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Abstract: 
Decision theoretic rough set is a typical generalization 

model of rough set, which has fault tolerance based on Bayes 
minimum decision risk. How to mine knowledge from the 
information collected from different sources is one of the 
focuses of current artificial intelligence. From a cognitive point 
of view, especially from the point of granulation, this paper 
studies decision theory of multi-source decision systems based 
on generalized multi-granulation and decision theoretic rough 
sets. It is because each granular structure is not equally 
important in practical issues. First of all, the method of 
granulation weight is proposed based on the internal 
uncertainty of systems and the external correlation between 
systems, namely the double weighted granulation (DGW) 
method. And then a weighted generalized multi-granulation 
decision-theoretic rough set (WGM-DTRS) model in 
multi-source decision systems is proposed. Finally, in order to 
verify the effectiveness of the (DGW) method, the 
approximation accuracy of decision classes under different 
weighted granulation methods is  compared. The numerical 
results show that the proposed method is effective from the 
point of classification. Therefore, the WGM-DTRS model 
based on the DGW method is meaningful.  
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1. Introduction 

With the development of information technology, 
information sources for research objects are increasing. 
Multi-source information can not only reflect research 
objects more comprehensively, but also make up for the 
deficiency of single source. At the same time, it brings new 
challenges to knowledge discovery [14]. As a new 
multi-view data analysis method, multi-granulation rough 
set theory can effectively mine knowledge from 
multi-source information systems, high-dimensional feature 
data, multi-intelligence agents and distributed information 

systems [15]. Therefore, this paper studies decision theory of 
multi-source decision systems from the perspective of 
multi-granulation. 

The decision theoretic rough set (DTRS) proposed by 
Yao[1-2] is a representative decision model, in which 
thresholds can be calculated Bayes minimum decision risk, 
the conditional probability can be estimated by the naive 
Bayes model, and positive, negative and boundary regions of 
the probability rough set are regarded as the application of 
the three-way decision theory. The DTRS studies knowledge 
under a single granulation [3]. In many situations of real life, 
according to the goals or requirements of users to solve the 
problem [4], we need to use known knowledge produced by 
multiple granular structures to describe the target or request. 
Therefore, many scholars introduce multi-granulation into 
decision theoretic rough sets [4-12].  

In particular, Qian et al. proposed optimistic, 
pessimistic and mean multi-granulation decision theoretic 
rough sets through combining multi-granulation with 
decision-theoretic rough sets [4]. Recently, considering that 
the approximation of targets in large data is extremely 
time-consuming, and in many cases it is almost impossible 
to label all the data, Qian et al. proposed local optimistic, 
pessimistic and mean multi-granulation decision theoretic 
rough sets [5]. Li et al. studied the optimistic, pessimistic 
multi-granulation decision theoretic rough sets in the 
distributed fuzzy condition decision information systems [6]. 
Lin et al. proposed optimistic, pessimistic fuzzy 
multi-granulation decision theoretic rough sets for 
multi-source information systems [7]. Sun et al. proposed a 
variable precision multi-granulation fuzzy decision-theoretic 
rough set over two universes based on three-way decisions 
and multi-granulation [8]. Feng et al. proposed two kinds of 
variable precision multi-granulation decision theoretic fuzzy 
rough sets through the maximum and minimum membership 
degrees of objects about fuzzy concepts under 
multi-granulation [9]. After this, Feng et al. studies the 



 

 

reduction of multi-granulation fuzzy information system 
based on variable precision multi-granulation 
decision-theoretic fuzzy rough sets. These researches mainly 
focus on multi-granulation decision-theoretic rough sets 
under optimistic and pessimistic circumstances [10]. This 
paper will study multi-granulation decision-theoretic rough 
sets under more general circumstances, namely weighted 
multi-granulation decision-theoretic rough sets for 
multi-source decision systems.  
   At present, methods of granulation weights are mainly 
summarized as follows: the definite support weighted 
method, the possible support weighted method, the 
determine average approximation support weighted method, 
the geometric average approximation support weighted 
method  based on the upper and lower approximations; the 
approximate precision weighted method based on the upper 
and lower approximation  ratio; the approximate rough 
weighted  method based on roughness; the granulation 
entropy weighted method based on rough entropy and so on 
[13]. This paper proposed a new method of granulation 
weights through the internal uncertainty of systems and the 
external correlations between systems in multi-source 
decision systems.  

