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Abstract: Iceberg Cube is meaningful for OLAP (on-line analysis processing) and compression techniques play
more and more important role in reducing the storage of data warehouse and improving the efficiency of data
operations. It is really a problem to compute Iceberg Cube efficiently in the compressed data warehouse. The
compression techniques of data warehouse are introduced concisely in this paper, and an algorithm to compute
I ceberg Cube in compressed data warehouse by mapping-complete methods is proposed. Experimental results show
that this algorithm outperforms the direct method that selects Iceberg Cube tuples from the complete computed
cube.
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Condensed Cubée®,Dwarf

Cube'®™ Quotient Cubel® Free Cube™; cuboid
Iceberg Cube 8.
,Iceberg Cube having Cube , lceberg Cube
group by having .Iceberg Cube
, OLAP , cuboid m cuboid
, cuboid , cuboid
cuboid cuboid , 1(a) ; Iceberg Cube having
, cuboid , ,
OLAP . |ceberg Cube cuboid, OLAP
Iceberg Cube ] having
having ; , [7] . , I ceberg
Cube (=9 BUC(bottom-up computation) TDC(top-down computation);  ,  [9]
star_cube I ceberg Cube.
: [1,3,5,1(%12]l
i (relational data warehouse, RDW)
(multi-dimensional data warehouse, MDW). ,
, , [11]-
3 13 chunk_offset Cube
cuboid ,
, [1] cuboid
, cuboid , Cube ,
Cube ; )
Cube . , [1,3] Cube ,
Iceberg Cube MDW I ceberg Cube
1 2 I ceberg Cube
3
1
, n- R(Dy,...,Dp,My,...,Mp), D; WM;
, (MDW).
Iceberg Cube
n- R(Dy,...,Dp,My,...,Mpp) 3
1. n Ay, Am, i [Dil;  (dy,...,d,
my,...,my)  R(Dy,...,.Dp,My,...,Mp) , d i, , (my,....my)
A, An ,
2.

