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Abstract Data Warehouse and On-Line Analysiscal Processing (OLAP) are the key components
of Decision Support System (DSS). What-if analysis focuses on analysis on hypothetical scenarios
based on historical data. It is an important type of DSS analytical processing procedure, and can
provide important predicting information for DSS users. This paper firstly surveys major related
work of what-if analysis and then briefly discusses the classifications from different angles. The
main contribution of this paper is to present the global classification of what-if analysis. Three
classical prototypes of what-if analysis based on rules, what-if analysis based on delta table and
what-if analysis based on incremental CUBE maintaining are analyzed. Also the advantage and
disadvantage of different type of what-if analysis and applying boundary are discussed. The au-
thors’ recent research work of delta table based on Main-Memory Database and a new CUBE
maintain algorithm are discussed to discovery new algorithms on advanced Main-Memory Data-

base architecture. Finally the future work of what-if analysis is summarized.
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APYUHR M5 kS HUE YR INGRES /M)
KM, i 2 7 ¥ UNION Fil DIFFERENCE #: /¢
T 52 BRI B 22 03 S B 5 Ry 22 03 3R B R SR R R
(R) Iy T 5 48 1 Cinsert, delete, update) fif 45 5 i
FEAEZE 73 SUl AL Sk ) A T UM BR 12 % 2 o s
Horp update 4545 5 0 i S M BR 50 3C 5% R0 A8 A SR
Ja WIE S BRAE P E A 25 400 ok A3 A 22
r3 T A S v, 25 [a) what-if £ 48 08 & B, 38 2o
HR=R UNION S DIFFERENCE T y*#4: what-if
s 0L A SCER (22 ] AR v J e e (R]ERBIL A A
PR T 46 A (re-insertion) [A] 8, fig e T3 T 5B
S G I BRAE AR AL BN BR B 10 SR JE ERTE AZ D R
B T S B S 2 2K R R T LK PR S Y 25
REWN DG E R AL E RPN —
A type 51, LB B BT 19 26 AL . APPEND, REPLACE
M DELETE, 73 il 3 78 8 i — A B i 5% L S8 I Ay
) — A~ 10 s AU BR — 4~ 10 5.

SCHRL4 T4 H Al 2 57 558 AL 1Al (Independently-
Updated Views, TUV) Jyk#ik what-if B % 4 1
izt 5. TUV 2458 0L 1] A% 558 2008 k57 AT o] 5%
AR HATAEAR AR Z A B R R B 5 i — i
5 FH. 38 5 K A ST A A B R R A BT (parent
view) , B AL E R TUV. A TUV ) what-if
O i A i AL BR3P R

TUV B EAE what-if pif F A 4@ 4 1 50 R 1 R
PE BRT RUG SRAE 5 R AT B TR TR L
S AR UL A A TUV 258 what-if 04 15
MR 5% I8 4 AN AL AT DA AE R AR 36 iy JE iy b ik
AT AR B T8, At AT DL AE ) AR I B S A R R
FEfl b AT R BT RT. BN T what-if B4 22 5 N
[
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Base Table|| Base Table
Bl 2

Base Table

Base Table
B3 3

B4

Database

User query

Process user
query

3 TUV X

XAy ke R, A ] B R BRI, RBAR
ISR 2 P 2 WA 1 what-if 43 #7. {H 4 22 53
Bt AR KIS FETE R b7 A4 25 (0] L& 0 o B 1%

W A1 15 S HOHE A it A ST Y delta 3R A 22y
TP HAW R A (L) 0 S7 A7 G AN 52 ) Ji o i B
AR YA EEX B B I BN BR delta 3
BRI G SR A SRR A A7 i A S A R IR 4 AN T
BLIX S B B B T X AR R AT B 42 roll-
back #:4E. (2) i E s i SZAE A B T 2
WA B 55 205 2 22 ARSI 8 AN TR R X
ST ) B BRE A7 A AE A [F) 1Y delta R, B
AT, Fir LI T2 P 2 AR what-if 438 s
REAR 7 S HF. (3D ASUAF fith Al 35 B8 B 40 T 49 44 A+
fifi 2 [a). o TR B 57 5 HAS R 22 S B0 Bir UUAF
it L 2% S Bt BB SR B . R A D B A7 i
73 (0] A A7 H i A 3 1R 350 SR K0+ i iy — 4>
FERAR B SRl TREARINA HEELEAF
fifh o Wb 3 AT it 25 ) ) AR R TR 9%, JU R TEAATE 2 TR
AR S B O
3.2.2 RETAEMETHMAE what-if 434

I A i) L H M A9 what-if 53 B /2 §8 17 B
what-if B 5% 4 o T AS J2 52 B A7 A B i B8 o 76 2
VA B AR B8 A ) B R DR o AR T B i ) 0 ) e Ak R
Xof S5 o B8 4R ) £ ).

X what-if £ i) # 4b B 75 20 RS DL J3 ) Eager,
Lazy UL &% Hybrid =3%. Eager 7 & 18 - 85 8086 &
(A B IR 2 B AH D 1) delta 040 247 904k I 78 31X
Sy A R B gk s B EAT what-if #7345 i Hera-
clitus $HE P 4 f2 18 5 R R 48 | Stonebraker 4§
P Y B M o R S BT v D KT $2 2 i) CUBE
45 1:. Eager Jy sU% T 7E — iR SRS T 4T
ZAB A BT — E OB . Lazy J5 00248 .

H B BOIR A 5 o0 A5t i) 1 OB AR, IR 7E what-if A
I 3 B AR AT what-if £ ] % 46 oy K
06 R ). — AT R TR
p={Q/S1,++.Q;/S;},
ERAHAERN QIEMAELRES.
N 25 A H A 1 AR5 TR KR
p={04-1(R)/R, 055 (S)/S},
AR ZAR BB B AR i) Q=ma 5 (RX S) [ KR Ny
Q=14 5(04-10 (R) Xop—5(S)).

