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Abstract 
One of the strategies in order to compete in Batik  MSMEs  is to look at the characteristics of the cus-

tomer. To make it easier to see the characteristics of  customer buying behavior, it is necessary to 

classify customers based on similarity of characteristics using fuzzy clustering. The number of clus-

ters is one of the parameters that must be determined at the beginning of the fuzzy clustering method. 

In Fuzzy clustering to get best performance is not with increasing the number of clusters, but choose 

the rignt number cluster have effect in  performance of fuzzy clustering. So to get optimal number 

cluster, we can measured the result of clustering in each number cluster using the cluster validity in-

dex. From several types of cluster validity index,  NPC give the best value. Optimal number cluster 

that obtained by the validity index is 2 and this number cluster give classify result with small variance 

value.  
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INTRODUCTION 

 Surakarta is a city that has more than 1000 

MSMEs (Micro, Small and Medium Enterpris-

es) units with various types of businesses. The 

type of business of the MSMEs that has the 

largest production capacity is the Batik MSMEs 

(Soebagiyo & Wahyudi, 2008). The high com-

petitiveness, Batik MSMEs is require to be 

more observant about the opportunities that ex-

ist especially to get loyal customers. One strate-

gy that can be done is to look at customer buy-

ing behavior (Oke et al., 2016). There are sever-

al factors that influence  customer buying be-

havior, including personal factors   (Ramya, 

2016) and historical factors of customer transac-

tions (Hidayatullah et al., 2018). To make it eas-

ier to see the characteristics of  customer buying 

behavior, it is necessary to group customers 

based on similarity of characteristics. The meth-

od that can be used in grouping is Fuzzy Clus-

tering, because fuzzy clustering is able to group 

data only by looking at the similarity of charac-

teristics (Redjeki, 2017). 

The number of clusters is one of the pa-

rameters that must be determined at the begin-

ning of the fuzzy clustering method. Based on 

(Wiharto & Suryani, 2019) in Fuzzy clustering 

to get best performance is not with increasing 

the number of clusters, but choose the rignt 

number cluster have effect in  performance of 

fuzzy clustering. To get the optimal cluster re-

sults, the number of clusters must be optimal. To 

get  optimal number clusters, we use the number 

of clusters with a minimum number of 2 clusters 

to the maximum number of clusters that can be 

obtained from the equation in (Feng et al., 2013) 

so that we can get the number of clusters with a 

good error value. However, an error does not 

necessarily give maximum cluster results. Clus-

ter results will be good if the clusters have simi-

larities. This can be measured using the cluster 

validity index (Rizman Zalik, 2010). Previous 
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research used (Xing & Li, 2019) three validity 

indices for optimal cluster numbers such as Par-

tition Coefficient, Partition Entropy and Xie Ba-

ni. The results show Xie Bani has the best re-

sult. In this research, Fukuyama Sugeno, Im-

proved Partition Entropy and Improved Parti-

tion Coefficient will be used compared with Xie 

Bani to determine the optimal number clusters. 

For each cluster value will be evaluated using 

the cluster validity index and the best is select-

ed.  

 

MATERIALS AND METHODS 
 Data that used in this research are the re-

sults of interviews from  customers MSME. The 

data consisted of 120 respondents including cus-

tomer personal data as shown in Table 1 and 

transaction history data as shown in Table 2.  

Data is text or numeric in a range. In order to be 

processed using fuzzy clustering, it must be 

converted into numerical data and normalized 

according to equation (Akanbi et al., 2015).  

The parameters that must be determined at 

the beginning of the clustering process are 

weighting exponent (m = 2), maximum iteration 

(I = 1000), smallest expected error (ε = 

0.00001), initial objective function (P0 = 0) and 

initial iteration (t = 1).  The number of clusters 

has a value in range, from 2 to 11  and the opti-

mal value will be taken with the cluster validity 

index.  

Several types of cluster validity index 

methods used in this research are Normalized 

Partition Coefficient (NPC) (Li, 2011), Normal-

ized Partition Entropy (NPE) (Chen, 2012), Xie 

Bani Index (XB) (Singh et al., 2018) and Fukuya-

ma Sugeno Index (FS) (Sengupta et al., 2011). 

The algorithm process of classify customer 

buying behavior using fuzzy clustering with opti-

mal number cluster  is as follows :  

 Step 1: Choose Cmin (number cluster mini-

mum) and Cmax (number cluster maxi-

mum). 

 Step 2: Initialize Cmin cluster center (V)  

 Step 3:  For cluster Cmin to Cmax 

 Step 4: Apply the Fuzzy Clustering algo-

rithm to generate membership matrix (U) 

and the cluster center (V). 

 Step 5: Test for convergence, if conver-

gence go to step 6 but if not convergence 

go back to step three (3). 

 Step 6: Compute a cluster validity index 

 Step 7: Choose the cluster number that has 

the optimal cluster validity index 

 Step 8: Test the cluster result with cluster 

variance. 

