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Humans can connect with concepts that are part of nature, 
fairly easily without understanding the complex dynamics 
underneath. The nature part is simplified and is a 
‘take-it-for-granted’ as is with most of the cases, and the 
evolution of our mind may be still far off to understand it 
completely. Some of the complex happenings in nature can 
be further divided into physics, biology, geography, chemistry 
and more such as: skills of ants to search for food, a pack of 
wolves hunting for prey, formation of water droplets, flow of 
the river into the sea, diffusion of two different chemicals, 
formation of cells, attraction of two electrostatic objects, 
gravity and many more. These inspirations from nature has 
resulted in a beautiful concept known as “Metaheuristics 
Algorithm” wherein, scientists have devised the learnings 
from nature to optimize and solve complex problems.

Today, metaheuristics is very popular to most of the scientific 
research and has also been explored into machine learning 
algorithms, especially in the field of optimization. The ‘term’ 
optimization is applicable to all walks of life wherein in there 
is a physical activity or computing. All tasks have to be 
optimized to get benefits in terms of time or energy or cost, or 
combination of these. Think about a simple staircase or even 
steps (1 or 2 steps) in most of the buildings that we live in. 
The energy spent by our leg muscles is the least when the 
height of each step is about 7” as compared to 10” or 5”. As a 
biomechanics engineer, I term this design of step size as 
‘ergonomic-perfect’ and to a common person it is a 
comfortable and user friendly height. It is important that we 
optimize the height of the steps in order to create a more user 
friendly structure. 

Likewise, all project schedules need to be optimized in order 
to balance the resource availability, deliverables and 
dependencies, and in the case of the stock market, the 
optimizations would revolve around - what would be the 
optimal value of stock to invest to get best returns. In short, 
all businesses need some form of optimization. The standard 
optimization based on calculus may be more suitable for 
class room problems, but for practical applications that 
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The adoption of metaheuristic algorithms has been on an exponential path in the field of engineering, financial, retail, 
healthcare, insurance and biomedical domains. The concept of optimization has been a critical factor in all businesses and 
engineering problems. It has evolved from a pure mathematical model to highly intelligent methods. The fitment of parameters 
to many scientific problems use optimization methods. The following article is specifically elaborated for IT professionals and 
beginners who want to understand metaheuristics, types of algorithms, its characteristics and properties.
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involve unconstrained or constrained conditions and multiple 
variables (dependent or independent), these methods may 
not be practical. Then came the emergence of metaheuristics 
algorithms that has taken over a wide range of applications in 
different fields. 

‘Metaheuristics’ is an algorithm that has the ability to 
determine a ‘good and reasonable enough’ solution to a 
problem (in this context optimization problem). There is 
always a trade-off involved in metaheuristics in terms of 
precision, accuracy and quality over the computational effort.  
One of the advantages of using a metaheuristic algorithm is 
the approach to visualize any problem as a black box and 
then tweak the constraints, variables and objective function 
as per the problem definition. Thus, it provides a platform like 
structure for scientists to solve various optimization problems 
using one metaheuristic algorithm. Of course, not all 
metaheuristic algorithms may be good or the best solution for 
all the problems. The variation and inner structure of the 
algorithm may be suitable for different problems. Most of the 
metaheuristic algorithms are derivation-free, and thus more 
suitable for solving complex unknown derivative information 
in search space. In fact, the optimization search starts with 
the random solution, and with each iteration, the solution gets 
better.  
     
In most of the conventional optimization algorithms, the 
challenge is get away from the local optima. Imagine one 
finds a best solution with certain set of parameters and 
constraints which is confined to a local region, then the 
algorithm can either fall into this trap or explore other options 
to search for possibilities. The stochastic nature of 
metaheuristic algorithms can aid in avoiding local traps. 
Usually, for real complex problems, the search space is large 
and unknown. Imagine a world without Google maps, and 
you are in a new place, and have a find out the means to a 
known destination. The person nearby tells you a direction, 
and this may not be the shortest yet the best solution for 
reaching the place. However, there are multiple possibilities 
depending on situations and conditions.
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As explained by Blum and Roli, the following are the properties of metaheuristics algorithms:

a) Algorithms are usually ‘guides’ for the search process

b) The framework for the algorithm is designed to suit different type of problems involving searches – optimal solution

c) The method of search can range from local search procedures to complex learning procedures

d) The results are always approximate and one of the several ‘best’ solutions, and hence non-deterministic

e) One of the drawback of search algorithms is local traps and limitation to search within confined areas. The ability to avoid  
 confined search determines the superiority of the algorithm

f) Algorithm to have an abstract representation that can fit into wide range of problems  

g) The influence of parameters to determine optimal solution. Too many parameters within the algorithm will make it difficult  
 for problem solving and can influence the outcome to a larger extent

h) Linking some parameters to domain dependent variables

i) Ability to bring in learning experience within the algorithm though some form of memory

3.1. Popular Ones

• Ant colony optimization: The ant colony optimization 
algorithm is inspired by the food search habits using the 
pheromone strategy. The amount of pheromone released by 
the ants and the strength of pheromone are techniques 
applied to determine the shortest path between food and 
their nest. Over a period, the ants in the colony will 
eventually follow the shortest path, and thereby reinforcing 
the levels of pheromones. This behavior of ants is designed 
as an optimization algorithm.

• Artificial chemical reaction optimization: This method, 
inspired from chemical reactions, does not need too many 
parameters to be specified and includes both local and 
global search capabilities.

• Artificial cooperative search: This is a multi-objective 
swarm based intelligence evolutionary algorithm. A typical 
example is the movement of animals from their habitat with 
low capacity food to places with high capacity food. In this 
process, the animal group assigns an explorer to gather 
information about the new area, food content, before 
migration and this is followed by coordinated migration.

• Backtracking search optimization: This algorithm is 
based on evolutionary principles and undergoes iterative 
methods to minimize the objective function. It has many 
similarities to genetic algorithms and follows initialization, 
selection, mutation and crossover functions.

Properties of 
metaheuristics algorithms

Nature Inspired: Physics, Chemistry, Geography, 
Social, Biology and Evolutionary Based

• Bat algorithm: Bats as we all know, have the ability to fly in 
the dark by using its natural process of echolocation. The 
position of the objects is determined by the velocity and 
frequency of emitted sound. The waves are altered by 
amplitude and emission rate depending on the need. This 
ability to search is the inspiration for the bat algorithm.

• Bee colony optimization: Honey bees have several 
structured behaviors for mating, foraging and breeding 
which are mimicked as optimization algorithms. This 
algorithm has two phases involving a forward and backward 
pass. The learnings from the forward pass are then applied 
to the backward pass.  The decision to continue the search 
is determined using the probability information. This 
algorithm is also considered as a superior version of genetic 
algorithm wherein it can handle the local search issue much 
better.

