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Abstract  Originally, functional dependency theory got a lot of attentions as a schema designing
tool, which is not so effective in data repairing. Recent years, more constrains have been
proposed to detect and repair inconsistent data, including conditional functional dependencies
(CFDs), fixing rules and editing rules, etc. However, to the best of our knowledge, all of the
proposals focus on dependencies between entire attributes, while there are ubiquitous dependencies
between partial information of the attributes in the real world. For example, the id’s 2-length
prefix of an employee may determine her department, while this kind of dependencies have been
ignored by previous proposals. In this paper, we firstly propose a class of more general
constrains, referred to as micro-dependencies(MDs). Extracting functions(EFs) are involved into
MDs to extract partial information from attributes. With dependencies between EFs, more
inconsistent data in a dataset can be detected. For static analysis of MDs, we then investigate the
satisfiability problem and the implication problem analogous to those for CFDs. And then a sound
and complete inference system for implication analysis is developed. Finally, we experimentally

show that MDs can detect much more errors in data with an acceptable time cost.

Keywords micro-dependency; extracting function; satisfiability problem; implication problem;
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Position

01M00001  Alice R&D Manager 2007-09-01 8000
01800002  Bob R&.D Staff 2012-03-12 2000
02M00001  Carol Test Manager 2009-08-29 6500
02800010  David ~ Test Staff 2013-09-01 3000
03M00001  Eric O&M  Manager 2012-08-25 6000
03800002 Frank O&M Staff 2012-08-31 2000
01800003  Gary  O&M Staff 2014-03-01 2000
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| S0 | R Ak A SR % ] RERR A Bk ok B 5 1)
KAl 2 7ML id i MAXMSAT [n] #.

T MD-SAT A& HJ& NP-5¢ 21, J& T X fi#
[m) 0, B MAXMSAT [ia] #5058 Jinn ] 3, P 0 5 2 2%
JEGE AU . HZ R B — AR B B 7 a2 07
2 N MAXMSAT 15 29 3| & A 19 A I L TR 2 58 fE
% 3B MAXMSAT 2 A 3T LY. A< SCH H I 2 3]
MAXGSAT [a] @, B} — % 6 B9 % K AT 3 2 [0) 2
(Maximum Generalized Satisfiability) , 1fij %} F 1% [
B E 4 A IR RIE . MAXGSAT [] 8 54 34
TR ESRWES o=1{(4.%,..9,},
o — A R 15 @ b B kU R i
S L Bu X Dl N A s Wil 1 I = N O NS R  a
F I AT AT B — R R B A R 5 S0 W

(1) g(Sp) & MAXGSAT [ia] i (1) — 4~ 52 4] s
Bl — A So A B — A R KA NEA A

() R @, 02 O — A1l 2 T4 0 2 (D,)
& Sl —Aari e A, B

(3) |[OPT, (g(Zy)) [ =|OPT, (=) |, A

WD [h(p,) | =10, |
Hoh OPT, (g(Sy)) /& MAXGSAT [a] i 1t &5 1 i
OPT, (Sy) J&: MAXMSAT [ 85 (1) £ 1 it » 25 5 46
(3 (D F RS AR B AR A MAXGSAT A
— AL e B, T H 2, AR 0% A5 F)
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MAXMSAT [a] 8 f 35 fBL B Oy e Y5R35,

TS R AT AR 4 25 0 1 S0 . LA B T8 A8 1Y A
BREIR A = s g (S0, W — SRR S,
FIA—MNIRAS i 2 KRR [0 S AE S 25 fH
null. Xt 3, A1 B — A3 eR O o AT DL — A~
Wit 6, K R ¢ SR B L. W £ e~
M Zei, 8L FHBLAE S — "B A K AR B e
AFE S LR fRBAES > e K E B
FES "I AT L W AE i 2 i A, Hp Bl R
A R B £ fo s fo>fo s HUBLW L T 31 4%
22— 29 o RO A2

(D f1 8k R 2, 8%

(2) fL RSk R 28 L 55

(3) [ B SLIb R AR =S | 5E

D) [ AR .

Xt N A R Fe ik 2 bk dg 2, Va, Va, V.
0 8RR BRI AR S 02 K I AN 2 i R
(s AR /R ik 3K

¢ = N9,

KR SR L. X TR — N SR
KM o€ S0, oA 38 Ty 2 [ A Gl ok B 26 10
AR Z A TE T 2 45 B A A IR R F o, i e
A A P RE SCRI R B £ [ fa>fos
HxF R A R kX b, R (ay Vo, Vay, Va, ) A
&, IXHE A F
O = g(Sy) = {$, | ¢ € Sy}

h PREH g RBSORE S o J2 A IR 3% 35 2K B I A B R
B X T — DR R IBERER 0, =D h(D,)
X HERelb, €D, ).

