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Association Relationships Study of Multi-Dimensional Data Quality

DING Xiao-Ou, WANG Hong-Zhi, ZHANG Xiao-Ying, LI Jian-Zhong, GAO Hong

(School of Computer Science and Technology, Harbin Institute of Technology, Harbin 150001, China)

Abstract: Recently, with the rapid growth of data quantity, users are using a variety of indicators to evaluate and improve the quality of
data from different dimensions. During the course of data quality management, it is found that many important factors that influence the
data availability are not completely isolated. In the evaluation mechanism which can guide data cleaning rules, these dimensions may be
associated with each other. In this paper, serveral data quality dimensions researched in the literature as well as being used in the real
information system are discussed, and accordingly the definition and properties of the dimensions are summarized. In addition, a
multi-dimensional data quality assessment framework is proposed. According to the four important properties of data availability:
Accuracy, completeness, consistency and currency, the operation method and the relationships among them on the data set are constructed.
Finally, a multi-dimensional data quality accessment strategy is created. The effctiveness of the proposed strategy is verified by
experiments.
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AR D — o EE YR TE 6 2 A R A b B s, B R R A B ORI AR
KA BTSSR BN A L G SR R TR O RE AR A T A L MER I IR S5 40, 56 [ — SN BURLRL AN B
7] Farecast A ] 2012 4% b AZ4% AT 10 5 F ] P9 TR AN 64T 43 A Ak 38, JH ) AL S5 e 5 D080 2 e AL ) Tl 4
S 75%. A8 FH % T E SR SENLEE iR, 3R R LR A 50 2670 (A5 B R X X F TR ATl 3 1

SEE ARG NN B A5 ORI T AE PR . 0 T ) 00 K A i DR T e ) 15 A VR LR R 1Y
B 40,1.B.M.. T.J. Watson Labs. International Business Machines 25 i) £ 32 B 75 Wt A2 #5 m) LU >k 38 4C IBM.
TEAES AN [FHAR AT IBM IR Id SR I, 343 D d S SR — B0 3 BOvH S HLAE A 22 0 W v Hh TR 138 70 s 1R
rh AT B R s I ST A A 5 IR 4 AR T BE 23 45 i 22 AT Sk T B 1) 67 T Y T

0B oA 5 R DG A EE AR R B SN DR I AL A B T A5y SO0 B i 1)
JEIFFSE, 0 M1 45 e L+ R0 031 B Bl Fde v st (B data quality dimensions), BA K 7E Sz B 2 40 5
AR R (A T R T P S K (P AT RSB L ek St L I R R ) D
ARSI E/ TN S I oY TR =02 2 e T A€ S X N o Sl ) N 1 N ¥ e e i TR
B i AR B A RTIAYE ARSI IR A0 BT R AT IR T b R BRI T VT TR A A R B DG R A %
TR S ST R RIS S T T AR ) A A DR ) 7 A SRR AT R E R i TR B R L T
R B T I SR T BN — BN T AR IR 22 6 2 58 40 R 50 1 AT 3 e, HCXEL 78 5 1) W A R M i 88 o
—B oM.

LA, %8 T B0 = T 2 I (¥ DG I 0 R IO 22 DL R LA B B .

(1) T PRI ATE 030 Bl B 9 0 Sl DA 5 O SR AE 5 DA I 5 N 7 ot 08l o i (1 M ST B AT T 22 # BE TR 4l
53 FCH 1 22 B R0 5 2 T A T 4 S 0T 00l o e i 8 22 A R ) RBUATTE T A2 s

(2) Hod ot PR BT R FR bR vk L BRI BE R e T 2 Bt A AN (R 1 o L s A R R 3 St DU AME B Ak
BB T VE T AR A R A USRI 2. A BRI,

(3) ZFh U T 1k 0 A 25— T M 88 5 KA ) 300 T B ke U1 Je kA [0, T e BRI P 1) ) 5048 i 2 1)
R A A [, 3 45 50 0T i T JOT IR 40— S A B M A

