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A CUBIC SPLINE SMOOTH SEMI-SUPERVISED SUPPORT VECTOR MACHINE

Wang Jianjian Zhang Xiaodan
(School of Mathematic and Physics,Beijing University of Science and Technology ,Beyjing 100083 , China )

Abstract For the problem of non-convex non-smooth in semi-supervised support vector classification optimisation, we built a smooth semi-
supervised support vector machine ( SVM) model, and proposed to construct a new cubic spline smooth function based on piecewise
polynomial function and interpolation idea, so as to better approach the non-smooth symmetric hinge loss function part in semi-supervised
SVM, and construct the semi-supervised SVM model which is based on this smooth function and has two-order smooth. Furthermore the
smooth algorithm in optimisation can be used to solve the model. We also analyse the approaching accuracy of the constructed cubic spline
function on symmetric hinge loss function. Through data experiment it is proved that the built new smooth semi-supervised SVM model has

better classification effect and efficiency.

Keywords Semi-supervised SVM  Cubic spline function Hinge smooth Classification

(AL REVAERAT RS T = YRR 28 1 0 R ORI X PR BB 0 2k e,
0 3] B SET G A R SRR ) SR AU, RIS 0 B T IOL T
R P 5 T ST P 2 9 A TR E SR
PR T BRI AR AR B 7 B R i A
0, (ORI R SR AR (5 B REA BBV I I E 2 1 RBF U EYEmENER
SRIG SRS o PRI A AR B RURE AR, SR R b e DU o
HABBO bR R AR R i A 28R 0 o SRR SR DAL B % FE SRR EELAG o3 ST YRS m AN
BOUAFAEAE M AR AR, A W P A RS B 5 SRR | (ay) 1) B ASRARSREAS T | 100 o HoY, v, €
HATE KRR, S B S Rp i LR DE R B R W4T, y, e (1, — 1) o ¥ Bk m AMRCREA 2, (i = 1,
B ARTEREAE SRR AL B BOR RAFTEE RIS, 2 m) FIRERE A, FR o x, 0,0, BAr AT FIA P2,
DR B R TR 5 1 T Ok 2 B A R 26 A BTRAT N LA JBTERA LK - 10, T
B SR LB AT R S e R AR R S B I BRR SR A e x m (XIS D SRR 402500, D (e E N 1 8
AbS T HOREAR A NG SR LR S BN AR — I — 1, Wi LA RARICREA S, R B,,, #7. ide (i = 1,2)
ATl e SCRs i LA BN — AR A I . g4k | pBlE R, e, e R™ e, e R, w e R',b e R.
2005 4 Chapelle %7 — DN ICAR A EHE F B SCRF IRl gy R wm S e i HLR 7
PETL TG ) i 30 A ) R EOR T8 T TEAR ICAE AR 18 0 R B e
AL DR (DR S I TS TR A Y MR e i A A 5

min o |} + 0,6 + ¢ e,
ni

HASRAR. 2009 4EXIME 1545 )RS T 20 56 2 W st D(Ao + eb) e, —¢ £ 30 (D
A LU, 31 A— 6 25 050 0 0 SOOI 4 ™ B9 A o8 Bo + )b e, —¢, £ 0

) R BRI 15 A T 2 W R T e

AU T AT DASR R AT A 0 B R SR A, AR R B R AR 12 Wk H351:2014 - 04 - 14, E%K A RB2EHE4TH (70271068) . E

B SRR BEALATHR R IR . ASON A BEZ R RO 8, WL/, 0RO R L. SKEEAY, T,



48 AR AL kA 2015 4
XH, ¢ fl ™ BEDMIETISE, € ,6, I, & e R",¢, O, .<- b
eR. A& NI g, 1
& = L(D(Aw + ¢,b)) & = L(| Bo +e,b1)  (2) 2 — I —%qso
o, L(x) = max(0,1 - x) KEHESUR B LO) x 1) = S; (k) = 3 | (9)
max(0,1 =1 x 1) B RSt FRECHE IR REL, Z v e R, A g—kaZchaf 0<w<-