• Big bang big crunch search: This is inspired by the theory 
of evolution of the universe where the energy dissipation 
causes disorder and randomness (big bang), followed by 
chain of events wherein randomly distributed particles are 
drawn into order (big crunch).

• Black hole algorithm: This algorithm is designed using the 
Black hole concept where in each iteration, the best 
candidate is selected to be a black hole and the neighboring 
candidates are stars. The stars closer to black hole are 
swallowed, and a new star is randomly generated.

• Cat swarm optimization: There are about 32 species of 
felines which includes lion, tiger, cheetah, domestic cat with 
similar behavior but may be living in different environments. 
They have dominant natural instincts to be curious and they 
are most of the times inactive (asleep). It is also mentioned 
that cats are very alert even when they are sleeping. The 
alertness is required for its survival and food. It seeks a 
‘next’ position based on the environment and the cat targets 
an object based on the environment. The behavior of 
chasing a target is the tracing mode. This pattern is applied 
as an algorithm for optimizing the best position and target. 

  
• Central force optimization: This is relatively a new 

multi-dimensional search algorithm inspired from 
gravitational kinematics.

• Charged system search algorithm: This is derived from 
the electrostatic charges based on the Gauss Law and 
Coulomb Law and also governed by the Newtonian Laws of 
Motion. The charge point is assumed to be a sphere which 
exerts electric force on other charge points and thereby 
determines the new location through multiple iterations. The 
best solution is computed using the new position of the 
charged particle.

• Cloud-based algorithms: The formation of clouds has 
inspired to design cloud-based model optimization 
algorithms.

• Consultant-guided search: In the field of consulting 
services, the role of a consultant is to provide advices to 
clients. The success of the advices converting into business 
impact determines the reputation of the consultant. This 
behavior of the consultants in dealing with the clients has 
been coded into a search algorithm.

• Curved space optimization: The concept of space-time 
curvature from general theory of relativity is the inspiration 
for this Metaheuristic algorithm. The correlation of 
space-time curvature and presence of particles in Physics 
is the basis for designing this algorithm.

• Differential search algorithm: This is a uni-objective 
algorithm that is inspired by migration of super organisms 
between two stopover sites with two control parameters.

• Electro-magnetism optimization: This is based on the 
electromagnetic attraction and repulsion between 
elements.

• Flower pollination: 80% of the 250 million species of 
plants belong to flowering category. The flowering plants 
have been continuously evolved over millions of years and 
they form an important aspect in the existence of the other 
organisms. The process of pollination involves transfer of 

pollen by wind, rain and insects or animals. The process of 
pollination is derived into an algorithm for determining the 
optimal solution.

• Galaxy based search optimization: This is inspired by the 
motion of galaxies and stars under the influence of gravity 
using both exploration and exploitation phases.

• Grammatical evolution: This is a variant of Genetic 
programming which can evolve into a variable length 
program using a linear genome representation.

• Gravitational local search algorithm: It is designed 
based on the gravitation force of attraction wherein the 
object, in grip of gravity continues to be held unless acted 
upon by external force.

• Gravitational search algorithm: This algorithm is inspired 
using Newton’s law of gravity and motion.

• Great salmon run: This algorithm is inspired by the 
migration of Salmon. Each year, the population of Salmon 
migrate upstream and in the process becomes a prey (for 
humans and wild animals). The migration pathway is 
derived as the solution.

• Grey wolf optimization: This species is one of the most 
intelligent and has a natural ability to work as a team among 
the wild animals. The grey wolves possess a lot of social 
skills in determining the leader of the pack and organizing 
the group based on their strength, skills, age and many 
hunting qualities. The leader of the group occupies a 
position in the front during hunting and is the last in the case 
of migrating from one place to another. The older wolves are 
usually placed in the center of the group and surrounded by 
younger ones. The group is divided into 4: alpha, beta, 
omega and delta. The hunting of the grey wolves is based 
on a strategy and they rarely miss the prey. The hierarchy is 
formed based on the alpha, beta, omega and delta (in that 
sequence). Once the prey is identified, the alpha moves to 
a specific position and this is followed by each beta moving 
towards a specific position and each omega takes specific 
position based on beta and finally the delta obeys the 
omega. The group usually forms a circle around the prey 
based on the movement of the prey (speed and direction). 
The strategy is that they encircle continuously, and reduce 
the circle dimensions until the group strikes on the prey. 
This social hunting behavior of the wolves is encoded into 
an optimization algorithm.

• Harmony search: This algorithm is inspired based on 
learning of jazz musicians for improvisation. When a group 
of jazz musicians participate together, the musical note is 
selected such that best harmony is achieved through 
synchronization process. The blending of note from one to 
another, and eventually leading to better (new) music.

• Imperialist competitive algorithm: The algorithm is 
inspired from the methods of imperialist colonies, wherein 
each imperialist expands their empire by rules, competition 
and the best function is derived by eliminating powerless 
empires.

• Invasive weed optimization: The spread of weeds in a 
fields is the basis of this algorithm. The success of weed 
growing in newer regions determines the better solution.

• Krill herd: Krills are marine animals found in Antarctic 
regions that have an extremely good ability to form large 
swarms. The main predators which live on Krill are penguins 
and sea birds. Whenever there is a reduction in Krill density 
due to food chain, the Krills form a swarm structure for 
survival. This formation of the swarm is influenced by two 
factors – to increase the density and reach for food. This 
formation of the swarm has been the inspiration form a 
search algorithm.

• League championship algorithm: The inspiration of 
sports team work is designed as an algorithm. The league 
games are played by different teams, in competing manner, 
over weeks. The teams are usually grouped and compete 
with each other with standard elimination methods. The 
results of each game is determined by the strengths (fitness) 
and new ways to adopt to situation. This model of league is 
developed into an algorithm and used for optimization.

• Marriage in honey bees: This algorithm is inspired by the 
mating flights of queen bees. The queen bee varies its 
speed, energy and position to determine good genetic 
material from different drones and the same concept is 
leveraged into a search algorithm.

• Monkey search: The mountain climbing monkeys follow 
certain patterns: climbing, watch-jump process and 
somersault process. The climbing process is designed to 
handle the local search optimal solution and the somersault 
process is followed to search for new domains. The 
watch-and-jump strategy helps in movement for searching 
food and escaping from predators. This swarm intelligent 
algorithm has evolved to solve various complex optimization 
problems in engineering.

