,/;\. ~ V3
8527 % 6 # w5 kR 2012 4F 6 /1
Vol. 27 No. 6 Control and Decision Jun. 2012

XEHS: 1001-0920 (2012) 06-0866-05

TARE v- 5 08 AR AL S R 5

TERA), R4
(AT ARE T SiE B LREARE, V5% 710049)

8 FE: YRR, B SRR S U A ST P SR ST e TR R, R TR MR HAE v- 3
F i BHANL (0-SVR) FAFERE, A T W50 R B AL v-SVR T IE T, 32 7 W B 1 v-SVR LA ) 15 345 H 3L
SRAF 5. AEARHEEAR A RS R W, R E v-SVR 2 AMERELS T v-SVR. AR3E S B4 1) 358 R 25 18] 40 4T, i
B O ANALELE v-SVR AL MBI, v-SVR KR S 1 THI 1 i 445 23 ) v 90 5 i

KEIA: s v- SCRFM BN P04 )

hESES: TP273 XERFRIRAS: A

Study on v- support vector regression optimization problem without bias
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Abstract: In the high-dimensional feature space, the decision hyperplane of learning machine with support vector machine
style tends to pass through the origin and the bias b is not need. However, bias exists in -support vector regression (v-SVR).
To study the role of bias in v-SVR, optimization formulation of v-SVR without bias is proposed and the corresponding
method of solving the dual optimization formulation is presented. The experimental results on benchmark data sets show
that the generalization ability of -SVR without bias is better than v-SVR. Based on the analysis of solution space on dual
optimization formulation, the bias b should not be contained in the optimization formulation of ¥-SVR, and the hyperplane
of v-SVR should pass through the origin.

Key words: bias; v-support vector regression; optimization formulation

1 51 3

Huang F1 Ding" 48 Hi, 438 1) i 15 = 4 2% (] i,
43 RSV THI W v 38 3 R AT BDAS TS N E b, 6T
[ Y i) S, D] Ay [ 0 - 1 A s 4 = 1) )
' b OB AT O, T AN [F) AL 1R S [T 2% 5 MR v- S K
i) & [FA L (-SVRYZA Iz A6 RE, B DLYE B |
v-SVR Mz A R 5 b A7 0%, Poggio DY p& 2L
T8 BR o AT A3 H, 0 SR R B0 1E 1R, IUAE SRR
] AL (SVM) [R0AK il i oo AN 22 by SCHR [6-7] 4R
Hh, A e 0T A S5 A oK ) SVMAR A, [n] AN 7
B b, DRI TE I () v-SVR 72 A M g & —AME
FRAIE ST 1) I .

YT Chang 1 Lin® A EE i U9 T v-SVR 5
Vapnik $& H 1 e- 3CHF 1) 3 [BUAFLZ A R OCR, BR0F T
Z ¥ v 251 JiT; Chalimourda %5 APV AN [7] 1) Mg 75

Yis BER:
HEEWA:
TEZ BN

2010-12-01; f&[E1 HH#A: 2011-05-02.
XK HARRF2EEL 400 H (61173040).

FATVSL BlR 8 T 5T.

BRI B N T v s RAE, A STAUFRAS
7] 2 5 v A% R B0 S BORAEN G ' /¥ v-SVR A
v-SVR. 58 H T M E v-SVR WAL i) 8 2R 5
o5 W T A IR) R PSR i U, AR IEARAS I AR T
DA i 1) SRAFE T
2 AR E v-SVR KA I 5

=N INFERI NGRS {x v}y
Forpe SN d 4E 1) By, B HS N . TSI ZRAEA
EAERNAS () S AN T 23 19, 75 225 I N WL R 4
o(x) B x; WSS B 2 25 18] () . T TG & -
SVR ALAL Il /) 29 RS A b I, HLAT A In) 728 )

min T(w,f(*),e) =

THESN(1982—), i, A4, A2 I LA 2% S IIITTE; B ARE(1960—), 5, Bfz, 1l LA R0l g



B8] F: RARE v- LHE T E LA F R 867

% 6 ] T
l
1, s 1
5wl + ¢ (ve 7; &+8));
st. wo(x;) —y; <e+&,
yl—w¢(a:z)<5+§fa
€7 >0, >0 M

