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Abstract: The lack of labeled data affects the performance in target domain. Fortunately, there are ample labeled data in some other
related source domains. Transfer learning allows knowledge to be transferred from source domains to target domain. In real applications,
such as text-image and cross-language transfer learning, the feature spaces of source and target domains are different, that is
heterogeneous transfer learning. This paper focuses on heterogeneous transductive transfer learning (HTTL), an approach to improve the
performance of unlabeled data in target domain by using some labeled data in heterogeneous source domains. Since the feature spaces of
source domains and target domain are different, the key problem is to learn the mapping functions between the heterogeneous source

domains and target domain. This paper proposes to learn the mapping functions by unsupervised matching in the different feature spaces.
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The data in source domains can be re-represented with the mapping functions and transferred to the target domain. Thus, in target domain,
there are some labeled data which come from the source domains. Standard machine learning methods such as support vector machine can
be used to train classifiers for predicting the labels of unlabeled data in target domain. Moreover, a probabilistic interpretation is derived
to verify the robustness of the presented method over certain noises in the utility matrices. A sample complexity bound is given to indicate
how many instances are needed to adequately find the mapping functions. The effectiveness of the proposed approach is verified by
experiments on four real-world data sets.

Key words: heterogeneous transfer learning; transductive transfer learning; heterogeneous feature space; mapping function
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Fig.1 Homogeneous and heterogeneous transfer learning
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Fig.2 Bridge between source and target domains
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0 SR E R 2 >3 v PR ATUSRT L 4508 14 5 i 2 ) AS [, DR LRl A0 4 0t AN AR ) it i m @™, R AR
AT DO e R DO e R 1 m <, WAEHFE DO JE T A m - O R 2 A B DOy
JE NS mO-m 4T 4 m=max(m®,m®),i X ¥R Fiie—A mxm 15 BE.

2.4 RHEEREST

T BT B2 S b R 5 TR g g DO,DO BT KO 1 X 4 BIHEAT SVD 4RI 4 4% 4y
B OChTOND) AL O TONG ) W) Jorfn h W 2 J5 A BE, TORD TO4 % KO R X© 347 SVD I i1y
Lanczos JEfCVRH, NO FI NG J& XOF1 X© P e ZAHL Y 4 — A ETRBIER DODOT 4T SVD 43 i,
Lanczos ARV TAEBAMN N, JURE S 24/ 52 OGHTN, ). 3600, TO,TO, T H5A5, i1 LA 2 T 1),
NO NS N, B AR KB4, IR 1) 52 2% B AR 2 K

2.5 BB

B 1B — AR AT — A H ARG, W R AT 2 (BB @ AN IR TS (X3, T L] I 6t
Bl —AN HARSHR X O 25 KRB R, 2 AT IR T B 1 U5 U AT LS e 3 Bl b R 1 B AT 4
RPN — A PRATIHSA,EF 2 7 B AT 1) B A AT 2538 80, 5K e T i, IXREAR ) O NI

{DVYE FI—A~ H bR U DO SR 5 I LA 2 2 38T A Y AT A R A 25 IR 6 45 ) H b e
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[
: D ) (1) 112
arg{;}}g@:l;IIR DY =D 3 o
st. RVTRV =1
K ROW B P 1 sk RO 7ML EX DYDOT 347 SVD 430, DV DO T=uV sV 0T 15 5|
RI=POUDT 20 XD = (XD — g DYRDT 4 O 5K RE kA5 30 T RATEE X7 H BRI (3 %o X9 R 5,
A DUR A 55 4 2 5 AT 2 .
3 BiENm
AR AT FCRE 23 AT R T HTTL A58 28 f 5 10 0 B 12007 ¥ B 1 R ) K5 A0 BT RE A B 2R RE A 0.
3.1 BiEMEEST
AN I 5 A Y AT 1) B 2 I D i N T e AR SO ASETRY (1 5 e 75 AT DR AT R IR, N T R E R
NI 43 A, R A e 0 2 FAE 40 B HTTL A5 2Y (19 w] 5 B8 UE B 1% JEL I 2 S ) DA g A 1) e 75 5 4 Ay o
5y D) A0 [ S Atk 00— AN W 7 01 B 1 AU 0 AT AN T sk SR A R LA IE WA 954
sk 5 AN 5% W) 2R 56 (1 1 g
B ASEAEAERE D 1 R BEALASNK 52 0 75,8 IR — AN A S0 89 9313 Ame I3 AN ARTF 52 2 1T LA E ) fE(3) AL
e P FORAM IR AT B I A ) B £y DA — 52 (10 A8 2 0 240 AR 1 0 00 0 S 40 SR (Y M R AN R o — A
S8 AL X AN 3t S MR 200 SR 3t 5 M 8 162 1 0, gl v A A T 10k D D) P 5 0. 143 3802 Ay AL 1
;mn T
R R=I,7w (8)
P, A R(DY + 2) =D |, < m} = ln}
e, e [0, 11 3128 1 T 47 B8 S ML 2 240 TR ) A0 A 2 2 ) T WA MO 38 X A2 6 1 SR A AR O 2 5 V8L Bt T LA
K 2 (@)W IE AL L E o = inf{P, (| A],<)=1-n} J9E:

