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Spatial keyword personalized and semantic approximate query approach

LI Pan, ZHANG Xiaoyan, MENG Xiangfu, ZHAO Lulu, QI Xueyue

(School of Electronic and Information Engineering, Liaoning Technical University, Huludao 125105, China)

Abstract: Most spatial keyword query processing models only support the location proximity and text similarity match-
ing. However, in terms of text information processing, spatial objects with similar semantics but mismatched forms can-
not be filtered out and provided to query users. Furthermore, the current spatial-text index structure cannot process the
numerical attributes. To solve the above problem, this paper proposes a spatial keyword query method that can support
the semantic approximate query processing. Word embedding technology is used to expand the users’ original queries
and generate a series of query keywords semantically related to the original query keywords. Then, a hybrid index struc-
ture AIR-tree that can support text and semantic matching and use the Skyline method to process numerical attributes is
proposed. Finally, AIR-tree is used for query matching to return the top-k ordered spatial objects most closely related to
the query conditions. Experimental analysis and results show that compared with similar methods, this method has a
higher execution efficiency and better user satisfaction. The query efficiency based on the AIR-tree index is 3.6% high-
er than that of the IRS-tree index. In terms of accuracy, IR-tree and IRS-tree are increased by 10.14% and 16.15%, re-
spectively, compared with AIR-tree.

Keywords: spatial keyword query; word embedding; semantic approximate query; text; numerical attribute; index struc-
ture; query matching
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Fig.2 Geographic location information for spatial objects
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2 [EXTSR 0 S g WA CEE TR I 5N

Si(q.0)=a-Sp(q,0)+(1-a)-Sr(g,0) (8)
Ko MR SE. BT AR -, &S0k H
WHEH 0.5,

ASCHE M HE RS B n T B R P A i 2 R
R, BT R FH A 25 (86 42 0 58 i ¢ 22 [ 5E
Ja MR B A G BE TR VRN

lg-Wil

S2(q.0)= 1= ) (g.W;-0.a) ©)
i=0

Ao ALEB q. W, SR g X2 RS o 14

H)EPER A BB |q. W R A5 (d w2 4L

{EIBYENEO); 0.0, JEZS X R o BEUE 8 PEAE .
e PR R B (10) SRR R

S(g.0)=B-S1+(1-5)-S,
B R B H, A SCBEE N 0.85,

4 Fif T ECE %

e Eg ol
ASCHE W PRSI 454 F 24y ik L2 | AIR-
Tree B51 2. & X2 H M AL (2) iHHE &
q 525 (A1 G2 OCHR SCRY S B v i G B o 22 (8] Y
T ERARACLBE, Gn 2R SRS v i G B o 5 A i) G B
B A B AELABLBE 5 20 2 L, U)X A 0 O
ATV R, K5, 15 L JZH il i Word Embed-
ding £ AR, FRENE SO SC I ST, SR 5 XT £ if)
KA FIHATIR LY 8. P ) A ih D5 5 W] i 2
BT A AU S SORH G 1) S

1E AIR-Tree R 29, W& T —MH RS
255 (AIR-Tree), B 7E IR-Tree 1YL I A4
SEGIN T AtteFile ST, WIEl 4. AIR-Tree HY 54>
AR T LA SO AR B R R A X S S
A5 B SCAE BB (AN Y 0 SOAR AR B v il B
B AR A e R T 4L B e £, Wik 4
JiiR o AIR-Tree HV &A1 AR 2 400 3 AHF
RN LRS 3 TR (= s | E = I K= R F Y
JIT A B A8 B HE S (InvFile) FIEUEL S 14 SCAF
(AttrFile), 5 =& &% W A P Lk &
(Entries). B~ JE M7 Rk 55 #00T BE
TEANFE, T, BN E &
HH— Moo, X 8<0, R, ¢, a>, Hh
O BT MIXT 4, RACEIZNT G 09 /NN IE
(MBR), t 21X G W) SCARAE BARIRAT, a &% Xt
G 0 BE & PR T A B AR AT 5 X F AR i 0 A
YRR — o B
<pw, R, p, a>, Ht, py BT ST AN
Hidk, R BRI % A P I A T A
MBR, p %17 8 SCRI AR IR, SO & Tz
RUF A T S MG AR, o Bz S Ul
JEYEARRAE, A% T AT A I A EUE