PR (1) GRS B H e
Lw,a™, 8,6 ¢ n®) =

l
f||w||2+0us st — pe—

l l

Z ni&i +n;&; Z

=1 =1

l

Za: & +wo(w;) —
/HEP g, o, miy it JAER AR B H 3R T, B
>0,n; >0, n >0. 3)
AT B (3) 1 AR BRI, X LG ] i AR
e, &, & R FHL 1T B ST AL I T A5 )
X (3) A

OL/Ow =0 = w = Z (af — ai)m;, “)

fz =+ Yi — W(b(l’l) + 5)

yi +¢). 2

a; 20, of

8L/8€:0:>Cu—2(ai+af)—ﬂ:0, ®)
AL/ =0 = C/l— ol — ) =o. (6)
U @)~ (6) FRN (1), AT A XS B ARAL 17 8
l
1
min D (0f —a)(a] — a)K(wi, ;) -

ij=1

l
Z (af — aq)yis

i=1
st. 0< ol <oy,

l
> (ai+a]) < Cw. (7)
=1

Hor K(mi,a:j) = ¢(x;) - p(x;) AL Mercer & FLIH
¥ e% %, F3 4 Chang 1 Lin® E’Jlﬁbﬁ RS ER
v, ﬁ(7)§¢ﬁ*4‘%ﬁﬁ@@%ﬁz a;+af) = Cv,

=1
!
BIARD (i + o)
=Cv lztﬁl?j?ﬁ@
3 EfE v-SVRKE N
SCHR [10] 452 A 28 S 8 e RCK % SVM
ARAK 10 . %A 5 S SVMOW B AR A ] 5 4 i

N RGN T R EOR SR g, 3 2k S 2 A
UORAC R 3 T3 SR AL . JE i & v-SVR X

!
< Cv Al LLEAR Z (a; + o)
i=1

ALAL 10 B JE 20 5 SVM LA [ 38858 S AR, (E G
VR HR (101 1A R0 S0 SR A1 445568 TG
B v-SVR BRI ) UEA T — R AT R 4, A4
3 (7) B AT 1R AR HE S RS X () 2 il — R 5
FOUA ) R4 H SR AR 77 SRS R [10] I 3R
(eSS R s LYW
3.1 Karush-Kuhn-Tucker &4

h TAF 2 ) AR, 5 ST s B
Karush-Kuhn-Tucker (KKT) 14, i

WG W AT Pk

¢ >0, >0
{ wo(x;) —yi <e+&, Vi ®)
yi —wo(xi) < e+ &,
WS AT ATPE
@20, a; 20,020,097 >0,%; (9
O A 5 Tt Il ) AR A
(& +yi — wo(x;) +¢) =0,
{ i (& +wo(xi) —yi+¢) =0, Vi.  (10)
pe =0, ni& =0, n;& =0,
12X (6) AN (10) AT 47
(C/l— )& =0, (C/l—a))& =0. (1)
A fi N T E v-SVR X FEA (x4, y;) T R AEL
1 fi = wo(x:). Moy = OB, X (D) AT5E =0, F
B @) W51 f; — vy <& Yoy = C/UI, A (10) 1]
WM& +yi—fi+te=0FHAXGWTMS -y > 5
20 < a; <C/U, R ADFENE = 0, F I (10)
G +yi— fi+e=0, 04 f; —y; = e [FIFEATHE
13 o I KKT 4%, 25 b, AT 4o
o) =0 & f
0<0‘§*) <O/l & fi—yi=c¢,
o) =0/l & fi—yize (12)
S5 (12) W2 I, Ptk i) 8 (7) A RE A 2 B L.
32 kEdiz
LW (a®) 3t (7) 1 H BRI L W (a®)
AR AW R

