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Application of whale optimization algorithm in reservoir optimal operation//CUI Dongwen ( Wenshan Water
Conservancy Bureau of Yunnan Province, Wenshan 663000, China)

Abstract: In order to verify the feasibility and effectiveness of the whale optimization algorithm for reservoir optimal
operation, four test functions were used in the whale optimization algorithm, and the simulated results were compared with
those obtained from six algorithms, including the cuckoo search algorithm, differential evolution algorithm, shuffled frog
leaping algorithm, particle swarm optimization algorithm, firefly algorithm, and SCE-UA algorithm. The whale optimization
algorithm and the six comparison algorithms were used to solve the long-term optimal operation of a single reservoir and
cascade reservoirs. The results show that the accuracy of the whale optimization algorithm is higher than that of the other six
algorithms by eight or more orders of magnitude, and it has the fast convergence speed, high convergence precision, and
excellent ability of optimization. The results of the whale optimization algorithm for the optimal operation of a single
reservoir and cascade reservoirs are superior to those of the other six algorithms. The whale optimization algorithm is
feasible and effective for reservoir optimal operation.

Key words: reservoir optimal operation; whale optimization algorithm; intelligent optimization algorithm; simulation

verification

IKEEARAL IR 8 2 20 ARt Z B Bedl A1
PRI, AL GER A ikt Bl 7K 2 A B o A
SEARE R B T S O ME RO S R
etk TEAM ST S T8 JoR M
JEAR R 3l A Jmy 0 a5 D0 e 45 4 s TE K R AT AR B vh
37z v, ok 7 B G AL ( particle swarm
optimization, PSO ) & R T AP o ( cuckoo
search, CS) B3 2243 i# 1k ( differential evolution,
DE) B 3L IR Atk Bk F 2k (shuffled frog leaping
algorithm , SFLA ) '™ JR#EF 7L (wolf pack search,
wWpS) M S BEELE (bird swarm algorithm,, BSA) 1
8 TR DA TR BE v S T — 2 AR RICR . 4K
M, AE SR RE LA TR R A 52 s 1o P v 385 36 A7 7 B 28
WSk Z B AR (B S5 AN 2 I AR R IE X AR X

I (sine cosine algorithm, SCA) ™" X7 3K 3t 1k
(wind driven optimization, WDO ) gkl R BRI
B4+ (soccer league competition , SLC) B ) e Y
PR RE R R 2 B Y, O F T ke A2 A p Ak 1)
B ARGE IR TAESE R BRI A 2, CAE R AL AL
FOKGEIEVEN 25 7 AR T8 ng W HRCR . 26T
W, AR SR — B BURE R 8 0 AR Sk —— i A Ak
7 (whale optimization algorithm, WOA ) ij F T 7K
JEACAC T BE ) 5 A D 7K 2R G A 8] 8 ] R £ 5K
it B AT B IR AR 5

1 KB EEE

1.1 HiREHE
VSRR E E s KNI BE B b5 i BBl

VEETN AR (1978—) , B HIREEH TN, FENF KR FEERS R U5, E-mail ; cdwgr@ 163. com

<72 - KA K A 2017 ,37(3)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn hitp ://www. hehaiqikan. cn



RIES P
R T
E=max Y, ¥ AQ;HA (1)

A, N AR T RGO, 0 | AR AR
Jj T BRPER R B G m’ /s s H RS @ AL AR i
B PR R B Sk ms R /K rLs B T o S B
B (ASGHEMNBON A, T=12) ;A B b,
1.2 AREHE

b BOK T 22 T8 A7 7E 52 2% 1 K Bk 2 e, 7 6
R, HIEFDK IS A TRa 1T BRI B A
B IEIK PR K B P 2R KL IR 25
T1 LI FRUBR K (8] 7K 7B R L3R

Via =V + (g; = Q5 = S;) AT (2)
Zij,min = ZL/ = Zij,max (3)
Qi,j,min = Ql] + SLJ = Qij,max (4)
Ni,min s Ni g Ni,max (5)

q; = Qi—l,j + Si—l,j + Bij (6)

