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Secondary Descent Active Set Algorithm Based on SVM
DING Xiao-jian,ZHAO Yin-liang, LI Yuan-cheng
(School of Electronics and Information Engineering , Xi’ an Jiaotong University , Xi* an , Shaanxi 710049, China )
Abstract: To solve the slow convergence rate of the existing active set methods applied into optimization formulation of sup-

port vector machine, an active set algorithm based on the secondary descent method and the speculative assignment method is pro-
posed. At each iteration of the algorithm, a projection operator is used to restrict the iterative vector onto the inequality constraints of
optimization formulation, and then an adjustable step size is used to ensure the functional value of optimization formulation make
further descent compared to the traditional active set method. As functional value ensure rapid and strictly descent at the end of each
iteration , the global optimum solution can be obtained with rapid convergence rate . Experimental results show that iterations time and

training time of the proposed method have been decreased obviously.
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BRIEAR, W 2 Wk AU Sk i T 3R
Kﬁ?%[ﬂ?ﬁ%%(single directional descent method,
SDDM) * Mg v i AR BB IR — A AR AR B, A SCHR
R IR R REEE ( secondary descent method, SDM) e TE 3
YGEA IS U 2 A R AR 5, (8 H ARG A 1] 8 R £
(PR T B, AT AL/ 8 ) 25 AR B, 3 T 4 e 1
FEAS I 1] . 53 A1 R T4 DU TG J v 68 16 ol 2D 12 34X
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2.1 SVM AL ia

ARSCWESE SVM I P 2E 70 28 IR, 45 7 — D& H N
MREARIIIGEREASE {x, v Y AN o Heri i
x, € R KN y, € R.GEE VISR A S AL 5 A 23 [
LRI H, F 5 | AW R @ (x) 45 x; WS 3
B4k 23 [a) @ (x;) B, MR P KKT ( Karush-Kuhn-Tucker) &
ORISR H e T BLIE, IR SVM SR TR A
XA )

Minimjze:f(a>=%aTQa— e'o
Subject to: ay =0,
O<ao;<C,i=1,",N (1)

Htf Q= Kyy"€ RV VAP IE R, K (x,,x,) = $(x,)
b (x;) FiHi 2 Mercer & FRAUAZ BREL, y = [y, yy ] €
R, a=[a, ,ay]"€ER" HHMMHTEF , e=[1,,
1]"e R".

ENES L={ile,=0}, U={ile,=C}HIS =
{il0<a; < C} AREREEGRER T FEZEIHTE
AR R R () i A g )

L 1
Minimize: g (es) = Eag()sﬂs + 0 Qustes — e e

Subject to: ylerg + yie, =0 (2)
H ag Mlay 2 FARDHE THES S F U a #5
SR R ) R, R () [ B AT A

AR S A UCGE AR R (2) 153 B (D) By
e, Bk SR 2 IRIGER KR M F AR Ok e A A
TEFHIWT o rhil F LR IT R & A #0 2 KKT 24, 40
SR A 2k WU WL I IGE i KKT 2%
PR AR BN N PR OR . R IR B A2 K g =X (2),
WS B o 2 1N A Z958, I BRI SDDM i pfi
HE TR
2.2 SDDM

B el RS B BRI S £+ 1 kARt
BTN ) = bt pudt L & T WAL, o
FAEFEA K. SDDM [ % 0 B ARUE Tl 2 A B K g, 1
A WA 1 e TR AER YL, C1 L BRI ik

BIEH as BYEEAS 43 BB e LUAH TR] A 45 4 DA AR IE B
B q Ca) M4 TR 15 ¢ (al!) < q(ab) . %07
SRR R EIE ™A% T B, (H R R s A AR R —
ANF R AE B N IE AR T A R A K
EEICTEAP N/ €8

3 RHWAE

3.1 SDM

AT AR BT N PEFR T SDDM #6471 et , 48
7 SDM Bk, e {1 sK %L ¢ (as) {E SDDM i — 25
TR,

