42 % B P ¥ R Vol. 42
2019 AL S No.31 CHINESE JOURNAL OF COMPUTERS 20190nline Publishing No.31

T[] 4 28 51 I SEARHHERE £51h

FhEH O Y T d i

Dy SR Tl RS ST B S 57 545 B R TR0 pt, /R 150001)
(E AR, db5 100085)

2 WA RGN SRR AT %S B R P N IS R A W AR OGS, AT B P R BB I S, 4R
TR RS . A, AT B R A B AR SRR A R, B T B HERE I SR SR & DA R — B AR SR A AR
tor 2 HA SR B o SR HERE RS A B A P (SR AR S A R TSR AR5 B, A B TRTEH P IS B R IUAL:, B
e AR R G ER BT DI —. SEGSUNHEIEAT S A LU, T A48 2R 51 200 SeRHEFE TG 38 2 1Bk,
81 148 2 51 v SEAAFE R IR S DA R SEARHERE R AT 0 I 5 o 1048 28 51 B SR HEARAT 5 (0 RE s SAZTE Bk, BRATIA
RN TE A I SEARHERE RR T MU T =T FAESS . SO BERR . SURHER SHER B ch AR e SR BE AT 55 1 H A
SEARYE BT SIS 2R A SR FR R MR B OO R RERE B0 R R T BB SR b, DLIIRAS SRR A X R A ) S S
PRHESAT 55111 H Aro 3RS A SR AR DRI SRR G 0 FLEATHE R - S0 T IR BEREMERA I HERE S S, e R — R
T3 S 2R A5 EIREUR P X SEAAR (R 4 ) 24 B 2 AT S AT M B AR o HEFE TR R A AT 55 10 H AR R IR I SRR S A K B
—MEHERE SR A HERE R, A RS B B AR R IR AR T I HERE SR S B SEAR I DG R, SEAACHE R B ER )2 B
A SR HEFE I B o ASSCE SR BT 4 R 51 B SR HEIEAT A R R St S B AEMBNR AR & FA15%, AR5 1A
N EF— D TAESAAAE M BRI WFFBUR LA SRR TT 10, 555 3 AR KM TT 7 1) BEAT J& B I AR SCIEAT S
KA MR GIEE, ST, STUREEHE: HEFERIH
HENES RS TPIS

A Survey of Entity Recommendation in Web Search

1.2)

Jizhou Huang Yaming Sun? Haifeng Wang®  Ting Liu®

(Research Center for Social Computing and Information Retrieval, Harbin Institute of Technology, Harbin 150001)
A(Baidu Inc., Beijing 100085)
Abstract Entity recommendation, providing search users with an improved experience by assisting them in
exploring and discovering entities of interest related to a given query, has become an indispensable feature of
today's Web search engine. The task of entity recommendation also involves linking queries to entities and
providing explanations for recommendations. This task presents more challenges than the traditional item-based
recommender system because of the ambiguity of the entities mentioned in queries, the domain-agnostic
recommendation methods for Web-scale queries, and the cross-domain recommendation scenarios. An entity
recommendation system in Web search engine mainly consists of the following three sub-tasks: entity linking,
entity recommendation, and recommendation captioning. Specifically, entity linking aims to disambiguate the
entity mentioned in a query using the context information and link it to the corresponding entity in the
knowledge base. An entity recommendation method typically consists of two components: related entity finding
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and entity ranking. The former extracts a set of candidate entities related to a query that a user is searching for,

while the latter ranks the candidate entities according to how well they meet the user’s information need. To

better understand a user’s information need behind a query or capture the user’s preference for entities, an entity

recommendation method should exploit context information such as a user’s search history in generating
recommendations. In addition, to enhance the understandability of the recommendations, the recommended
entities should be accompanied with explanations, which are brief descriptions to why they are recommended to
the user. In this paper, the research background and the challenges of this task are presented first, and then the
related studies and methods used to address the challenges are introduced. Finally, problems are discussed, and

several future research directions are suggested.
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fiE, 735l A B KRIRRE . 225 B RHRFAE
EERHIE . SCRYRRE DL R IE A & . Hp 2248
A OC IRHIE 32 B4 B 1R SEAR TR AR S SR 4 11
FIHARLREE . SARTEFR R TS 2 SR 46 S B 4
S, YR RHREAE D R S 1 T T AR ALE
IEERFIE A SR AREE,  SCRYRFAIE 2 R R SE 4k
FRFRPITAE SCRY DA S SR R 3R SCAR S B AR AIE
Zheng 25 NVOR I T ZRERAE, B R EH
(surface) #FfiE. LT3 Ccontext) HFAE LA 4F
PRAFAE o 3 o 2 TR R AF 87 8 12 SR HB PR 5 S
£ 2 A Z AR S, bR SCRFIE & (1 42 5044
Fa PR S5 E SR I B R ST OGP, REBRARE S
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| stacked auto-encoder 1
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Bl 7 He S5 AT H 19 T ST B 10 48 I 26 45 44
[FIRE [ SEARFRARTEAS R BRSO T e &

P BIAN RISk, anfal A 2RI SR SR RR K 1
T3 BT SR AT &5 AR W e, AT
U S B SARFRAR K L SCE R SR 2 [ 1)
ke, He 25 NP T —FJET DNN (deep
neural network) 17772 #]FH DA (denoising
auto-encoder) 4 SIAA i TR -5 (51 SR B 1 SRS
Bt 1 1) 2 (R R RS AT SORLEE, L)
SRAERIINE 7 Fir. Sun 25 NPUHR T — T
SARBERE (I B, IR CNN
(convolutional neural network) =) SEAAFEFR T
FEI¥)_E R SCh) T35 LA %R R . Fang % AP
PR T — PR A 2 S HE SN AR P 5 SOATR B
S5t 1) [R— ) 2 2 () H DA 2 2 S AR i) (1) {1 4 2 4
[ &R, Francis-landau 25 AP CNN 2
S SAARFRFRIC bR 35 3 S A 2 (8] R SRR
FF& (WP 8 Firs ). Yamada 25 AP F nip
(B H A5 A DL R R R I SO 5 TR S &
U] ] B2 SR skip-gramPPSEEAT R, BES
2 S SRR B R . Gupta S8 NP T
ol S 3 [ R 22 I 8% 73, ) FE Sz R g 2
TCEE IR SUAR 5 06 B SEARFRFR ) R SCE
B B A E B ZR B ARk ) SR M B RN

Target Entity Links

& .—tmn{ll. Mgwy.ie} ]
W W3, Wy i=1

K 8 Francis-landau 25 A3 H BRI H CNN #) ERFAE

P92 51 A P ) SR R T I P A =
i (D HREWEFREHOSESE, a2
W) B SCREHB SR TERR I B (2) #RE
VH P SR B 618 ) 5 LA ZR A, R I X 3 R 1Y
BORFE R, Pk, TEKSOR R EE A R0 SE e
FEOTEA— 8 1& F THE 2R 51 10 SR 85 42 . Hasibi
e NBOUgR 7 7 5 P I SR e, 4 E B iflg, B
P — SRR RS = (B, ... En ) B
—AMEREE & — A “CIRTRIR-TR IR R R
Bt o MATHAZAT 55 R 73 e S A HE 7 AV
PN FATSS, ik SR HE T (1) B 2 Mg A —
R CSARTRFR-SLAR” BIHET AR, TH B E
S W ZHE T B RAE A NI A 1t 44 1) S e
B GTo IEAEX AN TAE 55 43 B F A e
BT MBIV, e & R A5 ST HE
BN A B 21073, TR B BOS. A G B
22 3] )T RIS I RUR e i . Blanco 2 AR T
— P PR I B2 ) 2805 ) R AR AR A
TR B AR ) Sk 2 . N TSR I
B3RS, %7208 T A% Sk 2 ]
ARG 2, K e A AR 4 (1 07 V5K k> Y
fE . A, AT HEMRIHE RS LT UE
B, ZERET A RE R R E A AR
SEARZ (A IARABLRE o A T TR S A4 A I BB
TR, Tan & NFOHR T —FhAEH F B
AR B E W SRR, e NG E R
H R 5 A W R DS I )T I AR A bR
SEARAE N Z B W PHFEE LR, 2 55T B HE
R 2 & R A I SR A T HE T

