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An Adaptive Grid-based Clustering Algorithm over
Multi-dimensional Data Streams

Nam Hun Park’ - Won Suk Lee"

ABSTRACT

A data stream is a massive unbounded sequence of data elements continuously generated at a rapid rate. Due to this reason, memory

' usage for data stream analysis should be confined finitely although new data elements are continuously generated in a data stream. To
satisfy this requirement, data stream processing sacrifices the correctness of its analysis result by allowing some errors. The old
distribution statistics are diminished by a predefined decay rate as time goes by, so that the effect of the obsolete information on the
current result of clustering can be eliminated without maintaining any data element physically. This paper proposes a grid based
clustering algorithm for a data stream. Given a set of initial grid cells, the dense range of a grid cell is recursively partitioned into a
smaller cell based on the distribution statistics of data elements by a top down manner until the smallest cell, called a unit cell, is
identified. Since only the distribution statistics of data elements are maintained by dynamically partitioned grid cells, the clusters of a
data stream can be effectively found without maintaining the data elements physically. Furthermore, the memory usage of the proposed
algorithm is adjusted adaptively to the size of confined memory space by flexibly resizing the size of a unit cell. As a result, the confined
memory space can be fully utilized to generate the result of clustering as accurately as possible. The proposed algorithm is analyzed by a

series of experiments to identify its various characteristics

Key Words : Data Stream, Data Mining, Clustering

733

—r
x
ru

goje whold AL, 2, 3,4, 5 6, 7, 815°] A& g

olg 2EZold WE HEZ A&Hon AYHE B

A, 4 Mg 2o B4 21 AN 59 dolE, g 719 wad g wolg JFoz Ao Hch upEhA,
AARRE T2 AY T3 o] Wi AAZE HolHE Az 71E9 diFE FAMEAY dloly 2EYE AFsta v
e &8 Aol F7HEe] wet oleld oy 2EY & A8 AL Erbsar] wiid, dold 2E" A 7|H
Mol digk o7t S7Hdd wet dolH 2EY ¥4& AT 2 e 2 ASFxdes FEAAG doh AA, 4

dole) AAEL Hof @l Auoz BA P 4 glojof
Kol ERe A07UE ARSI Aoz AxANAT) TANE gl SH Zake golE] AEd HF o]2 HAlE

A7 A9z 299 979 (NoROA-2006-000-10225-0) Ak w A, FA dolE AEHC v olE TAshs v
tE S A A e e g wel e dAuel Aok AM, A A4E deole A
289 At FAED o S s

S8 o007 24 159), AALRLE - 20074 79 22 T AU w2A E4 50, dore EMHY 1 A3E



734 FENeiEE=E2X D M14-DT M7E2007.12)

of.
O
o
Of

ofok

i
L2y

““F

to} o)2 g AofEA Yol A dlolE &
A4 gy s HE3E g
1E1 ploliyd £4 B % EMEH, =
] we} o] dlolH 5
Ho g FEab= dlolg nlely )W i*
A3 EAE B3 A Al 2 3
24 5o v %%0 oA &
5o gt 7154 ‘%’—% g

Im =

jin'd
o
0

2 gy ol
[a¥}
i r_{m
4

F ;_VZ 4

Bl

>

>

B Flo
-

o &

N

Lo @
0 Ho
Su
—_
R

. A

o &2
il oo
o
Hu
I

119
to ol Ho ﬂJ
2 ok
i
o Hdo

o
ol
N
Z
e
~J
T 0l

0,

j020)

M
A%
AN
jud
=
lo
N e

O
-
=2,
X
ue et by
o lob
LT
Yo Lo w0
4 So oL

e 4

= ZY2HY 7]‘?.38 ‘E%Xl i R
[H/})lgi xe_]z% J_giiaf

Clustering Algorithm)[8, 11159 A= 2

£ o]zl B4 AAES Fgstd AR HA"