AV VS A RS I BRI K K
g, N RIS I BRI AR S
5 i AN B SR Q, 05 | S H AR
JBP R Z, 0 2 5T VRS A
Uk 5 I Bt R e i BRI K A 5 2 DA B 0 > L 5
J I BEIFIZEIKAL 5 Qi Qe TN £ A HLE
5 j B/ NG IR BT N, N, 2005
o /NS R 75 BSR4
B XTI A

FL RIS T2 v 14 249 SR Ak P i R R
75 8] B TR R pR RO P A 7 i) AR SCR T R
23 [ FRE v A BB v (Y 2y R 2R A

2 WOA BKfEH B

2.1 WOA #=#ik

iRt B L R KA L 3 W, AR W AT SR
30m K, B 180 o HF5E R B, e H i 19 7 e
DI 2 AT AN SR TE 40 L, 3 26 200 ifd 671 5% 1%
T I A2 A AT R s U, MR TR A it £
HHABAYIAIR, 2016 4, Mirjalili 25 52 )3 3k fit
WEAT NG &, & — AT H 2R RIR W 85
RAFF——WOA 12 51455475 188 K figf 1] FH < 52 i
ST SR, I o e A R R E A7 R
BEALARAE AL I E AT 50 &, BT 450 ) 2 S8
b WSS TR K A JRy LR I 5 AR AL, WOA 28
PRV FE G E | N S R R 3
BB
2.1.1 FRLEXHE

JAE Sk A RE A U P i A BT AT, (R

KA Kb AR 2017,37(3)  Tel:025 - 83786335

VT A SR R SR AR 7 B (i ) S H BRSSP r
B ( B e n BEARSEY ) , A & B0
X, =X -AxD (7)

Hrp D=|CxX" -X|
LA L C R B & X A A R A
23 (A 5 X R AT USR5 A6 55 o S T

REL
B A 1 C R .

A=2axr-a (8)
C=2r (9)
Rfia AEEL HAEM 2 3] 0 Lk, £k N

Fz%;ﬁ¢M%kﬁﬁmﬁnﬁ%mm§Jm

EVEE N [0,1],
2.1.2 REmHEE

AR S fi5 I ) B £ A Ry S R A A
LUR

a. Wi ;%47 o 28 i /N (8) Y a
{ER BN 75 BRI A IR SIS BB o
s/ N4/ . RIBCE R BENLEC A 7 -1, 1] Z 18],
B ERE A R AL E AT DUE SCTE G A AL S
Hf LB B Z R L AL,

b. SR E R AL e AL T
AR Y Z A B8 SR 5 T SRS RS MY
37 22 1) A0 e MR B B A R LS DL e S it ) 2
BEWF AT A -

X

j+1

=D'e"cos(2ml) + X/ (10)
Hrp D'=[X" -X|
O DO ERES © Sk fi AT SR A B B AR ) 2 1]
HIRE RS b s LR BB BRI IR %50 [ -1,1]
Z IR FEHILES

JAE K B Al £ A4 [ L A Y o MR IR A2 K [
Wesh, Ry TR RN [E) 04T R B B e A
fLE R LA 50% MIMEARAE Jy 18 4% B, B 2E 2
PR BRI ], 28 2 3 5 R XA ' BT S
& S|

(X, -AxD »<0.5 0
" ADretcos(2ml) + X p=0.5
K p A[0,1] ERIBEHLEL,

2.1.3 HEHe

BT A R R R A Sk Bt B ML R
Y. BISEFmE A Bk AT DU T &R
TR L B A TR AR 6 1 1) A5 Pt AL 4%
RKIEY, WL, KT 1 80/hF-1 B A BUBEALE,
I 30 (i B A, 1 A R LA A5l A 4, A

E-mail ;jz@ hhu. edu. cn hitp : //www. hehaigikan. cn - 73 -



BRI R A B RE ), (i WOA RESHETT 2R
R, By

X=X_ -AxD (12)
Hrp D=|CxX,,, -X|
T X MY R rh BEAL I 45 0967 B (Pl BLA

AR .
2.2 HRUAERBSR

FH WOA SR K JE A A I 52 Y AR SO AR - AR
A E AL TR B2 ] B 5 15 0 A 2880, RIS A it
AR R A A AR B A 2 [ ) 0 — PR AR
B e R R OR A B AT AR 2 o7 A O
25, 1L D, £ R A W BB A A o7 0 2 AR
SR ) (o7 5, RIHRAS R DAL fh 1) LAY S FE 2R SR A2
i HORAPBRATIAN T

