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Abstract 

Concept lattice essentially describes the relationship between objects and attributes. 

The reduction of multi-value attribute concept lattice is a hot topic in the fields of 

information retrieval, knowledge discovery and data mining etc., while the granular 

computing emphasizes observing and analyzing the same problem from different granular 

worlds. It makes the complex problems around us be mapped to an easy to handle and 

more simple theory of calculation. The paper gives definitions of the concept granule and 

the compatible concept granular set by application of information granular and the 

granular of layered theory, and provides an algorithm to compute concept granular set 

through calculation of the compatible relationship. The paper further constructs the 

concept granule lattice, and then deletes the attribute of smaller contribution to concept 

granule. Through the comparison of the concept granule lattices, the multi-value attribute 

reduction could be achieved and the core attribute set in the formal context could be 

obtained. Instances could demonstrate the high efficiency and accuracy of this algorithm 

that is easier to realize through programming. Through the resolution of attribute, the 

calculation complexity could be reduced and the efficiency of calculation could be 

improved. 

 

Keywords: Granular computing, Concept granule, Multi-value attribute reduction, 

Concept granule lattice, Concept granular resolution 

 

1. Introduction 

In the current field of computational intelligence research, granular computing is a new 

method of simulating human thinking and solving the complex problem. It covers all the 

theories, methods and technology about granularity which is an effective tool to solve 

complex problem, enlarges data mining and processes fuzzy information [1]. Granular 

computing is a new term for the problem solving paradigm and may be viewed more on a 

philosophical rather than technical level [2]. Yao views granular computing as a triangle: 

structured thinking in the philosophical perspective, structured problem solving in the 

methodological perspective and structured information processing in the computational 

perspective [3]. Information granule [4-6] is an essential part of granular computing. It 

refers to a collection of elements. These elements have the indistinguishability, similarity, 

or function on cohesion etc. Information granulation aims to establish a user-oriented 

effective concept based on the outside world. 
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Concept lattice [7] is also named Galois lattice or formal concept analysis. It is firstly 

proposed by WILLER in 1982. The concept lattice can clearly show the hierarchical 

structure of the relationship between concepts. It can be visualized the knowledge 

structure of database. It is a method of data mining. Each node of concept lattice is a 

formal concept consisting of two parts: extension, it covered with the instances of 

concept, and intension, it is the common features of instances. Therefore, the concept 

lattice has been widely applied to an information retrieval, data mining, knowledge 

discovery and other fields. With the rapid development of Internet, data objects that the 

application processes in this field are more and more complex, so the numbers of concept 

lattice nodes grow, especially when the attribute of concept lattice is not binary attributes 

(0,1) but the multi-valued attributes. So the multi-valued attribute concept lattice 

reduction is the main point of the applying research. 

So far, most of the multi-valued attribute reduction uses the multi-value attributes 

uniformizable method [8,9], which increases the complexity of data processing. Reference 

[10] gives the multi-value attributes related definitions and properties of the formal 

context, then in the formal context where the multi-value attribute is not converted to 

uniformizable value, basing on the Galois connection, Reference [10] put forward 

multi-valued attribute reduction method under the multi-value attribute formal context, 

and multi-value attributes are classified. Multi-value attribute formal context reduction 

method could be obtained on the basis of discernibility matrix in multi-value attribute set. 

According to this idea, this paper introduces granular computing theory and gives the 

concept granule, concept granular resolution and other core definition and property, and 

then this paper gets the concept granular set through the granulation calculated of 

compatibility relation and the compound algorithm of concept granule. In this way, the 

multi-value attributes reduction of concept lattice could be achieved. Instances could 

demonstrate that based on granular computing, multi-value attribute concept lattice 

reduction algorithm is not only efficient and easier to realize through programming, but 

also more direct to get the core attribute sets of formal context, and provides a new 

method and way for applications in the field of information retrieval and knowledge 

discovery. 

 

2. Concept Granule and Granular Layer on the Domain 

Definition1. Formal context: (U, A, R) is a formal context, which U={u1,u2,…,un} is 

the set of objects, each ui (i≤n) called an object; A={a1,a2,…,am} is the set of attributes, 

each aj (j≤m) called an attribute; R is binary. 

