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To reasonably and effectively solve the ranking decision problem, there currently exist various mean-
ingful methods that are focused on different perspectives. However, the ranking decision problem is a
systematic issue that involves data representation, the dominance relation, feature selection, and ranking
mechanism. In this study, we aimed to build a novel ranking methodology by taking into account both the
inherent multicriteria nature of practical decision situations and cautious decision makers’ preferences.
In order to better reveal the entirety of the data set, the form of interval data is introduced to characterize
the ranges of attribute values. For the purpose of improving the decision performance, we develop a
measurement called interval ordered conditional entropy to extract the most representative condition
attributes having significant ordered relevance to the decision attribute. Based on the cautious dominance
relation introduced for interval data, a two-step ranking mechanism with cautious characteristics is intro-
duced that utilizes an interval ordered information table organized according to the previously selected
informative attributes. In addition, the validity of this ranking method is tested through a detailed case
study on stock screening decisions involving three successive rounds of tests. The corresponding results
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indicate the effectiveness of the methodological approach proposed in this paper.
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1. Introduction

In practical decision environments, ranking decision problems,
such as that involved in ranking universities [1,2], venture invest-
ment [3], and market segment evaluation [4], is a typical type
of decision problem. Thus far, many effective and reasonable
ranking methods have been constructed, including TOPSIS [5,6],
ELECTRE [7], the analytic hierarchy process (AHP) [6,8], etc. It
should be noted that, in the past decades, the forms of data
representation appear to have become more complex because
of the increasingly intricate and uncertain decision situations.
Accordingly, many researchers have paid considerable attention to
ranking approaches in the context of interval-valued data [3,9-11].

In realistic decision problems, it is increasingly found that the
decision behaviors of decision makers act as important influence
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factors in their decision making. Yao built the theory of three-
way decisions, which effectively characterized the common human
behavior of trisecting a universal set in problem solving [12,13]. Wu
and Chiclana proposed new attitudinal expected score and accuracy
functions for ranking interval-valued intuitionistic fuzzy numbers
that take into account the characteristics of decision makers’ risk
attitude [14]. Ruan and Shi integrated interval comparison tech-
niques into scenario analysis methods for monitoring and assessing
fruit freshness in an I0OT-based e-commerce delivery system [15].
A review of the existing literature shows that the issue of ranking
interval data considering decision behaviors has become a promis-
ing and interesting research field [14-18]. In reality, risk aversion
is a typical type of human decision behavior [19,20]. In particu-
lar on the background of exacerbated market risk after the global
financial crisis in 2008 [21], the study of risk aversion-based rank-
ing models is of significance and value. Chen and Zou developed a
new group decision-making method to solve the supplier selection
problem, in which the weights of the decision makers are appropri-
ate for risk avoiders under an uncertain environment [22 . Through
introducing the hyperbolic absolute risk aversion utility function,
Gao et al. built a new operator for group decision making that can
reflect the decision makers’ risk attitude [23]. The above methods
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effectively reflect the decision behavior of risk averse decision mak-
ers from their specific perspectives. However, the cautious ranking
decision problem is a systematic issue. Therefore, a methodological
approach that considers risk aversion behavior in each step of the
problem solving (e.g., in the dominance relation, attribute weights,
and ranking mechanism) is desirable in the context of interval data.

In general, special ranking decision issues have specific decision
targets. In fact, in certain important and classical ranking decision
problems, such as stock screening and venture investment, feature
selection is a key preprocessing step of the ranking methodology
[3,24]. Given the nature of the aforementioned decision problems,
the basic issue is to discover the informative indicators that have
significant ordered relevance to the stock return or investment
return. Through using an effective and reasonable feature selec-
tion algorithm, we can obtain the pertinent evaluation attributes,
and then effectively provide a ranking result for improving the
investment performance [25]. Obviously, feature selection is an
indispensable component in the overall ranking procedure in the
type of decision situation mentioned above. It should be noted
that attribute reduction in rough set theory, introduced by Pawlak
[26,27], has become a useful tool that is widely used for feature
selection [3,28-34]. Ziarko defined the notion of g-reduct and pro-
vided a battery of attribute reduction approaches in the variable
precision rough set model [30]. To address the problem of time
complexity in dynamic datasets, Chen et al. proposed an incremen-
tal algorithm for attribute reduction in the variable precision rough
set model [31].

The research outcomes mentioned above provided a wide vari-
ety of effective feature selection algorithms for problem solving in
different complex and uncertain situations. It should be empha-
sized that, to handle ranking decision problems with interval data
effectively, Qian [3] presented an attribute reduction approach
based on a discernibility matrix. In fact, discernibility matrix-based
approaches constitute a typical type of attribute reduction method
in rough set theory [35]. However, they have a disadvantage in that
the discernibility function does not fully correspond with the spe-
cificdecision target. Basically, given the nature of ranking decisions,
feature selection should consider the ordered relevance between
the key evaluation feature subsets and the decision target. Conse-
quently, the exploration of the feature selection approach that takes
into account the characteristic of ordered relevance has naturally
become a relevant research issue.

In the area of practical decision situations, the issue of stock
screening can be treated as a ranking decision problem [36,37] and
many valuable multiple criteria decision making (MCDM) methods
are also constantly emerging [7,38,39]. Xidonas et al. presented
an ELECTRE Tri method, in which three types of investors’ pref-
erences, consisting of the conservative, balanced, and aggressive
investment profiles, are considered in the decision-making process
of stock selection [38]. Considering both the preferences involved
in evaluating the relevant criteria and the decision behaviors of
investors, Sevastjanov and Dymova proposed a cautious stock rank-
ing strategy that considers the high level coincidence between a
firm’s financial performance and its market success in the context
of fuzzy-valued data [37]. Indeed, the strategy is quite credible,
because the proposed program can reject “unsafe” firms, the mar-
ket success of which may be derived from the subjective experts’
opinions, rumors, or other factors. However, two important prob-
lems related to this cautious strategy remain to be considered, one
of which is the determination of an appropriate membership func-
tion of fuzzy subsets, which remains a challenging issue that needs
to be addressed [36,37]. Indeed, in practical issues, interval data
have become a significant type of data representation form for bet-
terrevealing the entirety of a data set [40-42]. In particular for stock
screening decisions, most indicators always show the characteris-
tic of fluctuations. In fact, the form of interval data has a better

capability to reflect this type of uncertainty [40,41]. Therefore, in
this study it was considered desirable that the representation of
interval data be introduced into the decision process. The second
problemis the determination of the informative financial indicators
that have significant ordered relevance to stock return in order to
improve investment performance by means of using an effective
and reasonable feature selection algorithm [25,43]. It is consid-
ered that feature selection is the key process in the stock screening
decision [44]. Overall, the stock screening decision is a systematic
issue that involves a series of successive problems, including data
representation, feature selection, and ranking mechanism.

In summary, the objective of this study was to develop a novel
ranking methodology that involves interval data representation,
feature selection, and a ranking mechanism in the context of a risk
averse situation. This was the motivation of our research. In this
study, our objective was to solve three key problems:

e How can a systematic cautious ranking method for interval data
be constructed?

e How can an ordered-relevance-preserving feature selection
method in the proposed cautious ranking methodology be built?

e How can stock screening decision problems be solved by employ-
ing the proposed cautious ranking methodological approach?

To build a novel cautious ranking methodological approach,
in this study, we first introduced a cautious dominance relation
into the initial decision table as the fundamental representation
for depicting ordered information. Then, on the basis of interval
data transformation for all the attributes and a subsequent sorting
process for the decision attributes, we were able develop a new
interval ordered decision table (IODT). Based on the previous steps,
a measurement of ordered relevance, called interval ordered con-
ditional entropy, for extracting the representative feature subsets
was devised. Finally, in terms of the above selected pertinent fea-
tures, we introduce a cautious ranking mechanism to obtain the
ranking results. Simultaneously, in the process of decision model-
ing analysis, the validity of the proposed approach was verified by
a case study on stock screening. The proposed methodology can
further improve the investment performance of stock screening
decisions. The flow chart of cautious ranking methodology is shown
in Fig. 1.

The remainder of this paper is organized as follows. In Section
2, we review some preliminary notions and definitions related to
the dominance relation, information entropy in rough set theory,
and ranking mechanisms. In Section 3, we describe the building of a
systematic cautious ranking methodology that includes a sequence
of decision processes, namely, a cautious dominance relation for
interval data, interval data-based data representation, a feature
selection method, and a two-step ranking mechanism. In Section
4, we present a detailed case study of stock screening decisions to
verify the effectiveness of the methodology proposed in this paper.
Finally, Section 5 concludes this paper by presenting some remarks
and discussions.

2. Preliminaries

An information system (IS) is a quadruple S=(U, AT, V, f), where
U denotes a finite non-empty set of objects and AT an attribute
set, V=Ua€ATVa and V, represents a domain of attribute a, and
f:UxAT— Vis a total function such that f{x, a) € Vy(a € AT, x € U),
namely, an information function [27,45]. An IS is called an interval
information system (1IS) if V, is a set of interval-valued numbers,
where f(x, a) is denoted by

fx,a)=[a"(x), a"(0)] = (p | a*(x) < p < @’ (x), d"(x), a(x) € R}.



P. Song et al. / Applied Soft Computing 71 (2018) 835-848 837

Initial decision table for ranking

Condition attribute set

Decision attribute set

Interval data representation

Interval data transformation

Interval data transformation

Decision attribute set
(interval-valued information)

Sorting process

\|/

-
\

Interval ordered decision table for ranking

Feature selection

Feature selection method

Interval ordered information table based on key feature subsets

|
T

Ranking mechanism for interval data

Ranking mechanism

|

Ranking result

Fig. 1. Flow chart of cautious ranking methodology.

In particular, a single-valued IS can be regarded as a special form
of IIS, in which f(x, a) = al(x) = aY(x). Furthermore, an IIS is called an
interval ordered information system (101S) when all attributes are cri-
teria [3], which can usually be categorized into two classes, namely,
profit type and cost type.

2.1. Dominance relation

In fact, the dominance relation is an important basis for the
ranking task. Here, we give several different definitions of the dom-
inance relation in IOISs.

