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Abstract:  The product line and component-based approaches to software engineering both
hold the potential to significantly increase the level of reusein industrial software
development and maintenance. They also have complementary strengths, since
they address the problem of reuse at opposite ends of the granularity spectrum -
product line development essentially supports "reuse in the large" while compo-
nent based development supports "reuse in the small". This paper describes a
method, KobrA, which cleanly integrates the two paradigms into a systematic,
unified approach to software development and maintenance. Key synergies
resulting from this integration include support for the rapid and flexible instantia-
tion of system variants, and the provision of methodological support for compo-
nent-based framework devel opment.

1. INTRODUCTION

The potential advantages of a product line approach to the development,
maintenance and deployment of software have long been recognized. Instead
of continually "reinventing the wheel", or incorporating parts of "old" systems
in an ad hoc manner, organizations following a product line approach can
consolidate their key software assets within a high-quality, reusable software
core, and concentrate their resources on adapting this core to meet the chang-
ing needs of customers.

Despite its promise, however, systematic product line development still
remains the exception rather than the rule, and its potential remains largely
unfulfilled. A major reason is that traditional software implementation tech-
nologies do not really provide the mechanisms needed to support the rapid
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and cost-effective adaptation of implemented code in a way required by a
genuine product line approach. As a result, existing product line approaches
have been forced to concentrate on the earlier activities in the software life
cycle, and thus often appear to developers to be somewhat divorced from the
"real" business of coding. There is also an erroneous perception that product

line development is incompatible with "regular” development of single sys-

tems. Many developers therefore feel the adoption of a product line approach

would force them to discard their current "single system" practices with which

they feel comfortable.

The advent of component-based software engineering changes this situa-
tion by making available mechanisms that enable software elements, right
down to the binary level, to be rapidly and efficiently assembled into new
applications. This allows the basic tenet of product line development to be
applied at all phases and levels of software development, and to work with
softwarein all its different forms, including binary forms. The ability of com-
ponent-based software engineering to support the interoperation of binary
code modules is one of the key characteristics that distinguishes it from the
object-oriented paradigm (upon which it based). Components, therefore, pro-
vide the perfect foundation for the practical application of product line devel-
opment.

The benefits are not just one way, however. Component-based software
engineering also stands to gain significantly from product line ideas. It isto be
expected that component-based systems within a given domain, or created by
a given organization, will share many similarities, and in particular, will use
many of the same components. The variabilities between systems in a family
will thus likely revolve around a relatively small number of critical compo-
nents. Therefore, rather than assemble every system in the family from
scratch, it makes sense to build so-called "frameworks®, which "hard-wire"
the common aspects of the family, and allow the variable components to be
"plugged in" as and when needed. Although the value of such frameworks has
been recognized for some time, however, their creation and maintenance is
still something of a"black art", lacking concrete methodological support. The
techniques and ideas of product line development are the ideal foundation for
the provision of such methodological support.

In short, the product-line and component-based approaches to software
development seem to have complementary strengths. They both represent
powerful techniques for supporting reuse, but essentially at the opposite ends
of the granularity spectrum. Components provide a technology for "reuse in
the small" while product line development represents an approach for "reuse
in the large". Therefore, significant benefits can be expected from their inte-
gration. This paper introduces the KobrA method, which attempts to create a
natural synergy between the component-based and product line approaches to
software development. In essence, component technologies provide the flexi-
ble and rapid configurability needed for genuine product line development,
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while the disciplines of the product line approach provide the methodological
foundation needed for the development and deployment of sound component-
based frameworks.

The remainder of this paper is structured as follows. In the next section we
describe the product-line approach that provides the foundation for the prod-
uct line aspects of the KobrA method. The main part of the paper then
describes how product line development is supported in KobrA, starting with
an overview of the method's main features, and then continuing with a
description of the central "framework engineering” and "application engineer-
ing" activities. The paper concludes with a description of related work, and a
discussion of future plans.

2. PUL SE

Product line software engineering aims at creating generic software assets
that are reusable across a family of target products. PULSE™ (Product Line
Software Engineering)l is a method for enabling the conception and deploy-
ment of software product linesin alarge variety of enterprise contexts [1].

