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Selectivity Estimation for Spatial Query Based on Histogram
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Abstract Spatial query optimization is one of the key topic in spatial database. Query optimization technology based on
query cost estimation is an important method to improve the efficiency of queries. But the key problem of query cost es-
timation is to estimate the size of query results(i. e, selectivity). This paper focused on the two queries operations: spa-
tial selection and spatial join, which are most commonly used in spatial database. The paper expatiated some histogram

algorithms for selectivity estimation of spatial queries, and analyzed their advantages and disadvantages. In the end of

this paper,we discussed the future research directions of the selectivity estimation for spatial queries.
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(a) —=AEFEKE R
E 1 g Ey ERESIHRIRE

h'Y 353 R B 2 0 B R T A B4 T, ISR
MrRBFRETEREATESE, s EREAREER.
2R PR L 7o 3R A R4 2 TR R 4 A A T ], —MIC R
Jof B — A F 22 18] B D R A T R G TR 2 E R F s R
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2.1 BETHRABEANEAESE

BT8R 4 BIBOR 0925 (5 H 5 B R AR U (A S e A oK
AT R ERME T E B F %, MinSkew B J5 &M H1
SQ EAEPY BB T, T TR 2 BIBEE X 44 5
—MEE AR A E ORI R A & (disjoint) I
(intersection) ML 2 MBI SR K% H .

2.1.1 MinSkew A5 B

Acharya 8 AF 1999 232 1 T T4 8] %K &1 43 (bina-
ry space partitionings, BSPs) B MinSkew H 5 &, MinSkew
HAEMELIRE . §E EFEFRE 1M, EXHRT
BB (A, 4R JE 4 BB A8 1 U /0 25 TR 5 B 4 Cspatial
skew, BIG-ME 925 (RIS XT &2 B9 30 B R 2950 5 UMM B
7 B v 8 i U B KA, 4 X I B4 55 TR) R A
TREL AR HEHATH. BEEX 38, AN
BHZBHEE BB X . MinSkew H F £ 25 R KR L
BB E O 1, B I RE T ks 2 Th T BE i S AR U

MinSkew ff) B G R . R — NS RIHKET R EREL
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(v) 5 (a) MEHHEEFE

B B B4 » MinSkew B 3% & XH G- MEA R, XEH®
ERTEEHREER, whh, B FERM SN E
N TFEE (RS MT RIS 7RO R—TERME
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2.1.2 SQAHH

Aboulnaga % A F 2000 4FH# 4 T SQ B 5 H (Structural
Quadtree Histogram)™ ,EIPUXWE T E. SQEFVERER
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NMIEETE (MBR) , # AL A 25 X R 4 Bl — M, &
MR A REEX RO E CEYRERMTEEE UL
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77 E BV B R ERAR T ; SQ B 77 P BT F B U XU 454 L 5
BIEENRERAN DL HTHBRRELELFEEAPHAL
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2.2 ETEaREEEANSEETE

BT R0 % BB R M2 (6] B B R o v e g
25 [ R 5348 B S TTR AT A N R T k. HETEE
FCDHFEY Euer REY BEFE>S MP HY
A PH HA A fI GHEF AU, e ,CD 5 Euler
TREN T Mg s bl pE 825 ) 5 IR B R A T I8t 6 MP,
PH #1 GH B 757 Bl RAF %t 25 6] i B 2 ) B B 3R Ak T 48 1
P 3:0

EREFRBE- P SRBBEE AT - TEAFED,
BARGZHAWEEEESR . P, SR ROE R,
K. ENEFESRBE. sHEHERFRYE O EH(Window
Query) T 2 i) (Range Query) . 25 (6% # 2N EER
KBTS EFRASTEERAED, T EARRESEER
HHAESHIT T BIEENT EHIETR
2.2.1 CD(Cumulative Density) & % B

JinF¥AF 2000 £ 4 T CD H ¥ B (Cumulative Density
Histogram)™ , CD 277 B S0 3% 25 [ R 4 o K /B 3%
WD, A 4 N FEFE S B S 2 E g% MBR # 4 ™A
RO, F B B o i — AR A O i A TP X LA S R
H.