BT AW ES M A what-if 73087 B2 48 Lazy
1) what-if £ if) 403 7 .

Hybrid J7 & 48 iR i fh 77 20 45 4, B3 2
BB S B oR ] Eager J7 32X 52 Py 6l B B8 - 1 75
— SRR M Lazy 77 AT 5.

SCHRL7 42 7 — M Lazy 19 what-if #5 i) &b
5 Lh bt Lazy 5N Easy O AU A7 Rl & 1Y
Hybrid 750, 1§ 55, Lazy J5 202 H 55 o B8 .
B “Q when ({U}}” (Hrp,Q 2 — 1 KA Kk
LU g2 — MR Rk L vl & — R 51
SRR AT R — P B I 1 R B R D 1 B &
I g — 4 A T S LN A s Oy A A AR R A
QR B — A4k ¢ R RBCA L IFATQ.
UK A e B R U 3 22 U B A i b O R A i)
PERE . AT >R M Eager 77 20T HA X U {3 807 1 e
R SRR A Lazy Jy i A731H58 BISR ) Hybrid
77 R H 5 what-if A, F40, 254 W F A .

Q= ((Q, when 7,) when ;) —
((Q. when 7;) when 7,))+(Q; when 7;).
W TR B SR 7, BB % . v] LR ] Eager J7
AT AR BE F B 7 KA Lazy J5 300508 35 8
Ay,

SCHRL6 I g2 i 7 — i ] A i S Uy A
OLAP [ o #0475 150 25 900 19 5 3. BIRE 0] i i 5k
I (0 A5 ) e A5 Dy of B S SO 1 A ). 0 A RdE 3R
ValueCTV .

C T \Y%
John MSFT 12540
Mike CATP 4580
John MOTO 6890
Gage MSFT 15000

KP.CERREP; TRRKELR: VEFRIK
SEMNE. B MSFT A wl i 5 Bk 10%, HE
JBCEE AN (B A 8, ) BE X i MR e R B B e R
ValueCTV'}
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C T v [y what-if 557 765 7] 9 107 F R 50 55 e it R AL
o e i A5 R [7 89 55 T 2% FARAT I )35 . Hybrid 14
John MOTO 6890 MR U 25 (8] 5 $R AT I ) & 3R HE AT A . AR BR
Gage MSET 16500 what-f 5B 1945 55 50 75 1 8 105 5% O 1 47 Ak A X
BUAE A5 0% P John (BT A B 2 i L )iz SCIRL7JSE3 T Hybrid Jy 0y what-if iy AR 3L
ST K 3.3 iR what-if X TEEAERX L

SELECT C, T, V

FROM ValueCTV

WHERE C='John’

P B G 2% ValueCTV 78 R G A HIE
AEfitE o T L 2 L 12 A 1 2 4 Sy XoF B S A 1) )

SELECT C, T, (Vx1.1) ASV

FROM ValueCTV

WHERE T='MSFT' AND C='John’

UNION

SELECT C, T, V

FROM ValueCTV

WHERE T!='MSFT' AND C='John’

A 5 5k G sUE R AR AR B ] AN
TEAE A A BRI+ T A 15 A 1) 48 A 4 9 3 e A 9
5 7 2Ly ok SRS R W] T A R
FR 7 fith 25 T AELZ B O RE 3R s IR 6 AT DA o 0 0 >
FRIR AR . AN 2R BT 2E AT 0 R 1 G 1k 38 Ao B ) ok 3R
TR o ) A A S i 401174 TR U S AR S U] R A KR
I IS R AFAETE 2R G0 b o T HL 7 33X 2 {30 B840 Kk
itk = 7 A 0 I 3k A 0 B X i R Al 5 1 A i) i DA
7V W A — & 1 R BRAE. 55 80 A i e e s
T ) A AR A BL D i 09 2 0 R AR A2 2% 9 dn k4]
A IR A SRR R © S A R G TR
BEE A i) R AT — K SELECT #2:4E ,  %%
ey E SRS B AR 2 5 ) AT P IR SE-
LECT #4F , fir LLix Fp i) 55 5 7 20 ] DA AE 2 A
P[] 48 245 (8] 1) what-if 2530 7 X %07 500 55 — Ak
BRSO AR R A At I E S AR
% HESE &m0 Ak 2 2% N2 R 5e i
HEIRRCE. X T2 Z AR what-if 4347 tL1R
ME S b v A5 0 iR R T R

g3 4075 OLAP 43 #r v, CUBE 352 H F %
#afE. B T — > CUBE 544 H 43 % £ 4> cuboid M
HATFE AR E A R G E . 5% whatif OLAP
t ) CUBE 55 %838 &) £ ) 8 5 7% 40 X JE A
SRR AT RE S ORI R (D EMES
SETRFREE 5 (2) K 1y ow LB A =5 S0 R i # 4. iX
PR A i) LR R ™ T 1Y) 2R 0 1 i ) A
3.2.3 H:F Hybrid IR 5809 what-if 5304

HT delta 1 what-if B 5T AMES

(1) BRI AR

B P ST AT what-if B3 RS TR 5k
i 1) what-if 438, what-if EHAGREZ N H P Z
B 52, AR R 5 Y T Y what-if 3 A A DG
HEE AT AT 24> whatif BH 5 what-if 4347,
ANBEAEH T AR Y IR AT 22 AR what-if 4347,

(2) B P Z A

What-if 55 RBELE 2D P Z 3=, HXFY
R P Al 0L, P o] L iEAT 2 RAS 1Y what-if B8 37,
TR A AT B R B TR A what-if B0 LR B Y
515 O 7. £ MR AR what-if 55 37 32 5 B B M 11 8
what-if 43§ T BE.