Definition 2.1. Let S=(U, AT, V, f) be an 10IS and A C AT. The dom-
inance relation with respect to A can be defined as [3]

(1) R ={(r,%) € Ux Ul at(y) > ah(x)(Var € Ay db(y) <
ak(x)(Vay € Ay)}, or

(2) Rgz = (0, € Ux U a{0) > af (v « Avi af(y) <
ay(x)(Vay € Az)}, or

(B) R ={(y.x) e Ux U |di(y)>a{(x)(Va; € A1); af(y)<
ak(x)(Vay € Az)).

In view of the definition of the dominance relation, we say that
y dominates x with respect to the attribute set A denoted by y = 4x
ifyRix. Furthermore, from the definition of R;1, the set of objects
dominating x, called the dominance class [x];, can also be induced,
ie.,

[X]3' =y € Uld5(y) = dk(x)(Ya; € A1); d5(y) < ab(x)

(Vaz € A2)y = 1{y € U|(y.%) € R;1).

Similarly, the other formulations of a dominance class can be
easily provided based on the corresponding definitions of the dom-
inance relation. In practice, different dominance relations have
different practical implications and are respectively applicable to
specificranking decision targets. Here, we use Rf and [x]j torespec-
tively represent the general formations of the dominance relation
and the dominance class.

2.2. Information entropy in rough set theory

According to the inherent idea of feature selection in ranking
methodology, ordered relevance refers to ordered consistency in
nature. Ordered consistency means that object y should be pre-
ferred to object x with respect to the decision attribute if its values
are superior to those of object x under the condition attributes;
otherwise, the term used is ordered inconsistency. Consequently,
both consistency and inconsistency constitute the uncertainty of
an ordered decision.

In the measurement of uncertainty, information entropy, intro-
duced by Shannon [46], has played an increasingly important role.
In particular for ISs, information entropy, which is extended in
rough set theory, has become an important tool for feature selec-
tion, because it can effectively characterize the information content
[28,32,33,47].

To characterize the information content in IOISs, the interval
ordered information entropy is presented as follows.

Definition 2.2. Let S=(U, AT, V, f) be an I0IS and A C AT, U/R; =
{[x115. [x2]3, ..., [y ]7}; then, the interval ordered information
entropy of AZ is defined as [48]
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Accordingly, the interval ordered mutual information between
AZ and BZ in an I0IS can be defined by [10]

10|

1 1l%13° N [xi15¢
>.p=
E(A%; B> )_Zw\ U] ’

where [x;]; = U — [x;]5, and [x;]; = U — [x]5.

2.3. Ranking mechanisms based on dominance relation

The ranking mechanism is the pivotal step in the overall ranking
methodology. On the basis of the dominance relation, the corre-
sponding measurement, called the dominance degree, for ranking
objects in IOISs is as follows.

Definition 2.3. Let S=(U, AT, V, f) be an IOIS and ACAT. The
dominance degree between two objects in terms of the dominance
relation R is defined as [3]

I[x:15° U %15

]
Da(xi, x;) = T A

According to the concept of dominance degree, we can mea-
sure the preferability degree of one object over the second object
as regards the attribute set A. Thus, a comprehensive score of one
object, namely, the entire dominance degree, can be defined as

D) = 5 D Dalio ).

J#i

Xi, Xj € U.

Indeed, the dominance degree primarily describes the relative
ranking position of alternatives. To describe the more detailed
difference between the attribute values of alternatives, a measure-
ment called the directional distance index has been proposed.

Definition 2.4. Given f(x;, a)=[al(x;), a¥(x;)] and flx;, a)=[al(x;),
aU(xj)], the directional distance index between two objects with
respect to attribute a is defined as [10]

1 1a¥(x) - a¥(x) + al(x;) — al(x))
DDlalXi- %) = 3 + 1 Haxtal(x) — min(@(x)
where  max(aY(x))=max{aV(x1), aY(xz), ... aYlxu)}

min(al(x))=min{at(x;), al(xy), ..., al(xy)}, and x;, xj e U. In
particular, DDIq(x;, ;) = % if max(aY(x)) = min(a(x)).

Furthermore, the corresponding measurement with respect to
attribute set A is defined by

DDIx(x;, x;) = ZW" -DDIg(x;, ),
VaecA

E(a”;A>)
B ZVaeAE(a> A>
Similarly to the definition of entire dominance degree, the for-
mulation of the entire directional distance index can be represented
as

where w, = represents the weight of attribute a.

DDI 4 x,)_ lZDDIA(X,,Xj X, xj €U

j#i

3. Cautious ranking methodology

The process of cautious ranking methodology is shown in Fig. 1.
In this section, we further elaborate each step of the systematic
ranking approach.

3.1. Cautious dominance relation for interval data

Definition3.1. LetS=(U,AT,V,f)beanlOISandA C AT. The cautious
dominance relation with respect to A is defined as

R; ={(y,x) e UxU|di(y) > di(x), d{(y)>da{(x)(Va; € Ay);

a;(y) < a5(x), ay(y) < a3(x)(Vaz € Az)),

where A1 UA; =A (the attribute set A; denotes the profit type crite-
ria and A; the cost type criteria).

Accordingly, the cautious dominance class [x]%, which denotes
the set of objects dominating x with regard to cautious dominance
relation RE, can be given as

XI; =y e Uldi(y) >
dy) <dx), dy) <

={y e U|(y,x) € RJ}.

a;(x), af(y) = a{(x)(Va € Ar);

ag(x)(vVay € Ay))

In general, the I0IS induced from RE comprises two categories
of forms, namely, the interval ordered decision table (IODT) and
interval ordered information table (IOIT), defined as follows.

Definition 3.2. LetS=(U, Cud,V,f) be an I0IS. If all the condition
attributes of C are criteria, in which the domain of C denoted by
Ve(c € C) is a set of interval numbers and the decision attribute d
(d¢C, fix, d)(x € U) is single-valued) is an overall preference, then
we call S=(U, Cud, V, f) an IODT.

In an IODT, all the objects of U can be partitioned into s mutually

exclusive classes by the decision attribute d, i.e., D={D1, Dy, ..., Dy,

-+ Dr, ..., Ds}(s < |U]), where it is assumed that the objects in D,
dominate the objects in Dy whenr>q(q,r € G, G={1,2,...,5}).

Definition 3.3. Let S=(U, C, V, f) be an IOIS. If all the condition
attributes of C are criteria, in which the domain of C denoted by
Ve(c € C) is a set of interval numbers, then we call S=(U, C, V, f) an
IOIT.

Remark 3.1. From its decision semantics, dominance relation R%
has a prudent characteristic, where we argue that object y is prefer-
able to object x with regard to attribute set A if and only if the
values of object y are more dominant than those of object x under
all attributes belonging to A. Therefore, the dominance relation is
used as the fundamental tool for describing the outranking relation
between alternatives in the cautious ranking methodology.

3.2. Interval data-based data representation

In previous studies, decision analysis was frequently performed
in terms of single-valued data. Nevertheless, the fluctuation of
various attributes is a common phenomenon in real social and eco-
nomic systems. In particular in the field of investment decisions,
most indicators always show the characteristic of volatility. It is
obvious that the typical representation of single-valued data can-
not easily meet the requirement of describing the fluctuations of
indicators in many practical environments. To address this prob-
lem, interval data-based data representation is expected to become
a feasible method for reflecting the range of the indicators’ values.

According to the idea of data-packaging, one can convert single-
valued numbers into interval-valued numbers. By analyzing the
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range of the values of alternative x under attribute a based on
its quarterly (or monthly or daily) data during a given period of
time, in which the minimum value is represented by al(x) and the
maximum value by aU(x), we can obtain the interval data [al(x),
av(x)].

Remark 3.2. In this subsection, an interval data-based data
representation method to reveal the entirety of the data set of
attributes is presented. Clearly, the form of interval data has a
greater capability to reflect the actual values of attributes than that
of single-valued data. Here, a simple transformation is employed,
because a limited amount of data samples is available in practical
decision environments, especially for investment problems sub-
jected to the current financial report standard. It can be imagined
that we can adopt a superior estimation method for interval data by
considering data distribution, if there is a sufficiently large amount
of data samples for analysis with the improvement of the financial
report standard.

3.3. Feature selection based on interval ordered conditional
entropy

Considering the inherent nature of cautious ranking decisions, a
measurement called interval ordered conditional entropy is pre-
sented to measure the ordered relevance between a condition
attribute set and a decision attribute set.

From Definition 2.2, the formulation of interval ordered condi-
tional entropy can be deduced as follows.

Definition 3.4. LetS=(U, AT, V, f) be an OIS and A, BC AT, U/R% =

X115, %215, ..., [xu 15}, U/R; ={lx1]5. [x2]5. ... [xul5); then,
the interval ordered conditional entropy of A> with respect to B>
is defined as

I BE)—lzw:i sl iy N [x5)
| “ 2w\ U U] ‘

To clarify the nature of conducting feature selection based on
interval ordered conditional entropy in an IODT, we further give
several important definitions and theorems, as follows.

Definition 3.5. LetS=(U,Cud,V,f)beanlODTand D={D4,D,,...,
Ds} (s <|U|); then, the upward union and the downward union of
class Dqg(1 < g <s) are defined as

Dy = Dy, D= Dr.

1 Ur>q A reg

Definition 3.6. LetS=(U,Cud,V,f)beanlODTand D={D4,Ds,...,
Ds} (s<|U]); then, the dominance class of object x; with respect to
the decision attribute d is defined as

[Xi]E = {X]'|Xj € Dg (Xi € Dq)}
Definition 3.7. Let S=(U, Cud, V, f) be an IODT, BCC, U/RE =
{[x115. [x2]5, - - -, [Xu/]5},and D={Dq, Dy, ..., Ds} (s <|U]); then, the

interval ordered conditional entropy of d® with respect to BZ is
defined as

E(d®|B2) — | X151 1xilp N ixilg]
| _gﬁ - U :

Theorem 3.1 (Monotonicity). Let S=(U, Cud, V, f) be an
I0DT, A, BSC  U/R; =(lxlg, [x2las - [Xuls)  U/RG =

{[X1 ]Ev [XZ]? SRR [MU\]E}' andD:{D1vD2v .- vDS}Ifl[Xl]E n [Xilgcl =
I[X,']E n [X,']SCI (Vx; € U), then E(d®|B%) > E(d%|A®).

Proof. The proof is provided in Appendix A.

