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Parameter optimization of support vector machine and
application based on particle swarm optimization mode search
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Abstract: Considering the importance of selecting Kernel parameters, the Particle Swarm Optimization ( PSO) model

search algorithm was proposed to search optimal parameters. This method combined the global search capability of PSO

algorithm and the good local convergence of mode search,

that making PSO model search algorithm displays higher

performance, and applied to an the practice of agricultural technological project classification. The results of experiment show

that this method is not only efficient, but also catches the optimal parameters that have achieved higher accuracy.

Key words: Support Vector Machine (SVM); kernel parameters selection; Particle Swarm Optimization ( PSO); mode

search

0 3%

S (] B AL ( Support Vector Machine, SVM ) J& Vapink 4
MNRHEGE I 3T 3ie EP??:WJH 5 B /INB IR I, R e /Mg
S 3 AERME SRR BRI R A R 5
M BRI, A RAFRIHE) BT B iR &
SR SRR AR RS WSt B 18 S R, B BRI K
P, BeAh, SRR BALR — N R BLR, B B 4 R AR
WRAE R 2 R B i .

SO Il AL O 2 A R B, TR R B S B GER F E
THRMER, U, SRS REXRHEE, UIERmEN
MSECEBEER R FEMARE R SR, IHAUTERE R A
AL, T BEBNSEEEAR R LR BAMSE IR E T3k
BHLMN . T RIS gpG, — S Bl TR THE
TSR Y BT RRE LS REE T .
HEF MK SEMAT D TR TR E S0k
T T B EHIE (Genetic Algorithm, GA) (92 ¥tk 1k
gl B3 F 32355 47 7 ( Gene Expression Programming,
GEP) BB tdb I k1™ o X675 W AE Xt 7 SC K 1 S 3o v 3F
T & BARE, FRETHE MR IERE R
R TEMREEEA MB, B A R 2 F I

BRANRERRES SRR M BLE ; MR T BT
BER FIREERN s TR TR {1k ( Particle Swarm
W F5 H 8P :2011 - 05 - 08 ;& @ H #7 :2011 -07 - 13, ELWAB: %

Optimization , PSO ) 58 3 i) 77 ¥ 77 46 B A {8 R B 1y 22 i K
AT e Ao A (B A A TR T GA T S AR AR R,
AR BT Z R AR SAERT LT
GEP W5 AU B 18, B ARSI Bk o BLoh i
TEFERARERR SR m BN E RN K SE0TERE
R, VN A A BB 3% B SE PR K o

% BB A SR TT A 1 R RR L B W 2805 ¥
(Blandh M GRAGE Y (CA.5 %) sy etk MRt 45 A 4
i BT F RS R RS R AL A SR T
T PSO B SVM SRR AL F8 Fp IR L B2 90 B
TrREE . BE R AELRRE T EA PSO HENBEE/HE
REES FLIEM A, T EHRR TR RRDBER
REJT, B T ARk B AR e /MBI T BB 5 R, 7 AU R
B REEA W B 2R BAUE, =% T BS ML
ST FEB A AR B AR T BRI IR KB
SRR A EAORAMERE D TR T ERNEER , Bk
TR EMERR AR RH I B AR RTINS
AT

1 PSOMRHERHZE

1.1 PSO &%
e PSO ik B A B BB RN AL T, MR T

TELHEE R ZS I o /AT SR AR IBRL T B C R 2% B T48
MRS GBS NY 52[2010]3078 5),

EEE T EF (1985 - ), B, W E A B L0584, CCF 2 5, BT S 7 - 30l 4 BB 48 B B H | /T (1956 - ),
B, M BRABIR6, TR BRI R TR ER5R1946 - ) , B, SEMBE N, B, BRI BRI



12 4

FERF A TETHANMBMIXR 2O EHAENARMEE ER 3303

JER R BERHAN AR TN B CYEEMAE, NTTHRE
R R AR XERIIIEAR AR

v = wkv, + ¢, #rd. * (pBest — p.) +

¢, *rdy % (gBest — p') (1)

pi = pi + (2)
Hor, w B XKW w AR 22 R RS, XS
NI w 25 FBUPHI S 0, B e, RETHF5rd, Rl rd, RIX ]
[0,1] ERIBEHLE; p R 1 2 BIALE RN SR BPLS 5
c Mo BIMANME;Y € [V Vi | RATEOESE P T—HI
¢ Al o BH AR

