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Constrained K Closest Pairs Query in Spatial Databases
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Abstract In this paper, constrained K closest pairs query is introduced, which retrieves the K closest pairs satisfying
the given spatial constraint from two datasets, For data sets indexed by R-trees in spatial databases, three algorithms
are presented for answering this kind of query, Among of them, two-phase R] and JR algorithms adopt the strategy that
changes the execution order of range and closest pairs queries, while single-phase heap-based SPH algorithm adopts

best-first strategy and utilizes proposed pruning, updating and visit order heuristics to improve its efficiency. Experi-

mental result shows that SPH has better applicability and performance than RJ and JR,

Keywords Spatial databases, R-trees, Closest pairs query,Constrained closest pairs query

1 5I8

B3 ) (Closest Pair Query, CPQ) M /%8 42
PRENTEES/ MRS, EETETERATEEMN N
. ESEBEES, BHETE CPQ B MEBHEFE AL
MEEHNE.

B EWSRAE LR, SABEES CPQE A
HERT A AT M MR Bt B 5. Corral 4R H T 3E
Wik i b 8 K B 3 X 2 i8] (K Closest Pairs Query, K-
CPQMAX-REBE, ZHEE K BXAENELT, AP
Bl st A E SR . Yang ST T —F Rddn
WES 44, XA AL SR E S RBE RSN, LIEH
— RS MBHEED CPQ A XIE % EE a4 B
AT AR N E AL B 3% . Hjaltason %1
FOYL R P YA A LB S S EE 1), Shin 4§ XA A H
plane sweep Hi RZHT T RS,

AR, BiA X B R AR A B = fE b SR Bt .
TEREHRT, AP TRXOEMEE S RSN REIE
. XMRBRLGESHRBPHBZBEXMHEHRIAR K
B % i) (Constrained K Closest Pair Query, K-CCPQ).
XRHEANRRMAFAE FRE TR ARBLENE SR
1 RBEM X ANREE NIRRT S, fEXE, &
B RN L R B R N b AR T R RS
ERBFERXAFEHEON.

Bl MARBEAX ERHEENHR TR . AR

UL4RFEE W, XX P & #) Ferhatosmanoglu %44 18 8 75 8] 3
BAREBFERER T — Y B e E AL ES , {8 4]
B B A R A R B AT E AL B Jing Shan 248 5 —
Fh¥5 2 SRCP W B R 51 45 M Ak B 25 R AR B M B 4 p
BEIESERN, BRAX BTG EPFANSRTC, £0KE
2SR e R R AR R S| kR | FR P, 1t
it K-CCPQ R XA b3, 5t T H Mk B2 M AE TR\
SRR RATWFET LA EY B,

2 ARBPIEEEA R B

R LS, BHRBSE AR R PHA p(p1sp2s
oy pa)qlq g2 wuqﬂZl‘ﬂB‘JE%Eﬁ@ﬁ diSt(P;q)j‘J:Lz

=/ S p—g" T @ KB B = (RY L),

EX 1 P.QHE pHRIFE,CR H7 E X, WH
R CR M KAKK<|P| « |QDHBEIEXTENH K-CCPQ
(P,Q,CRYF# PXQ LM K M ARIX &3

DK-CCPQ(R, Q, CR) = {(p1,q1) s (P25g2) s *++y (Pg s
gx) } K-CCPQ(R,Q,CRYCPXQ; .

2Y(pirg) Z(pj4g;) iFj, 151, 5K

3V (pi,gi) € KCCPQ(R,Q,CR), 1<<i< K conatains
(CR, p;) A conatains(CR,q;) ;

DY (p,9) € PXQ,contains (CR, p) A contains(CR, q),
(p»q) & K-CCPQ(P,Q,CR,K), (p:i+q:) € K-CCPQ(P, Q,
CR,K): dist(p,q)=dist(pi»q:) » 1<K,

OESME . R HRPERE (60073045 FEBY. /vl PR, 14, T EATRE oz MM, T R, S KB, NEE ¥
B A S, AR RARE R HEOR  EAHE B A S BT,

+ 156


http://www.cqvip.com

A, contains D3 M7 25 fa] K32 B ALK ST R A8,

FESC[ 1], Mp 1 Mg 4 R # % MBR, 5% j& 75 ]
YR, Mp 1 Mo S XF 8222 1A B/ AT BB BE 8 5 X 9 MIN-
MINDIST(Mr ,Mg) , MINMAXDIST (Mr , M) & My 1 Mg
PHREREL— MR WEEN LR, HE, B TFAR
XEMIIAXFAENERBEFEY RANENEX.