TE AL F W PR A 2 [ SCACH, (T attention
GERETD MME MR GE B2 3R 2 IR
BRIk, RMEIXLELER S H ARSI by
AAAEW ) Z T S, X R 21 B RRE R
LA 745 (character) ZR73If CNN 2] %), A
T X — 1 85, Mueller 26 APz 17— AMREAE
LG SR FIR SRR FRI bR SC S gk SR bR 2
R FHESEL, XL SRR —
A HA attention AL #2202 SEAARBEHAR Y
o, BRI R 9 R . SEEG S R W%
REAE I RGBT T 0 20 X 28 455 70 1) SEAAR S 35
RO

o120 ) 245 A58 0 B T DA 2% ST SR FR R 5 e i
PRI R RN, W] LTS e AT S SCHIMULE
TEVIZRBY B, #4025 A5 B PRI 5k B bl i 9 el
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Ffe

St
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l

B9 Mueller £ A& H IR SEAARIH B4 28 N 245 25 1)

SRRSO fgede SEARHEFF TR AHEE . BRE )
HEFP 771 T B B BN SCRA R A SR RHIE . EARHE,
I PR 36 SR HE 7 5 VA AN 75 255 R RS SEAR
TR 5 i Sk 2 [a] (P8 SCRH e, b 7R B R
HEAE [F] — bR SO A SRR IR R SR SE A 2
AR He 258 AP T —Fh3E T stacking
(VIR (A A% SITAARHE 7 53, %05 1 R R 2 Tl
BERIRI Y, TRZR — N R A go, AT
FEARIE SR VIEHEF R, THZE—12R
IR g, 004 R HE PS5 R . go Al
g1 3908 LTR B8, Hor Jmy i P A Y go I ZRASE
F 2 RSB RFAE, 4% )R TROAR Y gq B 254
(2 R AR RFAE N _FJE T go TIN5 = AR M 42 R
FRIE. JHEL N SON go X SEARFEFR TN top k
A IE SR . 28 R8BI PR A SORY A 32 B S mT
A R 5 30 b — /N B g HoAh SRR H G R
Globerson % AP 1 7 —FhJE T attention (B &
) SEARBEFETT 1%
2.3 NILH

SR I R ok 78 e DR B SCAS )
B SR U HR B I S A, BRI SR AR BT A 5k
PRFEPRER AT LUARE B4 2 RR () 54k b ANBeg
B 30 0 AR TR S AR HE PRk B — AR R S A
NILM, B R Se e FR = T3] NIL 935 51
JHERTLLG R LA Uk

(1) s 17 B 10 7 XA 1 L ) A 32 i
HeF B BCHE P 56— B IR S 2 75 o e 2 H bRk
14 . Gottipati 25 AFOFIH NER T H R ik dg
FREVSARIG, SR g SEAR SR A R &0t

% 3 SEAARHE 7 B B HE I B S T HL S SR e Rk E T
[ — S (PR SEAA, 37 T2 A% 3 S AT i i S A4
HE B B4 43 v T 3R AN TIOBE 0 1 (6 )4 L1 A
SEARBEREEE R, 15 WK SEAR TR FREEFER] NIL. Han
i NP B T — A B R S AR R PR 75 e B
BERER] NIL, 5 B o Sedk 5 SR 4B PRt 3
(PIARABLBE 35 /N Tz B AEL, DU SRR BB 12 31
NIL. e, Nie 2 NOURIEIFZEARE T —
AN NIL BIME o B AR I € BIE I 7 2R 0 NI
TR AT B AN 75 5] AR ARURIRRAE, AT N L heE
B L e, I BT RE AR ] — AN B
WIHA RS

(23 NIL F R — AR SEAA AR 348 52 1A
Ef, AEARGESEARHE TP B NIL HEF i 5w )
) E L SLARTE RN 4 BEREE] NIL. Han 25 AU
e NIL B — N B2 S0 S A4 N 31 R0 R e b 4
NIL SEARSHRSER—[EX R, HiFESENH
NIL SAARA BCSEAARTR R AR 2 LU e A S
PR A RSEAR SRR IR T v, WILKS S A F e PR %
| NIL. Dredze %5 AP NIL 1B A — MR 1%
I SARFN A A e SEAR — it ATHE T, HOAFE
AR T T T — 2 NIL AR BISRAE, 4
BRI RS P — A SER A FR S SRR
FRAIUCHD . K5 NIL B AE— AN REIRAR L SR I A A
AR S N T B BE T LR NIL A5 A
K15 BAE R 5N B HEFF A

(3) ¥ NIL HIBIEE = IAT 5%, RIS K
Z I 128 SR HE P B Br gt B0 HE 7 5 — i ik
TR A, A R 2050 SR R e
SRR RIS R, B NNZ SR TR OB g 2
NIL. Zheng & A¥VF1 Zhang 26 APV SVM 432
B8 W HE P 58— AR5 34 SEAA R 75 O L IE A H bR s
A, TE 43 528 bR RRRFAIE 0 4 5 4 e s
7B B R F R AE AR [R]

B 1 a7 S A Wy S AR TR AR A 75 4 R NIL, TAC
KBP [SEARBEHPFIIMTE S H 2011 AFAECZE RS B
AHEM NIL B2 SHRIEIR A H T30 7
T BIR R NIL A R HHRE Y 72 dE
AW, WRBE ISR e L R
SR T AN SRR SRS . X NIL B2
HEAT RIS LUE B O RS . Taylor A
(920 3 - 7 B 1) - BB DL IO T VEEAT NIL BB,
Graus 2 N\ M 25 #0500 B HO R SCRS R A TR*IDF
&, SRERHEICRERR IR TIX &R
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ANEATERZE . HTXE NIL B 1 S35 S di
FAES AR I AR, AEASTRAMEE 1
e
2.4 T[] SEARHERFAE 55 1) S A i

XA SR R G, A
N MU E AR R Bl g, UEdqA
5 TCIEIRIBAEAT X q AT B 75 B B R S0fE
B DRk AR 4y SR B R G DA
p(elQ) X qBEAT SRR, IXFEIEE R T 8q R
A B BB Sk L

b b, qFTE R R ST P Se i S
mdHE R B Eq L3 RE%L fit, —
MHPERRT CHEFD JREER SR,
L HHTHIE M “SER” AR RLIZ A B4 5
FREERI SR “SEIR OKRD” B A EH R
T Y p20" 2 SRR CSER, A HHTE
“SER R NOZ R R SRR (AT,