(4) Bt o 1t JUT DG BB DG 2R %) AT P R A 0 o T R DK B R A T A e 1k T R AE AR ) R
2 0T LA ) SR TR 0 R ATD AR B = B A 1AL

F A7 BT 5 25 SRATY A TR — SE AN A2, 0T 56 A 04 5T St (9 P DB 3 AT 49 A8 008 4 THRH RN R RS 5 P 78 T ) i A
ol S L HEA T I A A S SO e A et L S A B 0 ) LR AT T 0 AT AR ER 0L A il 4 i
WX LA H J5T a1 5T T 1) DG TG 6 T 1k, AR SCIR I 5 B IR0 T 4t 2 P Sl Jo e P ) 10 1A 46 £0) S TR K 3R,
o B T AT T Ay 4 T ) R, R e o i B R b ) S A AN S R TR R

(1) 5% SR v RS2 o I P o A 8000 0 M AT T IR N TR GE v 5 90 BT, 30 HE 366 1 1 O P 8000 T 1 55 VR A
HESE;

(2) X TP IR 4 PR R TR A e e Bk, IR, B T X 4 Bl
JOE L ) S i 1 A 5 8 TR R e AR, ) L3R AT 48— M T A SO T IR H ) T HIOHE o 2 P 1 DG IR %
ZATSTIARUE W] T L3 4 bk Jo e e 8 52 (R4 va At B 6 ) 0 e R v 1R B AR G 6 &R

(3) EFRIAAAT 2 BV G R S BN B 38t — sy A BRI BCHR i BEANE 52 S i SE g 50 UE T 3
AR A

ASCER 1 o3 Hr A iR T R S BOIR L EE 2 4R e T ) R SR A PP RE L R S 4 A
FEH A . B R SRRSO B R R R S AL AT AT A 3 W B E OOFIEW] Bk 4
b o (8] 9 SR 16 00 2R, FE D A0 Bt VR A T A M A8 2 e 28 4 1T IR ST UG 0 IE 1 IR A8 ST S I A Ak Ik N EE
B S NN AR SC A IR RS RN AR S R H AR I R B
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1 HEXARER

Kol 5 (data quality) [ BB B3 1O A 28120 )32, SCRIR (2,5, 10733005 Ko dle 5 it PR st kAT 1 R4l K e iR
AR T B R L B R R ) 23 28 DL B TR R T L E SO 20 128 90 SEAE, B TTR WYL T P X
00 TR 1 SR LR T e T O AR A 8 S T 0 A S R A e R AR 2 p i — AR SR (5]
PR T B TR SR AR T REEAT T OR B RN A AR G 118 AR ST A, B0 it T R,
IREME T AR UIREYE L RIS )RS 20 FhE B R B SRR [6-9 1R AIETT T LA P L (e
)k — EOPE AR AR T DL R A B 3 R T A LA S B S By 0 SR [10—13] 70 Ui W] 17 Bl i xt 1
Pl U A BN B () e S5 A1 o R 10 T S50 i SCHIR (12088 17 A PP A A S5 I 25 1R R v ik ok 1
S W oy bR A5 R 2 (K K i ) R 6 B SCRR 140 LA S R R S L R A i ST
AT PR B S5 AT A2 284 5 A T P R 7 SR A O A

RUESCHR 2] A28 T 40 Ff Bk R G (EF R WA AT 2 IR 1R SR IBESC 2. 10 SCHR[ 11 ]t 3 B, 00 i 14
SEREME . BRI RROE A R R O AN R S8 AT I S A O W 5T A A A AT AR BT R W A i T I L
5 M SO RR) SRR DR 0, A SR 8 Bt 5 B AR b I S B, W ) PR R G 5C AR DA X Kl o R ) ik
TR AT

2 ETHRMBEREBLESITMHESR

2.1 ERDH
2.1.1 HEZRHEA

Hod i i i (data quality dimension), /2 15 5 JE 2RV 75 SR 10— Fhops fE 5 36 4045 8 BE> 1 M0 i
R B R A R D B O B A (B R BT R AL T A O T B B T SR (20 s a1k B 1 s SCRNVEAN U7
12, LA B SCHR[4, 11, VAT AS [ B4 0T 2 5 140 U1 b R0 S 43 7 B 19 11 T BT 1 BT 7 (R 000 o P T R 25 5 O
At HE S R s o0 B s Jo i A) 5 WIS R TV R B DA P I A A R FE R SR o A TR A
SR rPORTAIT S A E I P T D RO P B AN L PR R 4, E 6 ARk B IR AR . — Bk SEaE
R R P A R B AT VR AL, TSR PE S A R TR X DA X 4 AN PR IR VA 25 S AT 4 AT R VA

