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A Data Warehouse System for Building Equipment Maintenance

Based on Performance Evaluation

Student : Po-Hsun Li Advisor : Dr. Ren-jye Dzeng
Institute of Civil Engineering National Chiao Tung University

Abstract

Recently maintenance management of facility is more important to society; the
equipment working affect cost-benefit about maintenance. But maintenance performance on
building equipment must consider economic and capability. The impact factor is not only
complex but also diffical to measure as a rule. It is a challenge for maintenance manager. And
that most maintenance process is unable;toe recerd and analyze. The purpose of this research is
to support  “Decision-oriented” .query using “Data Warehouse”, and build “Decision Support

System” based on “Performance Evaluation™.

Collection performance indicators apply to buiding equipment, as well as data type for
decision makers care. Building database of day-to-day maintenance work. It is called “OLTP”
(On-Line Transaction Process) that'make data to“ETL”(Extraction Transformation Loading).
Converting and loading data from-database oft OLTP to data cube of multidimension
deciding on “Star schema” or “Snowflake schema”. Than we can Using “OLAP”(On-Line
Analytical Process) technology to get real time “Decision-oriented” data flexibility. Finally
user interface can make more visualization on data browsing, that using Pivot Table function

of MS-Excel to advance quality and efficiency of decision.

Maintenance decision maker can browse data based on Multidimension mode according
as fact and view. Collating type of performance indicators for maintenance cost and
equipment efficiency. Observing the affected variation for impact factors to maintenance
performance. And than we can adopt action aimed the important impact factors. This research
will building DSS of “Data Warehouse” for building equipment maintenance based on
“Performance Evaluation” mode. The effort provide to design system for reference on actual
situation. So that it can abridge time on building system, and improve on equipment economic

and capability.
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IR redp e (Performance Indicator) ez & @ MT&;3302t 2 2 p & p ok
chdp dc (index) #4577 4 (pointer) | [Dugrette,Stowe 1993] » ¥ § & K J 2 & & ¢
TgTesipl £ 258 (impact) 42 e * 4‘;"12%:@ [Finnimore 1993] - jF 4 & =5 % 3

NN & T Ao Handp iR ALY KIFL =R My ra@ma- 81 &gl ¥ L8V h
F o2 VR ATy Fat o HimF A 0 3 R - LFF B i ey
SRR R R SR e b S SULE S RN S R 4

WAL OFRE T2 o 0 U FRERE 071 FF A ke

A B b bl PR TR Rk B AR R

FrehE Bk o - ¥ Lo A T (3£ % 1992)

- E’Jﬁ‘iﬁ%i A M R Mol p o S a2
LAIEFEA G WA EEE o d NP p i R G E PR
Mo sy 185 ghcmana ge ApaR R T o 5 T
(qualitative ) # & 1+ (quantitative ) ik -

SRR AN K dhe WA A S E AT R -

e L SR PEA LGSR R s R A e L R
Jodoriy R oo T AR T REARRE B A R AR Lhp R ® il e FUt L sk
ta 2 & v 37 AL & #h [ Edith Simehi-Levi 2003]

- TR (R R ¢

S B fRe(E bR

Ji

SE B L TR (F T E)

o~V Ra(FEE k) e

=g

TR EIGRES IR R
A JEF AT ke

~ApiEE £ & 03 P (KPI > B4R podp i) o
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AN SmBE(e T F A A4 Hako TR KM ) o

1~ T LA e B GER S AL k) .
LGB R (D1 )

F OB A p g or /*%(Roup 2004 > Mathew et al. 2002 > Jose et al. 2002 -
WesterKamp 1998 » Dunn 1998 > Dunn 1997 » Groote 1995 > Anonymous 1993) » # ETF Hod
W REY L g ondpiRdie £ 20

R ey ahi- F (F2p [#iFi= 2005] )
%iﬁ%ﬁﬁ FPPF
ERGIE A |- BAPEE A
B BREIRFRALAAR

H

Ea g et

el 3 (71 TR AR

- KA A 1 (B B #c 0 4o 2 (Turnaround
Maintenance)

WHAER T i = |- KA RS

- R A lé’~ ;‘ FAKFTE A

= TEARIE P R H AR E gy g oAt
-,T.%ﬁm"j AR AL F A

I :,\,j; /E:PE*KFBFW#:%

- b KE PR zzﬁt)@w\ug WHERF PR A
S AMEFA L ITRE T > 4o i (Turnaround
Maintenance)

A4 1 R - I (PM)F& B pFibAT 1 iFR a1 pEE AL
- AR FR RIS LRI R At
- AerTiR PR

- RH R AR K

-5 R BREFAEL TR

E R - % # K # & (Availability)

- 7 A1 * 5 (Utilization)

- ERRAIEE R HeR

- MTBF (Mean Time Between Failure)

- 22 pFafcer & ) (Downtime Hrs)

- A FIRE RErE AL R R E S A
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d tb’v‘ifr.f‘:&@,.éééi#gf%'wzﬁﬁzﬁff—:ﬁa@d»‘jx S1ER I A4 1 e ok e
FARFELRFTH 4o & 3 977 0 BHORB Hadp kT ARIEE SEE S AR S o

