= TEH 2 z £ T B K % F HMAKFFEN) Vol.7 No.2
2006 4 4 A JOURNAL OF AIR FORCE ENGINEERING UNIVERSITY { NATURAL SCIENCE EDITION) Apr. 2006

MR SVM AR R E X
v, T, RE®K, BED

(BFEIRKF FHFEB, KA =J% 713800)

W B HNMRLSEDPKP, LN SVM A ERM Q0 X B RAFEF ey Za b, Bt 5| N K E T 4
BEHMNE, A ET REZZE, BRE—FRH#AHSIMA KMo RE, ERRATZLXFEEXN
REQPEEHEEHAHBME,

IR X FEEY SVM R ER,; T oEEMNE; KT

hE 43S TP391.4 YERARIORD A 0 XELHS 1009 -3516(2006)02 - 0032 - 04

SVM A E R 2 {426 WEbRm BARA Bl R EESKME . A THEFRH SVM Z{E57r3K
8% SR — R — — X B 7 v R LB AN M SVM A = RS A A AR, MR SVM JRFER Y th & —Fh
BB ASLAHTT SVM YL 4 2588 RAFER S, R TR XMW, EX T —METRDHHIR
] 43 PR PR Y R B S AT 48 T — R BUAR) SVM BRI RIL

1 SVM HRFEH

5B WA, SVM JLiRM X F—A~ NE22KRE, TEIFEK N -1 TR, FEEIIZk
EAT BB | REA BOR A D, R, TE VIR B, BEE VI 4R a8 1T, A2 BB UG 4 28 T i 7 22 B9 VI R st
E‘Jﬁ{fﬁ’rvﬂc"“ ERENE, Z T EHAMGE T T EREITENAE KR RREWHE, ENFTFERBERERN

g5k TR TR B A K RIR PR EUH

Z T ER B R B IRERNG R LR RHEIR, A'JATBQ%%RL‘?’“@JW REEEET—REG R Lo
R, 43 48R AE SR B 7 R AE , S RPERERIIRZE . WG TERE R i BUDRIR W 4344 , AT LAH [ R
S (RGP g4y ) R4y B LR, ARG B A B B I3 X, BURES (3 AT 58 th LAY 46 41 /S ol Hg b

TCE AR o

2 (8] oy I BE

BB NGBIR AT & L6 5 a0, 8% L2 -
Fi2 6] i) Euclidean B 25/ 4 & pE BE Y {HX Ry
e R S TE 2890 0 18] B BE B8 i i FF A BB X 3R 2K (8] ®_@
(a) (b)

s B, 1 fras, Bl 1(a) & 1(b) FErAEB
KBS A (H R EE 1(b) PHPILEL
H1(a) FHIBEE S 47
T FiRSHT, E X T — R340 1 19 2 (8] 43 B 1 k9.0 EEEAESRIE 5 i) HER
B AT -

W F5 B BA 2005 -04 - 13

BT H PEE B RB 54 5% B B (2004F36)

EERB AT RERHE(1974 - ) , 5B WAI4UIEEF A, 0, A4, FENFF GEE EACTE AR SR E YR ;
FRBEFF(1966 - ) , 2 BEANP A, BT, B AT, TENEFGEEBAAE . BIRiRA . XIFFR RV .




2 SRS UGHER) SVM LSRR B 33

B BEHIT b RTR,INGHEREREX,,i=1,2, k Hil,
EX 1 %Ki f2 AR BN sm, b
d.

smy; = (o'jfo'}:) (1)
Hep,d,(i,) = 1,2, k) FRE i Fj POEIHER:
a; = [le; -c¢f (2)
¢, RARTEIINGRAFEAITH H B2l .
c. = an.x i =1,2,-k (3)
L AR X, PHIREERDNEG o BRITTE, %%Tﬁﬁ%ﬂ‘]ﬁﬂfﬁ
g; =ni_12X' lx; =¢ ||, =12,k (4)

#osmy =1 3 f2s ) MERE & sm;- <1 ,MKEH3CRE, sm; FIEREK, W2 F12 )/ (6] K943 BS P

B .
EX 2 K H)srEPEDE:

sm, = rln;n (sm;) (5)
2 W BN B R T2 5 R E‘Jﬁ%lﬁ,#@@ i S H AR A RE B /N B BEAE iz 3 i
AR BE
EX3 B
s = argiﬂ'ah:{c’k(smi) ot =1,2,---k (6)