The life cycle of a software product line in PULSE is split into the follow-
ing phases: initialization, product line infrastructure construction, usage, and
evolution. PuL SE provides technical components for the different deployment
phases that contain the technical know how needed to operationalize the prod-
uct line development. The technical components are customizable to the
respective context. Customization of PULSE to the context where it will be
applied ensures that the process and products are appropriate. In the initializa-
tion phase, the other phases and the technical components are tailored.
Through this tailoring of the technical com-ponents, a customized version of
the construction, usage, and evolution phases of PUL SE is created.

The principle dimensions of customization are the nature of the applica-
tion domain, the organizational context, reuse aims and practices, as well as
the project structure and available resources.

PuL SE has been applied successfully in various different contexts for dif-
ferent purposes. Among other things it has proved helpful for introducing
sound documentation and development techniques into existing development
practices. However, in circumstances where there were no pre-existing pro-
cesses or well-defined products, the introduction of PULSE turned out to be
problematic. In such cases, the "customization" of PuLSE was actually more
concerned with the introduction of basic software engineering processes than
with the adaptation of the product line ideas to existing processes. Especially

1. PULSE isaregistered trademark of the Fraunhofer IESE.
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in immature environments, the effort for this process definition can be consid-
erable and even prohibitive.

From the perspective of the PuL SE method, therefore, there is much to be
gained by the definition of a "ready-to-use" customization of the method that
already contains the required software development processes that may be
missing in immature organizations. KobrA can be viewed as such as "ready-
to-use" customization of PuL SE.

3. THE KOBRA METHOD

The KobrA method? represents a synthesis of several advanced software
engineering technologies, including product line development, component-
based software development, frameworks, architecture-centric inspections,
quality modeling, and process modeling. These have been integrated in
KobrA with the basic goal of providing a systematic approach to the develop-
ment of high-quality, component-based application frameworks. Numerous
methods claim to support component-based software development, but these
invariably tend to be rather vague and unprescriptive in nature. They define a
lot of possibilities, but provide little, if any, help in resolving the resulting
choices between them. KobrA, in contrast, aims at being as concrete and pre-
scriptive aspossible.

A fundamental tenet of KobrA isthe strict distinction of products and pro-
cesses. The products of a KobrA project (e.g., models, documents, code mod-
ules, test cases, etc.) are defined independently of, and prior to, the processes
by which they are created, and effectively represent the goals of these pro-
cesses. Furthermore, all products are organized around, and oriented towards,
the description of individual components. This means that, as far as possible,
there are no global or system-wide products - all products (and accompanying
processes) are defined to carry information only related to their particular
component. The advantage is that components (and the products that describe
them) can then easily be separated from the environment in which they were
developed and therefore can be reused independently.

From a product line perspective, KobrA represents an object-oriented cus-
tomization of the PULSE method. The infrastructure construction phase of
PUL SE corresponds to KobrA's framework engineering activity, the infra-
structure usage phase of PuL SE corresponds to KobrA's application engineer-
ing activity, and the product line evolution phase of PuL SE corresponds to the
mai ntenance of the frameworks and applications. Figurel illustrates the over-
all relationship of these activitiesin KobrA.

2. The KobrA project is funded by the German Government and is being undertaken by a con-
sortium of four organizations: Softlab GmbH, Munich, Psipenta GmbH, Berlin, GMD-
FIRST, Berlin and Fraunhofer |ESE, Kaiserslautern.
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Figure 1. KobrA Product-Line Activities

The purpose of the framework engineering activity is to create, and later
maintain, a generic framework that embodies all product variants that make
up the family, including information about their common and disjoint fea-
tures. The purpose of the application engineering activity is to instantiate this
framework to create particular variants in the product family, each tailored to
meet the specific needs of different customers, and later to maintain these
concrete variants. A given framework can therefore be instantiated multiple
times to yield multiple applications.

It isimportant to note that the distinction between the framework activities
in KobrA isthe level of generality/specificity, not the level of detail. In fact,
the framework and application engineering activities both result in descrip-
tions of components in terms of a mixture of textual and UML-based (graphi-
cal) models. The difference between the two is that the framework models
potentially contain variabilities, while the application models do not. The
advantage of using the UML is that frameworks and associated application
are independent of any particular programming language or component tech-
nology (e.g., Java Beans, COM, CORBA).

The transformation of an application into an executable form is carried out
in adistinct set of activities that are essentially orthogonal to the framework
and application engineering activities. The implementation activity takes
instantiated UML models and maps them, through a series of well-defined
refinement and translation steps into an executable representation (e.g., high-
level source code) [2]. Finally, the build activity actually creates binary load
modules ready for deployment in the target environment.

