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Fo(MeY. CDOM (D Y CODOM (d)) X ... X CDOM (d, )% ((CDOM A — 8, , % .. X S U8, %L %
S ) XCDOM,, 3% . XCDOMY. 3 F 1Si<h fiOMY =10 ]¥ Crieescriee . o, YE CDOM (Do) v
S, % XS Fulre v vr Y=ol UAS, AS, EX TV e v (e a0 )y
Tt VECDOM (e ) o3 SCriae e vdi i Cvpan e s Moz e s ) =4z [V e = Conae s v 4
it e e Vs et ) e Topiee e ) € CDOM DY s Fr (o3 = (2rve s 2ne o vz € CDOM (M)}, AS, = (v, |
Y (e oo a®i 00 Cigpre e s Vias Yo inrsnes s 20 ) € CDOM (D)oo, = i (S (e s 1 Qs e My e
Frottee a3 Frea R Y e=aae ey sine o s VECDOM (D )L MR o0y = (v pe v 1000w X E S,
Koo XSens Flge (P =t avnae v B o= Fi (S G e v s Qvigpre oo v ) s, 1) B L
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EN 2 100GER). i R=(Dy Mg, Dstr ) S— (D My, Dstrs ) BB A& SRR & & s (RO~ Fro ks ()
=FoRESHEEBE LN Join(R,S.PI=Select (RXS ., L), P EEREFF.

EX 21U XEEE). & R=(D.M.Dsr) Z—PHFEE R 187 LHEREREERN Gagr (R,
(didyreada ) D VEF I daen s 2d JCD REERBIEES Q-0 W VI RRERKELS K.V B
d #THEEMRTHMBEERBES. T URERETHUEBEREXLNT:

Gagg (R {dy} o 1, D = Dagg (Rod) W)

Gagp (R Ad vdyse oo odu 't 0 = Dagg (Gagg (R dsdyseov ed 03000 00sdn W0

EX 2 12088B 6. i R=(D,M,Dstr). R ERBIRF KB RRN Cube (R, K = v |s€ 2
ARERNER. VRN DN TRE S ETEEREM MRS BT Cabe (R, Q) ~ U rluge (RS
Vel

EX 2138 E)Y. W R=D M Dsrdy D={d i dor. oo vd, b M= IM Moo 0 M Dstr 0 (e 5080 (ay.
Zalhda . aien S B0 e ={A WAL TE RIS LM T BER RN Sliee (R =aph 0, =au) =
Select (R PIHP P~ —a )N .. A{A,=a,)a BHER.

EN 2. 1488, B R=UM Dsir) D=1dsdyr. o vd,t s M AM G M MO Dty — e 5000
(a0 e o w2y Y bey={ A v oA b fE ROBIES {8 R EII B R R N Dicing (R a5
U A b Y = Select (R Py H A P=(a, =0 A <SED A0 A (=t A5l va, F16 S W
2.2.2 FE Rol-up #F Drill-down

F# Roll-up #1 Drill-down R BRREA -+ 4N BEEHNTHEN - TEWE L PR LT A
4072 4 1 SR 8 & 7E T2 % Roll-up # Dridl-down ZHT.77 S5 E S E SN -TMHEZRE . FE L—
AT N A R BB AR 2 R R T M A B0E L P MR LI A B s W B IR is R -- TPt
(Dname Dim s Horder, Hpointer ). Dname RHA BN HEEE 4. Dim 24 & 7. & J E 1k Rollup M
Drill - down #4E fE 8 — 4E & i 4T, Horder 2 Dim §— T2 R .30 72 ROH"UP 0 Drill-down £ 4€ BT # 18
) 2t 12 55 )L Hpointer 1546 H N EMB A BB ESER KE DM E. 2K Rollup M Drill-down ##
FE3E Wl Hpointer 8 4 %) I 49 $OE & . B K Roll-up M Drill-down #4E T RLIRTT 8 K. F R T 7 B Roll-up
¥4 Hpointer ¥ Horder $8E M AR S LR — B, 8k 47 % 2% Drill-down 42 {f . Lpointer #f Horder fff
ERZENEN FEs— 2.

