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Abstract: There is a lot of redundant information in a data cube. Removing redundancy from a data cube can not
only reduce the storage space but also accelerate the computation. Tuples of a data cube can be divided into
closed-tuples and non-closed tuples. For any non-closed tuple, there exists a closed-tuple, and both are aggregated
from the same set of tuples in a base table and have the same aggregated value. By removing all non-closed tuples, a
data cube can be translated to a closed data cube. The algorithm of computing a closed data cube is given,
answering a query and maintaining the closed data cube incrementally. The results of experiments are also presented
by using both the synthetic and real-world data sets. The experimental results show that the closed data cube
technique is effective.
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Hd 3777 1A (data cube)! R IHL AT P K — A Al B B R RE, A n 4RO ST 7 (R 2" A group-by
M) FH SCHR[1~41TH 50 T — Mo 5 0 vk L 2 AR R e fm N o L2 HE P 45 Bk e B s, -
T HORI T S [R]. SCHR[S,6]7%5 18w 3k 93 /> 2 461 A A 1] ) A BRI 2 s ST 5 A (R A4 AR N TG 98 2> 5 A 1 I
[H].Teeberg! 5 3k N K4 37 5 44 IR G ALt I T PR A4 2, koD 1 508 37 07 PR K G A B Teeberg LA K i 6 512 114K,
PR 5 vk F R 5T B0 37 7 A b iR 43 JT A, 4 7R A IR L8 B A B T A R O A N, 7 B S L
A TAEZ R T Condensed Cube™,Quotient Cubel®F1 Dwarf!'% H 3k A JUAR 23 b L 52 70 40 ok s 4 B4
SETT AR BRI HAS TG B o 5

T L% Quotient Cube 143 BT AT IR, 7T LA R AR B AEAN 28 0B S 54500 A 1) T S IR B A 5% ) 5 1)
PERE, X — B8 T Ak 73 R B, AT DL G R A A 45, B T E R R R R AR T
S PR B 3L T PRI 25 T AR AR 1T T A VR Ak B R e A A P AN DG ), R 2 TR N R AR s
16 85 R, BAT BAUEATAT I AR08 14 T —A Quotient Cube Fild P 37 75 # (closed data cube)
() 7, Pl AR SBR[ 1142 HH R RE R E. AL

Base table Quotient cube Closed data cube
A B C M Upper bound Lower bound A B C M
0o 0 0 10 (0, 0,0, 10) (*, *,0,10) 0O 0 0 10
0o 0 1 30 (0,0, 1, 30) (*,0,1,30) 0o 0 1 30
0 1 1 20 0,1, 1,20) (*, 1, 1,20) 0 1 1 20
0o 1 2 60 0, 1, 2, 60) (*, *, 2, 60) o 1 2 60
0 2 3 40 (0, 2, 3, 40) (*, 2, *,40), (*, *, 3, 40) 0o 2 3 40
(0, 0, *, 40) (*, 0, *, 40) o o0 * 40
0, 1, *, 80) (*, 1, *,80) 0 1 * 80
0, *, 1, 50) (*, *,1,50) 0o * 1 50
(0, *, *,160) (*, *, *,160) 0 * * 160

Fig.1 Quotient cube and closed data cube
B 1 Quotient cube Fl closed data cube

1 BEARBFIMEREZ

TR R IR R(A), Ay, M), A A5 9 25 JB Y 1 <i<n, M A BE B YE A 4,4, 2 R [ RHET
Fl € ZForth R = AR B0 S 7 1.

EX 1. teC,t,e C VA, Vi<, W L35 & LLF 4 PF, MIFR ¢, 56 1, 50 1) Bt o, T

o IR 6,(A4)=AILN] 1,(4,)=t2(4));

o WIR 6,(4)=AILN £,(4,) "] LAEAT R AH.

B3, 64 (*,0,*,40) 78 75 76 4H.(*,0,1,30),(*,0,0,10),(0,0,*,40),(0,0,1,30),(0,0,0,10),(*,0,*,40).

TEX 2. JCH ¢ FEA LS BTS()={r|t eR,teC,t E 5 1'}.

%41, BTS((0,1,*,80))={(0,1,1,20),(0,1,2,60)},BTS((0,1,1,20))={(0,1,1,20)}.

e X1 A 2w WHER o 8 55 4,0 BTS(6)SBTS(1).

EX 3. T ICA 1 e CUNREARTELETCH e C ot t, B 55 1,77 H BTS(t,)=BTS(t,),MFRICH 1, K3 st 4.