SR 37Kk K 2R I ) B i e
FEARE (A SCUAH ARGy eSS o) B U
H

SW2 ESGEREREL, T WOA SR
e/IME, PR S (1) B 18500 D 365 107 B2 e 5, B H
PRPREL (AR EN(2) ~ (5))

1
> D AQH, A

i=1 j=1

FB|3 WOA SHEWIRIL, # 451 BAR K
KDL Zy 2y ooe L B RX T 4P 5 25 ] i A A 1)
L X, Xy oo Xy, FEZKA UL A 25 (] 91 1L P B AL
WAL B % E WOA S50, A REHA%CH V.
HRIEARUEL M X B E TR 8 8 b M ATtk
By REIR A&

B4 FIHE(13) 38 N BE s EC T A
AT N FE AR, FR BT ORAE 2 1R A v e A B A
hx,

B]|S AjsMB,EHa A CLFp,

FB6 Y p<0.5 W, A<, FHRX(7) HiHr
M ERE AR R 25 [ B 2 A= 1, W) S Fi A
WML e PR R AL B X, FER A (12)
U4 SRR A A 1) 28 R AT

E:nin ( 13)

FBT Yp=0.50F, MK (10) BB Y i
FEAMAR B 23 (A1 &

FBS M (13) 3 Ny B sR BT A i
AR 3 N R, 4R 3 DR AT Y TR A b B AR
AN X IR R T Lk A, A, T
RO, w4 j=j+1 , R PUTHEES ~8,

'O il U EE A A3 R e T b s
[0S XX B SR i A AR A

3 FEWIE

FIHT 4 A~ BT R B (2 1) X WOA 1Y 0L
RE kAT B, 5 CS . DE,SFLA (PSO  # k
HUE Y (firefly algorithm , FA) Fl1 SCE-UA 587 #1055
ZERPEAT IO, W3R 2, & 1 1, Sphere Jy LU bR
e, I Ak g Wi B B R 500 RS
Griewank ,Rastrigin Fl Ackley i 2206 pR %, H T3
R R R e 2RI R AR T, SRS
BEUF A 5 R R AR B B 200, WOA #E A
BH N 50, XHEORTETEAR B BCR 25 CS FIL S5
BECH 25, RIBEAR N 0. 25 ; DE SRR REIAS A 50,
N RR A ROEE R 4300 R 0.8.,0.2, 38 LHR 0. 2;
SLFA R, 50, FREBCH 5, THEN  IEAS
B 10, FREEURTRIE LR 105 PSO SVEFPHERL
FEA 50, HE R Fo0 0. 729, FEI R KN 0. 99, JRiRer
T4 JRy 2 2] P F 3 0k 2.0, AR 3 B 1) 4
[-0.5,0.5] ;FA BHARRAN 30, e K5 1,06
SRR ECH 0.5 KT8 0.2;SCE-UA & TF
AECR 50, A B ATE T & TSR 5,

7 FEEEELT Matlab 2010a F M i 5 520, %3
1 4 AR PR AR & T 20 ST, IR
BIE ArEE 2 DS EGETIEAS, WA 2, Hop, S48
SR S W R BB AR I A T 3 AR R AR B AT LA
TR BN OR ARG BE i 25 R WLk IS SRR e

a. N2 kA X T HIE K%L Sphere, WOA F-
PEAEBE T €S \DE \SFLA PSO . FA #l SCE-UA &1
26 MNECR G RIS 0 SR B A SR

F 1 BB R

PR FKikR iy HAEYE e AL A
D
Sphere f(X)= lez 30 [-100,100 ] minf=0
iz
12 D X
e e L S e TTeos X - inf=
Griewank f(X)—4000 g{xl ;IZIICOS(«/LT )+l 30 [ -600,600 ] minf=0
D
Rastrigin f(X)= 2 [4? —10cos(2mx,) +10] 30 [-5.12,5.12] minf=0
i1
/12 12
Ackley f(X)= —ZOGXP(—O. 2 729@2 ) - exp [fz cos(2mx;) ] +20+e 30 [-32,32] minf=0
i=1 i=1

