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The metaheuristic optimization algorithm is used to explain a large region solution space. One of
these algorithms is a grasshopper which divides the search process into exploitation and exploration. This
article focuses on research efforts directed at gaining a clear understanding of the behavior of
grasshoppers and it is using optimization algorithms. It is concluded that the benefits have been effective
in answering global unrestricted and restricted optimization issues, easy development, high accuracy, and
obtaining a good solution. However, the disadvantages of the GOA algorithm are simple to fall into local

optimum and slow convergence speed.
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Introduction

Grasshopper algorithm belongs to the class of metaheuristic optimization algorithms. It mimics
the behavior of natural grasshoppers. Grasshoppers are insect pests, and they are regarded as pests that
harm crop production and agriculture. Grasshoppers are associated with one of the hugest swarms of all
creatures. However, they are usually observed separately in nature. No way can farmers believe the huge
size of the swarm when it comes. The swarming behavior of a grasshopper is established in both nymph
and adulthood, including this aspect is distinct. An enormous number of grasshoppers move and leap like
rolling cylinders. During the route, they eat approximately all grains and vegetables. When they grow into
an adult they can shape a swarm in the air. In this way the grasshoppers leave over immense spaces. A
crucial feature of the nymph stage of the grasshopper's life cycle is that they look like adult grasshoppers
without wings. Furthermore, they shed their skin five or six times to grow into adults. The magnificent
characteristic of an adult grasshopper in the final step of the life cycle is that the wings will completed in
about month. Moreover, at that step, the adult female grasshopper is ready to lay eggs. [1].

Grasshopper Optimization Algorithm
The mathematical model used to mimic of grasshopper swarming behavior is given below [2]
Xi = Zi + Hi + Ai (2'1)

Considering that X; explains the location of the i-th grasshopper interaction, H; is the pressure force on
the i-th locusts, and A; revaluation wind adveti.

Z; =YY 1z(d;;)d, (2-2)

Jj#i

where is the space between the i-th and the j-th grasshopper, calculated as d;; = |Xj - Xl-| ,Z is a function

X

to explain the strength of social forces, as shown in E.g.( 2.3 ), and c/l; = X;__' is a unit vector from the i-
ij

th grasshopper to the j-th grasshopper. The z function, which shows the social forces, is calculated as
follows:

Z2(r) = feT —eT 2-3)

where f is the power of attraction and | is the scale of attraction length. The gravity power H is computed
as follows:

Where g is the gravitational constant and e, reveals a unity vector in the direction of the Centre of earth.
The A component in Eq. (2.1) is computed as follows:
Ai = — ué,; (2-5)

Where u is a constant shift and &,, is a unity vector in the direction of wind replacement Z, H, and A in
Eq.(2.1), this equation can be developed as follows:

X; =Z?’=12(|xj —xJ)%— geg + uey (2-6)
j#1 Y
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Although, this mathematical model cannot be taken immediately to solve optimization troubles, mainly
because the locusts rapidly stretch out the comfort zone and the swarm does not meet a specified point.
An adjusted version of this equation is proposed as follows to solve optimization issues:

Xid _ C( 1\§'1 c (ubdz—lbd) Z(lei — xldl)x]d;uxl> + T; (2-7)
j#1

where ubgand lb, acts for the upper bound and the lower bound in the Dth dimension, separately. T,
acts for the usefulness of the Dth measurement in the goal grasshopper (best answer existed until now),
and c is a reducing coefficient which is utilized to lessen the consolation, appeal and the attracting force is
regarded to be zero, supposing which the wind route is on the way to an aim (T;) in mathematical
problem (2-7). Parameter ¢ is applied two times in the problem (2-7) to rule the hurry amount of
grasshoppers and to steady their research and utilization. The outside ¢ from the left manages the motion
of grasshoppers on the way to the aim and steadies the utilization and research of the total population all
over the aim. For the moment, the internal c lessens the effect of the consolation zone, attractiveness
zone, and disgust forces betwixt grasshoppers to reduce the distance the area which the grasshoppers
should search and utilize.

Parameter ¢ decreases the consolation zone which is in proportion to the number of iterations.

c =cmax — lm (2-8)

where cmax, cmin represents the highest and lowest value, individually, [ points out the contemporary
repetition, and L is the highest numeral of repetition.

The important steps of the GOA algorithm are presented in Figure 1

Initialize the swarm X; (i =1,2,...,n)
Initialize cmax, cmin and maximum number of iterations
Calculate the fitness of each search agent
T = the best search agent
while (I < Max number of itearations)
Update c using Eq (2.8)
for each search agent
Normalize the distances between grasshoppers in [1,4]
Update the Position of the current search agent by the equation (2.7)
Bring the current search agent back if it goes outside the boundaries
end for
Update T if there is a better solution
l=1+1
end while
ReturnT

Figure 1 Steps of Grasshopper optimization algorithm
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Tabell contains the work that has been done till January 2022 using the grasshopper algorithm.

