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Multisource information systems and multigranulation intuitionistic fuzzy rough sets are important extended types of Pawlak’s
classical rough set model. Multigranulation intuitionistic fuzzy rough sets have been investigated in depth in recent years.
However, few studies have considered this combination of multisource information systems and intuitionistic fuzzy rough sets. In
this paper, we give the uncertainty measure for multisource intuitionistic fuzzy information system. Against the background of
multisource intuitionistic fuzzy information system, each information source is regarded as a granularity level. Considering the
different importance of information sources, we assign different weights to them. Firstly, the paper proposes an optimal source
selection method. Secondly, we study the weighted generalized, weighted optimistic, and weighted pessimistic multigranularity
intuitionistic fuzzy rough set models and uncertainty measurement methods in the multisource intuitionistic fuzzy information
system, and we further study the relationship between the three models and related properties. Finally, an example is given to

verify the validity of the models and methods.

1. Introduction

Rough set theory [1] was proposed by Polish mathematician
Pawlak in 1982. It is an effective mathematical tool to analyze
and process inaccurate data and uncertain information.
Rough set theory has received more and more attention in
recent years. It is widely used in many fields such as natural
science, social science, and engineering technology [2-11].
Uncertainty measurement [12, 13] is one of the important
research contents in rough set theory. It can measure the
dependency and similarity between attributes and provide
an effective measurement tool for attribute reduction and
cluster analysis [14]. Traditional uncertainty measurement
considers single-source information system. With the ad-
vent of the era of big data, it is necessary to study uncertainty
measurement methods in multisource intuitionistic fuzzy
information system [15].

In current study, by extending the equivalence rela-
tionship to a general binary relationship, Qian et al. extended
the single-granularity rough set model to multigranularity

structure [16, 17]. By combining fuzzy set theory and rough
set theory, a fuzzy rough set model [18] and rough fuzzy set
model [19, 20] are obtained. Literature [21] extends the fuzzy
set theory to the intuitionistic fuzzy set theory and extends
the relationship between elements and sets from member-
ship degree to nonmembership degree and hesitation degree.
Therefore, the intuitionistic fuzzy rough set theory is a very
effective mathematical tool when analyzing and processing
inaccurate, incomplete, and other rough information, and
the result accuracy is significantly improved. Literature
[22, 23] combined rough set theory with intuitionistic fuzzy
set theory and established an intuitionistic fuzzy rough set
model. Literature [24] investigated the upper approximation
reduction problem of intuitionistic fuzzy information sys-
tem based on dominant relationship. Literature [25, 26]
extended the single-granularity intuitionistic fuzzy rough set
model to the multigranularity intuitionistic fuzzy rough set
model and presented the optimistic multigranularity and
pessimistic multigranularity intuitionistic fuzzy rough set
models under the dominant relationship. Literature [27]
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proposes the intuitionistic fuzzy soft set, which is an effective
tool for solving multiple attribute decision-making with
intuitionistic fuzzy information. Literature [28] proposes the
hesitant fuzzy sets and studies their relationship with
intuitionistic fuzzy sets.

In the research of multigranularity intuitionistic fuzzy
rough set model, if all granularity levels are considered
equally important, optimistic multigranularity only requires
one granularity knowledge and target concept to meet in-
clusion relation, while pessimistic multigranularity requires
all granularity knowledge and target cocept to meet inclu-
sion relation, ultimately leading to inaccurate decision-
making results. The importance of granulation is usually
different for decision-making in real life. Taking various
factors into account, some granularity is very important, so
we give it a larger weight, but some granularity is not im-
portant, so we give it a smaller weight. Considering the
importance of different granularity levels, literature [29]
proposed a weighted multigranularity intuitionistic fuzzy
rough set model.

Now, in our real life, we no longer face a single-source
information system, but a multisource information system.
Multisource information systems [30] are used to represent
information that comes from multiple sources. Literature
[31] proposed a fuzzy multigranulation decision-theoretic
rough set model in multisource fuzzy information systems.
Literature [32] investigated the attribute reduction in
multisource decision systems. Literature [33] combined
rough set model and multisource decision systems and
established a decision-theoretic rough set model of multi-
source decision systems. Literature [34] built the informa-
tion source selection criteria and proposed some principles
of information fusion. Literature [35-42] proposed infor-
mation fusion methods of multisource information system.
In this paper, we treat each single information system as a
granular structure. As the number of information sources
increases, a large amount of data is unreliable. Therefore, we
propose a corresponding algorithm to select reliable in-
formation sources and one that can greatly improve the
efficiency of information processing. Up to now, few
scholars have combined the rough set model with the
multisource intuitionistic fuzzy information system. Dif-
ferent weights are given to the granularity; the weighted
multigranularity intuitionistic fuzzy rough set models and
the uncertainty measurement methods for multisource
intuitionistic fuzzy information system are proposed. This is
the purpose of this article.

The rest of this paper is organized as follows. In Section
2, we mainly review the relevant concepts and properties of
intuitionistic fuzzy rough sets, multigranulation intuition-
istic fuzzy rough sets, and multisource intuitionistic fuzzy
information system. In Section 3, we first study the optimal
source selection of multisource intuitionistic fuzzy infor-
mation system. Further, the weighted multigranulation
intuitionistic fuzzy rough set model and its related prop-
erties of multisource intuitionistic fuzzy information system
are researched. In Section 4, we give the uncertainty mea-
surement methods for the weighted multigranulation
intuitionistic fuzzy rough set model of multisource
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intuitionistic fuzzy information system. At the same time, we
verify the effectiveness of the proposed models and methods
through a specific example. Section 5 uses a numerical
experiment to verify the effectiveness of the proposed
methods. In Section 6, we present the conclusion and the
future work.

2. Preliminaries

This section mainly reviews related concepts and properties
of intuitionistic fuzzy rough set models, multigranulation
intuitionistic fuzzy rough set models, and multisource
intuitionistic fuzzy information system.

2.1. Intuitionistic Fuzzy Rough Set Model

Definition 1 (see [21]): Given the universe of discourse U, an
intuitionistic fuzzy rough set A on U is defined by
A= {{x,py(x),7,(x))|x €U}, where the functions
a(x):py— 0,11 and v, (x):v— [0,1] satisfy
0<pp(x)+v,(x)<1 for all x eU. pu,(x) and v, (x) are
called the degrees of membership and nonmembership of
element x € U to A, respectively. The family of all intui-
tionistic fuzzy sets in U is denoted by IF(U). When
Yy (x) +2,(x) =1, A degenerates into a fuzzy set.

Definition 2 (see [21]): Let A= {{x,uy(x),v4(x))
lx € U} € IF(U), B ={{x,uz(x),v5(x))|x € U} € IF(U);
then:

(1) The supplementary set of A ~A ={{x,v,(x),
pa (x))]x € Ub

(2) A=Bou,(x) = pg(x),v,(x) = v5(x),Vx e U.

(B) ACBo puy(x) = pg(x),v4(x) = vg(x),Vx € U.

(4) ANB = {{x, py ()N (%), v4 (x)Vrp (x))|x € U}

(5) AUB = {{x, py (0)Aug (%), v4 (x)Vr (x))|x € U}

(6) A—B=An (~B).

(7) AAB = (ANBS)U (BN A°).

Definition 3 (see [21]): Let IFIS ={U, AT,V, f} be an
intuitionistic =~ fuzzy  information  system,  where
U = {x,x,...x,} is a nonempty finite set of objects called
the universe of discourse; AT = {a,,a, ...a,} is a nonempty
finite attribute set; V = U 47V, is the attribute value set;
f:Ux AT — V is the information function, ACAT; a
binary dominant relation R, is defined as follows:

R, :{(xi,xj) e UxU|f (x;,a) Sf(xj,a),Va € A}
= {(xi, xj) €U xUly, (x;) S,uu(xj)/\va (x;) = va(xj),Va € A}.
(1)
Obviously, this binary dominant relation satisfies re-
flexivity, antisymmetry, and transitivity, and Ry = NR, 4.

Based on the above dominant relation, the dominant class
R, (x;) definition of object x; can be obtained as follows:
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R, (x;) :{xj eU: f(x;a) Sf(xj,a),Va € A}. (2)

Definition 4 (see [22]): Let IFIS = {U,AT,V, f} be an
intuitionistic = fuzzy information system; for any
XcU, ACAT, the lower approximation and upper approx-
imation of X for R, are defined as follows:

Ry (X) ={x € U|R, (x;)=X};

3

Ry(X)={x e U|R,(x;,)n X +2}. G)

By definition, R, (X) consists of all objects that are

definitely contained in the set X. R, (X) consists of all

objects that are possibly contained in the set X. If

R, (X) = R, (X), then X is the exact set of R; otherwise, it

is the rough set about R,.The positive, negative, and
boundary regions of X can be defined as follows:

POS, (X) = R, (X),
NEGg (X) =u—-R,(X), (4)
BNDy, (X) = Ry (X) = R4 (X).

Definition 5 (see [22]): Let IFIS = {U,AT,V, f} be an
intuitionistic ~ fuzzy information system; for any
XU, ACAT, the approximate accuracy and the roughness
of the target set X are defined as follows:

R, (X))
Ry, X) ==——;
a(Ry X) |RA(X)|
[R, ()] K
R, (X)
R, X)=1-=—/7—,

when IR_A(X)I =0, a(Ry, X) =0,p(Ry, X) = 1.