SDM 55 SDDM 1 3= 2 X 5 2 s BE443 5 (1 P 2 4
KoJ DU . Je ik B — 0 a2 &, R SDDM 44 2|
o SR AT L D A el i T Ay iR
KD AR Lt R 1T

0, ifa;<0
II(a);={a;, if0<e<C (3)
c, ifa,=C

FE S pra N b UGEAR R 2 SDDM 4K,
/1k2j‘j% EOREAR AL SDM it K. 4 alfs*ﬂz =
O(as+ pyad®) R85k WREARSR AR 0T BEIEAS 2 1 A
] i SR kARG R SDM AT AR 0

SDM & i%
WA AR af, d T M > 1
i ARG flk2s11k5+l
B HE g maxl g =01 ab+ xd" € [0, €1}, g mini gy,
1.
if pre> 1 then <1, 0! = @b+ dF &I AREN
else 551298 2, end if
B2 W~ R Q) WEBUE F<q(ab+ pudh).
B3 B sy~ My, V5T @8 = (@b + pryompdi) TR (2) B BRI B
fE q(as™).
LA i (amp=1 or g(a§™) = F) then
if ftiemp =1 then prj<—p1, aitl = ak+ pd® LA YGEA
else p12< ptieny/ M s ak;l = H(a’; + pkzdk) S NEASTIEAR
end if
else Fq(a§™) , iy’ Mt s pr<pticamp» T2 1125 5R 3, end if

SDM Hik E 2R F IR R K it
BRI TR B0 ) R A R AN A AR
ISR AR 5 oft ! = el + & 2R
] a5 WLR AN A2, W55 1) 25 9K 2 b FHREAR K AR
WA IE 1B BE o B9 SORUHIRT 25 A T 0, A2 98 2 %)

GBI BAF RN o B SSDM (BB K gy IR 3 1 E
ERBK 1y € (e, 1], IR 4SBT IGET 2P 100, P T
BREE ¢(as™) FETHE g (ak + pyy dY) iE—2 TR A0SR
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LA ST W, T BRI e, B 5 OB AS TR I
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LI ENH L RN K )5, 1T H o' =
(s + 1y d") AT G252 A — A Tl B 28 3k e S5 45 1)
et T R EAS AT RES T 0 B ST ¢, X
FESRECTAEENZS , NI T — WAL XX fp
0L, Je MNFE R SE T P 20 A SR, SR N 1 4R
A P BEHLE B — AR AR A T AR T, X6 A R A AR
RIET 03] ¢ MIMATEM, T F—uast.

3.2 ENREZE

AR, RN SE 2 B A2, AT LAAS B A 1)
ikt = ak+ dF SRIEHINT KKT 5002 7506 2« dn SR8
WA AR 2 (1) A SRt 5 A SR AS I A2, e G
2 KKT & {4 fc K 06 A, 45 20 A B 1A 46 b 4k 2
AR

YREE— AR RR T, — A R T RS R %
FEAR BB TAE S v . 33 o e S 830 n)
AR AT RAE R O A B AR AR P (R e
N AR AL (ST 0 8B ST ©), i TLAESEXT R
(A8 AR R % AE O R C 22 (8] X AR SE 25 7 R P I
F T UGER B R, BT AR5 AE R 0 {H n]
RERTE 0 3] € Z M MAT A, B3 R H % 1
N C/2, RS/ TAESEAE B AR B I (B AE 2R 1 53
Rt
3.3 EiEWSEs

IR WA b UEICR MR I B o, TS 1) dF,
SDDM I fe 18 A K g, SDM BRI R A K 0,
W (I Ca§+ 1pd")) < g+ pyy d*) T

iERR  SDM FikJedk i SDDM Wtk K €
(0,11, BB RmBUL g (al+ 1y d") . BB 4 FHREK
oy BREUEEE g (@ + gy d°) 3E— 2 F B, 0T LAY R
PG L -

(DR K 0 B ptromp > DB g (™) =
qlas+ pud") AT R AE, & g = 0 HTERTE
B4 g = g BEIE g = g1, BT SDDM B3 18 A 201, st
5 o+ pp d* CH— el R b AR BT
TN AR S PR BT 2 ORI, I s + gy dF) = @t +
pnd® B I (el + ppd™) = @b+ pyy d*, T LLA ¢ (T (el
+ ppd®)) = q(a1§+ s db).

