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Application of social spider optimization algorithm in parameter
optimization of hydrological frequency curve

WU Guanggiong
(Lijiang Bureau of Hydrology and Water Resources Bureau of Yunnan Province, Lijiang 674199, China)

Abstract; The paper used a new kind of swarm intelligent bionic algorithm communal spiders optimi-
zation (SSO) to optimize hydrologic frequency curve parameter. Taking the runoff data at Renli and Zong-
guantian station along Lijiang of Yunnan Province as an example for case study, the paper respectively let
the square error criterion (OLS) , deviation of absolute value and criterion ( ABS) and relative deviation
square and criterion ( WLS) as SSO algorithm optimal adaptation degree function to optimize Pearson type
I distribution parameters. Then it compared the optimized results with that of particle group optimization
algorithm (PSO) and moment method. The results show that SSO, WLS and OLS at Renli station and
Zongguan station are better than PSO algorithm and ABS algorithm, the result increased by more than
11% . SSO algorithm has fast convergence speed and strong global search optimization ability and so on .
Based on that the optimal curve fitting method of SSO algorithm can decrease the analysis error of hydro-
logical frequency and effectively improve the accuracy of theoretical frequency curves with measured data
fitting ,so it is a feasible h analysis method of ydrological frequency.

Key words: social spider optimization algorithm ( SSO) ; hydrological frequency analysis; optimal curve

fitting method ; parameter optimization

IR IR R 0 ) SRR TR AR XK SO i S A T S A 2 S s
WSt 2 BAEEE X, REH 20 4 60 HAT,P - MBGB9S 8 %, it ok pl
ARAR LIS — B R A R R BB 28 (P - M43 AR) % SRAGHED B A e vk ) | e Rk Itk 1A
ISR IAT M, o SRR B Ik BB BRBOE S g m gk 7 mgk—H

75 HHA.2015-07-22; {&[0 HEF:2015-08- 01
EHE R ZCB(1971- ) , &, = E VL, TR, 2N F AR SC S KRR TAE,



124 bi N G IS S I

2015 4¢

ST AT Al e 2 R B v H%
EAE SR PP A 32 B 5000 5 A R LA BGR A
WSl AR AR R L AR, B RE L BIE
TR ZR BN 2 B | 288 0 v A TR Bt 224 P T 7K ST
BB TR 115 - = 7 AN YA o 1 N
WU et (SCEM - UA b3k L K
LI ki A AR K SO il 2k S B Ak v H
15T Rt R AR . TR W 151K ( Social Spider
Optimization , SSO ) 51 J SCHK[ 14 ] $2 1 A9 —Ff A4
BREE L M T R TR Wk P AN S A
PMEAT R BRI, Sk 2 TR A AN R 48 R B A
HEPERIMERE . F5 AR5, A1 23 T T 1 A AN [ 1 3
WHEAF FHAERER BT A R B UMETT o Ak
HA R RN SO B 4 R 18 R g 1, 765 PSO &
e N TR AR 22 R B -0 0 e 280, SSO
Gk R R RO PEREIR S . FRGTE R B Ak
Bt A R 4 AR B R

ASCHIF SSO BB AR AL K SCH R th 2k S %%, A
Z5 R VLA L R P Sl AR A0 0 A S )
FTSEAGIRIRTY 4 85 25 7 J7 Rl /INHEN ( OLS ) | 15 2% 4
XHE R/ NI ( ABS ) L R A X 15 2 57 il e/ e
W (WLS) 15 g SSO 5 %k f5e 115 185 IO J35 bR B30 Bz IR it
I3 A5 SR AT AL, AL 45 SR 15 PSO 4 ik
VEHEAT T L, 1B 7E 8 MR AL Gt 18 4R vk A S BRI P A
TERIAN L, SR 7K SOI 3320 A B 44— P (g i 4
T8,