(10)

4.1

2515957 JEYEICHL Y Skyline HE45.
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AttrFile |[«=— N, | N, = InvFile| | AttrFile «— N; | N, —InvFile
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Bl 4 AIR-Tree &34
Fig. 4 AIR-Tree index structure
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TEA R R T, RIS 1 AIR-Tree &R 51
SEAEXT PO 248K 5 A7 B A5 B . SUAME B8
(B M HEAT top-k AX ik, BB HIZC (8) TR 5
AU S5 F 7 AR B DA R SR A R B A SR B
HY A I (9) TH5 K P AR S, FA8 ]
X (10) IR E 286 08 R 1R IREE5 1940
XA 45 R AT HE Y, A HCOR T S A A P
KRG kAR, NS A i a5 R E AL
42 MHEXEE

AT 45 1 AIR-Tree 5| o 209 s B UL R 55
Bo B, WEIEE L BT AIR-Tree 511
SIS LAY Skyline 285, ST R INEE 1 R

B3E1  skyline(L)

WA BUHEMEYIER L

W BHEMYIERL,

1) XF L 42 BES — A B PR A (E /N B K HE

2)4&i=0

3) for B E L F1 R P TR T ¢

4) while i<t.size() do

5) if ¢[i]<=t,[i] then /*¥§ ¢[i] 5 L P H Ao
n ISR i NTCR nli] AHEE

6) L.remove(t,) /< HAMTCAL ¢, NI F R BR*/

Tyi+=1

8) else

9) L.remove(t)

10) return L

SRR 1 AT LU P SR A <7 T A S
Byg i, fedoifyad b, BUE R S, i Sky-
line F1H] F7 48 2 WAL P, DT PR 5 2 TR A 4
SR T MR A R . XTI I EUE
JE SR L, MR A — A & M i /N IE
J¥o L his—Dood M E AR5 A,
HRe— AT B — F R b A T i 8 R,
W Z ot L R, H B BAFTEX PRI 2
ik

Xf TS 45 5 1 S (8] G B A i, A AIR-
Tree F 5 | 45 #5) AR UM 1 2 1 45 SR 10 58 BB ik ndA
%2 iR

Hik2 kLSRR A NE L search(q, £, o,
B, WIil)

WA BEE D, VRS R AR g, &
GER/AE &, WTSH o, B, DU A Wi

W REESIER,

1) R—¢, g Kt H—¢, hy—¢

2) H.add(r) /*r R 5 i */

3) while H#¢ F H. R.size()<k do

4) N=H.poll()

5) if N is an object then

6) R.add(N)

7)s=1

8) else

9) for entry e in N

10) Az.add(e)

11) if ¢.K 4155 hy.getld().getKeyword() then

12) = (8) A AL B AF B 5 X 75 B 2 ]
FRFE 5 AH DG BE 1 73S,

13) for E:A4™ hy.getld()

14) M4 7 509 AttrFile, H B0 & P A o
A7 B InENME S el 31 3R ¢, 51k

15) s,«skyline(c,) /*11 5 skyline JL4 5] £
s, /) Skyline % & */

16) for B A7E s, Y ICE ¢

17) S2(g.0) = 1= ) (Wil #1[il)

18) L (10) 18 4 s

19) H.add(h,)/*H i 18 S HEJF*/

20) return R

Bk 2 HF AR top-k N RAF A PR
e e . B, B B Bol 2544 %) Word Em-
bedding FZ A FIFAF 5 AH R T8 07 6 A8 0] O
SEFHEATY R, SRS T B L B Beb 47 1Y AIR-
tree KA G E WM FZMRIBENSEXTR, B
Je, MR A B I B B R HE H b, AR 2
23 [T (BRI 715 ), WK s s R b, S ik
B L. A, B s, SRS Y O T i
B, B AT g b o AR h Rt
TR EY RS 0 A O, WA (8) I
S, MR H AttrFile, K HEUE 8 V) T 15 B
WInB sk T ¥ % s, ', 11 5E s, B Skyline £
G X TRANTE s, IR «, i 9) 1A S,
FE ML (10) R RAS 0 S &a, B b B
gl /b IR HE A, BB H S RPoL kR
MR T ko

BB ERE SN A n=H.size(), m=
si.size(), W HY LA E 5503 20 B A4S i 8] 52 2% 3 oy
O(kmn), Horp k Fm A if) 25 R AE .

