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Abstract Transfer learning algorithms have been proved efficiently in pattern classification filed. The
characteristic of transfer learning is to better use one domain information to improve the classification
performance in different but related domains. In order to effectively solve the classification problems
with a few labeled and abundant unlabeled data coming from different but related domains, a new
algorithm named transferring shared subspace support vector machine (TS*VM) is proposed in this
paper. Firstly a shared subspace used as the common knowledge between source domain and target
domain is built and then classical support vector machine method is introduced to the subspace for the
labeled data, therefore the resulting classification model has the ability of transfer learning.
Specifically, using the theory of transfer learning and the principal of large margin classifier, the
proposed algorithm constructs a shared subspace between two domains by maximizing the joint
probability distribution of the labeled and unlabeled data. Meanwhile, in order to fully consider the
distribution of the few labeled data, the classification model is trained in the augmented feature space
consisting of the original space and the shared subspace. Experimental results confirm the efficiency of

the proposed method.
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0.5,1.2,5,10,20,50,100} , 2RI 5 H 35 IR UF 20k
T IR L AE. A 55 32 #RAE Matlab(R2009a) 58 T
SEHHL Y A ks 48 F O 2Ok B O Ak Y R A

HACEL, X TR TSVM, 240 C, 1 C, 1Y
BEJE B k(10,10 ", 10 %, 10 2,10 ', 1, 10,
10%,10°,10",10° } s %F T4 LMPROJ, 24 A 1YL
G R R (20, 21,212,218, 21,219,216 217 218 219,
2V BB MIBMESEE N (2 0,2 202 02,
1,2,2°,2°,2,2° ) . B8 C WEBUEIE B (270,277,
274,270,27%,271,1,2,2%,2°,2',2°,2° s X
TCA,Z 4 p WHEEE R R {107,107, 10 ', 1,
10,10%,10% ). X F TS VM J7 i H iy 3 52 25 (] 4 4%
r T BN T 78 2 A0 3 I Y 3 TS R 4 2y
12 T — R R A% SO0 B85 98 9 I 1 O VA i A S 1)
n Ando' J5 ¥k (Zheng" " 5 ik A T gk ST X
ARBIRAE A SO S Ando Jr R AR, R OG0k
FRAF 23 [ 4650 r 7F 10~100 2 [8] 038 Bl (5,10, 15,
20,25,30,35,40,45,50,55,60,65,70,75,80,85,
90,95,100} s X T A 185 B PG 45 . 7 R e B 2 ol 1.
ZH C BUEIEE {10 °,10 *,10 *,10 2,10 ',1,
10,10%,10%, 10", 10° }. Z 4 A1 s Ao A HUAH YE [
(275,27%,27",27%,27%,271,1,2,2°,2%,2",2°,2°}.
JRAESHrCody s o H930 28 W5 48 R (14 Iy 208 2 B
AE. T S BB PE SR 2 00 2.3 715
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B 30°,45°,60°, 15 2] H AR A G 4. 55 40, 418 H Ar ik
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(c) 2-moon dataset with rotation angle 30° (partially wrongly labeled)
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(f) 2-moon dataset with rotation angle 60°
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(g) 2-moon dataset with rotation angle 60° (partially wrongly labeled)

Fig. 2 Four 2-moon datasets with different rotation degrees.
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FEAG AR 1 53NN A A 7 G Email Spam
BPE 417 Userl,User2,User3 X 3 T 3
AT . 27 A 55 02 2l o 1 spam B 4 AR
spam W £F. iy T &6 46 b AR R ] P Y spam 44 1
AE spam #BFF & A L L 3 A email Fodls 4 09
BOHE 53 A S N R E AR DG 1. Ry 3 A SCBIF 98 3 ik
BT 3 TR AR TEANE B IR 1 Rk 2

Table 1 Transfer Learning Text Classification Datasets 20NewsGroup
R 1 EBFIIARSEHIE 20NewsGroup
1D Dataset Domain Positive Data Negative Data
. comp. graphics sci. crypt
Source . . . .
com. os. ms-windows. misc sci. electronics
NG1 comp vs. sci comp. sys. ibm. pc. hardware . J
sci. me
Target comp. sys. mac. hardware .
. sci. space
comp. windows. x
rec. autos talk. politics. guns
Source .. .
rec. motorcycles talk. politics. mideast
NG2 rec vs. talk )
rec. sport. baseball talk. politics. misc
Target

rec. sport. hockey

talk. religion. misc
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Continued (Table 1)

