I E bR SIS BT R R LR

fEaEdy WA Eshde
(dmREAE g E SR, E 100083 )

B E FEaERRM, TERT RIS, RS TEC RIS M 2 RS T kR . SH bR
SRR R SR P e BT A AT M BB R A AE B 78 R B R T PN ST A 4 P S R 45 /K RSO oG
R H AR U BT 15 S AR A S, SRS IR A% O IR BB 00 R 45 SIUBURFE ROR 2 2] | 8T RS £ 5 (5
AP SGE R A RE B ZJ5 3SR H bR U 5 R (SR SR . e BRI AR K R 7 1wl

KR RSOURHES , SEARES S, MLEv ], O BT

FESEE C931; TP315

1 3|15

B 2 B BOREF N E A AN TR 557 G T 90 1 R AR R TSR . BERIL A R B 7 SR 3
w, TR E AR T I E S BRI, MR IR 2 o RS TR Y. S5kl
B, FH P TG A5 RO A Rk I R H 8 2o A DR UMY B P R A AE R RTEH P R
FESIBREE, BONHL TR F G RTHZ O SE AMoc. BRRRAD Y, B A R GRS HIE IRk Bh 5k
BLAREEMEAL, BEWS AR RE 9 OO (BRI SE R . A, &K B 99 M P SR AN AR5 B
ARG, LMRTEA P A% 5 & 3

BORHER RS REE N P SRR e i U5 RSSO R FPRRIE S R4 A% 1 T
2 PR BhE Boh f2 38 AP i, (RFESERRIT R 518178 b, % R0 2 502 5 PR %1 —J5T,
AT PR AT A R R T HE R R Gt P R RE G AT 2 s S — D7 T, AR
B4 B BAESbR R G R LASRAR S IRk, IR A8 ELAT A R 78 4 #2308 PP O A R HE B A 8 1
WECE e AR, LTRSS ST R 2O SS, WEETIA. 2o LA, 2R
PSS BILEE, NS R G T IS A A — T, BT A EAR RS AT
S5 AN [R] 000 1 P i R 95 5K i B A )28 ELAR B2 i B 2 S e O H Awdgrb F P (i i TR0 5 HE R
ROCEME KA. 55—, AE TR 5T 6 AT RESR AU R A fh AR 55, IR R AR B AT
TR B 2 AU, BEF e wT D ST I 0 5 AU G Bk

FEXFERE 5N, BT R GENGE T A2 JF 12T A e i, L2 2 H A A Al B b R
BRI B bR A X AR U Ay 10 A TR A T 7 PP R 2. AR LT AR S
B E bRl SURHETE T i, U H ARl SUSHER 710 B AERUR IE RS 5 U5 S, DAIRIIN ST H I AN S ) HE 77

* BAeTH . EEARRERE N FWE (72271024, 71871019 ),
WEEE: W, PR B b, 2%, W+/ES), E-mail: ganmx@ustb.edu.cn,
@ MRS, TR SR Bl E RN E . A SCIEZ R MR R FH H — I 70k

151



152 (ERRGEN 6340

PERE. — 7T, RUH bREs SURHER 540 AR08 F A R 25088 52 it 00 4 T i HE R IR 55, EmIERTHHE &
G RE: S5, RUHE bR SR 7T LAY R BT 7] 2 AU 2 B bRis SO, HOTiE R
B Rz A0 BRIk, XH bR SUEHERE 71 O 24 IR 7 1) 348 e

TERF G AT — U QR XUH b3 5 S HEFE 2 40 N I B8 A0 5 ) A BE O SR T30 7 3T I 7
U100, RN AR O R EL R, W E BRI AR 2R G0N L SR B et A2 S 5E 2 T SRR 47 (14 358
HHEEMRS, WKHEE T H P A EAARR, $&7H 7 H P e S 5, Mamn s Bk e fe e A&
WM o RIS LRIk AE T Giz g E R T 0, X H bR U R AR RILH ERH AT
FE G HT TR 557 & IR AR B B RIS 5 R, B H bR 5 SUHESE 5 4008 B A5 5530 421
ENEIEVIRNG—RE SRR, B3R EE RGOSR T ENERN T ERE, s T reieE
TR SR TR B AR T AN S RE AL, T g, XU H ARES AT A RGN TH R O R AT BB
EEHNMEANRE, BASE RS E R E ISR

WH bRl GUEHEE T G R = A R E . 5 —, SUURN FIRHIE R R 5 ) . AT
TR B4 EORYE T ANk B P N0 H RO ER s, Rk, AT Y 45 B SR IEURI A A5 5 1 S 3R
TN 2 3] ) R XN H AR USAEFET 7T R SR TR, 5, EBSUSE R E S B . AN A
IR E S SR (RN P I H RO 1508 BAG BRI A, 7EA PRI E S S i 52X
R EAF R, RATGEIZHIFEREEMBEGE, 2RI GE BT AEN L —. =,
P ATOE B A U B . AU S R PR R P IE R R U ) i AT AR E S, I,
Bl rp 1) — 50 5 B % E ARSI & 2 A B . TR T 0 bR U HERE, LR AIE AT A A
[ ST B8 (A ST = A R, AR ART— AN Q5T ) HEFE 11 R4 T+ B AS Rl DL 573 — /NS HEE PR RE R N
Rt o

OV SR 72 5 AT 72 B 0 (4% O il B G RIE RS AT A RT3 E R . AR b, AT AE 2R
NN T ERAT AR, B UEE R A S BN A B A S S 3[R R ] RS (1 1)
AR EHETTEN, ARSI B =M O I A R R T OO H bR SO I A R BN A, SRR ESE B
F . RSB RET W H bres ST, =5 RS U 5 BT A L 75 20 2 A Z R, @)
T PE O Qo ] 3B RS (1 1) L R OE R T B (R BANER A S B AT T . BRI I 4 1E A AR e
AREATASR 1) 4 A 0 K 25 R0t A A0 A S I o ST 22 BF 7 ) B 122240, (LR S i) I 4 v /KT
A, HEAMEE L RIS SIGT S BEE Ema R L. ] fg, AR SR iEE B4 &
R

xR, SAUEEFIER R Y 2] AT RS (S B 0T A RS B B H B AT HE S
WU B R s o Dk, ARSCMBA EAZ O IR R, A J 85 00T e A [ P A0 00 H FR 95 AT HE 7 7123 1)
RO PR, ST PRI 058 0 0L H AR 5 AT HE A7 () BRAR, (R E P ST HE R R e e il . AR ST L5
AR AET BT A RSN . 55—, MIELT DU SR8 SCE s S 1 5 H b AU 2 P R g
S SR, A SCRR VA XU H bR AT HE FE AT AT A B AT R LW A AT G — I . HEERAEA, R
TP EX TR WA AT 2 SIS & AR AU R R . 28 =, A SO H AR TR O B 5 I ) £
HEZE, ZAEZR RO H P RN R Z BAAIEER S, N S T &0 ST bk 4. 26 =, &
SCEPRAE RGN TR B BB AR R A B B R G AT e, AURE PR KR S Y
WRAE . F P 0B R B AT R R T 1) LA R F 37 5 (0 00 E b AT 2 55 7 1) o IR R S T TR
S BIE B ARG 10 i B A T8,

AICHIN AR ZHEUR - 58 5 B 0L E AR U HERE I B A S . DI R ANA LR IR MESE s 5
= B OO AZ DI T 0] T R E AR SIS HERE TV A SRR s i JE R AR T AT R B



XUH bR its SUSHEAERTT DT 2Rid 153

2 BIPSHEFIR. BWNRARANGREESR

2.1 ESusEERSEEFE A A A

X0 T AN X — A A ), YT AT 3 B TR B A% O R B AL O = AN R TR T
TG, NGRHEEE RS IIG AR ARG R, B O B R S HER . S A A R A A
WS Z MO SR Horh, BEOUSAETE 2R G078 o0 R F AR B (0 - A8 BLAOE SR 2 A B AR B s
giie) e, RO T — A EE BA SRR Ik, EAUEHETE RGEA A F A O R, RIAS[E) S
ZIAFAE R L s A BP0 3T b, G TR B AT P 00 36 A R N S AT 7 R T
RICHE . I, RZHEENIEIEST REASIR BILZH A7 HE R, X RGHE 5 inE H P AR
FBkig. ik, AR R ZE 5 BaFA (local differential privacy) 54 A PASZELRSAL R (1 5 40
o 123,301

DAHERE HAR RN MKHE, AT LUK 5 4TI RE 20 3 B AR S AT 22 AW (22D H bl S 4.
B bR USHE R S A UK A N EE BBV ISOE R 2 H bR, M B AR IR HEE R . WUE bR

AR 5 7E S

El

=y

SRAEFF BT ST P A OGBSI PR B AR DG SRR

x1 VWERBIEHEFEHRPHXBHESCER

(o TR E RS, DAIRIIR SR TR AU A 3R 1 RS T B bR s

P e BESCRA A& P TR 3Cik
Sk Entity A7 RGP I H (SRR [32]
U FRREIE T 20T, ARERELSIE R g . P A A
O .
RS Entity in knowledge graph s BRI 5 [23]
B 4T B S A Overlapping entity R AE P A ST 30 5 e i ) P 5800 [33]
Al ELATE NI A D T
S Sk Domain-specific entity AAE—A U AT )«Eld%iﬁ'ﬁ;% I B A 2 AL e 34]
see Ay | Flly overlapped cross-domain | ey g AT HOBTAS T SBTAIE S A | (21
recommendation
. s . Partially overlapped cross-domain EZMFEG T, PSR P BR A S S S P el B
HB 43T B 1 UL recommendation A B L T [35]
o ST Non-overlapping cross-domain EZWLEG RN, AR A SR A R e B, T
AR U recommendation ANEAE S A P e H (29]
U T M B I S P b i B 425 5 ).
Y F T Domain heterogeneity FAAESBE (P s HARFRIERFE A 22 57 ) FIPPorfiie (3F [29]
TR
TBRARAFAE RS ST S Sk, BRI A S WA~ Uk b i T A
P s — & Unified cross-domain graph HPRWE, SRR -BEEEXRR ., TH - [36]
FREF, WU S AR RE NS [R5 AT b I H g T i i
FH =300 H A8 1 B S AR EREE5 o B s R R 4
AR Collaborative knowledge graph TR R T E AR SR, ELRFEA - EH S E R R [33]
RIS SR R . T H S50 RS SRS X R