• Paddy field algorithm: This algorithm is inspired by the 
growth of paddy in fertile lands. The paddy seeds are 
planted in the fields and depending on the fertility of the soil, 
the growth is either clustered or sparse. The solution is 
driven by the crowded growth of the seeds.
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• Particle swarm optimization:  This algorithm utilizes the 
social behavior of flock of birds, school of fish or swarm of 
bees. It is generalized as swarm optimization. The 
population is the swarm and each bird or bee or fish is the 
particle. The movement of the swarm is determined by the 
velocity of each particle and the direction such that no 
particle collides with other particle. Each particle modifies 
the position and speed continuously with respect to itself 
and the immediate neighbors and thus can handle both the 
local and global searches. 

• Ray optimization: This algorithm is based on ray of light 
and uses Snell’s law of refraction, wherein the light moving 
from lighter medium to darker medium, refracts. This change 
in direction is used to explore the search space and point of 
convergence in multiple iterations is considered as 
optimized solution.

• Roach infestation algorithm: The cockroaches are also 
social insects with capabilities of leaving chemical odors 
(thro’ pheromones) on their bodies and feces. This odor 
helps in communicating with the group and cluster together 
in an area. This idea is similar to ACO and inspired as a 
metaheuristic algorithm.

• Small-world optimization: The concept of ‘it is a small 
world’ by Stanley Milgram for ‘tracking the shortest path in 
social network’ is the basis for this algorithm.

• Social emotional optimization: This is a population based 
stochastic algorithm using social behavior of a group an 
d similar to league championships. In a group of individuals, 
the social status increases through communication, 
competition, collaboration and cooperation. The status of all 
individuals in the group are ranked and the highest social 
score is considered as best solution.  

• Spiral optimization: In nature, there are many spiral 
phenomena such as hurricane, tornados, geometry shapes 
in shells and to some extent the finger print. These spiral 
trajectories are devised for exploring space and exploitation 
of optimum path and designed as an optimization algorithm.

• Water flow algorithm: The natural flow of a river system is 
such that it takes the optimum path to get to its goal which is 
the sea. These water cycle processes such as rivers and 
streams flowing into the sea has been derived to create this 
algorithm.

• Anarchic society optimization
• Bacterial foraging
• Bee hive optimization
• Blue whale
• Brain storm optimization
• Cuckoo search algorithm
• Differential evolution
• Dolphin echolocation
• Eagle strategy
• Egyptian vulture

• Fire fly algorithm
• Fish school search
• Fish swarm
• Gene expression
• Good lattice swarm
• Hierarchical swarm
• Human-inspired algorithm
• Japanese tree frogs
• Queen-bee evolution
• Shuffled frog leaping algorithm
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As explained by Blum and Roli, the following are the properties of metaheuristics algorithms:

a) Algorithms are usually ‘guides’ for the search process

b) The framework for the algorithm is designed to suit different type of problems involving searches – optimal solution

c) The method of search can range from local search procedures to complex learning procedures

d) The results are always approximate and one of the several ‘best’ solutions, and hence non-deterministic

e) One of the drawback of search algorithms is local traps and limitation to search within confined areas. The ability to avoid  
 confined search determines the superiority of the algorithm

f) Algorithm to have an abstract representation that can fit into wide range of problems  

g) The influence of parameters to determine optimal solution. Too many parameters within the algorithm will make it difficult  
 for problem solving and can influence the outcome to a larger extent

h) Linking some parameters to domain dependent variables

i) Ability to bring in learning experience within the algorithm though some form of memory

3.1. Popular Ones

• Ant colony optimization: The ant colony optimization 
algorithm is inspired by the food search habits using the 
pheromone strategy. The amount of pheromone released by 
the ants and the strength of pheromone are techniques 
applied to determine the shortest path between food and 
their nest. Over a period, the ants in the colony will 
eventually follow the shortest path, and thereby reinforcing 
the levels of pheromones. This behavior of ants is designed 
as an optimization algorithm.

• Artificial chemical reaction optimization: This method, 
inspired from chemical reactions, does not need too many 
parameters to be specified and includes both local and 
global search capabilities.

• Artificial cooperative search: This is a multi-objective 
swarm based intelligence evolutionary algorithm. A typical 
example is the movement of animals from their habitat with 
low capacity food to places with high capacity food. In this 
process, the animal group assigns an explorer to gather 
information about the new area, food content, before 
migration and this is followed by coordinated migration.

• Backtracking search optimization: This algorithm is 
based on evolutionary principles and undergoes iterative 
methods to minimize the objective function. It has many 
similarities to genetic algorithms and follows initialization, 
selection, mutation and crossover functions.

• Bat algorithm: Bats as we all know, have the ability to fly in 
the dark by using its natural process of echolocation. The 
position of the objects is determined by the velocity and 
frequency of emitted sound. The waves are altered by 
amplitude and emission rate depending on the need. This 
ability to search is the inspiration for the bat algorithm.

• Bee colony optimization: Honey bees have several 
structured behaviors for mating, foraging and breeding 
which are mimicked as optimization algorithms. This 
algorithm has two phases involving a forward and backward 
pass. The learnings from the forward pass are then applied 
to the backward pass.  The decision to continue the search 
is determined using the probability information. This 
algorithm is also considered as a superior version of genetic 
algorithm wherein it can handle the local search issue much 
better.

• Big bang big crunch search: This is inspired by the theory 
of evolution of the universe where the energy dissipation 
causes disorder and randomness (big bang), followed by 
chain of events wherein randomly distributed particles are 
drawn into order (big crunch).

• Black hole algorithm: This algorithm is designed using the 
Black hole concept where in each iteration, the best 
candidate is selected to be a black hole and the neighboring 
candidates are stars. The stars closer to black hole are 
swallowed, and a new star is randomly generated.

• Cat swarm optimization: There are about 32 species of 
felines which includes lion, tiger, cheetah, domestic cat with 
similar behavior but may be living in different environments. 
They have dominant natural instincts to be curious and they 
are most of the times inactive (asleep). It is also mentioned 
that cats are very alert even when they are sleeping. The 
alertness is required for its survival and food. It seeks a 
‘next’ position based on the environment and the cat targets 
an object based on the environment. The behavior of 
chasing a target is the tracing mode. This pattern is applied 
as an algorithm for optimizing the best position and target. 

  
• Central force optimization: This is relatively a new 

multi-dimensional search algorithm inspired from 
gravitational kinematics.

• Charged system search algorithm: This is derived from 
the electrostatic charges based on the Gauss Law and 
Coulomb Law and also governed by the Newtonian Laws of 
Motion. The charge point is assumed to be a sphere which 
exerts electric force on other charge points and thereby 
determines the new location through multiple iterations. The 
best solution is computed using the new position of the 
charged particle.