Remark 3.3. Inthe process described in this subsection, we aimed
to select the pertinent condition attributes relevant to a decision
attribute by characterizing the ordered relevance in an IODT. For
|[x;]5 N [x:]5°1, [x;]5 represents the set of objects dominating object
x; with respect to the condition attribute set B and [xi]sc expresses
the set of objects that are not as dominant as object x; with regard
to the decision attribute d. Therefore, it can be used to describe
the ordered inconsistency between B and d. From Theorem 3.1, the
larger is [[x;]; N [x;]7|, the larger is E(d™|B%). This means that the
larger is E(d>|B>), the greater is the inconsistency between B and
d, and vice versa. Therefore, E(d*|B>) is a useful tool for describing
the ordered relevance between the condition attribute set and the
decision attribute set.

Theorem 3.2 (Minimum). Let S=(U, Cud, V, f) be an IODT, BCC,
U/Ry ={[x1]5.[x2]5. .., [Xu ]z}, and D={Dy, D,, ..., Ds}. Then,
[x]5 S [x]; (vx; € U)ifand only if E(d>|B>)=0.

Proof. The proof is provided in Appendix B.

Theorem 3.3 (Maximum). Let S=(U, Cud, V, f) be an IODT, BCC,
U/Ry = {[x115. [x2]5, .., [Xu/]5), and D={Dy, D,, ..., Ds}. Then,

[x]5 Nx]; =x (¥x; € U)ifandonlyifE(d>|B>) =1 — ar — E(B®).

Proof. The proof is provided in Appendix C.

Remark3.4. AccordingtoTheorem 3.2, when [x;]; < [x]; (Vx; €
U), whichrepresents that the condition attribute set Bis completely
consistent with the decision attribute d, E(d*|B>) reaches the min-
imum. According to Theorem 3.3, E(d*|B%) achieves the maximum
when [x;]5 N[x;]; =x; (Vx; € U), that is, the condition attribute
set B is entirely inconsistent with the decision attribute d. From
Theorems 3.1-3.3, we can draw the conclusion that the interval
ordered conditional entropy is suitable for measuring the ordered
relevance in IODTs.

On this basis, we further provide the definitions of attribute
significance as follows.

Definition 3.8. Let S=(U, Cud, V, f) be an IODT and B< C. The
significance measure of a(a € B), called the inner significance, is
defined by

Sig™" (a, B, d) = E(d>|(B — a)¥) — E(d%|B>).

Definition 3.9. Let S=(U, Cud, V, f) be an IODT and B<C. The
significance measure of a(a € C— B), called the outer significance,
is defined by

Sig®"®"(a, B, d) = E(d® |BZ) — E(dZ|(BU a)%).

Given an IODT, we say that attribute a(a € C) is indispensable
if Sigin"er(a, C, d)> 0; otherwise, it is superfluous. The set of indis-
pensable attributes is also called the core in rough set theory. On
the basis of the core attributes, the key attribute subset, called
the reduct, can be obtained through gradually adding selected
attributes to the core. In the following, we provide the definition of
the reduct based on the interval ordered conditional entropy.

Definition 3.10. LetS=(U,Cud,V,f)be anIODT and B < C. We say
that the attribute set B is a relative reduct if

(1) E(d*|B>)=E(d*|C*);
(2) Va e B, E(d>|(B—a)>) + E(d>|B>).
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Remark 3.5. From the first condition in Definition 3.10, it is found
that the equal ordered relevance is preserved and the pertinent
attributes with great significance can be extracted. Meanwhile,
through the second condition in Definition 3.10, we can ensure the
non-redundancy of the key attribute subset.

3.4. Two-step ranking mechanism

On the basis of the IOIT organized according to the key attribute
subset achieved by using the feature selection method described
above, in this subsection we present a two-step ranking mechanism
for ranking alternatives.

On the basis of the cautious dominance relation RE, a cautious
ranking result of alternatives can be obtained based on their com-
prehensive scores induced by the entire dominance degree Dg(x;).
To meet the decision target of the cautious ranking decision, we set
the comprehensive score based on Dg(x;) as the first ranking stan-
dard. However, some alternatives may be ranked in the same place
in the above initial ranking order, and thus, this result will confuse
decision makers. The following theorem further provides a proof of
this shortcoming of the dominance degree.

Theorem 34. Let S=(U, C,V, f) be an IOIT and BCC, x;, xj € U. If
(xi,X;) € Ry, then Dp(x;, x;)=1.

Proof. The proof is provided in Appendix D.

Remark 3.6. From Theorem 3.4, it is clearly found that the dom-
inance degree Dg(x;, ¥;) is identically equal to 1 when (x;, X;) € RE.
In other words, the preferability degree of object x; over object x;
cannot be subtly measured if x; = px;. Consequently, it is inevitable
that some objects may locate in the same place in the ranking order.

In fact, the entire directional distance index DDIg(x;) can produce
a much finer ranking result, because it can more subtly character-
ize the distinction between objects from the numerical perspective.
Moreover, itis also emphasized that the measurement of the weight
of attribute a based on E(a®;B%) in the definition of DDIg(x;) has
the characteristic of prudence because of its property of describing
the ordered consistency between the rank induced by RS and the
cautious rank induced by RE. Therefore, the entire directional dis-
tance index is employed to achieve a more satisfactory outcome.
Indeed, although the entire directional distance index can induce
a considerably finer ranking result, we let DDIg(x;) be the second
ranking standard to ensure that the initial ranking order (i.e., the
cautious ranking order) of the first step is unchanged. Hence, a two-
step ranking mechanism can be constructed. The corresponding
schematic diagram is illustrated in Fig. 2.
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Based on the aforementioned analysis, the algorithm of the cau-
tious ranking methodology is presented below.

Algorithm. Cautious ranking algorithm.

Input: An IODT S=(U, Cud, V, f);
Output: A ranking order.

Step 1: Red<—¢ || Red is the pool to conserve the selected
attributes;
Step 2: Compute Sigi"""(q,,, C, d), Vay, € C;
Step 3: Put a; into Red, where Sigi""(q,,, C, d) >0 //These attributes
constitute the core of the given decision table;
Step 4: While E(d*|Red*>) # E(d*|C%), do

{Red «—Red U {ag}, where Sig°“®"(ay, Red, d)=max{Sigo""(aq,
Red, d), a € C—Red}};
Step 5: Compute Sigi"e"(a’, Red, d), Va' € Red;
Step 6: Red «— Red — {a’}, when Sigi"™"e"(a’, Red, d)=0;
Step 7: Set up an IOIT S=(U, Red, V, f);
Step 8: Compute Dge4(x;) (i=1, 2, ..., |U|) and determine the initial
ranking order of the alternatives;
Step 9: Compute DDIRed(xlj) (=1,2,....,h) if Dgeg(x;,)=
DRed(x1,) = -+ = DRed(th ), and determine the final ranking order
of the alternatives.

During the era of the Great Depression in the 1930s, even
conservative investors were subject to investment losses. On this
formidable background, Graham and Dodd [49] proposed the Value
Investment Theory for stock investment, and thereafter, both
scholars and practitioners began to pay close attention to stock
investment decisions [7,21,25,36-39,43,44].

On the basis of the Value Investment Theory, researchers found
that the portfolios constructed with high ratios of book-to-market
equity (B/M), earnings to price (E/P), or cash flow to price (C/P)
have higher average returns than portfolios constructed with low
B/M, E/P, or C/P [50,51]. However, some studies showed that value
stocks are associated with the relative distress of firms [52], and
the profitability of the value investment strategies appears nonsta-
tionary [53]. Thus, research on a cautious stock screening strategy
is desirable, especially in the current increasingly competitive envi-
ronment.

4.1. Decision process of cautious stock screening

According to the nature of cautious stock screening, we aimed to
select the “good” stocks having a high level of coincidence between
their financial performance and market success. Hence, an initial
decision table, using financial indices as the condition attributes

{ Alternatives ’

|

D(x)> D(y)
‘ Object x dominates y

Ranking alternatives based
on the entire dominance
5 degree

D(x)< D(y)
— Object x is dominated by y ]

] ] DDI(x)> DDI(y)
Object x dominates y — [(————

Ranking alternatives based
on the entire directional |
distance index L

DDI(x)< DDI(y)
——

Object x is dominated by y J

lDDI(x)= DDI(y)

[ Object x is the same as y J

Fig. 2. Schematic diagram of two-step ranking mechanism.
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and stock return as the decision attribute, is constructed to match
the decision objective of the cautious stock selection program.
Then, on the basis of interval data transformation for all attributes
and a subsequent sorting process for the decision attribute, we can
develop a new I0DT, in which the values of the condition attributes
are represented by interval data and the decision attribute appears
in the form of ordered classes for extracting the key financial indices
in the next phase.

Unlike in some past studies, where the “best” financial ratios
were usually chosen from those applied in existing studies in the
literature of stock selection, in our study we designed a feature
selection method to select the representative financial ratios hav-
ing significant ordered relevance to the stock return. Given the core
idea of the cautious stock screening decision, the implementation
of feature selection is desirable, because it meets the decision goal
of screening out “good” stocks with the characteristic of a consis-
tent excellent coincidence between their financial performance and
market success.

In terms of the above selected key financial ratios, an IOIT can
be organized. Through the two-step ranking mechanism provided
based on the cautious dominance relation for interval data, we can
obtain the ranking results of cautious stock screening.

To clearly illustrate the decision process, a realistic case, involv-
ing the 180 firms, the stocks of which are components of the
Shanghai Stock Exchange 180 Index (SSE 180) of China, in the period
from 2009 to 2011, that is, after the outbreak of the global finan-
cial crisis, was employed in this study. The reason for selecting
this period is that the market suffered from economic fluctua-
tions during that time [21] and the corresponding results achieved
in this situation are more trustworthy. On the background of the
financial crisis, Sanchez-Monedero et al. presented a pairwise class
distances (PCD) projection and a PCD-based classifier in which stan-
dard regression techniques were applied to handle the sovereign
credit rating classification problem and validated the quality of the
proposed projection by using sovereign rating data of 27 countries
in the European Union during the period 2007-2010 [54]. Consid-
ering the decrease in the interval between great market crises (e.g.,
between the financial crisis of 1997-1998 and the dot.com crisis
of 2000), Sevastjanov and Dymova proposed a new stock rank-
ing method and chose a relatively short investment horizon of 1
year. In particular taking into account that the aim of the study was
to present only a new approach for stock screening, the authors
chose sample data covering the period of two adjacent years [37].
Therefore, the experimental data used in our study covered only
the period from 2008 to 2011. Meanwhile, since the design goal of
the SSE 180 index is to establish a benchmark of investment perfor-
mance evaluation, a case study based on this index was considered
suitable for the purpose of this study.

