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Abstract  Entity recommendation aims to provide search users with entity suggestions relevant
to their information needs, which can help them to explore and discover entities of interest. For
this reason, over the past few years, major commercial Web search engines have proactively
recommended related entities for a query along with the regular Web search results to enrich and
improve the user experience of information retrieval and discovery. To help users better understand
why the entities are recommended to them, it is also important to provide explanations for
recommendations. The task of building an entity recommendation system presents more challenges
than the task of building a 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. To address these challenges, the

following three sub-tasks should be studied on building an entity recommendation system in Web
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search engines. The first is entity linking in queries, which aims to disambiguate the entity
mentioned in a query and link it to the corresponding entity in a knowledge base. To improve the
entity linking accuracy, an entity linking system should consider additional information such as
the query context and a user’s search history. The second is entity recommendation, which aims
to find a set of related entities to a query, and then rank these entities. Specifically, an entity
recommendation model typically consists of two components: related entity finding 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 needs and capture a user’s preferences,
an entity recommendation model should exploit additional information such as a user’s search
history. There are two kinds of search history: short-term search history in a single session and
long-term search history across all sessions. The short-term search history, which consists of
in-session preceding queries and clickthrough data, can be exploited to help understand a user’s
information needs and capture a user’s interests on entity preference in the current session. The
long-term search history includes query history and clickthrough data across all sessions for a
period of time, which reflects a user’s interests accumulated over time and could be used to capture
the user’s intrinsic interests on entity preference. Therefore, in order to generate more relevant
entity recommendations w. r. t. the user’s information needs and preferences, it is important for
an entity recommendation model to exploit as many search histories as possible. The third is
recommendation captioning, which aims to explain why two entities are related and why a group
of entities is recommended to a user. Presenting related entities with plausible explanations can
help users quickly figure out the connections between the query and the recommended entities as
well as the key facts of these entities, which in turn increases the understandability of the
recommendations and user engagement. In this paper, the research background and the challenges
of this task are presented first, and then the related studies and methods are introduced. Finally,
problems are discussed, and several future research directions are suggested.

Keywords search engine; entity recommendation; entity linking; recommendation captioning
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ERSCR AT REAAAE 2 A SRR AR AR R B T A
UCEUNS — > SE AR BRI AT I B TR G 1 O 1 3 A
FHT TR S SRR FRAH B 2Z JR) AR 5C & X i A
SR BRI HEAT I I

R0 G 1 e e S AAHE S O 1 EE IR E B A
SEARFE PR SLAATE R A BT ST A R SR ) 44 R
WSCRY FAEE S B A W ARER S 1k SR HE Sy
JEBE T ORE B W AR SRR S B F K
SRS FRFTTERY b SC RRAESE B AT LA B R 3C
TC ORI FRAE CAn S A 1 4 BE DL K 5 A 44 5 52 14 48
AR AR BLRE 55 55 1T SCAH G Y R AE CAn SE 1A 45 FR it A5
EE A i 1 S A A 138 SRS LA K SRR AR T AE BT
S5 06 3 SR SCRY 1 3 SCAHBLBE 25 . 51 B Dredze
SR T R AL L 43 B R 4 AR A G R
iE A BE {1 RHRR AL L BARE AR AE L OB RRAE DL R AR AIE ZH
. Hh 2 SR A G I R AIE T A Y R SR A 4R
PR S A 4 1) S T AFL AL BE | S A i R 2 A5 o SE AR Y
465 B0 44 55 2 T R R A ) S R T M Dy T
(O ARRAE o A BE P A A S AR B R SCORY R AIE 2 02 A1
SEAAR BRI AE SCRS LA S SR A i R SCAS il B R
fiE. Zheng % N4 T = B4R AE L 4 I 2 2K
(surface) $F1E . I 3 Ccontext) KFAE VL K 435 5 4%
IE. JFG v 2 TR AL A R A SE AR R R SR IR 4% 2 T
() TR AR RURE o BT SRR AR Al o Y 2 S A s BR 5
VESLARAY BF STRYAH G, FR IR R AE 25 8 T 31T 44
DA B S A5 iR A5 28 S 4R 118 28 53]

