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Abstract In this paper, we propose a hybrid index structure, called the SQMR-tree(Spatial
Quad MR-tree) that can process spatial data efficiently by combining advantages of the MR-tree
and the SQR-tree. The MR-tree is an extended R-tree using a mapping tree to access directly
to leaf nodes of the R-tree and the SQR-tree is a combination of the SQ-tree(Spatial Quad-tree)
which is an extended Quad-tree to process spatial objects with non-zero area and the R-tree
which actually stores spatial objects and are associated with each leaf node of the SQ-tree. The
SQMR-tree consists of the SQR-tree as the base structure and the mapping trees associated
with each R-tree of the SQR-tree. Therefore, because spatial objects are distributedly inserted
into several R-trees and only R-trees intersected with the query area are accessed to process
spatial queries like the SQR-tree, the query processing cost of the SQMR-tree can be reduced.
Moreover, the search performance of the SQMR-tree is improved by using the mapping trees to
access directly to leaf nodes of the R-tree without tree traversal like the MR-tree. Finally, we
proved superiority of the SQMR-tree through experiments.
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Algorithm : Insert(M, OID, N)
1: C « GetCentroid(M);
2: I+ FindQuadrant(C, N);
3: If(NVisainternal node) Then
4:  CN « childnode pointed to by I;
5
6

CombineMbr(M, N);
Insert(M, OID, CN);
Else
MRN «— MR-tree node pointed to by I;
CombineMbr(M, N);
InsertMRtree(A, OID, MRN);
End If
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Algorithm : Delete(M, OID, N)
1: C <+ GetCentroid(M);
I+ FindQuadrant(C, N);
If (V is a internal node) Then
CN <« child node pointed to by I
If (Delete(M, OID, CN)) Then
If (MBR size of N is decreased) Then
AdjectMbr(N);
EndIf
End If
Else
8: RN < MR-tree node pointed to by I;
9: DeleteMRtree(M, OID, RN);
10: If (MBRsize of N is decreased) Then
11:  AdjectMbr(N);
End If
End If
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Algorithm : Search(OW, N)
1: RESULT « Q;
2: If (N is a internal node) Then
3:  For each entry (mbr, point) of N Do
4 If (mbr overlaps OW) Then
5: CN « child node pointed to by point;
6 Search(QW, CN);
EndIf
End For
Else
7. For each entry (mbr, point) of N Do
If (mbr overlaps QW) Then
9: RN «— MR-tree node pointed to by point;
10: RESULT U SearchMRtree(QW, RN);
End If
End For
End If
11: Return RESULT ;

a9 9. A4 dads

o]

5.1 &f &A

Aol ALEE Al =Hl9
Core 2.33GHz CPU, 1GB RAMe|i, $9AA=
Windows XPE A8ttt} 18]a A5 H7HE 9
3 Visual C++ 6.0 o]83}o] MR-tree, SQR-tree,

steglo] ALk Intel

G879l slolHEE Y~ Fx 51
SQMR-treeE F83tA . 2 434 = Uniform,
Gauss, Skew X2 zk= F7F HolElE AL&3
I AAE B Xste A 9d9s HAl
dolgl Fro g 7FASIITE Uniform, Gauss,
Skew BEE zZre F3+ dolehs W] Aolrt
A dolel F7ke] 3 we] Zole] 0.01%7} H=

AR 0w 200 ~100% S A ste] ARg-S)
Atk 28 102 AFeA] ALgd It HolelE B

o T},
5.2 &8 At

oldlx~ A Ao A= Uniform, Gauss, Skew
XS ZEE FZE bloleE 208 el A 1005 71A]
2094 FAAIZIEA QlEAE st 9t
MR-tree, SQR-tree, SQMR-tree®] B =& H
345 Husidnh 29 112 Jds S 53
gt AE A3E HoFET)

a9 113 o] ld~ AN AF AioAae
SQMR-tree2] A5l SQR-tree Xt tha A5
= A MR-tree RUHE 274 3AEE Ao = e
Wl ol SQMR-tree’t 33t AAE o8 MR-
treed AP Al AS RIS EUoEA
MR-tree Rt Q1El2 AN Adsol FdH AA R,

(b) Gauss

(c) Skew

19 10. Addol A8 &3t tlolet

000000
9000000 |

- 506-be

B000000 | & Boomoo (H S0 B000000
= oomon B pooooon (- B¢ 7000000 |
T BO0000 B BO0000 ; BOO000
U S00o000 - 5] soomon ol 5000000
2 4000000 + 4000000 | 7, 000000
= 3000000 T = 3000000
2000000 2000000 |2 2000000 |
1000000 1000000 0000 |—
& m om o owm W = = “m W m W, om
#0 AN A5 4 AN A0 B2 AN A x0%
(a) Uniform (b) Gauss (c) Skew
a8 11, A9 A A Ax



