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Abstract

Constructing software by integrating commer-
cial off-the-shelf (COTS) components is widely
practised, particularly in the IT service indus-
try. For vendors of COTS components, require-
ments engineering is particularly challenging.
To continually improve their products, vendors
must identify and analyze problems that oc-
cur when their components are used in a wide
variety of integrated solutions, and they must
anticipate new applications in which their com-
ponents could be used. In this paper, we de-
scribe a scenario-based framework developed at
the Software Group division of IBM Corpora-
tion (IBM SWG) The framework mimics the
solution integration process for new business
opportunities, allowing the development teams
to evaluate their components, discover and re-
solve integration issues, and to surface new re-
quirements for future releases. This paper de-
scribes the framework, gives an example of its
use in a business scenario, discusses the expe-
rience of using this framework at IBM SWG,
and relates the lessons learned.
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1 Introduction

In order to reduce development costs, compa-
nies in many industries have reduced the size of
in-house development teams and increased out-
sourcing for building customized applications
for their own business. The use of middleware
and commercial off-the-shelf (COTS) compo-
nents tends to dominate over building from
scratch in such development projects. This ap-
proach is commonly known as software integra-
tion, and a system that is put together using
multiple COTS components is an integrated so-
lution.

In this paper, we focus on the problem of
maintaining and evolving the COTS compo-
nents themselves, and in particular the prob-
lem of surfacing new requirements for such
components. For example, IBM SWG pro-
duces a portfolio of COTS components from
the WebSphere®, DB2®, Lotus®, Tivoli®, and
Rational® brands. These components have nu-
merous capabilities including application and
process integration, information management,
collaboration, systems management, and soft-
ware development.

Managing the evolution of such a broad
portfolio of COTS components presents many
new challenges for requirements elicitation and
management:

e Interface compatibility between COTS
components.

e Capability overlaps or gaps.

e Time to value — COTS components must
have a short set-up time and learning
curve, require little installation effort, and



be easy to tailor and incorporate into a so-
lution.

e Usability — The overall usability is low-
ered if the components look and act dif-
ferent from one another, target different
user groups that have varying skill sets, or
if there is a discontinuity in solution tasks
across the product.

Although the use of COTS components may
cut down the development cost of individual
software components, extra effort is required to
deal with the kinds of integration issues listed
above. Customers of COTS components are
rapidly discovering these hidden costs, lead-
ing to a demand for improvements to COTS
components that can reduce the overall effort
needed to build integrated solutions. This de-
mand increases the pressure on software ven-
dors and IT service providers to change their
own development paradigm.

At IBM SWG, we responded to these chal-
lenges by creating a team that will use cus-
tomer solutions to understand the integration
issues that arise when building solutions with
COTS software. Furthermore, we needed to
gain insight into the full customer development
life cycle using our COTS components by ex-
ploring how individual integration solutions are
envisioned, designed, implemented, tested, de-
ployed, and managed.

Our approach, the Business Scenarios
Framework (BSF), is similar to scenario-
based approaches described in Sutcliffes article,
Scenario-based requirements engineering [13].
Both use some form of scenarios to represent
and understand the problem. However, gen-
eral scenario-based approaches are mostly used
to elicit requirements and generate initial de-
sign fragments of the intended system. Our
framework provides means to explore and de-
scribe the entire life cycle of an integrated so-
lution such that integration issues can be iden-
tified and missing features uncovered from the
selected COTS components. The OpenGroup
also introduced the use of business scenarios as
a way to view requirements in relation to one
another in the overall problem context and as
a key input to the development of the architec-
ture [2]. Our framework makes use of business

scenarios in a similar way but with a broader
perspective.

We expand the idea of a business scenario
to incorporate not just a particular way of us-
ing a solution, but the entire cycle by which a
set of COTS components might be integrated
and deployed in response to a business need.
Our business scenario represents a particular
business situation and the integrated software
solution required to accomplish a set of busi-
ness goals. It describes the solution architec-
ture and maps components to both current and
future COTS components. Most importantly,
it provides a framework for acting like the so-
lution builder! throughout the solution devel-
opment process and for evaluating the COTS
components as they are customized, integrated,
deployed, and managed. Collectively, the busi-
ness scenarios help IBM SWG product teams
to not only identify integration issues, but also
surface requirements for the next generation
COTS components.

Currently, we have developed nine business
scenarios. In this paper, we will describe
the development of one of these in detail,
namely the Employee Workplace business sce-
nario. This scenario addresses the problem
that, in many businesses, employees struggle
to manage content, to locate and access in-
formation, and to overcome technological chal-
lenges. We will describe BSF itself, illustrate
its use with the Employee Workplace scenario,
and then discuss our experiences in applying
BSF at IBM SWG.

