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tures represented by binary relations. Through a combination of multigranulation rough
sets with intuitionistic fuzzy rough sets, this study develops a new multigranulation rough
set model, called an intuitionistic fuzzy multigranulation rough set (IFMGRS). In the multi-
granulation framework, three types of IFMGRSs that are generalizations of three existing
intuitionistic fuzzy rough set models are proposed. First, we present three types of IFMGRSs.
Multigranulation rough set F'rorp t.heir basic properties, we conclude that they are extensions of three existing intui-
Intuitionistic fuzzy rough set tionistic fuzzy rough sets. Second, we define the reducts of the three types of [IFMGRSs to
Reduction eliminate redundant intuitionistic fuzzy granulations. Third, we examine the reduction
approaches of IFMGRS with a detailed example and discuss the general reduction theory
of IFMGRS.
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1. Introduction

It is well known that rough set theory [32] was introduced by Pawlak as a valid means of granular computing [33]. The
basic tools are relations that represent information systems or decision tables. In Pawlak’s rough set theory, a relation is an
equivalence where the relation may be a dominance, covering, similarity, tolerance, fuzzy, neighbor, or other indiscernibility
one within various generalized rough set models [1,3,10-12,15,17,18,24,29,30,41,48,53,55,58,62].

Intuitionistic fuzzy (IF) set theory was introduced by Atanassov [4,5] as an intuitively straightforward extension of fuzzy
set theory. It has been successfully applied in many fields for decision analysis and pattern recognition [7,9,42-44,46]. Rough
sets and IF sets both capture particular facets of the same notion-imprecision. Studies of the combination of IF set theory and
rough set theory is being acknowledged as a positive approach to rough set theory. Recently, Zhou et al. [59,61] examine IF
rough set approximation operators where both constructive and axiomatic approaches are used, and the characterizations of
rough set approximations in IF set theory are studied in [60]. Zhang [56] has researched generalized IF rough sets based on IF
coverings. Huang et al. [19-21] discuss dominance-based IF and interval-valued IF rough set models and their applications.
Zhang et al. [54] provide a systematic study of a general framework of IF rough sets.

One important characteristic of various rough set models is that a target concept is always characterized by the so-called
upper and lower approximations under a single granulation, i.e., the concept is depicted by available knowledge induced
from a single relation on the universe. From the perspective of granular computing, an equivalence (or a tolerance, similarity,

* Corresponding authors. Tel.: +86 25 58318613 (B. Huang).
E-mail addresses: hbhuangbing@126.com (B. Huang), gchx1@sina.com (C.-x. Guo).

http://dx.doi.org/10.1016/j.ins.2014.02.064
0020-0255/© 2014 Elsevier Inc. All rights reserved.

Please cite this article in press as: B. Huang et al., Intuitionistic fuzzy multigranulation rough sets, Inform. Sci. (2014), http://dx.doi.org/
10.1016/j.ins.2014.02.064



http://dx.doi.org/10.1016/j.ins.2014.02.064
mailto:hbhuangbing@126.com
mailto:gchx1@sina.com
http://dx.doi.org/10.1016/j.ins.2014.02.064
http://www.sciencedirect.com/science/journal/00200255
http://www.elsevier.com/locate/ins
http://dx.doi.org/10.1016/j.ins.2014.02.064
http://dx.doi.org/10.1016/j.ins.2014.02.064

2 B. Huang et al. / Information Sciences xxx (2014) Xxx—Xxxx

covering, dominance, fuzzy, IF) relation on the universe can be regarded as a granulation, and a partition (or a family of sets)
determined by its relation on the universe becomes a granulation space [40]. We can thus conclude that a number of rough
set models are based on a single granulation. However, as illustrated in [38], in many cases it is more reasonable to describe
the target concept through multiple relations on the universe according to user requirements or problem solving targets. To
apply rough set theory in practical applications more widely, Qian and Liang [38] extend Pawlak’s single-granulation rough
set model to a multigranulation rough set (MGRS) model. In Qian’s MGRS model, two different basic models are defined: one
is the optimistic MGRS, the other is the pessimistic MGRS. At Present, rapid developments have been achieved in MGRS area.
For instance, Qian et al. [36] extend the rough set model based on a tolerance relation to an incomplete rough set model
based on multigranulations, where set approximations are defined through multiple tolerance relations on the universe.
Abu-Donia [2] studies rough approximations through a multi-knowledge base. Wu and Leung [45] investigate a multi-scale
information system that explains a problem using different scales (levels of granulation). She and He [39] discuss fundamen-
tal properties of the MGRS model. In order to extend the theory of MGRS, Lin et al. [27,28] develop neighborhood-based and
covering-based MGRS. Liang et al. [26] propose an efficient rough feature selection algorithm for large-scale data sets
inspired by multigranulation. Xu et al. [47] propose a new fuzzy MGRS based on tolerance relations. Yang et al. [50] gener-
alize the MGRS model into fuzzy environment.

