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SOFTWARE COST ESTIMATION WITH FUZZY INPUTS:
FUZZY MODELLING AND AGGREGATION
OF COST DRIVERS

MIGUEL-ANGEL SICILIA, JUAN—J. CUADRADO-GALLEGO, JAVIER CRESPO
AND ELENA GARCIA-BARIOCANAL

Parametric software cost estimation models are well-known and widely used estimation
tools, and several fuzzy extensions have been proposed to introduce a explicit handling of
imprecision and uncertainty as part of them. Nonetheless, such extensions do not consider
two basic facts that affect the inputs of software cost parametric models: cost drivers are
often expressed through vague linguistic categories, and in many cases cost drivers are
better expressed in terms of aggregations of second-level drivers. In this paper, fuzzy set
elicitation techniques are used as a tool to model vague categories expressing cost driver
quantities, focusing on two well-known COCOMO cost drivers. The results clearly indicate
that such fuzzy set modelling approach affects significantly the estimation outcomes. In ad-
dition, the empirical adjustment of the DOCU cost driver as an aggregation of second-level
documentation artifact measures is used to illustrate the modelling of flexible aggregation
in the context of parametric estimation. Fuzzy set elicitation and aggregation operator
modelling combined provide a novel approach to extending fuzzy parametric models for
software estimation, which can be used as a complement to existing approaches.
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1. INTRODUCTION

Parametric models are one of the principal software cost estimation techniques [3],
used both in commercial tools like SLIM' and also in open, published models like
the different versions of COCOMO [2]. These models essentially use mathematical
expressions — obtained usually from conventional curve regression techniques — to
derive effort of development estimates from a number of input variables that are
often called cost drivers. Parametric models are dependent to some extent on the
domain of development and vary with the technology used to support the Software
Engineering process, so that it is currently accepted that no single model might
ever fit every estimation situation [9]. In consequence, the problem of estimation
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4. CONCLUSIONS AND FUTURE RESEARCH DIRECTIONS

Cost drivers in parametric software software cost estimation are often expressed
through linguistic assessments and they usually represent high-level concepts for
which a single, precise measurement scale is not available. This motivates the use of
fuzzy techniques to model estimation inputs and their assessment procedures. The
use of common membership function elicitation techniques for RELY and AEXP
has been described as an approach to analyze the human linguistic categories used
to express cost drivers, resulting in evidence pointing out that existing crisp rating
values are not adequate as a model for such expressions. In addition, the empirical
adjustment of the aggregation process of second-level cost indicators into first-level
cost driver inputs has been described using the DOCU cost driver. An empirically
adjusted OWA operator has been demonstrated to be a better model than rating
level selection rules and than the arithmetic mean.

Future work should address a more systematic and exhaustive experimental ac-
count of cost drivers, and the introduction of models of interaction between second-
level cost drivers to obtain more detailed models of cost drivers. It should be noted
that the modelling approaches described are not only useful for effort estimation but
for general software assessment and benchmarking.
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