2 Background

Today, user-centered design and requirements
engineering methodologies deal with identify-
ing and stating software requirements. User-
centered design, in particular, emphasizes un-
derstanding and meeting the needs of human
users with strong focus on the design and
implementation of the user interface. Re-
quirements engineering identifies the goals of
stakeholders and precisely elaborates the de-
sired application behaviour to determine re-
quirements. With the focus on human users

1A solution builder refers to either an IT services
provider or the IT organization of a customer.



and application-level needs, requirement elici-
tation methods from these approaches are not
well-suited to understanding and determining
COTS software requirements. For example,
there is little or no guidance for gathering re-
quirements for COTS components that are to
be used by large numbers of broader solutions.

Much of the literature on COTS compo-
nents in software engineering is oriented to-
wards the COTS components consumer to pro-
vide advice on procurement (e.g., see [1, 3]).
Various frameworks have been proposed for
the evaluation and selection of COTS compo-
nents [6, 7, 12], and alternative development
processes are proposed to effectively leverage
the needs of COTS-based system construction
[11, 4]. Recent reports have also described the
experiences and lessons learned in integrating
COTS components into systems (e.g., [5]). Our
perspective is different from these in that we
come from the vendor’s point of view, and our
concern is with managing the requirements of
COTS components to determine what goes into
the future releases.

Unlike application-level software that tends
to have well-understood human users and us-
age, COTS components often have both system
and human users, and usage scenarios that are
as varied as the applications that utilize the
COTS components. Additional requirements
arise from the concerns of the systems inte-
grator. The systems integrator must deal with
conflicting software dependencies and prerequi-
sites, duplicate components, mismatched archi-
tectures, and missing or incomplete functional-
ity coverage across the COTS components re-
quired in an integrated solution. This makes
the process of requirements elicitation much
more difficult.

Another challenge is the need for a COTS
component to integrate and inter-operate with
other COTS components to produce the over-
all capability needed by an integrated solution.
Again, the problem is the multiplicity of solu-
tions. Several solutions may require the same
underlying COTS components but each solu-
tion drives a different set of usage patterns and
combinations of interactions across the mid-
dleware. Different non-functional requirements
and constraints are highlighted by each solu-
tion.

Finally, it is essential that COTS software
vendors understand not only the runtime re-
quirements of their product, but also the other
aspects of its use. For example, what tools are
provided to aid with overall solution develop-
ment? What are the administrative interfaces
that assist with the management of the solu-
tion? What programming model is used to
access the COTS function? What are the re-
quired performance characteristics?

Our approach provides a systematic frame-
work for eliciting requirements that arise from
all these concerns. Requirements elicitation
techniques are usually conceived as suitable for
one of three types of software development:
building custom software for a single customer,
creating generic software that is targeted for
mass market, or procuring COTS components
and developing glueware that will serve in the
company’s own business context [8]. Our ap-
proach combines aspects of all three of these
contexts. Our COTS components themselves
are intended for a mass market, but the re-
quirements can only be elicited by considering
how the components will be procured and in-
tegrated by a specific customer, and the prob-
lems that may arise when a solution provider
attempts to use them for a custom solution.

BSF is an adaptation of scenario-based
methods that have been widely used in require-
ments engineering and software design [13].
The contexts within which scenarios are used
are diverse, ranging from the social environ-
ment of the system to the event sequencing in
a design [10]. The purpose of using scenarios
is typically to describe the “continuum from
the real-world descriptions and stories to mod-
els and specifications” [13]. Our framework is
a variation of scenario-based methods. A busi-
ness scenario includes a COTS-based software
application and its development life cycle; it
includes both the business context of the sys-
tem and detailed event sequences within the
system.

3 Business Scenario Frame-
work (BSF)

Three years ago, IBM SWG started using
business scenarios to describe the needs of



its customers for custom software applications
built by integrating COTS components. The
approach has gradually evolved to its cur-
rent shape influenced by the Rational Unified
Process® (RUP®) [9] and OpenGroup’s Busi-
ness Scenario approach [2]. The Business Sce-
nario Framework (BSF) is a formal description
of both the artifacts and process in this ap-
proach. The approach includes discovering cus-
tomer needs, investigating potential integrated
solutions that best fit these needs, and mimick-
ing the actual development activities to iden-
tify weak spots in the integration. Findings
are used to produce requirements for major re-
leases of individual COTS components.

The framework has three key parts: a busi-
ness scenario, a defined process, and support-
ing artifacts. A business scenario is a collec-
tion of artifacts that describes a business prob-
lem faced by a customer (or a group of cus-
tomers with similar needs) and the desired soft-
ware solution composed of COTS components.
The artifacts included in a business scenario are
Solution Definition, Architecture, and Design.
Together, these artifacts illustrate the desired
solution in generic or prototypical terms such
that only the common needs of similar busi-
nesses are addressed with respect to the in-
tended business problem. Focus is placed on
the use of COTS components in accomplishing
the business goals. Details of each artifact are
given in Section 3.1 together with the support-
ing artifacts.

