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GRENN : Group Reverse k-Nearest-Neighbor Query in Spatial Databases
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Abstract  Reverse k-Nearest-Neighbor(RENN) query is proposed based on the £-Nearest-Neigh-
bor (ANN) query, which finds objects that take the query object as one of their ANN. RANN que-
ry can be used to evaluate the influence of the query objects. According to the practical applica-
tion that REANN of a group of objects are queried, such as evaluating the influence of chains or
shopping centers, the authors propose the concept of Group REANN (GRENN) in spatial database
and design the corresponding algorithms. Given a group of nearby space objects as the query in-
put, the authors compute the smallest circle enclosing the query objects in the first, and consider
the objects in the circle as a whole. Then, they design a filter method based on R-tree, and a re-
finement process is subsequently used to get the query’s final GRANN query results. A large of
experiments according to real data sets, show that the efficiency of the proposed method for

GRENN outperforms the state-of-the-art algorithm.

Keywords reverse k-Nearest-Neighbor; group reverse £-Nearest-Neighbor; R-tree; the smallest circle
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12. return S.a.

fRIEF PRI B B 5 L AT B2 (5 1~4
$) P CINCH Ok +1,S) 3503 i X 380k HE
BREGIRI. M — 5 p BEFEMAS S .S 2 p
AF|S G S MBS, St p WIMA S ZHi S 1
R BN KRR Sew —Saa=1{p},p TELA Sau
HSBATE MR N R X i 2 p RAEE
Bk —1 4 O-half-planes N , i 5 A5 W7 1 45 B (1 5K
X MA B S T LA AR S, p BT AE
O-half-planesfi M EURBRAE ATREKF k—1 4,1 p
N—ETEE HCO W p-half-plane N, IR p 4R
WML p ZATE E+1 4 O-half-planes N

(25 AF S IR FRATT T BT o+ 1 2600 B8 2R 23 i) IOk
HEBR B 2R T 28 2 A B Bode (5 5~ 11 ). i Ji]
Range-f B IE 1 7357 5 10 4 — e e X G0k ik — 40



12 4 RIGg T4 . GRENN . 23 i) $ 40 5 vh 41 I & f5e 3t 4B 25 ) 2235

HEBR B R 0. B BE 4 & Sea A VT RE AL 45 A 1) 4 4R
QI —ANEEA W N Q I —& i) i BERZ 7
— A AL RENN, PR 0 4 ok 5 2 2 25 18] S (3 6
#£) . BBEL Range-k RIS r  min{dist(p, {Q—
PR T ), Hd min{dist(p, {Q—p} )} /&= p FIEL
PEAQ—p) T A MM BE R 1 iR/ ME L R p 22
WA B BB BR B Z AN RS A 1) 5 f 0 5 P RE 2
A 25 78] A5 RENN ; Qi S A 16 25 A /2 2 10 i DU bR
¥ Range-k WIS r 7 min{dist(p,Q)} (5F 9 #),
Horr min{dist(p, Q) } /& p B A 54 Q h T sy &
VE) AR R ES  d /NMEL p BEES Q IR AN A i AT
T p il R] BESE RS A 3 A AY RENN.

5 MW fa GREKNN &= &%

A4 T s FCINCH S35 97 Ji ok fifk Tk
WA, GRENN £ 3 (9 7] 8. XA GREANN £ i 5. vk
02 R 2o DR -4 SR AE 22

X F GRENN 4 if] . B8 GRENN £ i) £7 P
MEARE P MR, P 2O &AM AES Q MEE
R 2 EMSTIRNEBURSE. Bl rER AR Q
PR &S £ P BB ENN ) —A,
W 7 X, RENN 8 — A 25 1) 25 . 1 %5 T3 A
GRANN it 26 Q iy /N i I8 O 1R B Ak %
&I

XA, GRENN 5 ) 558 I35 1k 4 Fros. 76 8
& P bl FCINCH-Filter 8 1 31 515 21| £ i) 51
£ Q1) GREANN Frjf i RIX ML S S 1
) 885 A1 CINCH 5363 548 R X 5 SR (5 2
A0 N B 8 1 R 5 R b 40 0k 2 i 44
RIXIK SR 4 3 Bk Ik &£ 4 R U Lk 2
W GRENN (1) 5 & Br B 784l 48 P bW
Range-k B IE 125 1) Wr B 4> e 2 45 0 &5 O A ) 45 2R
MM ZA5 3N 25 RAE T, %0t B2 A GRENN Y
PR BT B

#i 4. FCINCH-B(O,k,P.,R).

