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Abstract
Background and Objectives: Systems of nonlinear equations are considered extremely important optimization
problems in the computational field. They frequently appear and play a crucial role in many different practical fields,
such as applied science, engineering, and economic modeling. Generally, these problems are characterized by
their high nonlinearity and the presence of numerous local minima. Because of these challenging characteristics,
traditional derivative-based methods often struggle to solve these problems. Specifically, they easily get stuck in
local minima and depend heavily on initial values to function correctly. To overcome these limitations, researchers
apply differential evolution (DE), which is widely recognized as a powerful global optimization method. However,
the basic DE algorithm still faces certain critical challenges. It often suffers from slow convergence speed,
premature convergence, or complete search stagnation in highly complex problems. These issues mainly result

from the use of inappropriate control parameters and ineffective mutation strategies during the search process.
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Therefore, this research proposes an improved differential evolution algorithm, named DECM. The main objective
is to successfully solve six complex real-world systems of nonlinear equations with higher accuracy and a faster
convergence speed compared to existing techniques.

Methodology: To achieve these goals, this research improves the standard differential evolution (DE) algorithm in
two main parts. The first part focuses on setting appropriate control parameters that are randomly generated within
appropriate ranges. These parameter settings help the system maintain a balance between population diversity
and convergence speed. The second part applies a fitness-sorted mutation strategy. This process sorts randomly
selected vectors based on their objective function values in ascending order. After sorting, it forces the vector with
the best fitness to serve as the base vector. This approach effectively guides the search direction toward the most
promising regions. To evaluate its actual performance, the DECM algorithm is tested on five real-world nonlinear
systems of equations. These problems include Neurophysiology, Robot kinematics, Economics modeling, Chemical
equilibrium, Combustion, and Automotive steering. The experiments use two stopping criteria based on existing
literature: Value-To-Reach (VTR) and the maximum number of function evaluations (Max nf). Finally, the results of
DECM are directly compared with DE59-50, DE59-100, DE-R, and PSO-based methods.

Main Results: Under the VTR criterion, the proposed DECM algorithm achieves a perfect 100% success rate across
all five problems. Furthermore, it requires a lower mean of function evaluations (Mean nf) than the compared
methods in most cases. For example, in Problem 5, DECM uses an average of only 34009.80 evaluations to find a
solution. This number is significantly lower than the other methods, whereas DE59-50 completely fails to solve this
problem. Additionally, DECM produces lower standard deviations than the comparative methods in almost all
scenarios. The experimental results indicate that the proposed algorithm achieves rapid convergence and
maintains stability in finding the solution. Under the Max nf criterion, DECM consistently yields lower average best
objective function values than all compared methods, demonstrating significant improvements in Problem 1.
However, Problem 3 presents an exception. In this problem, DECM successfully finds the same minimum value as
the compared methods, but its average value remains higher. The experimental results under this criterion
demonstrate that the DECM method provides accurate and stable solutions across all test problems, except for
Problem 3, where the proposed method occasionally fails to avoid converging to local minima during some
experimental runs.

Conclusions: In summary, this research successfully presents an improved differential evolution algorithm called
DECM for solving real-world systems of nonlinear equations. The proposed algorithm combines appropriate control
parameters with a fitness-sorted mutation strategy. These implemented strategies effectively balance global

exploration and local exploitation. The proposed algorithm has a relatively simple structure, facilitating
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straightforward implementation. At the same time, it provides high accuracy and fast convergence directly to the
global optimum. However, as the performance evaluation is limited to a set of six test problems, the proposed
algorithm is considered a promising tool for solving complex systems of nonlinear equations within similar contexts.
Future research should expand the testing to include problems in other domains or higher-dimensional systems to
further validate the generalization capability of the algorithm.

