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Abstract. Due to in the early period of the ant colony clustering algorithm
convergence speed is very slow, this paper proposes a hybrid clustering algo-
rithm based on ant colony clustering and MMK-means algorithm, which uses
MMK-means algorithm to process the data, followed by ant colony clustering to
finish clustering. Apart from that, this paper improves the ant colony clustering
algorithm that makes ants using the best matching position, data object place-
ment selecting and so on. We realize the algorithm in Hadoop platform, which
can effectively reduce the time costs of clustering.
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1 Introduction

Cluster analysis is a popular research branch of data mining. Clustering is the process
that sets up the physical or abstract objects to similar objects composed of multiple
classes or clusters. Clustering algorithms are applicable to the centralized data for
clustering, while the actual data is distributed across different sites [1]. Due to the limit
of transmission speed and safety factors, it is difficult to centralize the data in all sites to
a central site. Besides, a large amount of data can result in a significant decrease on
clustering efficiency.

Hadoop from the Apache open source community is an open source infrastructure
software platform based on distributed system infrastructure which makes large-scale
distributed computing and parallel processing widely used in cloud computing [2].
We propose a hybrid algorithm based on ant colony clustering and MMK-means
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algorithm. This hybrid algorithm overcomes the shortcoming that ant colony clustering
algorithm has slow convergence speed. In addition, we improve the ant colony clus-
tering mechanisms that ants using the best matching position, data object placement
selecting and so on.

The rest of this paper is organized as follows: In the second section, the related
works are introduced; the method proposed in this paper is introduced in the third
section; the fourth section is the analysis and comparison of the performance of several
methods. The fifth section is the summary.

2 Related Work

K-means algorithm has the advantages that it has small computational efforts and fast
convergence speed and it is suitable for large data processing [3, 4]. But this approach
has obvious shortcomings. We need to determine in advance the number of initial
cluster centers and clusters. It is greatly influenced by subjective factors. Besides,
clustering results have poor stability and are prone to local optima.

MMK-means algorithm makes use of data sampling technique to take samples from
the mass of data (This way can reduce the computational cost). MMK-means algorithm
uses the largest and minimum distance algorithm to calculate the number of clusters
that K-means algorithm requires and the initial cluster centers [5]. Then MMK-means
algorithm makes use of K-means algorithm to cluster. It is clear that the result of
MMK-means is better than K-means.

Ant colony algorithm is a novel bionic algorithm based on artificial swarm intelli-
gence, which is inspired by the collective behavior of social insects. For real ants, they
have two important types of behavior: foraging and clustering. The algorithms of ant
colony optimization (ACO) have their origins in the ant foraging behavior [6-8]. They
were proposed by Marco Dorigo and are useful in solving discrete optimization problems.

3 The Parallel Design of the Hybrid Clustering Algorithm

Each grid places a data object and each ant moves randomly in the grid. The ant
calculates the neighborhood similarity f{i), then decides the probability of picking up or
dropping data object [8], the lower the probability to pick up when degree of similarity
is higher, the greater the probability to drop.

fi) =4 % (1)

N .
{%za—% if £(i) >0
0 otherwise
The neighborhood similarity f{7) represents the average similarity of data i that the
ants to pick up or drop with all the data objects in the visual radius r. (i, ) represents
the distance between the data objects i and j. o € [0, 1] is the similarity adjustment
coefficient; 8 is the size of neighborhood area L. Ant is in the center of the neigh-
borhood, and neighborhood visual radius can be estimated according to (6-1)/2.
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If ants carry a data object at present, algorithm calculates the probability of ant put
down the data P,.
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The ant compares P, with the random probability P,, if P; > P,the ant puts down
current carrying data and mark status to “un-carry” at the same time. Then the ant
randomly selects a free data object, or the ant move to other random location. If ants do
not carry a data object at present, algorithm calculates the probability of ant pick up the
data P, according to the following formula.

The ant compares P, with the random probability P,, if P, > P,, the ant picks up
data in the current location and mark status to “carry” at the same time. Then the ant
moves to other random location, or let the ant randomly select a free data object.

Algorithm iterates until achieve the maximum number of iterations.

Here, we change the way that the ants always jump to the best matching position to
the way that ant have different approaches in different stages. Improved algorithm
commands ant move towards the direction of best matching position at the early stage.
At the late stage ant makes a direct jump to the best match position. The ant needs to
calculate the drop probability P, when it moves to the new position. If P; > P, the ant
drops carrying data with placement policy. Or else, it means that short-term memory is
not valid, the ant moves to another location randomly. The ant should update its
short-term memory when it success drops data.

When the ant put down a data object, if the ant find a suitable location to place s,
but s was already occupied by other data objects, the ant colony clustering algorithm’s
solution is that the ant moves randomly to another location, but this solution has great
blindness, slow convergence speed, and cannot effectively use the available informa-
tion. When the ant wants to put down an object, this suggests that the data ant carried is
similar enough with other data objects within a visual radius.