HUAEE F8&H0E

p

—_
ol
-
nj

OXE, 3
o

> HU
O

ole H3& A (Incremental

q‘ﬂ% A7E

dlel® A%

of d@F& T A2 2z es
AAstlh kA, ol i dlolE HEhe mF AAEo] o
FodelHEE W ZHdoksly] wEel, dojH ~EF
oM e Hgetal Rebrk (1219 Aol M dlold 2
EYE deR $8 Z212E ¥ (Partitioning Clustering)
Zigke] 4 g AlAskdth BEE dlolH 2ER]
7t FE 2EJES 4o 2 O(l)-approximate K-medoid
& Fdstgen, 71 K-medoid(7] 71 Eo] dolg g
& WA EMsks Ao Hlel 4 FE 2EHE k9
TS AHHor FA%T

2 Aol ME dlelH 2EY 4S8 A% AR s 2
dXHY Ve AANEG gustA 28" 7 Axidol
HAE wolH 7“11] =9 Y LEARRE ASHos
A8t diol8 AASS AgetA gowA e ZA
Lg 2YaHE 22 5 odvh 9A, dolg 2ER e i
o Holy ee THHEAGE FUF 2719 27] A4
2 2gdd dold ARz ddgel vt 24 2] AxA
& o e e diely AAEY] A4 EXHRE T
gy 27] Azbde] AA vt me A, delE AxE
o) FAA ZTEIARE 7o R 2EAYE MEEo] olF
ZNees oY AR, 0 AR A FUA
A o] dlole] AAEe] EAM BE AHE & AR
Ao w¥ AREFE FAY F Slrh osh ol doE
Ao}l HlEvE 22 Wele 31 ARAEL MR B
o A& A7]e] F3b AdR e W9, HEHoR
Ha Arle] Az o] Aol YA

AxAE Behats o 2= par tltzon[IS] (ﬁpartztzor.

I
[14] hybrzd partzrzon«l M| 7}A] %fﬁ i
]

o

S 51

3L '—l =
o}, hybrid-partition* & ‘3—l° e i i e
A o %Exéﬁ'_il?*ﬂ Hf]r &4 We MeEs 43
st o)), F#laE« olRieh B2auRE AH AAE
oAd&H W Wit w& w9 AAAM Fgoew Holdl

g FHsE Agae 4+
popaick webdl, Wmel ALgHe Haselr] slsA
A el AR dal 173
F Qo wd, #49 vlze 272 )
=

diolE] ~Ee WA A& Algte] ule} H3lelr] uf
woll #71e] cul¥ violg] AAe FRES © o4 n|
7b gtk mhebA, RigkelE dolE AEY e o Fea
& 2= Zlo] dolH ~EHE wr} 7IRUA R
Aolek & 4 ik o] & Y& 7 Az W 7o b
ole] A st FAFRE FolX S (decay rate)ol
o3 7AAlA, dolE] Ao Hgglel AA Felag
Fol| o] vjF-& Aztel| ubEl HAHoB Fo Eia=3

B =82 tEy 2o ARG 2% e By s
AqEo dEA dHE sta, 3FeE B o= A
gtz Az 7y Holy AEHY g)
o PgelM e AEe T Al
& WwAsta, npAgt e 2 5o M

10__—_‘~,
o
—E

1
I
o
i

l-ﬂ
J}m
w

Ol

b

o
i
ol
ol
oy

o Mo e
=
B

Ol
w7l

™

z

i

1o

oxl

ot

Il

b=}

oX,

n\'f

2oz MEM] WA el ane 4
ulz] gefslo] glof k spel, @A glele] kol 2

bl A Aol g s

Ak, olglgh F@/NE ZeiaHEY 7|HES #S dolg
M2 (Noise Data Element)7} &2 H$ A3 e AE
& 27 Fahs thlo] st AFIINE FYAEY vHeR
< BIRCHI8]®} CURE[S]7} 9t} BIRCH= CF(Clmten'ng
Feature) E&]1E A3t dlojy] AAES sid E9)e 2
HAHZ ASHoz BFsv CF Egr 989 3o wr}
B3 el AHES FHE] 8 71Ee Bar)l

HE 78S thAl FEste] HolE AA S-S

etz wjiel F-3tst doje AMES tom wWE 57
S dagde dolE ~EY 0= 2455

M FezEE 298 s F44e
ol 7538 Ak thre HlolEl A LS Algdth &
#9212 (Shrinking Factor)ell whe} 2ol A€ E
diolel A &L Fejxee FAd s Y=
28 F, AMEA] o3 Feod o FYAHE FS 9
7HA A3 e dlole AAERY Hisid

