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ABSTRACT
In a component-based development process the selection of
components is an activity that takes place over multiple
lifecycle phases that span from requirement specifications
through design to implementation-integration. Automated
tool support for component selection would be very help-
ful in each phase. In this paper we introduce a framework
that supports the selection of COTS components in the re-
quirements phase. The framework lays on a tool that builds
and solves an optimization model, whose solution provides
the optimal COTS component selection. The selection cri-
terion is based on cost minimization of the whole system
while assuring a certain degree of satisfaction of the sys-
tem requirements. The output of the model solution indi-
cates the optimal combination of single COTS components
and assemblies of COTS that satisfy the requirements while
minimizing costs.

Categories and Subject Descriptors
D.2.1 [Software Engineering]: Requirements/Specifications—
tools.

General Terms
Design.
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1. INTRODUCTION
In a component-based development (CBD) process, one of

the crucial (and specific) activities is component selection.
The component selection is an activity in which components
are assessed in order to estimate appropriateness of their in-
clusion into the system. A selection process may result in
selecting several candidates or a particular component, or in
finding that some desired functionality cannot be found in
existing components and the functionality should be imple-
mented. The component selection is not performed only in
the implementation phase, in which a selected component is
supposed to replace a possible implementation of software
resulting from the design phase. If the component selec-
tion would be limited to the implementation phase, it would
be difficult to find pre-existing components (in particular
COTS components which we are interested to) that exactly
match the design specifications. For this reason the compo-
nent selection must be considered earlier in the development
process. This activity in practice starts already in the re-
quirements elicitation phase and then being refined in the
development process [6].

One of the main objectives of each phase is to select “the
best” set of (COTS and in-house) components, but with
slight difference of goals. In the requirements phase, the goal
is to find appropriate candidate that might be integrated
into the system. In the design and implementation phase,
particular components are selected and verified/tested in iso-
lation and in combination with other (selected) components.
A combination that best fits the goals will be selected. In
the maintenance phase there will be requirements to replace
a particular component (or set of components) while keep-
ing other components unchanged. In all phases the choice
may have significant consequences of the development costs
and the final product quality. Therefore the tools that sup-
port decisions strictly related to meet functional and non-
functional requirements, while keeping the costs within a
predicted budget, would be very helpful to the software de-
velopers’ tasks [5].

For the design phase, in [5] CODER (Cost Optimization
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under DElivery and Reliability constraints) has been pre-
sented, that is a framework based on an optimization model
that supports “build-or-buy” decisions in selecting compo-
nents. Getting as input value the software architecture and
the possible scenarios of the system, CODER suggests the
best selection for each component of the system, either one
of the available COTS products or an in-house developed
one. The selection is based on minimizing the costs of con-
struction of the system under constraints on delivery time
and reliability of the whole system. In addition, for each in-
house developed component CODER suggests the amount
of testing to perform in order to achieve the required level
of reliability.

All the above considerations can be consistently applied
to in-house developed and to COTS components. However,
the focus of our work is on COTS components, therefore in
the rest of the paper we will refer only to the latter. In par-
ticular, we work on the selection of COTS components in
the requirements phase, and for this goal we introduce the
DEER (DEcision support for componEnt-based softwaRe)
framework. Basing on an optimization model, it helps to
check if the requirements, that do not depend only on the
architecture of the system [18], are satisfied by a COTS com-
ponent or an assembly of components (1).

DEER supports the component selection based on cost
and satisfaction of functional and non-functional require-
ments of the system. We assume that each functional re-
quirement is satisfied by a set of COTS components or as-
semblies. Basically, the COTS components and the assem-
blies differ with respect to the cost and eventually to the
degree of satisfaction provided for the non-functional re-
quirements. DEER provides a solution that determines the
COTS components to choose in order to minimize the costs
of construction of the system while satisfying (at a certain
extent) the functional and non-functional requirements.

The paper is organized as follows: in Section 2 we provide
the formulation of the optimization model that represents
the DEER core; in Section 3 we introduce related work and
we discuss the novelty of our contribution; conclusions are
presented in Section 4.

2. THE OPTIMIZATION MODEL
FORMULATION

In this section we introduce the mathematical formulation
of the optimization model that represents the core of the
DEER tool.

2.1 A premise on the requirement satisfaction
In order to quantify the degree of satisfaction of a re-

quirement by a COTS component it is necessary to adopt
a methodology of comparison. In [1], using the outlines of
the goal-oriented requirements engineering [11] that defines
requirements as goals, the authors present a goal-based ap-
proach to match the goals of the system and the features
of the COTS components. They provide a methodology to
derive the operational goals that represent the requirements

1An assembly is defined as a set of COTS components that
interact with each other.“Depending on the complexity of
the application domain and the scope of available products,
it is possible to find different COTS solutions ranging from
a single, large package or several specific packages that once
integrated will provide the desired capabilities”[1].

for which it is possible to quantify the degree of satisfac-
tion required. Assuming that an operational goal expresses
a condition over a quality factor, they define the satisfaction
function of the operational goal g with respect to its quality
factor q as follows:

Satg : M → [0, 1] (1)

where M is the set of values that the quality factor q of g
may take. Besides, they quantify how a COTS component
satisfies an operational goal in the following way. Let x be
an element of the set M and Satg(x) be the degree of sat-
isfaction of the goal g whit respect to x. Let C be a COTS
component available in the market. Upon determining the
value of the quality factor q of g in C, represented by Cq,
and using the satisfaction function of the goal g, they define
the satisfaction degree that the COTS component C meets
with the goal g as Satg(Cq).