D32 laHEH IN 25t 4 & D1/D2
P LAt SLLE I B oy
(D27,D30,D40)
e SR D3 — W o2
’ D10 y (D22) ,
D24, (D10) D7 EhI opis.
D3e, DI8)
D36,
D37)
D33 SEA 5 — SEMPEYEE DS
(D8,D13,D26,D31,D38)

SR YERE: D12 EFHE. D16 Tk, D17 ZMME. D20 S fi#fett. D21 5 3/ErE.
D28 Mt D39 AI4Z Sk, D14 %4t D23 H4idr. D29 2 fE )

Fig.1 Multi-Dimensional data quality assessment framework

BT Bl R 2R 5 WAl 4

BEAN, BEATHIAEZR (K 3 A5 PEREAT 1 20 38+ IR i S —— i Sl & F1 )7 Rl Gl . B 78V A
FLAAE N 2R Y 1K) 58 B A BURR . I Ak, ORI VAl 2544 () T 38 R A 2 L P A e dis Jod B P o 3 A 22 0 72
PR FE bR, I ELABUE Bt 109 P A0S P AR BT 5 S B2 7 s A 7R e 1 T e AT ) S8 PR DB DI, O T (8 T
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WA SR T4 R A0 10 56 2R TR M.
FERIE G R FAN T L, Bt Jo e P o 1) A A DA JLR ) BE A SR O A AR SOREAE S 3.2 45 vh 4t WA o S
(1) S EAR S AT EAE U B D, IR A 2351 D, IR A (i e N), LIS #5246 7 AR L MAR D, 5 D, 56

A 1EAH 2%, 04 DiR.Dj;
(2) 554 SO # U JRREPE I D, (028 (2251 Dy 10354k (iyje N), FLI # 454 77 W LR JURK D, 5 D, 5%
AR, IEAE DR _D;;

(3) KIS K BeME T D, 845 Dy A TR (W )% R ,iE A D,RD 5

(4) ANTERA I FURAE BT D; AR 251 D AREE p BEAT AR J7 17 (K240, LARR A g BEAT AR 57 17)
7B (g+p=<1),icfk DRD;;

(5) Zir AR AR Ui T Dy 2 (B[R D, AR kAR IE 4 D, = D, (ijeN, H. k(0,i]).
2.1.2 HEBLH AT FEME S H

AN T GE vk T VA BT HE S 10 ] S e BRATT R F G v 2% 55 AL S B AE R 108 FH O 4k A 6 SCIBR[S ] 4
R0 T 90 2 o) 2 A 5 TR 1 T T ] 2 TR B I T 5 5 %R 4 (Cronbach’s alpha)Xt
A H PR B AT DI

K "
a :K[l_ Zi=;o-)’; ]’

K-1 2
o, K RS, o A BRFEARRI T2, oy S CMLIIREAR I T3 22 AEAR SO, o A5 BE R B Do A5 08 H 4,
oy AT SRS 10T 22, oy 5 i AR 107 22 38 30, e B U R B el 3000 (0,1), W R e NI 0.6,
TN P 345 R AL A 31 0.7~0.8 I A B R AR EE .
A 2 B, HE 44 A7 20 Bl o 545 43 (score) F B4 DX 1] (score e[ 1,107 H. 25 B B 336 9l ) /6 AN T H
BB B 6 T dZ oM o, 38 AR i i FH P A e B, HLABEAN PR BT TSR PEAR my (B FE 0.77 LA E). DRk, FRATTIA S AR L
T [ A] SE PRI .

6 1
525 L ® "] 0.95
* BB g 00
4.5 L] @ 2 ' et | ~ ] 0.85
4 s ® @ B 57 { r1p v
35 . l .- { | ! { | ! { | { | i ! | 11 0.75
25 { {1 | | 0.65
e I e e B e e e L I B S S,
Y y 4 B & 8 3 &S . b & 3
H P E S ST TF PSS F &SI
NG U =N g P e LT G I NN
FFE T AT FFTITFF S S Vs s
W ¥ oy & & T & &
3 o o e
& ¥ & F
< R g0 &
s &
<

¢l Ec2 ®Cronbachu
Fig.2 Statistics in the importance of partial data quality dimensions

