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Overview of Data Extraction, Transformation and Loading

XU Jun-gang PEI Ying
(School of Information Science and Engineering, Graduate University of Chinese Academy of Sciences, Beijing 100190, China)
Abstract Data extraction, transformation and loading are crucial steps of data warehousing, which influences data qua-
lity of data warchouse intensively. With the development of informationization, ETL has already become one of most
popular research fields, but till now, ETL theory and technology are still not mature. As to the problems and factors ap-
peared in ETL research,many research methods and achievements were listed according to the main problems existed in

each ETL phase. Finally, several future research trends of ETL and some proposals for the future research work were

summarized and presented respectively.

Keywords ET1.,Data warchouse,Data quality, Metadata

1 5|

5 BRI 09 5 SR BE R, Ak dhFr B i B
RIS AW AL . B T R RE R AR B & LSBT
43 (Online Analytical Processing, OLAP) fIEIE =184 #)
K 1 224l 75 2L X R AL 3 45 40 B (Online Transaction
Processing, OL TPk & ZF M2 B 311k R 85 (Office Auto-
mation, OA)E 5% A 55 B R B A7 I TR G047 $R A A
EREE  LSCR M B2 B R, B PR PR X —
B4 RN AT RE, MR 2 B B FE2ERENEIEMA
B L R T RBIRCERS.

ETL MRS R E 88 ¢ B - A A r. 2ie
P i G PE R OC A TAEE RAG &k 5 R Ge b 9 BEI% 788
HEAT B R 2B Bk 55 R B E AT 6 AR B
PR T R R, XA EE A R B 2 AR C R R
WS TARKRME, X 3sm i, AR L T ETL A4
By BBEE R — B ML B UL, B TR
Tt 2RI CENEE LR, Bl E A ETL 58 it
A7 BT A SO BEE VAR T ETL 53k, b
RO R B L R A (5 B RS RS R BARE L
B R B SR R ETLL S8 A S BT(E B BOR TR BR i B

il

FWHH#1.2010-05-25 R4EH#1.2010-11-13

FOHZ .
2 ETL MR- FnThet

ETL BEARMHERL . 55 M3 3, (Extract, Transformation,
Loading) ({323 7R , 2 348 G P 2R B I B 30308 9 G B 31
WL BB S ARG T WA BUR TR R T
VERME MR AR BIE R R R AT ENAE R
¥E. ETL RMERECENSE 2 WEMEHECF &

HHET, X F ETL MkAF— M E X, Vassiliadis P. 1A
J:“ETL TRE—MEI LM TR, EMES 24 BEES
PR B TR | 080 1 U LA B BRI IR BE D, Simitsis AL B
ETL THE SCH" —H 51 5T A2 7] #h 28 AE 20 B B U
R OB X BB AT E U 2 AL BRI R A B
B RERMA, XFRE SCER I REY f BEXE ETL #£4T
TR ALY .

£ ETL 2, T E/F R BN A LR, TEM
PO TR IR 524 5] R, B A S0 U o S R B 4 —
R R A P 5 T 3R e B RT R R R A e el R B At
HUS R GE— M BRAA R BB BB o P, =&
r (6] ) 45 A0V ok WO o A R B TR R PR B e — R B

AR ESR 863 TR B 0 B35 FT RS THRE B R E R 7 (2009 A A01Z139) ¥R .

RIRRY1972—), 58, 1, BIBUR , FEH T WA BV E B8, E-mail: xujg@gucas. ac. cn; & F (1986 — ), L0, B2k, EEBICH 0 0 B

i KRR,

e 15 o



HOTRFBE i R S s A O T Ay B AR e Bk &
R 3k 34 LA B IE - 6E I ERA Y B F P Y B
U3 B4 v i R S BT & O BRI AR AR R A
B IE e — B0 sE s e Army DT,

#RHE“Garbage in.garbage out”JEI], KU 76 ETL p e
IR IAT T A, A REPRIE S O % F R ER R &,
M T ST 3 OLAP DA R B2 38 . BN, B IEAA . 7
BN R H 60K 1B e BHE ETL
BRI FISERE B0, Shilakes C. 81, 40k ETL T H %
MR ERAT RN CEER =02 — U F i RASHEN
Demarest M. ifiid I8 # B, ETL L &5 T MBI EE
B 80%6 LA LAY . kR WL, ETL EA % B E 5
S E IR FH R 5 .