Q) R K pry AT (e, € [0, 1]) FF H
q(as™) < q(ab+ p d) EHHAT LI 3 4 HE
q (o™ ) I EA TR0 1k BB A 0 = ftiamps X 5™
= H( 05+ iy di) T I (a§+ ppd)) < g(al +
2231 dk)-

M b AR O, R g (T (ol + ppd)) < g
(b + pyg d") ST, 5 FRAHIE .

M\ SDM [ 53 i B2 0T DL, SDM /& 3 F SDDM
HHIBT R B B REE— 2 TR 4 q(ab+ pd) N
SDDM 7521 (1 BR A, ¢ (1T (ets + p12,d") )l SDM 5 2y
PREUE ARYE LA g (T (ab+ ppd')) < g(ab + py
d") . SCHR[8TIEW] T SDDM HYAa A% 8 J7 1 e S i, ik
B A O B FI T g(as+ 1, d") < qCal) BIPESR,
RIVRSIE A3 Uk A0 B B 1 4% R R i T g (I (e +
pad)) < q (ol + py ) FTLL (I (al + 0 d)) <
qCa) IR, F A SDDM (493 B J5 5 , SDM 44 8%
SRS . T SDM i SDDM 15 31 (14 5 A 56 BC(E AR 7]
1M SDM 7 55 YR AR RERS 3 S /N pR BB CE R 1), ir A
B BURSGE B b SDDM ZL .

4 LRSS

T A TE AT SDM Bk i PERE B SDM Bk S
22 MLy SSDM 8512 1 Rk 4k 1 A 0 B 1 (ESSDM)
F3%F e . ESSDM &2k F) ] Cholesky i 53 43 fi# £ 7 15
Rank-one 581 QoM FFILR AR (2) , AR EE = 153k
PR .

ARSCAGHAT 2 43 2 n) RBLAG Ll 38, S 56 5080 oK H
UCIFR ME %5 48 421 F Statlog %48 4612, B4 10y A
IH—AL30[0, 1138 Bl A, Bl i 2 ARS8 W3R 1. A 55
B BT Pentium 4, 2.53GHZ, MATLAB 2007 385 T
oA

® 1 RAENERR

FETES JBYER INREARL IURE A %
Breast-cancer 10 300 383
liver-disorders 6 200 145
Diabetes 8 576 192
ionosphere 34 300 251
Pimadata 8 400 368
Pwlinear 10 100 100
Sonar 60 100 158
Monk s Problem 1 6 124 432
Monk s Problem 2 6 169 432
Splice 60 1000 2175
heart 13 70 200
Australian 14 300 390

4.1 BHEIZE

SVM 2 Ak [ 850114 2% o B30 25 2 30T A% R B : K (e, )
=exp( = lu-v[>27%). HhBESH y fikihr 2% ¢
FIBEFE T 5 B SCHR[ 13, 14 ] 0T B0l S e B 15
A y {EF 15 A4 CAE, SRIGTE 225 Fh S B0 vh ik £ Mk
BIFWA A (C, ). 154 CAE 453 HL: 0.001,0.01,
0.05,0.1,0.2,0.5,1,2,5,10,20,50,100, 1000F
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10000.15 4~ v {643 %5 :0.001,0.01,0.1,0.2,0.4,0.8,
1,2,5,10,20,50, 100, 1000 £ 10000.SDM .3 /1 1) S %L
M BUEH 2.
4.2 SDM 5 SDDM #1 ESSDM 4 Lb %%

