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Abstract In applications such as a traffic management system, analysis using a spatial hierarchy
of a spatial data warehouse and a simple aggregation is required. Over the past few years, several
studies have been made on solution using a spatial index. Many studies have focused on using
extended R—tree. But, because it just provides either the current aggregation or the total aggregation,
decision support of traffic policy required historical analysis can not be provided. This paper proposes
hybrid index based on extended aR-tree for the spatio-temporal aggregation. The proposed method
supports a spatial hierarchy and the current aggregation by the R-tree. The sorted hash table using
the time structure of the extended aR-tree provides a temporal hierarchy and a historical aggregation.
Therefore, the proposed method supports an efficient decision support with spatio—temporal analysis
and is possible currently traffic analysis and determination of a traffic policy with historical analysis.
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Input: node N, search predicate p, temporal range T
time unit that wants get U
Output:  all slots of both time and aggregated value

that satisfies p
SlotList ret = null
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FOR Each entry E on N
BEGIN
IF p.MBR contains EMBR THEN
// start time is same to end time
IF T is current THEN
add time and the aggregated value to ret
ELSE :
add HashSearch(H, T, U, 1) to ret
// 1 is intersected rate
IF pMBR is intersected with EMBR THEN
IF N is not a leaf node THEN
// invoke Search on the subtree
// whose root node is referenced by E.ptr
add Search(Eptr, p, T, U) to ret
ELSE // N is a leaf node
calculate intersected rate R of p MBR and EMBR
IF T is current THEN
calculate multiple value M of the aggre-
gated value and R
add time and M to ret
ELSE
add HashSearch(H, T, U, R) to ret
END
RETURN ret
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HashSearch(H, T, U, R)

Input: sorted hash table H, temporal range T '

time unit that wants get U, intersected rate R
all slots of both time and the aggregatéd value

that is contained T

QOutput:

SlotList ret = null
get bucket B whose year value equals it of T's start time
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WHILE B.year <= year value of T's end time
BEGIN
FOR value V of each time unit on T
BEGIN
IF (V >= value of time unit of T's start time) and
(V <= value of time unit of T's end time) THEN
calculate multiple value M of the aggre-
gated value and R
add time and M to ret
END
B < bucket whose year value is next year of B
END
RETURN ret
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Insert(N, O, T)

Input: node N, object O, time T
Output:  void

FOR each entry E on N

BEGIN

I OMBR is contained EMBR THEN
update aggregation of E
// invoke InsertHash on the hash table of E
call InsertHash(E.hash, O, T) ~
IF N is not a leaf THEN
// invoke Insert on the subtree
// whose root node is referenced by E.ptr
call Insert(E.ptr, O, T)
END
RETURN
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InsertHash(H, O, T)

Input: sorted hash table H, object O, time T
Output:  void

calculate hash value V of year unit of T
FOR each bucket B whose hash value is V on H
BEGIN
IF B.year equals T.year THEN
update aggregation of B
FOR value A of each time unit on T
BEGIN
get A’th slot S of current time unit
update aggregation of S
END
END
IF not find bucket THEN
create new bucket N
initialize N
InsertHash(H, O, T)
RETURN
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Delete(N, O)

Input: node N, object O
Output:  void

FOR each entry E on N
BEGIN :
IF O.MBR is contained EMBR THEN
update aggregation of E
call InsertHash(E.hash, O, current time T)
IF N is not a leaf THEN
// invoke Insert on the subtree
// whose root node is referenced by E.ptr
call Delete(E.ptr, O)
END
RETURN

gdnelE 594 A 09 AAANE A3l Deleted
47 FEXCZE Ztu 359U 37 =59 7 dEE
o i3l AA 07 TEHE =S 22 T JE
2o AAARE WAL oo ¥WAd JAARRE
Az dEe]] sHTo| AAAL A Adgich ghef
Az wer} Bawcad Axdae EFrsln, 2%A