1D Dataset Domain Positive Data Negative Data
comp. graphics . .
talk. politics. mideast
Source comp. sys. mac. hardware . .
. talk. religion. misc
NG3 comp vs. talk comp. windows. x
T comp. 0s. ma-windows. misc talk. politics. guns
arget . . .
comp. sys. ibm. pa. hardware talk. politics. misc
sci. electronicis talk. politics. misc
Source . . .
) sci. med talk. religion. misc
NG4 sci vs. talk ) o
- scl. crypt talk. politics. guns
Target . .. .
sci. space talk. politics. mideast
comp. graphics
N . rec. motorcycles
Source comp. sys. ibm. pc. hardware
rec. sport. hockey
NG5 comp vs. rec comp. sys. mac. hardware
comp. 0s. ms-windows. misc rec. autos
Target .
comp. windows. x rec. sport. baseball
. rec. autos sci. med
Source K
i rec. sport. baseball scl. space
NG6 rec vs. s .
rec. motorcycles sci. crypt
Target

rec. sport. hockey

sci. electronics

Table 2 Transfer Learning Text Classification Datasets
Reuter-21578 and Email Spam
T2 EBFEI XA ZEEIE Reuter-21578 #1 Email Spam

1d Dataset Source Domain Target Domain
orgs. { * |, orgs. { * |,
Rtl orgs vs. people
people. { * } people. { * }
orgs. { * |, orgs. { * |,
Rt2 orgs vs. places
places. { * } places. { * }
people. { * }, people. { * },
Rt3 people vs. places
places. { * } places. { * }
Spaml  Userl vs. User2 Userl’s emails User2’s emails
Spam2  User2 vs. User3 User2’s emails User3’s emails
Spam3  User3 vs. Userl User3’s emails Userl’s emails

2.2 XRER5ITIE

NEBAEE M LI AT RN E 3 Prax.3 DA
BARER IR LSRR 4~5 PR, T B2 UK,
ARSCR T AT 7 % X 2 B {58 U IR I kAT 4
A1 IR A R ATl .

M5 3~5 Fronai R al LI )

D) JE ik SVM W Il g 4R 2 H A b A it
s A 25 B L AN JE LI — A i PR RE 1 43 26 4 L ik
TE A Bt B L i 23 JEPERE R T oAl 2 2] O7 vk

2) HHN =L Tk TSVM BRI %0
5 PR A AN A b A8 B L (HU i T IR H AR
SR ACHE 1) KA A AN TR L DR 0 B dl 4R B o 2K
PEREMR T AR 2 2607 ik Xt — 2P Ui T
7 P A 8 1) 24 e B 20 26 TRk S BE AR e ot it e S
P o3 A0 AN TR 2T B 43 2 ) 5

3) TR LMPROJ 16 K H4r 8d 4 -
(9 73 Nk E 5 T 15 g B X 2607 ik AR T 1
fb 2 A ER 428 Y LMPROJ 8332 rh H A7 3k
Bl AW A AR BB TR BT 02K

O RCHRFEE TS VM AL 3 M TEB T KE
LR B R A o SR RE L X — P UL AR
Ir28 7 > v R AT 4 i AR AL TCA B R IR 4

Table 3 Classification Accuracy Comparison on 2-moon with Different Rotation Angle

R3 FEAREAEMN2-moon HIEENLEXBELR

Dataset with Correct Labels

Dataset with False Labels

Algorithm

30° 45° 60°

30° 45° 60°

SVM 0.7458=40.0027 0.

695840.0027 0.

TSVM 0.758320.0032 0.737540.0071

(=)

LMPRO]J 0.875040.0098 0.812540.0067

(=)

TCA 0.837540.0065 0.859210.0030 0.