EBX 2 Mp Mg J% MBR,CR X% 25 la] X 8, W
WL CR () Mp #1 Mo 382 R 8/ INAT REBE B 5 L0 «

C-MINMINDIST(Mp ,Mg »CR) =

Mindist(Mp NCR,MgNCR), Mp NCRZED A
{ MaNCR#S

OO, H.,
Hrp, Mindist SR P75 (8] [X 350 2 [7] B /N BE B 149 s 30, M N CR
Mo NCR 4+314% MBR #1 CR (9228 EIH S B X 5.

Tt ] P )
H CR ! i CR i
] | : !
Mp | : Mp """~~~ ——"
Y R E—
Mo Mo
C-MINMINDIST C-MINMINDIST=°

E 1 C-MINMINDIST #iF

& 1 & C-MINMINDIST B # 4~ $F. B3 C-MINMIND-
IST 5 T AR Bl EHE 1,

TEIE 1 Mp flMo I MBR,CR R #H % & X8, Mp
MM, 5 BIE& M F N AF MBR, iB4E (Mg, M, »+,
MPM)*U{MQl vMQa [N vA/IQV ) ,ﬁI'J/'ﬁ:

1) C-MINMINDIST (M , Mg , CR) = C-MINMINDIST
(Mp ,Mq,CR) , 1<0issM, 1< <IN,

2) C-MINMINDIST (M , Mg » CR) z C-MINMINDIST
(Mp ,Mg,CR) , 1<j<<N; _

3) C-MINMINDIST (Mp: , Mg, CR) == C-MINMINDIST
(Mp ,Mg,CR) , 1M,

EH 1 RIE, SH 3t MBR 2 8 # C-MINMINDIST XF
KAE Tod, R4 EM14F MBR 2 @14 C-MINMINDIST —
EXRF T,

EX 3 Mp f1My % MBR,CR } 4% d R i, ¥
RARKET My F1 Mo MR Z[E B DFFAE— X X B EE
B ERA C-MINMAXDIST(M: , My ,CR) , Fr #1 Fq 4%
X Mp f1Mq ¥ M, NCR fIMoNCR ZE M E ML
. WA

C-MINMAXDIST(M;p ,My,CR) =

min{Maxdist(f;,f;) ¢ fi€EFp,fi EFg} Fr#ED NFq# D
oo, HH,

Hep, Maxdist 3R %555 [7] X 18, 2 8] 5 X BE B8 £ 6 %4, min
R—IMEESPHRNE.

& 2 3 C-MINMAXDIST ##)F. B C-MINMINDIST
#1 C-MINMAXDIST #5& X A4, % M, NCR #MMoNCR &
EA MR, X R 2 6 9 BEE AR /N F CMINMINDIST
(Mp ,Mg,CR) , 3 H. , X Eext R 2 B FF A BE B A K F C-MIN-
MAXDIST(Me ,Mq , CROKI$ %, BIE FTHEMEHE 2 FE
H 3,

£ 000 http://www.cqvip.com|

C-MINMAXDIST=2
(a) (b

&2 C-MINMAXDIST #F

TEIE2 M, FlMq % MBR, CR R4 H25 A X 8, &
MpNCR MIMqNCR BB EFESNRE O #1 O, WA
J(o1y02) € Oy X Ony C-MINMINDIST (Mp , Mg , CR) << dist
(01 -Oz)o

EE3 M, fiMq H® MBR,CR AR A KR, &
My NCR MMqNCR AHNEEESHREO F G, WA,
(01,02) €Oy X Oy, dist (0, 50, ) S<C-MINMAXDIST (M5 , M ,
CR),

3 WMERHEE

K-CCPQ Rl ABE B M AR N4 s, B
1H , — o 18] B 0 T B2 090 Oy v R X T R 1) AL B O 6 T B
TR K-CCPQ. 1Bl Xt 2 ) IV Bl & M HiT AR
BFAFTLARMEE.

BRI BE R e AT B e, R R T
BIMERERECINREMN TAREEN, FH L, WEH, &
M F42, BFh Joint+Range LB JR. HE, YH4RRK
CR #3 &5t 2 [ BE SR A AT, JR Bk &t Z EHBE S
Ja] S 2 53 Il SR M B0 i 1708 . R R LR M B
X ZE AR AT RRER TR ELTATN.