R v L

1.1 BEEERR U E %

THEJE MR (Social Spider ) J&=— i o) B (14
R FP AR B R EEA 5 2% B PMEDT A o AR B
HEPATZMAT S, a2, S Ie , Wik 190 52 3 % A A
IV R T e A R e 0 246 2L, A 43
SHEVEFUBERE BIRD S, Bl PR ME A 23 1R
[R5, AR ) 2o B 82 ol ) 2 o UMPE R A
5 L A W ) 245 £ 188 20 B0 v B HEABAN R, IR
SH A A R 5 4 5 55 S AT A T UM . HR 3t
(1R 55 PR e A A A A RS ] B 1 8, g 4
BRI FEATR AN AR 265 T4 50 4 56 17 B ke T i e
i f AR B . SSO Bk 7 L SAB UL Jo vk e 1
WA UMETT M FERE L 5T AB AL, A3
e T AR R L TR A A R S SO R
(ELIRDAR ™ o 7 A bk e S O AL AL U, SSO B vk
AR AR 77 2 07 i -4 e A0 A, 5 A1 ik

JI A A7 RO A ) A8 %) % o

T R A5 R 4 ) Sy W ek 0 5%, I VS T At B
A RS (] v R I A )57 SR A R Y
RG], BAMESE T MR R 2, OF
TERHR WAL AN [/ B9 DM EAT . 2% SCIk[10],
SSO FEABRAT IHAN T

Stepl AR A F A LENE n, WEVEMIWE N, HEVE
Wk N, DLERRERCE NoE SCN, & N, -

N, = floor[ (0.9 - rand x 0.25)N] (1)

N, = N-N, (2)
A rand S5[0,1] ERFEHLELG floor(-) Ny 5i%k
B AL I

Step2 BCAPHE S H1 N ASMHRAARLL L, N oA
THER) F M AR BEVLR) e e MEE Bk (F = 1,
foveee Py ) RS (M = {my mg, ey | ),
WS =1s =f,s = fz""’Ss\f, = f/\s‘,v’ Snpt = My,
Sypa = My ysy = my | SRR i TR

7N

Z}. (pjhigh _ pjm)
= 4= o (3)
2re PP Gy R AR R R T
FRAA
Step3 JTA A —> Wik 1) B A o,

_J(s;) —worst,

~ best, — worst, (4

s J(s,) WK @ BT RS H bR R0 1
{E; best, = omax  (J(s)worst, = min  (J(s1))o

Stepd MR PMENLHITE(S) 75 2 MEPE: #hI ik -
Y = s Vibe, (s, - fF) +

B Vibb, - (s, —f) +

6(rand - 0.5), ifr, < PF
S S = Vibe, - (s~ f) -

B Vibb, - (s, —f) +

S(rand - 0.5), else
Ko 8.8 M rand B[ 0,1] ERBENLEL; k24
RERARKEL; s, s, 3 BINEGE A @ BT & & F
e &5 PR3 H T Vibe, \Vibb, 4350 =X (6) | =X

(7) R
Vibe, = w, + e " (6)
Vibb, = w, * e (7)
A w, > wsw, = omax (w) s dy o= s -

S; I o



456 149

SO BRI AL SRS K SOBUR I e 5 B A it 125

StepS ARG PMENLHI %K (8) o Bl Wk -
mik” = mf +a - Vibf; + (s, - mf) +

6 ° (rand - 0' 5) ’ L:f‘w/\*f+i > w:’Vf+n1
< (8)

k
m ht w s"V/+h

k+1 k h=1
m;" = m; +a(—

;‘,1 L)
e s, Sy drc T M A i RS T Vi, AT
H1E0(9) FR:

Vibf, = w, + e (9)
K Wy pokiin e

Step6 TEACHCIE #E v, LA A A e 52
PCAE R, B o ) ek A R 1A A B T AU R
AR A ST S SR E WL ps,

- mt),else

w;

2 w;

Step7 | W2 7519 K2 45 1k A5, 2 A2 W By 2
A, 3R (9] step3
1.2 fRUELKE

DAl 3 21 R AR — E A S L HE D], SRk 5 4
0 4 2R T A Bl O B S A R it R S S 8
W, PR FEKRK T AR K A A, i
THIK SO 8 1 206 1 2 1 U A 2 2 °F 5 F e /DN o D)
(OLS) |25 246 X Al fre /INEE U ( ABS ) LA B AH X 25
25 J5 M /N HEN] (WLS) o A< 3C43 3 5% I OSL,
ABS WLS 3 Fud 2, Hok SO i 2eiE 4k i H
b BRECECF R0 3k -