-

FREEPRG R K 2 5’**9:@.1‘

=\

2 11{%% 7 ~38 p [Pintelon 1990]) - 4= % 4 #7573 » 3%
BEAREm a2 525 g 20 ki F > g # (Progressive Multi-aspect
Comparision ) 2 * 20 &R i3 »c % 2 i ridp ik [5R /2 1997] o ¥ #hde £ 5 9757 o
BN RIS I B R R % i3 e »c [DuPont 1995]) - 4- % 6 #7171 > &
AL B EF g o B TR G BEN NF e L EH 0 IS E i s ET (]
AFEECHZEHENTIARAK D VR ERRY - RESAZFHALAAS e BINL
FLme s ehs » [HiE3 1996]

# 3~ %% % »dp % [Pintelon,Van Wassenhove 1990]

#E P THER( LABFP R TECHPPEFAE )
R AREFRY TP g d & = FEHHE+ &+ e
Eny J-#E‘*Fﬁ”ff’*tflfgﬁfmkiﬁ
R | R % wfeiad AT
b & s & E’F,‘v 'lr
AT :d.;s;w: S S AR TR
4 3= e % 4=
v RE EE2F ﬁxﬁ-’.")‘ﬁ;(MTBF): B [ s i
N aE A TR ERE T (MITR) = ol b s 8 pF i /| Rachh= i
RRRE s Fom s A% L AR
H - v g A A TEANT Y A
¥ 474 LT EY S

LR dp e | 4eFIapEE At | 4eriphdic [ 41 pF X 100%
AL A | KL PR A pE

phE | Raess REE e rEaT P R [ EGE
PRA% PR L5 ES TR 'SR AT ES

ARG I R = @i pr (AP RALPE + SR pE)
e PEREERR T AT Lk
TERRA A I P h AL
PRAR 2 5 FRNITL TR g [ AR RIRIE B
A JLE % KA 1 T - H(T+1)7E® 4 3 1P

:*- -~ MTBF : Mean Time Between Failure

- ~ MTTR : Mean Time To Repair
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2 4~ Akl R FE iR [%RiFE 1997]

P rE R PFE AL
wig ey o %=9%U~B$ﬁﬂﬂ%**?ﬂ-adqﬁwui. FRER S X
" B | T A% chii 1 pEx100 PETET 100
Fod goon (%% Faivahdapr |k e FIRERF [ R
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. %=% AR [ P
0 Fl# 2t ivFE ey o pF x100
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I s 92 P e A ﬁ« B i e B e S S
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o 00 F & ¥ r i3 1 pF x 100%
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T4 (%=1 R FAR AR L bt EFERAGIEP (AR GIE P #E/ =

SEF [hw /e Edge aedos] * 3 P % x 100%
WU B e |96=9 "L it £ Apn ] WRAD [ RFHD X
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e B R %S enlEE 4 A X100 100%

BB (g r=ag g [ PEER |F L RE (e |agreEy [ 8
.‘r

% T e P ¥ ) Y
#Fﬁ@gé‘f” %:;Lé:l‘ﬁifl;/:_mg B q_F‘ [ & ;'—fcl’ﬁ.fﬂ 2L r(h?-“}ﬁﬁ / ‘a‘_u;F
R g g3 x100 T Ik 100%
MR HI T (Y= s TR [ G S ERERT | PEER
¥ ok PR X100 SETECT g mpEr x 100%
B & |0z By fenid o pF o/
' zg_“}l B‘é}LL %
fEa B 1 pF x100
2 . \E- Eé':FE,IB. / 2 .
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Z 5 B2 P A falt =

% 4p ¥ [DuPont 1995]

ip ik 25 Elis A P 1%
Ry
;g,,},_ [;3 2 7y > aﬂy,}" /ﬁ%‘/ /} é$;E$§ ?"

tm ‘B 3 L%, RO 2 &= S
“E"K‘;}{%ng’ﬁ',gl—— &MRFF) [ 23%% %% % o
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HisZ{#H2 | {#HFEHE 230 |HePpEaREa & BAARE > b
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WEFRPED | H TR B7 | R ek |
. , . ¥ | 80% - 90%
A * 1 TR b2
., P AR e @ o
& PR AR PR e P fg ik & F 90% - 95%

o £l aiga g i
L 32ig 4R pER g E AT %z | AR e T

2K A s B
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SuEEpERE A e =
I - _ |
senem | T o R EAe | L | AR
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Hrg 1= e e e
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% 6~ g e T4 [HE3 1996]
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TR (F e 4 AR R)
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% PR F

F Rt Bk # 4 sk 2 sh N
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FRPEXA A
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&
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MTTR
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* R R AEA A

4 3z EARE

F Rt Bk # 4 sk 4 sh N
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BAE A A

FRRAES o TR E el g krow
T A A4

4

A

4

Productivity
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BE. VERT L2 iF 2 Freni Pt [ Niven 2004 ]

- R BERRE PG AR N FERRHGL PR KT P L
PR R G RR  ¢ dE R xﬁi,fﬁw%?vfrm* i
% GIR BRI R 4 e B o 10 SR A SRS P R B
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Hinze 1998) - =4 & 38 & * K%K % P 71K & fﬁfbﬁ P HIERPEIRE A LA
fenig ® &L gk oo DREARNE, S TR0 S HEARR LR 22 g
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Flot TRERY D7 At 006 5 PR GL IR [ € BETIR G AL A0S A
[ZHx% adFFraesé 1999] -

B R RECHR A AR A PR EF R R RE S AR
FoR 9 AWK AL Ol B BRI T F N E- BN F A BepE s
FARZ H A kepagy ¥~ 423 [lgal M. Shohet 2006] -

