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Abstract Traditional works on indexing have been suggested for low dimensional data under
dynamic environments. But recent database applications require efficient processing of huge size of
high dimensional data under static environments. Thus many indexing strategies suggested especially
in partitioning ones do not adapt to these new environments. In our study, we point out these facts
and propose a new partitioning strategy, which complies with new applications’ requirements and is
derived from analysis. As a preliminary step to propose our method, we apply a packing technique on
the one hand and exploit observations on the Minkowski-sum cost model on the other, under uniform
data distribution. Observations predict that unbalanced partitioning strategy may be more query-
efficient than balanced partitioning strategy for high dimensional data. Thus we propose our method,
called CSP (Cyclic Spliced Partitioning method). Analysis on this method explicitly suggests metrics
on how to partition high dimensional data. By the cost model, simulations, and experiments, we show
excellent performance of our method over balanced strategy. By experimental studies on other indices
and packing methods, we also show the superiority of our method.
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Basic_Partition(0, s, fanout)
Input: D a data set, s: a split dimension, fanout: the blocking factor
Output: 0, MBC

1. let Nbe |0} and Dy be empty;

2. sort Dby sin ascending order;

3. let sh dimensional (fanout- 1)* value be highs,ex;

4. let st dimensional {N- fanouf"™ value be lows.rghi;

5. if (highssen < 1 ~ loWs,dgnt )

6. retrieve from O™ to (fanout- 1) data and insert into 0y ;

7. else

8. retrieve from (V- fanouf to (N- 1) data and insert into Di ;

9. construct a MBC using Ov;

10. let Dbe D- O;

11, return £and MBC;

a¢ 2 CSPY 71& ¥ ¢xelE
4
1 5 6 3
2
Y8 3CSP 8 4 ¥ 2%
Aok FEe olHE #@e FIn o F, gl dig

F2E FEF

WA 32 d-Ade] B9 steln F3t [0,1]%] CSP
W) osty pAe MBCEE EZETL 84 o),
Scsplupye uds B o8 MBCe vxle] we)
delgt skl 28 Lesp(uv)d vFe] uils) 28
olF g2 dleje} Fe] vatde) Ao)e} dial 2w

Scselup) = P+v+l

Sese(u,v) = Lesp(u-1p) - %
k

Lesp(up) = Lesp(u-1p) + —;i

ol ¥, k=P-d - (u-1)-(v-1), 1<v=<d, 281 2<u<
LP/d]

Z. [28]% Fx317] npghc, O

19 A 320 2ty CSP £ Wbyl gt 7
A 2EE ZHolg & F Aok wi BT A T
43 welRoz £y g o)de g 24
£ o)&3te] A 2EE Zo] ¢ wolg Fhe ¥
AEZRHY Ag =3 ¢ F Utk o9 39
CSP¥ el 71dgs v@esiA yehgr] $lisld dedt
A jolry,

A9 2 (¢33 2|, CL).

CLien(u,v) = 121 Sesp(2i = 1 v)

FlF o 9 rll[o

-!N
I
)
M

g 127

CLygn(wv) = ,Z]] Sesp(24,0)

2 Zolo) ¥ Zo| EE dlolet ¥ F H
AgzRe(e] Adol g 949 FAE olgdtd T3t
2z} sk 7]dgE vehid o) HA) 333 2o

gA) 33 CSP el o3l By d-x199
MBCE9 A M7 3 a9 Zo7t L A9 ¢
A 7y FoFThn ARl 28n Lig=059 W
&ol A ml, m2, vl, v2EL ZA CLuplmu) <
1-L(@)$} CLrigh(ma, ) <1-L(@) & ©E3t= A A4
g szt 289 L@=059 %%, A% MoAM o
A= MBCEY 71thgk Ecsp(M, o) o3 2o

mil ﬁx CL, s (i, 7)

2, CLIe/t( m/J)

—-._&= & L=
Ecsp(M, q)= e = LD
my =1 2.
S S ki) B CLoindm
’ E=e) M = ¢ B
3
o) W, x=(miomz) - devrevsOl L P=IMIoIT.
=0 (2818 Bz via. 0