R REHINEL b r I R S S s
FRAEM LT3 ATBNH O M SRR A
U2 gk B Se ik . (EXhq M RIE Se A HE I, 1BE
AT DR FH AR I A3 10 168 346 5 A HE P 07 109 HUt q itk
AT, A AT AR PRI A o otade S oA i 77 7 157
X PR U AT (R SRR AR AT T B

q i) R SCANR] T A% G S AR BE R AT 55 Hh S 4k
TRPRI B 3. ARG SEARBERRAT 55 th SR TR PRI
bR SR HE N TSI AR B SOA, Tiq ik
FIRA R RGN, LA A AT E R
IR 3 S T 1) s el A 20 2 v AR SRR R
T EAT AR EE AR, G, g
R SRR IF R TR “Apple CRED -
BT KT, M SRR AR )
FERRETR) “3ER (AT IR R “3¢
R I midy VAR “SERIIFH AL IR,
WiZ “3ERT ARRMERAR IR AR ) “SER
OKRD”e N TR B R A4 i 45 B
By 57 STRFAE IR B 2478 FE Bl q (1 1 SRR — g s
2.5 SARHERTIER S

gi b, AT H AT SR B R SE B AR
SRINIRINBE ST, JCHAEUR AP 22 M 45 O HESR S it
£, BEBATE AR S5 BT LIRS e i e
REMISEARBERE RS0, AR1, FEAR 28T AN 755
A R I TR S BERAUE RN 2R, nfTrEiX
P BT IR L = A 5 R IR R — e il

BRIk BEAh, LETHSCABRE FE R 2 R
WA K dte 1) 3 A AH R AR AL, IR 1 3 4t
TRAE R AT XS PUREAS, RV 70 A1 A 7] T I 2R Bt
RIFEG], i o R ST B PR et — MR E
FWEFERIT A FRR, AT S AIEE R G AL B
R R A RS — A SRR AR B Hfb A AT
ETFXER, PAEMNRA LATERRA B TCiEHEWT
FP U AL R AR — A sk MR P AR [ —
MER TP R R AR BA —E LS
R, BT DS B T AU R il ) s A
L S B R AT SRR
SE W PR SRR AR A B R A B, RLRT
AR IR B 0 75 32 [R] IS 77 50 i) v F) SR AR i
AN B B R SEAAR TR AR AT SEARBERE

3 SRS

ARGV, SARHER RGN H bR g
€ F P udfedE 5 Ho N B B g AH DG — R 41 sS4k
Ey» BIR(u,q) ¥ Eyq o SRARHERE T2 i 5¢ sE
RIS HH G SEARHE P PR ES  M . AR, 45
S I udiin N B2 g BT B 2 ) SE e,
SEAHERAT S5 10 H AR A2 15 Ja 3R — R 51 He M58
LA R(e,) = {er, €z,..., €.} SRIF T H—NAT
iz 146 S 5 H P A5 87 SRk 18] B VT C B2 34T 4T 40
HIBREL, IRYER (e ) &M ik SR B A5 70 0 ek
ITHEF Ja, 2R T HEF 45 R A SR e 45
Eyq o SIRMAFAE AN SARHEREAT S5, B4 i 17 i
PN HEAL SRR, (BT 45 R U A I
R N2 T8 P udfE 7 U 1) SRR B E,, , B
R(u) — E,. BIMESZFRAHEE, HME LHA]
DA, T 48 2R 51 ) S AR HERE 5 18 1m) P 7
A SRR RIfEE R 35 22 57 . bAh, 7E48
ol iR A ER R, TAEEH P
NN, W2 FEOERE H RSk B S H A
K, HERPEEFREZAMEIG, MiiAH]
WS b 2 B H P A R AR . AR OCE R AR
) 4 2R 5 ) AR HERE AT 55
3.1 ISR I

FESEARHER RGEH, MRS R IUE SR H
P e SRS 1 ) S AR e AH O ik SR IR 4 IR
e AR EBATHIFR 5, 195e, AR SLAAEE A
R(eg) = {e1,€z,...,€,}. TREC 2009 tHAF7E—/MH
KSR IUT 5500, s SUN: 4 — NSk,
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(LA SEAR LRGSR T T BARSEARZEFIT LA
FE A SRR R R B B A, , il He, A
Ang TR R HRMATH HbrAk. BRIX
PIAMES A FRMIE, (HE R ATLEH, =
HIAFAEREZ T . A SCHE BN AT RS
HHAH SR R AT 5

SEARHERE R G0 I AH S SR R I, 4% FE e
VRS AR A G FE T I 2 e, BRTHI 5%
KRETLLA AL =28

(L FEFERERE % FR e & —Fh
TR SR R R R A TR R o SRR B
PR ISR e RARE SR F s, Rk, 7ERIR
PG b e, IR FE R R I HLAD S A4, #RAT LA
FAh B RAE e IR SHALE & GENK (eq))-
SRSV RO T H RS Bl SR 7 i
(5627128 3 3 3 A 7 KB (MR e Sk, AT LA
TUUN kit e, SRk sithke, € K (e,) AR
KErel(eg, e). HoG, MiRe, He LR T
FIEEER R, Mrel(ey, e, ) # F AT 5

rel(e,, e.)

1 e e ERIARIE T HEL R
0 B b Ao
Hk, W TAEmRE R T B RS, T
DASE T BB AR TH R P AS SEAR TR AR ABLEE, 1B v =
HAAS AR, fildn,  dn SR AN S A 25
SERRERMP (i “R-ER-HE T NikE
FrEes, Mirel(e,, e.) a4 K AJATHH:
rel(ey, e.) = simp(ey, €.)
3 2 X [{Peyve,: Peyre, € P}
 {Pe, e, Peyre, € PH + [{Pe e, Pe e, € P
(2)
IR A A I, e, BRI SRR — D EE R
BbAh, 3T ARR S 0 B H B AN SR 1 J 1
R SCA T AR BLEE AT, S S 1] (5
FEAF 53 o 0, AT CATE S AN SRR R B R
SCE AL A AR AL EE ), s L TR 2 (]
MUAHDGRE o 127 VEAE IV TEAK R 7085 70 A Clatent
Dirichlet allocation, f#ifx LDA) %45 E kI
AT, P ISR 2R LDA BEBERAT S0y
d X L) E R A B R Ry« ARJE, TR A
T S e, Se, HTr M RLH A F d, Hd,
() E ) vy, Svg, Z AL, RFATERAG X
TSI A (8] B AH DG FE A 43

(1

rel(eq,ec) = sim(eq, e.) = cos (qu'vdc) =

(qu)TVdC

lvag llva,ll

() ETHERALZNINE. BT HREE
RSk S R R AE BAEAEA KRB &, T HHE
RIS SRS TR RGN NEMW
XA, AT RARE TR R i IR AN T e e,
RIAH G SRR & . ARSI — Mo AP &
fER— MR P 2 R R AR kAR, A
JUH X LA RAT NPT BRI R H S —Fb
A RFZ Y8 S R R BRI, R IX e
5 BENS A B T A B S S A ) A7 £ B T 7 SR BBk
KF. HiEH, WLk Se R — MRS HE
AL, H RIS T 5 BRAE A S A i B
K, e, KMEEM RELELES (LS (e))-
ZSEHAE H BT A A ST D5 i )z R
RO, s Biite L5l S Ahe, € S(eg)s
DA T HAS EoRAG 5 38 2 (R A SR FE A5 4

PMl(ec,eq)

(3

rel(e,, e.) = , (4
Zeées(eq)PMl(ec,eq)
R AKAHIPMI(e,, e,)5E LT
PMi(e,. e,) = log—aleece) (5

ent(e,)-ent(eg)

e LRARA, cnt(e,, e,) e, e, 3BT
BRSTENL, Mient(e,) N e, MBI RS
e

(3) BT MR T BT R h It
BUE B AN Tt e, B SRSEAR, XML BARAE RUH
AP AROBTE R H B SR .
BN, A RRRTAHRAERSEH
P SRS EUE R, IR S e, MHC
(R FoAt SeAA . T B SEAR AT AT ik = SL IS
B PIHAR M 5 T4 2 H B R 77 sk
B IRSAR . NG — 0, "] LA T45 58
FIPR TSRS, B SE A rahEC S e, 3L 1 By
Sk LMD, (eg)), ARIEFHET D, (eg)h & ik sk
e, IAIIA G REX AT HERE , B Ja ARG
303 e T A BB R SR R, F e, I
WEAHR SRS (LND(e,)) . FET M TTCRY
TNEFERT L N = BT R R . B T8
PG VL ST SUR N .