135 p—

1.20

1145

1.10

1.05 4

1.00

Occupancy Coefficient

095 4

0.50 .
T0% BO% 0% 100 % 110% 120% 130% 140%

Occupancy Level

LEGEND: — linear Model — Non-Linear Model

B 9~ ib* thde (- #eniy g &) -3 [1gal M. Shohet 2006]

AN T s g g YOERTCEE A M A - BRI T RN B
PE v SBRERNS S - TR BE SR ER AR N

2
f
Sedtrr Y B 2o e r R IRERA B S o o % T

407 ok Rl BPA

L EE I Bl I i

i 557 © | © | © | [z7# 2005)

B4 Rk © [ %4 % 4% 2002)] - [Uhlik and Hinze 1998])
B © © | [# %48 2002]

B RES © © © [#::£ 4 2000]

LR E © © © [¢ 25/ =it 2002]

A O | O | [EaxFa#FE it 1999]

® AR © [ Igal M. Shohet 2006
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BEAALF R R IR i ER O A AR K SRR
Pl § 3% 5 cip A g o B 2 AT R Rl b gl e LY 4

aESAG ERPEHTT > FBhe £ 8o

% 8~ RHEFEBETS (K2p [Gregory R. Ottoman,1999] )
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Phillips (1989) © © © ©
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BRB (1990) © © © © © ©
Melvin (1992) © © © © © © ©
Barco (1995) © © © © ©
Kaiser (1995) © © © © © © ©
CERF (1996) © © © © ©
Neely et al. (1991) © © © © © © ©
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23 FTH AR

EHTH A B ( process of constructing ) % i * F #L § &% (using data
warehouse ) ALz i FAL A %14 (data warehousing) o @ AuRfd ¢ FHLE LTS
BEMEGIE o TR ARETL A EATNRBZ AR FTHRE >+ k4
iﬁw%lééﬁﬂi PR AR EH LA RERETF TR s TRABEA- BEY

TR - RGeS > FEHEARLERN 2 e e R A T ML T

?

o '*,45 TEARER oo Be 70 & 4~ 47(0nline Analytical Processing, OLAP) 7 ¢ »

AP th RS RS R 0 L S ko] BRI -
= . P X
231 FHHETE

PEH AR B L35S A0 lnmon #1990 & ik e Ha ki 0 TFEAA
5 - 2138 %» (subjectoriented) -~ £ & i 0 (integrated) ~ pFRF % £ (time-variant)
% si3f 14 (nonvolatile) &w = £k s T ELEAZEOT R LRI ENF R w\

fi‘:}’ii’# ° ]

~ 2 4% (subjectoriented )il 5 A 7 A BEATR 2 0 BFTRELE AR
AR e fAAE N IRER R - A o

S L (integrated) CFALARERE L L F S BT KR B TR

w2 — R (consistent) rAp e et N RE T

-

Z PR (time-variant) o EFhFA RBEENTH - F - TOFF R L
T2 ARG R R LAT ) BT E K SRR TR iR pEanld o

z ~ v g 4 (nonvolatile) ?1,';\,\ ALARELS IR (B HIFiTH s - B

(e g ends » FRLE BT B E A R

Chorleywood(1997)#& 41 T FAl A k& - ™A A 2t- A &> FAAI- B
& kiR o 2l F 2% B (voluminous) sk & 0 3t - BETFTRBE SR o 0t TR
- L FrReha £ oo ki et < 2 24 (unstructured) ~ & 4130 (unplanned) s R R
(extraction) (T ¥ ; 52 T FAL AR | T BAE A JarE > [ AR T B FREHREY

H&(passive) » ¥ iv £ - BEAEEG P g @ ¢l FE 1 gy (data factory) | & T F
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3 1 g (information factory) | & B~ > F] L BB F M i p A B o R FIE 2 AR

RARETR AL L 5 T L B § 4 (Vigorous) ff A -

Hoven(1998)in s FH A s E -~ RN Bec e LA E S VA A F b &
ik

s A s BT RET VAR A3 L AR E ko

B OO A Rk~ EF Kimball(1998) 2 & FAl Ak &d p ¥ eh b e drd B - HE
fe el > AR A MY | o

232 FTHHRF

FTHABITAPRF RS S THREPIFTER kg AFBIERER LG

TG L F R B (data collection) ~ FFAL R 22 = (database creatlon) 7 ¢ 72 (data
management) & 7 FAlRE G 2B 2 *ﬂ L % % gz~ A4 47 (dataanalysis) -~ 2z

(understanding) ¢ # ? L AR B E Az e B) 10 4

& 1980 £ & #p > 125 42 B 5 R 4L (Entity-Relationship Modeling) = 2 % 3% 3+ F 1
B g2k s R (Normalization) i oF T £ A i fe At 7 — 2> B 5 BT
W A7 bR AU F AR B g B p F (PR FRE o d 3
ER-Model # * & i » @ K FEAReeAg g (50 ¥ Z 2 PR RIR2 »eF o il
¥R gupiahpf s AGREHEL FHRER BRERE 27 -

TR AR LERTL1990 2 A4 A4 nfrh > - BRI S A EHPAEIR o LB E
BEAENTZF M @ FH A3 (T F RS BT é‘ﬁf%'gf’\/”\*f’ &L # PR
Pafoeifer f ¥ de i 9L THEFRIAETEAH R LT
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Data Collection and Database Creation
{1960s and earlier)
-Primitive file processing

Database Management Systems

(19705 and 1980s)

-Hierarchical and network database systems
-Relational daabase sysiem

-Data modeling tools: entity-relationship model,

ete.

