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Abstract- Big data analysis is a popular topic in recent years and clustering is one tool can be used to discover the data 
knowledge. Many clustering optimization problems are solved by a Nature-inspired heuristic algorithm. In this paper, we 
will propose a black hole clustering algorithm (BHC) by using the space gravitational phenomenon. Based on the concept of 
universal gravitation, we define a function to measure the gravitation of a star. Since the gravitational power of the black 
hole is so strong, the location of the black will have a maximum gravitation estimation function. At each step of BHC, the 
stars (data objects) will then attracted to those invisible black holes and finally be swallowed. 
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I. INTRODUCTION 
 
Many clustering optimization problems are solved by 
a Nature-inspired heuristic algorithm [1] such as 
genetic algorithms (GA) [2], simulated annealing 
(SA) [3], ant colony optimization (ACO) [4], particle 
swarm optimization (PSO) [5], firefly algorithm (FA) 
[6], bat algorithm (BA) [7] and so on. Nature-inspired 
heuristic algorithms have now been applied in many 
fields such as computer science, data mining, 
computer vision, forecasting, medicine and biology, 
scheduling, economy and engineering [8-18]. 
Black hole concept was first proposed by John 
Michell and Pierre Laplace which formulated the 
Newton’s law of a star becoming invisible. A black 
hole in space is formed when a star of massive size 
collapses and the gravitational power of the black 
hole are too high that even the light cannot escape 
from it. The black hole has so strong gravity because 
matter has been squeezed into a tiny space and it will 
swallow anything that crosses to its boundary. 
Nothing can get away from the sphere-shaped 
boundary of a black hole known as the event horizon. 
The radius of the event horizon is termed as the 
Schwarzschild radius that can be calculated by the 
following equation: 

2
2GMR
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where G is the gravitational constant, M is the mass 
of the black hole, and C is the speed of light. The 
radius is proportional to the black hole mass. If 
anything moves close to a black hole’s Schwarzschild 
radius it will be absorbed and then permanently 
disappear. Since the black hole is invisible, the 
existence can be discerned by its effect over the 
objects surrounding it [19,20]. 
Using black hole phenomenon in optimization 
problem can be found in [21,22]. In [21], the method 
introduces a new mechanism into particle swarm 
optimization (PSO). This method is an extension of 
the PSO and a new generated particle called the black 
hole attracts other particles under certain conditions. 

The objects of this method are to accelerate the 
convergence speed of the PSO and also to prevent the 
local optima problem. The algorithm only little 
connects to the phenomenon of black hole. In [22], a 
k-means objective function is used to identify the 
randomly generated candidates and a star gets too 
close to the black hole will be swallowed and gone 
forever. Since no clear description about the detail 
processes, the readers do not know how to use this 
black hole algorithm. Moreover, these two methods 
do not mention about a very important phenomenon 
of black the invisible and also the black holes cannot 
be randomly generated. 
In this paper, we will propose a black hole clustering 
algorithm (BHC) by using the space gravitational 
phenomenon. Based on the concept of universal 
gravitation, we define a function to measure the 
gravitation of a star and the black holes will lie on a 
local-maximum gravitation location. At each step of 
BHC, the stars (data objects) will then attracted to 
those black holes and finally be swallowed. 
 
II. BLACK HOLE CLUSTERING ALGORITHM 
 
2.1. The Gravitation Estimation Function 
In Newton's law of universal gravitation, every point 
mass attracts every single other point mass by a force 
pointing along the line intersecting both points. The 
force is proportional to the product of the two masses 
and inversely proportional to the square of the 
distance between them. Suppose is  and js  denote 

two stars, im  and jm  are the mass of is  and js . The 

gravitation of is  and js  can be defined by:  

1 2
2( , )i j
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m m
F s s G

R
    (2) 

where F is the force between the masses, G is the 
gravitational constant and Rij is the distance between 
the centers of the masses. The gravitation of is  and 

js is proportional to Rij and we rewrite (2) as 
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( , ) ( ) ( ( , ))i j ij i jF s s f R f R s s  .      (3) 
We then define the gravitation of a location x in space 
as 

( ) ( , ) ( ( , ))i ii iF x F s x f R s x   .    (4) 
The following is a simple example of gravitation 
estimation function. Figure 1(a) illustrates the 
distribution of the stars in space (the data set) and the 
estimated gravitation distribution is shown in Fig. 
1(b). 
 

 

 
Fig.1. (a) The distribution of the stars in space (the data set). 

(b) The estimated gravitation distribution 
 
2.2. The proposed black hole clustering algorithm 
Since the gravitational power of the black hole is so 
strong, the location of the black hole will have a 
maximum gravitation estimation function and we can 
find it by  
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If we suppose ( , )iR s x  is a function of the inner 

product with ( ) ( )T
i ix s x s  , Eq. (5) can be written 

as 
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We then have 
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Although both right and left hand side have the 
variable x, we can use a Fix-Point iterative method to 
solve it. If we set the stars (all data points) as the 
initial values for the Fix-Point iteration, the iterative 
process will pull the stars into the black holes. 
 
III. NUMERICAL EXAMPLES 
 
We now illustrate some numerical examples. Figure 2 
shows a three clusters data set and the estimated 
gravitation distribution. Figure 3 shows the process of 
the proposed black hole clustering algorithm (BHC). 
In each iterative step, the stars are pulled into the 
invisible black holes and finally be swallowed. 
 

 

 
Fig.2. (a) The distribution of the stars in space (the data set). 

(b) The estimated gravitation distribution 
 
Here we give another example. Figure 4(a) is an 
artificial data set and the estimated gravitation 
distribution is shown in Fig. 4(b). All data points 
(stars) are assigned as the initial values in the 
proposed BHC and the locations of all stars after 5 
iterations are shown in Fig. 4(c). In each iterative step, 
the stars are pulled into the invisible black holes. 
Finally, all data points will converge to the black 
holes. 
 
CONCLUSIONS 
 
According to Black Hole phenomenon, we proposed 
a new Nature-inspired algorithm. We first use 
Newton's law of universal gravitation to defined the 
gravitation of a location x in space as Equation (4) 
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and then the location of the black hole will have a 
maximum gravitation estimation function. In order to 
find the black holes, we use a Fix-Point iterative 
method (Eq. (7)) and all data points (stars) are 
assigned as the initial values. This hence the iterative 
process (black hole clustering) will pull all stars into 
the invisible black holes. In general, the gravitation 
estimation function should to a monotone decreasing 
function of ( , )iR s x  and we adopt the Gaussian 
function in our examples. 
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