[R(D™ +4)= D || < max || R(D™ +4)~D"||, ©

lallp<p
DU ] (8 P LA A% A 1 T FIR) o /A e K A i
min max _||R(D® +4)-D" ||, (10)

RTR=1]4|p<p
TKAE, 7 BEUE W 2 AE AN P TR AR A U={A)[| 4] < o'} &R 12, 28 3 L0) S S5 4 1 IS i) 70 A 153 5
EE 1. ARA0)ZENTF min || RDY - DV ||, +p".
RTR=1
i BH - A Z0(10) 7 Y Frobenius Y8 % AT DL e g il 1 T 3
max _[|R(DY +4)-D"|,= max  tr(4"(R(D® +4)-D") (11)

g
l4lF<p 4l <p .l 4l <1

Horfr A=R(DO+A)-DY IR 2, 25 (1) AT s 4 i

iy

max  tr(AT(R(D® + 4)— D)) = max (tr(AT(RD“) - D))+ max tr(ATRA)) (12)
4l <p" Al <1 Wil <! lalp<p"
P ARA2)FE 2 3 max (A" RA) FIF Cauchy-Schwartz A% 30,4545 438 RR=1, 7] L3 51):
14l <p
max r(A'RA)< max || A|p|| RA|=p" || 4], (13)
|AllF=<p |4 <p

BE A =R"A/||A||p, AT LAF )
max tr(A"RA) = tr(A"RA") (14)

«
14l <p

|47l =p U (A" RRT A) /|| Al 3= o, B tr(A"RR™AY|| Al =p || A||p T 4 tr(A"RAY=p || ||, H i,
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max_tr(A"RA)VZ p" || A, (15)
lAlr<p
i AR ARS), TR E] max (A RA) = p || 4|, , TEAA2):
[14llF=<p
max || R(D® +4)-D"|l,=  max  (tr(4"(RD —=D)+p" || A||;) = RD® =D || +p° (16)
lAlp=<p lAlp<p ldlp <!
diit, E # 1 A5HE. O

HEBE 1 ) g0, m] DAY AT R r A T P 0 W 7 T 80 Ay A D ) L1 Bk — A ORT  75 14)  ,3X
B AZME A AT A — A I CR, R AT LI B 40058 i F e P AN 58 i % 8 9 PE e iR B AT S5 R L

32 HAERE ST
AR TR RS R L TR,
RS 1. A5G ECR 1 ¢ AT AT 5 e S0 40, x ~ 3w (o), U SRS 0,7

50 Z W R o3 A MR fO0)~N (e, 57), BN IR A R B w, 6L Y wy = 1 AR @ A A | E(ex D)< 1.

TEIR 2. WEAREBUE 1 BT RN 5 [0,1], 5 BAEAS 1) A K AL -

< mh? 32mh? 4hm
n=> C——log’ lo 2(—) 17
21 7 g[ = j &= (17

i

W4, P(|R-RII< &) =1-0 o, RIS 1 BB TH 0 B Fe BB m AFE A8, C R — AV ik
FEUE PR E BE 2 Z i, S5k B LA ) 5 2
SIEE 1. WERAEE 1RO BRSO T 5 [0, 1], M8 B 50 i FEREAS 94K A2 -

n= Cz—mlog(ﬂj (18)
& )
WA, P(| a—p|< e)=1-08 Forh, i Fudy il 284 32 B Al v (0 R SEBs 3515
EW A ol = mlax(O',z) SRS ST I T T R K T 22 o SEREARTE SR 1S 858 I Tl (R BR e 22
)
X | i — | BIBEAS 520 T Chernoff 322 5147 75 2 0 SRE AR AN B0 12 n, = czggzﬂloggj )

P(la-ulse)=1-6.
e 1143 o, <15 FL AL O
I3 2. BB X o0 ANPEALL A REA xRN —HEIIE Ay 07 72 g o 14 e 8 3 A1, )

P[| X —u<o Zlog(ZJJZI—é,kaeX (19)

B3 3. B xy,...x, A2 MR 2 0050 A (R A SE B L 1] F B 5 04,
P[ka 1< 1|l +o /Zmlog[ngnnélé‘ (20)

el [=11 1 < el = 1= el 2h
X 1A o HOES 1AS FEor, N 51 B 2,49 31

£ 1 &
Pl|x, — | — | < nexp| ————
[| ] \/m] p[ 2 szJ

E A AR = A A

N

2 22)
m

GIF m AT 5 H):
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P{I X M =alslx - uls 0,}2m10g(5]] Z1-6 (23)

