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Abstract Recently, there have been various research efforts to develop strategies for accelerating
OLAP operations on huge amounts of spatio-temporal data. Most of the work is based on multi-tree
structures which consist of a single R-tree variant for spatial dimension and numerous B-trees for
temporal dimension. The multi-tree based frameworks, however, are hardly applicable to
spatio-temporal OLAP in practice, due mainly to high management cost and low query efficiency.

To overcome the limitations of such multi-tree based frameworks, we propose a new approach
called Hilbert Cube(H-Cube), which employs fractals in order to impose a total-order on cells. In
addition, the H-Cube takes advantage of the traditional prefix-sum approach to improve query
efficiency significantly. The H-Cube partitions an embedding space into a set of cells which are
clustered on disk by Hilbert ordering, and then composes a cube by arranging the grid cells in a
chronological order. The H-Cube refines cells adaptively to handle regional data skew, which may
change its locations over time. The H-Cube is an adaptive, total-ordered and prefix-summed cube for
spatio-temporal data warehouses. Qur approach focuses on indexing dynamic point objects in static
spatial dimensions. Through the extensive performance studies, we observed that The H-Cube
consumed at most 20% of the space required by multi-tree based frameworks, and achieved higher
query performance compared with multi-tree structures.
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B FeTHEE OFEHTR v WH FHLE H
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Algorithm Update H_Cube(S))

1 Input:

2 Spr NTLE o] BN Wi

3 Begin

4 set ViB[i t]«0, (1 <i<g N);

5 set Vi bucket[i] «empty, (1 < i< N);
6 vor each Object € S, vo /1 O,, O,= AAY Z%
7 h=f(0, 0,);

8 Efh, t]+s;

9 bucket[h]— Object;

10 End For

11 For euch E[i, t](l < i< N)pe

12 1f Bli, t] > V then

13 PartitionCell( bucket|i]);

14 End For

15 End

3% 8 H-Cubed] 734 <31gl&

sfi1 1 ]3] esof1]2]3]6]-
2[4 5|44 o 4 Baj13]17 |- Sebeube,
1|]4]4]1]4 9 |13~ @nngaa
o/6 (443 14i17]|~
1 2 3 a4 T, T
Amay A
(@) (b) ©)
18 9 H-Cubed] o

5 dzalg wAGe ATAAY Aes @A A2
=gze] JNFE BT e ol vk 9 HeA ¥

A¥E Y Ha)el e} 9oy ol a¥ 1(d) &7
sk wl@olth. ol sl A FB(prefix-sum
array)e] 28 9(b)ol] Yelt itk
324804 AFF ulsl o) YAG vE de AL
ZHegHog AxAch olaidt Agde 1Y 89 1439
S1E  PartitionCell() NA HstdRT), o] g4 VE
t A5 W vE 94X % W7R E¥sn O &
g MpAde JdEY E€ 94 Y¥E g £42 M
FHo QEAY 2gx 7)1 49 dEYdE 2 AR
FBe &AL 71EA Fct dF Sol v=deln 713
3tz ole] 7.9 E0,112 68 7T g7 Wi &
o] opbm AMEHFH JA 0L JEFIA "ok
0,118 PO)o] ol ueiz ok =Rz
2,215 5017] wEd P(4)Ee EUHE 7T siok
A3 A Jre] F2Q H-Cubew A A9
Ay E=3 ZLAHoE ofFoRg. HEol FAHY
Hel2 7" H-Cuber A2 Foizl A|7iziz ] <F
Lo sigshe dew FIH Qs A Lo
3 5 ok & AztEe E dEY FAFPAA A
Z Qe FHAL wE 2 49 SUMIAE IS &
Q). o] Ao EHIH ol 4 17 )
CellSum(h, i,7) = ELh, j1 —Elh, i—1] 3

dlojglulo]2 A 30 @ A 5 F(2008.10)

o5 Eof, 1% 9<>ﬂf\1 AR [Ty, T 5%
3,112} SUM#E 93 Aud E3,4)904
E3,2-DIE w¥ B = CellSum(3,2,4)=

E13,4]—-E3,117} =9 Azt= 6-1=571 |t

ol H-Cubed] FAAL] Ay due)EFe Lolrx.
duFL VEHew T AR o]FA U A H
A wAdME oS3 ol HARYY I HHY
(intermediate result)gtol AAYETH AA 4.9 oWy
He ZE 4SS Fold AE ¢ #P3ke ¢
£ 4 3% olgsld A F RF FEiE F3t
ARGS IS F Atk AT FU AFUES oFF
A A9rr oA ke B9 443 g'eol ¥
83 A% b 783 Aol o] T AAFPEL
= WA 2AGN Moz FAHHAN BT B
AZE ANE F Stk o] HAAAA MEFEI} o] 8
= 78’31 1o 23] AMEFHE o] g3l HA|= oo}
g = A i =

