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Performance Analysis on Declustering High-Dimensional Data by GRID Partitioning

Hak-Cheol Kim" - Tae-Wan Kim"" - Ki-Joune Li"™"™"

ABSTRACT

A lot of work has been done to improve the /O performance of such a system that store and manage a massive amount of data by distribut-
ing them across multiple disks and access them in parallel. Most of the previous work has focused on an efficient mapping from a grid cell,
which is determined by the interval number of each dimension, to a disk number on the assumption that each dimension is split into disjoint
intervals such that entire data space is GRID-like partitioned. However, they have ignored the effects of a GRID partitioning scheme on declus-
tering performance. In this paper, we enhance the performance of mapping function based declustering algorithms by applying a good GRID par-
titioning method. For this, we propose an estimation model to count the number of grid cells intersected by a range query and apply a GRID
partitioning scheme which minimizes query result size among the possible schemes. While it is common to do binary partition for high-dimen-
sional data, we choose less number of dimensions than needed for binary partition and split several times along that dimensions so that we
can reduce the number of grid cells touched by a query. Several experimental results show that the proposed estimation model gives accuracy
within 0.5% error ratio regardless of query size and dimension. We can also improve the performance of declustering algorithm based on mapping
function, called Kronecker Sequence, which has been known to be the best among the mapping functions for high-dimensional data, up to 23
times by applying an efficient GRID partitioning scheme.

FISIE : CIZHAEP (Declustering), W &&(Parallel I/0); LI IO (High-Dimensional Data), J2I= 2&(GRID Partition),
MeE2M DH(Estimation Model)
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d, /+ aYE B AEHE e F(<d) ¥
For each d,{ /+*1<d,<min(d, [ log,P1) %
A= P where 1<i<d,
Aj—1 where d,<j<d /x YA }de 2
gol] ALSHA G5 ¥
6: E(Q)<« ExpectedNQ(d,A;s, )/*4 AU ¥& A
HE 0|43t AR HA e A9 F 5

[S1EF- VU

7: Choose A;'s such that minimize By
8:}
9: Allocate a disk number to each cell by F(I[d],M)

M Il7]e 2gs A9 A Hde 73 AEx

CIE22HE 22E



23 Fei7t AAHY, o)™ AAd
o mE d5-ES 4 ¢ ITH1-8,12] B =
T o] A 3l AAE TR el dEA E FL
AEL Holx AoE A& 9+ Kronecker Sequence®l
23 WY & AL A (I8 6L E =34 A
T E&HY 2= £ B3 ulg #4E o] &3 o
28y d1gdFE 7€ Fojd.

e 2L gy

7]
Al

5 ¥ #o

5olAE 4 FHE LTS Yok WA, ¥ =RIA
ANG 45 mde 394E GYY 4YE Ba 4
2 4Az £ 9yl 43 B OI%‘}% EESPCE

51 24 mdo AHS

E AdAe ANE 4F Zh9 JEEE AP S F5H
HolEE Fr} o]E 3o AAHE aY= A9 7 F
A o2 P £ ol dax tFd 2719 99
g A AA= HA= 2= 49 F 45 2
o J% de nud=g Ik

(F 2 28 wHo| 12 oIS VE}= B

a2l 220 2B CHXHE CIOIH CIZ2SHAHE ds 24 1017

A

°ol& 93t 2034 dHolgd] WA FdF Fo 1=
AL AAste AR 2 B8 o) disid 99 Fd
A AAZ AAE 2= Ay Fof & =g AA T
d& mdd A AR AHE AANFEE Frt 2079
delg Z&(ags A)E ANIEE £t wHe
419x1%, 16°%1%%, 32'x1%°, 1024°x1%¢} 4744 47} Alt}
&, AA 20709 A4 F 2= £8E 934 449 3
ol 10, 5, 4, 2719} A& AHE3H Yz 2] disiME
2ol WA gt 29 Arrt dF Bl wAE
g3e BAsly] gt [0, 11%¢ EAste ohakd A9
E(selectivity)d] s23sts 10000719 A4ty doE A
go] AAZ HAE 2= A 9 FTFT 4G A AA
g o]& 2do 9% o3 Axe vn gk <E 2> 4
d 295 dehge gFEEY AL 01% oY e
Holy B =FoA &g HE AY Aol disiA 05%
oyl AP L UEldS & F T