CSP £% W9 7uigte 289 MBCE A%
WE 9 dlX Hlolel Fzto] HA Alole] AYE T+
g GE9 T dole FHe FUdo AT FT
- L), L@l azsk= MBCEY MHs4s 9%
F AtE AMEE UERdTh o]#sk AMde dlojely )
F7F Foi2 A 7MsstE dolgl Tt AA AR
H B3l dl7E sl Aol A9 AFd a&Fol
= AME JERdY a8l3, Ve #54S A
£ e ABd T@Zﬂﬂ gL vATHE ALY
g el ek e HolA 2l CSPY Als =
2o AL 7H3 2 A4 4Pe Féld RAFTL

323 £49] RFat4

g9 ¥We Zo] Li@g=059 Z-%, CSPY 7|dzte
T g9 #, & wAZoly T3 MBCEY /M2 ®
@9k F9 W Hol L(g)<059 F¢, B AN

71tz g FHAE A8 A" FPA e
Ecsp(M, @) = SECLGH)/1-L(g)) - (1+(P - x)/P)o]t}.
o] e T3 Hol 2AL wF3E MBCEY gk
9] HEXY 2UE UE53A Zv MBCEY M4(F,
(P-x)9 Folth At CSPY Ay XdS tg F
7HA BS-el wEte AERY. AAE CSP Yoz
(0,117 tolet g etdAsks MBCES 99803
*ME}" H g FYP& A olth(-9). g4 7 Y

1 iste] [01] Alole) 8 WA WAdstd -2
°H 7% EXEE 71 48 dole 38 44
su o)z delely e CSPubgel wet Bud

a8



128

FRAES=EA : dojehdo]2 A 31 A A 2 F(0044)

d=8, P=170t

d=64, P=1701

—— CSP~8 —B—~ CSP-A —A— CSP-E |

[—o— CSP-5 —B— CSP-A —A— CSP-E

HOX] MTH|i®

Bolx| HaHl®

0.25
0.2 /'
06.156 —

0.1

(7}) N=68040, 8 %7 <14=40,d=8

d=64

P=2048

——P=2d —B—P=4d ~A—P=16d |
——P=64d =t P=2560 |
‘

Ho|X| H2HI§
(e
W

- v e e e e = e

—o— d=256—B— d=128—A— d=64—%— d=32

HolX| F2u|@
(=)
o

T

(th 238 A9 A FFHP

&) ZAE P ¥ g X4

a8 4 £4 A% Aoy, Aye Wz =

MBCE 9 ol distey A& 3dg B-5-o|tH-E).
Aerdg o83 YUzt =l -AZ EANF
=3
AYelx A" AgE] WY 10794 107AA
ot} dE 54, Aol 642 FHE Ao w9 Zoje
072304 09657+ =1o)t}. dloleke] 7M4r} 68040]a
EE27 A7t 409 B9y A¥Arges 19 49 O,
(Whelx RaFE. 18 49 (the 240 4R} 3
$ 2% A4 Po Wle} wE CSP-A9 Y23 HZ
g8 BoFd. I8 49 (Ehe £ /57t 93%
A9 249 Wsle}l @& CSP-A9 tjAz HIT HlE
< BAFEY g3 HJAT ¥EL Y23z HI
& A pE Y goldh 2¥ 49 (7h, (WhelA
$2lol B4 Axr) AEdHeld ¥ A¥e 433 vix
F ARE BAFL T ayzdqA o] HIE AY
Wil F7) sdEts Z1didke] Aole A9 gl By
Fu. g2td, 28 57t 598 BS A8y ke
Heolxl HZ wlgAA BAgA A TRFAHYE &
ek ol d At ¥ 49 (Eheld Rk HEEA
HAZ a3 49 (hellA 28 5 & dojersy 7
F7F F7v8hd 238 dz3a AT vlge] ox: Fx
A Zaste ARE BAE o7 4Y 2AE ¥

LB
T=

o] Sl HEF % TAY doletel thsted Ak
CSPHe] 2z AT u&A Wold E&Holehs
e & & Yok

4 4 #

oWl FoA 2= CSPs tre WHE, =
A(LS), STR, VA-TFile, HP 28|12 X-E¥

oo g faa FT 42 wag o3
He 489 38 A%5e vshie oln 44
A x= A5 149rEe] grz HE
T g FE-Zol F@uwol

