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The potential benefits of implementing Component-
Based Development (CBD) methodologies in a globally
distributed environment are many. Lessons from the
aeronautics, automotive, electronics and computer
hardware industries, in which Component-Based (CB)
architectures have been successfully employed for
setting up globally distributed design and production
activities, have consistently shown that firms have
managed to increase the rate of reused components
and sub-assemblies, and to speed up the design and
production process of new products.
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CBD can indeed be an appealing propo-
sition to globally distributed software
development teams because of the pos-
sibilities offered to project teams to dis-
tribute work in such a way that each site
takes responsibility for the development
of a particular component. Indeed, it has
been suggested that CBD will improve
software development practices by allow-
ing each site to assume ownership of par-
ticular components, resulting in reduced
inter-site communication and coordina-
tion.*» '* However, such an approach, in
our view, may create fewer opportunities
for componentreuse, as limited inter-site
communications will impair knowledge
sharing activities, thus diminishing pos-
sibilities to achieve agility in design.

In this article we explore how two
globally distributed CB project teams
coped with inter-site coordination
and communication challenges while
still improving agility in their designs.
Against past studies expectations, these
companies opted to utilize the expertise
available to the dispersed teams regard-
less of their geographical location; and
developed capabilities that improved
agility in design. By considering the ex-
periences and capabilities described in
this paper, we hope that other compa-
nies may contemplate how agility in de-
sign can be achieved despite geographi-
cal distances and cultural diversity.

In the software industry, CBD is a
relatively new trend. It emerged in the
mid-90s with the introduction of soft-
ware component technologies such as
Enterprise JavaBeans, Microsoft COM
and CORBA. Component-Based (Soft-
ware) Development involves (i) the devel-
opment of software components and (ii)
the building of software systems through
the integration of pre-existing software
components (developed in-house or
procured from the component market)."
CBDwas presented as a revolutionary ap-
proach in the software industry, promis-
ing dramatic improvements in software
development, such as the endless possi-
bilities to reuse and recombine software
components, shorter time-to-market
and reduced development cost.* * 1* 1>
In this regard, CBD offers agility in de-
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sign by basing software development on
methodologies that support the recom-
bination of reusable components,> being
an approach that rapidly expands prod-
uctvariation and sustains the build-up of
product families. Along with this positive
outlook, some possible challenges that
co-located software development teams
have faced have been reported in the
literature. For example, it has been ar-
gued that ‘it often took longer to develop
a reusable component than to develop
a system for a one-off purpose’.> Other
studies have reported difficulties associ-
ated with the management of CBD in co-
located projects, such as a lack of stable
standards, lack of reusable components,
and problems related to the granularity
and generality of components.**?

The adoption of CBD by globally dis-
tributed software development teams
has created expectations that some co-
ordination breakdowns associated with
the traditional, non-CB globally distrib-
uted software development would be
mitigated.’ For example, it was argued,
each site could take ownership of a
particular component to develop it in-
dependently, with a reduced degree of
inter-site communication and coordi-
nation.' Indeed, this process would fa-
cilitate the globalisation of the software
industry, as components could be de-
veloped remotely with minimum coor-
dination across dispersed locations.?

While such anticipations relating
to CBD in globally distributed teams is
encouraging from the software develop-
ment perspective, it is argued here that
from agility in design and the possibili-
ties to reuse existing components, such
an approach in which each site takes
ownership of the development of a par-
ticular component may actually result in
fewer possibilities to reuse components
and diminishing opportunities to build
agility in design.” Research has indeed
shown that knowledge embedded in a
design can be contextual and specifictoa
particular business context, to the extent
that the transfer of such solution between
project teams often requires intensive
communications between members of
these teams.’ Against past expectations
that CBD will result in fewer communica-
tion and coordination activities, we claim
that, in pursuing CBD principles, remote
teams are more likely to intensify their
communication and coordination activi-
ties should theywish to enjoy the benefits

offered by CBD, which are mainly in the
form of component reuse and product
variation. Table 1 summarizes the expec-
tations from globally distributed CBD
and the new challenges for component
reuse and agility in design.