The following sections describe the product-line aspects of KobrA in more
detail. In particular Section3.1 describes the framework engineering activity,
while Section3.2 concentrates on the application engineering activity. In both
cases we use a running example to visualize the key elements of the method.
The case study is a library system framework, based on a domain defined by
several library systems located in Kaiserslautern: the local city library, the
university library, and our institute library.
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Figure 2. Komponent Specification and Realization

31 Framework Engineering

In KobrA, a framework is the static representation of a set of Kompo-
nents’ organized in the form of atree. Each Komponent is described at two
levels of abstraction - a specification, which defines the Komponent's exter-
nally visible properties and behaviors, and thus serves to capture the contract
that the Komponent fulfils, and a realization, which describes how the
Komponent fulfils this contract in terms of contracts with lower level Kompo-
nents. A framework, therefore, is a tightly coupled arrangement of Kompo-
nent specifications and realizations. Figure2 shows the general set of UML
models, which make up Komponent specifications and realizations.

To start the framework development process, the context of the Kompo-
nent at the root of the tree is modeled. Since this takes the form of arealiza-
tion it is known as the context realization. Subkomponents are then identified,
their specifications derived from the context realization models, and finally
the subkomponents realizations are designed. This is performed recursively
until no further subkomponents are required.

The framework is a reuse infrastructure for creating systems within the
application domain. The family aspects are captured by decision models,
which, asillustrated in Figure4(b), are a part of all specifications and realiza-
tions. The decisions relate to variabilities in the domain that are explicitly
reflected in the models of the generic framework.

3. In KobrA we use the term “Komponent” as shorthand for “KaobrA component”
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3.11 Context Realization

Framework engineering starts with the elicitation of the environment prop-
erties for the planned system family, including the determination of the frame-
work's scope. The underlying elicitation process and the used workproducts
depend on the domain of interest and the project context, as described in [3].
However, the application of KobrA requires a particular set of models at the
end of context realization, which is needed to begin the recursive KobrA
development process. These models correspond to the models used for realiz-
ing Komponents.

Thetable on the left sidein Figured(a) gives an overview of the high-level
business processes supported by the library framework case study. Some of
the processes are optional, for example, not all libraries allow customers to
reserve items. Activity diagrams are used to model each process in more
detail. The activity diagram for the business process "item Check In" is shown
on theright side of Figure4(a). The black conditions represent conditions that
capture variabilities in the modeled process. Each variability is related to at
least one decision in the library system decision model. Parts of the model are
shown in Figure 4. Each decision provides a set of possible resolutions and
lists for each resolution, which diagrams must be tailored in what way to rep-
resent the specified member of the system family.

Further activity diagrams can be used to refine non-trivial activities. For
example, for the collection of loan costsit is necessary to specify whether cus-
tomers must pay cash, whether they can use their credit card, or whether they
can accept the costs but pay later, etc. When the refinement has been finished,
subkomponents are identified that, together, provide the remaining activities
as operations. Figure5 shows the class diagram of the library system context.
A library system is composed of five white-box Komponents - Komponents
whose interface is part of the external interface of their parents (here: the
library system).

| Librarian | Item | | Customer |
* * *
LibrarySystem
¢
| LoanManager | | ItemManager | |BudgetManager|

P\ccountManageri |ReportGenerator|

Figure 5. Context Class Diagram for Library Systems
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(b) Library System Decision Model

Figure 4. Library System Example: Business Processes and Decision Model

3.1.2 Komponent Specification

The goal of Komponent Specification is to create a set of models that col-
lectively describe the externally visible properties of a Komponent. As such,
the specification can be viewed as defining the interface of a Komponent and
describing the services a Komponent provides to its parent. The specification
of a Komponent is comprised of four main models: the structural model, the
behavioral model, the functional model, and the decision model. The struc-
tural, behavioral and functional models constitute the specification models for
a Komponent as it is used in all applications covered by the framework. The
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LoanManager
Account currentAccount
startCustomer| nteraction()
endCustomerInteraction()
getAccount(userData)
startCheckIn()
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endSuggestion() (opt.) returnDate (opt)

startReservation () (opt) i
endReservation() (opt) !