R 29 B TA R R R R 52 MBR
Ermy., Ex 4 MEHE Hy Hy Hy  He s B1MNE BT EH
KA N, BRI R — M M$ETT. Hy RE— I Hics#
THAZHE S RBENRGE TATEHE;: H, . Hy He
ARIRAETAEZEAELATANEE. Y TERAEH
R, A EHTBHR RN, — HG DS T XK
O, 0,5, DFHRHEE. ¥ F—ITHEBFOX,,Y., X,
Y,), S8 OAHZC R 3 R 8 H Al AR (DR, Xk B
2 PHALER R 30— 14+0=2, i 5 HE DM SR
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CD HJ7 B BEXE # HhaR (5] 55 25 3 67 1 R 22 09 23 18] 38088 *
ZH B, e RaEE T RNE.
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2.2.2 Euler AFBAREYT R

(D Euler HEHAHE

FT R E E T35 3, Beigel Richard, Tanin Egemen
F 1998 4R T HF RRALE N H 7 B BBk Euler
HEY, —ey B EE R % P850 5 B » T RKRL
HF BRI W BT (grid cell) 43 BUAH » Wi B 4% M 8
(edge) FITH A% Cvertex) 43 BUAE . B 3(a) Xf B 83 Euler 5 Bl
HE 3.

1 1

s 1 1

(a) —AZEHKEXNR (b) 5 (2) HAPEHHEZEFE

] O mlin 0o m
H 1] [0HoHo]
0D G0 mys O
©5 @M HEuler N B () 4N EFAREARREH
Euler 8 7 B

B3 fReE A5 E A

FEZ 425 1A v, Euler B 7 BB 24N T 17 .

SR A 2 T B X R B 2 B R o X
AR R A TT, R R E A m X e P EITE L
B,

FE m Xomp KW EEESLBRALE T R B (2 — D X
Cn, —DAMRREFE R BN M S B E 0 WK RXN

TR PO KB PIEATEXS L, BT RIE ST BT .

o WS —ANES (R0 5 55 4% I BT R 2 . U A o A% I B T
X R Y R AE S A0 15

QSR ES SRS R A — 1 R TS, TR 4 P T
SR BUEE N 15

- R RIS — A~ 23 [ R AR S, RUAE A& M
X R A RAE A 1.

StF—TERE D Q, B MikEERaT LI K (2 KIHHHE

Selectivity(@ = £ (—1D'Fy (@ @

A, F(QFER QNI k 4 (0<Ck<{d) 25 A BRI R HIH
H.moBRA.1HEL 2HEENE,

B 3 HHEFERN

(D X1+ (=D X(—1—1—1—1D+(—1DEX 1+

1+14+1D =1

T H R 3Ch)FIE 3(c) % Y ELJ7 BT LUE i Eul-
er HAEGEBAER I BRE, KT EFHE, —MIE ¢
A/NES RVEE XoF 5 A 330085 B8 B L 3t 7 B9 R P 1 O R A 1 3
(DFFAR. FTLAE H X4 Y 300 0 T00 R 0 2 ST A4, BB X 43 8%
KA ] X R B 25 A% IO B ST AN/ 25 R B X R A T
BAERARRHEL, X — 8 2R E T B AT,

MBI FHE

CERL191 46, s B R AU R 5EWE 05
BILT BN, AN AR ITE & HRGIHHER, KB E
FrE PR ARR, A SRR A IR B R B B 5 B R A R TR
FUKE PR BB IT A BT B TR N B TR S B R
AL I A BB I R A B0 Pk I ke I R A T e
XS, B R, RGP, Rk SR T
PRKHL E 7 B et Jr ik, BVE JFORBRRL B 07 AR M
FEEN AR S EAT O HRESNHENENSE T
B s BB ST ARG ) 1 RE AR B Y . B CHE LR
AR IR A TEHNA .

