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Top-k Fuzzy Spatial Keyword Search

HU Jun FAN Ju LI Guo-Liang CHEN Shan-Shan
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Abstract  Location-Based Services (LLBS) have become more and more popular recently. Existing
LLBS systems employ a spatial keyword search method to provide services, which finds the rele-
vant POls by considering textual relevance and spatial distance when given a set of points-of-in-
terest (POIs). Existing methods only allow exact matches for query keywords and fail to support
fuzzy search. To provide error-tolerance search experiences, we study the top-k fuzzy spatial key-
word search problem in this paper: Given a set of POIs and a query with location and keywords,
we find the relevant POIs having similar keywords with the query. It calls for efficient algorithms
to provide real-time search for mobile users. To address this challenge, we introduce a novel
function to quantify the relevance between POIs and the query, by considering the similarity
between keywords and spatial distance. Then, we devise an effective index structure, called
RegionTrie to organize the POIs and develop efficient search algorithm based on the RegionTrie.
We conducted experiments on real datasets, and the experimental results show that our

algorithms achieve high performance.

Keywords location-based services; spatial keyword search; string similarity search
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}
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Function updateState ( )

Output: STOP: true or false (should be stopped or not)
1. ifCeditDistance™ = limit)

2.  return true;

3. bestScore= estimate() ;

4. if (bestScore<bound)

5. return true.

A search PRBCH L O HESE, Horp
getNodes BRECH 25 8 B FE 25 N oK sl e ep T A
5 4% 90 36 g 5 BRSOl 45 8 A 1Y 1R i 7E 1Y 45
processNodes pRE Ay &b B 3k 6 25 551 pR 4R, 32 252
SE BT 2 s B R EHES] 3R T AE. updateState iR
BOTR A R AR A L HI IR A5 45 k. 56T getNodes iR
BN 2T .

I8 3 A 1 A ) FRATHE T B B s A 4k 4 o —
RN K A S A B 3X A0 5 BA B 2 — A de /s
HE L ATHE T 23 B/ M B RegionTrie (1451 0T AP
AL T query ARITIY o) B o7 S HRER 1.

5 & T RegionTrie HIE £ E 7

501 #EEXMItEREES

740 43 B b T A Bk S B T DA R BB UK
Y 4 E B B L AR MARZE ST IR . S5 1
BEE W ., MR T SR B3 A, 41 abede”
Hlq.o 1) 4 48 0 5 I, o] DA G B A 11 “ abedel” Fll .t
P18 20 0 5 5 DT 920 A b B ) 103 28 R 106 24 )
A GRIE R O 0 ZJE TP AR T A A PR B O 1 B
T s BB B A Zm B IR O O 1 o E] 452

N TS Aoy g T S S TR S R R
B2 BB 25 R 5 36 T AR 5 4 S R0 19
HoRE R, 4, G FATHK I mocha” Al “monica”
2 (6] 1 2 B B O B R T 5 () IS



Hl

e 2012 4

L
¥

2242 it
m|o|c|h|a m|o|c|hl|a
01|23 ]4]5 1213
m|l]|]0[1[2|3]|4 m | 1 {23
ol2|1]0]|1]2]3 o2 110]|]1 3
n|3f2(1)11213 nf3 L] 3
4131212213 i 312 |2 3
cl5])1413[2]3]3 c 3121313
al6|54]13]3]3 1 3133

(b)
Bl 5 SR g AR R R

5Ca) I 11 BV Ay f5 G 5125 181 5 (b) S X A& G2 57
Bt R BB . BT BRI B 6
BT BRI R T E R R e b —1T
FORB NI g, e 2o 5 Fom B A1) w, £ K G A
THE 2 S BE 2 RAEZ 5 ¢ Al w Z )19 G
PP B AR Rk AR Ly OB s 1, L
OIS T4 e BLit 0 FA&FLGH1) 5]
L GHD 1 eI g EE 25 25 R Ce+ 1) 5 X T4
FLGHD . GHDLBIRT ¢ G+ DA w 1
G- 1) [ 7 A S 15 A ] AF TR] 9 1 30 A2 e s AN AH [) 1Y
EH R (et 1).

Query: g
0 j ]71 vee n
010
Word: w | 1 e let1
it+1 e+1| f
m g

P 6 g B e 0 I O i

BRBLEMS C RIS T RMB I /N T T e 1A%
¥ BRUAE S0 2 4R RS O Ce+ 1D IS 1. AT LLXAE
S TR — L e 1A% T

IR L R 1 L 1.

XMTFCEBT e KT EMA T AT I ks
TR E B A TS Hm 1.

AR 2. T J5 RS 5 SE AR T

XMTFOABT e KT €4 M HM T4
AEJE e WA AR (e 1) HTTH C S UL Q1R A2 e
P8 T R ATTRR i A DC T A% A L AR X A R T R
e ZJa T HARS A W e A RO RO E A R UF
(6 A7 AT RE LK 25 0l 2 DT C” 2% 11 o i A IR L 18
A7 TR HBE A A TN e BORS T A R

S (et 1) B A g 2 ELHEAN TG 2 DT FC” 55 1 - st
TEX AT e+ D AT A IR T

S 4 L 1 4 RO O 0 AR g R S R
JIN S Fi BN B R I+ IR AE R A& AR 1C BT
BT ERE TS w i — D F R AR g
8 — A~ H 22 T ) G 0 P S B G AR I S8 T A G
FEES O BAS - FiARIC B IE B 1 A% . 2 )5
FRR A BN 2 s T DA R, B4 R
M s T AR BbRIC T BT A Ak TR Dy st
REZYC NS & S NIVE Tk Y - G Tl N V&S
AR T g B w 2] Y g e B
5.2 £ TF RegionTrie (it S E 248