AP "er)hk FaHy e DBSCAN[IOJOHH
FY2HE Fold by o A&7t B& A&7 dolE
AEe) dgos g DBSCANOHHL dHT 2w
<= deoly AHES FAHoz gAasls] uio 2t
oo #Helel FAHE s e

A& BUY AE dHeld AAE g&do8 AT F

N U=~ T o
Lot
>
a
ol
=2
o
m&



th A7k Sy 7oA E HA, Fo930 1110151
g FFT 2719 $UH e F3Hrectangular space), =

AAgR vheth 4 ARAdeA = dF WY We el 1
AL £& AAsted dAG ol dloly] AA7E A
v 949 AR JPoETH FEAHE Fe 7
ot STINGI16]& ote®l AAdg Abgd Az 2
He 7igow guda 4z g2 Az doly F3t

J3tgith. Opti-Grid[20]ol A= Ak dlole] Zef2F
of Fojdl Wiyl uheh FeiaEt MY 2 BF
oz NEor AxAE A4

2 4

A
AR

(e}
o)
*}"é‘ A (projection) & &o}

o uxkd dolHel taix s]Ee] 7l we} Hojw
ToE ZY2HE Z& 7 A A, ASHeE A
He dolH 2EY #AdAE F3d £9 doly AA

of tal 2 AEFrol we Ague Pa o] B

Aee dold Az s AHe 4w WA
i 7 o) 018 HEhE AL B,

NEel e 349 dolg 4F vl FelxHg 2
QA B e, 3 dole AHe F7h F7)
2% 5 giok ol F7ks
dole Qe daez 404 2eaHY el AT
A2 44E deld AAEel tal, A doly ¥
SAsE oA A4R ol Adsh oo g
WAL A AAA BesEE Bev g,
baol v} 2 ol W3e AdASRA %1 %
EPCER R
oA A%aA Held AL 4guE dole 2Ed

P4EE 2 Komedian W2 ANET, o

Hog 2
B 2Ege A7) 23 iga—ci T AReR 155
E

e

ﬂi_oioirshrﬂoﬁmlo [» ¥0 ob & ¥ ol ¥
ol

it

Ty
=
o
ko
o ¢
o
OL
[
i
i
&
2

oo o o

o N & o
— X N2 o 32
O::

o
—Hﬂ

o

i)

3t dloje] ~EYWS ZWJE‘PEE i‘i‘i“ﬂ 22
Ho] WEY & S
H2eEysled ke SR
3}1]?}, K meansg} K-medoids} #o] ﬂ% l"‘ir
H2EHY 7S] AE MAE A=
T olyg A% A8e FY2HE 2E
289 7} AAAA Fe HF, K-mediane Hrh £& &
HAHE 27] 98 dole 2EHS vhEgdsin)
ClaStream[17] =3 F&87ut 28 2Hd 7[HE F sy
2A, deolg ~EY W ZFexyy ¥zs 2457 ¢
3 ArE AT CluStreame &¢tols} o z=elele) F 74
o= }A%E]oq r}t &gl FAHAgMHE K e]
Abgste wze &4 Ule Hd 9 54 S84 H(Micro
Clusten &< AASth 4 4 F912HY AH+= BIRCHIS)
3 ASHA CF ®E(Cluster Feature Vector)& AMg-3he]
AFst, o] W AA4H CF WEHES 3 Ade 2HAHE
gkstel o] § o2l A A EAHTE AEA AN
dlele] ZiFol tis) <1He FeiaE FAdHe AgE vl
ted S 2E el dlolE AL root-mean- square(RMS)
A%, A9 F 2 CPYEE 2% dolg 2
tha] 7AAlgct W& root-mean-square(RMS) o] 4
% L doly AAZ TAd NEd SH~HE A

iy

¥ -{E
_O|L
M
©

i NIO

|

[

ol k<l
Aol
7

)

