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Abstract: Interval information systems are generalized models of single-valued mnformation systems which 1s
an important formal framework for the development of data mining. In this study, in terms of introducing
dominance relations, a rough set approach in interval ordered information systems is first established. Then,
the concept of dominance entropy and dominance combination entropy in interval ordered information systems
15 come up with. Finally, through calculating of dominance entropy and dommance combination entropy in
interval information systems based on dominance relations, it is proved that in the wake of enhancement of
knowledge discernment, dominance entropy and dominance combination entropy increases monotonously.
These results give a kind of feasible approaches to discover and acquisition of knowledge n interval ordered

information systems.
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INTRODUCTION

Intelligent decision making and data mining are very
important research issues in management science field
(Cheng et al., 2006, Shi et al., 2002). Rough set theory,
proposed by Pawlak and Skowron (2007), has been used
by a tool which analyzes and calculates various types of
data. Tn many real situations, the ordering of properties of
the considered attributes plays a crucial role. However,
the classical rough set theory does not take mto account
attributes with preference-ordered domains. ITn view of
these considerations Greco ef al. (2005) put forward an
extension of rough set theory  which called the
Dominance-based Rough Set Approach (dRSA)
(Greco et al., 1998, 2001, 2002). In recent years, the DRSA
(Dembezynski et al., 2003; Shao and Zhang, 2005;
Sai et al, 2001; Facchinetti ef al, 1998) has lain in
research. Interval-valued information system 18 an
important type of data tables for the development
of data mining. Most of them are basis of the
concept of a possible degree between two mterval
numbers (X{u and Gu, 2002; Xu and Da, 2002).

Since Shannon put forward the concepts of
information entropy in 1940s, they have been widely
applied to characterize the information content in many
diverse fields. Many authors (Liang and Qu, 2001,
Liang and Xu, 2002; Slezak, 2002, 2005,
Malyszko and Stepaniuk, 2008, 2010a, b; Hu et al., 2008,
2007; Yao, 2007, Yao and Zhao, 2008; We1 ef ai., 2010,

Zhang et al., 2010, Liang ef al., 2002; Yang et al., 2011)
have made use of Shannon method to measure
uncertainty in rough set theory. A new information
entropy was put forward by Liang and Shi (2004)
and Mi et al. (2005) gave a new fuzzy entropy and applied
1t for measuring the fuzziness of a fuzzy rough set based
partition. A new combination entropy and combination
granulation Qian and Tiang (2006) was introduced to
measure the uncertainty of an mcomplete mformation
system and the relationship between these two concepts
was established. Up till now, however, how to measure
Uncertainty by concept of entropy in interval information
systems based on a dominance relation has not been
reported.

In this study, interval ordered information systems is
focused on. The main objective of this study is to put
forward the concept of entropy m interval ordered
information systems and investigate the problems of
dominance entropy and dominance combination entropy
in interval information systems based on dominance
relations. One can learn that with enhancement of
knowledge discernment, dominance entropy and
dominance combination entropy in interval ordered
information systems increases monotonously.

MATERIAL AND METHODS

Select an interval information system as research
material: The concept of dominance entropy and
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dominance combination entropy in interval ordered
mnformation systems 1s put forward. The numerical result
of both is respectively calculated. More details about the
method are described in the following sections.

Through using the method in interval mformation
system, it is proved that with enhancement of knowledge
discernment, dominance entropy and dominance
combination entropy. The validity of this method 1s better
illustrated.

RESULTS

In this study, through mtroducing dominance
relations to interval ordered information system, a rough
set approach is first established. Then, the concept of
dominance entropy and dominance combination entropy
i interval ordered nformation systems 1s put forward and
the numerical result of both is respectively calculated.

The calculation results show that dominance
combination entropy in interval ordered information
systems along with fine of knowledge classification
increases monotonously.

INTERVAL INFORMATION SYSTEMS BASED ON
DOMINANCE RELATION

In this section, some basic concepts of interval
information systems based on dominance relation are
briefly reviewed and some of its important properties are
obtained.

Definition 1: An Interval Information System (IIS) 1s a
quadruple:

IS = (U, AT, V. f)

where, Uis a finite nonempty set of objects, AT is a finite
nonempty set of attributes, V 1s equal to U, .V, and V, 1s
a domain of attribute a, f 18 UxC™V is function of an
interval information system such that f (x, a)eV, for ervey
acC, xeU where, V| 1s a set of mterval numbers. Interval
number of x under the attribute a is called:

fx, a) = <aL”"’“, auPpef>

{CH aLDWer(X) <qe g Vs (X)aLuwex(aL g UTEPer ) e R}

Definition 2: An interval information system 1s called an
Interval Ordered Information System (I0I3) if all attributes
are criterions.