154 (ERRGEN 6340

gk
KM YRR WS IR SCHk
. JH P — U A 4 BRSSP e i — g B E
Qﬁ:h‘ s P . g . . A
G H P Single-domain interaction sequence $i e 5 R IR — s ) [7]
) FH P HE WA G A e BRSE EL T) IGUFHE 9 A — A I (e
TS TT - ini i )
A H T Cross-domain interaction sequence SR BT 5 % A5 ) [7]
by s | Bridges between domains/trans-domain fEAF PSRRI S, PSSR S Sk . AR R
AT %/ B AT G 16 relationships bk S [371[38]

TR NS RIFAZACRE ST, XUH ARIES SUSHERE T A DUSON EAR T Fe R, FAESE
Bk BT P B B3 B, S ML EE SRR A BT & D2 R E 7 XU H b2 Hbxis
IR R G0 IXEEHERE R GURENS N S EANIINSE 22 (I ARG 1 () Y IR R 55, 4 RSR WA
FITEZ AU P9 2890 S B R K0, fE T SR S T S &, WH BRI 2 RRES
WA ARG R IR B 190 T &AM IUR PR P mdi R, 868 TR R EARYE,
S Gt R (A2 S e b S IE B T XU b AT 2 0 1 L PR Vs 0 R A1

2.2 WBHRETUBHEFRLRIRTESR

— R NI 2, DA P O A A BRI RS A B AR AR I U AT AT A ) R B
Bt B A B R SR AR R AN 22 X 2 AR (PR e, AN U N A5 B SR USRI AR 7 325 0 0o i AU A 77
(P AR R, ik, AR G 7T 22 I AU T A A% 0 ) L 5 A R A R T i
Mo ORI, X FURERE A1, B BT T i R IR AR T B8 A B I A2 ML 75 306 2 1O HAR 2R, X
fE—E R L L PRI T 85 U BT RS SR M FFEE5E T D, ARSCHE B LA E SO H Fm 5 0 HE 17
BIE T A% o 1), A% O 1) RS X H A 25 STUSRAHE A7 (KU F T 7 iR HEAT 70 2R 4508 . AL RERIR I H
RARAELT o

B, SIER A AR I i R — 2, AR S 5675 REX H Anis USHE S Hh A s 145 B A ) AL
ASSCRAE SR =11 R 5N SUR R IER R =2 ST (s ik ey, P T H A B A HE 7 AR e rh Al
i) BRI 2 —, L, ASCE S e s S AR BB S AR BRI . b,
H1 T LB FU5E RS B AU P PR AR S S A B S B R, AU SRS B T i

HK, S FUTER AR, ASSCN Y Es U8 AE S IERLHI N 12 2 PR EER . 55—, Dz ATRE
R R == N 7E A A B 208 25 H A, e KRR BE M o F AR Fl P A0 H AR AR R 7S - A
P OL T, AR M B GRS 2 H ARSE SRy 0, B OUSHER: (IR A 9 TS, U H AR d
Rt A 1) S A BMEATZR AR . 56—, NAZATIE B A BT HE R 5 2, T ERY H
PRI 5 A O E AR A A5 2 o 5l A2 X H A lts SURAERE R G0, PSS R] BETCVE A Rt b 7] 51
FLAP MR U] RS E S G NS S, — NI A PERESR T AT BE AR 55 — s ) HE 27
PERE AT, I3 BB SRR —, R A R ATV SR -

—J5H, AT REERGE R EE, CAPT TR UG — B B SRR X 55 A0 AU
PR TS TTE, ARAEPIS SR P BT R R BRI o 5T S UG — BIRIRIT FU AL B B 5 P A s
B IR U gt — 1, AR R PR e e I 2% I8 34 i 155k B 5 S B 40 I 2 1 15 0 o 2 T I8
RFALEX S (R BIF 7E 35 B2 R AT 2 TR R R, 240 SR P AR ) ) B S AR A B ) B AR B AT 1



XUH bR its SUSHEAERTT DT 2Rid 155

R o 35 U 2™ 78 BT T B R FT AN RO R G . 23RBS R R, KRR
{5 B RN AU R TR 24 2T T

F i, N T RIBERE BRI, SR TCRAER PR (5 SR A5 2] MR SRR
W7k, ST REIRE Sl B A B P e A 5 B o R AL S AT AR H B T 1PN BE 8 B B v AN R E B
SYBCAN R IR, O U SRR AL 1 W5k O 1 AR BRI S A R, KET FUR %
AN A FRFIE A JS AR O 5 U S5 BGOSR A (5 R, b AT YUt =G E . AN
FAANTIH IR FE LA H O, R A B3 BN I R RIS A B, 3T R s AL 2 A SR
BT H 7K 22

ZREFIR, W 1R, ASSCREXUH bR SUSHERE A% AT T i AN AT IR R R 2 2
PSS 15 AN SUEE R A UE B X =AM R R 1 O B SUSRAER I TR S A AT
LRUETERS ) 22, SRR B 780 . ML T OAWET, AT — D R FE SIS 5
ERSRRE, KU FTIERS (14 10 i s GRS F E R R AT AR B AN . W PR
R i A5 SO BB E PR RUORAE 24 DN A7 A S 225 R AL 22 57 10 4 B AT ) i, 8 UskacE 7% 1)
(A5 JE B 1 1 b 5 ) ARSI 7 M B I PR A IR D SR AT A 1 F - (i A B R 5 8 L
5280 BRI AN IR) 0 B ) 40 02 X0 e Ul 5 B R 1y S I ) SRR AN U T
RO IME, A S L TR 0K R PR, EEZ L 5 NME 7S 5 5 M 4 S e e A AR
7, ATUIR] B B ) 45 A AR R AT (R, HAEA BT B BRI OUOE M £ 5 HARE S Bk, A3
MIZRAMEZR B BEE . =M% O IE T I (8] (KT N AEIR R O B U IR R s 27 3] SR (AL Al 1) LA
MEgmttJrid, s ugfE SIERHLEISE Shal . #5OUEGERS 3= & 5 B ANES SR A U5 B T 85
5 R 5 E AR A T . =AM O RS — AN AT, JERISCHL T o N E b
AIIHES -

R SERARS G
. i
B LT RS Py B LT RS
LI AF AL
gk N s
B PR
FR . \ 1A
Fl Atk SERBREAE Gty
PR TR = AR PR TR
. R L
R A PSR

1 XUH bR USSR b ) =AML ORI 7T IR R ok 3R

ITAER R R W R S SR AU 4k . SR P IM T IR TR RORER AT S5 I P Rr K R
FRAEBAHER 357 T X FETEBEAT VEAR 1 70 R SRR o JRTIT, B0 D7 320] LA T 2 7237 S AME 55
FPEOXLETEEAF TRPEL M FEENE, FOEIERE TR0 TSI 2 AR € WF 7 i)
R, AR MRS SRR 55 R o SRR IHEREAL 55 10 A FESRIR T 80 ) bl U 47 A0 H A



156 (ERRGN 345

SIAHESRF S AT S5 AL OB TN AR o SR, IZERIR R Z XX H ARES SUSHER BT FT R AIRD, R BRSO
SRRFIERS 55 dRAL S ) KR RTIIT FUBCR B SRR HEZE . (A, AREET AT SRR, AT T it
TR I HAAZ BT T 1] AL S T 4338, (838 IR N AR Geth 18X H At A7 1wt ST BLIR -

3 BIPHIERTFI

W5 AT A A2 R ATUAHE 17 IR SE A R A Ji% 00 I o i S A T R FH R 5t B Al g 2, SEEB
B GO BRI SEAARER TR o S AUSRFE RIS 22 I R E AR P = A5 1 . OB S EAG B
BT, IR TGRS 10 I A BAT N SR O P AN H 1SR @A HAR BRI %,
R TE I P 22 BAT NS B 7 s s OHBIE BRI, X IBT TR PR MR 2 46
FHENE S, SR A H (RS AL A E S WU ORI . R 2 X R U IE R e 3] ) R i
177 B SR

R2 HEZFTEBFIERTEINERARLE

e e E A EEE PSS
WA TS LY i PLRAC SRR ARSI HHEE R W PR RIS S ) B R R | [31][46][47]
TR Fel iz K2 SSHAE | ARSI R P e ohente]
RS | TR :ﬁﬂ@ﬁggifmﬂwﬁﬂ ST KA | [s3)5455]
AT B —

Z\j];g;;/f . Transformer EH AR ,%;ﬂz#ﬁﬂt{;ﬁiﬁﬁm@ﬁu THEERE B3 H R A S ) R [391[56][57]
&I 1 22 P 245 2 H AR LR 5 5 50 H 18] A et BT A s A LA ) [511[581[59]

I ”Wﬁzgiw %m%%ag;;%am&x B 2SR AR T [43]

i&gﬁf J G 1 B ”Wﬁzgiw %M#ﬁaigiﬁﬁmﬁl il 23 2SO AR B31]
KO s | R AEROIE ) o siemsmin oy | oo

3.1 BEXERFEENEERZE

A A ELAS R AL S B P AT AT AR AE, SO P S5 00 1 P ZEAH S X i s
TE M P REL I 2 g T o 22 90 2% 48 7534 80 P R I 0 A R R 7 08 TR JH IS - B AT A HE 7
55 A AT 17 5 2 IE A I A

FE RS R AR R G TH 2 BT 185, B S R T3 5 25 S U GR I pRe 4410 2% 40 7 s At R G
TR 23 07 00 R P =T H PP 23 K 23 O R P SRR R R AN I H RoR A E R . T, AR H Aris 4t
SRR FUN TR L B R O % TR A SIS ) VP 3 o 3 9 5 A AL 1 PR P s R R
T H 2R AR, I ARS8 Uk B P BRI H A2 WA b 38 5 58 A R R AR s o A 0T TR
HE R R TIN5 3 AN U ) SE IR AE SR, 2 SR AT U I R AN AL DI Z50Y . s 2 I 200



XUH bR its SUSHEAERTT DT 2Rid 157

SESRAEHERE R G 3R E RN XU b SUSHERE R TE I 4 7 AUl o R PR PR 22 9 4 7 725,
A S AR AN J2 SRS AL 50§12 4538 P A5 3 SR TR P s B i [R5 s AT A3 281 e Jo 1 4
[FVRFUEFRDS # 7O B Aokt 8 4 F 0K P A A Do) 45 A8 BP0 Py ) 20 FL AT 70, ik 0y 19
A0 JE A 3 I 5 ) o o A W R PR PR R 2 D S R IR i 7 1 ), AR A 0 S
A8 JeE T R R B ARADURE T B0 o (1 FE A, AR i BT AT o R AR AT IR AAS B HR 1071
LR AT R ENEER AT, BEAT TR AR S I B S i, SR IR £ G 43 A () O
AR RN AT .