B, TG (%, %, *, 160)AN A2 35F 141 JC 20, IR Ok '8 7 25 TG 2H.(0,*,%,160), 3 e AT BTS #14F JGA(0,*,%,160) 2 %
14l

KA A14,...4, 52 R (KRBT SHERIK teR,BTS(O)={t},ll t REBEIER T « LA IHABITHL i LL R 1T
A TCUHS 2 oA

EX 4. B PAE LT C={nteCr R ITAH}.

S138 1. £, e CUIRAFAE — Yk A,t,(4)=AlL I H. BTS(t))F T JCALAE 4; EAEAHFIRAE c,e2AILN £ A2
— AN T4

S0 A <. O

3138 2. %o A MNEEF A, AN E I B o, 0 HAETE W ¢ B M el o,
All Ik $ 5 2, BTS(¢,)=BTS(t,).
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PR O

FIBE 2 5 B R AL S P B0 375 A AN A A A b P TG 2L AEL R R T 4 SR bR B, FRATT R T AN 3 1A
JCAH AR B HE B P T 1) SR A R M.

151, 7C 41 (*,0,*,40) 4 3 3F 141 7T 41(0,0,*,40),(0,0,1,30) F1(0,0,0,10), K 4y TG 4H.(0,0,*,40) 1 HE R Al 1) X H e
% JIT LA BTS(*,0,%,40)=BTS(0,0,*,40), 4 [ 5 4 o MU AH %5

AT B B A BRSO RS VE ClosedCube. I3 AR JEAR JE 7= A $ 48 37 5 R 1) T 5 oG 4L 3 g —
AN TCAL Y 5 H 1 e R 5 ) P T AL G SR P T A T e, AN

AP gtuple R 7R B TT R T — AN U, bts J& gtuple FIFEAR TCLLE dim J& 4E W90 'S ,numDims & 4E 1N
H 5 1 UG B gtuple=(AILALL,...,All),bts=R,dim=0.75 55 2~8 17 4% J 51 B 1 Kt — A 3 P TG 20 A7 T/ AL
closedTuple "' QIR gtuple f&— 3 HICAL, RN gruple 55T closedTuple, W4T 2 AT I Mt gtuple FHER 4R MR
BUE (5 9~12 4T) AL B 56— JCHL LA 4R 4L 25 7= A Tl e LGB 13~20 47) L B 8L F 519k BUCULS 1472
— R R R |bes|=1, 00 R gruple TP L AL gruple & R YK — NI, E & A E A TTALH
B LB RO E B2 AE R T R gruple BB TERIESE T AILINTE X T R TH—A T
4,512 1,gtuple A2 A TCA A TFTERH T 558, B gtuple 7 1 AL TC A A2 4 P e 4.

FEH 1. 5% ClosedCube it T Fr A M FTCA — Ik HALH — K.

IE B <. O

Algorithm ClosedCube(bts,dim)

if |bts|==1 then return
for (d=0;d<numDims;d++) do
if bts[d] has unique value then

closedTuple|d|=bts|d]

1

2

3

4

5. else
6 closedTuple[d|=All;
7 end if

8. end for

9. if gtuple==closedTuple then

10. v=aggregate(bts);

11. write closedTuple and v;

12. end if

13. for (d=dim; d<numDims; d++) do
14. c=Partition(bts,d,P);

15. for (i=0; i<c; i++) do

16. gtuple[d]=P/[d];

17. ClosedCube(P;,d+1);
18. end for

19. gtuple[d]=All;

20. end for

2 EifLE

1t Quotient Cube "1 2N (i A5 ol LA R P20 58 1 20 R SR IO (9 in = 5 1) A A7 b
B AL LRSI IR e B BN AE; 5 2 25 7E AR R R R AR B 10 S e AR s — AN 2R B A
TEF B IR VO BAE A n AN R ST 2E, 3T BT B TN S MR AH 7], 0 24 A A A

Costoc=nl2 (1)
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A A B 37 7 A 2 R e 4L, A R ) P JC 2 2 Quotient Cube HP I F IR R LU 5 Quotient Cube
AR TR PR 5 ¥ 3 005 2 4% 10 00t P e 2. IR Dk o A B S 5 R S 776 R AL s 1B 2, 3T A 38 e A
JCL AT AT, 40 1 K 2 5 A BE A HY IR A ) 7, DR G P 3 AR A

Costcc=n 2

o ST AR T cuboid FER T — M, — AN BAT 0 DN EBEE L5 2" A cuboid, 2 HlE T n+1 A
R i ERAE i ANYEN cuboid AR B 2 & —ANHA 3 ANYEMEEE L RIS A TR NS S B S B 2,2
PRTCAL g 15 2 R BRI AT R 2 4 PR R 2 380 R R I IR A R R A T — R 4R 3 T B g R i T
A0 TR 2 £ AR AE R 2 £ cuboid, 54 cuboid H ) TG4 AR A AN B i IO 2% T ALLIR
ST BEXS [ — 21 cuboid HA A — W 25| BE 3 [0] % T IX A ] L.