- 74 - KA K A 2017 ,37(3)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn hitp ://www. hehaiqikan. cn



K2 BHMAXILEER

PR Bk FHE brifEZE PRIZX Bk FHME brifEzE
WOA 1.27x1073% 2.21x107%# WOA 5.17x107" 1.26x107
cs 7.15x10 2.33x10 cs 1. 84x10? 1.61x10
DE 3.91x10 7.3426 DE 1. 30x10? 1.01x10
Sphere SFLA 1.31x107° 9.45x1077 Rastrigin SFLA 6.75%10 1.75x10
PSO 4.19x107! 3.53x107! PSO 5.78x10 1.81x10
FA 1.53x1072 1.85x1073 FA 6. 15x1072 1.19x1072
SCE-UA 3.42x107"2 5.76x107"2 SCE-UA 1.35x107! 3.01x107!
WOA 1.01x107"7 2.46x107"7 WOA 7.02x1071 3.24x1071
cs 1.8250 2.03x107"! cs 8.0843 1.7346
DE 1.3709 8.75x1072 DE 2.77%10 4.74%10
Griewank SFLA 9.29x1073 7.84x1073 Ackley SFLA 1.22x107! 2.97x107!
PSO 4.44%1072 5.17x1072 PSO 1.7983 5.36x107!
FA 2.28x1072 3.64x1073 FA 8.37x1073 8.74x1073
SCE-UA 9.58x107 1.29x107% SCE-UA 1.98x107° 2.98x107¢
JE s %) F £ 1§ 2R L Griewank | Rastrigin Fl1 Ackley, Fx3 TMEZRBRE—KERLEEITESR (20 XF)
WOA [RIREFR A B 4r 1) SRR, S I0RT BE A T ik FHUE/ (LKW -+ h) s
CS.DE .SFLA .PSO .FA Fil SCE-UA & 8 M EH WOA 27. 1183 1.1862
DL b BB W 2T (B S DL Rk s SR R s 270837 14454
e DE 27.1183 2.7645
{EAYfiE SFLA 27.0168 5.9864
b. WOA YT 4 I3 ok £l i U0 o 22 Y 7 PSO 27.1109 1.8584
126107 LLE B T HoAh 6 Floxt Ok 8 4Bt " 271183 106897
SCE-UA 27.056 1 12. 0863

DL b, SR A i B SRR e

c. MWFE 2 (FEBIEL R E 4Bk TR
A ZE 25 R & . WOA | SCE-UA  FA ,SFLA . PSO .
DE .CS,

AL FEIEAR 200 RACPE T, JCi R PR 2 2
WEPREL, WOA 3145 T BAr i) SRR, Bk BA
HREE > G & T i 7 NS R/ (5= I o0 o B o 1/ N
J158 DA R WO SARR E HE A AER

4 LHIKAR

4.1 B—KERWAE
IKFE A DUKRH BRI, KIEEFEZE8.96 12 m’,
BRES 4.45 {¢ m*, IEH B KL 977 m, FEIK AL
952 m, fIUEH 7 185 MW, 24 L2 5 1080 MW, H )
Z808.0, BANZAKIER AN - PER ML FlifAK A
B R M, KR K SCARE A SRR K DL K&
LK PERAR A B KAL) R R, AN 25 R i iz A
AT 55, W RE R R 1 a, 3184 H A AR, LA
R EE K 2R & L A R
WG R AR i A0 B8, DUAE & W e KO
DR 7 FEEE X R AR R AT 3R A | e R 4
R 3,7 MRS FREILE 1 (a) .
4.2 FRRKEMRLIAE
FEKIE A B FERE_EROMK . B 54786 90 &
T KIE B B KIE A 25.6 km, K JE S ER
1.964Zw’ , AT EZ0. 7142m® | 1E % & K AL
KA K A ,2017,37(3)

— WOA —CS —DE SFLA

2721 PSO —FA — SCE-UA
27.1
=
S 270
-
S|
S 269
@
& 2638
.o
26.7
26.6
0 20 40 60 80 100
AL
(a) H—7K i
545
540
B
i
3 95
I
B2 530
4
&
525
52.0 [
0 20 40 60 80 100
BAAREL
(b) B K %

