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RN T, p NSRRI B 5, W L S, 5 S
S, =TT, (24)
FATROCRIE 5 I L5 Ak BRAR B bR, T R A R A B A B A O AR B, S bRt
BHRHFATRCR E, /N1, XN
E,=S,/p (25)

5 LBl br

BT RN I 7RI A, N ERIRITF R SER T 7K s BRI A TR B2
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et FERIE . CEREM LR, B LA A R 148.5 7 kW o A SCRE BCE A IR Y PERE B9 2 1
A T IR g AR S S8 BB POK U K R R 58, —JRERS W EE R RN 6 o, = EIEAS S
BT,

2T

HE 1L

o ZJEBG LR

R AT R R SRR SR

i H B AR et i H BN AT el
1E & KA /m 835 756 639 PP 7+ % 7=
BEIKAL /m 818 740 605 TRIEH J1 /MW 23.2 33.5 61.2
SBEL M m 3.08 1.75 5.1 VIEY i 8.3 8.3 8.3
P A ML m? 1.34 0.82 3.34 THBR KAV /m 818 740 T
PR RB 0.035 0.020 0.056 TR B B 6H—10H 6H—10H I

A AT 1957—2000 4F 3 43 ) K RN IRl FIAE G . Z 6 AL %
(POA ) FIA SCIT H& 14 300 B30 o s 0 K P SEEA T 91 JBE 03 Sk 1 A (A AR 1 B2 COR 25 RO s st ), 16—
WA AR A AVE i A A R ER B R 20R), ERAREHHBEN it ESR . 1HEH
B K, R R ) N I B2 SR AN 2 3 BT
5.1 HESRATITIE RMET X SRR A3 MR R AR B GET, A5 BE S LK P T s R
AR /N AW 2000 0 613 AL 11.5 m'/s, A TTIRIKFZE R 692 F10.5 m/s, o 57K E R 1042.3 F1 6 m'/s,
PLO.1 m’/s BB HIORS B2 XoF 4% 128 A P8 3 o UEAT BB, ISP BB ) 28 25 40 MR B PR R A R b AT BRI, B EOEOCh
120, %t =R BORF BB, ASFA Gt M B AR AT, B B R SRR A e AL i i BOR R
AR, G2 BARE T BIR T . & KIER AT AT RM T B2 5 im, m T IE 5 BT A5 i e SRS

F22 BB AR AR RO (B m'/s)

At ===l AT ] Je T X ) Ay I AT T IX [
6 49.7 22 25.9 1 44.7 2.0 23.3
7 159.6 8.0 83.0 2 37.7 1.7 19.6
8 115.7 5.0 60.0 3 23.0 1.0 12.0
9 118.7 6.0 62.0 4 25.3 1.1 13.2
10 191.5 8.0 100.0 5 27.4 12 14.3
11 106.7 5.0 55.0 AR 80.5 3.7 41.9
12 66.3 3.0 345
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F3 VR B2 R