(28 72 1634 10°49] o rl°lE1 o tisiA tx=2 FolA
A717F 4KBY W 7Hsd BE e é% 245 4
A Aol B =5 AN dF =

g Holn

4

J2|= Mol fof M Dol ofF ol F Hat

. A g 001% AdE 1% AEE :10%
i PEE e L 2 A q %
» 1,048 576.000 1,048,576.000 1,048,576.000 1,048,576.000 1,048576.000 1,048 576.000
401 179828234 180,609.273 1,048 576.000 1,048 576.000 1,048 576.000 1,048576.000
16°x1% 218,824.385 218,738.123 625,454.272 626,101.769 1,075,106.099 1,075,662.848
32'x116 201,246,655 201,142.794 484565956 484,395.101 751,697.6%6 752,040.529
1024?x1'8 418733490 4187738516 663,242.883 663,232,669 834,739.607 834,736.029
60000 T x 1800000 I
3 —o— A ME 8 =0.0001% 3 i ——AMEE=0.1%
:3! 50000 § *— & M= & =0.0001% g 1600000 —X—EMUE=0.1%
ATAUME=0.001% , 100000 A AMHE=1%
+ = o ot o,
?5_ aoo00f ~ TETENHE=0.001% 5 1200000 @ o EuMEs1%
st 3t
= = 1000000 T
30000 T
o o 800000 t
Z 20000 2 gooo00 §
4 'jj‘ 400000 %
2l 10000
% « 200000 }
0t 0 &

6 7 8 9 10 11 12 13 14

5
ol A2 E At 5

1 2 345 6 78 9 10 11 12 13 14
2Ol ALSE R S

(b) ¢=10.5

(28 7) 28 Lol WE el #3t 3|9t 2M 2o o|Ft H|m
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ageld Bz ‘A'sk Ee 44 A dss} o5 A3%E
yehdich 16349 diolele] disiA o] £ (binary parti-
tion)& 7H4sit et 14709 Ahdol Pt webA 14789
28 Aol &7,

(I DA &+ R0l & =EAA AT A=
& AA AR} A9 YT AAE B FH $I= 01—3-
ol g3t A9 Ar|7t FjAE W Jted £ WHE Fol
A Ao wEas as 49 £E Ha= s 2 0

¥e 498 # Yok

E g wylel SH ATl O3 E 24

Hol ?Zﬂ o2 wBdrE

A8 -& 535t F—O] ”4 2 AN
Aol 2]e A 29 213] A3 A 7P‘*
Zo| AZate d2aay A2 I+ s g

= B34 tsid A4 7t G g el Zﬂ’\]
H9om [3lo)A4 AAIE Kronecker sequenced o8& &
3 WE g9 dndFol /M FL2 HeS BHole Ao
270 HAth wEbA, B =EdAs bdd 2= 28
8] A Kronecker sequence "1 T4 & ol &3td tla=
N5 E g9 o S8 Azl dg A vng o (2
3 8) 1549 dojElel Qe 2°09) doE B&(a=
Adyo] Yad o o]d B B =T AMAH oS 2d
& ol g5t 75 B uhy shed AoE wEdE g
= Ao 45 &z 3 £ PHE Hdge o 2=
2

o wajol the 4% i Aol

/ —a— A& 8=0.0001%
/ —— U 8=1%
/

o o ~ ™

ox 0% orox

A

o =

4 8 12 16 20 24 28 32
ElA3 5

(32 g8) CjAa3 $o| Hajol L= Kronecker sequence CHE
0| Mz w3}

ot

Autd o g taz 7 F7HEe] we ojxl Edel nis)
A Aol FAHH (28 8)olM & & A%l txa F7t
R0]3 AAEo] 1%Y o Ao 74M7AA de FEE A
&g & & vk gaa 7 SESEE 4% S0
FolAE olfE o3 FEL F A A4 v I
o] B0 watd 4 £F A= da3 8 F7H
7ldEs Asol F4HA &7 dEolt.

