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Safety-aware Transfer Learning Support Vector Machine

ZHOU Guo-hua CHAO Hai-jing SHEN Yan-ping
(Department of Information Engineering, Changzhou Institute of Light Industry Technology, Changzhou 213164, China)

Abstract Transfer learning method is a new machine learning framework, which aims at realizing an effective learning
for target domain by efficiently transferring the existing knowledge from source domain to target domain. It would be
nice to reduce the need and effort to recollect the training data. However, the classifier trained by the data of source do-
main and target domain often put in a worse performance than the classifier only trained by the data of target domain,
which leads to the appearance of “negative transfer”. To address this problem, a safety-control mechanism with the
knowledge of the labeled data of target domain was proposed for safe transfer leaning. Furthermore, in implementation,
based on a recent transfer learning method (TL-SVM), a safety-aware transfer learning support vector machine(STL-

SVM) was proposed, which avoids the appearance of “negative transfer” of TL-SVM theoretically. Experiment results
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on artificial datasets and real-world datasets show the effectiveness of the proposed method.

Keywords Transfer learning, Support vector machine, Classification

1 5]

M3 28 1) 2 2 S OB T BT I 5 i I FH SR A K T
AR SERAR, AEGE R 2 A R BT W 5 8 4
S WA RAE I ZRECE 5 TR 8 6 2 2 57 7 4377 (Tdenti-
cally and Independently Distributed, IID)™2) , 4R T, ZE L4~
HIAR 2258 207 P TR, {5 A WET S50 (9 2 > 63, A
REARIE A B8 4375 58 & — 3. 759 5, Fige mbnic TAE 3%
B 8% 77, TR TR B3R 1555 5005 33X T 24 U 81 1) %
BEHF LA 5 A5 3], P i x Se B g R A R 9%, iF
B2 20 B ARG A0 o] A1) R 33X A0 56 45 38R 1) B AR T 1 T 4T
SRR SRR X B AR (6] B U v 1 2 S AT 55 AT R ) (45
Xof H AR B SE 2 S R L. TR B2
AR B IR P R 3RAS T T2 563 , 4 Opbroek % AU K
R4 150 A2 8] B G IR AR AT () 3% R A TR [R) S 4 1
538 ; Yang % N WSR2 2] FI T 2 Fh R B0 2 10 B0 fod e
155 1P s Cheng 55 AU F AR B9S2 RS HE 47 52 BE DA S
BERI BT 251 BRAE (0 B 5 Mei % AU 4 B2 ] T 202

i

AR KRB R B UM s Ugent 558 AU JULKE ST ) 5
BB RGN BB SNET b AT T 5
AREZERRERN 3 00, ARRTBE] BT B ¥
MERETHEIY . B X TIRPGTB T R
AT RRERG TS E T HE RN Birgis b SR E
PRCEE -5 KR IR G E ML R, B An a5 RS
Ao AT RRE TR LB & PRI Ol . R T IRAHKIT
B2 BFFARZ Bl Gao S NV R T RER AR A 2
JHH(LWE) , HARYEA [ S0 I ZA A 71 o ) 45035 A ]
I AR B B AN R B A, 3 T SE B U B R i 3% . Bt
WA AT 5 SCT U A DM R T K 5 S g 1 e
PLCSVMDER ZR R, 42 ) T2 T GUAM P B9 38 24 1 J7
(TrSVMD, UABIE BB T B . FEEAN RS T
TR SRR AL TL-SVM, Z B LRI 2R H AR SUE AL 2
% T RIS K E S RO — R e I B AR KB IA R
IR U H AR U 232K 11 2 R 4% L B R 2 ST I, 58

T IRSUEAIRE] B S ARG T . BARIAH
KB BAG T E KRB B AT 2 ] i) — A

ARSCZITHIE KA QIFTIH (201513101015Y) , VL4 TAE THA 25 BALRHIFRAE (X201510) B 4 ¥ B .
BE#®Q977—), 8,8+, PN, FEB RS 882 S RG], E-mail : tiddyddd@ sina. com; 3585 (1981 —), %, #IW, EERF GG K
AT BRG] B E1979—), %, YT, FEBF R T IHIEEES .