) ) biie:E | e
CER E - N ;
FKA /m Tt 3 R/ (ms) /MW KA /m Tt 3 5 /(ms) H MW

. TR 818 30 23.2 818 30 23.2
===l

R 818 1000 120 835 1000 120

‘ I BR 740 30 335 740 30 335
FAINEIN

R 740 1000 130 756 1000 130

- TR 605 50 61.2 605 50 61.2

B R 639 1000 285 639 1000 285

A, RS R EORART 120 4 B BIS B9 K A BE ) e, At B T A 3R] B e o wT AT s S R A, W]
P R e T w AR

B 707 H A4y = FE ARG R 150 ~ 180 m*/s /5 &5 14 AT 47 3545 2% e S5 oy 167 el R 58 00 8%, g
FRA G B KAL) o TEIZ AW BT, B B P e I R B KA B FE BT K AL T T 3 A
AN SR R BT I R 2O RRAE R T BRAE R T R oy Bl T A ST, b B R 7 R
T, 2 B AR oA AT R 0 ] B BE AT AT AR R K], U LB AR RN 175 mYs,
I BEW) 25 BRSO O M4 A, 290 1 B il 16T 15 22 X6 0 A 1) 2 Ay 820.14 m, T RRME M T 5 =2
Xt I A 2 Bl 818 m, M A1 T Be AR AT R XA [818 m, 820.14 m]. i &1 7 AT A7 LA
TIUsEse . (DM RX A B 5 AR S A3 nmisg hn, DR A e R s 3 n, o 453 s BB P 114 ]
PR K RERE 2, B B2 oA AR B 5 K A 56 0 4535 116 T N A i K K RE B R 25 TR SR, B0 T
PAECK BEYE 20, A FT TR AR 2 v SR, R X RN (2) 3 & XA B A B Y
RIS G a5 O R R 2 A ], SR B nT R LK B 2 8 (3) i
A EREE, D R 24 SRR Ik A b P i R 8 KRR AE B 2k R AR R ik, AR R XA K IR R
B 2 A PR AL 5 B B ) S HIS Y e A SR MR AL
52 WEEDPEEMSEGIMA ASCHH ST 0 AT AT S R £, %R S DP SRE ATk
ko L5 DP Bk B T 4 i B b SR X T A BE AL G b AT by, SECTE AR K, BAETTH TR

N
wn
W

s B K K A7 /m
9
b W
-

740

(b) fil]k

\
Hygéll}yc?0604 10 A9
Voo, %0 60 ﬁ%lw‘wg\
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VEICE Ry R, Tl 2 RSk AS o K g AR S DL A R A a), RIS R, DA e
TR A o I A R Be v 0 21 01 A7 812, S 3L 48 DP ALk DP IR AT 4k, DL se o A SR AL R
IR, BT RRCR.

N ANV = 2 2 B P R SRR H Sl R G S AR ST S, AR R L R RO bR T AR R
PR BE ) R K AL A, B SR A% 43 B R AL 48 DP . JF4T DP. POA . Utk DP ALk i# 747 DP,
B2 P i 2 Visual C# 2010 % 138 T H & HIHF 4740 B B SC B, R M 3T 55 °F & 8 B 4] ThinkCentre
M8600t-D066, CPU 2 % Jy Inter(R) Core (TM)i7-6700 @3.40GHz, W% %} 4%, RAM K 16.0 GB.
W HSE 20, 30, 40, 60 HEATIFEE, N [) B WOSO BE A IR AT RO Sy 4%, TR R T BioR
(4 R S HE M A B BUS S R, 1258 DP 5 38 I (0 3R A 5 vk 58 kb 2K 2 00 Ak 1 2 B 55 K
B L)

4 (5% DP, Hilk DP A POA A [ B S T (31 545 5t

20 30 40 60
£ DP Wik DP  POA  ZLDP MiEDP  POA {4 DP ik DP  POA 54 DP i DP  POA

A ML 4.29 096  0.0178 4438 996  0.0644 237.53 53.27 02772 2576.16 577.73 1.3349
FERF /min 4.37 121 0.019 4485 12.85 0.059 2423 7028 026 2627.88 764.97 12
AR 1 3.609 2343 1 3491  755.1 1 3.448 9475 1 3435 2191

R HEE/AC KW h) 18.651  18.651 18.5644 18.6591 18.6591 18.5721 18.6617 18.6617 18.5950 18.6620 18.6620 18.6336
PRIUE /% 91.67 91.67 86.11 91.67 91.67 88.89 94.44 94.44  91.67 97.22 97.22 91.67

