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%

Abstract: With the development of GPS positioning technology and mobile Ihternet, various location-based services
(LBS) applications have accumulated a large amount of spatio—textli‘a] data with location and text markup. These data are
widely used in location selection decision-making scenarios such as marketing and urban planning. The goal of spatio-
textual location selection is to mine the optimal locations from a given candidate set to build new facilities to influence the
largest number of spatio-textual objects, such as people or vehicles, where the closer the spatial location and the more
similar the text, the greater the influence. However, existing solutions not only fail to consider prevalent peer competition
in real life but also igné)re user evaluation factors for facilities. To make more reasonable location selection decisions in a
peer competition environment combined with user ratings, this study proposes a more rational spatio-textual location
selection problem, CoSTUR. To solve the limitation in traditional models where objects can only be influenced by a
single facility, a threshold that makes a trade-off between the certainty and quantity of facility influence on objects is
introduced, which also models the real-world situation in which multiple facilities could simultaneously influence a
specific user. Based on the classical competitive equalization model, quantification of competition among facilities with

different ratings is achieved. To reduce the high computational cost for large volumes of data, a novel spatio-textual index
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structure, TaR-tree, is constructed and two pruning strategies based on influence range are designed with a combination of

thresholds to achieve two branch-and-bound solutions for spatial connectivity and range queries. Experimental results on

real and synthetic datasets demonstrate that the computational efficiency can be improved by nearly one order of

magnitude compared to baseline algorithms, verifying the effectiveness of the proposed method.

Key words: spatio-textual data; location selection; spatio-textual index; competitive influence; simultaneous influence by

multiple facilities; user rating
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16 if ¢ intersects u.rect_in or P(u,c)>t

c.rat
complu]+c.rat

17 canScore[c]+=
18 end if

19  end for

20 end for

21 return top-k c in canScore

RangeQuery ﬁ/ﬁ%éﬁﬁ/f@% HaShMap compit.
S P u B 4 RBE, Al id, (A5 R
&£ A5 FH K TFUE canScore 7 TR B I £3 45 58 4 5 M i 41
FE B e L, AR I A B 1 id R 3. Bk S Ih
ﬂf,coﬁlpﬂlcanScore GE AT, M TFH—" MM FPueU,
A ARRAE 2 (6) THE 1T 2 dinax M dimin . Plu NI, dimax
Hdmin NAZ, FIIEP S MBR YRl u.rect_outflu.rect in
(5 2-417). )5, I AE FI¥) TaR-tree FT FXfu.rect_out
BTG W (FETH R g %R, HRAZ 5usE
IR B, K 5200 B WA E SR B S comp T (B 5 1T).
SRIG, 8IS comp THIBEIE £, X T 5 u.rect_in 28 1) %%
it B H A VEGINAN P u BRI 3E S RBE comp [u]
XS F1E (diin, dmax) T8 P R BER, 75 2RI € X 4 3t
— B W A S FH P, e e U SR e b S
FUEE (B 6-10 1T). SR 4 BRI AL 30 A7 it F 2R AL
ﬁiﬁﬁﬁcﬁp/[\ﬁiﬁﬁgﬁﬁ%%%”@ﬁ (5 12-20
7). ME—FIP AL X BT : 1) TR C /) TaR-tree
CT, T Tidmis Pt 1) MBR J6 FHI 230 (55 13 47);
2)FIFIAR (5B IR 45 45 98 SRR (3 17 17).
FETF CT ()36 B 250 485 R 53R 7] top- kA e A ie o .
2.2.2  H#:T spatial join J7i%

25 ) 4% (spatial join)!" A% O JE AR 7E AN [A) 2%
[F) 250 4f 4 T) AR 5 = [B) 1R ) )R AT “IE B4, RIS A
2 (A R AFAE WIAHAZ (intersect)s €L (enclose) %5
5 K RIS, AT LASEAT join PLAC.

