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omponent-based software engineering is generating tremendous in-
terest not just in the software community but in numerous industry
sectors. Recent technology advances such as the Web, JavaBeans,
ActiveX, and others spur this interest.

But CBSE goes well beyond these technology enablers, as shown by the diverse
perspectives brought to a recent workshop on CBSE, held in conjunction with the
20th International Conference on Software Engineering. This diversity also charac-
terized a related ICSE panel discussion, “CBSE: Can it Change the Way of Software
Development?” which generated active debate from a large audience. The discus-
sion ranged from the theory of software reuse to the reality of commercial software
markets, from available tools to future programming language mechanisms, and
from practical testing to rigorous formal specification.

In both the ICSE panel and the CBSE workshop, divergent perspectives at times
threatened to blur CBSE’s conceptual outlines. Does this diversity imply that we
are exploring the same basic CBSE concepts from many different points of view?
Or are we exploring fundamentally different or unrelated concepts that we capri-
ciously label CBSE?

Alan W. Brown, Sterling Software

Kurt C. Wallnau, Software Engineering Institute

The Current State
of CBSE

As  organizat ions  adopt  comp onent-based  so f t ware  engineer ing, i t
b ecomes  essent ia l  to  c learly  def ine  i t s  charac ter i s t i cs, advantages,
and organizat iona l  impl icat ions. Th is  rep or t  presents  key  d i scuss ion
p oints  f rom a  workshop on  CBSE  and prov ides  a  use fu l  synthes i s  o f
par t i c ipants’ d iverse  p ersp ec t ives  and exp er iences.
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The workshop results suggest the former: CBSE
is a coherent engineering practice, and we are mak-
ing good progress in identifying its core concepts as
well as different perspectives on them. We found
that such diversity, far from diffusing the concept of
CBSE, often works like stereoscopic vision, adding

depth of field to our perception.
For example, while most participants agreed that

components act as replacement units in compo-
nent-based systems, “replacement unit” has differ-
ent meanings depending on which of two major
perspectives is adopted. One, CBSE with off-the-
shelf components, views components as commer-
cial off-the-shelf commodities. In this context, CBSE
requires industrial standardization on a small num-
ber of component frameworks. The other, CBSE with
abstract components, views components as appli-
cation-specific core business assets, which empha-
sizes component-based design approaches rather
than standard component infrastructures or com-
ponent marketplaces. Although this illustration ex-
aggerates each perspective’s tendencies (both in-
fluence any large system development effort), it
does reflect real differences that conditioned much
of the workshop discussion.

This article focuses on the workshop’s closing ses-
sion, which synthesized the major themes from panel
discussions. Organized as a facilitated, large-group
brainstorming session, it sought to bring into focus
the different perspectives on CBSE and identify the
major results participants could take away from the
panel discussions. The discussion ranged from the
conceptual (what is CBSE?) to the skeptical (why will
it work now if it didn’t before?) to the practical (what
will it mean to organizations if CBSE does work?).

WHAT IS CBSE?

Predictably, some discussion focused on defini-
tion of terms—notably the term “component.” Just
as predictably, these definitions only sketched the
contours of this complex concept. Fortunately, the
workshop had access to several established defini-
tions, and to their credit the participants used these
as a basis for exploring additional characteristics of
components rather than arguing for or against the
validity of any particular definition.

The following definitions of “software compo-
nent”typify those emerging in the software industry.

1. A component is a nontrivial, nearly indepen-
dent, and replaceable part of a system that fulfills a
clear function in the context of a well-defined ar-
chitecture. A component conforms to and provides
the physical realization of a set of interfaces.
(Philippe Krutchen, Rational Software)

2. A runtime software component is a dynami-
cally bindable package of one or more programs
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W O R K I N G O U T T H E D E T A I L S
On 25-26 April 1998, representatives of industry and academia met

in Kyoto, Japan, to participate in an international workshop on com-

ponent-based software engineering. This workshop, held in conjunc-

tion with the 20th International Conference on Software Engineering,

aimed to help the software community better understand CBSE and

to identify gaps that exist between industry needs and current acad-

emic research.

The workshop gave researchers and practitioners an opportunity

to share their differing perspectives on CBSE. Synthesizing these helped

the participants better understand the nature of components, moti-

vations behind the adoption of CBSE, and potential implications of

CBSE on organizations. Although this workshop was not the first or

only forum for exploring CBSE concepts, ICSE provided a superb con-

text because it is a premier conference on software engineering.