_yi<€7

W) = £ 3 (0F — a0 — o)) K (i, z;)
ij=1
l
Z (af — i)y



868 = 1 5 * % % 07 %
- o K —K'| _ _ 4 SERHHT
Ya=laa’] K = p=y—yle= ) _
-K K J T AL v-SVR FIE (i & v-SVR 2 AL

lesel,y = [yr, - ul" e = [1,-- 1T, WK (7) i &
AR IE A
min W (a) = %de(d —pla,
st. 0<a; <C/l, e'a=Cr. (14)
HHC/N A C, WA N4 RKeTa = CviEE N
ela = Clv. N T HIF MR 8 72, dem X—
et S 5. € X3 MES S = {ila; =0}, S¢ ==
{ila; = C} Al Syork = {i|a; € (0,0)}, M iX LA
Al GE Xl ag, e M Gork.
T 7] £ v Al e G 3R AR AN AR 11, SR A
3 (14) Z5E0 Tk g T =
min W(@work) =

1 _ _
_T _ _T _ .
anorkwaawork + aCKwCaworky

st. 0<a; <C,

> Aok = Clv =Y ac. (15)
Forf: Koo M1 Koo 8 K W58, A7 R0 B AH Y. 1
B So A Sqon AL [FIEE, BT 35X (15) 225 Gork
K /IME, B dworke 198 SURT A, Qo 1153 15 [ 4B
TEDXIE] (0,C) Hh, BIZIR 0 < & < C DRI, T2,
Ak il B (15) A8 Ry R 25 5L AP A )
méin %(5TQ6 + ',
st. AS =t. (16)
HH: 6§ = awork € R, Q = Kyuw, ¢ = Kycac,
A:éT,t:C’ludec,é: 1,---,1]"e R*,n Ny
Awork TR AL
2 (16) 1T LI I A 4% A1 1) 750 P 3R -1 K SR i 4
TEHIAK% W 1 BRI AL
L(6,\) = %6TQ6 +c"6+AT(A6 —t), \e R". (17)
A L(6,\) X 6 XIS HOA %, 13 B &7 el
Q AT 5 —c
MINEN
Hrp:0=10,---,0] € R*, s M THE R A# K (18)
330, 20k, o E v-SVR OB L0 10 8 (7) 5 4k
HFARA ] (16) SRR AR, T (16) W] 38 i i e 1t 7 72
4 (18) f4H.
A SR AfE SVM AL i 8 1) 45 R B 101, 5K (7)
A LUE R 2 JZ GRS AR, BRI A6 P W AME IR & Hpad St
LR G F ST 15 #0W A KKT 45414 (12). dn B, )5
VEZAL I AN AL, IR B [ KKT 454 1A% S dk
N AR SR A, N AR H A A2 SR A 1 D04k 1) 2 (16),
FEAFIR AR Aworie WAL LT FHLR.

(18)

PEfE, 27 ic /F NUSVR 5 7% FI NBNUSVR 514, #
BRI R4 B 6 v T PR AL K (w, v) = exp(—[|u — v/
2v2). FT A 5LE #0425 T Pentium 4, 2.83 GHz CPU,
Matlab 2007 FREE SR S oA N T 254 82 b
HEESC AR AT AR, 78 16 2 BT VR AR S R 45 1,
J5i 2ok 1 UCT 34 FEU RN StatLib Bl U2 Bl 1
fin N R 00— AR B [0, 10 2 18], B 6 H A4
LR 1. Horh Abalone 24l AT — AR M “sex” 2 H
M, F MITARL, 405 1, 2, 3 8o,

x1 EHES

eyt A% WA B
Babyfat 130 122 14
Baskball 50 46 4
Bolts 20 20 7
Elusage 25 20 2
fruitfly 60 65 4
Mbagrade 30 31 2
Pollution 30 30 15
Quake 1000 1178 3
Sensory 300 276 11
Stock 200 750 9
Strike 300 325 6
Space-ga 1500 1607 6
Abalone 2000 2177 8
Housing 250 256 13