B R Ae] 74 get oln 2UE ¢ W A4
o] WakE YEhiYl % 492 Atk oF A4 10~
F2ol chalAl 2949] dlolel Bl Wad 9 o
2de Agdo] H49 2YL 9 W 4% vnE 33
o (29 9% Y2 471 09 W Aol kel vt A
Hgo] 1075, 10729 o WF $F A vhek Aolr,

100000%. —o— 0|21 2 8s=0.01%
g Y000% o smeere-001%
7 80000 F —%— o|FE&s=1%
70000 § —— XM F&hs=1%
& 60000
o 50000 %
7+ 40000 §

30000 £

20000 £

10000 £

10 41 12 13 14 15 16 17 18 19 20
xt &

(37 9) xtelo] Hatel 3t digloff w2 ST AjZo| e A

HID: C|AT 5= 40 (s: MEHE)

g Ao 7+ A JjsgrHoR
235 FYHoR BEeA K] WEold WA, Ae
A A B =3 ?Jr‘ﬂl A o]zl BEe B+
txaz W3 E g3es duddd dd A7t o 2749
t}. olo] wisjA o} R3] WP AART FE 9 &
e AN o W REAY A§ Ade S =t
S Azto] Frbete Fxst ¢ ASE € F Ao
AFAA S I APE Tk ¥ =ToA AAE
adE i 4% & Bdo) AL Ryl B3 5Yd
g 2 44 o, (27 9)9] 18X FglAM & &
gl5o] g Ba wule) jHTto R tjFAE Y S
Zo 4%S HU 239 ol FEAE F IS & T U

AF7tA wolH
gge 2y ¢y
H AFEL dlolH
7P skl Zhzre] = A Eﬂaﬂ/ﬂ 1‘?—-“% 9 A 9| (partial
match query) & 99 Z9(range query)el WlsiA E2H
o2 gxa W3 E ggste dueF ML AFHUT
L BE Wyol tFesHY dndF Ao Fe

z

A3 A EEAHQ Y232 @9 AH A7 Je



744 A HA"E DFEaHy &
n1EF 47 ﬂl—‘?—v‘i‘—% AA sz WP g ol gt o
ZH2HY ST 4% FTEE AR ABSAA FA
HAW dlolg £8 FHoA A ik & =7
o ot 2.

o YutH o g uzY vlojEd HElH 2= ez 2
o 74Rsts ol B(binary partition)e) EAEE AA)
gk 2o & W Zolrl kvl Zold] 128
g A% EE 2= A BEdor g, o doe AF
A AANHARG 2] wF g5rt st glejzidh &
e}H o2 taa WIE 838 ol 71 axEel)
gakd dlofefel dldlME 8] 2 HEE(selectivity)ol
galXE 2 Zo Hole 128t} AR
B =RdAe gAY dolgd sl o] B¥o] 71A
T FARE £8d AEEE g £5 £Yo2ZH 3§
dstaa shgich &, ojd E¥el ZoF ALY FrRY
o] e AddA o7 W £ sk ot 4
JJr A4 A BS AL Ae ol B Hls

ok st nel= A +E A3 Y F AT

HeE oY 7Ix7} gley e

Wy ke #Hade E‘-ﬂ% qe)shs Ao Fasith ol & ¢

Bl B EFAE Fojn a= 2E gisiA 99 A

g wEste o= %—4 FE A A e A3

Atk o] AT g =rle] o Aolo] gk 49 4

T AAIS oS 2E A A9 Aol BA §lol 05%

olfg] og &S Rol= AoRE Yehir)

o thatel dlolHel didA M FL& %S 2
Kronecker Sequence "% #&4-[3]1& A4g 4 & =
A ANTE AF ZdE o[&3la] HE e o
B vkl 2YE wEehe A9 F8 HAE ok
He HET w o)A B&o uisiA o) 23874 A

9] g4E& 7t

£

M A
of of mt 2

(s}

wid A ke Eﬂ"]EM] faliA EFAQA aF=E &
S SaHFS AXBA A, FL 28 Y
1S Agsivas 5}7}1 EIR=E ‘Hﬁﬁ}ﬂ% A AF
(Curse of Dimensionality) 3¢ wliol 1g= Jeiz B&3}
' AL 993 S3E /AL gt Wk, Ak dolH
o disldE A2E £ W] "adith qFF A3 A=
Tt B Ug s BES gAY A2 £ Uy
7 ad A&t taa g9 %}73]2" sl Aol

Eon
fo o rhr
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