FHIE. O
132 4. fRBE XA —ABEUREASE B IR o 7 20 A1, 07 2 B L S A =058 XL 2, SEA V1 07 7
BRI E 2 50,11, W ARAEA KNy

> m 2m
n ngzlog(gzjlg(gj (24)
FillS78
P E-2|<g+6)=1-6 (25)
iF B
15— 2 <l d” - " |+ ixkxl ~E(ud") (26)
R4 =0, LS5 1 AR 03 T | | ST 1, %, >—log[ : jﬁ 51
P A< ) =1-2 27)
2 AN A3 T v B T 2 B 1 AR 25 3ok PR e ) T 5 B 3 A E 1,953
lx, 1< /mm;;[%j.
1 SCHR[48], 7 S = C\/2mlog( : j\/"’gn( D) S, & i
2
P[ lZn:xkxkr E(x")|| < e] =1-2exp(—ce’ /b?).
N =y
2 2 2 S 2 2 2.2 2 S 2
He=a log(g]/c A e Hla =gzc/log(gj A et M
\/2mlog( 5 jlog(nz)
=5 =>¢ 28
" "
log| =
5
oA, W A2
n, = Cﬂzlog2 [Zleog2 (27”1] (29)
&4 & o
B A TR BRI EAG QTR ZE Al T 29) K — A ny, B AT 15 24 20(24). O

TR B B 2.
Sl L BERA A B REAS B A 0 G115 MR EE § RINFEA R R 2

S 2mY ) N ) o - S E g A A p
! = zlog(ma j Herbtn® g s 0,53 1 AR UEATIR BRI BEAS 1 BB AR R A9 3
&

| R=R||=IVT" -vU" ||, <V | AU ||+ | AV || AU ||+ || AV | U | (30)
HAp AV =V -V,AU=U0-UV,V,U,U 25t DYDY f1 D DOT 4T SVD 4+i#, DO DO =Usy”, D® DT =0SyT:
|R-R|,<C| DDV —DYDT ||, (31)

1 = A AR 15 21
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H D(S)D(t)T _ D(S)D(t)T ”Fgu D(S)D(t)T _ D(S)D(t)T HF + ” D(S)D(t)T _ DSD(t)T HF (32)
T F i oong ek 15 2
[ DO pPOT _ p© pHor HF +| DO POT _ pHs por HF< \/Z I DT _ por HF +\/Z I D — D® ”F
=h(|AD® || +[| AD™ ).
BB EL h<d WA 7T L8R5
i ~(7 Sp Vi 1=} j b ~(j j
SE XD RO (=1, ) J DORI DY S h AMEFAE R4 | ADY =Y 157 - v |12
I=1
EXED =20 - ZO {EHSEFRE G| 5 - < CIEV .

) )
I 4 AT B0 I (e % T8 O S 2K B AH

= oM log? 32mh 1og2(4h—”’j (33)
gél))z géj))Z S
T4 B A ECh A 5 (17), )
) )
Pz sopa a2 9 (34)
4h 2h
BT A=1,015:
() ()]
Pljap < a el |2y 0 (35)
4n 2
y = N 1 ) .
RGN e = > e
J=s,t
P(| DYDY —DODIT || <g)=1-6 (36)
DRI, i B 2 AT EE. O

4 FTRER

AT AMANEAR AT 4 A5 Bm BB e AT SRR S0, IR HTTL AL AT 2 i AL P s
HENLI 73 8 A SCR 52 SYM 5. NI 70 A RIS 06« SR R v vk DU SE IR 45 R AT A 24,
4.1 R

AT AR A ST AR H AR 0 rp e R b s B A5 R B2 I R 4 2R SE R A AT AT AR bR v U

BHE B H AR DU . 4(b)eon T 2 YERFAE A 18] ) H RS U B, T b T 0 IE A 20 ASE A st
QIR H b UL 52 85 2% 1), PR skt 1 - N BT SR 2o AN R R 2031

4R T k-means HIFEIESE R, T LUAE Y, i1 T H AR QU AR A KR B> A3 B 45 R -5 SE R bR 45
RoRAT R ZE I B A(d) 7R 1 IRANIE(3 4 1)) P (¥ 2, 3 L HTTL 43 21 10 78 H AR AU AP (2 223 18]) 1R &
N AEVEIE A 2 B2 BN AR AN 4(e) T IA TR BT R JE T IXAN 2 FAL T, T LAAS B H AR 0 SR 4
R S BR ARV 85 32— B e T ARSI R B HTTL $53k 78 70 A A T 540 o f) S A 5L, AT 6 H
BRI 58 4 T I 10 s HEAT R R AT AR & 1 i AR .
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1.3 ¥ s 13 " a
04 . o
N 0.2 ~ 11 ~ 1.1 a
o a
1.4 e e LT gy 0.9 : ' 0.9
Y : 0 02 0.4 0 02 0.4
y 1o
X x x
(a) VAT R G 4) (b) HAROURIBRQ %) (c) k-means 7E H FROUL L (05
13 < 1.3 + To o
\“0
0 ! °
s +
~ 1.1 o = L N °
+ ° * OD o
0.9 : A ‘
0 0.2 0.4 0 0.2 0.4
x x