STR¥ VA-File ¥ge Huat o
Fo] B4 Awo] sl Fwd e qof # Wel A
o] L(g)7} 0555 & A$elE &4 CSP wgdl vls
o L Q%S HolE Rolth STReIM EE e
gudoz ALEHT e 7P 7 WS A= 2
& 2% 2o NUHT. VA-Files) 4%, 7+ 240
98 BE 4 b 2 dolel] Ut Holw 179
ZAREE e 5 AE AFE HYIT F, "ol
Mg Nol Fo0j7 AS HE 4 pE 2 [log:[N"10]
o VA-3Y 2e A solXo] MY HolEHE Al
olg) AH AWHE wAshA Repn Aejsh @l

©
oY of M

it = 18 2%
o

oL



I doje HAE A F71H HWFE LY P 129
4~RANDOM 8-RANDOM
[~—35TR —8-HP  —A—x-BULH —o—STR  —B-HP  —A—X-BULK |
|9csP —e—Ls  —+—VA-File| —6-CSP__ —€~13  —t—VA-File |
250 £00 ;
N &+
?’ 200 ?’ 500
i 1]
'k'ﬂ 150 ﬂ 406
= I R 800 [
E T‘g‘ 200
[ H oo
kg 2 {
[ @ - -
T Mg
-
(7}) 4-RANDOM (1}) 3-RANDOM
| 16-RANDOM 32-RANDOM
! {—o—sm —8-HP  —A—X-BULK ——STR  —B~HP A X-BULK
(TH=CSP__—O-1LS ——VA-File SH=CSP —O~-LS - T VA-File
1000 e 2000 " Y Y |
4 o0 . 1800 S i
o 800 T b 3 ‘euu‘r/K &
700 *é' i a0 4.’/17;
"’ s00 Z] ]*77 T s200 — //
v 500 = 1000
O . 7 & B 271
®  a00 T 500 =
200 a0¢ H
g 100 gg 200 l
0 ; o
P11 @1
MEE Mg

(th) 16~-RANDOM

(2D 32-RANDOM

¥ 5 34 Elolet ARl Ui 49 A9

B RS o4 HolAd @AM EAY 4 qrth
wapd, el 99 g Xhst] A8t 64709 =
OJNES 93 LRU ¥HE AMg3t) X-Ede 13
4 diojetel] st HlmE wHold HE& HoFE F
Al whelch wEpA, wiwel FHAHL st &
P& ©)F FHoz TE5F PR d%o) & HH
o8 F&8 A9(X-BULK) Wt 2gdt e
AP EANA AHE HojAg ArE 8KE Fd)

4.1 &9 ¢ Hiojet AEE

g A8 dole JAFES A7 4, 8, 16 Tz
32219 FAFEeH, ol Ze 100,000719) ©lojelz
TAY RIS 7HXE dolg J¥olnt. Ao AY
& Foj7 dlolel FFTOoERE 100072} HojEE ¢
o2 Mg ¥ AdEe VT UAS FRst AA
) AHEL 10°28 104X2 . g8 59, 4
AL A% A A9 g e dole 0.03%H 0567
7 Al 2ol molAd § W dolw Frlgitie

o[(‘ o

AE FE) w
4.2 4Y @Y
4 dolgiol e 4Y Ao 1 selM nalzE
o DAY A9 PHE 3 HEd o A%e Nz

tn AFE X-Eelel A9 1644 olae dolgt A

ol tafiMe Ao AHE ZE WHEHT
AeE HoFn 97 3lge] Be AL = 47499 A
A o2 WH S visle vlwE AyHe| Q)
HoZoh 45 28 239 929 STR 3 VA-
9] A% BE Aol ZAA w3 S el A
ia%% Mefgo] yhe Hoole VA-ulde] 4%
ST E3 HoFE ol VA-3dd 93ty
gl ﬂx}zﬂf AR} A3 Fkel A7 STRe
ot REE >r9 mviRog Fon Ao A w3l
AL AR7F X e T )8 4] mfojn)
IHE FHASIAE o83 WL 4x9¢ AYT
ALEAN T £E WHERYD Az 28 A%