[F) A 1 S AR FRAEAS [l 19 18 SCF AT RE 2 i 4
FIAS[R] 4 S A n o] A7 24 Hb R S5 AR 48 BRI 1R 3C
B R T SR AT 5 A OGO T A 2
) B SEARFEFR A b 305 5 0 IR 2 Ta] A Ok
He % A7 38 8 7 — F £ T DNN (Deep Neural
Network) B 757 % F] H| DA (Denoising Auto-Encoder)
W SR FE R 55 M 2 S A KT L 18 SRS e S5 3 i) g 4% [l
R EATRTE SO R 28 25t I 7 Frs.
Sun & ANPYHE T — Rl HT 0 MR RE He 0 b2 ) 4%
FEARY, 354 B CNN(Convolutional Neural Network) 2%
2 SRR BR B AE R R SR Y R W) i R K.
Fang % N5 4@ H 7 — RO A 2 2 HE 20 R 5
SCAR I A e S ) [7) — o) o 25 ) o D) A7 o SEAARIR] 1)

@ https://baike. baidu. com/
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fid) fle)

OO DEOIIIID,

Pl 7 e A8 AR 1 F T 92 0 T 0B 1 A 220 D) 2% 45 £y

.........................

l'f K u
[ Mention

Pink Flovd

!| Context

The others are The
Beatles, Led
Zeppelin, Pink

Floyd and Van

Halen.
Document

Cam

I 4 3% 22 1 0] 1t 327K . Francis-Landau 58 AP Fi]
CNN 2% ] SEARFE BRI F T 305 g 3k 52K 2 18] 19 15
SRR FR AN 8 i/ ). Yamada 45 A ) F 41
TR (8 B 1 45 4 LA SRR R 1) B SCA 5 1R SR )
2 L] [ B 2 2 R skip-gramP U AT YR BES
2 ) SRR 1 1) 2 R, Gupta 88 AR T —
ol S A B 42 1 it 28 090 208 77 1, R P S A r S AL L TR 4
A (8 48 348 A 55 0 7 SE AR BR Y R SCfE R i
AL B bRk 2 2] LR 1] 5 3R0R.

Entity Title
Gavin Floyd
Entity Article

Borm Jawasry 17,

prof
L
for

Target Entity Links

s ssssEsEs .-

(o5 = cosim(s.t)

Source Document

n—{
& = Znu\x{lL Mgw;.ive} )
Jj=1

Wy Was... Wy,

#l 8 Francis-Landau 25 AP0 2 1 F) F CNN # #8t 41E

2R 5 5 A i) R R0 S8 R BE 1 T I A 2 2k
A (1) S8 A i) W AR B & e B0 R Y
BT SCOR Al B SR B I B (2) 4 R A i A 5
A B 30 4 AR S A L R e %o R ) SR
PRI R A SCAS R AR A B0 S AR BE R TT IR A —
i T R T SR S E . Hasibi 2 AV BE5E T
AU A SE R EE R L 508 A g B — A SR
BEREMRREAE S [=({E .. .E,} B — Dk E 2 —
A SRR FR - SR R NG AR A AT TR AT 5
R0 73 Ay A 3 S A e I 8PS FAT 55 M i S K
HEF 9 H IR g H AR B — FR B S AR A R - S A
(4 HE 51 2 T8 B H B 2 8 0 AR Y B AR D
AFFE IR A SR R S L i 7E X P
ASFAL 55 b o3 T A R G M R Tk B
2 e B AE o 0k S 1R HE R By B b A B oA~ T
U5 A B B B TG M B o ) 5 ik BOAS B AROR
B Blanco 48 AW 4 Y T — Fh AR P HOF H 2
TF1 288 25 8 1) L 30 A TR0 SR i 5 30 B e B0 R0 DR 1 552
PR 2e. 1 kPR O HL A ) RO L %07 T
2T A TR A B S MR 22 ) RO 56 AR L O R T e

o P 48 1) 05 v R WA A o5 L A O T B
b )P A3 T i BT SCfE B 1% 7 R R T 0 A X
T SCFR TR T B A IR R e e SR 2 ) Y AR R EE. Dy
TTE B SR K BB B > 6 G S 4K, Tan 4
R T — i R A B A 18 R A S AR
FEREI O E e N ME L T B A R S A i) e A
KAy A) I B R b AR A0 SR AE % AR Y
foe e SL A, 2 05 T A B AE B2 R T | R AR 4R
RS A 8 S AR AT HE R