The process provides guidance in creating
and validating a business scenario and directs
the activities for analyzing and evaluating any
covered COTS components. An important part
of the process is the emulation of a typical de-
velopment cycle from requirements gathering
and architectural design to implementation and
testing by a solution builder.

The supporting artifacts are produced as a
result of validating the business scenario and
evaluating covered COTS components. These
include a solution builder critique, analysis
and evaluation criteria, COTS component (en-
abling) use cases, implementation assets, test
cases, and results (expressed as an experience
report and recommendations).

Since the purpose of the framework is to test
the compatibility and interoperability of par-

ticipating COTS components during integra-
tion, a partial solution with just enough detail
is constructed during implementation to evalu-
ate the intended business scenario. The frame-
work does not, and is not intended to, result in
a comprehensive integrated solution.

3.1 Artifacts

The BSF artifacts consist of business scenario
artifacts and supporting artifacts. The for-
mer include solution definition, architecture,
and design. The latter include a solution
builder critique, analysis and evaluation crite-
ria, COTS component use cases, implementa-
tion assets, test cases, and results. We discuss
each in depth below.

As a business scenario artifact, Solution Defi-
nition describes the business opportunities and
problems to be solved by the integrated solu-
tion for a selected business situation. End users
are identified and described. The user experi-
ence with the integrated solution is highlighted
through usage stories and described in more
detail through use cases. The desired features
are outlined. Constraints, assumptions, and
dependencies are identified, and non-functional
requirements such as usability, performance, or
reliability are defined. The solution definition
artifact is represented by a RUP vision docu-
ment and use case document.

It is important to review and validate the
information in the solution definition with ap-
propriate solution builders. The responses and
comments from validation sessions are doc-
umented in the supporting artifact Solution
Builder Critique.

The Architecture artifact is composed of an
architecture overview document (AOD) and as-
sociated Unified Modeling Language (UML)
models. The document content is based on the
results of RUP activities for determining the
early solution architecture. It details architec-
tural goals and constraints. Key items from
the domain model are identified and modelled
in UML class diagrams. The logical view of the
architecture presents the proposed subsystems.
The necessary subsystem components are de-
termined through realizations of architecturally
significant use cases shown as sequence dia-
grams. The Design artifact refers to revisited



and refined architectural artifacts with the ad-
dition of design perspectives expressed through
the process, deployment, data, and implemen-
tation views. The design artifact is expressed
as a document styled after the RUP software
architecture document (SAD). Both the archi-
tecture and design artifacts are part of the busi-
ness scenario.

The Analysis and Evaluation Criteria is a
crucial supporting artifact. It identifies avail-
able COTS components that correspond to
subsystems or components of the integrated
solution, presents the selected releases of the
COTS components to be used in further em-
ulation activities, and describes areas of focus
for analysis and evaluation. The features of the
integrated solution are prioritized for investi-
gation, and important functions or capabilities
are highlighted.

In addition, some aspects or facets of the
overall solution development, such as installa-
tion, configuration, implementation, and secu-
rity management, are selected for exploration
and evaluation. Important use cases are iden-
tified, and specific evaluation criteria for each
facet are defined in the analysis and evaluation
criteria document. Exploration of the solution
development facets leads to the identification
and development of another relevant support-
ing artifact, the COTS Component Use Cases.

Emulating solution development activities
as part of the BSF process leads to a par-
tial Implementation of the integrated solution.
Any code resulting from the implementation
phase is provided as further supporting arti-
facts within the BSF. In preparation for the
test phase of the BSF process, Test Cases are
developed and included as additional support-
ing artifacts.

Finally, the outcome of the analysis and eval-
uation activities are provided in the Results
supporting artifact. It is documented in two
parts: an experience report and a set of rec-
ommendations. The experience report presents
an evaluation of the COTS components used
in the various emulation activities and dis-
cusses the level of satisfaction of the experi-
ence with an emphasis on any inhibitors. The
recommendations suggest improvements to the
COTS components with respect to interoper-
ability within the context of the integrated so-
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Figure 1: The BSF Process.

lution, and in some cases, suggest COTS com-
ponent enhancements or changes to better meet
the identified needs.

3.2 Process

The process is based on the Rational Unified
Process (RUP) platform [9] and begins with
the identification of a business situation requir-
ing a software solution that uses at least one
COTS component of interest. There are two
main parts: (i) emulation of an actual integra-
tion project by solution builders through a full
development cycle from requirements gathering
and architectural design to implementation and
testing, and (ii) analysis activities for determin-
ing and evaluating relevant COTS components
in terms of their capability and behaviour. Fig-
ure 1 shows how emulated activities are inter-
spersed with analysis activities.

The emulation process begins with the anal-
ysis of the business situation, identification of



needs, and proposing of the integrated solu-
tion. This information is captured in the so-
lution definition artifact. It is essential that
this definition be validated by appropriately
identified COTS software customers or IT ser-
vice providers as to how well it reflects the
actual business requirements, how accurately
the business problems are represented, and
whether the stated features and capabilities
meet their needs.