The main contribution of this paper is listed as follows: 
1) The weighted generalized multi-granulation is 

introduced into decision-theoretic rough sets, which 
provides a decision-making method for multi-source 
decision systems. 

2) A new method of granulation weights is proposed 
based on the internal uncertainty of systems and the external 
correlations between systems, namely the double weighted 
granulation method.  

3) Comparing approximation accuracy of decision 
classes under different weighted granulation methods in 
multi-source decision systems, we verified that the validity 
of the proposed weighted granulation method and embodied 
the significance of weighted generalized multi-granulation 
decision-theoretic rough sets. 

2. Preliminaries  

In this section, we briefly review some basic concepts 
such as multi-source decision systems, weighted 
multi-granulation rough sets (WMGRS) and 
decision-theoretic rough sets (DTRS). 

2.1. Multi-source decision systems 

With the development of information technology, 
means collected information are increasing, and information 
sources obtained the same information are increasing 

accordingly. Therefore, many signal decision system about 
the same research objects are called multi-source decision 
systems. The detailed description [15] is as follows: 

Let U is a nonempty finite set of objects; iC  is a set of 
condition attributes and iD  is a set of decision attributes in 

the thi  decision system ; iV  is the domain of attribute 
values, namely, 

i i ii a C aV V ; :i i i iF U C D V  is an 

information function, i.e., i i ia C D , x U , that 
( , )

ii aF x a V , where ( , )iF x a  is the value of the object x  

about the attribute ia . Then { | ( ,C , ,i i i i iMI I I U D V  
)}iF is called a multi-source decision system, where

( ,C , , )i i i i iI U D V F  is the thi  decision system of MI .    
Unless otherwise specified, all the multi-source 

decision systems and decision systems in this paper are 
analogous to that defined above. It is important to point out 
that multi-source decision systems studied in this paper have 
the same universe, attributes and decision classes but 
different information functions. 

2.2. Weighted multi-granulation rough sets 

Multi-granulation rough set theory (MGRS) provides a 
method for knowledge discovery of multi-source decision 
systems. Weighted multi-granulation rough set (WMGRS) 
theory is a generalized model of MGRS, in which the 
importance of different granular structures is different and 
the lower and upper approximations are approximated by 
granular structures induced by multiple binary relations [13]. 

Let ( , , , )I U C D V F  be a decision system, and

, 1,2, , ( 2 (0.5 1), , ].C
iA C i s s, ( 2, (( 2 For an arbitrary 

subset X U , the lower and upper approximations of X
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respectively, where ( )iA
XS x  is the support characteristic 

function of x U  with respect to concept X  under 
attribute set iA ; if [ ] ,

iAx X then ( ) 1iA
XS x ; else

( ) 0iA
XS x . The concept X  is called a definable set with 



 

 

respect to 
1

S

i
i

A  if and only if
1 1

( ) ( )
S S

i i
i i

A AGM X GM X ; 

otherwise X  is called a rough set with respect to
1

S

i
i

A .   

is called the information level with respect to 
1

S

i
i

A . i is 

the weight of granulation iA , and 
1

1
S

i
i

. Positive region

( )pos X , negative region ( )neg X , and boundary region 
( )bnd X  are defined as follows: 
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i i
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Let ( ,C , , )I U D V F  be a decision system, 

,iA C 1,2, ,2 ), ( Ci s s 2, (s, (s, (  (0.5,1] . The partition of 
universe generated by D is 1 2/ { , , ,iU D Y Y ,

}( 1,2, , )mY i s, ), . The weight i  of granulation iA  can be 
calculated by the following methods.  