H T BER R IS B, SR A R E B T
AT (K (3))

v = ylw=v, + ¢ xrd * (pBest — pl) +

oy # rd; % (gBest = p;) | (3)

PSO B AARILE 2R RE S HRMHAL &, B
A BIATHE R R EUE S & WS B TR, S0
BEHR A RYE, XS S HBBERESEMH L. AL
R REEERE 2, RBE S ARG E
BRSO B kB THRCR .
1.2 BXBREE

Y R Y Hooke-Jeeves k! s vk EH M F
M RRE N FU B S BB 5, RIS UTE
Frahi 77 18 ol RS 3 ) R W 2 A SR IR0 i R
W F#sh, MR T LIRS 1) EA RS RY
6] 52) Nt 72 , Wl R 7EA 07 | iR,

A REEAZR AR BT S, B—FEEE, %S
K RE R AU R B, U H R RIS RAE R, HEFE
BRUEE TR E K A5 B ARk 8 AR e AT
He Rl RENZESHRN,

Wi, A ToEsr R R AEREER NS, 455 PSO R
HEELA L BRI T PSO A K,
1.3 PSOERBEH*®

M2 R MAEE I, PSO BER—MATTH BB IER TR
A" . TR S 8 R R B AA B
RS , 3F B A X HT A B USSR 5, BT L 7E PSO B
B AR R LUE PSO B R ABSR 2 RE REEN
e e, t T LARR B A R B AR /IME I BB L B2 T B i
SCHEFIREE

PSO I R B LML AR S5 PSO BETEL R
WEANER, KRB RS, B REEEX A
BRSEMIEHT RBER, AR RERTABIEEER,
W4T A RS R KRR AR B RS

2 PSO#ERAERWAHIE 4 K58 A

2.1 HiEwmstE

FAr B A Betn g HA 4B ARG/ MRS B
R T o 4 B e LA B R 7 2 IS SR AR B PR B AT X AR
A RHEEI H BARAR BORE R, A SO S T BT SR [ BELR
AP RHR I E SRR, FERE ST A SR R R TR X EAR AT
ARTRIRAT | A SCR I/ N B R B BB G AT IR I 5 R

/NEAEARS R E B EESR 2 N . BB E
Wy e — P ST BT B R B /N R RO, SR
A BHETIT H BAE A i S BOE A S R R A T AR 2R, X
BARESAAT /DB E MR TE/DIEER LT Battle-Lemarie TE

SN RIR R BEREAT 3 200 o
2.2 FHERK

T B R AR RO 4 SR 1) B ORI N2 B R 1T 53K
YERTIME , R TRy BRER M A T R R A B AT e 4, 3 BLAE
SRR B R AR R

FHD CBRUAEIE AR AR (4) FBEE =5,
MELEFSIAER p = 10, A% n = 500,

min || X, — 2wijxj (4)
w; =
%/lxj & Qi H:J‘y w; = 0, 1%%1”; O;H\:I:F' Qljbk/l\/?“lzj&){_i%%o

T2 MEIRMU(n + 1) A p Gel R, X0,
A7 B H I R

min || (I -W*") X" ||? (5)

Eﬁ%@]%ﬁgi = io* ;Fﬂil* siz*
oLx, FRAERR AR,

ZHREIREUS , 20 4E1%3) 10 4k, R T 5 A 508 i 4t
B EE T SVM WiEEAE,
2.3 PSO #&X {4k SVM B

P Guess L PREE N Rl EHLEY R EL, FIH PSO
BT RS EAAL, I8 2R 2 M T R 1T

PSO BIRERELEMLTUT

FH1 EBCRABIEI HBEREA, R4 (c,
o) FERRTFIVIEN & P,o

s.”si: ﬁ%)\x iFuxl sx25

BRD HHE AR T G IR, DU R (R
(6)) M b 035 VA S
BREEAR,
1| 1
e ©

Hrr: T, BN EBE G EREARE, F, TR HL

FB3 o E/NEREREEFIFRIER (2) MK (3)
HRRF I BB

T4 SLEIBIMP, = Pt e (c,0) MR
RIOVIHE, AR MR &G = 1,2,-,n) JHHRPK
o =(a3,05,,00)" >0, HEEREy >0, i R0 e
(0,1) X e >0,BEk =0y =P, j=1,

FH’S My k&, KRBT TRARRE (G = 1,2,
o) Bl E RN S .