R AR bR g FI h ERBEAEAE Z2 302U (0] Y T3
. Hal i IH A BT AL g (S0) & MAXGSAT [a] i
(1 — S A5 PF CD o 2. W2 8, € @, B KA T
BT A2 o DU A X 1 ) A bR AR B A > A
F8 42 bR BN Tl R LA — A 1 R IR 4
T A2 R T LT A [ A Rl R 50 0 e 0 A AT
HAFAEAE — A~ TC AL 2 R B 8 L % (2) Bl
S A NIE 5 R AT DL R — A P UL
BRI A A X R — S Al i A R Rk, S R —
— R I LA R 2% 8 2 0 e 2 EL AN 2 0 B Y B
ORI B B g L L B MAXGSAT #l MAXMSAT
[i] R ) e G MR O /DN A2 A B 1 s S0 (3D B A2 ]
HEZHW——XRRERATH (D) =D, |5
PECOBG . 25 Bnl s, bad )3 200 F 2 7 B 5 o)
LA, I XS F MAXMSAT [A] 847 78 — > £ 301 5

NN PIR V= R7
3.2 MEBURBINESE

ENCISREIRG YR 3 8 T e e I = RO
TIHBRIUAR. 457 R IR EUR IR S =30 US LA
B — 25 REUIKOM @ » Fovh =) 2 52 4% 1 [ A5 oR 0K
L HIW S BT . ST e YHMYXYFR
FRAE RS R =S — R r e il fE
St 10 eR B Y 25 7 18] A IMP-MD [a) 3.
R RS e s e e (T B

513 2. 4E S Mo fETE— A0 - 75 r =
S Hor e 2 HAUYAAAE— DA 2ok 5 45 o0 241 1 5%
Bl i1 - =3 H ' Hee

WAL NP5 1w sl E B

< AR AN R AR AE — A AN 3 W T 4 A S )
PR P ES Hor e S r=r" S B E] =
SHrHe

> ARBAFAE— DLW r i r =2 Hr o,
H R r o TS5 10 & o] Al r H— B AE T 2%
JCH t1 -, LB @, Bt ot @, BAN BN r =
SAMERH - WEE - TFEDARWLE S, T
{ty oty V=S HEES P =06 ) TP FIE. TEEE.

UL, ZHIWr S = R or, R EH BT A
AN 3 T 2 a4 Y S R

EH 3. IMP-MD [aJf8i /& CoNP-5E 4 ).
WAL T O R eR R X A% 1 R B

0 — B Ak, T L 2% R oR AR Y 2 ) R
CoNP-5¢ 4x 1 , 1] B #%15 i IMP-MD [n] i &= CoNP-
HMER.

2 F SR AE ] IMP-MD [n] i J& F CoNP, 45 i —
MR E LA RA P B OCA KR
Xt ICR AL /BRI 0 o AR S BUE I AS TR
A

(D6 (H=6,(f 5%

)6, (HFt, () H ZHFA N ZE 85

(3)t, (H#null H £, () =null, 5

(D, (H=null H £, () Fnull, 5k

(5) ¢, (H=null H £ (f)=null.

IR (B 45 o5 0k o0 BRI B2 S o,
TSR AE AN 52 SRR 10 T A T AR A

(DA S,

() r' =e.

Dy R 7 U B

AR A R AE 22 1 ) YOS T T A AT RE AL

4 .tk IMP-MD J& T CoNP.
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2% 1l 13 ., IMP-MD J& CoNP-58 2. JIEE.

ANHEF AR F R/ E L B A AT RE A T 20
B A 5 R AT LATE RO ] YA 58 4, B R T
FHER 258,

EIE 4.

AU P Ja].

2R F R/ R T 5E /Y L U IMP-MD ]

4 WEHKRBHNAERS

Armstrong 2 HUg p& BORASE 28 5 0 BT 1 kil
T U AR SCE AR B R 1 PR R il
RT3 PR, 48 — DR BB 5 S F1— 4%
TR B o, AN SR B 65 N S AR 40 ZHE o, W AR
H ke,

R3 MABKBNBEERST
ML % M

B 1. R feFLN F—f.
MR F>f1 F>fo, s F>fi, BLfi fosos o 1> 1>
L 2. W Fs £,
WLF.g]—f
B 4 W Sk([F.g]l—= O il Sk ((F. g]—= ), WA
S Sk ([FLAu( ] D.
MW S [f,f]>g. 2 £ g fTE.

