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a b s t r a c t

The classical Rough Set Theory (RST) always generates too many rules, making it difficult for decision
makers to choose a suitable rule. In this study, we use two processes (pre process and post process) to
select suitable rules and to explore the relationship among attributes. In pre process, we propose a prun-
ing process to select suitable rules by setting up a threshold on the support object of decision rules, to
thereby solve the problem of too many rules. The post process used the formal concept analysis from
these suitable rules to explore the attribute relationship and the most important factors affecting decision
making for choosing behaviours of personal investment portfolios. In this study, we explored the main
concepts (characteristics) for the conservative portfolio: the stable job, less than 4 working years, and
the gender is male; the moderate portfolio: high school education, the monthly salary between
NT$30,001 (US$1000) and NT$80,000 (US$2667), the gender is male; and the aggressive portfolio: the
monthly salary between NT$30,001 (US$1000) and NT$80,000 (US$2667), less than 4 working years,
and a stable job. The study result successfully explored the most important factors affecting the personal
investment portfolios and the suitable rules that can help decision makers.

� 2010 Elsevier B.V. All rights reserved.

1. Introduction

Real-world data may consist of incomplete and inconsistent
information. We can process uncertain and/or incomplete informa-
tion when the information is discovered knowledge. Data pre pro-
cessing techniques can improve the quality of the data, accuracy,
and the efficiency mining process. Since quality decisions must
be based on quality data, data pre processing is an important step
in the knowledge discovery process. Data mining [35] generates
decision rules that can provide business managers with informa-
tion about the competition in the market.

Research concerning attitudes towards personal wealth has in-
creased in recent years. A well-designed financial plan can help
customers achieve good asset allocation and meet their needs.
However, few papers have been published on the topic of personal
investment portfolios. The most important paper to submit the
idea of the choice of portfolio was Markowitz, in 1952 [13]. The
personal investment portfolio has been applied to many fields,

such as the behavior of financial services consumers [7], manage-
ment of personal finances [17], retirement plans [6], and the
assessment of the impact of customer satisfaction and relationship
quality on customer retention [8]. In the paper of Keng and Hwa
[10], they propose the residential property as an important compo-
nent in a household’s overall wealth.

The personal investment portfolio belongs to human knowledge
which is a natural language. The natural language (or ordinary lan-
guage) describes as general-purpose communications including
speech, writing, or sign language for human in Wikipedia. Machine
learning techniques are used to deal with uncertain data in natural
language processing. The statistical natural language processing is
mainly technology used for machine learning and data mining
which both are fields of artificial intelligence.

The fuzzy set and the rough set theories are particularly ade-
quate for the analysis of various data types, especially dealing with
inexact, uncertain or vague knowledge. From a computational per-
spective, this study proposed the Rough Set Theory (RST), which is
a rule-based decision-making technique that was developed by
Pawlak [14]. Numerous applications of RST are presented in vari-
ous scientific domains which have more details in the next section.

RST was used to analyze data contents and data features in this
study. The results of RST are presented in the form of classification
or decision rules derived from a set of data. It is also presented in
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the form of ‘‘if. . ., then. . .” decision rules which seems to be more
understandable for decision support.

The rule selection indices are the support objects of a rule, the
compact of a rule, and the accuracy of a rule. It is a useless deci-
sion rule with only one support object due to decrease of the deci-
sion precision. Too many unqualified rules will decrease the
decision precision. RST generates many rules and some of them
have the same strength rate and the same number of support ob-
jects. These factors make it very difficult for decision makers to
choose suitable rules. This study set up a pruning process which
is the support object as a user-defined threshold. In this study
we set up a decision rule with only one support object as thresh-
old. This threshold can help to select the suitable rules in order to
solve the problem of too many decision rules and to improve the
decision precision.

Decision rules are the major information source for decision
makers to do the data analysis. However, to explore the knowledge
among rules is not an easy way. In this study we used formal con-
cept analysis (FCA) to aggregate the suitable decision rules to pro-
vide the prior information for decision makers. The lattice diagram
was provided by the FCA in order to gather the decision rules, to
construct the concept and to explore the relationship among attri-
butes. The FCA provides the mathematical theory, which belongs to
algebra and is a branch of lattice theory.