382 it AP B

2017 4

IR, M2 AR, 2= 177 E R (Nega-
tive Transfer) 248 R SHEEHE SR FEAR T B A5k it 24
JHRY, HMARRTEBES, IR RERENTE
SrEREVBCR LA B B ARSI EARCEIE A B 2t
MIRCRE 2,

BEXT 3R R, A SCFESCHR[ 14 42 H 9 TL-SVM iy Al
FRET M AZEZLTIBE MBS ik (Safety
Transfer Learning Support Vector Machine, STL-SVM), %
FEN FEBE R L LTBIH A BB E TR G,
PL TL-SVM i AR Xt &, Bt 5| AR &E B P,
F i — MR 80 % AT RALAL E An 2 T VI, 8 2o A O Y 2
WARIERT 7 28 45 B SR A R AR AR B — > ORI (Quadratic
Programming, QP) (W%, B FASCHEERE ERIET BiR
TR S RBRAE TEBHRSEANNERES%Y, R
WA T A WA G TT ¥ A SCTAE B BRI

2 TL-SVM Fi%

3| BTSSR T e A A S BT
HI IRy tk——TL-SVM JrEi . A5 l.
SRRy £(0 =W x-+b, b1 & S8
Wb, TL-SVM SRk Bt B R 3 PTG W46
SRR w RTAIE . SEAERCIFIRG SVMD H R sh 3
SRS e | w—w, ||, TL-SVM SC30 1 SUBRIAL S HH03T 35
S B R kAT

min - || wi 114G 3 &l w—w | *

1’7t

sty (WxiHb) =1—8 6 20,i=1,2,n ¢
3 REFBFIXFEAEN

2% TL-SVM Bk AL, RS04 H 2 2k B2 5 S
i EEAUBEAY, HRERANE 1 B, w1 TR Oy 1A E
PR AE A R T REAT SR 7325 2T WOR AR IR R P 2
Tk A T IR b 2 T B PR B ST . IR — 1R
B N T BRAEIERS 2 S AT A SRS, F e B ARG B2
B SRAE R PRAIE BT $2 07 H5 S A B AR 122 T PR . X BE
BRIHAT TR XRBHE T R& 5288 —E 2l
FAKMIBEI I

RGO B AT S
A EBIG AR BIG%

A 2y 45ty o A0

U1 44 5 B o

Bk L U

GAEHET D RE /

B 1 ZedBed SRRy R A
3.1 BMEHREMASYHMMIANREEIRZEIVNBREH
HHaiE
MIRETURAN H AR 732 4545 21 (9 FIPUAR T LU Bh B
TrIEARIME » B R SCRF R B ALI 20 2852 TR, b AT AR
FAEY R 2 S50 w AR A IREAE £ (0 5. A3
Trea HRE SR BEF IR AZ VI 19 SVM 2 BRI S5
FKBEATA TR, XA X T B ARG AR X 52

Yy SVM 4p 28R 1) P SRR AT LR . EF R T,
P TL-SVM g B Rl HE SR, #9 3 — Fh 51 A & 2 B DL 0
SATL-SVM 2> B s R

min 5 | we | *+CZ8 5 [ w—w |

soto i Wi +6)=1—6 3 (W, +b,— W x: — 5,) =0,

£=>0,i=1,2,-,1 ¢)

Hr, { sy He o BAR S B AR B RE A X H TR 280
e=L&,,&]" AWshAEE; C N HARSURE WS EG w h
3 S AT SR IR R IS 42 3T B SR s Ce) = Wi — b, g BARAR
B SVM A2 IR 4 R

Xt F2(2) Bizn B Ak B A7 R %, 42 SC4A IR U -

Dy w2 +C2 6 50514075 H AR TS 9 45 1

I I 22 6 KR 03 5

2) [l we—w, |2 BT BARSUSAD S A AN i 22
SERRRE FE MK, R B A KR E R, RZ W FR R
AL, A SRR R EG

DTSN v (Wi +b)=>1—6 G=1,, W) Bf7i1E H
FRATR Hh A R R FT BE TE #4325

DBFLME y: (Whx b, — W x: — b,) =0 BlR B4 T
BRORA 2T BARSUR A B AR E $dE | i1 SVM 4332
SR B E T SATL-SVM ZE3is F R FELER TR, BT
R SR AT R R R B4