3 ETL Bit#fzE

3.1 ETL &#
ETL @R 3 28 vp 7 25 A0 2 8 i T LA B Y ]
WS BRI T .

JHVY ETL 3o 72 (0 2 A0 R 3030 TR 19 JB M (A
tributes) MR BB @ EE P AR B TP, DIEER
WEREEL WA X RANBH UKL ETL B4
AN S, FERAE A E S AT YR RS 2, LUE B AT
ETL {ESh A A #4% , Vassiliadis P. BF5E T ETL M) 15 %
NFEELETL iE3h Ay e SO RS F R HETE™ , Simitsis A. 78
AL F5E® T ETL S @Rk R T —Hot B A3
T 5K 0 Y 28 40T AT 8 R R RS 1T

ETL /%5 58 BB R T SRR VR 0 70 1) 38008 65 P i 4
P, &3 F OHM(Operator Hub Model), OHM & Or-
chid R4t i) — Fiih S 45 1 R U R R 3 AP LR ] LUBR BN
FRA M ETL 3o #2458 B R LH6 e, Skoutas D, i
FHIE R AR L R A8 89 5 13 ETL s #2 ik 47 @4,
T E AT — A A OOk R — R B AR 2 B9 B IR R AR 2
S, BT A5 A0 T B0 90 3 s ST B dE A AR X b B LA R
ETL##:, RZTHEFH EEREL T —R% ETL d & $
UL RAE A LA R 153 2 i Sellis T. 48 H A8 AR "
#4T ETL #0850 R 5 T, A8 & T ETL %t A
LR .

Simitsis A. 2 A S5t W] AL BT ] 1B 38 R AT 5%
ALBEAT THRFT SRR L T 28 H sh b B3 7 35 (8 iR T 4w
F ok S LA B BN 59 IE B HEAT IO E , BRI JC AR SR AR A
H T {0 ETL it H R 7T —EE8HN S BR TR
ETL 98 8i%it, R, Simitsis A, KB B8 DL R 481k 0]
BRAE R R A 25 A8 R R, 76 2% SR BT AR AT TR T
/M ETL B HUTa e B k™,

3.2 EIL3BE®H3R

i PR BT (A) R AS 8], 08 ETL 5o 72 AT LA 53 A B o
HM, 48 ETL S EMEE ETL 3. 28 ETL 38—
BT HE RN, e ETL SR UA TFRECENY
R4, &8 ETL SR  SURE . i TRk
434y, WEBRETL a4 48 ETL P 4 4545050, 177
TEELFRH B RE AN T 1%

3.2.1 #HIERHER
ECR R A R B R 48 R R ERPE R 4 A TR 8 B
o« 16

JE R A 2 R ) B R A P BB T R . Ak B
AR % RBO B R 50 b B, 18 ¥ B B S5 Mk BE
CHN P 04,2 AR 5D AR G54 1k (U SO SO 48D ISR .

TR G5 M AL ERE  Doorenbos R, 4 AR A T HLEF S
A BRI I BT P 2 8 A7 i I o A A R b
8 ; Xiaoying Gao % A48 Hh 1B A 28 78 v i 0 B B i ot
AT, B — SR K E A —EHIRAESR,
TN LR GEAHESR I 7 Bt AT AR . Ling Lin A
i F 28 130 ST BOHE S U RS DR R B R 42 3 W Bt
XML 3C b 8 B 4T 3 8 A B . st FIR S AL 3K
P&, SCERL13]ME 3 Fhek BRI R SRR RAR  F R A I &L
FEARGIRME P EET EMFERDY, HFERFEIMAN
By Jiun-Lin Chen % il U2 i 7 & T 51 /1 (gravitation) K
Bk, DA R R & P R

SABUERE RN BN E ETL frEis g B ERRZ —.
SR B TR AR R B Y — P, F R Z BRI
W, ZHIERPEEERINFRLHRMERNA—
BRI R E SUBARTR] 5%, Bat EERRFE—oiiE
SRt AT BB B G -— AL FEED . SCIR(17 ARS8
A E, Wi  CWM (Common Warehouse Metada-
ta) SR AR AT AR A T I AU . X R A S
FEHATHIERET , SCRR(19 TR A T —F B Fauit s gy a3 (] 1)
BB 2 (B WHIRL) % Xt 5 B & FR 4 1T i 59,
TEZ 43 Web | ZBERIEHMBGHAT T 355, X EUS 8
e 1740 2 ) (short queries) , ESE T3 B 7 Be i gt i B9
AERRED) . SCERC2000F & T 1 1 BOHE 4R AR A ETL i BB AR A
Datalntegrator, LT 8 8 MEHE B oo/E N ETL SR
CSEIR Y % ETL b 4 R 16 88 i LA AT 45 s pEmd -
3.2.2 HIEHS

R e MR R A OB I SR I B P A AL R — Bt
. SRR BE e A R R T (R R A 3
A G ) BB R E T AT L SR R
HH I EAEEIC S BEE E AL .