K2 #orEdE R R E S TR
22 HIEREMRNEX
AATVERM AT TAZ ORI R . — 30k sg 8k . R afthIX 4 Bl v e R R A A ABL I
0] [ 9% 2R, 0 A7 A8 2625 9% 2R (M B B B R oM B ry, 658 Fofe P 5 v K2 o A7 (RO A0 R R R R AT J 45
2.2.1 IR
B (1 I 25 S 52 i bl B ) EE R 2 2 I ot 1 R T I ) R S5 M R (time-related  dimension), ]
T4 38 BRSO R E R BN R 5% o L A ) ST R [2,8,97 H I R M AR 0% Mk R B BIF 9T, T e T I A b
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(currency) A # IR 90 6L 25 T B 65 i (freshness) « 2035 T2 W JEE (data decay) M I ] H 7% (timeliness and availability)
X3 e o i) A PRI .
S D e 78 HAR B0 BT M 50, 56 2.1 715 3R 7R T8 2 I B P AR OQ B JLRR PR IR X R AT 7Rk
DCurrencyl = Dy esiness» E-Dcurrl = DFreshnex.vR+Dcurrency7

DCurrencyZ = _DData_Deczzy > JEl-DcurrZ = DDaza _DecanyDcurrency >
=D

currency3 Timeliness _ Avaliability *

222 —#HMH
—HME E A BN A N BCE 2 A EER R G R IE . M. A TT I — B A
X SCHiR[4,6,7] 7 — EUHE AR R RS, — 3 PE R 7R (consistent representation). — & 55 [F] I P (consistency &
synchronization )i i 4 J5 (1R BF 98 60 5 7 — B0ME ) B i 92, L O R AT R R A
DCansistencyl = DCansistem_R’D-Dconsl = DConS_RR+Dconsislency’

D, D, R

Consistency2 — cOm&Syn»HDmmz = DCnn.v&Syn +Dcnnsmency~
ARG Bt — S DU ) K B — SO ) AR A S BL RS R (ILER 1), 7EAS SC IR AT T Py i
BRI T AR I B DU R A I e T B — B R R AR e SORFAESS 3.2 e Tl
ORGP W82/ W e o [ et S AN B S S G R RS €7 1211 R 9D 1= AN N T R= G SRS € 1INV G S R PN
PRIRHRIC RBFAESR 3.3 g .
Table 1 An overview of data-quality problems in consistency

x 1 AE SRR e gy 3R

TEUER ik
Wi Sk R AR5 R L HI L
T L 2 B ORI K . TR L R L I R MU RO b - B (b X F B
i bk S AR AL 0 7 7 PR 2 (52 1 P38 8
AP a: s 50 MR A P A D P L 7 B A M L
i i) 5 7 B O 1) 9 1 1

223 FEHtE

KM (accuracy) PPl T 7EAF B R G0 B0 R S AN B A0 OIRAS BEME 0 om0 S LR B g
1A T P (free of error)ME T4 & ZE RS APk (I 5 p 2L SC R BRI
DAeeumncyl = DFreeiofierror’E-Daccl = DFree70/'7erer+DAccuracy'
WO AN 30 T o) SR [4—6]55 SCHR PR A 1 5 T S 30PRSI B e 7D 23 BT K T SORE TR B R S B R A D R
2 ot 6 M.
Table 2 An overview of data-quality problems in accuracy

R 2RI TEI R

i R B JR A
NGEerA ! A H 1=1984/13/20 H O T H 328 o v 1
i H s 2 A A= H 91=1984/aa/dd W HHAR AT
3 R 1A A2 ), 2R H #1=1984/3/20 YA H A3
3 & PERE H 4B H #1=84/3/20 H 345 A HE 1
3 Sl 45 i N H W1=2012/07/23, 4 FE H 191=2012/06/21 HZE BN B R
KA 8 H2E H #1=1984 WA HAREIH

224 SR
SEAEVE (completeness) At FiRFAE AR M RIREAE OC 2R 1Y) 220 AR B 2 175 D 1 Ak 281 56 B MR B HCPRAl T 2080 11
SEHEFE RS B MK (data specification) 3% 1 B4 & (appropriate amount of data). #{ 4% & (amount of data). i
WP (concise).  E¥E F A (data coverage) FIFF 5T & AE s BRI R LR R RoR
DCmnpleleness] = DDam?S , H D, = DData7SR+Dcompleleness >

eD

Appropriate _amount _of _data Amount _of _data>
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DCampletenemﬂ = DAmountiqfidata ’ H DcamZ = DAmam1t70f7daraR+DL‘mnp[eteness ’
DCampl@tcn@xﬁ = DCUncisc’
D, Completeness4 =D, Data_coverage® E‘ D, com3 — D Data _cov erageR+D completeness *