Although both IF rough sets and MGRS are two important generalizations of the classical rough set model, there are few
studies on the combination of IF set theory and MGRS. In this paper, we examine the intuitionistic fuzzy multigranulation
rough set (IFMGRS), and we focus on three types of intuitionistic fuzzy multigranulation rough sets.

The rest of this paper is organized as follows. Section 2 briefly introduces the preliminary concepts considered in the
study, such as IF sets, three types of IF rough sets, MGRS, fuzzy MGRS, and so on. Section 3 presents three types of IFMGRSs,
that is, Type-I, Type-II, and Type-IIl IFMGRSs; we also discuss their properties and conclude that they are extensions of three
existing IF rough sets. In Section 4, we propose the reducts of these IFMGRSs to eliminate redundant IF granulations. In
Section 5, we examine the reduction approaches of Type-I IFMGRS with a detailed example. Finally, Section 6 concludes this

paper.
2. Bacic concepts
In this section, we recall some basic concepts, such as IF set, IF relation, IF rough sets, MGRSs, and so on.

Definition 2.1 (/4,5]). Given the universe of discourse U, an IF set (IFS) A in U is an object having the form
A= {< X, g (%), 74(X) > |[x € U} = 3y a:0a®) - \where 1, : U — [0,1] and 7, : U — [0,1] satisfy 0 < pu(x) + pa(x) < 1 for
all x e U; py(x) and p,(x) are, respectlvely. called the degree of membership and the degree of nonmembership of the
element x € U to A. Furthermore, 74 (x) = 1 — p1,(x) — 74(x) is called the degree of hesitancy of x € U to A. The family of all IF
sets in U is denoted by IF(U).

Definition 2.2 ([4,5]). Let A = {< x, 4, (X), y,(x) > |x € U}, B = {< X, tp(x), 75(x) > |x € U} € IF(U), then

(1) The supplementary set of A, ~ A = {< X,7,(X), us(x) > |x € U};
(2Q)A=B = [y(x) = (X)/\VA( ) = vs(X);

(3) ACB <= [1,(X) < Ug(X) AY4(X) = 75(X);

(4) AnB = {<x, mm{uA(X% B( )},maX{VA(X)yvg(X)} >h

(5) AUB = {< x, max{, (x), Us(x)}, min{y,(x), ys(x)} >};

(6) A—B=ANn~B.

Definition 2.3 [6]. An IF relation # on U is an IFS in U x U, i.e., Z is given by
R = {< (X7y)nuﬂ(x7y)7’y%(xvy) > |(X7y) € U X U}7

where p,: Ux U —[0,1]and y,, : U x U — [0,1] satisfy 0 < pu,(x,y) +7,(x,y) <1 for all (x,y) e U x U.
Let # be an IF relation on U, # is reflexive if u,(x,x) = 1 and y,(x,x) = 0 for all x € U; # is symmetric if i, (x,y) = u,(y,x)
and y,(x,y) =v,,x) for all (x,y) € UxU;2 is transitive if for all (x,z) e Ux U, u,(x,z2) > V [1,*y) A t,(,2)] and
yeU
V2 (%,2) < /\ V2*x.¥)Vy,(1,2)]. % is transitive if and only if the following conditions are satisfied: for all

Xy,z€ U, 0,00 € [0,1], py(x,y) =01 and ,(y,2) > o imMply 1,(X,2) = o1 Yu(x,y) <oz and y,(y,z) <o imply
Vax,2) < o
Similar to classical binary relations, IF relations on a finite universe can be denoted by an IF matrix.
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