1) In the definite support weighted method, the possible 
support weighted method and the determine average 
approximation support weighted method, the weight i  of 
granulation iA is defined as 
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2) In the approximate precision weighted method and 
the approximate rough weighted method, the weight i  of 
granulation iA is defined as 

1
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where ( )i jY denotes the precision of jY  with respect to 

iA , which can be calculated  by 
| ( ) |

( )=
| ( ) |

i

i

A j
i j

jA

R Y
Y

R Y
; and 

( )=i jY 1- ( )i jY . 

2.3.  Decision-theoretic rough sets (DTRS) 

Decision-theoretic rough sets proposed by Yao provide 
a feasible approach for decision makers [1]. Based on the 
idea of three-way decisions and Bayes minimum decision 
risk, the decision-making process of DTRS model is given 
as follows.  

Let { , }X X} be a state set indicating that an 
object is in a decision class X and not in X ; A be an 
action set consisting of three actions, namely

{ , , }P B NA a a a , where Pa , Ba , Na denote three actions 
about deciding ( )x pos X , ( )x bnd X and ( )x neg X , 
respectively. Different actions under different conditions will 
cause different costs.  Let PP , BP , NP  denote the costs 
caused by taking actions Pa , Ba , Na , respectively, when an 
object belongs to X ;  and PN , BN , NN denote the costs 
caused by taking actions Pa , Ba , Na , respectively, when an 
object belongs to XX . 

Given the cost function, the expected cost associated 
with taking different actions for the objects in the 
equivalence class [ ]Rx  can be expressed as: 

( | [ ] ) ( | [ ] ) ( | [ ] );P R PP R PN RR a x P X x P X x| [ ] )| [ ]| [| [| [| [  
( | [ ] ) ( | [ ] ) ( | [ ] );B R BP R BN RR a x P X x P X x| [ ] )| [ ]| [| [| [| [
( | [ ] ) ( | [ ] ) ( | [ ] ).N R NP R NN RR a x P X x P X x| [ ] )| [ ]| [|| [|  
The conditional probability ( | [ ] )RP X x can be 

calculated by ( | [ ] ) [ ] [ ]R R RP X x x X x .  
Based on the Bayesian decision procedure, the 

followings are the minimum-risk decision rules: 
( )P If ( | [ ] ) ( | [ ] ),P R B RR a x R a x and ( | [ ] )P RR a x ( NR a   
| [ ] )Rx , then decide ( )x pos X ; 

( )B If ( | [ ] ) ( | [ ] ),B R RPR a x R a x and ( | [ ] )B RR a x ( NR a   
| [ ] )Rx , then decide ( )x bnd X ; 

( )N If ( | [ ] ) ( | [ ] ),N R RPR a x R a x and ( | [ ] )N RR a x
( BR a   | [ ] )Rx , then decide ( )x neg X . 

   When PP BP NP and NN BN NP , the 
above decision rules are further simplified as  

( )P If ( | [ ] )RP X x and ( | [ ] )RP X x , then decide
( )x pos X ; 

( )B If ( | [ ] )RP X x and ( | [ ] )RP X x , then decide
( )x bnd X ; 

( )N If ( | [ ] )RP X x and ( | [ ] )RP X x , then decide
( )x neg X . 



 

 

The expressions of above parameters , ,  are  

;
( ) ( )

PN BN

PN BN BP PP
;

( ) ( )
BN NN

BN NN NP BP
 

.
( ) ( )

PN NN

PN NN NP PP

 

When
( )( ) ( )( )NP BP PN BN BP PP BN NN is true, 
then 0 1 . Accordingly, the decision rules are 
simplified as 
( )P If ( | [ ] )RP X x , then decide ( )x pos X ; 
( )B If ( | [ ] )RP X x , then decide ( )x bnd X ; 
( )N If ( | [ ] )Rp X x , then decide ( )x neg X . 

