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Application of Pseudo-Parallel Genetic Algorithm in Optimal
Operation on Water Supply Network

XIN Kunlun, LIU Suiqing, TAO Tao, LI Shuping

(School of Environmental Science and Engineering, Tongji University, Shanghai 200092, China)

Abstract: Based on a hydraulic simulation model, the main features of operational optimization prob-
lem for the multi-source water supply network are discussed. An improved genetic algorithm is then
proposed. Firstly, a mixed-coding methodology was adopted according to the characteristics of the de-
cision variables. Secondly, a Pseudo-Parallel GA (PPGA) was designed and implemented. Both simple
GA and PPGA were applied to solve an operational optimization problem for a real-life water network.
Results show that the evolution process of those populations can be accelerated through the migration of
individuals when using PPGA. Compared to SGA, the PPGA proves to be more efficient and able to
find much better solutions. And substantial saving on operation costs can also be achieved if the optimal

solution is adopted.

Key words: water supply network; hydraulic simulation; optimal scheduling; pseudo-parallel genetic
algorithm

Bk R ITEVARERBRT KT RA FOEIMGE BEE QHE. B ESEEX T EbiH
PSR T WG P R R A R R R LR 20 4B 70 R, T THEABIRIBB —EMFR AR ELhF
b 25 7K & M 13 B T K W0 Ormsbee, Lansey, TN A S EH, £ B MK Chicago, Washington,
Mays, Coulbeck ¢ AAHZEF- 46 T & ML TH B ) 3 HoustonZ¢, 1 E BJ London, East Worcetershire, 3=
WHFEEIL2 M 20 HH4E 80 L ES, HN K —HE 2 | [ Paris, Chambery & H Z&H)—LimT , B & &4

Woke H . 20 y—13
EEWH. EXARPHEFEREYTBIIE (50409016) ; BX “NASZ"EHEAMR KBTI B (2004AA649410)
EER N : BEES(1977-), B AR THRA, LF#H 1 E-mail: xkl@mail. tongji. edu. cn




%12 3 EEC, % msE Bk 4K E RRAL IR b KR 1663

S THOK RGERHT R LREE . K, E
AR T AR 48 T B 13X J T 9 N SEBR BT 3T
FBTEACTE SRR RoR g LRI — &
FUET IS0 RE . B A B R 5 MW GEHSFEK .
B EEMK RGP MBS T, KA TR E
RGN R Z A w B . B, Bhid e
e 38 7 7E B 25 7K J5 KRR T At 7K 4 R e AL
oAb R AR R FISK A% 7 B, 3F TRAR T e N R 82 Bk, X
FRARE AT 1 BAKT, KT
AEiTHAEAEETEENEX.

1 HKEMRALEEREFRE

AR BE B H A 2 SRR B At K gE
= 5%, ﬁ?ﬂ%d\ﬂ@?ﬁﬁ 7K 3t (BR7K BE ) &K F
X HTKEERG D ERE . ZENHAR AR, H
MmizREREAEETENAEREENIEGIEL
PEARALIRT AR . 4 SC LA RO K I BIE 9Tt B
L, B LAV M BT B KR 56 ROF 3 L R 3R
’Eiﬂgﬁﬁﬁﬂ’ﬂﬁ RJxﬁ%ﬁﬂ
1.1 BiRRE
ke 25 FELTEHIK B,
o WK BRAEEEPEK W HEEENE, —
RER VI BER TR LA B AL B R RERES F T A HIK
RS, BB 2 fR I T K 2R GE LA K 8 R AR R 1
PEAL R BE BB 8] R B8 4 24 h.

i‘ﬁkﬁlﬁfm‘ JKFE KB B EEFEN

P, = KQH,/n;

H: K A BERE Q AKEHNHKIRE,
m®+s” ' H; AKER B KGR, m; 9, KR HH
mE I FHETHE; P, AKEINER kW.

