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Abstract— Clustering is one of the most fundamental tasks in data mining. The process of clustering
partitions the given data points into a group based on some similarity measures like Euclidean
metric. However finding the best clustering result is difficult. There are various cluster optimization
techniques presented in literature to improve result of clustering algorithm. The recent trend in
cluster optimization uses Swarm Intelligence (SI) such as ant colony optimization, honey bee mating,
particle swarm optimization etc. which tries to find better clustering results. The SI is influenced by
natural tendency of swarms in environment. Another approach successfully applied for cluster
optimization is Cohort Intelligence (CI). The CI also uses natural and society tendency of individuals
learning from each other while living in particular group. This paper presents the theoretical analysis
between Particle Swarm Optimization (PSO) and Cohort Intelligence (CI).
Keywords- Clustering, Cohort Intelligence, Data mining, Particle Swarm Optimization, Swarm
Intelligence.
I.
INTRODUCTION
Clustering is the process of dividing input data set into separate groups based on some common
properties between the objects [1]. K-means is most famous clustering algorithm presented 50 years
before and evolved later by making different modifications in it. The followers of K-means includes
K-means ++, K medoids, PAM, CLARA and many more [18] [20]. The clusters obtained using these
algorithms may not always results in best solution because they might suffers from problems of local
optima and slow or premature convergence. In order to address the local minima problem of
clustering algorithms many heuristic algorithms are proposed. These algorithms are based on concept
of combinatorial optimization. Basically optimization is a mathematical discipline that consists of the
finding of minimum and maximum of functions by choosing input values within allowed interval.
Optimization is applied in many fields including Operations Research, artificial intelligence and
computer science. The optimization can be a single objective or multiobjective. In single objective
optimization solution is achieved based on single objectives whereas multiobjective optimization
focuses on more than one objective.
To generate clusters from given set of data points and optimizing these clusters could be achieved
by many methods. Some advanced optimization techniques such as Genetic Algorithm (GA),
Simulated Annealing (SA), Ant Colony Optimization, Honey-bee mating are used in cluster
optimization process. The figure 1 shows the classification of cluster optimization algorithms. The
algorithms can be classified into three groups; one is Simulated Annealing (SA) where we can
achieve single objective evolution criteria; second is Evolutionary Algorithm (EA) which includes
the Genetic Algorithm (GA) and Differential Evolution (DE) and they are based on population of
solution instead of single solution; and third one is Swarm Intelligence (SI) which is based on
collective behavior of self organized system of swarms in environment.
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Figure 1. Classification of Cluster Optimization Algorithm

The main focus of this work is to compare the two algorithms PSO and CI and find out their
strengths and weakness.
In 1995 Eberhart and Kennedy presented a stochastic population based optimization approach called
as Particle Swarm Optimization (PSO) [9]. The word “swarm” refers to irregular movements of the
particles in the problem space. It considers the population of particles that moves through the
problem hyperspace with given velocities [5]. Over a number of iterations, the velocities of the
individual particles are stochastically adjusted according to the previous best known position for the
particle itself and the neighborhood best position. Both the particle best and the neighborhood best
are derived from a user defined fitness function [10], [11]. The optimal solution for each particle
obtained naturally by their movements.
Recently Anand Kulkarni et al proposed a novel methodology of Cohort Intelligence (CI) [2]. The
Cohort means group of such a candidate (objects) who interacting and competing with one another to
achieve some individual goal which is common to all candidates. Every candidate in the cohort tries
to improve its own behavior by observing behavior of other candidates. This process repeats until
overall group get saturated with same behavior.
The Reminder of this paper is organized as follows. Section 2 presents the related work regarding
cluster optimization. The details of PSO algorithm is presented in section 3. In section 4 idea of
Cohort intelligence is explained. Section 5 explains the comparison between CI and PSO. At last
section 6 present the concluding remark.
II.
RELATED WORK
To perform cluster optimization presented algorithms are used as it is or could combine with other
state of art algorithms to improve their results. In [13] k-means is combined with the genetic
algorithm to create optimized clusters. Selim and Alsultan proposed a method of cluster analysis
based on simulated annealing [14]. In [15], a honey-bee mating optimization was applied for solving
clustering problems. An ant colony optimization (ACO) for clustering problems is proposed by
Shelokar, Jayaraman, and Kulkarni [17]. Taher Niknam et.al in [16] suggests the hybrid method of
cluster analysis by combining ACO and SA. PSO is combined with some other methods and has
some forms like Chaos PSO (CPSO) [8] which improves the searching behavior of PSO, Robust
Hybrid PSO (RHPSO) [7] based on based on piecewise linear chaotic map (PWLCM) and sequential
quadratic programming. Linearly Decreasing Weight PSO (LDWPSO) [6] effectively balances out
the global and local search abilities from the swarm.
III.
PARTICLE SWARM OPTIMIZATION
Particle Swarm Optimization (PSO) is an evolutionary algorithm resembles the social behavior of
swarm like bird flocking and fish schooling [9]. The idea of algorithm is very simple where a flock
of birds circling over an area where they can smell a hidden source of food. The one who is closest to
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the food chirps the loudest and the other birds swing around in his direction. If any of the other
circling birds comes closer to the target than the first, it chirps louder and the others veer over toward
him. In PSO a number of swarm (particles) are placed in the search space and each evaluates the
objective function for its current position. Like swarm each particle is moving with some velocity in
search space toward its best position and it is achieved by combining some previous information,
with its current information. The particles iteratively evaluate the fitness of the candidate solutions
and remember the location where they had their best success. The individual's best solution is called
the particle best (local best). Each particle makes this information available to their neighbors. A
particle then adjusts its position according to own experience as well as the experience of
neighboring particles.
Each object in particle swarm is represented by three vectors namely current position
, previous
best position and the velocity of the particle [6]. The current position of particle is represented by its
coordinates and at each iteration next best position is calculated. The value of best position is stored
in vector and it will be used to compare values in later iterations. The velocity vector defines next
position for the particle and adjusts accordingly when particle is moving towards the optimal results.
Algorithm for PSO
1. Initialize particles (population).
2. Loop
3. Calculate fitness value for each particle and initialize best fitness value
as
among population.
4. Compare current fitness value with
. If current value is better than
then update
with current value. Otherwise continue with
.
5. Find the particle in the neighborhood with the best fitness value so far, and
consider this value as a global best
.
6. Change the velocity and position of the particle according to the following
equation.

