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In the paper proposed two new types of the multiple granulation rough set models, where a target concept is approximated from
two different kinds of views by using the equivalence classes induced by multiple granulations. A number of important properties
of the two types of MGRS are investigated. From the properties, it can be found that Pawlak’s and Qians rough set models are
special instances of those of our MGRS. Moreover, several important measures are presented in two types of MGRS, such as rough
measure and quality of approximation. Furthermore, the relationship and difference are discussed carefully among Pawlak’s rough
set, Qian’s MGRS, and two new types of MGRS. In order to illustrate our multiple granulations rough set model, some examples
are considered, which are helpful for applying this theory in practical issues. One can get that the paper is meaningful both in the

theory and in application for the issue of knowledge reduction in complex information systems.

1. Introduction

Rough set theory proposed by Pawlak [1-3] is an extension of
the classical set theory and can be regarded as a soft comput-
ing tool to handle imprecision, vagueness, and uncertainty in
data analysis. The theory has found its successive applications
in the fields of pattern recognition [4], medical diagnosis
[5], data mining [6-8], conflict analysis [9], algebra [10-12],
and so on. Recently, the theory has generated a great deal of
interest among more and more researchers.

The classical rough set theory is based upon the clas-
sification mechanism, from which the classification can be
viewed as an equivalence relation, and knowledge granule
induced by the equivalence relation can be viewed as a
partition of the universe of discourse. In rough set theory,
two classical sets, so-called lower and upper approximations
or PawlaKs rough approximations, a constructed and any
subset of a universe of discourse can be expressed by them.
In framework based on rough set theory, an attribute set is
viewed as a granular space, which partitions the universe into
some knowledge granules or elemental concepts. Partition,

granulation, and approximation are the methods widely used
in human reasoning [13, 14]. Rough set methodology presents
a novel paradigm to deal with uncertainty and has been
applied to feature selection [15], knowledge reduction [16-
19], rule extraction [20-23], uncertainty reasoning [24, 25],
and granular computing [26-31].

In practice, due to the existence of uncertainty and
complexity of particular problem, the problem would not be
settled perfectly by means of classical rough set. Therefore,
it is vital to generalize the classical rough set model. To
overcome this limitation, classical rough sets have been
accomplished to several interesting and meaningful general
models in recent years, which include rough set model
based on tolerance relations [32], rough set model based on
neighborhood operators [33], Bayesian rough set model [34],
fuzzy rough set model [35], rough fuzzy set model [35], and
fuzzy probabilistic rough set model [3, 9, 19, 36-45].

On the other hand, information granules have played a
significant role in human cognitive processes. Information
granules refer to pieces, classes, and groups divided in



accordance with characteristics and performances of complex
information in the process of human understanding, reason-
ing, and decision making. Such information processing is
called the information granulation. Zadeh firstly proposed
and discussed the issue of fuzzy information granulation
[46] in 1979. Then, the basic idea of information granulation
has been applied to many fields, such as theory of rough
sets [1, 2, 47], fuzzy sets [14, 48], and evidence theories
[49], and a growing number of scholars are concerned
about the discipline. In 1985, Hobbs proposed the concept
of granularity [50]. Zadeh firstly presented the concept of
granular computing [46] in the period from 1996 to 1997.
At this time, granular computing has played a more and
more important role in soft computing, knowledge discovery,
and data mining, and ones have achieved a large amount of
excellent results [19, 27, 30, 51-58].

However, in essence, the approximations in the past
approaches are still based on a singleton granulation induced
from an indiscernibility relation, which can be applied to
knowledge representation in distributive systems and groups
of intelligent agents. In view of granular computing, an
equivalence relation on the universe can be regarded as a
granulation, and a partition on the universe can be regarded
as a granulation space [56, 59]. Hence, the classical rough
set theory is based on a single granulation (only one equiv-
alence relation). Note that any attribute set can induce a
certain equivalence relation in an information system. In
the literature, to more widely apply the rough set theory
in practical applications, Qian et al. [60] extended Pawlak’s
single-granulation rough set model to a multi granulation
rough set model (MGRS), where the set approximations are
defined by multiple equivalence relations on the universe.

The main objective of this paper is to extend Pawlak’s
single-granulation rough set model and Qian’s multigranu-
lation rough set model (MGRS) to two new types of multiple
granulation rough set model, where the set approximations
are defined by using multiple equivalence relations on the
universe. The rest of the paper is organized as follows. Some
preliminary concepts in Pawlak’s rough set theory and main
concepts in Qian’'s MGRS are briefly reviewed in Section 2.
In Sections 3 and 4, for an information system, based on
multiple equivalence relations, two new types of multiple
granulation rough set model are obtained, respectively, where
a target concept is approximated from two different kinds of
views by using the equivalence classes induced by multiple
granulations. And a number of important properties of the
two types of MGRS are investigated. It is shown that some
of the properties of Pawlak’s and Qian’s rough set theory are
special instances of those of our MGRS. Several important
measures are presented in two types of MGRS, such as
rough measure, quality of approximation. In Section 5, the
relationship and difference are discussed among Pawlak’s
rough set, Qian’s MGRS, and two new types of MGRS.
Furthermore, to illustrate our multiple granulations rough set
model, some examples are presented, which are helpful for
applying this theory in practical issues. And finally, the paper
is concluded by a summary and outlook for further research
in Section 6.
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2. Preliminaries

The following recalls necessary concepts and preliminaries
required in the sequel of our work. Detailed description of
the theory can be found in the literatures [1-3, 19, 60].

2.1. Pawlak’s Rough Set. The notion of information sys-
tem (sometimes called data tables, attribute-value systems,
knowledge representation systems, etc.) provides a conve-
nient tool for the representation of objects in terms of their
attribute values.

An information system is an ordered quadruple ¥ =
(U, AT, V, f), where

(1) U = {uy, u,, ..., u,} is anonempty finite set of objects,
(ii) AT. = {a;,a,...,a,} is a nonempty finite set of
attributes,

(iii) V' = Uzear Vi, and V, is a domain of attribute a,

(iv) f : U x AT — V is a function such that f(u,a) €
V,, for every a € AT, x € U, called an information
function.

An information system with the decision is a special
case of information systems in which, among the attributes,
we distinguish the ones called decision attribute. The other
attributes are called condition attributes. Therefore, .¥ =
(U,Cu{d},V, f)and Cn{d} = ¢, where sets C and {d} are the
condition attributes and the decision attribute, respectively.

Let ¥ = (U, AT, V, f) be an information system, for A €
At, and denote

R, ={wv) eUxU| f(w,a)= f (v,a),Va € A}, (1)

then R, is reflexive, symmetric, and transitive. So it is an
equivalence relation on U.
Moreover, denote
(s = {veU| (uv) € Ry},
U )

e {ul4, Yu € U},

then [u] 4 is called the equivalence class of u,and U/ A is called
the equivalence class set of U. For equivalence classes and
equivalence relations, the following properties hold.