The workshop comprised a series of panel discussions, organized by

the following broad categories:

♦ Engineering theory and methodology—what do we mean by

CBSE, and how does it influence the way we develop systems?

♦ Components and object technology—how does CBSE differ

from object technology, and how is object technology used to realize

CBSE?

♦ Tools and technology—what are the key technologies, how can

we use them effectively, and how might we extend or otherwise im-

prove them?

♦ Real-life, enterprise-level application of CBSE—why are large en-

terprises interested in CBSE, what are they doing, and what are their

experiences?

In addition to panel discussions, two invited keynote presentations

set the tone for each day's session. Mikio Aoyama of NIIT outlined a

large-scale vision for CBSE. Wojtek Kozaczynski of SSA detailed the no-

tion of a business component and offered a case study in the use of

business components to design a very large-scale enterprise informa-

tion system.

The workshop focused nominally on component management in-

frastructures, that is, the build-time and runtime infrastructures for

component-based systems. However, as this article shows, the work-

shop participants charted a more diverse and comprehensive course.

For an online version of the workshop proceedings, go to www.sei.

cmu.edu/cbs/icseworkshop.html.
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managed as a unit and accessed through docu-
mented interfaces that can be discovered at runtime.
(Gartner Group)

3. A software component is a unit of composi-
tion with contractually specified interfaces and ex-
plicit context dependencies only. A software com-
ponent can be deployed independently and is
subject to third-party composition. (Clemens
Szyperski, Component Software1)

4. A business component represents the soft-
ware implementation of an “autonomous”business
concept or business process. It consists of the soft-
ware artifacts necessary to express, implement, and
deploy the concept as a reusable element of a larger
business system. (Wojtek Kozaczynski, SSA)

These definitions seem to describe approxi-
mately the same concept, but close inspection re-
veals sufficient differences to make them nonsub-
stitutable. For example, definitions 1 and (especially)
4 underscore the large-grained nature of compo-
nents; we might infer this from definition 2, but not
from definition 3. Definitions 1 and 3 emphasize the
need to accommodate context dependencies, but
only definition 3 requires explicit description of con-
text dependencies. We might
infer explicit context dependen-
cies from definition 4, but not
from definition 2. Similarly, the
notion of component autonomy
varies—it may refer to a compo-
nent’s ability to be deployed independently, or ex-
ecute independently, and so forth.

Each definition has its merits, but rather than de-
bate these in detail, workshop participants noted
the importance of two additional component char-
acteristics:

♦ the relationship between components and
object technology, and

♦ the relationship between components and
software architecture.

Object technology is neither necessary
nor sufficient for CBSE

Curiously, this strong statement—as obvious as
it may seem to some—passed without vigorous
contention. Instead, workshop participants ac-
knowledged it to be a natural consequence of the
panel presentations and discussions—even though
most available technologies for component-based
development clearly are object-oriented. JavaBeans
and Enterprise JavaBeans exemplify component-
based technology. The Object Management Group’s

Unified Modeling Language—itself an outgrowth
of object-oriented analysis and object-oriented de-
sign—actively addresses component concepts. It
therefore seems strange to assert CBSE’s indepen-
dence from object technology. How can we justify
this apparent incongruity?

To state the conclusion first, participants agreed
that OT was a useful and convenient starting point
for CBSE, but

♦ by itself, OT did not express the full range of
abstractions needed by CBSE; and

♦ it is possible to realize CBSE without employ-
ing OT.

Thus, OT is neither necessary nor sufficient.
Moreover, CBSE might induce substantial changes
in approach to system design, project management,
and organizational style—changes that go well be-
yond those implied by a large and growing base of
industry experience with OT.

We see that OT is insufficient for CBSE when we
consider the component’s role as replacement unit.
The definitions above each address at least one
characteristic related to replaceability: explicitly
specifying context. Concretely, this might be imple-

mented via a “uses”clause on a specification, that is,
a declaration of required system resources. This sug-
gestion causes some contention because a “uses”
clause implies that the interface describes an im-
plementation rather than an abstraction of possi-
ble implementations. OT does not typically support
this concept—and there are strong arguments why
it should not. However, these lose force when ap-
plied to design-level abstractions, especially when
attempting to compose using existing components.