Based on evidence collected at TCS
and LeCroy, we have observed that in
order to cope with the challenges out-
lined above, managers considered two
key issues that affect the way agility in
design can be realized in their globally
distributed CBD environments. The two
key questions were:

1. Which division of work approach
(i.e. one site owning a particular compo-
nent or joint development regardless of
the geographical location of expertise)
improves agility in design in globally
distributed CBD teams

2. What capabilities were needed to
support agility in design in their glob-
ally distributed CBD teams

Following a short introduction to
the projects, we report on the approach
taken in terms of division of work and
the capabilities developed to support
agility in design in globally distributed
software development teams such as
TCS and LeCroy.

TCS: Globally Distributed CBD

The project studied at TCS concerns
the development and implementation
of Quartz, an integrated financial plat-
form aimed at providing solutions for
financial institutions such as traditional
and internet banks, brokerage/securi-
ties houses and asset managers. Quartz
consists of a collection of architectural
and business components that can be
integrated with third party components
to provide a solution according to the

requirements of a specific customer. A
typical Quartz implementation project
includes the development of new cus-
tomer-specific components, modifica-
tion of existing components and integra-
tion of some pre-developed components
with the customer’s systems. We investi-
gated the implementation of Quartz for
Skandia bank, located in Switzerland.
The development team were distributed
across three geographical locations: two
offshore teams in Gurgaon and Bombay
(India), and an onsite team at the cus-
tomer location in Zurich (Switzerland).
Furthermore, vendors of third party com-
ponents were located in various coun-
tries (more than 25 vendors in total).

LeCroy Globally Distributed CBD
The project studied at LeCroy, called
Maui, involved a development of a soft-
ware platform for new generations of
oscilloscopes and oscilloscope-like in-
struments based on the Windows oper-
ating system.® The LeCroy software team
was distributed across three sites: two
teams located in Geneva (Switzerland)
and New York (USA), and a main archi-
tect telecommuting from Maine (USA).
One key challenge for the Maui project
was to switch from embedded software
to Microsoft COM technology.

Expertise-Based Or Location-
Based Division Of Work

Despite the expectation that CBD would
enable a division of work based on geo-
graphical location, in which each site
takes responsibility for a particular com-
ponent thus reducing the need for inter-
site coordination required to complete a
particular development,** evidence from
TCSand LeCroysuggests thatdividing the
work based on technical or functional ex-

Table 1: Expectations from Global CBD and the emerging challenges for component

reuse and agility in design

Expectations
design

Emerging challenges to achieve component reuse and agility in

» Each site could take
ownership of particular
components and work on
them independently without
much need for inter-site
coordination.

» Opportunity to reduce
communication needs
between sites is working on
different components.

» Intensive knowledge
processes withing remote
site and fewer across sites.

> Remote sites could lose a "bird-view" of new developments, i.e. new
developments in other sites are less visible.

» Differences in terms of levels of technical expertise developed within
sites that could hamper the quality of knowledge transfer preocesses
from team A to B when a particular component is reused.

» Each site could specialize in a different domain or market (e.g. site A
specializes in the banking sector while site B specializes in the insurance
sector). This could hinder the development of complementary solutions
of neighboring sectors and implementation of agility in design that offers
future integration of existing solutions.

» Difficulties to manage complex integration processes of reusable
components because tacit and contextual component knowledge
resides only within the develpoping site.
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pertise has resulted in a high rate of com-
ponent reuse and product variation. In
addition, a division of work based on ex-
pertise enabled TCS and LeCroy to utilise
the knowledge and expertise of their em-
ployees regardless of their geographical
location, thus allowing these companies
to access the pool of expertise available in
offshore locations. At the same time, this
approach required remote engineers and
managers to intensify their communica-
tion and coordination activities.?

Individing the work between the sites,
certain ground rules were followed. For
example, at TCS the first activities that
required direct customer contact and ac-
cess to the customer’s site, such as user
requirements and release management,
were done onsite. Self-contained activi-
ties, such as coding and unit testing, were
on the other hand, sent offshore to take
advantage of the cost, quality, and avail-
ability of offshore personnel. As one in-
terviewee explained, the onsite team was
sending requirements offshore ‘because
the expertise and major source code are
here [offshore, in Gurgaon], and mainly
because of the expertise, it is quicker and
easier to work here’.

Finally, activities that required in-
volvement of the client and close inter-
actions among the TCS developers were
conducted in a mixed onsite-offshore
mode. Overall, the majority of the activi-
ties required extensive communications,
and onsite and offshore teams conduct-
ed them jointly through frequent com-
munications using ICTs and visits to re-
mote sites. The only activities that were
done independently at the offshore loca-
tion were coding and unit testing.