(i) If BC A, thenR, C Ry.
(ii) If B € A, then [u] 4 < [u]p.
(iii) If v € [u] 4, then [u] 4 = [v] 4.
For any subset X ¢ U and A < AT in information
system . = (U, AT,V, f), the Pawlak’s lower and upper

approximations of X with respect to equivalence relation R 4
could be defined as follows (see [1-3,19]):

R, (X)={ueU|[ul, <X},

_ (3)
Ry(X)={ueU|[ul,nX+0}.

The area of uncertainty or boundary is defined as

Bnd, (X) = Ry (X) - Ry (X). (4)
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To measure the imprecision and roughness of a rough set,
Pawlak recommended that X # @ has the ratio

_|Ra )]
Ry (x)|

pa(X) =1 5)

which is called the rough measure of X by equivalence R,.

Furthermore, for an information system with the decision
J = (U,Cu{d},V,f)and A < C, a frequently applied
measure for the situation is the quality of approximation of
R, by R, also called the degree of dependency. It is defined
as

k
y(A,d) = Y R, (D), ©
|U| j=1 -

where R; = {(u,v) e UxU | g(u,d) = g(v,d)},and U/d =
{luly, for all u e U} = {D,, D,, ..., D}

2.2. Qian’s Multiple Granulation Rough Set. In the rough
set model MGRS, unlike Pawlak’s rough set theory, a target
concept is approximated through multiple partitions induced
by multiple equivalence relations [60]. In the following, we
recall the relevant concepts about MGRS, and the description
in detail can be found in [60].

Suppose that ¥ = (U,AT,V, f) is an information
system, and P;, P,,..., P,, are m-attribute subsets. A lower
approximation and an upper approximation of X are related
to P, P,,..., P, by the following:

iPiX=U{u | [“]P,- c X, for someiSm},
i=1

m m )
D PX =) P(~X).
i=1 i=1

Similarly, the boundary region in MGRS can be expressed
as

Bndsn p (X) = i PX\ i PX. (8)

i=1 i=1

Figure 1 shows the difference between Pawlak’s rough set
model and the MGRS model.

From the figure, we can find that the bias region is
the lower approximation of a set X obtained by a single
granulation P U Q, which are expressed by the equivalence
classed in the quotient set U/(P U Q), and the shadow region
is the lower approximation of X induced by two granulations
P + Q, which are characterized by the equivalence classes in
quotient set U/P and the quotient set U/Q.

3. The First Type of Multiple
Granulation Rough Set

In this section, we will propose the first type of multiple
granulation rough set.

(x)p

(]

(*¥)o

k—r— W

y)r——

_/

Lower approximation under a granulation
[ Lower approximation under multigranulations

FI1GURE 1: Difference between Pawlak’s rough set model and MGRS.

3.1. The First Type of Two Granulation Rough Set. We first
discuss the first type of two granulation approximations
of a target set by using two equivalence relations in an
information system.

Definition 1. Let J = (U, AT,V, f) be an information system
and B, A € AT. The operators FR,,z and FR, 5 : P(U) —
P(U) are defined as follows. For all X € 2(U),

FR,,5(X) ={u| [ul, € Xor [u]g € X},

_ )
FRup (X) = {u | [ul4 N X #0, [ulpN X #0}.

We call them the first type of two granulation lower and
upper approximation operators, and we call FR,, 5(X) and

FR,_ p(X) the first type of two granulation lower approxima-
tion set and upper approximation of X, respectively.
Moreover, if FR, 5(X) # FR 4, 5(X), we say that X is the

first type of rough set with respect to the two granulation
spaces A and B. Otherwise, we say that X is the first type of
a definable set with respect to the two granulation spaces A
and B.

The area of uncertainty or boundary region of this rough
set is defined as

Bndp (X)=FRy5(X) - FRyp(X).  (10)

It can be found that the first two granulation rough set will
be Pawlak’s rough set when two granulation spaces A and B
satisfy A = B. To describe conveniently in our context, we
express the first type of two granulation rough set by using
the 1st TGRS.

In Qian’s MGRS, the upper approximation set is char-
acterized by the complementary set of the lower approxi-
mation of the complementary target concept X, which is
not consistent with Pawlak’s rough set. However, by the
previous definition, it can be seen that the 1st TGRS lower
and upper approximations are consistent with Pawlak’s rough
set. Furthermore, ones can find that the 1st TGRS lower
and upper approximations are defined through using the
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FIGURE 2: The 1st TGRS in an information system.

equivalence classes induced by multiequivalence relations in
an information system, whereas Pawlak’s lower and upper
approximations are represented via those derived by only on
equivalence relation.

One can understand the first two granulation rough
set and show the difference between the Qian’s MGRS and
Pawlak’s rough set through Figure 2.

Just from Definition 1, we can obtain the following prop-
erties in the 1st TGRS in an information system.

Proposition 2. Let . = (U, AT,V, f) be an information
system, B,A € AT and X < U. Then the following properties
hold.

(FL,) %(X) C X (Contraction),

(FU,) FR,,5(X) 2 X (Extension),

(FL,) FRyyp(~ X) =~ FRu,5(X)  (Duality),
(FU,) FRy,5(~ X) =~ FRy,5(X)  (Duality),
(FL3) FRy,5(0) =0 (Normality),

(FU;) FR,,5(0) =0 (Normality),

(FL,) %(U) =U (Conormality),

(FU,) FR,,z(U) =U (Conormality),

(FLs) FRy, 5(X) = FRp, 4(X) (Commutativity),

(FUs) FR, 5(X) = FRp 4(X) (Commutativity).

Proof. It is obvious that all terms hold when A = B. When
A # B, the proposition can be proved as follows.

(FL,) For any u € FR,_ 5(X), it can be known that [u], <
X or [u]y € X by Definition 1. However, u € [u], and u €
[u] 5. So we can have u € X. Hence, FR,,5(X) <€ X.
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(FU,) For any u € X, we have u € [u], and u € [u]g. So
[ul], N X#0 and [u]g N X #0, that is to say, u € FR, p(X).
Hence, X € FR,, 5(X).

(FL,) For any u € FR,, 3(~ X), then

u€FRyp(~X) & [u], <~ X, or [u]g <~ X,

= ulp,nNX=0,or [ulznX=0,
(11)
= u ¢ FR,,5(X),

& ue~FR, z(X).

Hence, FR ,p(~ X) =~ FR,5(X).

(FU,) By (FL,), we have FR , 5(X) =~ FR,,5(~ X). So it
can be obtain that ~ FRA+B(X)—:m(~ X).

(FL;) From (FL,), we have FR,,5(0) < 0. besides, it is
well known that @ € FR,_ 5(0). So, FR,, 5(0) = 0.

(FU,) If m(@) +0, then there must exist a u €
FR, 5(0). So we can find that [u] , N 0#0 and [u]z N 0 +0.
Obviously, this is a contradiction. Thus, FR 4, 5(0) = 0.