To illustrate OT’s non-necessity, we ironically draw
on workshop participants’ experiences in attempt-
ing to use OT to implement CBSE. Put bluntly, some
practitioners are seeking ways to insulate their ap-
proaches to CBSE from OT. Why? Because the OT
technology market—in particular, distributed OT
such as Java, Corba, and ActiveX—is far too unsta-
ble and contentious and will, many feel, continue to
be so. The workshop discussion tended to treat dis-
tributed OT as infrastructure “plumbing” and com-
ponents as larger-grained abstractions and imple-
mentations applicable to diverse infrastructures.
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CBSE is a coherent engineering practice, but
we still haven’t fully identified just what it is.

.



Questioning whether components can be separated
from infrastructure led to the following discussion
on their relationship.

Components are inseparable 
from architecture

If one motivation for CBSE is to improve system
flexibility through a compositional style of develop-
ment, we might then ask what makes composition
possible. It must exceed our ability to describe ab-
stractions via abstract interfaces—otherwise we
would not need CBSE. Instead, the degree to which
we are able to “plug in”components—the operative
phrase in compositional development—relates di-
rectly to the degree to which components adhere to
some set of predefined constraints or conventions.

The most prominent component technologies—
Enterprise JavaBeans, ActiveX, and Corba (assum-

ing the Object Management Group adopts a com-
ponent model)—all impose constraints on compo-
nents. For example, the ability of a component in-
frastructure to inquire into a component’s interfaces
requires that the component implement some ser-
vice or obey some convention as defined by its un-
derlying component infrastructure.

Some participants suggested that components
should implement two interface types: a functional
one that reflects the component’s role in the system,
and an extrafunctional one that reflects the com-
ponent model imposed by some underlying com-
ponent framework. The latter interface expresses
the architectural constraints that enable compos-
ability and other desirable properties of compo-
nent-based systems. Therefore, our understanding
of what makes a component a component is inex-
tricably linked to our understanding of the archi-
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DAVID CHAPPELL, Chappell & Associates

Business computing depends on transactions. A transaction

groups two or more changes into a single unit, then ensures that

either all or none of the changes occur. New technologies com-

bine components and transactions, the two most visible being

the Microsoft Transaction Server (MTS) and Enterprise JavaBeans

(EJB), the latter from a vendor consortium led by Sun

Microsystems.

Applications that need support for transactions generally

need other services, too; in particular, they often must scale to

handle many simultaneous clients. Along with supporting trans-

actions, then, transaction processing (TP) monitors commonly

support scalability by allowing effective sharing of resources

such as threads, memory, and database connections. To best un-

derstand how the advent of components affects TP monitors,

let’s look at exactly how MTS and EJB provide transaction and

scalability services.

To control when a transaction begins and ends, the client may

be required to inform the TP monitor of the transaction’s bound-

aries. This is a common solution in non-component-oriented TP

monitors, and both MTS and EJB support it. However, MTS and EJB

also allow for directly configuring the components’transactional

requirements—usually a better solution. It permits using the same

component binary in different transactions and facilitates the

black-box style of reuse typical of component software. It also frees

the client from having to demarcate transactions.

TRANSACTIONS IN MTS
In MTS, every component has a transaction attribute. This tells

the TP monitor (that is, MTS itself ) whether to start a transaction

when the first method is invoked in a new instance of this com-

ponent. MTS defines four possible values for this attribute:

♦ Requires New: Begin a new transaction upon the first

method call to a new component.

♦ Required: Begin a new transaction only if the component’s

caller isn’t currently part of a transaction. Otherwise, any work

this component performs will become part of the caller’s exist-

ing transaction.

♦ Supported: MTS never starts a new transaction for this

component. If a transaction is in progress for the caller, any work

this component performs will become part of it. If no transac-

tion is in progress, this component’s work will not be done in-

side a transaction.

♦ Not Supported: MTS never starts a new transaction for this

component. Even if the caller has a transaction in progress, the

new component will not join it—it just doesn’t participate in

transactions.

To end a transaction, MTS allows a component to explicitly

indicate when its work is completed and whether it wants that

work to be committed or aborted. To do this, the component calls

either SetComplete to commit the transaction or SetAbort

Continued on the next page
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tectural constraints imposed on components by a
component framework-cum-object model.

After some discussion, participants decided that
although components and architecture seem to go
hand in hand, the “two interface”suggestion unduly
emphasizes the role of the component framework in
software architecture. Indeed, as noted, some par-
ticipants sought a clean separation between the
software architecture and component framework.
A more general definition avoids this problem but
still preserves a component–architecture duality by
recognizing three different views of architecture:

♦ Runtime. This includes frameworks and mod-
els that provide runtime services for component-
based systems.