BEE i — B AR . — R BB S B G —,
Bt hr B e R S U R LA R B — B e 28 B A X
R A 55— 28, B G T R R P T RE R E
BB IR E TR BRNA S SEsitE™,

08—, Halevy A. Z AR TEEBES "M
B FH LA A TS0 5 R 45 A A 58 % B IR B B R 1
B BB BRI T H ot B IR . Squire
C. Z NIRRT HIE % A sk B e F A R BB E R E
B TFRIE BRI B B SR R Tl IR
ST R 55 10 T B0 S R AT R e S R ey i k0L 4
ST KA, FEE A S B A, ST A ETL #
PR BOk S
3.2.3 H#EFk

X FRIERE & KR4 THE, tn OLAP. 3R 2 1
& T ERIE RS R E SRR R, OB R
SN NFERERE, FS5E R ERE. HiL, G4
Bt B o A BHE 6 FE A B0 SHT R A R BGE , AT
R 248 . X —d Rt FR BB E U™ .

Rahm E. 538 &l 840 4 28 IR FEE R [
B BB IR S ) 2 110 | 2 B RS = ) D 2 R U S



BRI, AT LS i A e i i AR U A R =0 A A
e B R VR L By ) gk /D SE M AR S, W SE BB
B PR A B S AR fE TR IR B i RSO U
AT, A GE T LB ) LR SN E R RS &

H R TR B R R R Bk .
EA MR e AR H TREZERAEL, R HRE R E
REMERBIEREEY MEREERAR™ %, I
AF SR ML E A B A T 5 T R R R TR A T Bk
BEEY BTN B TE SRR R A R TS VR B R R
T RS B H M HE . Borkar V.8 1 Hbhk ¥ iE
HIIE Ve 0] 8, M bt 7 B 4y AR TR, 3 B RIZRER S
JRA] e 48 A ( Hidden Markov Models, HMM) 3k % BiL Bk %%
#E7; Hernandez M. A, 2 IR _E LR EET, 3451
AR SR AR B R SRR BT R MR e R
PR 25, Qiu Yuefeng S AR T — R B0 H T N-
Gram RIRAE L, APt R M E D5,

AR E S SO R Y], Lee M. L. 48 UK 481 0
PUIMABI LIS b, 55 A il B N AH 25 5, i T AL A
2 RGE TR AT B AR A R PTEER

B T H5040 T R A AR AR 10 UL A S, PR ke 2 — Bt [
PYAE A TS IRAE SRR D A ST, AR, BEE AR ETL M)
T GERNERER T EERBEZIMAARNER.
Raman V. 28 A SEPLE Potter’ s Wheel %35 V5 BeHE LR AL 1] FH
PR KA B AT, Galhardas H. % A3 T —Ffp Ak
PEIET , B LIS 8 — S SR S TR B M S8 (i SR TC e B4
B R W BE B ), RIS BT &2 AJAX Y ETL fE28,
DB 0T M 43 15 38 46 AL 7 2 A R S L 15 B 25 4 Ak i T R AR
PRI SRS A LR O GBS T BdR e
FRBERY, PEARINOR TR R & T HAR AR BRI
THHT ) BT RERE S, LR R i GO BT AL B R R T
SR/

3.2.4 HBEEH

B R LB 5 R R T B R T
HR AR AL G U R M B A H AR B R SR &R
o IR ARV DRI R AR R H RV
W SETRE, BRI RATEEE W BEERET
L
o

HETHIE, & TR B ETL p#tss £ 8 &b
BRI AR Ve T S T EUR S BT R 5
W. H. B ETL Hi0as 8B 84y 3 8. 85— 25, 5 B v U
A PEAL F IRl — R GE v, W] LUK BOE RGO B A 8
2 AF1E Staging Arca(ETL 33 78 b il I 720, — ROV BE
O P REE, TR B REREOBAE SR BIECE
PEAYIRNT R, TE SR ETL SUe %A@
e i SCH B AR A A sk e 22 i B % I Ml 6 PR P 1Y
B, FIaAG H A SRR 7 . B e oL RR 6 20 i B )
.