338 3. WHAEIREE i+, 0] EER T E R ¢ 85 B AT AL I H W RAE S (20 2 R EL A E S
JTL R AREE A, B k(k2i) 2 /2 RA— N3 e Bt ¢ 78 55

TAF < O
ABC Level 3 RIS 3 ER A n AN E S AR B A T 4L A B e AT A S A
/‘T\ WAE, BT L% IR — 2 IR T — A — AN b s, 24 3k 31— AN 2 4 PE b ) i oo 4l

AB Be o Level2 I3 1bho 5, [F i P49 2 45 4441 5 Quotient Cube A1,
I><C><'T HRLHE31HE 2 FUS1EE 3 JRAIHELF T A4k 500k HQ.ZESLVE i SV(oFer

C VL ¢ LU O A V() PR LB TR B S M E
T Level 0 5i] 51 2 A A- cuboid 1 1 J 7541 M %836 100 B PR TGA1(58 14 47, 0151 4K
Fig2 Datacube lattice 5| T o, W2 0 B 5 o M 1E o 46 OB (38 3 47, B0 3 £ T 7 10
2 BT ks cuboid H AT 4 B R[] — AN S 5 4T).
Algorithm HQ(q,SV(c))

1. for each view veS¥(c) do

2. Scan v to find a tuple #, which covered by ¢
3. if found then return #(M)
4. end for

5. return null

TG AW, AR T — DB A EE RN BRI E AW rqg TE4E 4,,4,,....4; ERIE S
PE R RS TE R R 0 — AN G LI A WA= — A B rg=({a11,a120 .1} » {021,022, 0,020} oo
{11,125 @iz} o150 )- PR TR MR, BT THT (905 5K 130 W A50925 11 JULARL 25 W 17 B30 1Y) B A 3R

Bl 3 2 1 AP R gk BRSO S0 R — AN rg=({0,1},{1,2},%), 3117 45 7E cuboid AB 2% $k 3 /& 41
MICAL 1,6(4)e{0,1},6(B)e{1,2}, 45 R & (0,1,%,80), 28 J5 73 iR rq, 13 B PIAS & #1(0,2,%)F1(1,{1,2},%). 8] T — )2
cuboid ABC P Fo i /2 7T #1(0,2, %) I G2, 45 L H2(0,2,3,40), 3 AL AT (1,{ 1,2}, %) JC AL 4 25 I 283 [0 1) 25 0 45
A2 1{(0,1,%,80),(0,2,3,40) XA AW AT LA E R 4 A A W), 1m0 FHERATT 0 5 R, B (1, (1,23, %) AR AN 1T B 4 00
JB R EA  BER T A, ) R ARAL 3 AN LI T 1A

3 IBEYER

BRI G R A AR A T g A ST AR AT R e U 5 4 A T R SRR
BRI AE P i st P e A — S S R A T (W P e AL

3138 4. REIEAE R FI Ry B M R(A,,4,,...,4,,M), Ho P A,(1<i<n) 24k )8 M M 2 15 8 8 1R cR,,
Ry R Ry BB SL TRy Al e C R Gl ¢ & R IE AL C AR AN E BT
bt (A)=1:(4)),1<i<n.

S0 A <. O

HE MPLUS 1 %648 H ClosedCube 1557 B4 I (¥ JC 4L 48 & AR JT 4 B K0 B A1 55008 37 5 1R Cag, B BB 4,C g
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I TCAL 8 B T R U AR AR ¥ 8 P 8000 ST 7 AR 5 A8 B30 BUCT A HH by AR gl 1y 040 37 75 4 o 1 JiE
AICHES CCEB 1 17).C=C-Cap N AEB M ITCH SAERL teCp, HTI R 1, EAEAE DB M A4,0(4,)=Al1,BTS 1x(1)
T TR JCALAE JE T A, EAEMIRAE c,e2AILEJE BTS p()SBTS arer(D), T LA ¢ 76T RU AR A= ¥ Kk 37 5 ¢
trAT R AR B T AL 5 3~7 AT HR L T IXRE I TT AL AR IR C, P B E AT Cap M C, 1 TT A %2 20 3 JF PR Hdls
TR cube H.

