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A B S T R A C T 

Data Mining (referred as extracting knowledge from data) is the process of discovering patterns, 

associations, and links in the huge stack of data which is based on the analysis done through different 

perspectives. There are many disciplines which are found under data mining some of them are clustering 

analysis, regression analysis, and classification analysis and so on. To analyse the data, we need some sort 

of software which can be used to perform the required analysis on data set. In this paper, the researchers 

are using WEKA library (.jar file) for data mining and implementing the outlier detection algorithm for 

finding the outliers from the data set of a European client. The outliers are the distinct points in the data 

which are extremely different from the rest of the data set which can lead to inappropriate outcomes. 

These outlier observations can deviate so much from other observations, as to arouse suspicion that it was 

generated by a different mechanism. The researchers are trying to find out the distinct purchasing behavior 

of the customers and categorize them based on their different purchasing trends like improving, leading, 

challenging and lagging and then the outlier and exception customers are identified who lies outside the 

quadrant region. This study helps e-commerce merchants and vendors to identify the customers who are 

giving them less sale and those who are giving them more sales in order to handle them accordingly by 

giving promotional offers or discounts. 
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1. Introduction 

Outlier identification is nothing as opposed to finding the information focuses whose conduct is extremely excellent when contrasted and the staying set of 

information focuses. In case of data mining, outlier detection is sometimes also called as anomaly detection means the finding of the rare observations, 

items or events which behaves significantly different from the complete set of the data. As these outlier values are different in behavior, it become 

necessary to find out the cause of this extraordinary behavior which can help to find out the valuable hidden knowledge and used to make the profit as 

well as improve the service quality. So it is a very important research for the applications having the large data base like finding the unexpected activities, 

fraud detection, to find cybercrime activities on websites and marketing. In this paper, the researchers are making a 2D graph for the outlier detection and 

it’s X-axes and Y-axes denotes the conditions and values on which data has been classified using clustering algorithm, followed by making of the 

quadrants for this graph, finally plotting the data points on this graph and all the data points which do not lie inside these quadrants are called as outliers. 

 

Data mining is a strategy to investigate and recover learning from a huge database and change it into helpful data which can be used later. This technique 

also used in grouping or classification, clustering of similar data, regression between correlated data, rule discovery by association,  consecutive example 

revelation, exceptions recognition (outlier detection- Deb, A. B., & Dey, L. 2017.) and so on. It is the way toward revealing beforehand undetected 

connections in different set of data items, as it is a multi-stage process so the information is mined by experiencing diverse stages like Selection of data 

from a data base, Preprocess the data, transformation of data, mining (extracting) of the data, interpretation (Analysis) of the data and finally the 

evaluation stage. 

 

Data mining has 2 different approaches – supervised learning and unsupervised learning where supervised learning is done generally in case of 

classification where either mapping between input and output has been done or apply regression on training data which consist of a sample data and each 

sample consists of an input and the desired output object. The supervised learning algorithm takes the training data as input, produces a required function 
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and further used to map some new examples which are hidden objects in contrast unsupervised learning is a process used for unlabeled data for finding 

hidden structure so this type of learning consists of only an input object (no class label) for example clustering - in which grouping of set of objects has 

been done in such a way that the objects which are very similar to each other are placed in one cluster.  

 

In this Research paper, the researchers will find the unexpected results of a European client that are hidden in his data and for his better performance it 

must be disclosed. Let us take the example of data comprises of the salary of the different age group of individuals, then classification can only be used to 

classify that data based on our conditions. For example of data comprises of the salary of the different age group of individuals, then classification can 

only be used to classify that data based on our conditions. Let’s say individual comes in the range of middle class when his salary within the range of 15k-

30k (INR), in range of poor class when his salary within the range of 5k-15k (INR), and in range of rich class when his salary is above 50k (INR). Then, 

classification helps to list out data with this range based on the age of individual (18-60) years. For this example, let suppose two- dimensional graph have 

x-axis as salary and y-axis as age. The range of x-axis as 0k-100k (INR) and for y-axis as 18-60 years. The midpoint for x-axis is 50k (INR) and for y-axis 

is 39 years. So, the quadrants for this graph are one with age 1118-39 years and salary 0k-50k (INR), second with age 18-39 years and salary 50k-100k 

(INR), third with age 39-60 years and salary 0k-50k (INR) and fourth with age 39-60 years and salary 50k-100k (INR). Then the points which are out of 

these quadrants will be classified as outliers. Classification will not tell about the data including (individual with age more than 60 years and have salary 

of more than 50k (INR), individual within age of 18-60 years but not earning any salary), which are nothing but outlier data points and these data points 

are also important while implementing any policy as these minority factors cannot be left alone. 