A By B R R R R R R AR DA B A
R R B R APk ER . Fenk R. 42 H{ T 1 UB #
LB AR B (Bullo M B% , T AT 4 B A IS B AR 4 3
20T R UB LR e UB 38 0 B e 1 07 ik, 32 18
T A% /0 it CPU B, B SR T] FRMEE,

Inmon

— BT S PR R A BB LU 9 R E A T IR, 52
WA T SE IR SR A B PE . Pk, Ricardo J. S SR TSI B
PO (020 M, K B B N S BB SO SRR R
A T R A B AT E YRS S BRI SR
B3 A5/ M R R 2 IR R, LR AR S B SR A BT, el ok
88 0 bRl TPC-H % Sk i 88 4 28 i o RE AT T M iR
HA T T R T AT
3.2.5 ¥FETL 4

B ETL T8RO M4, BRI GED
BRI AT IR CE B IR . Xt &8 ETL W &, 48
B ETL At FE NS 2%, (AR M e 77 ok U0, 14 &
ETL b 4® ETL FEG A& T CER H F 4t

8 ETL | e B H08 B, F2A 3 Foral. (D&
THE PR B A (2) 2 TRl A o B a) 8 (3) (i PR I
Ao £ IRk T H (Bl Oracle) 8 # 7 CDC
(Changed Data Capture) HLil , B 5638 He 4 [ 8 ke FR B
BEE SR 58 F CDA(Capture Data Application) 3645 4b 3
JE R EBIEERANBER e .

e LI 2 A R B O T AT LR R SR IR A 4 1L AR
P YR8 R 4 i ETL S F2 5 s B e 3L, T3 & ETL i
BEREY/LMBENE R4 28 ETL 3R ESSE
B YRR SCRR43 T SR A T B, BT Se s B B
R E4Y . RE R T MCCI(Minimal Cost of Calculat-
ing Tncrement 84k , A4 it ETL 9 i Al 50 9L &t ETL
SAFRH SQLIER M ES. MCCL Fikm T 28 T 55h
IR &I, 7E ODS(Operational Data Store) % 4 B4 PR i 15
FEEEA T ATH AT RE S XTHERE = AR AL R A

Thomas J. & % 26 F 4038 & 7 35 35 F 90 B 4 47 o
S AR A R FOR B SRR, T BRSO RN
RBLBTEHA. Thomas J. 3 THMT X RAREFEN L,
A OHM $/ERF A Bemt HE TG, TR REA R
GBI ERT OHM 8, F XA 7w MEFH R4 X
TR AR BT E A
3.3 HIEREBSTHE
3.3.1 HERE

B G AR L 0y B B RO S pr SR v — B
SEREME BB R BB U PR T R &
S UVE BAR ISR IR R R R, REUR TSR 14
e ETL SRR ERREIENA D, B EFIERES
FE B B EL B T /S B RIF ML 55 R 45 S b3 s 1 I i
PELASN AR KRR EEEeF ETL AR 3 i iy ab 2

BRI 4 R R B R, SR — B AT AR
#E. Chapman D. $8 H , 8085 I &8 09 2 1845 5 H LR N A4
EAHU . e ETL 413N, Kimball R, 55 Caserta J. #8244
HRE RO 59 IE TR PE L TR Bt SE M L BT M A FR A
X 6 AN BEIEPRAE R AT B 48 30 1 A B B B AR A K
ERB R HEZN,
3.3.2 I

TEHIE B ABIE M BE. ABECE T ukiEEE
FEXhlk 55 BE A 5 X H BT AR R 5w U EE, Bl
YRR e B R G R AR AR FEMiR. st
T ETL i sk, sodai BB B AP R . (D& X
PRIR RGO B R BE R FR M (OB AR SR ) B AR B

« 17 o



XTI 5 (3 BHREAD R 55 2 4 5 (O TERE SR 3 AT Y
HELEMES T, THE-RETEIIERCEME,
ETL HBr A S B AR kA 2 8 ST B0

BHEAITEERG A OO M EEMRBRE. TS
B B S AN, W LB AR S ETL i3, Gomes
P. AR T —ETF CWM B8R R R T BN | iRy
B AU AT LA LA 3 37 00 € P v RO A B A R e
it TEURRESR , IF T LLAE X BRI R RIE M E SR HEIT S B
(A:SE

4 BB ETL TH

4.1 ®WIETLIR

RHE 20 ROk B sEm) IZ AL K ETL #ff
THRIFERER R, RE) W TR ETL TR A
k. YBE AN ETL Bk T E F 26 : Oracle 22 & #) Oracle
Warehouse Builder(OWB) . f# # /) & #J Data Transformation
Services(DTS) ., Informatica 4 & 4 Informatica, SAS 4 7] i
Enterprise ETL Server., IBM 4\ 7] f§ Data Stage,iWay Soft-
ware FJ DataMigrator, DataMirror f Transformation Server
%.
4.2 FEEILTHR

BRi&8® B WA ETL T B4 Kettle, Talend, Clo-
verETL,Octopus %, Kettle B4 Fifm A TH IR ETL T
£, B Pentaho U F o8 8K 3 9 75 AT IR TR
& WL ; Talend 2T Eclipse ¥ & , 14 TN 8E0Y Data Inte-
gration f#IRFT R, W DAL BLR L R AR BB AR A 2%
Thak; CloverETL #8448t 7 —#41 API, A XML %5 X ETL 5
B, AT FERAET — AR FEA CloverGUIE#HITETE 1L
) ETL F & (FE WL W 5 7E) 5 Octopus & Enhydra 41
L ETL TR, B L JDBC %48 ¥, /i XML JE 3,
37 # JDBC-ODBC, XML, EXCEL %,
4.3 ¥ARETLIHR