(FL,) FR,, 5(U) = FR, 5(~ 0) =~ FR,, 5(0) =~ 0 = U.

(FU,) FR,,5(U) = FR,, (~ 0) =~ FR,, 5(8) =~ 0 = U.

(FL;) and (FU;) can be proved directly by Definition 1.

O

In order to discover the relationship between the Ist
TGRS approximations of a single set and the 1st TGRS
approximations of two sets described on the universe, the
following properties are given.

Proposition 3. Let ¥ = (U, AT,V, f) be an information
system, B, A € AT and X,Y < U. Then the following properties
hold.

(FLg) FRy p(X N Y) < FR,p(X) N FRyp(Y) (L-
Multiplication),

(FUg) FRy,5(X U Y) 2 FRy,p(X) U FR, z(Y) (L-
Addition),

(FL;) X €Y = FR, 5(X) € FR, 5(Y) (Granularity),

(FU;) X €Y = FR,, 5(X) € FR,,5(Y) (Granularity),

(FLg) FR,,5(X U Y) 2
Won),

(FUy) FR, 4(X N Y)
Multiplication).

FR,,5(X) U FR,,5(Y) (U-

N

FR, 5(X) N FR,,4(Y) (U-

Proof. It is obvious that all terms hold when A = Bor X =
Y. When A+ B and X #7Y, the proposition can be proved as
follows.

(FLg) For any u € FR,,5(X NY), we have that [u], <
(X NY)or[ulg € (X NY) by Definition 1. Then, it can be
obtained that [u], € X and [u], € Y hold at the same time
or [ulp € X and [u]z € Y hold at the same time. So, not
only [u], € X or [u]lg € Xhold,but [u], CYor[ulpcY
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hold at the same time. That is to say that u € FR,, z(X) and
u € FR,,5(Y), thatis, u € FR,, z(X) N FR,, 5(Y).
Hence, FR,, 5(X NY) € FR,, 5(X) N FR, 5(Y).

(FUg) For any u € FRy, p(X) U FR,, p(Y), we have u €
FR, p(X) oru € FRy, p(Y). Then [u], N X#0 and [u]z N
X #0 hold at the same time or [u], N Y # 0 and [u]; NY #0
hold at the same time. So, not only [u], N (X UY) #0 hold,
but [u]z N (X UY)#0 hold. Thatistosay u € FR, z(XUY).

Hence, FR, z(X NY) 2 FR,, p(X) U FR,, 5(Y).

(FL,) Since X < Y, one can have X N Y = X. Then,
FR, . p(X NY) = FR,,(X). Besides, it can be found that
FR,,5(X NY) € FR, 4(X) N FR,, 5(Y) by (FL,). So, we can
obtain that FR, p(X) € FRy, 5(X) N FR, 5(Y), that is to say
that FR,, 5(X) = FR,4,5(X) N FR 4, g(Y).

Thus, FR,, 5(X) € FR,,5(Y).

(FU;) Since X < Y, one can have X UY = Y. Then,
FR,,5(XUY) = FR, 5(Y). In addition, it can be found that
FR, 5(XUY) 2 FR,, 5(X)UFR, 5(Y) by (FUy). So, we can
obtain that FR,, 5(Y) 2 FR,, 5(X) U FR,, 5(Y), that is to say
that FR,, 5(Y) = FR,5(X) U FR, 5(Y).

Thus, FR,, 5(X) € FR,, 5(Y).

(FUg) Since X € XUY andY € X UY, by (FL,) it can be
obtained that

FRy,p(X) € FRy, 3 (X UY),

(12)
FRy g (Y) € FRy g (X UY).

So, we have FR 4, 5(X) U FR,5(Y) € FR, z(X UY).
(FUg) Since XNY € X and XNY <Y, by (FU,) it can be
obtained that

FR,,5(XNY)CFR, 5 (X),

o . (13)
FR,,s(YNY)<CFR, 5(Y).
So, we have FR, . 5(X NY) € FR, 5(X) N FR,, p(X).
The proposition was proved. O

Here, we employ an example to illustrate the previos
concepts and properties with respect to the 1st TGRS.

Example 4. Table 1 depicts an information system containing
some information about an emporium investment project.
Locus, investment, and population density are the conditional
attributes of the systems, whereas Decision is the decision
attribute. In the sequel, L, I, P, and D will stand for locus,
investment, population density and {Decision}, respectively.
The domains are as follows: V; = {B—Bad, C—Common,
G—Good, G"—Better}, V;, = {H—High, L—Low}, V, =
{B—Big, S—Small, M—Medium}, and V, = {Y—Yes, N—
No}.
From the table, we can find that

Ry = {up, ug) g ugh s {us, ug} s {us, ugh
Rp = {{”1’”2}>{u3’u4’ ”5}»{’/‘6’ ”7’”8}}’ (14)

Ryup = Hnhs {uahs {us uad s {ush s {ugh s {ur} s {ug}}

And, if we take X = {uy, u,, ug, ug}, then by computing we
have

FRy,p (X) = {uy, uy, ug},
(15)
FRp,p(X) = {”1’ Uy, Ug, Uy, “8} .

However, the lower approximation and upper approxima-
tion of X based on PawlaK’s rough set are

Ry (X) = {uy, ug},
Ry (X) = {uy, 1y, tis, U, 14y, tg} 5

Rp (X) = {uut,
- (16)
Rp (X) = {”1’”2’“@”7’”8} >

@(X) = {“1»”2>”6)”s} >
Ryup (X) = {uy, thy, g, g} .
Obviously, one can check the following properties.
Ry (X) U Ry (X) = FRyp (X),
Ry (X) NRp (X) = FR,p (X)), (17)

FRy,p(X) SRy p(X) € X S Rpyp(X) € FRy,p (X).

3.2. The First Type of Multiple Granulation Rough Set. In
this subsection, we will consider the first type of multiple
granulation approximations of a target set by using multiple
equivalence relations in an information system.

Definition 5. Let ¥ = (U, AT, V, f) bean information system,
AL A,,...,A, C AT be attribute subsets (s < 2471), and
Ry Ry,s..., Ry be equivalence relations, respectively. The
operators FRys , and FRys , : P(U) — P(U) are

defined as follows. For all X € 2(U),

FRy: a4, (X) = ‘[u 1/ (1ula, < X)} ,

(18)

FRy:  a,(X) = {u | A\ ([l 0 Xi@)} ,
i=1

where “V” means “some”, and “A” means “all” We call them
the first type of multiple granulation lower and upper approx-
imation operators, and we call FRy: 4,(X) and FRys 5 (X)

the first type of multiple granulation lower approximation set
and upper approximation of X, respectively.
Moreover, if FRys A, (X # FRy: 4, (X), we say that X is

the first type of rough set with respect to multiple granulation
spaces Ay, A,,...,A,. Otherwise, we say that X is the
first type of definable set with respect to these multiple
granulation spaces.
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TABLE 1: An information system about emporium investment project.
Project Locus Investment Population density Decision
u, C L B N
u, G* H B Y
U, B L S N
Uy B H S N
Us G L S N
U G H M Y
u, C H M Y
Ug G* H M Y

Similarly, the area of uncertainty or boundary region of
this rough set is defined as

Bndﬁz (X) = FRy: 4 (X) = FRy: 4 (X). (19)

S .
i1 Ai

To describe conveniently the ideas in our context, we
express the first type of multiple granulation rough set by
using the Ist MGRS. Moreover, one can obtain the following
properties of the Ist MGRS approximations.