HMEM AXPIE O HIOIE ~EE SHAHEY 89 73

& F2He 7 2y &
&, 7189 F& FH2HE FoA MY

3718
03 TelsEg st 2ozHz Re €O,

rhl 1

oX olx

=9 el 3 geladEs B A6, 4 o
olE AAEe AR Al wet 1 uFS ushid
%, odg dold AAAFE 1 UAY gue dde 2

HAEY Axte] st s v go] wopth (1 D9 (a)
7b 1EY AL AL FHSHA 5
b1z FARRE Folzl 9z 271 WY deoly AAE
o] BlFT AAsHe SWE9]d 9 v]FS yepdtt 3
A SWFE dlole] AA9 v|F& AGAIT ot 77
=) &7] wWie, AT dHolE 2Efd &x3A &
olg] AAEE FAHIZ UFE F o, T3 H4ES-
el dojg AAES EHoE AFstd M2 dlolH
MA7F g wel AgH }A doly AA S Fad
A ZAbete Y29 W vhel dlolE AAES WA
A A A A Al Ao gt

B =R 2 dolH 2E" o EAlste
HE 27] g8iA dole AAe| vF:g ANHoR A
A7be 74 &(decay rate) 71 AHEITE A2 47
H(decay base) b¥} 24]15-71(decay period) well 2|3
o #H AAE Hole AAY vEE 12 e W, T
37 we dolE AL v|Fo] 1/bi ﬁi% 7HA 9] Al
e udtl g & 2

r=b"" (b>1, w=1 bl<s 1<)

bot el ol 1= FoJ7 HE
A=A eka Akl BAGle] &
(O ATl w2 2
olg HA7} oHE

Z dolg ~EH

dole AHe] Aut 7t
Sap Agdn. (28 D
e el 4219 3 e, o

2 djolg AAY MFL BEo),

LIM %Eiéﬂ% FeHow FS 5 9

32 HRMMD Clo|E| e Bx

d3tg HolE T N=N;x Nox - x Nyl A F0]70 dlo]
g ~E¥ DU J‘éi*xﬁ AdE ]Eﬂ MAE =<ef of
o ed>, elEN; 1<i<d® Uepdth i zhedl e 7F A
Y A9 A2 dole 2EY D'E A A4E dlo)

(b) weight in a sliding window method

weight

(&) constant weight

\ current time ¢
4

(c) decayed weight

time
I5t HIOIH ZH|9| HIS

|
o
oN
:‘;:;_
mo
=
10



736 SEAMISR=2X D M14-DT M7=(2007.12)

}F D' ={el e’ et o2 Rolatn, A dlo)
] dlelH 7%‘}41 FE Doz #7130 o
2e2EY 2 dolE AA Wwst &
2 7}24%L T Atk whetAl, dlolg A

Z 4 7189 29288 Y &
bl 1*E1a°ﬂﬁt AHERE Ao Ag AE
1% e W97t Aolskel Axade v
94 dlolel A9 ol hek Azl
H &g Ao AT Hol3t
HaEE AR Fojdl Hax
| Zﬂ.x}@%ﬂ Ao Hojer,

2 pie) dE 2719 W
‘/}—FE} s/oh fl= A i
J}E% vepdth & 2 27 A4z

@L
= o

o EOV

t

izﬁ_‘e

i oL I
F{N 10

N T 1 =

ﬁd
N
p

o Xt e
o
__ozi [Sa B U vn B 1)

i
Wi
e g
HN'

t

BN T A D S T LA 1)
o, N ¢y o fo g @

X

fo
ol

],

=

=
|

o] dlele
th. dolg] 2
X]E Smino]}\oL

wA, 4 2
L7 =1s/, )1
A el Aw

o
>
rum -

N

Hﬂ )
o o

>

1

i)

%

o
rk
L
o

¢

rﬁ

* M R O
N =
e

RU

=S
fo
mtj S

],»

\,

o, %7 A4 go) w Righe 4 walh washe
g B sl x L2 AR Ao qag o)
H 20 N plel 27 Axdz FHA 27 Ax4
o Mol o F @

HHE FYstedd E2gE FT £ gl
A3 RS={rs;rss - rs,) 0= 7391%'DP.
ol W, AxpA go] Al AdZol e W= IS(g) = {1/,