• Cloud-based algorithms: The formation of clouds has 
inspired to design cloud-based model optimization 
algorithms.

• Consultant-guided search: In the field of consulting 
services, the role of a consultant is to provide advices to 
clients. The success of the advices converting into business 
impact determines the reputation of the consultant. This 
behavior of the consultants in dealing with the clients has 
been coded into a search algorithm.

• Curved space optimization: The concept of space-time 
curvature from general theory of relativity is the inspiration 
for this Metaheuristic algorithm. The correlation of 
space-time curvature and presence of particles in Physics 
is the basis for designing this algorithm.

• Differential search algorithm: This is a uni-objective 
algorithm that is inspired by migration of super organisms 
between two stopover sites with two control parameters.

• Electro-magnetism optimization: This is based on the 
electromagnetic attraction and repulsion between 
elements.

• Flower pollination: 80% of the 250 million species of 
plants belong to flowering category. The flowering plants 
have been continuously evolved over millions of years and 
they form an important aspect in the existence of the other 
organisms. The process of pollination involves transfer of 

pollen by wind, rain and insects or animals. The process of 
pollination is derived into an algorithm for determining the 
optimal solution.

• Galaxy based search optimization: This is inspired by the 
motion of galaxies and stars under the influence of gravity 
using both exploration and exploitation phases.

• Grammatical evolution: This is a variant of Genetic 
programming which can evolve into a variable length 
program using a linear genome representation.

• Gravitational local search algorithm: It is designed 
based on the gravitation force of attraction wherein the 
object, in grip of gravity continues to be held unless acted 
upon by external force.

• Gravitational search algorithm: This algorithm is inspired 
using Newton’s law of gravity and motion.

• Great salmon run: This algorithm is inspired by the 
migration of Salmon. Each year, the population of Salmon 
migrate upstream and in the process becomes a prey (for 
humans and wild animals). The migration pathway is 
derived as the solution.

• Grey wolf optimization: This species is one of the most 
intelligent and has a natural ability to work as a team among 
the wild animals. The grey wolves possess a lot of social 
skills in determining the leader of the pack and organizing 
the group based on their strength, skills, age and many 
hunting qualities. The leader of the group occupies a 
position in the front during hunting and is the last in the case 
of migrating from one place to another. The older wolves are 
usually placed in the center of the group and surrounded by 
younger ones. The group is divided into 4: alpha, beta, 
omega and delta. The hunting of the grey wolves is based 
on a strategy and they rarely miss the prey. The hierarchy is 
formed based on the alpha, beta, omega and delta (in that 
sequence). Once the prey is identified, the alpha moves to 
a specific position and this is followed by each beta moving 
towards a specific position and each omega takes specific 
position based on beta and finally the delta obeys the 
omega. The group usually forms a circle around the prey 
based on the movement of the prey (speed and direction). 
The strategy is that they encircle continuously, and reduce 
the circle dimensions until the group strikes on the prey. 
This social hunting behavior of the wolves is encoded into 
an optimization algorithm.

• Harmony search: This algorithm is inspired based on 
learning of jazz musicians for improvisation. When a group 
of jazz musicians participate together, the musical note is 
selected such that best harmony is achieved through 
synchronization process. The blending of note from one to 
another, and eventually leading to better (new) music.

• Imperialist competitive algorithm: The algorithm is 
inspired from the methods of imperialist colonies, wherein 
each imperialist expands their empire by rules, competition 
and the best function is derived by eliminating powerless 
empires.

• Invasive weed optimization: The spread of weeds in a 
fields is the basis of this algorithm. The success of weed 
growing in newer regions determines the better solution.

• Krill herd: Krills are marine animals found in Antarctic 
regions that have an extremely good ability to form large 
swarms. The main predators which live on Krill are penguins 
and sea birds. Whenever there is a reduction in Krill density 
due to food chain, the Krills form a swarm structure for 
survival. This formation of the swarm is influenced by two 
factors – to increase the density and reach for food. This 
formation of the swarm has been the inspiration form a 
search algorithm.

• League championship algorithm: The inspiration of 
sports team work is designed as an algorithm. The league 
games are played by different teams, in competing manner, 
over weeks. The teams are usually grouped and compete 
with each other with standard elimination methods. The 
results of each game is determined by the strengths (fitness) 
and new ways to adopt to situation. This model of league is 
developed into an algorithm and used for optimization.

• Marriage in honey bees: This algorithm is inspired by the 
mating flights of queen bees. The queen bee varies its 
speed, energy and position to determine good genetic 
material from different drones and the same concept is 
leveraged into a search algorithm.

• Monkey search: The mountain climbing monkeys follow 
certain patterns: climbing, watch-jump process and 
somersault process. The climbing process is designed to 
handle the local search optimal solution and the somersault 
process is followed to search for new domains. The 
watch-and-jump strategy helps in movement for searching 
food and escaping from predators. This swarm intelligent 
algorithm has evolved to solve various complex optimization 
problems in engineering.

• Paddy field algorithm: This algorithm is inspired by the 
growth of paddy in fertile lands. The paddy seeds are 
planted in the fields and depending on the fertility of the soil, 
the growth is either clustered or sparse. The solution is 
driven by the crowded growth of the seeds.
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• Particle swarm optimization:  This algorithm utilizes the 
social behavior of flock of birds, school of fish or swarm of 
bees. It is generalized as swarm optimization. The 
population is the swarm and each bird or bee or fish is the 
particle. The movement of the swarm is determined by the 
velocity of each particle and the direction such that no 
particle collides with other particle. Each particle modifies 
the position and speed continuously with respect to itself 
and the immediate neighbors and thus can handle both the 
local and global searches. 

• Ray optimization: This algorithm is based on ray of light 
and uses Snell’s law of refraction, wherein the light moving 
from lighter medium to darker medium, refracts. This change 
in direction is used to explore the search space and point of 
convergence in multiple iterations is considered as 
optimized solution.

• Roach infestation algorithm: The cockroaches are also 
social insects with capabilities of leaving chemical odors 
(thro’ pheromones) on their bodies and feces. This odor 
helps in communicating with the group and cluster together 
in an area. This idea is similar to ACO and inspired as a 
metaheuristic algorithm.

• Small-world optimization: The concept of ‘it is a small 
world’ by Stanley Milgram for ‘tracking the shortest path in 
social network’ is the basis for this algorithm.

• Social emotional optimization: This is a population based 
stochastic algorithm using social behavior of a group an 
d similar to league championships. In a group of individuals, 
the social status increases through communication, 
competition, collaboration and cooperation. The status of all 
individuals in the group are ranked and the highest social 
score is considered as best solution.  

