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The Study of Parallel Fuzzy C-Means Algorithm Deepak Agrawal Institute of Technology, Banaras Hindu University, Varanasi-221005. India. [email protected]



Abstract - Clustering is the unsupervised classification of patterns (observations, data items, or feature vectors) into groups (clusters). The clustering problem has been addressed in many contexts and by researchers in many disciplines. This reflects its broad appeal and usefulness as one of the steps in exploratory data analysis. C-means algorithm is a widely used method in fuzzy clustering. As the dataset’s scale increases rapidly, it is difficult to use C-means to deal with large amount of data. A parallel strategy is incorporated into clustering method and a parallel C-means algorithm is proposed. In parallel C-means algorithm, dynamic load balance is introduced. Data parallel strategy and Master/Slave model are adopted. The experiment demonstrates that the parallel C-means has higher efficiency and universal use. The experimental result demonstrates that parallelization can greatly enhance the efficiency of the C-means algorithm, i.e., allow the grouping of a large number of data sets more quickly. Index Terms – Fuzzy, Clustering, parallelization, C-Means Algorithm I.



INTRODUCTION



Cluster analysis is the organization of a collection of patterns (usually represented as a vector of measurements, or a point in a multidimensional space) into clusters based on similarity. Intuitively, patterns within a valid cluster are more similar to each other than they are to a pattern belonging to a different cluster. One requirement of data mining is efficiency and scalability of mining algorithms. Therefore, parallelism can be used to process long running tasks in a timely manner. All the main data mining algorithms have been investigated, such as decision tree induction, fuzzy rule-based classifiers, neural networks. Data clustering is being used in several data intensive applications, including image classification and document retrieval. Clustering algorithms generally follows hierarchical or partitional approaches. The determination of the cluster’s numbers and centers present on the data is generally referred to as cluster analysis. The paper is organized as follows: in the next section the fuzzy C-means algorithm is sketched. The parallel implementation of the cluster analysis is presented in section three. The results obtained with this approach considering scalability and speed-up are presented in section four. Final conclusions are discussed in section five.



II. Fuzzy C-means clustering



Fuzzy C-means clustering (FCM), is a clustering technique which is separated from hard k-means [1,2] that employ hard partitioning. The FCM [3] employs fuzzy partitioning such that a data point can belong to all groups with different membership grades between 0 and 1. FCM is an iterative algorithm. The aim of FCM is to find cluster centers (centroids) that minimize a dissimilarity function. Constraint c
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where c is the number of clusters. k represents the kth data object. The dissimilarity function which is used in FCM is given by Equation 3.2 c n ⎧ ⎫ min ⎨ J m (U, V) = ∑∑ uimk Dik2 ⎬ (3.2) ( U ,V ) i =1 k =1 ⎩ ⎭



where n is the total number of data objects uik is membership value of kth data object in ith cluster..
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Dik is the Euclidian distance between ith centroid(vi) and kth data point; xk represents the data object in vector format. ⎛ n v i = ⎜ ∑ uikm x k ⎝ k =1 ⎡ c ⎛D uik = ⎢⎢ ∑ ⎜ ik ⎜D ⎢⎣ j =1 ⎝ jk
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Degree of fuzzification m>=1 This algorithm follows the following steps. Step 1. Randomly initialize the membership matrix (U) that has constraints in Equation 3.1. Step 2. Calculate centroids(vi) by using Equation 3.4. Step 3: Calculate distance matrix D by using Equation 3.3. Step 4. Compute a new U using Equation 3.5. Go to Step 2. Step 5. Compute dissimilarity between centroids and data points using equation 3.2. Stop if its improvement over previous iteration is below a threshold.



Fig.1: Flow chart of parallel portion of C-means algorithm



Fig. 2: Comparison of sequential and parallel processing of cluster analysis.



III.



Parallel implementation of the Cluster Analysis



We consider that data objects are evenly distributed over all the processors. If total data size is N and the number of processors is n then each processor has N/n data objects. The algorithm terminates when the dissimilarity function is minimum. In parallel FCM, calculation of co-ordinate of cluster centers is performed on the single processor, termed as master processor by eq. 3.4. The co-ordinate of the centers is then sent to all the processor. Every processor independently calculate the distance of their data objects from cluster centers (eq. 3.3) and then calculates the new membership values (eq. 3.5) for those data objects. All the information is collected on the master processor. The master processor then calculates the dissimilarity function. The above steps are iterated until the dissimilarity function is minimized.



IV.



Experiments



We have done our experiment by taking 20000 data objects. Dimension of data objects is 500. We clustered data into 50 clusters. Observations have been listed in table 1. From table 1, we observe that 98.9% of the computation can be parallelized. Profile of the experiment is shown in the Fig 2. Yellow part shows the computation of the part of the iteration which can be parallelized. Red part shows the computation of the part of the program which cannot be parallelized. Fig 2 also shows the theoretical computation path of the parallel algorithm on 10 processors by considering communication delay between two processors to be zero. If we assume that there is no communication delay then speedup on 10 processors can be calculated with the help of Amdahl’s law as follows: Speedup = T(1)/T(10) = 100/(0.96+(98.48+0.42)/10+0.14) = 100/11.27 =8.87 Calculation Cluster center calculation Distance Calculation Membership matrix calculation Objective function calculation



% of total time in one iteration 0.96 98.48 0.42 0.14



Table :1 Relationship of calculation with time



Fig. 3 Graph of speedup vs. number of processors



Fig 4: Graph of speedup vs. dimension for constant data size (20000)



If we calculate the values of speed-up for different number of processors with the same assumption, the behavior of the curve is shown in Fig 3. Curve in Fig 3 follows the



Amdahl’s law. And if we plot the curve of speed-up vs. dimension of the data with constant data size, the behavior of curve is shown in Fig 4. V. Conclusion The parallelism of the cluster algorithm relates not only to the area of data mining, but also to that of parallel computing. Research on the improvement and parallelism of cluster algorithms has both theoretical and practical importance. Along with the broad application of clustering methods and the large increase in the number of data objects to be handled, improvement of the performance of clustering methods remains as a significant task.[1,2]. In this paper, we have presented a parallel C-means algorithm, which greatly enhance the efficiency of the C-means algorithm. The clustering algorithm itself works in an iterative manner similar to the standard FCM using the above scheduling of computation on different processors. VI. Acknowledgement The author feels indebted to Prof. K. K. Shukla for the interesting discussions on various subjects. VII. References 1. Yufang Zhang, Zhongyang Xiong, Jiali Mao and Ling Ou;” The Study of Parallel K-Means Algorithm” 6th World Congress on Intelligent Control and Automation, June 21 - 23, 2006, Dalian, China
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