L(x) = (L(x),L(x,) ,L(x,)) " ¥ (1) BbResebig ¢ (i
=1 2) A (2) AR 15 B Iy AL AL ) .

ml[n7 lwll, + ce,"L(D(Aw + ¢,b)) + ¢"e,"L(1Bw + e,b1) (3)

T4 2R e U5 X FR BB 45 Ak pR B R AN AT, B
{EAS AR (3) SRS BRI ] 2

AR (3) AT IB IR R A0 T 2 B S R 2 A
iR .
mlnl lwl? —|\L(D(Aw+e]b)) |\§+”7 | L(1Bw +e,b1) |3 (4)

TS TE 0 B[] L) 2 MR AR /), {EL 0 BE i T B B 404 % R 0
AR AN T B L B BT X AR BB 2K R B S AN T B s 26T
K(4) ,@ﬁﬁﬂTﬁ‘é‘i‘%ﬁé”k’%i%WEM:

T3S [ LD(w +e b)) |3+

= min
(oT,b) eRn+1
| f(1Bw +eybl) || 2 (5)
2

o, ) Ry o B B R bR B AE— 6 R B AR SO
FE— IR ZURE A BRBSOE I PRECHE % eR G T e
SCRFI AL

2 HEFEEHEE

w,b
(fT(,l,) E’er+l

2.1 MBS RHELERY

RES ;f& ﬁﬁ Ji A4 E R — B4 &
PERCES) T HEARW I L . A TS TR M = kR &
R

n-t
S,(x) = ay + ax + a5 + azx + ZCi(x —xj)’i (6)

I IO FRERBERIC R A 2 BRAEAT () Y SR

wr={" "0 M
0 u<O0

TE1 &k>1,0, =-1/kx, =0,x6, = 1/k 775, N
FEME——ET L() x| ) B = REESAGE R AL S, (x, k) W2
25t

1
9(_ k,k) —- 80,0 =1
5’3(%):1 5’3(902):—1
JIERH :

S ARG = 2o i), 5(6) TR

2-1
2 3 3
Sy (x,k) = ay + a,x + a,x” + azx” + ZCi(x - %)
=
=a, +ax + a5 +ax +C(x-x)°
X< X,

(8)

X > x

@ﬁﬁiﬂﬁ@%ﬁﬂ“ﬁﬁuﬁﬂ a, = 1 ,ap = 0 sy = Zk
ay = -k ,C, =2k BT AT X FRECHEBUR R L(1 2 1) By
BT B = U AR R RO -

2 3
B {ao +a,x + ax” + azx

2 3 3
ay + ax + ax” +a;x +C(x —x,)

%Lx x?%

2 BRI T X FRECHE SR BRI CR WAL (1) i
1

0.95¢
5
?: 0.9t
g

OB A A BRBRBIR L)

o k=10f{ ZUFF A ES3(x k)
0'—8.2 -O,I 0 01 0.2
Variable X

BT U FR BRI AL L( I l) B ZRAE SR R S (k)

FIB2 S, (x k) WA (9) 5 = YR B, L(1 x 1)
TR B R B, T
(1) Sy (x k) T x Bt
(2) S;(x,k) =L(1 1)
(3) Sy (x,k) ~L(I x1) < m A = - HI
TEW
(1) ATEBIIEAE « = 0 Flx = = - AL LI T AfFs

53( —%k) =1-1 sg(

%
S(k,k):l—% Y (% )

s (1) BT .

