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Abstract; Motivated by the facts that automatic model selection for support vector machine (SVM) is an important
issue to make it practically useful, and the commonly-used leave-one-out ( LOO) method is complex and time
consuming, we proposed an effective strategy for automatic model selection for SVM with Gauss kernel by using a
heuristic real-coded genetic algorithm (GA). Based on the extensive analysis of the effects of the hyper-parameters on
the generalization performance and two estimates of SVM, the appropriate fitness function for GA operation is
determined. Simulations are performed on both artificial data and real data to demonstrate the effectiveness and efficiency
of the proposed approach. The significance of the proposed method is its easy implementation and better performances in

comparison with the commonly used loo method.
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WAL B 1 (genetic algorithm, fEJFR GA) 2—2
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2 SVM #8Y%+FE( Model selection for SVMs)
2.1 STHXEHL(SVMs)
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Fig. 1 Variation of SVM margin and number of SVs with o (C = 10)
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Fig. 2 Variation of SVM margin and number of SVs with C(o = 0.7)
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2.2.2 3426 F® 57 (Radius-margin bound estimate )
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TR WEFE LY FTMHME GA ZHEKHE
Holland (#2175 1975 448 H B, B — R BRI 2K 30
BAEEEM AR E YT ERYEREE K
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3.1 SR{EZHRAKEE(Real-coded scheme)
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3.2 R BhEERI P (Produce initial population)

F Rty s m SR a ks mEE. HR
BIFBERE 3 KA UE I GA 2B AR, i B2
FEF L A T4 1, M3 38 2 A U SR X 5 A LA
AT BE AR pop_size 1K/ A INGREEA R
30% . {EfR7S [ P BEALF= AR IR PP RE , - H S50
i FHE == 1a].

3.3 BN EHHREEE (Fitness function)

GA JEXT3E 1 B PREX I R R AL TR, 1 SVM HE
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TR R MEIZ AL EREE b D B R A 3 B BRI

fit = 1/(T +0.01). (11)
Hep T 301030(8) 5(9) B EWAGTH 542
(2
3.4 BERIEEF(Genetic operator)
BRI TR, AR AU
BREBERT. AT IREREENHCE, KR &1
RHRME, TR SR . B ERB LB RRE
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REME, TR LB S I T R R A R AL
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YR, {545 0 A WA S BE R 5 R SR 8 3 BT 3
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1) $EF. VERR BT — M o T R A0 £ - S o
BETHEARER T AHEERE N F#TX
SRR (RPRE) tPAMRSEAT ROE S, AR
RAT TR X B E 2 G BB R AT I . 27
A o, 935 I FE BB fit(a,) , UEH o, BT —A4
PREIHE A Ny

P(a,) = fit(a.)

Z f1t(a )

BARIE R E%%Aﬂi%m? — R BB L TiE
N7 BE S/, B A% B D, BRI

2) %X REHEARZXEF" PP = aP, +
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P, ,P, B 5% VRN ME;a 2 (0,1) EH
MW B e = 0.5

3) 75 5. GA B AZE S0 58 3% pB A 815, —
ST FERT A B K B R T A A R R SR
L B4 F AR s — B MRk B ST R AR AR
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3, T e B AR AR . AR SCR R AN T B B 3 R R
W e BRI 1A,

-1.5 x12
p. = B x¥2) (13)

pop_size x /L
Hod o BB L B EAKE
4 {FEIRIE L R (Testing results)

H T EARMFI A BRER ST SVM R
HERE, R T TR RRE. e —FEER
¥ L E AT, B e M — N Z A RE R AR B 4T 5 1l
XIS PR R GA J7 I SE 8l SVM #ER H
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R E WA T2 0 e SVM B8 B 3k
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HRWSGE R mE 3 fid FiR. R1ABTH
FEHR T, R A GA FriRig i RIS 5 & SVM ft:
RE. B fARIE DR R %0 B HILARE TR
BEAA

x pop_size. (12)
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Fig. 3 Evolution of GA with intuitional estimate
AF TR, SRR R A Rz AL
REARAR BT TS B s, Frakfng SVM 7eik i &
RIEIREIRGT , TR BHHE D, WA ER B D
bE ERAE T/ BT LA, A A2 n) e AR D 7E S FRd
4 EBET SVM R B Sk Bz (L RETEHp.
A1 REEIMAEIGHE T ,GA FKRH
SVM AL KR KAk
SVM model parameters and performance
by GA with various estimates
HRSH PEAE
. C o XHERBH BRAR MHRRER
HWMAT 27 1 2 0.458590  1.0%