(3)S-EulerApprox 1 EulerApprox HH &

CD HJ7E#1 Edler 7B REBE B MM HIPKR
BRADE SRR T B AR EER AN R R, g
4 (contains) , & (overlap) &,

B 4 oL EFRR RS () M), EERE D (Xa,
Xb, Ya, Yb) b, & X RIEF—FFR T RZ N 1, 7658 —f
M T RZ N 0, {E42,CD #1 Euler B 77 BB B H) X 53X i #
s T RIRI I E B,

Yb Yb
i Heall Al S|
i s -
Ya Ya
Xa Xb Xa Xb
(a) 4: 1; E&: 1 b) £4: 0; EF: 2

Hul

Hll

0|

Tol o0
777] Hirg 2
ravi 73 0 2
|ﬁ 2'2 0@2
0 0 0
(c) H(a)(b)MEHCDE Y B

& 4 CD fl Euler & B @8RG

25 (A 2 W R B B MR IR B AR AR T ) 40 %5 F I AR S
(disjoint) , #F HE (meet) . }§ % (equal) . B B (overlap) . B &
(contains) B 12 & (contained) . § #: T (covers) . I $ (cov-
ered) % 8 FIRFM LR, A 5 FiR, BN R ERERER
KER, —fh, HENEBREREME M. TS HUE. RN
BETREEERK, WA g a8 NEEdugEas™.
B I, e 355 1B 2 ) A i R SR e 7 B 25 1R 2 (AL BE 1AL K 4

(d) 5(a)(b)3}R HyEuler ¥ &

FRAR.
B
disjiont meet overlap covers
contains equal covered contained

BS5 M ERENT R RS E SRR

P2 AR X R = SR R T LIS 9 SR,
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Sun(2002)F NIARA 4 FdLih kR —HH . BEE A& W
AEREE, BIERMEFENERE B TRMBX 4
Fhzs (K R I Bi——S-EulerApprox Hl EulerAp-
proxt¥]

BB L, RIS RS EH N 0, A M E W EH
O 525 R XT 8 A9 MBR BIRFHEMEXR R, 7FELFRMA
FLAHE D5 EEHENR K MBR FFEMEXRNWKA
BEX LRZRILESEN.

£ S-EulerApprox Sk R 6L & 2 R 5 () J 48
MREER 0, MIAAERNED EBR, ASHASES M
EXTH M. SEulerApprox M¥EMESHIHER X . AEA
WHE O AR R MR = RN R S E R E O
F¥E. MPEEFB/NISRBENS 5 KR, ZE
PHERR.

MHEEPARBENBRATHMBHEN S, HEHERED
8 4/1at, S-EulerApprox Bk MBI A HA K, a &
RERZ HPEEIREE AT A O, TERKEIT T EulerAp-
prox Bk, {BE EulerApprox Y& 8 23 [A] B #E Xt 8 1) 4 36
S EE O AR AY 2 BIEUE X OB H B AR KR 2
SHEMERESI RS O YRR .

2.2.3 MPAFH

FEHA MR B, MP H B 28— R R
BIUEFNE BEEERNETERGTEE, MPETHE
B9 EE A AR 548 I B T AH 3T 89 3 [ B X R MU RS
SR, T HEA MU E M.

R T AGTT A2 [F B 3 SR SR 8] i 25 [B) i e AT 1
HHEE MP EFETENG M RBERE 3 ML s HE
WHEHE o F RPN R VFHEE R TPEREE w, Mz
E] 34 B A I R R AT (D EAR

N=n, Xn, Xmin(1, (h; +k;)) Xmin(1, (xr +1,)) (3)

£ MP B B, — 1 Z RIS REB LR, B R
IEREKRTOHEMBENBNER ASEENR. X,
EHEERNE TR RETE. ~BREFFAEHEEXRH
KANSERE QAR /ME ST, MP 5 B AR /b,
2. 2.4 PH(Parametric Histogram) & % &