BB PRI BE (B B K IR R B & 7 B2

BT EidE X, ELERL T, EXFHEE K Euclidean JEERIA] ZX#[S] B %, Efﬂ‘:% YR
T RFFRERTERR ST @ 85 A ZS [B| BT B —4F k= 6] H [ X SR RIBE R RIR AT R

SIEE1 SRRz, Mz, RIELERST O /EA, BT BIRFIEZS [8] H, WX B 5] B 7ERFAEZS [8] 49
Euclidean I E 2 4

dH(z1 25 ) —\/K(zl ,2;) ~2K(z,,z,) + K(2,,2,) (7)
HP K(-, +) BERYXETRERHOEWMAZ BERNFOEMRN G MEAERIFIES B P L
PR R L ﬁiﬂiilﬂjﬁﬂiﬂﬁ*m ] & m,, BIEFFIEZS 8] FK1G

'—2@07) - (8)

Foof n BRI B S R D(x;) E@Eﬁi%ﬁﬁ/"t FJFUJ"E?‘%H%?E‘Q(S) SKEF LM,
5IE2 BRAPRREAXBVNGERDTHIN % 2,5, 1 F{a’ a0, 2, | REIFREBS D 1F
L, BRETBIAFIEZ 8] H J5, 260l mHim'y,, ﬂ'JZSEfI’%?ﬁEiITEP myFlm', ITMEE%%

d"(my,,m',) = —22 ZK(x X)) - E ZK(x x’ ;) +—E EK(x x') (9)

=] j=1

5|18 3 E%ﬂﬁiﬁﬂwllfﬁ:#ﬁiiﬂxuxzr", i EIE@%&B%ET@{’E%F Eﬁﬁilﬂ? H & I GAEA «
%U;EEF‘D' m, EQEE%%
d"(x,m',) =\/K(x,xl.) -%iK(x,xi) +I:—2i iK(xl.,xj) (10)
B TSR FR4FNEZS (Bl R B9 5 2= -
o =n1-1;dH(xnm¢) I (11)

B, AR R PE R SR A 4 , B ARSR MBS © FEF , FEAREZS 8] H e i A 5 1] B 43 B 0 B 2 S
T

d"(m', ,m’,)

H oMy _
m.. = — 12
- (o] + 0] (12)




34 ' SEIBRKFFM(BRABFER) 2006 4

3 HEHR
KT ERAMTRIE X, ATXHESE i SVM e AR 4T B0k , AT A4 3 th 1 B R I B SRR S5 4, 7R T

i 7E A U R B A A R R — 2R ﬂﬁ%é@ﬁ}ﬂ‘ o
R E AT & LKA INGHEREX HEX,i=1,2, ki
Stepl  HIF0(12) HEARIE S (8] B9 43 BE PR BE smy fﬂﬁiﬁ‘?‘% P 0 JE S SM

Int sm, XX sml ;
H H
SM* sm,, Inf 2% sm, ,
H H
sm, ,  Smy , Inf

J T SN E G FIZE 4B B R A TST K Inf, BWITHER £ =k;
Step2  WEHEEMAT X P B HIK, BIRKSH i,%TEﬁﬁiI%E‘J%E,%ﬁ%ﬁ?ﬂﬂﬁﬁlﬁﬂF i 470 %

1’4 Inf;
Step3 H%"T%Eﬁﬂ@% ‘3ﬁ%%3‘éﬁﬁﬁ‘?§ﬂllfﬁ: ﬁi‘lﬁﬁﬂﬁ‘%ﬁ ) A 45 A5

Stepd X =X-X,,t=t-1;
StepS~ #t>1 % Step2; B, 45,

4 SLWEERSath

S e R HE IS B SVM B S B Bk B A A0 HE L 18 =SB BE LR A UCT BB B Y wine BRSR , XI B SVM

BB G540 SVM R LT T BB,

4.1 ZHRIEL:
S U LR — 3 R, AWK SRS IBERENN KEn” . KRB RER

BiE -y ERTE L 3 AARIREES LA ERIATT . BIRKM FELIFEXTHAS B BRTNT -

x=(kf +a)cos @ (13)
y = (kO +a)sin (14)
S k A o DA, 4B T AR BA
w0 BRI AR . SIERIERE 6 M BH ) SRR

k ok k0,0 BREFIREN. REKP, Lk |
=k, =ky,a, = 1,0, =16 ,a, =32, X3 KA, s 1E AN
e BARREIESR, FXR(13) M (14) FELo e