♦ Design-time. This includes the application-
specific view of components, such as functional in-
terfaces and component dependencies.

♦ Compose-time. This includes all the elements
needed to assemble a system from components,
including generators and other build-time services;
a component framework may provide some of
these services.

These additional characteristics that emerged
from the discussion suggest that components are
complex design-level entities, that is, both abstrac-
tions and implementations. Does this complexity
help us solve enterprise-level problems? To answer
this, we must explore the motivations behind CBSE.

WHY CBSE NOW?

Over the past decade, many people have at-
tempted to improve software development practices
by improving design techniques, developing more
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to abort it. If this component is the only one involved in the trans-

action, MTS will commit or abort the transaction then. If several

MTS components are participating in a transaction, each can call

SetComplete or SetAbortwhen it completes its work. The

transaction doesn’t end until the root component—the one cre-

ated directly by the client—calls either method. If the root and

every other component in this transaction call SetComplete,

the transaction is committed. If any component called

SetAbort, the transaction is aborted and the work performed

by all its components is rolled back.

TRANSACTIONS IN EJB
EJB, like MTS, permits setting a transaction attribute on com-

ponents. The attribute’s primary values—TX_REQUIRES_NEW,

TX_REQUIRED, TX_SUPPORTS, or TX_NOT_SUPPORTED—

closely mirror those defined by MTS. As in MTS, an EJB-based

TP monitor uses this transaction attribute to determine

whether to begin a new transaction when a method is invoked

on a component.

Unlike MTS, every method call a client makes on an EJB com-

ponent using this style of transaction demarcation is its own trans-

action.Although this method can invoke other methods in the same

or other EJB components, all of which may be part of this transac-

tion, the transaction ends when the client’s call returns. EJB does

allow a component to call setRollbackOnly, analogous to

MTS’s SetAbort call, to roll back the transaction. If any compo-

nent involved in a transaction invokes this method, work performed

by all components will be rolled back. Otherwise, EJB will commit

the transaction before returning the method’s results to the client.

SUPPORTING SCALABILITY

MTS and EJB define similar services to help developers create

scalable applications, including thread management and client

authorization. The most interesting distinction, however, is in

how each manages a component’s state. MTS does not permit a

component to maintain its state across a transaction bound-

ary—calling SetComplete or SetAbort causes that state to

be destroyed. This improves resource sharing, since a component

can’t hang onto anything for very long. It also decreases the pos-

sibility that applications will rely on an in-memory state that

doesn’t match what’s in the database after a transaction aborts.

But each component must refresh its state after each transac-

tion, which can exact a performance penalty.

EJB, by contrast, allows components to maintain their state

across transaction boundaries. This is more natural for develop-

ers steeped in the object paradigm, and can avoid the perfor-

mance penalty of frequently recreating a component’s state.

However, it also requires that developers diligently ensure ef-

fective resource sharing and application correctness.

We’re sure to hear much debate about whether MTS or EJB

provides better support for creating transactional, component-

based applications. Both technologies, however, assertively ad-

dress the key issues by providing a component-oriented style of

transaction demarcation, supporting scalability, and permitting

direct management of a component’s state.

David Chappell is principal of Chappell & Associates, an educa-

tion and consulting firm. Readers may contact him at david@

chappellassoc.com.
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expressive notations for capturing a system’s in-
tended functionality, and encouraging reuse of pre-
developed system pieces rather than building from
scratch. Each approach has had some notable suc-
cess in improving the quality, flexibility, and main-
tainability of application systems, helping many or-
ganizations develop complex, mission-critical
applications deployed on a wide range of platforms.

Despite this success, any organization develop-
ing, deploying, and maintaining large-scale software-
intensive systems still faces tremendous problems.
Furthermore, in recent years, the requirements, tac-
tics, and expectations of application developers have
changed significantly. With this context in mind,
workshop participants examined the question “why
CBSE now?” and discussed various CBSE solutions.

Two important aspects of the question “why
CBSE now?”quickly emerged in the discussion. First,
several underlying technologies have matured that

permit building components and assembling ap-
plications from sets of those components. Second,
the business and organizational context within
which applications are developed, deployed, and
maintained has changed.