TEAS TR BB 4R 4 A 3 B i e 4 R A, AT LUK — AN B
WELERANBEEF(HERIES) 51 BIESEE
HERAEOESUIRBHES). X, & DA REEE
B) M BB AT 0 B Rk X BN B A T A i R
BIfh A,

PH 77 B Rt A 0882 Al Ril 43 g 4 SR 0T, A K
BB 0B IRES N RITA RS, BA SRR B
LA W ST Y 2 B B X 4 B B/ NMELETE M S BN
SETE, RETEE YA P ITHS AL BLIX B AETE

T, FEIGMENETRENTHER:

Dy i — RS A B A B B 2 [ R E R N - B0
£ D, hEFAREIAEE ;. - BUEE S R, BYEE D,
FEMBENNERZINS A WILE W, . B3EE D P
BTG s He  BEE D. P TE BV 5
E.

XHE, BN ERE Dy I D, [RIRYES ] 8 i e B R AL T
A IR (DO FAE
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Sizer s =N: X GG X N+ Ny X N x L He A We X P

Size; »
Selectivity, , = ——— €3]
Ny XN,

AR R TSRS 4T, PH BRI & .
2.2.5 GH(Geometric Histogram) # 75 B

GHEFES ERFHBEMHLHELE2EE 44D
FAAT I 5 R IR, 23 (1) 2 i Y 6 45 8 RSl S il T RN K
PEAE A ZE SR E L REBRLL 4 1831,

GH &> H By kR PH, &M BT cell(i,
D HBEBEIEFUTER: DV, G, ) FnA £ % MBRs )3
Bt cell(7, /)5 (b)) H, (i5j) Fm A £ % MBRs BKF
AT cell(i,g);5(e) L (G, ) FARE L0 MBRs 5 cell(i, ;)
A3 (DG G, HFARE L0 MBRs BIF SEA cellG,5) .

XA B EEEE o Mo SRS A NS E T
RLAR G-

N o=2(C U)X, Gy ) F L Gaj) XG Gy j) Vo (e,

DX H G )+ H, (65§) XV, (i45)) (6)]

Ao, BB BRI A4 MBR B B R M2 5
R E—1 MBR fff 5% A% —1 MBR FHIHZR.

— it , GH 11522 B #5 FREBE B9 38 17 AS T e/
GH E/EMEHERBTZ AR MR LENET O/
A A BN B, B SRBEE hR — S/E E]
xR, GH HEERE . R, JHEE PR SEE
g E,GH AR ERIE.

BARAGHHAFEGAFEER ITHNE, ERWHERHA,
PH Mfb i ERA GH . BATE 2% Bl g iR
IR ER.

3 ZEEHFBEEENG

7S FT R AR s 6] O PR B 2k B A RIS X R AR R
MBR ERUIER M, 25 B2 A B AT R — B v BB
IFIEARAET . a4, B A MBR T U A 25 1] 30 X
S 7R AR B RL_E TR, LIRS R AR
A B ST RARE A . KRG RXHE AR i 2 (8] Bdha xf
FEA MR R —E T E AR (AL R R A
HED, R R A A M BRASE R, By, hXEH
HEB LA RN LR EERA TS R AR B Bt R B R BRiT
AR . B SQ B EERSS, BEEE T REL R

MinSkew B J7 EIF1 SQ HF B E N T H AT EIK
PR EN T EAEE DM, MinSkew B 7 B R
PN BT, A ROHOE £ 50 T IR F 3 N R
SQ EF EEA M ZHBEIEELRN., EIRLR Q2
FEEETHAE ST SR FARBES. XHEEET
BRI F XA T ER—R KRS EERA4X
. B4, SQ A EE T MBR BRMEREERMGIHTHER
REVEN LR MR BER N LR,

CD B E# Euler B 7 EFRERERMIT A ENERWEOD
SasaBins fAL NS, B R R B R ERAT. B
LRI, CD 7 E— M R i MBR IR K BN R
BESERMTTEE, XFERANEA 4+ MTEFESHNF
fEss I & 4 M AE R MRASAR R H AL SR



SRR G, MRS LMK, Eer BRI NSLEEA
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HHXRNEE EEA - FEREAET CD HITEHN
FREAM R (R EE 4 DT EFBERSEH RMELD.