This paper is further divided into five sections as - related work, clustering algorithms, methodology used, result of experiment in tabular and graphical 

forms and last section is conclusion. 

2. Related Work 

There are many past researches in which new algorithms have been implemented for the improved clustering algorithm techniques. (Bala, R., & Singh, J. 

2014)  the researcher compared different algorithms in terms of efficiency and accuracy like K-mean, Hierarchical, expectation, maximization and density 

based algorithm and find that K-mean algorithm produces better result than others on the basis of different indices used for evaluation of the performance 

of different algorithms which are number of cluster, outliers, time, data points per cluster, non-clustered elements an error element etc. 

(Ester, M., Kriegel, H. P., Sander, J., & Xu, X. (1996, August)- a group of researcher discussed the performance of different clustering technique of the 

large data set on the basis of two parameters speed and time. (Yamanishi, K., Takeuchi, J. I., Williams, G., & Milne, P., 2004)- used SmartSifter for 

outlier detection in an on-line process which is based on unsupervised learning algorithm (a probabilistic or finite mixture model or Gaussian Mixture).  

(Bay, S. D., & Schwabacher, M., 2003, August) -   suggest an algorithm for outlier detection which is based on distance method. (Jiang, M. F., Tseng, S. 

S., & Su, C. M. (2001) - were discussed clustering technique for outlier detection which detect small clusters as outliers and helps them to remove that 

outlier clusters from the dataset.   

(Aggarwal, C. C., & Yu, P. S. , 2001, May) find a new technique based on density distribution and study the behavior of projections from the data set.  (L. 

Wei, W. Qian, A. Zhou, W. Jin, J.X, Yu,2003) Suggests a method for outlier mining based on hyper graph model named it as (HOT). The other group of 

researchers (Harkins, S., He, H., Williams, G., & Baxter, R. 2002, September) detects outliers from the neural network by Replicator(RNN). (Liu, H., 

Jezek, K. C., & O'Kelly, M. E., 2001) -proposed a different method for outlier detection in an irregularly distributed spatial dataset. (Ankerst, M., Breunig, 

M. M., Kriegel, H. P., & Sander, J. ,1999, June) proposed a method for Local Outlier Factor in which they detected outlier by the deviation of an object to 

its neighbors and its concept is based on local density concept while (Arning, A., Agrawal, R., & Raghavan, P., 1996, August) the group of researcher 

used the k-nearest neighbors to compose its neighbors and they also proposed a deviation based method to find outliers from the main characteristics of 

objects and also find the objects which deviates in their features from the dataset are considered as outliers. (Christopher, T., & Divya, T. 2015, March ) 

used cluster based algorithm for outlier detection from a data stream which are dynamic and can have an infinite data sequence. In this type of fast 

changing data outlier detection is a very difficult task so the researchers had used hierarchical and partition clustering methods to find outliers.(Liu, H., Li, 

J., Wu, Y., & Fu, Y. 2018) – considered the clustering and outlier detection problem and proposed an algorithm COR which is different from K-means, a 

concatenation of K-means with binary matrices. 

 

3. Clustering Algorithm 

Major task for mining a data set is Clustering, or in other words which groups related data objects into a cluster and lots of clustering algorithms for 

mining the data are available. Data mining is nothing but extracting the useful patterns from data set through which we can extract fruitful outcomes. The 

term clustering is used by a lot of research communities to describe the method of unlabeled data grouping. Clustering makes the group of the data and 

hence improves the efficiency of the result. The clustering algorithm groups object into subclasses. There are different algorithms whose suitability 
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depends on the types of application. Some of them are K-means Clustering algorithm, a Hierarchical, a Spectral, Partition, Density-based clustering 

algorithm and Grid-based algorithm. In this research paper, the researcher is using partition based K-mean clustering algorithm which is a data mining as 

well as machine learning tool used for the creation of the clusters from of group of related observations even there is not any knowledge about the 

relationships between them. The algorithm creates the clusters or groups after sampling them and shows the number of cluster to which the data belongs 

and number of clusters are defined by the value k. it is a simplest technique for clustering and generally used in biometric or medical imaging related 

fields. The major advantage of this technique is that it is a unsupervised form of learning or in other words it can tell about the data without instructing it 

about the data as used in supervised learning form of clustering.  