5(9) = minz %xi - x[1 + Cyp(C,,P;) ] 52
i1
i =1,2,--,n (11)

ps; = (10)

S(0) = minz | %, —x[1 + Cro(C,,P,) ]I
=
i=1,2,,n (12)
n - 2
S(9) = minz (xi -x[1 + Cvgo(Cs,Pi)])
=

it =1,2,---,n (13)

s S(0) MELMEN HAR R EUE s 6 AR RIS
B, 0 = [«,C,,Cq] , b x RIFHIHME, C, RE2%
R, C AMEREG n WERIIKE; «, AFFIIE;
o HESIREL, Jy Cs AR P, (1R %L, AT 48 P — 143
A B R AR AT BB TR A5 2
1.3 RUTE

SSO FikHE P - WA M2k ge it S 80 2 920
BRINF .

Stepl BEFFEASELO = [x,C),C5] 93T
T, JF Bl 2 SSO J875 A IV B2 pR A, AR SO 1 ik
(1) ~ 2(13) M3 B PR AR

Step2 WIIRLIAES L. SR thie, BCE R
FERLEE N, S ARRE T, B{EL PF, EPER R R AR
P B P R R A ]

Step3 SSO $iik FLHRAME . % Lk SSO Fik it
RS, B2 Rk A R 5

Stepd Hii e AN AR AN 2 SRR, B A fIE Wi ik
MR ZS R E 6 = [x,C,, Co ] KX YIS
LA S(6) L.

2 SRR

ASCWEE T = B A T Syl HL ok 1967 -
2013 A1 RBIALEVAE HH 3 1959 — 2013 A %) S 4
T ORI AT K SO 53 B, IE X S 2R AT =
PE” 53T, i HAF A K SO R A 2k, T
MatlabR2011b {4 FR 455, M4l 3R LAk A0 B8, 11T
SSO FikwE P - A&k geit 24k, JF 5 PSO &
B GEESHOH RS AT X e, Hidr, SSO Bk
ZHBCE T R REREL T = 100, FERLEL N
= 50; [ PF = 0.55,P"" =0.9, P/ =0.65; x
MR R [0,100]5 €, CoE=H N [0,10],
PSO LS E N e KERIREL T = 100, Fpff
HIBEN = 501V T o = 0. 7298, J5 ey > 1
W F ¢ = ¢, = 2, MRHEERSIN] -5,
5] MR N[0,100]; €, CoR=H N[0,
10], FHFZESHOGTELRIE 1, I-45 1 SS0 5
PSO kit AL XS LU 1 ~6,

(1) NF 1 ATLLE I SSO Sk fbf B
SRR 3 A5 21 () OLS ABS  WLS 25 ¥k +
PSO Bk KL WP Bk, 5T OSL #EN  ABS
HEN WLS #E W] 9 SSO Bk H i ok £ E 53 51
8.1099 .15. 5447 0. 1006, K 4> B b4 v 42 & T
16.7% 11.2% .32. 4% ; %F T &4 Mk, £ F OSL
HED  ABS 7fE U WLS #E R (%) SSO 443k H b oh B0l
4351k 54. 1506 .32. 9667 .0. 0492 4 i 43 51 [ 4 =
PEET 22.7% 13.9% 16.9% . W% F SSO &
BapiAl P — M AT Z 2 800T LUA 808 s B A = i
255 SEDAHE B A5 K5 B, AR AT LU A% 8 35 2 12 T 4
[ LR

(2)MNE 1 ~6 kF, Toit B Bukik 2 S8 |
i, 5T OSL N (ABS #EI] \WLS #ERIfY SSO Bk
Lt PSO Bk HLAT T PR i) i S5 B R B 1 4 )y -