-Indexing and data organization technologies:
B+-tree, hashing, etc.

-User interfaces, forms and reports

-Query processing and query optimization
-Transaction management; récovery,
concurrency control, ete,

-On-line transaction processing (OLTP)

Advanced Database
Systems

(mid- 1 980s-present)
-Advanced data models:
extended-relational,
object-oriented,
object-relational, deductive
-Application-oriented:
spatial, temporal,
multimedia, active, scientific,
knowledge hases

L 2

Data Warchousing and Data mining
(late 1980s-present)

-Data warchouse and OLAP
technology

-Diata mining and knowledge
discovery

¥

Web-based Database
Svstems

i 1 990s-present)

=AM L-based database systems
-Weh mining

New Generation of Integrated Information Systems(2000----)

W 10~ FHE$#F E [R. Elmasri, S. B. Navathe 2000]
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EEAFRE L AFE TR T b RGBTl S s
2 % &2 (On-Line Transaction Processing, OLTP) kst > v FEehF L g p § ehiv ¥
SHEe o doBE s Bl RE  ap eI Rt TR AR FRIRE
PR A (P TR A & T i FTe S i B 2 IR P TR D
FALZ G Y TR R R
SERFTHEE DRSS PR AT LR AR

Processing, OLAP ) ,x %t o

R GG - R A ylaak ok o g
¥ (On-Line Analytical

% 9-OLTP & OLAP
M 2E k% (OLTP)
Ao mAlEREA

& Senl R
247 %% (OLAP)
AR e o Y 2

L
i reng ¥ Ak AR AR LB
FEN T, o AEE | FENT2REH ’i:}%?
FRE LTERPN L e L TR AR S N T
EHEN e ¥ RS IR AL
o - g X (¥ o=
xéw—iﬁ ~ 4 B N AT AR SRCOES "R (ii‘f"ﬁﬁl—ﬂ HiT
A A E)
S €A S

Mo 2 NS
*? & {7 20 AR 2

VN A
B7 g ¥EH

hpas)

A e S e

# a ( Read/write )

v 3f (Mostly read )

Heen s WA S BEH - 3 )

TR aJL

F'ELFT’” Fﬁgtui\-)\

,1 mﬁr— _-p(m? ’}' 4

?‘1 FRer i up §T
¥k i e

& (star) & 2 C
(snowflake) & 4 - 1 4F 5 #w

=4
Rt o L E AR g

T = e ey R A A
Eami R R kPR A TR E B A Rl
M T
Aok PTG 0 2 | i RATHEFEL TS
TR R 2 % f4pd v (100MBto | 7 &0 2 B end fofn i 4
GB) (100GBto TB)
FAL kR FE@p [Inmon 1996 ~ Chaudhuri, Dayal 1997 ~ Han , Kamber 2000}
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233 FTHAEEHE

HL A R *#— E LGl TR KRR o IRe aF g R T ARAR T aud
o ﬁi%*\*frl Bz xna s B & 2n e a2 [Jawei & Micheline,2001) » 4 B 11

T 0 B AT A

~ N Y

I
I
I
I
W A d |
I
I
I
I

Ll

At 5

Bafaigk

{Data Warehouse)

T ES?

~

£

“
DO

=)
i

1% ¥ 42 7 44

o T AT e
(OLTF) #4442 77 (Dt Mart) | emultidimensional | LR
data model)
; . | OLAP |
- o - = o B - E_
_LE'TH"T:--‘E- I ﬁ*‘l‘ﬁuﬁ l E:E'EKEI_-t-_JTIj#l E—

B 11~ FRA *#(&fi“'a [Jawel Micheline 2001] )
N Y

T AR ET A kR A & H OLTP *q"imp o B v F ‘l"lir'%%,f 2
(Legacy system) Fad et ¢ 3R FsL » drd E R L HFTH ~ By A AT RS o d
FEFTHERLFROTHRE > T EHRERST - o

=~ TR ehzP(Extract) ~ # 3 (Transform) ~ §% » (Load)x %

o

"L AR ERFLREFTTHESTH f FEFTHEDTRBERTT LT
Ao BFEEE N S F L hd TR T G 0o T AL S % % (Data Staging
Area) » 2 155 k- FAAPERRTARE O T TR A TR S wi o FE
Bt AR EHHIRATRRIF L FEE E s ]2 T E
oo s B A A INA TR 2 BT ol W eBINA AT AR
2R OTFIELA BB A > Ry TR A G515 ¢ (Data Warehouse Institute) #7 i st 3+
Bh o 9F 80%erns 4 g gt pr g iF [# 5 £ 2000]

31



~ 3444 7 (Data Mart)

It

T FQR002)F I FHALT F AT R GREDOFELS D T Y ERTROE S A
Sy ﬁﬁﬂfk?mﬁaﬁ N S TR L P
=

B g R A KT SRR RS A A R LRk TS 4 S
BRI i AR i

= ~ &b 4 47532 (On-Line Analytical Processing, OLAP)