IF o I et &, A 2o djgk Axpa g-°4 =

7] ISkglle ofs Helel o= Aojsh, thaped gt A
o A g9 WHE FHY TW rsi s, F, Rig)=

[}
R R CI DIERE
o o EARRE AW, 49 19 go| A

Ao 1. A&RA g(RS, ¢, u 0

H dA9 dolg) 2E¥ D' tal, g(RS, ¢, ¥, =
AR go 78 RSU9] dleolH AAEy LX) didd F
AQEE iepdTh AXA gule] dolE MAEe HF
D/={ el e=D" and e ER(g) }oll W&, AAD go] FAA

BE g go] Hejat,

DD FAEs A8 dole Ao &

i) g=<up';ud > 0 DSHE dolH AAES A 2
Ao xte] gk 4

< s
5; e Jl< i< d
i) d=<ai, 0l > DS dlolE] AR5 A A}
Ao Mol x2HA 4
S -~ =i (2/41
o= E(e' T 1< i< d 7

T dloly 2EY Dol AA4E dlelg A ol s
A plzr) Az F o) Lt 27 ] AR A gZ A

=5 LYo

strt, oA vlv< WA AAHE dolE 2 ]°ﬂ os 7yl
A RS, i, d)e el 9H) ‘3}%4 Lo] g(RS, ¢ 4,
hHE A

=" < £ Ve, (A1

WX xt ™ v e ‘/a e P HE?

Hi[— " ,Oz'l: 7”' "% (o)) +f*(#,)
forVi, 1< i< d (A2

Hole] 27 D'l dalx, AR RS, ¢, o, He
AALEE D 1 dlojE A9 o tig A e b

H

o8l Ao Feo H& JIDIEZ Hojdrh A 2
E7b Foll FHAAE Sl Sepu<Smin) 01 A, AP
F el S AE7E B A0R Fsta B G
& RS 27 A 7 AAAS T oA 20 AR
g % gs AT 27 A a9l AAET, o] w A
AEE 27+ AGAS WYe EARNRE AlgE Ban
Holl wpeh ZAAch SEEHEE 32804 AE] 7)e )

Z7] AR si9R 7 AxAMe] EAldh: 4, olE
F AE A9 dold A4 Jg Tdste 3 A4 o5
HHste] oo FAREE ATt T F3F ARl 27|
E7F Squ o1 A vh AR BERE S FasA HH,
x7] At ge] 239 FU AGAE 5o e F1 4
AAER qAE] g 27] Azl a9l $1x|eic)

1n

= Oﬂ?oﬂ"hi Aol FaWH oz partition[13],
o-partition[14)} hybrid-partition 8- Zﬂ?l?iﬂr. wA, o
A9 dole ¥k Nelre] 7t A48 5 A4 Uy o]
59 VX ndt FHrHE ZegHor L
E& FB&x9Y(Dividing Dimension)& ZAslx, Meig
T

2o WAE T Bl ne

o
E
S
rlo
i
£
Lo,
=
b
N
- 01
KR
rlo
h)
;Y
pz
B
W
o
lo
b

1
rlo o

}-moi_&.‘&izr_tﬂﬂizﬂ
T

WHoF doly AAE9 %ig 7lgko g

4 £

s fol
2
i)
=
i
3
i o
oo
=
>
2
_rfl
é
19.
=t

=i
57
o
=2

> &3l gI“’]' ggi —E%

I
N
4

2
g
i
g
ii
5
g
01-'
i
1110

o

_._,“10{[}

A oy
fuﬁx}ﬂ 7}X¥ 2 39 all <k<d)° H]O]H 7,1,1
d ador HEstn FEAdos ded ®
po] B35 el dolel Adgel Bl

it
2 o2
fT

ook WAy 2

;
W

g—% lél?‘rzL :
2-(a))= BAA g(RS,C,y, g - pal“atlon‘:‘Hﬂq E/\]E}ﬁiq—.

AR gl diolg MAAe BAFOZRE o|5S
ole] B gl Hgste] Eaw A g RS, clf, pl',
UI‘)Q} g RSZ , 2, w2, @)Y EAGE 248 Q.