(2) fEx<-

k) -1

%ﬂlx;%ﬁ,é}(x,k) “L( xl) =0 %

TEMAL . A 4% B BLE K] (—%,O]J:, S,(x,k) = L(1 x1)

= —x(hy +1)> =0 X[ (O,I—)L,Ss(x,k) ~L(lxl) =
(ke +1)° = 0,580k > 1 #E5E0T,
(3) BEA BB (9) 761X [A] (-17,0] W S0 S, (x k)

> 101 1) BSEHERR W, 36 LA x = - 3 ALBUIROK,

< L) 4
\53(‘§’k)‘27k°
TEIX ] (0,17) FAT S, (k) =L |2 ]) A
y(x) = S;(x,k) = L( |x|) = x =2k + K4’
XF y(x) ﬂ%?pﬁﬁgy'(x) =1 —4kx +3kx = (kx - 1) (3kx - 1)
=) 1 1 .
RORftifE « = 5 4EIH, (37) =8 (500)-£( |55 1) =
4

2 >3 _ 4
2kx” + k —27k0

Sy(x,k) = L(1 x1)




% 8 M EAEF AR SRR F B AR B 49
B S, (o) =L)< 5 s =2 g M. (= 5pb) =1 - 32,20, 30K ulaeh) = LC|x]) =£ (b,

2.2 —HRERBELEERE

N 1
T 2., Ce ) KT PR3 Al (= ]

[35 ) e smons o et e s L), 7 7680 i o

L( [ ) B—SBr e 3 i = R 4% R 8K -
1
%—i—x LSS _ﬁ
2 23 4 1 -
%21% -k'x “37k —3k<x\0
Si(x,k) = 4 1 (10)
|I|—2kx +k —m 0<x<3k

1

e

Ak > 1, HagE i FRedE s e g s 8 B G i 2 B
1 :
0.95}
>
a
g 0.9+
=
0851 A— xRkt Jm B L(x)
+ k=101 =R FES B B3 (x k)
.85 0.1 0 01 0.2
Variable X

B2 X FRECHED R PR L 1 1) B =R A5 R B fs (o, )
SOk 4 )3t RTHT R A 7(x) = e SRGE DM FREEE

REREL( | ]) o ARSI RE I = RAE 55 R E Sy (k) 5 30Tk
HH ) R 30T B BGHE 3T X FR R PR SR N 3 T
1 A
0.95}
% 0.9
=
0.85] — R e L L(x))
+ k=100 IR 4% s 23 (x k)
v iR
0.8 z : z
0.2 -0.1 0 0.1 0.2
Variable X

P13 X AR HE R RS [ R
EE3 Blxe RE>1,L(|x|) EXIFREEES K REL,
S3 (oo k) 2 (10) 5E B =W AC R AT
(1) 0 < fi(x,k) <L([x]) ;

(2) 0<L’(|x]) =f7 (x, k)<ﬁ(2_;7)0

W (1) 2% w3 sl s =0, LC ) =/ (0, h) 20,5

AT e -500

—hx (3kx + 4) =0,f (x, k) B #3

)Hqtfg(x,k) = —dkx -3k =

WLHCL (2 k) =/

W ow(x, k) =% + 2k +x + 4

Th u' (x,k) =(kx+1) (3kx +1)

=0 K w(x, k) BRPEEIG, 7E x = —EMEE%%%/J\{EW( _ﬁ’k)

=0, T AAE w(x,k) =0, B10<f, (x,k) <L( |x]) s

FUEATES v e (0,5-) B, 0 </, (k) < L |x])

N2z 1 - Dy L N2z
(2)éx2§@?‘x $—*HT BRI, M e

(-;—k,o) B, ph (1) 0, u(a k) B3

e w(0,k) = 572, 0 S LC|x]) = () < 51 XA un(x,

k) = L( ‘x‘) +f (x k) DA u, (x,k) =2 + x = 2kx* - k*’x’ —

He L TE 2 = 0 ARG IR

2‘7‘—k,u2'<x,k) =2 - (ke + 1) (3kx + 1) =0, 8 u,(x.k) 7E

e (- o) BRI A v = 0 MBS : 12 (0,8) =
2 - Sh B0 < (L([x]) +Ai(xh) <2 -

0= (lxl) =/ (x,h)