(d) VIR HE 7E H AR SU A 3 Lo (e) HIHr o it S A 23 s LA RS H AR A K8 ) T

Fig.4 Experiment on synthetic data
B4 BUUEGE E R SLgR

42 EXBIEE

e NUS-WIDE

IZHE P P B TEHGK B Flicke, BEAS GO WY — 26307 45 W1, 3040 5 81 AN A% HSTHR[25, 2610 4 0 U7 16, A
S HIEFE 6 1~ (birds,food,boats, flower, tower,sun), B4 9 21 2 1% 15 AN ZRAT 55 B MT S L FE S 600 I, BETE
BRI L BE S AL 1 17 4% (bag of words, fi] Fk BOW)R7R KL 4ER S 500 4E.SCRIAT 1200 AN AEASSCR H 1000 4t
0-1 R AEZH B, 2L A A28 B2 b)) B £ 12 SO T BRI 1,75 00024 0.

e BDGP(berkeley drosophila genome project)

A S IR HAE EEC A AR AN DR A K B B R 7 2 500 T P45, AN 2K A 500
e A PR 1 750 HEFIRLGE R AL, [ I A A2 400 2 SObRYE 9 79 4l SCAS ] A 2 SCASRFAIE AT NUS-WIDE —F¥f,
A& 0-11H.

e LabelMe

LabelMel® & XU [R5 % 4 & 8 2 (coast,forest, highway, insidecity,mountain,opencountry,street,tallbuilding)
3t 2 366 TRENER, H 4 B T highway FIH 266 M, H R MRS5S 300 (@ 5E1E B4 1 BOW B8 A % 240 4800
DERFAE L, [ IR X I 809 2 by 1] A F8 () SCACRRAIE, P B R A SCRY AT 7 ANl L dee g 1] A50K 36.

o EEIHFH R

MR R LT 3 RIS (SR (O . TR PR TP BT A SRR B T Google il Wikipedia, 55—
s 5 (9 30 73 g A2 (birds A animals). 125008 1% G5 JE 15 SCRS 3 415 5 741 2 511 R RIPEBEA 15 3 113
fe Forh 3 BhE R T birds 2R A 1525 RS 1500 R 1520 i, H AR SCRE T <animals” 2 AN E
IR AIE S B Tl A R R AR RO 5 000 0T S8iE: | VETE R JESF TE-~F 38 BN SCRY A 42,45 T 29 /i) 35 v ]
WA 20.
43 FEEFE

FEBUAT 10 5 KT 2 2 B v SCHR[30-34,39,40] 7 22 H A U b -t A7 50 B v 10 il 3Lk [15,16,25-27)
A SRR b J5UR 1Y) HeMapU™ O AL 43 S I T B2 YR AR AR U A i B0, (2 & T LA R
PR D0 2 B YA WS R I e Y TSR e 507 ) W S 381 ] = i) R ks, v AR P 2% > 30 0 Wl S5y R
XS AZA Y AT DO AL B 28 18] TR R AR VE PR ST A b I R AR T L2 ) 23 S8 AR 0 AR ARVE 1) H A 4
B BEAT 73 R AR B S ) HeMap AF 2 FEAE 1) 57 K 37 o 21 B9 7383 53 A0, SRS F bR A5 b A 2031
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Frid 5o 247 9 28, HU e SR SR 2 00 07 vk TR It oK e W FHAE S AN R 1) k-means RT3k 5 28 7 Vi (spectral
clustering, & FX SC)YE A % Ll F 77 7.
K H B bR s i HER 2 (accuracy) 1E 4 PEAN TR A%

|x k=10, (") = y(x")
(1)
n

o, p(™) R MRAFE] X 1 ECSERRAE, £ (o) & AEII 2% ) B R X T0N i b 25 ME A %6t H A AT o 7
I TE A (R RE A AN B0 BT RE A 10 LU AR, HE A 6 80K, 1 BRI 8 236 v 0 T AN Bals 2 10 A B A o T E
AT 10 U0, FH V-3 HER 250 45 AT VPN
4.4 KWHERDH

AATYS H HTTL RIZEUE 7 V45 1545 FAT 45 L ROHERR 2, T s 36 45 AT 7 20401
44.1 NUS-WIDE

XA PERER T HTTL 76928 B -SOAR K it v g, 20 b UG 5 2 B bR AU, SCA B g 5 Ak
B A B CUbR i 1 SCAE R N R 4R, 56 B AR 4TI 1) 600 i B8 HEAT 324,

