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X2 + x5 — Sxypxox; — 85 =0
%3 xy a3 — 60 = 0 1
X+ ay —x —0.55 =0

3 Lingo
1stOpt .1 1stOpt  Lingo

1 1stOpt Lingo
Table 1 Codes and results for solving nonlinear equations using 1stOpt and Lingo

Algorithm = UGO1 100

; . =1.10831715884573 x 10~
1stOpt MinFunction xI1°x2+ x2°x1 =5 % xI * x2 % x3 -85 2+ xI"3* x2"x3 % x3"x2-60 2 +

— -25
A3 4 3] — X2 0.55 2 X = 19390.62520 0.4500 2.33096 x 10
U Min = xiiﬁ:g:xi—i;x(l)z?;x?j—% 2+ xIM3*x2°x3 % x3x2-60 2+ = 0.06463502
1ng0 X X1 = —VU. _
@Free x] @Free x2 @ Free 3 X = 4.834151 2.439950 0.6160029
C.
min — 40x;cosx, — 35x,sinx; + 15x% — 20sinx; + x% — 25x 1 x58In xlx% cos X1 + Xp 2
X1 X2 0. 2
1 X& 050
“ " . Lingo 1stOpt 90%
2 x= 20.3 20.6 =x,= 24.9 25.2 . 2
. Lingo
2 1stOpt  Lingo
z z
b =
= 2
= 2|
1 2
Fig. 1 Large-scale 3-D graph of test function ig. 2 Enlarged 3-D graph near optimal solution of test function
2 1stOpt Lingo
Table 2 Codes and results for function optimization using 1stOpt and Lingo
Algorithm = SM2 150
1800t ParameterDomain = 0 = -715.77506
Sp MinFunction —40 % x1 * Cos x2 —35% x2% Sin xI + 15% x1"2-Sin x1 *20+ X = 20.4786412 25.0660285
12 % x2°2 =25 % x1 * x2 % Sin x1 * x2*2 % Cos x1 + x2
Lingo Min= —40 % x1 ¥ @cos x2 —35%x2*% @sin xI +15% x12—- @sin x1 *20+ = -53.18326
A1

12 % x272 =25 * x1 * x2 % @sin x1 % x22 % @cos x1 +x2 X = 1.367264 0.3708318
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2
324.5MW. 1474 m 1478 m
20 12h
1478 m 1472 m
a
b
c d
e
1stOpt 1stOpt
1stOpt
2.1
3 20 12h 6050 m’/s.
3
Table 3 Inflow discharge of reservoir
/h 0 1 2 3 4 5 6 7 8 9 10 11 12 13
/ mt 57! 6031 6033 6034 6036 6037 6039 6041 6042 6044 6045 6047 6048 6050 6036
H = 13.45V%-51133 1 143262165
H— m V—— m’
Q = 60.142485 H — 1458.4344 5848 | 378 517018 H — 1452.13793 052625 | 1232
Q m’/s.
+ +
AV — V[ _ VH,I — Qt 2Qt+1 _ q9: 2‘]”1 At
Vi Visr Qp Qisr q0 qar—t t+1 At—
2.2 4 1
2.2.1 1 Table 4 Calculated results of scheme 1
/ /
/h SRR /m /h e /m
0 6031.0 1478.0 7 6151.6 1472.2
1 T947.5 1476.3 8 6107.2 1472.1
4. 4 2 7324.3 1474.9 9 6081.4 1472.0
9h 1472 m 3 6867.8 1473.9 10 6047.0 1472.0
4 6555.1 1473.2 11 6048.0 1472.0
5 6352.8 1472.7 12 6050.0 1472.0
1.68 m/h 6 6227.4 1472.4 13 6036.0 1472.0