Definition 6 (see [23]): Let A = {{x,p, (x))|x € U} be a
fuzzy sets on universe U; the nonmembership degree of A is
defined as follows:

pa(x)>0.5,

0,
7a(x) = { 0.5, u,(x)<0.5. (©)

Then, {{x, py (x), v, (x))|x € U} is the correspondence
intuitionistic fuzzy sets of the fuzzy set A.

2.2. Multigranulation Intuitionistic Fuzzy Rough Set Model.
Multigranulation rough set model was first proposed by
Qian et al. It is an extension of the classical rough set theory.

In this subsection, the single-granulation intuitionistic fuzzy
rough set is extended to the multigranulation intuitionistic
fuzzy rough set model under multiple dominant relations.
Generalized multigranulation intuitionistic fuzzy rough set
is the generalization of optimistic multigranulation intui-
tionistic fuzzy rough set and pessimistic multigranulation
intuitionistic fuzzy rough set.

Given the definition of the support characteristic
function, we use this function to complete the object
selection.

Definition 7 (see [26]): Let IFIS = {U, AT,V, f} be an

intuitionistic =~ fuzzy  information  system, A;CAT,
i=1,2,...m(@m<27); for any XU, the support char-
acteristic function of x for X is denoted as
I, R, (x)cX
A ’ A; >
Sy (x) = { (7)
0, else.

The support characteristic function is used to describe
the inclusion relation between dominance class R, (x) and
concept X, Which indicates whether object x accurately
supports X by A;, or whether object x has a positive de-
scription of X by A;.

Definition 8 (see [26]): Let IFIS = {U,AT,V, f} be an
intuitionistic ~ fuzzy 1nformat10n system,  A;CAT,
i=1,2,...m (m<2lATl), S (x) is the characteristic func-
tion of x for X. Given 1nf0rmat10n level B € (0.5, 1], for any
XcU, the generalized lower and upper approximation of X
are defined as follows:

CM g, (X)p = {x e y2mSy ) lsx (x) ﬁ}

(8)

Syt (x)
GM 5 , (X)5 = {x € UIZTX 1- ﬁ}.

IfGM D (X) = Wz;: 4 (X)p, then the target set X
is generalized and definable; otherwise, it is generalized and
rough. (GM > A,-(X)ﬁ = GMZ;; Ai(X)ﬁ) is called the
generalized multigranulation intuitionistic fuzzy rough set
model (GMIFRS).

Definition 9 (see [26]): Let IFIS = {U, AT,V, f} be an
intuitionistic ~ fuzzy 1nf0rmat10n system, A, CAT,
i=1,2,...m (m<2AT; SX (x) is the support characterlstlc
function of x for X; for any XU, the pessimistic lower and
upper approximation of X are defined as follows:
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€

m _ At
(X) =={x e UM, (R, ()N X £ D)} :{x e U|zi—1(1mSX‘("))>0})

4
PMgm o (X) ={x € UINZ)(Ry, (0)<X)} = {x € U|Zﬁ%§i(’“)z 1},
By
where “v” denotes “or” and “A” denotes “and.”

IfPM g, (X) = PM

pessimistic and definable; 0therw1se, X is pessimistic and
rough. (PM_ $ (X) = PMZ (X)) is called the pessi-
I=1 1 I=1 1

mistic multigranulation intuitionistic fuzzy rough set model
(PMIFRS).

(X) then the target set X is

Definition 10 (see [26]): Let IFIS = {U, AT,V, f} be an
intuitionistic ~ fuzzy mformatlon system, A;CAT,
i=1,2,...m (m<2AT"); $% (x) is the support characteristic
function of x for X; for any XU, the optimistic lower and
upper approximation of X are defined as follows:

OM g« (X0 =|x € N, (R, (X)) = | e 2R (D g
—ZizlAi h i=1 A = - m s

(10)

m A
OMyn , (X) =={x € UN/,(Ry, ()N X # @)} = {x € U|M> 1 }

where “v” denotes “or” and “A” denotes “and.”
If OM OM g , (X) = (X) then the target set X

I=1 ’

is optimistic and deﬁnable, otherw1se, X is optimistic and
rough. (OM y (X) Z (X)) is called the opti-

mistic multlgranulatlon intuitionistic fuzzy rough set model
(OMIFRS).

2.3. Attribute Reduction of Intuitionistic Fuzzy Information
System Based on Dominant Relation. In this subsection, we
define the attribute importance of intuitionistic fuzzy
information system based on the dominant relation. We
also give the attribute reduction algorithm of intuition-
istic fuzzy information system based on knowledge rough
entropy.

Definition 11 (see [9]): Let IFIS ={U,AT,V, f} be an
intuitionistic ~ fuzzy  information  system, ACAT,
U/R, = {R, (x;)|x; € U}; R, is a binary dominant relation;
the rough entropy of A is defined as

- [Ra ()]

ET(A)—Z U o log Ry ()] (11)

It is obvious that there are minimum and maximum
values of the rough entropy. When R, is the finest classi-
fication, the rough entropy of A has a minimum value of 0; if
R, is the coarsest classification, the rough entropy of A hasa
maximum value of |U/|log,|U]|.

Each information system has many attributes, but some
of these are redundant. To measure the significance of a
single attribute, [3, 4] give the concepts of relative impor-
tance and absolute importance of attribute.

Definition 12 Let IFIS = {U, AT, V, f} be an intuitionistic
fuzzy information system, ACAT; for any a € A, for any
b e (AT — A), the relative importance and absolute im-
portance of attribute a in attribute set A is defined as

= Er (A —{a}) — Er (A);

= Er(A) — Er(Au{b}).

sig;, (a, A)

sigo (b, A) (12)

According to this definition, the following properties are
established:

(1) 0<sig;, (a, A) < log,|U|.
(2) Attribute a is necessary esig;, (a, A) > 0.

(3) The attribute core of A is core(A)={a¢€
Alsig;, (a, A) > 0}.

Definition 13 Let IFIS = {U, AT, V, f} be an intuitionistic
fuzzy information system, ACAT; if Er(A) = Er (AT), for
any a € A and Er s_(a # Er 41, A is the attribute reduction
of intuitionistic fuzzy information system based on domi-
nance relation.

Since the attribute core is a subset of attribute reduction,
in the heuristic reduction process starting from the attribute
core, we often add attributes to attribute core through a
measurement method to obtain attribute reduction. Next, an
attribute reduction algorithm for intuitionistic fuzzy in-
formation system based on knowledge rough entropy is
given.

Example 1. Table 1 shows an intuitionistic fuzzy informa-
tion system IFIS = {U, AT, V, f}, where the universe U =
{x1, x5, X3, X4, X5, X} and attribute set AT = {a,, a,,as, a,}.
We use Algorithm 1 to calculate the minimum attribute
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Input: IFIS = {U, AT, V, f}, AT = {a,,a,,...,a,}.
Output: The minimum attribute reduction Red (AT).
(1) begin
(2) set core (AT)—@3; Red (AT)—GQ; Ay—D;
(3) for a € AT do
(4) sig, (a, A) = Er (AT - {a}) — Er (AT);
(5) if sig;, (a, A) >0 then
(6) core (AT) = core (AT) U {a};
(7) end
(8) end
9) set Aj«—core(AT)
10) while Er (A,) # Er (Ar) do
@1n) for ax € AT/A,
(12) sig, (a*, Ag) = Er(A,) — Er(AyUa*);
(13) a** = max{sig,, (a*, Ap)}s
(14) set A, —a**
@15) end
(16) set Aj—AyUA,
@17) end
return: Red (AT) = A,
(18) end
ALGORITHM 1: The minimum attribute reduction of intuitionistic fuzzy information system.
TaBLE 1: Intuitionistic fuzzy information system.
U a, a, a; a,
x, (0.3, 0.5) (0.6, 0.4) (0.5, 0.2) (0.7, 0.1)
X, 0.2, 0.7) (0.1, 0.8) (0.4, 0.5) (0.1, 0.8)
X3 (0.2, 0.7) (0.1, 0.8) (0.4, 0.5) (0.7, 0.1)
X, (0.1, 0.8) (0.1, 0.8) 0.2, 0.7) (0.1, 0.8)
X5 (0.9, 0.1) (0.8, 0.1) (0.8, 0.1) (0.9, 0.0)
Xg (0.4, 0.6) (0.7, 0.3) (0.6, 0.3) (0.7, 0.1)

reduction of the intuitionistic fuzzy information system
given in Table 1.

From this table, it is easy to calculate the granular
structure:

U/AT = {{x, x5}, {1, 29, X3, x5, X6} {X1, %3, %5, X6} {61
X2» X3, X4 X35, X6 { X5}, {X5, X6}}-

According to Definition 11, the rough entropy of AT is
as follows:

Er (AT) = 2/6log,2 + 5/6log,5 + 4/6log,4 + 6/  6log,6+
1/6log,1 + 2/6log,2 = 6.520.

After calculating the core of attribute set AT,

U/ (AT - {a,}) = U/ (AT - {a,}) =U/(AT- {as}) =U/
AT, U/(AT —{a,}) = {{xy, x5} {21, %5, %3, x5, %6} {01, 3,
X5, Xgh {X 1> %0, X3, X4, X5, X}, {x5}, {x5, %6}

Hence, Er (AT - {a,}) = Er (AT —{a,}) = Er (AT-
{as}) = Er(AT)~  6.520, Er(AT -a,) = 2/6log,2 + 5/
6log,5 + 4/6log,4 + 6/6log,6 + 1/ 6log,1 + 2/6log,2 = 7.122.

sig;, (a,, AT) = sig;, (a,, AT) = sig;, (a3, AT) =0,
sig,, (a4, AT) = 0.602 > 0.