R % (] % 42 AR, mT DUKE it 5 (figeade £8) A
R B AT IR BT, 2 A [ A if0 JE g, mT BA
f8 € SC 4 R BRIAE A 5E AR i Rl BEAT UL RS, D9 S 2L
AT B 4R 2 A B [, H P R A i TaR-tree,
A% ) BT RO AR AR AL T SR R T IR B AR
(e £) AH - EE AR TaR-tree FIHRSS ri 46 [F] B B
AT VR FEAR Sl 77 . 55 P AR o ) 05 st 1) 56 2 ) SC A AH
FAER T B T, BT 58] 75 18] MBR ORI SCAS 4 35
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AR T, S AHHEN T i )RZ, W ] TaR-tree

Vi 259 1k

2 HR 2% ) 32 2 R A0 ) e ke g () 38 i, ki g 45 R e

A AR EIFT AR R o € OIS iy (0) Sfr, BIRE T 1 52

5, BAMEILRe s ) P g v AL I A se S AIA
TZFZ F P E kb 256 5 S e B I T SRR i
FIHIEL S WE? HiiAR Baseline F1 RangeQuery ik 4 75 il
TR ARTH ST A o 7 B ) B SR LR A S g i E AT
Her, T s — N EUE AR R R

I (AP RME LY. X T Yue S (o),
FEF PP 1-5 B B HUA — 4 B R{E0.2,0.4,0.6,0.8
AL, O A RN L5 S 50015 i (O
H scoremax (¢, FU{c}) = %|Sinf (O)|F7s.

WY 243 € F Aur€Sing (NI, 1S comp (i, F) =
{F}, Eﬂlﬁtﬁﬁﬂﬁf%ﬁﬂﬁuiﬂﬂl, u; Xt comp (f, F) W) T sk AE
N1, B FAREENT ; BRIREIR. R s € S g (o), RAEEX (5),
E%uf

c.rat
,FU =— 7
score(c ep f.rat+c.rat )
— A — <
B F 02<crat=frar<1 , W ¥ ﬁ0‘2+1

c.rat 1 Eﬂl < c.rat 5
forat+corat - 02+1 °

6 f.rat+c.orat 6"
i—’ﬂf,f’ e FAu;e S,’nf(f)/\u,' € S,'nf(f’)ﬂﬂb, B
/I\ﬁﬁ@fﬁéuf, ﬁlﬁ%ﬂ[’ﬁ]ui. %ui € S,‘nf(C), TE*E?& (7), ﬁ

0.2 c.rat 1 0.2
< v < B — <
02+1x2 = firat+f .rat+corat  02x2+1° 722
c.rat 1 1 5
< B <o

forat+ f'.orat+corat  1.4° 14 6

DL SR HE, %ﬁ%%&ﬁﬁ%?@m ih, AT score

1 i
(¢, FU{c)) < |Sc0mp (o) | X02 i1 e |Scomp(ui,F)|

5
> 1, Kl score(c, FU{c}) < 8 Hp Zu,-eS,-nf(c) score(c, FU

5
{eh < 6|Sinf(c)|. IEHZE .

shEa A AERE ARG FE 1 ¥t T Spatialloin &
%, BARRAR R 3 P, 5 a0 SO A L SR AL,
SpatialJoin %y 18 F§ HashMap compic 3 F ' u; LH)
A R, 18 F R TIUHE canScore W4 52 4+ 52 WM EL A7 JBCHE
FrJa g i &, I FIRESEVIaa 6 EnT GF 2 47). AR
RAE T HEIEE %6 N2 &R I8 B P 4 U g 1k 4R
CHIMAR TaR-tree (38 1 1T), IHFHWIEHL — MR PG f%iL 2R
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B 5 S R AF TR /N TR HE HC, HLz /N TOUHE B 22 47
Tk Mgk (58 2 47). SEIT AR I Je M A AR A 52 1
] FR) 22 ) 3 432 PR K s j AR BT P B AN B fti B P AN TaR-
tree B (IR 5. 3 DR BB N  w; € URIEH
WO, FFARYERE L9 T ERIZES RIE comp (5 3 47).

Hi% 3. Spatialloin

#IN: UF.Crak, TaR-tree FT of F.
Hith: HC.