Bl 1 7 FhEEIER SRR TR
898 m, FE/K 1 888 m, 2 HL 2 & 420 MW, i J1 R %L
T.0(KE A S 2800 8.5) , I IX ) 3k 7K 2 s R

Tel:025 -83786335  E-mail ;jz@ hhu. edu. cn hitp ://www. hehaigikan. cn <75 -



o TRVRECLANZ A 4 K 8- 25 gl 4 B K A3
SR #ZR, 7K R R K SCAR H PRk K A K
PR EHARA I BOR AL BN ER, JHEERAMN 1a, 1t
SEKPE A FUKJE B 25 H H AKAL, (%45 Gk e 7
FEW R iR, MR AR AR AP 9R , LAAFE 2 i i e
RN A 7 332 o o] A HY A 75K A, e
RIGAR IR 4,7 FEE SRR 1(b) .
R4 T MEEBRKERLEETELER (20 XFH)

GER7S R/ (LKW - h) T /s
WOA 54.4827 2.8824
CS 53.7891 2.8916
DE 54.4788 7.1745
SFLA 52.6218 7.5963
PSO 54.3155 3.1945
FA 54.4743 22.7722
SCE-UA 54.0959 15.1312

4.3 PAELERESH

a. NE3 K 1(a) A1, WOA [FA DE &k
PeAL R SS Rd R & 34 27. 118 3 4 kW - h,
T HAth 4 FPELAALAE LS R, ML S, WOA
ARSI ) (1. 186 2 s ) WA SIUH BE (10 kAN
fifi 4 JR e UL f ) PR T HoAth 6 Fhaaiik

b. &4 KK 1(b)KE, WOA BT R4S
WK KN 54,4827 12 kW -+ h, F-X3 8wt ]
(2.8824s) WLBH FE (10 YA i i 4 Jmy Fe
fife) PO T HAth 6 FPEEEE BRI UE T WOA AT 4%
I B SIGER B ML SIOKS BE RN 42 Jm i (B - fig

c. MILBR TR UEL ROk F |, W Ff fL Ak In]
I 4E BN BA— K FEFY 12 4E3G B UK ) 24 4,
SK i i B 2 3K, €S DE SFLA ,PSO .FA F1 SCE-
UA ARG 2 R i iR A, T WOA th TA &
R AP & R AR BE ) , R4 T 47 i) SRR F
P ST RRS SIGE

5 & &

a. 4 SRR R A T BA R R W], WOA A&
RAFATF K AR RE 77, H RO 8 T CA |
DE .SFLA ,CS . PSO F1 ABC Z5 1k, HoA WEGE JE
P GO EE = 2 RE T DU RE T 3SR

b. TR B Bk 45 S R I X T H—
JKPE,WOA [FA \DE 535 34 B A B4 0 DL AL 8 B 45
R H WOA - 243540 B[] R S50k 8 3 4 5 X F
FRYOKEE , WOA FHEAL I BE 45 5 B i L T HAth 6 F
(=R

c. JE AT AR ok ER A SEPR T RS IE T WOA
AT R ot T TR AR 2 2 s dE B gk
FERFL AL I B

SENW:

[ 1] SHAWWASH Z K, SIU T K, RUSSELL S O D. The BC
hydro short term hydro scheduling optimization model[ J].
IEEE Transactions on Power Systems, 2000, 15 (3):
1125-1131.

[ 2] GUAN X, LUH P B, ZHANG L. Nonlinear approximation
method in Lagrangian relaxation-based algorithms for
hydrothermal scheduling[ J]. TEEE Transactions on Power
Systems, 1995, 10(2) . 772-778.