3.2 HMEXERBEHEERZE

FA PR RAF AL A BE 2 I TS 2R AR Bh A B0 B WS R A A BN 22 I 45 . ARG BA4 220 9 4 i Pl
20 WA 28 S5 T AL A5 AU A AR O S A R, 3 i g 8 A SR 0 T A 1 P A R
[R] B i T 19 A 405 ) P B 1

HEF RPN ZE W25 (19 7 1004 P (0 D S A8 LR AR LR, SR A A s i U SR . AR
MM AR AT PSR B2 N, IR P P SRS TR SN AT, RIS B
OIS, Xty 4% LRI RT (A P R 8 2 R FoR > 770 BRI, BT AR B A 4 N 45 11
J B 7 T B IF) 52 2 R m RO LA AT 38 A 726 ) R, gk, WF 783044 Transformer N F 7 414t
17, XRWTFUEE T BVEE AU P 5 AR R XA (8] AR OGE, A @R E e S g AT T
ATIBAT IR, I VAR R R I X bR 5 4508 7 FIHERE R 50127 2 T4 Transformer 15 49/ 51 435 .
BARRYL, X LW TR Transformer N 845U 52 By 31 B 195 A0k A8 PP 51 22 Jm » 38 H i B
Transformer i H ¥ 55 Ja — N2 (2R D F P 1) BT Eh 25 i 4 B0 175 SURBh A W 4« O 1 5 oAt
R I D L B B A A ARG R, AHORHT FER 5 U — &, SR B 22 0 2 4l 312 T - 30
HAH KA WUH T H ok R 408 b th [R5 5, BETS 21 5 & 1 SEARRHE R s FAT 8 7 51
%%%[7, 51, 58]o

3.3 HEEEHEESG X

N T EIRATUR 8] T AERIBE, XU RS SUHERA AT SR 2Nk b F P PR8I0 H AR 2R SE 5 B 1S
EAT G BB 7500, i B SR M RER N, B R SOAR o 28 1 AT 4 SRR T A
RS AR

KA FUR I TR G115 5 RN U 22 W 265 25 5 ot PP PR HEAT RPHE R 5210 ot 2 sk it
o FRHEE R S BRI R Rk e, T LASE N A 3t 2 i A e T . R, PRSLLE RIS
TR, T IRE & B B U RS i SE A I, B SUEAS R B 1 St R e ™. [
Bt PRSP AE S B W AEMHER SR AR E A . B A THRE R, RS T LE R AR
SIS TR A AR T A T R A AT 2 ) B A b AR TR R AT AR A k2 8
T BIR A BERT TYIZR1E 5 A6 AL S5 5 A AN i, AR5 R P A A 22 I 28 RS (B T AL 26 7
EREVFR T AR MRS, BEMAR RN PHERISR G RN TR, SRIBUR S AIE BT 1 s vEis
IR, SR BRI AL S5 VA4S B P i S R AN I H RFAE . 258 E Zh g iS85 75 B 3% b5 a4 2L it
b TN RIS, A 5] B R R R FOR L EAR DY . B AR R AL DR A R B 3

(D bidirectional encoder representations from transformers .,



158 (ERRGN 345

R DRl e A= Ve RN e SN T L R et R e ) B ER T X RN S S
S o S 8] P A 1R T SO SR

LA ChatGPT DA (K1 5 5 70 0 A5 L T SR iR PR AR B8 70 AN P 8 A2 B RE D18 21 T S8 1) 2
RPEST S, R AT UG N T USRI 2 RGOS BmAid R, DASREU & 1 AT I A5
SR O BT I 5 ISR 1 1 AT 27 A T I T T

4 BEIRIRFEER

WAL T8 A2 A T S A SUR P A B AR, 20 H bris SUHER A58 — MO BT U] e, 15 4
TR ARG LM EEERE =TI O TG — KT , XU g aigg —E,
N2 B 22 W 28 SR BOFER KR R U RS 5 @3 T B8 GURFFIERT FE BT T, XS 7T sk ] 3Lk
ORL S A, 2 SRS SR B B SIEAAALE P AN IR IR s 2 ) s A B A RFALE 22 18] R AT g FEE A (DA 5

@ T BT EY T, XA AR EEMGERREE, ¥ RGBT ig. £ 3
X s At F2 F E (5 B RRER ST T R g 5 TR
X3 HOESBIREEEENHECARESE
BRI AR EE FERE ik
SETHURG | S THIS— | TS, TR | NS . T s | BmmaEe | @)
B B | 23 s B SR S 1 S PR 3 MR [58](89]
SR I 0G | ARSI 2% 2] R | LR BB STBRAL] | XL AR08 | (7ssiise]
ik LI, TR A R B L (EEiTE BRI [90][91]
SETBALS | ETROMEN | RPN GRS | IS SOy | [35][92]
35 TP ik T AEEHE s 03 T AR [93][94]
SETIE AN | AT b 2 S X ) A e LI 45 2 51
LI BUR 07 ) i
o 2 AL IR B IR 2 > 1 A . [40][95][96]
e IR | FURAS £ B RCR | 508 S o | AR |
T Jrik BB T el priH e | )
R TP | 3e PR | Smsaiy i PP I | 36T B iossausn 5y | e RIS 2R B ‘6
ik R PR SRR | SRR S R B S 461

41

ETEGEHSE—ENHAR

N T LA IR 8 78 73 1A SIS, R TE E A s U gt — M, R ERoR =2 21 U5 1%
SIS U e i S AT s 3 T S A B P AN AR AE R R« VA RE RS TR TR AR
FH s U P A T, (RIS AN QI R R 2 SRR R . R, X SR TT B s e
3 SILARLE il BhIgh (1 T 28 AT 90t H RIS 5 #R A2 A a0, 2 T Ui S e, 5 B0 i m b
P lEE B T AT BEAECE S AR e A S0 DA U5 RAT R R A oA, KZHE A
FE AL S U g — PRI AN X 23 T3 T s (s, BB sk P 00 A2 TR B A, PP A R sk e
TR Z 132 FLA AR R % @ I 0k Rt AL P B A i A AR, — XY
F bRiES U S HERERIE TR el 5 0 H A e, RS2 B P SRS HL PN H 2 [ S, RS



XUH bR its SUSHEAERTT DT 2Rid 159

I BT SUAS T X AT, O T AR S, VAR AL R s R g — R, RS
ANTR] I A BT 22 8] 58 Bk R A SO AN RIR R L, IFAEAR BARSE T Oy PR SRR 12 HAd 7y FEAS
EENEERRES IS S 188

4.2 ETFEIUEEFEXFHHAR

XRWFFOR IR Ll 2] L SR AR AN LA AL S TV, SRS A0 8 SEARAE P A U I R AE R R
ZIA) S PR U B AR 2 18] BA v FE AR B o R AE XS FEATLAR TR A PSR, (675 79 A U AT
REFE 7 EN BV BE RO RFAEA S, HE T B8 O R 3T 78 4 5 15 R .

421 EFXLEFEIMFE

XA Sl BB 70715, NI P SEARTE A R P TB) (RO AR A DG, 2 T A S BB ok
SEBAEAL 2 237 i 2 BRI IR FORE S R AT A 2 ) s AN TR, SR D LL 2% T 4
PRSP HE B SR TS B S LB OGRS S X L2 SRS IR G2 20, SEBILAT R 5 s X v 45
BRI St Fe R 2 513530200 g iR AR A E TR S 28, AR T Bt Akt i, %07
VEME AR S 2 (K B USRI o ARFEMERE 7 U S AN AU 58 L 51 R AT S LR B, AR SR
P2 20505, o R AR A UK AL EL P 3R, 85 U B 7 IR 2 R B B A R . B2
TR R A A A R RN = N HEFEBUR M B, SEBIL T DA T3R8 L5 51k L [ B A e 5 U
N T SIS U SRR U, 412 5 AR L B SEAR 2 A B 2 5 U ORI R 2 TR L 2 3T [ A
WD A i, WFFC 1 R SR y A M 3, W g P R AE A R DR R L AR

5 P T SR SRS 7, 45 P E 2 5307 VRPN 588 P 1 58 KR 7 R
TEZR 7S HIARABLEE -
() i
<§ g R R }> Jj HEPE
N— BTt
AR —————>| e
Ll () wraen || ) & r—
AR LN
BTt

B2 LT L ST B AT A %o 55 444
422 ETFRMREHOFE

et Ak4i Coptimal transport) S —A>F-H W43 A 2 IR (0 B A 0y SR IR oA iR TR
R v 4 2 A SR 22 080 45 50 P P AN RS, R it 2 T i AR R O 5707 i, R/ MBS 7 A1
AR A, LSRR A AT P I REAE 53 A1 AT i 0> 220 I S S0 F 8 30 0 A HEAT Se AR RAE RIS
SUSRFEXNS 75, BERS R 2% 2 IUHIBS GUSRFE R,  [RIIN, IXSeRT Fum] DAL TS dA 7 B 8 (15
SUSHERE R, B RIFIASEE. SRTR, XSO STR S A B o ARG 7B R o S