M2 Frzn 1) B br R $R 5 X F] LLALE , SATL-SVM
4 s AE T, HAE A JE A Y Ziodk 72 b e G EARIIE T B
KREERBR T ATEB /LB OHCER , B MARA EIHER T 7
AR AR, O ESERR R A, BAT TR E B AR
SR 5 PR AT IR — & B T AT R B AR R SRR B R BT A
G A B A, O A B O vk 40 TL-SVM, A 3¢
Fii SATL-SVM 5 HA — @M

(D) BRI % 4 55 B S 3 1) B AL AT 54 46 40 7F Xof 18 i)
BT AT R A

Lw, 6.5 & a,B,7) =

L w2 4CEe+3 [ w—w |1 — e (w+

b,)—1+&)—§‘8,y1 (w,Txi —|—b,—ﬁ),Tx1- _Zx)_.griei
3
ﬁFP ,a=[a1 s"'sal]T9ﬁ=|:ﬂ1 9"';[31]T5r= [rl ’ '"97”[]T9§=
(&6 1" RAMBIHRE.
#4#E Karush-Kuhn-Tucker (KKT)US 454, 4 #1458,

BT
dL __ _
a—& —O=>C—ai +ri=>0<ai<c (€Y)
dL 4
a_h=03i§yi(ai+ﬂi)=o (©))
aL ! _
W—O =W, +21(W; —w:)—_;lyi (a; +‘Bi)xi =0
1 L
3W,=—2/H_1(i;yi(ai-h&)xi—l-mws) (6)

He 3 () — R EORAKX ) I fE AT RRFE =X (7 Br
ZNOON TG Z: v

. RN
R AT D 2 BT @Byt



F11AH

FESE, 55 Z 2T R 383

ZA 1 - ~ L
m(m +8) yixTw, +i§ﬂ‘ (w;rxi+bt)_i§ai
!
s. t. aie[chj9‘§1yi(ai_'_ﬁi):Oai:].yZ""’l (7)

IR C7) T A2 (8) B 0 — Y AR TR
min %ny(y—l—ETy ®
s.t. fTy=0
ﬁq:':
K, K., —Ki;
P { K K _Km}
—Kl. —K. K.,
K1, =iy;xTx;)ij=1,m
Ki: = %9 imt, 1 1,00m
K:,. =(x;rxj),-,j:1,...m
‘J’=|:a1 s ’/31 ,...,lgl]T=|:aT ,ﬁT]T
Fr=0yssyisyssy]
e=[Wix1+b s wix b, =10, — 1717

—_—
L

zzl:zi]T:[xl 9 9 X s X150t 9x1:|T
-& 7* =|:(11* y‘"yal* 931* 9"'9,31* ]T %Xﬂ%rﬂﬁﬂ@) H/‘Jﬁgs
SIRSCER17], AR (D T w, Al b, KIfHR -
1

L
Wz=m(i§1y,- (a: +B)x;+2aw,) €))
1 d 1 L
b= Tigl(yi TS (j;ly,- (o +B)xfx;+2wlx)) (10)

3.2 Eir#hk

BHE Bk SATL-SVM F kWSS, 2/N 4 H
FrifZedB% I ERE R, Ak 1 iR,

&% 1 SATL-SVM ¥k
Input: n MRS HRGURAEAR ( (X, 0 ) LA FRS B9 H ARG
BEA (x50 )y
Output: 7B RE g(x)

VAT IR BB B «
Stepl BB EEH R o, MIENZE Cs;
Step2  Fil i SVM 45 B U455 H5 8 1) 20 A 5
Step3 I YK MUK JEUERSR A U TR B H ) o 5
Stept ARSI w.= Do T X
YR A BRI H BB
Stepl BEE R EREHFE o, MIENBHL C,;
Step2  FIFi SVM 18- 4T AR 1 43 S MR 5
Step3 I YK MUK JELERSR A YR TR B H i o
Stept GBS BH T = S alyin b= % 5~ Salkxi
X))

TERE T B
Step5 AR (9) YL B - T 2 )k w5
Steps  HRZ(10) HEMB R bes
Step? Hi t/r KPR REL (0 =w, o(x)+by.

