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To achieve better classification performance using case-based reasoning classifiers, we propose a
retrieval-based revision method with trustworthiness evaluation for problem solving. An improved case
evaluation method is employed to evaluate the trustworthiness of the suggested solution after the reuse
step, which will divide the target cases and its suggested solutions into a trustworthy set and an untrust-
worthy set in accordance with a threshold value of trustworthiness. The attribute weights are adjusted by
running a genetic algorithm and are used in the second round of retrieval of the untrustworthy set to
obtain the classification results. Experimental results demonstrate that our proposed method performs

favorably compared with other methods. Also, the proposed method has less computation complexity
for the trustworthiness evaluation, and enhances understanding on thinking and inference for
case-based reasoning classifiers.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Case-based reasoning (CBR) is a problem solving and learning
method originating from cognitive psychology, which imitates
the cognition process of human beings. The CBR process mainly
includes case retrieval, case reuse, case revision and case retention
steps (Aamodt & Plaza, 1994). So far, CBR has been successfully
applied to engineering design (Guo, Peng, & Hu, 2013), fault diag-
nosis (Yan, Wang, Zhang, & Zhao, 2014), bankruptcy prediction
(Chuang, 2013), control and decision making (Yan, Chai, Yu, &
Xu, 2012), emergency preparedness (Liao, Mao, Hannam, & Zhao,
2012) and more, demonstrating good potential for real world
applications. However, in solving pattern classification problems,
most CBR-based work has been done on case retrieval, case reuse
and case retention, with little attention being given to the case
revision step, which renders the learning process of CBR a negative
learning method and will affect its performance. Moreover, accord-
ing to the cognition mechanism of human beings, there must be an
evaluation standard before the revision step, which comes down to
the case evaluation problem. So far, many studies on case retrieval,
reuse and retention in the CBR pattern classification tasks have
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been conducted, whereas case evaluation and revision have not
been addressed sufficiently in the existing work. Therefore, an
in-depth study on evaluation and revision of the case solutions is
necessary.

In the existing studies, the case evaluation strategies mainly
focused on the confidence assessment of the suggested solution
(Chua & Tischer, 2004; Fan, Li, & Zhang, 2015; Garcia, Oroaco,
Gonzalez, & Arcos, 2007; Liao et al., 2012; Muhlbaier, Topalis, &
Polikar, 2009). Chua and Tischer (2004) proposed a trustworthy
region concept to realize the result evaluation. Garcia et al.
(2007) proposed a reuse strategy in conducting evaluation by cal-
culating the trustworthiness of the target case belonging to each
class. Muhlbaier et al. (2009) introduced a consult and vote strat-
egy to assess the confidence of the classification result. Fan et al.
(2015) let multiple project managers or experts analyze the related
information and give their judgments according to their knowl-
edge and experience. In addition, according to the cognition mech-
anism of human beings, case revision is usually processed by
evaluating the suggested solution, reanalyzing the differences
between the target case and the source case, then adjusting the
solution repeatedly. For example, Kim, Lee, Woo, and Shin (2012)
used the results of the multiplication for each attribute to revise
the construction cost of the previous case retrieved with its case
similarity score. Qi, Hu, and Peng (2012) proposed a new adapta-
tion method for the solution feature values of the retrieved cases
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by introducing the adaptability value to improve the adaptation
performance. In addition, other revised techniques based on classi-
cal methods have been developed, such as expert experience (Fan
et al,, 2015; Petrovic, Mishra, & Sundar, 2011; Yan and Wang et al.,
2014; Yan et al., 2012), genetic algorithm (GA) (Liao et al., 2012),
multiple regression analysis (Jin, Cho, Hyun, & Son, 2012), interpo-
lation tool (Henriet, Leni, Laurent, & Salomon, 2014), regression
revision model using support vector machine (Han & Cao, 2015),
grey relational analysis (Hu, Qi, & Peng, 2015) and so on. In the
problem solving process using CBR, to some extent, these methods
have made significant contributions to the evaluation and revision
of the suggested solutions for the target cases from different per-
spectives. However, it can be seen that the existing methods have
some limitations in practical applications. For example, (a) the
assessment and/or revision method by experts’ knowledge is not
suitable in data-based pattern classification tasks; (b) in the trust-
worthiness evaluation strategy, there is no follow-up process for
the case results considered unsuitable or bad, which does not
improve the overall performance of the CBR classifier effectively;
(c) this kind of evaluation strategy also has a high computational
complexity; and (d) the repeated revision strategy will cause a
huge loss in the reasoning efficiency of the CBR, especially where
case revision is barely taken into consideration due to the difficul-
ties in constructing the revision link (Kaedi & Ghasem, 2012).
However, from the cognitive science perspective, case revision
reflects the ability of logical thinking and creative thinking. In
the pattern classification problem, if there is no revision stage in
the problem solving process using CBR, the goal of classification
accuracy is usually difficult to achieve. As stated above, to improve
the performance of the CBR classifier, it is necessary to further
study the trustworthiness evaluation strategy and case revision.