Maturing component technologies
Several participants stated that CBSE is hap-

pening now and emphasized that system devel-
opment methods have changed greatly in the past
few years. Development environments such as
Visual Basic and languages such as C++ and Java
dominate new application development. These lan-
guages, and the supporting tools, make it possible
to share and distribute application pieces through
approaches such as Visual Basic Controls (VBXs),
ActiveX controls, class libraries, and JavaBeans. As
these technologies have matured, so has under-
standing about how to develop pieces of applica-
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Writing business logic is hard enough. Writing infrastructure

code is much more difficult, and a demanding commerce sys-

tem requires a complex underlying infrastructure. If you are cre-

ating a highly scalable, Internet-enabled commerce system, the

infrastructure requirements will be overwhelming.

Modern commerce systems run on four tiers:

♦ a Web tier, which manages Web pages;

♦ a client tier, to manage computer–human interactions;

♦ a component tier, which hosts the business logic pack-

aged as components; and

♦ a data tier, to host the back-end databases.

The component tier must handle distributed communica-

tions, proxy/instance relationships, security, transactional in-

tegrity, communications with legacy applications, data transfer

to databases, and scalability, to name just a few. Either you or

the underlying component tier infrastructure must solve these

problems. The more help you get from the infrastructure, the less

work you’ll have to do, leaving more time for your business logic.

Which probably is complex enough to keep you amused.

So you need a good infrastructure, one focused on compo-

nents and able to solve component tier problems. Because the

component tier is often referred to as the middle tier (between

the client and the data tier), we can refer to this infrastructure as

component-oriented middleware.

THE PRODUCTS

Today’s major players in component-oriented middleware are

the Object Management Group and Microsoft. Java is trying to

enter the fray with Enterprise JavaBeans, but this technology re-

mains premature. The OMG is a technology consortium formed in

1989 by eight companies to define a standard for what they called

distributed object applications. It now has over 800 members, and

perhaps a dozen vendors implement OMG standards. For the OMG,

implementation follows standardization. The OMG does not dic-

tate implementation details except as needed to ensure interop-

erability, such as the wire format of component requests.

Companies can implement the OMG standards as they choose—

the theory is that these companies can then compete openly with

a variety of implementations that meet various market niches.

Microsoft wants to be the platform of choice for support of

component-based applications, which it believes will be the soft-

ware basis for commerce over the next decade. For Microsoft, stan-

dardization follows implementation. Microsoft is a technology

company geared to creating competitive implementations. It cre-

ates standards only where necessary to allow other companies to

plug into its overall component frameworks, such as its two-phase

commit framework that allows independent database vendors to

participate in Microsoft-coordinated distributed transactions.

Continued on the next page
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tions following these approaches. Component-
oriented development no longer seems foreign to
many application developers.

Each of these approaches relies on some under-
lying services to provide the communication and co-
ordination necessary to piece together applications.
The infrastructure acts as the “plumbing”that allows
communication among components. To communi-
cate, components must share an understanding of
how to use the infrastructure. This could be as sim-
ple as a set of naming standards for operations, a
standard place to put information about the com-
ponents, or a conventional way to use other com-
ponents via the infrastructure (sometimes referred
to as a component model). This infrastructure may
also allow components using the infrastructure to
do so effectively and efficiently through services to

♦ find out what components are currently con-
nected to the infrastructure,

♦ make reference to other components via some
meaningful naming scheme,

♦ guarantee once-only delivery of messages be-
tween components,

♦ manage transactions consisting of multiple
interactions among components, or

♦ allow secure communication between com-
ponents.

Among the component infrastructure technolo-
gies that have been developed, three have become
somewhat standardized: the OMG’s Corba, Sun’s
JavaBeans and Enterprise JavaBeans, and Microsoft’s
Component Object Model and Distributed COM.
Participants discussed these infrastructure tech-
nologies and related examples of their use in various
operational contexts.

Tools and environments supporting each of
these technologies are widely available and used,
providing many benefits. However, some partici-
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The gulf between hype and reality makes it difficult to com-

pare Microsoft’s and the OMG’s technologies. The OMG has

adopted many standards for which no implementations exist;

Microsoft has announced technology that it may not deliver for

years. To be fair, then, we should ignore future promises and ex-

amine what is generally available and in use today.

For the OMG, “generally available and in use today” means:

♦ Corba IDL for defining component interfaces;

♦ the basic Corba client–component model;

♦ IIOP, the interoperability standard that allows different

Corba vendors to work together;

♦ Life Cycle Service, to define how component instances are

instantiated;

♦ Naming Service, to define how component instances are

shared;

♦ Security Service, to define how clients and component in-

stances work together securely; and

♦ Transaction Service, to define how distributed transac-

tions are controlled.

