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Abstract A data warehouse is a data repository that enables users to store large volume of data
and to analyze it effectively. In this research, we investigate an algorithm to establish a
multidimensional data cube which is a powerful analysis tool for the contents of data warehouses and
databases. '

There exists an inevitable retrieval overhead in a multidimensional data cube due to the sparsity
of the cube. In this paper, we propose a dense sub—cube extraction algorithm that identifies dense
regions from a large sparse data cube and constructs the sub-cubes based on the dense regions found.
It reduces the retrieval overhead remarkably by retrieving those small dense sub—cubes instead of
scanning a large sparse cube. The algorithm utilizes the bitmap and histogram based techniques to
extract dense sub-cubes from the data cube, and its effectiveness is demonstrated via an experiment.

Key words : Data Cube, Data Warehouse ’
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A% T X S8 Z(Bit-map based®} Histogram-
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Bit-map based: Z el widted =77t D)
WEe 7HAH, o] wide 7} aAs F 7R A,
true(dense) 3-& false(not dense)E Rt 19 2
o] e Aol vid 2z 8h9f G Mo HAF
o] Aol gg 7HAI oW trueold, I1EA| o
false @& 7HAA gegx, 1x€d dsiMe (159
(81419 F TY 7 7AAH, 249 dEME
[1:1319] sh}el 2R F4L JHRoh

I8 39 4= WEE AN A% ¥n8lE Produce_
Array 9 3he) Aol diste 27 FHE @) 93
Find_Dense_Intervals & Ro Ft}.

Algorithm Produce_Array
Input: Acube Clli:h)..llzhd
Output: Aset of d one-dimensional arrays a{/:h} for dimension i=1,2,..,d
Step 0: /" Initialization */
for each array afi:h)

fill all bins of the array with false
end for
1* Project each cell of the cube to the one-dimensional arrays */
for each cell cfljy]...[js) of the cube Cly: hy...[kehd), (h<ji< h)

if the cell ¢/ is not empty then

aslit], @i, ..., adia) « true

end if
end for
return a set of aff:h]

Iy 3 ¢x

Step 1:

Step 2:

ZProduce_Array

Algorithm Find_Dense_Intervals
Input: A one-dimensional array a[/:h]

Output: A set of k dense intervals a/i:hy

ok <=ttt
=t 2

/* Initialization */
ke 1
current_interval, ajl;:h;] « null
I* Finding dense intervals */
for each bin afj] of array afl:h] (<j< h)
if afj] is not empty then
if current_interval is not null then
heeh; +1
else
Iy he < j
end if
else
if current_interval is not null then
ay < current_interval
ke—k+1
current_interval « null
end if
end if
end for
return a set of afi:hy]

Step 0:

Step 1:

I Initialize current_interval

Step 2:

2% 4 ¢138]E Find_Dense_Intervals
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Algorithm Build_SubCubes
Input: Acube C[l:hq]..[ls:hd}
Output:

Step 0:  /* Projection */

A set SC of d-dimensional sub-cubes Adly k:h1 4. [lax:had

/* SA: a set of d one-dimensional arrays */

SA « Produce_Array(C)
Step 1:

/* Finding dense intervals in SA*/

1* Sl;: a set of dense intervals for a;*/
for each one-dimensional array af/:h]

Sl; « Find_Dense_Intervals(a)

end for

Step 2:  /* Building sub-cubes */

Generate sub-cubes by combining dense intervals of each dimension
(the number of sub-cubes generated: |Sh|x|Sk|x--x|Sly])

SC « sub-cubes generated

Step 3: return SC

I9 7 ¢18E Build_SubCubes

Algorithm Find_Dense_SubCubes
Input:
Output:

Step 0:  /* Initialization */

A d-dimensional data cube C[0:|Dy|-1]..[ 0:]D-1]
A set SCD of d-dimensional dense sub-cubes

stack « Build_SubCubes(A) [ stack: a data structure to hold cubes

Step 1:  /* Finding dense sub-cubes */

do while (stack is not empty)
cube « pop()

if cube is continuous then

SCD« SCD U { cube '}

else

stack « Build_SubCubes(cube)

end if
end while

Step 2: return SCD

23 8 ¢x22]€ Find_Dense_SubCubes

max(hia, hip), 28 i = 1, 2, -, d o]tk |
fH Bzt 52 A wWEE o, Wl st Fvt
B 29 numCells(A® B)-numCelis(A)7+ |tt. A,
Wil st} rle 2Ud Ao £ FH B A
49 A Bk ZF, numbDenseCelis(tB) 2 FAE <+
Aok wERM, WIE Fre g3E R U=
density(Asp)e TH&9] 4oz FA€ECh

numDenseCells(8)
numCells(A® B) — numCelis(4)

density(A , ;) =

kol didl MB FB SCul2:3, 3]l AR FH
SCil1:5, 51019 BE=Ee A$E nsinzg. F9 1
o] I A SCu & SCad WEgE F2 SC15,
31018 ABAFc HiE F2o Hdd BRe Ux
density(AAap)E 2/10 = 0.200] "k

FFHO W 54 o] wEdE wdv LA
2 B7b fH Ael ¥WEE o, 9o}k s 24
2 o ez FAE 4 gk

density(Aap) = 6§
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