(3) ZR P Z A

What-if 552 F P 38 F AR 3 5 47 8 5K 4 B 1Y
Fenl, o E T REMR AR EZ R P I
what-if B # HA EE W& L. 75— 1i . OLAP DB
(4 P 2 22 J2 UK« 5 0 Aol P AS T 2 ki 48 BN
B AE what-if 2387 % CUBE 5 1] 4 AR 1 2%
Bl B — 2 MR Bt Bk ot B —E
PZRE. S H BRI E TR EZNEZR 2
AT ) A R P U Bl 52 G B BE  BR [R) iE AT what-
il A3 AT P 1) what-if 588 (%) 35 52 05 0] F 22 B AR
i ] 2 2 BB ) D 3R 4 BT 1) T B ORAIE. 2 P B IR
() what-if 7315 2 what-if BB 295 [al HLH] L 2
FH PR RR A LA what-if B350 T 48 7 2 0 AL ) 2
B[] 52 K.
3.4 1R1E what-if 2 HFHBIEEE S %

(1) Global what-if 4347

what-if 2387 XF 7 19 55 X 52 4 45 % 4~ CUBE
HdE 2 8], v AR ST 4 AT B2 RT3
5 158 1) £ 45 25 ) 7 B Global what-if 4> 87 23K %
T H B B 76 AT B CUBE %16 W0 18 % 42 v 46 fig
548 %)

(2) Local what-if 43 #f

what-if 5537 504 5 A JR 36k . L7 B4~ CUBE
TR AR LB T EEAE R %R F 2 [N A
A, what-if 4387 HABAEFR 7 what-if B8 90 ] _E 3677
3.5 1R#E what-if SR A4Fm 2K

(1) A KA _E (Bottom-up) i what-if 4347
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TN OLAP DB (155 2 ¥ 88 3 17 what-if 3 3 Fschemalfl
7 IFI I what-if 408 #5964 A 2RO 25 1 o ) AL
S5 S — T T R L 0 5 W 6 4 __{ in
B T M 5 5 0 1 5 T 1 G 2 [T
d1, 7] L) H; Global what-if (3B & L ) what-if 43 what-if 5 H7
B FUR I 1Y whatf S0 0 R U SEIBR i
FEAMIT G557 4 AR S 1 what-if 5 BT Fe—
(2) BT R (Top-down) Bt what-if 43 #f what-if 48 #7
©RAE CUBE B0 [ 10 75 J2 647 what-if % i, e ERY, [T RS
7 ELHE R 5 2 B AR T IR A7 36 1 LT F i B K b 78
S 53 BF 5 2 6 6 J2 0 %5 56 43 0 8L W i el
T 70 2 B O 1 5 O T 0 5 1 8 TR
3 1) T J2 K000 X 5 46 46 528 ) what-if 2347 D) g what i BT
FEAANE UK BT P 2 R A R SE IR RO o R
P SRR whatil ST BL B S5 BT [y ——
[ what-if 43 HF 058 00 4 5 6 B I AR 7 2 what it
W™ e ERRIE B0 whatif 40 BB Globa

(3) R4 (hybrid) # X g% what-if 43 #fr

M CUBE # 3EA> v 8] 28 42 J2 WOTT R 23 991 1) |
JZ ) T2 X R AT what-if BBl what-if 73
Br. J& BRI A ECRT B To ) R AR 45 5.
3.6 HENG

WniE 4 s AT Y £ BE X what-if 7387
PEAT T 002 AR AN L HT = A2y what-if B
B e o 5 A 200 B what-if 43 BB e

what-if 73 #7

what-if 4§t

SIS AN TSN TS

K Local
what-if 73 #1
what-if 7347 B
FRX what-if 5 bt
\ what-if 5§ BT
TN what-if 5 #F
TRA B

what-if 73 #7

K 4 What-if /7 28 B L4

o

& 1 What-if 99 %
what-if 43 #7247 L) K S0 52 1y 3
it what if 4B BB what it P75
what- ¥ pid'}
Global Local A I ATAT | RAHR
what-if 7} #f what-if 7} #f what-if 7} #f what-if 2347 | what-if 43 #
«chema it -
%w?h;f?ggj MVDWL-10J MVDWLo 10]
T HELERMN [5.12] [5.12]
what-if what-if 2} #7 aQ AQ
B O J T 4k
’ W;{?: féf\% TSOLAPL16:19] TSOLAPL16:19)
%I%ﬁ%ﬁf{ﬁﬁ MDX_rewrite MDX_rewrite MDX_rewrite
what- T
T delta EHY e B DELTA_TABLE2122), o
- whatif 417 DELTA_TABLE 1UVs v DSS
what-1
E- S 5 A
A ;ﬁ?i %ﬂﬁ SESAME!’ SESAME!®
[ 52 e } ;
P =R Al
(E;hﬁﬁ,ﬁ[%?ﬁ Y HQ Framework!”! HQ Framework ")
-1
) DELTA_TABLER!, DELTA_TABLE[!7,
%}Tﬁ ):l ﬁj@? SESAME!], 1IUVsi SESAME!],
what if ’ AQE1 AQE1Z, TUVSLY
FH%ZE[EQ iﬁfl%ﬁ: DELTA_TABLE!?2] DELTA_TABLE!?2]
iﬁil?ﬁiﬁg Oracle_patent?t] Oracle_patent-2!]
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Hl

AL
-

i 2008 4F

Nt — M B what-if 858 19 U R 4
M BEEA FATH “ what-if B R what-if
I B S D 2 B AR B9 4% 903 26 A 0 o3 26 il
A G U U2 AR T A G A TR A R 5
ARG IR 1 #7028 %8 WK 1l LIE
2 H AR E 7> BORHR R T H R L o A 2 B i
T T B 0 A 7 32 5 /. G | T A TR R Y
Ir AT M BNV I LB A 23 BE R B S AR
FBY 55 3% 38 FH OG » A 2 5200 1% 530 9K BB 48 i R 119

