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Abstract

In this study, we propose a novel optimization algorithm called Opposition Learning based Single
Candidate Optimization (OppSCO) by incorporating an opposition learning mechanism into the
Single Candidate Optimization (SCO) algorithm. The performance of the two algorithms is evaluated
on a clustering problem. The proposed OppSCO algorithm demonstrates superior convergence
compared to the original SCO algorithm. Furthermore, the OppSCO algorithm is compared with
classical heuristic optimization algorithms such as Genetic Algorithm (GA), Differential Evolution
(DE), and Particle Swarm Optimization (PSO). The results indicate that the OppSCO algorithm
outperforms the original SCO algorithm in terms of convergence and solution quality.

Keywords: Opposition Learning, Clustering, Metaheuristic, Optimization.

INTRODUCTION

Heuristic algorithms play a crucial role in solving complex problems by providing effective and
flexible approaches. These algorithms draw inspiration from natural phenomena or social behaviors to
optimize the objective function and find the best solution. Their application areas span across a wide
range of fields, including engineering, business, artificial intelligence, and computer science. They can
be divided into three types: evolution-based, swarm-based, and physics-based algorithms. Evolution-
based algorithms are based on the principles of Darwinian natural selection and include the Genetic
Algorithm (GA) (Kumar, 2010), Differential Evolution (DE) (Price, 2005), and others. Swarm-based
algorithms are inspired by the collective behavior of swarms, and prominent examples include the
Particle Swarm Optimization (PSO) (Kennedy, 1995), Artificial Bee Colony (ABC) (Karaboga, 2014),
Cuckoo Search (CS) algorithm (Yang, 2014), Bat Algorithm (BA) (Yang, 2012), Ant Colony
Optimization (ACO) (Dorigo, 2019), Firefly Algorithm (FA) (Johari, 2013), Salp Swarm Algorithm
(SSA) (Mirjalili, 2017), Grey Wolf Optimization (GWO) (Mirjalili, 2014), and others. Physics-based
algorithms emulate the laws of physics governing our universe and notable examples in this category
include Simulated Annealing (SA) (Rutenbar, 1989), Electromagnetism-Like Search (EM) (Birbil,
2003), Gravitational Search Algorithm (GSA) (Rashedi, 2009) and many more.

The Single Candidate Optimization (SCO) algorithm offers a new strategy that differs from
traditional heuristic search algorithms especially based on swarm-based methodologies (Shami, 2022).
Unlike swarm or population-based heuristic algorithms, SCO exclusively utilizes a single candidate
solution throughout the entire optimization process, aiming to achieve better solutions. The optimization
process is divided into two phases, each with different approaches to update the position of the candidate
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solution. While single-solution-based algorithms and two-phase approaches have been established as
separate meta-heuristic optimization methods, SCO integrates these concepts into a single, robust
algorithm. A notable aspect of this algorithm is the implementation of a unique set of equations that
update the candidate solution's position solely based on its own information, such as its current position.
By combining these elements, SCO offers a novel and effective approach to optimization problems.

While the Single Candidate Optimization (SCO) algorithm offers several advantages, it is
important to consider its potential disadvantages. SCO's reliance on a single candidate solution may
limit its exploration capabilities. Without the diversity introduced by multiple candidates, SCO may
struggle to explore the solution space effectively and may become trapped in local optima. It may be
more prone to getting stuck in suboptimal regions of the search space and may struggle to find the global
optimum. The performance of the SCO is also influenced by the position of the initial candidate solution.
Finally, the SCO mechanism used in the exploration phase may cause the position of the candidate
solution to go to zero point in a short time. This delays convergence in SCO performance for problems
with non-zero solution points.

Opposition-based learning is a mechanism that enhances the optimization process by
introducing the concept of opposition in candidate solutions (Tizhoosh, 2005). In this approach, the
solutions are not only evaluated based on their original values but also their opposite counterparts. The
opposite of a solution is obtained by negating the values of its components or by applying a specific
transformation. The opposition-based learning mechanism aims to improve the exploration capability
and convergence speed of optimization algorithms. By considering the opposite solutions, it introduces
additional diversity into the search process. This diversity allows the algorithm to explore different
regions of the search space simultaneously, potentially leading to a more comprehensive exploration
and a higher chance of finding better solutions.

In this paper, in order to eliminate the disadvantages of the SCO algorithm and improve its
search performance, we mainly integrate the opposition-based learning mechanism into the SCO
algorithm. Thanks to the opposition-based learning mechanism, the SCO algorithm has the chance to
start with a better opposite candidate solution at the beginning and has the chance to catch a better
opposite solution than the updated candidate solution at the end of each iteration. To evaluate the
performance of Opposition Learning based Single Candidate Optimization (OppSCO) algorithm, we
considered a clustering problem with original SCO algorithm.