The experimental procedure was divided into two stages:
screening and testing. To screen out good stocks, the firms’ quar-
terly financial data in the previous year and monthly stock return
in the following year were employed. Since the deadline of the
annual financial statement publication of public firms is April 30
of the subsequent year, the monthly stock return of May and June

of year t was employed for matching the quarterly financial data
of year t— 1. After the screening stage, a testing stage, in which
the monthly data of stock return during the period from July to
December of year t were employed, was conducted to determine
whether the returns of the selected “good” stocks could outper-
form those of the benchmark or not. In this case study, the return
in the SSE 180, which represents the average market return, was
used as the benchmark of the investment performance evaluation,
because of its additional advantage of alleviating the impact of dif-
ferent macromarket conditions. The time distribution of the three
successive rounds of tests in this case study is shown in Fig. 3.

4.2. Initial decision table considering financial performance and
market return

According to the intrinsic mechanism of the cautious stock
screening, an initial decision table was constructed by simultane-
ously considering financial performance and market return. In this
decision table, the relevant financial ratios constituted the condi-
tion attribute set and the indicator of the market return was used
as the decision attribute.

As indicators of the financial performance, some common ratios
from the well known textbooks such as [55] and other literature
[25,39] were adopted. It should be noted that we did not deliber-
ately choose all the best ratios having significant relevance to the
market return of stocks demonstrated in existing studies in the lit-
erature. We argue that the selection of common ratios was more
propitious for verifying the validity of the proposed approach. In
this study, the chosen financial ratios comprised 11 common indi-
cators that respectively reflect 5 aspects of financial performance,
i.e.,, earning capacity, the ability to make cash flow, operating
capacity, growth capability, and solvency. Table 1 lists a detailed
description of these financial ratios ¢;(I=1, 2, ..., 11). For decision
attribute d, the stock return was used as the measurement of the
market return of stocks denoted by MR; , which equals P;;/P;;_1 — 1,
where P;; represents the comparable closing price of stock x; on the
last trading day of the tth period.

4.3. Interval data transformation and sorting process

To reflect the ranges of the values of the related indicators more
comprehensively, single-valued data in the initial decision table
were transformed into interval-valued data. Because of the finan-
cial report standard of China, we can obtain only quarterly data of
financial ratios from the quarterly financial statement of a firm (or
stock) x;. Through the method of interval data transformation (see
Section 3.2), the value of ¢ of stock x; takes on the interval-valued
scale. For the decision attribute, we applied the same transforma-
tion method to monthly data of stock returns. The interval data
table of the first test round of the case is shown in Table 2, in which
the stocks are components of the SSE 180 in year t (2009), the inter-
val data of financial performance were induced from the quarterly
data of year t — 1 (2008), and the stock returns represented by the
form of interval data were derived from the single-valued data of

Rounds Screening Stage Testing Stage
Financial Indicators Stock Return Accumulated Return

- Year 2008 Year 2009 Year 2009

Q1 | Q2 | Q3 I Q4 May | Jun Jul | Aug | Sep | Oct I Nov I Dec
and Year 2009 Year 2010 Year 2010

Ql | Q2 I Q3 | Q4 May | Jun Jul | Aug | Sep | Oct | Nov I Dec
ard Year 2010 Year 2011 Year 2011

Ql | Q2 | Q3 | Q4 May | Jun Jul | Aug | Sep | Oct | Nov | Dec

Fig. 3. Time distribution of the three successive rounds of tests.
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Table 1

Indicators of financial performance.
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Financial performance Code Ratios Description
Earning Capacity C Operating Margin (OM) Operating profits/Operating income
C Net Profit Margin of Total Assets (NPMTA) Net profit/Average total assets
C3 Return on Equity (ROE) Net profit/Average shareholders’ equity
Cash Flow C4 Operating Activities (OA) Net cash flow from operating activities/Current
liabilities
Cs Cash Ratio (CR) Monetary assets/Current liabilities
Operating Capacity Cs Total Assets Turnover (TAT) Operating income/Average total assets
c7 Fixed Asset Turnover (FAT) Operating income/Average fixed assets
Growth Capability Cg Growth Rate of Total Assets (GRTA) (Ending total assets-Beginning total assets)/Beginning
total assets
Cy Growth Rate of Net Profit (GRNT) (Net profit in current period-Net profit in previous
period)/Net profit in previous period
Solvency C10 Quick Ratio (QR) (Current assets-Inventories)/Current liabilities
c1 Ratio of Liabilities to Assets (RLA) Total liabilities/Total assets
Table 2

Interval data table of the first test round of the case study.

U C1

C2

C11 d

X1

[0.009152, 0.015839]

[0.017419, 0.029473]

[0.519397, 0.544313]

[0.046750, 0.343487]

X2 [0.009635, 0.019480] [0.013793, 0.028261] [0.658888, 0.712090] [0.010204, 0.119533]
X3 [0.016156, 0.031490] [0.026645, 0.052360] [0.596715, 0.608825] [—0.061224, — 0.008343]
X4 [0.021943, 0.067430] [0.030614, 0.093865] [0.701279, 0.748481] [0.053089, 0.053472]
Xs5 [0.013569, 0.044635] [0.031694, 0.106636] [0.413960, 0.442810] [-0.028714,0.108161]
X6 [0.019411, 0.042056] [0.036965, 0.068780] [0.506051, 0.537983] [0.036991, 0.113436]
X7 [0.011146, 0.022827] [0.014252, 0.029973] [0.741459, 0.774778] [0.103852, 0.112689]
Xs [0.006434, 0.024131] [0.022877, 0.084960] [0.266577,0.297923] [0.100927, 0.436148]
X9 [0.014325, 0.109014] [0.021999, 0.174011] [0.602231, 0.685546] [-0.075556, 0.016296]
X10 [0.000374, 0.008701] [0.000997, 0.020861] [0.333118, 0.447271] [0.058096, 0.227962]
Table 3
Interval ordered decision table of the first test round of the case study.
0] C1 C2 C11 d
X1 [0.009152, 0.015839] [0.017419, 0.029473] [0.519397, 0.544313] 3
X2 [0.009635, 0.019480] [0.013793, 0.028261] [0.658888, 0.712090] 2
X3 [0.016156, 0.031490] [0.026645, 0.052360] [0.596715, 0.608825] 1
X4 [0.021943, 0.067430] [0.030614, 0.093865] [0.701279, 0.748481] 2
Xs [0.013569, 0.044635] [0.031694, 0.106636] [0.413960, 0.442810] 2
X6 [0.019411, 0.042056] [0.036965, 0.068780] [0.506051, 0.537983] 2
X7 [0.011146, 0.022827] [0.014252, 0.029973] [0.741459, 0.774778] 3
Xs [0.006434, 0.024131] [0.022877, 0.084960] [0.266577, 0.297923] 3
X9 [0.014325, 0.109014] [0.021999, 0.174011] [0.602231, 0.685546] 1
2

X10 [0.000374, 0.008701]

[0.000997, 0.020861]

[0.333118, 0.447271]

May and June of year t (2009). In addition, for a more reasonable
screening decision, three types of samples needed to be deleted.
(1) The samples in the financial sector were excluded because their
capital structures are distinctly different from those of other sam-
ples in the nonfinancial sector; (2) the samples with negative net
profit were eliminated from the sample set for the sake of a cautious
investment target; and (3) the samples with missing values were
also deleted in this case study. Accordingly, the sample sizes in the
three successive rounds of tests were 91, 116, and 128, respectively.

Indeed, the cautious stock screening issue can be viewed as a
selection process that relies on financial ratios and stock return in
the context of ordered semantics. From this viewpoint, we need to
sort the values of the decision attribute (stock return) of alternative
stocks. Without loss of generality, alternatives can be sorted into
three ordered classes: D1, D,,and D3, where D; comprises the stocks
located in the bottom 30%, D3 the stocks situated in the top 30%, and
D, the remaining stocks. Here, the two-step ranking mechanism
was performed to sort the interval-valued data of the stock return.
For convenience, the values of D1, D5, and D3 were conventionally
set to be 1, 2, and 3, respectively, and then Table 2 was converted
into Table 3, that is, an IODT for stock screening. Table 4 presents
the descriptive statistics for the related data samples.

4.4. Extracting the key financial indicators and screening out
“good” stocks

Continuing from the IODT shown in Table 3 and using Steps
1-6 of the proposed algorithm, we could obtain three key attribute
sets, the so-called reducts, having the same conditional entropy
and consisting of the seven financial indices shown in Table 5. By
analyzing these results, we achieved three key attribute sets cover-

Table 4
Descriptive statistics for data samples in the first test round of the case study.
Min Max Mean Std. Dev.

C 0.000073 0.158075 0.022560 0.017534
C 0.000168 0.311692 0.045325 0.033171
C3 0.000882 1.299880 0.222929 0.176644
C4 —0.405221 1.058395 0.089707 0.149284
Cs 0.041321 14.711670 0.669713 0.970417
Cs 0.005748 2.108561 0.171091 0.174165
c7 0.025880 101.166385 3.469648 8.401274
Cg -0.285174 1.695945 0.311459 0.392318
Co —0.552297 16.785282 0.571784 1.932438
Cio0 0.065356 15.603957 1.090511 1.071685
c11 0.165540 0.943306 0.517180 0.160230
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Table 5

Three key attribute sets of the first test round of the case study.
1 2 3
NPMTA NPMTA NPMTA
OA OA 0OA
FAT FAT FAT
GRTA GRTA GRTA
GRNT GRNT GRNT
RLA RLA RLA
ROE CR QR

Table 6

Stock codes of the top 10 selected stocks of the 3 ranking results in the first test
round of the case study.

1 2 3 1and?2and3
600519 600519 600519 600519
601958 601958 601958 601958
601898 601898 601898 601898
600007 600007 600026 600309
600309 600026 600547 600547
600547 600309 600309 601857
601857 600508 600508 600508
600508 600547 601001 601001
601001 601001 601857

601699 601857 600489

ing all five categories of financial performance ratios. It is obvious
that the selected pertinent indices can comprehensively reflect the
firms’ financial situation. Furthermore, we can also clearly see that
only one indicator in the three feature selection results is differ-
ent from one another, as shown in the last row of Table 5. In brief,
using the above feature selection method it is possible to effectively
explore the representative financial indicators that have significant
ordered relevance to the stock return.