B, P LA PIAS SEARAE 4G E SR AR
R (BInERE g R 2 2R 2D AR B
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CEFE R OREE . B KES R -FHZ
I RS T, SR g Kk R AR A
oI AU, AL R S R ) 2 AR R e
PRI SRR TAE. B, 1ZEVER @ PR
KRR G T R RNBEHE S ERE.

o ARTTIE R BT R TR B R A T
BRI Xk 3 B T LI AR vk
FEYR SR Z A 5| IS5, AT e i B — e i
PRTAITELE IR 2 O SRR 3R o IR BT VE 2R Y i
F oy e SRS AR T R A SR B ) & S AR
(A7 LE (R BE AT 70 M7 S ¥2 98 Hh SR TR) 1R 5K &R o
AR AT X AEACE W AN B, T
FEFE R G 5 AR, SBOLTHMATIR.

B RINEEEIE T AN B T SR A R
JE o IRRETG I A BEHE T AR ) I () LSO
BTHR SR Z B RO RE o TR EEER A KIS
B E RS B b B &R 5 EETS. SN
BB T SO EE R A 5 e B PO
ME RS0 v 5149 3 SR A e B0 4y
AR FRPH, 553k RMIE, WTUCRSE
wRGEAEE R, HRBGERERS. M5
FREB AR I TG, XI5 mT LU Bh S
BHEZ. RiEMEE s HLH2RIEN.

M TR BN TR MR AT FRAR I 25 51, A
WA AR I bR = A 51545 BRI A OC SR AR
HAT O, B e, MBS AR Ce,):

R(eq) = K(eq) US(e;) UD(ey) (6)
3.2 AHRSEAMHEFF S

FH G SEAR IR P 2 SEARHEREAT 25 A% Lo BB 0 o
HARH, 2558 — D P uPra N A siike,
HRSEAREER(e,) = {er, ..., en ) HRTAATE
FRAESS I BRI — A setk 5 - AR B
KA VL EC FEREATFT 70 I eR B, AR5 # IR UL TG
FEF X R (e) HHIFA AR IEATHEF

B, FEFEFEAS b, ATRUR ARG B B
B FEAE UL FE R ARAL B AR . AHORE 2R T A
AR ARG SEAARAE S S5 kAT AT, 1T
JEE B T LS P S s e AT . 1A
U, IR TR BAR,  H AT SeRHERE 77
VR BT AR R 73 P8 B T AH O FE 1) S e
1 7 P G T DU I S R O i,

HR, FEXS ARG SEARBEAT HEFF I, KB 735k
AR T7 1 A RS T ik SR 5 P u T A
B S Re, Z RIS &R, TR E AT RS

EHRETFEE (BT ER RS G
B S ) e Fe xR s A5 D) 5 A R
R, LR E RS H A RS BT 5 R
MR EFREEEEEH. Ak, BT
EEAM TR SR ENERE
B, XT3 TF S e 5 R AR e A s EAE
FH o 1 P w45 2 A BT 5 f B A A P whh A
[ SEAR M AP L, X T3 T SRR 45 R 1A
PR A EEEH . Rk, aTPUZE &%
F& _E IR PR BT B BT SEARHERE VR AT
¥ HRESHE LT XEE, a8 LTIk
5% (context-insensitive ) [ S A i 7% 75 vk 5627281
5 EFCHISE Ccontext-aware ) Ff) SR HE 45 7 12
(22201 T4 BT R P RS R, T
Ak Sk 7 7 02728 B AN P Ak SR A 7 T
\72 [5,25,26] .

BRAh, s A T 107 IR T R
B AT S R Je SR e R R, X T
T BRI, A B Y AU S5 2K
AW AT SRR o

1 ARFSEARAETRE 7k L

W RS MR SUEER AR

Spark ! v X X v AHIC
PRM-KNN 1/ X v X P
TEM &8 v X v X ol
LTRC 1 v X v v D
CF®#l v v X v D
ER-C-MT® v X v D

R 1 H AT SRR A IR IR B
ZSHHAT TICE . N2 B Hs. #5705
12 UA B S A A AR TR S5 TR %A SR HE R T ik
HAT ARG T

Blanco % AP T — R34 7452 > (152
PR T8, R SCAA 8] A AR DR BEHE e 48 R AT
HERE o ZITEMR R IR S5 AL T4 E Bl S Re,
5 1% 308 A 9K S A e B) R AR O B, B A SR ABE R
P(eley). &7 FFETHIAKIE, MRHE, #H2
Wl S DURFAE, JEEET 5 MHRIEE SN e, e
BRSO B EAT N VP e, 2 N AR
REEGRHEFR 2 I8 . 27 F A RAET
R & SEARIRI RIAR SC L, 11 A RS FH P x ik ade s
PREOEREE, DRl n] e TC AT Rt A2 I (52
brfE B /Ko
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Bi 2 NP yy 25 \PTHR I 7 R T2 H &
SRR B B SR HESE T, R e (45
HRs . A5 BT MR SRR . X
BET7 R T AR 2 AU R B RHIE (B an sk
B, AP EES A HEEFES. B, x5k
B A, A BE N S E AU S R R  A
WHHAT AR HERE . Bk, 4 — Nl u
P N B AT A ) S ike] , IX B 77 H bz
MR N ESHRERE P I — R 5, ef
DA B A SEAAR e A O IAFAE s FHEJE T AR Z4AIE 27 2
AR A S P udE R N e ] I X e R EE [
TR (w, el e), ANTITHR AR D4R B X s A5G
SR G HATHET . SLIREE RN, Sk SR
2 T FRAE TR A U RRAE, 6 T3 T Sk HE 2
RGEMBRAAEEREEMERH. X4t
B, FERERETH )48 2% 5 B R SR HERE RS,
R Gk R OC RS, T AN R PR sEAk
BIDGEBIE, AR MEA R 2 F P 152 E B R
T L5 1) 32 BEAS S SR AT 2 R P g S A
JEME S SRS 2R, T U P ) S B AE
R AE 52 2% FFORFF A T Hr, AT AN T e A b 2 5
M 1 e g Y [ SR B BOR o e Ak, T IR 2y
TR T AU DG (R AE, DRIkt B8 A A 285 1)
B HEAT SEARHERE, T e vkadad — MR A
AR E W IAT AR . BT ER RS
RN A () S R T e I, an SR
B B W AT SCARHESE , T 75 B IR E —
AN SRR . F R PR A PR 1 I 4
FEOTEEAYE, N T X e A R B
HH I B 1 S FH PR

Huang 2 NI T —Fh di S sk 2 8L S
FHOCSAARHE PP PR 0 3 AL B P SE AR HEFR AR, AR
P B AR 5 P e o P HEFEAR G HL A A 1
B (serendipity) Hysifk, Bk, 25@—AH
P ur N2 i) Siike,, , 120775 B bR il
tH— &5 He, KA LAAER(e,) = {er, ez,...,ex}
I 2] — SRR Aik L whHigade A 56 S ke Y
PBFERIFT 7 BRALS (u, e, €), MRS MR E 77
IR R (eg) P SEARBEAT HEFR - O 1 BE PR T 5K
RHEFEI I B RS, AR X I =R (A
KPE BAMNEULKL GBI Wit T =4HFHE. S
e R, ZONEE SRRSO R ERT
TR RELL 7. THRALSLES (ablation study)
(1) &5 TR 3R B M0 B REAE 2 L B IR AE, B

AN ERHIE RRE 2 25 A Bh AR TH SR HERE R
TEE EH R 5% BT e E 0 S8 45 Rk
B, %R R SR HERE 45 SR OL RE 2 2 SR T
PZ5E, (BN RZIETZEREE TR
HEWSk, MAREEBER—HRIETH ET
NER.