[ 3] HEIAR. BBZIK DA Vo BE (A T R0 21 25 90 R A 1
KR T]. KREE k2 2000,11(2) :195-198. ( MEI
Yadong. Dynamic programming model without markov in
property of cascade reservoirs operation and its application
[J]. Advances in Water Science,2000,11(2) :195-198.
(in Chinese) )

[ 47 TEW] Fhak, ARAk, 55, POA BGHRETE ST AL
JBEFTRY R[], AR K s R 3 JE 2010, 30 (4 T
1):10-12. (WANG Qingming, SUN Bin, LIN Cheng, et
al. POA improved algorithm in Wujiang optimal
application[ J]. Advances in Science and Technology of
Water Resources,2010,30( Supl ) :10-12. (in Chinese) )

[ 5] XHE, i, 3855, 5. T 2 Bk L AR 9K R
REVERE AL 7 [T ] KRR B R B 0k i, 2015, 35
(1).85-88. (LIU Ye,ZHONG Pingan, GUO Le, et al.
Operation chart optimization method of cascade reservoirs
based on multiple iteration algorithm [ J]. Advances in
Science and Technology of Water Resources, 2015, 35
(1) :85-88. (in Chinese) )

[ 6] M, ot sc, il B, 4 R T RE T K Rl (I 1k
PR RL AT [ T]. K J7 K L7 4#, 2006, 25 (5) 257,
(YANG Daohui, MA Guangwen, GUO Xiaming, et al.
Particle swarm optimization in reservoir optimal operation
using application [ J ]. Journal of Hydroelectric
Engineering, 2006,25(5) :5-7. (in Chinese) )

[ 7] 1, 22 B W], % DRAS. Sl b HE SR 05 S HAE K AR
AV BE R BRI [ 0], 03 2 2 4l ( FARBEA i) |
2008,36(2) :198-202. ( XIANG Bo, JI Changming, LUO
Qingsong. Immune particle swarm algorithm and its
application in of reservoir optimization dispatch [ J].
Journal of Hohai University ( Natural Sciences ), 2008 ,36
(2):198-202. (in Chinese) )

[ 8] RARKALEW, Euldk, 55, I TRMR TR Ak
UK DL AR B [T ] N BB, 2008,30 (11) :96-
98. (WU Yueqiu, JI Changming, WANG Liping, et al.
Hydropower reservoir scheduling based on chaos particle
swarm optimization[ J]. Yellow River, 2008 ,30(11) :96-
98. (in Chinese) )

(T#% 94 W)

- 76 - KA K A 2017 ,37(3)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn hitp ://www. hehaiqikan. cn



[15

[16

[17

354. (NI Jinren, QU Yizhong. Modeling of vertical
segregation of solid particles in sediment-laden flow [ J].
Journal of Hydrodynamics ;Ser. A,2003,18(3) ;349-354.
(in Chinese) )

QL 7SN e o ey M R Bl R B R TR AR 2
BT ENIR[ T ], KB 2= 058 Sk . A 45,2003 ,18
(4).483-488. (QU Yizhong,NI Jinren, MENG Xiaogang.
Mechanism of vertical segregation of solid particles in
sediment-laden flow [ J]. Journal of Hydrodynamics:
Ser. A,2003,18(4) :483-488. (in Chinese) )

] T EmE ks [ M]. bR iE R RS AL,
1989.

] PRER SRR A AN ZR. AR AR 4 B v T G R
Rekeb JyWEFE [ ], KR4, 2015,46 (7) : 757-764.

(18]

(19]

(FEI Xiangjun, WU Baosheng, FU Xudong. Equilibrium
sediment transport relation and sediment carrying capacity
(1l
Hydraulic Engineering, 2015, 46 (7). 757-764. (in
Chinese) )

PR W S UK R B U LB S T[] Ye b
5% ,1998(3) :55-61. ( FEI Xiangjun. The mechanism of

long distance transport for hyper-concentrated flows and its

of two-phase heterogeneous flows Journal of

application [ J]. Journal of Sediment Research,1998 (3) :
55-61. (in Chinese) )
MITCHELL J K. Fundamentals of soil behavior [ M ]. New
York ; John Wiley & Sons,Inc. ,1993.

ek B 912016 -02-29  Zidl . /K )

(E#&% 76 )

[9

[10

[11

[12

[13

[14

.04 .