Furthermore, by using the two-step ranking mechanism men-
tioned above, cautious stocks ranking results can be obtained from
the IOIT organized according to the key financial indicator set. Con-
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tinuing the above case study, we list in Table 6 the top 10 stocks
of the year 2009, i.e., the first round of the test, based on the three
different key attribute sets. It is worth noting that the same 8 stocks
appear in the top 10 stocks among the 3 ranking results, which, to
some extent, demonstrates the robustness of the proposed cautious
ranking approach.

To verify the validity of the proposed method, we further calcu-
lated the accumulated return AMR;, denoted by AMR; = HLI( 1+
MR; ;) — 1 where T represents the holding periods of stock i, of the
top 10 stocks during the period from July (holding 1 month) to
December (holding 6 months) of the year 2009. Meanwhile, the
return of SSE180 over the same period is introduced as the bench-
mark with which to compare the investment performance.

Tables 7-9illustrate the profitability of the presented systematic
approach in terms of the three cautious ranking results (abbrevi-
ated as C-ranking) for the year 2009. To show a clearer comparison
of theirinvestment performance, the corresponding results are rep-
resented in the graphs in Fig. 4(a)-(c). It is clear that the selected
stocks, of which only a few (e.g., stocks 601857 and 600489) pro-
duce a negative return, can achieve a higher average return than
the SSE180. Furthermore, when considering only these eight stocks
jointly contained in the three ranking results in Table 6, we can
achieve the best investment performance from a 1-month to a 6-
month holding period, namely, 0.214070, —0.066907, 0.022719,
0.133713, 0.263313, and 0.237335, respectively. Moreover, this
cautious screening procedure was conducted also in the second
and third rounds of tests. In each of these two rounds, there was
only one reduct and a corresponding ranking result. Accordingly,
their results are shown in the graphs in Fig. 4(d) and (e), which
also provide evidence supporting the effectiveness of the developed
methodological approach. In brief, it is apparent that the proposed
ranking methodology can outperform the benchmark and pro-
vide a credible investment decision-making method for cautious
investors.

For further performance comparison, the three most popular
indicators, namely, B/M, E/P, C/P, which have been documented as

Table 7

Top 10 stocks returns obtained by the first ranking result in the first test round of the case study.
Stock code 1 2 3 4 5 6
600519 0.021624 0.021420 0.122683 0.073311 0.184313 0.156460
601958 0.385139 0.042724 0.158514 0.274922 0.321361 0.180184
601898 0.298250 —-0.090241 —0.065653 0.065484 0.143346 0.113021
600007 —0.018966 —0.239655 —0.193104 —-0.061207 0.133620 0.058620
600309 0.115409 —0.062778 0.093215 0.257450 0.480659 0.522512
600547 0.015141 -0.201997 —-0.018303 0.089518 0.367888 0.336108
601857 0.086326 —0.116022 -0.115011 —-0.072504 —0.061355 —-0.036965
600508 0.426689 0.011532 0.068644 0.208677 0.381659 0381110
601001 0.363981 —0.139894 —0.062332 0.172846 0.288635 0.246253
601699 0.332742 —-0.071157 —0.048874 0.164851 0.392757 0311218
Average stocks returns 0.202634 —0.084607 —0.006022 0.117335 0.263288 0.226852
Returns of SSE 180 0.176642 -0.121437 —0.066014 0.015933 0.077496 0.097463

Table 8

Top 10 stocks returns obtained by the second ranking result in the first test round of the case study.
Stock code 1 2 3 4 5 6
600519 0.021624 0.021420 0.122683 0.073311 0.184313 0.156460
601958 0.385139 0.042724 0.158514 0.274922 0.321361 0.180184
601898 0.298250 —0.090241 —0.065653 0.065484 0.143346 0.113021
600007 —-0.018966 —0.239655 —0.193104 —-0.061207 0.133620 0.058620
600026 0.341596 -0.110766 —0.134003 0.021690 0.076686 0.111543
600309 0.115409 —-0.062778 0.093215 0.257450 0.480659 0.522512
600508 0.426689 0.011532 0.068644 0.208677 0.381659 0.381110
600547 0.015141 —-0.201997 —0.018303 0.089518 0.367888 0.336108
601001 0.363981 —-0.139894 —0.062332 0.172846 0.288635 0.246253
601857 0.086326 -0.116022 -0.115011 —-0.072504 —-0.061355 —0.036965
Average stocks returns 0.203519 —0.088568 —0.014535 0.103019 0.231681 0.206885
Returns of SSE 180 0.176642 -0.121437 —0.066014 0.015933 0.077496 0.097463
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Table 9
Top 10 stocks returns obtained by the third ranking result in the first test round of the case study.
Stock code 1 2 3 4 5 6
600519 0.021624 0.021420 0.122683 0.073311 0.184313 0.156460
601958 0.385139 0.042724 0.158514 0.274922 0.321361 0.180184
601898 0.298250 —0.090241 —0.065653 0.065484 0.143346 0.113021
600026 0.341596 —-0.110766 —0.134003 0.021690 0.076686 0.111543
600547 0.015141 —0.201997 —0.018303 0.089518 0.367888 0.336108
600309 0.115409 —0.062778 0.093215 0.257450 0.480659 0.522512
600508 0.426689 0.011532 0.068644 0.208677 0.381659 0.381110
601001 0.363981 —0.139894 —0.062332 0.172846 0.288635 0.246253
601857 0.086326 —0.116022 -0.115011 —0.072504 —0.061355 —0.036965
600489 —0.038251 —0.240589 —0.176533 —0.145720 —0.091985 —0.115361
Average stocks returns 0.201590 —0.088661 —0.012878 0.094567 0.209121 0.189486
Returns of SSE 180 0.176642 —0.121437 —0.066014 0.015933 0.077496 0.097463
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Table 10
Key attribute sets of the three test rounds based on the feature selection method in
(3]

1 2 3
NPMTA NPMTA NPMTA
ROE ROE ROE
OA OA OA
CR CR CR
TAT TAT TAT
FAT FAT FAT
GRTA GRTA GRTA
GRNT GRNT GRNT
QR QR QR
RIA RLA RLA

having significant relevance to stock return [50,51], were employed
to organize an IOIT. By using the two-step ranking mechanism, we
could achieve the corresponding ranking results (abbreviated as
BEC-ranking). The average returns of the top 10 stocks over the
same period based on the same data samples were calculated;
the results of the three rounds of tests are shown in the graphs
in Fig. 4(f)-(h). Although the top 10 stocks in the first test round
of the case study obtained by the 3 most popular indices produce
higher returns than the benchmark, in the second succeeding test
round the performance was worse and the selected stocks of the
last round of the test could achieve only approximate returns as
compared with the benchmark. Further analysis of all these results
shows clearly that the process of feature selection is quite necessary
for cautious stock screening, and the presented systemic approach
in view of a cautious ranking decision has the capability to achieve
a higher average return.

4.5. Further discussion

According to the related investment theories, the risk of the
investment needs to be considered when conducting a performance
comparison. The Sharpe ratio is a classical risk-return measure-
ment proposed in [56], which measures the average excess return
on a risk-free return per unit of standard deviation in a portfo-
lio. Consequently, the Sharpe ratio was adopted for comparing
the investment profitability of different portfolios more reason-
ably.

Meanwhile, to analyze in depth the effect of the methodology
presented in this study, three additional significant procedures
were introduced as follows. First, to validate its effectiveness
the proposed feature selection algorithm was experimentally
compared with a second feature selection method. Here, we intro-
duced an attribute reduction approach based on the discernibility
matrix presented in [3] to make a further comparison. Second,
the results were compared with those produced when no fea-
ture selection algorithm was applied. Third, a new benchmark
was employed with which to further compare the experimental
results. In the previous subsection, we described the application
of the benchmark based on SSE180 in the performance compari-
son (see Section 4.4). However, since some samples were deleted
to achieve more reasonable screening decisions, a new benchmark
based on an underlying subsample of SSE180 (i.e., 91, 116, and 128
stocks, respectively) was used to conduct supplementary compar-
isons.

Table 10 shows that Qian’s method in [3]| produces the same
feature selection results in the three test rounds and has more fea-
tures (10) than the algorithm proposed in this study (i.e., 7,9,and 10
features, respectively). Naturally, based on the above key attribute
sets, we can obtain the corresponding ranking results by using also
the two-step ranking mechanism (abbreviated as Qian-ranking). In
addition, when no feature selection algorithm was applied, that is,

Table 11
Sharpe ratios for performance comparison.

2009 2009 2009 2010 2011

C-ranking 0.33 0.31 0.29 0.79 —0.04/0.05
BEC-ranking 0.27 0.27 0.27 0.13 —0.04/0.04
Qian-ranking 0.27 0.27 0.27 0.79 —0.04/0.05
NoFS-ranking 0.27 0.27 0.27 0.79 —0.04/0.05
Subsample of SSE180 0.25 0.25 0.25 0.59 —0.05/0.05
SSE180 0.18 0.18 0.18 0.36 —0.04/0.05

all indicators are directly used to rank alternatives, the correspond-
ing results can also be obtained (abbreviated as NoFS-ranking).
Table 11 shows the Sharpe ratios of the top 10 stocks in the 4
classes of ranking results in comparison with those of the two
benchmarks. The results of the Sharpe ratios clearly show that C-
ranking is superior to other models and can outperform the two
benchmarks (highlighted in bold in Table 11), except for the case
of the year 2011. In 2011, the excess returns and standard devi-
ations of the four models and two benchmarks are nearly equal.
Further analysis of the results for this year shows that the excess
return and standard deviation of C-ranking is the same as that of
the benchmark of SSE180 and its standard deviation is equal to that
of the benchmark of the subsample of SSE180, but its excess return
is slightly higher.

In addition, the necessity of utilizing the two-step ranking
mechanism is now discussed. Indeed, the first ranking standard
of the two-step mechanism was introduced in [3,57]. However, it
does not provide a complete rank. In this paper, Theorem 3.1 proved
this shortcoming of the entire dominance degree. To address this
problem, we constructed a two-step ranking mechanism. In fact,
some objects are frequently located in the same place in the rank-
ing results induced by the entire dominance degree. In all the four
classes of ranking results, there are always some stocks lying in the
same place. For example, in the C-ranking result of 2010, there are
2 stocks tied for 5th place, 2 for 7th place, and 10 for 9th place. The
values of Dg(x;) in this example are listed as follows.