Accordingly, core (AT) = {a,}. Let A, = {a,}.

Ul ({ay}) = {{x), x5}, {x), %5, x5, x5, X6}, {x, %3, x5 X}
{20 29, X3, x4, 265, X6}, {{xs}, {01, %3, X5, x6}}-

Therefore, Er ({a,}) = 9.170, Er ({a,}) ~ Er (AT).

AlAy ={ay,a,,a5}; for any a; € A/A (i =1,2,3), we
calculate Er (A, U {a;}) as follows:

Er(AgU{a}) = Er({a;,a4}) = 6.520,

Er(AyU{a,}) = Er({ay, a,}) = 7.629,

Er(AyU{as}) = Er({as, a,}) = 6.520.

Thus, Er (A U{a,}) = Er (A, U{a;}) < Er (A, U{a,}).

Then, let A, = {a;,a,} or Ay = {as,a,}.

Similarly, by  calculation, we  know  that
Er({ay,a,}) = Er (AT), Er ({as,a,}) = Er (AT).

Therefore, the minimal attribute reduction of AT is
Red (AT) = {a,a,} or {as,a,}.

2.4. Multisource Intuitionistic Fuzzy Information System
(MSIFIS). In this subsection, we introduce multisource
intuitionistic fuzzy information systems. When a person
obtains information about a group of objects from dif-
ferent sources, each source can be regarded as a classical
information system, which is an attribute with some
intuitionistic fuzzy attribute values. The
information system is called multisource intuitionistic
fuzzy information system (MSIFIS). A MSIFIS is shown in
Figure 1.
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FIGURE 1: A multisource intuitionistic fuzzy information system.

This paper mainly discusses the case which shares the
same structure. That is, the same object, attributes, and the
value of the object’s attributes have the same digital char-
acteristics under different information sources.

Definition 14 (see [30]): Let MSIFIS = {IFIS,|IFIS; =
(U, AV, f)} (i=1,2,...,n) be a multisource intuition-
istic fuzzy information system, where:

(1) U is a set of nonempty finite objects called the
universe.

(2) A, is a finite nonempty set of the attributes of each
subsystem.

BV, = {(Va)aG Ai}) V , is the value range of attribute a.

(4) f,; represents the corresponding relation between the
object and the feature under the information source
i

Let MSIFDIS = {IFDIS,,IFDIS,,...,IFDIS,} be a
multisource intuitionistic fuzzy decision information sys-
tem, where IFDIS; = {U,A;UD,V,, f;} (i<n) and D is
the decision attribute.

3. Weighted Multigranulation Intuitionistic
Fuzzy Rough Set Model for MSIFIS

In the theory of multigranulation intuitionistic fuzzy rough
set, optimistic multigranulation only requires the existence
of the granular knowledge and the target concept to satisfy
the inclusion relation; the requirements are too loose for
approximate characterization. However, the pessimistic
multigranularity requires that the knowledge granule and
the target concept satisfy the inclusion relation at all
granularity spaces; the requirements are too strict for ap-
proximate characterization. These multigranularity models
treat each granularity space equally.

However, in practical applications, considering the ap-
plication background and user preferences, the granularity
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spaces are not equally important. Therefore, in this section,
we study multigranularity intuitionistic fuzzy rough set with
weights in multisource intuitionistic fuzzy information
system.

3.1. Optimal Source Selection for MSIFIS. MSIFISs are used to
express information from multiple sources. As the number
of information sources increases, the selection of reliable
information sources is a key issue in the field of information
technology research. To characterize the effectiveness of an
information source, we define the two source quality metrics
of the internal-confidence degree and external-confidence
degree.

Definition 15. Let MSIFIS = {IFIS,|IFIS; = (U, A, V,, f)}
(i=1,2,...,n) be a multisource intuitionistic fuzzy infor-
mation system. For each single information source
IFIS; € MSIFIS, let Red (AT;) be the reduction of IFIS;. The
internal-confidence degree of IFIS; can be defined as

follows:
_ |Red (Ai)|
lail

From the above definition, the following is obvious:

(1) IC(IFIS;) is the ratio of the cardinalities of
[Red (AT,)| and |AT;|, and 0 <IC(IFIS,) < 1.

(2) If IC(IFIS;) > 0.5, the majority of the attributes are
useful and the source is reliable. In practical appli-
cations, different thresholds IC(IFIS;) >« can be
defined in different fields according to the specific
requirements.

IC(IFIS)) (13)

Definition 16. Let MSIFIS = {IFIS,|IFIS, = (U, A,V,, f:)}
(i=1,2,...,n) be a multisource intuitionistic fuzzy infor-
mation system; VIFIS;, IFIS; € MSIFIS, the difference be-
tween them can be defined as follows:

i
D(IFIS, IFIS;) = Z(|RA1 (X)) UR ()| =|Ra, (xi) N Ry, (xk)|),
k=1
(14)

where R,r (x;) is the dominant class of x; with respect to
RAA

According to this definition, the following is obvious:

1 VIFIS;, IFIS; € MSIFIS, D (IFIS;, IFIS;) > 0.

(2) VIFIS;, IFIS; € MSIFIS,
D(IFISi,IFISj) = D(IFIS]-, IFIS;).

(3) When the single information sources IFIS; and
IFIS; have the same granular structure, the differ-
ence between IFIS; and IFIS; has a minimum of 0. If
the single information source IFIS; has the finest
granular structure and IFIS; has the coarsest
structure, then the difference between IFIS; and
IFIS; reaches a maximum of
Ul(ul-1) = [UI* - V1.
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Definition 17. Let MSIFIS = {IFIS,|IFIS; = (U, A, V,, f,)}

(i=1,2,...,n) be a multisource intuitionistic fuzzy infor-

mation system; VIFIS;, IFIS; € MSIFIS, the external cor-

relation between IFIS; and IFIS; can be defined as
D(IFIS,, IFIS;)

ec(IFIS, IFIS;) =1 - ———>"——77 (15)
( ) T

where D (IFIS;, IFIS)) is the difference between IFIS; and
IFIS It

From this definition, the following is obvious:

To clarify the relationship between the external-confi-
dence degrees of IFIS; and IFIS;, we can construct an
external-confidence degree matrix My as follows:

€1 €2 " e
e e e e
21 €2 2n
My = , (16)
€1 €np "t Cpy

where € = = ec (IFIS;, IFIS]-).

Definition 18. Let MSIFIS = {IFIS,|IFIS; = (U, A,V f.)}
(i=1,2,...,n) be a multisource intuitionistic fuzzy infor-
mation system; VIFIS;, IFIS; € MSIFIS, the external-con-
fidence degree between IFIS; and IFIS; can be defined as

% iec(IFISi,IFISj).

IFIS,, IFIS, )
]:1

1 (. D
EC(IFIS) == Y[ 1-
(E1s) = ]Zl< Ul -ju
(17)
From this definition, the following is obvious:

(1) For any IFIS; € MS, 0<EC(IFIS;)<1.

(2) Similar to the internal-confidence degree, different
thresholds EC (IFIS;) > 8 may be applicable in dif-
ferent fields according to specific requirements.

Definition 19. Let MSIFIS = {IFIS,|IFIS; = (U, A;,V;, f;)}
(i=1,2,...,n) be a multisource intuitionistic fuzzy infor-
mation system; VIFIS; € MSIFIS, we define a total score for
information source IFIS; as follows:

TC(IFIS,) = IC(IFIS;) + EC (IFIS,). (18)

where IC(IFIS;) is the internal-confidence degree of a
source IFIS;, and EC(IFIS;) is the external-confidence
degree of a source IFIS;.

Example 2. Table 2 shows a multisource intuitionistic fuzzy
information system, which consists of three intuitionistic
fuzzy information tables; x; € U(i =1,2,3,4,5,6) repre-
sents six evaluated objects, and a; € A(i = 1,2, 3,4|) repre-
sents conditional attribute set.

From this table, it is easy to calculate the granular
structure for each information source:

UIAT, = {{xpxsh {x1, %5, X3, X5, X6} {%1, X3, X5, X6
{x0 x5 x5 500 x5, X6} {xs} {x5, %}, UZAT, = {{x), x,},

{XZ}’ {x3}’ {X4}, {x2> X35 Xy xs}) {xz) X35 Xy XG}}’ U/AT3 =
e xahs o {axsh {3, 2030 24} {3, 205} {0 3, 63}

From the result of example 1, Red(AT))=
{ai,astor{as, a,}.

Similarly, Red (AT,) = {a,,a;,a,}, and Red (AT;) = {a,,
a,,a,yor{a,,a;,a,}. The calculation results of all sources
IFIS; (i = 1,2,3) are presented in Table 3.

Then, the internal-confidence degree of source IFIS; (i =
1,2,3) is as follows:

IC(IFIS,) = (|Red (AT))|/|AT,|) = (2/4) =

IC(IFIS,) = ([Red (AT,)|/|AT,]) = (3/4) = 0.75,

IC(IFIS;) = (|Red (AT,)|/|ATS|) = (3/4) = 0.75.