T F T RIEY, ZBAN KT KA, R
iofsXry € idi i)

Cj(t)

] {7

AN 7K B M

= PjEX(f) - Q; +
L =1

z"}p.me-(t) E(z) (1)

AH:p; NRYE xﬂ“;’k}‘ HIl 7K B ; Q; ARV
HISE i GKREKE; X)) RZREWNSE | GKEH
FRES F'HTX(z)—l KA X(i)=0;F;(¢)A ;
WOheE ¢ BT TR, E( ) 8 ¢ BB BEBT (8] 18] B, ¢
iz T B IR BT 2 s n HERYS 5 KRB

it 45 7€ B B8 BE R, S B9tk 2 R B AR R
LB Y

S0 =2 H X - @+

S WXDF() B (2)
BT R RN, Rk

E(:)E[p}ZX( ) .

o+ ZW CX(s >F<x>'

P Tjﬂlr?l%‘é" B lEHSBE 5 T j’ﬂmﬁqﬂﬁiﬁﬁﬁ
1.2 RUEERENA RS
(1) LAEMZESE RS B8 8 7 BN A

(3)

S SEw IR E AL E Sk
F(Q,H) =0 (4)
(2) B/MRFKEAR
| Hi,t < Hi,t,req (5)

Hf.H€n,,0, "ERESES;t N EERZ],
t=1,--,T. -
(3) B HKBEAH

min Q;,, < Q;,, < max Q; , (6)
(4) 7K%th () MR R TR ARK D2 R
min V, , <V, , < maxV, , (7)
AH:r KH(E),»r=1,",R.

(5) 7Kﬁ%ﬂéﬁﬁ,$ﬁiﬁ7kﬁﬂﬂﬂfﬁ¢*ﬁ 14x;
CIp:E S e Doy € 8 & s Eara
min H; , < H;,, << max H, , (8)
(6) MIWHADF &G, ERERAERH(—BN
24 h) N, 7K1 (PR ) M0 4a BT BOK AL 5 R N BK AL A8
%

Vit = Vi, end (9)

2 MUHAERENEZFU

2.1 ERFMEIEAKNTHEHAIZ
AR AL ] B 3 F 8 WO K IR R, LT
SRS RITE o RIS . AR B o 5T S SRk & K
S5 504E 113247, K188 M P K R K E K
CSERM PSR ER, éfFlaUl:l:éi*Fb‘?‘» TK
Eﬁ%ﬂ‘]ﬂ(jﬂ’]ﬁﬁ* TKGE B 32 F 5 R A
XT’E‘WUUI@“W: & LJJ(EH*M‘J%EHB‘JH
SHETES BARA—CRE LRI TEBRAMEE,
fﬁﬁﬂﬂ RS EHAHEEH BRAME K. MH,

oy




1664

[F B K % = (8 R B £ W)

534 45

LhREMEES (R EY &), A E W
RURATEE N EE Y, W EATWERIE. I, 2 W
Y By R 18 P FSE o g 25 (56
%Wﬁﬁﬂ*ﬁﬁﬂ%ﬁ?mﬁ%mﬂﬁﬂ\ﬁm
Rk BSB89, LK KT8 #) 7K B HizK K 7
T K BK & RS, B A MR E A e
H T B AAER . Ioh, HE M AT, 3
WLEL RS (U5 X B I i A\ 2 BUVEAR N U3l , o200 B 8
WELHE I, A KR MRS
2.2 BAE KRS REEKE R
M (1) R I, FE Rt K R Gi= 17 5 FH R 2K, LA
BEM PR EKENTRE HEB 2T M KRR
ERYPESHEAFIK, X ES 500 8 o R K
FTIEECR R . WA, BB T HER ML E S
AR S R E IR /K B Bo 2R o
NEHKEHS AN TFE 8, MEBEELKE
R RSB E LIE IR ERRE, R T
W3 AR AL B EIp R AT A ] 73 B i oK 4 5 ] L
TERBEW L, RBERAER S5/K AT ER
RIS (E 1), /K TERRERITE S5, b
B RYAL 33 , b T X B A0k 1) 8 J 29 3R A4 1)
EBIBE A 4L (AnsK & R B0 57 ) , R BT AR
SR B B R R SR [ (R &)
XHMRBEXONBET - © FEAMEMR
&, PIXTK AR e S Bl TR S S
B ERE, DRESEAAEAEERE. © BEBREH
HiETAHAAE, SRENHTERTITIIER
K& N CPU J:#:L , KK EIR R R R RE.