1 WA, B, R A R T A A S R YRR ZOK
PEDEALTBERTFEL T ]. KR4 41,2015 ,46 (3 ) :341-349.
(MING Bo,HUANG Qiang, WANG Yimin, et al. Cascade
reservoir operation optimization based-on improved cuckoo
search [ J]. Journal of Hydraulic Engineering, 2015,46
(3):341-349. (iin Chinese) )

KRER MR BIHE 4 RO 22 A AU R AE B 2K
AR A R [ 1], BRI K22 (T,
2013,46(1) ;:57-61. (ZHENG Huitao, MEI Yadong, HU

Ting, et al. Improved differential evolution algorithm in the

—

cascade reservoirs application| J]. Engineering Journal of

Wuhan University ,2013,46(1) :57-61. (in Chinese) )
QR S QBN EE R o S W W -2 R e )
Ut 22 A BEAL SR (D], KA 241, 2014, 45 (10)
1147-1155. (ZHONG Pingan, ZHANG Weiguo, ZHANG
Yulan, et al. Comprehensive modified differential evolution
algorithm for optimal operation of the hydropower station
[J]. Journal of Hydraulic Engineering, 2014 ,45 (10) .
1147-1155. (in Chinese) )

AR Ak SRR B 2K v ik A A H I A
JEE B e e MR SR S IWEE [ D] K ) K L2741, 2015,
34 (1):29-36. (JI Changming, Li Jiwei, ZHANG

Xinming. Application of immune-shuffled frog-leaping

[

algorithm to optimized operation of cascade hydropower
stations for short-term power generation [ J]. Journal of
Hydroelectric Engineering, 2015, 34 (1): 29-36. (in
Chinese) )

28 B W) 2Rk TR, G5 B T R i BRI I B L
IREEREALI L[] R TR M S, 2013, 33
(8): 2125-2132. (JI Changming, LI Jiwei, ZHANG

Xinming, et al. Optimal operation of cascade reservoirs

[

based on immune-shuffled frog leaping algorithm [ J ].
Systems Engineering-Theory & Practice, 2013, 33 (8)
2125-2132. (iin Chinese) )
] EHHE BT, M R IC. JRRE S TE K Ll K R A Ak
KA K A ,2017,37(3)

[15]

[16]

(17]

[18]

[19]

[20]

PAREHR R ] KA R, 2015,35(3) «1-
4. ( WANG Jianqun, JIA Yangyang, XIAO Qingyuan.
Application of wolf pack search algorithm to optimal
operation of hydropower station [ J]. Advances in Science
and Technology of Water Resources,2015,35(3):14.
(in Chinese) )
BEZROC, U ik S ARk AR SR R AL A 9 S5
FRIRLH [T ]. =R 24 ( A ARHER) ,2016,38
(6) :4-14. (CUI Dongwen, JIN Bo. Improve bird swarm
algorithm and its application in reservoir optimal operation
[J]. Journal of China Three Gorges University ( Natural
Sciences) ,2016,38(6) :4-14. (in Chinese) )
BEZRSC. IR SRA SRS E -0 TRk Y ) S i 43 A
R T7. /K % AR 7, 2016, 32 (6); 75-81. ( CUI
Dongwen. Sine cosine algorithm-projection pursuit model
for water pollutant load allocation [ J]. Water Resources
Protection ,2016,32(6) :75-81. (in Chinese) )
FEIRIC, 4 0. 3T WDO-PP AL (¥ SC 1N 3T 10 42K
FRARB ST [J]. KFI 257 ,2016,34 (6) :4349.
( CUI Dongwen, JIN Bo. Evaluation of carrying capacity of
water resources of Wenshan Prefecture in latest 10 years
based on WDO-PP model [ J]. Journal of Economics of
Water Resources,2016,34(6) :43-49. (in Chinese) )
FEZRIC. SCIHE 10 AR 7K B8 IR A FH AR IEAr SLC-PP
RIS RS [T ] . i K 2 24l (A SR B A L2017,
45 (2): 129-136. ( CUI Dongwen. Projection pursuit
model for evaluation of water use efficiency based on
soccer league competition algorithm[ J]. Journal of Hohai
University ( Natural Sciences ), 2017,45 (2):129-136.
(in Chinese) )
eSO G R AR 7 iR LR AL f A )
WM. bt KA K A 2011,
MIRJALILI S, LEWIS A. The whale optimization
algorithm[ J ]. Advances in Engineering Software, 2016,
95.51-67.

(ki H91:2016 -05 -20  Zd . BE/KR)

Tel:025 -83786335  E-mail ;jz@ hhu. edu. cn hitp ://www. hehaigikan. cn