MATERIAL & METHODS
Single Candidate Optimization (SCO) Algorithm

The Single Candidate Optimization (SCO) algorithm represents a novel approach that sets itself
apart from traditional searching algorithms by employing a single candidate solution exclusively
throughout the entire optimization process. In contrast to swarm-based algorithms that utilize a
collection of particles, SCO centers its focus on a solitary solution with the aim of attaining enhanced
optimization outcomes. The optimization process in SCO is divided into two distinct phases, each
characterized by a different approach to updating the position of the candidate solution. These distinct
phases facilitate the application of different strategies and mechanisms, thereby increasing the
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algorithm's capacity for both exploration and exploitation. By combining the single-candidate approach
with the two-phase strategy, SCO seeks to exploit the respective advantages of both methodologies.

During the initial phase of SCO, the candidate solution undergoes position updates according to
the following procedure:

(SG) + WIS, if 1y < 0.5
() = {S(j) — WISG)D, otherwise (@)
w(i) = e_(inl;zx) (2

where x(j) denotes the position of candidate solution, j represents the dimension, w is the
weight parameter, S(j) stands for the global best candidate during optimization process, b is the constant
parameter, i denotes the iteration, i,,,, is the maximum iteration, and r; is the random number between
0 and 1. In the second phase of SCO, a comprehensive search is performed, starting with an extensive
exploration of the vicinity of the best position acquired in the first phase. Subsequently, in the latter part
of the second phase, the search space is narrowed down to allow a more concentrated focus on promising
regions. The following diagram details the process by which the candidate solution updates its position
in the second phase:

X(j) = {S(j) + (wry(ub(j) — Ib(j))),if 1, < 0.5 3

—SG) = (wrp(ub(j) — 1b()))), otherwise

where ub, Ib denote the upper and lower boundary values of the search space, and r, represents
the random number. A crucial aspect of SCO is the exponential decrease of the parameter w as the
number of function evaluations increases. This adaptive behavior plays a vital role in balancing
exploration and exploitation throughout the optimization process. By starting with a relatively high value
of w, SCO effectively explores the search space, while gradually decreasing it promotes exploitation in
the later stages. Furthermore, SCO addresses the challenge of being trapped in local optima by
modifying the position update in the second phase. If m consecutive function evaluations do not yield
fitness improvement, the candidate solution's position is adjusted according to the following procedure:

{S(j) + (r3(ub(j) — b(j))),if r3 < 0.5

x(j) = S() = (rs(b()) — 1b(j))), otherwise

(4)

where 75 represents the random number. The position update equation (4) facilitates a transition
from exploitation to exploration for the candidate solution, thereby aiding its escape from local optima.
This shift in the position update mechanism enables the algorithm to explore alternative regions of the
search space and avoid getting trapped in suboptimal solutions.

Opposition Learning based Single Candidate Optimization (OppSCO) Algorithm

Opposition Learning based Single Candidate Optimization (OppSCO) is a novel algorithm
proposed in this study that integrates the concept of opposition learning into the Single Candidate
Optimization (SCO) framework. The goal of OppSCO is to improve the convergence performance of
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SCO by taking advantage of the benefits of opposition-based learning. In OppSCO, the candidate
solution is evaluated not only on the basis of its original attributes, but also on the basis of its opposite
counterparts, thus introducing additional diversity and exploration capabilities into the optimization
process. By combining the strength of SCO's single-candidate approach with the opposition learning
mechanism, offers a promising solution for improving convergence and solution quality in optimization
problems. In general, OppSCO algorithm comprises two key steps: opposition-based population
initialization and opposition-based generation jumping. These steps serve as fundamental components
in OppSCO and contribute to its overall optimization process.

During the opposition-based population initialization phase, the candidates in the population are
used to calculate opposition candidates. This process generates individuals that are considered more
favorable than those assigned by random population initialization. By incorporating opposition-based
techniques, the population initialization step improves the suitability of the assigned individuals for
subsequent optimization procedures. This procedure is given below:

x() = [ub(y) + b(N] - x() (5)

where X stands for the opposite position of initial candidate. At the end of each iteration in the
optimization process, an opponent candidate is determined based on a predefined jump probability
value. Subsequently, superior candidates are selected from the combination of the current population
and the opponent population for the next iteration. The execution of the opposition-based generation
jump depends on the result of the comparison of the jump rate (Jr) with a random number in the range
[0, 1], as illustrated in the expression below:

ub+ b —x@Q),if r, <]Jr
x(i), otherwise

¥(i+1) = { (6)
We also changed the update mechanism in the first phase of the original SCO algorithm as
follows. K is a random number used in original SCO algorithm.

(SO + WISDIK),if r; < 0.5
*() = {S(f) - (W|5(]')|K),Oth;rwise (7

EXPERIMENTAL RESULTS

In this section, we evaluated the performance of the proposed OppSCO algorithm by using the
clustering problem. Clustering problem is a machine learning task that aims to group data points into
distinct clusters based on a specific criterion or similarity measure. In the problem solution, the distances
between data points and cluster centers are calculated and each data point is assigned to the nearest
cluster. Then the sum of the intra-cluster distances is calculated, which shows how compact the clusters
are. Clustering cost is the value of the sum of the intra-cluster distances. The cost function formula is
given below:

N
/= Z min||x; — | ®
i=1
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where J is the cost value, x; denotes the case i, ¢; represents the centroid for cluster j, N is the
number of cases. In this study, we used a clustering dataset consisting of 300 two-dimensional data.