TE A F5 W 75 450 22 1 S SCA L (RO T attention
(T 1P 22 P 28 BRI A g S 2 4R BE AR 1Y |
B OCERR L R X 28 28 K 5 H AR 52 R 19 AR U 7 1]
3PP TR S T 3 T S )RR R A ME LA
£F (character) 2% 5| f) CNN 2= 3] 3|, h T fi# th X —
6] {8, Mueller 4 W7 H @ 7 — AN FEAE 4R A 2k R R
SEAFE PR BT S0 0 S AR AR 2 [ fY) T
5B I RIEE A A S — 4 A attention
AL £ ol 2 190 24 S B e A5 R oy , 4SS 18 ) 25 44 T 2
9 JroR. SEER AR R WIZ AR AR A9 I A SR T T
Pt 25 1) 4 A5 TR (1 S A T B ROR
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Linear

(pQQQQQQQQQQQOQ )

5 | 5
(L-ei,l —ep,(L—e)”] [r-ew,r—er, (r —er)”]| Features (Sec 43)

i1

Down (Band)

|
l

in 2009 Jay

1 Down (Blink
182 Song)
!
Down (Jay
-‘_ o t| Sean Song)

« &

A N

Sean’s single Down reached the number 1 spot

9 Mueller 55 A7 4 ) S5 P T8 S5 bl 2 190 2% 45 44

it 22 ) 245 A5 U UG T LA 2 3] SEAACHS Bk 45 1 S 1A
19 1o S 2R AL AT RATH BB AT 09 3 SCRBLEE . 72 DI 25
By B, bt 22 I 2 A5 80 1) I 5 H b Ol il AR SR
55 SR AR B4 R B RE AR 4 v T 15 A A 3 S A 5 S
AR R I R AL BE A5 4305001 A T B B, 4 A S A
T8 FR LA S — 2R 5 A 16 S 0K AT LA 408 A5 8 11 53 s 1Y)
HEABLE A5 2 X 40k 8 2 R R AT HE T

55 AR 1400 8 S MARHE TR O A G BB A 1 HE
F O 5 BB bR SCRL A SR AR HLR b B A
P9 i 36 S A HE I O A AN T 28 B A SRR FR
i 38 52 R Z 1] (9 1 SCAH D@ M L 34 75 22 25 1 R B AE )
— R 30 T A SRS R A T S AR 2 T ) A 26
P, He % APV R I T —Fh 36 F stacking 195K A (1
i 35 S HE P D 5 iy ik v R )2 AR R A L I
JZ R — A R R T B g o 7 A e S AR 1Y
WIUGHE P 45 5, T2 02 — A4 Jmy 1 B A AL g
T 4 SR 1 HE P A5 R g M g ¥ LTR #28Y, H
H e 8 A AR g 1) I 5 05 P 14 s JR 5 A R AE 42
Jry TN ASE A gy (8 DI 5 5 P 1) O D 4 R A o 3
Qo PO TIN5 SR 7= A 1) 4 JRy SRR AE. JH B 1R SR g0 X
SEARFE BRI ) top k05 5k S AL 25 R B 7E K S
RY AN A SR T R S SRS /N 3 At 51
KkF & &, Globerson % N T —Fp 3 F at-
tention ARG 1) SR8 42 07 75
2.3 NIL 5

PR R G 1 i ) BT IR T S v g i

A SR T LR T A S A PR O I T A S AR A
iR T LAk 2 30 R 1) SISO b S R e 4 B
LR A SE A BB OR Bl — ANk 92 R NILYY. H
T GF S MR 8 Bk 75 i 122 31 NIL A9 0 31 J 325 7 A4y
FUAR LA

