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Abstract

This paper applies two new meta-heuristic algorithms proposed in 2022 for solving different optimization problems,
including the driving training-based algorithm (DTBA) and the average and subtract-based algorithm (ASBA). The
considered optimization problems employed in this paper are characterized by different quantities of the dimensions
and different involved constraints at various degrees of complexity. The results obtained by the two algorithms are
illustrated by three types of convergences, including the minimum, average, and maximum convergences. By analyzing
the results obtained by the two applied methods on four different optimization algorithms, DTBA proved itself to be the
better applied method over ASBA. Particularly, DTBA has reached the optimal fitness value much faster than ASBA,
regardless of how complicated the optimization problem is. From these analyses, DTBA is acknowledged to be the
effective algorithm for dealing with the considered optimization problems.

Keywords: Optimization problem; Meta-heuristic algorithms; Driving training-based algorithm; Average and subtract
based optimization

1 Introduction

Optimization problems are the most common problems, which are easy to recognize in both economics, engineering,
and other fields of human life. The determination of an optimal solution for a specific optimization problem will offer a
lot of advantages and reduce the use of essential resources. An optimal solution will result in the best fitness value for
the considered optimization problem. In accordance with the initial target, the best fitness value can be the maximum
or minimum value. By acknowledging the importance of finding the optimal solution to optimization problems, various
optimization methods are developed and implemented. These methods can be separated into two main groups,
including the classical search methods and the modern search methods. Typical methods of the first group can be
named, such as the Lagrange methods [1-3], Newton methods [4-5], quadratic programming [6-7], gradient search
method [8-10], etc. These classical methods have several common drawbacks, as follows: 1) slow response; 2) requiring
a sequence of complex calculations; 3) being unreliable while solving the complicated constraints featured by the
considered problem; and 4) being unfeasible and unapplicable for large-scale optimization problems. To fix all these
drawbacks, meta-heuristic algorithms are being developed to be the game changer for dealing with high-degree
complex and large-scale optimization problems. Because of these advance features, a lot of meta-heuristics are applied
to determine the optimal solution to a wide range of optimization problems, such as particle swarm optimization (PSO)
[11], evolutionary programming (EP) [12], cuckoo search algorithm (CSA) [13], harmony search algorithm (HSA) [14],
lion optimization algorithm (LOA) [15], coyote optimization algorithm (COA) [16], Archimedes optimization algorithm
(AOA) [17], ant colony optimization (ACO) [18], bat algorithm (BA) [19], genetic algorithm (GA) [20], chaotic game
optimization (CGO) [21], and crystal structure algorithm (CRSA) [22]. By fully understanding the advantages of the
meta-heuristic algorithm, two novel meta-heuristic algorithms, including the driving-trained based algorithm (DTBA)
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[23] and the average and subtract-based algorithm (ASBA), will be simultaneously applied to find the optimal solution
to different optimization problems.

Speaking of optimization problems, they are normally structured by an objective function and the constraints. More
specifically, the objective function is constituted by different variables. These variables consist of two types: the control
variables and the dependent variables. The control variables are generated at the beginning of the optimal process by
the optimization methods, while the dependent variables are determined after all the control variables are legally
created. Next, in terms of the constraints, there are also two types, including the inequal constraints and the equal
constraints. Normally, the inequal constraints are used to limit the ranges of the control variable. That means that all
the control variables are legally generated if they exist within their limits. On the contrary, equal constraints are mostly
used to determine independent variables. Note that, in the optimal process, the dependent variables can sometimes
violate their limits. Consequently, the solution that contains the violated dependent variables cannot be accepted as a
valid solution. On the contrary, the solution with both control variables and legally dependent variables is considered
to be the feasible solution for the given optimization problem. Lastly, a fitness function must be established before the
implementation of the meta-heuristic algorithms takes place to solve the given problem. A fitness function generally
consists of an objective function, as mentioned earlier, and a penalty term. A penalty term is used to point out how much
the dependent variable violates its limit.

This paper focuses on solving the complex and nonlinear optimization problems. These problems are constituted by
different objective function accompany with various constraints. The specific mathematic models of the optimization
problems studied in this paper will be described in the next section. The main contribution of this paper is as follows:

e Apply two novel meta-heuristic algorithms, including the Driving train - based algorithm (DTBA) and the
Average and Subtract - based algorithms (ASBA) to different complex optimization problem.

e Determine the best algorithm for solving the given problems between the two applied algorithms.

e Demonstrate the superiority of the new algorithms while compared to the previous ones

In addition to the introduction in section 1, section 2 will describe the optimization problems and the involved
constraints, section 3 briefly introduces about the two applied algorithms, section 4 presents the results obtained by
applying the two algorithms for the given problem in section 2, and finally section 5 reveals the main conclusions

2 Problem formulation

2.1 The general description of the optimization problem

In this section, we use different theoretical optimization problems to test the raw performance of the applied algorithms.
In general, all the selected optimization problems are formulated in the common expression as follows:

F(ai,a;5,a3,...,075) e (D
Where, F is the objective function featured by the optimization problem; a4, a,, as, ..., a, are the involving variables,

with n is the number of the dimensions.