Customer Account oL - Item

name id id
personal Data itemData

Figure 6. Specification Class Diagram for L oanM anager

decision model contains information about how the models change for the dif-
ferent applications.

The structural model describes the classes and relationships by which a
Komponent interacts with its environment, as well as any internal structure of
the Komponent, which is visible at its interface. The structural model is com-
posed of UML class diagrams and UML object diagrams. Class diagrams
define the classes, attributes, and rel ationships that describe the externally vis-
ible types characterizing the Komponent's relationship to its environment.
Object diagrams are only needed if the Komponent under specification con-
tains white box components. If thisis the case, the purpose of the object dia-
grams is to describe the parts of the internal structure that are externally
visible.

Figure6 shows the specification class diagram for LoanManager, one of the
white box Komponents of the library system identified in the context realiza-
tion class diagram. The purpose of the specification class diagram is to show
the externally visible properties and expectations of the Komponent under
consideration. Since this LoanManager is focus of this class diagram, only its
operations are shown. There are some optional operations (e.g., startSuggestion
and endSuggestion that are taken out of the class diagram if the system does not
provide user suggestions). The information about which operations are
needed for which systemsis captured in the decision model.

A Komponent's decision model describes the different variants of the
Komponent. It is an extension of the decision model of the Komponent's par-
ent. Variabilities that arise during the Komponent specification are investi-
gated, and a determination made about whether variabilities can be captured
by already existing decisions or if new decisions have to be added to the deci-
sion model.

The behavioral model describes how a Komponent reacts in response to
external stimuli. It consists of an arbitrary number of UML statechart dia-
grams and an optional event map. A statechart in a KobrA specification
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(a) Statechart Diagram

Operation:  startCheckin

Description:  All returned items are identified, removed from the account,
registered as present in the stock,

[1oan costs are determined, 1and collected. !]

Reads: supplied itemData of returned items, currentAccount
Changes: currentAccount

Sends: ItemManager.return(list of returned Items)

Assumes: customer interaction is open but no transaction is active.

Result: Returned itemsthat were registered for currentAccount are back
in stock and have been removed from currentAccount.

(b) Operation SchemastartCheckln
Figure7. Library System Example: Statechart Diagram and Operation Schema

describes user visible states of a Komponent and state changes that are reac-
tions on user visible events. Events represent requests for the execution of an
operation. The operations are exactly the operations given in the specification
class diagram of the respective Komponent. Event maps capture the event-
operation mapping.

Figure7(a) shows a statechart diagram for the LoanManager Komponent,
which describes the state transitions that take place for the different customer
interactions. The optional parts are depicted with dashed lines. For example,
the possibilities to suggest or reserve items are not needed in all library sys-
tems.
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The functional model of a KobrA Komponent describes the externally vis-
ible effects of the operations that are provided by that Komponent. It consists
of a set of operation schemata (operation schemata are not part of the UML,
but have their origin in Fusion [4]). Each operation listed in the class diagram
must have a corresponding operation schema which defines its effects in
terms of input parameters, changed variables, output values (reads, changes,
and sends clauses), as well as pre- and post conditions (assumes and result
clauses).

Figure7(b) shows the operation schema for the operation startCheckin. The
variable parts of operation schemata are placed in boxes. If asystemisusedin
library that is free, loan costs do not have to be determined. On the other hand
if alibrary customer has to pay, the costs may be a membership fee, in which
case the loan costs are not collected during check in. If the costs are deter-
mined per item the costs are collected during check in.

3.1.3 Komponent Realization

The goal of Komponent Realization isto create a set of models that collec-
tively describe the private design of a Komponent. As with all design, the
basic requirement is that the realization must realize the Komponent's specifi-
cation. A Komponent's realization is comprised of four main models: the
interaction model, the structural model, the activity model, and the decision
model.

Interaction models define how groups of objects interact at run-time to
realize Komponent operations. A UML interaction diagram (either a UML
collaboration diagram or a UML sequence diagram) describes each operation
that is part of the specification. The operation schemata from the Komponent
specification provide most of the information needed to develop the interac-
tion diagrams. The basic requirement is that the corresponding interaction dia-
gram must realize all the effects defined in the result clause of a schema. In
particular, whenever an object is read or changed, a corresponding message is
required in the interaction diagram.Figure8 shows the collaboration diagram
for the operation startCheckin. Variable parts of the collaboration diagram are
represented with dashed lines.

