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increasing human demand, the optimal operation of reservoirs has become
one of the most important issues in the world. In this regard, the correct
and optimal operation of dams is one of the most efficient tools for water
resources management. Due to the large number of decision variables,
relationships, and constraints in the problems, reservoir management, and
optimization have many complexities. Therefore, many researchers in their
research have paid special attention to this issue. In this research, a new
algorithm namely Atom Search Optimization (ASO), which is derived
from the concepts of molecular dynamics, will be developed for
multi-reservoir water resource systems. On the other hand, failure to
implement appropriate policies to protect the soil has led to an important
phenomenon of erosion in the lands above the reservoirs, one of the
negative consequences of which will be sedimentation. The transfer and
accumulation of suspended sediments, in turn, will reduce the useful
volume of the reservoir, which is neglected in most reservoir optimization
issues. However, in this study, the optimal operation of a single reservoir
dam is investigated by the Atom Search Optimization algorithm in terms of
monthly sediment yield.

Materials and Methods: First, the performance of the atom search
algorithm on mathematical benchmark functions will be investigated.
Then, by performing sensitivity analysis to logically determine the
effective coefficients of the algorithm and selecting the appropriate number
of particles and the number of iterations of each operation, the performance
of the algorithm on conventional systems of four and ten reservoirs is
analyzed. In order to supply water downstream of Dez Dam, considering
the important issue of monthly sediment flow in the reservoir, the atom
search algorithm and four other common algorithms are used. The results
are modified by selecting the objective function value criteria, RMSE,
MAE, NSE, and PBIAS values and prioritized using TOPSIS and
Modified-TOPSIS ranking techniques.
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Results: The performance of the atom search algorithm on conventional
systems of four and ten reservoirs is analyzed, which shows the results of
95.33% with an absolute optimal solution of four reservoirs, ie 308.29,
and 89.67% with an absolute answer of ten reservoirs, 1194.44. Also,
by comparing the atom search algorithm and four common Salp
Swarm Algorithm (SSA), Sine Cosine Algorithm (SCA), Particle Swarm
Optimization (PSO), and Genetic Algorithm (GA) in a single reservoir
system under deposition, the absolute superiority of the ASO search
algorithm was demonstrated.

Conclusion: The use of an atom search algorithm in solving optimization
problems in the field of water resources management is recommended,
especially in terms of the effectiveness of soil protection and sedimentation
of reservoirs.
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Table 2. Coefficients of monthly sediment rating curve for Dez dam.
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Table 3. Monthly downstream demands of Dez Dam (MCM).
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Table 4. The Average results of ten executions of the four reservoir systems by the Atom Search Optimization
algorithm to analyze the sensitivity of alpha and beta coefficients.

« il le; 8 RV GU
Objective Function Objective Function
10 281.1 0.1 2824
20 283.6 0.2 284.1
30 286.5 0.3 286.3
40 287.7 0.4 291.9
50 293.9 0.5 293.9
60 289.6 0.6 283.9
70 281.2 0.7 281.6
80 282.1 0.8 282.6
90 279.3 0.9 280.3
100 281.8 1 279.1

WP 03 5 e SLable 55 2 @1 (S P Sk o) S il (gl 21 03 gl —0 Jyue

Table 5. Results of ten different implementations of Atom Search Optimization algorithm on four and ten
reservoir systems.

\J;>-\ a)L:...i 4..1‘}>.=.¢)L€2_:' ‘U‘;’b‘ 0 CL’U éh@} 4.’:)5:.«)%); 4-‘}""‘ 03
Execution Number 4-Res. 10-Res. Summary of results 4-Res. 10-Res.
Lo
1 291.05  1065.39 T o 28554  1047.17
The worst answer
. . -
2 288.98  1050.47 T e 29390  1071.04
The best answer
ol
3 293.90 1056.00 ok 289.64 1057.26
Average
Lo bl el
4 290.62 1049.93 T u”_“ ) 2.15 8.58
Standard deviation
s
5 28554  1047.17 G 0.01 0.01
Coefficient of variation
6 287.93 1056.50 Sl e 308.29 1194.44

Absolute Optimum

Glas wr b Ol (e glie Ao
7 289.55 106142 Tpe percentage of similarity of the best 95.33 89.67
answer with the absolute optimum

8 289.71 1047.72
9 289.20 1066.94
10 289.96 1071.04
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Table 6. Summary results from 10 different implementations of atom search optimization algorithm on
mathematical functions.

Oge oS Sl Sl Shas ol ol
Benchmark Average Maximum Minimum standard deviation

Ackley 8.29E-13 1.27E-12 5.84E-13 2.21E-13

Sphere 1.99E-24 3.48E-24 8.12E-25 8.599E-25
w55 5 (PSO) "3 plssl o, 501 (SCA) Siloting @S 53 dw 0P Gty @b
M}Wwwr@ljlm(GA)iu@j e v:i)jfl\ﬂejﬂo 33 A O3
o @l S L3S a2 s e e sl @ Slease =l 2SS Ll
el 0l V S 53 O] (sl | i S g sl (SSA) I ol=3
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Table 7. Results of ten different implementations to meet the downstream demand of Dez Dam reservoir with
five optimization algorithms.

(= L gk
- ASO SSA SCA PSO GA T oo ASO SSA SCA PSO GA
Execution Number Summary of results
| BOgERY
1 294 312 324 367 489 T 302 354 367 412 489
The worst answer
1 . -
2 302 354 322 412 412 T e 294 312 322 367 412
The worst answer
oSl
3 2.99 315 322 389 412 295 317 330 374 425
Average
Shre Sl ol
4 294 315 367 3.67 4.67 0.03 013 017 015 0.28
Standard Deviation
s
5 294 312 358 367 4.12 G 0.01 0.04 005 0.04 o0.07
Coefficient of variation
6 294 312 322 367 4.12
7 294 312 322 367 412
8 294 312 322 367 4.12
9 294 312 322 367 412
10 294 312 322 367 412

1- Salp Swap Algorithm

2- Sine-Cosine Algorithm

3- Particle Swarm Optimization
4- Genetic Algorithm
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Table 8. Results of different criteria for ranking algorithms.

o RMSE NSE MAE PBIAS e b
Algorithm Objective Function

ASO 36.22 0.96 33.47 0.07 2.95

SSA 62.08 0.90 57.38 0.12 3.17

SCA 93.13 0.77 86.07 0.18 3.3

PSO 113.82 0.66 105.19 0.22 3.74

GA 118.99 0.63 109.97 0.23 4.25

Ll 4 J sl Ghudd ) sl Ollee 31 eslial L

A ol 2l S sldpbnl il glagn ) S

TOPSIS b S law 5 Lnr.:a_,_,ﬁjl e i -4 Jydr
Table 9. Results of ranking algorithms by TOPSIS technique.

s Sl RPN a5
Relative score Algorithm Rank
0.358657 ASO 1
0.294209 SSA 2
0.159788 SCA 3
0.09669 PSO 4
0.090656 GA 5

M-TOPSIS e.l.ic)’ué' MU &:}ﬁ Ja.u‘,s LAVB_J‘,{“ ‘5.&34\53) @b -\ d}u\?
Table 10. Results of ranking algorithms by Modified TOPSIS technique.

g SN s Sl
Rank Algorithm Relative score
1 ASO 0
2 SSA 0.103036
3 SCA 0.24097
4 PSO 0.319574
5 GA 0.33642
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