F_*

OLAP ™ 3 M2 » i * ¥ 7 (M A3~ A4 TR 217 /81 2
PRAG P RREBAITEE ) MR L 0 A B AT > S SRR
%’j\—‘fﬁli%@'%ﬂ@ £ % B éﬂ@fﬁ 9’§ ;L .ﬁﬁ_;ﬁﬁ_‘,ﬁ_p?u_ Bk A Al
SRS S A

\ﬂ\ ol

SN TR A= e )

d 3P FOR A R enid o 2L Rdeo B hmaE S G 7 R g g iRdR R L ih
TREBGFLE BEFTE LB 27 B4 92 37 4 (Data query and reporting) ~
TP 1438 4 (Ad hoc- reports) ~ 7 #4544 (Data Mining) ~ = ¥ 7 3t & “i(Executive
information system, EIS) o Fugf #7(2002)3% % F AL fFHs 38 * L 14 E 2 J0F - 54
FEFHTARET P B E PRI RS 2 A RTERE A E TR B
F4o48% (Trend) ~ #pc (Pattern) % 48 B 1+ (Relatlonshlp) EER AT
FRATL > UREIFRIB D FRIE BB AITE RAGT SRR KL
TR FIRF ISP E > A BT - i o OLAP ¥ - F A {7ng &>
Data Mining P &_# J‘J%’é’-’r;‘#a‘;ﬂg frjT b FlenF R AR T enE & o % i 0 Data Mining

FoARaA R s FANTHEARY AFHET LG - LT R R

=~ ¢ 435 (metadata)

Alex Berson , Stephen(1997)#t 3| ¢ #FH & - Ap t T g BT DT H
(Data about data) - F 4L & #5e? AL A L Ppw? #34(Technical metadata)¢? 7
¥ ¢ %74 (Business metadata)® ~ £ o Bk MR 7 FAR G R £ g B
#EOERIEARAPRE L &r?ﬂﬁ %R T & ~ FOoRLE (- (Data cleansing) ~ ## - %

BART AL S G plR FEY TR REY ¥ AP LR
EIHEOFTA o F AR R ERF s EnT A2z g a0 b2
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(Information object or business query object) ~ T4 g &5 T ¥ L FF o

CERHRRTHR

h- FRARY THETUELSZER T (factdata) &2 i 74 (dimension
data) ¢t @ <23 » FF TR R4 ¢ F 2 il TR LAERTRE D

= f’&/,;\ Ll f}]] s m “

s
WP
=l
S
=
e
A
fﬂ
ETIRS

SEA R TR AT B T

B g R TR 0 5 AT
234 5 AR T

B3 GAHTREE IS A TR R AR D TR RS R T
eSS 2 Jffrfi@i"—_;’ﬂ A g e T #:Y (multidimensional data model ) & 2k 3
B oA ke g HERN R FOR A d S 48 (datacube) ¢ B-iE o

A FOR 2 M (cube) LF ARG T 2 hTRE 0 v - % R TR 4 (fact table)
MR F A 4 (dimension table)#tfeai e § s g o GRS A S X R

*

oo
WRF %%E”ﬁiﬁiﬁﬁi%?%&ﬁ?ﬁ’i??ﬁ%W{% T A -

42,

R TR Y S SelenR L BR T A M IR £ ERE

s,

})H(

s
3
|4

2it {7 & 7 ol 3] 72 “Cnumerical measures) 47 3] erdcdy ’]} ¥ & (Measures) -
B F AT T (fach) T MTEHRE A AR A OT R ARG T A

ﬁ_}tl_r'% kétljlva]l}’ﬁ"‘}é‘é zﬁl—ﬁqié\*ﬁ.

ek

Kimball(1998)4% ' 4L 4 #% ¥ ' & #-3](Dimensional Modeling) - i & sh 45 3
ﬁﬁ&r"f .

- ~ Ak g4p(Starschema) : A4 - BEF EH AR - FERRFTHE A TS > 7
RIS A K R HF v K AR (de-normalized) o A FAL A RE2 4 EE
TEAMFZREHPER > T2 MBS TREF IR RS TR IR

=~ 2 =% (Snowflake schema) * & - Bie 2 & R GHang - L BR FTH L D
Barficdy- BARTHRA 2 ERETRAOFTHRATRE A2 5 A
oSy a P LRI BB e TaamE s PAFTHE(Join)E v AR 4o

E @R TR B REE (T

do B 12 970m G R R SRR H0A] 0 4 8 TR S i (cube) £d - 1B 4 B (sales)F F



TR 4 22 g i (time) ~ Ag Z (customer) ~ 7 JE (store) ~ B 1 (employee) ~ A &(product) ~ i&_

& (promotion) = i & & #i = - dollars_sold ~ dollars_units ~ dollars_cost &_# 32 # B ~ =

£

Time dimensicn Product dimension
time_key(PE) product key(FE)
SQL_date SEU
day_of work description
week numeber brand
cuth categery
ete. pacdage_type
size
Store dimension Sales fact table S_a; o
?TGIE_L_CE.-'I:PK} - time key(PK) "
store L roduct key(PK) b _
store_name L ¢ I;TG:E_kE_}'I:PK} Customer dinension
address customer kev(PE) customer_key(PE)
dismict promotion_ keyiPE) b— customer_name
floor type < cletk_Ley(FK) purchase_profile
Gs dollars_sold cradit_profile
. . itz sold demoera; Iy
[Flerk dimension dollars cost address ]:JJJ-L-PE'
cletk key(PE) - ete.
clerk 1D
cler_name ] ] ]
clerk_grade Promefion dimension
ete promaotion_key(PE)
promotion name
price_fype
ad_type
display_type
etc.