7331 1 9A% v& AE ¢, &, [T, TS
ol dokn 7P ojudt (Ch,slel Wil o
22 o] HHIt

CellAvg(h, i,j )=V — (3k Elh k= V)

.~ _CellSum(h, 4,7,
A7V CellAvg(h, i,7) = i

2 igk<j otk 9L AYsA Feth

Z9. n 59 28 dEY FHiFgte] IAZ VA
ot RAAR CellAvg(h, i, )= AF vEY zada 7t
AEA) o] 7HPo2RE Tg S deth

VYEEh k] =Eh, Bl —Elh k—1]
= CellSumlh, k, E]<V

A7) i<k<j otk o]AE dEE BT W
of#fs} o] EHHTE

3 Cellsumh, b B) < V(j—i+1) )
F4 (HE XgsiE oL

, j=zi a9

CellAvg(h, i,) S BEEE

4 98 + Aok
. Z’_CellSum(h, kR
CellAvg(h, i, 7) = R v
mekd  ole 7l flMiEc  asEE  gef

CellAvg(h, i, 7y W7} ZAY 29¥ 2 Ae FHolx
sht oje] vET & JEE SRR tke s
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RE AEe ol Al A Ao wel AARE A
A% & Sl
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& ga gt
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A=LBA A FASA ok
2% 108 Al HHAY dE HeFm gir) Ag
PELE I¥ 19 ¢,F AR Stk AR Ve
golv} ele}] NZRMA ¢ [T, Tool2ta 7H8%
th 94 g 2 olfste Adme g8 AAHNE
£ 73t} ot AAAES- ] o] EXHYe
s I 2 o183 HA FE § ok o] o
A5 AYES ¢.8 Wl ZAH sl ot wEd @
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19 10 H-Cubed] FAAY Az o

Algorithm AggregationQuer(q,. q,
Input:
2 g,: IS
3 qp: Al NRAE [T, Ty
4 Output:

5 A : QA 2aggregated value)
[ Begin
1

8

9

-

set Queue Q@ <— empty;
set A<—0;
|| Stage 1 : Compute intermediate answer.

10 For each Lt intersects q, Do

11 A += CellSum(h,i,j);

12 1f Clh, t] partially overlaps g, s&
13 CellAvg(h,¢,7) = Vihen

14 Q.insert{ C|h, t]);

15 End 1f

16 End For

17 /f Stage 2 : Refine the answer.

18 while is not empty Do

19 Clh,t] = Q.pop(};

20 ¥or each E[h, k] € C[h, t] po
21 ¥ E [h; k] points to Subcube Then
22 A —= Refine(E[h, k]);
23 End 1f

24 End For

25 End While

26 End

23 11 H-Cubed] A 29 A7 d1nes

217 271 H9 ol F e A £ 1,113 d2.1]
3 WA the AMIE Tl o] F AE9]
G AEYE 4 (3)E o)&3ty F+ dsige A
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13-0=13& ¥& ¢ W] Wi FHEARGL o] &
g3 2271 Aok
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oA F WA AV AAET o] A MEFH
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4. 85 @7}

4.1.480ojet U A #H

o] AoMe AT H7ll A dgol 29 dolgAl
(data set)¥ AE &7 dis] WA Mgt dojel
Ae GSTD[16}E °) &3l the Ajveled uet 44
Ak AAELE 27l A3 FHId A
FEHY 2o Aoyt HA 94D mAE FoE o)F
gtk ols A Fol AA EXEs x4 HF
(skew)® EFA FY(uniform) BEE Hx A& 7}
% 9A fE5E ExE wEA o Ay d4s
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3ol gty 7Y & 74 Aadxeid o
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ol& AABFE(object activity) a2 Fs HA
BH F a0l o]FIATE YulE 7Rk Hlo)
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§ Yehdth z=0% BF TILEELE Ve 27} A
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E 1 dolepAla 2AdRste] 1Y

AR ek %
b A% 8F E(object activity) 1, 10, 20, 30, 40, 50
z HES (skewness) 00, 05, 1.0, 1.5, 20, 25, 30
qs AP = AAHEH ] 0.01%, 0.05%, 0.25%, 0.5%, 1%, 5%, 10%
q; NZzZHE 1, 25, 50, 75, 100 A2

AA 9 7AFE 100,000700]™ 1,000A THAREZFE o]
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wiAte g 2F Pl Alzke) wE A dls) ¢
old et o1& HslA D30, 113 Q10.25,5%14) ©lo]
bS] did) A" EE 100070914 5000712 &
Bgot, ad @& =279 e Wyt 29 189 19
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o o] BEW BT 7bF &F4e] #Houka o9}

go] A127 lolrtolareel Bt o Agaithe
A 2aF 3ok
zz

o o

=EAME AT Helgsdde-2g A% /X
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2 FZ PEE AAEL o o] AT HyE AF
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