160 (ERRGEN 6340

GRS T A o JR) NS TS A 5 e L e SIEAAAE YA U 1) o AT S AN AT T 22y R T R 42
JRIHE T SRS 2 AT (8 T AT SEAR BRI T1%, ARG R S A fai ik, AR AT 15 AU SEAR % 1)
RFAE 73 A 2 18] BE B A INASURI B5e /e, 328 T S0 4 Ry 2 T 1 5 AR ALE X 5

423 ETFEXTHHFGE

T IEAZ A (orthogonal mapping) FIHIF 7T BE 8 X 9 4> Uk o AR AIE 27 ) BEAT XU R 205K, R
TR ST ARG ) 025 200 o 2 T S A e R O () e R O DA AR R, 2R ¥ A 1)
2O TR AR RE NS fa] A X I U MR R SR R RE  22 S) R s (RIS, SR 20T 15 MR L R S A 1) 24
M REAT BRI, AR B M UL R . AR TR BRI, BT R A4
HH RS P P R G R R AE 28 e IS R R R R R, 0 T s i A s AT REAR AL 12 TVE R T
P QU P S AR AL 2 ) (R PR, 3 i R 5 A5 U2 o % A 0 P9 R SEAR R R 2 S i

4.3 ETEITEHFRY R

KR TR AN R RIR G, 2SR AR, BRI & MU S 05 U SEAR TR R 2R, B
IR USRS BT ML . I 78 A5 U BT B M 1S I A TSR R N I AR B 2 IR 2,
17 S 25 7 19 1 1 AR ) A M ) AL S T 0 A5 Uk 77 L FE

431 BMEMIREERNAE

WFFE R, 50 Ja P (AR E VA BT B AT A P I i a DA S R AR B R R S
SEARFIG R FEMTEAE RO UL S S, A0S S AP AR I A B P BT RV AR,
W 3 o, BUA BRI H 5 RR B SEAR RO BMIOC AR, K S T AR R R AR
BT B2 Y 45 (R R AR AR S AL, K2 =F B 1 AR AN 35 U S 1 s e B 20y i i
FSLATSERI SRR Sk 2, SRR TE B QU RIBY 7e i R BT 78 0 A S S A, AT S 35 3 T 5 4K A5
BIEMFE. R, DO R RR B P se A m] BEXE DL S AN U I H AL, XA e AR
BRI T O G R . B S A A REAE AR TR R P, K AT S L A R 5 E S R
WP AR SRR NEREESR . SRS, TR TR PRI AR N 2% BT R R B SR R . e, EROR RIS
FEFR, T TR H AR SR 10 <0 e SERR R 53R+ R A, 3B RS TR T AR T R S
AR SR IR R H A G AR N . 5 R SRR AE I T R B R R, SRR TR R R BN
RV e TR ) P13 T 710 1 288 D SR R B 1S SR R RFAE

(" g )

o A ST E R - it
RHERLS M Topl JJ

o0000] | yy | Tor? 2

[COO00]
el o LY Top3 i
F e s
- 2 -
) i iR
eeee® O Topl [
- D o 1

H bk Top3
A SR op %

B3 BT R0 B A B U e 78 224



W E b S AT U T 25 R 161

432 ETFEEXENFZE

MR IR LW, 4L o i A E B AR AR R O e AR SR g A ST P A AT
NP IS G NI EE R P EAERR, RIB SRR R NS U I MG 2R, DL 0T
F P R R AE (g 23 10 100 SR TR 34 76 T A8 40 4238 T B U AT A TS R (045 B . SR, 2
3 05 AT 06 R FURMLES S ST R (K TN 45 3R, ARAE FAT B0 R LS A — Bkt v i e 1 04 AR
S PERIE 7T SR i [0 B A 9 2 53 AN sl P R 3R, TS T SRR AE 2R (AR 1
VEAG 2PN P 2 R RS AR50 P, 32 A S 5 A5 A5G R I e TR InAL 8 1A o fE Bk |,
AT TR O SRR R A P 5 H O B AR RE T4 R BB AR, AR5 Rz AR B A 20 T
DA R A

Beat, WEA P A s BRI R, R T ES M RN S B L, TN
MER AR e BT R LT, BEMIAEY 78 A5 U — & iz F R I 2%, K K Rl sk s
W RE SR A B A TR SRR b T P OEE S MR 5, I ek s A K
Rl 3 v £ & F P AR R SRR B — RO B A AR RE B, KRB R E & P E TS
SR )R MK

5 BIEIRERER

AU I S R A RVR A PR RS [ U 6 s 4 B AT AR AE B R 22 R, SO B A SRR BL R
BEUVF A R PR JCH R A H bR SO HERE DA AR T 22 MO 7 AT £ 2 gk e . LUk,
APAA] ORAIE 35 U0 ) I 7845 U2 A 280 A e B e 3% Il AL, & X A 5 AU 77 1) 38 = A% L B 7 1)
Ao 5 AT M AT AU B R B A = AT ORI R IHUR AT T, KRR AR E
JINUHIA 1 PR AR B A B A5 8 @F: T B WU B AR RS IO BIE 7T, X SR WT 0K B AN ST N 45
SRR Dy UL AT BN A5 R B R IR S U A5 B OR TRk A ST KRBT AT,
X TUPIAl i Bl sk A B T H b Ak R PR RE AR T, IR A B S i AR R A T, g T
T SR 2 20 75 1225 R S T H AR5 IS BB AR LI R . 3R 4 0 i G A8 A RS B AR STk AT
T REE SR

x4 HEBTEBIBERERNEXARLE

e A EX2 It IR HIX Sk
FHFEFINL | BETERIVS | AR 45 SRS A Jr 4 S AT TEIEMICTHERA B | [317140]067)
BB {1771 P EAG  B s M [53](54]
B UL B4 ik \ A .
sepatprpspy | COTESRUCERIREROUR | o r g pmmma | Igatmorre, B0 | o4
s SR AR, R | L e Hoation
RS ‘ BRI ERE SRR
S MR eI VSSHRREEAME , | KT R et
FETARETY | SETHEREBIIR SRR, | R R R St = . [71](72]
{19771 S IR0 ) | 5, Wt Fapas | A AT [107][108]
LB b 4540 X A ‘ A
TS | TR % ;%ﬁﬁ?ggi?%ﬁgﬁ;ﬁ% IHGE ERAIE | IR, ot |
FMETISE WRAG Iy g P | MRS RER | S R REERLE X

5 B sl A A




162 (ERRGN 345

51 ETFEENIEMNTFR

W 4 Bz, B TR I R AU R 35 S 1 R 5 A% AT b F SRR HE R 4097,
JTE T AT R, RENS A W 50 3R oK RIS 0 P A S R R B . AT, R AL
B RO it BRI AR 75 £ LI R BE VAL AR, TS AR JER T ks Atdng 7 £ B0, ARFR MM 5 i g
SRRy BT T RUER IR, DS U S S N L RIS S T A s i 4 SR g . —
JTH, AZHIE OB R A R S, ARSI N O H AR SR G B R S R LSRR R s
T, AZBE U U R MU, BT SR B USRI A B, NSO T SRR
B TR A S A A S8 o IR AT 0 i AT o 288 P 7 7 A AU e R A B8 8 PRI 76 3K ()3 7 AT WL
RENE AR 3 IS AT L MBS D5 B o BeAh, AHSCHIE T B H S B LR T ML, X 25 T
B I s BT R R I8 o Gt RS2 P i B U B HE 2 505 SRR 8540 A 1102 LT 51
BEATFP AR5, R — N IUH PR S A\ 2k T T AL 5 USRI g A B, DS T Dy #0740
R 36 FH P Bl 285 4 s #EAT I DEAER

SN
H

LIRS
0

e— R *Y i
KiiE# 53] H—[O0000
AR 47 N ﬁi%%‘mli&/ﬁ

TER MU

S
Kt > 00000]

SRR S BB

B4 TR A 0 AR 4
52 ETEWERERBHBITR

FER AL A8 P 15 5 0 BCBUIR AU, T A BE AR T e s £ BB . Dk, Rt
NRZ A IE RS GO AR, T USRS A 5 B 122 A N U A R HERE . B BF B R AT 4
S S AR IR A5 5925, [ S5 =% 18 A sk L[] 55 M R S A SO AR AR 5 A S0 A
SRS NE AP Dy 5 3 & S R AN USRS A R AIE 526 10 DR 48 A0Sk 1) 15 Uk 3 2 R IR A% 2550 7 4K
S L X5t 7 sk A I R

521 EFXmFEINGE

RO BT R A s A ER AT AR O N SR, AR RN 2R S CSIOIRAS I, R Ak L)
PR RS FTAE PRI AR R ELSE P28, IS B A CRAIEAE A 2 B R 2. e 5 B, B > o
PRl QUSSR AT TO ) B Oy TR R . IR I MR SE TS, BTH IS S L SRR SR EER AT
SRS A RFAE SR A o 15 QU SRR AT i s AU 1) 288 7 73 A g A RS T 190 2% e 0 A s A )
&, R FUN R ST AU AL . R R TIER NS LRSI, Bl & SUR A Y



W E b S AT U T 25 R 163

5 AT SR HE A USRS A R AE 759 3 SE A B 2R E R s HF SE DU AT 5100 105 1090 B fdotedid, 47k
AV a5 BRI AR Dy P A AT (1 25 AT A T R AL B IS i 1 SEAACRFAIE ) 0 5 RO K e S AACRFALE BT
JE AR . AESARSE e B F o, A2 N A RFIEIE oK B 5 U E B SR, BLEE S [R] - SEAAR A 40
HALRAE L MR BENTCE SIS, B2 AL 5Ok B A RS A F 24k, 31X
TR AT ) 4 SRR AIE 22 (8045 DL R R BE L . ST IE IR E T G T SE R e 2 & .
NEEULLEERS T R, BT ARG AAR SR “ il RESBEYERy, Xt BAT I
G AR e . BIRLHE LA A 2

———L——‘%%ﬁﬁﬁﬁ

REOERLE —L’

AT
Clelelele] oy iR T
IR AT A N
00000
BiRILE |1 —
wiesb (S S )
A e [Ixﬁ;gﬁﬁ§$ﬁ
o UL ek
[@OOO®— iy