Iia) L.
4 3 FF what-if 78] OLAP R %5t

H i B A what-if 730 #r I ERY OLAP R G
B R R G AL SESAME™ Fil TSOLAPY . 17
Gy 1R 2 80w e Bt & B R G OLAP T A,
IBM DB2., Sybase Adaptative Server Enterprise,
Ingres DecisionBase OLAP Server, NCR Teradata,
Hyperion Essbase OLAP Server, #B/A 88 X% £ 6
J2E: ) 45 AL BB R AT A8 B R S whatif J3 A DU E
ANHE A 2 A B PSS, SAP Business Ware-
house {CAEAL P ] B2 1) 4E B 22 fk. Oracle RE 38
i1 SQL model F/A)P#4227 (#£ Oracle 10g Release
Ha] D #EAT what-if 23 #r &b B, {523 Hr A BR %k
T K AR R A A B

LT 22 M, JU 2 Microsoft Excel , &2 8 & /) 43
BrCH. BRI TR 2 e a gt TR AR
3 77 T Y BRI UA b R AR B i R g5 AR BE T — A
FUE AL i 52 B - S & 3 F P 8 Y T SR
X, I AL H XA what-if 4387 5 =20, 8 F 50 ¥ & 3t
T8 B what-if Zp 7. SR AE N — MR TH
T A% BAT A B , E RS 2 R E X
ARB, HAH I 2 BB Y 5 B = AT 4 B 5 B = B 3
ZRES). S — O, OLAP T H DI K 56 R 519 % N 2
ARG M | R 4 i Bdl H = 68 ) AR 48 X
A S AR SR Tk B 58 5 B 7 ) P 52 B K AR
ST LA R B R R M S Oy T A AE B A
A&, Oracle £F X C R 510 FiRA LX) Oracle 10g
HETT T BT AL FESIAE ) SQL 5 . B SQL Spread-
sheet FA]5 J5 H 4 4 SQL Model 147, - JF &
T QBX(Query By ExceDP Z%4:. QBX 241 H
K Excel 1A% A1 9 5 & B0 A9 B o T &,
7853 M Excel /9 EIE A 510 A1 22 H.AE J1. QBX &
Ginl Lh A s il Excel TH5 5460 SQL. 43 #r & 7]

LMK R R G 5 AR 1 A K/ Excel 2450
T BE R b SCVFET7 3, 0 LB 4 oy 3 AN 808
ERRFR SQL WA, I #EAT A7 4 BT LI Excel
TR ok R R G5 .

HIRE o QBX il SQL Model +4J, Oracle A
AT —E M what-if e 1. HEA KGR 5
10 B what-if 4347 {0E i SQL Model 5] i#47
Xof T 52 B DA K 2 2R KA 1 5 AR AN REAR 4
AR, T AL BE J) 32 B 1 — 2 W BRI L IFAS e o8 4
A& what-if 734 12K .

FREET what-if 4347 ) OLAP R 48 1Y Yy e i
HA 7 0. BIF & 2 RE 5E 3% 1Y S8 whatif 23 BT i
OLAP RG24 5 s 255 1 7 ).

5 FABHARIE

i N RO 2 N B R T R s 6
M OLAP 43 7 09 B4, Z —, Wil T PARAWARE
s G PE RS, HETRATENAF OLAP e 55 4% " it
FEIH s TR T N A B R SR A 1) OLAP IR
55w VR R A5 IF AR T N A7 800 P 1) what-if 43
B 2 G0 B RRALE S R S B L BIF 55 6 9 A7 25080 e A
55 2 BE A R T B A Al K what-if 23 8 B 1 AE
FATAT R IR PR R ST — > e R I HE B 45 4

TR — B By TAEH, RATHESR T A M
what-if 4387 (9 S5 B R L IF 76 3 T 9 A7 B8 A Y
delta L&A what-if 43 B F1 5 T 4 177 £ 98 2 19
AQ FVE kUL I B F 2 e ) i F MDX [ #x i)
05 R A T AT TIR A MIBESE.
5.1 ETFRHFEHIEED delta RIEXH what-if 547

ML i 180 X% what-if S23ECAR BBIFSE, AT B
H T delta R what-if 23 A B A 5 o 198 B P . AT
LI N 25 B L FH 5 oK H delta W AEES S H
235 [ K what-if £ 408 R 18] 7 0] P fE AR 55 B 2. X
T Aol G2 i 1 o FRHE B PR . what-if 55T 9 5
I8t 8 28 /N T AR B S T el T Al DR A A A A
what-if HH#IER BT M B, delta LAY
TYAE ) what-if 57 B0, 24 R SR Jm A% ik
5 OLAP 2 #rit . 3 F delta 19 what-if 55 5 %
TEMERE FUDB T H BB, delta KW IF i =
(1] 328 376 /N T Ji s S B S o A7 A A T %) T i A A T A
BEZ I E . Delta A E N ad-hoc what-if
A0 1) 9 S Al O L T LR AT AR Sy 3T Ak AL I L
Y AQ 3 4E 3 55 1k 1 IK 2 Bl BA B 1Y i
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W4 . SCFF What-if 2089 OLAP RGEWFSE 1583

FHAE.