4 LBEH

N T LG SATL-SVM Ky #E B, s T A T =4
H 2B 5 LA K SCAR o e H e 58 20Newsgroup il Reu-
ters! X PARA R A B SE . LW ERNART R T
BT 3 MABERALR, LI BT 73 A L.
LREHFRCARERALRE, B Er AL RS H

PRIEAR AL S I 3 MR AL T AR AR SVM 13|
GRAEATIIER, 43 B30 R SVMSS, SVMET 1 SVM-ST, i 86
FEKSEBEI FEILE, U EB %I MO EME, &
ERES I, AT S TL-SVM Jr k17 i, A
DLV & e B2 S M B

AR T 43 2080k 3 30 5 F 0 0 2K 0 VR PN 3R

W PR Accuracy—| = ER OS2 g

Fr BARUBEHRSE , v TR x. ME ARG, £ Rl
A% i 28 aest x. #AT MR,

A SO TR B MRS o AR R 5 K
FefiE . B RE R R TR B TE SR 207 AR
BT 2 BT O7 s RERME, JRLEM AR (5/64,5/32,
5/16,5/8,55/455/25 55 25, 45, 85, 165, 325, 645} P I R EAME;
TL-SVM J7k k5 3CHR (14 140 [R] ) S g . SATL-SVM 1
EMESEC FC, LEMIE{(275,27", -, 2% ) R EARME 5
TS AEXE{27°,274, -, 22 ) PR EMME, FAEE
5397 Intel Core2.2. 6GHz F47i.8GB RAM, Windows 7 &
G FHAT, SVM B8 i1 Libsvm 844 L8, HALE 23978
Matlab R2009A 85T S8, Xt F L8 P T A WEIESE, i
ST H AR SRR A B AR B (B H AR S A
AR AR BAOUE TIPM & B 286 .

4.1 NEWRBHIEE

& IME R O bR 2E Rl 1, IE AR 45 150 XA
R AR SRS . LR BEDLAHI 20 4> R4S B ARG b
EARC AL HA S RARIC A . W0E 2 R K TR
IREHE 4R I 52 BT A R AR 0w O IS 4 T R 6 YR IR E
5 10°, NT153] 6 MEMBEIEE. B 2(W#HRT Bindd
BB EAENTET H eFe 60° /5 BB MIRTREESE. HE 2
T, Tt 1 BER K, Bl A B4l R T ST ) 3 A 22 R iR, 1
AR AERIEN . SYM-T N B i8R+ Ednic &
HAFVIGB B R4 & 4%, TL-SVM R B AR 8L 2 4510
FURIR GRS 2R RS 2 ] 43 2625 , SATL-SVM Ry fii
HARGUIEARIC A AR SR R MR Z 2T B2 > 52k
. B 3 BT SVM-T, TL-SVM #1 SATL-SVM & ¥ i 4
HPERE,

() BRI (bR 60° YIRS,
B2 HirGURAEER 60°153) 0 I SUR MU Bl sk

1
L . ¥ SVMT
-~ @~ TL-SVM
095 \.‘ -—#- SATL-SVM
09 AN
> \‘.-.
g R
§ 0.85 » v ;t_\_\. >
54 ..
< 08 T
.,
.
075 ~3
07
[ 10 20 30 40 50 60

B3 ARPEIATERERE AN R M B XUA BRgR b o JRE AR (L 5



384 i B/ AL B %

2017 4

HIF 2 A 3 ATl

D F SVM-T AU AT B AR G0 B 4810 s 247 Y11 25,
PR B A [ £ JBE ) IR U L B W . R TT LA,
o BRSBTS BT L 3R AR — .