AN E AAARABE 938 Aggregation R-tree 7192 dolB = e 471

P d

al a3 !
o'l 3 § .s6 s’ ait
[ i a2 @s8
® s9.
®s4
Al a5
A2 8?0

(a) stolBg= Aux fAr) FHolA A 24

al a3
él 3 S’ s6 s’ a4
® . o ® o8
° 4. g $9
s
Al a5
A2 5,0

(@) stoluE dux B FoolA 7 A

SHT

a3 8 solngs Aung AR

Atd A4 ==E 23 Deleted45E &30}

g 8& stolHE= 1d2oA] AA 7} AAEE d
Abe] diate] Yehi glth

13 89 (a)ojA] AA) s8o) dtolHE= Adx T
9Y gtog o|Fsle] AhAjdate] Yojupe AL HY
Fo}, ol FEX T s8o] EAEE A2 X¥9] 4
EE 23 T JEHY JARRE 1 #A2AZ,
A AAFRE sHTS A=} 87 443t s
F dEFY 24 REE a3, a4, a5 NG9 JdEIHES
7HIX 3 glem, AA 8L a4 A G AEF P
2o ad AE AELY JAARE 1 #4A71, &
A AAARE sHT AT A g3t old
A =27} doksoluz AR g4 "ok
maEby A A4 o] Fe] Alkrigy AYs FRE 2
g 79 (s} 2o, Moz 3 A143e AhA|datd)
o3 AZE FE& vehdch

4.4 ApIAL

AN Qe stoln e Qldxo HejgYo| EAE
= AA7 B2Y9Y ey & JFeZ olFde AL
olm3tn, AAsHE AACd Wty Al oA Ao
et AR AE F3E F A o)F Yo tid A
dhae Fsd o) oala AAELe Qo) F F
9 AtA G4t ARG S o83t

a9 9= slojHEE AuAe] PAAM] et 1}
Epfz gl

(b) AR Fa Fo) soluels g
a9 9 selRels Jeng AR

a9 99 (@A A AA s6°] a3 AHlA a2 A
doz olFdte AL & 4 AUvk olw) UA a3 A Ho
A AR 68 AtAshe A4S AR I mEA
A2 AY AEEF ] JAARS a3 AY dEZ ] FA

AEI 14 i, 2749 sHTA & A AR

& AAAE W AL AAQe] £98 T
AA 68 a2 A%l APk Aol FYED. ol
Al A99) AEst a2 A A=e] YAYRE 14
27 A7, § dEelr 2E sHTe dgaie &
PapAl Dok @A AAGD ol AR e
= 7zE 1Y 89 (D% Bor, WHoZ 8 ALY
& AAAe ols) WAY FES Ushith

_!

)l\l

22

5. 458l

E A& aR-tree®} OLAP Favored Searchell tf
3 APHH AFHENE o HEE §3L ohEd
2t WA A2He WEY 4 CPU 30GHz, 1GBS W)
5g, 80GBY =& AME-sich HZE dHolEle A
£ AGE F HoleZ 3o, o AFe 50,0000
9] AEr ALHoeg A 50,000t AHEAR=
H2E F902 A9l=e toleteln, thAl 50,000t
AH5A7t Hl2E gHoa AAEE dojelo|ct. whaba]
H2E g9es #aF 50,0006e] 52371 &A%
H2E dolete] AT 99 2003dFE dA7AYY
dlojetelm A dlojele dlolel WANE T ¢
92 Holetg At Fsioh



472 AR A=A dolguolL A 33 A A 5 5.(200610)

AL A3td 7€ J1HT A} JIHe Z2EHY
& BERon, TR EER]S o435 AEHoHeR Z
H2E9 $HAZHS Hlmilc)

5.1 alloidte] NSHIL

Aqlaae) HEHrlE §dkd 50,00070e doEE
"10~100704 SAld A3, ol 1779 wleletr} 4
gsed Zele HE SHANE FHI a9 108
Addatel 4%t 298 RAEh

—O— aR-tree —X— OLAP-Favored Search —A— proposed method
200

pury
(41
o

s

X/x‘_/x/x/

Time (ms)
S
o

50 &=

10 20 30 40 50 60 70 80 90 100
Number of insert operation at the same time

29 10 Al 4s Bt

| =7 ook Atriye] AL 4 dE Ui
sHTY dirs 3ol B2 aR-treeB T A%50]
k7t Z+Aa%ct .18y} OLAP Favored Search®] 7%
R-treed] ArISIXE Row % dEgo oid 2ok
Holgel Ha=g Folop =z Yol M aus)
Uebitet, ,

5.2 AtH|gA| MSTI} ‘

A4 dake]l AL 100,000 /M HIAE ol &
AdH= 7heE 50,000 70 dolER7) 10~100714 FA|
of 2rxgd o 17]¢] dHoleir} A2 o Ade BT
SEAZME 2ART. Y 11 ARt s}
A3%g RoF. :

3g 11914 B9 AL EH aR-treed] A5 A%l

—O—aR-tree —»—OLAP Favored Search —#&— CHaR-tree

200
< 150
100

Time {m

50;’
0

10 20 30 40 50 60 70 80 90 100
Number of delete operation at the same time

a9 11 AAELY Aot

A9l vl ol F 719l AA] dike] A Y
g woz o|FojAr] ufielth ARMIYHY A
sHTell 2HA F @AAzEe] AAARE ASlsior 3k
Z aR-tree®t= 7t Aol Astdct 12y OLAP
Favored Search®| 7% 491d4# =374 2 JJEF
& 2L o]F gofeolEdA BT dEES HI=E
gro} wkqdsfol 2R TE F e HE] d4F Azt
o] o7 ZHile AL £ 4 Ut