[ [ o
g . R
F .
WRTON SN W W RN YR
g LRSI zlal) .__..'?S?,i #2 .d.'l ASlcl.ul.ol) g(RS2.c2 n2 al)
AS 1=\ rs,.rs 5} AS2={ 5% o 15, ASI-{rsprsiyl  RS2=(rs, s

J2 2) 2R B

Z OEA9 AFLIRSE 4EUT FUE
gl slolg AR & cf'=d=d202 W

-y

— = 1 2(c')?
ATEEgr o)== o) whet BAGE o
2ol 8 4 4tk

_?L
W= 12 =y except pll and 2,

filg) fotgs)
. j'x o(x) dx ‘. jx o(x) dx
M= s,2) k= sz

d'= & = ¢ except di and &

fitg:)

j IS @(x) de~ ( ]:

NP

sl gt filg,) e 24 7—%*]"“3] 8w, (w=1 or 2)9] £z
ke W9 ARE R & 4“]5“4 ?:7] AR
o] ¥ A9 2V AAA /] EAZ =0, p'=a'=0 (Vi
1< i< d& 27853, g HAde dojy AAES
ARE g% g8 F3 A

| Azrde] W7t Fo|3

ﬂ

o-partition ¥

Aol
Aol 9% TEAAG(I<I<d)?} 7V AL AYe B
Agon ddach vole) AAE BEAA} e A
gtk dioje] AAFe] J*?%Ml A Brste Ao
2 4% 5 Qi g, ZFEAF MY A2 AdE
BEado s dgstd 7”1117} ksl WO E Hrp 58§74
og B & guh B e E2HA gl s,
AR EEF el 68% dHole AA EAsdeE Ao
2 53 g de 9 lwa, ura)st olE A9 MR
LiEh ol EAEE (JB‘ 2-(b)9 Zrh
Foj2l AR g(RS, ¢, i, d)% opartitionFHEE g (RS,
cl', ', al')7 g(R o, o2, W, )2 BZae A%, dol
8 A9 SE BRI He thedt 2ol FAHT
oy
cl'=¢* Jomde el off (4 3)
M0y 7
29 A5 $BAY ko) FAR Wi, 2 ol
2 e uen gol 4T £ gy

2™ AX7ig O HIOIH AEE

filg)

x ¢(x) dx
wli'= w{,) and dli=
if su(ge) < uld < flg),
/;(j_ez)
x @(x) dx
kt: 5,482) ‘u]kt , and
filga .
agk [« o(x) dx - j x? o(x) dx [“2*)
sdg:) (g
o Sidged s
else ugkt: (_[ ’x(/)(x)dx and ngt: _‘ ¥ p(x) dv - [/‘21)

hybrid-partition 3% 99 F #2IY 5 2o
A4 B2dye Addon Fysie el B &
H2HY PHAME He o EdRHorn 9 AXA
& WA 2= glo] B A% AASe 8% 840t d
o mebA, T RSy F do 99 Axds v 3e
T e WHE Mdstel ZeaHPd 2% 2EAAE
29 F Aok dol" AAEe] #dstA £xehe ikl
E%%Z} diol s, E2YAG Blg)e AR g9 B
FHAG i8] Aolw b o] FoF F JUnt

iz

! 2 2
—— Ix“dx - (1)
-5, f '

g

Blg) =1 &, where oy =

Folzl Axpd gof hd|A, p-partition®} o-partition®l
o) Melgd BeAde A7 k13 ke A58 & dol
B AAEe ZEHAV /b & A4LE kI, MY A2 A
A& kozt ok o] W, Zb E3Ardel gk BadAgGE
HlW3Eted, Gyl(g) > Bolg) A5 diole AAE] ki
AA Bag AE7} 2Adold SAE xRt 2 Aow
HAS L p—partitions AEsi F