41 BHEEE

NUSVR Fil NBNUSVR $7534 3 NS 507 2
W5 v, C F oy, AR SCHR [8-9], nT LAZE [l s 244 C 1%
LR S8 v Ty DR B Az AR e, 20
SR, Z %O ¥ 1000 I P Rl ELTL 02 AP g 5
Uf. 2 8w 5 OSTHR (2] IR $E 735, 43 71 0.1, 0.2,

L 1y 3 By # IR SO R [13] 19 2 B 05, 4 )

0.001, 0.01, 0.1, 0.2, 0.4, 0.8, 1, 2, 5, 10, 20, 50, 100,
1000, 10000. A& (v,v) IL4A 150 FrSEO6. w14
AN B RHT 50 O, BRI BEHL ™ A2 3K 1 ik
I ZRAEA S H AT A S H . S8 PR FR br A0 45
SNt ) 0P 2 34 75 AR 52 22 (RMISE).
42 ANIBUEREX

N TEHG N ZRFE A R S o Aty T T
JridiEt

€1 = x2 = 2randn(100,1), = = [z, T2],
y = exp(—2(z] + x3)).

DR A R T v AR

Ttest= meshgrid([—-3: 0.1: 3],[-3:0.1: 3]).
NUSVR 574 F NBNUSVR 5% (1) S 506} (v, ) 33k
901, 0.4), Bl 1AL 2 73550k PR AR S 1 ik 45 1.



Fo6 M

TR % LR E v- L@ @ )3 R AR 869

RMSE

1 NUSVR BI04 g

RMSE

2 NBNUSVR B33zt 14 g

i T LU Y, NBNUSVR S92 78[5 HE T 41 1 )
IRFEAS 1) RMSE i 9E % G, H RMSE {HAEAE
F—%%; ifi NUSVR ) RMSE i 3% K, H.RMSE
(RS ZEPSITE
43 FRAEZEREENRK

2 Jy NUSVR 5 NBNUSVR 7 #5 i #5 4 45 1
B 25 F L. AR 50 R BEHLI Y, BR T Strike 24
PE4E, NBNUSVR 7 HiAth 13 i 45 _E1°F 1) RMSE
R AR AAR. YA SR AR A 25040 4 b R YN 5 1) AH
ZEA K. W LU H NUSVR 5 NBNUSVR () #5412 %
X IFAS B — B, X Ul W AT i ) v 4 R R A

% 2 NUSVR 5 NBNUSVR 7E#R
ERIRE RYZ L IERE LR

N ) NUSVR NUSVR

HRR (v,7) Time/s RMSE (v,v) Time/s RMSE
Babyfat (0.8,5) 0.2448 0.0253 (0.8,5) 0.1947 0.0237
Baskball ~ (0.5,10) 0.0303 0.1315 (0.5,10) 0.0317 0.1294

Bolts (0.4,5) 0.0250 0.1449 (0.4,5) 0.0217 0.1409
Elusage (0.7,1)  0.0299 0.1379 (0.8,1) 0.0280 0.1337
fruitfly (0.7,1)  0.0450 0.2085 (0.7,5) 0.0566 0.2005
Mbagrade  (0.8,2)  0.0275 02279 (0.8,20) 0.0280 0.2159
Pollution ~ (0.3,10) 0.0350 0.1391 (0.3,10) 0.0192 0.1352

Quake  (0.3,10%) 4.9008 0.1741 (0.3,10%) 4.5309 0.1734
Sensory  (0.3,1073) 1.1681 0.1650 (0.2,10%) 0.1532 0.1644
Stock  (0.2,0.8) 0.1736 0.0397 (0.6,0.8) 0.3735 0.0387
Strike (0.3,1) 05617 0.0775 (0.2,10) 0.2928 0.0793