Next, the external-confidence degree between IFIS; and
IFIS; can be calculated as follows:

D(IFIS,,IFIS,) = D(IFIS,, IFIS,) =
S3) =0

D(IFIS,, IFIS,) = 21, D(IFIS,, IFIS;) = 16, D (IFIS,,
IFIS,) =7

By Definition 18, the external correlation between IFIS,;
and IFIS; can be computed. The result is as follows:

ec(IFIS,, IFIS,) = ec(IFIS,,IFIS,) =  ec(IFIS,, IFI
83) =1,

ec(IFIS,,IFIS,) =1- (21/36 -1) =
ec(IFIS,,IFIS;) =1 - (16/36 — 1) = 0.467,
ec(IFIS,,IFIS;) =1 - (7/36 — 1) = 0.767.Thus, we can get
the external-confidence degree matrix M. as follows:

D(IFIS,, IFI

1 03 0467
Mg=| 03 1 0767 | (19)
0.467 0.767 1

Therefore, the external-confidence degrees for each in-
formation source IFIS;(i=1,2,3) is EC(IFIS;) =
{0.589, 0.689, 0.745}.

Furthermore, the total score for each information source
IFIS; (i = 1,2,3) can be calculated using Definition 19:

TC(IFIS;) =0.5+0.589 = 1.089,
TC(IFIS,) = 0.5+ 0.589 = 1.439,
TC(IFIS;) = 0.5+ 0.589 = 1.495.

Therefore, the quality ranking of information sources is
IFIS; > IFIS, > IFIS,, and IFIS; is the optimal source of the
multisource intuitionistic fuzzy information system.

3.2. Weighted Generalized Multigranularity Intuitionistic
Fuzzy Rough Set Model for MSIFIS

Definition 20. Let MSIFIS = {IFIS,|IFIS, = (U, A, V,, f,)}
(i=12,...,n) be a multisource intuitionistic fuzzy infor-
mation system Sy ' (x) is the support characteristic function
of x for X. If the weight corresponding to each granularity
space is derived from each dominance relation as
w={w,w,,...,0,}L Y w0 =1(0<w;<1), parameter
minw; <f<1(i=1,2,...,n) denotes the information level
with respect to Y| A;; for any XCU, the lower approximation
and upper approximation of X weighted generalized multi-
granularity intuitionistic fuzzy rough set are defined as follows:



TaBLE 2: Multisource intuitionistic fuzzy information system.

Complexity

a,

IFIS,

a,

as

ay

ay

IFIS,

a

as

ay

a;

IFIS,

a

as

ay

X1
X2
X3
Xy
X5
X6

(0.3, 0.5)
(0.2, 0.7)
(0.2, 0.7)
(0.1, 0.8)
(0.9, 0.1)
(0.4, 0.6)

(0.6, 0.4)
(0.1, 0.8)
(0.1, 0.8)
(0.1, 0.8)
(0.8, 0.1)
(0.7, 0.3)

(0.5, 0.2)
(0.4, 0.5)
(0.4, 0.5)
(0.2, 0.7)
(0.8, 0.1)
(0.6, 0.3)

(0.7, 0.1)
(0.1, 0.8)
(0.7, 0.1)
(0.1, 0.8)
(0.9, 0.0)
(0.7, 0.1)

(0.3, 0.5)
(0.8, 0.2)
(0.8, 0.2)
(0.9, 0.1)
(0.7, 0.2)
(0.6, 0.3)

(0.7, 0.3)
(0.8, 0.1)
(0.9, 0.0)
(0.9, 0.0)
(0.6, 0.4)
(0.2, 0.5)

(0.5, 0.1)
(0.7, 0.1)
(0.7, 0.1)
(0.8, 0.1)
(0.6, 0.2)
(0.7, 0.2)

(0.7, 0.1)
(1.0, 0.0)
(0.8, 0.2)
(0.6, 0.3)
(0.5, 0.3)
(0.4, 0.5)

(0.2, 0.5)
(0.4, 0.5)
(0.6, 0.2)
(0.3, 0.7)
(0.6, 0.2)
(0.2, 0.7)

(0.6, 0.2)
(0.5, 0.4)
(0.7, 0.1)
(0.2, 0.8)
(0.2, 0.7)
(0.1, 0.8)

(0.4, 0.6)
(0.3, 0.5)
(0.4, 0.3)
(0.2, 0.7)
(0.1, 0.7)
(0.1, 0.6)

(0.3, 0.5)
(0.6, 0.4)
(0.5, 0.2)
(0.4, 0.6)
(0.1, 0.8)
(0.5, 0.4)

TaBLE 3: The calculation results for each IFIS;.

Er(4;)

sig;, (ap, 4;)

sigin (a4, 4;)

sig;, (as, 4;)

sig;, (a4, 4;)

Red(4;)

IFIS,

6.52

0
0

0
0.333

0
0.602

0.602
2.126

{a, a,}or{as, a,)

IFIS, 3
IFIS, 2252 1 0

{ay, a3, a,}

0 0.874 {ay,a,,a,} or{a,,a;,a,}

MSIF“ii A (X)ﬁ—{erIZwSX (x)>[3}

i=1

MSIF§ , (X)5 = ~ MSIE§ | (~X)
={x < U|Zwi(1—s§z(x))>1—/3}.
i=1
(20)
If MSIF“)Z (X)p = MSIFZ (X)ﬂ, then the target

set X is deﬁnable for Y, A;; otherwise, X is rough for
YA (MSIF“’Zl ,(X)ﬁ’MSIFZ A (X)p) is called the

weighted generalized multigranularity intuitionistic fuzzy
rough set model for MSIFIS.

In the weighted generalized multigranularity intuition-
istic fuzzy rough set model, the positive, negative, and
boundary regions of X can be defined as follows:

PosZ A X)/;—MSIFZ 4, (X

NEGZ " (X)ﬁ =U- MSIFZ A (X)ﬁ,

i=14%

BNDZ (X)ﬁ = MSIFZ (X)/j MSIFZ (X)ﬁ

B (21)

tll

The basic properties of the weighted generalized mul-
tigranularity intuitionistic fuzzy rough set for MSIFIS are
given by the following theorem.

Theorem 1. Let MSIFIS = {IFIS,,IFIS,,...,IFIS,} be a
multisource intuitionistic fuzzy information system. If the
weight corresponding to each granularity space is derived
from each  dominance relation as w = {w;,w,,

e wh Y w;=1(0<w;<1), parameter minw;<P<

1(i = 1,2,...,n) denotes the information level with respect to

Yii A VX, YCU, the following conclusions hold:

(1) MSIF‘“Z (~X)g= ~ MSIFZ A (Op
MSIFZ A~ X)p=~ MSIF“’Z (X).

(2) MSIF%; A (X)ﬁCXCMSIFZ (X)ﬁ

(3) MSIF &

MSIF. , (@) = MSIFy. A(@)ﬂ_
(4) MSIES. , (U)g = MSIFy , (U); =
(5) MSIF , (XUY)2MSIE§. X(X),;u
MISF (V)

MSIin:] 4 (XUY) ﬁQMSIFwZL] 4, (X)U
MSIFy» , (V).
(6) MSIE ¢

TYLA
MSIF ¥ MSIES. (V)

(Xn Y)/3CMSIF‘U

T A ‘(X)ﬁm

MSIFZ 4 (XnY)ﬁgMSIF“i_n_ 4 (XN
MSIFZ 4, (V).

=171

(7) XQY:MSIF“Z’:

XQY:MSIFZ_ A (X)ﬁgMSIFZ‘ A (Vg

(X)GEMSIFG (V)

(8) B, < /j’2:>MSIF“i (X)g, cMSIF‘“z (X)g,

B, sp’2:>M51Fz_ A (X, QMSIFZ_ A (X)g.
MSIF§ , (X)p,
1A (X)p)g = MSIFZ

(9) MSIF“E’:! 1 J(MSIFLUZ, 1 ,(X)ﬁ)/j

MSIFZ

(MSIFy
(X)g- 2

iz i =1 i



Complexity

Proof. (1) Because

~ MSIFy» , (X)p=1x €Ul Z

Sx: x))<1—[j’}
erIZw —ZwSX (x)<1—ﬁ}

«{xEUII—ZwS (x)<1—ﬁ}
{erIZwSXC x)>ﬁ}

_ w
= JZ?]A( ~ X)/g,

i=14%

(22)
MSIF , (~X)p= ~ MSIFy» 4 (X)g.
Similarly,
MSIFyr 4 (~X)p= ~ MSIF , (X)p.

Therefore, the property is clearly established.
(2) For any x¢ MSIF“i (X)g, we can know

" Sy (x) > B.In addition, min w; <f < 1,50 I A,,
s.t. S‘;{" (x) = 1. Namely, [x], €X. We have x € X;

thus, MSIF “Z’: g ,(X)ﬂCX

MSIFZl ,( ~X)p=~ MSIFZ 4 (X)p= ~cX.
Hence, XQMSIFZ; A (X)ﬁ.
Therefore, property (2) has been proved.

(3) For any xeU, we can easily get
Sy (x) = 0,87 (x) = 1. Therefore, ", w;Sh (x)=
0, 3", @S (x) = 1.
Thus, MSIF“E:‘1 4
Bt ={xeUlo>p} =
W“Z 4, (D) = {x €UITL, o,
1-B}={xecUl0>1-p} = @.

(@)ﬁ—{erlzl L Wi S (x) >
(1-S0y (%) >

Therefore, property (3) has been proved.
(4) According to (3), MSIF “i; (U)ﬁ ={xeUlY.
10,85 (x) = B} = {x e U1 2} =
MSIFy» , (U= {x cUIY  Lw;(1-S5 (x)>
1-Bt={xeUl1>1-B}=U.