126

% S IS W S S

2015 4¢

HLBEST . SSO Frik A AL 5 10 ~ 30 AU i 8
B4R A AL, T PSO Rk 5 ZAE AL 5 60 ~ 90

AR A W SR 22 Ry e AL ik, W] SSO Bk Ay
B2 e R WS SAOKS HE 42 Jm ST A

F1 SSOEZES PSO Hik REELFELERILE
1 SV W
IELRAEN e BfEx/  BERE RSRE/ Yifx/  7BERE WMERE/ i
5( 0
(m3 'Sil) CV CS (m3 'Sil) CV Cs ( )
SSO 10.195 0.339 0.59%4 8. 1099 28.171 0.350 0.717 54.1506
OLS PSO 10. 198 0.340 0.589 8. 1164 28.185 0.350 0.704 54.2023
NN 10. 150 0.340 0. 650 9.7352 28.030 0.350 0.630 70.0615
SSO 10.273 0.345 0.729 15.5447 28.267 0.355 0.742 32.9667
ABS PSO 10.253 0.342 0.723 15. 6068 28.272 0.354 0.735 33.0048
T 10. 150 0.340 0. 650 17.5000 28.030 0.350 0.630 38.2700
SSO 10. 166 0.342 0. 665 0. 1006 28.113 0.349 0.672 0. 0492
WLS PSO 10. 192 0.339 0.624 0.1018 28.110 0.349 0.678 0. 0494
L 10. 150 0.340 0. 650 0. 1490 28.030 0.350 0.630 0.0592
u 15007 $505PSOME fb i 7 o SO0 SSONPSOML LIt o[ SSOLPSOMEILILH
o @ 250 -'-».: iﬂ;} 7k
#1000 ——8S0 B 900 F —— S0 i; 6 —— 850
wo oy e PSO et} L e PSO % s e e PSO
2 2 150 e 3 A T
mla_( s00 F| Ullnbé poo I\ T % 3t 4
""" 50 b % i
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
HEALAR AL AR H HEAEAR K
B {ZEuh#idRE(OLS £m) B2 (CEuh#LSZE(ABS £0) 3 (BT ERE(WLS &N
230001 55015PSO f it 700 SSOLPSONE L i F SSO5PSOilk ft i
= 90000 Fi @ 600
2 —— 550 %{ 500 - —— 550 —— 850
@1 15000 [ R PSO &E{) 400\ R e pso o= sk i PSO
£ 10000 £300F | e S 6/ e
1 B 200
5000 \\\ ................... 100
0 20 40 60 80 100 0 20 40 60 80 20 40 60 80 100
AR HEAAR B HEAL AR HL

4 BEHBBATLIZE(OLS AN)

(3) AL AT, H T OSL HfiENN] | ABS #EN |
WLS AENAY P - B2 SR TE SR A 2257, I
TESERBINEHH FP Al s B 5 ARG SN

3 &% ik

FIH—Fh 27 107 FE AR RE S A ——SS0
TEAK ORISR, LA v 4 i VA B 8
7 FE ol A 49 97 S 0 S 90 S 18] A ST O, O S
PSO S5 RARIE AT L, 45 2R R

(1)SSO B89 B A7 W S B2 PR | W SRS HE v Al
2 Ja) FUCRE TR AEE A, R SSO Sk SL P - Il
RN SH, LT P - A& 25 «,C,,C 1Y

B 5 2RERGHLITIER(ABS £N))

6 SEHELITIER(WLS #N)

FI S , A i 1 B0 il 285 5 D Edis 1)
WG RIE , K SOBER T2 M S 1 — B o i ik 4
7%

(2) NPIASSEI R TSR K, 2 T OSLL izl |
ABS JER]  WLS AEN i) SSO 5432 A DU B 44 Hu s
AR T 11% DR RAIE T K SO & S8R
e, A B i N RT S

S 3k
(1] Apebi, B 15, P — M2 il R AR AN RN LT ]
ANRAEIT,2012,43(6) 221 - 23.
(T#% 131 )



456 1

BRSCAL , 55 Nt A = TR 45 0 DA 22 P B BB 131

Al 1. PEMAmA B4R, 1997, 17(3) : 27 =30 +63.
[STHE i, FHbE, X [E e, 2. B UR R I R G e A P RERY
SMARETEL) ). BREETS RS PG, 2014, 36(7) : 50 -54.
[6]Gimbun J, Rielly C D, Nagy Z K. Modelling of mass trans-
fer in gas-liquid stirred tanks agitated by Rushton turbine
and CD -6 impeller: a scale —up study [J]. Chemical en-

gineering research and design, 2009, 87(4) . 437 -451.

[7]Achouri R, Mokni I, Mhiri H, et al. A 3D CFD simulation
of a self —inducing Pitched Blade Turbine Downflow[ J]. En-
ergy conversion and management, 2012, 64(12) . 633 - 641.