Proposition 6. Let . = (U, AT,V, f) be an information
system, A; C AT, i=1,2,...s, and X € U. Then the following
properties hold.

(FL,) FRy: A,(X) € X (Contraction),

(FU,) m(X) 2 X (Extension),

(FL,) FRy: 4 (~ X) =~ mo{) (Duality),
(FU,) FRy: , (~ X) =~ FRy: 4 (X) (Duality),
(FLy) FRy: o @) =0 (Normality),

(FU5) m(@) =0 (Normality),

(FL,) FRZLI A,.(U) =U (Conormality),

(FU,) E(U) =U (Conormality),

(FLs) FRy: Ai(X) = %(X) (Commutativity),

(FUs) FRys Ai(X) = FRp 4(X) (Commutativity).

Proof. The proof of these items is similar to Proposition 2.
O

Proposition 7. Let . = (U,AT,V, f) be an information
system, A; € AT, i = 1,2,...s and X,Y < U. Then the
following properties hold.

(FLg) FRy: 4 (X NY) € FRy: 4 (X) N FRys 4 (Y) (L-

Multiplication),

(FUg) FRys 4 (X UY) 2 FRy: 4 (X) UFRy: A (V) (L-
Addition),

(FL,) X c Y = FRy: 4 (X) c

FRZ?:l A,.(Y) (Granularity),

(FU7) X C Y =
FRys A, (Y) (Granularity),

(FLg) FRZf:l Ai(X U Y) 2 FRZle Ai(X) U FRz’s:1 Ai(Y) (U_
Addition),

(FUg) FRy: 4 (X NY) € FRys 4 (X)NFRy: 4 (Y) (U-
Multiplication).

FRy: 4(X) <

Proof. The proof of these items is similar to Proposition 3.
O

Next, we will investigate several elementary measures in
the 1st MGRS and their properties.

Uncertainty of a set (category) is due to the existence of
a borderline region. The bigger the borderline region of a set
is, the lower the accuracy of the set is (and vice versa). To
more precisely express this idea, we introduce the accuracy
measure to the 1st MGRS as follows.

Definition 8. Let F = (U, AT, V, f)beaninformation system,
A; CAT,i=1,2,...s,and X ¢ U. The Ist rough measure of
XbyY;  A;is defined as

|FR - (X)]
21:1 AY
P§§ A (X) =1- (20)

o [FRy: 4, (O
where X # 0.

From the definitions, one can derive the following prop-
erties.

Proposition 9. Let . = (U, AT,V, f) be an information
system, A; € AT, i=1,2,...s,and X C U. Then

pa, (X) = pse 4 (X) 2 pye g (). (1)
Proof. By Corollary 32, we have
Ry, (X) € FRy; 4, (X),

> _ (22)
Ry (X) 2 FRy: 4 (X).
And by Corollary 40, we have
FRZ;:I A (X) S RuleAi (X) >
(23)

FRZle Aj (X)2 RU?:lAi (X).
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So, the following hold:

R, (X |FR (X )| A (X )‘
| A )| YA o
[Ra, O]~ [FRy; 4, 0]~ 'Ru;lA,- )
Hence, by the Definition 8, we have
Pa, (X2 Py a2 py 2, (0. (29)
The proof was completed. O

Example 10 (continued from Example 4). Computing the Ist
rough measures of X = {u,, u,, ug, ug} by using the results in
Example 4, it follows that

R (X)| 2
pL(X):1_|: ':g’
R, (x)]
-1- 23
Pp =
IRP x| 5
(26)
oo (X) = |RLUP (X)'
op(A) = 1= —"7 =
[Ruwe (X)]
. |FRu» (X)] 2
pLp(0=1- =22 =2
|FR.p (X)|
Clearly, it follows from the earlier computation that
pr(X) = PIlj+P (X) = prop (X)
(27)

pp(X) 2 prop (X) 2 prp (X).

Note that the rough measure of a target concept defined
by using multiple granulations is always much better than that
defined by using a single granulation, which is suitable for
more precisely characterizing a target concept and problem
solving according to user requirements.

Definition 11. Let F = (U,C U {d},V, f) be a decision table,
A, €C,i=12,...,sand, {D;,D,,...,D;} be all decision
classes induced by decision attribute d. Approximation qual-
ity of d by Y;_, A;, called the Ist degree of dependence, is
defined as

s 1 k
Apd )= (|FRy; o)
VF<Z ) U1 &

i=1

FRy: , (D; )l> (28)

This measure can be used to evaluate the deterministic
part of the rough set description of U/d by counting those
objects which can be reclassified as blocks of U/d with the
knowledge given by >\_, A;. Moreover, we have the following
properties with respect to the above definition.

Proposition12. Let 7 = (U,CU{d},V, f) be a decision table,
A, cCi=1,2,...,s,andlet {D,,D,,...,D.} be all decision
classes induced by decision attribute d. Then

Y(Aiad)SYF<ZS:Ai>d>5V<0Ai’d>' (29)
i=1 i=1

Proof. Forevery D;, j =1,2,...,k, by Corollaries 32 and 40,

we have

R, (D;) € FRy: 4, (Dj) SRy 4, (D;).  (30)

So,

<

Ra, (P)] < [FRsz, . (P)] < [Resa, (P)] - 00

Hence, by Definition 11, we have

(Avd)<yF<ZA,,d><y(L_sJ d). (32)

i=1

The proof was completed. O

Example 13 (continued from Example 4). Computing the
degree of dependence of X = {u;, u,, ug, ug}.
From Table 1, we can have U/D = {Dy, Dy} and

Dy = {”2> Ug> Uz, ”8} >
(33)
Dy = {”1’ Us, ”4>”5} .

Moreover, the following can be computed by Table 1 and
the results of Example 4,

&(DY) = {u, us},
Rp (Dy) = {ug> u7, ug}»
@(DY) = {uy, ug, 7, ug},
%(DY) = {”2>”6>”7’”8} >
(34)
&(DN) = {us, uy},
Rp (Dy) = {us, upoust,
@(DN) = {uy, 3, ug, ust,
FRL+P (Dy) = {uz, ug, us} .