Therefore, property (4) has been proved.

9
(5) For any x € MSIF wz:llAi (XUY)ﬁ
ox € MSIF‘ix A (X)ﬁ orx € MSIF“Z’:x 1 ,(Y)ﬁ

e X w,»S?(" (x)2por ¥, wiSY’ (x)=pB
= Y1, 0Sg,y (%) 2 T w; (S (x)vsik

(x) 2 Y1 oSy CONYE, @Sy (x) = .

Therefore, x € MSIF“i (Xu Y)ﬁ
Then, we can get that MSIF “in A
(XUY)RMSIEy 1"A¢ (X)gUMSIE§ , (V).

Meanwhile, for any xe¢ MSIFZ; 4 (X)pU
MSIFZ 4 (Vg

&x e MSIFZ_n_ 4 (X)porx e MSIF‘”Z_n_ 4 Vg
oY w(1-S¢(x)>1-por ¥,
w;(1-Sp(x)>1-p

ey, w»Sﬁi (x)<Bor Y, w,-S?i ()<

:>Zl 1w1S()X(Uy (x) Z
SXCHYC (x) = Zl e (SXC (x)/\SYC
(x)<Yi, w-SXc (X)AYE, wiSYC (x)<p

= Y7 w0 (1= Sy () >1-B
=x € MSIFZ»Z A (XUY)g

Then, we obtain that MSIFy YA
(XUY)ﬁDMSIFZ A (X)ﬂu MSIFZ A, (Y)ﬁ

i=1 i

Therefore, the property is clearly established.

(6) Vx € MSIF“i 1 ,(XnY)B

=y, w,»S(Xny) (x) =YY" w (S}‘}" (x)/\Sié’ (x)=p
=T 08¢ (OATL @Sy (02 XL

w; (S (OASy (x)) =B

=Sy a),-S?(" (x)>fand Y, wiS}é" (x)=p

=X € MSIF%, 4 (X)ﬁ and x € MSIF%, 4 (Y)ﬁ

=x € MSIF“i (X)ﬁﬂMSIF“’ (Y)ﬁ

ot A X4
Thus, MSIF %,  (XNY),CMSIF . (X)4

B YT YA
ﬂMSIF‘”ZX (g

Meanwhile, for any x € MSIF%{ A (XNY)pg
=3 w(1- Xny)c(x))>1—ﬁ

=30 1w18()’my (x)<p

= SXCUYC (x)<p
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=Y w0Sh (x)V 27 L0;Sh (%)< Y w; (i (x)V
SY‘ ()< YL w; SXCUY‘ (x)<p
=Y w0,Sh (x) <Band Y, w,Shi (x) < B
=1-Y", 0,84 (x)>1—-Band1-Y"
wiS¢i (x)>1-p
=>x € MSIF‘”Z?:I 4, (X)gandx € MSIF“iin:l 4, (Y)g
Sx € MSIF‘“ZL 4, (X nMSIF“i:«:l 4 (Vg
Therefore, the property is clearly established.
(7) Because XY, we can know XUY =Y.
According to property (5), MSIF wzn N (X)ﬁ U
MSIF§ , (V)MSIES. |, (XUY);
Therefore, MSIF “ill I(X)ﬂUMSIF “i:ilAi (Y)ﬂg
MSIF ¢ Y
MSIES: 4 O
Thus, MSIF & X)gCMSIF & Y);.
u ZX A ( )/3 Z A, ( )/3

Meanwhile,  according to  property  (5),

MSIF‘”ZLI 4, (X)pU MSIF“i; 4, (Y)gS

MSIF‘”Z; 4 (XUY)g.

Therefore, MSIF‘UZ_W " (X)/;UMSIF“’Z»« N (Y)ﬁg
w =11 i=1 "1

MSIFy" 4 (V).

Thus, MSIF‘“Z; A (X)ﬁgMSIsz:«:l 4, (V).

Therefore, the property is clearly established.

(8) For any «x¢€ MSIF“Z’: 1 J(X)ﬁ , we have
Y wSE ()22
Therefore, x € MSIF “i A (X)ﬂ
Then, f,<f, implies that MSIFY

Z:‘:l A
(X)g, CMSIEF wz - a (X),-

that B, <p,=
MSIF“’ZL 4, (X ﬁngSIF“iL a4, (X,

Similarly, we can prove
Therefore, property (8) has been proved.

(9) According to  properties (2) and (7),

MSIF ‘”Z o (X)pcX=MSIF “i »
(MSIF % S o, (X)p)cMSIF § 4 (X0

The following is the proof: MSIFZ,1 x(X)/j_

MSIES , (MSIF§ , (X))

For any x¢ MSIF“i (X)g, we can know
i @Sy (x) 2. ot

minw; <f<1; thus, 3A,st SX" (x)=1; namely,
[x]4C€X.

Then, according to property (7), we have
MSIFS , (1x]3))MSIFS0 , (X);.

Complexity

Therefore, [ ] CMSFIwZ (X)ﬁ’ we can get
X leMSIF“’ eer (%)=, x € MSIF ¢

Z?:l A
(MSIF“Z’:x 1 x(X)ﬁ)ﬁ
Therefore, MSIF “Z’:l 1 X(X)ﬁCMSIF ‘i A

(MSIF“Z’: (Xpp from which one can get that
MSIF , (MSIES. , (X)p)g= MSIEG , (X
MSIFZ

Meanwhile, we can prove that
(MSIFZ,-“:I A (X)p)g = MSIFZL 4 (X

Property (1) shows that in multisource intuitionistic
fuzzy information system, the lower approximation oper-
ator, and the upper approximation operator of weighted
generalized multigranularity intuitionistic fuzzy rough sets
satisfy duality. Property (2) illustrates the inclusion rela-
tionship between the lower approximation, the upper ap-
proximation, and the target concept. Properties (3) and (4)
show the approximation of two special sets. The lower and
upper approximation of the empty set & and the universe U
are themselves. Properties (5) — (8) state the monotonicity

of MSIF “’zn , and MSIFain 4+ Moreover, property (9)
o1 i (S

expresses the idempotency between the lower approxima-

tion operator and the upper approximation operator. [

xl’

3.3. Weighted Optimistic Multigranularity Intuitionistic
Fuzzy Rough Set Model for MSIFIS

Definition 21. Let MSIFIS = {IFIS,|IFIS; = (U, A,V;, f:)}
(i=12,...,n) be a multisource intuitionistic fuzzy infor-
mation system; S (x) is the support characteristic function
of x for X. If the weight corresponding to each granularity
space is derived from each dominance relation as
w={w,w,,...,0,}, Y 0w =1(0<w;<1), VXU, the
lower approximation and upper approximation of X
weighted optimistic multigranularity intuitionistic fuzzy
rough set are defined as follows:

OMSIF‘”i (X) ={x e UIZ], 0S¥ (x) > 0};

i
i=1

OMSIFS" , (X) = ~OMSIF$ , (~X) (23)

xlx

= {x € UIZlew,-(l - SX’; (x)) > 1}.

IfOMSIF S, (X) = OMSIF%; 4, (X), then the target

set X is optimistic and definable for Y\, A;; otherwise, X is
optimistic and rough for Y! 6 A. (OMSIF ‘”z (X)),
OMSIF‘UZ_( 4 (X)) is called the weighted optimistic multi-
granularity intuitionistic fuzzy rough set model for MSIFIS.

In the weighted optimistic multigranularity intuitionistic

fuzzy rough set model, the positive, negative, and boundary
regions of X can be defined as follows:



Complexity

POS%  (X)o = OMSIFY  (X);
2. A Z i
NEGZ” 4 (X)o =U ~OMSIFS" , (X);
BNDY

(X)O OMSIFZ A(X) OMSIFZ A(X).

i=1"7%

(24)

The basic properties of the weighted optimistic multi-
granularity intuitionistic fuzzy rough set for MSIFIS are
given by the following theorem.

Theorem 2. Let MSIFIS = {IFIS,,IFIS,,...,IFIS,} be a
multisource intuitionistic fuzzy information system. If the
weight corresponding to each granularity space is derived

from each dominance relation as
w={w,wy ..., 0.} Y0 0 =1(0<w;<1), VX,YCU, the
following conclusions hold:
(1) OMSIF“i (~X)= ~ OMSIFZ A4 (0,
OMSIFZi A(~X) = ~OMSIF‘“Z] (0.
) OMSIF-. (X)CXCOMSIFZ A (0.
(3) OMSIFS.. , (2) = OMSIFy" , () =
(4) OMSIF“i (U) = OMSIFZ A, ) =
(5) OMSF‘i (XUY)DOMSIF% (X)u
OMSIF “’ZM A (Y),
OMSIFy» , (XUY)20MSIFy» , (X)u
OMSIszé 4, ().
(6) OMSIF wZ (XNY)COMSIF ‘i (X)n
OMSIF ‘iil A (Y),
OMSIF‘”Z»i 4 (XnY)gOMSIF“i»i 4 (X)u
OMSIF%; 4, (Y).
7) XSY=>0OMSIF & X)COMSIF & Y),
7) zl“() Z,le()

XgY:»OMSIFZ A (X)QOMSIFZ L (7).