BT

Tl
7y | B IR G, VETIIE
E *EE*&&VSJ \/

KRR

M1 BAAEBERSKATEERAXE

Fig.1 Relationship between optimal model and
water simulation model

3 AHITEEEEKRER

%J

wm;«h

£hu: AR N P 18 BE [R] R B K A
7. BT NIERRREYLR R UL , & BB E R IR B
ﬁ%&l":ﬁ-@%lﬁq MU T ERFEARNIHTRE R, K#E

BRBBEGHERITER. WHh, B R KR

T B IS T R

FOBE R T4 B il
Har, %%mm%ﬁﬁﬁﬁ/\*ﬁﬁ %

D0 1Y 7]
b, A —

REe+aT &,

—r

b 3
BT 1

FTIH R

NCAGIEEA
K1

Wi & . [|lAT,
%, AR
AFIELRE
3.1

.

TR HEIEE TR
TEZEIE In . 7E 7K BB 3 Bk
RSN B
T & B B SCERHRAE -

K, BEE B MK &
m%ﬁ&ﬁ%‘ﬁ‘]ﬁﬁ%

FHrBERE
LAl EE.
EERERE

m.ERT
IR

363

TBEREATX
ﬁ@#%iﬁ%ﬁﬁfﬁﬂ %ugﬁtﬂ%&‘@
B PR IRBARA W A
3 B I RIB 5T KDL

Wil

}ﬁ-
| B (0] i A
AT TR ER T EVLR & B A B &
-3y L2 [R) A

RAE

M GRS 5 =
171k
535 B f
1T
8] H
'x.ﬂ = & y
Jh,

% 3|73

7 B BB R B B D AL

, VT3

WEXT

AN RS TR,
D,

IBTEAD

B &9V

BB R —E & K KRB & AL R R

Bk TRRT RS G SIERARK
BRI R AL R
DORT Y
PR A0 R R R R RAE
b B AR H—AE 57
¥R B2 B 2 #
136 3 (5] A I B AR AR

REIKRAE. B

. —H MR E R — R

15 FHGRESL IR,
A0 AW, 2

#  AWERE, fA T
PR, B

R, HEIFEHES

::BU

3.2 ikH-SEHE S mAOKREE

£ X R P ARL

I3

ﬁ%‘ﬂ FEFR KR H‘Jf_ﬁ&"‘

--rhr

fir — 3

W REIGEEE A, F
BTE R ﬁﬁéﬁﬁﬁmﬂ@ﬁﬁﬁ-
WRAR S MBS T
| 4 B R B3 SE BU(ELIN B9 ABRS T BRL
=R I HERNERUE.

i i H
-FE B LY

:ﬁ:T':&J:E{J% mﬁﬁlTi

3.3 ﬂJ# TIEERZEMIEIT 5L

Rpuivid-Rr

A I3
R, R
3

TREEL—T

B (m >1) , 2319 I AL+

— BB, 1T E

FTAE) HBLE HR B =F
fr%i‘)l_a%
FMTIBEE TS Bk BE I
JTHESE I g

“ﬁa‘ﬁj’yl_

B4 E . A
BRALARSE vl , 24+ AP Ef

R
R —A- Al AT
R

A3t

EE,

i

EERRMERERPREBE, o
] 0/1 FISEERIS 0~ 1.0 RIBEHFEK
T /RRS MR R FIFEH L, LA GRS

HakE
LAZE IR T FF
(X2 gt N4

~BE REARUE 2R

EZ
85, AT

CE A EMG(DEEBE N TF
3%1&3[9 10] FE.__.,E :
1B ARRTT

TR IE.
LR m TR

H'J'jjml
AL 2

SHEBRE FIIT T EEHEIT




12

HEL, %

TR RA L

C7K B P A 4 8 B o B B

1665

B . ARTEIE
ﬁ?ﬁ%ﬁfﬁbﬂﬁﬁ"ﬁdﬁ = l:1)5i7
B 5 7 AR of B AR R vt R 52
AR Z BB 2. Zrhibigit e
mE AW, BA TR, PITE—E]

i, AT

M
Ba

HREUR, T

P, R A AR mhit )
HEER x MK, E%

Ry

T B, A L E 183

AR SR NS

TEREENGS

1T

YN

AL

SR =z T IEEALZ

MBGE x M- AEE# N

2%

SR B FF B I 2, Bt — AR B W w4

LB MRS A
A E, AT A S

BRR—E]
LR
BEVE,

BUsaiE(E 2).