(1)
(2)
7. Stop if stopping criteria is satisfied.
8. End Loop.
W is the inertia weight [12], C1 and C2 are positive acceleration coefficient; Rand () and rand () are
two independent random variables ranges between 0 and 1; Superscript represent the iteration
number; represents last known best value for pi, is the global best solution for the particle.
IV. COHORT INTELLIGENCE
Cohort analysis is a branch of behavioral analytics that takes the data from given platform and
instead of considering all users into one unit it breaks them into separate related groups for analysis
purpose. These related groups generally referred as cohorts, which usually share common
characteristics or behavior within a defined time interval. By observing these patterns (behavior) of
time, decisions are taken in data mining application. Cohort analysis plays important role in big data
analysis and business analytics.

@IJMTER-2015, All rights Reserved

569

International Journal of Modern Trends in Engineering and Research (IJMTER)
Volume 02, Issue 03, [March - 2015] e-ISSN: 2349-9745, p-ISSN: 2393-8161

In 2013 Anand Kulkarni et. al. proposed a new cluster optimization technique based on cohort
intelligence [2]. The idea of the algorithm is based on natural and society characteristics of the
individuals living in particular group. As all individuals have some qualities different than others;
and they always try to improve their qualities by interacting with their neighbors. The behavior of the
candidate is defined by the qualities associated with it. Cohort intelligence mimics the same scenario
where each candidate in the group makes competition and interaction to all other members of the
group to achieve some common goal for all candidates.
Notations:

Objective function (behavior of each individual) where c= (1, 2, . . . C)

C Number of candidates in cohort.

set of qualities for candidate .

Sampling interval for each quality given by
.

Convergence Parameter.
Algorithm for CI
1. Initialize all parameters like number of candidates C, Convergence Parameter , number of
iterations , sampling interval for each quality , sampling interval reduction factor
and
number of variation .
2. Calculate the probability of every candidate c to being selected by using

3. Generate random number using rand
and apply roulette wheel approach to decide to
follow the behavior and qualities of the candidate.
4. Every candidate minimizes the sampling interval for its every feature to its local neighborhood.
5. Samples qualities from updated interval and find the associated behavior.
6. If there is no change in behavior of each candidate, consider cohort is saturated.
V. ANALYSIS
OF PSOfunction
AND CIand stop if number of iteration
7. Accept any behavior from available
as a final objective
equals to or cohort is saturated.
5.1 Advantages and disadvantage of PSO
5.1.1 Advantages:
1) PSO can be applied into both scientific research and optimization problems of different
engineering fields.
2) PSO doesn’t have overlapping and mutation calculation.
3) Compared with the other developing calculations, it shows bigger optimization ability.
4) PSO can be combining with other conventional methods easily to solve special problems.
5.1.2 Disadvantages:
1) The method cannot works for the problems of non-coordinate system. [4]
2) Original PSO can easily trap into local optima.
5.2 Advantages and disadvantage of CI
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5.2.1
1)
2)
5.2.2
1)

Advantages:
CI has great potential to solve variety of optimization problems.
It uses self supervising mechanism which new in optimization field.
Disadvantages:
It may converge very slowly [3].
VI.

CONCLUSION

The PSO and CI both have common similarity as they are inspired from natural behavior of the
living organism. PSO applies swarm intelligence to achieve solution to complex scientific problems
where as CI considers human tendency to solve optimization problem. Both have its pros and cons
but they can combine with other heuristic methods to improve their performance. In case of cluster
optimization CI can show best results as compared to PSO because of its self supervised nature
whereas PSO requires less parameter tuning as compared to CI.
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