Definition2. Core attribute: Formal context (U,A,R) all the reduction sets are }{ tiDi  , 

the set of attributes A can be divided into the following three categories: 

(1)The set of core attributes: 
i

ti

DC


   

(2) The set of relative necessary attributes: i
ti

i
ti

DDK


   

(3) The set of unnecessary attributes: 
i

ti

DAI


   

Among them, t is the set of indexes. 

Theory1.  For any formal context (U, A, R), there must be reduction sets [11]. 

Proof: If for any Aa , has ),,()},{,( }{ RAULRaAUL aA    then A is a reduction set. 

If there is Aa , then ),,()},{,( }{ RAULRaAUL aA   , study }{1 aAB  . If for 

any 11 Bb  , there is )},{,( }{aARaAUL  , then 1B is a reduction set; otherwise 

study }{ 112 bBB  , repeat the above process, due to A is finite set, we can always find 

at least one reduction set. So there must be reduction sets of formal context (U, A, R) 

Definition3.  Compatible function: For Uyx  , , if mapping ]1,0[:  yx content 

the condition: 
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(1) 1),( xx             (Reflexivity) 

(2) ),(),( xyyx           (Symmetry) 

Then ),( yx  is called the compatible degree on set U of x and y.  is compatible 

function. 

Definition4. Threshold function: Set ]1,0[ is threshold value, denoted by: 

    ),(),( yxyx , said   is under the threshold of compatible relationship. 

Definition5. Concept granule: Concept granule binary group CG= (EG, IG), EG is the 

concept granular extension and IG is the concept granular intension. 

Definition6. Rough-fine of concept granule: The extension of concept granule CG1 and 

CG2 is respectively eg1 and eg2, content: 21 egeg  . That means concept granule CG1 is 

finer than CG2, and concept granule CG2 is rougher than CG1. Concept granule CG1 

divides finer in the set of objects U. denoted by: CG1≤CG2. "" is partial order relation 

of concept granular set. 

Definition7.  Parent granule and child granule: If concept granule CG1≤CG2 and there 

do not have concept granule CG3 between them content: CG1≤CG3≤CG2, then called CG1 

is direct child granule of concept granule CG2，also CG2 is direct parent granule of 

concept granule CG1. 

Definition8. Concept granular layer: If the cardinality of concept granular extension is 

equal: |EGi| =|EGk|, then concept granule CGi and CGk are in the same layer of concept 

granule. 

Definition9. Concept granular set: All the concept granules constitute concept granular 

set: },,,{ 21 nCGCGCGCGS  , where containing extension is domain of concept granule 

and extension is null set of concept granule. 

Definition10. Concept granule lattice: According to the rough-fine relationship 

between concept granules, we can use the form of lattice to show concept granular set. 

The root node of the lattice is concept granule, whose extension is domain, and frontier 

node is concept granule whose extension is null set of concept granule. The lattice of 

parent and child nodes is content rough-fine relationship of concept granule.  

 

3. The Generation Algorithm of Concept Granular Set Based on 
Granular Computing 

Multi-value formal context (U,A,R) of Concept lattice is given, },,,{ 21 nuuuU  , 

},,,{ 21 maaaA  ,The object i have attributes are ],,,[ 21 imii aaa   

Concept granule binary group (EG,IG), the intension IG generated by the function 

Function_IG(EG). 

Function_IG(EG): 

Input: Concept granular extension EG 

Output: Concept granular intension IG 

 

Function_IG(EG)  { 

IG[1,2,…,m]=[0,0,…0]; // Initialize concept granular extension 

for all u∈EG  { 

 IG [1,2,…,m]= IG [1,2,…,m]+ [au1,au2,…aun]；  

IG [1,2,…,m]= IG [1,2,…,m]/|EG| ;  

 // |EG| is the number of concept granule CG extension set 

} 

return IG ; 

} 
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3.1. Initial Concept Granular Set SCG0 

Algorithm1   Function_SCG0 

Input: formal context (the number of objects is n; the number of attributes is m); the 

compatible function τ and threshold λ 

Output: Initial concept granular set SCG0 

 

 

3.2. Extend Concept Granular Set 

Definition11. Attribute domain VD: Set the extension of Concept granule CG is 

EG={u1,u2,…，uk} if minV=min1≤i≤k(ai1+ai2+…+ain)，maxV=max1≤i≤k(ai1+ai2+…+ain)

，aij express object i possesses attribute j，then set pair (minV, maxV) is the attributes 

domain VD of Concept granule CG. 