5.3 ALlgiAtel HETI}

734l dake] A% 100,000 719 HAE "oels} &
Ak 7H2¥ 50,000 7He] wlolElrt 10~100704 FA]
o 738 o 1789 dojeprt ANE of Ae HF
SEHAE FF%t. O 128 ANy HdeErt
AH4E HAET,

—©~- aR-tree X OLAP Favored Search -—A-
250 1’

200
150 { X

100

proposed method

Time (ms)

50

10 20 30 40 50 60 70 80 90 100
Number of update operation at the same time

a9 12 74Adte] et

a9 125 B9 AR visgk deg) Jehd A
£ B 4 Utk aR-treed 3¢ ©E F 7|Hel w3
1 Fo A%E Bgoen OLAP Favored Search®]
AS G2 F 71y wld 7 ¥ Hes Bt o
= aR-tree= R-treeo] wisiNer absis =gt
OLAP Favored Search= 3|3 AEZ] thsle 8o
BlolB9] FHE Fo} Aol d17] wjRolrl Fielr)
He] A% sHTY Addite] Fasty] W) aR-tree
Holes 7 =9 Aeg 2ok

5.4 il MsTT|

A% Axexe @A JA 2Yd diF AsHInE
k. A JHA A9 A$ ArY ol F 7
He F3fo] EVFSIER A5H/ME T & i 4%
Ha 3He g g g A AN Fog Hu
it ATE sHALEd FaE $HASE Blmdch
olaf 100,000 o] AFo] BE PP EFxEo] 31,
A9 MAE AA Fdg ZA7 0.001%AEH
20%7MHA &A% e Ar|e FFYo] sty o
E 9AE A4 A9 10048 337 9§ I
SEAE 2% 28 132 @A FA Aol dg



A F7F AARBE 93 Aggregation R-tree 7]4te] dlojB | Q)X 473

~@— aR-tree —X— OLAP Favored Search —A— proposed mehtod
100 .
80 R
> X
g 60 f /x,//e/"\g
o o
£ 40 o -
& %
20 +
O B
0.001 0.01 0.1 1 10 20
Query Window Area (%)

¥ 13 A JA Aol g AYANe] 4597t

AMQLe) FFHrE AFE BEAETH
Y 1394 B aR-trees} ARJ7IHY %ol AY

2L AL B 5 Utk ol &A A A9 AL
R-tree WellX 25 2% 4 7] d&o|ot. 23t
OLAP Favored Searchd] 74-% 33 A& didly
K9F HolBg FAAsol slug e ¥ Y B
Gl 2ok BE gl tidte Aoddel 2
717% F 10%E goirte 7AIde] e, o
o] Yold42 FYwErt Aolgdde] TYsE 2
$7F BolA Efl A4 gyt Fo157] WEelo
oF Aolgddo] 100%7t HH FEXETHE AMYEH 4
3 AFE 4 Sk

A4 Ayl AL dA A A9 o9 #HA A7+
d AAARE de Fdo dsiMs 55-9 AFIT
3537 e @A ek
5.5 N&3e M4s5HI}t
E AJA+ aR-tree © OLAP Favored Search, A
718l tidtd Ad2E FR37] A Had A
tol Av)e digte] Frigcl BA AIZPE wolek
fsy] A AFFLY ZAVIE S A
Addze] FAGL AMEAGoF P Z7|Y
reeE ZIEE IH 7 AYiuit AFE Hole
P en, A8 A dolete £33 A
H 104714 718 we ddxe 27g

N

Nt ol £

o fo =
o]
i

._.
rk
4z

—6—aR-tree —— OLAP Favored Search  —#— proposed method
14 ¢
12 |
w10
S 5 i
®
S 6|
S 4 r
2t
o ! :
1 2 3 4 5 6 7 8 9 10
entire time to manage historical data (year)

a¥ 14 3 Az o Agghel] A deErt

ZFsact oW A HAA FA AE AZol
AN A5E A B97A sk

Y 14914 B aR-tree®} OLAP Favored Search
= AZFZr A7) Holetd] 3 Atz ARl]
dgsict. ol F 4z BE A Al tiE A
ARRE AF AAstA 7] WFo] 25 ANHge @
Aglel YA AViE ZA Boh AL7IHY FE Hol
ele] &3 Ajzto] FUkgl ukel AZFZe] AVt F
7behe AS B F Utk ole HAY AFE 48 A
A7) A% 23 deolgtg sy 93 2719 F7t
ojth. 2 1d TR Holge] 7} AV1E HY ¢
IGB¥ Z7lHe AL & F Jded, o N9 AF
A9 Arlg RS W ARFT HIH=E
HALA geEte AL & &+ ok

