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Abstract. With the continuous deepening and development of information technology, the diversity 
and amount of information in data continue to grow. Effectively mining these text data to extract 
valuable content has become an urgent task in the field of data research. This study combines the 
MapReduce distributed system with the K-means clustering algorithm to meet the challenges of 
large-scale data mining. At the same time, the paper use a distributed caching mechanism to solve 
the problem of repeated application of resources for multiple MapReduce collaborative operations 
and improve data mining efficiency. The combination of MapReduce's distributed computing and the 
advantages of K-means clustering algorithm provides an efficient and scalable method for large-
scale data mining. Experimental results combining internal and external indicators show that the 
advantage of combining K-means with MapReduce is to fully utilize the distributed and parallel 
computing characteristics of MapReduce, providing users with an efficient and scalable data mining 
tool. Through this research, the paper provide new methods and insights for large-scale data mining, 
improving the efficiency and accuracy of data mining. 
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1. Introduction 

As a powerful distributed computing tool, the MapReduce framework has been widely used in large-
scale data processing, so it has an ideal platform for processing big data [1]. At the same time, K-
means clustering algorithm, as a common data mining technology, is widely used to discover patterns 
and clusters in data [2]. By combining MapReduce with K-means, the paper are able to efficiently 
analyze large-scale data and identify clustering patterns and clusters in the data to provide strong 
support for decision making and insight discovery [3-4]. 

This article will first introduce the MapReduce distributed system and K-means clustering algorithm, 
and then explain how to combine them to meet the needs of large-scale data mining. Subsequently, 
the paper will verify the effectiveness of the method in experiments, and finally, the paper will 
summarize the advantages of combining MapReduce and K-means and their importance in the field 
of data mining. 

Through this combination, the paper aim to better address the challenges of large-scale data mining, 
improve data processing efficiency, and at the same time deeply mine the inherent patterns and 
structures of data to provide strong support for decision-making and insight discovery. 

2. Large-scale Data Mining Method based on Clustering Algorithm Combined with 
MAPREDUCE 

2.1. Distributed Environment Layout based on Mapreduce for Data Mining Purposes 

Clustering algorithm is one of the main methods for data processing in data mining. The distributed 
cloud computing data mining method based on MapReduce can be combined with the clustering 
algorithm to discover clustering patterns in the data, identify similar data points, and Generate 
information about data distribution and improve data efficiency. MapReduce is a distributed 
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computing framework that adopts a distributed computing model that allows large-scale data sets to 
be broken down into multiple data blocks and processed in parallel on multiple computers [5-6]. data 
block. This parallelism makes processing big data more efficient and faster. An efficient way to 
process large data sets by breaking the problem into parallel tasks and performing distributed 
computations [7]. Use this principle to build a large-scale data mining model based on clustering 
algorithm combined with MAPREDUCE, as shown in Fig 1. 

 

Fig 1. Operation diagram of MR and aggregation algorithm 

In the MapReduce distributed large-scale data mining model, Map is responsible for data 
preprocessing and feature processing. The purpose is to prepare the original data into the form of a 
clustering algorithm. The Reduce stage is used to generate the final clustering results. Since there are 
many types of data mining models in the APACHE HADOOP cluster environment, and there are 
many types of clustering algorithms, this article selects Kmeans as the algorithm for this Mapreduce 
model[8]. Its advantages are its efficiency, scalability and performance in data clustering tasks. 
Computational efficiency. In large-scale text data mining, the K-means method can divide text data 
into different clusters so that similar data points belong to the same cluster, thus helping to mine 
patterns and structures in the data. 

Combining the K-means clustering algorithm with the MapReduce framework is a powerful strategy 
especially suitable for performing cluster analysis on large-scale data sets. This combination takes 
full advantage of the many advantages of the MapReduce framework. First, it is scalable and can 
handle large-scale data efficiently because data can be distributed across multiple nodes without being 
loaded into memory at once. In addition, MapReduce's fault tolerance enables data mining tasks to 
continue executing without interruption even if failures occur in large-scale clusters. The data locality 
principle reduces data transmission overhead and improves computing efficiency. Task parallelism 
allows multiple Mapper nodes to execute K-means tasks at the same time, speeding up the calculation 
of the clustering algorithm[9]. The system's scalability makes it easy to add processing capabilities 
to meet growing data processing needs. In addition, MapReduce is often used in conjunction with 
distributed file systems (such as Hadoop's HDFS), which makes efficient storage and management of 
data possible. Finally, the Reduce stage of MapReduce can merge the clustering results generated by 
different Mapper nodes to generate the final clustering result, which facilitates the output sorting of 
the K-means algorithm. 

This combination is suitable for scenarios where cluster analysis needs to be performed in a big data 
environment, such as text mining, image processing, and bioinformatics. It not only improves the 
efficiency of the K-means algorithm, but also makes it suitable for a wider range of data sizes and 
application fields. In summary, the advantage of combining K-means with MapReduce is that it takes 
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full advantage of the distributed and parallel computing characteristics of the MapReduce framework 
and provides users with an efficient and scalable data mining tool. 

