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Tab. 1 Operation zones and their application rules derived from water supply-transfer operating rule curves
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Tab. 2 Optimization performance testing of nonlinear function

PSO PSO_R PSO_GA MPSO PSO PSO_R PSO_GA MPSO

30 19 11 38 45 1. 39 1.42 0. 65 0.63

Rosenbrock 100 871 397 215 180 1.21 0. 37 0. 31 0. 29

200 45 509 30 672 634 208 0. 84 0.41 0.19 0.09

30 20 18 9 7 0. 50 0. 37 0.45 0.49

Rastrigin 100 251 209 77 66 0. 15 0.12 0.17 0.19

200 695 600 229 208 0. 10 0.11 0.11 0.09

3R 2 AT, MPSO Bk iR 8 MR B0 28 DREERHME R RN 38 SRR VS S HE R A5 240
AR SR T W SO R R A B R, OO 3011 A B R kit FE P.=0.P,=0 i, Ff

PR KRS, UK R B 5 i B . X Rosenbrock
PRI o AT 4 B W SSORG B A X 85 22 BL7E s 4 B f
R % Rastrigin oRE . 7541 | 157 2 I S5OKS J32
AR L 0T 0L, MPSO 553k F R i i 4E 2
Z AL A I 850 1) A R0
2.4 BIRLKR R

K IR P Ak 7 g SR i A A8, v AR AR A
K H MPSO 5k R /38 B R 20D L 4
7 ARG A R T Y R 2, SR i DR K PR I
Bl K ALK et B PRRE AR LA SR i 2D BR
U SCR[13-14 1.

3 W

AT ] b T i 5 9 3 K T R O R S 4]
¢, TR 50 B0 Rk K AT 55 515 10 2 I 3
Bk 13-14 1, R G451k B LA 2.
3.1 BRRIBEUE

BEEARE K=2 500; 220 F ¢ =c, =
25 1B AR B v SR M A A o = ., —
— Wi ) /K 3 B W = 0.4; K
R vm“:o.4;%%5(?’1)&[6]?&%%757%&%@
RIS T, =10° R EER A R 0=0. 9. il it 4L

k (wmax O- 9 s Wnin —

BER/NEE 6 FlE R . M=50,90,120,150,180,
210. A [] Bl B K /N B9 3E W8 UE Ak 3 2 2 (H (50
WL AED I 3 iR,

Bk Wk y BB

S did A Kz
lZItﬂ)\lfF / 7

g 2ee ¥ ¥ o ki

WO KT, =

® Ll

Tk oI F _ﬁfg
) W Ny, Pk R #ﬁ ‘ C-RRNGF
AEE BT EORRKE KT

W2 BREAKEHBEXRREMBAE
Fig. 2 Simplified structure diagram of the inter-basin

multi-reservior water supply system
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Tab. 4 Comparison of operating results of reservoirs and entire system 10° m’/a
ok GINGDYI FrK
MPSO PSO ZH MPSO PSO Z1H MPSO PSO Z1MH
H K JE 859 860 —1 1302 1176 126 1554 1615 —61
Q K% 951 871 80 730 691 39 187 228 —41
B /K g 733 702 31 349 270 79 338 301 37
CKJE 357 334 23 188 188 0 101 124 —23
E¥ 4718 4 578 140 3 386 3 540 —154
T RGUL S BRELE K PR SN 3 A 45 TR e X H] 7K 1 T
%5 KERKPRIEEGEITERA L

Tab.5 Comparison of statistical reliability rates of reservoir’s water users %

] H 7K i QK B K JE C K%

o BT HAET [ & K H K H Tl e AU FH AT
MPSO 98.08 95.09 87. 40 77.47 50. 94 95. 46 85. 10 52.83 95. 36
PSO 98.61 96. 96 96. 32 77. 36 1. 89 95.41 85. 10 0 95.19

4 g.lf i-ﬁ multi-reservoir systems [ J ]. Advances in Water
Science, 2010, 21(4):496-503. (in Chinese)
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Optimization of joint operating rule curves for inter-basin multi-reservoir
system based on modified PSO algorithm

PENG An-bang'**’, PENG Yong'’, XU Qin'*, LIU Hong-wei'*, ZHOU Hui-cheng’

(1. State Key Laboratory of Hydrology-Water Resources and Hydraulic Engineering, Nanjing 210029, China;
2. Hydrology and Water Resources Department, Nanjing Hydraulic Research Institute, Nanjing 210029, China;
3. School of Hydraulic Engineering, Dalian University of Technology, Dalian 116024 . China )

Abstract: Aiming at the inter-basin multi-reservoir optimal operation with high-dimensional
nonlinearity and dynamic characteristics, a modified particle swarm optimization (MPSO) algorithm is
proposed for deriving the water supply-transfer operating rule curves. Several strategies. such as
crossover and mutation, simulated annealing and reflective boundary, are introduced in the basic PSO
algorithm. These strategies can keep the diversity of population, improve the convergence speed and
enhance the global searching ability, so that it can avoid the prematurity and slow convergence in later
evolution. Numerical tests results manifest the effectiveness of the proposed algorithm for solving
high-dimensional complex optimization problems. A case study indicates that the benefit of water
transfer and supply has been improved considerably by the proposed algorithm. The proposed
algorithm can be an effective method for optimizing the joint operation of such complex multi-reservoir

system.

Key words: inter-basin water transfer; multi-reservoir optimal operation; water transfer; water

supply; modified PSO algorithm



