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Abstract The data cube is an aggregation operator that computes group-bys for all possible
combination of dimension attributes. When the number of the dimension attributes is n, a data cube
computes 2" group-bys. Each group-by in a data cube is called a cuboid. Data cubes are often
precomputed and stored as materialized views in data warehouses. These data cubes need to be
updated when source relation change. The incremental maintenance of a data cube is to compute and
propagate only its changes. To compute the change of a data cube of 2" cuboids, previous works
compute a delta cube that has the same number of cuboids as the original data cube. Thus, as the
number of dimension attributes increases, the cost of computing a delta cube increases significantly.
Each cuboid in a delta cube is called a delta cuboid. In this paper, we propose an incremental cube
maintenance method that can maintain a data cube by using only oC /27 delta cuboids. As a result,
the cost of computing a delta cube is substantially reduced. Through various experiments, we show
the performance advantages of our method over previous methods.
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abc: SELECT a, b, ¢, SUM(m)
FROM F
GROUP BY g, b, c
fabc: SELECT a, b, ¢, SUM(m)
FROM AF
GROUP BY a, b, c
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For each tuple At = (a;, bj, ¢i, m;) in Aabc

Find t = (ay, bj, ci, my’) in abc;
If t is not found,

Insert At into abc;
Else

Update t by (ai, bi, ci, my’ + my);
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1: Procedure Refresh abc_and_ab ()
2: my = 0;
3: For i =1 to |Aabc| do
4; Let (aj, bi, ci, m;) be the ith tuple of Aabc; '
5: Let (aj+1s bisas Cis1s Mmyeq) be the (i+1)th tuple of Aabc;
6:
7: Map = Mgy + My;
8: Update ((a;, by, ci, my), abec);
9: If (a; # aisy or by * by,;) {Update {(ay, by, my), ab); my, = 0;}

10: End for
11: End procedure

12:

14: Find t = (dy, da,

15: If t is not found,

16: Insert At into c;
17: Else
18: Update t by (di, da,

19: End procedure

13: Procedure Update(tuple At = (d;, dj,

wy dp, m7) in c;

wr dyy M+ m);

wy dn, m), cuboid c)
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SortOrder (Adidy--+dy) {s1, 82, =,
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= 8182 'Sk (E",

{s152°'8x, S182°**Sk-1, 1, S1, none}
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38 UpdatableCuboids (s) &t FA|gHth
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o] W} SortOrder(Ac) = s&} 3}H {ci, cz, -, ci}
C UpdatableCuboids (s)o]oJo} 3ic} o|AL RE
W7 FEO=EE 7t ZZte] gk WA Wkl uig9
7F glo]l FAll A £ Qe FEOI=ET BAY
F UdtdE AL 9utt. oS Eo], SortOrder (A
abc) = cbao]d UpdatableCuboids (cba) =
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Aabc > {abc, ab, a, none} (SortOrder (Aabc) = abc)

sca > {ca, c} (SortOrder (Aca) = ca)

Abc 2 {bc, b} (SortOrder (Abc) = bc)
(a)

Aabc 2 {abc, ac} {SortOxder (Aabc) = abc)

nab > {ab, b} (SortOrder (Aab) = ab)

Abc 9 {cb, ¢} (SortOrder (&bc) = cb)

Aa > {a, none} {SortOrder (Aa) = a)

(b}
a¥ 7 CH AN W A
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Hasle 7} Frol=gol tist WA W 688 FUt
AFNA eketh a9 7(b)e 418 WE FHROE=E A}
g3t dE HAFEh o] AfE HP—] WA FHo|=
e ARESEARE GA] 89 WA FHo=E ’\}%Z}'
e} Hlmete] zt FRO|=E digh W ¥y v &
Z7MAAA et

¥ 7@ 29 7(b)v EF Co A e e
At AT ALS e WA FRo|EV 7 WA FHO]
=7t AAes FERol=Ec] AME HEZn. olst o),
Fo7 72 Rel g A Wele A7 At s
& ok a2y Akl W AE oug WA ﬁ'i
ol=go] AMEFHEA ol Z FERo|EE dlg ¥
el 982 AAEA /D) wEkA, ‘ﬁ‘io‘ﬁi”] 73
A AMREE WE FHO=ES AL HES H
ag3ke Ao Fasith