5 MR G ERIFN
AR B I LT S E AT S
HEAS S h e O P

51 KWiEE
A S0 3 Pytorch 323 Word Embedding, H:
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Table 3 Effect of word embedding technology for query expansion
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R IPS Rt PSS i S2

arts entertainment
charlotter
beauty & spas
tea rooms
coffee & tea
breakfast & brunch
food

shopping, beauty & spas, home services, health & medical, automotive
restaurants, shopping, beauty & spa, home service, health & medical
las vegas, food, phoenix, home services, nightlife
beauty & shopping, beauty & spas, home services, local services, active life
shopping, beauty & spas, home services, health & medical, local services
home services, health & medical, active life, hair salons, home & garden

restaurants, food, nightlife, bars, sandwiches

HRAE e 3 25 0] LUK % Word Embedding 4%
AN B S AL B RE

ARSI T8 A A5 1 AN BOHE SR N Yelp 7
F R 0T o s PICHC LS 19 POT B4R 45, Yelp &
I [ 3 44 R S PE Ml R A T 4% H g
BE L W rh s O A S S SR R P R B LK
FH P V7 125 31 f 18] 4545 B . K aX 28 B S PO
Bl ab BN 174 567 A 2488 A, (145 44 POT 2%
A — A ID. B AE B (a4 BB R
IR), SO B B R o K B AR ARl Es ]
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B2 BEERARXTHNENRS A
Foursquare, ZUHiiE#)E, BE 0 215614 4>
55 M B A A OG5 | B8 3R DL R EE R
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o A AR — S SR E, [ S B A
KRR S HON LR A5 R B R o A7 SE 5 AR R
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32 GB N £, Ubuntu 18.04.1 #E/E R 4t .

R4 SHHERNE

Table 4 Default values for parameters

24 BRIAE HR(E R
k 10 top-k2h FAEAEL
a 0.5 23 (A M 5 SCAAH S 1 250
i 0.85 245 (B M R SCAS A S 22 ] AR A5 R DG 5 B8 P 1 1 S48
lo.A] 4 B JE R
lg.K| 7 A OCHE T R RO
D| 1 ST 23 [0 S
T 0.55 TAF ER AR 1 9 {E

52 LBERSHH

AN EEMRAEMFEIEE L, 4P ES
B0 3% AIR-Tree. IR-Tree LA M IRS-Tree 7 2% if]
ORI A RO Al . <R3] (Y/F) RRZ
K5 45 HIFE Yelp/Foursquare F(HE 5 47 15256
52.1 ZECEF @ ER

1) e of A 6] Wi b7 B 6] 1) 5 M)

IR H A 2 R kR E R 10~60 K

LI 2 ) 45 SRS B 2R GE 0 I B[R] B2 0 o A
P 5l e AR [ B Ros 5 B JCie MR ARk, & (E
MR, ZR T S TRD A o 32 RO & {ELOR,
EBISIRIE T GINSALY IS SoE st E
LAY POT 25 [H] XF 5, PRI % 3 I [R] 8 A o LA,
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Fig. 5 Effect of k on the query execution time
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4) | D|Xef A 1 B[R] 74 52 Mg

S NSRS BORE S 1 €/TE SNV
2,++, 200 000 S WL K5 5 R /N Ko £ 161 0 [ P[]
FYSZME o DNIET 8 W T, A 360 e 7 i (1] Fifi 5 450 4k 4R
R ST 3G 0 o i R DR R B AR O, 7 B T
X Rk 22, I H 7R AL BEECE s P Y i R P oa] fE

T S FE B 22 B[]
750 1 —»—AIR
«—]RS
700 b IR
£ 650}
=
= 600 |
j==g
= ss0t
= 500
=
#4501
400' " 1 1 1 1 1 1 1 1 1 J
0 2 4 6 8 10 12 14 16 18 20

