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Abstract: In order to improve the reliability of cost estimation results using CBR, there has been a continuous issue on similarity
measurement to accurately compute the distance among attributes and cases to retrieve the most similar singular or plural cases.
However, these existing similarity measures have limitations in taking the covariance among attributes into consideration and
reflecting the effects of covariance in computation of distances among attributes. To deal with this challenging issue, this research
examines the weighted Mahalanobis distance based similarity measure applied to CBR cost estimation and carries out the
comparative study on the existing distance measurement methods of CBR. To validate the suggest CBR cost model, leave-one-out
cross validation (LOOCY) using two different sets of simulation data are carried out. Consequently, this research is expected to
provide an analysis of covariance effects in similarity measurement and a basis for further research on the fundamentals of case

retrieval.
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[. INTRODUCTION

To achieve a success of a construction project,
construction cost, one of key decision making elements,
should be properly planned and managed throughout the
construction life cycle. The critical issue is how entire or
partial construction cost can be accurately decided in early
design stages as it can improve the stability of cost
planning and reduce the risk of cost overruns (Schuette and
Liska 1994; Kim 2005).

CBR method, traced its roots to the area of psychology
and theories about how human memory works, have been
progressively more applied to cost estimating (Yau and
Yang 1998; Karshenas and Tse 2002; An et al. 2007; Chou
2009; Ji et al. 2011). This method utilizes the experience of
past cases to work out new ones (Schirmer 2000) and can
support various decision-makings (Pal and Shiu 2004).

Many research have been carried out to examine the
specific issues among them. It takes notice that a large
number of the studies are focused on retrieval to improve
accuracy of the results in early phase. Because it can
enhance of reliability of the estimation process in reuse,
revise, and retain phases.

However, these existing similarity measures have
limitations in taking the covariance among attributes into
consideration and reflecting the effects of covariance in
computation of distances among attributes. To deal with
this challenging issue, this research examines the weighted
Mabhalanobis distance based similarity measure applied to
CBR cost estimation and carries out the comparative study
on the existing distance measurement methods of CBR. To
validate the suggest CBR cost model, leave-one-out cross
validation (LOOCYV) using two different sets of simulation

data are carried out. Consequently, this research is
expected to provide an analysis of covariance effects in
similarity measurement and a basis for further research on
the fundamentals of case retrieval.

II. LITERATURE REVIEW: MAHALANOBIS DISTANCE

The Mahalanobis distance is a distance measure
between a point P and a distribution D, introduced by P. C.
Mabhalanobis in 1936 and is widely used in cluster analysis
and classification techniques (McLachlan 1992). This
distance measure takes into account of correlations
between attributes by which different patterns can be
identified and analyzed as it is computed using the inverse
of variance-covariance matrix of the data set (Maesschalck
et al. 2000). It is considered to be an appropriate measure
as it eliminates the unnecessary influence of covariance
between attributes (Mahalanobis 1936; Du and Bormann
2014). Also, it is useful to determine similarity of an
unknown sample set to a known one.

The Mahalanobis distance of a multivariate vector
x=(x_1,x_2,x 3,....x N) ' from a group values with mean
p=(n_lu 2,u 3,....u N)" and covariance matrix S is
defined as:

Dy (%) = J(x = W)"S*(x — ) (Eq. 1)

A crucial difference from Euclidean distance which is
a widely adopted distance measure is that it considers the
correlations of the data set. Mahalanobis distance is
affected by both variance and correlation. If the covariance
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matrix is the identity matrix then it is the same as
Euclidean distance. If covariance matrix is diagonal, then it
is called normalized Euclidean distance. However,
calculating the variance-covariance matrix using over a
large number of attributes still remains as limitation since
they can contain much redundant or correlated information
(Maesschalck et al. 2000). Also, the Mahalanobis distance
concept can be used where the data set is multivariate
normally distributed; in other words, each attribute should
be normally distributed (Johnson and Wichern 1998;
Robinson et al. 2005).

II. CBR COST MODEL AND EXPERIMENTAL DESIGN

As far as here, we have conducted preliminary studies
on various similarity measures and elaborated their
common limitations and consequential effects that might
be resulted from not accounting for the covariance among
the attributes. To manage this challenging issue, this
research have proposed the weighted Mahalanobis distance
to accurately measure the similarities among attributes
where covariance exists. In order to examine how the
suggested weighted Mahalanobis distance based similarity
measure is different from other previously adopted
measures in terms of accuracy, stability, and propriety, an
experiment for comparative analysis is designed as
illustrated in Figure 1.
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Figure 1. CBR Cost Estimation Model

Simulation Data Condition 1 is Parameters of multi-variate

normal distribution: mean vector: £ = [132.1 259.5 77.5
346.6 542.4]T Also, Simulation Data Condition 2 is
Parameters of multi-variate normal distribution: mean
vector: i =[132.1259.5 77.5 346.6 542.4]"

IV. CONCLUSIONS

Resultantly, there are high possibilities of an
inaccurate similarity measure among attributes which
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might mislead to the results of case retrievals. To deal with
this challenging issue, this research proposed the weighted
Mahalanobis distance based similarity measure applied to
CBR cost estimation and carried out the comparative study
on each distance measurement. Ultimately, this research
demonstrated that the Mahalanobis distance measurement
can be an effective CBR based cost estimating during the
initial project stages in practical and theory. However, this
research applied only to public apartment buildings in
Korea, and further research should validate the use of the
Mabhalanobis measurement method with other building
types for greater generalization.
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