(1) S5 fif A A 5 X 180 8 I O 3 52 {7
J i BB HE e 55 — 110 % 2 S 2 5 Oy e 2% H bR S 1A
Gottipati 2 A5 I H] NER T HL3H 1] H 52 A $8 Fr i)
SR L BR 5 A e S AR B A v AR 4 g A e S
PR HE P B B HE PP 55 52 AT HL -5 SE MR 6 FR R T A — 2831
P10 i 35 ST AR, 5 12 10 0 S AR 7 6% 32 S R HE I B B 1Y
1543 1o T 5 A T3 114 1 D0 LA Ay S I i 2 25
SR 75 NPKE S A 16 FR 4 42 31 NIL. Han 28 AU 358
T A B B 0 7 5 A 8 iR 5 B 22 3] NIL,
i A 358 S A 5 SR R T A A ALRE 2/ T
P B WDKE S R 4 B i 42 1) NTL. HH{Hh , Nie 45
NSRRI A AR E T —4 NIL B (. B R
Ve (8 11 7 283k b NTL AR Bt R 8] A
TR FIRFAIE 9K 17 N T 155 0 L L 2 PRI ¥ 5 Lk T
A FEAR R ) — A 81, AS 2 A ) 45 .

(2) 48 NIL 1 — A FERE S i A 32 52 14 4
B TR B SR HE B B NIL HE ¥ 55 5 Al U 2
SR FRONE 24 B A 4% #1) NIL. Han % A6 NIL
B AE— A HE 10052 M A B J P R 9K NIL S 4k
5 A SR — R X AR A i NIL 524k A
IS A PR A AE R L 0 3 28 At S R A S AR
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R A ABE 23 B g o DU S A 48 FR BE 422 2] NIL. Dredze
S NPSOR NIL A S — A 5 5k A0 ik 228 S A A JEL At i
WLk —R AT HER I N R B L TR T
— L6 55 NIL AH & W RRAE o 1] U0 2 75 A7 76 45 28 45 A
i — A~ S A 44 R 5 S A B AR DG . KF NIL & 1
— R A 2 SR 0 O A B S TN A R
SUAT LA NIL ) 50 A0 56 19 £ 6L VE S 45 HE 51 A 3]
HE PP A Y

(3) ¥ NIL H 51 A 1E 40 24T 55 B 20 25 4%
S T 00 3 SR HE 7 B B 4 0 HE I B — 1 ik i LA
JE A B T U R 30 S AR AR Sy e 2 S R
FEM 25 0L 45 W% 52 (R 46 FRoKs Bl 4 B2 2= NIL. Zheng
ZE NVURD Zhang S8 NN SVM 4 28 2 10 W HE
SF — I M 0 S AR 5 Sk ECIE Y AR SR 7R 4y 25 A
Hh SR T B AR I R 4 5 1% 8 S A HE I B BB T L 4
AEAH [A].

B 1 fA7 B b ) B S MR 4 R 2 5 45 1) NIL, TAC
KBP 1 S R4 B2 P IAE 55 B 2011 4F R BERAG T A
i 10) NIL B2 of) CR RS PR O R 3O #1728,
P4 m NIL 920 RS FR M - w4k & A
By R B ] — 28 5 A SE AR FR AR e R ScRR T
— AN SR S M5 BB X NIL By i) i 47 R 2K m]
DIMEBE A MR A L. Taylor 28 AW 5T /] B
FE VS )7 2 64T NIL 325, Graus & A5 2%
RN R AR SC R R S TFXIDF [ 4, 28 5 R 2
WEREM LM T X s & Ron TR B TXF
NIL #1598 1 58 28 5 SEARHEZAAT: 55 WA OQ B IR A &
AR e PR A A SO AN A i A 2.

2.4 HEEGFHEFESHEARaER

XY RS A SRR R G I A
— MU ARSI R AW g (GRS ¢ A &
TCEARIBAEAT XS g BT A B B B SOfE B
U H AT H AT S R AT BT IE plel
X g PEAT SEIARBE B2 X RE I 45 R T 8 ¢ HRE T BBk
2B R A S AR L.

SEBR b q BT AE I 2 S 0E R R Dy s A R S
M ERET LB ¢ B LR UFERS . fldn, — A4
AP EME T HFEFI G R ER”BAY
FIT A A5 9 3 2L AR DR MR 238 10 2 i i 2 B R R A A S
REROKED” EL A AR T € R P207 2
Ja PR R I 8 2 Y A S AR R R M R
R B SRR (A RD .