(1) ZHGEwW

HTTL 75T A —A S0 RIS A SR B 4 2 5 R RE N 15 AMES ik £ 7 — A58l i “boats
vs tower” K JE/R S b X 53 A UERf 2 (K 52 W AR TS B AN SR B T 25 ANME R ITZRRE AR 6 H AR 4t ]
AT 2R AN S s B R AT UE e JEER 3R T U I BESE A 134 KT8 0,2 >10 U RGN
B AEDX 0] 4~10 I n UEAS40 B 1) 45 TR 3 A 4 $iaze 326 /N T SCAR AR TR BRI 4ERE 1000 A1 500, 1 B 2 5ATG
(R4 5 39t R A5 B AR T AR A AE

Accuracy =

(37

Fig.5 Effect of different parameters (#) on HTTL with a NUS-WIDE binary
classification task (boats vs. tower)
Bl'S RFEZ%h % HTTL /& NUS-WIDE(boats vs. tower) [ 43 JSHEAf 26 1 5 1)

(2) V5 AT HCHE AN 5

AR K DU ARG AT R AR AN B R A bR AT 11 4 28 25 SR 16 3 i Y AU R A AR AN S el 5 88
F 25. tHF HeMap £ 5 AT A A AU A I e 4 22, U0 T 12 0 VA AE R AT I R A A 25 (1 45 51, IRl 1,
BT k-means A1 SC J7 34k Jy FEUEHE 4T X . HTTL, HeMap,k-means #1 SC ££ 15 N 3J54T4% E 10 RIK- U
TR R bR Ut 22 W3R 1, M8 3 HTTL — M Lb AR HE 24 > J5 15 BE R 15 55 407 10 43 2 vl Aff 26 481 G H T TL A5 AT 1 A
Ak 25 W IR T HERf 5 S 0.62, 110 HeMap 76 Yl 2k A Ak 25 I LU K k-means T SC #1738 #HEAf K 53 5] 4 0.57,0.54
F10.55,HTTL 437 Lt HeMap,k-means F1 SC #2715 T 7.5%,13.9%F1 12.3%.

M SES 25 v LA L HTTL 1 HeMap 255 T SCASER, R 40 VLR B T 800 1) G X B0 B AR SO
55 G HE Rk B AS TR] R4S AIE 2% i) AH g 5 RO G 1) SO R of BV 3R AT VA 28 A ARG 1% 35 B LR A R i R A
AL B 15 D (T AR IR T T R SR U A e B e AE T T B G R 0, SUAS B 7 1 22 A AR SRR PR G SR AR AR
BB Rk, 255 7 SCAME B BUS 5E 25 2 ok SHLEAT IEAA KA 28 HeMap £F — 26503 (51 40 flowers-food)
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2775

FIPERELL k-means Al SC i %272, 1X Jit K 4 HeMap A58 i LU Y ARUEONT H AR 50 HH O A AN BLdb AT b 55, M0 4
WIZRFEAS B D I AN REAR B 12 7V R DL 35, 1 it 2 Y40 BRI A5 R A i HTTL BEA7 1K A BR A, R4
FEAE VN ZRSCAE LU D I (Bl 5 AN UITERSTAR it th A% 48 10 B 2805 A IRBF  B T R4CR (k-means

9.0%,SC A 7.4%).

Table 1 Mean and standard deviations of classification accuracies on NUS-WIDE data set

Fz 1 NUS-WIDE %4l 2 5734 53 S 28 S bt 22

U5 0 T B R A A 1A B
Task k-means SC HeMap HTTL
25 5 10 15 20 25
birds-sun 0.61£0.00 | 0.62+0.00 | 0.65+0.08 | 0.67£0.10 0.67£0.09  0.68+0.09  0.68+0.08  0.69+0.08
birds-food 0.53+0.00 | 0.55+0.00 | 0.53+0.02 | 0.56£0.01 0.57£0.01 0.57+0.01  0.58+0.01  0.59+0.01
birds-tower | 0.51£0.00 | 0.50+0.00 | 0.51+0.02 | 0.53+0.08  0.54+£0.08 0.54£0.07 0.55+0.02  0.56+0.03
birds-boats 0.53+£0.01 | 0.54+0.00 | 0.57+£0.05 | 0.57£0.06 0.58+0.05 0.58+£0.06  0.58+0.06  0.59%0.05
birds-flowers | 0.51+0.00 | 0.52+0.00 | 0.54+0.01 | 0.53£0.02  0.55+0.02  0.56+0.01  0.56+0.01  0.56+0.01
boats-food 0.56£0.00 | 0.56+0.00 | 0.60+0.07 | 0.61£0.06  0.62£0.09  0.62+0.08  0.62+0.07  0.63+0.05
boats-sun 0.55+£0.00 | 0.56+0.00 | 0.61+£0.05 | 0.62+0.08  0.63£0.05 0.63£0.06  0.64+0.02  0.64%0.06
boats-tower | 0.50+0.01 | 0.51+0.00 | 0.58+0.03 | 0.60£0.05 0.61+0.05 0.61+0.06  0.63+0.01  0.64+0.02
boats-flowers | 0.52+0.00 | 0.53+0.00 | 0.57+0.06 | 0.58+£0.07 0.59+£0.07 0.60+0.06  0.60+0.05  0.61+0.04
flowers-food | 0.52+0.00 | 0.52+0.00 | 0.51£0.01 | 0.53£0.02  0.54+0.02  0.55+0.02  0.56+0.02  0.56+0.01
flowers-sun 0.60+0.00 | 0.61+£0.00 | 0.63+£0.07 | 0.65£0.09 0.66£0.09  0.67£0.09  0.67£0.09  0.68+0.09
flowers-tower | 0.50+0.00 | 0.51+0.00 | 0.58+0.05 | 0.60£0.07 0.61+0.04 0.61+0.08  0.62+0.07  0.62+0.04
food-sun 0.61£0.00 | 0.62+0.00 | 0.60+0.07 | 0.65£0.10  0.66£0.09  0.67£0.09  0.67+0.10  0.67+0.09
food-tower 0.55+£0.01 | 0.56+0.00 | 0.55+£0.05 | 0.58+£0.11  0.59+0.10  0.60£0.11  0.61£0.09  0.61£0.10
sun-tower 0.5140.00 | 0.52+0.00 | 0.57+0.05 | 0.58+0.04  0.58+0.03  0.59+0.04  0.60+0.02  0.61+0.03
4.42 BDGP