[8] Yang Ning, Wu Zongying, Chen Jianhua, et al. Multi -
scale analysis of gas — liquid interaction and CFD simulation
of gas — liquid flow in bubble columns[ J]. Chemical engi-
neering science, 2011, 66(14) ; 3212 -3222.

(O] FULIE, BAak , I 5%, 55, BlALIB A i B T L &K
AR T ] BRI ,2014,52(1) 10 - 12.

[10] AR, 5Kk A, A 5t 3C. U R X g = N iR
R EEBA R [T]. P EFRSERE, 2012, 32
(11): 2006 -2010.

[11]Simonnet M, Gentric C, Olmos E, et al. CFD simulation

of the flow field in a bubble column reactor; Importance of
the drag force formulation to describe regime transitions
[J]. Chemical engineering and processing: process inten-
sification, 2008, 47(9 —10) ; 1726 —1737.

[12]R%%:. AR M A CFD B 5E[ D], &
DLARHRHE R, 2009.

(13 ]k, G, B v 5 il 58 A7 1 25 U A 5 A A
WLI]. KTk 2005,24(3) : 61 -65.

[14 ]2, X ¥, FLUENT 6.3 33740 Bt A AT 2K i
[M]. BUCTb AR, 2012.

[15]Zhang D, Deen N G, Kuipers ] A M. Numerical simula-
tion of the dynamic flow behavior in a bubble column: a
study of closures for turbulence and interface forces[]J].
Chemical engineering science, 2006, 61 (23). 7593 -
7608.

[ 16 ] Dhotre M T, Niceno B, Smith B L. Large eddy simulation
of a bubble column using dynamic sub — grid scale model
[J]. Chemical engineering journal, 2008, 136 (2 -3):
337 - 348.

(8% 126 )

[2] 5k B, M40, XBUER D0 S TR R 2R S
AT, ARKIT,2011,42(19) ;21 -23.

[3] HATLL, AR S5 KO R B AR K SO S A T Y
BT PEACRARBOR 2Rk ( B AR RR) |, 2010,
38(2) :197 -205.

[4] &R AKCIARSHIRIELT ], KE2EHE R, 1999, 10
(3) :319 -327.

(5] F, HOPEAL. AR SO L IAGE 2k [ T]. &
DUKHIHL 1R 22254 ,2000,33 (1) :49 - 52.

[6] JHZEE, AT . Ak id 2 26 K SO 343 #r vb 9 Rz A
[J]. ARKIT,2007,38(6) :38 —39.

[7] SfRse. 1% Oh Ak i 730 42 ik 4 B8 dm R T b DA U it
[J]. KPR =24 (HARRIARR) ,2007,4(1) 244 -
47.

[8] FFAfM, e 4. P — TIAY /3 A0 S 800 T ek VR A st 4%
PfbiE 2ok [J]. 3 PR %240, 2005,28 (4) :85 - 85 +
89.

(9] X1 J1, B R, 4. T REEAIE 2R 1 15 K SOt

FAT AR L] 2K 3C,2009,29(2) <21 -23.

[10] WeEEG , ARANAA. BETHHEAK IR i 22 A T HE DL T 46
EWFFELT ] K AR ,2007,27(6) « 112 - 115.

[I1] 22 At ARAN. WORFR AR K SO i 2 S 0 TR
BRI N RYBETT,2009,31(4) ;38 —40.

[12] BREaHE, H G, AR . SCEM — UA AR5k A K SO
FONrh RN LT ] PEAERARBE R 524k ( A SRR
2¥hR) ,2011,39(8) :210 —214.

[13] AN, HE Ha. 3 T BEOL AL Sk A BT HBE KR i 26
LR RIRI LT ] PHAEAMBR B R 54k ( A 2R R)
£, 2008,36(2) ;205 -209.

[14] Cuevas E, Cienfuegos M, Zaldivar D, et al. A swarm op-
timization algorithm inspired in the behavior of the social-
spider, Expert Systems with Applications, 2013,40(16) :
6374 —6384.

[15] E=301, W%, Tr i, &5 kT 1 s ok 0 A0 53125 14
7K P B b A £k ] B A K i LT . K e e R 4
2015,33(4) .48 -51.



