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Tab.1 The selected 8 meta-heuristic algorithms

AL Pt B ] SR [z

e e 0 A B 2020 Mayfly Algorithm MA
AL AL B 2020 Rat Swarm Optimizer RSO
ERENA L 2021 Honey Badger Algorithm HBA
W R 2022 Sand Cat Swarm Optimization SCSO
IoE M 0 A SRV 2022 Dung Beetle Optimizer DBO
A 2023 Osprey Optimization Algorithm OO0A
et A B 2024 Frilled Lizard Optimizer FLO
BRI E: 2024 Nutcracker Optimization Algorithm NOA
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Tab.2 Test results

PR AL AES E L hriE e
NOA 0.00E+00 0.00E+00 0.00E+00
F FLO 0.00E+00 0.00E+00 0.00E+00
O0OA 0.00E+00 0.00E+00 0.00E+00
NOA 2.06E-02 3.48E-03 2.64E-02
Fs FLO 0.00E+00 0.00E+00 0.00E+00
OO0OA 0.00E+00 1.83E-09 5.02E-10
NOA 0.12E-05 7.73E-05 2.41E-05
F FLO 2.07E-04 1.95E-05 2.45E-04
OO0OA 3.29E-04 3.56E-05 4.81E-04
NOA -12 569.49 1.35E-02 -12 162.49
F3 FLO -12 569.49 1.56E-02 -11 482.26
OO0OA -12569.49 1.35E-03 -11 977.29
NOA 1.94E-33 4.51E-32 3.31E-32
Fu FLO 4.71E-32 1.67E-47 4.71E-32
O0OA 4.71E-32 2.37E-30 4.43E-31
NOA 7.17E-13 1.41E-11 1.52E-11
Fis FLO 1.35E-32 5.57E-48 1.35E-32
O0OA 1.35E-13 2.40E-11 4.57E-11
NOA 0.998 0.00E+00 0.998
Fua FLO 0.998 9.22E-17 0.978
OO0OA 0.998 3.44E-01 1.131
NOA 3.07E-04 3.41E-12 3.07E-04
Fis FLO 3.13E-04 2.65E-04 5.10E-04
OO0A 3.10E-04 2.08E-12 4.30E-04
NOA -3.32 6.90E-11 -3.32
F FLO -3.19 3.53E-01 -2.63
O0A -3.26 3.32E-01 -2.72
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Tab.3 Test results of NOA and INOA

R Bk AR bR 22 YIE
- NOA 0.00E-+00 0.00E+00 0.00E+00
INOA 0.00E+00 0.00E+00 0.00E+00
- NOA 0.00E-+00 0.00E+00 0.00E+00
INOA 0.00E+00 0.00E+00 0.00E+00
F3 NOA 0.00E+00 0.00E+00 0.00E+00
INOA 0.00E+00 0.00E+00 0.00E+00
- NOA 0.00E+00 0.00E+00 0.00E+00
NOA 0.00E+00 0.00E+00 0.00E+00
£ NOA 2.06E-02 3.48E-03 2.64E-02
INOA 0.00E+00 9.79E-05 9.53E-05
- NOA 0.00E+00 3.63E-11 3.15E-11
¢ INOA 0.00E+00 0.00E+00 0.00E+00
- NOA 0.12E-05 7.73E-05 2.41E-05
INOA 2.58E-07 1.31E-07 1.68E-07
A NOA -12 569.49 1.35E-02 -12 162.49
INOA -12 569.49 1.85E-12 -12561.52
A NOA 0.00E+00 0.00E-+00 0.00E+00
INOA 0.00E-+00 0.00E-+00 0.00E+00
o NOA 4.44E-16 1.23E-10 4.44E-16
INOA 4.14E-16 2.23E-10 4.14E-16
. NOA 0.00E+00 0.00E-+00 0.00E+00
NOA 0.00E+00 0.00E-+00 0.00E+00
- NOA 1.94E-33 4.51E-32 3.31E-32
INOA 4.71E-34 1 67E-47 4.71E-34
- NOA 7.17E-13 1 41E-11 1.52E-11
INOA 1.35E-32 5.57E-48 1.35E-32
- NOA 0.998 0.00E+00 0.998
INOA 0.998 0.00E-+00 0.998
- NOA 3.07E-04 3.41E-12 3.07E-04
INOA 3.07E-04 1.46E-19 3.07E-04
- NOA -1.0316 6.71E-16 -1.0316
INOA -1.0316 6.78E-16 -1.0316
. NOA 0.398 0.00E-+00 0.398
INOA 0.398 0.00E-+00 0.398
o NOA 3.00 1.45E-15 3.00
NOA 3.00 1.18E-15 3.00
- NOA -3.86 2.71E-15 -3.86
INOA -3.86 2.71E-15 -3.86
o NOA :3.32 6.90E-11 :3.32
INOA -3.32 2.17E-12 :3.32
- NOA -10.153 2 6.71E-15 -10.153 2
INOA 210.153 2 6.62E-15 -10.153 2
- NOA -10.402 9 3.30E-16 -10.402 9
INOA 210402 9 2.33E-16 -10.402 9
. NOA -10.536 4 1.81E-15 -10.536 4
INOA -10.536 4 1.78E-15 -10.536 4
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Tab.4 Ablation Test Groups