ETL #2E R B BUR F H B % A 2 B8 E INRIA FF
% AJAX £ 55 Berkeley F & ) Potter’ s wheel L & Vas-
siliadis P. % Af) Arktos JRES R4t AJAX F: 2T i Fod i
5 PR A L S R 4 B R U AT ) A % R [ — )
B.OEER, U RICFZRIEET B, Potter’s
wheel 45 AT L) A P 4R 4032 B AU B Ve AR . XM
Fh R EUHRIE TR B2 (algebras) , JU HGE F TR R B 580K
SRR ML Arktost 4245 — 4 FI T ETL WA i 45 T
R I IR LLE P AL AT Y R B 7 % ETL g R i1y
B,

5 EitMBARBHETE

Wit BT, ETL B9 & & J7 18] M5 3 sl E2H U
TILA

(DETL g4

TERERLY ETL TAZXREABEHEAR ETL TH
o, A 0 ETL AR FR i vt R A 18 5 B AT AL A
BN, BRARR MG —8K ETL #5,{F Orchid f) OHM
(Operator Hub ModeD 244t T —Fp - & L B @ 3k, A
FEHRBAR ETL TEHARIEE M. Vassiliadis P. A
THEAMNZEEEN TR EHGREAZMMNAE. Hitk,

. 18 -

TR — R —p ETL B FAMIEE T 75t ETL f2
BARETTEHE MR B R B AR,

(2)ETL 3 12 ks

FERRHIIR i E SRR M S BRP AR
BRABSE AR ., A F 4008 A 5 B8 IR 4 A ) R —
HERE ETL iaEh T ERE, MEGERENEE,
ETL T HRN %R0 fE£H) DBMS. 30 2 48 A K Big %
BB RG BB Y A X LEER A BRI U
RTRRHPR. BIERLRD, ZREBETSHMEE
I SRANE RSB R R TR O BE S AR, o R M T
BURSAF R ERN X . HA AR BN AT
FIB IR AR ZE RS I U A LR, BRI 5 U
BRWA LT, R R T R AR BIRE R F
TARp & B3R EARERNIRE. SR 5HIEmR
Ffol, BS54 S (o Aty ] R L L E AR

76 ETL i3 8 SHR 0 i B L R E RS B EH A
B RAR IR, b, Bk ETL THEEBANEIRKE
Uige. MBS, MR EE ETL SRS TR, mA
BEM ETL T/EAESHS S RMBERITIRE. B
HRITE AN ETL THE, BARTRME THRRE I8,
BRFEH. E, x—SURIJEH HERERE.

(3B ETL i 72 v B 45 (X 9

BELEESHIEREAS R (Data Staging Area) ) ETL &4
AT LUK 3 IBUS B S — A SO & X AR B RT3t
W, BENE ETL 38 T428 ETL ke g
POREE T HARRIEO R, 41 B NEER R AERE kTR
K EME, WA K ETL THN FHE ETL fy4 B L %kE
e R S I B SR s . RIS A R RUA B &%
AT, 8 FBb v 4 X P 9 i i 770 B 3 AR AL RO B T
HAS b BT SEAE AL 8D — 34 CDC(Changed Data
Capture) ) T, AT & # & ETL B R E, 0
B EBAR A IK £ ETL B /O A, Bk
B AR E T AT RSB

(DETL HREFE RBIL BT

ETL THFZAHEG 5, O BCR My E B, 25
B9 ETL “CAREEE A0 % 2 B8 04 3 Sl 43 2 #0 i3
ETL TAEHBR RSB X — B, [ b5 5iE
O ETL Wy R . sk i ETL R 24 EL % 755 5 (0 7] {45
P ALRRIBATE B Bt EVLR G b, A BER B TAE ¥ Bk
PCHL L, TERIF ETL TAESKER A TERE b 24l i D B8 14 1
B, FIEHREE ETL e T SRR E . S50, Btk
WRETL #BWEE ., ETLEE 58T %5 E, 8
BHE CRAG LIS ¥ A TS MG STk R
B, QU] R Pk AR (A5 A 0E TR B ETL A1 I 58 ) 4
R BMIES TEE S k. Ak Bt RS R ME
=t wane

(5)JLEHRTE ETL s # i ag i A

JUEE R ETL A I T 07 JREURE 8 B
P REBE B ETL SR8 EM TR, BET
¥HEiRE CWM M & nfal R br o b 4 T B 88 A B 5 A 2]
ETL i385, 4 S EIE B0 ETL B8 B0 #4150
ETL SRR ES.