Activity diagrams can be used as intermediate models to bridge the step
from operation schemata to interaction models. Activity models provide a
process-oriented view of the realization of the Komponent operations. For
each operation described by an operation schema in the specification, a UML
activity diagram is created. Using activity diagrams, the activities that are
necessary to perform an operation are modeled and subsequently used to cre-
ate the interaction models.

The realization structural model describes the classes and relationships
from which the Komponent is realized, and the architecture of the Kompo-
nent. Like the specification structural model, the realization structural model
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Figure 8. Collaboration Diagram startCheckln

consists of anumber of UML class and UML object diagrams. The realization
class diagram is basically a superset and refinement of the corresponding spe-
cialization class diagram. Elements taken from the specification class diagram
are described in more detail and additionally new elements (often subkompo-
nents) uncovered during the creation of the interaction are included. In con-
trast to specification class diagrams, however, in realization class diagrams
there are no restrictions on the inclusion of operations, or any other features,
for any of the classes. Object diagrams at the realization level describe the
actual instances of the elements depicted in the class diagram, and hence pro-
vide a snapshot of atypical configuration of the objectsin a Komponent. They
essentially capture the architecture of the Komponent, therefore.

Figure9 shows the realization class diagram for the LoanManager Kompo-
nent. It is a refinement of the specification class diagram shown in Figure6.
The class LoanCost, uncovered during functional modeling (cf. Figure7(b)), is
for example new. The decision model in a Komponent realization is an exten-
sion of the decision model given in the Komponent's specification.

A Komponent realization serves as the starting point for creating the next
level in a Komponent framework. Based on the realization, subkomponents of
the Komponent under investigation are identified. For each of the identified
subkomponents, a Komponent specification is created as described in the pre-
vious section. Thus, the realization models are the primary information source
for the creation of the specifications of subkomponents.

Another possible way of realizing a specification is to reuse pre-existing
components such as COTS components or reengineered legacy components.
To achieve this, parts of the specified interface are matched to the interface
supplied by the pre-existing component. When the two interfaces are the same
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amount

addCosts(costs)
collectCostg)

Figure 9. Realization Class Diagram for L oanM anager

they are said to be in "mutual interface" agreement and the supplier compo-
nent can be integrated in the Komponent framework. If the two interfaces are
not initially the same, changes must be made to the reused component and/or
the client Komponent in the framework.

3.2 Application Engineering

Application engineering uses the framework built during framework engi-
neering to construct specific applications in the domain covered by the frame-
work. Therefore, to be cost-effective, the benefits gained from reusing
framework Komponents in the creation of several applications must be
greater than the effort needed to develop the framework. In KobrA, this is
achieved by assembling single products, or at least significant parts of them,
from framework components. However, in order to benefit systematically
from the framework, a defined method for application engineering must
accompany the processes for developing the framework. This method by
necessity tightly coupled with the models that are developed during frame-
work engineering.

FigurelO gives an overview of the application engineering process. The
process is centered on the given framework and driven by the framework's
decision models. The framework is traversed in a top-down manner, recur-
sively resolving decisions until all the generic framework models are trans-
formed into specific models for the particular application.

The specific models are needed for two reasons. First, a maintainer of a
particular application needs models that exactly correspond to the implemen-
tation of the maintained system. Thisis often not the case for the generic mod-
els of the framework. For example, in a digital library, it is possible that a
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Figure 10. Overview of the Application Engineering Process

single item is registered in more than one user account. If a digital library is
integrated into the framework, the relationship between the classes Account
and Item will turn into a many-to-many relationship. However, such a model
would cause confusion in the context of family members that deal with physi-
cal items, which are modeled in Figure 6. Second, user requirements are usu-
ally not all supported by the existing framework. If they cannot be integrated
into the framework in a generic way, perhaps because there are too many con-
flicting constraints, they are added as customer-specific requirements to the
instantiated models.

According to the common separation of requirements engineering and sys-
tem design, the application engineering processis split into two primary steps:
context realization instantiation and framework instantiation. The two steps
are described in the following sections.

3.21 Application Context Realization

The instantiation of the framework's context realization is the first major
activity of application engineering. It starts when the software development
organization has established an initial contact to a potential customer who is
interested in a software system in the domain of one of the organization's
frameworks. The outputs of this process are the context decisions and a con-
crete realization of the application's context.