IDIJT

B 8 |D|Xf 2 i) A Rz B 8] ) 2 A

Fig. 8 Effect of |D| on the query execution time
522 HRF @KL

1) | D546 R 5 I i) 1) 56 3

IZSLH A H R S I 37 AR [ B 2 b ad i
MR SE RN, KL, 2,0+, 200 000 3K A D
UM R A R S B ], DO M RE .
Pl 9wy, & 51 g B ] 5 R AR A KN i E
oo g g IR-Tree Jif A A ] 2D, X 02 K R
IR-Tree 5 AIR-Tree, IRS-Tree M Ht, AN 75 ELH4
AttrFile SCF1 synopses, [ it H 2 51 #4) 2 B 0] 5%
J& . 1M IRS-Tree 75 Z- 4% synopses Tree 5 HA & 5|
BE5 R 58 MUA I, BOL R G A i .

2) T ARG AR OC R

AIR-Tree & — > e U ) R 5], X F—



<1172 - O R

S S 5515 4%

4625 58 (A g AT LAAS 3] — S84 SO G521 .
AR SCAE FMER 5 P RS A RCR, TR AN

[1(q) N R(q)|
= 11
(gl (a

e I(g) JEBE B A g el 1Y) top-k X 5 i B
MAES; R(q) Fe A SCHE 8 1k ool el 1) 245 SR 4
XCHL, AT AR ECHE BT S M Y E R KR ]
gE PR E S 100, A 10 AT 24 £<0.55 |,
TEB R BE % A 58 AR RS (R 38 R3S R 2 o=
0.55 i, HERRRAS T4 A U I PR R 85% 247 -

6500 4% AIR ‘
6000+ —* IRS

IR
L 5500
§5000»
Im
E4500»
&) 4000
23500} “
3000} - N
2500
2000 1 1 1 1 1 1 1 1 1 J
0 2 4 6 8 10 12 14 16 18 20
\DI/JT

B9 |DS5HERSIFFARERNXZR
Relationship between |D| and the time taken to build
the index

Fig. 9

100 AR
095
090}
E0.85}
&
0.80}
075

0.70

0 0.1 02030405060.708091.0
T

10 t5E0EBEHKR
Fig. 10 Effect of 7 on the query accuracy
3) k 5 A MMER R C R
T B kR A T ) A ) A R A 5
ASCBEE kX TE 2 [10, 1001, 2Ky 10, HiA 11
AT, A BT HE 5 AIR-Tree % IR-Tree, IRS-
Tree 73 5l 7EMERA 2 LA T 10.14% F1 16.15%.

100 F —%— AR
+— IRS
8OF T
N
& 70t
= 60} -
S0f e ’
40 1 1 1 1 1 1 1 1 J
10 20 30 40 50 60 70 80 90 10

k

E1l r5EQEBENXR
Fig. 11 Effect of k on the query accuracy

6 % HKiE

B X AT 25 (1) DG S A 1) A A XA SR 7
BT FOSCARTL AL, (B R %85 UE B, HoANGE
Ak PEESAE R M ) P) R, $ 1 T — B SRR SR AR
A b B S A SCHE F A T i . A SCHESE Tl
if Word Embedding 1 1Y) Skip-gram 45 74 S 52 #f #3
(B X G 0 18 SO oL A iR 19 7 ik, IF BRI Sky-
line A1) /7 1L SE L T A4 R AL . SEIG 2
SRR, A SO A B E AN S R A 1] G B 1Y
FEBAUC D, SCHRFE SO RUA 18 AP =X 1 A 3 LT
Bic, HRE AL R SCAAT B B BU(E J& 1, X AR AT
SR PAWZOR, fE—ERE LS T PR
DL S B

TEAR R TAE B 23R TR BE 27 > 1 J5 i
WG L ()% Bl 0 52 B 45 A G B A 1A

£ % LRk

[1] LU Ying, LU Jiacheng, CONG Gao, et al. Efficient al-
gorithms and cost models for reverse spatial-keyword k-
nearest neighbor search[J]. ACM transactions on database
systems, 2014, 39(2): 13.