ikl HiEpR iR ikl HiEhRig

1 NOA 9 NOA+S2+S3

2 NOA+S1 10 NOA+S2+S4

3 NOA+S2 11 NOA+S3+S4

4 NOA+S3 12 NOA+S1+S2+S3

5 NOA+S4 13 NOA+S1+S2+S4

6 NOA+S1+S2 14 NOA+S1+S3+S4

7 NOA+S1+S3 15 NOA+S2+S3+S4
8 NOA+S1+S4 16 NOA+S1+S2+S3+S4
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Tab.5 Comparison of CPU Time Between NOA and INOA
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Fig.3 Time curves of in-situ observation data
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Fig.4 Distribution of the observation points
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Fig.5 Modeling process of INOA-HST
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Fig.6 Boxplots of the performance evaluation indicators of the established INOA-HST and NOA-HST
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Tab.6 Performance comparison of deformation fitting and prediction results
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INOA-HST 0.146 5 0.992 3 0.5356 0.986 5
NOA-HST 0.675 8 0.974 2 1.276 5 0.930 5
GLS-HST 0.965 7 0.9342 1.679 8 0.876 7
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Fig.7 Fitting results of the established models
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Fig.8 Deformation prediction results and relative errors
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A Multi-Strategy Integrated Improved Nutcracker Optimization Algorithm and its

Engineering Application

YANG Guang'*, HE Xiheng', MA Dongmei’, GUAN Junfeng', JIANG Li!, YANG Wenhai!, MIAO Di!

(1. School of Water Conservancy, North China University of Water Resources and Electric Power, Zhengzhou 450046,
China; 2. State Key Laboratory of Water Disaster Prevention, Nanjing 210098, China; 3. College of Surveying and Geo-
Informatics, North China University of Water Resources and Electric Power, Zhengzhou 450046, China)

Abstract: [ Objective] To enhance the performance of Nutcracker Optimization Algorithm (NOA) in addressing
complex optimization problems. an improvement algorithm with multiple strategies is proposed. [Methods] The
performances of 8 typical meta-heuristic algorithms are evaluated based on benchmark functions. Targeting the shortcomings
exhibited by NOA in the benchmark function tests, an improved Nutcracker Optimization Algorithm (INOA) is developed
by integrating Logistic-tent chaotic mapping, tangent flight strategy, dynamic fitness-distance balance selection, golden sine
mutation, Gaussian mutation perturbation, and Tent chaotic perturbation. The reliability and applicability of INOA are
verified through benchmark function tests and engineering case analysis. [Results] (1) NOA delivers the optimal
comprehensive performance in the benchmark function tests, yet it still falls into local optima in some unimodal and
multimodal functions. (2) Compared with NOA, INOA achieves superior optimization performance with shorter running
time, ablation tests indicate that the improved strategies are independently effective and work in a complementary and
synergistic manner. (3) INOA, NOA, and Generalized Least Squares (GLS) are applied to construct the Hydraulic-Seasonal-
Time (HST) model for concrete dam deformation prediction. The results indicate that INOA-HST outperforms NOA-HST
and GLS-HST in terms of deformation interpretation and prediction capabilities. [Conclusion] Logistic-tent chaotic
mapping can optimize the spatial distribution of the initial position vectors of the nutcracker population; tangent flight
strategy and dynamic fitness-distance balance selection can enhance global search capability; golden sine mutation is
effective in maintaining population diversity; and Gaussian mutation perturbation and Tent chaotic perturbation can
strengthen the ability of escaping from local optima. This research can provide computational support for solving complex
optimization problems in engineering applications. Future research should focus on algorithm structure innovation and
engineering scenario adaptation, to realize the coordinated advancement of theoretical breakthroughs and application
implementation.

Keywords: nutcracker optimization algorithm; multi-strategy integration; performance testing; continuous domain
optimization; parameter estimation