g 5 gk By,
ol 7%, o—partition ¥

[a3
=
o‘?i% Agste] 58

BAg)d 7

2
=0
;)
N
2
0
~—
[

:‘_14
o,
o
v

e uk
9,
-
S
o,

fr b

o tlo Mo Mo

=2 {o

qolel 29
Zelsey 23 Bore B
Axpae) AR AT 5 9

o 2 H1 Ho 1
[e3

4 =

i HTo ok

1N
2
=
o
i
ko
o

w
~

Pl
2

T PApTES
FAlol Ty Azl A E7F F
- (Pruning Support) S,mEth @F& 4D <
Aol U Ul FelaE7t EAEA dE AL i
Art webA, o3 AzpAe abA|sla, AbAE 732}“
Hee oy AAES FAARE A EH"/* x7) BAAA
2 drdste 28 AHY 7o
ol g HAL HA|HA o} 5}‘4 UHWH Eﬂo] B Ao
A8 Ao A" 27 AXA g (RS, ', w', o) °l
ole] AAZ9 EARR w’ =<up), wps, -, wd >, @ =
<, @, -, pd>ol A3, A4 gRS, ¢l
ARG FAe A 7] AL g3 Zo] Al

ofy
BN

")

P

rzi

s 2

>

N

—1> 2
k1
d ri
|
EIEA (SN

,ﬁ
N
_>'~I_‘
i
1o
~1>
e
MN
m&
—!>
0

oo



738 HEMe|ESl=FX D A4-DHE MTZ(2007.12)

s i)
sz - CpL x T“ U *C[

=y

up, xe' x4 pfx !
upi= ep' for all dimensions ¢ (1< i< d)
| P(ap, e o] ) AT
opi = p cp
g-partitionoll ol&) AxAE FI3 A dloH A<
‘r‘L‘_ 22l (3)3 7ol 68%9) Az 1 e A e Az}
2 o] Foh maA, AR A ]E - f?”LX]XlA
Sspltg] 05 o3tz AolElojo Baty Axale] YT Yy
Qe AL A gl E9E O]Tri u-partition®l
A Sy Sp®l 1/2 o]3tE A eH 010]; 3l hybrid-

partition®) A = o-partition®} Zel HAX
Helgof ghrf,

dole] AAe H=r} B F AR
Al ad b ol 22 dolg] A
o Az galste] AAHGE FAT F Uk AR
1

T
w» oz
3

o
o
o T

b [}

a
a3

b ooxl Y o2 N
2o K

2,
_E
o
A
2
N
i)
o2l
- o
S
o2
ook
-
o 3% d
hu)
o
A
o
o
o
ol
off wo &
AN
o=

7 34 (Force-pruning Operation)®] 2} gt 2E
Aﬂi} E]—_r] 73]].1410 EIAHQHO]:O}ﬂ U‘HT‘?:OH, A
FaAzte] BFo A Raprt 2 Agdelnw F7
mzE] Abgae] utel delHoR olg s
2838k dole] AEH g Folzl vRe
o] 9l7] w&ol B Fyxedg WHdlAs
Azpdlel A7) AR HgHos Wgste] wEe A
gt Fola nel sl me] ARgge] HRe
= A4S 2E g A dE AR
2 39 dojg AAES] FAUES OHD] "A’ﬂ 2
A

sk = S A V“%i z*oﬂ*i A el

,_
2
)
[
>
[
e
flo -

rir

)

< 32 o
do O

238 om0 e

—{N ok i
PO gz o dlo mlo 0 oX

=

”

ol ofo

M

Ho
N
-
)
=
x O,
ol
—
o,
1
=
S
=2
= 0
Ol
——
_>L
1
2
NI
o
—
ot
mlo
_!1 A\
o?J:‘
%
"
Ol!

AE 122 &

el 2269 xgzua:a 9l

I
B
ke
-

35 2| &

B fole] 2EY FejaHd sy FAAS] daese
(13 33 2uh B duelse 4uA, F ANgA, £89
A, AA9A zeln Y dEyg #e gAz EEn F
o] 7 dlole] 2B Dol T dolel AA e7h HdHw
A e Be] aAE Ao A 9AE o5 FHae A4
Ao e WAooz padth AARA(ZHE3S 642

M (41, 20wk AR gel dlele) A wEe)
ARne ANwTh AAR A4 g8 AR R vk A%
T} S SlabolB] 7E Aol di@ weiel 2017 AE 23

Hi o

(

O

2 0

A% BUHY (-19DE FA AAD uwy
A ke gaAlE 94 dde f ;