[2] DE FELIPE I, HRISTIDIS V, RISHE N. Keyword search
on spatial databases[C]//Proceedings of 2008 IEEE 24th
International Conference on Data Engineering. Cancun,
Mexico: IEEE, 2008: 656—665.

[3] ZHANG Chengyuan, ZHANG Ying, ZHANG Wenjie, et
al. Inverted linear quadtree: efficient top K spatial keyword
search[J]. IEEE transactions on knowledge and data engin-
eering, 2016, 28(7): 1706—1721.

[4] BECKMANN N, KRIEGEL H P, SCHNEIDER R, et al.
The R*-tree: an efficient and robust access method for
points and rectangles[J]. ACM SIGMOD record, 1990,
19(2): 322-331.

[5] ZHANG Dongxiang, OOI B C, TUNG A K H. Locating
mapped resources in web 2.0[C]//Proceedings of 2010
IEEE 26th International Conference on Data Engineering
(ICDE 2010). Long Beach, USA: IEEE, 2010: 521-532.

[6] LI Feifei, YAO Bin, TANG Mingwang, et al. Spatial ap-
proximate string search[J]. IEEE transactions on know-
ledge and data engineering, 2013, 25(6): 1394-14009.

[7] ROCHA-JUNIOR J B, VLACHOU A, DOULKERIDIS C,
et al. Efficient processing of top-k spatial preference quer-
ies[J]. Proceedings of the VLDB endowment, 2010, 4(2):
93-104.

[8] YAO Bao, LI Feifei, HADJIELEFTHERIOU M, et al. Ap-
proximate string search in spatial databases[C]//Proceed-
ings of 2010 IEEE 26th International Conference on Data
Engineering. Long Beach, CA, USA: IEEE, 2010:


http://dx.doi.org/10.1109/TKDE.2016.2530060
http://dx.doi.org/10.1109/TKDE.2016.2530060
http://dx.doi.org/10.1109/TKDE.2016.2530060
http://dx.doi.org/10.1145/93605.98741
http://dx.doi.org/10.1109/TKDE.2012.48
http://dx.doi.org/10.1109/TKDE.2012.48
http://dx.doi.org/10.1109/TKDE.2012.48
http://dx.doi.org/10.14778/1921071.1921076
http://dx.doi.org/10.1109/TKDE.2016.2530060
http://dx.doi.org/10.1109/TKDE.2016.2530060
http://dx.doi.org/10.1109/TKDE.2016.2530060
http://dx.doi.org/10.1145/93605.98741
http://dx.doi.org/10.1109/TKDE.2012.48
http://dx.doi.org/10.1109/TKDE.2012.48
http://dx.doi.org/10.1109/TKDE.2012.48
http://dx.doi.org/10.14778/1921071.1921076

%6

2R, 55 2SI SCHE AT S Bl A T ik

* 1173 -

545-556.

[9] QIAN Zhihu, XU Jiajie, ZHENG Kai, et al. Semantic-
aware top-k spatial keyword queries[J]. World wide web,
2018, 21(3): 573-594.

[10] 5498, 2%, 22 |, 4. 25 [0 [ Top-k OG5 IRITH)
AL (1] LA, 2012, 35(11): 2237-2246
HU Jun, FAN Ju, LI Guoliang, et al. Top-k fuzzy spatial
keyword search[J]. Chinese journal of computers, 2012,
35(11): 2237-2246.

(1) XS, T3 Wik, XUTEE, 45, 25 A5G 1 R e 45
W [J]. BA2E4), 2016, 27(2): 329-347.

LIU Xiping, WAN Changxuan, LIU Dexi, et al. Survey
on spatial keyword search[J]. Journal of software, 2016,
27(2): 329-347.

[12] ZHANG Dongxaing, CHEE Y M, MONDAL A, et al.
Keyword search in spatial databases: Towards searching
by document[C]//Proceedings of 2009 IEEE 25th Interna-
tional Conference on Data Engineering. Shanghai, China:
IEEE, 2009: 688—699.