Keywords: systems of nonlinear equations; global optimization; differential evolution algorithm
*Corresponding author. E-mail: watchara.ws@bru.ac.th
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f(x) = xX+x2-1=0
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f,(X) = XX +xX—c,=0

f,(X) = XXX+ XXX, —C; =0
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\Wa ¢, =04 miunn i uaz —10<x <10
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WAZAANINNMUA ZaRalFlATeLULaNNTT 8 @Nn13 8 auts sasalid

f(x) = 4.731x10°xx, —0.3578x,X,
-0.1238x, + X, —1.637x107°x,
—0.9338x, —0.3571=0

0.2238x, X, +0.7623X,X, +0.2638x,
—0.07745x, —0.6734x, —0.6022=0
f,(X) = XX +0.3578x, +4.731x107°x, =0
f,(x) = -0.7623x +0.2238x, +0.3461=0
f,(x) = x+x2-1=0
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Table 1 Pseudocode of the DECM algorithm

Input:
Objective function f ; Problem dimension D ; Search space bounds [LB, UB]
Population size NP =70 value to Reach VTR =107
Maximum number of function evaluations Max nf
Scaling factor range F €[0.5,0.7] and Crossover rate range CR €[0.9,1.0]
(1) Initialization
Generate an initial population of NP individuals X; using Eq. (3).
Evaluate the objective function f(X;) for each individual.
Identify and record the best vector Xb and its corresponding fitness value fb.
Set current number of function evaluations nf= NP .
(2) Main Loop
while fb > VTR and nf < Max nf do
For each target vector X; (i1=12,...,NP)do
(3) Mutation
Random real value F from the range [0.5, 0.7].
Generate a mutant vector V; using Eq. (6).
(4) Crossover
Random real value CR from the range [0.9, 1.0].
Generate a trial vector U; using Eq. (5).

(5) Selection

Evaluate f (Ui) and increment nf = nf + 1.
if f(u) < f(X)then
Replace target vector X; with trial vector U, .

End if

if f(u;)< fb then
Update the best vector xb = X .
Update the best fitness value fb = f (Ui) .
End if
End for
End while
(6) Termination

Report the best solution XD and the best objective value fb.
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1Ty 6 22uL Automotive steering TrywiladunaiieszuuilaALRERe0awsmMAna lnuuL 6 Tudiu Inaszuunia

mﬁmﬂﬁamﬁﬂizﬂﬂuﬁqm 3 4uN19 LAY 3 Fakls ﬁ\aﬁi@iﬂﬁ
fi (X) = [Ei (Xz Sin¢| - Xa) - F| (Xz sin v, — )(3)]2 +[F| (1+ X, COS'//i) - Ei (Xz COS¢| _1)]2 (12
_[(1+ X, COSl//i)(Xz singﬁ, - X3)X1 - (Xz sin Vi— X3)(X2 COS¢| - Xs)X1]2 =0

Wa =12 uaz 3Tpan 0<x <1 uaz
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13
F. =—X,C0S@ — X,X; SINg + X, COS ¢y + X X; + (X; — X)X, Sin ¢, =

Tneszuuidnmeia ¢ ez, fail
¢, =1.3954170041747090114
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¢, =2.0656234369405315689
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v, =2.2390977868265978920
v, = 2.4600678409809344550

(2) nMamaaeeu R s AnEn e 1AinaeT Value-To-Reach (VTR)
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D
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$1uau 100 sauBasz e liaenAdesTuarsounsTuT093s DE-R uazialunga PSO wazvinsuliuanassaluloym
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Results
’Luz&quﬁﬁﬁLauﬂmm:mm'm_lLﬁfﬂqr?’fuzﬁwm”un’wﬁmmxﬁmmiwmwmﬁme’mwgm WATHANITUTLLHY
UsyAnBnnaeduneuda DECM uuﬁmm@?wm?:w@umﬁnjL%\uﬁuﬁ"q 6 1Toyun mummm{mimmmﬂﬁ”m A1
VTR ua Max nf fasie il
(1) mmmiwmmmﬁ”mﬁuz&”mé“umﬁLﬂmxﬁmm%mqumﬁLm'ai’mu@u
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50 70 k@ 100 AdLEAI LY Table 2

Table 2 Sensitivity analysis of the control parameters for the

DECM algorithm on the selected test problems

Problem NP NS Mean nf %SD

Chemical equilibrium 30  29. 16695.59 6.72
50 30 22830.50 4.67
70 30  30499.00 4.55
100 30  43237.46 5.52

Economics modeling 30 30 3911.03 5.45
50 30 7981.47 6.88
70 30 12754.03 5.58
100 30 20143.67 5.23

Combustion 30 0 - -
50 27 224623.63 140.03
70 30 34056.53 3.60

100 30 55144.5 4.13
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Table 3 Performance comparison of DE59-50, DE59-100, DE-R, and