D#EAy +0le) <f(y) MLy =y +old, FME2);

DHEAy - o) =fy) ,Mey =y -oie, FMLSy =
Vs

Fre LP =y AP < AP NPT HY
FIEFE p* = PL7Y - PR, Sy = PLY1 o+
o =0k =k + L EBES BNEEET,

FBRT & |o"|s o, MEILER, BB FUY
Pit' =P &y = PEY oM =0tk =k L BRS Y
P =P i, %y = Pt oM =00tk =k + 1V EEBIR S
BRBRERKEES | o | > o, WL 2,

AR AR ZETNSH c = 200,00 = 0.2,

2.4 SVM 43R

B abE N VI EGR E AR MBS E A SVM i

TTNIAFBINZAERD, B4 2R AL



3304 B R

531 %

Sx) = sgn (X ol yK(x,x) + 07 ) (7)

Hh BB K(x,x") = exp(— |x-x"|*/c") , BSHkoN
TEERE

25 by TR BS R S 1 Ay o3 SRR () A A A T 532
T ARAE A(x) BORFS FTHIIRRE A x, JB T 28, R AT
PLA e BR e Y BB 0 B 2RI B, 3 ol B W A
e NG 275

3 EBRLERKAHMN

MM AR RHE B R P P BB 500 4, 3L
HPEEE IR HA 400 &%, HiX 500 KBRS AW —4
HVNZRER 3L 300 4%, K rh 4G 23 B 240 5% 5 — 4 W
AR, Hh AN B A 160 5, @il x5 —H B # 17
M, IR —MINGRARL 58 A WA, A PR 45
R 53 2B

TESL R 2 IR A PSO B3k B R B A PSO B
HREEHATSEARAI A S HALEAT /32, =Rk
Btk A Matlab 7. 1 SE 3, & 5 F & 2~ Pentiumd (2. 66
GHz) #h P28, Windows XP SP3,512 MB RAM, =#p& 3 Ky
(28 S I R FIUER R A0 R 1 7R

Rl ZHEENENER

=R7S 23 iHAEl/min - HETHTE/ %
PSO &gk 22.35 95.37
BB RES 23,68 96.23
PSO i RE D 20.27 98.76

M 1A, PSO B3k i DI 2k ] H A R B vk 9 VI
Gritla) i, HEE IR DA R AR R B R, T PSO A
R BRI Grit 6] RO A B2 07 AR AL T PSO B8 ok A (48
RAWE, ZBEEABEIRE] T RAA T L R i B X R B
R 385 T Rk B R IR R BE T, T B UGS A RHR A T
KRB P, HEATRAFIE R, (F 710 P, 5] A
HEEE ARG R R R T RACR, £ AR IE PSO B
HRERS AT T AR WEBR N2 REREN. B
Z,PSO AR AN PSO BEMB R REE MR AL
ARk, MHA B RN, PSO MR B RELENE TH
PR o

N T RIS RGEFE N EZE, LR A PSO B R AL
RERMSHA G, HAERNS B B S M 5 Ay
HETIR UL, A RIS EEH A X B ET R A0 R 2 FR .

MR 2 HATLIE S e RS ERHIE NS HAS R
AWIRE] T B 092 FER R H R B FIH PSO AR
HERANRMSEOR B MR R, SRRV, SH
RT3 ear I PERERE AR R o FR R o M9fE M T
XA AEA AR PIRR BE , ¢ ROE /N X 4 23 FE A RO 25 1
FRBERRA , X R BR Z RN 5 ¢ B BUE M TET5 K, AT H
B R (AR AL 000 . , 3K B TR R BT VI R A AR 2 IR T
o3RRS RE KRB EE R TERR NS, T,
Xt e (AR EFFZLE G BRI R , 7605 2 - R RN R R
RATBEBUNG ¢ {8, T U (328) BRI . 5 o IME
T/ W B BN A SR &, AR LA