For Microsoft, “generally available and in use today” means:

♦ Microsoft IDL for defining component interfaces;

♦ the basic COM client/component model;

♦ DCOM for distributing components across a network;

♦ Microsoft Transaction Service (MTS) to provide a secure

runtime environment, transaction management, and scalability;

♦ DTC for distributed transaction coordination; and

♦ Microsoft Message Queue for asynchronous messaging.

Although OMG seems to be winning the bullet race (seven

to six), Microsoft’s MTS product is equivalent to several OMG

specifications.

THE RESULTS

Because OMG standards can be implemented on many plat-

forms, customers are not locked into a particular operating sys-

tem or hardware. However, OMG creates no reference imple-

mentations and depends on vendors for actual delivery; this

leaves a huge lag between what OMG has standardized and

what vendors are actually delivering. It also means that porta-

bility between vendors is often more promise than reality.

Microsoft creates implementations; this leaves no doubt

about exactly what has been implemented. And Microsoft’s con-

trol over not only the component-oriented middleware but the

underlying operating system permits great efficiencies. On the

other hand, component systems based on Microsoft technology

cannot easily be ported to other platforms.

If you are designing component-oriented commerce systems,

remember that components aren’t enough. You also need an in-

frastructure to support your components. Both the OMG and

Microsoft are working hard to convince you that they can and

should provide that infrastructure.

Roger Sessions is president of ObjectWatch and consults on dis-

tributed component middle-tier technologies. His most recent book

is COM and DCOM: Microsoft’s Vision for Distributed Objects.

He writes the ObjectWatch Newsletter, available at http://www.

objectwatch.com.
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pants pointed out the many challenges of using
these tools to develop larger applications, manage
multiple versions of components, and integrate
components developed by different people using
different technologies.

Evolving business and organizational
context

Far from concentrating exclusively on technol-
ogy issues, workshop participants broadened the
discussion to consider the business and organiza-
tional context within which CBSE evolved and

must operate, and some impor-
tant recent developments.

First, the style and architecture
of the applications being devel-
oped has shifted. Centralized
mainframe-based applications
accessed via terminals over pro-
prietary networks have given way
to distributed, multitiered appli-

cations remotely accessible from a variety of client
machines over intranets and the Internet. Building
such applications requires tools and techniques that
support new development methods and ap-
proaches. Organizations that once handled a few
large projects now typically manage many smaller
projects whose results must be shared.

Second, organizations have invested significant
financial and intellectual resources in the applica-
tions they have built over the past two decades. This
has left fewer resources for developing new appli-
cations from scratch, making it essential to leverage
and reuse the existing investment across a range of
operations and in developing new applications
quickly and reliably. To achieve this, developers re-
quire greater support and guidance for decompos-
ing applications into meaningful pieces and for as-
sembling new applications from a mixture of new
and existing pieces.

Third, organizations began to realize the strategic
implications for their business practices of the soft-
ware-intensive systems that support their organiza-
tion. Some found themselves locked into proprietary
software solutions, at significant cost. Typically this
arose from two sources.

Those who attempted to develop large parts of
their software infrastructure (both systems and ap-
plication software) on their own often found them-
selves responsible for a growing—and very expen-
sive—software maintenance backlog. This put them
at a disadvantage against more agile organizations

that could quickly respond to customer and market
changes by updating or replacing their computer
infrastructure.

Other organizations found that they had relied
too much on a single product from a single vendor.
The resultant “vendor lock-in” made it difficult to
take advantage of a free market of computing sup-
pliers, left important decisions about computing
infrastructure in the hands of third parties, and
often significantly reduced the ease with which in-
formation could be shared among partner organi-
zations. Complete, packaged applications proved
difficult to customize readily as specific organiza-
tional needs arose.

Organizations therefore began to look for an ap-
propriate balance, an approach that did not require
writing everything from scratch each time, and that
provided a flexible system that could evolve as
needed to meet changing business needs.

Finally, and perhaps most importantly, the busi-
ness environment in which organizations operate
has changed drastically. To succeed, an organization
must maintain some stability and predictability in
its market, in the technology supporting its core
businesses, and in its internal structure. Unfortu-
nately, the rate of change in all these areas rises in-
exorably, making the ability to manage complexity
and adapt rapidly to change an important differen-
tiator among competitors.

The solution to these problems seemed to lie in
a software development approach that addresses
each of these requirements. As stated in the work-
shop, the goals of CBSE include the ability to

♦ embrace opportunities offered by new tech-
nologies in software system delivery and deployment;

♦ encourage reuse of core functionality across
applications;

♦ enable flexible upgrade and replacement of
system pieces whether developed in-house, sup-
plied by third parties, or purchased off-the-shelf; and

♦ encapsulate organizational best practices such
that they can be adapted as business conditions
change.