Fernandez-Tobias 2% APPHRH 7 —FhdE Tid
7. Cmemory-based) [SARMERE T, RAEIER
SN PAETEA SR . Bk, 4w — M
Reihs SRR Re, ZITVERH bRl
ZHEMRMMEAEP (els) = Yzer(s) P(e[@)P(els) . %
ARFIIE () NI R 2 ihis T P s i ) se ik 4
&, P(ele) Nskike SelAIMAHLEE, TiP(e|s) Ae
5 sHIRREE o 1% 7755 T Sl 0P [ A 37 5
R U T R R R A R AT
N, BEASZ IR TR . AN 2 2 Ab7E T 1%
T MO P AT 98, DRI AN ] 38 A 3
22 TR ML S5 B3 A, JCHRERZ A
FAT AR KR AT TE R DU k. thah,
51k SAREE & IR SRR, 20 E R A
SEARFACLEE R EYIERL, T I 9eds B b s Ak
SFFEEANWT L, I Z) TR 3R 5]
HH ) S s 7 1 R

T RS A B T SRTE A DG 1) SEARHERE
G, WEXNBREEH P ERYE SN RE R
AT . ik, Huang 25 AP H 7 —Fib
FET RS ZAT 5525 ST 0 R SCAE G IR SE AR FE A%
R, DLETR SO G SR HE R A B %S, IF
)T R 2 B s A5 B Cann 5 & w7 410D
oK B U B U AT S B R B, R
HedF 5 HAS DR R AR Sk, BkHh, 455
— &g, (FREATHRET R E &I,
Bt = 0) 5 4T R 21 HHT Y &7 51 &
) E N e=q1,q0 ..., -1, ZITEHIHRERE
IR 2 2 S — AN RoR R B, H TR g Sk
R BRI, » TR B A DG SR e e A g )
T, e T AR E K, Sv, Z [AIFAH
fBAEE :

P(elc, q;) = cos(v,,vy,) = vé U ¥P)

lve llllvm |l
fi Je P 32 SRR BE A5 73 X6F i A 0k ade SEZ A it 4T H
Fro B 10 SR 7R 2 ARSI BRSO
R SEARHEIER Y (N 2% 458 . AT LR
MFHEAERS LSRRI E (B 5




14 DA 1= 2019 4

bSO A SRR BRI S A S

P(dic, 4) P(djle. g:) Plexlc, g1 Plele. g)

| cos(vi, v») | | cos(v;, vy) | | cos(Vk, Vm) | | cos(vy, Vm) |

[ BiLst™ | [ BiLst™ |...[ BiLstm | | BiLsty |
q1 q: Gt G
\ . ] J
AIFEEH (B3 e Sl

PSS R CRR
10 JETUREE 2 AT 5525 20 9 b F SCHR % 1 S pdc i 2
T (g 9 24 5 4

Ay TEPAMESS AR IL R, i oA k) 25 J2 1)
FEAT AR (B 07865 L= RoR@ e
A5 2 2 Bhri AT 52, ) R BN L=k
IRV MR T MRS S A AT AR T
SR 5 SRS 2R R I 43 @ AR AAT S A R H
PRHEITE ). SRR SRR, BIN ETFUERRE
% 1 S5 PR T SEARHERE I AAOR, T BT 2T 552
21177 NGB B 7 SRt — 2P BRI Tt
AR Z T T R R T i) stk 5 R —
WRSAEFRF S, 1R EERSTERH
HAh FFXER S RGER. B, HPE
MR SES P RS E . Ak,
T AR S SRR AT R IR 2 2T ISR FH ) Sk G
5, DRI ER AR N B9 R 50, AR
b2 THT s T S AR (04 3 3 Il R
3.3 SARHEFEVEM FR AR

TE X} SEARHEFE I IR R AT VR S, E AT
AT ER LR R BTN STEZIT

Wro BLVPAN B FEX AN R SARHERE J7VE 45 H 1 S
IAHERE S R B L E BT VR . ARSI I & 1E
TR I B RS FH AT B 0 A [R) S A HE 35
SR P 2 5 BTN .

FESEARHERAT S5 T2 R B &P 8 bR
FEAFHEUUT R fran R 8 (discounted
cumulative gain, fEFx DCG) P75 P43k {5 %k
(mean reciprocal rank, f&# MRR).DCG 5 MRR
e fE B R H TR i E P 4R, 1
J 3z ST P A R 45 R AR . N T X &
HEP R AEA A AL B EACR, EE ST
ANAIR A i E ) DCG B 5 MRR B &l Fr4h i
()50 550 A AT LA . BAHESS e HE P AL B p AL i)
DCG it I AN T

uq
ZrEli -1

— \'P
DCG, = 31— (8)

16 LR A, rel™ € {0,132 F P udiin \ O 2 1) 52
e FRIAH < SRR PP 45 3 b A TR P A B i 1 S
PR ZJCAHRME (1 RAEDE, 0 NANAEIG) . Bk
DCG A 45 s Ml i BT A MIAFE A ) DCG
SRt RV SR TSR . TR N A RN
YIHEF BT E TR

1 T 1
MRR, = — 3!

|7| <=1 rank (e;‘q) (9)

fE BN, e N HUIART 5w
N )2 i eq FIT 0 L PR AR #E 24K (ground  truth
entity), rank(e/) W ti 2 € HE R IR B ifi o2
(e FIHRP B . A SRR HESE e ™ A AELER)
Hip MEF AR, Wrank (e ) HUE Moo, T3l
HES.

LN BEFNH RS RS S
FEo T BT BN R SEARHERE T - 2
55, 850 RS AR 4 R i 2
(clickthrough rate, fijfk CTR). CTR s&—F T
PR E BRI 55 ORI R Fads, Bl el AT
PR HERE RGRCREE. PR A R R K
PR R T R 45 R AR, ARSI A
H, FETORE LN IR S f5 IR A3 M ELS F P 2
AT RO R 7 S P e
Xof R S LA AYB i) 7 SR AT o 80T A
FE 20 HR SR o 5 AN SR AR HESE J7 0 RL ) CTR
B, BURIXSAN R SEARHERE 7 iR M P 2 5 RE AT

1 https://en.wikipedia.org/wiki/A/B_testing
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LAY . CTR EECK, IR P25 &l .
CTREMITFHE W :
Zequ ZeCER(eq)CliCk (eqvec)

S S ————
fE LR ARA, R(ey) Ne, MHETAEEL,
click(eg, e.) N FH4% K e, I Xt Sk, BEAT 25 i 1Y
HIRHL, impression(ey, e ) WV e, I
JRLI S ke, 1 VLT R K

KB, N 25 R 1
JRE, IR S O — A SR iR
AU ESERNSEE . 5ELTN R
b, BRI ST B S H I AT
W, DRUTER PPN 45 SR SR 2R S5 1 sx
BN R W) £ o 7 H RIS HERE ik,
Ko TAEP 2P LR T iR, R
A TAEPER A T E& R, SUR
H T EELIN T
3.4 SEARHMERE I