WA AR QWMR/DER O

GRENN 2l £ {8
WE AN QB E P
5 SR B R

iy : 20 BRENN 25 (19 45 R

1. S":=%4E4E P I+ FCINCH-Filter(O.0) 1 S;

2. SR :=CINCH(O.k,S);

3. R=H4a% R Wk & 76 SR W B & A

4. T:=;

5. for(R A4 r)

6. if(P /) Range-k(r,k.min{dist(r,Q)}) return
true) then

7. T:=TU{r};

8. return T.
6 EiRMERENR

AT W3 4 A9 1T B GRENN £ i) 1
FCINCH 5 ¥ 1 31 & X 8 GRENN £ if] 19
FCINCH-B 5k it 6E. I3 76 25 18] o5 5 K /A [R]
TEOL S A AT ) f /N7 i (B DR /DN X B3 1 A
R M Y e AR AL A SR A KN LR
W TS 7S A 5 e R SR T RO B S e L AR S TR
FINCH 5 ¥5 #H Fo 0. 5035 R Java SE 8L, SE B0 18
Wb ES R P4 2.4GHz, WAE A 1GB. #1E RS N
WindowsXP BJ#LAL 347,

D b il R 30 A6 22 )3 I s NAp b 3E e b
NAp 33 54~ & 09 £0s 425 8 e 140 3 Lk 4096 4
T I A R W RG] B E N TEANE
Bk 1 R,

R1 HES
SIS Bodi R # K/ /KB
NAp 24254 1636
NAc 9203 600

AL S B i A7 I RV Sy PR BE 46 5. i A7 I [A]
£ 45 CPU i) f1 1/O it fa]. F 1 (14 & FINCH ()
JZ AT B[] DU A2 A A ) 1 3 AT B JR) 2 T A
TE 25 A 2 B A ) S AR R A5 SR 2 L
6.1 GRKNN ZifZR

WA 4 FrR . BOE &) R BUE J2 5. k=5, T Fl
A5 A SOE Y d /N BT S R BROR B R CHT R 1Y
ARk i R AR BOL I UED  FCINCH 5 Ay
FLAE FHVE I B 2k 2 K F 0.8 BF, FINCH 53
P Re LA T FCINCH 583, 2 FINCH %3kt
SR ) S PR RE AR L A LA 2 9 a2 1 1
X 2H A5 3 5 (1) RENN 32 17 B 18] 8 A5 B0 5
XA ) A 7 TG % TR X A 9 A5 A BIOR R
EATHE A A A ], {H FCINCH #IRJR], & & 5%
V) 5B 7 R DG 1 TR A 9 A B S AL T L A
V) i B T T o8 1 e /0N e T B ) P e R
% PR R i 0 2 DA A ) e AR /N i I O A ik A 7
BT o [ s 2R A 5] 0K J) A48 2R DX, [ R 4 R
DX A i B 45 Rk 8 £, 18 5 R, FCINCH



2236 i "

Hl

2010 4E

E

SR B 1 OR B e kL 2 L T FINCH 41
A K.

——FINCH
—o—FCINCH

02 04 06 08 1.0 2.0 4.0
T/ 3 A

P4 de/ N R B R/ o B8 3 A BB A T

1400 -
——FINCH
1200F o peiNeH
18 1000}
& gool
S
& 600f
¥ 400}
200
b — ——— I 1 1
0T 02 04 06 08 10 20 10
N 3 DR A
B 5 d/INE 5 R /N X 0 38 4 B0 A B TR