EE 4 JWAERZER CR PHEREME R ZEMER
A Maxd(CR) ,M3+F VY (p,q) € K-CCPQ(R,Q,CR), & dist
(p,q)=Maxd(CR).

YL A 4, fE M 2 He i I 3 3 (p, O BY, 2 dist
(pr)>Maxd(CR) B}, B0 LI F, BN, F—AB#in
2 EEEE —E A TF Maxd(CR), FHE JR &,

JR(P,Q,CR,K)

/* P,QAR W K,CR AHHZ XK, K HBEiE
o &

L PE 8 P FQ RIB T M EHESEN (.95

2, I8 dist(p,q)>> Maxd(CR) ,#%1k, fF p F g fIF
CR Ij‘] v%fﬂ(?ﬂ) l

3 AR AR K &1k, BN, PR 19k,

HEEEMEEZROIY, T ARRE _FrE
Range+Join 778, BFRA RJ. RJ B ¥ 5ext 445 B X il
TS HEZ), RS T R AR MY X FERBEERN . T

2 RJ H¥:

RJ(P,Q,CR,K)

/* P.QAR W&, CR AART R, K HERIEE
bog &

L XHEESE P f1Q MATHE B & WK B LT CR WHIXY
%4 PCR M1 QCR;

2. %144 PCR MIQCR i#ifTRE M H# Wil A B/ K
PERS AXTH %t .

JRAR] BBHEERAX AN AR, X CRLE
« 157


http://www.cqvip.com

b/ M, SR il Range+Join J3% . B RJ W B AE MY
2 A X4, CR B Fl s AR 25 fa) R /AT He BT, Join—+
Range 785, B RJ B3 HEA .

4 BRBEETHEMNL

Wy Br B T W i 8 ¥ (Single-phase Heap-based Algo-
rithm, SPHO R F4X-REHEAR  H A -1 EFR I K KR
K KHEZEWDEAAMNARK BEEX, & THE
HE2RAHWHEARE K BiExT ZEERE, T MoEN
oo, SPH#BTFIEMM R &R F 8 5. (1) 483
P A R BRI R A AR BT, EF KHA T,
(2) 43| h e R, R BRI B S RAERE
FHR.

BB 2, T B T E KRB . SPH R AN
1R ITER T BB A B R R B &

MO 1GREMAD M F Mo P MBR,CR RAR=
X1, £ C-MINMINDIST (Mr, My, CR) > T, W #8 % F
(Mp , M) R B B2 FT LA S

W K=1 i}, 45 e 8 3, 80 2 n] Uitk T s,

MO 2(FHMA) M K=18f, M fl Mg % MER,
CR RS EXIR, Mp #1 Mo 4+ -8 F MBR £ {Mp: 1
IKM) I {My : 1< <IN}, #& { CMINMAXDIST (Mg ,
My ,Ca) ) R B/NE/DNF T, TEF X B/NE .

H% +,C-MINMINDIST /M) MBR 2 [ E 4 T REA
SREER Bk, SPH 3 R # #38 Fi # l C-MINMIND-
IST A Ri#t47.

W (AR R 38 Bk B C-MINMIND-
IST A FFiffT.

KA 3 Mk SPH R A—RBIFL KRR E R,
Bik3gl -, SPH # i —/ B/ MH (REFER R

400

£ 000 http://www.cqvip.com|

MER 3 (3£F MBR Z i # C-MINMINDIST i /), B A &
/s C-MINMINDIST f# MBR %7 F MH %0, T 28R/
FR R SPH Bk M FAREER R &, MA[1]H
¥ fixed-at-root X # fixed-on-leaves i AT UK H HHITH
JEAbH,

SPH(P,Q.CR,K)
/* P,Q W R H¥,CR ﬁfﬁﬁﬁlﬁll‘iiﬁ K B R 3 M ~ /
Wjﬁfiﬂs MHfMKH,(P,Q A¥ MH, T+,
2. while MH 23
MH TRIT K (Np, No) i,
if CMINMINDIST(Np,Nq,Cr)>> T
return KH
if Np M1 Ng RNEY
i K=1 ﬂﬁ!ﬂﬂl‘l 4
JI%DNP 1 Ng FFE?%‘“IQE MBR Xt 2 8] ) C-MIN-
9. 5 3R L C-MINMINDIST AXKF T H MBR X A
MH;// #i 1

|
e for each object p€ Np,g€ Np
ﬁ'ﬁi g ZIHJE‘JEEH;
i XA EEm/NT

i KHﬂT;

RNt

15: return KH;

5 X

AREITTENMER, F— M ERELHVAREE LY
AN EE KOFEZ/TBEEMEHER S ER*E
% SPH B Mt RERE K (B 2 AR KA/ KA.