3. Weighted generalized multi-granulation decision 
-theoretic rough sets (WGM-DTRS) 

In this section we introduce weighted generalized 
multi-granulation into decision-theoretic rough sets. First, a 
new method of weighted granulation is proposed. Then the 
WGM-DTRS model is constructed in multi-source decision 
systems. Finally, decision rules can be obtained. 

3.1.  The double weighted granulation method 

In multi-source decision systems, because of the 
influence of external environment and technical means, the 
reliability of different sources is different, so the 
corresponding granular structures of different information 
sources are also different for overall decision support. 
Considering the internal uncertainty of information sources 
and the external correlations between different information 
sources, we proposed a new method of granulation weights. 
Definition 3-1-1 Let { | ( ,C , , )}i i i i i iMI I I U D V F be a 
multi-source decision system and the partition of universe 
generated by the decision attributes be

1 2/ { , , , }( 1,2, , )i mU D Y Y Y i s, }( 1,2, , ),, }( 1,2, ,}( 1,2, ,, }(}( . For each signal 
decision system iI MI , the internal granulation weight of 
decision system iI  is defined as    

1

( | )( ) 1
( | )

i i i
i i s

i i i
i

H D CIG I
H D C

, 

where
1 1

1 (Y ) / (Y )
i i

m m

i C j C j
j j

R R  denotes the accuracy of iI , 

and 
| |

1 1

| [ ] | | [ ] |
( | - log

| | | [ ] |
C Ci i

Ci

U m
i R j i R j

i i i
i j i R

x Y x Y
H D C

U x
 denotes the 

conditional entropy of decision attribute set iD with respect 
to condition attribute set iC , which can reflect the 

uncertainty of system iI . 
Definition 3-1-2 Let { | ( ,C , , )}i i i i i iMI I I U D V F be a 
multi-source decision system. For any two signal decision 
system ,i jI I MI , the external difference between iI and 

jI can be defined as    

( , ) | [ ] [ ] [ ] [ ] |i j i j
i j a a a a

x U a C
d I I x x x x , 

where [x]i
a and [x] j

a  denote equivalent classes of object x  

about attribute a  in the thi  and thj  decision systems, 
respectively.  

The external correlation between iI and jI can be 

defined as 2

( , )
( , ) 1-

| | | |
i j

i j

d I I
ec I I

U C
, where | |U  and | |C  denote 

the cardinality of the universe U  and conditional attribute 
set C , respectively.  
Definition 3-1-3 Let { | ( ,C , , )}i i i i i iMI I I U D V F be a 
multi-source decision system. For each signal decision 
system iI MI , the external granulation weight of decision 
system iI  is defined as   

2
1 1

( , )1 1( ) ( , ) 1-
| | | |

s s
i j

i i j
j j

d I I
EG I ec I I

s s U C
. 

Definition 3-1-4 Let { | ( ,C , , )}i i i i i iMI I I U D V F be a 
multi-source decision system. For each signal decision 
system iI MI , the double granulation weight of decision 
system iI  in the MI can be defined as   

1

( ) ( )

( ) ( )

i i
i s

j j
j

IG I EG I

IG I EG I
 

3.2.  The WGM-DTRS model  

Considering the DTRS model has a certain tolerant 
ability during the evaluation and different granulations may 
not be equally important in practice, in this section we 
propose weighted generalized multi-granulation 
decision-theoretic rough sets (WGM-DTRS).  
Definition 3-2-1 Let { | ( ,C , , )}i i i i i iMI I I U D V F be a 
multi-source decision system. For an arbitrary set X U , 
the lower and upper approximations of X  in the 
multi-source decision system MI  can be defined as 

1
1

( ) { | ( ) 1 }i
S

i
i

C
S

w
X

C i
iGM X x U US x ; 



 

 