Ideally, a consultant handles interaction with the customer during this
activity. The role of a consultant is played by a person who is an expert with
respect to the application domain and to applications based on the existing
framework. The consultant elicits the requirements for the application to be
developed while working with the customer to identify problems

The elicitation process is driven by a decision sequence derived from the
decision model of the framework's context realization. For example, the con-
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sultant asks the customer whether future users of the library system must pay
for loaning items. According to the customer's resolution, all models are
changed with respect to the effect described in the decision model.

When a decision cannot be resolved directly by the customer, the resolu-
tion is supported by partially instantiated framework models, which represent
the intermediate state of the application context (e.g., the activity diagram
"Item Check In" without the cost collection activity).

This strategy for requirement elicitation is tightly coupled with the frame-
work because exactly the alternatives supported by the existing framework
are provided to the customer. The offering of a set of possible alternatives also
simplifies the elicitation process because it corresponds to the selection of one
of the provided choices.

Only when none of the supported alternatives meets the customer's needs
must the required properties be explicitly modeled during requirement elicita-
tion. The framework alternative that is the closest to the required one serves as
the input for the modeling activity. Hence, the alternative not yet supported by
the framework can be expressed by means of differences to requirements sup-
ported by the existing framework. This not only simplifies the later integra-
tion, either generally with the framework (i.e., a new framework revision) or
specifically with a particular instance, but also guides reuse during its imple-
mentation.

When all decisions in the decision model of the framework's context real-
ization have been resolved, the main phase of the elicitation process is fin-
ished. The result is a concrete instance containing a set of models that realize
the context of the particular application to be developed. In addition to the
instances of the generic framework models, customer-specific requirements
that are not part of the framework can be added to extend the application con-
text realization.

The instantiation of the generic framework context realization stops when
the customer accepts the realization of the application context after checking
it for completeness and correctness. The application context realization con-
tains the requirements for the application to be developed, and the context
decisions contain the choices made by the customer. They enable traceability
between the realizations of the framework context and the application context.
Both are passed to the devel opers and used during the further development of
the application.

3.2.2 Framework Instantiation

The instantiation of the framework is the second major activity of applica-
tion engineering. It starts when the application context realization is (par-
tially) created and thus also the context decisions (partially) exist.

The context decisions are used to initially instantiate the generic Kompo-
nent hierarchy of the framework. Thisis achieved by identifying decisions at
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lower levels in the Komponent hierarchy that are connected to decisions
resolved during the instantiation of the framework context realization. These
lower-level decisions are then resolved in accordance with the resolution of
the connected context. For example, the marked sentences concerning pay-
ment in the operation schema for startCheckln (cf. Figure 8) are removed
according to the decision made by the customer.

The intermediate result is a partially instantiated Komponent hierarchy
which is an application tree with unresolved points of variation, and decision
models that contain the still unresolved decisions. These unresolved decisions
relate either to design-related issues or user requirements that have not been
handled during requirement elicitation. Both kinds of unresolved decisions
are fed back to the consultant who is responsible for their resolution. The con-
sultant resolves them either personally, together with the customer, or
together with the developers. All resolutions are collected as decisions in the
appropriate place in Komponent hierarchy.

In addition to the resolution of the decisions provided by the decision
models of the Komponent hierarchy, customer-specific requirements must be
realized and therefore integrated into either the framework or the instantiated
models of the particular application. If it is expected that other customers in
the future will have the same requirements, the generic integration of the real-
ization of customer-specific requirements is the preferred alternative. The
determination of whether the framework can support the new requirements
must, in general, be performed by the organization.

If the new requirements are integrated into the framework, there will be a
decision in the framework concerning the new reguirements. The application
engineering process then resolves the new decision and instantiates the new
framework models so that the new requirements are part of the application
tree. On the other hand, if the new requirements are not integrated into the
framework, they must be modeled exclusively for the particular applicationin
hand and integrated into the already instantiated framework models. The deci-
sion models support the integration process by indicating where in models
points of variation already exist and where there are similar variants inte-
grated or attached to the framework models.