FUO 1 A2 4y BI%E R Armstrong A P A
J ARG . BN 3 S48 Y AU MR — A IR R
TR 2 29 01 v 1 R 5 B AT Ak Sk ek 45 ] 4
SR g S HESMET . F &SRS UL /L8
2 Fal LA g %t B 0 v JE [l e . B 5S4
WHR AT A o7 & 30848 1T Ak s 4T 35 iR 2R
B OIS THY IE B 1 0 58 45 1

TEER S, TR BRI HE B R SR TR O Y.
B A Shoe WH S=e.

. TRIEHM, Y B ACY T i & SR
FRLIN R 2 TR 0 B I R 43 ) TE B A A A SR )
B 1E A

FOU 1. XFF r PAEE W R TTAL s R s[F =
(LF]1.CH/ feF, —@f sLfl=:[f] i ri=
(F—>f).

RN 2. WAE — S B ro NS r = F—> s ey
F>fo Lfiames il > fH e r = (F—> ). %t r
P BTG s Fl e R s[F]= [ F1, WA
sSLf =t filsi=1.2, k. B0 s[ f1s fosers fr]l=
tLfisfoses fo s T AT AAS s ) =¢[ f]. A5
rE=(F—>1).

B 3. 3 FAE I r = (CF. gl >R r
HUE R IG5 [ F g A&, —Ea (LfIR
R B W ([F.g]=t[F,glimi (L f1#[f]. 5
ri=(F.g]>OFE. i £ BE AT e[ £
B LM - P BRI AT LR g ] A
W RTE [ A BAESE T 1% £ 91 Bl 9
i KA.

HUU A, AR S BB S LR f R f R
CHEAEHAUH — AT L ST RS . =
([F.gl—>f.[F.gl—>f}. % Fr PP KT s,
MR L FAu()]=s[F,Au(g) ], At gl=s[gl=1
a g]=slg]=1. WHRE | M. 0T h r e
[F.gl—>f 3 L f]=sLr1. M, al iy r 35 2 [F.g 1>
FARW L I=s0] A0 r = F Au() 1> ).

B 5. S2f] r R AT AT 45 T4 s o 2EL S /]
RS H N f SR — A s, B
WHLS - f1>g RIBA LB ER.

2 |- MDs {3 2R 55 T2 E 1. JEEe.

TETIE W 52 4 P 2 BT S8 58 A 1 48 A & o
— A RERES SR N TS fEF. S AR
WA —AET S FR S BAHEM 0T A S ER
FEENVC. HE—DREES W.VCEW FRik
Wil H

proj(VC ,W)={S—W|SeVC}
R T WA A AR I 2 R 8 A% i T A IR
BRI B30I A R 199 4 B Tl ik .

ik 1. m-CLOSURE &,

WA BOR BRI S A RS F

With: F 6T S 196 3, (F)

1. result :=F;

2. REPEAT

3. cfti=FN

closure(Z,result\Jve) ;
ve € proj (VC ,result)

4. cd" :==DFN N

v € proj (VC, )
5. result :=result\Ucf" Ued™
6. UNTIL result N 4754k
7. RETURN result;
i 1.
A — AR UK S F— AR B gE F.
Wit F TS mptna

closure(S, resultU vc)

closure I 1E.

1. result :=F;

2. IF result 35 vhz€ THEN

3. result == FUDF;

4. ELSE

5. REPEAT

6. IF (G—>g) €3 AND g A& K%k THEN
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7. IF GSresult THEN AR FET R OU) 4 W] LOEE B A B resude v B pRECBE HE
. result :=resultUJ (g} IR AR Sh, (F— ). ISR AESS 4 47,3810
5 ENDIE P BLIUL 3 0 4 A B resule 10 I8 oK M
10. ELSE IF (G-»g) €3 AND g LB B THEN 36 BARTE SE (For [ i
11. IF % G A h #4 h € result THEN
12. result :=result o) s
L e 5 R—BHRGN
14. END IF
15.  UNTIL result 45 % £ 454k BOHE T8 Ve 00 5 — A5 it PR A5 A I S A
16. END IF P v IS — B0 A AT B A 288 I B ek R

17. RETURN result;

EHEG6. MERBUKBMIEIERE TR RN,
BIEA SE=e WA She.