90 MMINUS S B0 IR — N Jo 20 i vt (0 3 B 4l 5000 IO 2 58 1 28 IR « LUJS W] e S22 1 70
AT 1 Ry AR BRI B 5707 b SR ¥ FLAR 0 43 AR A ) B R AN TR

Algorithm MPLUS(cube,4R)

1. Cz=ClosedCube(AR,0), C=BUC(A4R,0)

2. C,=0, Cp=C—C4R

3. for each tuple # in Cp do

4. gather BTS(¢) from RU AR

5. Cyp=ClosedCube(BTS(1),0)

6. iftexists in C,,, then C,=C, U {t}

7. end for

8. UpdateOrInsert(cube,C 4z), Insert(cube,C,)

Algorithm MMINUS(cube,t)

1. Ri=0x(R), F=t(A,)vt(A))V...v(A,)

2. Ci=ClosedCube(R,0)

3. R=R—{t}

4. C;=ClosedCube(R,,0)

5. C/C—C,

6. Delete(cube,C,), Update(cube,Cy)

4 ZRERS5H

h T U S PO 3 R A P BT A G O RN S B B A T 2H S PR T I S B R AR R
Bl SUM, V&5 RAFTRAE SCAR SO rp bR T SCHBR[91 3 A W0 & B A ity A0 BRI B e 7 FRATT R L T = e 4k
BRI T H 2 5, O LA T b P B S AR e S K S A e g 8 B T R AT R B K S s T SR
[91"F (¥ DFS 809, 5 IR BEAF 12 R Bt g B 5 X m g A,

SEIG 1 BGUE T B AR BN S I R FRA AR B T AR S S A 4 AN BAR R AN AR R 6 N4 A
o [ K (S /) 448 594N B0 24 100, 78284 %023 99 2 1000,10000,100000,1000000.45 541 [ 3 B 7. b 25 7020 4>k
Y1800, B9 A BRI A B3t B 384 o, DR AT B TR AT B 34 0. A DFS & 7= A4 A K 28, 75 2 i A HE
B IFIX B AN KL 0, DFS A 4 5 10 B ) DK i B b4 .

S 2 EAR T B M AL SRR R I IR E T T MG S Zipf A B S S EAREE 6 A dE A
HEMFEEA 100,004 ECH 1 000 000,zipf BT M 0 F 3.0, 58 70K, B M R 2 B oK Sz 86 45 LN 7 4 o,
5T T O Ak, R A o B 11 AT R R, A A I AN R TR AN BOB S BRI, 2 A Bt i AR > Bk
ClosedCube [FIFHAT IN [ BH 7R K, 15 DFS 82 208 4w &% (1 5% ) LAk

S 3 AE T AL PR ER 4 weather!? weather B S 2 AN FEY T BER AL E A 1 015 367 A4l
(K% 27.1MB),9 4 AT S HEE 15 1N weather BURSEF =L T 8 AN, ENTMI4EEUE 2,3,...,9, I AT
234,09 N, ST A AN RN YE I FEECH AR [R], S 56 25 SR an 1 5 B B A A 03 0, 28 I S S
o0, S B2 FRTAZ AT B ) S 58 AU DFS 38 1 e 2 e A oK

S 4 LA T PO ST O AR e BB ST T AR B PR R L A 25 R AT SE G 3 P A 3 AN, S A
FT7 e B T 9250 5% BUCTE RN B 4 BB T — A 52 3804l 7. 7 14, 594 cuboid 170 7E —
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ANSCAEH 3 AN BRI RE AL AT Ak A3 1R 40 B 8.97,93.1 Fil 984MLAR IR, ClosedCube §132%:77/E T 3 NHfiA]
B 3544 IR RE BEAS cuboid AEAHTE— AN SO, oy HI IR G B Ak 2 ) 3 3l 2 4.71M,20.3M Al 83.6M