55 2 N EE I BDGP 52 B 8- SOR KR, (B2 e 5 880, I E o 7 HTTL ££ 2 388 L fe.
55 NUS-WIDE A [fl, B 5 A SCA K4 73 50 4 H AR USRI 408 BDGP #8725 A3 73 5568 1 3 P A= K1
5 ANBYBLE 6(a) 7R T T 2 500 AN 7R SCAR S 79 ANRRAE LK) 2 A 1 L R A 500 AN B RS2

Ja), T LA H Bt m A R S (B, PR R 30 A S 0

YA =T
3 2

Wiy ) RPERE). HTTL 1 S50 YA AT H b 4T )

B BEAT B 3 B IR AE SRR (ARl 2 SRS ORI B 6(b) s TR U I SCAS AR S T 5 S R (A
i 6 A e /INFFAEAR 25 $ die /0 K 2 1820 ) (K0 20 A1 55 D0, 7l DA HE O o o 55— S0 75 (451 4t AV B0 o 7o £ ) 948 23,
DR, 12 S 6 00 K50 Al £ I B A g A TR 7 I 68 H A U b 0 23 S RE S i 1) 155 .
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1000

1500

Data ID

(a) B HH(XY)

g 1.0
e lo\w
g 200 0.8
g 30 0.6
S 40
‘E 50 0.4
[=]
g 060 0.2
< 70
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2000 2500
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) | H ‘
(=1
[\S]

40
50
60
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e

30

2 3 4

Principal component ID

(b) JRUASCARFIE S 5 A B4y (1K RAERF(DY)

Fig.6 Illustration of BDGP data in source (text) domain
6 BDGP YU (CCA) B dls e o

M2 500 5 Sl 1 B LISE B T 2 000 1TS54 4 W A, B IR A% 10 500 05 145008 216 S o, A4 i
B R 5~25 AN SCRHE 4 IR 0 T 8 52 1 VI 25 B A /I HTTL A HeMap L CURRVE 3040 FIERASE
S P RHAT 0 S BT AT TR ARHEAT 10 Vi PROMER . 2 R T kmeans, SC 10474 LUK HeMap A1
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HTTL 455 5~25 D ICAHE 70 R4 R

MF 2 1T LLE H B SCAR B s A S0 38 0 k-means 1 SC WA H bs A i B8, 45 AR R A AR M
HeMap 1 HTTL 73 & 22 2 B 19 00 3 35 WU 5 SCA Bl 1 22 x5 0847 20 S8 48 7 T il ok i
HeMap fEUIZRAEA A 5~20 I P RELE SC 2218 1 & P 0 71 Y5 AU A AN 200D I HeMap B8 AN fig M Y5 450
TR IR 2 A FI AR JEL AR X SOA RIS EH s 1R 20 17 (Gt ] 6 T2 ), SR AR A 5 | NI AU A4t v 3 A7 W 75 {H2& HTTL
(173 B PEREAH L AN UL k-means,SC 75 47598 FIdie v, X U6 W) HTTL S Y5 s B o iy g 75 B A & s k.