SECBEER B TR Bk g . ZBIERE K
/NFy 5367, HE AR RAMERB SRR L, BIRFHE
HETEA/NY 2K B R Mo RERAZEMX. ARRIEH
TR R, (i B LR 4, & BN R S K/
RHEMM KA. FREBRFRAE CLHHH MS Visual
Cr+e #Ri%, BIFBFTTE Intel P4 2, 4G, 512M RAM, Win-
dows2000 Professional Hl3% 1.

350 4 —+— JR—#--RJ~—4—SPH

= 00
3¢ 250

g 0
& 150 ¢

=
100 n%.

0.1 0.15 0.2 0.25 0.8 0.85 0.4 0.45 0.5 0.55

£ 3 Kb 0
(8 K=10

400 —+— JR ~#—RJ—&—SPH
350
§ 300
5 250 b
fg 200
k= 150 r
100
50
0
0.1 0.15 0,2 0.25 0.3 0.35 0.4 0.45 0.5 0.55
2 AR xE AN
(a) K=20

B3 TUEVIER B LR IR 2R L

B 3(a),3(b) B = AN H vk Y T T 5 ) Wk 3 B 440 3R R 3 K
NHEEE. TTAES .

(D BEEX¥ K=10 #1 K=20 Bt T E L RIK AL
BRBHF

(2)SPH W¥E:R A WE AV, 4 4R X 8% K
/MM 0. 10 AEARB] 0. 55, HLmE % T U vk AR 1A K

(3) B 43R A B I K /N K, TR Bk T DRl
Bl R Wakiin, XEEN,JR AR EEER
R W R AH MR AT , 8218 BIiY b 145 2 %
AR TTREMEM K. T RJ Wik e T E &8, XK
EREEATEELHUEES,

+ 158 -

A1 SPH ¥3# CPU # 1/O M K # £4(CR=0. 2)
4 8 12 16 20 24 28 32 36
)

o

] Jog B |8
Iﬁ:;g? 903 1039 1090 1112 1108 1115 1198 1203 1245 1252

40

109 118 125 131 139 143 156 159 160

1 BRARREAN KR 0, 2 i SPH Bk CPU f1 I/
OME K 72tk ATLAE &, B K B3 K, g RE R WA
A 6] S R T T S K A i A R ARA B . BE ik, SPH B
BIFRITERE.

(F#¥% 165 1)


http://www.cqvip.com

B 1R THERNS LM EMLR. BEELILUSHKNY
K. BEMEEA L EATEEE, BRPETERSE RS, 3
BEHTRENAREHERER. SEMUSHR K&,
HERESBNEK, HENSENEIEN, B2RRT
WRRERRBEPE . TR R, MR BE B T S MR R T 48
/N FIREEGIE IS EK . HE 08 BE B AR S M W/ T AR
BB BT R EMUSEARERS R KRE FRE
THENSHNEFMAEREE.

HER AR R EMRERE#T T . HTHR
ALt B AR, EARER AR RS T A
SUR LR

1

0 o4 02 03 04 05
e(%)

B3 A XEEMRHEEENSENELE

[ EX
B

08 ]
P
= +
o4t +

02 A

0 .

0 D1 03 0.'3 0.4 05
(%)

Bl 4 A SCHCEFRARE B0k B MR BE LL 3
HE 3 M 4 W R, SR SH N EMAERE, R CHE

BELRREAEL . BELLSHNHK, RERELRHF
HREEE, B IR R RN S H N EMERERSMEE. BE,

£ 000 http://www.cqvip.com|

W TRV HEHBAKES . BRERTREFETE
WAXE ST AR BEBE L AR ELREREERE,
EELH.

B AR IUR AR I (R AR, AR AE I B SCHR B 1R
B HEEMRIEEBBERD. AXWET —HHROHRE
G5, BT MR T — N R TR, BRI
ERBEMUAEROMEREAGFNTR, MBEEHZME
TN TFRERAR T —HAWME ORRBRET ¢
LW BIR G, B AT LA 48 3 AL R R/ TR p(R
ERRF oMEARITOR. HAR RN CR B S
ARTHEERMTER. ZNERTERT — S BEMREER,
557 3C T A S A 8008 A R B A M B oo 2 R 7 BT Y
IR, BB EAL TR B B IF S TEREM.

