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Stochastic and intelligent optimization method of
time-series multi-attribute construction schemes for high arch dams

GUAN Tao, CHEN Purui, XIAO Yifeng
(State Key Laboratory of Hydraulic Engineering Simulation and Safety, Tianjin University, Tianjin 300350, China)

Abstract: In order to solve the problem that most of the current construction plan optimization methods ignore the impact of the
randomness of the construction progress indicators of each key node on the construction plan optimization, and at the same time, it is
difficult for the attribute weight determination method to achieve the overall optimization of high-dimensional and multi-level
characteristic problems. This paper proposes a stochastic and intelligent optimization method for time-series multi-attribute construction
schemes of high arch dams based on the prospect theory (PT) and the sparrow search algorithm (SSA). According to the construction
characteristics of high arch dams, a time-series multi-attribute stochastic intelligent optimization model is established based on PT, and
a dynamic reference point setting method is built based on the stage development characteristics. The optimal attribute weight and stage
weight search model is established based on SSA, and the fitness function is constructed with the idea of maximizing differences to
realize the model solving. The results of engineering application show that the proposed method is consistent with the optimization
results of the prospect stochastic dominance-CRITIC method ( PT-CRITIC) and the stochastic dominance method, and the proposed
method has more advantages in scheme discrimination than the other two methods.
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Table 2 Key property indicators for simulation analysis of each construction scheme

KA GES X X, X3 Xy Xs
cl N(0. 46,0.37) N(0. 63,0.20) N(0.50,0.23) N(0.63,0.14) N(0.80,0.11)
T1 2 N(0.19,0.13) N(0.42,0.21) N(0.27,0.23) N(0.61,0.16) N(0.71,0.17)
c3 N(0. 16,0. 07) N(0.37,0.22) N(0.30,0.15) N(0.54,0.33) N(0.71,0.30)
cl N(0.26,0.23) N(0.54,0.26) N(0.62,0.34) N(0.44,0.33) N(0.49,0.30)
T2 2 N(0.63,0.30) N(0.37,0.19) N(0.24,0.19) N(0.72,0.26) N(0.71,0.23)
c3 N(0. 49,0.33) N(0.42,0.14) N(0.39,0.15) N(0.49,0.21) N(0.52,0.29)
cl N(0. 18,0.22) N(0.58,0.23) N(0.59,0.30) N(0.46,0.27) N(0.34,0.20)
T 2 N(0.75,0.20) N(0.41,0. 19) N(0.23,0.16) N(0.87,0.35) N(0.83,0.32)
3 N(0.57,0.22) N(0.50,0. 13) N(0.27,0.1) N(0.80,0. 13) N(0.78,0.12)
cl N(0.24,0.19) N(0.58,0.23) N(0. 63,0.26) N(0.36,0.25) N(0.32,0.23)
T4 2 N(0.59,0.19) N(0.41,0.19) N(0.30,0.22) N(0.84,0.15) N(0.77,0.15)
c3 N(0.75,0.16) N(0.50,0. 13) N(0.21,0.15) N(0.85,0.08) N(0.79,0.13)
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Table 3 Dynamic reference points of each index of key properties

RHETT X, X, X; X Xs
Tl 0.27 0. 47 0. 68 0.41 0.26
T2 0.39 0. 45 0.42 0.62 0.76
T3 0. 65 0.42 0. 49 0. 54 0.42
T4 0. 54 0.59 0. 46 0. 87 0.73

F4 XBREEMERTRNE

Table 4 Prospective value of each indicator of key properties

BN T pIES X X X; X Xs
Cl 0.659 0. 644 —-1.235 1.010 2.254
Tl c2 -0.616 -0.484 -2.619 0.906 1.908
C3 -0.833 -0.780 -2.516 0.423 1.848
Cl -0.931 0.275 0.719 -1.226 -1.741
T2 C2 0.954 -0.611 -1.223 0.330 -0.449
C3 0.257 -0.287 -0.279 -0.910 -1.566
Cl1 -3.018 0.645 0.273 -0.674 -0.599
T3 C2 0.357 -0.209 -1.730 1.322 1.692
a3 -0.649 0.338 —-1.494 1.158 1.597
Cl -1.992 -0.196 0.675 -0.125 -0.121
T4 C2 0.110 -1.213 —-1.109 -0.329 0.119
a3 0.929 -0. 648 -1.709 —-0.228 0.247