2) TL-SVM Yl Zx i} 5 F B AR 450380 B A 10 A5 AR 038K 23
FA TR M BEAR R, IRGUSREY 705 5 B AR SU LL AR
AT BT L TR SUEAR B B 23 28 48 S T AU AR, TL-SVM
BN T AR H = 0 70 SN BE 5 (EL R TR SUBURE % A1 B B3
TRGURAT 21 (14 73 288 T AN B 1 7 R A5 R 2 T T
BAEF, ZEBERs 30° ML, TL-SVM AR M RELE T
SVM-T, 3 HBEE Bekt /i BE I RHFaea 22 .

X FASCHTAR SATL-SVM, K1 TR T % 2T HHl

il , (A AE IR AR BE RS 1 B K A ik b T ST RS AR M =
HEMEAT A8 L AR I 44 F TL-SVM,
4,2 EL#IEE 20Newsgroups F11 Reuters

AN BUE ) SCA 43 FEEAE £ 20Newsgroups T
Reuter SETEM BT IR . XFT 20Newsgroups XA BB 4E,
SIS AT A TRZ R 2 B 6 N R DI E 2 S B R 4E
Ho g 2 A KI5 HIEAE B2 H28, PR F 71T
FL AR FRBOA R BAR SR, Bk #BUE 5 R
1 f7% . SEHME& Y 20Newsgroups SUARUIRE K ¥ I 5
WITE{E B3R 1 B3, 1€ Bhn sk BOsCE TR S EiE
AL 120 MBEE A EAMCEEE BT 2 T 15 . 5 Fixt
I RTE 9 2485 LR 25 RRINER 2 s,

® 1 ARGUEISEIRSE N R

5 LRk R4, B AR, RAE
comp. {graphics,o0s} com. sys. {ibm, mac}
T1 3 26214
comp vs. rec rec. {autos, motorcycles) rec. sport. {baseball, hokey}
T2 comp vs. sci comp. { graphics,os} comp. sys. {dh)m,mac) 26214
sci. {crypt, med} sci. { electronic, space}
T3 comp vs, talk c(.)r.np. (graphlcs.,os> comp..s.ys. (11.)m,ma.c). 26214
politics. {guns,mideast} talk. {politics. misc, religion}
T4 rec vs, sci rec. {a.utos,motorcycles) rec. s.port. { base.ball,hokey) 26214
sci. {crypt, med} sci. {electronic, space}
TS rec v, talk rec.' {'autos,motor'cycles} rec. sport'. '{ base'ball,h(')k'ey} 26214
politics. {guns,mideast} talk. {politics. misc, religion}
i , i. {el ic,
Té sci vs. talk sci. {erypt, med) sel. {electronic, space} 26214
politics. {guns, mideast} talk. {politics. misc, religion}
T7 orgs vs. people orgs. {***} ,people, {***} orgs. {***} ,people, {***} 4771
T8 orgs vs. place orgs. {***},place. {+**} orgs. {**+},place. {+**} 4415
T9 people vs. place people. {+*+} ,place, {+**} people. {+*+} ,place, {+**} 4562

F 2 ARITRTEANEIRE RN E LB SR

Fe SVM-S SVM-T  SVM-ST TL-SVM  SATL-SVM
T1 0. 8433 0. 5632 0. 8508 0.9111 0.9412
T2 0. 8112 05480 0. 8651 0. 8921 0. 8911
T3 0. 8921 0. 6908 0. 9055 0. 9524 0. 9631
T4 0. 6668 0.5298 0. 7800 0.7768 0.7768
TS 0. 8321 0. 5689 0. 8779 0. 9049 0. 9443
Té 0. 5555 0. 6209 0. 6733 0. 7206 0.7513
T7 0. 6800 0. 6479 0. 6899 0. 7229 0. 7631
T8 0. 6610 0. 6788 0. 7077 0. 7255 0. 7462
T9 0.5971 0. 6422 0. 5746 0. 6144 0.6612

RAER 2 HSEREER, BATTR BT 4518

D i FURSUREEE 5 B An U R fE5E A AAE 2
5, H I SVM-S By 2RBCRAHAE ; B F BAr 48U E AR T
WA YR FIANTESY , Wit SVM-T B 42300 th A B
R A TR TR 5 E 5 4T SR 00 3 TR B AR I A 1 5
LM RS R A R B B4R SVMST 143
RECRAKIBATEAE , (HH B SORG BEER B L T RTPIR 32645 .
XYL T B SUS SRR T2 4 EE .

