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A Shared Latent Subspace Transfer Learning Algorithm Using SVM

DONG Ai-Mei''? WANG Shi-Tong!

Abstract In machine learning, transfer learning is proved to be able to efficiently use the information of one domain
to enhance the classification accuracy in another domain. Transfer learning always assumes that the related domains
share some correlated latent factors. But the existing transfer learning methods cannot make full use of these latent
factors. So a low dimensionality shared latent subspace transfer learning method is proposed. Specifically, a shared latent
subspace transfer support vector machine model is proposed in contrast to the classical support vector machine (SVM)
model. Compared with traditional transfer learning methods, the proposed method can make better use of the latent
subspace, therefore it can enhance the transfer classification performance. Experimental results confirm the efficiency of

the proposed method.
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SVM. AuxSVMP?? fii LMPROJR3!,  xfF SVM,
M A AT e 1) IZREd SR .
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P s (SVM(t)); 3) IIZREE A stk A H Ax
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W% R 10 07 ERAS, T Sk b A R G A% R
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K SVM. S92 2 4y 36 UF Y5 Al 40 A H b 3
A AR IR) KA SVM(t) S92 A Al H bp il b
bR BB K DA JE L G — A RS T (1) 5 2K 4%
K H SVMt S92 4 560 24 I Zr Ecdis A il 3 o
AR, TR 2% 3 7 AL Ge bl as 2 2 1A L
T E AT GE; R AuxSVM 5202 k) ke
AFE 7 S BN, AT R R LI 1) vl H R
vk fe; KA LMPROJ 838 56 F - I B 13T
B2 2 N iE R TG B T B 2 ) e Re i 5.

X SVM K i, 7] {1 libsvm24 #pEszBl. 1E
Wtk Z4 ¢ BUEYERY {0.1,0.2,0.5, 1,2, 5,10, 20,
50,100}, SRHL 5 HAL X UF kB B A (E. oAt
SARAE Matlab (R2009a) R85 R sedi, HI4M ik
W 98 22 1) 5 SR B LA AR T S 8. ) T AR S
PR IR 7 V2%, IR A A = A A o ) 4
o BN AT, 78 T T R IR A% 5
Hh ) FH S0 50 U 5 R S 1 g VR e, B AT
W5 54 Ando J7EPL Zheng 77300 Fn
Ji JER RS % Ando JiiE, AT STl =
A SCAH A, RO AL A M 4E 4R 5 ~ 100 2 [7]
Y, DR e R HUE e R {5, 10, 15, 20, 25, 30,
35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85,90, 95, 100} ;
ZH C,, C, BUEIER {0.1,0.2,0.5,1,2,5,10, 20,
50,100}; 4 o WHEE N {0,1E—6, 1E—5,
1E—4,1E-3,1E-2,1E-1,1}. 3% r, C,, O}, a
Toyam ik 0 A 45 2R 110 7 S o B LA
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Fig.2 The example of data generation
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Table 1  The transfer learning text classification datasets 20NewsGroup
i EAE/TE S VA / H AR E) B fl
Pk comp.graphics sci.crypt
com.os.ms-windows.misc sci.electronics
NG1 comp Vvs. sci H Ap g, comp.sys.ibm.pc.hardware sci.med
comp.sys.mac.hardware sci.space
comp.windows.x
b8g rec.autos talk.politics.guns
NG2 rec va. talk rec.motorcycles talk.politics.mideast
H Frdek rec.sport.baseball talk.politics.misc
rec.sport.hockey talk.religion.misc
b comp.graphics talk.politics.mideast
comp.sys.mac.hardware talk.religion.misc
NG3 comp vs. talk comp.windows.x
H Arisk comp.os.ma-windows.misc talk.politics.guns
comp.sys.ibm.pa.hardware talk.politics.misc
e sci.electronicis talk.politics.misc
NG4 aci vs. talk sci.med talk.religion.misc
H bt sci.crypt talk.politics.guns
sci.space talk.politics.mideast
e comp.graphics rec.motorcycles
comp.sys.ibm.pc.hardware rec.sport.hockey
NG5 comp Vs. rec comp.sys.mac.hardware
H bk comp.os.ms-windows.misc rec.autos
comp.windows.x rec.sport.baseball
VR rec.autos sci.med
NGE . rec.sport.baseball sci.space
H bri rec.motorcycles sci.crypt
rec.sport.hockey sci.electronics
K2 IERAE ORI FE R Reuters-21578
Table 2 The transfer learning text classification datasets Reuters-21578
ETRE Hth 4 pzE H Frik
Rt1 orgs vs. people orgs.*, people.* orgs.*, people.*
Rt2 orgs vs. places orgs.*, places.* orgs.*, places.*
Rt3 people vs. places people.*, places.* people.*, places.*

~6 FT7R. {E H AR bR S0 R H bl s B
B0 0.3 B, RGN 4 Fros. LS5 W

1) JE2k Tk SVM IR sk K VI 2045 21 [ A
RUE N H AR S s, $E LT B
& B B RE G T ICAh 7V, B UE T YR S

A H bR EE A AN, Wit — DI 1%
GEIHL o7 21 07 15 8 N R A s 2>
ATHRIRI B NG B0 FEEeT10: SVM(t) A1 H AR oy
PREEE A LI 245 2 AR RN T H b8 |,
Kl o AARIR], AR R A bR e S >, AL I
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Table 3  The transfer learning text classification datasets EmailSpam
oLRe K e Y5 H b

