprise’ s business needs.

Concl usi ons

There is a definite trend anong enterprises towards integrating their
existing enterprise applications and information systems with Wb-
based applications and services.

More and nore, enterprises nust establish a Wb presence and nake
their business services available to Wb clients. However, at the sane
time, an enterprise cannot afford to discard its existing systens and
appl i cati ons, but nmust |everage these existing assets to be
successf ul

This Web-driven application integration is a process that closes the
gap between existing applications and Wb-based applications and
servi ces.

Utimtely, Wb service and wireless clients, in a B2C or B2B context,
will be able to initiate business processes that act on critica
i nformation maintained in ElSs.
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