At LeCroy, software engineers special-
ised in different technical domains. One
engineer explained: ‘each of us know re-
allywell one part of the system, sowe have
kind of specificities, we know better one
domainthananotherone’.Consequently,
the division of work was also based on the
technical domains of the engineers. This
approach to division of work at LeCroy, in
which engineers worked jointly on devel-
opment, required a high utilization of the
Integrated Development Environment
and the employment of collaborative
technologies. As the manager of Geneva
team pointed out:

We use MSN messenger - every member
of the software development group appear
on the list. So for having a chat with some-
one, wherever they may be in the world in

the given time, you just need to double-
click on their name and start typing a line.

Capabilities Supporting Design
Agility In Globally Distributed
Component-Based Development

An expertise-based division of work ap-
proach posed new challenges to TCS and
LeCroy. In particular, as these companies
attempted to improve product agility in
their globally distributed CBD teams,
three areas had become critical in achiev-
ing success: inter-site coordination,
knowledge management, and communi-
cation channels.

Inter-site coordination capabilities. Two
areas of capabilities were developed by
TCS and LeCroy that supported inter-site
coordination activities. The first area,
which is generic in nature, involved a
high-speed, wide-band ICT infrastructure
thatensured connectivity between remote
sites. The ICT infrastructure supported
rapid access to the network, shared re-
sources (e.g. server and project repository,
databases) and Web access to common
resources. The second area of capabilities
was developed mainly in-house to sup-
port joint development activities carried
out across remote sites. These included
the following capabilities:

» Automated management of interdepen-
dencies between components and related
files. This capabilityallows for managing
dependencies between components.
Managing these interdependencies is
not a problem as long as the number of
components is small, because in such
a case the dependencies can be mod-
elled and understood visually. How-
ever, when the number of components
becomes high, visual understanding is
no longer an option. To manage inter-
dependencies between a high number
of components, LeCroy developed an
in-house tool that supported rapid up-
date of changes, four times a day, by au-
tomatically building components that
changed after the last “build”, thus uti-
lizing time-zone differences. One man-
ager from LeCroy explained:

We have a server that builds four
times a day all the components, and pro-
duces ‘release binaries’. So I don’t have to
build every component locally. If someone
changes the hardcopy component and they
put it back, it will be rebuilt on the server
and then in the morning I can import that
component and just use it.

SEPTEMBER 2008 | VOL.51 | NO.9

contributed articles

This capability allowed developers
from NY and Geneva access to the latest
versions of the development files when
they started their working day.

» Bug tracking capability. The complex-
ity involved in developing components
from several remote locations created
new challenges in terms of tracking bugs.
This is because each single bug being re-
ported required its source to be tracked
and traced (i.e. whether it had originated
from one of the customers or from an in-
ternal development team), and required
the location of all the components in
which this particular code was reused.
For bug tracking, TCS used a combina-
tion of tools: MS-Access for issues regis-
tration and resolution, and PVCS Tracker
for defect logging, tracking and analysis.
» Standardization and centralization of
the tools and methods across locations
was perceived as imperative by TCS and
LeCroy for the effectiveness of compo-
nent reuse, mainly because software
development activities such as building
and testing a code can be carried out
on the central server. Some of the tech-
nologies implemented to facilitate this
capability are: Web access, replicated
databases, and a single (integrated) de-
velopment environment. To facilitate
the standardization of processes and
learning among newcomers, TCS and
LeCroy created a Guide that explains
how to use tools and methods.

Knowledge Management

Ensuring a high degree of component re-
use and agility requires knowledge man-
agement capabilities. One key challenge
that TCS faced, for example, was that
several Quartz implementation projects
for different clients were running in par-
allel and the people involved in different
Quartz implementations did not have
a direct exposure to the work that other
project teams were engaged in. There-
fore, several knowledge management
mechanisms were introduced by TCS
that facilitated the transfer and reuse of
components across product teams. For
example, TCS created a new role in the
form of a program manager, who coor-
dinated all Quartz implementations and
was aware of new components being de-
veloped for a specific customer, and who
facilitated reuse of components across
different Quartz implementations at dif-
ferent geographical locations. This way
TCS exploited customer-specific compo-
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nents by adding them to the Quartz pack-
age, so that with each new Quartz imple-
mentation TCS increased the variety of
components / functionalities that this
product offered to potential clients. For
example, after implementing Quartz at
Royal Skandia UK, an insurance compa-
ny, where Quartz was implemented as an
investment engine, insurance products
were added to the next version of Quartz.