PRI 2E > Ik TL-SVM 1 SATL-SVM i F AL
I T BARSUR I E AR T EE 38 75507 8 T IR U A
HIHIBE B BULER S 7RGS0 R . X 1 B 76 T A
U /32 R L, T2 S L HAE 5 7 v B B R

DFRIT B2 ik, TL-SVM f1 SATL-SVM F 1
B AL PR TR B A SR 0L B A8 1o ) BB 48 AR 22 L,

{EAEAE 5 B K B BB 42 (EL AN people vs. place) |, TL-SVM
WIRET AT, X T4 Uil T TL-SVM R R & AL # A 5T
FEIBE ST s T AS SCRTHR 7 ¥ MIZEARAL B # R B F 18 3L
4 TR R A, RIS TRE SR . BEE B
FRIBOHE BE IR KA AT AR R K 3R A5 58 2 A AU BUE 4 » T K
ZHAF LT A FE BATHAH A Qn ey, BB 14 SCB $2 5 1k
WA B RN R

HRIE AEXEHREB2S L IBE T SATL-SVM
T, FAk AR T B > i o Al A TR TR H AR SR
T P ASRAS BT 43 S 25 W A i, IR B 5 IR T 32 R 22 > v
TR G LI & A=, AE TR TN E A S0 S AE DL 1 A1 1 195 5
TARRE AT HR . EANTEIRMELHRSE Lkl
T ELR, SRR T AR EEB % &
AR, T—2 0B 102 K 32 1) SATL-SVM
FEHRIZHEBRT  HRRERBIEIAE T WAL
R .

2 £ X uk

[1] PAN S J, YANG Q. A survey on transfer learning[]J]. IEEE
Transactions on Knowledge & Data Engineering, 2010,22(10) ;
1345-1359.

(2] HEARIR, 2V, (5. S8 2 IR R 24, 2015,
26(1):26-39.

(F#5% 417 70



#11AH ¥

Al 55 — P T XML BAESS AL BR e 8 07 3% 417

BWIE  ASCKE L XML SCHE R 328 ™ L e
W ARG LB B AR T SRR . e B T
SAX HARX XML SCHFHEAT AT 18 3 SE 8 X HUAESE 178
DOM fi #r () 220l _E SAX T ik B MR i 1 iR . (B
SCRA AR ZAL RO SRS i Ab BREAT T B 58, 2D
Xof FCAt 28 AU SR B BT 5T » 76 LAUJR B9 >0 vh 22 0 58 5 77 T 9
wo.

2 % X W

(11 J7EWS. a5 b B4 M AL SR B i O F 2 5 S B LD, B«
PERIACIE KA, 2013.

[2] CHIEW W S, HAW S C, SUBRAMANIAM S, et al. Labeling
Schemes for Xml Dynamic Updates: a Survey and Open Discus-
sions[ C] // Proceedings of the 2014 International Conference on
E-commerce, e-business and E-service. 2014:79-83.

(3] Jtaf sk, oK S, M A7 . XML B¥iE B9 45 # 4k b 38 07 1 [T .
HEYBISE S &R, 2002,39(7) :819-826.

[4] ZFER,EEE. £ T XML EARRES5H L E0E B 450 /b 5
MBI ). BT ENLR 2012, 21(10) : 12-15.

[5] MARTENS W,NEVEN F,SCHWENTICK T,et al. Expres-
siveness and complexity of XML Schema[J]. ACM Transactions

on Database Systems,2006,31(3):770-813.

[6] SHANMUGASUNDARAM J,SHEKITA E,BARR R, et al. Ef-
ficiently publishing relational data as XML documents[]J]. The
VLDB Journal,2001,10(2) :133-154.

(7] %03, RAK, B, 55, —Fh B TR R I XML SCRY AL B
SEIrEELT]. AN BT, 2011(12) £ 4621-4624.

(8] ik, THE, 18, 4. XML R BF5E (1] BN TRE
AL, 2009,31(2):120-124.

(9] Tifask, EE{, TX. EF DOM ¥ XML Hi¥fs MR 5 B A
R RN S K%, 2004,41(1):175-186.