6 SEWRIIEMEIL

X ETL BB LARA LR 2%

(DHEEHLHRERES

M EFIAFSE THERE 7 ETL IS FS2BRA Al 2 18
FEPGI N T B AR L B O PR R T AT TR
LR EGIT R EH AR BRI £ mmm 47l 5 m 3
W ETL T.H,

(D ETLERE Y FZ A

B TR TSR S0 —4¢ X ETL @ 2B Al 45
FAESERAE R EE A, WA A TAERE M. &% m
ETL B& 3. 2455 ETL 55 88 % — 1 HL7E, KX
BT A B LRI TAE,

(3R ETL sl vt iar s

BB Ve MBI (B R B, X B S E L AR
SRR R AT B A BXEE M W, 25T
ETL A (8005 Bk 8 A T8 58 36 M IE Ve AR , 0% 55 Al A
FRAUR BRI R E B A% E RRGEOHE S,
R A BRI U ik .

(O3 ETL 8 3hbmsHss

ETL # X B EE, SR T G [ 301k 52 SR 42
BCTAE WP s AL A T8 DA BRI R G KR SRR
B AR

& £ 3wk

[1] Vassiliadis P, Simitsis A, Skiadopoulos S. Conceptual Modeling
for ETL Processes [ C] // Proceedings of the 5th ACM Interna-
tional Workshop on Data Warehousing and QOLAP. New York:
ACM, 2002.14-21

[2] Simitsis A. Mapping Conceptual to Logical Models for ETL Pro-
cesses [ C] // Proceedings of the 8th ACM International Work-
shop on Data Warehousing and OLAP. New York: ACM, 2005
67-76

(3] BRakieh, B, s o M W ar s 4R [T ). B4
2002,13(11):2076-2083

[4] Inmon W H. The Data Warehouse Budget [ J/OL]. DM Review
Magazine. http. //www. datawarchouse, inf, br/Papers/inmon%
20budget-1. pdf, 2010-4-12

[5] Shilakes C, Tylman J. Enterprise Information Portals [R]. New
York:Merrill Lynch, 1998

[6] Demarest M. The Politics of Data Warehousing [ EB/OL 7. ht-
tp://www, hevanet. com/demarest/marc/dwpol. html, 2009-6-
12

[7] Simitsis A, Vassiliadis P. A Methodology for the Conceptual
Modeling of ETL Processes [ C] // Proceedings of the Decision
Systems Engineering Workshop. Klagenfurt; CAiSE, 2003 501~
505

[8] Skoutas D. Designing ETL Processes Using Semantic Web Te-
chnologies [ C] / Proceedings of the 9th ACM International
Workshop on Data Warehousing and OLAP. New York: ACM,
2006:67-74

[9] Sellis T. Formal Specification and Optimization of ETI. Scenarios
[C]// Proceedings of the 9th ACM International Workshop on
Data Warehousing and OLAP. New York: ACM, 2006;1-2

[[10] Doorenbos R, Etzioni (3, Weld D. A Scalable Comparison-shop-
ping Agent for the World Wide Web [ C7] // Proceedings of the

First International Conference on Autonomous Agents. New
York: ACM,1997,39-48

[11] Gao Xiao-ying, Leon S. Semi-structured Data-extraction from
Heterogencous Sources [ C]//Proceedings of Internet-based Or-
ganizational Memory and Knowledge Management. Hershey,
PA.: IGI Publishing,1999:83-102

[127 Liu Ling,Calton P,Han Wei. An XML-enabled Data Extraction
Toolkit for Web Sources [ J]. Information Systems, 2001, 26 -
(9):563-583

[13] Tseng L Y,Chen R C. Recognition and Data Extraction of Form
Documents Based on Three Types of Line Segments [ ]. Pattern
Recognition, 1998,31(10) ;1525-1540

{147 Chen Jiunlin, l.ee Hsijian. Field Data Extraction for Form Docu-
ment Processing using a Gravitation-based Algorithm []]. Pat-
tern Recognition,2001,34(9):1741-1750

[15] Calvanese D,Giacomo G D, Lenzerini M, et al. A Principled Ap-
proach to Data Integration and Reconciliation in Data Warchou-
sing [ C]// Proceedings of the International Workshop on Design
and Management of Data Warehouses. Picataway, NJ: DMDW,
1999:16

[16] Sheth A P. Changing Focus on Interoperability in Information
Systems: From System, Syntax, Structure to Semantics [A] //
Interoperating Geographic Information Systems [ CJ. Norwell,
MA ; Kluwer Academic Publishers, 1998 5-30