Spaml Userl vs. User2 Userl’s emails User2’s emails

Spam?2 User2 vs. User3 User2’s emails User3’s emails

Spam3 User3 vs. Userl User3'’s emails Userl’s emails

T4 UK RRE R
Table 4  Classification accuracy comparison on text datasets
J7i: NG1 NG2 NG3 NG4 NG5 NG6 Rt1 Rt2 Rt3 Spaml  Spam2 Spam3
SVM 0.6642 0.5924 0.7123 0.7080 0.7203 0.8220 0.7302 0.6661 0.6124  0.6581 0.7560  0.8401
SVM(t) 0.7513 0.8160 0.8161 0.7975 0.8013 0.8613 0.7980 0.7880 0.7640 0.7688 0.8388  0.8113
SVMt 0.7650 0.7460 0.8080 0.7450 0.8388 0.8639 0.7150 0.6601 0.7020 0.7675 0.8938  0.7988
AuxSVM 0.8540 0.8880 0.8952 0.8280 0.8680 0.8976 0.7130 0.6670 0.7430  0.8095 0.8762  0.8120
LMPROJ 0.8201 0.7674 0.9402 0.7203 0.8504 0.8702 0.8463 0.8020 0.7080 0.6764  0.7890  0.6980
SLSTSVM  0.9398 0.9362 0.9102 0.9240 0.9070 0.9182 0.8860 0.8900 0.8980 0.9763 0.9313  0.9013
rec vs. talk

)

g

g —— SVM()

< 095} —_— VM
0.90 —— AWSVM
055 ——e—— SLSTSVM
0.50
0.45
0.40

0 0.1 0.2 03 04 0.5
The ratio of the number of labeled data to the total number in target domain

3 ANFEZPEEAE NG2 Hdlafk LK 7 K5 5 Hh £k 5]
Fig.3 The accuracy curves on NG2 dataset for

different classifiers

e P RE MBI, W AE A Hn 5 B R Rk RE
T AR T ik, AR Hyn 5 B> R PEREAR
T AR Iy vk, FEE 5% SVMt AR U5 s A H
Py bR 25 B N ZRAE, TR D B A ot o 26 0
WA, EAE N 2 H AR, e 0
Padk B RERE T AR PIANSE L Tk, kT
Hoftb 3 M.

2) 7 3 FL B H AT, SLSTSVM Sk T
HABIERHE, KA a) SLSTSVM S Hbx
Sk b A B AR RS, IR TR A ST IS DL, T
LMPROJ 53k HArBAds A bn 2, R LM E TR

SESTRE L b) SLSTSVM 53k & e TR E B s [l
TR, 1A A BV T T ST KT R s, i
Sl R b sk HS e 3 A1 2 A LB ORI, R s (¥
ARMELE S 2T b4 B — eSS AR, e T
REAE 1) 5 3 AT AR B IR R 2 T 3R 31— S8 A a4k
VIpawAESINN

3) WK 3 W EH, H sl br 2 £ v B
bR I B B0 1 LB 8 [0.01, 0.5] Y A AR, 5
7% SLSTSVM 143 05 FE 35 i T 5% SVM(t)
SVMt; HARIR A bR 250 b H Al s 2o 19 L i
KT 0.1 B, SVM(t) Sk rERede m b & g s T
59 SLSTSVM. SVMt Fl AuxSVM, {H I s A
REMSAR T HAL PN IR L.

4) I 4 FOlE 5 vl A H, H s bR 2 Ao
b H BRI (1 Le g oK T 0.2 I, 5% SLSTSVM
PERESETH IS 507 AuxSVM SVE$ T 38
%, ULHAAEFIRE S S B T, SE TR E T B S )5
P LOEE TS IR 2 2] i iiAr — e R B )
% 2] BFL I AR,

5) MWK 6 nIE H, Hbssh i bs 80 & Hbs
S A K I R B T 0.4 I8, B3 SVMI(t) PEREAN
3% SLSTSVM M REAH ™Y, W T 5% AuxSVM,
Ut RO £ RS H bR A7 bR A5 H0HE L ) 4
o, ARG o A LT RS S R R ) S 1
Pt s SVME HIPERE = T 500% AuxSVM, ik
THVE SLSTSVM, B AR H AR s C 44 7
5%, SLSTSVMAK SR REME M IL 52 4f b v 27 3] 3147 25 1)
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Fig.4 The accuracy curves on NG3 dataset for

different classifiers
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Fig.5 The accuracy curves on NG6 dataset for

different classifiers

Users2 vs. Users3
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095
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K6 AFAEIA Spam2 Hdls g Loy 20k 1 ih 2 15

Fig.6 The accuracy curves on Spam?2 dataset for

different classifiers

FIUL BRI AuxSVM T2 5 TSl gt AT iR, i
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.

2.3 SEHUBMIE

AT 1E SLSTSVM 5k 50t 7 M fe i
SO, AR H bR AR S 2O A E bR R B Lk
0.01 F1 0.3 PRI &L T, == B (A 4E 506 70 kG
FEM s ph £k in b 7 Fp 8 iR, IEMAE S5 o
YRR I h i 9 o, B2 O,
Cy X3 FRGFEI g th 2 an &l 10 AR 11 o, A
10 fIE 11 FH, BB C,, O, £t
P R EBUAEL NS 73 R BE A — 8 A sg . DRI LG A S i 4
H5AE {0.1,0.2,0.5,1,2, 5,10, 20,50, 100} P4 1L

0.760 T T T

Accuracy
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~1
i
(=3
E
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Fig.7 The accuracy curve of the dimensionality of
shared latent space on NG1 dataset: rate = 0.01
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Fig.8 The accuracy curve of the dimensionality of

shared latent space on NG1 dataset: rate = 0.3
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Fig.9 The accuracy curves of parameter o on
NG1 and Rt3 dataset
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Fig.10 The accuracy curve of parameter Cs on
NG1 dataset
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Fig.11 The accuracy curve of parameter C; on
NG1 dataset
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e EAEIEAS SCRE Ky iR R 31 2 A 1) AT
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