Table 2 Mean and standard deviations of classification accuracies on BDGP data set
&2 BDGP il (1124 73 FEME R 5 S bR vl

5 AU P R SR I SRR AR N S

i 5 10 15 20 25
o HTTL | 0.508:0.031 051740037 0.526:0.031  0.53220.036  0.539+0.031
:F ;—4} 3
FMIBTEINE | ovap | 043760028 045340022 046560021 0473:0.027  0.483£0.021
. VIO k-means 0.442+0.011
o A7 I GER N
H b A0 P 11 58 2 T v SC 0.47910.006

P 2 ] i, bl o AT R N R AR A B3 N, HTTL (¥ 73 28 1 8 4 0 i B AL 2 U, 18 2 IO N i A
BEAS 1K BB (40 Pk g e B 2 Al A0, AR A B2 BRI (A R (17)), iTLUA B P(|R-R|[< &) =1-6. fl
i, x5 T BDGP #ffs J72  BO U5 SIS CCA) B m=79, 556t h=5. th T AN e 45 2 FTIE ) R A, R AS BEA 2 SE B
(K111 R = R A, L AEAS T || R — R || (I EUE ISR A 0~ 2R AR 2560 Fhid 610 R (8, W SRARTG 2] 0.54 (MHERZ, B4
T RESE T Z A O 200 248 156 2 W DU Y, Y I 00 rh A e 4% 25 DI ZRAE AR I HTTL (9734 7>
FAERAIF A 0.539, JL A5 52 1 2 vp (g PSS 2R AR Fp— BUARTIE 2 2 45 th A S AN IR B I S sl 2 R
ABOH AL S I BB AT 58 10 2 M R AR 45 R SR AT FERORS M it R A D T 48 e IR 5t
IS A AT e 2 ARA3 AR [ O 1R e
4.4.3 LabelMe

LabelMe /& K B 15 Kt 2, W BESE R ZE % 200 1 BB (8 2R3E 1 600 1 &5 11 2 H AR T ) He e, 5328 A
FeR BB BEHLIZERE 20 M8 IGO0 I R SOA 2 B AT e P8 & A 25 A2 X H B U A (9 1 600 i B Rk AT
IEAVASE AR O N — LU SCA Rl BEHLIZE RS T 380 (Coast Al Forest) AEA B B ANSCA I 7 Pros. i
T+ LabelMe [543 9 SCA il 52 N ARV, A0 35 IR A /b, O 1 BRI 75508 HTTL J7 v R 52 W) 6 Y5 U AR SCA
FHBEHLIERE T 5~20% 1 SCRE MG 75 18] 7 Fp i JiE o 0] St et I N 17—~ S s ) SCAS Ui 0 4 2 1 1
G N T 1 75 3] “car” Rl “sun”. 11 -FUE AR PO T 7S B A S 4 283 RSy e T SR AR B DAk
BT,

Label: Forest
Original terms:
fence horse
person_riding
tree_trunk

land  trees
ground_grass

Random noises:
= clouds moutain

Label: Coast
Original terms:
sky jetski
water_sea

boat

— person_sitting
Random noises:
car sun

Fig.7 Samples of LabelMe data set
&l 7 LabelMe %4 2 (04 4= H i

#* 3 IR T k-means,SC UL K HeMap F1 HTTL 7E 54T 75 (0%) AN AN 7] LE A e 75 (5~20%) [ 43 2 45 .
M 3 ATCLE H, i T 51N T U5 A5 44, HeMap F1 HTTL Eb k-means,SC 143 28V B8 47 BT 42 i, 3 1 W5 450, o
CLA 2R bRE 1 ST B 6 R HEAT 4 2545 95 S 10 B A PR A0 5 1N 17 8 75 LU 451 f 389 n, HeMap A1 HTTL )
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PEREA T T B, HeMap T B2, HTTL B0 280k A8 T B AR 0 3 e W, Ty SR 408 0 g v 5 A e s
HTTL %2 5% i FIF2 5 LA/,
Table 3 Mean and standard deviations of classification accuracies with

different noise proportions on LabelMe data set

3 LabelMe FUHE 2 I NAS[R] e 75 LU A ¥ 135 7 28 ME A 56 B b v 2

W 7 LA (%)
ik 0 5 10 i 20
s HTTL 0.505£0.032  0.4984+0.038  0.493+0.030 0.489+0.034 0.481%+0.031
(=X ‘:F #4} by
TR RSS2 )Tk HeMap 0.457+0.029  0.449+0.026  0.437+0.023  0.426%0.025 0.411+0.023
~ . N k-means 0.403+0.021
b 401 33 O 5 SR
B bR AT Py (1 525 vk sc 043840 017

444 BEHEF R

T F A R 3 AU (English, French, Spanish) (F PR i, & R T HTTL £ 2 /MU L1 TE
E X T4 k-means Rl SC A5 24 BEHE 1 77 1%, AT HUR AT H AR 90 ) $ds . HeMap Al HTTL 4545 1 Y40
R 0 ARV BB 6 B AR AT B HEAT 4325 B English 15 4 B AR U B8 A4 ], H B2 6 12 4T P 1) 2
511 k3 SCRYHEAT VA HTTL 1T A4 S5 A FH French Ml Spanish 1 4 Y545, 1 7] LLF]H French F1 Spanish — 2 1
AT HeMap A5 788 3 B A0 B — S YSEATUSAT — A A5 A0 1 K4 5 M BRSP4 2031 B B 5~25
AFEALL IR S TR 52 FIUTZRRE AN BEAT 10 A5 BRI HERS R LR 4.0 T HeMap £E Y4
Ol D IV R, R e LB H T R TR RE AR AN B 25 SR