EX 2 IS5(EXBREG) # R=(D.M,Dstr) D= {d)sdsr. .. o} M=1{MMeso o Mot Dt == 1
B D)) e G =20, b R R AT B2 B FE R T W Heursor Slag > Rod, (Sy558,50 28,0,
(W Wrya. W, ) Hes) B flag— RU B8 DML RU 28 & X Roll-up #7 %, DM £oR 2 XL Drill-down #f #5.
S L ES, RS D RRE Y = e S EREERES Ve (8 LS e kR
EEXLTERME Hes=(R.d . (8,585, =. .. Z8,_ ). 851 (HH S:S‘,.kuﬁaf;fug,:kt,.";_ﬁ!zsr.\',,, v ITHE flug
=DM, HITEHRNT » M 8BE S R=R,Ri=Hagg(Ry.d (S, <8 LS8, DD Re=Hagg(R .d.-

/T
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(5 58,5 =8, )W, R, =Hagg(R, 5.d:. (S, :=8.. ).¥. ).

EX 216(B% Roll-up), # R=(D.M.Du) 52X 215 d KR BEAHA R LHEX Roll-up #{E R
AR Hroll-uplR Hes ) B Hes B E LHBESR R Ho BEEIEN (R4 (5,55 = . =5, .50,
Hroll-up (R Hes) — RAR, TR Hes € LR T &3 E ). Hroll-up (R Hes) ) BEMTERE He=(R,d., (S
SIS ESD) S med e )

EX 2 1TUER Dritl-down}. # R=(D .M. Dstr) 5% L 2.15 P RIEE S #HA. R £ #FE X Drill-down
BERR K Drill-down (R Hes), Hotp Hes B RE LR, B Hos WYETME N (R4, (5,=5=... X
Sw 3080 dvill-down (R, Hes) = R, (R, TEWAE [es F XN B B HE D). Hdrili-down (R, Hes)BAERGTER
Bl os= (Rad (S, =8 = 0 =8, 0280 bmedw)-

2.2.3 H Roll-up 1 Drill-down

E BT E K Roll-up f1 Drill-down #4/E, 4 Roll-up fl Drill-down MEM 2 M B L EHEESWEN FE
GRENEELEF L THERETEFREEGHRES. 1574 Roll-up A Drill-down Z 3. FEE X —
PR R AR BB E T =0 A (Dname, Dorder, Dpointer). Dname R BT B OB BEE S 4.
Dorder BEW TEAGZHMESUETF WH TH Roll-up 1 Drill-down # 4E 7 481 2 ¥ & #4. Dpointer £
HBEEMBWMEN RN HEIEESERREWFEINE. £ Roli-up 0 Drill-down # F & B Dpointer 5 4 3%t i
E?’Jﬁﬂz}%%. # Roil-up M Drill-down ¥ 4E 7T LA $U47 £ k. 48 1K 147 58 Roll-up #:4E . Dpointer 3% Dorder 4§ 58
By#m LR #—2. 8RR AT5E Drill-down 3 {5, Dpointer #f Dorder 45§ 2RI E KM F#E 5—B.

EX 2 ISCELEER. I R= (DM, Dstr) D={d, dyre. . odot - M={M,,Mss... M} Dtr={(a,,=,
B sl =ath)ee oy (e =000 R B BEGRE X AE R R N Deursor(flag R+ (85,28 2... 38,200 ,.{¥,, ¥,
Voo W 1o Des) VIR flag=RU 8 DM, RU FE R E ¥ Roll-up 4%, DM R E ¥ Drill-down # 5,5 £ D
TR S DS, D DS, R M —NEF = free e fa) ERE RS, HIRAE T LR Dos—
(R(8,282...28, D.S5)(HB S=S,. MR floag=RU; R S=S, R flag=DM) . FitEHWMTF m ™8
WEES Ri=Gagg(R.D—8, %) R =Gagg(Ro:Se— 8, ¥, ... s Ry 1=Cagg(Ry 228, .8 2¥. 1),

EX 21904 Roll-up). i R=(D.M.Dar) 52 L 218 BB &£ 5 MF. R 94 Roll-up #BEER R K
Diroti-up (R Desy, B Des B 1 558 X BEFR. W HFAF Des B YETHE N (R, (5,25,2... 28, 1.5, 1 Droli-
up (R, Des) =R (R; W Des & LB 018 B, Drodl-wp (R, Hes Y FEMITR B - Des= (R, (8, 28,2, ..
25 10 S mod e )