W g BT B3 218 v i sl A i S S AR
BEE B R C,TRUR B A B 52 Md 82 7 ikt 8

q HERE BN SLUR. AEXT g 1O A6 1 S MR HEF N BE AT LR
AR A e 1 S HE T T 1 Xt g BEAT I B
A AT U 6 53 f 40 256 S PR HE e 7 15 X g BT A
LR 20 P TR I S AR B BEA T I L

q 1 LT SO TR T4 G 92 AR 8 AT 55 b 9L R 45
PRI B 30 MRS RGE AT 55 SE AR AR B R
SO A G4 R ) SO K SO T g 1 BT 3
JEAJZ WSS R ey 7 st A ) b G A A R A P
A I A A RO A R S A R B AR
AR, R PR T RO
sile THR A Apple CR[ED -5 J7 I 3k (9 ]9 35T
PR AR M A AR Y S R PR R (A
DM IE I DREL 2 o8 S % il /= s 2 S
SR MG 1A IO B U327 S SR AR A A 4 2 R
JE R B 3SR OKRD 7 A8 N T3 R AL 55 A1) i
2 2% A Bl R kR 245 B E ¢ 19 B R SCH X
— 4R
2.5 IFEEAELRE

L b AT H AT AY SE ACBE B 08k B R i
¥ 2 7 RE 1+ JC HLAE TR JEE o 228 I 245 FO HE ZR R Al L iE
PASE A 4 A A P DAY AR 45458 e 1 BB 1) S5 44
FERE A GE. IR AEAR 2208 14 N 3 5 A R 1Y
A 15 5 R BB R I 25 L 0 o] 73X Rl BT IR BE = A9 1
SN UIGRBE R — e SE B 2 Bk AR b,
FIT AR S AR 6 22 B30 0 R 22 A8 DI 0 R 0 3 5 40 114 2 A
A TR) BARALL S 1) 2R SEARUME A X AR AS o RS
A AN ) T I R K Al 0 A 491 e 396 5 2R B0 ) 5 AR
P — AR AT B 7 Tl RO 2 RS AR
17 7 GE T Ak B 38 R A 3R A — A S AR R T
A AR AT LR SCE B 52l X A 52 AR AR A B
TCIEAEWT P 58 5 AR R 9 2 W — A~ se A i
TE ) — R R 200 P IR R A 2 W B A —E 1T
F5 A R nT UK B AR U R 2 30 i g s
75 960 B H R 15 B0 2 A AT S AR . T
S AR SR R R A B LR A SO TR AT LA
SR A 19 757125 [R) IRl X 7 S0 258 30w ) SR 438 R 1 24
HIT 5 60 19 S M 5 PR E A7 52 (A 42

3 KiFHERE

TEAR R SIS rh, SO R GE 0 H AR 2 8 45 08
FP w 77 5 AR 23 g A SR 1 — R 31 5L A
E, B0 RCusq) — E,,. SSHHERE 32 B iy A 5 S8 A
B A0 5 S A HE I W 20 S B L 25 E —
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FUw B ARSI g JIF 6 I ) 2 I SR e, SE R ISR
550 B AR 2 H BRI — R A1 5 e, #0610 521Kk
R (e)="{ersessrse, ) SRIGF 2] — A X i 2 5L
A5 A 275 2R 22 18] A D e 3 00 47 4T 40 1) eR AR
HRAER Ce,) Hh 25 i 3 S 44 1 45 20 % . 35 47 HE 7
Jo s PR T HE T 45 R AR SR S R EL,. B
A7 AE LA S A HE T2 AT 55, 490 4 i 1) FH P A A 4 5
PRAEFE ) AR AT 55 B fiff R 1 o) B2 Oy 465 52
w HERF QG LR LS EL B R(w) — E,. B
145 £ AR AR IR AH 2 SRR aT DL Y T 1 4 2R 5 | 5
(18 S A HHE 3 5 T8 ) P P 1 A e A S AR 22 TR A TE
BEXES. WA R G, R B2 B P %
R T AN 25 B8 P i A R ) 0 4 S O A A
PR B5 PR RS P AR BT R B = AN A G
T AS ] 3 G b 2 458 55 FH P A0 48 R R 56, R SR A
A G318 1) 48 K 51 8 1 SERHE AT 55
3.1 #HXXEEHR