2y 82 Co 7Bl el FRE W, AT AN
WA AMEEE W FHROEES AN A

olA AA FE r9 AN WS TotrA 1NN AN AL RFuh I¥ 8a)e 89 WA FHo

o] #H CE abg, ab, ac, be, a, b, ¢, noneg] 87]2] == 5% AMSEE 712 1S 95 WA FRolm

FRA=EE 7% 38 7@<e 349 ¥4 FHOI=E A4 Ay «F Jehd 29 8b)g 3¥ 8o
Anone Anone

Anone

(b)

¥ 8 W7 FRO|E AL A o



dlolel sojahe-2olA Holet 7
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4.1 M g9

nfe) 2 HEEES JAF D = {dy, dz, -, da}
o] 8 C = {c | ¢ is a subset of D}¥& Do
3 Bed P_—S— Uehdn) fF29) 7t 948 FHols

= g 98] FROZ (di, dy, -, A} S
dids -dk 2 71}‘_-3] FAT 4 9ok B3], Rl ()
FAETE FB col t3l AC = {Ac

do o

£ none°lgla

| ¢ € Cle co WH FRE Jepdth ¥7 FrY
A2 Ac® W7 FHol=F ¥EH, Ack FHOIE c
o] WAL oW nulem(A )= WA FRols

Ace] A4 JEHREY MF
W7 FROE Ac:i9 Acsol EHEH Cost (Aci, Acy
t AcERE AcsE Ehe HES UEpIth B =&
dME Cost(Aci;, Acy)e FoA vt 7133
Cost (Acy, Acy) & -—1’-6‘}% HPHE [10,181& F=xs)e)
Ao 1 (U3 F4& adx). Fo47 ¥F FE AC
o well, ¥7F FA ZefZ(delta lattice graph) G =
(v, B, W) £ o3 Zo] FFe F¥ e a2y
(directed acyclic graph)o|th

E vk o D
)

eV = AC
*E = {(Aci, Acy) | Aci, Acy € V, ¢ci D ¢y,
numDim (Aci) = numDim(Acs) + 1}
*W((Aci, Acy)) = Cost(Aci, Acy) for (A
ci, Acy) € E D
Ao 2 (AA AQ). Fo4F WA FE Acd ds,
&S wEd= AABA(sequence) {Aci, Acs, v, A
ci}E Ace B4l ARlolgt F
e Aci, Acy, 1, Aci € AC
sc; Dcp D Doy
73 A s = {Aci, Acy, -, Acitd R Y4AE
AW WA FHo|Z=(cover delta cuboid)E H-=iL
h(s)Z BA¥E F, h(s) = Aciolth ]
A2 AR {Aci, Acs, v, Acil® Ac D {c
Ca, 12 9ujdlt} & AcilE ¢y, o, v, G
731“13&‘3}% AL ouigth. a8y Aci > {ay, ¢, o,
citol 7bFsEsl7l Ydide (e, o, v, ol <

HE 9% &3 FAH @9 7Y 181
UpdatableCuboids (s) 7} HEE dh= Acle HF3
AE &4 s7F EASior stk tEe 499 A A
9 {Acy, Acy, -, Aci}7F FOIRE W, Act D {c,
cz, o, CitE M e AcdY AE £A4E T
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Let T = (V',

For i = 0 ton - 1 do

and Level(i)’:

Delete Aci from V’;
Delete (Aciyi', Acy) from E’;

End procedure

Procedure HeuristicCubeMaintenancePlan(Input: delta lattice G = (V, E, W))
Let n be the number of the dimension attributes of G;
E’) be the minimum spanning tree of G;

Level (i)’ = The leaf nodes of T that are included in Level (i);

For each edge e = (Aci,i, Ac;) between Level(i + 1) and Level (i)’ do

Assign Cost(AcCis’, Aci) to e where (Acin’, Acy) is an edge in E’;

Find the maximum weight bipartite matching M between Level (i + 1)

For each match m = (Aciy,;, Aci) € M do
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