Dg(x14) = Dp(x100) = 0.991604 (tied for 5th place),
Dgp(X43) = Dp(x78) = 0.991528 (tied for 7th place),
Dg(x2) = Dp(x15) = Dp(x35) = Dp(Xs3) = Dp(Xs4) = Dp(Xs5) = Dp(X102) = Dp(X112)

= Dg(x113) = Dp(X114) = 0.0.991454 (tied for 9th place).

By applying the two-step ranking mechanism, we can easily obtain
a complete ranking order. Obviously, it is useful to select the top 10
stocks in every constructed portfolio. More generally, a complete
ranking result helps decision makers create a more satisfactory
decision scheme.

In summary, it is important and useful to develop a systematic
ranking methodology. Feature selection is an important prepro-
cessing step for selecting informative features related to decision
targets. As a type of typical feature selection approach, the pro-
posed attribute reduction algorithm in the framework of rough
set theory can select fewer features and perform better than the
comparative approach. In fact, certain decision problems usually
have specific decision targets. The corresponding feature selection
algorithm related to the specific decision targets is useful for discov-
ering informative features, the relevance of which to the decision
objectives is significant. Correspondingly, using the feature selec-
tion algorithm, we can not only remove redundant features but
also improve the decision performance. The performance compar-
ison of C-ranking and NoFS-ranking (see Table 11) further supports
the above claims.

Based on the selected key attributes, a cautious two-step rank-
ing mechanism is used to construct the portfolios. In the existing
studies in the literature mentioned above [22,23], the researchers
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usually focused on specific views to depict the risk aversion atti-
tude of decision makers in the decision-making process. In [22,58],
only the weights of decision makers from the perspective of risk
aversion for group decision making, which can reflect the com-
mon decision aspirations and consistent judgement of decision
makers, were considered. In [23,59], the risk aversion utility func-
tion was introduced to depict the decision makers’ risk attitude,
but the parameter estimation remains a challenging issue. Unlike
in these studies, in this study the proposed ranking mechanism
introduced risk aversion behaviors into each step of the ranking
process, such as cautious dominance relation and cautious attribute
weights, and the initial ranking order (i.e., cautious ranking order)
was kept unchanged. Moreover, based on the cautious dominance
relation, the cautious attribute weights and the cautious ranking
order could be directly obtained from the data. In summary, in this
section, the conjoint analysis involving key feature subsets, ranking
order, and performance comparison validated the effectiveness of
the cautious ranking methodology proposed in this paper.

5. Conclusions

Considering the preferences of decision makers and special
decision tasks, in this study a novel ranking methodology was
constructed. The highlights and contributions of this study are
summarized as follows. (1) A cautious ranking methodologi-
cal approach that considers risk aversion behavior in each step
of problem solving was built. Furthermore, it provides a new
paradigm of problem solving for risk avoiders. (2) An ordered-
relevance-preserving feature selection approach was built to select
informative indicators and it was shown to achieve a better per-
formance. By using the proposed feature selection framework, one
can effectively tackle the problems with special decision objectives.
(3) A ranking methodology taking into account decision behavior,
data representation, feature selection, and the ranking mechanism
was established. More generally, the integrated mechanism offers a
new research perspective for decision modeling. (4) The case study
reported in this paper is the first attempt, according to our uncom-
prehensive search, to apply interval data to screen out “good”
stocks. We applied the proposed cautious ranking methodology to
stock screening decisions through three rounds of tests. The experi-
mental results indicate that the proposed methodological approach
is effective.

However, our study also has the corresponding limitation. The
cautious dominance relation proposed in this paper provides only
a fixed representation of a risk aversion attitude. In general, differ-
ent decision makers may have different degrees of risk preference.
However, it should be favorably acknowledged that the cautious
dominance relation in this study affords a basic representation
paradigm for risk avoiders.

Future research directions include, but are not limited to: (1)
building the adjustable dominance relation considering different
degrees of risk preference, and (2) developing the correspond-
ing risk attitudinal ranking methodology with hybrid data
forms.
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Appendix A

Theorem 3.1 (Monotonicity). Let S=(U, Cud, V, f) be an
IoDT, A, BcC  U/R; ={x1]3. (x5, ... [xuls}  U/R; =
{[x1]5. [x2]5. - .. [Xl5 ), and D={Dy, D, .. ., Ds}. If |[x;]5 0 [%15°] >
x5 N [x15°1 (¥x; € U); then, E(d>|B>) > E(d>|A>)[34].

Proof. Suppose that |[x;]5 N [x]5 > I[x]5 N[%]15S) (Vx; e U),
then, we have that
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This completes the proof.

Appendix B

Theorem 3.2 (Minimum). Let S=(U, Cud, V, f) be an IODT, BCC,
U/R; ={[x1]5.[x2]5, -, [Xu ]}, and D={Dy, D, ..., Ds}. Then,
[x]5 € [xil; (¥x; € U)ifand only if E(d*|B>)=0.

Proof. (1) “=” Suppose that [x;]; € [x]7 (¥x; € U); then, we
have that
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Appendix C

Theorem 3.3 (Maximum). Let S=(U, Cud, V, f) be an IODT, BC C,
U/RE ={x1]5. 205, .- - [xuy]5), and D={Dy, Dy, .. Ds}. Then,

[x,]B n[xl]d =x; (Vx; e U)ifandonly if E(d®|BE) =1 — \UI — E(B®).

Proof. (1)“="Suppose that [x;]5 N[x;]; =x; (¥x; € U); then, we
have that
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Appendix D

Theorem 3.4. Let S=(U, C, V, f) be an IOIT and BC C, x;, xj € U. If
(xi,X;) € Ry, then Dp(x;, x;)=1.

Proof. If(x;, x;) € RZ, it follows from the cautious dominance class
[x]; thatx; € [x;];. Then, we have that [x;]; < [x;];.
Thus,

I[xil5 U %151
Dg(x;, x;) = o
B (U = [x]5) U x5
U]
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1]
_ U
|U|
References

[1] J.CR. Alcantud, R. de Andrés Calle, M.J.M. Torrecillas, Hesitant fuzzy worth: an
innovative ranking methodology for hesitant fuzzy subsets, Appl. Soft
Comput. 38 (2016) 232-243.

[2] Q.H. Hu, M.Z. Guo, D.R. Yu, J.F. Liu, Information entropy for ordinal
classification, Sci. China F: Inf. Sci. 53 (6) (2010) 1188-1200.

[3] Y.H. Qian, J.Y. Liang, C.Y. Dang, Interval ordered information systems, Comput.
Math. Appl. 56 (8) (2008) 1994-2009.

[4] V.F.Yu, L.Q. Dat, An improved ranking method for fuzzy numbers with
integral values, Appl. Soft Comput. 14 (2014) 603-608.

[5] Z.S. Xu, X.L. Zhang, Hesitant fuzzy multi-attribute decision making based on
TOPSIS with incomplete weight information, Knowl. Based Syst. 52 (2013)
53-64.

[6] F.R.Lima Junior, L. Osiro, L.C.R. Carpinetti, A comparison between Fuzzy AHP
and Fuzzy TOPSIS methods to supplier selection, Appl. Soft Comput. 21 (2014)
194-209.

[7] A.S.Vezmelai, Z. Lashgari, A. Keyghobadi, Portfolio selection using ELECTRE III:
evidence from Tehran Stock Exchange, Decis. Sci. Lett. 4 (2) (2015) 227-236.

[8] B.Zhu, Z.S. Xu, Analytic hierarchy process-hesitant group decision making,
Eur. . Oper. Res. 239 (3) (2014) 794-801.

[9] X.B.Yang, D.J. Yu, ].Y. Yang, L.H. Wei, Dominance-based rough set approach to
incomplete interval-valued information system, Data Knowl. Eng. 68 (11)
(2009) 1331-1347.

[10] P.Song, J.Y. Liang, Y.H. Qian, A two-grade approach to ranking interval data,
Knowl. Based Syst. 27 (2012) 234-244.

[11] V. Lakshmana Gomathi Nayagam, S. Geetha, Ranking of interval-valued
intuitionistic fuzzy sets, Appl. Soft Comput. 11 (2011) 3368-3372.

[12] Y.Y. Yao, Three-way decisions with probabilistic rough sets, Inf. Sci. 180
(2010) 341-353.

[13] Y.Y. Yao, Three-way decisions and cognitive computing, Cognit. Comput. 8
(2016) 543-554.

[14] J. Wu, F. Chiclana, A risk attitudinal ranking method for interval-valued
intuitionistic fuzzy numbers based on novel attitudinal expected score and
accuracy functions, Appl. Soft Comput. 22 (2014) 272-286.

[15] J.H. Ruan, Y. Shi, Monitoring and assessing fruit freshness in I0T-based
e-commerce delivery using scenario analysis and interval number
approaches, Inf. Sci. 373 (2016) 557-570.

[16] J.H. Ruan, P. Shi, C.C. Lim, X.P. Wang, Relief supplies allocation and
optimization by interval and fuzzy number approaches, Inf. Sci. 303 (2015)
15-32.

[17] Y. Liu, Z.P. Fan, X. Zhang, A method for large group decision-making based on
evaluation information provided by participators from multiple groups, Inf.
Fusion 29 (2016) 132-141.

[18] S.P. Wan, F. Wang, ].Y. Dong, A novel risk attitudinal ranking method for
intuitionistic fuzzy values and application to MADM, Appl. Soft Comput. 40
(2016) 98-112.

[19] A. Tversky, D. Kahneman, Advances in prospect theory: cumulative
representation of uncertainty, J. Risk Uncertain. 5 (1992) 297-323.

[20] L. Wang, Z.X. Zhang, Y.M. Wang, A prospect theory-based interval dynamic
reference point method for emergency decision making, Expert Syst. Appl. 42
(2015) 9379-9388.

[21] R. Hafezi, ]. Shahrabi, E. Hadavandi, A bat-neural network multi-agent system
(BNNMAS) for stock price prediction: case study of DAX stock price, Appl. Soft
Comput. 29 (2015) 196-210.

[22] WJ. Chen, Y. Zou, An integrated method for supplier selection from the
perspective of risk aversion, Appl. Soft Comput. 54 (2017) 449-455.

[23] J.W. Gao, M. Li, H.H. Liu, Generalized ordered weighted utility
averaging-hyperbolic absolute risk aversion operators and their applications
to group decision-making, Eur. J. Oper. Res. 243 (1) (2015) 258-270.