1
1

( ) { | ( )) }i
S

i
i

S
Cw
X

C i
iGM X x U LS x ; 

respectively, where (0.5,1]  is called the information 

level with respect to 
1

S

i
i

C . ( )iC
XUS x and ( )iC

XLS x  are the 

weighted upper and lower support characteristic functions of 
x U  with respect to concept X  under iC .  ( )iC

XUS x  

and ( )iC
XLS x  are specifically defined as  

1 ( | [ ] ) ;
( )

0, .
ii C iC

X
if P X x

US x
else

1 ( | [ ] ) ;
( )

0, .
ii C iC

X
if P X x

LS x
else

 

And the granulation weight ( 1,2, , )i i s, ),  can be 
calculated according to the proposed method of subsection 
3.1. 
  X  is called a definable set in the MI  if and only if 

1
1

( ) ( )SS
Ci ii

i
C

GM X GM X ; otherwise X  is called a rough set 

in the MI . In the multi-source decision system MI , 
positive region ( )pos X , negative region ( )neg X , and 
boundary region ( )bnd X  are defined as follows: 

1 1

( ) ( ); ( ) ~ ( );S S

i i
i i

C C
pos X GM X neg X GM X  

1 1

( ) ( ) ( )S S

i i
i i

C C
bnd X GM X GM X . 

Definition 3-2-2 Let { | ( ,C , , )}i i i i i iMI I I U D V F be a 
multi-source decision system and the partition of universe be

1 2/ { , , , }( 1,2, , )i mU D Y Y Y i s, }( 1,2, , ),, }( 1,2, ,}( 1,2, }(}( . The approximation 
accuracy of decision class jY in the multi-source decision 
system MI  can be defined as  

1

1

( )

( ) .
( )

S

i
i

S

i
i

w
j

C

j w
j

C

GM Y

acc Y
GM Y

 

3.3.  The decision rules of WGM-DTRS  

Rule 3-1 Let { | ( ,C , , )}i i i i i iMI I I U D V F be a 
multi-source decision system and (0.5,1] . For an 
arbitrary subset X U , the following decision rules for 
WGM-DTRS model are presented: 

( )P If there is { | ( | [ ] ) }
ii C iP X x , then decide

( )x pos X ; 

( )B  If there are { | ( | [ ] ) } 1
ii C iP X x  and

{ | ( | [ ] ) }
ii A iP X x , then decide ( )x bnd X ; 

( )N  If there is { | ( | [ ] ) } 1
ii A iP X x , then decide

( )x neg X . 
According to rule 3-1, if the sum of weight of 

granulations satisfying ( | [ ] )
iC iP X x  is not smaller 

than , then decide ( )x pos X ; if the sum of weight of 
granulations satisfying ( | [ ] )

iC iP X x  is not smaller 
than  and  the sum of weight of granulations satisfying 

( | [ ] )
iC iP X x  is smaller than , then decide 

( )x bnd X ; if the sum of weight of granulations satisfying 
( | [ ] )

iC iP X x  is not greater than 1 , then decide 

( )x neg X .  

3.4.  A multi-source decision algorithm 

Different information sources can form different 
granular structures. Granulation weights reflect the 
significance of different sources. Based on the internal 
uncertainty and the external correlation, a new method of 
granulation weights is proposed. By combining weighted 
generalized multi-granulation rough sets with 
decision-theoretic rough sets, we provide a method for 
decision making in multi-source decision systems, namely 
the weighted generalized multi-granulation 
decision-theoretic rough set. The following Algorithm 1 is 
designed to demonstrate the detailed decision process. 