H T delta R FEfE S, T 546 84 L 5T delta
F B what-if B4 90 5 B R AT W R 2 | 1Y & JF
B B FERE SO 15 & 58 (DRDB) W, £ 2 1 19 A 9F
BEMNPATRMAR K. Join index fE Ry —Fh 1% 219
KO 450, T DL & 2 0% 4R AR 1 AT R0% B TE
DRDB T, HLRl 38 32 G 35 P 1 7] 5 g 1 BR 4 AR
MEARAFA Nl = R BE. 76 N A B i & 48 (MMIDB)
o R GERUE ST N AE B R R PR RE R R TAR
35 (R BB R L X T join index 1 5 . 7E N A7 KU
JE ep R DL YA A AR T ke A i SR AR BT (B
Heg i SR AE B N B R AL okl il DA 3R TR I R 2
(i) 8 37 B PN AE btk 7 TR) A9 B8 DG Bk D[R] L delta 3R
GO HERE ORI & T UL By oA, A4 T AR
TN B P Y 3CFF Delta tuple H #%5 [7) £ join
index B ¥, NAE join index ) T/EJR B AT .

f£ MM OLAP DB #1, F AT B join index 1Y
GERE AR B — AR R ME R SRR L XS B 1 what-if T
By Delta tuple $58. RB5 HEUHER T AL R ECH 7,
join index & X UIF :
joinrindex ={(Bptr;,Dptr;) | 1<i<n+1,nE N},
Forp i 5 s sjoin index HAYIC RO FE HE 2R 1Y
WCREA1,2Y 1<<i<<n B}, Bper AR HE R P o
FRACSRAR B A RRMER T « S/l BECH what-
i BRI Dper Ry 28 8 W Dper, Jy 48 1] delta £
what-if Jgid s 542 i=n+ 10, Bpir,
25, M ETIE s A N what-if B8 TP B9 3 A SR A D 4R
£F. What-if BUH A YL 5K 7E join index o HA —
DMABFRE 1A 2 5500 R TE delta & B W 4E
FEEHY | IT A UAS W HE S o [F]— RRUAS 14 AIE s 4%
T A SR HE S

Base tuple Bptr | Dptr Delta tuple  |flag|version|link
111(1(3[2]1.3 [« » 1(1(1]3|2]1.3| D 1 A
112(2(1(2]2.4 [« AN J—>2113/15.3 U A
2(1|1|3[4]5.1 <« — 21213|1|2]6.8| T 1 —
3[1)12|3[1]3.5 <« /\4|>32312/1.2 T 2 /\2

A _

K 5 3T join index [y delta FiJj[a)

Version FEid 5% what-if I A, what-if
BT RRCAS 19 B /N B 2 SQLL T B fiw 4 AT A —
A~ what-if Bk L R 1 — RV B a2 M E S
— ™ what-if B RRAS H , 56 2% v 1 A~ 12 S AT Rg
PR 22 U0 FRATT T S 25 S B RROAS b A 4 1 T
BEE A ANTE what-if #5984 & G B AE XA

AT ARG 3 o B ARG X R A I A 4 5 907 RN 7E X A AR
IS 1t DX B D U AR B T 20407 AT BB 2 X g S
TP E i 5 (2,1,1,3.4,5. DHEFT R, )
1255 — IR what-if B3 )1 — 2% Delta tuple, 5 —.
YT I B A XTI 1 Delta tuple 347 F S BT
R AE [R]— > B8 RRAS N % [/l — 4590 S Y what-if B8
BT At e 2 I BB 2

FATEAT T BT N AE B B () Delta tuple B
297 18] join index % 3 If 3@ & 52 9% 55 UE T B X
what-if $CHE W0 1E /) 5 ) M RE. i 6 BT R, FR AT
T HEF T EZ AN whatif B T delta
T AN what-if B HE 0 (36 R 5175 B 20 (5
F NAE join index 1Y what-if B X 7E what-if ¢
Fer 0 1 s ) 1 B ré sk I B 4 b FoodMart,
FFRILFEE SN 8 J7.80 J1 il 800 J1, what-if
FHHT (AR BE 43 31 A i ey 2 R SR 520,100,
15 %A1 20%.

0.9
0.8
0.7
» 0.6
E\ 0.5
= 0.4
0.3
0.2
0.1

0

T TT]

10 15 20
delta/%
(a) 87 4%tk

wl

I ) /s
0o
o

= X [ b—FX | I

5 10 15 20
delta/%

(b) 807 45 it3k

ke=:llE= = 5 | >
5 10 15 20
delta/%
(c) 800 1 4l %

o replica O delta table @ indexed delta table m join index

¥ 6 Writable replica, delta table, indexed delta table 5
join index B 1 REXT LY
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2y e 2008 4

ML 45 SR FAT AT LA AR B X AR 45 it BT
join index f#) Delta tuple 1 [] 553 58 53 # I N #7458
PR BRI RE ), B r 7 AR RIC R S whatif
BEOHTIC SR LR 2R TE VT R) what-if 204k 90 1] I 1Y
P[50 /6 1 75 ) Jir 4 2 I E 8 4 30, LA B 41 Y
what-if ZCHfs 08K 18] 1 B8 I8 A T2 521 delta
RKEIFHEIL.

5.2 CUBE ##EEHHAMR

YA BL AT LA 28 & OLAP £ i) (9 7
At . 7E CUBE H i , Sy B AR SE K fk CUBE 11 4k 47
AR s d R BR EE 3t A1 T A 19 S8 ik CUBE, — iR
P& CUBE 4E40 19 753 - X FE AT LU 38 70 K #% AE
AR AVE R 45 s TR ), T A R G UR. H Gk
FE A2 R PR O A 28 AR ok O n] LR AT o Al
L& (BN, median EREO.

H1 T MAXCMIN 58 B0FE 23 M B i 2 A m]
F4E4 80, BT Ll MAX . MIN 56 %02k ) 9 CUBE,
FEJEAT 3 BB SUM L COUNT 25 5 %5 2 B 1Y
CUBE %4 7%, SCHR[ 12142 th T % MAX,MIN &
Koy CUBE #EA7 38 83T 509 J7 %, BRI 4 2R 24 i 9 e
RAEL Clie/IMED BN B3k 0 75 2 DA s il = 592 2 v o0
TTEB A foe KA (e /IMED - 35 fith 2 52 36 v 1) 3080
A P s FB TR 0 e R A (e /IMED 2 1B 2 R
I 1 A [A].

BEOF 3 A A0, AT B T — BB B9 MAX
(MIN) CUBE ¥y &3+ 2 8 = R-NLC(Refreshed
by Next-Level Cuboid) , fEf .