{H 2 Y A ) o5 (8] AR R 00 1Y B e, FCINCH 55
Pt 2s t FINCH B3kt ig 5 4. &l 6 Piow . 78
B NAp B 450€ 5 D&l BEE & (N 1~
10, 59576 NAp B4R 48 AT iy MR ge x) L. 18 7 J&
AH TR 25 900 0 M 2k AR M LA B kG R
FINCH 15 2| (e 42 & b FINCH B £, 3% i A~ &
8 S 7E A B A ) R A BT 1) GRANN [ia] g fif
FCINCH [t FINCH B A K 4@/ 5 A
SR A FINCH 33 U g e, ) 2 — A4S — A1)
AR A R DXl DA T A5 1) A B 4R 5 fEL > A 00 U8R
T S A 48 2 XSO A T S 2 A S e i 4R
AU SAREZEE, XFEREM T HE kMG, m
FCINCH %3 8 4 13X B 19 (] 8 & A=, >4 2 1) 55 [
{14 KT 2 K ) S o R B ) A L o LR s AR e AT
1 B /N 5 T PN o 3 A T A SRy 5 A 25 I R e T
A A PR R 2k 1 T R R AE X AR 00 L b
1 GRENN [A] 5t FCINCH [ FINCH 4 %K.

500

——FINCH
—o—FCINCH

Bl 6 e fE X 5 1 BB S M

——FINCH

—o—FCINCH

B7 ke B X 35 R 52

e 8 fron fE X e 5 NAp B, b =5 £ M
SRR AN TR I R A A 3 AR — BN SE B D
FCINCH gL T FINCH (1% 25 # P: fig . [N o4 1
FCINCH 533 v 5 10 5 0 5 AE & AT /9 fe /N 3 38 [
P ABCRE PR 25 1 BT A 30 U A — BN S L Y
B A2 I AR R XIS B I O B D e B A S E
JA A8 2R DX IR RE AR A [A] L i L 22 A ) 000 39 Rt L 5
BeA X PERE I R R - H FINCH 20 A [a] . B33 —
A T S T] SR AR A () T i 3 #9609 o e
18 47 I ) K B A7 R T

——FINCH
—o—FCINCH

5 10 15 20
) K

8 A R B X Bk ) A RE S T

e 9 Fros  FERAE SR NAp B4 5E 5 DA
T A A3 S TERE — BB B D . W £ {60 5.
WA TR S R BB 004 R A [ L a2 47 PR BRI BOA A1
ZARZ A& i FCINCH PEREL T FINCH.

400
350F
5 3000— o |
£
= 250F
_E 200 ;/a—/‘u\u—c
& 1500
i 100F ——FINCH
501 —o—FCINCH
fo0 200 300 400 500
RF 175 4
B9 T4 5t % 359 1 i Y R i)

6.2 X8 GRENN &R

W10 Fros . 45 5 A A8 ) L. A ) s T 1R 4R
A A NAc, 453840 NAp. /i 3 B4R/ T 0. 2,
BE#% & {H 3 K. 0] F B FCINCH-B i # fig ft T
FINCH-B. & fi# K . FINCH-B % &4~ 2 if] sl 1948 R
IX 3o o () R 22 i R A5 R U 2, & 11 .



12 14 REFAF . GRENN . 23 [0 B4 2 op 4 % & S dln 4R A i) 2237

T 24 25 1 5 P 2 4R i, FCINCH-B 5 FCINCH #H
[7i]  # fie K ¥4 25 90 B /N A [ A R 3 1A 2% B
AL, XA % T FINCH-B £ 33, FCINCH-B
M FE TR RERE G & (BRI K015 05 3 Hhad A b

—o—FINCH

—o— FCINCH

700L[——FINCH
600 —o—FCINCH

B 11 R B X 256 35 50 19 52 i) (B8, GRENND

7 & B

MG LB N A7 >R 42 T GRENN 2% i) i 1 &
BRI R RS K51 454, 3 -2 1
BRI LR S S GRANN 25 31, 76 33 38 B Bt 6 25 3
SR I B/ N AR Ry B A% S Y ks, R T CINCH
BTE R X A T A R A S FE R
BrBir B, ok FH Range-® B3iE™  HERRAS 52 245 5 1) £ i
SRR RS IR B S B X B
PEREFFAT 14K 5256 32 W i 44 o) B0 0 A R A A i)
SRR JE — 4L AR AT 1 A TR e A i AR T O
GRANN 2 i) HA 5 20 52 By b A8 . w] DL T 3%
W8RG X R R T R DRSS AR AL T T A T 1k

OB R AR[7]e94EE Rt eg FINCH ¢ &
xR A

SONG Xiao-Yu, born in 1963, Ph.D.,
professor. His research interests include
intelligent optimization, GIS and data

mining.