27k CIEEE
= (Ll D) =A b)) (LCTx]) +
£ <572 27k)Mﬁzmﬁ;uc

[FEEAIEE X v e (0,57) b, 08 :

’3k

0<L*(|x]) =fi2(x,k) < JHAT o

27k( 27k)

3 ZREEABFEEFEETRIY
S
EEE 4[]1: _&A c Rmx",B < Rlxu
o' e Rk > 1 U SERR BT
1 :
W) = 13 45 DG +0)) (12 +5 1LCTBesu]) 15 (D)

xeR neR' puek,

c

£ k) = + A ey 13 (12)

Hor, fs (o, k) h30(10) & o )

(1) thfhln) &t fﬂiﬁih(x) TEAE R G A7) A5 fﬂiﬁg(’“’
k) FEERAg « 9 B limh(a’ck) = h(x).

(2) AR mmh(x) AtmEEH D, N |
WeSFA) (| e hmx =x, XM x, €D,

ﬁkﬁ:(l)ﬂ%ﬂ)ﬁ?{% SICHERD L] i d i i Jr s 26 Ble 2 X
XEREIKAE R L, (h(x) ) = {xlx e R ,h(x) <wvi. L, (g(x,k))
={xlxeR" ,g(x,k)<vi, HTO<f(x,k)<L(Ixl),NILXF
fER v=0, BT L, (h(x)) CL,(g(x,k)) Clxl | x|3<

2wt HIG L, (h(x)) AL, (g(x,k)) g RS Ta) ) B4R, PRl

PRAL ) mink (x ),mmg(x,k>E’Jrﬁcﬁﬁ?ﬁﬁtﬁﬁﬂggh( x)

=h(56),miﬁrig(x,k) =g(x" k) o HW MR v e R, lEH 3

115+ LD +9) 15

< ARTE

ALOSh(x) ~gCe k) =5 | LC By +p) |12 =S A (B +



50 AU 5 B

2015

pk) 113 =5 N LCI By D) 15 =5 1/ (B +pik) |3 =

. i=l

c 20"1

3 3 LB ) -ABavu )] < i 2 m)ﬁfru
k k 20»[ 4 *l

0<h(x') -g(x b <50 (2 27k) 0<h(x) —g(x,k) <> =

4 2¢”1 4
(2-57) 0=h(o) —aab) <5l (2-357) B A =
h(x),g(x,k)=g(x" k) il 0sh(x") —h(x) <h(x") —h(x)
va(u k) —g(d k) =h(x") —g(x* k) +g(x, k) —h(x) <
h(»’a")—g(&’“,k)sé@;l( 27,ﬁ) T limh () =h(x).

(2) MRk e 2,k > 1 ,i:0(10) B9E SCREH 3 (1925

A o | 13 <g(H 0 <g(e k) i, (] 447,
W (A 8 A 5 R limet = x0T

limh(x*) = h(x,) :Alimh(&k") =h(x) ,HAt, x, e D,, W x,
LAk IR minh (x) I LA

4 HERE

SRIE 1 R EPEEE Cleverland Clinic Foundation 34>
2 BIAEAS DN UCT BHLE% 2= ) BR E AT A B Ae A4S S 270
A R EARIE R, KB B HLHE R S BRI 70 A Eds bR e £
P, %F 5 200 MEHRMEOCFRCALFE. BB REAR M E 13 N8
P, BT A BCHE R A 8 2 8 6 28 presence (75 JK ) fil absence
(TEHR) o

R LA TR T2 W B S ) s LAY 43 2S8R R 4 26
AIHETTRE IV AR bR, o3 258 O HE) RE T I AR AR iE I ZRkf A
HIEAf 2R . SRae R AL (5) , Horh pR %k f(x) 2351k
T 153 37 R BSORR = AR5 bR S (LK)