FITTAT A SEL 2 A% B 1 AT AAS B A R — A 1)
A 1) 1] 22 8] 1) 4 48 B B R AR L (HJR 7 ZOR IR X4
A O it A 1) R 1 1) 22 (8] 1) G 6 S, — i
Fb A58 T 1) 5 s 3 P A 1 ) B e i B
AR XA B I RCR AR, T R AT 45 A Re-
gionTrie 5 F4F1 b A 1 5 1155 1) JELARL R 17 3R i

55 L RegionTrie B 145 & n Fl £ 1) 37 ¢
18 2 6 B 2. 2% T DR 45 A B 45 0 m X L 1 S £F
s AR SO B R n 5 AW g Z 8]0 4 48 R B 0w R
s 5 q Z 80 g IR . W SRR A )R] g RT AF
PRI T H# € LR g L1, ] Mg /o Flg[1./ ]/
PR B RIREE A n XL FAF R s FIF e g1, ]2 )
F1%) 24 Y P S

17 33K A4 S 6 B 2 AT DA o 31 A% b i) — A,
K7 fiw.

® o

7 RegionTrie 715 4 i FE & R B 1

FE 7RSS N fMg[1,3] (Bl moc”) Z
[F1) 1) B 5 R DAAE 4% rp i TR ks T b 3R ok fE
R A N ORI A R moc” Al g1, 3] 2 8] Y S
BEER RS 0. [A AR 1B 8t gi M Flg[1,3]C(RI*“moc™)
Z [R]85 g MO R B 49 £ poa” Al moc” Z. 1]
R 4 4 R S 2, ] 8 R4 TR IR A T TR

AL AN Fq[1,3]FRR R —PHE (N3,
B E SN T A BB 05 g5 5 MR



11 4 W] BRAF . AV b Top-k OGS IR RO A5 0 3 9% 2243

o o

— || oo |

Kl 8 RegionTrie i34 &R = A 2

q[1.3]Fm N4 (M, 3), B E E S T A
O BEBS 2. 42T R4y Ak e 1 = 4R B T A 4 4R
PR N e A LT A Sy e A G ES
K Ele] . BRMACTEMA T E[0],E[1],-,
Ele—1], 7243 ELeJM A ICE.

XF Ele—11HMER —MICHE N, j),.N &
RegionTrie B b (45 &1, 47 T 1H PRI R B 5 .

(D) Eim g g

XN PEE—D T4 5 Ne MR Ne 45 57
A RIS I3 g 9SG+ DAL AL I ] DU T8 A
HRE5 2 8 Ne 745 3 58 i 18 gL 1,7+ 1]
Z I AR B BN e T2 B (Neyj+ D i A 2]
Ele]r. 5340 AHERIE (Ne, ) BE A (N + 1)1
I e, BT RIE(Ne, DFICN, j+D A E[e]Z
rh FRATTHE I A o R A

(2) JEfh Y

WY R Z 5, AR (Ne, j + D om A %
Ele ], W5 2 4% 2 % 45 5 Ne #4750 0. R, 24
Ne I8 F45 s 57 f A i inl g 19 G+ 2) 2 AH R
HF T ARG T Y- HBTA 745 S 74T
A WA I T — A F AP AR T W) & i A Al DU Ik
PR FRATHE A 3 AR i e
5.3 % F RegionTrie it 2 & %

IR . FF (Root, 0) il A ELOJEE & v, Horp
Root Ay RegionTrie B R 45 &, ILHT . ELO Lid & A
T L T E X (Root, 0) ¥EAT 4E {1 5 )& , A RE 15 31l 5¢
iy ELO.

LTk Rk E &53 TR EL0]LE[1],--,
Ele—1].@ 14 & Ele— 11k ELe]. Bk
TR Ele—1]MT R, S 5@y e,
ATy R G 8 Ele]. B EEI4A
(N, DI Z DB —%, w2 RJE+—14 Ele],
LR SE B o e Z 5 97 i o AR P B
Bl

AT LIARYE B A i RegionTrie B 9 Top-
S R UCE B e R e L 5EA ] RegionTrie
B b B g R B 3 1 L N ELe— 115 B ElLe .
1 ELe Jrb 8 By A3 W25 00 BB 45 e By 3] 28
H 5 A A g SRR RS e B TR,

Function getNodes(editDistance)

Input: M4 IE B AY1E editDistance

Output: RegionTrie H A —2H 45 /5 nodes

1. extend the E[ editDistance —1] to get E[ editDistance];

2. for(Entry entry:E[editDistance]) {

3. node=-entry. node; j=entry. position;

4. if(node is a leaf node & &. j==query. length)
5. nodes. add(node) ;

6. }
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for example, users may mistakenly input “sterbuck” for

“starbucks”. In this way, users may get unexpected results.
Existing methods only allow exact matches for query key-
words and fail to support fuzzy search, which means that
when queries slightly differs from existed data, LLBS systems
will fail to return relevant results.

To address this challenge, we focus on fuzzy search and
introduce a novel function to quantify the relevance between
POls and the query. by considering the similarity between
keywords and spatial distance. Then, we devise an effective
index structure, called RegionTrie to organize the POIs and
develop efficient search algorithm based on the RegionTrie.
We conducted experiments on real datasets, and the experi-
mental results show that our algorithms achieve high per-

formance.