[1] Rao B, Minakakis L. Evolution of mobile location-based
services. Association for Computing Machinery, 2003, 46
(12): 61-65

[2] Wu Wei, Chee Fei Yang, Chan Yong. Tan Kian-Lee. Con-
tinuous reverse k-Nearest-Neighbor monitoring//Proceedings
of the 9th International Conference on Mobile Data Manage-
ment. Beijing, 2008; 132-139

[3] Korn F, Muthukrishnan S. Influence sets based on reverse
nearest neighbor queries//Special Interest Group on Manage-
ment of Data. Dallas, Texas, USA. 2000; 201-212

[4] Yang C, Lin K-I. An index structure for efficient reverse
nearest neighbor queries//Proceedings of the 17th Interna-
tional Conference on Data Engineering. Heidelberg, Germany,
2001. 485-492

[5] Stanoi I, Agrawal D, El Abbadi A. Reverse nearest neighbor
queries for dynamic databases//Special Interest Group on
Management of Data Workshop on Research Issues on Data
Mining and Knowledge Discovery (DMKD). Dallas, USA,
2000 44-53

[6] Tao Y, Papadias D, Lian X. Reverse k(NN search in arbitrary
dimensionality//Proceedings of the Very Large Data Bases.
Toronto, Canada, 2004: 744-755

[7] Wu Wei, Yang Fei, Chan Chee Yong, Tan Kian-Lee.
FINCH: Evaluating reverse % -Nearest-Neighbor queries on
location data//Proceedings of the Very lLarge Data Bases.
Auckland, New Zealand, 2008: 1056-1067

[8] Guttman Q. R_Tree: A dynamic index structure for spatial
searching//Association for Computing Machinery Special In-
terest Group on Management of Data Conference on Manage-
ment of Data. Boston, MA, 1984, 47-57

[9] Roussopoulos N, Kelley S, Vincent F. Nearest neighbor
queries//Association for Computing Machinery Special Inter-
est Group on Management of Data. San Jose, CA, 1995; 71-
79

[10] Wang Wei, Wang Wen-Ping. An algorithm for finding the
smallest circle containing all points in a given point set. Jour-
nal of Software, 2000, 11(9): 1237-1240(in Chinese)
GEL. E3CF. KM E SEIA S m/NE 5. 5K
223, 2000, 9(11): 1237-1240)

YU Cheng-Cheng, born in 1986, M. S. candidate. Her
main research interests focus on spatial databases.

SUN Huan-Liang. born in 1969, Ph. D. , associate pro-
fessor. His research interests include spatial database and
data mining.

XU Jing-Ke, born in 1976, lecturer. His research inter-

ests focus on GIS.



2238 i "

Hl

E

e 2010 4E

Background

With the wide deployment of location sensing devices
(such as GPS receivers), location based services are getting
popular. Location related queries play an important role in
location based services. One such query type is Reverse- -
Nearest-Neighbor (RENN). The problem of RENN query is
playing a significant role in many applications of spatial data-
base.

Many researchers have proposed some solutions of
RENN query, but a common feature of these solutions is to
query RENN of a single object. According to the practical ap-
plication that RENN of a group of objects are queried, such
as evaluating the influence of chains or shopping centers, the
authors propose the concept of Group RENN(GRANN) query
in spatial database. If the conventional method is used to
tackle the problem of GRENN query, the efficiency would be

poorer when query objects are more due to ignoring the near-

by relation of the query objects. Therefore, the authors de-
sign an algorithm of GRANN query, and compute the smal-
lest circle enclosing the query objects in the first, then the
objects in the circle as a whole to filter. Then, a refinement
process is subsequently used to get the query’s final GRANN
query results. This algorithm of evaluating GRENN queries
can also be used to evaluate bichromatic RENN queries.

The major aim of this paper is to find a flexible and
effective algorithm of GRANN query, more over, to establish
a sound theoretical basis for the further research on query
technology in spatial database. The work is supported by the
National Natural Science Foundation of China (61070024),
the National Technology R&D Program in the 11th Five
year Plan of china (2008 BAJ08B08-04, 2006BAJ11B07-01),
the
(20071004).
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