The FCA is a theory of data analysis that constructs the concep-
tual structures among data sets. It was introduced by Wille [4] and
has since grown rapidly. The FCA is a duality notion that can often
be observed between two types of items that relate to each other in
an application, such as objects, and attributes, or documents and
terms. Conceptual relationships are discussed by the data matrices
(contexts) formed by attributes and objects. Another, a mathemat-
ical model allows us to study mathematically the representation of
conceptual knowledge.

In RST, the data for analysis are described by information sys-
tem (U,A,R), which corresponds to the formal context in FCA and
consists of universe U, attributes set A, and the relation R between
U and A. RST and FCA are two complementary mathematical tools
for data analysis. Knowledge processing and data analysis always
uses concepts to elaborate interpretations of given data and
information.

In this study, we use two steps to perform the data analysis. The
first step is pre process, which focuses on the problem of many
decision rules, and sets up a rule threshold using the support object
of a rule to reduce the number of rules. The main purpose is to find
the suitable rules. The second step is post process, which creates
additional values on those suitable rules by the FCA in order to find
the relationship among attributes and to construct the conceptual
structures among data sets. One of the greatest benefits is that the
decision maker can have a first insight before data analysis. The
complete process steps are shown in Fig. 1.

For this study, a questionnaire was designed to investigate per-
sonal investment portfolios, using real cases of investors in Taiwan
as the basis of the empirical study. The questionnaire considered
the factors affecting decision making, such as gender, age, the
number of family members, monthly income [7,17], and partici-
pants’ basic data (such as Marriage Status, Education, Number of
Working Years, Professional Status), which may serve as a basis
for understanding their needs.

The results of the study identify three types of personal invest-
ment portfolios: a conservative portfolio, a moderate portfolio, and
an aggressive portfolio. The main general concepts (characteristics)
of investors who choose conservative portfolios are having a stable
job, low working years, and male; investors who have aggressive
portfolios have a higher income and more working years; investors
who have moderate portfolios are usually high school-educated
and male. More details are presented later.

In this study, the most important factors affecting the personal
investment portfolios were the job type (stable or non-stable), the
monthly salary, and education, which carried the greatest affects
on the conservative portfolio, moderate portfolio and aggressive
portfolio, respectively.

The remainder of this paper is organized as follows. Section 2
describes the concepts to be used in this study. In Section 3, a real
case of personal investment portfolio is presented to show the pro-
cess of this study. In Section 4, we present our conclusions.

2. Concepts about this study

In this section, we briefly introduce RST and FCA, which are
used in analyzing the personal investment portfolio. In Section
2.1, the RST is described. In Section 2.2, the FCA is presented.

2.1. Rough set theory and background

RST is a tool for processing uncertain and incomplete informa-
tion; in this theory, the lower and upper approximations of an arbi-
trary subset of universe U are the basic operators. In 1982, Pawlak
designed RST as a tool to describe the dependencies between attri-
butes, evaluate the significance of the attributes, and deal with
inconsistent data. Both fuzzy set theory [28] and RST are used with
the indiscernibility relation and perceptible knowledge. The major
difference between them is that RST does not need a membership
function. A detailed discussion of RST can be found in Walczak and
Massart [23]. RST has been applied to the management of a num-
ber of issues, including medical diagnosis, engineering reliability,
expert systems, empirical study of insurance data [20], machine
diagnosis [29], business failure prediction [1], activity-based travel
modelling [25], and data mining [2,9,21,34]. Another paper dis-
cusses the preference-order of attribute criteria needed to extend
the original RST, such as sorting, choice, and ranking problems [5].

RST applies the indiscernibility relation and data pattern com-
parison based on the concept of an information system with indis-
cernible data, where the data is uncertain or inconsistent. The data
is grouped into classes called elementary sets. More detailed infor-
mation regarding attributes can be found in the works of Swiniar-
ski and Skowron [22] and Polkowski [18]. The objects in a class
may have a relationship with the corresponding features/attri-
butes, and expert knowledge is used to process attribute extrac-
tion. Each elementary set is independent of the others. We can
extract knowledge from each elementary set used in the real
world.

In this section, we will discuss topics, such as the indiscernibil-
ity relation, classification, set approximation, reduct and core attri-
bute sets, and decision rules related to RST.

Fig. 1. Study process steps.
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