$ % x W

1 Fischer M, Salzberg S. Finding a Majority among n Votes: Solu-
tion to Problem 81-5. Journal of Algorithms, 1982,3(4):376~
379

2 Misra J, Gries D, Finding Repeated Elements. Sci Comput Pro-
gramming, 1982,2(2) :143~152

3 Demaine E D, L_opez-Ortiz A, Munro ] . Frequency Estimation
of Internet Packet Streams with Limited Space. In;Proc. of the
10th Annual European Symp, on Algorithms, Rome, 2002

4 Karp R M, Shenker S, Papadimitriou C H. A Simple Algorithm
for Finding Frequent Elements in Streams and Bags. ACM
Trans, on Database Systems, 2003,28(1) :51~55

5 Manku G S, Motwani R. Approximate Frequency Counts over
Data Streams. Ramakrishnan. In;Proc. of the 28th Intl Conf. on
Very Large Data Bases, Hong Kong, 2002

6 Golab L, DeHaan D, Demaine E, et al, Identifying Frequent I-
tems in Sliding Windows over On-line Packet Streams. SIG-
COMM Internet Measurement Conference, Miami, 2003

7 Arasu A, Manku G S, Approximate Counts and Quantiles over
Sliding Window. In;Proc. of ACM Symp. on Principles of Data-
base Systems, Paris, 2004

8 Cormode G, Muthukrishnan S, What’s New; Finding Significant
Differences in Network Data Streams: [technique report]. www.,
cs. rutgers, edu/~muthu/; S, Muthukrishnan, 2003

9  Alon N, Matias Y, Szegedy M. The space complexity of approxi-
mating the frequency moments. Journal of Computer and System
Sciences, 1999,58(1) :137~147

10 Feigenbaum J, Kannan S, Strauss M, et al. An approximate L1-
difference algorithm for massive data streams. In: Proc. of the
40th Annual Symposium on Foundations of Computer Science,
New York,1999

11 Indyk P. Stable distributions, pseudorandom generators, embed-
dings and data stream computation. In:Proc. of the 41th Symposi-
um on Foundations of Computer Science, Redondo Beach, 2000

12 Gilbert A, Kotidis Y, Muthukrishnan S, et al. How to summa-
rize the universe; Dynamic maintenance of quantiles, In:Proc. of
the 28th Intl Conf, on Very Large Data Bases, Hong Kong,2002

(4% 158 1O

HRMARNILE AXEZRBEEMRERA R
RIED| RS BR T AR &R K-CCPQ. #id %
BEBAEEEANKT, &0 TR FR B ERLER %
RJ M JR. R, 7658 SRR RS BB ZERY B4 10 T 3B BB
FRUIEIRRESL , 3 TR TIE M R B SPH Bk, &5
S — A ERBIERAT T LR BT, KR e R %
SPH B HA TR ERRANEAEE. ®ITARR
B HRMRNRENE R T — SRR T,

$ % W

1 Corral Y, Manolopoulos Y, Theodoridis, Vassilakopoulos M,
Closest Pair Queries in Spatial Databases. In;Proc. of ACM SIG-
MOD Conf. 2000. 189~200

2 Yang, Lin KL An Index Structure for Improving Nearest Closest
Pairs and Related Join Queries in Spatial Databases. In:Proc. of
Intl. Database Engineering and Applications Symposium (IDEAS’
02),2002, 140~149

3 Hjaltason G R, Samet H. Incremental Distance Join Algorithms
for Spatial Databases, In:Proc. of ACM SIGMOD Conf. 1998.
237~248

4 Shin H, Moon B, Lee S. Adaptive Multi-Stage Distance Join Pro-
cessing, In:Proc, of ACM SIGMOD Conf, 2000. 343~354

§ Ferhatosmanoglu H, Stanoi I, Agrawal D, Abbadi A E. Con-
strajined Nearest Neighbor Queries. In:7th International Sympo-
sium on Spatia] and Temporal Databases(SSTD ’01),2001. 257~
278

6 Shan Jing,Zhang Donghui, Salzberg B. On Spatial-Range Closest-
Pair Query. In.Proc, of 8th Symposium on Spatial and Temporal
Databases (SSTD’03),2003, 252~269

7 Guttman. R-trees: A Dynamic Index Structure for Spatial
Searching. SIGMOD, 1984

8 Beckmann N, Kriegel H P, Schneider R, Seeger B. The R*-
tree; an Efficient and Robust Access Method for Points and Rec-
tangles, SIGMOD, 1990

« 165 =


http://www.cqvip.com