TR BIA T BB B R AR, eI 3 P
SR BRI IG AR ) AR W R B AT — 2o = dE
FRVE IR TAESE AE €2, )5 —F 40 i i 4R A A
RWIIRA R HBER €. BT A R AR R i X
(2) 4530 (1 55 P it 2 — B0, BT LA AT A0 I RS 2 2
—FE . AR DA R R AR, VISR R 33k M g 1Y)
TEMFEAR. R 2 4 T 3 PRI LA S L, R 3 4
T3 R A5 IS8, A AR i B S HE 1) 4 (bounded
support vector, BSV), JE 1 5 7 5 1] 2 (non-bounded sup-

port vector, NBSV) , 4] tfy b 50 R 5 DL ik R K50
%2 SDM 5 SDDM #0 ESSDM By tL 3

SDDM ESSDM SDM

Btk WA | g | et | N | et | g

U | B | pcEk | ebmED | ok | B
Breast-cancer 321 [0.2375| 289 |0.2021| 191 |0.0822
liver-disorders 190 |0.0905| 175 |0.0898| 132 |0.0514
Diabetes 715 |1.8233| 674 |1.2398| 523 |0.5857
ionosphere 181 [0.0590| 167 |0.0520| 153 |0.0419
Pimadata 518 |0.6710| 481 |0.5287| 341 |0.3936
Pulinear 116 |0.0332| 103 |0.0303| 78 |0.0239
Sonar 218 |0.0648| 211 |0.0597| 153 |0.0497
Monk’ s Problem 1 279 10.0852| 285 |0.0921| 216 |0.0671
Monk’s Problem 2 | 408 |0.2087| 394 [0.1998| 334 |0.1884
Splice 979 | 10.94 | 878 | 5.282| 583 | 1.123
heart 164 |0.0516| 167 |0.0534| 162 |0.0503
Australian 476 |0.3888| 421 | 0.312 | 328 |0.2455

%3 SDM 5 SDDM #0 ESSDM E ik H S8
ol (C,v) |*NBSV|*BSV| WIf sREE | fo oAk R KU
(5,50) | 4 | 219 [9.5386e + 002|—7.5523¢ + 002
(10,2) | 9 | 155 |2.0524e + 004| - 1.4667e + 003

Breast-cancer

liver-disorders

Diabetes (1,1) 10 | 330 |8.8695¢ + 003 |- 3.1305¢e + 002
ionosphere (5,5) 40 2 |2.4865e +004|-4.9571e + 001
Pimadata (10°,50)| 9 222 |2.5246e + 009 |- 2.23%e + 005
Pwlinear (10*,10°)] 5 56 |2.0142e + 008| - 5.0409¢ + 005
Sonar (20,1) | 73 0 [2.66%4e+ 004|-8.5923¢ + 001

Monk’s Problem 1 (10,1) | 70 0 |[1.1908e+004|-7.6653e + 001
Monk’s Problem 2 (10*,5) | 53 24 13.2482e + 010|-3.3522¢ + 005

Splice (2,20) | 42 | 662 |7.3972e +002|- 1.1364e + 003
heart (10°,5) | 15 | 44 |1.1472¢+009| - 3.3186e + 005
Australian (2,2) | 25 | 173 |7.8305e + 003| - 3.7012e + 002

MR 2 0] LA L 7E 12 D FRifE R R4, SDM
AHEL SDDM, B ARIRBCE 08> 173 Zidq, I ZRpt el A
KIEAIFENS . AF% 3 AT LAF % T BSV MU 2 1 5L
PiAE , SDM FE VIR s N 2 %F NBSV MU £
HIEESE , SDM BIE N ZRe (Rl /DA /b 300 i 124 BSV