DECM over 30 independent runs

Systems Methods NS Mean nf %SD
Neurophysiology DE59-50 30 27272.70 16.98
DE59-100 30 76787.67  19.51
DE-R 30 40233.67 16.99
DECM 30 27410.43 16.54
Robot kinematics DE59-50 30 24942.53 28.27
DE59-100 30 57355.60  18.13
DE-R 30 34721.30 17.70
DECM 30 25366.70 11.41
Economics modeling  DE59-50 30 12780.60 5.96
DE59-100 30 30193.97 4.63
DE-R 30 21831.93 7.96
DECM 30 1284520 546
Chemical equilibrium  DE59-50 30 190249.03 47.06
DE59-100 30 124793.33 5.70
DE-R 30 30582.23  3.95
DECM 30 29748.67 5.66
Combustion DE59-50 0o - -
DE59-100 30 95503.70  3.79
DE-R 30 59380.20 4.13
DECM 30 34009.80  4.08
Automotive steering DE59-50 0  2303.30 2.34
DE59-100 30 4307.83 8.89
DE-R 30 2682.10 12.03
DECM 30 2515.53 9.92

Research Article
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Figure 1 Convergence graphs of DECM, DE59-50, DE59-100, and DE-R for 6 test problems

885



B M9IANTIMENANARTYIN TN 31 (211U7 3) Aueneu — WAl WA, 2569

- BURAPHA SCIENCE JOURNAL Volume 31 (No.3) September — December 2026 Research Article
BURAPHA SCIENGE JOURNAL
ISSN 2885-0983 [«

Table 4 Performance comparison of DECM with DE-R in terms of nf and Wilcoxon signed-rank test results

(a =0.05) across 30 independent runs

Problem DECM (Mean = SD) DE-R (Mean * SD) p -value  Sig.
Neurophysiology 27410.43 1453517  42127.06 * 6928.69 2.61E-08 +
Robot kinematics 25366.70 t 2894.46 30749.87 * 4768.14 3.90E-05 +
Economics modeling 12845.20 + 701.55 21389.96 + 1907.51 1.86E-09 +
Chemical equilibrium 29748.66 T 1682.88 30745.2 £ 1893.51 3.84E-02 +
Combustion 34009.8 = 1387.71 63409.6 * 18552.59 1.86E-09 +
Automotive steering 2515.53 + 249.46 2687.93 + 316.68 2.24E-02 +
Overall Summary (W/t/1) 6/0/0

Table 5 Performance comparison of DECM with DE59-100 in terms of nf and Wilcoxon signed-rank test results

(a =0.05) across 30 independent runs

Problem DECM (Mean £ SD) DE59-100 (Mean £ SD) P -value  Sig.
Neurophysiology 27410.43 * 4535.17 30749.86 * 4768.14 7.11E-03 +
Robot kinematics 25366.70 T 2894.46 55593.73 * 9013.80 1.86E-09 +
Economics modeling 12845.20 £ 701.55 30133.03 = 1592.84 1.86E-09 +
Chemical equilibrium 29748.66 + 1682.88 126908.56 + 8980.21 1.86E-09 +
Combustion 34009.8 = 1387.71 126908.57 £ 8980.21 1.86E-09 +
Automotive steering 2515.53 * 249.46 4182.13 * 485.29 1.86E-09 +
Overall Summary (W/t/1) 6/0/0

°
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Table 6 Performance comparison of DECM, DE-R, DE59-50, DE59-100, and PSO methods on

Neurophysiology and Robot kinematics systems averaged over 100 independent runs

Systems Max nf ~ Methods Min Mean SD
Neurophysiology 50000  PSO-12 1.01E-29 1.41E-11 1.11E-10
PSO-15 0 1.48E-11 1.39E-10
DE-R 3.75E-36  1.06E-13  1.03E-12
DECM 2.64E-48 1.75E-32  1.55E-31
100000 PSO-16 0 2.37E-10  2.34E-09
DE-R 0 1.52E-37  1.49E-36
DECM 0 1.36E-69  1.35E-68
200000 PSO-NMM-12 0 6.14E-30  3.71E-29
PSO-NMM-15 0 3.09E-32  1.27E-31
PSO-NMM-16 0 2.36E-32  1.16E-31
DE-R 0 5.39E-96  5.39E-95
DECM 0 3.44E-149 2.52E-148
Robot kinematics 50000  DE59-50 2.35E-36  2.08E-08  1.94E-07
DE59-100 1.17E-23 2.44E-08  1.72E-07
DECM 2.35E-36  9.75E-34  5.36E-33
100000 DE59-50 2.35E-36  2.78E-11  2.76E-10
DE59-100 2.35E-36  9.15E-24  8.02E-23
DECM 2.35E-36  2.86E-34  1.68E-34
200000 DE59-50 2.35E-36  2.67E-30  2.66E-29
DE59-100 2.35E-36  3.68E-34  2.69E-34
DECM 2.35E-36 2.75E-34  1.74E-34
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Table 7 Performance comparison of DECM, DE-R, and PSO methods on Economics modeling and