52 P FAHH R3] A

1000 14000

1000 H  meton e 12000 -
e G e -
oo & oo |
a0 o e

o g + som

| 3
e

m 0 B0 0 100 ; W

g 2 om0t

-

0o M " 4w _/,/
P

000 2000 -

: A19¢ A435.(2011. 08)

16000

» 18000 1
4 V00
/ -
sy POoO0

C B0 10 = = 0 a0 o
LREL R ] HI A4 A0 B AN Aba0
(a) Uniform (b) Gauss (c) Skew

a9 12,089 A4 A 4F Az

MR-treev}t} w3 E & FX3ts vl A3
o224 SQR-tree HU= 49 Aol A=
Tolth

A4 Aol e We A4 Ao FRslon,

(0)

7} H= Ao }\}71—6:] o /\}&o} A waE 9
31,0009 HA dolEs 35t <k MR-tree,
SQR-tree, SOMR-tree?] Hi == H 355 ¥
wakdeh 13 12« B A A5 e 49
Aig HolET)

a9 129 2ol M A de A7 A% ]7‘1%
RE A5A SQMR-tree®] 5ol 7HE %
A0 2 YEPRTE o] SQMR-tree’t SQ-trees &
3 od2] MR-tree T4 Al AA] 3|dats=

MR-tree?H H 3k, 3 MR-treeol| A= UH
I EfE %3 R-tree &= =22 A HET
%71 wiEo] o

AHA] Aeo] Ao A= HA dlelgt 31k 1%7}
He Ao dmgok AR HAE 3 AAHE BF
21A3F= B9 MR-tree, SQR-tree, SQMR-tree?]
Bt == H 3aE vasddh 19 132 A F
dlojetel] tigk 2tA| A5 st Ay ARE B
ot

9 1304 B%

o] AbA Ao Ae A= ol

A |

wa
g8

. 0 w0 [ 100 ] @
BT AN A 109

(a) Uniform

&2 A A4

(b) Gauss

2 A AR ARt fAH SQMR-tree®] A5
o] SQR-tree XU+= thh A3FE A WF MR-tree X
= 34 F4EE AoR YEht o]E SQMR-
tree7} SQ-treeE F3 oI MR-tree FollA 2HA)|
4o Yx-9 A= MR-treetts Hsto] AHA
H 8-S £U2ZH MR-tree Kt 2HA] 5ol &
FE AR RE MR-treevttt w3 EZE fA]sk= H]
Jo] AT o ZH SQR-tree HUi= 2HA] Ao
A8k 7] wEol T
AEH o7 HE oldlA~ Ay AI—;q] Aol Ad
o A= SQMR-tree’t SQR-tree .t} A 5©] Tt
AstE = Ao R e ou WY A Fo) A
] A3 SQMR-tree’t MR-tree9t SQR-tree H.
[e)
o

B =M E R-tree 719F Q192221 MR-tree}
SQR-tree®] & Agste] &= 33 dlolete]
2849 Ao A& AFsh= SQMR-trees At
stk SQMR-treed| A= &3+ A7 o8] MR-

treeol] HA4F AFE 1 Aol HElA] AP E = MR-
treeTHS LS =7) wFel Fe] Az Adso] g
A, 283, MR-treeoll A R-tree €% =:=2

I

L EL S F

a0 o m 0 B0 a0 10
A2 AN AP0y

(c) Skew

% 138 A de] Ag A



SQMR-tree: th&F F3F vlolEtE
A A2eA OH—ZF% w3 Eﬂ% o] gggo =M A
A Aol aA FgETE 53], R-treeE 7INEo R
AR E SQMR*treet R-tree ?7‘ o] £ %%%}01

rE FLI
oft
2
k1
Bty

F@o] 75l 7] TRk R-tree
A Aed = g 11—70_% 7hA 3 gl

ey AAA AN RS s Edd Bt st
H)g-o] WAs7] wiieoll SQR-treeol] s 74l A
so] AgtEe dHS 7HAI Ak ®EF Gauss,
Skew 32} Zro] F3b MA| FEIL wEEA 22
A= SQ-treed] Fol7t FolAIHAl MR-tree
7} F7ekel et Aol AtEE FATE ik 3

ol v T BEANARE o] AP F5s FE
Al71%=% SQMR-tree®] 725 7lAd8k= A7 2
L3t

2o gs

[1] D. A. Beckley, M. W. Evens and V. K. Raman,
1985, “Multikey Retrieval from K-d Trees and
Quad-trees”, Proc. of the ACM SIGMOD Int.
Conf. on Management of Data, pp. 291-301.

[21 N. Beckmann, H. P. Kriegel, R. Schneider and B.
Seeger, 1990, “The R¥-tree: An Efficient and
Robust Access Method for Points and
Rectangles”, Proc. of ACM SIGMOD Int. Conf.
on Management of Data, pp. 322-331.

[3]1]. L. Bentley, 1975, “Multidimensional Binary
Search Trees Used for Associative Searching”,
Communications of the ACM, vol. 18, no. 9, pp.
509-517.