[24] S. Piramuthu, Evaluating feature selection methods for learning in data
mining applications, Eur. J. Oper. Res. 156 (2) (2004) 483-494.

[25] X.Z.Zhang, Y. Hu, K. Xie, S.Y. Wang, E.W.T. Ngai, M. Liu, A causal feature
selection algorithm for stock prediction modeling, Neurocomputing 142
(2014) 48-59.

[26] Z. Pawlak, Rough Sets: Theoretical Aspects of Reasoning about Data, System
Theory, Knowledge Engineering and Problem Solving, vol. 9, Kluwer,
Dordrecht, 1991.

[27] Z. Pawlak, A. Skowron, Rudiments of rough sets, Inf. Sci. 177 (1) (2007) 3-27.


http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0005
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0005
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0005
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0005
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0005
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0005
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0005
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0005
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0005
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0005
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0005
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0005
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0005
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0005
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0005
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0005
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0005
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0005
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0005
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0005
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0005
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0005
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0005
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0005
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0005
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0005
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0005
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0010
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0010
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0010
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0010
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0010
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0010
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0010
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0010
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0010
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0010
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0010
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0010
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0010
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0010
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0010
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0010
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0010
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0010
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0010
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0010
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0010
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0010
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0010
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0010
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0015
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0015
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0015
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0015
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0015
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0015
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0015
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0015
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0015
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0015
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0015
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0015
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0015
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0015
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0015
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0015
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0015
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0015
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0015
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0020
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0020
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0020
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0020
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0020
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0020
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0020
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0020
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0020
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0020
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0020
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0020
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0020
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0020
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0020
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0020
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0020
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0020
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0020
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0020
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0020
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0020
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0025
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0025
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0025
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0025
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0025
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0025
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0025
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0025
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0025
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0025
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0025
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0025
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0025
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0025
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0025
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0025
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0025
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0025
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0025
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0025
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0025
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0025
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0025
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0025
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0030
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0030
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0030
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0030
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0030
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0030
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0030
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0030
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0030
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0030
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0030
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0030
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0030
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0030
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0030
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0030
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0030
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0030
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0030
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0030
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0030
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0030
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0030
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0030
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0030
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0030
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0030
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0035
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0035
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0035
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0035
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0035
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0035
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0035
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0035
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0035
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0035
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0035
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0035
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0035
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0035
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0035
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0035
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0035
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0035
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0035
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0035
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0035
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0035
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0035
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0035
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0035
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0040
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0040
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0040
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0040
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0040
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0040
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0040
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0040
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0040
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0040
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0040
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0040
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0040
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0040
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0040
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0040
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0040
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0040
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0040
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0040
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0045
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0045
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0045
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0045
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0045
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0045
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0045
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0045
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0045
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0045
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0045
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0045
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0045
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0045
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0045
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0045
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0045
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0045
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0045
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0045
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0045
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0045
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0045
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0045
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0045
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0045
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0050
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0050
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0050
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0050
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0050
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0050
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0050
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0050
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0050
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0050
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0050
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0050
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0050
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0050
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0050
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0050
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0050
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0050
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0050
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0050
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0050
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0055
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0055
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0055
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0055
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0055
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0055
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0055
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0055
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0055
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0055
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0055
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0055
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0055
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0055
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0055
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0055
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0055
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0055
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0055
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0055
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0060
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0060
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0060
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0060
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0060
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0060
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0060
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0060
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0060
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0060
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0060
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0060
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0060
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0060
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0060
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0065
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0065
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0065
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0065
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0065
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0065
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0065
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0065
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0065
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0065
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0065
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0065
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0065
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0065
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0070
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0070
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0070
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0070
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0070
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0070
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0070
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0070
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0070
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0070
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0070
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0070
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0070
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0070
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0070
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0070
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0070
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0070
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0070
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0070
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0070
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0070
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0070
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0070
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0070
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0070
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0070
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0070
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0070
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0070
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0070
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0075
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0075
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0075
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0075
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0075
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0075
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0075
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0075
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0075
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0075
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0075
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0075
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0075
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0075
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0075
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0075
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0075
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0075
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0075
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0075
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0075
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0075
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0075
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0075
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0075
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0075
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0075
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0080
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0080
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0080
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0080
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0080
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0080
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0080
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0080
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0080
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0080
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0080
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0080
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0080
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0080
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0080
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0080
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0080
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0080
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0080
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0080
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0080
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0080
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0080
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0080
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0080
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0080
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0085
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0085
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0085
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0085
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0085
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0085
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0085
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0085
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0085
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0085
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0085
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0085
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0085
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0085
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0085
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0085
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0085
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0085
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0085
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0085
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0085
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0085
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0085
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0085
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0085
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0085
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0085
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0085
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0085
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0090
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0090
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0090
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0090
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0090
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0090
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0090
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0090
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0090
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0090
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0090
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0090
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0090
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0090
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0090
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0090
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0090
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0090
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0090
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0090
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0090
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0090
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0090
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0090
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0090
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0090
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0090
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0090
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0095
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0095
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0095
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0095
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0095
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0095
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0095
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0095
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0095
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0095
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0095
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0095
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0095
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0095
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0095
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0095
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0095
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0095
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0095
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0095
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0100
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0100
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0100
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0100
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0100
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0100
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0100
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0100
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0100
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0100
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0100
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0100
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0100
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0100
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0100
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0100
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0100
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0100
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0100
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0100
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0100
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0100
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0100
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0100
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0100
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0100
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0105
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0105
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0105
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0105
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0105
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0105
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0105
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0105
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0105
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0105
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0105
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0105
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0105
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0105
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0105
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0105
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0105
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0105
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0105
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0105
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0105
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0105
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0105
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0105
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0105
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0105
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0105
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0105
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0105
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0105
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0110
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0110
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0110
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0110
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0110
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0110
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0110
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0110
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0110
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0110
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0110
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0110
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0110
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0110
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0110
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0110
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0110
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0110
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0110
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0110
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0110
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0110
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0110
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0110
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0115
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0115
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0115
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0115
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0115
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0115
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0115
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0115
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0115
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0115
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0115
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0115
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0115
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0115
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0115
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0115
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0115
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0115
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0115
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0115
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0115
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0115
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0115
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0115
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0115
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0115
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0115
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0115
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0115
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0115
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0115
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0120
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0120
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0120
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0120
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0120
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0120
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0120
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0120
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0120
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0120
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0120
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0120
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0120
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0120
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0120
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0120
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0120
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0120
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0120
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0120
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0120
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0120
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0125
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0125
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0125
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0125
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0125
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0125
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0125
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0125
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0125
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0125
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0125
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0125
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0125
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0125
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0125
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0125
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0125
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0125
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0125
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0125
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0125
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0125
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0125
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0125
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0125
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0125
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0125
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0130
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0130
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0130
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0130
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0130
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0130
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0130
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0130
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0130
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0130
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0130
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0130
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0130
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0130
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0130
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0130
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0130
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0130
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0130
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0130
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0130
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0130
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0135
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0135
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0135
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0135
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0135
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0135
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0135
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0135
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0135
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0135
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0135
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0135
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0135
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0135
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0135
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0135

848 P. Song et al. / Applied Soft Computing 71 (2018) 835-848

[28] Y.H. Qian, ].Y. Liang, W. Pedrycz, C.Y. Dang, Positive approximation: an
accelerator for attribute reduction in rough set theory, Artif. Intell. 174 (9-10)
(2010) 597-618.

[29] F. Wang, .Y. Liang, An efficient feature selection algorithm for hybrid data,
Neurocomputing 193 (2016) 33-41.

[30] W. Ziarko, Variable precision rough set model, J. Comput. Syst. Sci. 46 (1993)
39-59.

[31] D.G. Chen, Y.Y. Yang, Z. Dong, An incremental algorithm for attribute
reduction with variable precision rough sets, Appl. Soft Comput. 45 (2016)
129-149.

[32] J.Y. Liang, F. Wang, C.Y. Dang, Y.H. Qian, A group incremental approach to
feature selection applying rough set technique, IEEE Trans. Knowl. Data Eng.
26 (2)(2014) 294-308.

[33] Q.H.Hu, D.R. Yu, Z.X. Xie, Information-preserving hybrid data reduction based
on fuzzy-rough techniques, Pattern Recognit. Lett. 27 (5) (2006) 414-423.

[34] P.Song, J.Y. Liang, Y.H. Qian, C.H. Li, Research on feature selection method for
interval sorting decision, Chin. ]J. Manage. Sci. 25 (7) (2017) 141-152.

[35] M.W. Shao, W.X. Zhang, Dominance relation and rules in an incomplete
ordered information system, Int. J. Intell. Syst. 20 (2005) 13-27.

[36] F. Tiryaki, M. Ahlatcioglu, Fuzzy stock selection using a new fuzzy ranking and
weighting algorithm, Appl. Math. Comput. 170 (1) (2005) 144-157.

[37] P.Sevastjanov, L. Dymova, Stock screening with use of multiple criteria
decision making and optimization, Omega 37 (3) (2009) 659-671.

[38] P.Xidonas, G. Mavrotas, J. Psarras, A multiple criteria decision-making
approach for the selection of stocks, ]. Oper. Res. Soc. 61 (8) (2010) 1273-1287.

[39] K.Y. Shen, M.R. Yan, G.H. Tzeng, Combining VIKOR-DANP model for glamor
stock selection and stock performance improvement, Knowl. Based Syst. 58
(2014) 86-97.

[40] E. Diday, From Data to Knowledge: Probabilistic Objects for a Symbolic Data
Analysis, Discrete Mathematics and Theoretical Computer Science, Paris,
1995.

[41] Z.P. Fan, Y. Liu, An approach to solve group-decision-making problems with
ordinal interval numbers, IEEE Trans. Syst. Man Cybern. B: Cybern. 40 (5)
(2010) 1413-1423.

[42] P. Sevastjanov, L. Dymova, P. Bartosiewicz, A new approach to normalization
of interval and fuzzy weights, Fuzzy Sets Syst. 198 (2012) 34-45.

[43] S. Thawornwong, D. Enke, The adaptive selection of financial and economic
variables for use with artificial neural networks, Neurocomputing 56 (2004)
205-232.

[44] C. Tsai, Y. Hsiao, Combining multiple feature selection methods for stock
prediction: union, intersection, and multi-intersection approaches, Decis.
Support Syst. 50 (2010) 258-269.