• Spiral optimization: In nature, there are many spiral 
phenomena such as hurricane, tornados, geometry shapes 
in shells and to some extent the finger print. These spiral 
trajectories are devised for exploring space and exploitation 
of optimum path and designed as an optimization algorithm.

• Water flow algorithm: The natural flow of a river system is 
such that it takes the optimum path to get to its goal which is 
the sea. These water cycle processes such as rivers and 
streams flowing into the sea has been derived to create this 
algorithm.

• Anarchic society optimization
• Bacterial foraging
• Bee hive optimization
• Blue whale
• Brain storm optimization
• Cuckoo search algorithm
• Differential evolution
• Dolphin echolocation
• Eagle strategy
• Egyptian vulture

• Fire fly algorithm
• Fish school search
• Fish swarm
• Gene expression
• Good lattice swarm
• Hierarchical swarm
• Human-inspired algorithm
• Japanese tree frogs
• Queen-bee evolution
• Shuffled frog leaping algorithm
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algorithm is inspired by the food search habits using the 
pheromone strategy. The amount of pheromone released by 
the ants and the strength of pheromone are techniques 
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their nest. Over a period, the ants in the colony will 
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information about the new area, food content, before 
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• Backtracking search optimization: This algorithm is 
based on evolutionary principles and undergoes iterative 
methods to minimize the objective function. It has many 
similarities to genetic algorithms and follows initialization, 
selection, mutation and crossover functions.

• Bat algorithm: Bats as we all know, have the ability to fly in 
the dark by using its natural process of echolocation. The 
position of the objects is determined by the velocity and 
frequency of emitted sound. The waves are altered by 
amplitude and emission rate depending on the need. This 
ability to search is the inspiration for the bat algorithm.

• Bee colony optimization: Honey bees have several 
structured behaviors for mating, foraging and breeding 
which are mimicked as optimization algorithms. This 
algorithm has two phases involving a forward and backward 
pass. The learnings from the forward pass are then applied 
to the backward pass.  The decision to continue the search 
is determined using the probability information. This 
algorithm is also considered as a superior version of genetic 
algorithm wherein it can handle the local search issue much 
better.

• Big bang big crunch search: This is inspired by the theory 
of evolution of the universe where the energy dissipation 
causes disorder and randomness (big bang), followed by 
chain of events wherein randomly distributed particles are 
drawn into order (big crunch).

• Black hole algorithm: This algorithm is designed using the 
Black hole concept where in each iteration, the best 
candidate is selected to be a black hole and the neighboring 
candidates are stars. The stars closer to black hole are 
swallowed, and a new star is randomly generated.

• Cat swarm optimization: There are about 32 species of 
felines which includes lion, tiger, cheetah, domestic cat with 
similar behavior but may be living in different environments. 
They have dominant natural instincts to be curious and they 
are most of the times inactive (asleep). It is also mentioned 
that cats are very alert even when they are sleeping. The 
alertness is required for its survival and food. It seeks a 
‘next’ position based on the environment and the cat targets 
an object based on the environment. The behavior of 
chasing a target is the tracing mode. This pattern is applied 
as an algorithm for optimizing the best position and target. 

  
• Central force optimization: This is relatively a new 

multi-dimensional search algorithm inspired from 
gravitational kinematics.

• Charged system search algorithm: This is derived from 
the electrostatic charges based on the Gauss Law and 
Coulomb Law and also governed by the Newtonian Laws of 
Motion. The charge point is assumed to be a sphere which 
exerts electric force on other charge points and thereby 
determines the new location through multiple iterations. The 
best solution is computed using the new position of the 
charged particle.

• Cloud-based algorithms: The formation of clouds has 
inspired to design cloud-based model optimization 
algorithms.

• Consultant-guided search: In the field of consulting 
services, the role of a consultant is to provide advices to 
clients. The success of the advices converting into business 
impact determines the reputation of the consultant. This 
behavior of the consultants in dealing with the clients has 
been coded into a search algorithm.

• Curved space optimization: The concept of space-time 
curvature from general theory of relativity is the inspiration 
for this Metaheuristic algorithm. The correlation of 
space-time curvature and presence of particles in Physics 
is the basis for designing this algorithm.

• Differential search algorithm: This is a uni-objective 
algorithm that is inspired by migration of super organisms 
between two stopover sites with two control parameters.

• Electro-magnetism optimization: This is based on the 
electromagnetic attraction and repulsion between 
elements.

• Flower pollination: 80% of the 250 million species of 
plants belong to flowering category. The flowering plants 
have been continuously evolved over millions of years and 
they form an important aspect in the existence of the other 
organisms. The process of pollination involves transfer of 

pollen by wind, rain and insects or animals. The process of 
pollination is derived into an algorithm for determining the 
optimal solution.

• Galaxy based search optimization: This is inspired by the 
motion of galaxies and stars under the influence of gravity 
using both exploration and exploitation phases.

• Grammatical evolution: This is a variant of Genetic 
programming which can evolve into a variable length 
program using a linear genome representation.

• Gravitational local search algorithm: It is designed 
based on the gravitation force of attraction wherein the 
object, in grip of gravity continues to be held unless acted 
upon by external force.

• Gravitational search algorithm: This algorithm is inspired 
using Newton’s law of gravity and motion.

• Great salmon run: This algorithm is inspired by the 
migration of Salmon. Each year, the population of Salmon 
migrate upstream and in the process becomes a prey (for 
humans and wild animals). The migration pathway is 
derived as the solution.

• Grey wolf optimization: This species is one of the most 
intelligent and has a natural ability to work as a team among 
the wild animals. The grey wolves possess a lot of social 
skills in determining the leader of the pack and organizing 
the group based on their strength, skills, age and many 
hunting qualities. The leader of the group occupies a 
position in the front during hunting and is the last in the case 
of migrating from one place to another. The older wolves are 
usually placed in the center of the group and surrounded by 
younger ones. The group is divided into 4: alpha, beta, 
omega and delta. The hunting of the grey wolves is based 
on a strategy and they rarely miss the prey. The hierarchy is 
formed based on the alpha, beta, omega and delta (in that 
sequence). Once the prey is identified, the alpha moves to 
a specific position and this is followed by each beta moving 
towards a specific position and each omega takes specific 
position based on beta and finally the delta obeys the 
omega. The group usually forms a circle around the prey 
based on the movement of the prey (speed and direction). 
The strategy is that they encircle continuously, and reduce 
the circle dimensions until the group strikes on the prey. 
This social hunting behavior of the wolves is encoded into 
an optimization algorithm.