At

VimaF Ak

i RS AL, Bt 5 v A
R TR AT AR M
B, I T R B E MR EE ]
th—E R L T AR RS

H2 G TRERERBRE
Fig.2 Flow chart of pseudo-parallel GA

4 HOIHFE

R TR
A ETA
FitHE, 3

DR RE,

GBI
AT ELEL.
G B ERBVERAE

iYL BES
4.1 ﬁ‘."‘fv-.
(1) IET

LA

AVA

K=

5

nlrr

(=]

gLz

Y, &

R B, A A

PhH

A

LR P T

TR IR ISR AR R R 4]

45

F S 1S R RP R AE AT

ST B 5E E A Al SR R BT K

W (SCADA) R4t , bl LLSE AT )

ATE MK

I 7K.
RE 51734
(2) 24

SRK IR ¥ B

# A7 it

ﬁm.ﬂ‘%' (H 3).

(3) B MR IR K EUK EE 5

1 B U R TEMNTR 30 271 E

(4) WA BEREER —BH.

(5) Hp— K ZRRMGECAHT

KB MBI E 12 500 mm LA
i RS R LREMNTE,

A] Tk

T

IR R 5 AR Fe d B AL

H3 EhEM&ERE
Fig.3 Water network model of the city

4.2 RUEERINEEARSH
(1) B/VKRAR HEBITENTH AR

/J\HE%K%%BE% 20 m, [F]
< NS
340K S E

1119/ 9

Ukt

s AR 3% 3

R, y YR

IEZ%, Ik

, ) 53 B P RALE /Y

s YA H, oA o Ew R 1(32 ~

34 m), &5 2(34~36 m), BH A 3(34~36m).

(2) Rkt

A2 0.
K] 7K BB T3

F, 5K HAKRAEERAR.
H R R %L
(3) KEME

FE 5T H

-
:V-_' ”

9 PR 1

KERAR BEME
R (E 3), 5K RS HKESR
FREFREAR
XL LI B BT

v/
IR REG{KERS &
12% , I E X N i BRI B Ve .

4.3 AHBEITEER

X H R —
25,50,100 KB —
A1 25 1 50 B XA
LB H 100, BRET
S REUER A ER K 1 LE 4 Pr

ﬁ b
| B/
~. B LEH

BRE/N, ERER TR REFER THERT 1

, SosHIK;

inps

\i!
/

FHETE
SRR 20 IR, 8

FnERE. JRE

Wikl 54Nk

MILZEE

GEid

IMERE, TR
T"‘ﬁi SZS! Sso, 8100, ’?Wﬁﬁ’%’]
K stﬂ PSO%E

EFTK

TR
Ha




1666 M ¥ K% % M(ERB %2R %34 %
Eloo AR AW E B (Bl TR KEENEE, Eiuﬁfl\ﬂﬁ AT A B R RE A
HAZEG, R A R R, MBBREER RSB R LR L B B .

%. SsoM KRR BA BEXE, Bk Birm A 2500
KEAETF 21 000 JC. B S0 S5 FEHA 2000) |
K. XA TEERESN , KBRRESITIME 2 23500}
BORIRI R B BE PR AL O 45, 20 Pos B AR 008 g B0y
O T SR o A B R B SR, A B IR g ]
BUABRER, EZRRITAHREER TR M o o0l
/ME. RiFE— BRI T E RN R RSB LR 21000 |
E&J&ﬁ% XT SSO’ SIOO’ PZS& PSOH{J 20 D\VI"%‘-%% 20300 0 210 4|0 610 BIO IJOO
P B/ BAR R BUE R B ME, 26 &% B B B A
Hi%/]\ ﬁ‘@ﬁ{ﬁﬁﬁ ﬁ:ﬁ‘:ﬁ%}:ﬁs 125 B (B I -
Psoﬂ??kﬁsﬁ$ﬁﬁ H‘J;.,:.:Eﬁé%. stzﬁf-i_‘itfw%ﬁm
RELL B MR AT, R Pso F R HIFAT