CBSE AT WORK

Workshop participants experienced with CBSE
development projects were quick to point out that
CBSE involves much more than simply using object
request brokers, setting up a library of useful code,
or acquiring Visual Basic controls over the Internet.
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These tactical approaches must be supplemented
with strategic thinking and planning for successful
adoption of CBSE. In particular, CBSE has broad im-
plications for building, acquiring, assembling, and
evolving systems, raising some important concerns.

We can distinguish two classes of concerns based
on whether components are

♦ used as a design philosophy independent from
any concern for reusing existing components, or

♦ seen as off-the-shelf building blocks used to
design and implement a component-based system.
For this discussion, we denote these as CBSE with
abstract components and CBSE with off-the-shelf
components, respectively.

CBSE with abstract components
This approach involves radically rethinking the

relationship between design, requirements, and
components. Fundamentally, it requires new meth-
ods for software development, new processes, and
powerful tools to automate generation and man-
agement of components and interfaces. These
CBSE-oriented methods and tools, currently under
development, provide an interface-based design
focus that concentrates on a solution’s basic com-
ponent architecture.

In participants’ experience, this approach stabi-
lizes system design at the interface level, concen-
trates attention on collaborations among interfaces
as the basis for understanding a system architecture,
and enables reuse and replacement of implementa-
tions that conform to the interface specifications.
Several emerging CBSE methods2-4 are being tracked
or applied in current projects, but participants em-
phasized the need for further experience with these.

Some pointed out one important consequence
of this revolution in design approaches: a dramatic
change in software engineers’primary roles and re-
quired skills. Some organizations moving toward
CBSE find they must rethink how they organize
teams to concentrate on component provisioning
within a well-defined component architecture.
Finding people who can operate in this environ-
ment is proving to be a major challenge, and the lack
of appropriate skills within an organization could se-
verely hamper CBSE’s adoption.

Wojtek Kozaczynski pointed out the major day-
to-day challenge for organizations moving to CBSE:
managing component-based applications as they
are deployed, and maintained, and continue to
evolve. Multiple components will provide similar
functionality, many versions of the same compo-

nent will emerge, multiple configurations of com-
ponent sets will be in use, and so on.

Traditional configuration management and ver-
sion control techniques provide an important start-
ing point to manage some of these issues. As
monolithic development and deployment ap-
proaches yield to component-oriented methods,
however, new management methods and tools will
prove essential. In particular, high composeability
in a product line setting amounts to mass cus-
tomization, which introduces tremendous config-
uration management challenges and support chal-
lenges. Many opportunities for new tools and
techniques exist in this area.

CBSE with off-the-shelf components
This approach moves organizations from appli-

cation development to application assembly.
Constructing an application now involves the use
of predeveloped pieces, perhaps developed at dif-
ferent times, by different groups of people, and with
many different uses in mind. One scenario high-
lighted in detail at the workshop illustrates the im-
plications of such a change: black-box assembly of
commercial off-the-shelf components.

An organization assembling COTS components
to create a command-and-control
application for the US govern-
ment found it had limited access
to the components’ internal de-
sign, predefined options for cus-
tomizing the components’ be-
havior, no ability to influence the
release cycle of new component
versions, and total reliance on the
long-term viability, integrity, and ability of the pack-
ages’maintainers. This affected many aspects of the
design, assembly, testing, deployment, and main-
tenance of the system.

In such cases, the development effort becomes
one of gradual discovery about the components,
their capabilities, their internal assumptions, and the
incompatibilities that arise when they are used in
concert.5 As happened in this example, the archi-
tecture of a COTS-based system often degenerates
into a series of contingency and risk mitigation
strategies based on this discovered information. The
workshop concluded that a growing emphasis on
outsourcing of systems and increased use of COTS
components will demand many improvements in
how such components are documented, assembled,
adapted, and customized.
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As software technology becomes a core part of business enter-
prises in all market sectors, customers demand more flexible en-

terprise systems. This demand coincides with a maturing software tech-
nology infrastructure for building distributed enterprise systems. CBSE
is a new style of software system development emerging from this
growing demand and maturing technology. While CBSE is still evolv-
ing, and perspectives vary on what it is all about, there is little doubt
that something is happening, that we are calling that something CBSE,
and that its outlines are becoming clearer all the time. ❖

ACKNOWLEDGMENTS
We thank the ICSE workshop organizers, and Mikio Aoyama in particular,

for the excellent workshop arrangements. Thanks also to Wojtek Kozaczynski
for his detailed recording of the summary session, and to Wojtek Kozaczynski,
Philippe Kruchten, Chris Dellarocas, David Carney, and Mikio Aoyama for their
comments on this summary.