Improved steps for data object strategies are as follows: The ant searches for empty
positions whose distance from the current position is 1, if there is an empty position
then the ant drop the data object carried in this empty position. Otherwise ant searches
for empty positions whose distance from the current position is 2, followed by
recursion, until the distance reaches the visible radius. If there’s still no empty position
when the search radius reaches the visible radius, the ant moves to another position
randomly, this can prevent the ant cannot put data object down in cases when the ant
cannot find a proper empty position in the long iterative process. We make the rule that
when the times that an ant fails putting down a data object reach the threshold we set,
the ant finds the best matching position and drops a data object in the best matching
position or best matching position’s surroundings.
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Improved ant colony clustering algorithm based on MapReduce framework [7] is

shown in Fig. 1.
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Fig. 1. Improved ant colony clustering based on MapReduce framework

The original data set is divided into several pieces and distributed to each node.
Map function of the MapReducel tasks is assigned to each node. Map function is
responsible for mapping the data points in this node onto a two-dimensional grid
randomly. Each Reduce function can be viewed as an ant, and responsible for the
calculation of neighborhood similarity with Canberra distance. According to the
number of iterations Reduce function make ants have variable movement speed
(decreases in a random way), and along with the iteration ants’ visual radius is
increased gradually. If the case consistent with the “pick up principles” ant picks
up data objects.

When reaching the maximum number of iterations the algorithm enters MapRe-
duce? to deal with the clustering results. The clustering cluster is assigned to each
node, the Map function in the MapReduce2 is responsible for comparing the
number of data objects with threshold, if the number of data objects is greater than
or equal to threshold, the cluster is identified as the correct cluster, if the number
of data objects is less than the threshold, the cluster is identified as discrete cluster.



518 Z. Wang et al.

The algorithm calculates the center of all correct clustering clusters. Reduce
function is responsible for calculating the distance of discrete data objects and the
clustering center. If the distance conforms to the requirements of the threshold, the
ant merge the data into the best match cluster, or mark the data as discrete data
object.

(3) At last, algorithm output the final clustering results.

The hybrid clustering algorithm is shown in the Fig. 2. We first use of MMK-means
algorithm’s fast convergence characteristics to preprocess data. This section includes
data sampling, using the maximum minimum distance method to select the cluster
centers in the extracted data and merging adjacent center to obtain the initial cluster
centers for K-means algorithm. After K- means algorithm clusters roughly by using the
initial clustering center and clustering cluster number. At last, the algorithm uses
improved ant colony clustering algorithm to cluster.
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Fig. 2. The hybrid clustering based on MMK-means and ant colony clustering

4 Experiment and Analysis

Simulation data set’s each property is in accordance with normal distribution.
Dimension property is two-dimensional. Data set consists of five classes, and data for
each class are in line with the Gaussian distribution. There are 1000 data objects in
total. The simulation experiments in this article use the following parameter settings,
and we take 30 experiments with the data set:

P,=0.1, P;=01, «=0.1, N=100, short-term memory capacity of ant
Noemory = 20, the number of ant N, = 10.

Figure 3 shows the clustering result after using improved ant colony clustering
algorithm. The number of discrete points is significantly less than that generated by
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traditional ant colony clustering algorithm, due to the introduction of the discrete data
processing strategy. Figure 4 shows the clustering result using the hybrid clustering
algorithm based on MMK-means algorithm and ant colony clustering algorithm. The
clustering effect is similar with that generated by improved ant colony clustering
algorithm, because they use the same principle of clustering.
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Fig. 3. The clustering result after using Fig. 4. The clustering result after using the
improved ant colony clustering algorithm hybrid clustering algorithm

F-measure is also known as F-score, the most common evaluation criteria in the
field of information retrieval [1, 2]. Figure 5 shows the F-measure value of the five
algorithms described in this article. The F-measure value of the hybrid clustering is
superior to that of the improved ant colony clustering. The high-to-low order of
accuracy of the clustering effect reflected by F-measure values is ant colony clustering,
MMK-means and K-means. Improved clustering is better than ant colony clustering,
mainly because the improved algorithm has adaptive characteristics.
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Figure 6 shows the time performance comparison of various clustering algorithms.
The time performance of the hybrid clustering is better than that of the improved ant
colony clustering algorithm (IACCA) with decreasing by 26.2%. By sacrificing some
time cost, it improves the effectiveness of clustering. MMK-means decreases the time
performance by 50.8% than K-means, which is due to that MMK-means needs to
calculate the additional parameters that the K-means algorithm needs. The hybrid
clustering algorithm improves the time performance by 5.7% than the basic ant colony
clustering algorithm (ACCA) and improves the time performance by 25.6% than
TACCA. So the hybrid clustering algorithm can improve the convergence speed.

5 Conclusion

The proposed parallel design of MMK-means algorithm runs in parallel on Hadoop
platform. Improved ant colony clustering algorithm and its parallel design effectively
improve the clustering effect and the time cost. Finally, the mixed clustering algorithm
accelerates the convergence speed and improves the clustering effect compared with ant
colony clustering algorithm.
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