LINEAR. (dy,...,0nmy,...,my)
LINEAR(d,...,dn)=04|D,|...|Dp|+d,|Dg|...|Dp|+dy.
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3. , .
3 . [3] chunk_offset : 1 ,
( chunk); 2 chunk; 3
chunk , chunk  offset
) , chunk
, . [11] , 2
, 3 Header (23, : ,
Iceberg Cube ,
: [11] :
. LINEAR Dj,...,Dy .
1. LINEAR Dy,...,.Dy D1J>...>|Dyl, {(ay,...,an){by,...,.bnyeDix...xDy
k(<n) i<k ,a=b; awi1<bks1, LINEAR(ay,...,a,)<LINEAR(Dy,...,by).
) 1 . ) '
group by ) , Header
, . Iceberg Cube ,
2. Dix...xD, a=(ay,...,an) Dy(1<k<n) D1x...xDy.1xDys1x...xDp
a'=(ay,..., - 1,+1s++-,8n), W=|Dy4]-..[Dql. Dy,....Dn  Dy,...,Dy1,Dgsss---, D
,  LINEAR(a')=[LINEAR(a)—a* w—LINEAR(a) mod w]/|D;|+LINEAR(a) mod w.
,a mod b a b . , ( ) )
Header , 2 , Header
2 I ceberg Cube
2.1
, I ceberg Cube ICube, ICube D(A4,....,AnMy,...,M)).
ICube  Having ,  ICube
f ICube ABS{AL,... A}S D S S-S0 uUiS=S
SniyS=9. f s A fa(S.
2. f ICube Having . ABc{AL... A}, f S A
fa(S ICube Having , f S AUB faue(S) ICube Having ,
f Having
min( < ),max( > ),sum( > ),count( > )
( average) . [8] ( average)
, ICube . , ICube having
3. f ICube A A, LAY g fa(9=g(fa(SD),...,fa(S)), f
min,max,sum,count g min,max,sum,count.
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4. f ICube A AL LA g h  fA(9=h(ga(S);---,9a(S),
f
average, {count,sumy, h  sum(sum)/sum(count;).
cuboid ,ICube (TDC) (BUC).
cuboid ( 1(a) ),TDC cuboid ,
cuboid, RDW, . ,
.TDC 1(b) .BUC cuboid \
cuboid, 1(c) :
cuboid Having ,
cuboid Having '
.BUC Having BUC ,
ABCD ABCD
ABCD
Asd |/3 mco ABC ABD ACD BCD ABC ABD ACD BCD
=P\ = L7
AB AC AD BC BD AB AC AD BC BD CD
AB AC AD BC BD CD X/\// / M W
Ve < S e
NM/ r\ﬂ
\> Lf/ ALL ALL
Lattice of all cuboids TDC processing tree BUC processing tree
(a (b) ()
Fig.1 The procedure of computing Iceberg Cube
1 Iceberg Cube
) . D(AL....A,My,....M),
1(c) BUC , n . A cuboid,
2 , T el ,
, ' Ti Di Tig ,
T, D, D. T D;
Dil!---yDisv A| , ’
, Ti Dij,
, F” T , 1 F”(lSJSS)
Di+1- ’ : ’
, 3
, 2.3
22 Iceberg Cube
) T . Djj.
T, Dj ; ,
, , (Tag,valuey,...,valuey), tag
, valug , , cuboid
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1 2 , A, )
, , Fi
, Fij, Di+1 ,
ABCD
ﬁ ABD ACD BCD -~ ABCD
AB AC{ BC/ BD oD % ABD / ACD
/ AB AC
e 7 c @ (b)
ALL
Fig.2 An example of branches of 1th order Fig.3 An example of branches of 2th order
2 3
Dj cuboid ,
T, cuboid. cuboid, cuboid Tag , 2
cuboid new_tag, new_tag ; ,new_tag
new_tag , cuboid Having
; ; , Having , D;
cuboid cuboid , cuboid ; cuboid cuboid
, cuboid, cuboid’, , cuboid'’
; cuboid
A,B,CD, ICube 2 1 : ,
cuboid ( 4(a) ): , 1 )
cuboid A
. , | Cube 1
( 4(b) , :
, 1/0 3
(A [Aal>... > A, 1
ICube Having count(*)>3 4(a) 2 ,
2 1 cuboid. Agr(A), ,
5(a) ; Agr(AB), , having ,
, Agr(AB*) , 5(b) . , Agr(ABC)
. 5(c) , Agr(ABCD),
Agr(ABD). , ABD , ,
5d ;  Agr(ABD) : 5(e)
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A B C D
=Y by [ d;
ar by Ct d,
ai b, C2 d
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a b, C dy
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a bz Cy dz
(a
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by C d 1
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bz C dz 1
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B C D

b1 C1 d 1 1
b1 C dz 1
b1 Co d 1 1
b1 C dz 1
b, C d 2
bz Co dz 2
b2 C d1 1

(©

Fig.4 Anexamplefor the changing dataset in FIC (first-branch based Iceberg Cube algorithm) algorithm
4 FIC(first-branch based I ceberg Cube algorithm)
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ab.cd; | AB ab,c,d; [ AB
(© (d)

5 FIC

A AB
abico0 abs1Cy0h
ab,ci0; ah;cody
azb1C2dz azb1C2dz
ab,C,0;
& b]_Czdz azb2C1d]_ AB
[ ) A
@ (b)
Fig.5
fy,... |Cube

ICube

Having

1(FIC ). FIC(D(Ay, ..., Anmy,...,my), f1,...,fr,condition).

:D(Al,...,An,ml,..., ),fl,...,fh,HaVing

D(Aq, .. AyMy,...., M)

ToeoTh
WHILE (

T, DO

Di

D;
S¢eroot(T;);
WHILE (S=NULL)

FOR

11
12.

13.