It 15 assumed that domam of a criterion asC 18
completely pre-ordered by an outranking relation ~a; x>y
means that x is at least as good as (outranks) y with
respect to criterion

Definition 3: Let S = (U, AT, V, f) be an interval ordered
information system, AcAT, then:

R: = {(y,x)eUxU\y»j{}
= {(y.x) e Ux Ulz a"™ (y) = 2" (0a"" (ya"** (x)(Va e A)}

The dominance class induced by the dominance
relation RZ is the set of objects dominating x, i.e.,:

R: = {(y,x)eUxU\yh’{}
= {(y.x) e Ux Uz a"™ (y) = " (x)a"™* (y)a""* (x)(Va = A)}

From the defimtion of R
properties can be easily obtained.

and the followimng

Property 1: Let S = (U], AT, V, ) be an interval ordered
information system and AcAT, then:

RE =R

ach
s Proof: Straightforward

Property 2: Let S = (U, AT, V, ) be an interval ordered
information system and AcAT. Then:

. R: are reflexive

* R are unsymmetric and

* R are transitive

*  R: isnotaequivalence relation

Property 3: Let RZ be an interval ordered information
systemn, then:

¢ ifBc ACAT, then R} 2 R; 2R3,
. if B= A c AT, then [X]EQ[XEQ[XET
*ifyes], then [y[, < [x], and [x];, ~U{[y]. v e[x]]
»  Proof: Straightforward

When preference-orders of attributes domains

{criterion) are to be taken mto account, the classical rough
set approach 1s incapable of solve the problem.

Definition 4: Tet 3= (U, AT, V, ) be a interval ordered
information system. For any XclJ and AcAT, the lower
and upper approximations of X with respect to the
dominance relation R: are defined as follows:
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RS (%)= fre Ufx], x4}

UNCERTAINTY MEASURES IN INTERVAL
ORDERED INFORMATION SYSTEMS

In this section, the concepts of entropy n interval
ordered information systems will be introduced, then
uncertainty of interval ordered information systems is
studied. In order to generalize Shannon’s entropy in a
natural way, a new formulation s given. In the new
formulation, entropy are computed with the sum of
uncertainty of single object.

Let [ denote the dominance class in interval
ordered mformation systems induced by objects x; and
attribute set A. The uncertainty of object x; is computed
as:

‘[Xi ]Ri

—log |U‘

Definition 5: Let S = (U, AT, V, f) be an interval ordered
information system and AcAT then dominance entropy
of the set U with respect to attribute A 13 defined as
follows:

1 o ‘[Xi]Ri
Hni(U):_E'ZIOg( |U‘ )

i=1

where, Hp (U) be the average uncertainty of U, also
called dominance entropy of U with respect to A.

Example 1: An interval mformation system 1s presented in
Table 1, where U= {x1,x2, x3, x4, x5, %6, x7, x8, x9, x10%,
AT = {al, a2, a3, ad, a5}.

A an mnterval ordered information system 1s presented
m Table 1, where U= {x1,x2, x3, x4, x5, x6, x7, x8 x9, x10},
AT = {al, a2, a3, ad, a5}:

[Xl ]R§,LT :{X1=X5=X7=X8}

Tablel: An interval-valued table

18] a ay a ay a:
X 1 [0, 1] 2 1 [1, 2]
X3 [0, 1] 0 [1,2] 0 1

X3 [0, 1] 0 [1, 2] 1 1

X4 0 0 1 0 1

X 2 [1, 2] 3 [1, 2] [2, 3]
Xg [10,2] [1, 2] [1,3] [1, 2] [2, 3]
¢ 1 1 2 1 2

Xz [1, 2] [1, 2] [2,3] 2 [2, 3]
Xy [1, 2] 2 [2,3] [0, 2] 3

X1 2 2 3 [0, 1] 3

[Xi]ﬁir =KXy Ky Ky X Xy, X Ky Ky |
[X3]Rir =%, %5, X, %, X, %, )

[X4]Ri: =KX Xy Xy X K K 5K K )
[)(5]R;T ={x} [x ]RZM- = {5 % X, }
[X7]Riﬂ. ={X55X75X8}