Table 1 Summary of the research contributions on Grasshopper algorithm

Research

The scale of using

Researcher Year . Results
name the algorithm
[3] Abhishek G. N. It was used in the It gave accurate results in solving these
...etal test to solve problems, as the results showed that the GOA
engineering algorithm usefully balances the two properties
improvement of exploration and exploitation that
problems in terms of | characterize grasshoppers to push them
performance towards the optimum level. Constrained It has
2017 | measurement test been found that the results given by the
algorithm are close to the actual solution,
which is the exact solution to the problem.
Therefore, GOA can be used in restricted and
unconstrained optimization, and the algorithm
can also be developed to make it serve multi-
objective problems.
[2] Shahrzad 2017 | It was used in Achieved highly accurate optimization results.
S.S....etal simulation to solve
optimization
problems
[4] Praveen T....et | 2017 | usedinclassification | Proven to be effective in terms of accuracy in
al classifying cancer types.
[5] Baran H.S....et | 2018 | It was used in the It gave an effective and quick search for the
al design of the AVR controller for the parameters and compared
system them with the controllers and gave the best
presentation contrasted to the ZN, DE and
ABC algorithms. The reliability analysis gave
that the GOA algorithm has the least exchange
in the final potential difference with greater
show correlate with the previous algorithms in
terms of the maximum bypass, stability time
and peak time. Therefore, the researchers
recommend using this algorithm in this range.
[6] H. Kurdi, et al 2018 | used to reduce the The results showed that the algorithm was
energy consumed in | significantly superior to other algorithms
cloud computing
[7] S.S. Guo,...etal | 2019 | used in the design I'lt gave good results, bearing in mind that the

convergence speed was slow
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[8] H. Hichem., 2019 | Inimproving the It accomplished the top consequences
M....etal performance of correlated with farther algorithms, where those
machine learning, solutions were better accuracy and higher
the researcher stability.
proposed a new
method for the first
GOA based on
SIGMOND (BGOA-
S) and V-shaped
transfer functions
(BGOA-V), Another
way is BGOA-M
that process random
mutation to obtain
the desired
improvement.
[9] Marcin 2020 | Used in the test to The GOA algorithm gives better and faster
S.W....etal calculate switching | results than the previously used algorithm,
angles in the which is PSO, in that it is more efficient and
selective harmonic more likely to converge. GOA requires that the
elimination for the data volume be less than the usual use to give
VS| drive satisfactory results .
[10] Hernan P....et | 2020 | It was used in the Satisfactory results and superiority of other
al design to solve random methods when they are evaluated
backpack problems | compared with other modern algorithms.
[11] Bustani H. W... | 2020 | Used with The results showed that the suggestive
etal photovoltaic systems | approach created the maximum tracking
regulation with the shortest time, contrasted
with the previously used algorithms.
[12] Reyhaneh Y.... | 2020 | inimproving Best results for feature selection.
etal performance
[13] lbrar U....etal | 2020 | used to solve energy | Reducing energy consumption by converting
problems some loads into low-demand load hours
without violating their operation, and leads to
increased consumer comfort.
[14] Garba A. S....et | 2020 | Inthe rating to Best choice for FS.
al improve
performance choose
fs
[15] Abhishek G. Used to improve They solved the problems facing these systems
N....etal mechanical systems | and transformed them from restricted to
from Where to unconstrained problems by reducing the
reduce the weight of | weight of these systems, as they gave the least
2020 | the rubber spring weight for the spring (5.6 kg, the normal

used

In the railroad car
where several
Limitations to

weight with the algorithm gave a weight of 5.5
kg) the results were somewhat acceptable in
this range.
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implement it in
terms of skew and
strain

Permissible shear
and outer diameter
limits

[16] Dana M. U....et | 2020 | Used inscheduling | It gave effective results in reducing energy
al to reduce energy consumption. These results were compared
consumption with GA. The results showed that the proposed
algorithm gives power consumption of 819.04
kilowatts, while GA gives consumption of
932.69 kilowatts, and the algorithm is also
successful in scheduling, so it can be said that
it is more efficient than GA.
[17] Hangwei F. 2020 | It was used in It has the best performance compared to other
H....etal maintenance to algorithms.
solve engineering
problems
[18] Xie Z....etal 2021 | It was used in the The GOA algorithm gave more infallible
optimization of the | results to the specific problem with the
short-term powerful show in less computational time than
ydrothermal modern technologies.
scheduling
ptimization problem
[19] M. A. EI- 2021 | It was used to solve | It gave results that outperform other
Shorbagy ,...et data collection algorithms in this field.
al problems.
[20] Mohammed A. | 2018 | To reduce the The obtained results showed that the algorithm
A. ...etal average composition | is higher to other algorithms on this scale
file
and waiting time and
to enhance the usage
of the virtual
machine and server.
[21] Sharmila V. S. 2021 | used to solve the The suggestion protocol accomplished greater
...etal problem of optical data transmission show concerning Transfer
communication rate, packet conveyance percentage, end-to-
end delay. In addition to routine expenses as
well as showing.
[22] Peng Q. H....et | 2021 | used to predict The experimental results showed that the
al The closing prices of | algorithm was superior to the comparison

the Shanghai Stock
Exchange Index

algorithms in terms of

The average values and the expected model
contain the minimum expected errors. And
therefore, The algorithm is effective for
optimization.
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Results and recommendation

Grasshopper algorithm has been used in many aspects like minimization, searching,
classification, enhancing, etc., and gives good results compared with other algorithms. It is fast and good
at searching. It has effective in solving unrestricted and restricted optimization issues, easy development,
high accuracy, and obtaining a good solution. However, the disadvantages of the GOA algorithm are
simple to fall into local optimum and slow convergence hurry. So we see that it should be hybrid with
other swarm algorithms to give the best results.
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