R A g[®] Jole] ]
X TAAFAE

K5 BT XpUaE ST IR U 2 AR AR 2L

522 ETHMEEERMNAE

AR, BT ML PR (R A AR AR D7 i B BNARANE R s 6 s, AREMERTIE DisenCDRY
PRSI T R o, XY 4 lRE XY Sk R BEE R, Z1, Z) 50 X, Y S
WHRHE, Z),Z) AR PAE X, Y SUSIAUSRE A RE,  Z0 N P s S SR E . AR e FE
TR A S PR ANV AR R AR EE AL T AZ ELAHE s HEIRTIS R L T AU A B R4S B AN A R )
JEURRE A A o SN S EHE AR RS, DisenCDR T HAS B G @A IE L3S, S#S0&EH T

s Y ! —l‘\ .
SIGIIGIG IS — :
9 2 AE
> [000G0] . by (X1 25.25.2)
® ® ) o po(¥12l22])
e s
= (8 g T EWAREEMTRNZ LR |\ )
QOReP || [l e
{2izr ‘N
K AN K T e . 54 E B B 2
ANV ANIPi¢ EZY [Errorers
@ @ }> q,(2).2].2],2] 2] | X.¥)
AT - L BT LT R e ———
o P
S t el i |

Bl 6 LT MEse FIRIAL i 5 U B AR e Y



164 (ERRGN 345

AR IE 55 085 B SAE, IF AP SRS A SR RFER) % 5. 7E DisenCDR 26
i, O AR A A R AR AR 77 S 0B USSR A ST R, AT A
i 1 5 IS R S . LA 5 2 M LS U SR T/ US4 AT 20 2,
i, E ST R, b SR U ) (5 BRI A B8, 1) 20 SRS U6 S
%], UK, IR AR 8 U E SRR TURR BT, RS AR 1 1) 05 4
BRI T BT ST ik, RSO I GRE B T R . SRS, 0t A
HEESARER2

53 ETEUFEIXEMNHR

RZHEETIEBE NS SRRSO E 2T R L AT AR B P il 8o, SRR 5t
REBOZ IR os A B RE S XK AT RETCIE ¢ AT R AP A2 LA NS 0 H 5. A,
I T B AL AT E A B, VAl R R A B3R A LR AR I E X E AR R REROAE R, SRR
RS 5] U7 i, RS i 1E 0 AN 0B 45 B B MG e AR AL AR A p LR s 2L
e N AR — AU 7 SO S S IER SRR, ISR TS WU A E A A5 2 A R AR
eV D RS U T AR L, R R UGRAL S S TR KSRGS S 1 E R A 18 IE A B
AR TS WS 7R EE A B B A S B A B IR, ARK-P s Al 2 SR 3t — D i
RS MR ZAZ B A E . BE0RE, RSN bR TS E S, B IR
ke ORI, X IEBETCI I I ZRMERE R, s DASCBOR IS, AN, Sl >) v i 2 il o Bt Xk DL E
FEAEAEAERB LS 1 R, 30— D PHAS SR A 25 R A pisd i 1) IR, RSB BEAZ IR N AR R T
7 B et 2 PR 25 AR A U2 25 R LA

6 FREIAREE

W bR GURHERF UL SRR 7% BT SRR, XSS TR L) 12 58 AN N 3 %% Kl 77
SPath A0 BRI, RORATS T B A b AT R G T IR NI AT o AR S T 22 [ R s 0%
R B =A% O W TT IR, X ARKIE TR AT RRE . Hoe, SRS SURAFIER R 2 ] I, AN
R 5 AR PR 5 R T SRR BT A0 P PR 375 25 S RS QU ) SR B, DAL Hh 2 R S Y
(I 3 I RR 2 ST AR RTT ) HR, B U 78 5 8 15 BN 2015 S22 0t i85 U5 IR e RS L it
W RARER . idt— AR THES SURIE A2 5 2 A R, A SCHR iP5 U 7% A U B AR R R R 1L AL
NAREIER A B E & AN R ST (8] OB AR SCHe 25 8 P L B TR R R AT A X A5 2
SN2y 1N R 9 = P =:4 o g - WIS TR 183 i ol P N i A 2 - S MU VAR E B 77 = e ek S SRS (TR PN |
B H T ) FLARHE R 37 S0 AR IS SRR I — AR RBIE T 5 0

6.1 ETKESHEENTIBERRRES

N TR BUFER I SURIL AR, BOREE (075 8O TR AN AR & 1 H 38
FASRAE, A5 i 418 FH R AE BB sl S 5 B2 A TR AR 51T A WF ST ke R o5 R F T 1%
AIISHER 2248, K VE 5 R A 25 B0 3 P R R M S 5 U3 AR AR A 2% 20 o AR EE 561 1P/ H A
RFF (identifier, ID) HYJ7iEANIET BERT S0 ZR1E SR J59%,  KIE 5 AR BN =F = 145 2 il



XUH bR its SUSHEAERTT DT 2Rid 165

AP HE R, 2 AR HERE 28 G0 T H R AT 7 5 AUk 4 (R B o SR, T2 K08
AR XU H A SR BT TR AL TP KRB B 5, KR SR B AR BR AR SCASIE SIS R 5t
BRI EE S, PI#E A AEAETE SCIVa o WD 55 KT8 5 A LS S 2 3R 4 (98 S |) L 78 )
RIERIE TR IS, RARREGERROEEREA R FK, KT 5 R SRR 5 98 ] R
B RN E DU I AT 1RF 5, JEIR@ E T P AR 2 0T SEBILRS A K00 H bl Ukt RE . R, i
T3 T ORTE 5 R A Uk B 1 AL X ARl USRHE TS 2 G A TS R 7877 17

6.2 BIEEIBENERHEEZEAMRL

TRUEIER A5 2 1A ROE 2 15 U S A R ML) 2 206 A2 1) B 225 T EDA 0T 783 3 S PN R e 4
b AR Z AL ) PR I TIE, TRCH 2T SUSHER 2 SR AL S BT R R 28k . 1
e, ZARF I B U E RGN, AR, AR5 S TR S e A BRI R
i FEE S uT R N Ek, ERA SRR EGRR N TRCR, RAR T BRI R AL H bR
e WU R R T i A SRR, SOEAR S 2 AR5 2ITE e BN, T DORERS E s s B E AR R A
MSHOLEIR, B XA R A A U ) 2 2] 3 R 450 % R A B AT RS IR B S . L, B
XATL I 45 2 5 TS 2 AR AL A F 7 o A B R 3k, (E R A% 48 1A 2 RSORS00 45 T s 1 2 AN A 5 A HE LA
WS A ), U VA RS IR BURE R S SURIE A5 2 . O W SR A% GE i A O B0 W 28 SRR 34T
SR> 200, BRI, X e S VAR XU AR TR R G D R . R, SO A B L B
LA 5w R A5 SRR T AR AR A T R FE R

6.3 FROERERITHEXREDIBIE

PSRRI L C AR T FE SR, SV I T LR RS B AR 7 vk Re
SO B S U E R A UHEAS B . 2RI, BUA B 5 8 AR DB R Kt P AT K,
A CASR A R B0 A5 A7 o RORAT ST T A B AR S DB S BEAE, RN T P A 178 55
B Z AN GUR P OB R AT R, AR A T B M AT RGBT SRS BT A L.
55, FPAEANRI U 2 18] A DI e m] BE A i 6 0 (R Do B DR BB B A o i, =24 PP 0 24 i 49isk h 0 H
I ARG SR B ER G, I T RE 2 DI B0 J7 e AERXRM G OL T, AT BAHERE 55 7 IR A2 L 1) I
HABURAEARTR . (EAMETZ SR FIRGETH o BRI, F 702 R 3R AR B AR AL I U85 2T 7 S B
HEEM. HK, CARAREEEIH P RAMEAT I, A F R Bt TG 5 U8 ST A
U e U b, XU RS STUSAERE R 7 P LA RR AN (6] FH 2 T AL P 1 5 AT A T AR e e R 72
S, MR B ERE AAT 95 B A B s U5 Bl 77 ik

6.4 THEREHEREIZRENBIRETSHER

DA W RS BT SRR E, BB TRE U7 RS S XIS AL T ]
CIORE [F) — R R R Mg 82 T AN R O HERE S 55, S5O[RS, IX e TV G 1 0 #7122 5% 3 ) AR
fiEo PRIE, ARSRWTFE T LU X FLAA PR 050 T 5 AT 77 SR05 38 70 8 S B 2 s 21 SEAIE IR HHE 77 E
Blhn, Feidh S HERE B ST R A 2T A B S RS BT 09, R P HER e R ] R
RRIRI3 o S L L HERE T — R R (R 05 TUAHE 7 (B S i sl 4R 7 100 75 25 18 b i ] (1 3t L 40
IEVERTR P S2 BRI S A RAEE B BAh, W A RS B U ST S5 . IR AU



166 (ERRGEN 6340

P AR ER . BB e A AR ERA ) 38, I £ 2 dnT DL d ik v KR B R 4 B
(latent Dirichlet allocation, LDA) 3= B Y &5 A7 AT 72 N SCA IR #2408 oK . 72 1 1) ]9 251 6 1Y
PEUBAERE R G, IRAFZHR T H (1) SCA IR BE % 45 B B A FH 6 22 A S B TR OGRS, T
TETF B E N A

M E b s B HERE R SO IR T M N S s S N AN E . 5, BEE TSI ARTR,
-6 BN A TR AR H R 53 BT BT U e U RIZ S B b, e B AR SR & g, DU DR AE BE IR A BRI 2%
N R SRR R AT . IR, B A AR B8 ) E ORI R AT, XS N 2 MR T B S
BEH T 787 KGRI BRI o AN 5] 00 i o 0078 B ASE Xl N 25 1 g s T s AT DA 06 7
(I R BEAT AL o B R 2 ()T S LRI DI e £ 8 I 2 AU 55, W () H bRl 7
R Z I R SN, 3R S ORE B A BE B s A SN B, JE TN H bR A A it
FRFER FN IR B S 5 508 Bod A, Beie i 2 56 At ARS B (0 P 45 . XA B TR HE RN B AR %
PR UL AR T G (058 s e 7120 2, e P S T A I A D A R L