[17] Hoang A D T. An Integrated Use of CWM and Ontological
Modeling Approaches towards ETL Processes [ C] // Procee-
dings of the 2008 IEEE International Conference on e-Business
Engineering. Picataway, NJ: IEEE,2008.715-720

[18] Common Warehouse Metamodel (CWM) Specification ( Version
1. 0)[S]. Needham, MASA ; OMG, 2001

[197] William W C, Integration of Heterogeneous Databases Without
Common Domains Using Queries Based on Textual Similarity
[C] // Proceedings of the 1998 ACM SIGMOD International
Conference on Management of Data. New York; ACM, 1998,
201-212

[20] %h4e, 030 . HLL R, 55, H R E A ETL BRIt 55
BT BN, 2004,31(9) . 87-89

[21] Orli R J,Sartos F. Data Extraction, Transformation, and Migra-
tion Tools [ EB/OLJ. http.//www. kismeta. com/exg. html,
2010-04-28

[22] Halevy A, Rajaraman A, Ordille J. Data Integration; The Teena-
ge Years [C] / P-roceedings of the 32nd International Confe-
rence on Very Large Data Bases. New York: ACM, 2006.9-16

[23] Squire C. Data Extraction and Transformation for the Data Wa-
rehouse Solutions [C]// Proceedings of the 1995 ACM SIGMOD
International Conference on Management of Data, New York:
ACM, 1995:446-447

[24] Vassiliadisl P, Simitsis A,Georgantas P,et al. A Framework for
the Design of ETL Scenarios [C] // Proceedings of Conference
on Advanced Information Systems Engineering (CAISE). Kla-
genfurt: CAISE, 2003 :520-535

[25] Tziovara V, Vassiliadis P, Simitsis A. Deciding the Physical Im-
plementation of ETL Workflows [C]//Proceedings of the ACM
10th International Workshop on Data Warehousing and OLAP.
New York: ACM, 2007:49-56

[26] Rahm E. Data Cleaning: Problems and Current Approaches [J].
IEEE Data Engineering Bulletin, 2000,23(4);3-13

[27] Hernandez M A, Stolfo S J. The Merge/Purge Problem for

0190



[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

Large Databases [C]// Proceedings of the ACM SIGMOD Inter-
national Conference on Management of Data. New York: ACM,
1995.127-138

Zhang Xufeng, Sun Weiwei, Wang Wei, et al. Generating Incre-
mental ETL. Processes Automatically [ C] // Proceedings of the
First International Multi-symposiums on Computer and Compu-
tational Sciences. Picataway, NJ: IEEE, 2006.516-521

Monge A E,Elkan C. The Field Matching Problem; Algorithms
and Applications [ C] / Proceedings of the 2nd International
Conference on Knowledge Discovery and Data Mining, Menlo
Park, CA: AAAI Press, 1996.267-270

Monge A E. Matching Algorithm within a Duplicate Detection
System [ ] ]. IEEE Data Engineering Bulletin, 2000,23(4) ;14-20
Marcus A, Maletic J I, Lin K L. Ordinal Association Rules for
Error Identification in Data Sets [ C // Proceedings of the 10th
International Conference on Information and Knowledge Mana-
gement, New York: ACM,2001,589 591

Lee M L,Ling T W,Low W L. IntelliClean; a Knowledge-based
Intelligent Data Cleaner [ C] // Proceedings of the 6th ACM
SIGKDD International Conference on Knowledge Discovery and
Data Mining. New York: ACM Press, 2000.:290-294

Borkar V, Deshmuck K, Sarawagi S. Automatically Extracting
Structure from Free Text Addresses [ J]. Bulletin of the Techni-
cal Committee on Data Engineering, 2000,23(4).27-32
Hernandez M A, Stolfo S J. Real-world Data is Dirty: Data
Cleansing and the Merge/Purge Problem [ J]. Data Mining and
Knowledge Discovery,1998,2(1):9-37

Qiu Yuefeng, Tian Zengping,Ji Wenyun,et al. An Efficient Ap-
proach for Detecting Approximately Duplicate Database Records
[J7. Chinese Journal of Computers,2001,24(1);69-77

Raman V, Hellerstein M, Potter’s Wheel: An Interactive Fra-
mework for Data Cleaning and Transformation [ C] // Procee-
dings of the 27th Conference on Very Large Data Bases. New
York: ACM, 2001 :89-92

Galhardas H, Florescu 1), Shasha D, et al. AJAX:an Extensible
Data Cleaning Tool [ C] // Proceedings of the 2000 ACM SIG-
MOD International Conference on Management of Data. New
York: ACM, 2000590