THT ) 48 2% 5] B 1) SEARHE R AT 25 R BT I LA
AR R AW SR K AT Sk
T B RREBUH . 1%, RIS Sk
T Pl K E B2 S B0 SR 594 8 3 TV 1)
B, AR URZHk, Huang 28 AR T —Fh a4
SR R IR -5 FR S SR HE FE 8 2 TR R P S
HEFHESY, RefEA AU iR . —J7TH, 1E
MR R BB B, BTN T AR R, R
H & 5 W9 T SRS IR = Fh A 5% Sz & B 7 1% 11
A, ST SO BRI S B SR AR L I SR 4,
T Y 3 st a7 1) 5 X B R R T A sk
5 A ) SR A S BESRIEAT A Rl AR K H PR
TitHEE. B4, B EA SRR B
51N Z Pl A [ 2R 20 (5 i - 35 13K SR i 2 ST HE
FEAREAY,  BENE BN AT R Kb T 7 ) B S AR )
HELE 108, TR MR T AL G805 T P )t i 1 5
VEPV T AR P e A AT s i s
AR SR B 8. Ik, P ERES %
Hr N [ 2 ) 1 0 RO, A R A
SR HEAT 0, BT AW SR A BT SRR,
VU AS ] T b 2 52 38 oy R RAR R I RS . i
Peix —kdk, Huang 25 N5 Fernandez-Tobias %%
N T U T S R SEAHERE 73, T 2L
Mg 7 el TR AT SR HE BT T B0 H g
W f 25 1 2K 5 4 B AT SeR P P R IR . B
Jei, SR HEREATSS B E N R N B T e 2

CTR = (10

FHRSEAR,  ITTTH B P R U ER R S, 2
TP R ARG . SR A T A REAT R RS
AR, S B s, & TEEA AR
ST R 2 B4 PR P A A N R 1) 2 9 I R A ) S A 4
FEREE 8L WTEONIX e P SR AL
ENNILF A PEACHERE SR . Ik, N T g
Mo R AR BRI R, AR SCAAE AR 2%
P dF R B . AR, fEH R 5%,
PRES TSRO PR S LNID (Y SR PSS (27 S e
— b, ZATHOE T AR T AR i
L3148 2% 3 s o2 A K 4 2 ) s 02720
FFH P X AN [ SEAR ) > AT g PP S 43 B i
BRSHRHERR SR . Horp, R A
FE AT R 2 1l AN I BT B e & S e i
GRS FEEE R RN, A7 BT A
PP 2 TS R 20 O A [F) SR B 4. TG
SO 2R D S e P P A AN RIS TR B (R T AT
RS B R R 5 R B, B
P IRIDGE, A BT @R AR e ik
PR 1A o

AR, BARSEARERE TS 1 BT TR
WEFCRCR, (HAZHE FC T SR A7 A BN A 145
figh R (1 2 ) L«

(1) UTEER, 9 7 fErE i SR pe 5 P
ORI TR, SRR O A% M AR A 52520
I BIANEAATP, Heah, Sy T R I S
AES5 M IR TR AR, SCARHERE tIZHT
S T Sl 6 R B & S N N P
ORI AR AR R iE oo SR D R
PP A — B3 SR YT AR Ox S A R RN R AT
RO & ARk, DRIE AT BT 7T
TAERERS [ 9 P SRS PR HL R SO SR Y
SEARIERESE R . O T SR UERELE AL B R S A
FEAEAE R, 5 B _EIR Bk SR N HR 57k

(2) BT SLARSRARIS M A (il = B ES 5 ™)
R BB S E, KUk H TR sk fEr: ik
(5/6:25-28134 1 b R SRR BR S (0 e B AT . T L
T BE - AEES AR (Bl “ =B
HEBEH ULROEAEM AR (i “4
LIRPE G R IE ) (s A R R B
AMERFSE,  H AT SEARHERE THVE R R XX IR &
T AREE . SRR AR IS A AR R 5 R A
AR A AR, Bt Li 2 NPT giit g R
A 48.8% 1) B N SEARIRFR IS M . DA,
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N T RIS S RAE %, H Al r
A AEZ 51 %, FHIWE . Google 333 Fr N 44 E
WHEAT SCARHERE, MR E W RN “ B D
HHEEF” CHEE. “HaRAE S KA N CF
J£). “Einstein education” (Google). A T AbH#E
R, 7 A B R AT SO
M FR A5 2 ARG SEARHERE 45 0 . IX sk
PRHERE 75 1% S v F 21 K RIS 2R 5] 4 B 2 T i
Pk 2 —, DRIt 75 B FLAR B0 N 7V

(3) FEGBLR F R SR K 4R BE I, H AR
FR 4y S A e 2 152 P LA T A R
P SEARIE — BRI SEARA PR SRS A K Sk
B R, AR I TAECME T Sk d
AR, MAREEM TR ER . S
A IR A RN T SR O RS B AR B B AR
Mo —J71H, B IR PR T I SR ) 78 o
A, PRICR FH SEAAR RS B B T 22 il
SARRE s R A Jy— U7, 5SAALRRAELEL,
SRR EH FERIE B R, AT By
SARREAT R I SR R SR R 4
SR B LA Aoy, DR T AR R S AR
M EFEME A EEEN . T XRS5BT
AR HIAE S, By A ] 24035 S5 2
BEAT AR DGR RS, 12 SEARHE S 7V 5 Bl
kR —

(4) H RIS Sty 7 102> 2y i
T IR R H 35 i P SEA e Bl kAT
BRI LR, [RIHOX LT iR AN E TRk R 4%
JEENI,  FEERZ X L8] HE A T I A%
PR SeiRHERE REEM R B, BAR Blanco 25 APER
MANTARER T RS EE L, A BTS2
P AT B ), AHIZ 77 AR B EE &/
HARE R M 5 B S T I R 7 SR Z [AAS
AR IAFAE R . BEAh, BRI TR AR
k= M AT 9B B 7% 1) A ) DA AHT SR Y
HERE W BT LTI AL 50 . 2 R 3l il At 2
W SEAAHE R 75 10 8 B AR R 5] 5 iy 1 i
FIPRAR L —, DRI AR 5 220 AR B R fig o I 1

(5) SEARHESR F 48 H AT 52N A T R
RO 5, BT AR AN R i S
JEE BEAT BN R 5 ROV o KRS 1R
FRO R S — TR AR I A B0 A, BRI H AT EY

1 BTSRRI 15 R ARSI RT LA 7R 2 7T R SO T RER

— B A B s T AR B,
Freebase®. DBpedia™@. YAGOPLL & NELLPY,
i1t — 35 43 T A O ) i 43 A5 T A 2 A A
BRNREE o BT8R T ) SR HERAT 55 1 KA
FEBOH P H SR, A TR HuE 41
Jr AL I T TR e (1) N TR
RA s B AR EGR E WA AR (20 AT
FRVE A M 5 56 B R A P AT TS
(PIAHDCME 2 R P  AA w22 - IRk, HAT
(B oy etk ELP PR TR AE S
Sepk s B, A 3h A BRI R T 75 (5L
PEtE . RA a4 75PN TARE (5 23k
AR . T R IF BOSR S0 T St 22
TR G EEL, R D S I R B 2 i i AT
AIHAEAE B A 2 —

4 FEFF IR AE AR

FERSEIHEAE RYER, THILsh R
SR 24 L T AR ) 4RI 6
BREL WANIE. A BRI T
MRS, BB T ARTHERE R L0
oy A SR IO, (EARAERT 2SI R
WRRRHERT 45— X BRI EE I T 47
RGI A EEIN F AR, % 2 JUth T RS R
HEAFIRFERG 7 KT FLARY, A F 2 g
REEANG, HATRERRI T, BLRAT A A
AR Bl AT AR, (H R
RS MR AL . SRR RS,
2 O L PR HE 25 45 5 5 HLA R 76 R L A
etk Pt MR E BRI AETBI B, B
SFHR R e, (RS S T, MR TH
Wl HOR. FTTEREL R K 44 R