  

RESULT AND DISCUSSION 
Optimal number of clusters is found by im-

plementing four different cluster validity index 

like Normalized Partition Coefficient (NPC), 

Normalized Partition Entropy (NPE), Xie Bani 
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Parameter Personal Data Conver-

sion 

Quantity 

Age 
  
  
  
  
Gender 
  
  
Education 
  
  
  
  
Occupation 
  
  
  
  
Income 

< 20 
20-30 
31-40 
41-50 
>50 
Man 
Woman 
SMA 
D1/D2/D3/D4 
S1 
S2 
S3 
PNS 
Private Company 
BUMN 
Entrepreneur 
Student 
< 1.000.000 
1.000.000 - 3.000.000 
3.000.000 - 5.000.000 
5.000.000 - 10.000.000 
>10.000.000 

1 
2 
3 
4 
5 
1 
2 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 

13 
23 
53 
27 
4 
37 
83 
27 
7 
57 
25 
4 
42 
26 
21 
16 
15 
18 
22 
25 
40 
15 

  

          

Table 1. Customer Personal Data 

Table 1. Customer Transaction Data 

Parameter Transaction Data 
Conver-

sion 
Quantity 

Price 
  
  
  
Number of 

Transactions 
  
Total Amount 

of Purchases 
  
Type of Day 
  
  
Purchase Con-

siderations 

< 200.000 
200.000 - 500.000 
500.000 - 1.000.000 
> 1.000.000 
< 3 
3-5 
> 5 
< 500.000 
500.000 - 1.000.000 
>1.000.000 
Holiday 
Weekday 
Weekend 
Taste 
Trend 
Quality 
Price 
New Product 

1 
2 
3 
4 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
4 
5 

14 
80 
17 
9 
96 
16 
8 
89 
21 
10 
46 
16 
58 
33 
23 
27 
13 
24 

  

          
          



Index (XB) and Fukuyama Sugeno Index (FS).  

As shown in Fig. 1, the minimum value of NPC 

VI is achieved at c = 2 with the  value of cluster 

validity index at  -0.933. 

 
Fig. 1 Values of NPC VI 

 

 In Fig. 2, the minimum value of NPE VI 

is achieved at 0 except in c=3 and c=5. Fig. 3, 

the minimum value of NPC XB is achieved at c 

= 2 with the  value of cluster validity index at  0 

and in Fig. 4, the minimum value of NPC FS is 

achieved at c = 2 with the  value of cluster va-

lidity index at  0.006.  

 
Fig. 2 Values of NPE VI 

 

 
Fig. 3 Values of XB VI 

 

For all different of validity indexes, give a result 

that 2 is the optimal number of clusters.  

 

 
Fig. 4 Values of FS VI 

  

 As shown in Fig. 5, from four different 

types of cluster validity index NPC gives the 

smallest value, but each of these have same opti-

mal number cluster at 2. So, the number cluster 

that we use to classify customer buying behavior 

is 2. The results of classify using the fuzzy clus-

tering method for 2 clusters can be seen in Table 

3. A cluster is said to be good if it has a small 

variance within cluster (Vw) and variance (SV) 

and has a large variance between cluster (Vb).  

 

 
Fig. 5 Values of CVI 

 

 As shown in Fig. 6 the smallest variance 

value for variance within cluster  was achieved in 

2 clusters. In Fig 8. same goes to variance cluster, 

smallest variance value was achieved in 2.  As 

shown in Fig. 7 the largest variance value for var-

iance between cluster  was achieved in 2 clusters.  

So, this shows that 2 is the optimal number of 

clusters for classification.  

 
Fig. 6 Variance Within Cluster 
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Fig. 7 Variance Between Cluster 

 

 
Fig. 8 Cluster Variance 

 

CONCLUSION 
 Optimal number cluster can determined 

by cluster validity. The result of optimal number 

cluster is 2 and can give best result for classify 

customer buying behavior. From several types 

of cluster validity index,  NPC VI give the best 

value.  That number cluster providing a small va-

lidity index value and the classification results 

also provide a small variance value. In classifica-

tion, in order to obtain optimal results beside 

choose the right number of clusters, it must also 

be able to generate the optimal value of the clus-

ter center. Because value of cluster center consist 

of random value. So, for future research, it is nec-

essary to optimize the value of the cluster center.  
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CLUSTER CHARACTERISTIC DESCRIPTION 

Cluster 1 Age 
Gender 
Education 

31-40 
Man 
S1 

  Occupation 
Income 
Price 
Number of Transactions 

Private Company 
3.000.000-5.000.000 
2.00.000 - 500.000 
< 3 

  Total Amount of Purchas-
es 

< 500.000 

  Type of Day Weekend 
  
Cluster 2 

Purchase Considerations 

Age 
Gender 
Education 
Occupation 
Income 
Price 
Number of Transactions 
Total Amount of Purchas-

es 
Type of Day Purchase 

Considerations 

Taste 
31-40 
Woman 
S1 
PNS 
3.000.000-5.000.000 
2.00.000 - 500.000 
< 3 
500.000 - 1.000.000 
Holiday 
Quality 

Table 3. Cluster Characteristic Result 
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