1 Build TaR-trees UT of U, CTof C

2 Initialize comp, canScore, HC

3 compesj(UT.root,FT.root) * -
4 canScore—sj(U T*.m?)t,CT‘root)

5 for pop c_top from canScore do

A}
6  if scoremax(c_top,FUc_top)<HC_top

7 break

8  Calculate score(c_top,FU{c_top})

9 if |HC]>k

10 if score(c_top,FU{c_top})>HC_top

11 pop HC

12 insert {c_top,score(c_top,FU{c_top})) to HC
13 end if

14 else insert {c_top,score(c_top,FU{c_top})) to HC
15 endif
16 return HC

F2 T SR P 23 903 % R s j AR P P B Ak gt i

BFAMBEEL B 455 55 4 M B 3 s6oremax (¢, F U {c))
A7t B KT HE canScore 4 1, Uk HT canScore HE T /& BT
1% i B T 2% 200 el 81 R A B (38 4 7).
% [8F L P OIS, At S I g 5 S S e
score (c, F U {ch) W AT B K, BBk, M canScore i Thi
B ik, JEiE PR LR G TS e CGF 8 17).
top-k 15 126 A7 B 1K) 52 Bn £ 6 5 4 5 i (B A7 JCLE /) T e
HC . H{HC P H 4 &/ Tk, v LB K NHC;
[, T BRI c ) score (¢, F U {c}) Rl HC HETH i) {1k
HEAT AL, W R HC HETRBE A0S, T8t HETH I s N i
i cHIME, BN ALEE T — A canScore ETH G (58 9-14
7). 2R B HCHETTHFIR FI 47 & 5 S 5o MME KT canScore
TR Ak 1) L LR, B LERY canScore HE FR N AT fE
P51 1) SEPRZE & 5 S B2 B K T 4 T HC HETR Y
top-kfFIENL B, ML £l Xt canScore HE W J1 45 (56 6,
7 47). HCHETR [ top-k ik ik A B RIS 45 - (58 16 17).
23 BARERESH

AT FR AR T R TR O FE AT BEAR 43
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Mr, Hode 4 Bt EAE AR HAE.

L2 7715 Baseline S & M3 46 07 23 [y P
£ ik A B O WA, J7ik IR A 52 % B N
O(FI-|UI+ICI-UD).

L4t TaR-tree dmax Mdmin 1 RangeQuery Hi%k
o, € TaR-tree BN RUAn N AL MTH A
&5 W% TaR-tree W70 B A 4L, HI ] &A% E N
O(|Ullog,|FI). Xt T H S Sk L m &, 'k
BR R IE TaR-tree, B 0] 5 450 (ICllog,|C)); 24 )5
HHATVE IR, B 4 N0 (U og,|Cl). 75 58 2 dmax
H i FIWEFH, WAL [A] R 4N O(| U log, | F |+
O(ICllog,|[Cl) + O (|Ullog,|C"])), A |F'| < |[FIAIC| < |CI.

SpatialJoin 57EF|H TaR-tree 2 [A] (175 [A] 3% 42 1

AL B A P R S IR 4E TaR-tree F5 22 O(|U flog,lU |+

O(ICllog,|Cl)) 52 2% & . =% [ i #2313 gk i FHL g B ) 52
% ¥ 9 O (log, |Fllog, U] +log, U log,IC1) . 112 £ 4545 5]
B 1 b, 36 ROR TR (552 4% 2 T DA A B
O(1). HiE AW BB AR NO(U| +1og, |Fl)log, U+
(ICl+1og, |U])log, |C)).

7% 5 % H RangeQuery H Lk SpatialJoin 5L
B[] 52 24 B B SRAR T JR 26 7 k.

3 SEEGRUES b
3.1 XWgE
3.1 SEERHRAE
ARSI P O B AV A B S
LI H New York HSZFIRERIET London HIE HEL

Y. o 5o 2 Hh S POT 5 it B B AVLA 3K — 4 )

POI SCAHR 17 3 2, BB KR 1 Bizs. ik
SR R I R 5 DSk PRIBA IR, 478 T4 B A
SCHI LT A S G R

F1 BIEEEAER

B New York London
RS 20.4k 7667
O Wit 11k 3k
{3 o7 B A 200/400/600/800/1k 200/400/600/800/1k

S Mt AR, P ARt ) 2 [ AR D% PR AN SCAS A
KAESIME 73 IAE 0.7 F1°0.1 Mbil, ZEEHOR. {4 [A]
FHSRAEAN A KAL) o AL S BCRAT T L, M
Yo7 2R B0 — AL D R SO SR A VA — A 244 0.7, T
JHP 0B it 1) 2 18] SCAS AR DR ME MBI 0.8, SERA