PR 34 o BUAEI K, SCIF 1) B AL 2 KPR B R 0R T e,
XA 73 2B ST LR T R BT B AR F D —
K H o BUEBIE, SCRFI A SOV 2 T B, B2 2885 ik
FEARMIEMHD RN SRKER. Bk, EFGENSHA
B B PR R B 7 254

R2 WMo FRASTHARE %

c

7 1 100 200 300
0.00 55.0 56.0 59.0 70.1
0.02 61.0 64.1 66.1 73.0
0.04 72.0 75.0 75.0 77.3
0.06 80.0 76.0 85.0 85.0
0.08 73.0 88.0 90.0 88.0
0.20 75.6 94.0 98.4 90.0
0.40 74.0 91.0 94.0 90.0
0.70 73.0 89.0 87.0 87.2
1.00 72.0 87.2 83.0 85.0
1.50 71.0 86.0 82.3 84.3
2.00 70.1 84.2 82.0 83.1

B2, A PSO MM RB X BA RS /AR TR
LR AR L BT B R SR AT SRR A R ATAT
F9 AT o SISl B SRR B R 4L T — Rl i A2 J7
4 HiE

PSO AW RE 2N PSO B A XM RE LMK
REEEHR,E PSO A RE L AHRRN2REH G
ERAERAE S, SR T PSO LR R R 2 EXER
B G M RTREAL AT B8, AT AE PSO EIE RBEE M
Se# . ASCHIH PSO MAHRE L RMABSE, I Hiz
BRI AHE I H Ay b, AMUE A T KR 2R RS HO
KRB R R, T L85 1 S HRp el BALH I ZRit 18], R 82 25
TOrREER S, BT, PSO B RA LR —~ME A T1T
SEALT
B2k
(11 I, sk, Tk, 48, S8 B3 B TR B A SRl M.

P %: Vi %2 B TRHEE R AR, 2008: 13.

[2] OSUNA E, FREUND R, FIROSI F. Training support vector ma-
chines: an application to face[ C]// IEEE Conference on Computer
Vision and Pattern Recognition. New York: IEEE, 1997: 130 -
136.

[3] CHAPELLE O, VAPNIK V. Choosing multiple parameters for sup-
port vector machines[ J]. Machine Learning, 2002,46(1):131 —160.

[4]1 X\E¥E, E655, B+ B TURM RN R E S50
FERATEL . R RS2 R: B AR, 2008, 39(6): 1309 -
1313.

[5] 2, ek, PR, B LT RAEIIER M R LR
PR J] - HEHLT R 5% A, 2008, 44(15) : 136 - 138.

[6] ALHL, B4, BT PSO fifb iy SVM B R FABISELI]. 358
HLRL ST, 2009, 26(5) : 741 —744.

[7] CHEN P W, JUNGYING W, HAHNMING L. Model selection of
SVMs using GA approach[ C]// Proceedings of 2004 IEEE Interna-
tional Joint Conference on Neural Networks. Piscataway: IEEE,
2004:2035 -2040.

(T4#% 3326 )



3326 B R

531 %

flag = false;
if( flag)
context. write( _, key);
Reducer £ &I value_list P {E & — PN =J04H B JRIHE
9, W TEH L RO S BRI IR B, B B
filfo 5 value_list A FIGEE, R BEMNRIESHNESR
B, U — 1
AR R AT T —WE, #%FF Jacopo Urbani
%1y WebPie' , HEEAR A

Input

merge Output

..... ~[ | ~[Reduce] -{[Part0

K2

[ s = |

B3 Map shELTHE

4 xB

SEE A H 30 &0 A B4 AT, e 4 B R R XU
1.8GHz, 2 GB P 7&, H f DataNode H 28 &, ffi
Hadoop-0. 20. 23§ LW V- & MR BHE R A A 7 R% 5
£ ( Lehigh University Benchmark, LUBM) & 1%, 256 F KM
K o R RS S HEAT A BR A, WebPie!*) AR 3L
B M SRR RT ik 2 fs , R\ A SCR AR, WebPie
PERE LA RKIE R . S250 32 B0 (- 2R 58 0 PR 11, B 25 B 44 36
BRCE R A it — P4 R