EFXHEEAN B AR, AT BIBENLHL = 2E T 1 000 AN s F L 8% 5 T 92 HQ Kk & 25 i), e A7 K T & 51,
T2 R 25 4R 10 7 305 AH R AR R B N A7 1 000 AN 25 4 1488 14 min B I TB) 0 18] 6 BT 7 A6 B8 b 3 P 25040 o
5 AR Y- ¥4 2 ) B ) R 2% L e B ST O AR BN AR 3 AR S ANYERTE UL, e O T AR I 2 A
NG IS ) B 3 P 50 7.7 A1 — 6 BT B S 6.14 15 R 1.46 %, L2 FE 2 cuboid ML (8 AN A
32 AN, BG4 cuboid H I G AL E L L S 3 H AR 37 7 PR ) cuboid >, 53 Ak I AR 3 H B A7 A R s B A
WAL TR B EPERE AE 7 AR Bl T PH S ST R I 2 A e Y B R S — R SRR R L T R 116
3, K AR IR 2 1) cuboid T2 HR A 451 B T 4.

4000 4000
3500 | ——DFS e 3500 ——DFS
3000 | —— ClosedCube i —l— ClosedCube
2 2500 | D f
QE) 2000 | é
= 1500 | &
1000 |
500
0
1000 10000 100000 1000000 o 05 1 15 2 25 3
The number of tuples Zipf factor
Fig.3 The effect of sparse Fig.4 The effect of skew
3 B g P S 4 KR R R
4500 9000
4000 | ——DFS 8000 | —&— NormalCube
_ iggg —l— ClosedCube _ Zggg —#— ClosedCube
=z s 2 5000 |
2 2000 | £ 4000 |
= 1500 | = 3000 |
1000 | 2000 |
500 f 1000 f
0 0
2 3 4 5 6 7 8 9 3 5 7
The number of dimension The number of dimension
Fig.5 The weather data set Fig.6 Query response time
K5 KRB 6 T SV N )

5 MEXIE

BAT LAE 5 SCHR[1~10]4 2%, 5 SCHR[8~10]%5 VAR C. T 1H B A U AR SC 51X 3 3 SCHR I G R

Dwarf % B8 3 5 R SAT T H0 SR 5 280 455, FE 0T SR 40 2 — TR Ge (M R, S5 S 4 2 s PR BOHR 3 4k
(AR A8 AT 1L T AR P e P T 8P 4 1 AR ik — 25 4 /B P s S D7 AR R AR R R, O T SE IR 4R R 4, Dwarf
K TRR MR G W AR EAR R EEN T XRRS.

B PR ST RS bR R 2iBR TR SR Quotient Cube, (H 2 5 H A7 fifi 2 (M B/ v LN H TR R R,
i FH 50 2R R G0 R 2 5 | BOR 388 23 M 8 B 35 DA 0 37 J7 4 11 Quootient Cube [ 25 1 255 28 3 A A 1], 52 46 45
SRR AR R st PR N A R TR 5y A AT T B 4 A R Ok A A A B R I e s
Tt T 35 P B 37k R A S A v g R B TR b R 2 SR T SCHR 913 AT I B I e ) L AR W I
A& % SCHR[9]11 connection partition JsUEE AT DA™= Az AR LE 3 P £ 4 7. 5 44 58 /N[ Quotient Cube,{H 2 H 7T A
it T4 sum,count %5 3X 28 H AT f SR P 1) R B AS B AT B A
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Condensed Cube [fJ A J7 # 5 Quotient Cube A1 [F], A5 i 572348 1R 18, 7T DL ClosedCube 532 HRLs iy v 5
Condensed Cube. K| 2y 201 5 £ 405 37 77 44 o 11— A T 4L AS 88 28 A48 38w (19— > o 41 38 P, gt o 200 o1 5 - A7 i 2
Condensed Cube "', i1 LA, R E A& 25 ClosedCube HiE2E 9 47 1) I Wr 444 R ).

6 % &

ARSCHR W T B PEGE L R RES JF e I T AR L IR A SRR A A B R B 2 i RS R
5 RN PR 377 PR ORI 1 508 75 VA B0 AR 8 8 g 7 i ) B 38t A T LA B2 (19 98 [
L3 P 5080 277 4 R LA T R R R G0 AT 4 T ) 2 B A 2% 8 2 SR P LAt 4 BEA it 5 4 (A SR [13]
JIVIR IR, S n e Fo& (14 28 ) A PR A B — 200 o R 2 A Wi 2 (i) 573 b, G o] 7 A A0 7 AR PR B — 220 A
A JEL, T 2 U A s 457 A A 2 O 7 ) A L 5 B s S 7 AR Tt i BRAT TR R ) — AR 577 i
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