(=}

TS'VM 0.891740.0100 0.84584-0. 0023

=3

5208+0.0079 0.
.679240.004 2 0.529240.0045
.770840.0003 0.687540.0098
754240, 0051 0.816740.0070

.808310.0099 0.8875%0.0030

533340.0054 0.504240.0014 0.479240.0055
0.638320.0017 0.641740.0073
0.758340.0052 0.76254+0.0081
0.825840.0029 0.6708=0.0067

0.8375+0.0048 0.804240.0018
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Table 4 Classification Accuracy Comparison on 20NewsGroup

#£ 4 20NewsGroup HIEE S EBELLK

20NewsGroup

Algorithm
NG1 NG2 NG3 NG4 NG5 NG6
SVM 0.7513-0.0007 0.8160=0. 0079 0.8161=40. 0045 0.7975+0. 0094 0.8013+0. 0027 0.8613+0.0078
TSVM 0.8310+0. 0017 0.8160-+0. 0075 0.901140. 0021 0.7964-+0.0081 0.8620+0. 0074 0.8697-+0. 0050
LMPRO] 0.8201+0.0047 0.7674-0. 0030 0.940210. 0031 0.72030. 0020 0.8504+0. 0062 0.8702+0.0074
TCA 0.8778+0.0032 0.8957+0. 0028 0.903540.0121 0.8769+0. 0054 0.915940. 0061 0.9352+0.0018
TSS VM 0.887510. 0087 0.917810.0010 0.895440. 0022 0.889210. 0030 0.917310. 0058 0.9276-+0.0013
Table 5§ Classification Accuracy Comparison on Reuter-21578 and Email Spam
#& 5 Reuter-21578 #1 Email Spam 3Z &K 4 E & E LL &
Algorithm Reuters Email Spam
Rtl Rt2 Rt3 Spaml Spam?2 Spam3
SVM 0.79800. 0030 0.7880-+0. 0018 0.764040. 0028 0.7688+0.0028 0.8388+0.0018 0.81130.0010
TSVM 0.7230+0.0021 0.6721+0.0017 0.693240. 0034 0.7864+0.0010 0.892010. 0021 0.7011+0.0017
LMPRO] 0.8463-£0.0010 0.8020-£0. 0036 0.708040. 0023 0.6764-0.0020 0.7890-+0. 0013 0.6980+0.0037
TCA 0.8784+0.0021 0.8973-+0. 0029 0.8529+40. 0021 0.8352+0. 0026 0.854640.0038 0.8735+0.0025
TSS VM 0.926010. 0024 0.910010. 0020 0.8833+0. 0026 0.857210.0030 0.8917+0.0017 0.9153+0.0110
(g SELAEL X J 0 A 2 3 5 28 o0 DA SR O A, B S 7 1.0
(i FEL AR BOE % 5 T 95 AT D A A 50, ) £ 4 R S ool
FEAr BT AR OB 1 R A B 4 A A '
5) JUBEE I SY B A L (L Spam? HURSE) o |
AR ST HE I A 4 IR R 1 2 (R JE R AE g oy
DRI T g o6l
6) HEEALL N 3 ATLLE 1 H AR B8 o5l
K hi 2 BB 2 A R AR AR R AR SO 4R Bk . NG
B R 0 P O 24 2 B 1 B i . X 04 ~e- Spam2
b — 25 42 T L AR B 1 1 M T4 e W A K T e T T T T e T
R RS 40 24 50 1R 8« 76— 2 R B LA T o The Number of Extended Features r
2RI B A B . Fig. 3 Influence of parameter r on accuracy.
2.3 BHHBEMETR B3 K0 X4 SR FE B
TEVEA A 2 5000 VE fiE 52 0 I L 2 [ i A 0.9
3 BB TR R BOE4E NG1 il Spam2 1y
SCHRE B 3~6 3Bl R T iR 4 SO T 0.8¢
5 g VE RE S .l T A5 4596
1) il 3 07 LA L BT AR 7 3 R S TR A 4 g 74 .
() S R AE 25 ] 4 245 25 > B0, R 0 R B R i S 5 éom
P AIE 2 1) 260 - ELAT A5 R R E (0 SRR M. B X TR X
R (R RCHE 4 B B BH I8 52 W 9T 45 7 925 1) g & bk 0.5 —o— NGI
B Lt i — A5 B T R R B O S R Rl
SEREAE 2 ) 4 55 - B 9 R I sl 2 AR S S
P T — B ABRIE 07 1 2 —. e w e
2) HE AT LVE W EARSCT & C 1A B Fig. 4 Influence of parameter C on accuracy.
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Fig.5 Influence of parameter A, on accuracy.
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Fig. 6 Influence of parameter A, on accuracy.
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