W 12~ 42 Ejkar ) [Kimball 1998)
235 &b LT mIL

M 2472 (On-Line Analytical Processing, OLAP) & i¢ * 4 i¢ * T f g e
HAo o AR LA Lnlig Ry Figh b GUR AR TolA ¢ o sl
PR B 4T S MR TR o R TR LB 0 B OLAP chR MK F 4 5 M S
OLAP &R % ~ % ‘@& OLAP #PR%E [Kimball 1998] 2 & k4 E 4 R & 4] OLAP @
JRE=F -

- ~ M OLAP #R%E (ROLAP) : ¥ 7% ¢ FL#-FH AR niknd i
R W PR B PR F I kAR F IR A RN SRR TS R T
Al gk 3 M enp B TR E o i MOLAP 7 S84 -
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‘rv

=~ 34k OLAP #PRL® (MOLAP) : g ?Eiﬁ@-?iﬁiiﬁ B EEREG A j‘:’a:)i"f
BE S s A A (array-based) i MAEREFIIF R A E L BRNF S AR
TR T B R @R e R

= ~ B £ 7] OLAP & PR E(HOLAP): % & ROLAP ¥ MOLAP gk jis £ ’ﬁ ROLAP
% s 2 MOLAP -3 eni@ & enig 2l [ Han Kamber 2000)

BALE AT RLIL R (T G 0 B A A 4T IR R TF ¢ 42 ¢ ge(roll-up) ~ R A
(drill-down) ~*» % (slice) ~ *» = (dice) ~ #& #h(pivot) T &4 47 = 3 [Jiawei , Micheline 2001] -
B2 G| Ao T

Bl 13 8d 24 %k % ~ PR 3 B AR~ % enf Bl % 4% T4 H(cube) » % —

BEREFEBA R e 257 RHEFIRYGIAS BT e T EE LT ko0
TR B AR
PI —22 2>
P2 T
Pl —= = —= |2 R ok et
P00 : 3
siLae | 1 2% T
pan |15 8| 2|4 :45
. %
ans |20 ] s 3 [[2 | LA A% A
-=5='~=5f &l 1 A * .
wa | 10| 25| 28 || 3 [2BA, 8 .
?=:=:=?"‘ g |l
wxik |2l 2|l 32|26 |7

QrooQ2 03 M4
W 13~ REIR & 28 T4 0

-~ 2 gHROII-UP) : 5ol @k B TR R SR R R0 T FARE
Bp R FRN(L P F R L FRE R R SRR e
PREREDLRE L F LD P 2 FRAGBN 4o B 14557 -

PLOG
P102 i
PiO1
P10 [
x| 45] e2f 37]| 5518 AE
A | 34| 72| 38 46293|
x4 |66 25| 40][36 |7
Ql Q2 Q3 04
B 14~ 47 L W
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=~ F#£(Drill-Down) : B @R o Bor I PR GERE - SHESF BB 0 F
FREAEF ARG EA, L RER AR s e TEE S g
LAWK S L F AR BRASRE T, 0 4o B 15 417 o

B103

pu!’.“‘- A
P100 3
z—4 (5] 7] 2 53‘653
T4 [ 1] 3)l4]l6 |6l
= (2] 6][3]2 U5l
~m [10][13]] 5 9593'
E%[_‘FJ‘E_ﬁT

Ol Q2 Q3 04

B 1I5-F&£T7LH

=~ P (Slice): A E - HFLARE - o AuEH 1 - TS 2 g > 4o B 16
TR PRI - R ERAE  EEOH L EE -

Q1 QE (:IE 04

ﬁ] 16‘*7 ‘rfsﬁl
| |
RN ] (D'Ce) EE 5\{;7— w,fi’o I = lil F'H-&H-)i&ﬁQs Q4 % ‘/H-)it/a.:fé_;
3 5 ,an‘g_}ilﬁj}r{]_ »?g 1= »?gr‘s I[#iﬁi'?f: 4 B 17 #7577 o

B 17~>7 7L W

T~ fEgh(Pivot) 1 £ 57 g (T T U R e SRR IRFA .

X

4o Bl 18 REgh K F o B o R S SR K -

FLOOPTOT PIOZ PLO3

B 18 ~ &bt & W
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It

KPR EZAMEE HERRA AR BOGTRE TR A R R R
KRR TG AR FE ARG M A SR 24
l:T‘l

WAL o &R

e

o~
>

A
i LATEH AT AP MINA 0 B R AR 4T

&
- ~EAEE g

5

BIp s Emd REAPRRS 2RI SRS AR Ly e

%éﬁﬁ*’#ipii%lflﬂﬁa%éﬁﬂﬁ%%’ﬁéﬁa%ﬁl&&%
-3

TR FAEaE I BT A e ko DB B R R T
Pl N m;{l%a;ﬁ:}p#% AR ABESKRZ R FAHE S e FlAE R
REG AN B, P A By M d ] Rk dFai@r > A A F A
g@iﬁﬁxfﬁ.@'» hffcdpdpdee o BIRRT S Rt 1 Bk AR A 4 o0 3K
iR L R gt KA M T ERASTH F AR anER 2N Fart A R
TRA R KR SRR RS R 2 AR AR L R AR
Wig s i 0 ¥R A RS € 2 Ay BLEE o R R g A B
Fo&dmg i s FEE AR E Sreahd L gtk o