7 &

Wi 2 TR 55 1O S AN 2 SE AR LI A R A s X H it STUSHE 17 RO 4 T3 457 Jo e 1 T 2L
W TET5 170 o X b it U7 R GO0 24 B0 1 7 557 6 B A AR = 78 0 A1 & K B
LRI G RS K P I SR R o AR SCIE I AR A it ST SR, SRR E A it ST A AT
TR =AML e —, RS A7 55 1 B A QTS A 1 ) L B A X BRI i S S LA L B
Al AN 22 R A B K dls 1A S gmtd i) . —, MBS USRS £ & E B AIPLA, RS U SIERE LI
GONES UG — BRI 5 U AR FE RS SUR MR Y =T =, AESSURIE R A U5 2L
i, BRI TR B SO BRI S B R A B A B AR AN Al 5 ST B R T T
5 BRI T O XU H RS U AHE R AT FCEAT 508 . ), B0 H bt SR AE X R R
BRI e RKRBEFCRLAT BRI SR SCRM AR OGO BAE B, =M% 0WE 7 ) B R 3
17 RGP s AR R, X XU i SUEE R 2R SR AT Rk it

Z 3 XM

[1] LiSQ, Yao LY, MuS L, etal. Debiasing learning based cross-domain recommendation[C]//Zhu F D, Ooi B C, Miao C Y.
Proceedings of the 27th ACM SIGKDD Conference on Knowledge Discovery and Data Mining. New York: Association for
Computing Machinery, 2021: 3190-3199.

[2] 6305, . MEE e HEE T P AR LR W KL B S A AL ()], B EEVRIE, 2022, 34(12): 146-156, 194

31 B, ¥R, SRMEUK AT MRS T 25 B M (o H i BB e )], B EERLE, 2020, 33(5): 44-57.

[4] Jozani M, Liu C Z C, Choo K K R. An empirical study of content-based recommendation systems in mobile app markets[J].
Decision Support Systems, 2023, 169: 113954.

[5]  xUiibuge, Fekbs, SRR, ML F OB R FAR U], EE ERL 2, 2023, 31(12): 301-310.

[6] Zhang Y, Li C Y, Tsang I W, et al. Diverse preference augmentation with multiple domains for cold-start
recommendations[C]//2022 IEEE 38th International Conference on Data Engineering. Washington, DC: IEEE Computer
Society, 2022: 2942-2955.

[71 Cao J X, Cong X, Sheng J W, et al. Contrastive cross-domain sequential recommendation[C]//Al Hasan M, Li X.



X FL R TR I 253 167

(11]

[26]
(27]

(28]

[29]

(30]

Proceedings of the 31st ACM International Conference on Information & Knowledge Management. New York: Association
for Computing Machinery, 2022: 138-147.

ZERENE, RE, PRBE. LTG5 ARG RO 10 A B B BRI T[], B ELREE, 2022, 30(6): 157-166.
ERE, AR, ot BT ORI B AL R VR BEHERE R D). B R24R, 2023, 34(7): 3365-3384.

Lei CY, Liu Y, Zhang L Z, et al. SEMI: a sequential multi-modal information transfer network for e-commerce micro-video
recommendations[C]//Zhu F D, Ooi B C, Miao C Y. Proceedings of the 27th ACM SIGKDD Conference on Knowledge
Discovery & Data Mining. New York: Association for Computing Machinery, 2021: 3161-3171.

Hao X B, Liu Y D, Xie R B, et al. Adversarial feature translation for multi-domain recommendation[C]//Zhu F D, Ooi B C,
Miao C Y. Proceedings of the 27th ACM SIGKDD Conference on Knowledge Discovery & Data Mining. New York:
Association for Computing Machinery, 2021: 2964-2973.

Yang J, Zhu J X, Ding X F, et al. A memory pool variational autoencoder framework for cross-domain recommendation[J].
Expert Systems with Applications, 2024, 241: 122771.

W, YRS, 2SI, S JET MBI SC R B R AR B ]. THEIHLEAIR, 2022, 45(10): 2221-2242.

Li Y K, Ren J D, Liu J M, et al. Deep sparse autoencoder prediction model based on adversarial learning for cross-domain
recommendations[J]. Knowledge-Based Systems, 2021, 220: 106948.

Ivens B, Kasper-Brauer K, Leischnig A, et al. Implementing customer relationship management successfully: a
configurational perspective[J]. Technological Forecasting and Social Change, 2024, 199: 123083.

Sigin T, Choi T M, Chung S H, et al. Platform operations in the industry 4.0 era: recent advances and the 3As framework([J].
IEEE Transactions on Engineering Management, 2024, 71: 1145-1162.

Li F Y, Xu G H. Al-driven customer relationship management for sustainable enterprise performance[J]. Sustainable Energy
Technologies and Assessments, 2022, 52: 102103.

Rostamzadeh R, Bakhnoo M, Strielkowski W, et al. Providing an innovative model for social customer relationship
management: meta synthesis approach[J]. Journal of Innovation and Knowledge, 2024, 9(3): 100506.

Li P, Wu B. The diffusion of platform self-operation on reputation-based two-layer network[J]. Industrial Management and
Data Systems, 2024, 124(3): 949-977.

Gao Q Y, Wang Q, Wu C S. Construction of enterprise digital service and operation platform based on internet of things
technology[J]. Journal of Innovation and Knowledge, 2023, 8(4): 100433.

Zang T Z, Zhu Y M, Liu H B, et al. A survey on cross-domain recommendation: taxonomies, methods, and future
directions[J]. ACM Transactions on Information Systems, 2023, 41(2): 1-39.

Xu J, Wang X, Zhang H M, et al. Heterogeneous and clustering-enhanced personalized preference transfer for cross-domain
recommendation[J]. Information Fusion, 2023, 99: 101892.

Wang L, E, Qi Y L, Bai Y, et al. MuKGB-CRS: guarantee privacy and authenticity of cross-domain recommendation via
multi-feature knowledge graph integrated blockchain[J]. Information Sciences, 2023, 638: 118915.

Hu Z, Nakagawa S, Cai S M, et al. Enhancing cross-market recommendations by addressing negative transfer and
leveraging item co-occurrences[J]. Information Systems, 2024, 124: 102388.

YuJ L, Yin H Z, Xia X, et al. Self-supervised learning for recommender systems: a survey[J]. IEEE Transactions on
Knowledge and Data Engineering, 2024, 36(1): 335-355.

Goli A, Singh A. Frontiers: can large language models capture human preferences? [J]. Marketing Science, 2024, 43(4): 697-923.
Gao G, Liu H Y, Zhao K. Live streaming recommendations based on dynamic representation learning[J]. Decision Support
Systems, 2023, 169: 113957.

Wei Q, Mu Y, Guo X H, et al. Dynamic Bayesian network-based product recommendation considering consumers’
multistage shopping journeys: a marketing funnel perspective[J]. Information Systems Research, 2023, 35(3): 1-18.

Yu T, Guo J P, Li W H, et al. A mixed heterogeneous factorization model for non-overlapping cross-domain
recommendation[J]. Decision Support Systems, 2021, 151: 113625.

Tian C X, Xie Y X, Chen X, et al. Privacy-preserving cross-domain recommendation with federated graph learning[J].



168

FEARGAR 34

[36]

[37]

[40]

[41]

[43]

[44]

[46]

[47]

ACM Transactions on Information Systems, 2024, 42(5): 1-29.

Li Y K, Wu Q, Hou L, et al. Entity knowledge transfer-oriented dual-target cross-domain recommendations[J]. Expert
Systems with Applications, 2022, 195: 116591.

Zheng J X, Li Q W, Liao J. Heterogeneous type-specific entity representation learning for recommendations in e-commerce
network[J]. Information Processing and Management, 2021, 58(5): 102629.

Li Y K, Hou L, Li J Z. Preference-aware graph attention networks for cross-domain recommendations with collaborative
knowledge graph[J]. ACM Transactions on Information Systems, 2023, 41(3): 1-26.

Liu M, Li J J, Guo Z Q, et al. Extracting latently overlapping users by graph neural network for non-overlapping
cross-domain recommendation[J]. Knowledge-Based Systems, 2024, 290: 111508.

Liu W M, Zheng X L, Su J J, et al. Exploiting variational domain-invariant user embedding for partially overlapped cross
domain recommendation[C]//Amigo E, Castells P, Gonzalo J. Proceedings of the 45th International ACM SIGIR Conference on
Research and Development in Information Retrieval. New York: Association for Computing Machinery, 2022: 312-321.

Zhao C, Zhao H K, He M, et al. Cross-domain recommendation via user interest alignment[C]//Ding Y, Tang J, Sequeda J.
Proceedings of the ACM Web Conference 2023. New York: Association for Computing Machinery, 2023: 887-896.

Shi Y, Larson M, Hanjalic A. Tags as bridges between domains: improving recommendation with tag-induced cross-domain
collaborative filtering[C]//Konstan J A, Conejo R, Marzo J L, et al. Proceedings of the 19th International Conference on
User Modeling, Adaption, and Personalization. Berlin: Springer-Verlag, 2011: 305-316.

Xu K, Xie Y Z, Chen L, et al. Expanding relationship for cross domain recommendation[C]//Demartini G, Zuccon G,
Culpepper L S. Proceedings of the 30th ACM International Conference on Information and Knowledge Management. New
York: Association for Computing Machinery, 2021: 2251-2260.

Li CL, Zhao M J, Zhang H M, et al. RecGURU: adversarial learning of generalized user representations for cross-domain
recommendation[C]//Candan K S, Liu H. Proceedings of the Fifteenth ACM International Conference on Web Search and
Data Mining. New York: Association for Computing Machinery, 2022: 571-581.

Li P, Jiang Z C, Que M F, et al. Dual attentive sequential learning for cross-domain click-through rate prediction[C]//Zhu F
D, Ooi B C, Miao C Y. Proceedings of the 27th ACM SIGKDD Conference on Knowledge Discovery & Data Mining. New
York: Association for Computing Machinery, 2021: 3172-3180.