AT LABEE R T AR R A W A e R A T S B B
T MP,PH,GH %, BLA AR UKL BE A2 8 L R/
B X = H AT T, £ GH E R =& PREEN.
TERZBAEOT » GH At 1R 22 BEE #8 WURLEE )38 fin T A B
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WHE AR R/NRER, 3 EHEREEE A EW. KEW
BRR A A WS O ERRE AR R, M
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MAAZ. PHFEREITHAE.

BRIE ZREANEERMGTHR S AERMRIRS
#, B B R AW SR A T B R . TERHE
I EBE S B R 3 MR (DA TR A B/NIR
Z2; (ORI ARG Y E i H RN/ DRMT A
R AR R, XA, = IR R R G A R 4L
PP PR AR ARAR HER B R B0 A TS R AT
BB AR BT SRR

A CFRITR 9 % F B 07 B B ik #0 R LA MBR 52 25 )
BHEXT RAGE R, ZRE DOREEER. BR—KEE
WREALE SR P SRS ROESER, BEHH MBR
FRHIZ IR TN R 5 SLBRZE M X R R 25 (B e R AE
R—BE IR, X T AT s s AR . Bk, A
SRR AR AR R E AR R PR A
& ORI R SRR RN A RS Z—.
WA @ B ETHRRER O BT R M — 1 R R .

HFARFERINCR MBS RARRER K, BB
TR R NI AR ER G RAESERELE
s

ZS )2 VAL B AR A 25 8 30888 B P B — B R A
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TR RN A 28, 2 M A AR SURE A iE
ZHR.

2 % x &

[17 Jin J, An N, Sivasubramaniam A. Analyzing Range Queries on
Spatial Data{ C]// Proceedings of the 16t International Confe-
rence on Data Engineering. 2000.525-534

[2] Liu Qing, Yuan Yidong, Lin Xuemin. Multi-resolution Algo-
rithms for Building Spatial Histograms[ C] // Proceedings of the
14t Australasian Database Conference. 2003 :145-151

(3] H#,. %5 SRERKLD ] FEEZERZER,2001,6(4),

307-314

[4] Papadias D,Sellis T, Theodoridis Y, et al. Topological relations
in the world of minimum bounding rectangles: A study with R-
trees[ C// Proceedings of the 1995 ACM SIGMOD International
Conference on Management of Data, 1995:92-103

[5] Theodoridis Y, Stefanak is E, Sellis T. Cost models for join que-
ries in spatial databases[ C] // Proceedings of the 14 Interna-
tional Conference on Data Engineering (ICDE” 98). 1998, 476-
483

(6] #H%, GHF,. EXER. sRIAKLD]. HBENTESNA,
2004.188-190

(7] BF,.BREE = MERAMBER]] HER ¥, 2004, 31
(12).65-67

[8] A MMEEASLRR/DPEITEFERZHRLI] REER,
1998,9(4).:285-289

[9] Lipton R J,Naughton J F, Schneider D A. Practical selectivity
estimation through adaptive sampling[ C] // Proceedings of the
1990 ACM SIGMOD International Conference on Management

~ of Data. 1990:1-11

[10] Hass P J,Swami A N. Sequential sampling procedures for query
size estimation[ C]// Proceedings of the 1992 ACM SIGMOD In-
ternational Conference on Management of Data, 1992.341-350

[11] Harangsri B, Shepherd J,Ngu A. Selectivity estimation for joins
using systematic sampling[ C] // Proceedings of the 8% Interna-
tional Workshop on Database and Expert System Applications,
1997.384-389