AR A 6 1 5

K FEAE B B 1 Heart BUEHTT S5 8 A
LOOM 778" # 4T L8R 1. Heart Z4E & —1 13
HEM R A 294 MRS, R A 4E 188
AN, BEBLEEEL 20% RIBHEVE VI Rdk , AR B 1R
HWRE. RESK, SVM ERSH M ERZ WA
Cell 30],0e (0.1 50] GAHEIEZESHL

Table 1

0. 544090 0.8%

SO S BrR. BR f, e T3 BIASRGE B o
B A R B R

xX10°

L5

1

“,
051

X107

1.5

B4 RE-RIRAE LR GA HlSGL R

Fig. 4 Evolution of GA with Radius-margin bound estimate

8 R T T

I
[=] [T N [=
1
1
1
/:v/'
T
N
.
- )
H
1
-

t
5 Heart A GA HARIEFBHNSERE
Fig. 5 Model selection evolution of GA for Heart data

R2HWTH LOOM Fk'" M s R
LOOM Jy g b 20 R Al 4= B0 B PSR SR LU B4,
¥ BEARAT LU AR B 45 R T ZESEBRRL T, H 9 3F
BHKERHREARSEITHEINE, RegadMEE
(— /N TEWEBARR 20% ) RSB BRI e PR, I
X KB MR TR BT, 3R A1 LOOM J5ik,
{EAUAE B 20 % R4 3447 4 284 1 45 1) 285 R AL 7] I £
#2 I,

2 LA B, BT GA B9 SVM KR 5 ik
Bl AKA3 ) SVM LeFRiE ) LOOM #23 A Zhik
F7ik 2R AR A PN AT T $ . R IR/ MR AL
2 B SEBRTE O, AUR F 20% B B8 R A TR
B, FTRME T GA ) SVM BRI 3 S I ik A
RIBH SVM X MHR R M IRBPRU A B R HIERH.
RICER T AT RIS B, X
FEERF N LOOM Jr ik B4R 5 LOO H i 4R
8, EIF A R RIS AR E BN, HIZFE
AR B (R TREIREN 20% ) , BAREERUEY]
SirpAR S IR ) R 8, (BRI I AR ) PUR R
BAK. '



0000 http:/Awww.cavip.cam
1,

192 B % # ® 5 M H B
&2 GA:;'LOOM P13 %) 4 Heart 3 A4 R HK bridge, MA: MIT Press, 2000:230 - 236.
M*Hé&.%i%iﬂﬁ']$ [5] TSUDA K, RATSCH G, MIKA S, et al. leaming to Predict

Table 2 Comparison results of GA with LOOM
for the Heart data

& g s
BIERNE VAR — DT — A
GA 59 1 2 84.01%
LOOM 204 128 0.000250  83.70%
512 0.002 80.00%

LOOM 59
. LOOM » pBi M5 % & MMk LA .

5 %4 (Conclusion)

FEAMT T SVM RS HxT o 88 B i R 1 68
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LI ET RS SYM R [ ik B iR
W T 2R2-RRAME R SVM SR [ shik#miz 1k
PEEEFE PR, A tE B4R N Heart WA ERBE RE
B, BT R R2-REAN GA BRIEH T ETIER
ST SVM KR B 3. Hik#E S Lee A Lin f
LOOM J7 ¥V Mt MR M A RA BT L |, &%
UM HLAR T BRI, 55 LOOM 735 48
H, BT A8 0 SVM iR 42 A B R A TR K92
. AR T GA M SVM #3 B ghi%
BITEE, o SYM WSS FITTT 7RSS R
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