PAZC(4) Syl N pRAS, BN w, o, BE AR R O R BRK 1 AR Xue 5571 IBFST , 0 i
RIEACTUEH 1000, FEE R K 100, 1 RAEE N 24 42BN 0.8, RIZ LGN 0.2, 5% & L]
0. 1 AR RAT 2w, = {w, [j=1,2,--,5} = 10.291, 0.199, 0.167, 0.133, 0.210} \w,= {w, |[j=1,2,--,
5t=1{0.265, 0.164, 0.110, 0.299, 0.162} \w, = {w, | j=1,2,+,5} = 0.535, 0.104, 0.106, 0. 112,
0.143} w,=1{w, |j=1,2,---,5} = {0.101, 0.495, 0.142, 0. 117, 0.145} ({w, | t=1,2,3,4} = {0.138,
0.375, 0.354, 0. 133} ,iHHEEFLEERTHE N V=1{-0.840, 0.218, -0.196} . K N7EJ@TEFEFRIT—1LIT,
RSO SR TR ARG —FE AL N AR RS RUFE bR, LT 8 2 i, WIS UEAR SCO7 vk (fRIFR M) B A BRI A B
P, R BR H CRITIC 7%k ( RIRGSREHL 5 A - CRITIC J5 ik, T AR M2) i J& P AR 5 B R A 25 6 B U s
PEFRR AT T HEBE 7 225007, A9 B & B BOE R cw, = {wy, | j=1,2,-++,5} = {0.187,0.159,0.307,0. 295,
0.052} w,={w, |j=1,2,-,5} =10.221,0.141,0.311,0. 177,0. 150} \w; = {w, | j=1,2,,5} ={0.272,
0.098,0.266,0. 168,0. 196} \w, = {w, | j=1,2,--,5} = {0.476,0.107,0.337,0.021,0. 058 | % i [A] A &
fw, | t=1,2,3,4} =10.300,0.129,0.290,0.281 } , I XA ANK H RLEAM 5N V=1{-0.454,0.228,
0. 146} UL ZE 2 M, RIS Bk (RIBENL 553, fRIFR M3 ) X3 it T 0k B O b AT 48
AT, 15 BB B AHT RH V=10.053,0.289,-0.342 | , 7% 2 fcfh, M2 Fl M3 21IA W7 R 2 i, 5
ARSI IE A S R — 2, R 20 TARRSEPRIGUE J7 28 2 8 S IO, BIE T A SO 1 & B

KH 3 RO % 3 Bl RN LR G T S A x5 IMAEAERDE
Frxfre ’ RN 3 FITES T RZM R E RS, M Table 5 Scheme differentiation table of each method
FEAR S5 AGE 5 HBE DA K TR o s
K40 L M2 Al M3 UG RS, 7641 % HE W o e
T PR B BUm PE AR BEPLIE TS B0 R, 5% .2 T M2 0.682 0.082
T CL TR C3, R LT HECL, MTERELE% M3 0.642 0.236

JEJE T3 B4 M BEE ARBENLPE AU R (BPM3) 54 CL AL T4 €3, 5 M1 FI M2 fiAE 24 5 U IA7E %
i T A B4 B BEFSARBENLIE 1 T 00 N S AR LS SR 25 57 1 M3 25 JEAE 41, 76 SEPrite T 41 210 ok o it
NZLEA 25 JE A DT TS R R | IR AR SCIACHTE % 58 T it T R 4% B BeF 8 A BE HLYE 2 )5 R AT 2 5 o B R
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