[13] CONG Gao, JENSEN C S, WU Dingming. Efficient re-
trieval of the top-k most relevant spatial web objects[J].
Proceedings of the VLDB endowment, 2009, 2(1):
337-348.

[14] KWON H Y, WANG Haixun, WHANG K Y. G-index
model: a generic model of index schemes for top-£ spa-
tial-keyword queries[J]. World wide web, 2015, 18(4):
969-995.

[15] LEVY O, GOLDBERG Y. Linguistic regularities in
sparse and explicit word representations[C]//Proceedings
of the Eighteenth Conference on Computational Natural
Language Learning. Michigan, USA, 2014: 171-180.

[16] MORSE M, PATEL J M, JAGADISH H V. Efficient sky-
line computation over low-cardinality domains[C]//Pro-
ceedings of the 33rd International Conference on Very
large Data Bases. Vienna, Austria: VLDB Endowment,
2007: 267-278.

[17] LIU Xiping, CHEN Lei, WAN Changxuan. LINQ: a
framework for location-aware indexing and query pro-
cessing[J]. IEEE transactions on knowledge and data en-
gineering, 2015, 27(5): 1288-1300.

[18] BORZSONY S, KOSSMANN D, STOCKER K. The sky-
line operator[C]//Proceedings 17th International Confer-
ence on Data Engineering. Heidelberg, Germany: IEEE,
2001: 421-430.

[19] LEBRET R, COLLOBERT R. Word embeddings through
Hellinger PCA[C]//Proceedings of the 14th Conference of
the European Chapter of the Association for Computa-
tional Linguistics. Gothenburg, Sweden, 2014: 482—-490.

[20] LEVY O, GOLDBERG Y. Neural word embedding as
implicit matrix factorization[C]//Proceedings of the 27th

International Conference on Neural Information Pro-

cessing Systems. Montreal, Canada: ACM, 2014:
2177-2185.

[21] LI Yitan, XU Linli, TIAN Fei, et al. Word embedding re-
visited: a new representation learning and explicit matrix
factorization perspective[C]//Proceedings of the Twenty-
Fourth International Conference on Artificial Intelligence.
Buenos Aires, Argentina, 2015: 3650—-3656.

[22] GLOBERSON A, CHECHIK G, PEREIRA F, et al. Euc-
lidean embedding of co-occurrence data[J]. The journal of
machine learning research, 2007, 8: 2265-2295.

[23] QURESHI M A, GREENE D. EVE: explainable vector
based embedding technique using Wikipedia[J]. Journal
of intelligent information systems, 2019, 53(1): 137-165.

[24] SOCHER R, BAUER J, MANNING C D, et al. Parsing
with compositional vector grammars[C]//Proceedings of
the 51st Annual Meeting of the Association for Computa-
tional Linguistics. Sofia, Bulgaria, 2013: 455—465.

[25] SOCHER R, PERELYGIN A, WU J, et al. Recursive
deep models for semantic compositionality over a senti-
ment Treebank[C]//Proceedings of the 2013 Conference
on Empirical Methods in Natural Language Processing.
Washington, USA, 2013: 1631-1642.

[26] MIKOLOV T, SUTSKEVER I, CHEN Kai, et al. Distrib-
uted representations of words and phrases and their com-
positionality[C]//Proceedings of the 26th International
Conference on Neural Information Processing Systems.
Lake Tahoe, Nevada, USA, 2013: 3111-3119.

[27] GODFREY P, SHIPLEY R, GRYZ J. Maximal vector
computation in large data sets[C]//Proceedings of the 31st
International Conference on Very Large Data Bases.
Trondheim, Norway, 2005: 229-240.

[28] ASUDEH A, THIRUMURUGANATHAN S, ZHANG
Nan. Discovering the skyline of web databases[J]. Pro-
ceedings of the VLDB endowment, 2016, 9(7): 600-611.

[29] ILYAS 1 F, BESKALES G, SOLIMAN M A. A survey of
top-k query processing techniques in relational database
systems[J]. ACM computing surveys, 2008, 40(4): 11.

[30] KOSSMANN D, RAMSAK F, ROST S. Shooting stars in
the sky: an online algorithm for skyline queries[C]//Pro-
ceedings of the 28th International Conference on Very
Large Data Bases. Hong Kong, China, 2002: 275-286.