HAFEths AMIS FE517] algdth CSP WS A9

@ PHES N Re AdR Fe HYgINE &

e N[o_-‘é

e 0\1‘1

;Ho N

]
El

o,
=]

ru]o i

g

r-{rL 2t & do Jo

A A 3RS vusd $& 4% HAFY e
A7 & Qg &3 AUNT U 4L »
dETh olEg #d2 Aol FrEE @4F dsd
‘“%\B}lﬂt} 232} A¢tg CSP ‘%‘jﬂ& | RE 9= »
AYEEANN w3 PN PR Te AT HoF
= a%zwi B =EolA A%E CSP e aglol
E0 SR F& A% BRaFn A4 sl o

el gaske WolA 49 wge o8 Ao 7}

A



130 BRA G =EA

bl s
5 4B ¥ g% 1%

AN Fa2 2Y ABE T e dolet 2
el gdolch Agol e AL, dols AW
TS

r\r

48 HAgETh

[0

e 7

a7z #gshe Aol Fh e, wALA 3
“949 88 84 MEd 25PN LENIE US
I ma FS 2F o) A9 ¥yl F& I
REUE S ARG, W, 19

o]

o] £83= Eﬂ'o =g ““?dOl é«loﬂ 83 9
S Ulidl‘»}—t— AMdE gl g3 o]#g AR o
P 28 Wys Adsta He 2d& A
Q. A5 299 £4 A, 3 XdeAe £8dE
Aot dlelet I ¥ BAEF A, 2 A9
el Zeojo 3t} TAHEE dolet Y FUF I
I B =259 F£7 Zldigel AFFHeE 4%
HAtE AME A4S B RoFPoh 18, Al
Edloldn A dioletd uiFd 4¥L F3lo e
A 2o AFAE HAFrh
EEA e (EE L AHEEA CSP W

Hol o2 YHEHLD Hold 949 e HF & HAE
< AL T3 ERIstATE 283 CSP WTke] &
3 A W) visle 4A% A% $95 BAFETE
AME ERIEHETH

ZAegdor 927} AU CSP
730 Atk
(1) A8 2o 3 qof & wel o] Lig)7t 05 ]

o] He ke @A FYsA €3 24

e thed ge

.

Wl Wigt] & 45 RAFE
(2) 017 Adoir Holee 7H—’F7} F7tE o, FA
#HolA| Al i B vle2 2387 FL¥Uth
(3) wlojete] A7t 2FE Be ZAdo] FrhsivE=E
A o)A Aol A HAE HlEd A9 FLIH

o

@ (2), )l stel CSP e A 2 dolge
Mee) Frtel]l @ 97% 28 Wioh. wahd A
E2E 8 BAEAM a7se deF nAd o
ofgt Heldl AP AN £ ol F3E

+ Yok

CSP W& tzawE o H&3ie dE2Ey
We oz fErt A" FAIZE 8 Aotk
D8

[1] D. Barbara, et al, "The New Jersey Data Re-

[2]

[3]

[4]

[5]

[6]

[7]

[8]

(9]

{10]

[11]

[12]

[13]

[14]

[15]

[16]

dojetdlo] = A 31 A Al 2 Z(20044)

duction Report,” IEEE Bulletin of the Technical
Committee on Data Engineering, 20(4), page 3~45,
1997.

S. Chaudhuri and U. Dayal,
Data Warehousing and OLAP Technology,”
MOD Record, 1997.

C. Bshm, S. Berchtold and D. Keim, "Searching in
High-Dimensional Spaces-Index Structures for
Improving the Performance of Multimedia Data-
bases,” ACM Computing Surveys, 33(3), page 32
2~373, 2001.

V. Gaede and O. Giinther, "Multidimensional Ac~
cess Methods,” ACM Computing Surveys, 30(2),
page 170~231, 1998.

N. Beckmann, H. -P. Kriegel, R. Schneider and B.
Seeger, "The Rx-tree! An Efficient and Robust
Access Method for Points and Rectangles,” Proc
ACM SIGMOD Int. Conf on Management of
Data, page 322~331, 1990.

I. Kamel and C. Faloutsos, "On Packing R-trees,”
Proc. Int. Conf. on Information and Knowledge
Management (CIKM), page 490~499, 1993.

B. -U. Pagel, H -W. Six, H. Toben and P. W.
Widmayer, "Towards an Analysis of Range Query
Performance in Spatial Data Structures,” ACM
PODS, 1993.

L. Arge, 'Efficient External-Memory Data Struc-
tures and Applications,” Ph.D. Thesis, BRICS
Dissertation Series, DS-96-03, University of
Aarhus, 1996.

L. Arge, K. Hindrichs, J. Vahrenhold, and J. S.
Vitter, "Efficient Bulk Operations on Dynamic R-
trees,” ALENEX, page 328~348, 1999.