LeCroy, on the other hand, developed
a ‘component toolbox’, a repository of
components that implemented function-
alities common to the oscilloscopes and
oscilloscope-like instruments they de-
velop. These components included hun-
dreds of mathematical functions, one
component per functionality; Graphical
User Interface components that provide
the user interface; core components that
allow the systems to work together and
provide the basic instrument capabili-
ties; and acquisition board driver com-
ponents responsible for controlling the
acquisition hardware of an oscilloscope.
For example, the “Touch Screen Cali-
bration” icon on LeCroy’s WaveSurfer
oscilloscope is managed by a particular
software component. Touching this icon
on the screen will activate a calibration
procedure.

Based on this knowledge manage-
ment system, a specific oscilloscope
could be built by selecting and integrat-
ing these components with oscilloscope-
specific acquisition and application sys-
tems. Furthermore, LeCroy introduced
an integrated development environment
on the central server, accessible for all
members of the dispersed team.

Communication Channels

While coordination mechanisms were
putin place to allow remote counterparts
to access data imperative for the joint
development process, communication
channels were implemented to ensure
that members of a dispersed team would
also be able to discuss and exchange
knowledge about design considerations
and any solutions implemented. Indeed,
developing communication channels
and capabilities that ensure the flow of
information with minimum breakdowns
and misunderstandings between remote
sites was also a critical factor in achiev-
ing design agility in globally distributed
teams. To cope with this challenge, both
TCSand LeCroyencouraged frequentcom-
munications between remote members
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and introduced design rules that made
communications more effective. For ex-
ample, these companies encouraged sys-
tematic and frequent communications
in the form of regular teleconferences
between software managers in dispersed
locations, and transatlantic videoconfer-
ences with the entire team every one or
two months. This helped to streamline
information flows between dispersed
teams. In addition, attention was given
to improving the style and content of com-
munications, which helped to reduce mis-
understandings and confusion induced
by different cultural backgrounds. This
was particularly important for the LeCroy
global team, where people from different
cultures collaborated over distance.

Both companies encouraged work-
ing flexibility, in terms of working con-
ditions, e.g. working from home, and
working hours, which helped increase
the overlap of working hours between
dispersed locations so that teams could
collaborate in real time.

As demonstrated above, the develop-
ment of a successful agility in design in
globally distributed teams requires the
application of methodologies and tools
that support intensive inter-site coordi-
nation and communication along with
knowledge management strategies that
ensure the reuse of that design. Table
2 summarizes the results of this study,
offering managers practices that allow
them to achieve agility in globally dis-
tributed CBD.

Achieving Agility

Both companies successfully and rapidly
developed product families from their
core platforms. LeCroy’s Maui CB archi-
tecture (platform) served as a basis for
a number of future products, helped to
reduce considerably time-to-market (an
increased number of products offered to
the market per year), and made possible
easy integration of LeCroy products with
additional functionalities developed by
third parties. After the first (WaveMaster)
product based on the Maui architecture
was launched in January 2002, a large
number of WaveMaster models and Disk
Drive Analyzers, which are based on the
Maui platform, were released, all a result
of a rapid recombination and reuse of
existing components. In January 2003,
LeCroy launched the WavePro Oscillo-
scope series, which is also based on the
Maui platform.
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TCS Quartz CB architecture also sup-
ported the reuse of components across
different implementations by adding
customer-specific components to the
Quartz package. Since the first Quartz
implementation project started in 1998,
Quartz has been implemented in over
40 clients, and the platform has grown
to include 3 different product families:
Quartz Securities, Quartz Payments and
Quartz Financial. Furthermore, in recent
years, Quartz was ranked among the top
25 best-selling banking systems by the
International Banking Systems Journal.

Against the expectations of past stud-
ies, this study illustrates how globally
distributed CBD projects may make the
most of component reuse opportunities
by pursuing an approach in which re-
mote sites jointly develop components
and by utilizing expertise regardless
of its geographical location. This was
achieved by developing capabilities in
three particular areas: inter-site coordi-
nation, communication channels and
knowledge management.