(8) OMSIF wz -, (OMSIFS. (X)) =

OMSIF ¢ o (X),

OMSIFWZ_( N (OMSIFWZi 4 (X)) = OMSIF%_{ 4 (X).
Proof. It is similar to that of Theorem 1. O

3.4. Weighted Pessimistic Multigranularity Intuitionistic
Fuzzy Rough Set Model for MSIFIS

Definition 22. Let MSIFIS = {IFIS,|IFIS; = (U, A,V,, f:)}
(i=12,...,n) be a multisource intuitionistic fuzzy infor-
mation system; S (x) is the support characteristic function
of x for X. If the weight corresponding to each granularity
space is derived from each dominance relation as

11

w={w,wy, ..., 0.} Y w =1, (0<w;<1), VXCU, the
lower approximation and upper approximation of X
weighted pessimistic multigranularity intuitionistic fuzzy
rough set are defined as follows:

PMSIF‘% (X)={x eU| Y1 08¢ (x)21};

i
i=1

PMSIFS» , (X)= ~ PMSIF§  (~X) (25)
={x €U | ¥} a,(1- 85 (x))>0}.
If PMSIF“i (X) = PMSIFZ A (X), then the target

set X is pessimistic and definable for ). | A;; otherwise, X is

(PMSIF‘”Z L (X,

PMSIFs YA (X)) is called the weighted pessimistic mul-

pessimistic and rough for Y. A,

tigranularity intuitionistic fuzzy rough set model for
MSIFIS.

In the weighted pessimistic multigranularity intuition-
istic fuzzy rough set model, the positive, negative, and
boundary regions of X can be defined as follows:

POSzn: (X)p = PMSIFZ (X);

NEGZ (X)p=U- PMSIFZ A (X);

xll

BNDz (X)P—PMSIFZ A (0 - PMSIFZ L (X,

111 i=1""

(26)

The basic properties of the weighted pessimistic multi-
granularity intuitionistic fuzzy rough set for MSIFIS are
given by the following theorem.

Theorem 3. Let MSIFIS = {IFIS,,IFIS,,...,IFIS,} be a
multisource intuitionistic fuzzy information system. If the
weight corresponding to each granularity space is derived

from each dominance relation as
w={w,wy, ..., 0L Y0 w0 =1, (0<w;<1), VX,YCU, the
following conclusions hold:
(1) PMSIF“’ZM A (X)) =~ PMSIFZ 4 (X,
PMSIFZ A (~X)=~ PMSIF“i A
(2) PMSIF “2 1 ,(X)CXCPMSIFZ A (X).
(3) PMSIF “il 1 t(@) PMSIFZ A (2) =
(4) PMSIF “z’:l 1 ,(U) PMSIFZ A L) =
(5) PMSIFS. | (XUY)2PMSIES. , (X)U
PMSIFS. (1),
PMSIszn 4 (XUY) = PMSTFy» , (X)U
PMSIFy» , (Y).
(6) PMSIF “i‘ A (XnY) = PMSIF%,, A (X)n

PMSIF “i (D,
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PMSIFy , (XNY)<PMSIF

=1

., (00U PMSIFy» , (Y).
i=1 =

(7) X<Y=>PMSIF ‘”ZL A (X)cPMSIF “’z; 4 (Y),

XQY:PMSIFwZiwzl 4 (X)gPMSIF%; 4 ().

8) PMSIFL. | (PMSIF % X)) =
( ) Zi:l 4 Z[:l 4 ( ))
PMSIFS.. , (X),
PMSIFy» , (PMSIFS» , (X)) =

PMSIF“’ZL 4, (X0.

Proof. It is similar to that of Theorem 1. O

3.5. The Relationship between the Three Models of MSIFIS.
In this subsection, we investigate the relationship between
the three models of MSIFIS.

Theorem 4. Let MSIFIS = {IFIS,, IFIS,,...,IFIS,} be a
multisource intuitionistic fuzzy information system. If the
weight corresponding to each granularity space is derived
from each dominance relation as
w={w,wy, ..., 0.} Y w =1, (0<w;<1), VXCU, the
following equations can be obtained:

(1) If =1, then

M‘i:}zl A (X)p = sz?:l A (X), )
MISFy» , (X); = PMSIFy» , (X).
(2) If f=minw,;(i=1,2,...,n), then
M%lﬂ:l A, (X)p = M‘i;ﬂzl A, (X), 09

MSIF“i;:l 4 (X)g = OMSIF‘”Z; A4 (X).

Proof. Itis easily obtained from Definition 15, Definition 20,
and Definition 21.

From the above theorems, if § = 1, weighted generalized
multigranularity intuitionistic fuzzy rough set degenerates
into weighted pessimistic multigranularity intuitionistic
fuzzy rough set. If f = minw,, weighted generalized mul-
tigranularity intuitionistic fuzzy rough set degenerates into
weighted optimistic multigranularity intuitionistic fuzzy
rough set. Hence, weighted generalized multigranularity
intuitionistic fuzzy rough set is a generalization of weighted
pessimistic multigranularity intuitionistic fuzzy rough set
and weighted optimistic multigranularity intuitionistic fuzzy
rough set. On the other hand, weighted pessimistic multi-
granularity intuitionistic fuzzy rough set and weighted
optimistic multigranularity intuitionistic fuzzy rough set are
the special cases of weighted generalized multigranularity
intuitionistic fuzzy rough set. O

Theorem 5. Let MSIFIS = {IFIS,,IFIS,,...,IFIS,} be a
multisource intuitionistic fuzzy information system. If the

Complexity

weight corresponding to each granularity space is derived
from each dominance relation as w={w;,w,,...,
w Y w =1, (0<w;<1), VXCU, the following prop-
erties are established:

1) PMSIF <o X)SMSIF X)g<

( ) —Zi=l Ai ( ) —Zi=1 Ai ( )ﬁ

OMSIFS.  (X).

) OMSIF‘UZ_{ 4 (X)gMSIF“i@ 4, (X)gS
PMSIszn L (X).

i=1 “

Proof. From Definition 20-Definition 22, the theorem
clearly holds.

The theorem shows that the lower and upper approxi-
mation of the weighted generalized multigranularity intui-
tionistic fuzzy rough set are between weighted pessimistic
multigranularity intuitionistic fuzzy rough set and weighted
optimistic multigranularity intuitionistic fuzzy rough
set. O

4. Uncertainty Measurement of MSIFIS

Like Pawlak rough sets, the uncertainty of knowledge is
caused by the boundary region. The larger the boundary
area, the lower the accuracy and the higher roughness. For
the weighted multigranularity intuitionistic fuzzy rough set
model in the MSIFIS, this section gives definition of rough
accuracy, roughness, and attribute dependence.

Definition 23. Let MSIFIS = {IFIS,, IFIS,, ..., IFIS,} be a
multisource intuitionistic fuzzy information system. If the
weight corresponding to each granularity space is derived
from each dominance relation as
w={w,wy,... ;0,5 Y0 0 =1(0<w;<1), parameter
minw; <B<1(i=1,2,...,n) denotes the information level
with respect to Y-, A;; VXCU, the approximation accuracy
and roughness of the weighted generalized multigranularity
intuitionistic fuzzy rough set model of the set X with respect
to Y, A; are defined as follows:

M 4,0

dysir (X)p =

MSIFZ?:] A,(X)ﬁ (29)

PisiF (X)p=1- Uprsir (X)p-

Similarly, the approximation accuracy and roughness of
the weighted optimistic multigranularity intuitionistic fuzzy
rough set model of the set X with respect to Y, A; are
defined as follows:

OMSIF ¥ X ‘
OMSIEY | 4,

g (X) = )
oMt OMSTFn 5 (X)) (30)
1= 1

PSMSIF (X)=1- “(a))MSIF (X).

The approximation accuracy and roughness of the
weighted pessimistic multigranularity intuitionistic fuzzy
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rough set model of the set X with respect to Y, A; are
defined as follows:

PMSIF ¥ X '
PMSIES» | 4,]

Wppsie (X) = — )
|PMSIFZT;IA, (X)| (31)
1= 1

PgMSIF (X)=1- agMSIF (X).

Definition 24. Let MSIFIS = {IFIS,, IFIS,, ..., IFIS,} be a
multisource intuitionistic fuzzy information system. If the
weight corresponding to each granularity space is derived
from each dominance relation as
w={w,w,y,...,0,}, Y w; =1 (0<w;<1), parameter
minw; <f<1(i =1,2,...,n) denotes the information level
with respect to Y| A;; VXCU, the approximation accuracy
and roughness of the weighted generalized multigranularity
intuitionistic fuzzy rough set model of the set X with respect
to Y, A; are defined as follows:

MSIFgn o <X>ﬂ| ) |Posz:-11 A, X
U] [U|

Y?\}/ISF (X)/S =
(32)

Similarly, the dependence of the weighted optimistic
multigranularity intuitionistic fuzzy rough set model of the
set X with respect to Y| A; is defined as follows:

OMSIF (X) POSIn (X)
)" A TA o
YgMSF (X) — 21:1 1 — Zz:l 1

U U]

(33)

The dependence of the weighted pessimistic multi-
granularity intuitionistic fuzzy rough set model of the set X
with respect to Y., A; is defined as follows:

PMSIF“in A (X)‘ ‘POS‘“Z;LI A, Xr

i=1

U UI

ngSF (X)=
(34)

Theorem 6. Let MSIFIS = {IFIS,,IFIS,,...,IFIS,} be a
multisource intuitionistic fuzzy information system, where
IFIS; = {U, A, V, IF;} (i<n); Sy (x) is the support charac-
teristic function of x for X. If the weight corresponding to each
granularity space is derived from each dominance relation as
w={w,w,,...,0,}, YL, w; =1, for any X<U, under the
three rough set models, the relationships between the ap-
proximate accuracy, roughness, and dependence of the set X
with respect to Y, A; are as follows:

(1) appysip (X) < aygre (X)p < apsre (X
(2) PSpstr (X) < pivgsie (XD < Pparsir (X
(3) Yemstr (X) < Vst (X)p < YEumsir (X

Proof. It is easy to obtain by Definition 23 and Definition 24.
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The theorem shows that the accuracy, roughness, and
dependence of the weighted generalized multigranularity
intuitionistic fuzzy rough set model are between weighted
pessimistic multigranularity intuitionistic fuzzy rough set
and weighted optimistic multigranularity intuitionistic fuzzy
rough set model. O

Example 3. In example 1, the quality ranking of the three
information sources in the multisource intuitionistic fuzzy
information system is calculated. Let us suppose that the
granularity weights corresponding to the three information
systems are assigned as w{0.2,0.3,0.5}; the distribution of
granularity weights in specific applications can be given
subjectively based on the experience of domain experts, with
threshold 8 = 0.6.