. BT REURE, s ARk
m-CLOSURE, LA = Fl F i A fi H — > 42 BUeR
A LN =, (F). R iRt S, F ol g g 9 BT A R
BOWES B F g a). 5035 1 15 3.4 17244
2 3 R R 1Y T AT RE U R R LR AR RS
TR 4 R W AE A R 4 BLRY W i 2 P
A B R RO IR AR B L R RCRAR
IR AR Rk RN TR BIIER R B R T 1T
=NCRONTTR Sau:b

S B 58 AR BIEBT IR S A S e
S(E) S FEBWE e, (F) A Shoe. Hp o
FTF—~f.

XEFE 1D S TR L R i AR S
S.(E) R4 S e B IR r={s,c} 15X}
THAR g€, (DA sLgl=tlg], HX T A 1Y
g &S (YA sLg' 17#e[ g ] X T4 A 1 bR B i
G—ge>, I Ges;(F), 1 m-CLOSURE ] %1 g
WA R =, () F I - R S H iy T A il
PRBAR A, B =3 . AR, 835 m-CLOSURE [# %)
A BEIE T FOS (P JFHREC A f€¢
S(F) A3 r e i S e

XFH 2 E U F T € closure(S,
), St (F>). — A% f RafEa B 1M 1,
3,8 Fll 12 FT N AR closure(S, F) . iR 2HES 1
FFIAERI 1 ] LLARE S (F—> ) s R R 3
7 B0 5 ARIE Sk (F— ) IR 25 8 47, L) 2
ARIE S b (F—> ) s iR &5 12 47, B0 2 A 3 )
TRIE Sk (F—> /).

PR AEX FIA R f€ 3, (F) .Sk (F> ).
X LR A 8RR UE B BB, — AR S R SR
P 1,34 fTHEA S, (F) WRJETESS 147, 8
W1 A PMRIE Sz (F—> ) iR R AESS 3 47, 3 5

P FAR.

BE R ER— A KR r s — AR R
RS ERI S - hiE R S BT A T, AT E G
PR F ] SQL A i # il A — Bt d AR 5 45 th
SEA RO HE TR BRI O 1
5.1 ETFSQLEMBMMAIE

B — DR BURI @:[f1s fonees il fos
ATELE o SQL 4] QU R Ir A i [ ¢ RJcH -

Q1:SELECT fi,fyss /)

FROM r

GROUP BY f1, [z s/

HAVING COUNT(DISTINCT f,) >1;

BINAE Employee % Z W - Eid 1 HI P AL B 5E
BT HAAESRIT B prefix(Eid »2) —dept , 25 i1 )
BT DA A

Q2:SELECT prefix(Eid,2) as Prefix,

COUNT(DISTINCT dept) as Cnt

FROM Employee

GROUP BY prefix(Eid.2)

HAVING COUNT(DISTINCT dept)>1;
Employee 5 R HVEE 1.2.7 25 70 40 1 W5 7 1T 25 45 A
[f], RAE BN A — A2 B M H 3 SR CHLAE dept J& T
FH 2 AR :RED 1 O&M. X 3 Z o4l ph ki
0 Ok
52 ETHFRWAZE

SQL A A I AN — B R J5 ¥ ) 5 5 A7 o AH Bk
FR T AR B S A BB P b T HL AR R )
HEe B35 S 29 91 T A, I A Be % 1 1 5 1 3] 0
JCLH E MRS T B i S T 2R

AR SO e TR I 7 25 AR B e A 1 aX
A [ . HG R SCUEVAR R T T A 1Y T 4 4 R 2 R
HEF AL HRET O EAHSE R T H B R B T — . R
J5 R A X BETE T E ARSI SR G A
AR

A HERF 0 D5 A — A AL 2 A I 2
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FAVAAY I A TE— € Z 1R AT DL AT D R 2 ) 3
EHE R EAER AL R SRR I r= {11100,
L) FHPE B R BUK L @, /1> 1 @, : fo
S o AR BURE @« 1 fo. FIH fi R0 2 Z 0]
AR OC 2 o R R AT — WCHE I 50 AT LA 58 Bxs
@ i1 @, fo £ BRI
EE7. CHR EAEARBIKE ¢, /1>
fo s M TF R ERERE—DSEH] r AEAEXS r TR T
A —FPHE Y (B A3 AE £ 70 fo b (A 55 B9 o0 41 #8
EH. AW EME R S - iR A
fiff, BAEARSE R T AL AR A SR DL S AR 1 G
T S1 AR 2 ORBEE K B A ST N B R HE R
RS R Y OB LA f, EARSEM T A T
H—E & L.
TAN R TF o AR SRAE S B AECRE S R A%
T o Fl o HEF Z )5 W TN T TR
f] fZ
t, a; b
doad