Besides, these optimization problems are always accompanied by the two main constraints, including the inequal
constraints and equal constraint. The expressions of these typical constraints are given as follows:

2.1.1  Theinequal constraints

As mentioned earlier, the inequal constraints are mainly used to define the boundaries of the control variables. Suppose
thata,, as, ..., a, are selected to be the control variables, the expressions of the inequal constraints for these variables
will be given as the following equations:

aglin <a, < a;nax e e e e (2)
L N )
amin < g <qma . (4)

Where, al*", a§"™, and aj''™ are the lowest boundaries of the control variables a,, as, and a,,; ay***, af***

the highest boundaries of the selected control variables.

,and al'** are
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2.1.2  The equal constraints

While all the control variables are fully generated, the equal constraints is applied to determine the dependent variable.
Generally, the equal constraints are typically established to describe the relationship between all the variables as given
below:

Ha; — Ka, +Maz+...—Nap, =T e e e v eeae. (5)

Where, H, K, M, N, T are the given coefficients.

2.2  The particular optimization problems applied in the paper

In this subsection, we will use the set of four different optimization problems to test the real efficiency of the two applied
meta-heuristic algorithms. The mathematical expression of each optimization problem and its involved constraint is
respectively present as follows:

2.2.1  The first optimization problem

The first optimization problem is described as follows:

25 -1

R = g5+ D et ©)
1\X) = | ——= - trr aes wes aes e oaae
00+ 247 TG )
With
—65.53 < X < 65.53 e 7
=[-32 -1601632 —32 —1601632 —32 —1601632 —32 —1601632 —32 —
1601632;-32 —32 —32 —32 —-32 —16 —16 — 16 —16 — (8)

1600000161616161632 323232 32]..cccccvenee.

2.2.2  The second optimization problem

The second optimization problem is expressed by the following expressions below:

Fo(x) = X% —x; X sin(\/m) ................. 9)
With

—500 < x < 500.............. (10)

2.2.3  The third optimization problem

The mathematical model of the third optimization problem is described as below:

F3(x) = —20 X exp( 0. 2\/721 1 X ) —exp (i . cos(ani)) +20+ € (1D
With

—32<x <32 (12)

2.2.4  The fourth optimization problem

The fourth optimization problem is modeled by the following equation:

X X (b? + b; xz)
F, = e e (13
() = Z[ b2+bx3+x4 (13)
With
S5 <X S5 e (14)
And
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a =[0.1957, 0.1947, 0.1735, 0.16, 0.0844, 0.0627, 0.0456,
0.0342, 0.0323, 0.0235, 0.0246];
b' =10.25, 0.5, 1, 2, 4, 6, 8, 1, 0, 1, 2, 1, 4, (15)

3 The applied methods

3.1 The Driving training-based optimization

The Driving training-based algorithm (DTBA) is inspired by the driving practice of achieving driving license in human
life. The driving practice is divided into different stages, and these stages are the mainstay of the update process for new
solutions belong to DTBA. The mathematical expression of these stages will be given as follows:

3.1.1  The first stage

The expression model of the first stage is mathematically formulated as follows:

gnewst _ {Sn + 6 X (RS, — RN X §,), if FRSl < an (16)
n S, + 68 % (S, —RS), else "

Where, S,’;ew’m is the new solution nupdated in the first stage,m = 1, .., PN and PN is the population number ; § is

stochastically generated between 0 and 1; RS is the driving trainerfor the learnerl,/ =1, ..., AT and AT is the quantity of
the driving trainers; RN is stochastically generated between 0 and 1; Fgg, and F;, is the fitness value given byRS,; and

the current solution S;.

The quantity driving trainer ATis determined as shown below:

IT
AT = 01+ PN x (1 ) (D)

- ITmaX
Where, IT and IT™** are the present iteration and the highest preset iteration.
3.1.2  The second stage
In the second stage, the new solution are updated by using the expression below:
SPeWSZ = CI X Sy 4+ (1 = CI) X RS eoe v e cee e (18)

Where, S,rl“”""’SZ is the new solution updatemupdate inStage 2, n = 1, ..., PN and PNis the population number; CI is the
comparative indicator and CIis resulted by using the following equation:

IT
CI = 0.01+ 0.9 X (1 - W) it (19)

3.1.3  The third stage

All the solutions in the third stage are updated by using the following expression:

Spews3 =g + (1 —6) x NF x (1 - (20)

”TM) wes sas wss wes sss was s
Where, $7¢? is the new solution updated in the third stage; NFis the narrowing factor.