AR UL B, KK a0 N BRA SRR S 40 2 e T = 0.9,
k=10, ‘F# =5« =0.6, FEiE N B EE|C| =200, 7F
London Hl New York #{# 4+ H 7 50 | U ER A 53 )
W 5.5k Al Sk, Horp oo 0.9 528 7 S HER AL TH &
X CE P IR o BEA 0.6 28 1% 5 50 B 5
PEFEARIME, DRI E A 2 L SLIR g 3.
3.1.2  SEERIAEL 5 VTN L

DA fif e 07 N AE AT AT VT4, 52560 F Python
HE MY, 58 Windows 10 ('64Jj), Intel(R) i5-
13600KF 3.5 GHz, W 7% 16 GB. \

igﬁﬁj\%ﬂﬁ?ﬁzﬁf{% 2.17% Baseline &%, 58
2.2.1 RangeQuery &%, &5 2.2.2 7 SpatialJoin 2.
32 SWER
32,1 BMAETHIFEN

56 IF 53 M) B E 7722 A0 0 P e P 2R IR RS ), ¢ 9 B
43505 0.8 0.85. 0.9 F10.95. HIK 3 Rz &k 3
A%, 3 ApELVE T Baseline 0K ix 722, 520 R{E 7 194810
X ILFZMAANK, 11 RangeQuery A SpatialJoin 14 BE 52
M [ 4L 7 P 386 KA BE 2 2R VA UL 3 R 2 35 IX Bk
TR KIS, W] REF2 MR (098 76 i 2 B, P e
b, BURCHCR IR Rz, R RERZ IR K R %, BY
GG AN

& 3(a) Fraw, Spatialloin P FETE London (34
AT AR, IR F R S S AR A
] 3(b) ' New York iﬁﬁ%k%%!ﬂﬂ#ﬁﬁﬁ% =2
B o /N i RangeQuery ZAHE R, /22 SpatialJoin
HERAT. HOE R 7EF New York i1 London A4 475 1]
SEERIE (52512 59 km F1 56 km), {ELRT# 3 5+ Wit 6
FAE, R B T AE /NN dinax A diin X BT ) 5T R 5E
HH 2.

e %
80
-
~ 60
z
o
£
5 40t
&
—%— Baseline
20 o RangeQuery
SpatialJoin _
0 1
0.80 0.85 0.90 0.95
T
(a) London

B3 B T SR R
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100 ~
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(b) New York
B3 BE TSR IR (5E)

322 HIHEUE|UIRISZ N

B ORER RN F P BRI U, e AN [F 7
FECE G L. % T London Al New York 24 45,
UL U5 314 £1.000,.2 500, 4000)'5 500, 7 000} A
{1250, 2500, 5000,:10 000, 20000}. A 4 7T LA
), Baseline J7 VA A [ 8438 |U| 2 &K, X 5P
ANFHE B P U B E K 7 B 1 Spatialloin Al
RangeQuery 5y I i) 85 [RI REBE 5 | U| (1) 38 hn T 2 =i,
{HAHLE Baseline J7vES Refe FH— AN B M MERE, Hop
SpatialJoin $& 4B . X 15 B 5206 45 AN 18 73 #r 2 —
B, BISCHh iR IR T S B BB A R R
W b SRk 2 7.
3.2.3  fEIEALE |ClRZE

W gk Ar B |C1 8B 5 A E N 200, 400, 600,
800 A1 1000 F, 4341 3 P A2 XS 22 ()5l 4] 5
FroR, St RAE KR BN U5 R B0 153 S84,

3 PRy A AR 2 Spatialloin 575 0K 54, Range-

Query X2, —HBIRESE LT Baseline — 1~ @4 11
RESRTE. X EL I 5(a) AL 5(b), 7T LAKBLLE London %1
5 8 L B ICIO B T W (RS, 6 T TR R
%, A B IO et T35 40 R, 1k il ) S RS B
2, BRI BRI AR X AR .
324 kEARM

AP S3 H S2 06 3 IR T U6 AIE kAR A SRVE RS R, Horh
kKEUE 9 10-50 1 2 BUE. Wi 6(a) F1E 6(b) Fias,
3 FhELyk R SpatialJoin HVEMUR AL, RangeQuery KX
2, XA EY Re St T Baseline 3T — MR KM
PEREFRTT. A 2 B A AE AR A X BT A S50 I 28R T LT 46
ANEFE R, X — NG 2.3 FTELE M st il LR
HH, B kAR AN i S B 1) B 2 B
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