KB EE T Ss,BHEE
Kk BER T Ps. XFEH, MRS

AR

aing th3E

AP, Sys

fRfEE LR TR K. B MEBECh 100
B (Pso 2 S1g0) , FEFTRRE K AR L BH AT
#1 HTEREZEREABEEEZRAOS N
Tab.1 Distribution of solutions by PPGAs and SGAs
/4
- HRER /7
<21 000 <20 900 <20 800
Sys 4 1 0
Sso 13 13 3
S100 19 12 3
P, 12 6 2
Py 17 14 7
¥ A B BRIETT A 21 421 JC.
21 600
S
21500 % -y
A
21400} 8 Sion
D 21300 L « B X Pie
B 21200f ee¥xxRana + Psg
® 21100 | ALYV
Pﬁ o XX ﬂ.&
lé 21 000 | nﬂ.'q_q_nn XXXXX Ana
m 20900 | +38 §-
20 800 | “ﬂuﬂm
20700 L
20 600 L | . |
0 5 10 15 20
KRR

M4 SAUEZBHSH

Fig.4 Distribution of the best solution over 20 trials

LA F4rpr R E, X FRr s
BRI E AR, R
E iR T R B SRR, ﬁgﬁ—'ﬂ‘ ¥

BAFL

%%mﬁkﬂmK

JEZLE:E:

173

ﬂ:i&f‘

ERBERE, LIS RFERRERERE LA

FEAL Y

BAEED T EM 2002 49 A 27 H 8:00 K
B 7:00 #iTRACRE TR . 4 T e, DAY R s
B KEE AR ETERNPEMNAKE.
HEEGRWE 6 . @it E, AN EERFRE
N OMHE MAEFT N 563 143 JG, L bR BB 1T 7%
FH &7 587 947 T, B A Al 1A 175 24 804 7T, 5
BN 4.2%.
30 000 [ _. o

12 25000 l ’

~ 20000}

= -

£ 15000, |

iy 10000 ‘ ‘ I l ;

W 5000] i

SLLLLEERRERLEENRNALETRR
24 6 8 1012 14 16 1820 2224

e LESIHHAATRHNEITH

— RHEHR KB AR

F BB

Fig.6 Comparison of optimal and actual running cost

5

&t

(1) XFF K\ ARBIT 45

7K E R

B [A]

&, BT 8L T PR K ) B B By e A AL B

ﬁi%ﬂ%ﬂi% fﬁ%&m*fﬁﬁiﬁmﬁ%
:E%ﬁﬁﬁ::

(2) TR L%,
FET X 1Bl R R

AR,

Y=

W'

EEJ-

EEH-

Uﬁ’ﬂ*ﬁ

..E—
=) ~

TRE

- JEH

SIRRABNEHENRE 1

TBRERIEXT AL
RABEEFEE RN %

53

t__.



%12 BREC, % I IT SR HOKE R0 AL 18 BE 2 i A B 1667
ERE FIRE TR NSRS BN, (7). R E K HEK ,2004,20(8) : 17.
(3) 3 {gﬁ&*ﬁgj%kj’ﬁ K2 dEL B ZHAQO Xinhua, LI Xia. Study on model for second level opti-

I, BEABMERE 5 TEANRE, MHEES

SRR WL AR BE ]
R, UZTEEH
B B A

FFIE

AHE ERHAT
BEMFHAT1
FIF1

8. AR AR I
A FBE LB AR
HE, MR B3 — FREEAL
R RIS B , FER AR AR 0 T A I

T |

‘./{T_

| AABRYGE, H T EEEA B A KE Mz
152/

, AR TR KB A

B A AT R PRI E S
TR, AT AR RURLEE R 7
T TFHBEREE, TaEEE KB EA
TRERENLE UEERBHMMAHATET

(4)

PR ) 245K B R AL TR BE TRl

ZE R :

(1]

[2]

Omusbee L E, Lansey K E. Optimal control of water supply
pumping systems| J ]. Journal of Water Resources Planning and
Management, 1994,120(2):237.

Brion L. M, Mays L. W. Methodology for optimal operation of
pumping station in water distribution systems[]J]. ] Hydraulic
Engineering, 1991,117(11):1551.

ATHARSL

[5]

[ 6]

[7]

[ 8]

[9]

[10]

mized dispatching of multi-source water transmission and distri-
bution system{ ] ]. China Water and Wastewater, 2004, 20(8)
17.

A, KL, BME. KRR L HIFRE S X
[J1. E %7K HEK,2000,16(11) : 10.