4. Research Methodology 

In order to identify the different purchasing trends of the customers an European retail based merchant is selected who is selling diverse variety of 

items. The customer data of more than 15 months are recorded in the database and convert into semi-structured data form for the processing.  K-Means 

clustering as partition based clustering algorithm for the classification of customer in four categories namely improving, leading, challenging and lagging 

and then the outlier and exception customers are identified who lies outside the quadrant region. Customers are identified on the basis of their unique 

customerID and email address and their transaction volume amount and count is used as data in order to plot customers points in the quadrant after 

classification. For clustering our dataset, WEKA library (.jar file) is used which took as input the prepared dataset and give output as the set of clusters. 

Then, the output data is converted in the form of JSONObject (key-value Pair). The input JSONObject data is fed to the OUTLIER_ANALYSIS 

algorithm which processes the JSONObject data and output the outliers which we had shown in this paper. For outlier analysis, a two-dimensional graph 

is made whose x-axis and y-axis are denoting the conditions and values on the basis of which data has been classified using clustering algorithm. After 

this, the quadrants for this two-dimensional graph is made and after this,  the midpoint of x-axis and y-axis are found to find the centroid of the quadrant. 

Then, plot all the data points on the above two-dimensional graph with data points lie inside the quadrant as well as outliers data points. 

 

4.1. Outlier Analysis Algorithm 

The input (values and Significance level) is described as: 

 
● Values are in the form of JSONObject(which is a collection of name and value in unordered form and externally it is in the form of a class object 

and internally it is a combination of string for name and its value) data, which we get after parsing the data coming from WEKA library (.jar file – a 
collection of MLA(machine learning algorithms) for data mining and contains tools for different tasks like data visualization, clustering of data, 
different association rules for data mining, data preparation, classification and regression etc.) . 
 

● The significance level is the maximum acceptable risk level for rejecting the null hypothesis in the case where the null hypothesis is true. 

 

    Steps of Outer Analysis Algorithm: 

 
● Firstly, find the number of data elements in the clustered data and if it is less than 3 then discard that set. 
● If data elements are greater than or equal to 3, then find grubbsValue and grubbsCompareValue for the data elements in clustered data. 

                                       …………… (1) 

The suspected outlier is rejected if Gexp is greater than G(α, n). 

 
● To find the grubbsValue, we have to use TDistribution (Nosal, M., & Nosal, E. 2002, July) concept in Java, which helps us to find the cumulative 

probability and inverse cumulative probability of data elements. 
● From TDistribution, we can find the critical value of data sets which is further used to find grubbsValue. 
● To find grubbsCompareValue we have to find the maximal deviation and standard deviation. 
● Maximal deviation acts as a boundary above which data element is classified as the outlier. 
● The Maximal deviation is further calculated using the mean value of the data elements and if absolute of mean and data element value is greater 

than maximal deviation then marked it an outlier. 
● After finding both grubbsValue and grubbsCompareValue, we can check if grubbsValue is greater than the grubbsCompareValue, then mark it an 

outlier. Otherwise, discard the cluster and go with new clustered data until all clustered data finishes. 
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          Since each clustering algorithm gives the different value for input values to this algorithm, it will give the different value of outliers for each 
algorithm. 

4.2. Algorithm 

Outlier analysis ( input values, significanceLevel ) 

size = Number of data elements in data set 

if size < 3 

return null 

end if 

tDistribution = Create a distribution with ( size - 2.0 ) as degree of freedom 

criticalValue = tDistribution .inverseCumulativeProbability 

((1.0-significanceLevel ) /( 2.0 * size )) 

criticalSquareValue = criticalValue * criticalValue 

grubbsValue = ( size - 1 ) / ( square root of size ) * ( square root 

of( criticalValueSquare / ( size - 2.0 + criticalValueSquare ))) 

standardDeviation = Standard deviation of the data elements in dataset maximalDeviation = 0 

for each data element in dataset 

if absolute( mean - value ) > maximalDeviation 

maximalDeviation = absolute( mean - value ) 