[xs ]RZM. ={x}. [x ]Rir ={x:}. [%0 ]Rgu =%}

Let A= {a, a,} then:
[Xl]Ri={X1,X5,X7,X8,X9,Xm}
[Xz]Ri={XI,XE,XE,Xj,Xﬁ,XT,XE,Xg,Xm}
[XE]Ri:{XI,XZ,Xz,XS,Xﬁ,XT,Xx,)@,Xm}
[X4]Ri =4, X, K X X X, Xy, K, K Xy )
[X5]R3 ={X5. %0}, [%, ]Rg = {5 % K X Xy
[XT]RZA:{Xj,X?,XS,XQ,Xm}
[XS]Ri ={Xa X0 X0, X0 L [ X, ]RZA = {5 %0
[Xlulni ={%,}

From the above calculation, dominance entropy of
the set U m an interval ordered mformation system in
respect to attributes, {a,, a,}, AT are obtained as follows:

1 4 9 1 6 1 10 1 1
= ——log—log——log—log——log—log——log —log —
10 g10 & 10 g10 & 10 g10 & 10 g10 g10
1 3 1 3 1 1 1 1 1
=——log—log——log— log——log— log—— log—log— = 057103
10 OgIO & 10 OgIO]Og 10102%10]Og 10 Og10 OgIO

Io ‘[X)]

Z log 7R€.' e ?
- vl

1
HRFW)(U): _W.

1619191110112

—log———log———1lo og———log—
10 g10 10 glO 10 g10 10 g10 10 glO

Xy, Xgp..., Xyp TEpresent objects of domain. ay, as,..., a4 represent attributes of objects
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1 51 5 1 4 1 21
——log———log———log———log ——
10 10 10 10 10 10 10 10 10

log—L - 037005
10

From example 1, it may be obtained as follows.

(u)

HRiT (U) - HR?W‘;)

Moreover, one may learn that as knowledge partition
becomes finer, dominance entropy of the set U m an
interval ordered information system monotonously
Increases.

In general, the elements in an dominance relation
class in interval ordered information systems cannot be
distinguished each other but the elements 1 different
dommance relation classes can be distinguished each
other in rough set theory. In a sense, the knowledge
content of an approximation space K = (IJ, R; ) 1s the
whole number of distinguishable pairs of the elements on
the universe 1 in interval ordered information systems .
With this consideration, the deminance combination
entropy to discourse the uncertainty of mterval ordered
information systems is introduced.

Definition 6: Let S = (U, ATV, F) be an interval ordered
information system and AcAT then dominance

combination entropy of the set U with respect to attribute
A 15 defined as follows:

Example 2 (continue): Dominance combination entropy of
the set UJ in an interval ordered information system in
respect to attributes, {a,, a,}, AT as follows may be
calculated:

1 6 36 15 45 0
=— | {l-+{1-)+{(1-—=)+(1-—+(1—-—
10 ¢ 45) ¢ 45) ¢ 45) ( 45) ( 45)

3 3 0 0 0]
DD e | - 06

1 15 36 36 45 1
=—|{l-—)+1-—)+1-—)+(1-—)+0-—
10 ¢ 45) ( 45) ( 45) ( 45) ( 45)

10 10 6 1 0
02020 - a2 |- 0

From example 2, it may be obtained as follows:

CH_. (U)=CH

R (U)

:
Rlaagy

The calculation results show that dominance
combination entropy in interval ordered information
systems along with fine of knowledge classification
increases monotonously.

Proposition 1: Let R2 and R be two dominance
relations on a nonempty and finite set 1J in interval
ordered mformation systems:

R eRg = CH,, (U)2CH, (U)

R

Obviously, R;eR: as above 1s known, that is
classification of RZ is finer that of RZ.

CONCLUSION

To recapitulate, interval information systems are an
important type of data tables, which are generalized
models of single-valued mformation systems. In this
study, through introducing dominance relations to
interval ordered information system, a rough set approach
is first established. Then, the concept of dominance
entropy and dominance combination entropy mn mterval
ordered mformation systems 1z put forward and the
numerical result of both is respectively calculated. Tt is
proved that with enhancement of knowledge discernment,
dominance entropy and dominance combination entropy
in interval information systems based on dominance
relations increases monotonously. These results give a
kind of feasible approaches to discover and acquisition of
knowledge in mnterval ordered information systems.
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