The next step involves the production of
an architecture overview through the identifi-
cation and description of (i) main objects in
the business domain such as a customer order,
(ii) use cases that affect the architecture, (iii)
the logical subsystems, their major components
and interfaces, and (iv) realizations of signifi-
cant use cases using sequence diagrams.

COTS components (including both existing
and projected components) are then mapped
to the logical subsystems and major compo-
nents identified in the architecture. The choice
of COTS components influences the solution
development life cycle. Exploring the effects
of each choice is essential to understanding
COTS component requirements and reducing
integration effort. Such effects include new con-
straints and utilities, and in general, new ways
of handling various facets of solution develop-
ment. These facets include: solution evaluation
and planning, installation, configuration, im-
plementation, quality of service, security man-
agement, and solution management including
problem determination and the ability to sup-
port and service the solution.

The effects are explicitly identified for each
solution. To minimize the impact on the overall
solution development process, evaluation crite-
ria are defined for more rigorous analysis and
assessment. In particular, new and changed so-
lution builder tasks, as a result of the intro-
duction of the COTS components, are deter-
mined and documented as COTS component
use cases.

Then, we act like solution builders and de-
sign the integrated solution using a released
COTS components. The design includes the
subsystems details, packages and classes, the
definition of the runtime architecture in terms
of processes and threads, its physical distribu-
tion, implementation layers, and its persistent

data. It is documented and reviewed to ensure
its consistency with the solution definition and
architecture developed earlier, and to verify its
emphasis on desired focus areas and high pri-
ority features or capabilities. In addition, test
cases are provided to verify these aspects.

In the implementation step, a partial solu-
tion is constructed according to the design.
Emphasis is placed on the exploration and eval-
uation of the COTS development utilities and
environment using the analysis and evaluation
criteria produced earlier. Use cases associated
with the implementation facet are executed in
order to evaluate this aspect of solution devel-
opment.

During the testing step, the partial imple-
mentation is tested, not to eliminate defects
from the integrated solution, but to assess the
operation of the COTS components within the
solution. Again the analysis and evaluation cri-
teria are used to assess the usage and capabili-
ties of the COTS components in solution devel-
opment facets such as the installation, config-
uration, and solution management, especially
problem determination.

Finally, the software solution is deployed to,
and managed, in a test environment that is con-
figured similarly to a typical production envi-
ronment. Like the previous step, the focus of
this step is to execute the COTS component
use cases and evaluate any effects on the solu-
tion management, quality of service, and secu-
rity facets.

To complete the process, the experience with
the released COTS components is assessed and
documented in a report. Component defects
are recorded and the resolution is tracked using
the same support channel as an actual COTS
component customer. The experience report
and defect records are the key results of the
process and lead to specific recommendations.

It is possible to modify the overall process
to evaluate, and hopefully, improve the de-
sign of future component releases, well before
component implementations are available. In
this case, early designs or prototypes for fu-
ture components are used during the emula-
tion of the design phase. Naturally, it is not
possible to realistically mimic solution builder
activities in this situation, so more analysis is
required rather than explicit evaluation. Typi-



cally, an architectural analysis is conducted to
explore the integration of the COTS compo-
nents within the solution. This results in the
identification of integration issues or gaps. In
addition, early component prototypes are used
to investigate the affects of the COTS compo-
nents on the other facets of the solution de-
velopment life cycle such as utilities for im-
plementing, deploying, or managing the solu-
tion. The outcome of the exploration is a set
of recommendations for enhancing the planned
component or the addition of new features to
close any identified gaps. These recommenda-
tions are documented and communicated to the
COTS component development teams for con-
sideration in their requirements process.

3.3 Roles

Developing a business scenario requires time
and resources. However, the additional effort is
justified because integration problems that are
hard to anticipate might remain undiscovered
in the COTS components and thus contribute
to higher integration costs. To do it well, par-
ticular skills and experience are necessary. The
framework recommends the following roles.

A Program Manager outlines the solution
definition, arranges its validation, produces the
Solution Builder Critique, schedules and tracks
activities, and handles communication with
COTS component development teams. Project
management expertise and a strong technical
background are important for this role.

A Business Scenario Architect identifies use
cases and features for the solution definition,
develops the architecture and the analysis and
evaluation criteria, and oversees analysis and
evaluation activities. This is usually a senior
architect with broad technical expertise and in-
depth knowledge of the COTS components as-
sociated with the scenario.

A Business Scenario Developer produces use
cases and the design artifacts (under the di-
rection of the business scenario architect), and
implements a partial solution using selected
COTS components. If future components are
being evaluated, then the implementation is
done with early component prototypes. A rep-
resentative set of solution test cases are pro-
duced to exercise key aspects of the solution.