Problems that occur during the processing of customer-specific require-
ments, while integrating them into the framework or into the instantiated
models, may have two causes: the customer-specific requirements are either
incompatible with some other requirements or with their realization in the
framework. In the first case, the problem must be solved within the require-
ment elicitation process because this indicates an incompatibility among
requirements themselves. In the other case, both the customer-specific and the
incompatible requirements supported by the framework become more expen-
sive because they have to be realized individually for the particular customer.
Together with the customer the consultant must be decided whether the
requirements are still to be developed as specified or whether they can be
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changed with respect to framework-compatible alternatives so that they
finally can berealized less expensively.

Throughout the whole instantiation of the Komponent hierarchy, consis-
tency between adjacent layers, as well as the internal consistency of each
specification and realization must be ensured. When no unresolved decision
points are | eft, all customer-specific requirements are separately modeled and
integrated and the application has successfully passed all quality assurance
activities, the application engineering processis finished. The final results are
the application decisions consisting of the context decisions and the Kompo-
nent hierarchy decisions, together with the application realization and the
application tree.

4. RELATED WORK

As a method for industrial software development, KobrA builds upon
established methods and best practice techniques. The product line aspects of
KobrA are related to various other approaches. In Gomaa's work [5], object-
oriented models and feature models are also used to describe product lines.
The feature diagrams serve the same purpose as decision models in KobrA in
that they are used to capture the variabilities within applications in the product
line. However, variabilities are only captured at a rather high, problem-ori-
ented level, and are not considered throughout the complete life cycle like
decision models in KobrA.

Decision models for supporting the instantiation of domain models also
appear in Lucent's product line approach [6]. KobrA's decision models have
been influenced by this work, but extend it with support for higher level deci-
sions, the capturing of relationships between decisions, and the description of
variability in object-oriented models.

The most significant difference between KobrA's decision models and
those of other product line approaches is their complete integration into the
composition hierarchy of a framework. Every Komponent in a KobrA frame-
work has a pair of associated decisions models (although these may be empty)
- one at the specification level and one at the relaization level. These decision
models therefore play a role in the definition of a Komponent's relationship
(i.e. its contract) with its parent and child Komponents within the composition
hierarchy. Thus, the resolution of decisions at one level almost invariably has
an impact on the resolutions of decisions lower down in the hierarchy.

The component-engineering aspects of KobrA are most strongly influ-
enced by the Fusion method [4], as adapted for use with the UML by Cataly-
sis [7] and FUML [8]. Not only are the models used to describe components
loosely based on the Fusion analysis and design models, but KobrA also
adopts Fusion underlying philosophy of having models, which are well-
defined, minimal and strongly related. In effect, KobrA treats a component as
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Fusion would treat a system. KobrA's incremental development strategy
within framework engineering is also strongly influenced by Evolutionary
Fusion [9], the incremental version of Fusion.

The Cleanroom method [10] has also had a significant influence on
KobrA's framework engineering approach. Although it is not an object-ori-
ented method, Cleanroom has pioneered many of the principle and techniques
required to systematically engineer high quality software systems in the con-
text of a tree-based architecture. These principles include comprehensive
built-in inspections, ubiquitous quality modeling, and a clean separation of
product and process.

Finally, KobrA also has similarities with the current generation of UML-
oriented development methods and process frameworks. Several of the
higher-level managerial activitiesinvolved in systematic software engineering
have been adapted from the Unified Process [11] where they are most highly
developed. KobrA consequently shares several of the same workflows as the
Unified Process, but casts them within the context of a product line rather than
a cyclic waterfall derivative. Since it is described in terms of contract driven
activities, the KobrA process is also compatible with the OPEN process
framework [12].

5. CONCLUSION

By integrating the concepts of product-line engineering with the mecha-
nisms of component-based development, in the way described above, the
KobrA method offers an approach to software engineering that is more pow-
erful than either paradigm individually. Product-line development benefits
from the flexibility and scalability offered by components, while component
based development (particularly component-based frameworks) benefits from
the methodological infrastructure offered by the product line philosophy.

To provide tool support for the method, the project consortium is con-
structing a dedicated workbench which is designed to enable users to use the
KobrA method with their own preferred suite of tools, and is thus built on the
XML-based UML interchange format, XMI [13]. All XMI compliant case
tools can thus be used with KobrA. In addition, the method itself is currently
being validated in an industrial setting on a case study in the domain of Enter-
prise Resource Planning, the primary focus of the project. It is also being used
in the development of the KobrA workbench. Once lessons learned from this
experience are fed back into the method, and initial version of the workbench
has been completed, the method will be available for use in full-scale indus-
trial projects.
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