According to Definition 2, we calculate the dominant
classes of object under each source.

Dominant classes under source 1 are as follows:

Ry (x)) = {x1, x5}, Ry (x;) = {%1> %9, 23, %5, X6},

Ry (x3) = {%1> %3, x5, %6},

Ry, (xy) = {x1, X, X3, %, X5, X}

Ry, (x5) = {xs}, Ry, (x6) = {x5, Xg}.

Dominant classes under source 2 are as follows:

Ry, (x)) = {x1, %5}, Ry, (x,) = {x,},

Ry, (x3) = {x3}, Ry, (x,) = {x,},

Ry, (x5) = EE N Ry, (xq) = {%2 %3, %4> 6}

Dominant classes under source 3 are as follows:

Ry, (x)) = {21 x5}, Ry, (x;) = {2}

Ry, (x3) = {x3}, Ry, (x) = {xp x5, x4},

Ry, (x5) = {x3 x5}, Ry, (xq) = {x2, %3, x6}.

Given a concept set X = {x;,x,,x3,x5}, the support
characteristic function of X and support characteristic
function of X¢ under each source are computed.

SY(x) =1, 8¢ (x) =1, 8¢ (x)) = 1,

Sy (x3) = 0, S (x,) = 1, Sy (x,) = 1,

Sy (3) = 0, S (x3) = 1, ¢ (x3) = 1,

S¥ (x,) = 0, S (x,) = 0, S¥ (x,) = 0,

Sy (x5) = 1, Sy (x5) = 0, Sy (x5) = 1,

S% (x6) = 0, Sy (xg) = 0, S¥’ (x¢) = 0.

X¢ = {xy, x6},

S (x7) = 0, Sy (1) = 0, Syt (x1) = 0,

S5t (x,) = 0, 832 (x,) = 0, Sy (x,) =0,

Sie (x3) = 0, Syt (x3) = 0, S5 (x3) = 0,

S (x,) = 0, Sigs (x,) = 1, Sx2 (x) = 0,

Sh(x5) = 0, S5 (x5) = 0, Siis (x5) = 0,

Siis(x) = 0, S32 (x¢) = 0, S5 (x6) = 0.

According to Definition 20, the lower approximation
and upper approximation of the weighted generalized
multigranularity intuitionistic fuzzy rough set X are ob-
tained as follows:

MSIF %3 L (X = {x1, x5, %3, x5},
i=1 "1

MSIF%% (X = {x1, 25, X3, X4, X5, %6}

i=1 "7t
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The positive region, boundary region, and negative re-
gion of the weighted generalized multigranularity intui-
tionistic fuzzy rough set X are as follows:

POS%?:] A; (X)B = {xl’ X2> X35 xS}’
BNDY - (X)g = {x4 x6},
NEG“i?:l A (X)p = 2.

The approximation accuracy, roughness, and depen-
dence of the weighted generalized multigranularity intui-
tionistic fuzzy rough set X are as follows:

s (X)g = (4/6) = (2/3),

Pusie (X)g = 1= (2/3) = (1/3),

Yausir (X)g = (4/6) = (2/3).

According to Definition 21, the lower approximation
and upper approximation of the weighted optimistic mul-

tigranularity intuitionistic fuzzy rough set X are obtained as
follows:

OMSIF‘UZ:;] A (X) = {x1, %5, X3, X5},

OMSIFWZ;«:1 2, (X) = {x1, x5, %3, X5, Xg .

The positive region, boundary region, and negative re-
gion of the weighted optimistic multigranularity intuition-
istic fuzzy rough set X are as follows:

POS%?«:1 4, (X)o = {x1, x5, x5, x5}

BNDS+ , (X)o = {xg},

NEGS " A (X)o = {x4, X6}

The approximation accuracy, roughness, and depen-
dence of the weighted optimistic multigranularity intui-
tionistic fuzzy rough set X are as follows:

agMSIF(X) = (4/5),

Pomsie (X) = 1= (4/5) = (1/5),

Yousir (X) = (4/6) = (2/3),

According to Definition 22, the lower approximation
and upper approximation of the weighted pessimistic
multigranularity intuitionistic fuzzy rough set X are ob-
tained as follows:

PMSIF%; A (0= {x:}

PMSIF%S A (X)) = {xp, x5, X3, x4, X5, X}

i=1 "7
The positive region, boundary region, and negative re-
gion of the weighted pessimistic multigranularity intui-
tionistic fuzzy rough set X are as follows:

POS%; A (X)p ={x,},

BNDS | (X)p = {1, 25,3, X0, X5, X},
NEGY;, (X)p=6@.

YA
i=1

The approximation accuracy, roughness, and depen-
dence of the weighted pessimistic multigranularity intui-
tionistic fuzzy rough set X are as follows:

Complexity

aPnsr (X) = (1/6),

Pomsie (X) =1 - (1/6) = (5/6),
Yeumsie (X) = (1/6).

Hence,

PMSIF‘”Z;Ai (X)QMSIF“’Z;Ai (X)pC OMSIF‘”Z?:]Ai (X),
OMSIF%; A (X)QMSIF%; 4 (X) ﬁgPMSIF%; 4 (X).

(x:}j)MSIF (X)< ‘Xg\))/ISIF (X)p< “§MSIF (X)ps
Pomsir (X) < Pusie (X)p < Poprsir (X
YeusirS (X) < Vasrr (X)g < ¥oumsrr (X)-

5. Experimental Evaluation and Analysis

In this paper, three weighted multigranulation intuitionistic
fuzzy rough set models for MSIFIS are studied, and the
uncertainty measurement methods of different models are
discussed. In this section, we use an experiment to show the
effectiveness of the models and methods proposed in this
paper. We propose Algorithm 2 to calculate the uncertainty
measure of the weighted generalized multigranulation
intuitionistic fuzzy rough set in MSIFIS. Similarly, by
changing the threshold f3, a calculated weighted optimistic
and pessimistic uncertainty measurement algorithm can be
obtained.

The time complexity analysis of Algorithm 2 is as fol-
loxws. From Steps 2 — 20, we calculate the dominant class of
each object under each information source, and its time
complexity is O(JU)? % A = q) (q is the number of sources).
From Steps 21-35, we calculate the support feature
function of X and X under each information source, and
the time complexity is O (|U]| # g). From Steps 36 — 45, we
compute the upper and lower approximations of X in
MSIFIS, and the time complexity is O (|U]).

As we all know, we cannot get MSIFIS directly from UCI
(http://archive.ics.uci.edu/ml/datasets.html), so we need to
process the data. First, we need to download the “wine-
quality-red” and “winequality-white” data sets from UCI
and divide them by the maximum number of each column in
the data table to make them fuzzy data tables. Then, we use
the MATLAB software to randomly generate two fuzzy data
sets. Finally, the method given in literature [23] is used to
make them intuitionistic fuzzy data sets.

The details of the four data tables are shown in Table 4.
We use the above four data sets as the original intuitionistic
fuzzy information system. Finally, we randomly select 40%
of the original data to add white noise and then randomly
select 20% of the remaining data to add random noise, and
the rest of the data remains unchanged to generate four
MSIFISs with ten sources. The entire experiment was run on
a private computer. The specific operating environment,
including hardware and software, is shown in Table 5.

We add white noise as follows: the g real numbers with a
normal distribution (n,n,,..., nq) were first generated by
MATLAB.


http://archive.ics.uci.edu/ml/datasets.html
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TaBLE 4: Specific information about the operating environment.