7947 m*/s
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2.2.2 2
i
min f; = 91_612"“2%’_91‘—12"" Q12—022 6
q1 92 qu— m'/s ¢ ¢ 6031
6036 m°/s 3.
1 1478 m 1472m
12
H(‘]i +2qi—1 B Qi +20i—l)At =V, -V, 7
q; 0; i m'/s V, V, m® At——
At =1h.
2 qi
¢ < 4 i=12 12 8
qi i qi 4
12 12
1stOpt Basic
Pascal ~ Fortran Basic 1stOpt
5 6.
2.2.3 3
2
a. 6750 m*/s maxq <6750 m*/s
b. 0.85m maxH <0.85m.
IstOpt 6.
2.2.4 4
12
maxfy = >, h; — 1472 ¢ 9
i=1
hi g
2 . 1stOpt 6.
2.2.5 5
2 4 6
9 2 6 9
Pareto
1stOpt 10 7 8
2.3
9 L fi 2 N
3
4 o 203 305 1 ) 85433. 5
Pareto Pareto 10 Pareto 1

Pareto 6 7.
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5 1stOpt
Table 5 1stOpt codes of optimization discharge model
1 Constant n=12
2 Constant Qin 1 n = 6033 6034 6036 6037 6039 6041 6042 6044 6045 6047 6048 6050
3 Parameter x 1 n = 5000 9000
4 Minimum
5 StartProgram  Basic
6 Function H2V byVal H as Double as Double -
7 H2V = H- 1432.621656659 /13.45005468229 ~ 1/0.151123342268 * 10000
8 End Function
9 Function V2H byVal V as Double as Double -
10 V2H = 13.45005468229 * abs V "0.151123342268 + 1432.621656659
11 End Function
12 Function H2Q byVal H as Double as Double -
13 H2Q = 60.142485 * abs H — 1458.4344 ~1.528498 + 328.517018 *
14 abs H - 1452.13793 "0.5296525 + 246 + 986
15 End Function
16 Sub MainModel
17 Dim i as Integer
18 Dim as Double HO VO DQ Max() MaxDH
19 Dim as Double WH 12 WQ 12
20 HO = 1478
21 VO =H2V HO 1478 m
22 DQ= 6031-x1 "2
23 MaxQ =0
24 MaxDH =0
25 Fori=1ton
26 if i=1 then
27 VO=VO0+ Qin i +6031 *3600/2- x 1 +6031 *3600/2
28 else
29 VO=VO0+ Qini +Qini-1 *3600/2- xi +xi-1 %3600/2
30 end if
31 WH i =V2H V0/10000 -
32 WQ 1 =H2Q WH i -
33 ifi> 1thenDQ=DQ+ xi -xi-1 "2
34 MaxDH = Max MaxDH abs WH i — WH i-1
35 Max(Q = Max MaxQ x i
36 Next
37 FunctionResult = DQ + x 12 -6036 2
38 ConstrainedResult = VO = H2V 1472
39 ConstrainedResult = For i=1 12 WQ i > =x 1 12
40 ConstrainedResult = 100 * 0.85 - MaxDH > =0 3
41 ConstrainedResult = 6750 — MaxQ > =0 3
42 End Sub
43 EndProgram
6 2~4
Table 6 Calculated results of schemes 2 3 and 4
2 3 4
/ /
h m s ! / / / / /
/ mt s m 57! m / mt 7! mt 7! m / mts7! mt s7! m
0 6031 6031.0 8737.2 1478.0 6031.0 8737.2 1478.0 6031.0 8737.2 1478.0
1 6033 6351.2 8676.4 1477.9 6493.0 8649.1 1477.8 6033.0 8737.2 1478.0
2 6034 6593.8 8504.6 1477.5 6732.7 8419.6 1477.3 6034.0 8737.2 1478.0
3 6036 6758.8 8241.6 1477.0 6750.0 8123.5 1476.7 6036.0 8737.2 1478.0
4 6037 6846.3 7906.3 1476.2 6750.0 7803.5 1476.0 6545.1 8639.8 1477.8
5 6039 6856.3 7520.3 1475.4 6750.0 7459.2 1475.3 8111.2 8111.2 1476.7
6 6041 6788.6 7113.1 1474.5 6733.6 7090.2 1474.4 7317.2 7317.2 1474.9
7 6042 6643.5 6726.5 1473.6 6629.3 6722.3 1473.6 6762.0 6762.0 1473.7
8 6044 6420.8 6420.8 1472.9 6420.8 6420.8 1472.9 6420.8 6420.8 1472.9