Algorithm 1 WGM-DTRS Algorithm for the decision-making of MI   
Input Multi-source Decision System MI Information Level  

Output

1

( )S

i
i

w
j

C
GM Y and

1

( )S

i
i

w
j

C
GM Y of Decision Class jY  

Step 1: For i=1:s 

          1.1) 
| |

1 1

| [ ] | | [ ] |
( | - log

| | | [ ] |
C Ci i

Ci

U m
i R j i R j

i i i
i j i R

x Y x Y
H D C

U x
; 

          1.2) 
1 1

1 (Y ) / (Y )
i i

m m

i C j C j
j j

R R ; 

      End For 
Step 2: Compute the internal granulation weight of iI : 

            

1

( | )( ) 1
( | )

i i i
i i s

i i i
i

H D CIG I
H D C

; 



 

 

Step 3: Compute the external granulation weight of iI : 

3.1) ( , ) | [ ] [ ] [ ] [ ] |i j i j
i j a a a a

x U a C
d I I x x x x ; 

3.2) 2
1

( , )1( ) 1-
| | | |

s
i j

i
j

d I I
EG I

s U C
; 

Step 4: 

1

( ) ( )

( ) ( )

i i
i s

j j
j

IG I EG I

IG I EG I
; 

Step 5: For j=1:m 

          5.1) 

1

( )S

i
i

w
j

C
GM Y ,

1

( )S

i
i

w
j

C
GM Y ; 

         5.2) For x U  

              5.2.1) If 
1

( ) 1
j
iC

i

S

Y
i

US x  

                        

1 1

( ) ( ) { }S S

i i
i i

w w
j j

C C
GM Y GM Y x ; 

                    End If 

5.2.2) If ( ))
1 ji Y

S CiLS x
i

 

          

1 1

( ) ( ) { }S S

i i
i i

w w
j j

C C
GM Y GM Y x ; 

     End If 
End For 

 End For 

Step 6: Output 

1

( )S

i
i

w
j

C
GM Y and

1

( )S

i
i

w
j

C
GM Y . 

4. Case study 

In order to verify the feasibility and superiority of the 
proposed double weighted granulation method, 
approximation accuracies of decision classes under different 
weighted granulation methods are compared in a 
multi-source decision system. For convenience of 
description, the double weighted granulation method, the 
definite support weighted granulation method, the possible 
support weighted granulation method, the determine average 
approximation support weighted granulation method and the 
approximate rough weighted granulation method are 
shortened by DGW, DSW, PSW, DAW, ARW in this section.  

The detailed information about the multi-source 
decision system 1 2 3 4 5 6{ , , , , , }MI I I I I I I  is shown in Table 
1. And 1 2 1 2 5 7 8 3 4 6 9 10/ { , } {{ , , , , },{ , , , , }}.iU D Y Y x x x x x x x x x x      

4.1.  The double weighted granulation method  

First of all, the internal granulation weight of each 
decision system can be calculated according to definition 
3-3-1. Detailed results are shown in Table 2.  
For any decision system ,iI jI MI , the external difference 
between iI and jI can be calculated according to definition 
3-1-2. Detailed results are shown in the matrix ( )ijD d , where 

ijd denotes the external difference between system iI and jI .  
0    74    80    80   120   104

74     0   118    94   114   118
80    118     0     88     96   100

( )
80    94    88     0    120     88

120   114    96   120     0    128
104   118   100   88   128 

ijD d

     0

 

Based on the external difference between systems and 
definition 3-1-2, the external correlations between systems 
can be calculated. Detailed results are shown in the matrix

( )ijEC ec , where ijec denotes the external correlation between 
system iI and jI .  

 1.0000    0.7533    0.7333    0.7333    0.6000    0.6533
 0.7533    1.0000    0.6067    0.6867    0.6200    0.6067
 0.7333    0.6067    1.0000    0.7067    0.6800    0.6667

( )
 0.7333    0.6867   ijEC ec

 0.7067    1.0000    0.6000    0.7067
 0.6000    0.6200    0.6800    0.6000    1.0000    0.5733
 0.6533    0.6067    0.6667    0.7067    0.5733    1.0000  