[45] Y.H. Qian, ].Y. Liang, P. Song, C.Y. Dang, On dominance relations in disjunctive
set-valued ordered information systems, Int. . Inf. Technol. Decis. Mak. 9 (1)
(2010) 9-33.

[46] C.E.Shannon, The mathematical theory of communication, Bell Syst. Tech. ].
27 (3-4)(1948) 373-423 (see also pp. 623-656).

[47] J.Y. Liang, Z.Z. Shi, D.Y. Li, M.J. Wireman, Information entropy, rough entropy
and knowledge granulation in incomplete information systems, Int. J. Gen.
Syst. 35 (6) (2006) 641-654.

[48] W.H. Xu, X.Y. Zhang, W.X. Zhang, Knowledge granulation, knowledge entropy
and knowledge uncertainty measure in ordered information systems, Appl.
Soft Comput. 9 (4) (2009) 1244-1251.

[49] B. Graham, D.L. Dodd, Security Analysis, McGraw-Hill, New York, 1934,

[50] S. Basu, Investment performance of common stocks in relation to their
price-earnings ratios: a test of the efficient market hypothesis, J. Finance 32
(3)(1977) 663-682.

[51] E.F. Fama, K.R. French, Value versus growth: the international evidence, ]J.
Finance 53 (6) (1998) 1975-1999.

[52] E.F. Fama, K.R. French, Size and book-to-market factors in earnings and
returns, J. Finance 50 (1) (1995) 131-155.

[53] J. van der Hart, E. Slagter, D. van Dijk, Stock selection strategies in emerging
markets, ]. Empir. Finance. 10 (1-2) (2003) 105-132.

[54] J. Sanchez-Monedero, P. Campoy-Mu noz, P.A. Gutiérrez, C. Hervas-Martinez,
A guided data projection technique for classification of sovereign ratings: the
case of European Union 27, Appl. Soft Comput. 22 (2014) 339-350.

[55] R.A. Brealey, S.C. Myers, Principles of Corporate Finance, McGraw-Hill, New
York, 2006.

[56] W.F. Sharpe, The Sharpe ratio, ]. Portf. Manage. 21 (1) (1994) 49-58.

[57] W.X. Zhang, G.F. Qiu, Uncertain Decision Making Based on Rough Sets, Science
Press, Beijing, 2005.

[58] Z.L. Yue, Extension of TOPSIS to determine weight of decision maker for group
decision making problems with uncertain information, Expert Syst. Appl. 39
(7)(2012) 6343-6350.

[59] M. Kaluszka, On risk aversion under fuzzy random data, Fuzzy Sets Syst. 328
(2017) 35-53.


http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0145
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0145
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0145
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0145
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0145
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0145
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0145
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0145
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0145
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0145
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0145
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0145
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0145
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0145
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0145
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0145
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0145
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0145
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0150
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0150
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0150
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0150
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0150
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0150
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0150
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0150
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0150
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0150
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0150
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0150
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0150
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0150
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0150
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0150
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0155
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0155
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0155
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0155
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0155
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0155
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0155
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0155
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0155
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0155
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0155
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0155
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0155
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0155
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0155
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0155
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0155
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0155
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0155
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0155
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0155
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0155
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0155
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0155
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0155
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0160
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0160
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0160
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0160
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0160
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0160
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0160
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0160
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0160
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0160
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0160
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0160
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0160
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0160
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0160
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0160
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0160
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0160
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0160
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0160
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0160
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0160
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0160
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0160
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0160
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0160
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0160
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0160
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0160
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0160
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0165
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0165
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0165
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0165
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0165
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0165
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0165
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0165
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0165
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0165
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0165
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0165
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0165
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0165
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0165
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0165
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0165
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0165
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0165
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0165
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0165
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0165
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0165
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0170
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0170
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0170
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0170
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0170
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0170
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0170
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0170
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0170
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0170
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0170
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0170
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0170
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0170
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0170
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0170
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0170
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0170
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0170
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0170
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0170
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0170
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0170
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0170
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0170
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0170
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0170
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0175
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0175
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0175
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0175
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0175
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0175
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0175
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0175
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0175
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0175
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0175
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0175
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0175
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0175
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0175
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0175
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0175
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0175
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0175
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0175
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0175
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0175
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0175
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0180
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0180
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0180
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0180
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0180
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0180
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0180
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0180
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0180
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0180
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0180
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0180
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0180
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0180
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0180
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0180
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0180
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0180
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0180
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0180
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0180
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0180
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0180
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0180
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0185
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0185
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0185
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0185
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0185
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0185
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0185
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0185
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0185
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0185
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0185
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0185
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0185
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0185
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0185
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0185
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0185
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0185
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0185
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0185
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0185
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0185
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0190
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0190
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0190
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0190
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0190
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0190
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0190
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0190
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0190
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0190
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0190
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0190
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0190
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0190
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0190
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0190
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0190
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0190
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0190
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0190
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0190
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0190
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0190
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0190
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0190
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0190
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0195
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0195
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0195
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0195
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0195
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0195
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0195
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0195
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0195
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0195
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0195
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0195
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0195
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0195
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0195
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0195
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0195
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0195
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0195
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0195
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0195
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0195
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0195
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0195
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0195
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0200
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0200
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0200
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0200
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0200
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0200
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0200
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0200
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0200
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0200
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0200
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0200
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0200
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0200
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0200
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0200
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0200
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0200
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0200
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0200
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0200
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0205
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0205
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0205
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0205
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0205
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0205
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0205
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0205
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0205
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0205
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0205
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0205
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0205
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0205
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0205
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0205
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0205
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0205
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0205
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0205
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0205
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0205
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0205
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0205
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0205
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0205
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0205
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0210
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0210
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0210
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0210
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0210
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0210
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0210
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0210
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0210
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0210
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0210
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0210
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0210
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0210
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0210
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0210
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0210
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0210
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0210
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0210
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0210
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0210
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0210
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0210
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0215
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0215
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0215
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0215
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0215
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0215
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0215
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0215
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0215
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0215
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0215
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0215
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0215
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0215
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0215
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0215
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0215
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0215
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0215
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0215
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0215
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0215
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0215
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0215
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0220
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0220
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0220
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0220
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0220
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0220
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0220
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0220
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0220
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0220
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0220
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0220
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0220
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0220
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0220
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0220
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0220
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0220
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0220
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0220
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0220
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0220
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0220
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0220
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0220
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0225
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0225
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0225
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0225
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0225
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0225
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0225
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0225
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0225
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0225
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0225
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0225
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0225
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0225
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0225
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0225
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0225
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0225
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0225
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0225
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0225
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0225
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0225
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0225
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0225
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0225
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0225
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0225
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0225
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0230
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0230
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0230
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0230
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0230
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0230
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0230
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0230
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0230
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0230
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0230
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0230
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0230
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0230
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0230
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0230
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0230
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0230
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0230
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0230
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0230
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0230
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0230
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0230
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0230
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0235
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0235
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0235
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0235
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0235
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0235
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0235
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0235
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0235
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0235
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0235
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0235
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0235
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0235
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0235
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0235
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0235
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0235
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0235
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0235
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0235
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0235
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0235
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0235
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0235
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0235
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0235
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0235
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0235
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0240
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0240
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0240
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0240
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0240
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0240
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0240
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0240
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0240
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0240
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0240
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0240
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0240
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0240
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0240
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0240
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0240
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0240
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0240
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0240
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0240
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0240
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0240
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0240
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0240
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0240
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0240
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0245
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0245
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0245
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0245
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0245
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0245
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0245
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0245
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0245
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0245
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0250
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0250
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0250
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0250
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0250
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0250
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0250
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0250
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0250
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0250
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0250
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0250
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0250
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0250
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0250
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0250
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0250
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0250
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0250
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0250
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0250
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0250
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0250
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0250
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0250
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0250
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0250
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0250
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0255
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0255
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0255
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0255
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0255
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0255
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0255
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0255
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0255
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0255
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0255
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0255
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0255
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0255
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0255
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0255
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0255
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0255
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0260
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0260
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0260
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0260
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0260
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0260
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0260
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0260
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0260
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0260
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0260
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0260
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0260
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0260
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0260
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0260
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0260
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0260
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0260
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0260
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0265
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0265
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0265
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0265
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0265
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0265
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0265
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0265
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0265
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0265
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0265
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0265
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0265
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0265
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0265
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0265
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0265
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0265
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0265
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0265
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0265
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0265
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0265
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0265
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0265
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0265
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0270
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0270
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0270
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0270
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0270
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0270
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0270
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0270
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0270
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0270
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0270
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0270
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0270
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0270
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0270
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0270
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0270
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0270
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0270
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0270
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0270
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0270
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0270
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0270
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0270
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0270
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0270
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0270
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0270
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0270
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0270
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0270
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0270
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0275
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0275
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0275
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0275
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0275
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0275
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0275
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0275
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0275
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0275
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0275
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0275
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0280
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0280
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0280
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0280
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0280
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0280
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0280
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0280
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0280
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0280
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0280
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0280
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0280
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0280
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0285
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0285
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0285
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0285
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0285
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0285
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0285
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0285
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0285
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0285
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0285
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0285
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0285
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0285
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0285
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0290
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0290
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0290
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0290
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0290
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0290
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0290
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0290
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0290
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0290
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0290
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0290
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0290
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0290
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0290
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0290
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0290
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0290
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0290
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0290
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0290
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0290
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0290
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0290
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0290
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0290
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0290
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0290
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0295
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0295
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0295
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0295
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0295
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0295
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0295
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0295
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0295
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0295
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0295
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0295
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0295
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0295
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0295
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0295
http://refhub.elsevier.com/S1568-4946(18)30388-0/sbref0295

	A cautious ranking methodology with its application for stock screening
	1 Introduction
	2 Preliminaries
	2.1 Dominance relation
	2.2 Information entropy in rough set theory
	2.3 Ranking mechanisms based on dominance relation

	3 Cautious ranking methodology
	3.1 Cautious dominance relation for interval data
	3.2 Interval data-based data representation
	3.3 Feature selection based on interval ordered conditional entropy
	3.4 Two-step ranking mechanism
	4.1 Decision process of cautious stock screening
	4.2 Initial decision table considering financial performance and market return
	4.3 Interval data transformation and sorting process
	4.4 Extracting the key financial indicators and screening out “good” stocks
	4.5 Further discussion

	5 Conclusions
	Acknowledgements
	Appendix A
	Appendix B
	Appendix C
	Appendix D
	References