set this data element as outlier 

end if 

end for 

grubbsCompareValue = maximalDeviation / standardDeviation if grubbsValue > grubbsCompareValue 

return set of outliers 

end if 

else 

return null 

end else 

5. Results and Analysis  

In this paper, the researchers are trying to find out the distinct purchasing behaviour of the customers and categorize customers based on their different 

purchasing trends like improving, leading, challenging and lagging. Based on these purchase trends outlier and exception customers can be identified who 

lies outside the quadrant region.  For outlier analysis, a two-dimensional graph is made whose x-axis and y-axis are denoting the conditions and values on 

the basis of which data has been classified using clustering algorithm. The X-axis of graph shows the number of transaction made by the unique customer 

as(Txn Count) and Y-Axis represent the volume of purchase in pounds. The quadrants for this two-dimensional graph are made and the midpoint of x-axis 

and y-axis are found for finding the centroid of the quadrant. Finally all the data points are plotted on this graph with data points lie inside the quadrant as 

well as outside the quadrants known as outlier data points. From this graph four different type of purchase behaviour had been found as leading, 

Challenging, lagging and improving. The figure-2 a. shows the cluster points of the customer data on a 2-D graph on four different quadrant bases.   

 

The figure 2 b. shows a list of customers and their purchase behaviour based on the purchase volume  and number of transaction shown in the figure 2 a. 

It is observed that for a new and emerging merchant’s number of lagging customers are more and for established merchant’s number of  improving and 

leading customers are more. Most of the improving and challenging customers are observed during the sales, promotions or campaigning in order to take 

measures of the risk factors related to the customers. In order to improve the sales merchant can give additional offers and discounts to the lagging 

customers and for the challenging customers merchant can lower down the price and gives the discount. All the omitted outliers are detected and treated 

differently in order to maintain the sales and profit balance.  
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5.1. Results of outliers of different types of Customers :-   

The table 1 shows the statistics for customer purchase behaviour, number of customers and number of Outliers customers. The number of customers 

behaving as Improving, 76 customers is within the region and number of Outlier customers is 47 which show that if we keep a check on these customers, 

they can convert in the customers within the region and figure 2.b shows that these customers do lesser transactions but the volume is high. The Leading 

customers are 81 within the region and 7 are outliers as well as in figure 2. b it showed in green colour which means the company should not worry about 

these type of customers as their number of transaction is more and the volume is also good enough. The another category of the customers are lagging 

where 88 customers are within the range and 61 are outlier and in Figure 2 b. they are shown in red colour means – these are the customer where the 

organisation should more focus because the number of outliers are more in this category and volume of transaction is also less so if the company take care 

these customer they can be converted into the customer within the region. The last category of the Table 1 is challenging which is blue in color in figure 2. 

b and Table 1 shows that the 29 customers are within the region and 2 are outliers. This is the challenging area for the company where the number of 

customers is very less so the company has to do some different type of efforts for these type of customer to increase in number and transaction volume 

also.  

6. Conclusion 

The outlier detection is one of the challenging tasks in data sets. We should take care of exceptional conditions while implementing any policies which 

can be solved through finding outliers for that particular domain. As discarding these exceptional is not the solution which may affect the outcome of the 

policies harshly and shadow the benefits of the policies. The outlier’s detection helps merchant and vendors to identify the intended or target audience and 

to improve their sales by clear focusing on the purchasing behavior of the average customer. This detection improves the sales of the merchant under study 

and a basic prototype is built in order to include that in the existing E-Commerce marketplace. This research can be extended further to make the 

standardized tool that is easy to use and incorporate in any Ecommerce software platform. This research can be further refine by adding different types of 

Clustering techniques and then identify the best match cluster and outlier for more efficiency. 

7. Future Work 

In this research, researchers had used K-mean Algorithm of Data Mining from a cluster for finding the outlier from a database but there is many  other 

algorithms like k-Medoids, Fuzzy C- Means, a Hierarchical, a Spectral, Partition, Density-based clustering algorithm and Grid-based algorithm etc. which 

can be used for the cluster based outlier detection. In future a research can be performed on these different algorithms to find outliers from the cluster and 

can compare the result to find out the best algorithm for the outlier detection so that it can done one fast and efficient way. This research is based on a 

single European client but in future it can be done on other clients also. 
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