2.2. Construction of Clustering Algorithm in the Context of Data Mining 

K-means is a common clustering algorithm. Its goal is to divide data points into K different clusters 
so that data points in the same cluster are similar to each other and data points between different 
clusters are as dissimilar as possible. This algorithm achieves clustering by minimizing the sum of 
squares of the average distances of data points within a cluster (i.e., the within-cluster variance). 
Kmeans can cluster large-scale data in a short time [10]. By selecting different k values, controlling 
the number of clusters, and exploring different clustering structures to find the number of clusters that 
are most suitable for the data, this article plans to use Different two-dimensional data sets are 
randomly created as training sets. The process of Kmeans construction is as follows: 

The K-means algorithm uses cluster centers to represent each cluster. For the i-th cluster, its cluster 
center can be expressed as: 
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First, randomly set K points in the feature space as the initial clustering center, and find the Euclidean 
distance. 
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where n is the dimension of the data point, xi and yi are the coordinates of the data points x and y on 
the i-th dimension,Then for each other point, the distance to K centers is calculated. For unknown 
points, the nearest cluster center point is selected as the label category,Furthermore, after facing the 
marked cluster center, recalculate the new center point (average value) of each cluster,Finally, if the 
calculated new center point is the same as the original center point (the center of mass no longer 
moves), then it is over, otherwise the second step is repeated[11]. 

3. Experiment and Analysis 

When conducting large-scale data mining experiments with clustering algorithms combined with 
MAPREDUCE, our research methods and experimental designs follow the following logical steps: 

First, the paper plan to generate multiple different 2D datasets to simulate different data distributions 
and cluster structures. The generation of these data sets will include different data set types such as 
random distribution and Gaussian distribution to reflect different data mining scenarios. Second, the 
paper will implement the K-means clustering algorithm ourselves. The implementation of this 
algorithm will include the initialization of cluster centers, allocation of data points, update of cluster 
centers, and iterative process to gain an in-depth understanding of the internal mechanism and 
working principle of K-means. 

To evaluate the performance of K-means, the paper will use internal and external metrics. Internal 
metrics, such as within-cluster variance, can help us measure the quality of clustering. External 
indicators, such as silhouette coefficient, will also be used to evaluate the clustering effect. This will 
give us a quantitative measure of the clustering quality of K-means on different datasets. 

During the experiment, the paper may try different K values and different parameter configurations 
to find the best clustering results [12]. Additionally, the paper will utilize visualization tools to plot 
the clustering results to better understand how K-means performs clustering on different data sets, as 
shown in Fig 2,3,4 and 5. 

Import code blocks in jupyter based on Kmeans method 

1. Import matplotlib.pyplot as plt 

2. From sklearn.datasets.samples_generator import make_blobs 
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3. From sklearn.cluster import KMeans 

4. From sklearn.metrics import calinski_harabaz_score 

Create a data set with X as the sample feature and Y as the sample cluster category, with a total of 
1,000 samples, Each sample has 2 features, a total of 4 clusters. Note that the cluster centers are [-1,-
1], [0,0], [1,1], [2,2], and the cluster differences are [ 0.4, 0.2, 0.2, 0.2] 

1. X,y=make_blobs(n_samples=1000,n_features=2,centers=[[-1,-1],[0,0],[1,1],[2,2]],   

2. cluster_std=[0.4,0.2,0.2,0.2],   

3. random_state=9)   

4. plt.scatter(X[:,0],X[:,1], marker='o')   

5. plt.show()    

Try n_cluses=2\3\4 respectively, and then check the clustering effect 

1. y_pred=KMeans(n_clusters=2,random_state=9).fit_predict(X)   

2. plt.scatter(X[:,0],X[:,1],c=y_pred)   

3. plt.show()   

4. #use Calinski-Harabasz Index-   

5. print(calinski_harabaz_score(X,y_pred)) 

Fig 2. 1000 Sample Aggregation 
Grouping 

Fig 3. Kmeans adjustment n_ Cluster 
grouping diagram with clusters=2 

Fig 4. Kmeans adjustment n_ Cluster 
grouping diagram with clusters=3 

Fig 5. Kmeans adjustment n_ Cluster 
grouping diagram with clusters=4 

In the context of data mining, the paper conducted a series of experiments aimed at exploring the 
performance and effect of the K-means clustering algorithm under different numbers of clusters (K 
values). By randomly generating different 2D datasets and trying clustering with K values of 2, 3, 
and 4, the paper emphasize the flexibility of K-means in data mining tasks and the criticality of K 
value selection. 
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the paper observe that different K values lead to significantly different clustering results, which 
highlights the importance of K value selection in the K-means algorithm. In practical data mining 
applications, choosing the correct K value is a key step to ensure meaningful clustering results. To 
quantify the clustering effect, the paper used the Calinski-Harabaz Index to evaluate the clustering 
quality under different cluster numbers. This metric helps us understand the performance of K-means 
under different K values and provides quantitative support for the selection of K values. in addition, 
through visual analysis, the paper clearly observed the clustering structure and data point distribution 
under different cluster numbers. 

4. Conclusion 

This paper implements a simple cluster analysis mining method by combining the data mining method 
based on MapReduce distributed system and K-means clustering algorithm. It mainly successfully 
draws on the MapReduce distributed system to provide ideal computing for large-scale data mining. 
platform. By sharding data and parallel computing, the paper can effectively deal with massive data, 
accelerate the computing process, and improve the efficiency of data mining. On the other hand, by 
dividing data points into different clusters, the paper can reveal the inherent patterns and structures 
between data, which is helpful for classification, recommendation, anomaly detection, etc., thus 
improving the efficiency of data mining. 
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