2.2 The Problem Formulation
Let G = {g1, . . . , gn} be a set of n operational goals, each

of which represents either a functional or a non-functional
requirement of the system.

Let C = {C1, . . . , C|C|} be a set of COTS components
available on the market.

LetA = {A1, . . . , A|A|} be a family of assemblies of COTS
components. Each element Aj of A is a set consisting of one
or more COTS components which satisfy at least a func-
tional requirements gk of the system. Notice that although
the cardinality of A can grow exponentially in the number
of COTS components, the set A describes the COTS assem-
blies available in the market and therefore it consists of few
elements in practice.

2.2.1 Model Parameters.
Let ci be the purchase cost, typically provided by the ven-

dors, of the i-th COTS component.
Let c̄j be the cost of the j-th assembly, i.e., the cost of

integration and adaptation needed to build the assembly Aj .
The estimate of the cost c̄j is outside the scope of this pa-

per, however, the adaptation cost cadapt could be estimated
in the following way. Consider the assembly Aj (1 ≤ j ≤
|A|) and the operational goal gk (1 ≤ k ≤ n). The cost of
adaptation of Aj in order to satisfy gk can be estimated by
using the following expression:

cadapt = max(0, Satgk − Satj
gk

) · Āj (2)

where Satgk represents the degree of satisfaction required
for the goal gk, Satj

gk
represents the satisfaction degree with

which the assembly Aj meets with the operational goal gk

and Āj is an integer number that depend on the features
of the assembly Aj with respect, for example, to the values
of the development process parameters (e.g. experience and
skills of the developing team). To estimate Satgk and Satj

gk

the approach presented in [1] can be adopted.
Besides, the cost of adaptation of Aj could be estimated

by considering other factors, such as the cost needed to re-
solve inconsistencies [16] between the specifications of the
COTS components that belong to Aj .

With regard to the integration cost, the components that
belong to an assembly must support the style of interaction
of the assembly architecture. If a COTS component has a
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different style of interaction, then developers have to intro-
duce glueware to allow correct interactions. Yakimovich et
al. in [17] suggest a procedure for estimating the integration
cost. They list some architectural styles and outline their
features with respect to a set of architectural assumptions.
They define a vector of variables, namely the interaction
vector, where each variable represents a certain assumption.
An interaction vector can be associated either to a single
COTS component or to an assembly. To estimate the inte-
gration cost they suggest to compare its interaction vector
with the software architecture one.

The relationship between the operational goals and the
assemblies is described by a matrix SAT (|A|×n), where the
element SAT [j, k] is equal to 1 if the k-th goal is satisfied
by the j-th assembly, and 0 otherwise.

For each non-functional requirement, if the satisfaction
degree with which an assembly meets the corresponding goal
is greater than or equal to the satisfaction degree required
for that goal then the entry that corresponds to the goal and
the assembly is set to 1.

Since we assume that each element of the assembly set
A satisfies at least a functional requirement (see Section 1),
for each row of SAT there exist at least an entry equal to
1. Clearly, in order to obtain a feasible solution, for each
functional requirement there must exists at least an assem-
bly satisfying it, i.e., for each column of SAT there must
exist at least an entry equal to 1.

2.2.2 Model Variables.
The variables of our optimization model are:

xi =

8<
:

1 if the i-th COTS components available
on the market is chosen (1 ≤ i ≤ |C|)

0 otherwise

yj =

8<
:

1 if the j-th assembly is
chosen (1 ≤ j ≤ |A|)

0 otherwise

2.2.3 Objective Function and Constraints.
The objective function consists in minimizing the total

costs, i.e., the sum of the costs of the selected components
and the selected assemblies, under the condition that each
operational goal gk must be satisfied by at least an assembly.
We can formulate the problem as follows:

min

|C|X
i=1

cixi +

|A|X
j=1

c̄jyj (3)

|A|X
j=1

SAT [j, k]yj ≥ 1 ∀k = 1 . . . n

yj ≤ xi ∀j = 1 . . . |A|,∀i : Ci ∈ Aj

xi ∈ {0, 1} ∀i = 1 . . . |C|
yj ∈ {0, 1} ∀j = 1 . . . |A|

Note that the second set of constraints (i.e. yj ≤ xi) is
to guarantee that if an assembly is part of the solution then
all COTS components making the assembly will be part of
it too.

3. RELATED WORK
Several interesting approaches have been introduced for

supporting the activity of selection of COTS components
(e.g. [15], [4], [9]). A quite extensive list of these approaches
can be found in [14]. However, all these approaches basically
provide outlines to select the components, and only few of
them support automation for this task.