(s8]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

Galhardas H, Florescu D, Shasha D, et al, Declarative Data
Cleaning : Language, Model and Algorithms [ C] // Proceedings of
the 27th International Conference on Very Large Data Bases.
New York; ACM, 2001,371-380

B, MR R LB S BB SRR T LU P R0
iR VE BT[], SRR, 2004, 31(5) : 52-55

Inmon W H,Conklin E. Loading Data into the Warehouse [ J].
Tech Topic,1994,11(1):20-25

Fenk R, Kawakami A, Markl V, et al. Bulk Loading a Data
Warehouse Built upon a UB-Tree [C]// Proceedings of the 2000
International Symposium on Database Engineering & Applica-
tions. Picataway, NJ;IEEE, 2000.179-187

Ricardo J S,Jorge B. Real-time Data Warehouse Loading Meth-
odology [C]//Proceedings of the 2008 International Symposium
on Database Engineering &. Applications, New York; ACM,
2008.49-58

Cui Yingwel, Widom J, Wiener J L. Tracing the Lineage of View
Data in a Warehousing Environment [ J]. Database Systems,
2000,25(2).179-227

Thomas J. Towards Generating ETL Processes for Incremental
Loading [[C]// Proceedings of the 2008 International Symposium
on Database Enginecring & Applications. New York. ACM,
2008.101-110

Chapman A D, Principles of Data Quality(version 1. 0) [R]. Co-
penhagen: Global Biodiversity Information Facility, 2005
Kimball R,Caserta ]J. The Data Warehouse ETL Toolkit; Practi-
cal Techniques for Extracting, Cleaning, Conforming, and Delive-
ring Datal M ). New York:John Wiley & Sons,2004:11-23
Wang R Y, Storey V, Firth C P. A Framework for Analysis of
Data Quality Research [J]. IEEE Transactions on Knowledge
and Data Engineering, 1995,7(4);623-640

Gomes P, Farinha J, Trigueiros M J. A Data Quality Metamodel
Extension to CWM [[C] // Proceedings of the 4th Asia-Pacific
Conference on Conceptual Modeling. Ballarat; Australian Com-
puter Society,2007.17-26

Vassiliadis P, Vagena Z, Skiadopoulos S, et al. Arktos; towards
the Modeling, Design, Control and Execution of ETL. Processes
[J1. Information Systems,2001,26(1);537-561

(E#% 14 7D

£32]

£33]

[34]

[35]

[36]

[37]

Deng Yong, Wang Dong. 1.1 Qi. An improved combination rule in
fault diagnosis based on dempster shafer theory[ C]// ICMILC.
2008. Kunming, China, July 2008.212-216

An A '], Stefanowski J, Ramanna S, et al. Rough Sets, Fuzzy
Sets, Data Mining and Granular Computing [ C] // RSFDGrC
2007, Toronto,Canada, May 2007

Agrawal R, Srikant R. Fast algorithms for mining association
rules in large databases[ AJ]// VLLDB 1994[ C]. Santiago de Chi-
le, Morgan Kaufmann, Sep. 1994 :487-499

Shah K, Mahajan S. Maximizing the Efficiency of Parallel Apriori
Algorithm[ C] // ARTCom 2009. Kottayam, Kerala, Oct, 2009
107-109

Han J, Fu Y. Discovery of multiple-level association rules {rom
large databases[ A ]/ VLB 1995[ C]. Zurich, Switzerland, Mar.
1995:420-431

Yu Wan-jun, Wang Xiao-chun, Wang Fang-yi, et al. The re-

. 20 L

[38]

[39]

[40]

[41]

f42]

scarch of improved apriori algorithm for mining association rules
[CI/ICCT 2008, Hangzhou, China. Nov, 2008:513-516

Chen H. An Intelligent Broker Architecture for Pervasive Con-
text-aware Systems[ D]. University of Maryland, 2004

Roman M, Campbell R. Gaia; Enabling active spaces[ C]// ACM
SIGOPS European Workshop 2000. Kolding, Denmark, Sep.
2000.229-234

Dey A K,Salber D, Abowd G D. A contextual framework and a
toolkit for supporting the rapid prototyping of context-aware ap-
plications[J ]. Human-Computer Interaction, 2001,16(2-4) . 97-166
Kim H,Cho Y,Oh S. CAMUS:; A Middleware Supporting Con-
text-aware Services for Networkbased Robots[C] / IEEE AR-
SO 2005. Nagoya, Aichi, Japan, June 2005.237-242

Behlouli N B, Taconet C, Bernard G. An Architecture for Sup-
porting Development and Execution of Context-aware Compo~
nent Applications [C] / IEEE ICPS 2006. Lyon, France, June
2006.:57-66