CEA TR A ARE AL E R P

TR ARET LA
Sk H Rl B TR
R

i e - B

FEFPHRNA A WA ARHEARFERET AR R F AP TR
AR IR L E RS Y R AR e e ks K A G ok e

o

ERRA LD RS -
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$3% AR LA RES

AR E PO RTEMA S ARG A LR R
(DSS > Decision Support System ) 3% » 2 FL & 38 07 U Bl es K ehr iy o 331
GHp A RNF RAPT VP RTRERBFIIESLAE > 432 & 33 4 H[PML P &
RRCIE N A Fr 5 34 @RGP dole MG AR IR A K TR R Raundz s 3.5 & R
é?%ﬁ%ﬁéﬁﬁﬁ’é%é%ﬁ?%%%aﬁﬁﬁwﬁﬂﬁﬁ;36%ﬁm%@ﬂ
PR TR R R X o Rl R T A 4

RRARAEFRBEFAL DR R ARF ARAD AL BRY FHF RGP
AR Bp e G ot AL A3 KA AR A A 0 F T ) TR E LRI

Lbﬁ{ji—?f;l,,\v}§_1£ ;L 14 R SR A A‘} ﬁ;;ﬁm@zgc; 3 :—: °
311 #* ¥ F &

FrEEAR R P A AKX u’é’*—g é:ﬁgﬁ;ﬁgiﬂlﬂ Vb TSR E AR
BB aHE T o 2 ) EF LRGP ERAROR S AR hp L Flo TRl ik
ﬁmﬁ%§@$%d5@~ﬂu # {7 Bt ,s“%ﬁMﬁﬁ*ma g

G OL P T BRI R AR AN L R 0 R F F R FIeT

S BB AR ET R A A R SRS ABEEL L

C O EMMEERB IR AT AAE N R B BRI o

R A HE SRR E RO e 0 MR TRERA BT oY
mo R AR ARSI R AT R AR FEp

=g
ra

WHEBELSITUBA T A ’f—'%i}igﬁh% .
AN AAB PRV A AGEERL TN MIEE 2 B o
SN mER R PR A EREL L

ARG EFENREDEERT R RRIRLNER  F ZRLTR

38



3.1.2 BiwfEik

PavFart e AR K MR T A SR A EF e A AT S F kR

oo 2 A ek B IS MiEnAR » FI AR X T SRR

- 2RISR RO R PER AR AR 0 B AR R BTy
@@%’&%@%%%éﬁﬁa%?ﬁﬁ@y%’éai¢?1ﬁ@rgﬁﬁ
CY-SLIRN I I S LYl ke X L S ’ﬁ%%wgﬁAﬁxagﬁﬁgﬁ,

AR X DARME R Ao R FE D A R R Y

1\93":

F_L
;g;:
™

Sk

KAz A s AE CHRREFUF PR EE S Ny o p oA e KIFL‘N’#QP
FERFRARRERTI EraET & 8RR & AADI LR 5
U BE e R 4T A o

S F AL E R RENMARLAEPRE NP AR 2R LT

d FANMECE (e > FORMA E e E L GRS B
§ A AR TR A
Bopp @ s i 5 RAEREA L FuC
g R I S Rl =d 8- T (P s

Ji

CEZALT D EEE A Sk ﬁﬂéaﬂvﬁiﬁﬁ%\%iéﬁiéﬁ

ﬁ’ﬁﬁﬁﬁfﬁﬂ‘miﬁlk g¢ o S 0 d AT AR AL T
AEAARGZEH P> oo @ A% XF 3 b P by % gy

BAE D Z K M E I I AR T AR RS RS
B35 Fl- BT AROT R A IMBRSNENTREES L FRREF IR

B R R AR 4 47 0 doi@ TR E R L R R ¢ éprﬂxﬁ garnagﬁwﬁgﬁ
P LR A RFERR L RTR o ZED SQL EiE A i EIE T

1
ﬁﬁ“%?ﬁ’ﬁﬁ%ﬁ%éﬁﬁ3§ﬁﬂﬁw’%ﬂ*@ EE S SRR E
R VR I FE L S AR O s VL B
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3.1.3

SR
FHGEE L B
?Av\;‘;_ziﬁ '\A’A,V_J'_;'