(D AiKm F3ait5 CUBE;

(2) 3 iR JZ (level 0) cuboid I o M JE i 2
S 2R TR Y B R A (i IMED 5

) EIFR S » JZ 1Y cuboid B, i AIAH 4B T
— 2,005 n—1 ]2 cuboid ByiTE 45 .

R-NLC & e 2 delete_delta £iHE &
delta CUBE, % delta CUBE 5 #:# CUBE X i [H
FE Y 54 pR B 4E T8 PR RN EE ()8 M delta CUBE
1454 cuboid H count J& P B {H B delete delta &
W H AT 3% (H 1 OT 20 B0 A S B SR 5 1 T delta
CUBE ®f%&F— delta cuboid %} 3¢ CUBE t #H
VY cuboid 47 1Y f 1AL

FEATT T ik S XL R AT 1 RE I K, SE 5
S5 R R W] R-NLC 533k iS04 7 I ] B 2 20 7 56 42 A
SE e R SRR AT AR R T k.

5.3 ETSHTRIES MDX HEIRNE REHR

ZYiEHiEF MDX 2@ 7E SQLIEFE Z L

Wy CUBE Z5# ) OLAP &% 5 . 5 SQL &
B AR IR 454 o L CUBE o (9 4E )2 IR R
SUVE N B 9 B0 0 R AT L i i Ak PR
F CUBE Z 4458 (1 OLAP 25 i, A1 0 )2
J&& what-if 73 #7 2 R, il 18 MDX 85 ) J5 sU KR
what-if 5, i 14 MDX $h 17 5] % 2 8 3h & 1)
what-if #if). 5 AT SQL B9 if) 5 50 1L, 5k
F MDX [y & i 85 B A B 19 R 4 £ what-if
OB A s bt SN B BE 8 A SR AR R ST K
FRXEJEE . AT TR 2R 40 1 B ) A IEAE R AT Z .

6 REHIHFETTME

What-if 43 BTS2 — F A7 801 2 48 5500 2 b7 5 ok
TSR EE B TR T R R 5 N Y AR
HE KM ZE S, whatifl 20 BF i pi FHFE Rt F 24 5
B 1 H what-if 4347 (14 52 38 K ) 58 37 i FH 75 2R (1 52
M), ELA AR R A AN 1 2

What-if 43776 LN JUAS J5 18 5 2R 17 i — 4
R R 5E -

(1) what-if 437 HE Z2 25 #4 TF 5%

what-if 238740038 Y (B 95 H 1738 AS B3 A 58
B A WA T R A ) B HE SRR R AR 2
98 A L TR IR 0 T N BT L FE T A LIRS RE
A BT 0 . e T A A A, R R
@ what-if 4347 1975 3K A B ;5 @ what-if 53 #7 1 i
T EEGHARRIE BTN RS @ H T ol ik
WA AT 5 Al FR IR 1l 5532 4 R B A5 A L (R B
T EL A A i 1 Ml 5 AR o i DA B3 S 5E T A0l
55 R0 B B A e

0B 1) 1A ZR G5 A HE SR L Ak BRI R U R
B (0 i 3T AT DA 47 b A iF what-if 43 A7 F 58 T AR
(R 52 JE BRI M & # A OLAP 4 FH . o Al 2
PEE AT R R PSR AL 5 S R

(2) ZIRA what-if B FALH A 52

Z WA what-if S AIL ] A] DL SRRk SR 1Y
By B e 5 22 FH P RRAE. A — > R 1R 5 Tk 5K 2 4 43
fi# R Z2 A EB TR M 55 38 48 23 77 A RAS ) 8, 4
2 what-if B &5 — %8 what-if 55 19 S fil, JE 26
what-if 535 8045 K T H B RRAS 19 what-if BT
8. what-if BB RRAS 0] U SR PR R R 1 2 AR
WHEH M AREER A T BT REZH P BT
what-if B8 ) 2 S 5085 4 BB 0. th T what-if B
BT RAS 2Z 1) B3040 AR08 O 3R 0 AN i 2 M, what-if T



9 1 ES

M4 . 4 What-if 2047 #9 OLAP REEHFH 1585

B RRATE S — > IR 1) 32 85 254 (> what-if BT
A BT BE AR T 2 4> what-if T3 iRt A) Y
what-if B iR XA 19 #1556 & 4= 2 BT, % what-if
TR IUA AT BB A 7E 2 4 TE B Bk A2 2 T delta 11
what-if 533 7] L)L 38 55 “Eager” J7 2L 7F #H /¢ what-if
ST AR 78 Ak s F BT 2B B what-if BT A L T A
W5 1) what-if B8] DUl “ Lazy” 77 X AE 24 /i
FiAS 11 B B30 0 7 ) s A B AR L A A 3 3 )L
T bR R T oIk 55 2 58 1Y 52 A k. what-if BB IR
A I A RN 4E 3t AR A AR A 2% W] R IE what-if T
B RRAS 1) 1o R {8l P 3 7 2 i — 20 B 9 A

(3) Z A PrIFl what-if 23 B i 52

EAN % OLAP DB E# 47 i) what-if 3 #r4R
ME FH B — % B P A ST 58 i AN TR SR ) AR 1R A
B o B[R AR ] AN U] i o ) Ak 3 i LAk
PR R AT BB 20 B BetE AT 1. B, 78 what-if )
Br b il 2 22 P L 22 WA 19 P [ Ak BELATL ) ) S 4%

TE 2 M P U R what-if 23 A o 75 2240 P A
HLEM T . O what-if B EE 9 =5 0] © %
FWpR A P what-if T80 A what-if T8 DL & £
AN O what-if 5587 Rt AS B USR8 2% B B
[i] .

BT Al e S o B 1 2 A e S 28 P what-if
BB — A0 B AT R P B s T R R GE
what-if B8 A 7] DA S5 22 B B s S8 8 7T LA
AW — A KRR Pl 55 32 55 7 i 24> A X
M7 AT 4 AR R AR T T AR BN 55 32 4 2 Wi
A AP R — T B A % 0 AR X R AT A
PR 05 PR A SR AR .