[10] BRX. XML 4241 i) DOM 5 SAX HA[J]. BN IT#,
2004,30(24) :70-72.

[11] #34 , BEd 6. 2F SAX i XML $ipss R A0, 3
HHLTH,2008,34(18) :72-74.

[12] COLLADO E M,SOTO M A C,DELAMER I M, et al. Embed-
ded XML DOM parser: an approach for XML data processing on
networked embedded systems with real-time requirements[]].
EURASIP Journal on Embedded Systems, 2007, 2008 (1):
163864.

[13] #4k. POI L3 Excel IR R AR HBBIELT] BHEE R,
2013(1):107.

(4% 384 7O

[3] WEISS K, TAGHI M K,WANG D D. A survey of transfer
learning[ J]. Journey of Big Data, 2016,3(9) ;1-40.

[4] LU]J,BEHBOOD V,HAO P,et al. Transfer learning using com-
putational intelligence:a survey[ J]. Knowledge-Based Systems,
2015,80(5) :14-23.

[5] BIONDI G O,PRATI R C. Setting parameters for support vec-
tor aachines using transfer learning[J]. Journal of Intelligent &
Robotic Systems,2015,80(12):295-311.

[6] YING L,LIU B. Application of transfer learning in task recom-
mendation system[] . Procedia Engineering,2017,174(2):518-
523.

[7] OPBROEK V,IKRAM A. Transfer learning improves super-
vised image segmentation across imaging protocols[]J]. IEEE
Transactions on Medical Imaging,2015,34(5):1018-1030.

[8] YANG CJ,DENG Z H,CHOI K S, et al. Takagi-Sugeno-Kang
transfer learning fuzzy logic system for the adaptive recognition
of epileptic electroencephalogram signals[J]. IEEE Transactions
on Fuzzy Systems,2016,24(5) :1079-1094.

[9] CHENG B, LIU M X, ZHANG D Q, et al. Domain transfer
learning for MCI conversion prediction[ J . IEEE Transactions
on Biomedical Engineering,2015,62(7):1805-1817.

[10] MEI S Y. SVM ensemble based transfer learning for large-scale
membrane proteins discrimination [ J ]. Journal of Theoretical
Biology, 2014, 340(1) : 105-110.

[11] UGENT J D,BURM M, KINDERMANS P ]. Transfer learning
of gaits on a quadrupedal robot[J]. Adaptive Behavior, 2015,
23(2):69-82.

[12] GAO J,FAN W,JIANG J,et al. Knowledge transfer via multi-
ple model local structure mapping[ C]// ACM the 14th SIGKDD
International Conference on Knowledge Discovery and Data
Mining. New York, USA: ACM, 2008:283-291.

[13] PLLER, BN, B =, 55 — & T M LIEN TR ¥ S B
(I i+BVR S £ &, 2011,48(10) : 1823-1830.

(14] ¥4, FAF, B TL-SVM. —FEB% I HE LT #H 5
PR ,2014,29(1) : 141-146.

[15] VAPNIK V. Statistical Learning Theory[M]. John Wiley and
Sons, 1998.

[16] ARGYRIOU A,MICCHELLI C A,PONTIL M. When is there
a representer theorem? vector versus matrix regularizers [J].
Journal of Machine Learning Research, 2009, 10 (12): 2507-
2529.

[17] T34, HEA. BRI AR 77 g—— 3yl M. Je s
Bz ek, 2004,

[18] XIANG E W,CAO B, HU D H, et al. Bridging domains using
world wide knowledge for transfer learning[J]. IEEE Transac-
tions on Knowledge and Data Engineering, 2010,22(6):
770-783.

[19] BRUZZONE L, MARCONCINI M. Domain adaptation prob-
lems: A DASVM classification technique and a circular valida-
tion strategy[ J . IEEE Transactions on Pattern Analysis and
Machine Intelligence,2010,32(5):770-787.

[20] CHANG C C,LIN C J. LIBSVM: a library for support vector
machines[ J/OL]. http://www. csie. ntu. edu. tw/~ cjlin/li-
bsvm, 2001.