Property1.Concept granular coupling: If the bigger interval value of concept granular 

attributes domain VD; the smaller coupling of concept granular extension EG, then the 

looser of concept granule CG, the structure of CG is instability and can be decomposed 

finer concept granule; whereas, if the bigger coupling of concept granular extension EG; 

the tighter of concept granule CG, the structure of CG is stability and can be compound 

rougher concept granule. 

Property2. Attribute resolution AV: the ratio of each concept granular intension IG and 

its attribute domain VD is called attribute resolution AV, denoted by: AV=IG/VD. If the 

value of attribute resolution is larger, then the contribution of attribute to the concept 

granule is greater; whereas, if the smaller value of the attribute resolution, then the 

smaller contribution of attribute to the concept granule. Attribute resolution is distinguish 

parameters of concept granular layer. When attribute reduction, we priority to delete the 

small value of attribute resolution. 

According to the property1, we can carry out on the concept granule decompose and 

merge operations. 

Definition12. Decompose and merge on concept granule: Under the same granular 

layer. Set: )(, jiCGSCGCG ji    

(1) jiji CGCGCG   , the extension of concept granule jiCG  is iEG ∩ jEG , through 

function Function_IG(EG) obtain the intension of concept granule jiCG  . Concept 

Function_SCG0() { 

SCG0={};   // Initial concept granular set is null set  

  For( u=u1;u<=un;u++) do{  // calculate compatible class of objects 

 EG={u}； 

 for(j=1,j<=n;j++){ 

if(j!=u && τ(u,j)>=λ)  // content threshold τλ 

EG= EG∪{j} 

}     // calculate extension 

IG=Function_IG(EG);  // Calculate intension 

 CG=(EG,IG);         //  Constitute a concept granule  

 SCG0=SCG0∪CG; 

} 

 Return  SCG0; 

} 
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granule
jiCG  is finer than iCG or jCG . Concept granule

jiCG  is the direct child granule 

of concept granule iCG or jCG . 

(2)
jiji CGCGCG   , the extension of concept granule

jiCG  is iEG ∪
jEG . 

Through function Function_IG(EG), the intension of concept granule
jiCG   is obtained. 

Concept granule
jiCG  is rougher than iCG or jCG . Concept granule

jiCG  is the direct 

parent granule of concept granule iCG or jCG . 

The Algorithm1 can calculate the initial concept granular set of the formal context. 

According to the definition12, we can extend other concept granules through 

“intersection” and “union” operation of concept granule. 

Algorithm2  Function_SCG 

Input: Initial concept granular set SCG0 

Output: Concept granular set SCG 

Function_SCG(SCG0)  { 

E is the extension of all concept granules in SCG0  

SCG={};                                  

Do { 

  For all CGi∈SCG0 do { 

NEW_EG=（EGi∪EG) || （EGi∩EGk）;  

// Decompose and merge operation on concept granule 

       If(NEW_EGE)  

{  New_IG=Function_IG(EG); 

CG=( New_EG, New_IG) 

SCG0=SCG0∪CG} 

         } 

  } 

 Return SCG; 

} 

   SCG=SCG0; 

Return SCG; 

} 

When we obtain concept granular set SCG, and construct the lattice of concept 

granular set based on layered construct lattice algorithm of concept lattice, definition 8 

and 10. For example, SCG={CG1,CG2, …,CGn}，if CG1≤CG2, then we call concept 

granule CG1is the child node of CG2 ,and concept granule CG2 is the parent node of CG1, 

if |CG2|= |CG3|. Then concept granule CG2 and CG3 are in the same layer of concept 

granule lattice. 