2 as ])2

HR o o fi EREMSE B a0 =a., B A K
PSRBT @, /1~ AT 6 F 6 7E B (E B A
S0 by =0y LT £ 5 1 HER GBS B LK
FEREALT oo M, Z A A ¢ el HAE fo FAgE
AT ¢ R 2 M4 B 6" =0, = by IR 1 5] 2, Z AT
Ji A JCALTE £ LAEARSE. IR £ 5 2 HEP 6
B 0 B o Z A T TE 1 ERA T
. Ha=ailf.a =a =a . BIEHA T £ FE
HH A B BT A o4 R I S TEEE.

JTCATE (IR LT Z 5 R — im0 5 4
FRREARTI 3B @, /1> (18 @, 1 o LI TR I
41X FTAISE O oo M AR EATTE £ (K ) b
HHS, REEAWEAIE £ ) EMEREE
AR UANRANEE W A 1 (B S BESE T ol /]
(E e [ f. DR FTAT G4

6 KWERRIH
AR SCAE FUSEROH b AT I 56 U B AR

5 o BT LA % 26T bR BCARORSUAR B 7 A 00 2800 i R
IS 114 B 3 R LA R AR .

6.1 SLWRNIZFEBIESE

SR PR O R 2K B OB ET500@ 2. 93 GHz
AbFEES , 4+ i DDR3 2 GB 1333 MHz N 1%, H 57
320GB 7200 ¥ £, % F Microsoft Windows 7
YE &G, I &M% i Microsoft Visual Studio 2008,

LB R A — DV B Employee 32 (W,
DK 10 75 &TdH. 8 AN JEPE: Eid (R T 4
Z),Name( 5 T %), Dept (FFFEER 1) » Position
(BRAL) s EntryDate ( AN B H #) . Salary (35 /KD,
Phone(HiE S 1) 1 City (Ir{EIE T .

f Employee 247 10 5@ S ¢, ~ o,
HCAR 3 4% 02 bR R . @, o A% 1F R BRI, B 1
Fr 7. BRI SubStr(stryidxslen) FIR M str 1 idx
BTG R HUCK BE R Len B9 F 5. AreaCode | 3K
MHE TGS PRI X 5. LessThanOneYear (date)
S H W] date B4 2/ T — 4. FITA Y X 26 pF
HORR BE % 15 H BN [ N TS R, ¢, ~ ¢, RIR Eid
ENGIEVA- R R = & NI O A N R RS
PR o5 L (X5 AT LA R T FE SR T, @, R
A TCAEAS W — 4 1 B3 T RE AR A5 A [H] i i A T
Bt T AT R RN, B SGAE Employee R oI A
B JF A5 B EEE 3% errEmp. X4 — B ITH
HAEIMER ep (590 ~10%) KA AR, X PPl A8 AT
DL R AR B mT PLBENLAZ 1 CEAF R Y
A BR B 8 A 4R A BOE B0 8 R 22 A
PR 7 & o — 2R .

©,: LEid]— [ Name, Dept, Position, EntryDate, Salary, Phone,
Cily];

¢, : [ Dept, City, Name ] — [ Eid, Position, EntryDate, Salary,
Phone];

@, : [ Phone]—[City];

@, [ IsManeger ( Position) s Dept, City ] — [ Eid, Name, Entry-
Date,Salary, Phone];

@, [Substr(Eid,1,2)]—>[City];

@, : [ Substr(Eid,3,2)]—[EntryDate];

P+ [Substr(Eid,5,2)]—[Dept];

@, : [ Substr(Eid,7,1)]—[ Position];

@y : [AreaCode(Phone) 1—[City];

@, : [LessThanOneYear(EntryDate) 1= [ Salary];

K1 KZE Employee I B HH

6.2 BEXR
errEmp W IR AR R B BOTA% AR5 L E ERRORs.
WARJUA I L W] i S T — AW @l FRx LA
FAITAR BELY A o K O . o RE AR TN L R B BT A
BICARIC N Detected .- W ¢ (BTG HRH
Coverage,= | Detected, [\ ERRORs| /| ERRORs]|.
HALRY X F — R =
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| U Detected ,[V ERRORs