a9 149 Age 9R AFFUe Zv|E vt
gk 23y A1F7E Agede dAEd AYe 93t
& BARY AR AzPE JARJEE 82 @
ot webd AQY2E o} &g A7 AR HNe A
o827t Hrirt dasith wEl A Q€29
LS A=E st 2F Azl WE A AZH
A9 A7 Ak BUREY. BUHE 8] {3y
AN 9o Ve AR FFH AL 14%H 10
A7R] bl whel ZF 3 ARk 10%el dEshe
Aee d4d A7ke] JAREE vpHew FYg
wAIZHe 2489tk oW aR-tree$} OLAP Favored
Searche A A1ZbE IAARE RYsiA EFh
aR-tree®] A% Hats] wto A4 AA Prs 7
A 7] Wi AZuolety wA2NE o]&g HY
< AME3YT, OLAP Favored Searche HaY =
o AA A HRE V] fE EE o8 I9
B7b & MYgd £R1 doJetEd tajA Fod xde
nE3= diolele] AAYEE ALEEE sch

a9 15904 RW aR-tree?] SHAIZRO] 71 =g
t}, o) aR-tree’} H&}Y] == HA A9 FAEE

—&—aR-tree  —»— OLAP Favored Search —A— proposed method

12 r
10 |
2 8y
S 4L
2 1
01,,

1 2 3 4 5 6 7 8 9 10
entire time to manage historical data (year)
a9 15 %8 Azb] e BA AZhE ARl o

4587t




474 AR =8 A

ZEA) 7] Wi AZE EE volgd] it &343

A B3 JAARE Aetdop 3y wWEo|nh
OLAP Favored Search®] 7% aR-tree®2tt A4%5°] £
Ak AR7IMEGE Aol Addrh ol OLAP

Favored Search’} H3l9l x=o A A FyE
zt7] o] Fdgo) o TH ANEE H4A Fopd
T oy B#AL AP JAAARRE FI7] HsM=
R AANE i A doletE Y3 olE HAS A
oF 37l wEoltk AMHY AE AT IFIde
EaR-treecl| A 231 Melg JEZ B disle] sHT &
2& g AFE A JAFRE AW Hug 7)
9 F 7IMET deo] FHE Ag B 5 Stk

6. 2 ¥ g7

B =RqME aR-tree 7149 3loln Adioj
st ARbegc A7EE Fhol g A &
A AARRE ATy Y3 aR-treeE BRI
EaR-treeg ©]&3l9x, A7t diF AEs A A
ARE AT 3l s HolEg HYZ sHTE
o]43l4tl. EaR-treet aR-tree?] #de} w2 J71
Az gL ALz, & deHd: 47t Bsie
Fdo] Uik A AAARE Ze=n)h £F 2z dEHe
g g0 did 2248 FAAARE #As] H& =
P42 sHTE Zx Utk EaR-treedA] #AEE+= 49
< 27 BAA 23 o] AY E Al i E
o] A7 vlgo] Ao, EF HdE o)F
¢ I AFE F "olgd] Ui durd Ade 4

A4 & Udrh B3 Adze JAFRE 714 F
ARQRE o&3te B diste] HIAzHe 7::*"]2&
o sHTE ‘@ @99 ARk digld Axg 7] e
2 #HA%S A A w2 %‘:174]78’1— w3
€ Rz Aol oAUz FEHx2 FAH 4
HojEoltt. 2z} ‘dof FFIe BAEL Al tigh
ASS A= FRAE 7HAZ o, F2AY =
715 Al Ytk Aty HA #Yes 270 4
Hol 7FsdtH, Z Ae) ©E JAHYRE @Bk
AEE HAS 3 At ZEC WE AY 24

Fl

HIgE ZaA7IH, 13" =719 F2A *}%°i A
7] M¥e @2 aigel 718 wsith B, Al
o dg A% Hde Adste] dwal Ade -dﬂl A
4g 5 3ot

A7y e e g A Ade FAA A
F3te), Aze] B8 WE AF BHL AT +
ot A5H7HE Fotd IR AA, $A9) BAAL
Wete] e Bow, A4 Add it 58
45 71E S0 ATE & e A 2H 58

[2]

(3]

[4]

5]

[61

[7]

[8]

[91]

[10]

[11]

[12]

[13]

fé}

tloletulo]2 A 33 A Al 5 F(2006.10)

2 cm
FATRE H9 xEo) Ug A4Yde] $84
iz} A%l disl £ S AARRES
el A7k Basie

Eric Sperley, The Enterprise Data Warehouse:
Planning, Building, and Implementation, Prentice
Hall PTR, pp. 8-15, 1999.