K H BFGS-Armijo' ' #yR 0 (12) SR i 4
BEMNZR 1 R
F1 Hk=10 A f(x,k) e > BEFREERK BYHIIGERE

114 3 A

Mg NRTIES 1A% E# %

BEBINERA c=c* =1 c=c* =3 c=c* =5
ARSI =K FE S bR 84.5 83 82.5
1R 40 R 82.5 81.5 81.5

R0 2 HREAMYEIRE S TR R E R
ROPRUERR PG . LB IR 4ROk B UCL 4l 2 , i B s 48 4L 150 4~
FEAS 5, 43R =25 . 1 Iris-setosa,, 11 ; Iris-versicolor Fl III; Iris-vir-
ginica, BRFEARLE R 50 DMREA S, BAREATS 4 AN FHEE M,
ﬁ%ﬂﬂv-ﬁ}#tﬁﬁ‘ YL AR R B G B, ol Tk
TR REEATAR WO B A BT P S A S g, CERET 100 A
’rﬂiﬁ?ﬁﬁﬂ”%%%ﬂﬂ% 5, F5-X5 /i 30 7 A bric
B, )5 70 A A R AR iC A, R UL B TR R T N SR
m32 Pk,

£2 YHk=10 Ff(x,k) e BRI FREHEIR K D MII% ERE

T Yk IERRR 1Eff %

I8 T PR AL c=c¢* = c=c* =15 c=c* =20
ARSI = IRFEFREL 92.8571 94.2857 94.2857
B R 91.4286 88.5714 84.2857

503§ 3 Wisconsin Diagnostic Breast Cancer (WDBC) %4,
BARFEAN UCT BLgnr Bl R nT 1. B A 569 A HEAS, 3
PIRE bRy, B A & 30 DME k. K ayLHE Y
J& AT 57 AN HE bR IC BE , X 512 AN B ik JE AR id Ab
L T B A (M = malignant) F1(B = benign) 28
SR R E(S) | Horb ek B () 53031 SR BB i 4 e 0 =
FEARBREL/; (x,k) o SR BFGS-Armijo ™ ST R fif 2 (12) , ok
fil A B R E TR IR 3 iR

R3 Hk=10 A f (x,k) T e > BETRESER K BRI G ERE

PEfE E# % E % 1Eff %

18 T PR c=c” =3 c=c” =10 c=c* =15
ARSI ZIRFEACREL 86.3281 87.9102 84.1797
0 9T R AR 85.5234 87.1094 81.0547

LHEEREY MR 1 - K3 WL k=10 I 2 c =c" H
ANTRIEL R, SR AR 3C =W B 2% bR 85 L 1o 407 R 400 30 X R S0 461
RERBCRAT B R IR o PR SCR 3 1 = R Ao 2
U SRR AL AT 2 2SR i, M AR AR IEHE A I 25
P T BB ST P T R

5 & &

ARSI T3 B2 10 X pR BRI (ELREARL, B0 W 20 A
T ARG 0 X PR B 10 2 R ARt — > B T A5 31—

™ UREAOEH R G X eR B P B A A S —
T = URE 2R BRI TR AT XA B = R 2506 1 eR KR &
VTR BEHEAT AT I UER o doe ) HEA TR S B0 S T AR 3C
DG BRI 2 W S 1) R 23 JE LT LR S B 4y 26
.

2 £ x M

[ 1] *BJ54%, MY, Bz i o7 ik— 3 Fpm AL M. Jeat: #
2 H ikt , 2004 ;288 —355.

[ 2] Chapelle O,Sindhwani V,Keerhi S S, et al. Optimization techniques
for semi-supervised support vector machines [ J]. Journal of Machine
Learning Research,2008,9(2) ;203 —233.