The primary goal of the business scenario de-
veloper is to conduct analysis and evaluation of
the COTS components throughout the imple-
mentation, test, management, and deployment
phases of the solution development cycle. This
role is suited for an experienced software devel-
oper.

A complete business scenario process may in-
volve a business scenario architect, a program
manager, and one or two business scenario de-
velopers. With such a team, the overall process
from business scenario identification to the pro-
duction of an experience report takes approxi-
mately six to nine months. Naturally, the solu-
tion implementation and test activities need to
be aligned with the availability of the desired
components. If the business scenario is used in
the analysis of future components, the activ-
ities leading to the solution architecture take
three to four months and the design and anal-
ysis activities are constrained to about three
months.

3.4 Example

Teams at IBM SWG started using the business
scenario approach about three years ago. Ini-
tially, only the WebSphere brand COTS com-
ponents were explored. However, in the last
year, the business scenarios began to include
COTS components that span across the IBM
Software portfolio. Currently, nine business
scenarios have been developed and three are
introduced below.

Employee Workplace scenario describes a
solution that enhances employee effectiveness
and productivity by providing employees with
self-service applications and makes it easier for
them to collaborate across departments and lo-
cations. It also improves the employee’s abil-
ity to effectively manage the growing volumes
of corporate information such as documents, e-
mail, digital images, and Web content.

Mergers and Acquisitions scenario describes
the situation of a merger between a large tradi-
tional insurance company providing insurance
through agents and a new Internet operation
working entirely through the Web. The so-
lution provides a single customer view of the
merged companies to give a single administra-
tive view and cut operational costs.



Private Fxchange scenario examines a sup-
plier’s use of a Business-to-business (B2B) ex-
change to streamline the delivery of product
information to potential buyers. The solution
centers on the automatic processing and pub-
lishing of product information.

We present, in greater detail, a more recent
scenario — Employee Workplace (EW). The
complete artifacts are too extensive to present
here because of a lack of space. Partial text
and diagrams extracted from the EW artifacts
give the reader a flavour of the actual content.

Employee Workplace presents a solution to
the challenges many businesses face in improv-
ing organization-wide efficiency and productiv-
ity and dealing with increasing volumes of dig-
ital content. The business perspective for the
solution is provided in the solution definition
artifact and includes a description of the busi-
ness problems that need to be addressed, the
proposed features of the solution, end users,
and use cases.

The primary business problems fall into
four categories: (i) employee productivity in-
hibitors, (ii) difficulties managing information,
(iii) difficulties finding information, and (iv)
business risks.

The key features of the EW solution are:

e Collaborative capability: e-mail, instant
messaging, calendar, and Web conferences

e Document and Web content manage-
ment, including life-cycle management and
search

e Task management
e Records and retention management
e Employee directory

e Application integration services

There are three primary types of end users in
this solution: (i) employees who use the work-
place to carry out various roles within the orga-
nization, (ii) records managers responsible for
creating and administering the records and re-
tention management system, and (iii) solution
administrators who maintain the running solu-
tion.

There are many use cases for the Employee
Workplace solution. A few important use cases
are:

Spmetadata attributes

e Collaborating with other employees using
instant messaging and e-mail.

e Creating, browsing, and editing docu-
ments or Web content.

e Searching for content.

e Creating content life cycles and complet-
ing tasks associated with the life cycle.

e Creating and maintaining a retention plan
including creating, viewing, suspending,
and destroying records.

e Managing access to users, groups, and re-
sources.

e Backing up and restoring repositories.

The Employee Workplace solution definition
was reviewed with a few major IBM customers.
These customers agreed that the solution def-
inition reflected the reality of their businesses
and accurately described the business problems
and resolution needs. This discussion and com-
ments were documented in the Solution Builder
Critique, but this is not publicly available for
confidentiality reasons.

Another major artifact is the architecture of
the business scenario. The first section of this
artifact is the discussion of architectural goals
and constraints. Examples include single point
of access to business services, security, and ease
of solution administration.
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An important part of the architecture is the
domain model, which is described using UML
class diagrams. A key business object for Em-
ployee Workplace is the document type, the
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structure to which each document conforms
(see Figure 2). It may specify required meta-
data attributes and a boilerplate for the docu-
ment body. For an owner’s manual, the meta-
data attributes may be the car’s make and
model, and the boilerplate may be the layout
of chapter and section headings such as Intro-
duction, Maintenance Schedule, etc.

Figure 3 shows the subsystems and compo-
nents. Each subsystem is briefly described in
the Architecture artifact.

A key part of the architecture is the explo-
ration of significant use cases in terms of their
realizations as described in the solution defini-
tion. For example, “Create new document revi-
sion” is a use case and its realization is shown
in Figure 4 using a UML sequence diagram.