The objective of this paper, taking case revision as the main
problem, is to develop a second round retrieval-based revision
method for the suggested solution for the target case. In the pro-
posed method, firstly, a case evaluation link is added between case
reuse and case revision, and an improved trustworthiness evalua-
tion strategy is used to assess the trustworthiness of the suggested
reuse solution. Subsequently, the target cases are divided into a
trustworthy set and an untrustworthy set according to a threshold
value and the trustworthiness of the suggested solution. Then, the
retrieval-based case revision strategy will be deployed on the
untrustworthy set, that is, the GA is used to adjust the attribute
weights and second round retrieval is used to revise the suggested
solution in the untrustworthy set. Finally, the classification results
are obtained.

The rest of this paper is organized as follows. Section 2 provides
a brief overview of the CBR system; Section 3 details the improved
case evaluation strategy and the revision strategy. The experiments
and results are given in Section 4 and the conclusions of this study
and the directions for future research are presented in Section 5.

2. Related work
2.1. Case-based reasoning classifiers

In order to construct a CBR classifier ®: F — C, F represents the
feature space and C is the category set. According to the CBR model
introduced by Aamodt and Plaza (1994), the CBR classifier could be
constructed using the following steps:

(i) Represent and retrieve: suppose the source case in the case
base could be expressed in the two-tuple form:

Hi: (Xi;Yi), i=1,2,....m (1)
where m denotes the total number of source cases, X;, Y; represent

the description and the classification result of the ith source case,
X; is represented as follows (Bergmann, Kolodner, & Plaza, 2005):

Xi = (Xi1,Xi2, - -, Xij, - -, Xin) 2)

where n is the number of the attributes and x;; represents the value
of the jth attribute in the ith source case. Recording the target case
as T=(ty, tz, ... tj, ..., ty), t; denotes the value of the jth attribute in
target case T. Let the classification result corresponding to target
case T be Y7. In order to get Yy, a similarity calculation strategy
based on Euclidian distance is adopted to calculate the similarities
between target case T with every source case in the case base
(Liao, Zhang, & Mount, 1998):

si=s(T,X) =1-D(T.X), i=1,2,....m

D(T.X;) =

st.y wi=1, w;>0

n
=

where s; € [0,1] is the similarity between X; and T, D(T, X;) is the
Euclidian distance between X; and T, t; denotes the value of the
jth attribute in target case T, wj(j = 1, 2, .., n) represents the weight
of the jth attribute, basically the mean weight, which regards every
attribute as having the same importance. From (3), m similarities
s1-Sm could be achieved. These are sorted in descending order and
the K-nearest neighbor (KNN) method (Lin & Chen, 2011) is adopted
to get the first K corresponding source cases and the classification
results.

(ii) Reuse and retain: according to the K similar cases, the most
similar reuse strategy (K= 1) or the majority solution reuse strat-
egy (K> 1) could be utilized to achieve the suggested solution for
target case T (Lin & Chen, 2011). If K=1, reuse the solution for
the case that has the closest similarity to the suggested solution;
if K> 1, then adopt the majority solution for the K similar cases
as the suggested solution for target case T. In the process of trans-
ferring the suggested solution into classification solution Y7, the
traditional CBR classifier usually does not undertake the revision
step, but directly uses the suggested solution as classification solu-
tion Yr. Therefore, restore target case T and classification solution
Yr in the case base and, in the end, the number of the case bases
will increase from m to m+ 1, which realizes the incremental
learning process of the CBR classifier.

2.2. Problem statement

From the description of the CBR classifier above, when the sug-
gested solution is directly reused as the classification result of the
target case without the revision step, the two following situations
may exist that could affect the classification accuracy of a CBR
classifier.

(a) Target case T is closest to the source case X, but the distance
between the two cases D(T, X) is still too far and the similar-
ity between the two cases is small, which would lead to an
untrustworthy reuse solution.

(b) Target case T lies in the overlapping zone of the source case
with different categories, meaning that the reuse solution
would be untrustworthy.

If any of the situations above occurs, the suggested solution is
untrustworthy and should be revised. Before conducting the case
revision, an evaluation discipline is needed to judge the reliability
of the solution so as to guide the direction of the following revision
step. So far, the commonly used evaluation strategies include:
trustworthy region partition-based evaluation (TRE) (Chua &
Tischer, 2004), trustworthiness evaluation (TE) (Garcia et al.,
2007), confidence assessment (Muhlbaier et al.,, 2009), etc. Of
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