R 2 AETE RGO RE R H bR

H bz 7€ X

iEWIRE (transparency) flREHERE ARG an] LAE
TAIREAL (scrutability) ik PR IR = T AE
A{EEE (trust) TR R R GRS 1E
3 Ceffectiveness) W P S A
AR % (persuasiveness) PO AT 22 1
R (efficiency) F B P SR PR AR R

BT 5 P S
Hkth, (ESCORHERES, 2R &R g0 HAREE H)

R (satisfaction)
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FURA BT EWIR PSS SARHERE SR, AKX HE
T RAAT L BRI RRE, R AT REAS 2 BRAR vt
LIREESTR AR B O, BET X HERR SR
FRAEEERR . (M, SCAARHERE RGN R B AER
PRSI B F R RISk, B/ 24
ftta 2 HA BRIl DUE T e il
HoBRME . RS IR RS2 e I Se RS R . AR 11
MBI PR RN R, IRAESAR
HEFE S5 R A ORI AR AL B, AN 7R S I Ay
TR, I T e O X L SR S A
ZIHMAHER R NEHRRTUUE N, #ERFERA
PR [ O YESEE S HERR PR PR 5 SR HERE B
EaMEREN SR PN RINBE 5
“RELI BRI R 7 IR T B SRR
G 4 DR SR LA IIEFESFE, ik
JREDAN- AL SHkE S K ) i S R A N ]
BEAS SR T IT TR SR e B e, W REHT B
PP BRAE B SEAR 5 HAR R 755K 2 [ AE AR
AR

S@N—H e BREE B HERE R

E Q (= umH

B2 FEBER e SLELFK

W“amPﬁhMEﬁm

E] 1 %ﬁ%ﬁﬁﬁﬁﬂﬁﬁi%?ﬁﬁméﬁﬁw

DN SEAAHE 7 45 RGN 3 27 B b A7 A8 1 2 Bk
o oG, TSR RGBSR RS
5 SRS ZS G 7 AT 23 X ER
FE SR EE AT 5 BN SR I Y b AN [ 248 P S 2 ik
AT B MR . R, PR R S R
SRR AR R, Skt EE 2
A2, IXNEEEHERE B 5 S AHER B f) 2B e
K TWARHIBER . )5, MR EAESR T I AR
fRy 2 [A] Lk P AN G AR A o ol BBk 4 AL RE L%
B BSEARMERE N ETAR, WRENATE

Frmmmm o U P BT ————————————————
l——— 7 e AHEMEWE -
G ‘ | AR kil iy
N iy EAA A hIA] H A | setetEm 1]
! fitta%A || mES LR
| l L
IS % :| e H e ‘ i
I ppmn | | [ SRR ot A4S |||

: R

K12 SEARHERE AT AR P T 00 32 2L 55
P R S HERE BE AT e i 1B 12 MRS
T SAAHERE T R MBI T AR R 0 B S
4.1 HEHEFEHH

O AL B AR g SRR 5 5
JE T2 AR R T R A AR AR AR SR,
M5 (L PR 5 A Xtk — 0 1
R SEAR . BAh, O T AR BN B 4
EEBMARNE, EREGHEEIE R RS
R T RAMR MRS B 2R E . B,
5 MR M, SR — BN Z K
Je” HREFETH 0 e G R R 2 515
fERE, BUOAEEADURBE 7 &l “RA7 Sk
Fedus e A LI EIERD PSP R e !
PHERZZE RN FE AR TR . B,
N AR A T B IR R 8 P N A
W, AR RONE D AP HEWERIT
EULR S BRI T %,

ST R KIS A HER B b AL BT R KRBT
LA 2 Thn a8 5 3 TROX PR T5 v

(1) fE4RTSMHERE RS, EaHErF B
I HRRE 2 AT SRR 1 P T AT AR SEAR KRR
JEE Sy HARBHEAT BRI, Gltn < ABSCEh 7. AR
KW & ERXA S SRR B R RE SR HL P
A, XMECERDT — B TR R
PR R AE SR TH o0 SR 45 RN 2 FE 5 15 4E
FE R IR. NZMHX— i, T LU s
R BE 43 HhR 25 D0 A R I 4 b e 105 108
B, 5 “H R AN R EYIR”,  “H
KIED” AoN “HRZ WY, ITRERS A H]
JUE IR BAR HAR B 4w S

(2) £ SR G BERSLARHER S R,
A IR T B AR NIR T S5k
THRB B E RS . XA
15 5 AR Q) 7 B8 o 7 L 1 55 Dty R A 52

1 HUHE SRR G5 SR it BESRORE SRR 2l 2 PR
TESEAR R I7 RO IR ZE 1] v, ] b Z0Hs A P8 T 44 3 ] 72 5 DA A
TSR 4 B ey ) SR B 23 18] — RO TR A, 3 AN 7R AT IR 46 o
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SRR 25 R A RO, I, KA
TS5 I R SR R TR 84
A IO ™ 0 YL B BT i
RS 8 PR NG S L S R
% 9P B HER TR et R RO
B ORI R T T AT AR R
o,

S 7 1 — TR AR P S
HURLE 59210 S A B A K O P P
TSR MR 7 2 A T ikt
AR O T A FLRA i, Tl i
R IR WS 3 £ S 2 BT 4 A R
(e EREITHIGRE N AR RS DRI i 5%
ST IR S (5T

5 BRI S HERR I H1E T 1 T
FTARRS o WA RO F IR B
S5 A L 10 25 S TR 47 11038 R A5
HEEE T, U LSRR 38 T R R 107
01, 40 s 54U R R L
“RER™ RFEETBUR (Bl “ S8R0
DR PEE] " ISR AR A e
S LT DL T8 AL 2 AR SO A
B2, P S AR A 5
S 206125140 % SRS LU RO 63 1
NI, ARJFFIE THUR (i < ST 0R]
[ 61T FE 45 2351 ™) BE7E 1 5
2 PR SCAR, CTR HAT LAA B
HIKSE £ R B L AL, (2 2 e T
T 4 R ELRR LR .

42 SRR

TS BN PR S TR AR Sk,
BUNSRA S Y H AR . teAh, A
TREME L v R 3R 0 A S A A 1 B
B, 75 BEE SRR 7 A BR %) 23 1) B J s s
EHER B BN 2. L, 7E AR Sk
ARSI 2 G, 3 7 B A R
SCARHERE R AT R4, MBS AR T B
SRIVFELPR A o T T 43 R SEARHERE R Hh AR S
FEAEX AN FALSS AT N B 507
4.2.1  SEARMEFEEE B AR A

SUARHERE B B AR R HE R SR S P &
W FTZE & A8 R TR AR BRI AR G, A
T 5 = A 75 A MR — 20 T i S

ML 1 AR AT B I ST AR HERE 4

R L H, s SRR S
AR, A S5ERITER. Hlan, fESfk K
BUR SEL” Ry Fr R R R €92 AR 45U
HEEWLIL”, $t T HRE RS E “mey”
SRS AE ORFUR S X PSSR [A]
KAMIFERE . TEREHER SR “FENER S50 R
Ji PR Rt “ R E A R E BT
WARRE T IX AN SEAR ] 0C 2R o 17 70 B HE 7 S A
AR ANAEID MR 5 5T R 4 R
PR “89 2 R ERG” 5 “EH
BNRABGEE 7, W R 5 ET sk %,