J. van den Bercken, B. Seeger and P. W. Wid-
mayer, "A Generic Approach to Bulk Loading
Multidimensional Index Structures”, Proc 23°
Intl Conf on Very Large Data Bases (VLDB)
page 4067415, 1997.

A. Guttman, "R-trees’ A Dynamic Index Structure
for Spatial Searching,” Proc. ACM SIGMOD Int.
Conf. on Management of Data, page 47~57, 1984.
S. Berchtold, C. Bohm and H. -P. Kriegel, "Im-
proving the Query Performance of High-
Dimensional Index Structures by Bulk Load
Operations,” Proc. EDBT, 1998.

Y. J. Garcia, M. L. Lopez and S. T. Leutenegger,
"A Greedy Algorithm for Bulk Loading R-trees,”
Technical Report 97-2, 1997.

D. M. Gavrila, "R-tree Index Optimazation,” Te-
chnical Report CS-TR-3292, 1996.

S. T. Leutenegger, M. A. Lopez and J. Edington,
"STR: A Simple and Efficient Algorithm for R-
Tree Packing,” Proc. 13" Ini. Conf on Data En-
gineering (ICDE), 1997.

J. T. Roussopoulos and L. Leifker, "Direct spatial

"An Overview of
SIG-



22 velg e A% F718 H9F £ Uy 131

o] 71 &

1984 M2ddgn AMEAGH =
(b, 19861 MEthatm A4bsA s
[ 2(Mah. 19929 Tae =Y 48
FAINSA) FAAANE T £(24b. 1990
W~1991'd ZZ2 LogicimAb AQQAA|
T Yo 19939~ EA) B FEPFE
. BalRoke AlEZH olEH o)~ dEv Y
M

search on pictorial databases using r-trees,” Proc.
ACM SIGMOD Int. Conf on Management of
Data, 1985.

[17]1 D. White and R. Jain, “Similarity Indexing: Algo-
rithms and Performance,” Int. Symp. on Optical
Science and Technology (SPIE), page 62~73,
1996.

[18] S. Berchtold, D. A. Keim and H. -P. Kreigel,
"The X-tree: An Index Structure for High-
Dimensional Data,” Proc. 22¢ Intl Conf on Very
Large Data Bases (VLDB) page 28~39, 1996.

[19]1 A. K. Jain, M. N. Murty and P. J. Flynn, "Data
Clustering: A Review,” ACM Computing Surveys,
31(3), page 264~323, 1999.

{20] R. Eenk, et al, “Bulk loading a Data Warehouse
built upon a UB-Tree,” Proc. IEEE IDEAS, page
179~187, 2000.

[21] C. Aggarwal, J. Wolf, P. Yu and M. Epelman,
"The S-Tree: An Efficient Index for Muiti-
dimensional Objects,” Int. Symp. SSD’97, page 35
0~373, 1997.

[22] R. Wober, H. -]. Schek and S. Blott, “A Quan-
titative Analysis and Performance Study for
Similarity-Search Methods in High-Dimensional
Spaces,” Proc. 24" Int1 Conf on Very Large
Data Bases(VLDB), page 194~205, 1998.

[23] G. R. Hjaltason, H. Samet and Y. Sussmann,
"Speeding up bulk-loading of quadtrees,” ACM-
GIS, page 50~53, 1997.

[24] S. T. Leutenegger and D. M. Nicol, "Efficient
Bulk-Loading of Gridfiles,” ICASE Report 94-74,
1994.

[25] B. -U. Pagel, H. -W. Six and M. Winter, "Win-
dow Query-Optimal Clustering of Spatial Objects,”
ACM PODS, page 86~94, 1995.

[26] R. E. Bellman, 'Adaptive Control Process,” Prin-
ceton University Press, 1961.

[271 S. T. Leutenegger and M. A. Lopez, "The Effect
of Buffering on the Performance of R-Trees,”
Proc. 14" Int. Conf on Data Engineering (ICDE).
page 164~171, 1998,

[28] T. W. Kim and K. -]. Li, "A Distance-Based
Packing Method for High Dimensional Data,”
ADC'03, page 135~144, 2003.

R

19889 AMigtn FYAHF I AN
L 19913 ©l= Sze|agista AxA e
THo)getAb), 19949 mIE elAk: AGM
ek AxEA 2B IHAAD. 20039 F
¢ ik AR TH(ukAD. 2003~ &
A s AFH ¥ JEFY AT
A HAYATL, BARek= thxlgd Ml GIS, AF7 dlol