ESRI, “Spatial Data Warehousing for Hospital
Organizations,” An ESRI White Paper, 1998.
http://www.esri.com/library/whitepapers/pdfs/sdwh
o.pdf.

N. Stefanovic, J. Han, and K. Koperski, "Object-
Based Selective Materialization for Efficient
Implementation of Spatial Data Cubes,” IEEE
Transactions on Knowledge and Data Engineering,
vol. 12(6), pp. 1-21, 2000.

D. Papadias, P. Kalnis, J. Zhang, and Y. Tao,
"Efficient OLAP Operations in Spatial Data
Warehouses,” Technical Report: HKUST-CS01-01,
University of Science & Technology, Hon Kong,
2001.

LS. Mumick, D. Quass, and B.S. Mumick.
"Maintenance of data cubes and summary tables
in a warchouse,” In Proc. of ACM SIGMOD,
Vol.26, No.2, pp. 100-111, 1997.

Y. Tao and D. Papadias, "Range Aggregate Pro-
cessing in Spatial Databases,” IEEE Transactions
on Knowledge and Data Engineering, vol. 16(12),
pp. 1555-1570, 2004. .

A. Guttman, "R-trees: a dynamic index structure
for spatial searching,” ACM SIGMOD, Vol.14, No.2,
pp. 47-57, 1984.

N. Beckmann, H. P. Kriegel, R. Schneider, and B.
Seeger, "The Rx-tree! an efficient and robust
access method for points and brectangles,” ACM
SIGMOD, vol. 19, No.2, pp. 322-331 1990.

T. K. Sellis, N. Roussopoulos, and C. Faloutsos,
"The R+-Tree: A dynamic index for multi-
dimensional objects,” VLDB, 1987.

R. A. Finkel, and J. L. Bentley, "Quad trees: A
data structure for retrieval on composite keys,”
Acta Informatica, Vol.4, pp. 1-9 1974.

L. Zhang, Y. Li, F. Rao, X. Yu, and Y. Chen, "An
approach to enabling spatial OLAP by aggregating
on spatial hierarchy,” In Proc. Data Warehousing
and Knowledge Discovery, pp. 35-44, 2003.

F. Rao, L. Zhang, X. L. Yu, Y. Li, and Y. Chen,
"Spatial Hierarchy and OLAP-Favored Search in
Spatial Data Warehouse,” DOLAP, pp. 48-55, 2003.
J. Han, N. Stefanovic, and K. Koperski, "Selective
Materialization: An Efficient Method for Spatial
Data Cube Construction,” In Research and Deve-



AlF AAPEE 9@ Aggregation R-tree 7139H9] tojBEl= Addx

lopment in Knowledge Discovery and Data
Mining, pp. 144-158, 1998.

[14] W. H. Inmon, Building the Data Warehouse, 3rd
Ed., John Wiley & Sons. Inc, 1996.

{15] J. Gray, A. Bosworth, A. Layman, and H.
Pirahesh, "Data Cube: a Relational Aggregation
Operator Generalizing Group-by,” In Proc. 12th
ICDE, pp. 152-159, 1996.

[16] V. Harinarayan, A. Rajaraman, and J. Ullman,
"Implementing Data Cubes Efficiently,” ACM
SIGMOD, Vol.25, No.2, pp. 2005-216, 1996.

984

20029 Ui HAHFEHITFH(IFE
AP, 20049 QsEtn AFEFER(F
4Ah, 20043 ~8A) Qsiga Bt
2 AFEARITGAEAEAE). BAE
| ok Fuojelol, FZE dlolg ¢o)
3H9-2, Data Stream, FHIHE 2 AFE

w3 4
1974 Qg FANE-EEH
19783 AAdsta FEAANARA 4
1990 A st FapubA(HRLA AMEH
19924 ~1994d sttt  ARAAIA
24, 19829 ~dA AQsdEgx HFE
A TR w4, 19999~ A AFRGISA
e A% 20008 ~8A) 53 FH-AUGgE g
ol w4, 20049 ~2006d UQeiUistn ARSAUEd 9
. 2006@~dA Adsiistm oiske A% JdEoke ¥
2 dlojghe) 2, I dHoletHlol2, AIAR AxdH 9
Elojtie] HolElHol A B

475