{127 Chen C M, Roussopoulos N. Adaptive selectivity estimation u-
sing query feedback[ C] // Proceedings of ACM SIGMOD Con-
ference. 1994:161-172

[13] Belussi A,Faloutsos C. Estimating the selectivity of spatial que-
ries using the correlation’ fractal dimension[C] // Proceedings of
the 21%t International Conference on Very large Data Bases.
1995:299-310

{14] Acharya S,Poosala V, Ramaswamy S. Selectivity Estimation in
Spatial Databases[ C]// Proceedings of the 1999 ACM SIGMOD
International Conference on Management of Data. 1999:13-24

[15] Kooi R P. The optimization of queries in relational databases
[D]. Case Western Reserve University,Sept. 1980

[16] Poosala V,Haas P J,loannidis Y E, et al. Improved histograms
for selectivity estimation of range predicates[ C] // Proceedings
of ACM SIGMOD Conference. 1996 ; 294-305

{17] Viswanath P. Histogram-based estimation techniques in data-
bases[ D]. University of Wisconsin-Madison, 1997

[18] An N,Yang Z Y, Sivasubramaniam A. Selectivity estimation for
spatial joins{ C] // Proceedings of the 17% International Confe-
rence on Data Engineering. 2001:368-375

[19] Br¥g3k. = RIZEALBIFE[D]. BK . BR K, 2004

{207 Liu Qing,Lin Xuemin, Yuan Yidong. Summarizing Spatial Rela-
tions-A Hybrid Histogram[ C] // Web Technologies Research
and Development-APWeb2005 7™ Asia-Pacific Web Conference.
2005:464-476

[21] Aboulnaga A,Naughton J F. Accurate estimation of the cost of
spatial selections [ C]] // Proceedings of the 16% International
Conference on Data Engineering, 2000.123-134

[227] Sun C, Bandi N, Agrawal D, et al. Exploring spatial datasets
with histograms[J]. Distributed and Parallel Databases, 2006,
20:57-88

(FHF 148 )

« 129 -



% 2  Mashroom Fil Pumsh BJ4$4E

REE T FHERE FHKE
Mashroom 120 8124 23
Pumsb 7117 49046 50

B 5 B/R Mashroom 7R STRFE T #HIEU RN AL
B0, STEEEM 14003 400, BEE STHFE B RRAK, W5 2 B/
Fr B A9 BT 5 BE AN R B SE n » 4% B35 76 22 Y et 1)
R . Hrb Apriori Bk ER K, 4L S ] B £,
Hash-BFI ¢ BitTableFI B £ ROES(B) 20,

Mashroom

B [E(H)
S ETERL

FrEo0
B 5 RS TEEERILE
NP 6 Bz, W40 A K BRI X 4 B Pumsb FE3E 32
HETHTIR, THFEM 0% 8 30%. MEXIFENE
fi%» Hash-BFI 535 fr £ 32 (9 i (R B 48 6 K, 4E T Ay ot 1] BH B
Lt BitTableF1 #1 Apriori B/0, it LIS ¥, A E
BB ABE] BB, 7EALFEE Pumshb XA £ & ok B T0 5 0 0 3
gt , KW/ T3 2- T4 ™ A 1980, 288 T BitTableFI
A Apriori BB, £/ BoR A XE AR B, AT
AW R B , FE A RS A ORISR B R B X LR
IRl 7E 2R B B K

Seien
Rl6 WXIRE R LE

iR 4H4f BitTableFl B R B 48 i Hash-BFI &

WL A B E AR W IR R 0 E E 5 AR B BitTa-

bleFI B3 SHMEDE I EHTIAL, A CEEIHME L IME

AT A BB BT, 3 B 52 458 it AND, OR 38 8 7= 4 1R 3% TR

EMTBHERMELRE, RN, TRIBTHENT —&

i, i F Hash BFUREFRE LB H L, BERERHM A
$ FABRNE BREMRIRFE TS AR RE
RiiZ. CERl7. 86 RMBEERR T EMES . BUBT
REFIIBCR,, BATT — S BAEX T HM— 2T,