FESARHERE ZR G rh M O SR R BT 55 1 B A S
SRBCS AR SRR e, M 56 0 i 308 S 1A I 5 BB 5 e, B A
KPEIATHEY A3 5] e MAHKEIMRE R R () ={er s
ersvrse, t. TREC 2009 A7 7E— N4 56 2 & BLAT:
G500 HE SO 0 — A AR e, (A AR A R
SR ETD  BAR SR T LR & A SRR
R W E RSO n,, S e, B n,, TR SE R
H2EH 0 T 0 B bR 52K, B8R X AT 55 1Y & B
MR AH M E AP e LLE Y, 3 R AF 7R 3 2
S AR SCH A 2R S R HE TR R G A G L R R B
1%

SR HETE FR G0 I AH G SE A R B e BEOBUHE U
55 SR A € BE T E 55 0 vk 1 22 5. BRI O 9A KB
ATLAGr AT 3 25

(1) BT AR B35 19 5 2. R B 3 & — Rl ff
il S A B HL 56 72 1 48 vp SO LR L LI A
SR OC R AR IR O AR 52, Rt 7R AR B o
e, [FAAE DG 2 0 Al S 44, #88 W) DA Bk T 4 il B o o
VEN e, WM K IR ES GENK (). Z B FHEH
PP A = el = IR LS N 2 7 S LN |
T IR 7 v AR B R OGS AL W] DS LR ikt
Boe, SEEE e, € K Ce) B A rel(e, e.).
B AR e, 5 e fEAR BN A B R R L
rel(e,e) A ¥ T XTI
relCe. e.) = 1, e 5e EARERE A HEXR

’ 0, B EaRHEBLLLSL 0

FEW 0 T AE AR B 3 v T L O &R R SE AR TT L
BT P AR A S ) 9 A AR BE L AR S A
SCBEAS AR T SR A S A R 4 B AR
BRIP40 v, 5% -5 O1-FRL 527D B AR BT o 42, 0
rel(e, e ] ¥ F AT
rel(e, e )==simp (e, e.)

2X | {Peyae. 2Dey-e, EPY ‘

T Beyeey :Deyeey €PY+ U bors tpoe €P )
FRAK A po, .. TR A AR — A AR
Wb L 3 T LR 4 R0 R R 3 eh A S A Y S 1 Bl
i 3R SCAR [8] frg AR RLBE S ok T S 1 A S5 A ) Y AR
KBEAF S 1 AT L5 R A SR I A R SC
T[] 1 P 2 AR B E T K LR R R 2 TR AR
KPE. % T3 Al W 7E 2k R e 7 43 A (Latent
Dirichlet Allocation, fij # LDA)* % 45 5 1 FF S &
PEAT R, PRI 25153 20 /9 LDA B8 5RAS SCR o
JIERE R ) R ) R vy, SR G S FE IR A T
SR e, 5 e BT A3 A L) B R SCE d, 5 d )
FE v, 5wy Z AR AU B AT R A X A A
SRR 1 RH G B4R 5 -

rel(e, e )==sim(e, e.) =cos(vy ,v; )
V.

vy ) vy,
o e | )
(2) T 1% H AR 077 k. T R
SR % L A SR AR K SR A+ B T IR 3 2
9 5 550 P 7 T 3 R R S A X — )
BT DAL TAY 2R 2 LB R T 52 3 e, 1O 56 5T
VRAE £ (8 PR R 5 9 ) — 3 4 FH P2 2 A T — 418
TP YRR 0 270 P e 2
54 A SRR I8 2= s J— 20 4 0 S
T HE K 2RO 5 T R e 5 B AR B T
B S A [ 47 7 1 5 7 S I 6 2R EL UK 1T L
5 e FER— A8 R 46 & UL B, FLIE O T
A B L0 52 AR 3 A T e, 199 05 196 56 552
Gt RN S Ce,)). BB TE H R0 4% Fh 52 P AE 25 )7
WU R P e A e, 5 VRS A
e. € SCe,) AT LI T H A5 B ORAL S 8 Z 0] 1 #H ¢
PR
rel(e,,e.) = PMICe. re,) 4)
2 PMI(e] . e,)

eZES(rq>
J::‘d_i,/lb.\itqjﬁq PMI((’( ’eq)ﬁg)\(ﬁ[”:

cnt (e, se,)