 

4. Multi-value Attribute Reduction of Concept Lattice 

In order to fully illustrate the efficiency and accuracy of the algorithm, and compare 

with reduction attribute results of Reference [10], the paper adds four objects on the 

premise of Reference [10] given formal context and creates the formal context shown in 

table1 

Table 1. Formal Context 

 a1 a2 a3 a4 

u1 2 3 1 1 

u2 3 4 2 2 



International Journal of Grid and Distributed Computing 

Vol. 9, No. 1 (2016) 

 

 

84  Copyright ⓒ 2016 SERSC 

u3 1 1 4 2 

u4 1 1 3 2 

u5 3 4 1 2 

u6 1 1 2 1 

u7 2 2 4 1 

u8 2 4 1 1 

Based on characteristics of date, using compatible relationship: 

n

yx

uu
m

i

ii

kj










1

2)(

1

1
),(  

 Uuu kj , , ix  is i-th attribute value of object uj, as well iy is i-th attribute value of 

object ku ,this paper using compatible parameters 0.5  

We can obtain initial concept granular set composed of four concept granules through 

algorithm1. 

SCG0={({u1,u2,u5,u8},{2.5,3.75,1.25,1.5}),({ 

u3,u4,u7},{1.3,1.3,3.7,1.7}),({u4,u3,u6,u7},{1.25,1.25,3.25,1.5},({ u6,u4 },{1,1,2.5,1})} 

We can obtain concept granular set through algorithm2 expend concept granules. as 

follows: 

SCG={({u1,u2,u5,u8},{2.5,3.75,1.25,1.5}),({ 

u3,u4,u7},{1.3,1.3,3.7,1.7}),({u4,u3,u6,u7},{1.25,1.25,3.25,1.5},({ u6,u4 

},{1,1,2.5,1}),({u1,u2,u3,u4,u5,u6,u7,u8},{1.88,2.5,2.3,1.5})} 

The concept granule lattice is shown in Figure 1. 

({u1,u2,u5, u8}, 

{2.5,3.75,1.25,1.5}) 

({u4, u3, u6, u7 }, 

{1.25,1.25,3.25,1.5}) 

({ u3, u4, u7 }, 

{1.3,1.3,3.7,1.7}) 

{∅,∅)} 

({ u4, u6 }, 

{1,1,2.5,1.5}) 

Figure 1. Concept Granule Lattice 

({u1,u2, u3, u4,u5, u6, u7,u8},{1.88,2.5,2.3,1.5}) 
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4.1. Calculate Attributes Resolution 

Based on Definition9, the attribute resolution of four concept granules are respectively 

VD1=4,VD2=2,VD3=4,VD4=2. According to Definition2, and by the second element IG 

of concept granule, attribute resolution can be calculated as follows: 

AVa1=((2.5/4) +(1.3/2)+(1.25/4)+(1/2))/4=0.52 

AVa2=((3.75/4) +(1.3/2) +(1.25/4)+(1/2))/4=0.6 

AVa3=((1.25/4)+(3.7/2)+(3.25/4)+(2.5/2))/4=1.06 

AVa4=((1.5/4)+(1.7/2)+(1.5/4)+(1/2))/4=0.52 

Obviously :AVa4≤AVa1< AVa2< AVa3 

 

4.2. Attribute Reduction Based on Attribute Resolution Sequential: 

1. Probe attribute a4 

Based on Definition2, we priority to delete attribute a4，and then the new formal 

context could be obtained. Initial concept granular set could be obtained through 

algorithm1. 

SCG0={({u1,u2,u5,u8},{2.5,3.75,1.25}),({u3,u4,u7},{1.3,1.3,3.7}),({u4,u3,u6,u7},{1.25

,1.25,3.25},({ u6,u4 },{1,1,2.5})} 

We can obtain the concept granular set SCG through the expansion operation of the 

algorithm 2:  

SCG={({u1,u2,u5,u8},{2.5,3.75,1.25}),({ 

u3,u4,u7},{1.3,1.3,3.7}),({u4,u3,u6,u7},{1.25,1.25,3.25},({ u6,u4 

},{1,1,2.5}),({u1,u2,u3,u4,u5,u6,u7,u8},{1.88,2.5,2.3})} 

The concept granule lattice is shown in Figure.2. 

Through comparing Figure 1 and 2: delete attribute a4 of concept granule lattice and 

original concept granule lattice are isomorphism. So a4 is redundancy attribute. 

2. Probe attribute a1. 

Next, probe the concept granules after deleting attribute a1. We can obtain the initial 

concept granular set through Algorithm1. 