FE X 2. 2005 Drill-down). # R=(D,M,Ds») 53 X 2. 18 P BB RS0, R 894 Drill-down #E%
AR Drill-down (R Des) oA Des B 158 2 L 89 #7475, 37 Des WHHE R (R, (5,252... 280,51
Droll-up (R Des) — R OR, (e bs Des 8 X B2 &3 B ). Ddriti-down (R Hes B E AT E RIS »Des= (R, (S,
D82 25012050 b omed )

2.3 HMEkOHETRE

WEESHPBAETHME, - BEHBEPBE.A - RERAERE B TEERP TR, & L
AEE . TERIS O T EETEARTRENT L.

FEX 2210, W R=— (DM Durd D—{dysedys. oo vdy} M — (M Moo Myt Dstr=1{(a,,=<.8,),
CazyZ238:) 0@ =00 ) Ins (R)=Fr. R FEV MR AR T A Adim (R, (0o =, KPP J&D R
Hola, = 00 4 MW Adim(R.d, (e, 2R TITFELHMEFEREEA.

(L) Sch{Adim( R d s (e, 2,800 =(DU{d} . M,Dstr|J {{a, =0 }).

(20 InsCAdim (R, d, (o, 52,0000 B — P BT K anin :CDOM (DY X CDOMA{)~CDOMMY N 6= (150200 »
2,20 VECDOM (DY X CDOMA)Y s F agim(e) = Folayvdare oo van) X {725},

TE.FHEBEANENEBBRERSE, VIR U@ AEES P RMEETER.

EX 222(MBHY. | R=(D.M. Datr),D=1{d, vdys. .. »d b M={M .M. .. .M Dsir="{(a,,=.8,).

CapsZafl) o e =,00)  bis(R)=Fp. R P B R E R R Ddim(R. 4. W) Hp deD BEHBRE.
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VEBERBES. Ddim (R4, . ¥)=Dagg(R.d, . ¥).

EFEM22308naBEM). @& R=(D. M, Dur) D={dds. .. odu}  M={M .M,.... .M} Dstr={(a,,
= dle 2,80, (e 00 I (R)=F, BER EHINEEB NN BFETR N Amea (R, Meas) . H
Meas& M RE R T BB, Amea (R . Meas) B - TTOTFTEVHEHNEES.

(1) Sch(Amea (R Meas))= (.M J { Meas'  Dstr).

(2) InsCAmea (Ry Meas) ) R Mo B Fame : COOM DY = CDOM (M [ Meas ) 3,5 e € CDOM (D) F o (0) =
Fale) X 172 {H ).

iR, B R MY (A A i e AL LR AT A R OO R R T B

EN 2. 24HpEREE). % R= (DM, Dsr) D={d,,ds.....d,} M~ 1M M, ... .M} Dsir= (e,
=00 e S=a ) (a0 0,0 Ins(RY=Fo MBE R - T ERBHMRIERR N DnealR M) HF M,
M My MUVEEMERE&BYE. Dinca (R M) =Project (R, M —M,).

EX2.25(MBRERBE). B R~ (DM Durd).D=1dvdss. .. vdst M={M My .., M}, Dstr =
a0 (e =B sy o S0 o dns (R =F o fE R o, BRI R IE 2 R BB M IF B (o =50 i 18
M—THESS WEE RRN Adha (R d S UPLOW & @) Hp UP L LOW Ca ¥ wp € 1P Y low €
LOW p =S =loww, UP A LOW ABEFRAM YEE£E .6 RUPHTESSZAMERAHES. O ES 5
LOW W ILEZ MM EEATEES. Adha (R4S UPLOW & PO — I FT LW S0 it &

(1) SchlAdha (R.d; S U P LOW @y, @,0) = (DM Distr - (e, 22,00 VU e U ST o=2, 8 U {Cups Sap ) |
VupelUl g €D Bup=S MEENF) UISow,a) IV o€ LOW .0 €@, B STow BTEELNR ).

20 InsCAdhalR.d; S UL LOW @) @ VR 8 Fap  COOM Dy CDOM MY Y o= (2o va_ s
Lprne 2 ECDOMDYVINE &+ GHEMAUE S KR REME W Fa ()= CEHE L, EME,. .. SHEH),.EM
Famale)=Frlel.