14.

stack

new_tag

Tag

new_tag
fie-Oforj=1toh;
new_tag=NEW_TAG

IF (condition(fy,...,f,)=TRUE) THEN

ELSE

S—Next(T;,S);

11

condition;

Iceberg Cube
T1ee0, T D1¢=D(Ag, ..., An, My, ..., M),

S

ICube.

new tag ;

NEW TAG //

D(Ai+1:---,A0),

fa,...

ABD

[ ]

aghyCody
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An example for the changing datain memory in FIC algorithm
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15. 11 Fij, Ay , D1
1 , ;5 root(T;) T
;13 T cuboid S, cuboid, T; cuboid ,
;4 Tag ;8 new_tag 2
2.3
, 3 Ti Ty Ty 1
Ti1 cuboid cuboid T
D;, : Tia Ti T;(>1) Tij-1
BUC g T.. Ti
Dj;, D;; , Djj FIC T cuboid; ,
T Tita Ti cuboid Dy .Djj Ta DY,
Ti(k>1) DiR Tis D T , root(Tiy)
Diﬁk) B,,....B, root(Tiy) ; ,
B(1<t<l). B root(Ty) B ,
F, Having ; , Tix cuboid  Iceberg Cube ,
Tike1 ; fie t=1, Tisa Fit
, F root(T;) cuboid
Iceberg Cube , i Tier D k=1, Fit, Tin
, Fi. Djj ) Fi, Tiv1 Di+1.
2 (GIC(general |ceberg Cube algorithm)). BUC Icube.
:D(Ag,...,Anmy,...,my),having condition;
D(A4,....Anmy,...,my) Iceberg cube |Cube.
1. Ti,.., TD1<=D(Ay, ... ,An,my,...,My);
2. FORi=1TONnDO
3. WHILE (D; )
4. IF D; Djj THEN FIC Ti cuboid;
ELSE
5. DY «-Dy;;
6. FORT; Tix DO
7. WHILE (D )
8. B ;
9. B root(Tiy) , F, condition ;
10. IF (k=1) THEN Tis1 , Fit;
11. FIC Tix root(T;y) cuboid  ICube ;
12. Tiks1 : firs
13. 11 fit Tike1 D,
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14. F root(Tiy) Cuboid ;
15. IF k=1 THEN Fit, Tis1 Fi;
16. Fi Tisa Dis1.
FIC ,GIC 1 4 ,
; , 1 ,
) 8 14
, root(T;y) , cuboid
; 14 , root(T;)=ABCD, F ABCD Djj (
Having ), ABD,ACD,AB,AC,AD,A  cuboid Djj Iceberg Cube .9
11 FIC . GIC ,Dj i
, D; , Dk k
3
, [1] MDW Cube, having
Iceberg Cube Cube-ICube
FIC GIC , FIC GIC Cube-ICube
. C++ , 256M, 2.4G ,
XP . , 15,12,10,8,7,5,5,5,3,2,2 10
2.2 Iceberg Cube( 10). 4
(1) FIC GIC (2) GIC Cube-1Cube ;
(3) Having (4)
1/10
1, 20 200
, 10M FIC GIC
6 , ,
2 1350 ,
GIC [1] G-Cube , G-Cube Having Iceberg Cube
, ( 7 ) ,GIC Cube-ICube
ggg FIC gggg | e —&— Cube-Icube
_ GIC D —B—GIC
X EESS
£ 200 2000
108 T S S S S S S 100050 _4'0 80 160
1234567829 10 Size (M)
Fig.6 Time for the computation of each branch Fig.7 Comparison between GIC and Cube-1Cube
6 7 GIC Cube-ICube
3, 2 20M GIC, Having
, 8 , ,Having
cuboid
4 3 , 1 1 350
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GIC . 1/0 , 9
) ) ) /O
ij[e] , .3 )
2400 0.8
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o o 05 I:. ;
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£ 1600 X 03
= 1400 \i\ 0.2 g
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Fig.8 Impact of min_sup on runtime Fig.9 Impact of the density of datasets
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4
Cube . ) )
Iceberg Cube 4 , Iceberg Cube
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Cube Having Iceberg Cube
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