O*pal’mtmn«] E%}X}‘E k]ﬂ]r k29) 2EAAZ Hga)T B
(g% WSt A§Y Pawus APU ddE 2w
el wel A4 g g @R FEAAE FAs E
Tpoll we) dole Ax 2ol tfF FAZE AT
gt g2 A9 B 2] AR A2 A0, A
A g7b F3F AR B g gt @2 dAE:

ahio] AR g7} }./] Aol ol siA AA =7} A
AAE Soldhel A% A SA9~25HE)E S A4
A g AAE D gle] diole] AR el i FAZE 3
@ z7] AzpAof wkedFE ) A g #7 @A 26~36H
Z7lo] we} S,

Ax $Eaad QoI 2an Axa wel vl ool
B AAe = xSl deh FASA HAE, A ol
H AEQE Rx@sel 44 9AsA o] g 340

o FAHow T ne A

T

oet Qa7 WAt & Baapgo] £ALRE 2d 4
A4 e dole Ade $E 9xE et v, v
Az AR Bao] whEE WE olHd At FHEA
gt} s e Axpde] A4E WYE o o)t #3
B2 A gona o|Fe 2aglel A dol
Ax o) 58 A ok whabd, T35 dolE AE-
s o9 Ao A4 dolg AAe fof tigh Qab=
Az Aol 4 ol Wkl EA19] os) wg] Azl

= = e ~ed D

o s D&
= A diolg] A9 Feh sgsiat o] o, dlolE A
ol o —*r?é dlolel AA o] = cop HA b

g et E(g—c
|

EA 1 (ARELA #& 54A) Tl HT o &
2d Do) A4Ade @4 734‘*‘ gol disl, #A7A v‘i—%ﬂ}
g 23] FA49 dolg A Fof digh 2 E(g)s %
Zzolm 2R L QA= E(g)/|IDI'E Zddr) o F milY tﬂ
ole] AAES Mg Fol A dlolgl A9 &= DM

_He)
o Frbsta, @9 A gof AAEZLARE [prrolH,

E(g) E(g)

olA 9] AA % ool thEl pur <D | E W mol
E(g)

ngs Z7hgke] wgl XXEQA | pur = 0o FHITH

o onm &

24 AR v U]

ox
s

39) AR AAEA FAR HARAAE Spy o4
A% ol dold AAY MEsk we euigle gdow
3B, 3, 2eAHE AR Syelde A5 Bl
AR s AFeE AelHdh ve Agae 27] M %
am AU HesHE 9o 2 5 g wwd,
P A = @5,),[,;@1 HEEE p xg—% Q% SaaA
W, 2 =7 44T F Yol B

X

_\:ﬁ_
o
oo oW %
é
N
1o
N
)
o
N
N
i



I3

1: divide Ni.....Ny into p intervals and create p° initial cells:

S(g) : the support of cell g = S(g)=c' / DY %

2: for a new data element ¢' generated in D' do
3 =l
4 DY=D L
/* Updating Phase */
5. search the cell g whose range includes e'. i.e.e'CR(g);
6: update 4. o, ¢’ of the cell g;
/* Partition Phase */
70 if S(g) >= Squ {
8: if 3 dimension i, 1< i< d, such that |fifg) — s(g)i > k|
9: find the largest o' among o' where fij(g) — sufg)l > A and
find the smallest o' among & where ifis(g) — sexfg)] > ki
10: select the dividing dimension 4:
11: divide g into g; and g» with respect to dimension &:
12: initialize the distribution statistics of g, and g
13: if g is an initial cell
14: set ¢=0 and u/'=g,=0 for ¥i dimension;
15: else
16: eliminate g; continue:
17: H
18: }
/* Pruning Phase */
19:  if g is not an initial cell {
20: if S(g) <= Spm {
21: find the parent initial cell g, including €. ie., ¢'“R(g,) :
22: update g, with distribution statistics of g:
23: eliminate g: continue:
24; H
250 1
/* Memory-Space Adjusting Phase */
26: if no free memory space {
27 for all intermediate and unit cells g do A{
28: add the distribution statistics of g to its parent initial cell:
29: eliminate ¢
30 }
31 A =AX 2
320y
33: if free memory space stays larger than two-fold of the total size
of all unit cells {
34 A=N/2;
350}
36: end
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