3.2 The Average and subtraction-based optimizer

ASBA uses the average and the results by subtracting the best and the worst individual to drive the whole update process
reach the optimal solution. ASBA also utilized three stages to complete the update process for new solutions.

3.2.1  The first stage

On the first stage, the new solutions are updated using the following equation:
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XTLEW,SI _ { Xo+0X% (AVSl —PI *Xa): if F(AV51) < F(Xa)
@ U, + 6 x (X; — AVStY), else
With

AV St = XostXis (22)
_
In the Equations (21) - (22) above, XQ"W is the new solution tupdate in the first stage, a = 1, .., PNand PN is the

population number; 8 is randomly generated between 0 and 1; Pl is period indicator; AVSt s the average solution of the
whole population; 4,4 and 4,, are, respectively, the best and the worst solution.

322  StageZ

After that, all solutions of the population will be update following the equation below:

, 23
XDews2 — x — 0,DS52 e (23)
With

DSStZ = XHS + XLS .................... (24)

Where, X*"5? is the new solution tupdated inthe second stage,a = 1, .., PNand PN is the population number;DS*? is
the distinctive solution.

3.2.3 Stage3

On the third stage, all the solution are updated by executing the following expression:

XDWS3 = X, — 03(Xg — PI % Xpig) oo (25)
Where, X2*"? is the new solution a updated in stage, 85 is randomly generated between 0 and 1.

4  The results

In this section, both DTBO and ASBO will be applied to determine the optimal solutions to the four optimization
problems as mentioned in subsection 2.2. After that, the results will be discussed, analyzed, and compared with each
other to find out which method is the best applied method for the given optimization problems. To conduct a fair
comparison, we use the same control parameters for the initial population (PN ), maximum number of iterations (/7ma),
and number of independent runs (Run). Particularly, these control parameters are respectively set at 30, 500, and 50.

All the work in this paper was conducted on a personal computer with the basic specifications, including a 2.6 GHz
central processing unit (CPU) and 8 GB of random-access memory (RAM). The complete coding and related simulation
are performed using MATLAB programming language version 2018a.

4.1 Results obtained from the first optimization problem

For the first optimization problem, the results obtained by DTBA and ASBA are compared through different criteria,
including the minimum convergence, average convergence, and the maximum convergence. In Figure 1, 2, and 3, the
blue lines represent the convergence achieved by DTBO, while the red ones represent the similar convergences drawn
by ASBA after its execution.By taking a look in figures 1 and 2, DTBA proves the better response capabilities than ASBA
by reaching the optimal results much faster. Specifically, in Figure 1, DTBA needs less than 40 iterations for determining
the best fitness values of the F1, meanwhile ASBA uses over 65 iterations for reaching the same results. However, ASBA
show its better performance over DTBA in Figure 3. Particularly, in the figure, the maximum convergence given by ASBA
is located in the lower position than DTBA. To sum up on this case, DTBA have shown its advantage over ASBA, but this
advantage is relatively small due to the characteristics of the given optimization problem.

69



International Journal of Scholarly Research in Engineering and Technology, 2023, 02(01), 065-075

25
20
215
g
Z10
54 0, 20 40 60 R0
0—"100 200 300 400 500
[teration

Figure 1 The minimum convergences obtained by DTBA and ASBA
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Figure 2 The average convergences obtained by the DTBA and ASBA
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Figure 3 The maximum convergences obtained by DTBA and ASBA

4.2 Results obtained from the second optimization problem

In this section, a trigonometric optimization problem is used to continuously test efficiency of the two applied method.
Besides, the boundaries of the variables contained in the optimization problem is substantially enlarged while compared
with the first objective function. This enlargement also means that, the scale of the problem is much bigger and
therefore, the search for the optimal solution in search space will be more difficult.