We further claim, based on evidence
presented in Table 2, that an approach in
which components are jointly developed
by dispersed team members regardless of
their geographical location, enables the
connecting of ‘islands of knowledge’ that
are otherwise isolated by geographical,
time-zone and cultural differences. As
shown in Table 2, knowledge management
practices directly contributed to achiev-
ing agility in design through repositories
and program managers that together en-
sured the capturing and dissemination of
component knowledge for reuse in new
products and services. Through inter-site
coordination mechanisms such as the
automated management of interdepen-
dencies between components and stan-
dardized tools, a uniform development
environment across sites was created and
integratability between components was
ensured. Indeed, remote counterparts’
ability to easily access and reuse compo-
nents was enhanced mainly because of
their past participation in development
and debugging activities across sites,
which expanded their familiarity with the
component or the person who developed
it. The various communication channels
(e.g. videoconferencing, chats) put in
place supported agility in design by cre-
ating imperative conditions for collabo-
ration and knowledge sharing despite
language barriers, geographical distance



and cultural differences. Indeed, the pro-
cess of component reuse could only ben-
efit from communication patterns that
rely on a shared understanding of tech-
nical and business contexts developed
within a dispersed team.

Nonetheless, we acknowledge that
our findings are based on only two case
studies and therefore, by definition, meet
to only a limited extent the criteria of
transferability (i.e. the extent towhich the
findings can be replicated across cases).
However, we hope that based on the ex-
periences and practices reported above,
other companies could improve agility

in design when implementing CB prin-
ciples in their globally distributed teams.

This study also demonstrates that
there is interplay between product and
process agility. Firms that attempt to
improve product variation through
CBD methodologies also need to con-
sider introducing higher flexibility in
their coordination and communication
processes. Similarly, firms that follow
agility in design methodologies in their
software development processes may
also consider building greater flexibility
in their products by implementing CBD
methodologies. Ideally, agility will be

Table 2: Achieving agility in globally distributed software development through CBD

Capabilities

Characteristics

| Benefits for enabling agility in design

Inter-site coordination capabilities

Automated
management of
interdependencies
between components
and related files

Automatically building components
that have changed since the last
“build", several times a day, on the
central server

Avoiding “re-inventing the wheel" by
providing remote counterparts access to
work done at remote sites and making them
aware of reusable components that are
being developed elsewhere

Bug tracking across
products and
projects

Setting up a bug tracking tool on the
central server

By tracking all components and products
affected by a bug, the pool of components
is always kept updated with latest fixes,
thus avoiding having different versions of
the same component within the component
repository

Standardization of
tools and methods
across locations

Using similar tools and methods
across dispersed locations, creating
a Guide that explains how to use
methods and tools

Ensuring compatibility and “integratability”
of files, components and applications
developed at remote locations to enable
reuse across locations.

Creating uniform development environment
across sites to facilitate reuse

Centralization of
tools

Centralizing tools used by dispersed
team members on a central

server, Web-access, Integrated
Development Environment

Creating a common development
infrastructure across remote sites that
supports the exchange and reuse of
components.

Knowledge management capabilities

Component
repository accessible
from all dispersed
locations

Creating repository of reusable
components that implement
functions common to majority of
products

Enabling knowledge reuse across products.

Reducing time-to-market through the reuse
of existing components

Increasing product variety

Program manager

Appointing program manager to
have overview of all components
being developed for different clients

Supporting the sharing of implicit
component knowledge across projects

Increasing product variety through the
sharing of business knowledge

Communication channels and capabilities

Frequent
communications

Organising systematic and
frequent communications between
managers and developers of
dispersed teams using on-line
chat, email, teleconferencing and
videoconferencing

Creating opportunities to bridge knowledge
gaps that may hamper knowledge transfer
processes

Streamlining information flows (who
knows what)

Improving the style
and content of
communications

Adjusting style and content of
communication (e.g. wording and
selection of media) to personal and
cultural characteristics of remote
counterparts

Enabling knowledge sharing processes
between remote counterparts

Reducing possibility of misunderstandings
and conflicts between remote counterparts

Working flexibility

Supporting flexible working
conditions, e.g. equipment to enable
working from home and flexible
working hours

Enable remote counterparts to collaborate
in real time by increasing overlap in working
hours
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achieved in both software development
processes and products.
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