REFERENCES
1. C. Szyperski, Component Software: Beyond Object-Oriented Programming, Addison

Wesley Longman, Reading, Mass., 1998.

2. D. D’Souza and A.C. Wills, Objects, Components, and Frameworks with UML: The Catalysis
Approach, Addison Wesley Longman, Reading, Mass., 1998.

3. P. Coad, Java Design: Building Better Applications and Applets, Prentice Hall, Upper
Saddle River, N.J., 1997.

4. P. Allen and S. Frost, Component Based Development for Enterprise Systems: Applying the
Select Approach, Cambridge University Press, New York, 1997.

5. D. Garlan et al., “Architectural Mismatch: Why Reuse Is So Hard,” IEEE Software, 
Nov. 1995, pp. 17-26.

Address questions about this article to Brown at Sterling Software, Applications
Development Division, 5800 Tennyson Parkway, MS/142, Plano, TX 75024;
Alan_Brown@sterling.com.

D
o

e
s 

yo
u

r 
lib

ra
ry

 g
e

t 
IE

EE
So

ft
w

a
re

? 
W

o
u

ld
 y

o
u

 li
ke

 y
o

u
r 

co
lle

ag
u

e
s 

to
 r

e
ad

 a
 c

o
p

y 
o

th
e

r 
th

an
 y

o
u

rs
? 

C
o

m
p

le
te

 t
h

is
 c

ar
d

 a
n

d
 g

iv
e

 it
 t

o
 y

o
u

r 
lib

ra
ri

an
!

A
T

T
E

N
T

IO
N

 L
IB

R
A

R
IA

N
/D

E
PA

R
T

M
E

N
T

 H
E

A
D

:I
 w

o
u

ld
 li

ke
 t

o
 r

e
co

m
m

e
n

d
 IE

EE
So

ft
w

a
re

fo
r 

ac
q

u
is

it
io

n
.

N
am

e
 _

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

_

D
e

p
t 

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
_

D
at

e
 _

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__

S
ig

n
at

u
re

 _
__

__
__

__
__

__
__

__
__

__
__

__
__

__
_

Sa
m

p
le

 c
o

p
ie

s 
ar

e
 a

va
ila

b
le

 f
ro

m
IE

EE
C

o
m

p
u

te
r 

So
ci

e
ty

P
O

B
o

x 
3

0
1

4
,1

0
6

6
2

 L
o

s 
V

aq
u

e
ro

s 
C

ir
cl

e
Lo

s 
A

la
m

it
o

s,
C

A
 9

0
7

2
0

-1
3

1
4

   
  F

A
X

 1
.7

1
4

.8
2

1
.4

0
1

0
IS

SN
 0

7
4

0
-7

4
5

9
   

   
   

   
   

   
   

   
 B

im
o

n
th

ly
;

$
4

3
0

O
r 

as
k 

ab
o

u
t 

p
ac

ka
g

e
 r

at
e

s.

Alan W. Brown is Director of Research for Sterling Soft-
ware’s Applications Development Division. His responsibil-
ities include coordinating research activities across the or-
ganization and advising on the future of component-
based software development products. Prior to this, Alan
spent five years at the Software Engineering Institute at
Carnegie Mellon University, where he led the CASE Envi-
ronments Project that advised US Government agencies

and contractors on the application and integration of CASE technologies.
Brown’s primary research interests include component-based develop-

ment, software engineering environments, and CASE tools. Among his many
publications in these areas are Principles of CASE Tool Integration, Object-
Oriented Databases and their Application to Software Engineering, and Software
Engineering Environments. He obtained a BSc in computational science from
University of Hull and a PhD in computing science from University of Newcastle
upon Tyne.

Kurt C. Wallnau is a senior technical staff member at the
Software Engineering Institute (SEI), where he leads the
COTS-Based Systems project. His current interests include
the role of product evaluation in system design and the
movement from COTS-based to component-based sys-
tems. Prior to joining SEI, Wallnau was System Architect of
a DoD program focused on designing systems for the use
of COTS software.

Wallnau received a BS in computer science from Villanova University.

About the Authors

.