PR e RS D

Jo| 2 =
fﬁ%&l%

£ o

MEEABED I BREBEPFTLIE R A R YT E &
WL%{\E%I% Fd 4 39 e I—t' v e & 10 AT o F“l*’l‘:q [Es
SR M TR TR A RS A R KR

s e s

2 10~-2RARFREFTHE L L kA
A 15 B E T AL FHLA R
1k (Traditional File) (Database) (Data Warehouse)
B%lﬁiﬁgﬁﬂﬁﬁﬁ?ﬁ@@%TﬁkipﬁﬁLﬁﬂ?ﬂi.lKFWQ#mﬁ'ﬁK
| % sT s B TR oA EARIE
WERE RPE G5 0 & | Y OLAP RIIR B # &
L |mEs e gl CEER R M OLARERRE S - 7
ks YR T LA & v ERAR (702 e | R M £ F R R
TR i R T
all et I
URYGET AR S BA
iﬁ SR s ke A Eﬂﬁ&%ﬁﬁ%?ﬁ A h s GE R
FHE o RRET AR T RER KEAER* T RET
2
FALIPRIEF S _ ,
83| D o mm gy | RO B RS BRET RRARET 8
®e L SR e s e SR ER T
fed2
;Z ik 2 ik it
ao FEVEop et RaaE | B AR ARTH | B AR R RET
I3 ~ . , ", . ,
TR R A (SR G A
- BEPE AL AT EZ | FHAAYFALANESL | BRFTHENZE = &
S ” . / ”
SURERRSLE N BARATE F A R EE AR ST
L gu R PRELG Akl &7 5 485 %
e 2. NAkd B A EREBELE » FeHdrd e L adinse
;: 3. Vd RAFAEF b RRITH DA ’fgéc.sg_g%w:;
T A FHEERFUAERTRIL X F BHETR
5 ;ﬁ? ’EEI_ et ELFEj)IL)J-mEE’h%E—’R rp’f‘gfj‘)»*‘l%q*'gmﬁf\
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314 FTAEEFHE* R

AP AR AT A A s B BN TR EE AR PE R AR o
G e d 1197 0 g FFRAp FED YRS ARE AEA K g
ﬁ?ﬁ%ﬁla’ﬁ*ﬁ‘jAPﬁ@ FRFEV RO H NG AR A RDF

R ACBARIETRE (R EERARAALRAE L RPERY

2O 2 AREAEARL TRBEFLILE B R
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w
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I s 245 2 3 7 4 o 1 R ERERE i B & AR
Bl

2. YRR EERPT EERL T R RE G B R B
T~ AT %

3. KA ME ~ Mg ik MR THEER A0

f ok e

L WK AR BB P B 0 A 17 F T 1
ﬁgu %’}[— jz/"‘?b

5., AEBELITURMA L ehR ¥ hG > HEL R € R

W
©
©

7. ‘&FE d:_,/ ,:V,}-% b!;”L[—— A;\"}’? ‘FI .':f- ;’I_“_:l; g:-g? @ @
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315 AKX AIT1 E iR

TR B F RIS

o SEHT A

% 12~ %

P £

TR AT T R kIR i
JAREEE &Y B R R e 12 Lk k7l

ﬁ\é’\‘%‘?}% b’j& ﬁb'%@@fﬁm%% F’H}?—EL\L s

G BEE A1 2

ILECGERIES S ER

}3 7 P\?'mFl ‘}'lpq]—}'—
s e BB RIE P KPP A
Sk L R

VE g—vﬁm/‘i‘g\"* f Lo

F'B )7?

H OB

LRAESDELE VR

Bt

Microsoft Office
Excel 2003

Microsoft Office
Access 2003

Microsoft SQL
Server Analysis
Service 2005

AR A AR
(Fe=fafw)

LA A it
TR Y
=~ ¥ 11 VBA &
B R A A

BE T 5N R O
% (Table) 4 i >
Lo e s (T E

—_

RS =
(Cube) - 3f 4%

v Access @3 P ¥
f’?“—q‘-—'*%ﬁ S Tia
F‘ —]’ ﬁ ]2 F‘ |/

CUbe 71/ )(\‘ l\'zE] l:f

Fet Rt oenade (9 B ASEE N S B GE B | 2 Access £33 E
&?ﬁﬁ*ﬁé sod @mug v F 8 (MDX) 7B ﬂﬁ%ﬁ?ﬁmﬁa
PR N8 Feheld 52 @l s | 5@EEN o320 | B AFRH%Y
SR i’?%ﬂ%ﬁ K if B2 ekt E B S22 | L2 MDX 5 E 8
5 TALEY SR Ay 3
FrVBA ER | T AIMAR# R TMDX 5 % | 4 Access B
53 FTHEAFAL | #f 22 70 @ B~ OLAP —Pﬂjﬁ_ L TR A lﬁz?
N SQL % & enfait | e d BB HTH | HLABRTTHEE
' S h i 14 & (Schema)
A2 4
AERESPR | A ERELSITR | M E A AT | Y Excel HEF
AFR TSR ASN RERAR | BV RVEFEAN N > R F A
T et i ALT | TR Ao Kp | Excel ¢ T E G
R S AR EAe | F6EEROLAPE
A 45
HEfResrttR ( pErEFET | PEH S HTE | Y Excel k2R
wr | RTEMEE | @ Q&2 | i Cube pRE | AHRA T AR
A |FABE Bl | ARAERCRE | FOFREART | EIEEDR RPAR
R AR AREE | HIRLE T AT R A

42
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Microsoft Office

Microsoft Office

Microsoft SQL

rAFAE R

Excel 2003 Access 2003 Server Analysis (F&=zfutl)
bl 1 Service 2005
Ly WAIREFE N4 (B EERE ME RS G AR S AT
. AR R | VR e g HERR BN R "F’ﬁﬁg iF %
- FEE A X AR D VEE | B MRS | b At it 7
B L3 Rren@E | RBERREFRE | BRSO BE | FHAERRS
1k ; fo i

AR | EERFHRE | FHREAIRCE | WEMENTR | EFEZAEH K
i | AARVHAE (e TRAFEEY | RIFLIRFA EXEN=LE]
den (350 F U VBAGE [P 4 02 Aok | # 2 BIEA ERA
B | thIE R AR A - A

Tkl 2
o ?ﬁig\ﬁ =k =g 44 il;%
%%‘L fﬁif’iIﬂ, P P i/

)

A0 v

E
e

x1-VBA: B~ > L5

e

TR i AR S o

W2 SR EE N
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