A0 SCRR[4, 117 50 48 PR 552 o 1 80 ) 3 T 8 BORS A 1 0 i 1 2R TR R 45 0 6 3 IO i) 5 A 0.
Table 3 An overview of data-quality problems in completeness

R3O IR R R

S EiLEY

B e BN PRAEZH S2-A 10 AT HE A (R MR

J P e HE A Bt e P BT ST Sk dpe /N T o Je P 1) 89 i R

W e AR PEITE St b NI R O € TR NI S AN R S o L W 14
KATEHENE B SR P IRAFAE AL 1 BRI G AR IR A AR

Hodhs se %k B S AE S Y TR

3 EEREREMRREXE

A FH RO TS P R AT 4 0 30 SR P 2 e 38 O VR U O o B B At T 9 ke 1 e B AR TR o ()
bR UE SARAR B A AR R T SR A B TR R AR ST T O G I VE A S Y 4 R S A i
LT E SRR 2.2 1 PO TE B AR GO A B TR R b 3 17 MR % A A DL K B AR 3 A R
BERRTUR M BTN 0 o A T TR O AR I T X R 4R G SRl & L W S X, R TR A S
i s A SV Y, 4 AR B SR IR &R

L2 R, X ={x,x,,x,,..,00 ) & DNEOEE LRS00 A7 E— MR R BB R, (A Aia» A3,
oA ) VL eR, V:[Aj] ML S

3.1 MRIEREREX

R AR L SO B RS AR B R S Y R 23 A, A 5 3 A e o AT AR, LR 40X 3 A
A PR TR A RR TR A B AR VPN PR, O BB A R R AT AT A R R R A O
WY IS FATRRS A 3 S B Bk AT 2 5 X

EX 3AERMEERBENREX). AT —MNEERKRZEEN, R4, d, 4, dy, 4y d;,.., A, :d) EH n AR
A XN d,D 2 R IR 5 S (BN HEIIC 3 R, T KON KRG ITT AR RO MERG L) R XY
R e WARFE A FEBEWE AL LR SR AT I

match(R, R, ara ) = 1 iimaxmalch (R, R andara ) <1,
i j=1
WAFAERS PR AT DL LI 0 T 3, e Ryt € Rouniara V1417 VT4 T WIFK o A AL T RERATERS UK o T 2URE 6 13 e
B ARG HIEE R 1, € Y Vio(D,,).

FEXF 1R TE OB HEAT RORS ff 1k 20 A e R, B SR O ZR A rR T A T SR AR A E 1L DS T VR A AR
YRR AE S B (0 500 2R 15 v 2 28 7 BUARL IR PN 230 S T A AEL I S FROOR JBE AN OIS SRS 1l P ), 5 7 Ak B
B I, b T WL B O vk EAT RS A v 5 1 L RE SR I ABL SR 2t S B 5 SR (U SRS A ) xS S R R A SR
B0, FRATTABE F7 50 1 A R e 1 8 SR A P P, R0 AT T 4 RS 0 1k 3 e B o e S

BRRMEERERE EX. EFEERET AT B RAEA R, :d),4,:d,,4y:d;5,...,4,:d,) LFH
n ANENE A H N8 di,D & R BB 9.2 R K R,y 0g FOVCRCTE BER AL LUR 25 AR IR

match(R, R, gura ) = %ZZmaxmatch (RoRypmaara ) < 1,

i=1 j=1

WS BT B R0 31, € Rty € Rogs ¥,y 50V, 085 B F b 5 0,0 (Y
AV, ) U 1 R PE 25 R 5 Ry O FEIE R P VF 45 )/ 405 0 0 5
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T PE SR AR E R B O, (RoR indard ) < Dace WLIUFR R AR BCHE 5 B0 0 M AU, LR A 1 36 S 2 2 A Vo, (R,
R ) 617 SRS 1D £ N S S 45 2 v BB 0 R 119 1, € S Vio(D,, ).
Table 4 The category of data quality dimensions: Accuracy
4 B R G R RS