TABLE 1. A multi-source decision system 

1I   2I   3I  
1a  2a  3a   1a  2a  3a   1a  2a  3a  

1x  1 3 1  1 2 1  1 2 2 
2x  1 3 1  1 3 1  1 2 2 
3x  2 1 3  1 1 3  2 1 3 
4x  2 1 3  1 1 3  2 1 3 
5x  1 3 1  1 3 1  1 3 2 
6x  3 3 2  3 3 2  3 3 3 
7x  2 1 3  1 2 1  3 3 3 
8x  2 1 3  1 1 3  2 2 1 
9x  3 3 2  3 3 2  2 2 1 

10x  1 3 3  1 3 1  1 3 1 
4I   5I   6I  

1a  2a  3a   1a  2a  3a   1a  2a  3a  
1x  1 3 1  1 3 2  1 3 1 
2x  1 1 1  3 1 3  1 3 1 
3x  2 1 3  2 1 1  1 1 1 
4x  2 1 3  3 1 3  3 3 3 
5x  1 1 1  3 3 2  1 1 1 
6x  3 1 2  3 3 2  3 3 3 
7x  2 2 2  3 3 2  2 2 3 
8x  2 2 2  2 1 1  2 2 2 



 

 

9x  2 1 3  2 2 1  2 2 3 
10x  1 1 1  1 3 2  1 3 1 

TABLE 2. The information of internal granulation weight 

Sources 1I  2I  3I  4I  5I  6I  
( | )i i iH D C  1.6000 1.6529 0.8000 0.8265 2.0265 1.6265 

i  0.4286 0.2500 0.4286 0.5385 0.0526 0.1765 
( )iIG I  0.3482 0.2016 0.3884 0.4863 0.0401 0.1428 

Therefore the external granulation weight of each signal 
decision system iI MI can be obtained according to 
definition 3-1-3. Detailed results are listed as follows:  

1 2 3( ) 0.7456, ( ) 0.7122, ( ) 0.7322,EG I EG I EG I   

4 5 6( ) 0.7389, ( ) 0.6789, ( ) 0.7011.EG I EG I EG I  
  Based on the internal granulation weight and external 

granulation weight of each signal decision system, the 
double granulation weight of decision system iI  in the MI
can be obtained according to definition 3-1-4. Detailed 
results are listed as follows:  

1 2 30.2211, 0.1223, 0.2422,  

4 5 60.3060, 0.0232, 0.0853.  

4.2.  The WGM-DTRS model  

According to the double granulation weight of system
(i 1,2, ,6)iI ,6)  and weighted generalized 

multi-granulation decision-theoretic rough set theory, the 
upper and lower approximations of decision classes in 
multi-source decision systems can be calculated.  

Considering the multi-source decision systems studied 
in this paper have the same universe, attributes and decision 
classes but different information functions, we find that the 
costs caused by different decisions should be the same under 
different source. According to the decision cost function 
given by experts, we can get different threshold parameter 
values. This paper focuses on the WGM-DTRS model of 
multi-source systems when 1, 1, 1. It 
is necessary to point out that the information level in the 
following experiment is selected as 0.6 . 

Next, we only discuss the decision making process 
under the case of 1 , the other two cases are similar.  

When 0.6 and 0.4 , the upper and lower 
approximations of decision classes 1 2,Y Y  in MI can be 
obtained as follows 

( ) { , , , , , }1 1 2 5 7 8 10

1

6
w

GM Y x x x x x x
Ci

i

;

1

6 1 =( ) { , , }1 2 5
i

i

w

C
GM Y x x x ; 

( ) { , , , , , , }2 3 4 6 7 8 9 1

1

6 0
w

GM Y x x x x x x x
Ci

i

;

1

6 2 =( ) { , , , }3 4 6 9
i

i

w

C
GM Y x x x x  . 

When 0.7 and 0.3 , the upper and lower 
approximations of decision classes 1 2,Y Y  in MI can be 
obtained as follows 

( ) { , , , , , , }1 1 2 3 5 7 8 1

1

6 0
w

GM Y x x x x x x x
Ci

i

; 

( ) { , , , , , , , , }2 2 3 4 5 6 7 8 0

1

6 9 1
w

GM Y x x x x x x x x x
Ci

i

; 

1

6 1( ) { }1=
i

i

w

C
GM Y x ; 

1

6 2 =( ) { , , }4 6 9
i

i

w

C
GM Y x x x . 