EEE AN

ke I R e S s S B
S R S A AR RS [RIHERE R S



http://dx.doi.org/10.1007/s11280-017-0472-y
http://dx.doi.org/10.3724/SP.J.1016.2012.02237
http://dx.doi.org/10.3724/SP.J.1016.2012.02237
http://dx.doi.org/10.14778/1687627.1687666
http://dx.doi.org/10.1007/s11280-014-0294-0
http://dx.doi.org/10.1109/TKDE.2014.2365792
http://dx.doi.org/10.1109/TKDE.2014.2365792
http://dx.doi.org/10.1109/TKDE.2014.2365792
http://dx.doi.org/10.1007/s10844-018-0511-x
http://dx.doi.org/10.1007/s10844-018-0511-x
http://dx.doi.org/10.14778/2904483.2904491
http://dx.doi.org/10.14778/2904483.2904491
http://dx.doi.org/10.1007/s11280-017-0472-y
http://dx.doi.org/10.3724/SP.J.1016.2012.02237
http://dx.doi.org/10.3724/SP.J.1016.2012.02237
http://dx.doi.org/10.14778/1687627.1687666
http://dx.doi.org/10.1007/s11280-014-0294-0
http://dx.doi.org/10.1109/TKDE.2014.2365792
http://dx.doi.org/10.1109/TKDE.2014.2365792
http://dx.doi.org/10.1109/TKDE.2014.2365792
http://dx.doi.org/10.1007/s10844-018-0511-x
http://dx.doi.org/10.1007/s10844-018-0511-x
http://dx.doi.org/10.14778/2904483.2904491
http://dx.doi.org/10.14778/2904483.2904491

<1174 » B OB R & ¥ W 1545

SR NE, MR A, BT
1] kg 2 (B E5CHE 43 B L 3 T AR
23, HRH T A XS Ry
25 MR = SCAR B 091 SGE A A
SRR T, LT REEFIT
BlEAFR W H 10, kRFEFARIE
10 4355

g AR, B, WA O, 2
BF9E 05 ] 2 [ B0 45 B HERE R 40
FNRE TS o B T 2 Al 4
FARA G RN MTR Y 2R 1 248
HEFE DT 12 H Web BE % top-k AL
BRI, ERFERARP ¥R S
230 AL TE HARRE R T H AT 3 101,
KFREFARIB 30 A3fE

RFAED 5B N TRRERHERARIE A P AR i e ML 2020
N R RE AR 2 58 il

SRy 4 THT S it ) T B Bl K R A, BRI R R (RN TR R R R ) | B R ScR AN TR Be R
SRR AR IR E RN A S [ SRR PR, FREAE N T e S A 2 DTk 0 RIS R R
HTAER, W3 R RERHE G4 A B AR P, O e B M BUR ASWHR L, #E3h 3% =8 seFt
5 ARG PR A, B E N RN B8 B SRR %, N T BB 28 T 2021 424 H 10 H—
12 HAEAE T L J50 M [ 4 28 I A8 1) 47 AR ARk —— 5 S0 N T BB 27 R - JR] AF i 42 % LR 2020
EN TR A2,
— B A 3

2021 4E 4 H 10 H—12 H (10 H . WIS B i id=t)

b5, FRM Tl b X

Ko F8: A5 A Ak
VAP

FIpEAL: P E N T R

BB IR N Tl el X A 2 4

ARIPEAL: RN TR BB 2 R SR TR RER A HOR LIS BL b | 5 N B R B N g Ml A
= BRI
(—) P EANTHE RS RN T RER AR AR A E (Jha)

BRRN: L&, KB

I 2 HLIA : 010-52365722, 52365896

L F-HIR % : wuwenjunkejijiang@vip.163.com

/2:\

&
5

1% 1B M . www.wuwenjunkejijiang.cn
() E AN TR SRR T R B KT E e (T3 M)
RN AT, X2 i
K 2 HL i - 0512-62927273 ., 62927535
L, F-HIR 4 : liuyunzhe@caaipalace.co


http://www.wuwenjunkejijiang.cn