2 % X W

[1] Agrawal R, Imilienski T,Swami A. Mining association rules be-
tween sets of items in large databases[ C] // Proceedings of the
ACMSIGMOD International Conference on Management of Da-
ta, Washington, DC,1993.207-216

[2] Han] W,Pei J,Yin Y W,et al. Mining frequent patterns with-
out candidate generation: a frequent-pattern tree approach[]J].
Data Mining and Knowledge Discovery, 2004,8(1) :53-87

[3] Tsay Y J,Chiang J Y. CBAR:an efficient method for mining as-
sociation rules[ ] ]. Knowledge-Based Systems, 2005, 18 (2/3):
99-105

[4] Dong Jie, Han Min. BitTableFI; An efficient mining frequent
itemsets algorithm [ J ]. Knowledge-Based Systems, 2007, 20;
329-335

[5] Burdick D, Calimlim M,Gehrke J,et al. MAFIA.a maximal fre-
quent itemset algorithm[J]. IEEE Transactions on Knowledge
and Data Engineering,2005,17(11),1490-1504

[6] Park J S,Chen M S, Yu P S, Using a hash-based method with
transaction trimming for mining association rules[]]. IEEE
Transactions on Knowledge and Data Engineering, 1997,9(5):
813-825

(7] Song Wei, Yang Bing-ru, Xu Zhang-yan. Index-BitTableFI; An
improved algorithm for mining frequent itemsets[J]. Know-
ledge-Based Systems, 2008,21:507-513

[8] Duemong F,Preechaveerakul L, Vanichayobon S. FIAST: A no-
vel algorithm for mining frequent itemsets[ C]} // International
Conference on Future Computer and Communication. 2009 ; 140-
144

(9] #etEdr, T5. Apriori I8 B B SR L AEG# ] i+ 8N
TR5R,2007,43(24),158-171

[10] kEL, B8, HE. JEZHEEARAIM]. B . FERELR
#t,2006

(E#% 129 7D

[23] Beigel R, Tanin E. The geometry of browsing[ C] // Proceedings
of the Third Latin Ameriacn Symposium on Theoretical Infor-
matics. 1998:331-340

{247 Mamoulis N, Papadias D. Selectivity estimation of complex spa-
tial queries{ C] // Proceedings of the 7™ International Symposium
on Advances in Spatial and Temporal Database, 2001:155-174

[257 Aref W,Samet H. A Cost Model for Query Optimization Using
R-Trees[ C] // Proceedings of the Seco;ld ACM Workshop on
Advances in Geographic Information Systems ( ACM-GIS).
1994.60-67

[26] Shekhar S, Chawla S. Spatial Databse; A Tour [M]. Prentice
Hall, 2003

[27] Date C J. An introduction to database systems[ M]. New York.
Addison-Wesley Publishing Company, 1994

[28] Egenhofer M J, Herring J R. Categorizing binary topological re-

* 148 -

lations between regions, lines, and points in geographic databa-
ses[ C]// Egenhofer M J, Mark D M, Herring ] R. editors. The
9-Intersection; Formalism and Its Use for Natural-Language
Spatial Predicates, National Center for Geographic Information
and Analysis, Report 94-1,1994.13-17

[297] Brinkhoff T,Horn H,Kriegel H P, et al. A Storage and Access
Architecture for Efficient Query Processing in Spatial Databse
Ssystems[ C] // Proceedings of 3rd International Symposium on
Advaces in Spatial Databases. 1993:357-376

[30] Bi#k,tt A48, Eo2. MRR: #F MBR MR EZER[T]. i
BYLTR SR, 2002:76-78

[31] Sun C,Agrawal D, Abbadi A EL Selectivity Estimation for Spa-
tial Joins with Geometric Selections[ C] // Proceedings of the 8th
International Conference on Extending Database Technology:

Advances in Database Technology. 2002 ,609-626