Space-ga  (0.5,1) 3970 0.0386 (0.5,1) 39.65 0.0380
Abalone  (0.6,0.4) 9222 00777 (0.3,0.4) 100.15 0.0767
Housing  (0.7,5) 02564 00849 (0.2,1) 02516 0.0792

fE I 7 T AN —FF. IX A58t nT L AT I v-SVR 5
Je i B v-SVR S AL 1) #5145 th, REPEAS A4k
I [ 2 AR A A [), 5 SR LA ) 7 T AR T
44 v-SVR 5 TR & v-SVR 318 4 . 6] 2% & 1 i
B b3
v-SVR WAL l‘rﬂl FOLE T D v-SVR A 1k
)2 — AR (i — af) = 0. h T 5341 i%

Yy sk 4 PR SR A B/ e ) B 0 B 10 B, 5
FEAT B AL I L B 0 B DR L L.y T
DS, 5 LR B0 e (0 A 51— 5, E S04
MR BN S NUSVR 0t 2506
R 2). 795004, 5 IR LI e 1S S 1
1R IR RE A IR AU RE A B

3 S RO B R R 2 T 172008

KA (s —af) = O MR AA L L A1)

BALML LS. 1 T Stike R4 T (B 1-SVR 4 f
ARNEALH H AR R EUE. 7F Strike 20855 1, v-SVR 5
S0 B o-SVR [ UL A B840 T A ) ) A
S, T3 42 2 7 0, 774 0 RMSE (i 6, 352 111 T
o1 2 0 7 2 O 32 01 422
R (Rl OR300, £ 06 LU 1, 405K

SBIE S (s — ) = O WL FL bR B8 20 B0 7 3 4R 1

i=1
fifp. MHISCIHE T F ] 0, AL RS IA U2 i i . b
SIH I, BT LM E b I A NAL S AE v-SVR AL ),
v-SVR 14 [5] Y-~ T et 445 A0 2 8] PP S L

%3 v-SVRETLRE v-SVR R4t BHR T EE B bLER

Hidi bk NUSVR NBNUSVR
Babyfat —1.741 0e-005 —1.786 4e-005
Baskball —7.440 1e-005 —7.449 4e-005
Bolts —6.842 6e-005 —6.848 6e-005
Elusage —6.582 0e-005 —6.726 6e-005
fruitfly —1.167 3e-004 —1.172 8e-004
Mbagrade —1.454 3e-004 —1.895 1e-004
Pollution —4.991 8e-005 —5.001 5e-005
Quake —7.447 8e-005 —7.454 5e-005
Sensory —4.517 9e-005 —4.827 5e-005
Stock —8.427 3e-006 —8.521 1e-006
Strike —2.323 5e-005 —2.323 5e-005
Space-ga —2.336 8e-005 —2.446 8e-005
Abalone —4.762 9¢-005 —4.814 8e-005
Housing —5.943 1e-005 —5.986 4e-005

5 4 ®

AN A XS A8 T J5E ) 2 53 BT T A B X -
SVRZ AL PEREI M, 4t T Jo b & (1 v-SVR ALt
] &, IR 35 v-SVR AL 1) JLBEAT 1 %6 EE 23 #r.
SEIG A R, BAT N E b 1) v-SVR A H bt £ {8



870

827 %

REAF 2 /N, HE WS v-SVR iz AL RE U T-1%
G v-SVR. A TAEa[H#E) 2 v-SVR [ — 28 e gk
S 320 BRI AR K T K v-SVR WY,
FT AR o, R A BRI BRS04

£ % 3Lk (References)

(1]

(2]

(3]

(4]

(5]

(6]

(5]

(6]

(7]

(8]

Huang G B, Ding X J, Zhou H M. Optimization method
based extreme learning machine for classification[J].
Neurocomputing, 2010, 74(1-3): 155-163.

Scholkopf B, Smola A J, Williamson R, et al. New support
vector algorithms[J]. Neural Computation, 2000, 12(5):
1207-1245.