So, we have
y(L.D) = IUI (IR, (Dy)] + |Re (Dy)]) =

_L
2’
P,D)= Rp (Dy)| + [Rp (D ;
y (P, )—ﬁ('_p(y| Ry (Dy)]) = T

1

y(LUP,D) = ﬁ ('RLUP (DY)| + |RLUP (DN)D =1

7
Ve(L+P,D)= 'FRL+P (DY)| 'FRL+P (DN)D 3

(35)

Hence, it can be found that

y(L,D) <y (L+P,D) <y (LUP,D),

(36)

y(P,D) < y; (L+P,D)<y(LUP,D).



4. The Second Type of Multiple
Granulation Rough Set

In this section, we will consider another multiple granulation
rough set.

4.1. The Second Type of Two Granulation Rough Set. We first
discuss the second type of two granulation approximations
of a target set by using two equivalence relations in an
information system.

Definition 14. Let ¥ = (U, AT,V, f) be an information
system and B, A € AT. The operators SR, 3 and SR, 5 :
PU) - P(U) are defined as follows. For all X € F(U),

FRuyp(X) = {u| [uls € X, [u]p € X} ,
. (37)
FRy 5 (X) = {u | [ul 4N X #0, or [u]zn X #0}.

We call them the second type of two granulation lower and
upper approximation operators, and we call SR, 53(X) and

SR 4, 5(X) the second type of two granulation lower approxi-
mation set and upper approximation of X, respectively.
Moreover, if SR, 5(X) # SR 4, 5(X), we say that X is the

second type of rough set with respect to two granulation
spaces A and B. Otherwise, we say that X is the second type
of definable set with respect to two granulation spaces A and
B.

The area of uncertainty or boundary region of this rough
set is defined as

Bndy (X)=SRyp(X) - SRas(X).  (38)

It can be found that the second two granulation rough set
will be Pawlak’s rough set when two granulation spaces A and
B satisty A = B. To describe conveniently in our context, we
express the second type of two granulation rough set by using
the 2nd TGRS.

By the previos definition, it can be seen that the 2nd
TGRS lower and upper approximations are consistent with
PawlaK’s rough set. Furthermore, one can find that the 2nd
TGRS lower and upper approximations are defined through
using the equivalence classes induced by multi equivalence
relations in an information system, whereas Pawlak’s lower
and upper approximations are represented via those derived
by only one equivalence relation. And the 2nd TGRS lower
and upper approximations are dual with the 2nd TGRS lower
and upper approximations.

One can understand the second two granulation rough set
and show the difference between the Ist TGRS and Pawlak’s
rough set through Figure 3.

Just from Definition 14, we can obtain the following
properties in the 2nd TGRS in an information system.

Proposition 15. Let ¥ = (U, AT,V, f) be an information
system, B,A € AT and X < U. Then the following properties
hold.

(SL;) SR, 5(X) € X (Contraction),
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[ SRa:s(X)

- SRA+B(X) -~ RB

FIGURE 3: The 2nd TGRS in an information system.

(SU,) m(X) 2> X (Extension),

(SL,) SRy4p(~ X) =~ SR, 5(X)  (Duality),
(SUy) SR, p(~ X) =~ SRy,5(X)  (Duality),
(SL5) SRﬂ(@) =0 (Normality),

(SU;) SR, 5(0) =0  (Normality),

(SL,) SRﬂ(U) =U (Conormality),

(SU,) SR, z(U) =U (Conormality),

(SLg) SR, 5(X) = SRp, 4(X) (Commutativity),

(SUs) SR, 5(X) = SRp, 4(X) (Commutativity).

Proof. It is obvious that all terms hold when A = B. When
A # B, the proposition can be proved as follows.

(SL,) For any u € SR, 5(X), it can be known that [u], <
X and [u]z € X by Definition 14. However, u € [u], and
u € [u]g. So we can have u € X. Hence, SR 4, 5(X) € X.

(SU,) For any u € X, we have u € [u], and u € [u]g. So
[u] ,NX #0and [u] gNX # 0, which imply that u € FR,_ 5(X).
Hence, X € SR, p(X).

(SL,) For any u € SR, g(~ X), then

ueSRyup(~X) = [u], <~ X, [ulg <~ X,
S ul,NX=0,ulzgnX=0,
(39)
—u¢ SR, 5(X),

& ue~SR, 5(X).

Hence, SR, g(~ X) =~ SR, 5(X).
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(SU,) By (SL,), we have SR, 5(X) =~ SR, 5(~ X). So it
can be obtained that ~ SR, 5(X) = SR, 3(~ X).

(SL;) From (SL,), we have SR, 5(0) € 0. Besides, it is well
known that @ € SR ., 5(0). So, SR 4, 5(0) = 0.

(SU,) If mm) #0, then there must exist a u €
SR, 5(0). So, we can find that [u], N @#0 or [u]z N 0 +#0.
Obviously, this is a contradiction. Thus, SR 4, 5(9) = 0.

(SL,) SR, 5(U) = SR 4, 5(~ 0) =~ SR, z(0) =~ 0 = U.

(SU,) SR, 5(U) = SRy, g(~ B) =~ SR, 5(#) =~ @ =U.

(SLs) and (SU;) can be proved directly by Definition 14.

O

In order to discover the relationship between the 2nd
TGRS approximations of a single set and the 2nd TGRS
approximations of two sets described on the universe, the
following properties are given.

Proposition 16. Let 5 = (U, AT,V, f) be an information
system, B, A € AT and X,Y < U. Then the following properties
hold.

(SLg) SRy, 5(X Nn'Y) =
Multiplication),

SR, 5(X) N SR, 5(Y) (L-

(SUy) SR, 5(XUY) = SR, s(X)USR, 5(Y) (L-Addition),

(SL,) X €Y = SR, 5(X) € SR,.5(Y) (Granularity),

(SU,) X €Y = SR, 5(X) € SR,,.5(Y) (Granularity),

(SLg) SR, 5(XUY) 2 SR, s(X)USR,,, x(Y)  (U-Addition),

(SUg) SRy, 5(X NnY) ¢
Multiplication).

SR, 5(X) N SR, 4(Y) (U-

Proof. It is obvious that all terms hold when A = Bor X =
Y. When A # B and X #Y, the proposition can be proved as
follows.
(SL¢) Forany u € SR, z(XNY), by Definition 18 we have
ueSRLE(XNY) = [u]l, < (XnY ), [ulgc(XnY),

= [u], X, [u]y €Y,

[ulg< X, [ulgcY

= u], <X [ulgcX,

[ulo €Y, [ulp <Y,

& u€SR,,5(X), ueSR,y5(Y),

—uecSR, 5 (X)NSR,,z(Y).
(40)

Hence, SR, 5(X NY) = SRy, 5(X) N SR, 5(Y).

(SUg) Forany u € SR, 5(XUY), by Definition 18 we have

u € SR, 5(XUY)
= (U], N(XUY ) #£0,or [ulzN(XUY) #0,
= [u],NX+0, or [u], NY #0,
or [ulgNX#0,or [ulgNY +#0,
(41)
= [u]p,NX#0, or [ulgNX+0,
or [ul],NY +#0, or [ulgNY #40,

& ueSR, 5(X),orueSR,, 5(Y),

= u€SR, 5 (X)USR,,5(Y).