• Harmony search: This algorithm is inspired based on 
learning of jazz musicians for improvisation. When a group 
of jazz musicians participate together, the musical note is 
selected such that best harmony is achieved through 
synchronization process. The blending of note from one to 
another, and eventually leading to better (new) music.

• Imperialist competitive algorithm: The algorithm is 
inspired from the methods of imperialist colonies, wherein 
each imperialist expands their empire by rules, competition 
and the best function is derived by eliminating powerless 
empires.

• Invasive weed optimization: The spread of weeds in a 
fields is the basis of this algorithm. The success of weed 
growing in newer regions determines the better solution.

• Krill herd: Krills are marine animals found in Antarctic 
regions that have an extremely good ability to form large 
swarms. The main predators which live on Krill are penguins 
and sea birds. Whenever there is a reduction in Krill density 
due to food chain, the Krills form a swarm structure for 
survival. This formation of the swarm is influenced by two 
factors – to increase the density and reach for food. This 
formation of the swarm has been the inspiration form a 
search algorithm.

• League championship algorithm: The inspiration of 
sports team work is designed as an algorithm. The league 
games are played by different teams, in competing manner, 
over weeks. The teams are usually grouped and compete 
with each other with standard elimination methods. The 
results of each game is determined by the strengths (fitness) 
and new ways to adopt to situation. This model of league is 
developed into an algorithm and used for optimization.

• Marriage in honey bees: This algorithm is inspired by the 
mating flights of queen bees. The queen bee varies its 
speed, energy and position to determine good genetic 
material from different drones and the same concept is 
leveraged into a search algorithm.

• Monkey search: The mountain climbing monkeys follow 
certain patterns: climbing, watch-jump process and 
somersault process. The climbing process is designed to 
handle the local search optimal solution and the somersault 
process is followed to search for new domains. The 
watch-and-jump strategy helps in movement for searching 
food and escaping from predators. This swarm intelligent 
algorithm has evolved to solve various complex optimization 
problems in engineering.

• Paddy field algorithm: This algorithm is inspired by the 
growth of paddy in fertile lands. The paddy seeds are 
planted in the fields and depending on the fertility of the soil, 
the growth is either clustered or sparse. The solution is 
driven by the crowded growth of the seeds.
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• Particle swarm optimization:  This algorithm utilizes the 
social behavior of flock of birds, school of fish or swarm of 
bees. It is generalized as swarm optimization. The 
population is the swarm and each bird or bee or fish is the 
particle. The movement of the swarm is determined by the 
velocity of each particle and the direction such that no 
particle collides with other particle. Each particle modifies 
the position and speed continuously with respect to itself 
and the immediate neighbors and thus can handle both the 
local and global searches. 

• Ray optimization: This algorithm is based on ray of light 
and uses Snell’s law of refraction, wherein the light moving 
from lighter medium to darker medium, refracts. This change 
in direction is used to explore the search space and point of 
convergence in multiple iterations is considered as 
optimized solution.

• Roach infestation algorithm: The cockroaches are also 
social insects with capabilities of leaving chemical odors 
(thro’ pheromones) on their bodies and feces. This odor 
helps in communicating with the group and cluster together 
in an area. This idea is similar to ACO and inspired as a 
metaheuristic algorithm.

• Small-world optimization: The concept of ‘it is a small 
world’ by Stanley Milgram for ‘tracking the shortest path in 
social network’ is the basis for this algorithm.

• Social emotional optimization: This is a population based 
stochastic algorithm using social behavior of a group an 
d similar to league championships. In a group of individuals, 
the social status increases through communication, 
competition, collaboration and cooperation. The status of all 
individuals in the group are ranked and the highest social 
score is considered as best solution.  

• Spiral optimization: In nature, there are many spiral 
phenomena such as hurricane, tornados, geometry shapes 
in shells and to some extent the finger print. These spiral 
trajectories are devised for exploring space and exploitation 
of optimum path and designed as an optimization algorithm.

• Water flow algorithm: The natural flow of a river system is 
such that it takes the optimum path to get to its goal which is 
the sea. These water cycle processes such as rivers and 
streams flowing into the sea has been derived to create this 
algorithm.

• Anarchic society optimization
• Bacterial foraging
• Bee hive optimization
• Blue whale
• Brain storm optimization
• Cuckoo search algorithm
• Differential evolution
• Dolphin echolocation
• Eagle strategy
• Egyptian vulture

• Fire fly algorithm
• Fish school search
• Fish swarm
• Gene expression
• Good lattice swarm
• Hierarchical swarm
• Human-inspired algorithm
• Japanese tree frogs
• Queen-bee evolution
• Shuffled frog leaping algorithm

Quick Primer on Metaheuristic Algorithms
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3.1. Popular Ones

• Ant colony optimization: The ant colony optimization 
algorithm is inspired by the food search habits using the 
pheromone strategy. The amount of pheromone released by 
the ants and the strength of pheromone are techniques 
applied to determine the shortest path between food and 
their nest. Over a period, the ants in the colony will 
eventually follow the shortest path, and thereby reinforcing 
the levels of pheromones. This behavior of ants is designed 
as an optimization algorithm.

• Artificial chemical reaction optimization: This method, 
inspired from chemical reactions, does not need too many 
parameters to be specified and includes both local and 
global search capabilities.

• Artificial cooperative search: This is a multi-objective 
swarm based intelligence evolutionary algorithm. A typical 
example is the movement of animals from their habitat with 
low capacity food to places with high capacity food. In this 
process, the animal group assigns an explorer to gather 
information about the new area, food content, before 
migration and this is followed by coordinated migration.

• Backtracking search optimization: This algorithm is 
based on evolutionary principles and undergoes iterative 
methods to minimize the objective function. It has many 
similarities to genetic algorithms and follows initialization, 
selection, mutation and crossover functions.

• Bat algorithm: Bats as we all know, have the ability to fly in 
the dark by using its natural process of echolocation. The 
position of the objects is determined by the velocity and 
frequency of emitted sound. The waves are altered by 
amplitude and emission rate depending on the need. This 
ability to search is the inspiration for the bat algorithm.

• Bee colony optimization: Honey bees have several 
structured behaviors for mating, foraging and breeding 
which are mimicked as optimization algorithms. This 
algorithm has two phases involving a forward and backward 
pass. The learnings from the forward pass are then applied 
to the backward pass.  The decision to continue the search 
is determined using the probability information. This 
algorithm is also considered as a superior version of genetic 
algorithm wherein it can handle the local search issue much 
better.

• Big bang big crunch search: This is inspired by the theory 
of evolution of the universe where the energy dissipation 
causes disorder and randomness (big bang), followed by 
chain of events wherein randomly distributed particles are 
drawn into order (big crunch).