Table 4 Mean and standard deviations of classification accuracies on three-cross-language data set
R4 3 AU TE T 0 138 7 SRR R bt 22

U5 AU T B I R AR AN B

Target k-means SC Source HeMap HTTL

25 5 10 15 20 25
French | 0.60+£0.04 | 0.59£0.04 0.62+0.03  0.63+0.03  0.64+0.01  0.65+0.01
English | 0.57+0.02 | 0.58+0.00 | Spanish | 0.59+0.03 | 0.59+0.03  0.61+0.03  0.63%£0.03  0.64+£0.02  0.65+0.02
All - 0.61+0.03  0.63£0.04  0.64+0.03  0.66+0.02  0.67+0.02
English | 0.60+0.02 | 0.60+0.04  0.60+0.03  0.62+0.03  0.63£0.02  0.64+0.02
French | 0.58+0.03 | 0.59+0.00 | Spanish | 0.60+0.03 | 0.60+0.04 0.62£0.04 0.63+0.03  0.64+£0.02  0.65+0.01
All - 0.61+0.04  0.62£0.03  0.64+0.03  0.65+0.03  0.67+0.02
English | 0.60+0.03 | 0.59+0.03  0.61+0.03  0.63£0.03  0.64+0.02  0.64+0.02
Spanish | 0.57+0.03 | 0.58+0.00 | French | 0.61£0.02 | 0.60+0.03  0.61£0.03  0.64+0.03  0.65+0.02  0.65+0.02
All — 0.60+0.04  0.62£0.03  0.65+0.03  0.66£0.02  0.67+0.02

MR 4 TTLLG H HTTL A U5 A5 v I 5 50t AN S0 385 0, 73 S UER 6 25 A0 W M 19 I 63 REF0 i 5, an 2R
TN T HABAE 5 1E A I GREE, 4 JSPE AT 42 & % T+ Spanish,k-means A1 SC #1455 73552 0.57 Al 0.58.
T HTTL KAH 5 4> English F1 French SCRYAE A 48 5 I HERH 2 73 0l 28 1 T 0.59 F10.60; 9 H 25 AN N ZRAEA
INF A R 23 A 1 T 0.64 AT 0.65;2% 25 4> English Al French — 2 45 g Y AT B I, HE R AR T 0.67.3X 3
HH B 5 I ZRREAS TR 1 22 1k R o 49 4R v [R] A, B 55 0 Ak A 50 10 18 o, ke e e, 25 7 o 505 . AR AN TR 5 1R
U2 TR AN [7) AL 2 H 3 4 SR PR S ) 243 ) — 3830, gt A2 e AT 1R v J2 v S ) e — B0, DR e % AN T8 5 2 IR BEAT
SRR, i DA e S — AN AT 123 26 P g T HeMap #570 wp 55 SR AT H AR AR50 A B0 — B0 B
I, 2250 T8 AT S A B A Bk 8 R AR TS AR ) B ST HTTIL A5 28 )8 43X A 249 R B o) ] s %o 4 o
B BLAT S R R AT T B (R e

5 HRIE

ASCRE R AU AT CARE B . F AR B b v B, HL USRI H AR 008 ) AR5 AL 2 3] AN A [, 8
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T A ELHE G A 2 o) HTTL B RHT UG C Y IR H Ak 008 0 R i 2 1) £ 775 925K 2 o0 Wdpd o . i ok ik
AT R AEA AT P B BB BEAT U A Ak T SR i 2 0 A A AT A ) 300 T o % 8 L, S ST R S5 R B H AR A
SRR 2 TR) i TR, FE P A P ) Bt TR s 2 R RS B H AR P 25 A H AR U Pt L 1ok B R A
CUFR I O Bt AR SOR AT SRR ) ML VR R ISR 23 28, LORT A 0 b R AR v 1) ek 0 AT 28 50 00 i A 2 T
ELEAE 3 2 AU AN — AN H bR AU 2% ST 55 B ARSI IR T AR R B v i L RS B R T
(K, 0 HOEHES T MR 2R LI I AL DB A 4 A SCBr i B PR B SRR, 07 il it o
R E ) 57 A4 B ST B H AR AU R, T BLea H R 0 O A b 52 B 1 g

HTTL 56 B 1A 55 R A H AR BEAT AR AT B i 2 (K75 00 1, 465 5 U500 (10 SR E Kot e i sk
(K B4 JE AT VA1 28 10 AR SR H PR DS USRI s A0 281 S Fi) 22 ) 8 PR S A 7R 2 HG M )t gl 2 A 2 20 I AT
JH BT K SR VE A5 B A i 10 AT K 2% RS ] ek S Mg S AS 2 > B A R AT T BE 0 78 20 ) P U sk
B RS T3] 5 S R ST AR R AT 2 T (1 DG IBE G 2R, AN T A I8 A, 3 45 B YR 14 U A4S H b 4
K170 S 1L REA B S 4 1O e
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