N 4TS IR AT LA 1, Bl BSOS R 2035 %) 60, 1545 DP YA & HL e 18.65112 kW -h
2% 18.66214kW-h, 1RIFEZEH 91.67 %3 % 97.22 %, T 1155 H0AE FAE IR BE B, 35 MR Hy 4.29
fZ R 1 % 2576.16 {21k, THEAFERT B 4.37 min 3 % 2627.88 min, 2 DP (931845 1 5154 DP By i34
SEHARIR], 8B AT AT B R G 0 5 1A ORI EORS FE N A RISt Gk DP A XS AR 4R
DP YR AR FFAE 3.4 LA b, I ORSEE TR AT T 4 ~ 6 2IFATIHEE, BEE 2 SO B0, sk
FEBE A T B o 1T POA B T 530 RS FIURE B BRI /N T etk DP, (H L 53 45 2 52 31)0) i PR 2030 114 5% i) 4
K, BB AT RERA AR B, T PR UE S A 25 RS T 4 R B e, AH ) BSOS DL R POA
(9 4F J2 i i 5 R UE R /N T ok DP. INIEI 8 AT LA, B A 60 B, We3E DP FI POA 7K 47 b
FEAANAAAE R R 22 % 0 IR ST SR AT LUE i, R 4 IR 1718 0 3147 DP RN SGH# IR 47 DP, i
B STHRAR S 38, R b BTG, AT RCR WA WAR & DO AT 55 3G 0 A5 N R
B GEUR AT B T S R o L BSOS BN 20 B 0 2 60 B, 2 iE AT DPAHXT T AL S8 DP (1 3 L
FH 922914 % 11.007, MEACR T4 83, ST RAT 12 ~ 14ZIH7HR . R, W T iR
W SRR B AN B BN CRUE S B RE S Br , SBOR TR R W A EHOR Y, B0dcd DP By IR 47 808 1%
TS DP AT 8%, HRAE TSR AERT Jr i, & 2 BUS80h 203 2 60, JF4T DP9 153 FE B
1.37 min 3 % 759.28 min, M JEFH47 DP AL H 0.47 min 3 % 238.76 min, ¥t S I:47 DP A HAT 85K
R

5 IEAT DPAICHE AT DP AR B 805 R R4S

% J#45 DP Sk Jf A7 DP

[ELUN
# it e I TRCE b FHE WAL i IRTReER R

/min /(2 kW - h) /min /(12 kW - h)

20 1.37 3.196 0.799 18.651 0.47 9.229 2.557 0.639 18.651
30 13.4 3.347 0.837 18.6591 4.58 9.789 2.804 0.701 18.6591
40 70.6 3.432 0.858 18.6617 23.93 10.126 2.937 0.734 18.6617
60 759.28 3.461 0.865 18.662 238.76 11.007 3.204 0.801 18.662
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A SORE WS R AR T OK PR 9 B2 Y 52 2 2 AR S AL PR IR b, e AT AT B R Mg R DL PR g
AR BT AT R 2 0] 5 ISR T, SCBB A IFAT L, B M 26 T AT A7 3 8 i 19 947 3 245
M 230 R AL GE DP L Btk DP AL | POA JOMH I B4 A5 58 10 0 LA A V0 J8 == 128 DA Bk 5 552 491 ok
P TR OKIEARAC T EE , TR AR R, I T Al A7 WU R 19 917 2 S MR RETE AR 4E R L i
G s MR RSO T , BATFRIURITR, 7E2)m ROE BSB89, JF 5
S M AL AL, K 4 A .

z %

[ 1]

[ 6]

[ 7]

X #Ef:

AT, AR ScHE, BRAEM, S RIBUK L RS B R LE T IR OESE 1 R[] L KRR, 2017,
48(2): 146-156.

YEH W W G . Reservoir management and operations models: A state—of—the—art review [J] . Water Resour
Res ., 1985, 21: 1797-1818 .

LABADIE J W . Optimal operation of multireservoir systems: State—of—the—art review[J] . Journal of Water Re-
sources Planning and Management—Asce, 2004, 130(2): 93-111 .

SRR, T, o, A R GRK L b A R A AR B BOg B AR R (D] L K T R L AR, 2016, 35(4)
12-21.