• Black hole algorithm: This algorithm is designed using the 
Black hole concept where in each iteration, the best 
candidate is selected to be a black hole and the neighboring 
candidates are stars. The stars closer to black hole are 
swallowed, and a new star is randomly generated.

• Cat swarm optimization: There are about 32 species of 
felines which includes lion, tiger, cheetah, domestic cat with 
similar behavior but may be living in different environments. 
They have dominant natural instincts to be curious and they 
are most of the times inactive (asleep). It is also mentioned 
that cats are very alert even when they are sleeping. The 
alertness is required for its survival and food. It seeks a 
‘next’ position based on the environment and the cat targets 
an object based on the environment. The behavior of 
chasing a target is the tracing mode. This pattern is applied 
as an algorithm for optimizing the best position and target. 

  
• Central force optimization: This is relatively a new 

multi-dimensional search algorithm inspired from 
gravitational kinematics.

• Charged system search algorithm: This is derived from 
the electrostatic charges based on the Gauss Law and 
Coulomb Law and also governed by the Newtonian Laws of 
Motion. The charge point is assumed to be a sphere which 
exerts electric force on other charge points and thereby 
determines the new location through multiple iterations. The 
best solution is computed using the new position of the 
charged particle.

• Cloud-based algorithms: The formation of clouds has 
inspired to design cloud-based model optimization 
algorithms.

• Consultant-guided search: In the field of consulting 
services, the role of a consultant is to provide advices to 
clients. The success of the advices converting into business 
impact determines the reputation of the consultant. This 
behavior of the consultants in dealing with the clients has 
been coded into a search algorithm.

• Curved space optimization: The concept of space-time 
curvature from general theory of relativity is the inspiration 
for this Metaheuristic algorithm. The correlation of 
space-time curvature and presence of particles in Physics 
is the basis for designing this algorithm.

• Differential search algorithm: This is a uni-objective 
algorithm that is inspired by migration of super organisms 
between two stopover sites with two control parameters.

• Electro-magnetism optimization: This is based on the 
electromagnetic attraction and repulsion between 
elements.

• Flower pollination: 80% of the 250 million species of 
plants belong to flowering category. The flowering plants 
have been continuously evolved over millions of years and 
they form an important aspect in the existence of the other 
organisms. The process of pollination involves transfer of 

pollen by wind, rain and insects or animals. The process of 
pollination is derived into an algorithm for determining the 
optimal solution.

• Galaxy based search optimization: This is inspired by the 
motion of galaxies and stars under the influence of gravity 
using both exploration and exploitation phases.

• Grammatical evolution: This is a variant of Genetic 
programming which can evolve into a variable length 
program using a linear genome representation.

• Gravitational local search algorithm: It is designed 
based on the gravitation force of attraction wherein the 
object, in grip of gravity continues to be held unless acted 
upon by external force.

• Gravitational search algorithm: This algorithm is inspired 
using Newton’s law of gravity and motion.

• Great salmon run: This algorithm is inspired by the 
migration of Salmon. Each year, the population of Salmon 
migrate upstream and in the process becomes a prey (for 
humans and wild animals). The migration pathway is 
derived as the solution.

• Grey wolf optimization: This species is one of the most 
intelligent and has a natural ability to work as a team among 
the wild animals. The grey wolves possess a lot of social 
skills in determining the leader of the pack and organizing 
the group based on their strength, skills, age and many 
hunting qualities. The leader of the group occupies a 
position in the front during hunting and is the last in the case 
of migrating from one place to another. The older wolves are 
usually placed in the center of the group and surrounded by 
younger ones. The group is divided into 4: alpha, beta, 
omega and delta. The hunting of the grey wolves is based 
on a strategy and they rarely miss the prey. The hierarchy is 
formed based on the alpha, beta, omega and delta (in that 
sequence). Once the prey is identified, the alpha moves to 
a specific position and this is followed by each beta moving 
towards a specific position and each omega takes specific 
position based on beta and finally the delta obeys the 
omega. The group usually forms a circle around the prey 
based on the movement of the prey (speed and direction). 
The strategy is that they encircle continuously, and reduce 
the circle dimensions until the group strikes on the prey. 
This social hunting behavior of the wolves is encoded into 
an optimization algorithm.

• Harmony search: This algorithm is inspired based on 
learning of jazz musicians for improvisation. When a group 
of jazz musicians participate together, the musical note is 
selected such that best harmony is achieved through 
synchronization process. The blending of note from one to 
another, and eventually leading to better (new) music.

The metaheuristic algorithms can be classified or grouped by certain characteristics and the following section elaborates 
briefly.

4.1. Single point search and population based search

In the single point, the search usually begins with one 
candidate solution which is further improved through 
multiple iterations. The examples of single point search 
algorithms include Simulated Annealing, Threshold 
Accepting and Tabu Search. In the case of population based 
metaheuristics algorithms, the search begins with set of 
random initial population with multiple solutions, and in each 
iteration, the population is enhanced to identify the best 
solution. The advantages of population based algorithms is 
the effectiveness in finding the information of the solution 
from a wider search space, thereby the ability to find the 
solution is faster. The intelligence of the herd or group is 
better than individual concept. The solutions from multiple 
candidates are used to avoid local optimum solution to a 
large extent. This can be related to concept of 
brain-storming, thus the probability to explore a better 
solution is also higher in population based algorithms. The 
commonly used population based metaheuristics algorithm 
include genetic algorithms, firefly algorithm, ant colony 
optimization and grey wolf optimization algorithm.

4.2. Static and dynamic objective function

Many optimization problems are required to be solved in an 
environment that undergoes continuous change. There are a 
series of events that change over time and needs a dynamic 
objective function. While the set of metaheuristics that keeps 
the objective function fixed for the entire duration falls in 
static objective function, those that modifies the fitness 
function with the search and betters it to avoid local optima, 
falls under the dynamic objective function.

4.3. Static and dynamic objective function

The ability of algorithms to leverage search history is a very 
important characteristic of optimization. Some of the 
metaheuristic algorithms such as simulated annealing, 
guided local search, variable neighborhood search and 
stochastic local search do not use the results of the search to 
make decisions. However, another class of metaheuristics 
algorithms use both short term memory and long term 
memory. The examples of using memory can be in the form 
of moves performed in the search, list of explored solutions 
and decisions taken. Thus, metaheuristic algorithms using 
memory has gained a significant acceptance among the 
scientific community due to their powerful performance and 
ability to make better decisions. The metaheuristic 
algorithms designed using nature inspired and swarm 
intelligence are memory based algorithms.

• Imperialist competitive algorithm: The algorithm is 
inspired from the methods of imperialist colonies, wherein 
each imperialist expands their empire by rules, competition 
and the best function is derived by eliminating powerless 
empires.