[ 3] Reddy S,Shevade S,Murty M N. A fast quasi-Newton method for semi-
supervised svm[ J]. Pattern Recognition,2011:2305 —2313.

[ 4 ] Chapelle O,Zien A. Semi-supervised classification by low density sepa-
ration [ C ]//Proceedings of 10th international Workshop on
Al&Statistics 2005 :179 — 181.

[5] iﬂﬂfﬁ,iﬂglﬁﬁ B, —Fh 2 TSGR S ) AL

HAAu[) FHLRF#,2009,36(7) :179 — 181.

[6] Lee Y], Mdngdbdrldn O L. SSVM: A smooth support vector machine for
classification[ J |. Computational Optimization and Applications,2001,
22(1):5-21.



% 8 A

ITEEE. AR REL

R F U X T 51

(7] REW A, HEE. 202000 WS Emm L], s
#%,2005,28(1) :9—17.

[ 8] R BT H AR 0y 3R m L= S AR SE [ D] P+
BHE A2 ,2000.

[ 9] Ahlberg J H, Nilson E N, Walsh J L. The theory of splines and their
application[ M ]. New York ;: Academic Press,1967.

[10] ZAESE RSO, BB k. — DI 20 SRy LT 3t
BALRLF,2011,38(3) ;243 —247.

(11] Ehrsh. BT SCRE A e AR D6 2 M SCf 1) S LI AIF 5 45 L
FALD]. U5t U BRI A B4 B, 2013.

[12] fegik, Mol R, ZW06H 8 S o) AL — BB A IF 5
[J]. AT S % J ,2008,45(8) ;1346 — 1353,

(LE#EE 16 TT)

2) EEHFK2

B IA ModifyPw , % B A8 BE A 4 (MER SR IHTTE) ,
T “ A AU A B , (AR SE BB i s A S R ) LAt AL 1 T R
ANHTIK, BT LA 78 T WebEdit ("oldPw”) AN AT ik, 32 12X B A<
R

3) ZEHK3

185 I AS Tiaobao_HK ,Tiaobao_YS F1 Tiaobao_ZJ , ¥ i A8 #
R 2 (ST R AR ), R AR L Tiaobao_Z) Sy ).

F B EHER I T Rs 26

WebRadioGroup ( "tianbaoType”) . Select DataTable(”Z])", " tianbao”)

BRI

Set options = WebList ("xpath; =//select [ @ name ="type’]"). Ob-
ject. all. tags("option”)

Fori = 0 to options. length -1

If options( i) . value = DataTable("Z] ", "tianbao”) Then
WebList ("xpath; =//select[ @ name = "type’]”). Select op-

tions( i) . text

End If

Next

4) EEFER4

152 A Dy Tiaobao_ZJ , Ml 3L b 3f 505 =5 F H81 3%
PR, X 78 B2 4 (IR FLIRITT R ) 5 DA B X 1 3 5
TR IR AR WL T ANE 48 X AR SR 3O AT T R ) o
T ARG SR AR B

I B X 5 = R SR

WebList("xpath: =//select| @ name = "zz_zj_zy3']"). Select "#4"

PEDRAFHEEH BB BTN AKT I 2 FL TG i AHE (24

set input = Page( ). Object. getElementByld ( "telephone”)

input. value = "13888888888"

WebButton ("{£77") . Click

5) EHFRS

18 52 Ay Print, X AZ SIS AY 4 CRrig ATH TR ) 727 35
JEAT BAE 54T EN” e T 7 v T AN &5 BE A A 4T BN T (8] i A
T B B ST R Il g5 TR, T X
B R . T i BB S A