[4] H. Bo and W. Qiang, 2007, “A Spatial Indexing
Approach for High Performance Location Based
Services”, The Journal of Navigation, vol. 60,
no. 1, pp. 83-93.

[5] A. Guttman, 1984, “R-trees: A Dynamic Index
Structure for Spatial Searching”, Proc. of the
ACM SIGMOD Int. Conf. on Management of
Data, pp. 47-57.

[6] X. Huang, S. H. Baek, D. W. Lee, W. 1. Chung
and H Y. Bae, 2009, “UIL : A Novel Indexing
Method for Spatial Objects and Moving
Objects”, Journal of Korea Spatial Information
System Society, vol. 11, no. 2, pp. 19-26.

A% E&AQ stolne Aus 7= 53

[71Y. ] Jung, K. H Ryu, M. S. Shin and S. Nittel,
2010, “Historical Index Structure for Reducing
Insertion and Search Cost in LBS”, Journal of
Systems and Software, vol 83, no. 8. pp.
1500-1511.

[8]W. Li and B. Timo, 2004, “Comparative
Analysis of the Efficiency of R-tree Based
Indexing Strategies for Information Retrieval”,
Proc. of the Int. Conf. on Information and
Knowledge Engineering, pp. 180-184.

[91 Y. Manolopoulos, E. Nardelli, A. Papadopoulos
and G. Proietti, 1996, “QR-tree: A Hybrid
Spatial Data Structure”, Proc. of the Ist Int.
Conf. on Geographic Information Systems in
Urban, Regional and Environmental Planning,
pp. 3-7.

[10] K Michal, S. Vaclav, P. Jaroslav and Z. Pavel,
2006, “Efficient Processing of Narrow Range
Queries in Multi-dimensional Data Structures”,
Proc. of the 10th Int. Database Engineering and
Applications Symposium, pp.69-79.

[11] B. S. Nam and A. Sussman, 2004, “A

Spatial
Techniques for Multidimensional —Scientific
Datasets”, Proc of Int. Conf. on Scientific and
Statistical Database Management, pp. 171-180.

[12] T. K. Sellis, N. Roussopoulos and C. Faloutsos,
1987, “The R+-tree: A Dynamic Index for
Multi-dimensional Objects”, Proc. of the 13th
Int. Conf. on Very Large Data Bases, pp.
507-518.

[13] X. Wu and C. Zang, 2009, “A New Spatial Index
Structure for GIS Data”, Proc. of the 3rd Int.
Conf. on Multimedia and Ubiquitous Engineer-
ing, pp. 471-476.

[14] A3 AARE, AT, 715, 2010, “MR-tree:

20 FXF AAE 918 vl 719k R-tree”,

S 3P BE3)A| A|189, A4S, pp. 109-120.

[15] A% AAE, 71E, 2011, “SQR-tree : &4
A B3 Ao A& A%t stelBE Qg T
2, = E RS A] 1998, A2ZE, pp. 47-56.

[16] Askd, 2010, “ThAd &

o el &4 2P &
e B USH2HY dags 45 71

Comparative  Study  of Indexing



54 A REES A A19E A45(2011. 08)

W7, A BAI2ESES] =5A, A2, Al
3

(17] °]5%, 3, ©1719, @71=, 2009, “DGR-tree
S u-LBSOllA POLo] HAS 913 E82Ql Y
2 FE, FRFIAHRA RG] =54, A1l
4, A3=, pp. 55-62.

34 1 2011.05.09
4 1A} 2011.07.22 /22 2011.08.23
AFEE 1 2011.08.25

2006 =gt ZFE}ZSE F3A)
2008 A=thdta thehed FEHAAL
20089 ~EA| A=gw H5FE]33
ahAkA

FAEok= AlFZt tlojelo] s w2
vl dloJelo] 2 Geo Semantic Web

4

20033 Ahska AHFE TS T
20059 AT hekY FIAIA}
2010 BRhsk ofekel Fepubal
20100~ 84 AFTiStaL 7Bt
w golms

BalEoks 8% Hlolehulo] 2z, A3t HlojefHo) 2,

o

AN

[<)
2002\ ZA=thgtal e s I3t
A A=hetal thekd EshaAt
2000 A=thska thekd & ShabAL
20091 ~2010 A=thsta HFE S
SH el
20108 ~2AA =N TAKISA) BV Th
SAE Hafage A7t AT
AalEoks 3t tloleo) 2, GIS, LBS, USN

st 7] &+

19799 AMetgta 5-8tn-58} o] 8k}
1981 Sh=38l7 )& U (KAIST) &3t
A}

1985 B38| & A(KAIST) &8
ahA}

195W@ ~3A A=t AFE TS wF

1990\ Stanford ™8} 48k} Visiting Scholar
20008 ~2002d 3=+ R385 golehu|o] 2 A3
*99 L

200413 ~2006'3 =3I RA|~EEE] 5%

20041 ~2008d = BA| =B ALE 3] 54
FAlFoks F1E Hlojeho] 2, GIS, LBS, 2e|vlE
HBEA2E e