Finally, the architecture includes a mapping
of both current and future IBM software prod-
ucts that correspond to components in the sub-
system diagram. The EW architecture includes
the current? IBM products: IBM® Workplace
Team Collaboration™ Messaging and Docu-
ments 2.0, DB2® Content Manager 8.2, DB2
Records Manager 3.1.2, WebSphere® Portal
5.0.2, and Tivoli® Directory Server 5.1.

The design artifact is a document that dis-
cusses the various perspectives of the Employee
Workplace design using a particular set of IBM
COTS components as the components and cov-
ers the implementation, deployment, and data
views. This material is too detailed to include
in the paper.

2We cannot disclose information about planned fu-
ture IBM products.
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Figure 4: Use Case Realization

The analysis and evaluation criteria are doc-
umented for the selected component sets. The
criteria are presented by feature and also by so-
lution development facet. Based on the usage
stories in the solution definition, important ca-
pabilities for each feature are identified and pri-
oritized for evaluation. Expectations for each
component set are noted, including any known
limitations. In addition, this artifact provides
a detailed discussion for each solution develop-
ment facet. In Employee Workplace, the in-
stallation and configuration facet was selected,
since the IBM® Workplace™ family is a rela-
tively new addition to the IBM software port-
folio. The solution management facet was se-
lected because of the large numbers of com-
ponents in the solution and the goal of ease of
administration. The security facet was selected
because it is important for employees to be able
to transparently access the services offered by
the various COTS components constituting the
solution with a single sign-on. Finally, the so-
lution development facet was selected, because
we wanted to explore the ability for solution
builders to integrate existing systems into the
Employee Workplace and to develop the types
of content that need to be incorporated in the
solution.

The COTS component use cases and the cor-



responding users are identified and elaborated
for each solution development facet. For ex-
ample, the use cases for Employee Workplace
solution development include:

e Develop, test, and deploy templates for
Web content presentation.

e Develop and test portlets for application
integration.

e Develop and test new workplace applica-
tions such as departmental applications,
expense reporting, etc.

The implementation assets for Employee
Workplace were created in JavaT™code and are
not included this paper. The test cases are also
too extensive to include, but follow a typical
format. However, there are a limited number
since the purpose of the testing is not to eval-
uate the solution implementation. Rather, the
goal is to test the interoperability of the COTS
components in the solution and to exercise the
important features as identified in the analysis
and evaluation criteria.

The Employee Workplace business scenario
effort involved the evaluation of recently re-
leased IBM COTS components and also the
analysis of upcoming components. Based on
the selected solution development facets, the
experience report evaluated the experience of
installing, configuring, developing, managing,
and securing the COTS components in the con-
text of the Employee Workplace. Recommen-
dations for more effective interoperability with
future releases have been conveyed to the com-
ponent development teams.

4 Lessons Learned

The lessons learned in our application of the
Business Scenario Framework (BSF) are based
on our observations and include areas for im-
provement and identification of limitations that
need to be addressed in future.

Lesson 1 Using business scenarios, we are
able to tmprove the design and quality of our
COTS components.  Component developers
gain a deeper understanding of the customer
requirements that affect component usage and

behaviour by considering the concrete business
situations and the various development perspec-
tives offered in the business scenario.

Without the information provided by busi-
ness scenarios, development teams tend to take
a product-centric approach and typically have
little opportunity to explore the integration re-
quirements that arise when the COTS compo-
nent is used with others in a solution. There
is a tendency to focus on the production usage
rather than to consider product requirements
arising from software development facets such
as product installation and configuration, using
the product to develop and manage the inte-
grated solution, and the effects of their product
on the overall solution quality.

Business scenarios provide two perspectives
to the developers. The first provides the con-
text of use — a spectrum of applications of the
component. The second highlights the spec-
trum of solution development activities as the
COTS component is used throughout the inte-
grated solution development life cycle from re-
quirements gathering to implementation, test,
and deployment.

Typically, the COTS component is designed
to serve a particular need and thus the set
of required capability, such as messaging or
database services, seems clear. However, unless
various integrated solutions are considered, in-
teroperability challenges may be missed. For
instance, some COTS software provides un-
derlying services to other COTS software in
the solution. For example, database services
may be required by application services or con-
tent management. It is essential that each
COTS component has the same prerequisite
level of the underlying COTS software. We
have found the prerequisite releases to be in-
consistent in many cases. Similarly, the con-
figuration of shared services needs to be con-
sistent across the integrated solution. Often,
we have found that different configurations of
a particular component are demanded by other
components in the solution. These mismatches
must be resolved so that the service may be
shared, and avoid the need to install multiple
copies of the same COTS component.