EEHAEOEHNERRREMERENEMESEC S LE L, MW R E v, L5 T M@
M EmE B ER T,

3 SHxXIEMLEE

BIHAT G A28 7 oM SR BIREA L X P SRR R T L N 3 2 R B4 R
BT M a B S IR R RIS i A B AL

AREFEREREA S IR EEA RN SR AP AE HREEAN RS NEME F(RED)
AMHE EREACHEERRES RS TMMEE. ERBMNARERGToNL R, Eod b A,
MAEPEEHENES PHGOHA HEFARRSNOBEME L ABRRERREW AITHALNE
AL E R A R O D Z R R R A R R S AR o R R

B H A 22 HE IR B TR R T AN R OR & S R R D M2 REE 0 e BE L S RES L 6C N R B
B ER S A S BRI R AR MA R EER R SRR IEE SO T AR W Y. TE6 2N
HBEHENESHNTZ T XLAMNFTERABEOEN. ORRIBLNEEENAZE G FE ik RRER

VESY. SRR [T R IR AR R TR RSN RS U2 ENANE TS RE LR R

R B EX R ). E2 A 3 TN FERESAMNERSAAR T LNERER, A28 X
RRLS,6.7 )42 49 25 40 M4 M A o R SCR Lo 4Rt A B BE AL A O SIS S B o 4y, T L RB S R — 1 2 1
FrREEE CE TR B EREATERERABEHLAE UG Bzl 22 RNERRE
EOMMARRES X THEBECT R BV REMEEB LR ’f’fﬂﬂ*ﬂ?ﬁ%‘é T 5 s K2 FH 40 18
W e

Bt Al SO A A SRR B R PR R T R R R O R W
H.BtambmaXRRKAEBELL AERRE LRSS T a0 f7m. 28 8t sl
HIR R E IR PR g R R HE.
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MERBFRTLEN AFNERRERE U ERNBENNTL BN LHRERENAE B2 SEm
FHBEHUBRTRETEN CLAP BARE REB I I B E R B RAF OLAP M= £ L
HREENE AENEERBENRET IR EM 542 R M M8 OLAP #1E.

PRSI & 4 SIS A A BB A R A BE D RVBUE R A A8 O 7 I A Rl B A S0 T U B A A A R o
T—THNERHEERE. Rl T AN SBREEENT E.

4 HRSHETRAE A

FEHRET-MFEVERLENSENBEEN ZHALRF S v R BT RENERER
WEAEMELYM EERF UM RARECEMNEMERBERBEESHAIE L. M A0 — 0 OLAP 84
R LB T A R X5 OLAP A B TREREAWERA RS R TR BEARMN
H. ERTFESREBELGNE - R R — &2 58 F T E SR & 6 84T Roll-up # Drill-down #
e AFEREPQESEREREENERREEUNES. ML NS A R SR A L e i
HE-TRAREBEZBAMETE OLAPBRANLZANEERD A0 RITEEWAE T AR RRER
MR EXMBPUE S T REEE R AN AR E %

&% ik
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Multidimensional Data Modeling for Data Warehouses

L1 Jian-zhong GAO Hang

(Department of Computer Science and Engineering  Harbin Lustitate of Technology  Harbin  150061)

Abstract Data model is a basic aspect in the resesrch field of data warehouses. It has been argued that tradi
tional data models. such as the KR maodel and the relational medel, are in principle not powerful enough for
modeling the data structure and semantics of data warehonse and supporting O AP (on-line analysis
processing ). As a result, several multidimensional models hased on multidimensioral view of data have
emerged. However, these multidimensional data models still fail shert of ability to model complex dats in some
real-world application domains and to support complete OLAP operations. In this paper. the authors propose a
new multidimensional daza model based on the concepts of partial order and mapping. This model addresses sup-
perting for complex data structure and semantics of data warehouses, especially complex hierarchies in dimen-
sions. Along with the model, they also present an associated algebra that includes a complete set of QLAP eper-
ations and supports complex aggregation, roll-up and drill-dewn alocng hierarchies in dimensions. A new concept
of aggregation function constraint is also presented in this paper. and the mechanism for expressing and check-
ing the aggregation function constraint is included in the model.

Key words Data warchouse, data model, multidimensicnzl data model, OLLAP (on-line analysis processing).
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