• Invasive weed optimization: The spread of weeds in a 
fields is the basis of this algorithm. The success of weed 
growing in newer regions determines the better solution.

• Krill herd: Krills are marine animals found in Antarctic 
regions that have an extremely good ability to form large 
swarms. The main predators which live on Krill are penguins 
and sea birds. Whenever there is a reduction in Krill density 
due to food chain, the Krills form a swarm structure for 
survival. This formation of the swarm is influenced by two 
factors – to increase the density and reach for food. This 
formation of the swarm has been the inspiration form a 
search algorithm.

• League championship algorithm: The inspiration of 
sports team work is designed as an algorithm. The league 
games are played by different teams, in competing manner, 
over weeks. The teams are usually grouped and compete 
with each other with standard elimination methods. The 
results of each game is determined by the strengths (fitness) 
and new ways to adopt to situation. This model of league is 
developed into an algorithm and used for optimization.

• Marriage in honey bees: This algorithm is inspired by the 
mating flights of queen bees. The queen bee varies its 
speed, energy and position to determine good genetic 
material from different drones and the same concept is 
leveraged into a search algorithm.

• Monkey search: The mountain climbing monkeys follow 
certain patterns: climbing, watch-jump process and 
somersault process. The climbing process is designed to 
handle the local search optimal solution and the somersault 
process is followed to search for new domains. The 
watch-and-jump strategy helps in movement for searching 
food and escaping from predators. This swarm intelligent 
algorithm has evolved to solve various complex optimization 
problems in engineering.

• Paddy field algorithm: This algorithm is inspired by the 
growth of paddy in fertile lands. The paddy seeds are 
planted in the fields and depending on the fertility of the soil, 
the growth is either clustered or sparse. The solution is 
driven by the crowded growth of the seeds.

Characteristics of 
metaheuristic algorithms 
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• Particle swarm optimization:  This algorithm utilizes the 
social behavior of flock of birds, school of fish or swarm of 
bees. It is generalized as swarm optimization. The 
population is the swarm and each bird or bee or fish is the 
particle. The movement of the swarm is determined by the 
velocity of each particle and the direction such that no 
particle collides with other particle. Each particle modifies 
the position and speed continuously with respect to itself 
and the immediate neighbors and thus can handle both the 
local and global searches. 

• Ray optimization: This algorithm is based on ray of light 
and uses Snell’s law of refraction, wherein the light moving 
from lighter medium to darker medium, refracts. This change 
in direction is used to explore the search space and point of 
convergence in multiple iterations is considered as 
optimized solution.

• Roach infestation algorithm: The cockroaches are also 
social insects with capabilities of leaving chemical odors 
(thro’ pheromones) on their bodies and feces. This odor 
helps in communicating with the group and cluster together 
in an area. This idea is similar to ACO and inspired as a 
metaheuristic algorithm.

• Small-world optimization: The concept of ‘it is a small 
world’ by Stanley Milgram for ‘tracking the shortest path in 
social network’ is the basis for this algorithm.

• Social emotional optimization: This is a population based 
stochastic algorithm using social behavior of a group an 
d similar to league championships. In a group of individuals, 
the social status increases through communication, 
competition, collaboration and cooperation. The status of all 
individuals in the group are ranked and the highest social 
score is considered as best solution.  

• Spiral optimization: In nature, there are many spiral 
phenomena such as hurricane, tornados, geometry shapes 
in shells and to some extent the finger print. These spiral 
trajectories are devised for exploring space and exploitation 
of optimum path and designed as an optimization algorithm.

• Water flow algorithm: The natural flow of a river system is 
such that it takes the optimum path to get to its goal which is 
the sea. These water cycle processes such as rivers and 
streams flowing into the sea has been derived to create this 
algorithm.

• Anarchic society optimization
• Bacterial foraging
• Bee hive optimization
• Blue whale
• Brain storm optimization
• Cuckoo search algorithm
• Differential evolution
• Dolphin echolocation
• Eagle strategy
• Egyptian vulture

• Fire fly algorithm
• Fish school search
• Fish swarm
• Gene expression
• Good lattice swarm
• Hierarchical swarm
• Human-inspired algorithm
• Japanese tree frogs
• Queen-bee evolution
• Shuffled frog leaping algorithm

3.2. Other metaheuristic algorithms proposed by researchers

Quick Primer on Metaheuristic Algorithms
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Metaheuristics algorithms are simple and easy to solve any scientific or business problem. However, no single metaheuristic 
algorithm can solve all optimization problems. This can be attributed to inherent uniqueness and the context of each problem. 
In order to solve optimization problems, one has to understand the parameters, dependencies, attributes, what-if-conditions, 
and devise a mechanism to apply them to the elements of the algorithms. The results show that these algorithms are very 
effective in solving diverse type of problems in the field of medical engineering, telecommunication, test cases optimization, 
order management and infrastructure management. Many of the nature-inspired algorithms have gained popularity across 
several domains. Research in this field may pave way to invent the mother of all – ‘the divine’ metaheuristic algorithm that can 
solve all optimization problems. 

Some of these good practices have been implemented in different engineering and research problems, and briefly explained 
below:

• Telecommunication domain: A leading telecommunication business has many orders cancelled, and there was a need for 
identifying the influential parameters. Particle swarm optimization algorithm was selected to give the best results among the 
five meta-heuristic algorithms applied for the problem 

• Home router placement: Placing a router in public and residential places is decided using manual method. A solution is 
designed wherein the floor plan is uploaded with defined wall type (concrete, wood, partitions), and then using ant-colony 
optimization algorithm and attenuation rate of the signal, the optimal position of the router is recommended. 

• Monitoring of logs: In the continuous monitoring of logs, about 60 parameters are extracted from different alerts and 
events. The particle swarm optimization algorithm displayed the most efficient methods in identifying the critical parameters 
among, and the top 10 parameters are selected to classify the event as an incident with over 90% accuracy.

 
• Health domain: A popular nonlinear signal processing algorithm is applied for extraction of features. The algorithm had 

numerous parameters with a wide range of values. The initial classification accuracy with standard parameter values gave 
an accuracy of 85% between normal and abnormal dataset. The application of grey wolf algorithm in assigning the right 
parameter values improved the classification accuracy to 91%.

• Regression suite optimization: The most common problem in regression suite is the decision to pick and execute the 
relevant test cases based on the time, effort and scope. A solution is developed to select the optimal number of test cases 
using grey wolf optimization, particle swarm optimization and whale optimization algorithms. Using this method, a QA 
manager can select the relevant top 100 test cases from 1000+ test suite.

Use case implementation

Conclusion
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