Zhu'Y C, Tang Z W, Liu Y D, et al. Personalized transfer of user preferences for cross-domain recommendation[C]//Candan
K 'S, Liu H. Proceedings of the Fifteenth ACM International Conference on Web Search and Data Mining. New York:
Association for Computing Machinery, 2022: 1507-1515.

Zhao C, Li CL, Xiao R, et al. CATN: cross-domain recommendation for cold-start users via aspect transfer network[C]//Huang
J, Chang Y, Cheng X Q. Proceedings of the 43rd International ACM SIGIR Conference on Research and Development in
Information Retrieval. New York: Association for Computing Machinery, 2020: 229-238.

Choi Y, Choi J, Ko T, et al. Review-based domain disentanglement without duplicate users or contexts for cross-domain
recommendation[C]//Al Hasan M, Li X. Proceedings of the 31st ACM International Conference on Information &
Knowledge Management. New York: Association for Computing Machinery, 2022: 293-303.

Park C, Kim T, Hong J, et al. Cracking the code of negative transfer: a cooperative game theoretic approach for
cross-domain sequential recommendation[C]//Frommbholz I, Hopfgartner F, Lee M, et al. Proceedings of the 32nd ACM
International Conference on Information and Knowledge Management. New York: Association for Computing Machinery,
2023:2024-2033.

Zhu F, Wang Y, Chen C C, et al. Cross-domain recommendation: challenges, progress, and prospects[C]//Proceedings of the
Thirtieth International Joint Conference on Artificial Intelligence(IJCAI-21). Freiburg: International Joint Conferences on
Artificial Intelligence, 2021: 4721-4728.

Ahmed A, Saleem K, Khalid O, et al. On deep neural network for trust aware cross domain recommendations in
E-commerce[J]. Expert Systems with Applications, 2021, 174: 114757.

Singh A P, Gordon G J. Relational learning via collective matrix factorization[C]//Li Y, Liu B, Sarawagi S. Proceedings of



B AR S AU ATV IT 5 169

(48]

[58]

[59]

[60]

[61]

[62]
[63]

[67]

the 14th ACM SIGKDD international conference on Knowledge discovery and data mining. New York: Association for
Computing Machinery, 2008: 650-658.

Liu M, Li J J, Li G H, et al. Cross domain recommendation via bi-directional transfer graph collaborative filtering
networks[C]//D’Aquin M, Dietze S, Hauff C, et al. Proceedings of the 29th ACM International Conference on Information
& Knowledge Management. New York: Association for Computing Machinery, 2020: 885-894.

Nie J, Zhao Z, Huang L, et al. Cross-domain recommendation via user-clustering and multi-dimensional information
fusion[J]. IEEE Transactions on Multimedia, 2023, 25: 868-880.

Mukande T. Heterogeneous graph representation learning for multi-target cross-domain recommendation[C]//Golbeck J,
Harper F M, Murdock V, et al. Proceedings of the 16th ACM Conference on Recommender Systems. New York:
Association for Computing Machinery, 2022: 730-734.

Guo L, Zhang J Y, Tang L, et al. Time interval-enhanced graph neural network for shared-account cross-domain sequential
recommendation[J]. IEEE Transactions on Neural Networks and Learning Systems, 2024, 35(3): 4002-4016.

S, XU, R Al R AR R M R o (S U AT T[], TRk, 2022, 41(4): 337-349.

Ma M Y, Chen Z M, Ren P J, et al. II-Net: a parallel information-sharing network for shared-account cross-domain
sequential recommendations[C]//Piwowarski B, Chevalier M, Gaussier E, et al. Proceedings of the 42nd International ACM
SIGIR Conference on Research and Development in Information Retrieval. New York: Association for Computing
Machinery, 2019: 685-694.

Sun W C, Ma M Y, Ren P J, et al. Parallel split-join networks for shared account cross-domain sequential
recommendations[J]. IEEE Transactions on Knowledge and Data Engineering, 2021, 35(4): 4106-4123.

Zang T Z, Zhu Y M, Zhang R H, et al. Contrastive multi-view interest learning for cross-domain sequential
recommendation[J]. ACM Transactions on Information Systems, 2024, 42(3): 1-30.

Ni R X, Cai W S, Jiang Y C. Contrastive cross-domain sequential recommendation via emphasized intention features[J].
Neural Networks, 2024, 179: 106488.

Ye X X, Li Y, Yao L N. DREAM: decoupled representation via extraction attention module and supervised contrastive
learning for cross-domain sequential recommender[C]//Zhang J, Chen L, Berkovsky S, et al. Proceedings of the 17th ACM
Conference on Recommender Systems. New York: Association for Computing Machinery, 2023: 479-490.

Guo L, Tang L, Chen T, et al. DA-GCN: a domain-aware attentive graph convolution network for shared-account
cross-domain sequential recommendation[C]//The 30th International Joint Conference on Artificial Intelligence. New York:
Curran Associates, Inc., 2021: 2483-2489.

Ma M Y, Ren P J, Chen Z M, et al. Mixed information flow for cross-domain sequential recommendations[J]. ACM
Transactions on Knowledge Discovery from Data, 2022, 16(4): 1-32.

Tang Z L, Huan Z X, Li Z H, et al. One model for all: large language models are domain-agnostic recommendation
systems[J]. ACM Transactions on Information Systems, 2025, 43(5): 1-27.

FuZ C,Li XY, Wu C H, et al. A unified framework for multi-domain CTR prediction via large language models[J]. ACM
Transactions on Information Systems, 2025, 43(5): 1-33.

BRERL, 3REe, TEW, 5. Ma RS R UR B P R I B8 HETE SEIALT]. BAFAAR, 2020, 31(3): 794-805.
Zhang Q, Lu J, Wu D S, et al. A cross-domain recommender system with kernel-induced knowledge transfer for
overlapping entities[J]. IEEE Transactions on Neural Networks and Learning Systems, 2019, 30(7): 1998-2012.

Gan M X, Xu G X, Ma Y X. A multi-behavior recommendation method exploring the preference differences among various
behaviors[J]. Expert Systems with Applications, 2023, 228: 120316.

A, BB, BN, S ARAE AR S S AR A R B A W S R B U] o B EERL A, 2021, 29(10):
202-212.

Gan M X, Wang C H, Yi L L, et al. Exploiting dynamic social feedback for session-based recommendation[J]. Information
Processing and Management, 2024, 61(3): 103632.

Zhu F, Wang Y, Zhou J, et al. A unified framework for cross-domain and cross-system recommendations[J]. IEEE



170

FEARGAR 34

[68]

[69]

[70]

[72]

[77]

Transactions on Knowledge and Data Engineering, 2023, 35(2): 1171-1184.

Han Z X, Zheng X L, Chen C C, et al. Intra and inter domain hypergraph convolutional network for cross-domain
recommendation[C]//Ding Y, Tang J, Sequeda J. Proceedings of the ACM Web Conference 2023. New York: Association for
Computing Machinery, 2023: 449-459.

Mao Q Y, Liu Q, Li Z, et al. Cross-reconstructed augmentation for dual-target cross-domain recommendation[C]//Yang G H,
Wang H N, Han S. Proceedings of the 47th International ACM SIGIR Conference on Research and Development in
Information Retrieval. New York: Association for Computing Machinery, 2024: 2352-2356.

Zhao C, Li C L, Fu C. Cross-domain recommendation via preference propagation graphnet[C]//Zhu W W, Tao D C, Cheng
X Q, et al. Proceedings of the 28th ACM International Conference on Information and Knowledge Management. New York:
Association for Computing Machinery, 2019: 2165-2168.

Cao J X, Lin X X, Cong X, et al. DisenCDR: learning disentangled representations for cross-domain recommendation
[C]//Amigo E, Castells P, Gonzalo J, et al. Proceedings of the 45th International ACM SIGIR Conference on Research and
Development in Information Retrieval. New York: Association for Computing Machinery, 2022: 267-277.

Cao J X, Sheng J W, Cong X, et al.Cross-domain recommendation to cold-start users via variational information
bottleneck[C]//2022 IEEE 38th International Conference on Data Engineering. Washington, DC: IEEE Computer Society,
2022: 2209-2223.

Ma Y X, Gan M X. DeepAssociate: a deep learning model exploring sequential influence and history-candidate association
for sequence recommendation[J]. Expert Systems with Applications, 2021, 185: 115587.

Yang Z X, Dong S B, Hu J L. GFE: general knowledge enhanced framework for explainable sequential recommendation[J].
Knowledge-Based Systems, 2021, 230: 107375.

Wang Y Q, Guo C L, Chu Y F, et al. A cross-domain hierarchical recurrent model for personalized session-based
recommendations[J]. Neurocomputing, 2020, 380: 271-284.

Gan M X, Ma Y X. Deeplnteract: multi-view features interactive learning for sequential recommendation[J]. Expert
Systems with Applications, 2022, 204: 117305.

Gan M X, Ma Y X.Mapping user interest into hyper-spherical space : a novel POI recommendation method[J]. Information
Processing and Management, 2023, 60(2): 103169.

PR, skfh, E92. AT R T B AR 55 1 2 1 U FIHERE D], THEENLAAR, 2021, 44(9): 1841-1853.

KB, RN, Rk, S T RGO B 180 M A0 22 0 TR A 7] i o PR B B9 D VR (0] SRR, 2019,
42(6): 1316-1333.

MG, AR, XK, . ARSI VEDT SRR ] R, 2022, 33(4): 1244-1266.

ZEHR, ORI, BRER, 5. RE AR D A SRV AF 5] T IHERE JAD]. BAFAEIR, 2019, 30(11): 3382-3396.

Liu Y H, Chen Y L, Chang P Y. A deep multi-embedding model for mobile application recommendation[J]. Decision
Support Systems, 2023, 173: 114011.

Liu WM, Zheng X L, Hu M L, et al. Collaborative filtering with attribution alignment for review-based non-overlapped
cross domain recommendation[C]//Laforest F, Troncy R, Simperl E, et al. Proceedings of the ACM Web Conference 2022.
New York: Association for Computing Machinery, 2022: 1181-1190.