The dataset was taken from Yarpiz website (Heris, 2015), and is shown in Fig.1. First, the results
obtained by the original SCO and the proposed OppSCO algorithms are compared for the three clusters.
Fig. 2 shows the convergence curves of the original SCO and the proposed OppSCO algorithms. As can
be seen from this figure, the OppSCO algorithm has better performance than the SCO algorithm. Thanks
to the opposition-based learning mechanism, the proposed OppSCO algorithm shows a better
convergence in solving the clustering problem. In Fig. 3, the clustering results of both algorithms are
shown. Looking at the results obtained for the three clusters, it is clear that the centroids obtained with
OppSCO are more successful than those obtained with SCO.

-J
R 2 ) 2 4 & A 1

Figure 1. Clustering data (Heris, 2015) used in this study.
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Figure 2. Convergence Curves of SCO and OppSCO
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Figure 3. Results of SCO (a) and OppSCO (b)

In the other test, we compared the OppSCO algorithm with the popular heuristic algorithms.
These algorithms are Genetic Algorithm (GA), Differential Evolution (DE) and Particle Swarm
Optimization (PSO). The codes and parameters of the GA, PSO, and DE algorithms are taken from
Yarpiz website (Heris, 2015). For the comparison test, the number of clusters is set to five. The statistical
results of the five iteration optimizations are summarized in Table 1. In this table, there are four metrics,
namely, max, min, mean, and standard deviation (STD). The results show that the OppSCO algorithm
has the third best value in the minimum metric and the best result belongs to GA. The maximum metric
results show that OppSCO has better performance than SCO algorithm. In the mean metric values, GA
algorithm is in the first place and OppSCO result is better than SCO. In the standard deviation results,
it is understood that the original SCO algorithm has the highest deviation value. Finally, we analyzed
the running times of the algorithms for repeated runs. Table 2 shows the statistical results of the running
times. From the results, the great advantage of the single candidate solution approach in the OppSCO
and SCO mechanism is clearly seen.

Table 1. Statistical results of OppSCO and other heuristics

GA PSO DE sco OppSCO
MIN 311.6968 316.0045 317.2864 323.7386 316.3898
MAX 312.6416 316.0064 320.6813 348.1509 338.1013
MEAN 311.9643 316.0056 319.2246 336.5650 329.2956
STD 0.3887 0.0010 1.3501 10.1035 8.4751

Table 2. Run time results of OppSCO and other heuristics
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GA PSO DE sco OppSCO
MIN 4.2917 5.0511 5.1029 0.0865 0.1058
MAX 5.4334 5.7265 5.7248 0.0954 0.1276
MEAN 5.0801 5.2809 5.3448 0.0912 0.1175
STD 0.4648 0.2599 0.2459 0.0032 0.0090

RESULTS

In this study, the Single Candidate Optimization (SCO) algorithm, which was introduced to the
literature in 2022, is considered and it is aimed to increase the performance of the algorithm by
integrating the opposition learning mechanism into this algorithm, namely Opposition Learning based
Single Candidate Optimization (OppSCO). We evaluated the performance of the proposed OppSCO
algorithm for the solution of the clustering problem. For our evaluation, we utilized a clustering dataset
consisting of 300 two-dimensional data points obtained from the Yarpiz website.

In addition to comparing OppSCO with SCO, we conducted further tests to compare the
OppSCO algorithm with popular heuristic algorithms, namely, Genetic Algorithm (GA), Differential
Evolution (DE), and Particle Swarm Optimization (PSO). The statistical results of the five iteration
optimizations indicate that the OppSCO algorithm achieved the third-best value in the minimum metric,
with GA vyielding the best result. In terms of the maximum metric, OppSCO exhibited better
performance than the SCO algorithm. Considering the mean metric values, the GA algorithm secured
the first place, and OppSCO outperformed SCO. The standard deviation results revealed that the original
SCO algorithm had the highest deviation value. Furthermore, we analyzed the running times of the
algorithms for repeated runs, and the statistical results. The results highlight the significant advantage
of the single candidate solution approach employed in the OppSCO and SCO mechanisms.

In conclusion, our evaluation of the OppSCO algorithm for the clustering problem showed its
superior performance over the original SCO algorithm. The opposition-based learning mechanism in
OppSCO contributed to improved convergence and more successful clustering results. Furthermore,
OppSCO demonstrated competitive performance against popular heuristic algorithms such as GA, DE
and PSO on various metrics. The OppSCO algorithm, with its efficient running times and remarkable
results, emerges as a promising approach to clustering problems.
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