5 %

ARSI B X B B LML T B = ST AT 2L,
PR RAMRTE A T o3 Bl B 22 S T T S 2 Y () R
0 LAE X 0T S IR B , 9 FL A )3 T DA — 25 e o (H R

RFRE SR T RDFs 2K, A 50 0T KLk — 2B 41 % 7
4t M AAATE S (Web Ontology Language, OWL) AR JRIFHFF o
F34b BT LA T Hadoop #Y Map/Reduce SEBFEATILAL , #E—
FRETERE,

R2 WebPie LB LR

[ WebPie A
S E N . N

HE BT[]/ BT/
100 13830000 154. 426 77.331
250 34490000 220.329 110.231
400 55040000 265. 892 145,888
600 81360000 309.273 189. 969
800 105790000 334.801 223,297

Sk

[1] MCBRIDE B. Jena: A semantic Web toolkit[ J]. IEEE Internet
Computing, 2002, 6(6): 55 -59.

[2] SIRIN E, PARSIA B, BERNARDO E C, et al. Pellet: A practical
OWL-DL reasoner| J]. Web Semantics: Science, Services and A-
gents on the World Wide Web, 2007,5(2): 51 -53.

[3] KIRYAKOV A, OGNYANOV D, MANOV D. Owlim: A pragmatic
semantic repository for OWL[ C]// Web Information Systems Engi-
neering 2005. Berlin: Springer, 2005: 182 -192.

[4] WBITE T. Hadoop HSUBRISE[ M]. &KW, BI#H, #. bt &
AR R A, 2010:9 - 12,

[51 XU§S. ZEHEIM]. dbEt: s F Tl iR AL, 2010: 14 - 18.

[6] SEIDENBERG J, RECTOR A. Web ontology segmentation: Analy-
sis, classification and use[ C]// Proceedings of the World Wide
Web Conference. New York: ACM, 2006: 13 -22.

[7] SOMA R, PRASANNA V. Parallel inferencing for OWL knowledge
bases[ C]// Proceedings of the 37th International Conference on Par-
allel Processing. Washington, DC: IEEE Computer Society, 2008:
75 -82.

[8] OREN E, KOTOULAS S, ANADIOTIS G, ef al. Marvin: A plai-
form for large-scale analysis of semantic Web data] EB/OL]. [2011
—-04 —15]. hiip: //www. larkc. eu/marvin/btc2008. pdf.

[9] URBANI J, KOTOULAS S, OREN E, et al. Scalable distributed
reasoning using Map/Reduce[ C] // Proceedings of 8th International
Semantic Web Conference. Berlin: Springer Press, 2009: 634 -
649.

[10] QU ZHENXIN, TANG SHENGQUN. Deep semantic integration for
information system[ C]// CINC2009: International Conference on
Computational Intelligence and Natural Computing. Washington,
DC: IEEE Computer Society, 2009: 292 —295.

[11] HAYES P. RDF semantics| EB/OL]. [2011 - 02 - 15]. htip: //
www. w3. org/ TR/rdf-mt/.

[12] HEFLIN J. SWAT projects: The Lehigh University benchmark
(LUMB)[ EB/OL]. [2011 - 02 - 15]. http: //swat. cse. lehigh.
edu/projects/lubm/.

(k3% 3304 7))

[8] FEICH, 408, mER. #T GEP W frm EMSEMILT].
I PR IRTE 2 B 4, 2010, 27(2) 66 —70.

(91 vz, XS BB B AL PERR AT (] LT
2,2003,29(8) ;22 -25.

[10] gl £ IE k. Matlab AR ALITE M. L3 7 Tolk MK
#1,2009:133 - 134.

[11] i, eS8, ETBNTHNIREGE SVM S8 ML %

(I]. $HHUBIA 2011, 31(2) ;501 —503.

[12] FRIEX. /NSRS SW I M. JbR0 UM Tk i B,
2008 .61 -62.

[13] PANG YANWEI, LIU ZHENGKAI, YU NENGHAIL A new
nonlinear feature extraction method for face recognition [ J].
Nerocomputing, 2006,69(7/9) ;949 -951.

[14] FMEABRERITRM 4. SHME B AT [ DB/
OL]. [2010 -12 -28]. http;//www. ncc. gzst. gov. cn.