(4) what-if 2387 B9 25 e J o fsh 25 5 #r

5 ry OLAP 434 T H A . i T what-if
I3 AT TR R OLAP 4381 T .. IR I 78 J& 7R 43
BT B 45 R i 5 2 5 I 46 $idi 19 OLAP 43 #r 45 R i
SOOI AU R R Y what-if 4387 14 25 5 3 B2 ) 45
JER 3 TR IR OLAP 43 b 45 B 1) 25 5 fE 2 Bl
A DA o B 22 A 18] 3R 4 T 2B W ) R R
15 4 B Xof 235 2L 1 5 o AR R AT S FH P ) o 3R 4
T E 0L AR B

P 1 OLAP 43 #r T H 52 4IL #5625 1) 2 4k 43 A7
S5 NBRAE S BT 25 A AN — 2P AR 43 BT AE S
B 4 1 FH PR 58 v AR50 20 A 2 22 2 U L T8 R T 8
S b what-if T8 36 aE FARELT what-if 23047 (1)
ERIG T A B AW SR LT NE Y T
AT AR SR what-if 2387 DT HS 45 S 3K 3 19 what-

if A3 BT AR H AR BK 3l 1 what-if 23 87 8 20 A 250 Hh
Gk,

M P T 1 £ B X what-if 4387 1) 504 1R
BT 2 HAT sha T s B e 7, e i 42
P R IE BRI 40 BT T AR BT 4 i 3E R AR 5 5 s
I FH R85 1) 22 A8 P £ w8 R 40 10 5

(5) what-if 2347 9 1 g 1k

1E survey.com 2\ &) (3£ [EH 1Y % 4 EH bR 37 8 &
BLK) 2006 4E ) OLAP SURVEY ¥ 2 i 45 i
78y OLAP = i fie 52 FH P 06 1 1 i) 2 M g K
227, Bk OLAP =5 (Ve RE 76 3% A7 $2 i 5 (1 L
& 1 1) B A A P 0 oK DI 8 5 i )
B il 29 OLAP I H W d5c K B 5. 10 76 1% 42
OLAP Jj FHEE Al F Y what-if 4387 2088 25 i — 20 0
f& OLAP Jif i i) P BE.

BT WNAEEE E R OLAP 2 %8 M L A% 45 i 5
THERAAE ) OLAP R4 B A W & 1Y K 2 80
W FRVERE 234 B OLAP RS R RERE. TN
FEECHE 2 LI AE g A A At B i il K500 R s B
B EAFAE R N A b 24 R AT ik CUBE #L | i
o3t — 0 i A A 1 I A T EOAR IR AR B R
A TARK A4 m o A N A7 AR T 5 5008 T & b
ANBE PR AL T W AAAif 25 (). SC 6 6 BH L X4 0 A7 B T
R G HHE BT N AR A R WA EUE R R G
PERE S P N R, BRI G , o] A5 & b ) P9 A7 DR
S5 G VN AR BN I 1 v P BRI Ak B R O A AR
XF OLAP 5 if) (1 3 FE 88 J1 . X T 82 = N 77 5080 %
OLAP J FH i &5 45 1k g H A 52 1 7E .

1E what-if 4887 7, CUBE B 4 348 ¢ L5 ks
JE RS what-if 43 B P RE 1 32 B2 ) . L 5811 OLAP
N AL what-if 237 v i 55 % 2 3 i A 5008 R R
e it . 7E B T A B A B o A EOHE
OLAP R &GeHh, w1l LLAR 48 A 47 5408 b 78 ) o it —
A4 Ak CUBE 93158 R4 b 520 i DT 78 43 1 9
FERUHE E R e PR RE L 05 what-if 43 BT /) PE BE.

& % x #t

[1] Pendse N, Creeth R. The OLAP report. Business Intelli-
gence Competency Centers, 1995

[2] Philippakis A S. Structured what if analysis in DSS models//
Proceedings of the 21st Annual Hawaii International Confer-

ence on System Sciences, Decision Support and Knowledge

Based Systems Track. Kauai, HI, USA, 1988, 3. 366-370



1586 it

)

i 2008 4F

[3]

[5]

(6]

[7]

[8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

Davis F D, Kottemann J E. What-if analysis and the illusion
of control//Proceedings of the 24th Annual Hawaii Interna-
tional Conference on System Sciences. Kauai, HI, USA,
1991, 3. 452-460

Ramirez R G, Kulkarni U R, Moser K A. The cost of re-
trievals in what-if databases//Proceedings of the 24th Annual
Hawaii International Conference on System Sciences. Kauai,
HI, USA, 1991, 2. 136-145

Lee K'Y, Kim M. Efficient incremental maintenance of data
cubes//Proceedings of the 32nd International Conference on
Very Large Data Bases. Seoul, Korea, 2006. 823-833
Balmin A, Papadimitriou T, Papakonstantinou Y. Hypo-
thetical queries in an OLAP environment//Proceedings of the
26th International Conference on Very Large Data Bases.
Cairo Egypt, 2000.: 220-231

Timothy Griffin, Richard Hull. A framework for implemen-
ting hypothetical queries//Proceedings of the ACM SIGMOD
International Conference on Management of Data. Tucson,
Arizona, USA, 1997. 231-242

Zhang Y, Shen H. Applying hypothetical queries to E-com-
merce systems to support reservation and personal prefer-
ences//Proceedings of the 11th International Database Engi-
neering and Applications Symposium. Washington, DC,
USA, 2007 46-53

Bebel B, Eder J, Koncilia C, Morzy T, Wrembel R. Crea-
tion and management of versions in multiversion data ware-
house//Proceedings of the 2004 ACM Symposium on Applied
Computing. Nicosia, Cyprus, 2004. 717-723

