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Abstract

In recent decades, metaheuristic algorithms have been applied
successfully in various water resource engineering and
management issues especially in optimal operation of
reservoirs. In this paper, a model has been developed based on
Symbiotic Organisms Search (SOS) algorithm for modeling
optimal operation of complex multi-reservoirs systems. In the
first step, the performance of the method was successfully
assessed through several benchmark functions. Then SOS
algorithm was used to derive the optimal operation of four- and
ten-reservoir systems. The results of SOS were compared with
other developed evolutionary algorithms including Genetic
Algorithm (GA) and Particle Swarm Optimization (PSO). The
results showed that for cases of four- and ten-reservoir systems
the best solutions achieved by the SOS were 308:8114 and
1190-0227, respectively. The results revealed that the SOS
algorithm was the superior algorithm in optimal operation of
multi-reservoirs systems.
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Fig. 1- Schematic representation of (a) four-reservoir system and (b) ten-reservoir system
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Table 1- Performance of metaheuristic algorithms in solving benchmark functions
5 )lliwl Somo &algs Jo )3 owiglST,8 et 1951 5 Slos - Jouia

Global SOS GA PSO
Function Dimensions optimum Optimal CPUtime Optimal CPUtime Optimal CPU time
P value (s) value (s) value (s)
GOF!‘:iSCt:”' 2 3 3 1.89 3.0004 8.18 3 6.03
Mccormick 2 -1.9132 -1.9132 5.11 -1.9132 8.066 -1.9132 5.94
Rosenbrock 2 0 5.3x1018 5.07 2.3x10° 10.98 0 8.44
Rosenbrock 10 0 2.16x108 6.28 4.55 22.82 0.035 19.24
Rosenbrock 30 0 4.05x108 10.59 25.52 29.71 0.087 28.28
Shekel 4 -10.5364 -10.5321 5.42 -10.4339 10.13 -10.532 6.1
S'&':n“er}‘p 2 10316  -1.0316 134  -10316 596  -1.0316 583
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Table 2- Results of 10 different runs of the four-reservoir system
W35 )l i ;5 WS (ly2l Ve 5l ol @S Y Jgua

Number of the SOS PSO GA
run Optimal CPU time Optimal CPU time Optimal CPU time
value (s) value (s) value (s)
1 307.8237 311.25 302.6236 649.77 282.8175 2301.95
2 307.1124 633.019 304.7871 413.78 280.8773 2706.14
3 305.6018 453.12 301.5753 631.35 282.2553 1903.83
4 306.8827 396.44 302.3245 613.26 277.7444 1902.11
5 308.2535 418.53 304.6611 599.96 286.9277 1808.45
6 308.2035 528.4 302.9668 575.44 279.774 2705.37
7 308.7625 528.4 304.6658 663.01 294.7569 3918.51
8 307.7873 534.67 303.2507 441.86 290.2545 2372.35
9 308.8114 419.06 302.3353 453.6 283.9267 3260.49
10 305.4295 628.45 300.6436 461.67 282.492 2747.72
Table 3- Results of 10 different runs of the ten-reservoir system
&350 0D e 3D BliSeo (glpal Y e 5l Jols UG -Y Jous
Number of the SOS PSO GA
run Optimal CPU time Optimal CPU time Optimal CPU time
value (s) value (s) value (s)

1 1182.3531 1413.46 1152.2156 3488.12 976.7165 2874.45
2 1176.3699 3310.08 1154.6668 3403.85 1027.2485 3197.02
3 1180.3323 3536.19 1134.2587 892.98 986.8026 4052.37
4 1190.0227 2753.33 1142.2862 1251.44 974.6125 3300.71
5 1186.99 4917.11 1148.0216 1869.03 1028.3123 4215.31
6 1189.3972 2685.49 1155.3906 2678.47 996.9853 925.66
7 1183.6481 2607.69 1159.0929 2081.36 968.4771 2740.42
8 1171.5651 3155.98 1146.8826 1756.95 988.2665 6698.32
9 1177.703 4145.02 1149.4607 5863.72 1027.9787 4152.21
10 1172.6252 4407.04 1154.6668 2308.55 980.0559 3733.93
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