Once the runtime behaviour is established,
it is important to consider the other facets of



component behaviour. For instance, the pro-
gramming model and development tools for uti-
lizing the COTS component in integrated solu-
tion development are a key to its acceptance.
The COTS component needs to be easy to in-
stall, configure, and manage since it is only a
part of a larger integrated solution effort. In
fact, business scenarios were originally intro-
duced in IBM SWG to reduce the effort our cus-
tomers were spending on these activities with
early releases of the WebSphere Application
Server product. Installation and configuration
of Application Server has vastly improved since
version 3.0. Other COTS components have
made improvements to the development envi-
ronment to make it easier to build and test the
integrated solutions described in the business
scenarios.

Lesson 2 The framework introduces a rigor-
ous process and establishes the essential con-
tent and activities of business scenarios, which
not only helps to maintain consistent quality
among scenarios, but also reduces effort.

When business scenarios were first devel-
oped, an ad hoc approach was employed in the
production of business scenario artifacts. The
business scenario development process empha-
sized activities such as scenario selection, de-
velopment, validation, and testing. The pro-
cess provided little guidance in the creation of
artifacts or their composition. This resulted
in large variations in the type of content and
level of detail. This lack of consistency made it
more difficult to communicate business scenar-
ios to development organizations and also made
it harder to teach new team members how to
develop scenarios.

Our current approach, using the BSF pre-
sented in this paper, specifies the business sce-
nario development activities and artifact com-
position in more detail. Since our goal is
to mimic our customers’ experience with our
COTS components, we adopted RUP (Ratio-
nal Unified Process) in order to formalize the
process of mimicking customer activities and
allow us to produce consistent artifacts. The
standard RUP vision, use case, and software
architecture document templates were tailored
to our needs. The use of the RUP-based tem-
plates determine the composition of the busi-

ness scenario artifacts. Guidance and sample
text indicate the necessary level of detail. This
makes the approach easier to teach and is al-
lowing the team to develop consistent artifacts.
In addition, use of the RUP vision encouraged
us to focus on additional aspects of the inte-
grated solution such as the users of the solu-
tion and the solution features that were not al-
ways considered or documented with the previ-
ous approach. Often a better understanding of
these aspects of the integrated solution leads to
a better understanding of the COTS software
users and the features needed to support the
solution.

In some cases, the new approach increases
the effort to produce the business scenario so-
lution definition and architecture artifacts since
it is a more comprehensive approach. However,
the time to review these artifacts is reduced
since the artifact composition is more clearly
defined and easier to compare to, and contrast
with, other business scenarios. It is also easier
to produce the design artifacts using the consis-
tent and more detailed information provided in
the solution definition and architecture. Over-
all, the business scenario development effort is
reduced.

Lesson 3 [t is crucial to balance the effort to
produce the business scenario against the po-
tential to discover integration issues or surface
new requirements. The effort is affected by the
choice of the integrated solution described by
the business scenario, its breadth and the ex-
tent to which the solution is implemented.

It is extremely important to carefully select
the business scenario in order to maximize the
benefits of the scenario development effort. To
be beneficial to the COTS provider, the solu-
tion described in the scenario needs to apply
to a significant share of COTS component cus-
tomers. This is accomplished by finding com-
mon business objectives and developing gen-
eral solutions to meet those objectives. The
generalized solution must preserve the essen-
tial aspects of the solution requirements de-
rived from unique business situations. Also,
in order to maximize exploration of component
integration, the selected business scenario must
require several COTS components that are of
interest to the component provider. Increasing



the coverage of COTS components often results
in a broader solution scope and a larger sce-
nario. This leads to other potential problems,
as discussed below. Interestingly, as the success
of the business scenario approach is recognized,
it is our experience that COTS component de-
velopment teams lobby for the inclusion of their
component in a scenario. Avoid “force fitting”
a COTS component into an existing scenario.
Instead, seek a solution that naturally includes
a COTS component and is of significance to the
business of component customers.

Large business scenarios have the advantage
of wide domain coverage and are likely to un-
cover more integration issues and surface addi-
tional new requirements. However, because of
their size and complexity, there is a higher cost
to create, implement, and test the resulting so-
lution. It is also more difficult to communicate
a larger business scenario to interested COTS
product development organizations. Product
teams are reluctant to resolve integration issues
or consider new requirements if these requests
are not easily justified with information from
the business scenario. Conversely, a smaller
scenario is less expensive to create, implement
and test, and it is easier for the development
organization to see the role of the component
under development in the solution described by
the scenario. However, a less complex solution
typically integrates fewer COTS components,
making it less useful for discovering interoper-
ability issues. If the business context of the
solution is too narrow, critical elements may
be excluded and the needed behaviour of the
COTS component may not be realized. There-
fore, it is important to weigh the effort to de-
velop the scenario against the potential to dis-
cover problems when choosing the scope of a
business scenario.

Ideally, the BSF would provide guidance to
assist with decisions about solution selection
and scope. From our experience, some sug-
gestions are: consider the strategic importance
of particular COTS components to the compo-
nent provider; identify the key features of the
integrated solution through validation of the
solution definition and focus on these features
in the partial implementation of the solution;
identify important solution development facets
for the integrated solution, and minimize emu-

lation activities for other areas.