9 6045 6232.7 6232.7 1472.4 6232.7 6232.7 1472.4 6232.7 6232.7 1472.4
10 6047 6136.7 6136.7 1472.2 6136.7 6136.7 1472.2 6136.7 6136.7 1472.2
11 6048 6090.2 6090.2 1472.1 6090.2 6090.2 1472.1 6090.2 6090.2 1472.1
12 6050 6068.6 6068.6 1472.0 6068.6 6068.6 1472.0 6068.6 6068.6 1472.0
13 6036 6036.0 6036.0 1472.0 6036.0 6036.0 1472.0 6036.0 6036.0 1472.0
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7 Pareto
Table 7 Pareto solutions of multi-objective optimal model
/ / / /
10m* 5! 10°m® s~2 10°m* 5! 10°m® 52
1 1.96 3.20 6 2.12 5.48
2 2.00 3.31 7 2.15 6.71
3 2.03 3.53 8 2.18 8.36
4 2.06 3.90 9 2.21 10.77
5 2.09 4.54 10 2.24 20.23
8 10 Pareto
Table 8 Discharges of various Pareto solutions
/ mts7!
/h
1 2 3 4 5 6 7 8 9 10
1 6351.2 6297.5 6257.9 6204.0 6141.8 6078.6 6014.6 6000.0 6000.0 6000.0
2 6593.8 6530.5 6483.9 6426.5 6362.7 6298.1 6232.7 6145.0 6022.6 6000.0
3 6758.8 6717.0 6686.3 6657.6 6630.1 6602.3 6574.2 6507.6 6426.2 6029.3
4 6846.3 6843.2 6840.9 6854.9 6878.2 6901.8 6925.6 6928.4 6957.9 7230.0
5 6856.3 6894.2 6922.0 6972.7 7036.5 7101.0 7166.3 7239.6 7352.6 7500.0
6 6788.7 6853.5 6901.2 6960.7 7027.3 7094.7 7163.1 7255.9 7317.2 7317.2
7 6643.5 6702.7 6746.4 6762.0 6762.0 6762.0 6762.0 6762.0 6762.0 6762.0
8 6420.8 6420.8 6420.8 6420.8 6420.8 6420.8 6420.8 6420.8 6420.8 6420.8
9 6232.7 6232.6 6232.6 6232.6 6232.6 6232.6 6232.6 6232.6 6232.6 6232.6
10 6136.7 6136.7 6136.7 6136.7 6136.7 6136.7 6136.7 6136.7 6136.7 6136.7
11 6090.2 6090.2 6090.2 6090.2 6090.2 6090.2 6090.2 6090.2 6090.2 6090.2
12 6068.6 6068.6 6068.6 6068.6 6068.6 6068.6 6068.6 6068.6 6068.6 6068.6
9
Table 9 Calculated results of four kinds of scheme
1stOpt 5/
P Y y 1/ fa
4 -1
m? 57! m h™! 10°mt 2 mes
1stOpt 1 7947.47 1.68 44.34 85433
1stOpt 2 6856.27 0.91 3.20 88381
i 3 6750.00 0.85 3.74 195 895
4 8111.16 1.74 37.21 203305
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Optimal regulation model of reservoir discharge based on 1stOpt

HU Shu-yan' CHENG Xian-yun’ CHAI Fu-xing® GAO Jing’ YANG Guan-ning'
1. Haidian District Water Authority of Beijing  Beijing 100089  China
2. Remote Sensing Technology Application Center ~ China Institute of Water Resources and
Hydropower Research  Beijing 100048  China

Abstract Based on the optimization software package 1stOpt the optimal regulation models of reservoir discharge for
both single- and multi-objective functions and constraint conditions were established and solved. The results show that the
developed regulation models can meet the requirements of various tasks and multiple objectives and has a good
universality. 1stOpt is a robust easy-to-use and powerful optimization tool which can be used widely in various

engineering fields.

Key words reservoir pre-discharge period discharge regulation model optimization 1stOpt