When 0.8 0.2 , 0.9 0.1 and 1 0 , the 
results of approximations are the same as the results of case 

0.7 0.3 . 

4.3.  Comparison of different weighted granulation 
methods 

The feasibility and superiority of the proposed double 
weighted granulation method (DGW) are verified by 
comparing the approximate accuracy of decision classes 
under different weighted granulation methods in the 
multi-source decision system 1 2 3 4 5 6{ , , , , , }MI I I I I I I . 
Other weighted granulation methods are mainly DSW, PSW, 
DAW, and ARW.  First, we calculate the approximation 
accuracies of decision classes under different weighted 
granulation methods. Detailed results are shown in Tables 3 
and 4. 

TABLE 3. Approximate accuracies of decision class 1Y under five weighted 
granulation methods 

( , )  (0.6,0.4) (0.7,0.3) (0.8,0.2) (0.9,0.2) (1.0,0.0) 
PSW 0.4286 0.1250 0.1250 0.1250 0.1250
DSW 0.6667 0.1250 0.1250 0.1250 0.1250
DAW 0.4286 0.1250 0.1250 0.1250 0.1250
ARW 0.3000 0.0000 0.0000 0.0000 0.0000
DGW 0.5000 0.1429 0.1429 0.1429 0.1429

TABLE 4. Approximate accuracies of decision class 2Y under five weighted 
granulation methods 

( , )  (0.6,0.4) (0.7,0.3) (0.8,0.2) (0.9,0.2) (1.0,0.0) 
PSW 0.4286 0.2222 0.2222 0.2222 0.2222
DSW 0.6667 0.2222 0.2222 0.2222 0.2222
DAW 0.4286 0.2222 0.2222 0.2222 0.2222
ARW 0.0000 0.2000 0.2000 0.2000 0.2000



 

 

DGW 0.5714 0.3333 0.3333 0.3333 0.3333
In order to show the advantages of the DGW more 

intuitively, the accuracies of different methods are compared. 
The detailed information is shown in Figs. 1 and 2.  

From Fig. 1(a), 1(c), 1(d), it is obvious that the 
approximate accuracies of the first decision class under the 
DGW method are higher than the accuracies of PSW, DAW, 
ARW methods when selecting different thresholds. From Fig. 
1(b), when 0.6 and 0.4 , the approximate accuracies 
of the first decision class under the DGW method is lower 
than the accuracies of the DSW method. In other cases, the 
accuracies of the DGW method are higher than the 
accuracies of the DSW method.  

From Fig. 2, the approximate accuracies of the second 
decision class under the DGW method are higher than the 
accuracies of PSW, DSW, DAW, ARW methods in either 
case.  

According to the above comparison results, we know 
that the proposed DGW method is feasible. Moreover, the 
DGW has certain advantages from the view point of 
approximate precision. Also the significance of 
WGM-DTRS model based on the DGW method is 

embodied.  

FIGURE 1. Approximate accuracies of decision class 1Y under five 
weighted granulation methods 

 

FIGURE 2. Approximate accuracies of decision class 2Y under five 
weighted granulation methods  

5. Conclusions 

This paper introduces weighted generalized 
multi-granulation into decision-theoretic rough sets 
(WGM-DTRS) and then proposes WGM-DTRS in 
multi-source decision systems. First, the DGW is proposed 
based on the internal uncertainty of systems and the external 
correlation between systems. Second, the model and 
decision rules of WGM-DTRS in multi-source decision 
systems are studied. Finally, the validity of the double 
weighted granulation method is verified and the significance 
of WGM-DTRS model based on the DGW method is 
embodied through a case study and comparing the 
approximate accuracy of decision classes under different 
weighted granulation methods in a multi-source decision 
system. 
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