Morzy T, Wrembel R. On querying versions of multiversion
data warehouse//Proceedings of the 7th ACM International
Workshop on Data Warehousing and OLAP. Washington,
DC, USA, 2004. 92-101

Gray ], Bosworth A, Layman A, Pirahesh H. Data cube: A
relational aggregation operator generalizing group-by, cross-
tab, and sub-total//Proceedings of the 12th IEEE Interna-
tional Conference on Data Engineering. New Orleans, Loui-
sitana, 1996, 152-159

Mumick I S, Quass D, Mumick B S. Maintenance of data
cubes and summary tables in a warehouse//Proceedings of
the ACM SIGMOD International Conference on Management
of Data. Tucson, Arizona, USA, 1997. 100-111

Beyer K, Ramakrishnan R. Bottom-up computation of sparse
and iceberg CUBEs//Proceedings of the ACM SIGMOD In-
ternational Conference on Management of Data. Philadel-
phia, Pennsylvania, USA, 1999. 359-370

Han J, PeiJ, Dong G,Wang K. Efficient computation of ice-
berg cubes with complex measures//Proceedings of the ACM
SIGMOD International Conference on Management of Data.
Santa Barbara, CA, USA, 2001. 1-12

Lehner W, Sidle R, Pirahesh H. Cochrane R. Maintenance
of cube automatic summary tables. ACM SIGMOD Record,
2000, 29(2) . 512-513

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Hurtado C A, Mendelzon A O, Vaisman A A. Maintaining
data cubes under dimension updates//Proceedings of the 15th
International Conference on Data Engineering. Sydney, Aus-
tralia, 1999. 346-355

Hurtado C A, Mendelzon A O, Vaisman A A. Updating
OLAP dimensions//Proceedings of the 2nd ACM Interna-
tional Workshop on Data Warehousing and OLAP. Kansas
City, Missouri, USA, 1999. 60-66

Mendelzon A O, Vaisman A A. Temporal queries in
OLAP//Proceedings of the 26th International Conference on
Very Large Data Bases. Cairo Egypt, 2000: 242-253
Vaisman A A, Mendelzon A O, Ruaro W, Cymerman S G.
Supporting dimension updates in an OLAP server//Proceed-
ings of the 14th International Conference on Advanced Infor-
mation Systems Engineering. Berlin Heidelberg: Springer-
Verlag, 2002: 67-82

Gupta A, Mumick I S. Maintenance of materialized views:
Problems, techniques and applications. IEEE Data Engineer-
ing Bulletin, 1995, 18(2). 3-18

Stonebraker M, Keller K. Embedding expert knowledge and
hypothetical data bases into a data base system//Proceedings
of the 1980 ACM SIGMOD Conference on Management of
Data. Santa Monica, CA, 1980: 58-66

Woodfill J, Stonebraker M. An implementation of hypothet-
ical relations//Proceedings of the 9th International Confer-
ence on Very Large Data Base. Florence, Italy, 1983. 157-
166

Ghandeharizadeh S, Hull R, Jacobs D. Heraclitus: Eleva-
ting deltas to be first-class citizens in a database programming
language. ACM Transactions on Database Systems, 1996,
21(3): 370-426

System and method for maintaining data for performing
“What if” analysis. United States Patent, US 6766325B1,
2004

Witkowski A, Bellamkonda S, Bozkayz T, Naimat A, Sheng
L, Subramanian S, Waingold A. Query by excel//Proceed-
ings of the 31st VLDB Conference.
2005 1204-1215

The SQL Model Clause of Oracle Database 10g. An Oracle
White Paper, August, 2003

Witkowski A, Bellamkonda S, Bozkayz T, Folkert N, Gupta
A, Haydu J, Sheng L., Subramanian S. Advanced SQL mod-

Trondheim, Norway,

eling in RDBMS. ACM Transactions on Database Systems,
2005, 30(1): 83-121

Witkowski A, Bellamkonda S, Bozkayz T, Dorman G, Folk-
ert N et al. Spreadsheets in RDBMS for OLAP//Proceedings
of the ACM SIGMOD International Conference on Manage-
ment of Data. San Diego, 2003; 52-63

Witkowski A, Bellamkonda S, Bozkayz T, Folkert N, Gupta
A, Sheng L, Subramanian S. Business modeling using SQL
spreadsheets//Proceedings of the 29th VLDB Conference.
Berlin, Germany, 2003; 1117-1120



9 34 +

WA . LFF What-if 2087 OLAP RGEWF 5 1587

WANG Shan, born in 1944, pro-
fessor, Ph. D. supervisor. Her research
interests include high performance scala-
ble database, data warehouse and

knowledge engineering, database infor-

mation retrieval.

Background

What-if analysis focuses on analysis on hypothetical sce-
narios based on historical data, and it is an important type of
DSS analytical processing procedure. In the traditional re-
searches, different prototypes and solutions aimed at specific
requirements and scenarios, no complete and global solutions
can meet the general requirement of what-if analysis. In this
paper, the authors present a framework of what-if analysis
which is essential for the future research work, also develop
several what-if analysis solutions to fill the gap in the frame-

work. Improving the performance of what-if analysis by the

XIAO Yan-Qin, born in 1974, Ph. D. candidate. Her
current research interests include main-memory database,
OLAP and high performance databases.

ZHANG Yan-Song. born in 1973, associate professor.
His current research interests include main-memory data-
base, OLAP and high performance databases.

CHEN Hong, born in 1965, professor, Ph. D. supervi-
sor. Her main research interests include database, data

warehouse and sensor networks.

character of main memory OLAP is one of key problems of
the study. The work is supported by the National Natural
China ( grant Nos. 60473069,
60496325), the joint research of HP Labs China and Infor-

Science Foundation of
mation School of Renmin University, and the joint research
of Beijing Municipal Commission of Education. The target of
research is to establish a Main-Memory OLAP system based
on what-if analysis which can provide high performance and

powerful what-if analysis function.