This section uses the same legends as the results of section 4.1. In the Figures 4, 5 and 6, DTBA completely outperforms
ASBA in all comparisons criteria. Particularly, DTBA always reaches the optimal fitness values extremely faster than
ASBA, while DTBA cannot reach any of optimal values in all three type of convergences. In conclusion, the superiority
of DTBA over ASBA while solving this optimization problem is very clear and undeniable.
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Figure 4 The minimum convergences obtained by DTBA and ASBA
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Figure 5 The average convergences obtained by the DTBA and ASBA
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Figure 6 The maximum convergences obtained by DTBA and ASBA

4.3 Results obtained from the third optimization problem

In this section, another trigonometric optimization problem is employed to investigate the efficiency of the two applied
methods. Unlike the test problem in Section 4.2, this one does not have a large number of variables, but the optimization
is highly complex due to the presence of the exponential term and the square root element. As shown in Figures 7, 8,
and 9, the DTBA still maintains its superiority over the ASBA in all criteria. For the minimum convergence, DTBA still
reaches the optimal fitness value faster than ASBA, although the difference is not much. Next, in the two remaining
convergences, DTBA rapidly rounds up to the optimal value with fewer iterations than ASBA. Clearly, DTBA has shown
great capability to solve the highly complex optimization problem. Besides, ASBO also provides a surprising
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performance in this test, although its performance is a bit disadvantageous when compared to DTBA. By this evidence,
DTAB is no doubt the effective applied method for the given problem.
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Figure 7 The minimum convergences obtained by DTBA and ASBA

25 '
—— DTBA
20 ——— ASBA | |
w15
o
=10
5
0 x 10 20 30
0 d
Uk_/] 00 200 300 400 500
Iteration

Figure 8 The average convergences obtained by the DTBA and ASBA
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Figure 9 The maximum convergences obtained by DTBA and ASBA

4.4 Results obtained from the fourth optimization problem

In this section, a polynomial optimization problem is utilized to validate the efficiency of both DTBA and ASBA. This
problem is described by the sum of a quadratic expression. The optimal solution is a set of four variables whose values
are allowed to vary in the interval between -5 and 5. Moreover, there is also the presence of the two given coefficients,
a and b, and their values are defined by the matrices a and b, respectively. Similar to the optimization problem in Section
4.3, the optimization problem in this section does not accompany a large-scale search space, but it is highly complex due
to the use of many variables along with the varied coefficients.

Regardless of many adversaries, as mentioned above, DTBA continuously provides a surprising performance over ASBA.

Specifically, DTBA only requires less than 10 iterations for reaching the optimal value of fitness, while ASBA must utilize
more than 30 iterations for achieving the similar one. The same phenomenon can be seen with the average and
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maximum convergences, where DTBA can achieve the optimal values with fewer iterations than ASBA. In conclusion,
DTBA still provides great superiority over ASBA while solving such a complex problem as given in this section.
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Figure 10 The minimum convergences obtained by DTBA and ASBA
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Figure 11 The average convergences obtained by the DTBA and ASBA
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Figure 12 The maximum convergences obtained by DTBA and ASBA

5 Conclusion

In this paper, two meta-heuristic algorithms, including the driving training-based algorithm (DTBA) and the average
and subtract based algorithm (ASBA), are applied to determine the optimal solution for different optimization problems
with different degrees of complexity. The results obtained by these algorithms are discussed, analyzed, and fairly
compared on specific aspects, including the minimum, average, and maximum convergences. Particularly, on the first
optimization problem, DTBA only needs over 40 iterations to reach the optimal value, while ASBA must go through over
65 iterations to obtain the same value. On the second optimization problem, the superiority of DTBA over ASBA is
undeniable in all convergences. On the third and fourth optimization problems, DTBA still maintains its high efficiency
over ASBA by achieving the optimal fitness value with fewer iterations than ASBA. Through the validation conducted on
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each aspect of each considered optimization problem, DTBA is completely superior to ASBA in almost all comparison
aspects. Hence, we highly suggest using DTBO to deal with such optimization problems. Besides, this study also has
several drawbacks that need to be improved for better quality in the future version, as follows: 1) This study only
validates the performance of the applied methods by using the theoretical optimization problem; there are no real-life
optimization problems that have been solved in this paper. 2) The quantity of optimization problems tested stops at
four, which is quite little to judge the real performance of the applied methods. 3) The algorithms applied in this study
are the original version, and there are no modifications implemented on them for better performance.

Compliance with ethical standards

Acknowledgments

We acknowledge Ly Tu Trong College for supporting this study.

References

[1]  Sopasakis, P., Fresk, E., & Patrinos, P. (2020). OpEn: Code generation for embedded nonconvex
optimization. IFAC-PapersOnLine, 53(2), 6548-6554.

[2] Liu, C, & Boumal, N. (2020). Simple algorithms for optimization on Riemannian manifolds with
constraints. Applied Mathematics & Optimization, 82, 949-981.