TESARHEFR G5 3 T 7 R L e 3, BR8
B P PRI T A ) S A R S AR R R o8
R, BE BHERE SR B R IE RS B, T
WA P GRSk 5 B T & A A7
TEMRRBERR, FUCH BT SEAR 4 R
[y 5 B A 2 L33 304 g A ol s A HE A B
T HREH AW, LA T A
PR SEWA M DL S & W ITE R T

(—) SRR B SEARHESE BE A Ak

ARNE BRI SAEHEE I, HATr7r
LB E T AR R TS e A SR
KA M =TCH< e, 1, ¢ >, LEBLBEIE R e,
e 45 7€ K Fn (0 HRTE F 7)1 A MRIRTT
EREAT L3 LT K

(1) FEFREMR A7 AR AT LA N CARTE
BH BN )RS . R AT N TR 1) 77
SR K R AR ) TR B 54T, (H A AR
ANTHMRR . B, XM ERE AR
ERRNTARE—EHERIBNR, HTREARZ
BN THRERAS &, FEOZTFRMENH TR
PR SRR R ) TAE TS b ik, BAR
TR REIR BR = e 2, (H T AN TARVER
R A AR, A [ R w3k,

AT ARk EIR I, Voskarides 25 A\ PO4E Hy
BT AR B 3 3h 3R 1R 8 SR O R IR )
TR, REAENEZENEXREH = TH
< ep, Ty, e SEMKAMREA) T, W

1 AR L B R P b S LR AR S A 5K R Bl SOk
RO R, Bl TR 5 “FL”, R EER K
RATEER, (HIXER AR MR 5 (E R R L, TEAT
R SRR 25 oty S S AR HEAT VRN 20 0 SRR o 9 1 SE 4 gt
RPN SR 2R R R, 1R RIZR RIVEA R B IE /) T &
KEH,
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HB BT SR X e, 5 e S LS MRS GT B A HEAT
SR R AT o X i RS AT R AL B A S A
KANARE, B, T RKERRN “HR-FH
-HLES” ) =02 KOG R AR ) AL R SRR
R R, ARG TR 1Z0C R IE A 35 o AR
(Fan “[HRE]R[A T H A [ RE 2R A R,
P [V B3 )40 . 7). A e =t < B R 2
Ph, EiE, ALIRRMSHT, JE T2 5 AR g
HH SR B RS B (9 I B S A L AR AR HE i A
"5 RAD, B AR R A) T ALk
Mot e AL B E RS, B /R 28
P4 298 . 7 AEIZ VRIS 2 Z AL AE T R0k
ARG LAR BN B SR EEAR, &
T BUAE SEBR R MU S HE SR 2R G818 Hh 1 A 1] %
BAG. MeAh, BT AERIIRE A I RIE TR
AR e, 2582 i 2 R,

(2) FETH)TFRRM . Voskarides 56 A\
(2hp S SRS AR e R AR ) TIX AL S5 AT T
WS, P TR RO (pointwise) HE
P BRI SEAR R R RE AT 3RIUT % 1 e A
SESCRY I iR A, RE R T AN T
[RFIEXT IX B i ) T T HE, M 3kE 5%
E = TG TR BRI AR A1) 7. BARIZ T VELE /N
PEHE (RN 1,476 AN =JCHANThRiET
5,689 M) FEUS TEUFISEIGEE R, HAERN
T RIBE, BTSN AFER TS, o
P, KIREUIZR B o) 2 T B ML A 2 21 7k
MHEF R S B E . T A ThRERAR
B SR FH IR A 7 12 ) 3 RS I 5 B At 7 5
HR, AN T R IE N 25 7 1 2
FH - 7E R4 E ok R P AN w8 G 2 HE AR IR,
DR b 35 N AR AAE (0 HE 7 A5 28 (1 38 R AN T
2257 BIEERAL B 1 FE I

SfE e BRI S, Huang 28 NBWMR T —Fl
BT SR Cpairwise) HEFP AR R SRR SEAASE R AR
Bt TR, I CNN S MK B2k A
Hh 2 ) R SGHRRAE s AT TG 75 A5 N T THARFAE
BeAh, ZTAERIRE T — R B TR 51 8 i
H & B SR I B8 1073, I i
MREEN TARESRIOI G55 d - B 13 R T iz
HIR 28 4504 o %M BN A — A A1)
qs =< ep, Ty, e > XM bR, St Bty i)
=< gt t >0 Ra, RAITA A E S5 K
AT CNN MZH g ¢ 2t e b & B R

) BN

| Loss(gs,t:, t;) |

/\

| wosw@)v@) | | eostw@), v |
D v 1T v(t)
CNN | CNN EN@
t as = (ensTirer) b

[TTTTTTw()

B3 SRS IR 1 Y 2 45 4
v(gs)~ v(t) Rv(ty). Hea, ZARAIES] HpRZ
MR B (), 15 5q, EMHKIL, HEFR2
H Ay, R

cos(v(qs),v(tl-)) > cos ((v(qs),v(tj)),

[ v(gs)

A

Vqs, ti, t 45 5E rel(qs, t;) > rel(qs, t;) 1D

SIS SRR Z TR R EN T 2R 5
BITVE . IXPR T AR L T i TG I ) SR
KIE H 2 PR R I SEAAR R R a) 1, HA
JEZANAETHERRZR A, AR A BN 31 S Fr e
HRAH,

(Z) SEWICR ISR SE BE i A2 Bl

S AR R SAHEEEEH, HATK T
BN E TR AR 40E — S ike J
RG] Fsent, A RGEETEREIR1Z SRR 2 AL
fal L KRR B RE S Rikeh (BRI “SRAK A7,
PASEAR “ DUhroe 7 (e) B, 4E— M
WAL AT B a) 1« Dl v SE 52 S E Bua
A, M\ 2009 4% 2017 AT 44 AFEE B 5.7
(sent), SEARSEmUA AT S5 B A5 & Msent A=
B — N 5 SR e AR B HARTE § Rk “28 44 4%
EELDSG” (eh)s

SEWTRI SARERE B A 5%, Bl
PAFE T SCARAE TR E . N GX — )
Huang 25 \PHR H4 7 — Rt F 1751 315 512
(sequence-to-sequence learning, iFx Seq2Seq)
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Background

Entity recommendation, providing search users with
entity suggestions relevant to their information needs, has
become an indispensable feature of today's Web search
engine. Over the past few years, major commercial Web
search engines have enriched and improved user experience
of information retrieval by proactively presenting related
entity recommendations for a query along with the regular
Web search results, which can help users to explore and
discover entities of interest.

Existing entity recommendation methods can be
categorized into two groups: context-insensitive methods and
context-aware methods. A major limitation of most existing
context-insensitive methods is that the recommendations are
generated based solely on the query, without considering any
context information. As a result, these models may fail to
generate satisfactory entity recommendations because the
query itself can be hardly sufficient to understand the actual
information needs of users. More recently, several studies
have tried to provide users with context-aware entity
recommendations. Compared with  context-insensitive

methods, context-aware methods take into account the query
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as well as the context when generating recommendations. It
has been shown that the recommendation performance can be
significantly improved due to the help of context information.
In addition to the main task of entity recommendation, there
are also two sub-tasks need to be performed: 1) entity
linking, which aims to disambiguate the entity mentioned in
the query and link it to the corresponding entity in the
knowledge base; and 2) recommendation captioning, which
aims to explain the entity recommendations and help users to
better understand why these entities are recommended to
them. However, the above problems have not been well
addressed and remain considerable challenges.

This paper summarizes the previous related studies on
entity recommendation system in Web search engine.
Specifically, an entity recommendation system mainly
consists of the following three sub-tasks: entity linking, entity
recommendation, and recommendation captioning. The
challenges for these tasks are presented first and then the
methods used to address them are introduced. Finally,
problems are discussed, and several future research directions

are suggested.