Ni X, Nie J, Zuo Z J, et al. DITN: user’s indirect side-information involved domain-invariant feature transfer network for
cross-domain recommendation[J]. Information Processing and Management, 2023, 60(6): 103494.

Elahi M, Kholgh D K, Kiarostami M S, et al. Hybrid recommendation by incorporating the sentiment of product reviews[J].
Information Sciences, 2023, 625: 738-756.

Wang J Q, Lv J. Tag-informed collaborative topic modeling for cross domain recommendations[J]. Knowledge-Based
Systems, 2020, 203: 106119.

Bao K Q, Zhang J Z, Zhang Y, et al. TALLRec: an effective and efficient tuning framework to align large language model
with recommendation[C]//Zhang J, Chen L, Berkovsky S, et al. Proceedings of the 17th ACM Conference on Recommender
Systems.New York: Association for Computing Machinery, 2023: 1007-1014.



X FL R TR I 253 171

[88] Wei W, Ren X B, Tang J B, et al. LLMRec: large language models with graph augmentation for recommendation
[C]//WSDM Angélica L, Lattanzi S, Medina A M, et al. Proceedings of the 17th ACM International Conference on Web
Search and Data Mining. New York: Association for Computing Machinery, 2024: 806-815.

[89] Zheng X L, SulJJ, Liu W M, et al. DDGHM: dual dynamic graph with hybrid metric training for cross-domain sequential
recommendation[C]//Magalhdes J, del Bimbo A, Satoh S, et al. Proceedings of the 30th ACM International Conference on
Multimedia.New York: Association for Computing Machinery, 2022: 471-481.

[90] Hsu C W, Chen C T, Huang S H. Adaptive adversarial contrastive learning for cross-domain recommendation[J].ACM
Transactions on Knowledge Discovery from Data, 2023, 18(3): 1-34.

[91] LuJ H, Sun G H, Fang X, et al. A contrastive learning framework for dual-target cross-domain recommendation[C]//El
Saddik A, Mei T, Cucchiara R, et al. Proceedings of the 31st ACM International Conference on Multimedia.New York:
Association for Computing Machinery, 2023: 6332-6339.

[92] Li X H, Qiu Z P, Zhao X Y, et al. Gromov-Wasserstein guided representation learning for cross-domain recommendation[C]//Al
Hasan M, Xiong L. Proceedings of the 31st ACM International Conference on Information and Knowledge Management. New
York: Association for Computing Machinery, 2022: 1199-1208.

[93] Liu W M, Zheng X L, Chen C C, et al. Joint internal multi-interest exploration and external domain alignment for cross
domain sequential recommendation[C]//Ding Y, Tang J, Sequeda J. Proceedings of the ACM Web Conference 2023. New
York: Association for Computing Machinery, 2023: 383-394.

[94] Liu W M, Chen C C, Liao X T, et al. User distribution mapping modelling with collaborative filtering for cross domain
recommendation[C]//Chuna T-S, Ngo C-W, Lee R K-W, et al. Proceedings of the ACM Web Conference 2024.New York:
Association for Computing Machinery, 2024: 334-343.

[95] Li P, Tuzhilin A.DDTCDR: deep dual transfer cross domain recommendation[C]//Carverlee J, Hu X B, Lalmas M, et al.
Proceedings of the 13th International Conference on Web Search and Data Mining.New York: Association for Computing
Machinery, 2020: 331-339.

[96] Li P, Tuzhilin A. Dual metric learning for effective and efficient cross-domain recommendations[J]. IEEE Transactions on
Knowledge and Data Engineering, 2023, 35(1): 321-334.

(971 SKALIR, 25, BIEE, 55 T Bt 5 FRLDE 2 802 21 07 3E]. THEENLEAR, 2022, 45(8): 1730-1745.

[98] Gao J L, Peng P, Lu F, et al. Towards travel recommendation interpretability: disentangling tourist decision-making process
via knowledge graph[J].Information Processing and Management, 2023, 60(4): 103369.

[99] Gan M X, Kwon O C. A knowledge-enhanced contextual bandit approach for personalized recommendation in dynamic
domains[J]. Knowledge-Based Systems, 2022, 251: 109158.

[100] 5k75 1, Fxk, #7 7, & ETIER L TG 7 R SR ]. PR, 2020, 31(3): 778-793.

[101] xIfse, SIS, T8I, MEHAE B IR R AT SRR 1], BAFAAR, 2018, 29(2): 340-362.

[102] Guo T L, Peng S S, Li Y, et al. Community-based social recommendation under local differential privacy protection[J].
Information Sciences, 2023, 639: 119002.

[103] Ahmed A, Saleem K, Khalid O, et al. Trust-aware denoising autoencoder with spatial-temporal activity for cross-domain
personalized recommendations[J]. Neurocomputing, 2022, 511: 477-494.

[104] Quan Y H, Ding J T, Gao C, et al. Robust preference-guided denoising for graph based social recommendation[C]//Ding Y,
Tang J, Sequeda J. Proceedings of the ACM Web Conference 2023. New York: Association for Computing Machinery, 2023:
1097-1108.

[105] Zhang Q, Liao W H, Zhang G Q, et al.A deep dual adversarial network for cross-domain recommendation[J].IEEE
Transactions on Knowledge and Data Engineering, 2021, 35(4): 3266-3278.

[106] Li P, Brost B, Tuzhilin A. Adversarial learning for cross domain recommendations[J].ACM Transactions on Intelligent
Systems and Technology, 2022, 14(1): 1-25.

[107] Zhang Y, Cheng Z Y, Liu F, et al. Decoupled domain-specific and domain-conditional representation learning for

cross-domain recommendation[J].Information Processing and Management, 2024, 61(3): 103689.



172 FRRGEM F34

[108] Zhang T, Chen C, Wang D, et al. A VAE-based user preference learning and transfer framework for cross-domain
recommendation[J].IEEE Transactions on Knowledge and Data Engineering, 2023, 35(10): 10383-10396.

[109] Guo L, Zhang J Y, Chen T, et al.Reinforcement learning-enhanced shared-account cross-domain sequential
recommendation[J]. IEEE Transactions on Knowledge and Data Engineering, 2023, 35(7): 7397-7411.

[110] Zhang X K, Lin H F, Xu B, et al. Dynamic intent-aware iterative denoising network for session-based recommendation[J].
Information Processing and Management, 2022, 59(3): 102936.

[111] Cao J X, Li S S, Yu B W, et al. Towards universal cross-domain recommendation[C]//Chua T-S, Lauw H, Si Luo, et al.
Proceedings of the Sixteenth ACM International Conference on Web Search and Data Mining. New York: Association for
Computing Machinery, 2023: 78-86.

[112] Goodfellow I, Pouget-Abadie J, Mirza M, et al. Generative adversarial networks[J]. Communications of the ACM, 2020,
63(11): 139-144.

[113] Liang D W, Krishnan R G, Hoffman M D, et al. Variational autoencoders for collaborative filtering[C]//Champin P-A,
Gandon F, Médini L, et al. Proceedings of the 2018 World Wide Web Conference. Geneva: International World Wide Web
Conferences Steering Committee, 2018: 689-698.

[114] Zhao Z, Nie J, Wang C L, et al. Sliced Wasserstein based canonical correlation analysis for cross-domain recommendation[J].
Pattern Recognition Letters, 2021, 150: 33-39.

[115] Blei D M, Kucukelbir A, McAuliffe J D. Variational inference: a review for statisticians[J]. Journal of the American
statistical Association, 2018, 112(518): 859-877.

[116] Chen X C, Yao L N, McAuley J L, et al. Deep reinforcement learning in recommender systems: a survey and new
perspectives[J]. Knowledge-Based Systems, 2023, 264: 110335.

[117]Hou Y P, Mu S L, Zhao W X, et al. Towards universal sequence representation learning for recommender systems
[C)/Zhang A D, Rangwala H. Proceedings of the 28th ACM SIGKDD Conference on Knowledge Discovery and Data
Mining. New York: Association for Computing Machinery, 2022: 585-593.

[118] Liu Q, Zhou Z L, Jiang G W, et al.Deep task-specific bottom representation network for multi-task recommendation
[C]//Frommbholz P, Hopfgartner F, Lee M, et al. Proceedings of the 32nd ACM International Conference on Information and
Knowledge Management. New York: Association for Computing Machinery, 2023: 1637-1646.

[119] Li Z H, Zhou Y, Wang Z Y, et al. Swarm GAN: stabilizing training of generative adversarial networks via swarm
intelligence[C]//Proceedings of the 6th International Conference on Machine Learning and Machine Intelligence. New York:
Association for Computing Machinery, 2023: 171-177.

[120] Roy A, Dasgupta D. A distributed conditional Wasserstein deep convolutional relativistic loss generative adversarial
network with improved convergence[J]. IEEE Transactions on Artificial Intelligence, 2024, 5(9): 4344-4353.

[121] 2520, 7. B R RS RIS Bk J T 9 & B4R 07 sUM B P G R AR 0], (R RG%
%, 2024, (2): 56-68.

[122] Kasem M S E, Hamada M, Taj-Eddin I. Customer profiling, segmentation, and sales prediction using Al in direct
marketing[J]. Neural Computing and Applications, 2024, 36(8): 4995-5005.

A Review of Frontier Research on Dual-target Cross-domain Recommendation

REN Jieyu, GAN Mingxin, WANG Chunhua
(School of Economics and Management, University of Science and Technology Beijing, Beijing
100083, China)
Abstract In the intelligent information era, in order to create a comprehensive business ecosystems,

e-commerce platforms have developed from providing single services to providing diversified services.
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Dual-target cross-domain recommender systems utilize users’ behavioral information in two domains to capture
their preference characteristics, so as to improve the recommendation performance and service level in both
domains simultaneously. In this paper, we first introduce the research background and basic concepts. Then,
we summarize three essential research issues. i.e., feature representation learning in each domain, cross-domain
transfer of abundant information, and cross-domain transfer of valuable information. We survey the latest
research findings on dual-target cross-domain recommendation methods. Finally, we state insights into future
research.

Key words Cross-domain recommendation, Dual-target cross-domain recommendation, Machine

learning, Cross-domain information transfer
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