LV Mou, ZHANG Shiqiao, ZHAO Hongbin. Multi-purposes
mixed optimal operation schedule for water supply system[]].
China Water and Wastewater,2000,16(11) :10.
FEC,.BFE,EK. KEMNMBARE S T EER[]].
f& B 5#%1,2004,33(4) :440.

XIN Kunlun, CHENG Shengtong, LIU Suiqing.
methods for optimal controlling of water distribution system[ ] ].
Information and Control,2004,33(4) :440.

&, KER BERERATHB K REMAFAE]. &
57K HE7K ,2003,19(4) :42.
NIU Zhiguang, ZHANG Hongwei. Application of GA in optimal
operation on urban water distribution system! J ]. China Water
and Wastewater,2003,19(4) :42.

Canti-Paz E. A survey of parallel genetic algorithms [J]. Calcu-
lateurs Paralleles, 1998,10(2):141.

Brbey D, 2. —FHETFREEIENIFTRIEEE
R HRLAT). 2 2285 M F3 ,2004,21(6) : 997.

CHEN Xiaofang, GUI Weihua, WU Min. Chaotic migration-
based pseudo parallel genetic algorithm and its application[ J].
Control Theory and Applications,2004,21(6) :997.

ik, EEH, IEE BT LR EEN S AT RIZHRE
BrEE(]]. ARBAGTRILASL, 2004,25(6):982.

ZOU Lin, XIA Juzhan, HU Guoan. Real coding based multi-
population parallel genetic algorithm[J]. Mini-Micro Systems,
2004,25(6) :982.

19 B 7

Review of

(%4 B L)

il -0 el IO =0 i IO Ol B O -0 I-Cr i, TR0l D I-OHE I-0MIE Ot I -0 -0 IO I OE O~ -0 TB-Cr i I CrE 00 =0 O IO -0 =0l T-0r . O~ -0l -0 2004 -0 B-CniE IOl IO 20l -0 -0 -0rilE -

[3] Eie, BFHE. BT KREEWRBWHR]]. FES
HE/K ,1988,4(3):33.
WANG Xunjian, ZHAQO Xinhua. Study on the macrocosmic
model of urban water distribution system[]J]. China Water and
Wastewater, 1988,4(3) :33.

[4] B¥E.ZH. ZKEREKREN _RMAAELBRR

(L#ES 1646 7T)

[2] FAN Linhua, Harris J L, Roddick F A, et al. Influence of the

[3]

[4]

[5]

characteristics of natural organic matter on the fouling of microfil-
tration membranes|[J]. Water Research, 2001,35(18):4455.
Kimura K, Hane Y, Watanabe Y, et al. Irreversible membrane

fouling during ultrafiltration of surface water [J]. Water Re-

search, 2004, 38:3431.

BWEREH, WA, BFRE,F. BEVELRBHEZWE[]]. FES
7k HEK,2002,18(12):34.

DONG Bingzhi, CAO Dawen, GUAN Xiaotao, et al. Effect of
caogulation on membrane filtration ] ]. China Water & Wastewa-
ter, 2002,18(12):34.

BEH, A AEY. SRR EFRFIYNITSILE
[J]. = EZKHEK,2003,19(13):69.

DONG Bingz \O Dawen, FAN Jinchu. Comparison on the
characteristics of aluminum salts and iron salts in removal of or-
China Water & Wastewater, 2003,19(13):

ganic matters( ] ].

[6]

(7]

(8]

[9]

69.

Turcaud V L, Wiesner M R, Bottero ] Y, et al.. Coagulation pre-
treatment for ultrafiltration of a surface water[J]. Jour AWWA,
1990,82(12):76.

Carroll T, King S, Gray SR, et al. The fouling of microfiltration
membranes by NOM after coagulation treatment [ J 1. Water
Research,2000,34(11) :2861.

Logan B E, Jiang Q. Molecular size distributions of dissolved
organic matter [ J]. Jour of Environmental Engineering, 1990,
116(6) : 1046.

BWERH, B UEY, S ARMILKENERER DS F

AR ]]. HRERF2EH,2001,21 (5): 553.
DONG Bingzhi, CAO Dawen, FAN Jinchu, et al. Characteristics

of changes in distribution of molecular weight of dissolved organics
in Huangpu River water source[ J]. Acta Scientiae Circumstantiae,
2001, 21 (5): 553.

(% 4% B L)