SBWA, B H, W BT R BRI 2 A BRI B ORI L) ] L K D) R B4, 2016, 35
(12): 35-44.

5T, O, KM, AE L DPSA FIOR FR GO0 Ak VR A K Rt B O A R R R g BT SE L] L PR AE AR AR
FHER 524 (A SR B , 2005(10) : 125-128 .

W1, B9, £ IR, SF B GOK PR S v I A TR B A R A IR ik SR LD K O AR, 2015, 34

— 660 —



[ 8]

[ 9]

[ 14 ]

(10): 51-59 .

AP, A SR, B, L OKRERERRA LA U B AR R e ik [T L e R (B R B ), 2017,
47(2): 210-220.
X R, IR, T Bl A KRR R R DR B S B A R S Ik [T ] L KR, 2012, 43(4)

414-421 .

[10 ] #&5, 2B W], 701, 55 . ZIRKE S S RIFAT R B GOK ZEDE AL IR BE iy R T) T . o R A KR

JKHL, 2014(9): 70-75 .

11 ] 61, Ewmde, A, 55 . PR 2 4k 2 248 J0R0 500 78 06 oK R D0 A 0 B b g i FE L0 ] . KA 2441, 2014,
45(11): 1327-1335..
[12] LICG,JICM, WANG B Q, et al . The hydropower station output function and its application in reservoir opera-

tion[J] . Water Resour Manage, 2017, 31: 159-172 .

(13 ] mael, BAEN, S, 5 A BORE G 50 29 R o ol TR 300 28 ROBE QR AR R 8 i [0 ). v R AL T A

2F4, 2014, 34(1): 87-95 .

els by diagnosing infeasible storage combinations[ J | . Advances in Water Resources, 2003, 26: 851-859 .

[15] EFM, RAER, BHA, 5 . 5 52BN T /986 Gk H ol B 52 i 0 Ak I8 B2 5 1 RO B s (0] . vp [ v

HLT 24K, 2015, 35(17): 4326-4334 .

(16 ] FEAGE, FEOR, Aol . 3 E KR CBE) R B B8 7 vk R 50 i T BOIR 5 B[] . KR %24, 2016, 47(3)
337-345 .

[ 17 ] LI Xiang, WEI Jiahua, LI Tiejian, et al . A parallel dynamic programming algorithm for multi-reservoir systemop-
timization[ J] . Advances in Water Resources, 2014, 67: 1-15 .

18] b, LB, AN, & 24308 =M AT BT e A (1] P R A KK, 2015(3)

168-173 .

Research on parallel dynamic programming based on feasible region search mapping

JI Changming, MA Haoyu, LI Chuangang, LI Ningning, YU Hongjie
(School of Renewable Energy, North China Electric Power University, Beijing 102206, China)

Abstract: To overcome the difficulties in selection of the constraint processing mechanism and long calenla-
tion time by using the traditional dynamic programming for optimizing reservoir group operation, a mapping
model for feasible region search is developed based on knowledge of the set and mapping theory. A paral-
lel dynamic programming algorithm is put forward on the basis of feasible region search mapping. Through
construction of the feasible solution search space and a parallel computing mode, this algorithm can avoid
the calculation of invalid state combinations and give full play to the power of multi-core computers, thus
improving computational efficiency. As an example, the joint scheduling of three reservoirs in Lixianjiang
river basin is taken for case study. In terms of annual generated energy, calculation time and other crite-
ria, detailed comparative analysis is conducted over the improved algorithm, the traditional dynamic pro-
gramming and also progressive optimization algorithm. The results show that the proposed algorithm can re-
duce computation time while ensuring global convergence of the solutions, which provides scientific refer-
ence for making the optimal scheduling strategy of cascade reservoirs.

Keywords: mapping; feasible region; parallel computing; dynamic programming; joint operation

(STAL 44 . F BEn)

SEYED Jamshid Mousavi, MOHAMMAD Karamouz . Computational improvement for dynamic programming mod-
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