B AR 5 B WS R A, SDM B3 E R IR i
R B L TAE AR i B A L [ 25
A5 R EIE R TR, 8 T 80/ R I Rk [

4.3 EREREVBEHRES R

9 AR ) R A B L B P9 A [ 2 %o B 0 T i o B
K, A5 F ] Splice B 46 HLA 5 ) T BE A IR
TREEMAFERI GG R ) = TERE. BT (D) AR %
SAHI L FAE R 0 A €, 78 BEF) 4 5 s SR A3 M AS
(] Py 22 AR o) 20 e (% B33 PO T SR 1 Bk I A
TREACTE H AT (N/10) * @ A mlE A vhs TAESE
W C/2, R T MR bR E ARG A RUE HIEh C.
TR 2 REUIR ) i 26 AR ) i I ET (N/10) * i A0
VERWIIE TAESE R /2, 5 F & 48 br e %)
WA ERh 0, Hp i =1, -+, 10.

Xof T B 45 R SR e 1 FSR w2 B, #5510
YR, 6 A Y I 3 1) 326 AR U B5RN I 5 1sF ] 1 Ay
PERBMIRAE AR . B 1 ~ 2 JE PN FIETE Splice KidiE 4 I
ST RS 1RSSR B 3 ~ 4 RPN TEIEAE Splice
R LT ORm 2 1 L2

e splicel B ASDDMITTE [ e SpliceBHIASDDMITTL:
80I" o Splice it SDMSTH: 12001 o Splice$(#i4ESDMAL Y
7oF
Sl 2SEAN
b
+—e-
AR
2 3 4 5 6 7 8 910
PR KK
El1 SpliceSEHE 1V ZxmT ] LL B2 SpliceSKME LXK B L
1500
:g | —e- SpliceX#i4SDDM AL 1400® —e- Splice (i SDDMHL 1%
ok -4— Splice ¥ #a4SDMEL % 13001 X
ool 1200 <, -4 Splice S SDMEL T
2 & 1100 AN
Z5r 5 1000} *
Z 40 7z N
& S 900F KN
= 30 ™ 800k \‘\
20 700} T
10F 600 “*\0
O0—2 3 4 5 6 7 8 9 10 2 3 4 5 & 7 6 9§10
PR KK PR

B3 SplicesEHE2VIZRmT A L4k B4 SplicesKBE 2356 IR S Lk

ME 1~ 2 7] LLF 1, SDDM I 5 B 8] 52 32 AR 1] 5
IR E A A AR 2 B W, 3k 2 i TG TAE R R R 2
BF L) T B A — YR A TR R A B R IR 4 T
LA i, SDM 7E W] hi T AF 5278 1 A8 22 I 2% AR UBCT B
B2 NS SR 1 L AT LU HY, SDDM X 354K ) 4
W6 (B2 A BEURK, TR B 22 AR AR B A2 i /b I mp
PLZRBE A 4y i 1 B . SDML 7E ) 1y T4 S 78 g 2 1)
PERERLT .

5 ZRMBERHIIE

BEXIALGEAT R TR R A SVM AT Ak 1Rt BE ) 3%
PR BE RS R 5t BLR IS AR 0 R)AL, ARSCHR Y T 2
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T SDM FHHE 0 A 7 10 BGRB8, B A SVML ALk [7a]
) B AR RBERAL G211 SDDM #E—25 T B, AT A5 20
D AU BRI AR 3 2 TR B2, OF HL R A S0 iR
IEACHAG O . 5236 3 W32 5 15 1 11 5 ) 3% 36 4 1)
WA P2 A AN BURR, X W) b 32k A I A B 722 5 3 fin
I, B2 M ) Bk i AR T DU S50 >

A 2 TARR W S 7E W) i 2 AR B B g R0 1E

A TAEAR AR B9 7 i, X AR TE T B Rk e i

A~ R KKT 254 1 7428 o i AT A5 1, DT 2F — 25 0 20 i

RRBFIRRARIH S A
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