L) & ". e
' "‘ '.‘ ‘_ - n':-F
50 %,

[0,6n] , BN Z4RHELR 10 3 AR R, R AIR

BE 45 SRR AR 240 A1, 33T 720 REA R (IR 2 BF B e —

7). o
T4y 3 YHERT , B RBEYLA IR SR 40 160 4 SPRERN AR

S 480 AMERYIGEEA s AR IHEA 80 4N AL, 3T 240 ME NI AR A . BIFN T EER LR, Yl 45
SVM ZEAR Rl & 14 F 3647, A K IE SR ER 3 IRSL W B0 P 39MH. R 1 A T RIAPJT Bt = 8RS or R ) F B 1E

BB R
#1 =RBESXBLERER

___________________________—-——-———
C - fE5 SVM IR T R IEB R MEE SVM RIER A R IEF AR
R - %2 %3 % 1 %2 23
1000 o=15 97.93% 94 20% - 05.87% 08.77%  95.03% 96. 7%
1000 o=10 98.37% 94.20% 92.93% 98.37% 94.20% 95.43%

1000 o=5 95.83% 92.93% 91.30% 96.27% 93.37% 92.93%

4.2 wine E[{IREE



5 2 B SEANEAE  MUAR) SVM IR 0 R B4 35

wine $HEAE MREA S IE4ERON 13, 840178, 40 3 26 ( 2 L AL S9, K2 ST, RIBFHR).
ST 4Y 3 AT, BIRBENLE B AR A ) 2/3 FE RIS A I B R A H 173, /E AR S
Fikh 7y gt B, Y%k SVM 7EME R4 FbAT, P O BE I 3 IRSL P 3{H. R 2 S di TR T X

wine $IESE LA EFHITER UG R
F2 wine HIFEXRILBER

BEs ¢ B {45 SVM BB 8 IE g 2 Mgk SVM R 4 K 1E B 2R
28 1 Y £k 3 28 1 2k 2 £ 3
RBF 100 o=5 87.72% 12. 46% 31.25% 89. 47% 73.91% 83.33%
RBF 100 o =40 89.47% 81.16% 68.75% 89. 47% 82.61% 72.92%
RBF 100 o=90 89.47% 88. 40% 89. 58% 91.23% 88. 40% 93.75%

AT ST 5 R R T G Y SYM SRR B B IE B 0 R I

5 ZERIE

T 1B A AT AN B MR, R Y BRI 1], B A SVM PSR B AT IR KR I B R R ik
¥ REHENBE S o HOH B P R T A 02 A AT 4 B R B R — A T IR AR M [ o

S5 W :

1] Vapnik V. The Nature of Statistical Learning Theory[ M]. New York;Springer — Verlag, 1995.

2] EEEA,FRD. XERRNBIRSEAB]. SEIRRFER(ERBIER) ,2004,5(3) 49 -55.
3] Bennett K P, Blue J A. A Support Vector Machine Approach to Decision Trees[ A]. Proceedings of IJCNN98[ C]. Anchorage

Alaska . IEEE Press,1998. 2396 - 2401.
(4] Fumitake Takahashi,Shigeo Abe. Decision — Tree — Based Multi — Class Support Vector Machines{ A ]. Proceeding of ICONIP02
[ C],Singapore : IEEE Press,2002. 1419 - 1422.

[s1 AR, % F,AMEK XREETSRMFOERIEE[T]. B8R ,2001,29(3) 383 - 386.
(4m %% . B #74)

An Improved Algorithm for SVM Decision Tree

SHI Zhao - hui, WANG Xiao —dan, ZHAO Shi — min, YANG Jian - xun
(The Missile Institute, Air Force Engineering University, Sanyuan, Shaanxi 713800, China)

Abstract - For the multi — class classification with Support Vector Machines (SVMs), a decision tree architecture
has been proposed for computational efficiency. But by SVM decision tree, the generalization ability depends on the

tree structure. In this paper, to improve the generalization ability of SVM decision tree, a novel separability meas-

ure is defined based on the distribution of the training samples in the kernel space, and an improved SYM decision
tree is provided. The theoretical analysis and experimental results show that this algorithm has higher generalization
ability.
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