Hence, SR, 5(X UY) = SR, 5(X) USSR, 5(Y).

(SL;) Since X € Y, one can have X N Y = X. Then,
SR,.5(X NY) = SR,,5(X). Besides, it can be found that
SR, 5(X NY) = SR, 5(X) N SR, 5(Y) by (SL¢). So, we can
obtain that SR 4, 5(X) = SR, 5(X) N SR, 5(Y), that is to say
that SR, 5(X) € SR, 5(Y). o

(SU,) Since X < Y, one can have X UY = Y. Then,
SR, 5(X UY) = SR, 5(Y). Besides, it can be found that
SR, (X UY) = SR, 5(X) USR,,5(Y) by (SUy). So, we can
obtain that SR, 5(Y) = SRy, 5(X) U SR, 5(Y), that is to say
that SR 4, 5(X) € SR, 5(Y).

(SUg) Since X € XUY andY € X UY, by (SL,) it can be
obtained that

SRa.p (X) € SRy, p (X UY),

(42)
SRA+B (Y) < SRA+B (X u Y) .

So, we have SR, 5(X) USR 4, 5(Y) € SR, z(X UY).
(SUg) Since XNY ¢ Xand XNY C Y, by (SU,) it can be
obtained that

SRA+B (X n Y) S SRA+B (X) >

o o (43)
SR, ;(YNY) S SR, 5 (V).
So, we have SR 4, 5(X NY) € SR, 5(X) N SR, 5(X).
The proposition was proved. O

Example 17 (continued from Example 4). In Example 4, we
have known that

Ry = {{”1’”7} > {”2’”8} > {”3>”4} > {“5’”6}}’
Rp = {{uy, uy}, {ug, ug, us}, {ug, ug, ugl} (44)

Ryp = {{fun} {ua} fus g} us) {ueh {ur} s {ush}

And, if we take X = {u,, u,, ug, ug} again, then by computing
we have

SRpp (X) = {u,},
_ (45)
SRL+P (X) = {ula Uy, us, ”6’ 1/[7, uS} .



10

However, the lower approximation and upper approxi-
mation of X based on Pawlak’s rough set were obtained in
Example 4 as follows:

Ry (X) = {uy us},

Ry (X) = {uy, g, s, g, Uy, ug}

Rp (X) = {u o},

- (46)
Rp (X) = {ul’uza”@”%“s} >
Rpp (X) = {uy, uy, ug, ug},

Rpp(X) =
So, one can check the following properties.

R, (X) N Rp (X)

{”1”/‘2’”6)”8}-

= FRL+P (X),
R, (X)URp(X) = SR, (X), (47)

FRy,p(X) S Ry p(X) € X € Ryyp(X) € FRp,p (X).

4.2. The Second Type of Multiple Granulation Rough Set. In
this subsection, we will consider the second type of multiple
granulation approximations of a target set by using multiple
equivalence relations in an information system.

Definition 18. Let ¥ = (U, AT,V, f) be an information
system, A}, A,,...,A, C AT attribute subsets (s < 21",
andR, ,R, ,...,R,_equivalence relations, respectively. The
operators SRys and SRys 4, PU) » P(U)aredefined

as follows. For all X € 2(U),

SRy (0 = {u|/\(u]A )}

(48)

i=1

|00mmnx¢m},

SRy: 4, (X) = {”

where “v” means “some” and “A” means “all” We call
them the second type of multiple granulation lower and
upper approximation operators, and we call SRys , (X)

and SRys 4 (X) the second type of multiple granulation
lower approximation set and upper approximation of X,
respectively.

Moreover, if SRys A, (X) #SRy: 4, (X), we say that X

is the second type of rough set with respect to multiple
granulation spaces A, A,,...,A,. Otherwise, we say that
X is the second type of definable set with respect to these
multiple granulation spaces.

Similarly, the area of uncertainty or boundary region of
this rough set is defined as

Budy, |, () =Ry 4 (X)= SRy, 4, (X).  (49)
To describe conveniently in our context, we express the

second type of multiple granulation rough set by using

ISRN Applied Mathematics
the 2nd MGRS. Moreover, one can obtain the following
properties of the 2nd MGRS approximations.

Proposition 19. Let J =
system, A; € AT, i=1,2,..

(U, AT,V, f) be an information
.5, and X € U. Then the following

properties hold.
(SL,) SRZ;:1 A (X)cX (Contraction),
(SU)) SRZLIA,-(X) 2 X (Extension),

(SLy) SRys 4, (~ X) =~ SRy: 4 (X) (Duality),

(SU,) SRys 4. (~ X) =~ SRys 4 (X) (Duality),

(SL,) SRZ,; A,-(Q) =0 (Normality),
(SU3) SRZL] A{((Z)) =0 (Normality),
(SLy) SRZ;1 A )=U (Conormality),
(SUy) SRys 4, (U)=U (Conormality),
(SLs) SRy: 4,(X) = SRp,4(X) (Commutativity),
(SUs) SRZ,Z]A (X) = SRp, 4(X) (Commutativity).

Proof. The proof of these items is similar to Proposition 15.
O

Proposition 20. Let & = (U, AT,V, f) be an information
system, A; € AT, i = 1,2,...s, and X,Y < U. Then the
following properties hold.

(SLe) SRy, a (XNY) S SRy 4 (X)NSRy: 4 (V)
(L-Multiplication)
(SUs) SRy: 4, (XUY)2SRy: 4 (X)USRy: 4 (V)
(L-Addition),
(SL,) X €Y = SRy: 4 (X) SRy 4 (V)
(Granularity),
(SU;) X €Y = SRy: 4 (X) € SRy 4 (V)
(Granularity),
(SLs) SRy: 4, (XUY)2SRy: 4 (X)USRy: 4 (Y)
(U-Addition),
(SUy) SRy 5 (XNY) S8Ry , (X)NSRy: 4 (V)
U-Multiplication) .
p

Proof. The proof of these items is similar to Proposition 16.
O

Next, we will investigate several elementary measures in
the 2nd MGRS and their properties.

Similarly, we introduce the accuracy measure to the 2nd
MGRS as follows.

Definition 21. Let & = (U, AT,V, f) be an information
system, A; € AT, i = 1,2,...sand X < U. The 2nd rough
measure of X by }°_| A, is defined as

SRy, (0

il (50)
[SRy: 4, (X)]

Pz a, (0 =1-
where X # 0.

From the definitions, one can derive the following prop-
erties.
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Proposition 22. Let .f =
system, A; C AT, i=1,2,..