[3] Sahin, M. F,, Alacaoglu, A., Latorre, F., & Cevher, V. (2019). An inexact augmented Lagrangian framework for
nonconvex optimization with nonlinear constraints. Advances in Neural Information Processing Systems, 32.

[4] Akram, S, & Ann, Q. U. (2015). Newton raphson method. International Journal of Scientific & Engineering
Research, 6(7),1748-1752.

[5] Kang, S. M., Nazeer, W., Tanveer, M., Mehmood, Q., & Rehman, K. (2015). Improvements in Newton-Rapshon
method for nonlinear equations using modified Adomian decomposition method. International Journal of
Mathematical Analysis, 9(39), 1919-1928.

[6] Nocedal,]., & Wright, S.]. (2006). Quadratic programming. Numerical optimization, 448-492.

[7] Roulet, V., Srinivasa, S., Fazel, M., & Harchaoui, Z. (2022). Complexity bounds of iterative linear quadratic
optimization algorithms for discrete time nonlinear control. arXiv preprint arXiv:2204.02322.

[8] Zhou, F., & Cong, G. (2017). On the convergence properties of a K-step averaging stochastic gradient descent
algorithm for nonconvex optimization. arXiv preprint arXiv:1708.01012.

[9] Bianchi, P., & Jakubowicz, J. (2012). Convergence of a multi-agent projected stochastic gradient algorithm for
non-convex optimization. IEEE transactions on automatic control, 58(2), 391-405.

[10] Mertikopoulos, P., Hallak, N., Kavis, A., & Cevher, V. (2020). On the almost sure convergence of stochastic gradient
descent in non-convex problems. Advances in Neural Information Processing Systems, 33,1117-1128.

[11] Shi, Y. (2004). Particle swarm optimization. [EEE connections, 2(1), 8-13.

[12] Watanabe, K, Hashem, M. M. A.,, Watanabe, K, & Hashem, M. M. A. (2004). Evolutionary optimization of
constrained problems. Evolutionary Computations: New Algorithms and their Applications to Evolutionary Robots,
53-64.

[13] Vo, D. N,, Schegner, P., & Ongsakul, W. (2013). Cuckoo search algorithm for non-convex economic dispatch. IET
Generation, Transmission & Distribution, 7(6), 645-654.

[14] Lee, K. S, & Geem, Z. W. (2005). A new meta-heuristic algorithm for continuous engineering optimization:
harmony search theory and practice. Computer methods in applied mechanics and engineering, 194(36-38), 3902-
3933.

[15] Yazdani, M. & Jolai, F. (2016). Lion optimization algorithm (LOA): a nature-inspired metaheuristic
algorithm. Journal of computational design and engineering, 3(1), 24-36.

[16] Nguyen, T. T, Nguyen, T. T., Nguyen, N. A, & Duong, T. L. (2021). A novel method based on coyote algorithm for
simultaneous network reconfiguration and distribution generation placement. Ain Shams Engineering
Journal, 12(1), 665-676.

74



[22]

[23]

[24]

International Journal of Scholarly Research in Engineering and Technology, 2023, 02(01), 065-075

Hashim, F. A., Hussain, K., Houssein, E. H., Mabrouk, M. S., & Al-Atabany, W. (2021). Archimedes optimization
algorithm: a new metaheuristic algorithm for solving optimization problems. Applied Intelligence, 51,1531-1551.

Dorigo, M., & Stiitzle, T. (2003). The ant colony optimization metaheuristic: Algorithms, applications, and
advances. Handbook of metaheuristics, 250-285.

Nguyen, T. T., & Ho, S. D. (2016). Bat algorithm for economic emission load dispatch problem. International
Journal of Advanced Science and Technology, 86, 51-60.

Thanh Nguyen, T., Nguyen, T. T., & Nguyen, N. A. (2020). Optimal network reconfiguration to reduce power loss
using an initial searching point for continuous genetic algorithm. Complexity, 2020, 1-21.

Talatahari, S., & Azizi, M. (2021). Chaos Game Optimization: a novel metaheuristic algorithm. Artificial Intelligence
Review, 54,917-1004.

Talatahari, S., Azizi, M., Tolouei, M., Talatahari, B., & Sareh, P. (2021). Crystal structure algorithm (CryStAl): a
metaheuristic optimization method. IEEE Access, 9, 71244-71261.

Dehghani, M., Trojovska, E., & Trojovsky, P. (2022). Driving Training-Based Optimization: A New Human-Based
Metaheuristic Algorithm for Solving Optimization Problems.

Dehghani, M., Hubalovsky, S., & Trojovsky, P. (2022). A new optimization algorithm based on average and
subtraction of the best and worst members of the population for solving various optimization problems. Peer/
Computer Science, 8, €910

75