G TR P — B R R T A
BEAGEE
VA 2R 1 B IC B A
1770 ) PR i
L LR 1 B % B 0 % PR A AL
v SR TBALRIRE R A

SERENE AR S 2.2.4 5o O e A R TR SR 0T 4 A OB TR M SO AT HER (WL 5),
X4 A g AT 5 T HARIE IR BURR . Bk BUR R B s B AL AL TSRS B AR
rh EL A A e AT AT 0T s 3 S A R

EX 32(EEBEEREREN). M T—ANEENKXEMN R, d, 4, :d,, 4, :dy,... 4, :d) FH n DNEE
A FEX NI d,D S R MBI SEBILR 5 2 T HIME — 4 PFI RRIL R 28 T SE R A IR

(@) 3t eR, 1 ERTIBIE A={4,4,,4;,....4,} FIIBUE AT Vti[A/_] =null, Wic K Va1 =0 null, W32
A V4] =1 A AVl 0;

(b) A={A, Ay, Ay (A} A = {4, Ay Ay Ay}, AN A 2 A

(©) t,eR CHIRFILHBEN,, Rypoa TICHKINDE NN, <N°.

LIS 96 2 (a) 55 (b), R A 3 B T e HE M v 1) PR 25 S B 9 A (o), Bk A B B T e M A S T e
RS ¢ N SE R S S AR v, B R IR 1, € D Vie(D,,,,)-

o b i SCPTHEAT (19 58 HE Mk S AT R B A FRARAL 1), SR SRR — A 00 R X A AE — T B 1 sk 2k B R )
W7 Sk T S SR 1) W S B AR R AR G b n] R T A SEBR R 0 b O B — o
SRABLAFAN 52 W) HE A B3 50 1 (9 15 AR A L Ak, — A 0 AR b AL 5 1 8 R A R 45 I vt AR 1
TR AR B A 5 LA DG AR 19 A8 4, WA AT 58 4 T a6 A ARl JE M (HE S T — S A OC L R B, B
5t 2 140 S BT A X ol i A0 DR Dy T A 3 U A A, FRAT T4 T S v S S e

TEMERERNE EX. EFEERGE DN T MR KREEX R, d,,4,:d,,4,:d,,..,4,:d,) EH
n A JEME A, N RSN d,D e R BB A SEBI (I HER L T R gy T A5 N <582 IV AC ). 24 R 9
JE T AT SRR AR HL A AR T S8 B R AR,

(@) Vi, R, t; fEMMFHLEN | NHEEIE A={4,4,,4;,....4 ) LTI A VAM =null, iC K Vo] = 0,

V[A_];tnull, g h Vr‘-[,q.]zl; ELAVII[A_J:O;Ein[eR, S 4 MEIEANEn,, 4 KB TEANEn H

Oom = F(an, Ny /”z )< 9comi-

Horp, Q0 BRGEREMEVEAR S5 R 1, g, A RGN S5 53 B 11 45 2 1) BOHR o e v SR A e R 5 1.

(b) A={A, Ay Ay A} A=A, Ay Ay Ay} Oy = F(match(A,4%)) < gy, 6T, O, 7R 56 #VEVE
TG 2, oy B RGEHN S5 53 M7 1T 455 58 1 B3040 I o 5 P SRR vl R 4 2.

(©) teR, A R NILALEEN, . R s TIEAIANELN 0,00 = F (X N° =N, [N°) < Gy 2111, 0,
TR TEHEMEVPANE5 R 3, g, 7 BRGEHN S5 43 HT T 45 5 (0 M S0 it 5 Mk SR b 3R 8 3.

BRI i 2 (a) 5 (b), B o T 56 M o [ P 2% 50 2 Pk AL (o), Bk Ol B R T e B v 1 RS o e
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SERENEPE U S A P B R T 1, € D Vio(D,,,).

© TEBREEEEIEDT  htp/ www. jos. org. cn



TR FRBRESHERGREXZR 1633
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Table 6 Undergraduate information table
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1 student X A ML N FDs
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Rk kST R 4 Ao, B S2000 D, € S Wio(D,,)-

RIS AR BN T BRI BB R(4, 1 dy, 4y dy 4y 1 dyyens 4, 2d,) EAT n AN REE AG=1,
2,..,n), R ISR d,D 2 R RS S, R'(4:d], 4y dy, Ay 2 ds,... A, - d) H ' MBI 4/ =1,2,...n"), H
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Fig.3 The relationship between completeness and other dimensions
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Fig.5 The relationship between currency and other dimensions
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Fig.8 Cleaning effect of different datasets
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