SCG0={({u1,u2,u5,u8},{3.75,1.25,1.5}),({ 

u3,u4,u7},{1.3,3.7,1.7}),({u4,u3,u6,u7},{1.25,3.25,1.5},({ u6,u4 },{1,2.5,1})} 

We can obtain the concept granular set SCG through Algorithm2. as follows: 

({u1,u2, u3, u4,u5, u6, u7,u8},{1.88,2.5,2.3}) 

({u1,u2,u5, u8}, 

{2.5,3.75,1.25}) 

({u4, u3, u6, u7 }, 

{1.25,1.25,3.25})                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                

5}) 

({u3, u4, u7 }, 

{1.3,1.3,3.7}) 

{∅,∅)} 

({u4, u6 }, 

{1,1,2.5}) 

Figure 2. Concept Granule Lattice{A-a4} 
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SCG={({u1,u2,u5,u8},{3.75,1.25,1.5}),({ 

u3,u4,u7},{1.3,3.7,1.7}),({u4,u3,u6,u7},{1.25,3.25,1.5},({ u6,u4 

},{1,2.5,1}),({u1,u2,u3,u4,u5,u6,u7,u8},{2.5,2.3,1.5})} 

The concept granule lattice is shown in Figure.3. 

Similarly, a1 is redundancy attribute. 

3. Probe attribute a2 

When delete attribute a2, then we can obtain the initial concept granular set through 

algorithm1. 

SCG0={({u1,u2,u5,u6,u8},{2.2,1.4,1.4}),({u2,u1,u5,u8},{2.5,1.25,1.5}),({u3,u4,u7},(1.

3,3.7,1.7}),({u4,u3,u6,u7},{1.25,3.25,1.5}),({ u6, u1,u4,u8 },{1.5,1.75,1.25})} 

We can obtain concept granular set SCG through Algorithm2. 

SCG={({u1,u2,u5,u6,u8},{2.2,1.4,1.4}),({u2,u1,u5,u8},{2.5,1.25,1.5}),({u3,u4,u7},(1.3,

3.7,1.7}),({u4,u3,u6,u7},{1.25,3.25,1.5}),({u6,u1,u4,u8},{1.5,1.75,1.25}),({u1,u2,u4,u5,u6

,u8 

},{2,1.67,1.5}),({u1,u8},{2,1,1}),({u1,u3,u4,u6,u7,u8},{1.4,2.8,1.4}),({u4,u6},{1,2.5,1.5})} 

The concept granule lattice is shown in Figure.4. 

Through concept granule lattice display we can find: deleting attribute a2 of concept 

granule lattice and original concept granule lattice is different; then a2 is not redundant 

attribute. Because of AVa2<AVa3，probing attribute reduction should be ceased. 

In conclusion: a1 and a4 are redundancy attributes, after deleting a1 and a4, concept 

granule lattice will not change, namely a1 and a4 are less contribution to concept granule 

lattice, and can be deleted. However, deleting a2, concept granule lattice changes a lot, 

and enlarges lots concept granules, so a2 is great contribution to concept granule lattice. 

Because AVa2<AVa3, then a3 is greater contribution to concept granule lattice. As with a2, 

a3 is the core attribute. The conclusion is Consistent with reference [10] 

In this case, the concept granule is generated by threshold 0.5 , if the threshold 

function is raised; then the compatibility on concept granule is batter, and its coupling 

increased. The structure of concept granule is more stable. Based on granular computing, 

multi-value attribute concept lattice reduction avoids complex pattern matching and 

traverses the database operation for many times, so it greatly improves the compute 

efficiency, and obtains the rank of important attributes precisely. Next, the attribute the 

relationship between classification indexes set t  and the attribute resolutions AV should 

({u1,u2, u3, u4,u5, u6, u7,u8},{2.5,2.3,1.5}) 

({u1,u2,u5, u8}, 

{3.75,1.25,1.5}) 

({ u4, u3, u6, u7 }, 

{1.25,3.25,1.5}) 

({ u3, u4, u7 }, 

{1.3,3.7,1.7}) 

{∅,∅)} 

({u4, u6 }, 

{1,2.5,1.5}) 

Figure 3 .Concept Granule Lattice{A-a1} 
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Figure 4. Concept Granule Lattice{A-a2} 

be analyzed, and the method in the application of interval concept lattice attribute 

reduction should be further studied. 
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