(U, ATV, f) be an information
.s, and X C U. Then

Py a (X) 2 pa (X) 2 pe g, (X). (51)
Proof. By Corollary 34, we have

SRy: 4, (X) € Ry (X),

- . (52)
SRy: A (X)2R, (X).
And, we have known that
Ry, (X) € Ry 4, (X),
: - (53)
Ry (X) 2 Ry 4, (X).
So, the following holds:
SR (X)| R, (X < (X)|
SRy a, o] | o
[SRy: 2, 0]~ [Ra; O] IRU,;A,. x|
Hence, by the Definition 21, we have
P54, (X) 2 pa, (X) 2 puc 4, (). (55)
The proof was completed. O

Example 23 (continued from Examples 4 and 17). Computing
the 2nd rough measures of X = {u;,u,, ug, ug} in the system
given in Example 4. By Example 17, it follows that

RO 2
X)=1- = =-,
|RP (X)' 3
X)=1l-———=-,
(56)
-1 R L
LUP |RLUp (X)'
s v, [SRee®] s
pL+P (X) =1 |@(X)| - 6

Clearly, it follows from the earlier computation that

Prop (0 2 pr () 2 prip (X)),
(57)

Pirp (X) = pp (X) 2 pryp (X) .

Similar to the 1st MGRS, in the following we will discuss
the 2nd degree of dependence.

Definition 24. Let 5 = (U,C U {d},V, f) be a decision table,
A, € Ci = 1,2,...,s, and {D,,D,,...,D;} all decision

1

classes induced by decision attribute d. Approximation qual-
ity of d by Y;_, A;, called the 2nd degree of dependence, is
defined as

() (s

Moreover, we have the following properties with resect to
the above definition.

a4 (D )D (58)

Proposition 25. Let ¥ = (U,C U {d},V, f) be a decision
table, A; € C,i=1,2,...,s, and {Dy,D,, ..., D} all decision
classes induced by decision attribute d. Then

Vs (i A,.,d> <y(A,d)<y <EJ A,.,d> . (59)
i=1 i=1

Proof. Forevery D;, j =1,2,...,k, by Corollaries 32 and 40,

we have
SRy: 4, (D)) < Ry, (D) Ry 4, (D). (60)

So,

|SRZf:1Ai (Dj)| <[R,, (D))| = %(Dj)|. (61)

Hence, by the Definition 24, we have
(Z A,,d) <y(A,d) <y (U d> . (62)
i=1 i=1
The proof was completed. O

Example 26 (continued from Examples 4 and 17). Computing
the 2nd degree of dependence of X = {u;, u,, ug, ug}.

In Example 10, we have known that U/D = {Dy, Dy} and
(LD)=,
¥ 2
y(P,D) = 3 (63)
4
y(LUP,D) = 1.

Moreover, the following can be computed by Table 1 and
the results of Example 17,

SRﬂ(DY) = {ug},

SRL+P (DN)

(64)
{us, uyf .

So, we have

ys (L+P,D) = <|SRL+P (Dy)l 'SRL+P (DN)') 3

(65)
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Hence, it can be found that

ys(L+P,D)<y(L,D)<y(LUP,D),
(66)
ys(L+P,D)<y(P,D)<y(LUP,D).

5. Difference and Relationship among
Pawlak’s Rough Set, and the 1st MGRS,
the 2nd MGRS

From the previos sections, we have known the concepts and
properties of the Ist MGRS and the 2nd MGRS. We will
investigate the difference and relationship among Pawlak’s
rough set, the 1st MGRS, and the 2nd MGRS in this section.

Proposition 27. Let F = (U, AT,V, f) be an information
system, B, A € AT, and X C U. Then, the following properties
hold.

(1) FRA+B(X) c RAUB(X))
(2) FR,, 5(X) 2 Ry p(X).

Proof. (1) Foranyu € FR,_ p(X), it can be known that [u], <
X or [u]z € X by Definition 1. On the other hand, since A €
AUBand B € AU B, we have [u] 45 € [u], and [u] 45 €
[u]g. So we can obtain that [u] 4 5 € X. That is to say that
u € Ry p(X). Hence, FR,, 5(X) € Ry 5(X).

(2) For BA € AT and X < U, we have m(}() =~
R, g(~ X). Then, it can be got that FR,, z(~ X) € Ry 5(~ X)
by the conclusion of (1). So, one can obtain that ~ FR,, p(~
X) o~ m(A« X). Hence, FR 4, 5(X) 2 Ry 5(X).

The proof was completed. 0

Corollary 28. Let .5 =
system, A; < AT, i = 1,2,...
following properties hold.

(1) FRy: 4 (X) € Ry (X0),

(U, AT, V, f) be an information
,s, and X € U. Then, the

(2) FRy: 5 (X) 2 Ry o (X).

Proposition 29. Let 5 = (U, AT,V, f) be an information
system, B, A € AT, and X C U. Then, the following properties
hold.

(1) SRy, 5(X) € Ryyp(X),
(2) SR, 5(X) 2 Ry p(X).

Proof. (1) Forany u € SR, 5(X), it can be known that [u], €
X and [u]z € X by Definition 14. On the other hand, since
A C AuBand B € AU B, we have [u] 5 € [u], and
[u] oup € [u]p. So we can obtain that [u] 45 € X. That is to
say that u € R, 5(X). Hence, SRy, 5(X) € Ry 5(X).

(2) For B,A € AT, and X < U, we have R, 5(X) =~
R,ug(~ X). Then, it can be got that SR, z(~ X) ¢
R, p(~ X) by the conclusion of (1). So, one can obtain that
~ SR, 5(~ X) 2~ R, 5(~ X). Hence, SR, 5(X) 2 R, 5(X).

The proof was completed. O
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Corollary 30. Let .7 =
system, A; € AT, i = 1,2,...
following properties hold.

(U, AT,V, f) be an information
,S, and X < U. Then, the

1) Ssz A; (X) ¢ RUfA,- (X),

Proposition 31. Let ¥ = (U, AT,V, f) be an information

system, B, A € AT, and X C U. Then, the following properties
hold.

(1) FR,5(X) = Ry(X) U Rg(X),
(2) FR,,5(X) = R4(X) N Ry(X).

Proof. (1) For any u € FR,_ 5(X), we have

u€FR,p(X) = [u]y cX, or[ulpcX,
@ue&(X),orueﬁ(X), (67)
@ue&(X)U&(X).

Hence, FR,, p(X) = &(X) U &(X).
(2) For any u € FR, 5(X), we have

Uue€FRyg(X) = [u],NX#0, [ulgnX#0
e ueR,(X),ucRz(X) (68)
e uecR,(X)NRy(X).

Hence, FR,, 5(X) = R4(X) N Rp(X).
The proof was completed. O

Corollary 32. Let J =
system, A; ¢ AT, i = 1,2,...
following properties hold.

(1) FRy: 4,(X) = Uy Ry, (X),

(2) Fsz A, (X) = ﬂle R_A,(X)

(U, AT,V, f) be an information
,s and X < U. Then, the

Proposition 33. Let .¥ = (U, AT,V, f) be an information
system, B, A € AT, and X C U. Then, the following properties
hold.