PMI(e, se,) =log (5)
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1E B A entCeve) A e 5 e SLIR Y BRI (19 8
R EEANEG M cntCe) N EH e, M IR STE
AL

(3) 2 F W U SCAY I J5 . 2 TR 2 ih LB
5 RANIE e, YR 5 LA IX il J5 ok B R A AR (E 10
TR T R RO X S B R e
%5 1% RRE R PR Tl B 1 R 23l H G Bl
MRS IAE B BB RIS e MG Hofl 520K, i
TR IR SR A e 2 I BUAE B PR AR X i
ST A H SR 5 1 O B S MR B R OGS AL Dy 42
fifp X — )AL, ] R T 40 5 1 1) O SO L S A
Bt 5 e, S 9 fr A7 SR GEA D, (e, D) » SRR 2
FTD, Ce) P AL LARE e, 18] A9 AH G B2 X H AT HE
FF o 5 J R S E AT 2 o 7 A 1L 9 S5 R il R
K AR e BIMRBEA G LR 5 GEND (e, ). 2T
PGSR 4 07 vk EE AT DL o = 2K BT KRR R
He T HE A LA B T UAR A

S T LT A SRR 24 E SR O R 1A &
IO 4 22 1 Bk v 1) 20 S TR 280 o 1) R X A7 B (L 9
PRIZWURBE VB AR KBS 713 — 3 Z I B A 5%
FELHTL i T S R 43 2 R A A AR o B a5 T
S o T Y S ) 0 S A R SR — 1 A 2% S
IR A DRI 225k 110 o P R R JE A2 il
RIRRME GRS ERE.

5 T 2RDT ik BT IR Z ] A BE R AT
RH QLT X 2Ty 1k 2 B T A ML A O 1k 42
A Z B AR5 45 K AT RE 6 2 B — 46 S 4 [A] 1%
TER R IZ AR SR O & 3k e 05 0k 2 2R T B4 70 #r
AL X 2 e R 5 SO B U 1 % A SR B A AE 1Y
RS EAT AT 5 FZ A SR L S AL A R Z AR TE
TR AL AT BT A B e R = T
AR BE R T BOL AT A R

O = RT7 ik BB T ORI R IR AN R
JE . X Ty ik B E I T SR ]S A B B SO R R
TSR Z ] A A 5 BE. T 2R R fE B
R SCE B E & g AR R &
P g e A SO el IR YOG SRR B
RS EE o2 o] 15 3 A S92 PR R & i) T 5 40 A X
FOoR UG SR R AL W TUSCR Y B R
SEAT T R HARBUE KR 25 5y . 105 2 T IR 45 1
(75 5 AR BE L X D7 iR T AR B 5 B 2 L R G 1
W oo a2 R st

TR A AT I AR ME AR AT AR A 45 2R L R it

AR E b 0 B3R =R A B B A DG SR AR B AT
BIF RS e LR LAEESGR (e,

R (e)=K (e,) US(e,)UD(e,)
3.2 HXEKMEFHFSHERE

HH O S A P o SE AR AR AT 55 B0 R . B
TR 25 08 — D w B A 4 0 SEAK e, S
FRELR (e,) ={ervess e, b ML SLRHEF
RS R B bR i — X SR 5 E R RZ
[F1) £ DG PC B2 EAT AT 0 1) o K0, AR 5 4% IR DT I8 3 75 70
XIR Ce,) PG A IR IEATHERF .