In [7] the DesCOTS (Description, evaluation and selec-
tion of COTS components) system is presented. DesCOTS
is composed by four tools that collaborate with each other.
It is designed for supporting only quality requirements, and
the component selection criterion is based on quality mod-
els. In [10] the OPAL tool is presented, which supports the
definition of the requirements and the selection of the COTS
components. Both DesCOTS and OPAL do not consider the
possibility that a requirement can be satisfied by a COTS
assembly, whereas we introduce this possibility here.

The DEER framework is based on an optimization model.
Few other experiences have been based on optimization prob-
lems to automatize the development of a component-based
system. For example, in our previous work [5] an opti-
mization model is generated and solved by CODER (Cost
Optimization under DElivery and Reliability constraints),
a framework that supports “build-or-buy” decisions in se-
lecting components. Based on the dynamic monitoring of a
system, in [13] an optimization model has been suggested for
the best allocation of the components on the hardware hosts
while maximizing the availability of the system under some
constraints, such as the allocation of two components on
the same host. In [8] an optimization model is formulated
to allow the best architectural decisions, while maximing
the satisfaction of the quality attributes of the system us-
ing multi-objective optimization [3] under some constraints,
such as budget limitations.

The following major aspects characterize the novelty of
our approach:

• DEER could be adopted to automatize whatever ap-
proach supporting the activity of selection of COTS
components (e.g. [15], [4], [9]).

• DEER is not tied to any particular component-based
development process.

• DEER supports the study of the cost of construction
of the system while adding, replacing and deleting re-
quirements. The solution of the framework determines
the COTS components to choose in order to minimize
the cost of construction of the system while assuring
the satisfaction of the functional and non-functional
requirements, that can be satisfied by single COTS or
assemblies of more COTS components.

• DEER allows to analyze how the cost of construction
of the system varies while varying the targeted satis-
faction degree for each requirement.

• The output of DEER can be an input of the design
phase. In fact, the designers of the software archi-
tecture, basing on the set of assemblies provided by
the framework, can start designing components and,
mostly, the necessary gluecode to adapt and assemble
them.
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4. CONCLUSIONS
We have presented DEER, a framework that supports the

selection of COTS components in the requirements phase of
a component-based development process. The solution of
the framework determines the COTS component to choose
in order to minimize the cost of construction of the system
while assuring the satisfaction of the requirements, which
does not depend only on the architecture of the system
([18]). A requirement can be satisfied by a single COTS
component or an assembly of several COTS components.

We are investigating several future directions.
We intend to enhance DEER in order to support the reso-

lution of conflicts between requirements by assigning priori-
ties to requirements and introducing the risk that considers
the degree of uncertainty associated with the selection of a
certain assembly of COTS components (like in [12]). Be-
sides, we intend to deal with the dependencies that may
exist between the requirements. For example, a functional
requirements could be tied to a set of non-functional re-
quirements. Therefore, the DEER framework could be con-
strained to suggest the assembly of COTS that satisfies both
the functional and the related non-functional requirements.

We plan to introduce the possibility to develop a compo-
nent in-house in order to enlarge the choice to the best set
of COTS and in-house developed components. In DEER we
assume the cost of a COTS component as an input value,
whereas for in-house components we intend to introduce a
development cost model (e.g. COCOMO [2]).

We also intend to experiment the model and the DEER
tool.

Finally, as a long term goal, we work on the automatiza-
tion of the process of selection of (COTS and in-house) com-
ponents in all the phases of a component-based development
process, as we have illustrated in this paper introduction.
In particular, we are designing an integrated tool, based on
several optimization model (such as CODER, DEER and
others), that may assist software designers during the whole
software component lifecycle.

5. REFERENCES
[1] Alves, C., Franch, X., Carvallo, J.P., Finkelstein, A.

“Using Goals and Quality Models to Support the
Matching Analysis During COTS Selection”, Proc. of
ICCBSS 2005, LNCS 3412, 146-156, 2005.

[2] Boehm, B. “Software Engineering Economics”,
Prentice-Hall, 1981.

[3] Censor, Y., “Pareto Optimality in Multiobjective
Problems”, Appl. Math. Optimiz., vol. 4, 41-59, 1977.

[4] Chung, L., Cooper, K., Courtney, S. “COTS-Aware
Requirements Engineering: The CARE Process”, Proc.
of RECOTS 2004, September 2004, Kyoto, Japan.

[5] Cortellessa, V., Marinelli, F., Potena, P. “Automated
Selection of Software Components Based on
Cost/Reliability Tradeoff”, Proc. of EWSA06, LNCS
4344, 66-81, 2006.

[6] Crnkovic, I., Chaudron, M., Larsson,
S.“Component-based Development Process and
Component Lifecycle”, Proc. of 27th International
Conference Information Technology Interfaces (ITI),
Cavtat, Croatia, June, 2005.

[7] Grau, G., Carvallo, J. P., Franch, X., Carme, Q.
“DesCOTS: A Software System for Selecting COTS
Components”, Proc. of EUROMICRO 04), 2004.

[8] Grunske, L. “Identifying “Good” Architectural Design
Alternatives with Multi-Objective Optimization
Strategies”, Proc. of ICSEŠ06, May 20-28, 2006,
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