(1) SR 4, 5(X) = Ry(X) N Ry(X),
(2) SR, 5(X) = Ry(X) U Rg(X).
Proof. (1) For any u € SR, (X), we have
U €SRyp(X) & [ul, € X, [ulc X,
:}ue&(X),ue&(X), (69)
& ueRy(X)NRy(X).

Hence, SR, 5(X) = &(X) n &(X).
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(2) Forany u € m(X),we have

u em(X) = [u], NX#0, or [u]lgN X +0,
e ueR,(X),orueRy(X), (70)
= uecR,(X)URz(X).

Hence, SR, 5(X) = R,4(X) U Rp(X).
The proof was completed. O

Corollary 34. Let . = (U,AT,V, f) be an information
system, A; € AT, i = 1,2,...,s, and X < U. Then, the
following properties hold.

(1) SRy: 4, (X) = iy Ry, (),
(2) SRy: 4 (X) = Up; Ry, (X).

Proposition 35. Let ¥ = (U, AT,V, f) be an information
system, B,A C AT, and X,Y < U. Then, the following
properties hold.

(1) FR,5(XNY) = (Ry(X) N R4 (V) U R5(X) N Ry(Y)),
(2) FR,5(XUY) = (R4(X) UR 4(X)) N (Rp(X) URR(Y)).
Proof. It can be obtained easily by Proposition 31. O

Corollary 36. Let .5 =
system, A; € AT, i = 1,2,...
following properties hold.

(1) FRy; 4, (X NY) = UL, Ry, (X) N Ry, (V)

(2) FRy: 4 (X UY) = N, (Ry (X) UR, (Y)).

(U, AT, V, f) be an information
.S, and X, Y < U. Then, the

Proposition 37. Let ¥ = (U, AT,V, f) be an information
system, B,A C AT, and X,Y < U. Then, the following
properties hold.

(1) SRA,5(X NY) = (Ry(X) NRA(Y)) N (Ry(X) N R5(Y)),
(2) SR, 5(XUY) = (R4(X) URL(X)) U (Ry(X) URR(Y)).
Proof. It can be obtained directly by Proposition 33. O

Corollary 38. Let ¥ =
system, A; € AT, i = 1,2,...
following properties hold.

(1) SRy; 4,(X NY) = ([, (R4, (X) N Ry, (V)

(2) SRy: 4 (X UY) = UL (Ry (X) UR, (V).

(U, AT, V, f) be an information
,s, and X, Y < U. Then, the

Proposition 39. Let 5 = (U, AT,V, f) be an information
system, B, A € AT, and X C U. Then, the following properties
hold.

(1) SRy, 5(X) € FR, 5(X) € Ry 5(X),

(2) SR5(X) 2 FR5(X) 2 Ra(X).
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Proof. It can be obtained easily by Definitions 1 and 14 and
Propositions 27 and 29. O

Corollary 40. Let J = (
system, A; € AT,i = 1,2,...
following properties hold.

U, AT,V, f) be an information
,s, and X C U. Then, the

(1) SRy: 4 (X) € FRy: 4 (X) € Rix_ 4 (X),

(2) SRZ::1 Ai (X) 2 FRZ;S:I Ax(X) 2 RUISZIAI(X).

Proposition 41. Let ¥ = (U, AT,V, f) be an information
system, B, A € AT, and X € U. Then, the following properties
hold.

(1) SR445(X) € Ry(X)(or Ryg(X)) € FRy,5(X),
(2) SR4,5(X) 2 Ry(X)(or Rg(X)) 2 FR,5(X).

Proof. It can be obtained easily by Propositions 31and 33  [J

Corollary 42. Let .5 =
system, A; < AT,i = 1,2,...

following properties hold.

(U, AT, V, f) be an information
.S, and X < U. Then, the

@ SRy: 4, (X) SR, (X) < FRy: 4,(X) < Ry 4, (X),

(2) SRy 4,(X) 2 Ry, (X) 2 FRy: 4 (X) 2 Ry 4,(X).

Proposition 43. Let .5 = (U, AT,V, f) be an information
system, A; C AT, i=1,2,...,s,and X CU. Then

Pya (02 pa (X2 p5 o (0 2p5 4, (0. (7D

Proof. It can be obtained directly by Definitions 8 and 21 and
Corollary 42. O

Proposition 44. Let ¥ = (U, AT,V, f) be an information
system, A; C AT,i=1,2,...,s,and X CU. Then

Vs <Zs: Ai’d> <y(A;d)
gyF@ Ai,d> gy(o A,-,d).

i=1 i=1

(72)

Proof. It can be obtained directly by Definitions 11 and 24 and
Corollary 42. O

One can understand the relationship and difference
presented by the previous propositions though the following
Figures 4 and 5.
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FIGURE 4: Difference and relationship of lower approximations
among the 1st, the 2nd TGRS, and classical RS.
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FIGURE 5: Difference and relationship of upper approximations
among the 1st, the 2nd TGRS, and classical RS.

Example 45 (continued from Examples 4 and 17). In Exam-
ples 4 and 17, we have obtained that

Ry p (X) = {uy, uy, ug, ug}
Ryup (X) = {uy, uy, ug, ug},
FRL+P (X) = {upuz, u8} 5
N (73)
FRy,p (X) = {uy, thy, ths, 117, g}

SRp,p (X) = {“2} >

SRL+P (X) = {u]) U, us; u6’ u7, us} .

ISRN Applied Mathematics

Obviously, we have

SRy, p (X) € FR,p(X) € Ryp (X)
_ . - (74)
€ X S Ryyp(X) € FRp,p(X) S SRy p (X).

6. Conclusion

The original rough set model cannot be used to deal with
the information systems with complicated context. Nev-
ertheless, by relaxing the indiscernibility relation to more
general binary relations, many improved rough set models
have been successfully applied into the information systems
with complicated context for knowledge acquisition. The
contribution of this corresponding paper is to extend Pawlak’s
single granulation rough set model and Qian’s multigran-
ulation rough set model (MGRS) to two new types of the
multiple granulation rough set model. In this paper, two
new types of the multiple granulation rough set model have
been constructed, respectively, based on multiple equivalence
relations for an information system. In the two new types
of multiple granulations rough set model, a target concept
was approximated from two different kinds of views by using
the equivalence classes induced from multiple granulations.
In particular, some important properties of the two types of
MGRS were investigated and have shown the relationship
and difference among Pawlak’s rough set, Qian’s MGRS,
and two new types of MGRS. Moreover, several important
measures have been developed in two types of MGRS,
such as rough measure and quality of approximation. From
the contribution, it can be found that when two attribute
sets in information systems possess a contradiction or an
inconsistent relationship, or when efficient computation is
required, the two new types of MGRS will display their
advantage for rule extraction and knowledge discovery.

In our further research, we will extend other rough set
methods in the context of multiple granulations such as viable
precision rough set model and rough set induced by covering.
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