Link ("[ F R[5 B AF SITEI]") . Click

WebButton ("xpath ; = //input[ @ name = "okBin’]") . Click

WebButton ( "fTE[I”) . Click

BJGATEF A R G P is 1 T1E R Ja A, IE
Mo [, R RAS B8 S B0, 455 T

4 % iF

DA oA 7 7 Xl 55 6 5K 1 A8 R SR, GUI i F I3 2l Web
RYEIE 2 A R A, S 2 R AR A, IR BT B
ARFLERRITCER X AETE 2 P EUSA I IA R A A SR
TR T AR B ER A IR A S 5 Tl 55 R ST
TR AR A SRR B e, 2 Ak AR SR, I A
BUCR R AS S OGER , W 138 Bk AT LA M 9 1 ] RE 52
SR I IRIAIALE o Ao 1 LA UL S S0 AR 2k
M ST G A SR S T AR A DU AR A8 SRR, i 5
BT T A TR QTP A RIA A2 TR AT LB A7 R GB B5
SO A SRS, X 45 A 72 5 70 5 R ) A ) B AR A 18
5o Bl —AS2bRi Web REGEHE AL Z G, UER T TR
AT

FUHIT, AR SCH SRR J5 AR R 25 I SCAE M D5, BTS2
FFi Web RGUIT A BORERIE ST 12EE, AR AT IRA H 2 /Y
FRRHA i ASP. NET'™ 25 [ iy T W I & #0905 0
JCHRAEH AR, /T LATT & —A> eclipse {14, GBI T A

£ £ x M

[ 1] Bertolino A. Software testing research ; Achievements, challenges , dreams
[C]//72007 Future of Software Engineering. IEEE Computer Society,
2007 .85 —103.

[ 2] Memon A M, Soffa M L. Regression testing of GUIs[ C]//ACM SIG-
SOFT Software Engineering Notes. ACM,2003,28(5) :118 —127.

[ 3] Berner S,Weber R,Keller R K. Observations and lessons learned from
automated testing [ C]//Proceedings of the 27th international confer-
ence on Software engineering. ACM ,2005 ;571 —579.

[ 4] Grechanik M, Xie Q,Fu C. Experimental assessment of manual versus
tool-based maintenance of GUI-directed test scripts| C]//Software Ma-
intenance,, 2009. ICSM 2009. IEEE International Conference on.
IEEE,2009 .9 —18.

[ 5] Grechanik M,Xie Q,Fu C. Maintaining and evolving GUI-directed test
scripts[ C]//Software Engineering,2009. ICSE 2009. IEEE 31st Inter-
national Conference on. IEEE ;2009 :408 —418.

[ 6 ] Choudhary S R,Zhao D, Versee H,et al. Water: Web application test
repair| C]//Proceedings of the First International Workshop on End-
to-End Test Script Engineering. ACM,2011 :24 —29.

[ 7] Wilde E,Lowe D. XPath,XLink , XPointer,,and XML A practical guide
to Web hyperlinking and transclusion [ M ]. Addison-Wesley Longman
Publishing Co. ,Inc. ,2002.

[ 8 ] Ramesh B,Stubbs C,Powers T,et al. Requirements traceability : Theory
and practice [ J]. Annals of software engineering, 1997,3 (1) :397
—415.

[ 9 ] Salem A M. Improving software quality through requirements traceabili-
ty models[ C]//Computer Systems and Applications,2006. IEEE Inter-
national Conference on. IEEE,2006.1159 —1162.

[10] Peraldi-Frati M A, Albinet A. Requirement traceability in safety critical
systems| C ]//Proceedings of the 1st Workshop on Critical Automotive
applications ; Robustness & Safety. ACM,2010:11 —14.

[11] Singh I, Brydon S, Murray G, et al. Designing Web Services with the
J2EE 1.4 Platform: JAX-RPC, XML Services, and Clients[ M |. Pear-
son Education,2004.

[12] Marini J. Document Object Model[ M ]. McGraw-Hill , Inc. ,2002.

[13] ASP. Net s Mul g f8 e [ M 1. JUB Tl i bttt ,2001.



	第8期 47
	第8期 48
	第8期 49
	第8期 50
	第8期 51