Zhao Y P, Sun J G. Rough v-support vector regression[J].
Expert Systems with Applications, 2009, 36(6): 9793-

9798.
Zhao Y P, Sun J G, Zou X Q. Reducing samples for

accelerating multikernel semiparametric support vector
regression[J]. Expert Systems with Applications, 2010,
37(6): 4519-4525.

Poggio T, Mukherjee S, Rifkin R, et al. b[R]. USA:

Artificial Intelligence Laboratory, Massachusetts Institute
of Technology, 2001.

Evgeniou T, Pontil M, Poggio T. Regularization networks

and support vector Advances in

Computational Mathematics, 2000, 13(1): 1-50.

machines[J].

(LE3%8657)

Tiryaki F. Interactive compensatory fuzzy programming
for decentralized multi-level linear programming(DMLLP)
problems[J]. Fuzzy Sets and Systems, 2006, 157(23):
3072-3090.

Ahlatcioglu M, Tiryaki F. Interactive fuzzy programming
for decentralized two-level linear fractional programming
(DTLLFP) problems[J]. Omega, 2007, 35(4): 432-450.
BRRUE, IO AN E P P 2 A8 B A R
WHTTE). R TR 5 SE, 2010, 30(11): 2003
-2012.

(Li CH, Du Y W. Interactive bounded rationally approach
to two level decision making under uncertainty[J]. System
Engineering-Theory & Practice, 2010, 30(11): 2003-
2012.)

BIBE S, 2 DA, AR K. S0 RS B I XURS: 23 A« PPAS 55
PRI 5 BLAREE 2R, 2003, 6(5): 17-23.

(7]

(8]

(91

[10]

(11]

[12]

[13]

(9]

[10]

(11]

Kecman V, Vogt M, Huang T M. On the equality of
kernel adatron and sequential minimal optimization in
classification and regression tasks and alike algorithms for
kernel machines[C]. Proc of the 11th European Symposium
on Artificial Neural Networks. Bruges: Springer, 2003:
215-222.

Chang C C, Lin C J. Training v-support vector regression:
Theory and algorithms[J]. Neural Computation, 2002,
14(8): 1959-1977.

Chalimourda A, Scholkopf B, Smola A J. Experimentally
optimal v in support vector regression for different noise
models and parameter settings[J]. Neural Networks, 2004,
17(1): 127-141.

Scheinberg K. An efficient implementation of an active
set method for SVMs[J]. J of Machine Learning Research,
2006, 7(10): 2237-2257.

Blake C K, Merz C J. UCI machine
repository[EB/OL].  (1998-04-02)[2009-02-12].

learning
http://

www.ics.uci.edu/mlearn/MLRepository.html.

Michie D, Spiegelhalter D J, Taylor C C. Machine learning,

neural and statistical classification[EB/OL]. (2001-02-

19)[2009-02-12]. ftp:/ftp. ncc. up. pt/pub/stalog/.

Ghanty P, Paul S, Pal N R. NEUROSVM: An architecture

to reduce the effect of the choice of kernel on the

performance of SVM[J]. J of Machine Learning Research,

2009, 10(3): 591-622.

(Hu X X, DaQL, XuZS. Risk analysis, appraisement and
control on knowledge management[J]. J of Management
Sciences in China, 2003, 6(5): 17-23.)

B S B U s i R [T]. BHIHE BE, 2007, 28(6):
31-35.

(Lv. W W. The tacit knowledge and the codified
knowledge[J]. 2007,
28(6): 31-35.)

BAUE, KO, X, A T RE U AT S A TR
A S UME B ]. P FRFE 224, 2010, 13(2): 11-23.

(Li CH, DuY W, Liu C M, et al. Prospect value model

Science Research Management,

via cross judgments of basic prospects[J]. J of Management
Sciences in China, 2010, 13(2): 11-23.)

Lai Y J, Hwang C L. Fuzzy multiple objective decision
making: Methods and applications[M]. Berlin: Springer,
1996: 30-35.