15

Name Model Parameter
CPU Intel” core™ i3-2370M 2.40 GHz
Platform MATLAB R2016b
System Windows 7 64 bits
Memory DDR3 4 GB; 1600 MHz
Hard disk MQO1ABDO050 500 GB
TaBLE 5: Uncertainty measurement on “own-data 1.”
a B Y
G O p G (0] p G (0] p
1 0.8421 1 0.0824 0.1579 0 0.9176 0.7529 0.8 0.0824
2 0.7226 1 0.0471 0.277 4 0 0.9529 0.658 8 0.8 0.0471
3 0.727 8 1 0.0706 0.2722 0 0.9294 0.676 5 0.8 0.070 6
4 0.7840 1 0.1118 0.216 0 0.888 2 0.7471 0.8 0.1118
5 0.726 1 1 0.0529 0.2739 0 0.9471 0.6706 0.8 0.0529
6 0.5161 0.9927 0.0529 0.4839 0.007 3 0.9471 0.4706 0.8 0.0529
7 0.783 8 0.797 3 0.0529 0.2162 0.2027 0.9471 0.682 4 0.6941 0.0529
8 0.6824 0.8027 0.0529 0.3176 0.1973 0.9471 0.5941 0.6941 0.0529
9 0.4780 0.9927 0.0235 0.522 0.007 3 0.976 5 0.4471 0.8 0.0235
10 0.3376 0.9927 < 0.001 0.662 4 0.007 3 1 0.3118 0.8 0
TaBLE 6: Uncertainty measurement on “winequality-red.”
a B Y
G O p G 0] p G (0] p
1 0.7461 0.9853 0.5316 0.2539 0.0147 0.468 4 0.6579 0.7949 0.5003
2 0.7422 0.9369 0.6367 0.2578 0.0631 0.3633 0.6535 0.7705 0.5854
3 0.7452 0.9700 0.6383 0.254 8 0.03 0.3617 0.6567 0.7899 0.5860
4 0.7307 0.969 4 0.6383 0.2693 0.0306 0.3617 0.649 8 0.7930 0.5860
5 0.7356 0.9535 0.6372 0.2644 0.046 5 0.362 8 0.6560 0.7817 0.5854
6 0.7311 0.9625 0.5023 0.2689 0.0375 0.4977 0.6529 0.7855 0.4715
7 0.7309 0.9409 0.637 2 0.2691 0.0591 0.362 8 0.6523 0.776 7 0.5854
8 0.743 5 0.9961 0.629 8 0.256 5 0.0039 0.3702 0.6579 0.8030 0.5797
9 0.728 4 0.9393 0.5854 0.2716 0.0607 0.4146 0.647 3 0.774 2 0.5854
10 0.7398 0.9311 0.5866 0.260 2 0.068 9 0.4134 0.6560 0.769 2 0.586 6
TaBLE 7: Uncertainty measurement on “own-data 2.”
a B Y
G ) P G O P G ) P
1 0.2519 0.8047 0.000 3 0.7481 0.1953 0.9997 0.247 0.8047 0.0003
2 0.2770 0.994 2 0.0007 0.723 0.0058 0.9993 0.2737 0.804 0.0007
3 0.3442 0.9967 0.0007 0.6558 0.0033 0.9993 0.3377 0.8053 0.0007
4 0.2977 0.9922 0.001 3 0.7023 0.007 8 0.9987 0.293 0.8047 0.0013
5 0.3225 0.9959 0.0027 0.6775 0.0041 0.997 3 0.3167 0.805 0.0027
6 0.3119 0.9902 0.002 7 0.6881 0.009 8 0.997 3 0.3077 0.804 3 0.0027
7 0.3065 0.993 4 0.001 0.6935 0.006 6 0.999 0.3023 0.804 3 0.001
8 0.2775 0.9942 < 0.001 0.7225 0.0058 1 0.2723 0.805 < 0.001
9 0.3340 0.9955 0.002 0.666 0.004 5 0.998 0.328 0.8053 0.002
10 0.2913 0.993 8 0.0007 0.708 7 0.006 2 0.999 3 0.287 0.804 3 0.0007
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TaBLE 8: Uncertainty measurement on “winequality-white.”
a B Y
G O P G ) p G ) P
1 0.6383 0.9979 0.0351 0.3617 0.0021 0.9649 0.6031 0.793 8 0.0351
2 0.647 6 0.9995 0.0312 0.3524 0.0005 0.968 8 0.6115 0.7938 0.0312
3 0.6621 0.9997 0.0408 0.3379 0.000 3 0.9592 0.6262 0.7938 0.0408
4 0.6522 0.9995 0.0357 0.3478 0.000 5 0.964 3 0.6149 0.7938 0.0357
5 0.657 8 1 0.0347 0.3422 0 0.9653 0.6182 0.7938 0.0347
6 0.6572 0.9987 0.0392 0.3428 0.0013 0.960 8 0.617 6 0.7936 0.0392
7 0.6241 0.9992 0.0347 0.3759 0.0008 0.9653 0.5909 0.7938 0.0347
8 0.6272 0.9992 0.0335 0.3728 0.0008 0.966 5 0.5929 0.7938 0.0335
9 0.629 5 0.9992 0.0323 0.3705 0.0008 0.9677 0.596 0 0.7938 0.0323
10 0.6359 0.9995 0.029 4 0.3641 0.000 5 0.9706 0.6009 0.793 8 0.029 4
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FIGURE 2: Uncertainty measurement of weighted multigranulation model for “own-data 1.”
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FIGURE 3: Uncertainty measurement of weighted multigranulation model for “winequality-red.”
IFIS; (p, + 1, v, +n5a), 0< (py +1;) + (v, +1;) <1,
IFIS; (phy, vyr @) = (35)
IFIS; (4> vy, ), else.
We add random noise as follows:
IFIS; (uy +1j v +1a), 0< (u +1;)+ (v, +1;)<1,
IFIS; (phy, vyr @) = (36)
IFIS; (4> vy, @), else.
We conducted ten experiments on each data set, as-  three  information  systems are  assigned as

suming that the granularity weights corresponding to the  w = {0.08,0.04,0.1,0.03,0.07,0.02,0.06,0.2,0.3,0.1}, with



18

Complexity

1 2 3 4 5 6 7 8 9
Number of experiments

1

10

9 10

09 r

[ ]
04
[ ]

0.8
0.7 +
0.6 |
y 05¢
0.4
03}
0.2t
0.1}

0
1 2 3 4

10

Number of experiments

—m— generalized
-@- optimistic
pessimism

FIGURE 4: Uncertainty measurement of weighted multigranulation model for “own-data 2.”

threshold 8 = 0.6, and the concept set X is randomly gen-
erated from the target set. The uncertainty measurement of
the three rough set models corresponding to each data set is
shown in Tables 6-8, and the results are illustrated
inFigure 2-5.

From Figures 2-5, we can find that the weighted pes-
simistic approximation accuracy is less than or equal to the
weighted generalized approximation accuracy, which is also
less than or equal to the weighted optimistic approximation
accuracy; the weighted optimistic approximation roughness
is less than or equal to the weighted generalized approxi-
mation roughness, which is also less than or equal to the
weighted pessimistic approximation roughness. Similarly,
the weighted pessimistic approximation dependence is less
than or equal to the weighted generalized approximation

dependence, which is also less than or equal to the weighted
optimistic approximation dependence.

MSIFIS's optimistic multigranularity intuitionistic
fuzzy rough set model requirements are too loose in
selecting objects, but the pessimistic multigranularity
intuitionistic fuzzy rough set model requirements are too
strict in selecting objects. Therefore, in practical appli-
cations, the object selection can be completed by the
weighted generalized multigranular intuitionistic fuzzy
rough set model.

From Figures 2-5, in the same data set, MSIFIS has
different calculation results in different multigranularity
intuitionistic fuzzy rough set models. Therefore, in practical
applications, we can complete the object selection by
changing the threshold f.
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FIGURE 5: Uncertainty measurement of weighted multigranulation model for “winequality-white.”

Input: w, B, MSIFIS = {IFIS,, IFIS,, ..., IFIS,}, IFIS = {U, A, V, IF,}, X<U
Output: oy (XD, piysir (X)g and yiyse (X)g
(1) begin
2) for I=1:q do
3) for i=1:n do
4) [x;]4; = &5
(5) for j=1:n do
(6) flagl = 1;
(7) for k=1:m do
(8) if Ha, (x5, k) < Ha, (xj, k)/\VA, (x;,k) = vy, (xj, k) then
9) flagl = 1;
(10) else
(11) flagl = 0;
12) break;
13) end
(14) end
(15) f flagl == 1;
(16) [xi]AI = [xi]A, u {xj};
@17) end
(18) end
(19) end
(20) end

ALGORITHM 2: Continued.
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(21) for i=1:n do
(22) Sy () = 0,54 () = 0
(23) for I=1:q do
(24) ifA[xi]Azg)/f then
(25) SY () =Sy () +1;
(26) else
27) SY (i) = ¥ (i);
(28) end
(29) if [x;],SXC then
AL A .
(30) SH Gy = % () + 13
(31) else
(32) S (i) = S (0);
(33) end
(34) end
(35) end
(36) MSIFs0 , (X)s=2; MSIFy1 , (X)g—@;
(37) fori=1:ndo
(38) if ¥ Sy (x)>f then
(39) MSIF s, (X)g = MSIF 5 , (X)gUx;
(40) f:nd .
(41) if Y w;(1 -8y (x))>1-f then
(42) MSIFZ:I:1AI (X)ﬁ :MSIFZLAI (X)[;U)Ci;
(43) end
(44) end
( r)eturél: @sir (X Piusir (X)g and yiygrp (X)g
45) en

ALGORITHM 2: Uncertainty measurement of weighted generalized multigranulation intuitionistic fuzzy rough sets for MSIFIS.

6. Conclusions

In this paper, in order to solve the problem of knowledge
discovery in the MSIFIS, the weighted multigranulation
intuitionistic fuzzy rough set models, combined with the idea of
multigranulation, are studied. We also studied the relationship
between them. In order to further study the multigranulation
intuitionistic fuzzy rough set model in the MSIFIS, the un-
certainty measurement methods of different models are dis-
cussed. Finally, the effectiveness of the proposed models and
methods is verified through an example. In the future, we need
to continue to study the granularity weight distribution of
multisource intuitionistic fuzzy information system and its
application to decision-making.
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