T 5GAEHRE B AR b AT RLSR F A 5C B2 Bl %8k B
YEMVC I FE B ek B AR, AH DG FE 28T N LRI
PR M 98 S AR AR O M 55 20 0 A S A T O M R ) ik T
TS T P S o ot AT A TR i IR T SR
FHEHERE AR - B A 52 1A e 77 J7 125 BT LA R
G WIS B T A O B I SRR i AT
R JE 1) S A A T ik,

FEVR S AE X AR O S A AT HE e 5 IR 43 52 1A 4
107 8 A5 T e S S P w B A B AR
SR e, Z )Y O FR L T AR 7B 2 T R i i B
T SCAE B CRIHT P A [A] — 48 220 38 v ey A B9 I s A
) R FOX R Y i 5 BD 5 P R G fF . TR SOfE
S5 FH P i G {7 JEO6T T S f b i P A R SR
HA AR, Bk, EF SUE A B T 50 4 3
fiff P A 001 5 Y 48 R R L X TR T S A HE A 4
SR AR OGP H AT E S AR HL T O A A B T
SR 3 PRA P o ) A [) SIS ) i G R BE L 0 T 4
ThSL R HE 77 45 2R 09 A 1R AR B A AR .
I, AT A BROR AR 25 08 3R PR SR B FIT Y SE R
HEAF T AT 0 2R IR IR R B H I BT XXER . AT
A EF 3C TG 2% (context-insensitive) fit) 35 & #E 47 J5
Pl 0TI R A 96 (context-aware) [ 52 44 #fE
FE IR T e BRSO P R A1 R R
A PE AR SRR st AR A P AL SR
Fyphalse25-26]

BeAh s — S8 S e 77 O vk 2 IR T TR S
R RIS AR TR M B SR OG &L Bt X 2R
TEUT TE E SE WIR U ARE D 4 U R R
4 2 ) R AT S A HE T

F 1N T SE e 7 AE BRI R B2
FEAT AL TR B0 ANHERS H AR R O DA K
S A A A R A TR A A S AR HE R T AT A A
5 #r.

(6)
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R 1 ARIREHFFTEX L
i WRRE PG SRk HE HiR

Spark!?] Vv X X Vv MK
PRM-KNN(27T X Vv X D4R
TEML28] v X Vv X DR E
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Background

Entity recommendation aims to provide search users
with entity suggestions relevant to their information needs.
which can help them to explore and discover entities of interest.
For this reason, over the past few years, major commercial
Web search engines have proactively recommended related
entities for a query along with the regular Web search results
to enrich and improve the user experience of information
retrieval and discovery. The task of building an entity recom-
mendation system presents more challenges than the task of
building a 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. To
address these challenges, the following three sub-tasks
should be studied on building an entity recommendation
system in Web search engines. The first is entity linking in
queries, which aims to disambiguate the entity mentioned in a
query and link it to the corresponding entity in a knowledge
base. The second is entity recommendation, which aims to
find a set of related entities to a query, and then rank these
entities. The third is recommendation captioning, which aims
to explain why two entities are related and why a group of
entities is recommended to a user. However, the above

problems have not been well addressed and remain considerable

challenges.

graph completion with adaptive sparse transfer matrix//
Proceedings of the 30th AAAI Conference on Artificial
Intelligence. Phoenix, Arizona, USA, 2016. 985-991

SUN Ya-Ming. Ph. D. . engineer. Her research interests
include entity disambiguation and natural language processing.
WANG Hai-Feng, Ph.D. .,

interests include natural language processing, machine trans-

professor. His research
lation, and artificial intelligence.

LIU Ting. Ph.D.. professor. His research interests
include artificial intelligence, natural language processing,

and social computing.

Existing entity recommendation methods can be categorized
into two groups: context-insensitive methods and context-
aware methods. A major limitation of the existing context-
insensitive methods is that the recommendations are generated
based solely on the query, without considering any context
information. As a result, they may fail to generate satisfactory
entity recommendations because the query itself is insufficient
to understand the information needs of users. By contrast,
context-aware methods take into account the query as well as
the context in generating recommendations. Recently, several
studies have tried to provide users with context-aware entity
recommendations. It has been shown that the performance
can be significantly improved due to the help of context infor-
mation. The existing methods can be further categorized into
two types: personalized methods and global methods. The
only difference between them is that personalized methods
generate entity recommendations based on the query as well
as a user’s interests and preferences, while global methods
ignore the user dimension.

This paper summarizes the previous related studies on
entity recommendation system in Web search engines. The
research background and the challenges of this task are
presented first, and then the related studies are introduced.
Finally, problems are discussed. and several future research

directions are suggested.