Lesson 4 While the use of business scenar-
10s helps to identify and resolve integration is-
sues, a more important benefit of business sce-
narios is to gain a better understanding of the
integrated solutions COTS software customers
want. This understanding is essential to deter-
mine the COTS component requirements that
these solutions demand.

Our original motivation for BSF was to re-
spond to the integration challenges COTS com-
ponent customers experience during the devel-
opment of integrated solutions with IBM soft-
ware products. Using BSF to think and act as
the customer, IBM SWG has successfully iden-
tified problems such as conflicting software de-
pendencies, overlapping components, and dif-
ficulties installing and configuring COTS com-
ponents within the integrated solution.

However, we have observed that this ap-
proach tends to surface new COTS software
requirements not previously considered. The
business scenario illustrates the use of a com-
bination of COTS components that must work
in concert to provide the capability for the in-
tegrated solution. When considered together,
especially in terms of common goals for the
overall solution, it may be possible to utilize
the same underlying service; for example, the
access and management of shared information
such as user credentials may be shared.

Based on this observation, we believe that
the BSF provides a powerful method for surfac-
ing COTS component requirements. For this
reason, we have made the elicitation of require-

ments our priority in our future efforts with
BSF.

Lesson 5 The use of an independent team to
produce business scenarios reduces the effec-
tiveness of analysis and evaluation of COTS
components, because of communication chal-
lenges with the product development organiza-
tion. To overcome this problem, we propose in-
tegrating the business scenario framework into
the product development process as a require-
ment elicitation method.

The challenge of communicating the findings
from each business scenario with the COTS



product development teams can lead to limited
acceptance of the recommendations. It can be
particularly hard to convince the development
teams to accept and implement new require-
ments. This is largely due to the effort in-
volved in determining the relevance of the busi-
ness scenario to a particular COTS component.
Usually, the team has to go through the entire
set of business scenario artifacts in detail in or-
der to understand the business context for their
product, and thus understand the rationale for
the business scenario analysis and evaluation.
Recommendations that are accepted are often
not adopted since they are received too late in
the product development cycle.

In future, we want to explore the adoption of
BSF by the COTS product development teams
and have business scenarios integrated into the
development process. Product teams would
be responsible for selecting and using scenarios
oriented to their product, increasing the rele-
vance and avoiding the problem of acceptance.
Tighter integration of the processes and the
elimination of an independent organization re-
solves the communication issues and promotes
the elicitation of relevant requirements only.

Although this may solve our current prob-
lem, it raises new issues to be explored in the
future. How feasible and effective is it to have
individual product teams independently creat-
ing business scenarios? Will business scenar-
ios continue to cover multiple products so that
the requirements that lie between products are
identified? How is effort coordinated across
products so as to avoid the redundancy that
may occur because of overlapping scenarios de-
veloped by different product teams? How is the
collective effort balanced against the individual
efforts?

5 Conclusions and Future
Work

As COTS-based system construction emerges
to be a mainstream development method, new
challenges are faced both by the consumers and
providers of COTS components.

In this paper, we presented the Business
Scenario Framework (BSF), a variation of the
scenario-based approaches in requirements en-

gineering, to address some of the challenges
faced by COTS component providers. We have
applied evolving versions of the framework to
nine scenarios during the past two and a half
years, to identify integration issues in the cur-
rent releases of the COTS components and sur-
face requirements for future releases. We de-
scribed in detail the artifacts and processes in-
volved in a business scenario development and
our experience in doing so.

The lessons we drew from our experience re-
flect both positive results and limitations. The
approach enhanced the quality of COTS com-
ponents in the short term by resolving inte-
gration issues. However, we need more com-
prehensive techniques for identifying and man-
aging new requirements for long-term success.
The approach also deepened developers’ under-
standing of customer requirements. The de-
fined process of the BSF allowed us to maintain
consistent quality among scenarios and reduced
the effort.

Two areas for improvement were identified.
Firstly, we need better techniques to scope the
scenarios, both in the content and coverage.
Secondly, we need to overcome communication
difficulties between the business scenario team
and the COTS product developers. We believe
this can be solved by integrating the BSF into
the product teams’ development process as a
requirement elicitation method.

In future, we would like to gear the BSF
towards the requirement elicitation of COTS
components and middleware. We plan to pilot
the incorporation of BSF into the component
development process. The approach will be val-
idated by surveying individuals from the devel-
opment organization regarding the usefulness
of applying BSF for eliciting requirements and
improving the component design. We will focus
on how results collected from the scenarios help
the component teams to make architectural de-
cisions, not only in discovering issues, but also
in successfully implementing the resolutions of
the issues. We also plan to define more fine-
grained tasks, refine the analysis and evalua-
tion on the scenarios to reduce the dependence
on experienced designers, and explore the roles
and skills needed for the elicitation work.
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