Chemical equilibrium systems averaged over 100 independent runs

Systems Max nf  Methods Min Mean SD
Economics modeling 50000 PSO-12 2.77E-30 2.52E-27 4.08E-27
PSO-15 2.47E-33 1.03E-32 4.56E-33
DE-R 7.40E-33 1.36E-32 4.30E-33
DECM 9.86E-33 1.63E-03 3.27E-02
100000 PSO-16 2.47E-33 9.69E-33 4.32E-33
DE-R 7.40E-33 1.35D-32 4.41E-33
DECM 9.86E-33 3.27E-03 3.27E-02

200000 PSO-NMM-12  4.93E-33 4.91E-32 4.13E-32
PSO-NMM-15  2.47E-33 1.02E-32 4.46E-33
PSO-NMM-16  2.47E-33  9.60E-33  4.24E-33

DE-R 7.40E-33 1.37E-32 4.15E-33

DECM 9.86E-33 6.53E-04 3.27E-02

Chemical equilibrium 50000  PSO-12 9.84E-06 5.79E-04 3.04E-03
PSO-15 3.55E-06 1.61E-03 5.10E-03

DE-R 1.54E-34 1.05E-33 1.34E-33

DECM 2.07E-34 4.63E-34 2.85E-34

100000 PSO-16 4.16E-07 5.73E-04 3.05E-03

DE-R 1.54E-34 1.08E-33 1.33E-33

DECM 2.07E-34 5.12E-34 2.92E-34

250000 PSO-NMM-12  2.58E-34 5.33E-04 3.04E-03
PSO-NMM-15  1.22E-34 1.60E-03 5.11E-03
DE-R 1.54E-34 9.19E-34 1.26E-33
DECM 2.07E-34 4.32E-34 2.79E-34

300000 PSO-NMM-16 5.93E-34 5.33E-04 3.04E-03
DE-R 1.54E-34 1.19E-33  1.60E-33
DECM 2.07E-34 4.62E-34 2.92E-34
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Combustion and Automotive steering systems averaged over 100 independent runs

System Max nf  Methods Min Mean SD
Combustion 50000  PSO-12 3.08E-11 2.76E-08  4.34E-08
PSO-15 1.01E-11 4.88E-09  8.68E-09
DE-R 3.68E-21 3.56E-18  9.62E-18
DECM 1.60E-32 3.69E-24  3.00E-23
100000 PSO-16 3.99E-12 2.22E-09 4.21E-09
DE-R 9.83E-37 4.41E-22 1.87E-21
DECM 3.82E-44 8.02E-24  7.65E-23
250000 PSO-NMM-12  1.45E-33 4.69E-17  1.04E-16
PSO-NMM-15  1.28E-33 6.91E-17  2.37E-16
DE-R 1.29E-42 2.43E-23  1.17E-22
DECM 6.07E-43 1.14E-24  9.10E-24
300000 PSO-NMM-16  4.69E-34 5.05E-17  1.09E-16
DE-R 2.49E-44 7.80E-24  3.34E-23
DECM 1.07E-43 2.20E-25 2.05E-24
Automotive steering 50000  DE59-50 9.88E-324  4.23E-258 0
DE59-100 1.49E-312  2.02E-249 0
DE-R 1.05E-257 5.48E-181 0
DECM 7.34E-245  1.72E-179 0
100000 DE59-50 0 0 0
DE59-100 2.34E-310  3.27E-269 0
DE-R 0 0 0
DECM 0 0 0
200000 DE59-50 0 0 0
DE59-100 0 0 0
DE-R 0 0 0
DECM 0 0 0
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