¢ES
| ERROR: |

Ze3d 10 YWl 57 I8 4T - 15 B o6 BOHCH L 2% 1 R

SRS Bl R KR M A B R B (R S5 R

2.1 3 Fras .l LA HR ek B0 nT DUAS I s 22

HEZRHR R EEAAEA L . FDsSCFDs<MDs, &

K& o, ~o W BRI T P62 0 AR RO

1) R BTN A% 1 oK B R B 2 R I LT

BN T HE AME - o T iE RIZA R
A ICAHAR D,

Coverages =

80
70+ A----A A A A A A A A4
—— {d
60 o cfd
-a-- md
&50-
@_
11:\'\\E 40
ﬁQ‘Q_(SO-
201 ./'_/.,4.’—0»—’—0—0———'—“
10F

0 1 2 3 4 5 6 7 8 9 10
JLLH & %0/10'

K2 FaRMoTAB R EIRE=5%
80
70F  AcccA A A AA A --A----A----A
60+ o cfd
A-- md
50
;@40-
30
20 i e —
10 A A A A A A A
0 1 2 3 4 5 6 7 8 9 10
HHRE /%
Bl 3 B A B AR ARk TT A S =5 X 10"
6.3 ¥ gE

Sy A I A R B L AR SR T HE I Y 7 B R
W24 Bl S )8 DL X B T ) 28 3 29 R 1) I
PR S DO A R A TP ER LN EIp &

4 E — R BUK S 0. B SR @ 19 2 R
S HE R B IR A AH SR Y BT A e 4. ASHEAS 0L v
AE A% 1E B A I B A AN — BBl B A
O(nlog(n)) , Horbt n Z 02 4%k B 4 Al 5 ik T
T AL — 2% 29 SR BT 4K 1 7 3 ). T LR S e AR
PR L o B AR  F A AN A o 2R RO T AR R IR
PRI 3 11 B e i FORE BF . 3 T 381 4% 14 R A A 1 B ()

O 45 HE LA 5 2R DR O ME — (19 2% 1 R B ¢, H
DT JE AR D B K

90

0 1 2 3 4 5 6 7 8 9 10
TEA K /10"

4 R — A 2 SR I T 0 4 B0 AR AL L R =500

60
—— {d
e cfd
50 --a-- md
w40
g
~
=
£30r
&
N
,J20_
10F

o 1 2 3 4 5 6 7 8 9 10
HRE/%
0 ) — 4% 240 TRV 247 (1) 5 o 8 ME S r) A
JLA S H=5X10"

6 4tk T R I — A S R EE T AE R P 1
A S DT AR Rl L H S B0 RR RO 7 B B R Y
- 127 IR B] T 5 R 2% 1 R OIS 42 3 L 28 A% T ek UK
. A R A g o ) A 8 R A IR A
78 7KK T R BSOS R 2% A1 R BSOS 1

0.05

&l 5

2
o
=
T
[ )

= =
o o
) )
T T

>

ST SSTA A5 AR TR 8] /ms

5 6 7 8 9 10

TEA LS/ 10"

B 6 RI—AEE RS 1T i R oc A B0 AR 1,
FERFE=5%

0 1 2 3
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TESC S L b A0 @, BT o, LK @, Fl
@ Z I AT L AT HE PP 3L 2 0. [ 7 A 8 BoR T
T T R R o S ARG I v L 2 e Y 0 A S g
Xt I 8] 8 A 52 0 AT LA D0 A R i o2 1 23 B
R RZTTAE 20 90 By ).

1200 5 ﬁ@ﬂcﬁﬁ
--o--fifb)E
1000
% 800
£
Lo
Z 600F
&
19
400
200

0 1 2z 3 4 5 6 7 8§ 9 10
T H/10"
7 b AR KIS AT G 300 K T 2 24 ST 340 )
B TEALEC A R =504

600
—=— AL
--o--fifb)E
g 500t
&
=
=
g
] e
e °
400 PR S
0"
e. .
o
300 . . . . . . . . .
1 2 3 4 5 6 7 8 9 10
HRE /Y

B8 DAl AR X da A7 A 5 < A ) — 2% 24 TSP 24 6 i)
it 1 5t A8 5 B A2 4 L ST AL A =50 000

N S 25 SR W] LA B L A AT 52 6 (A4

M P9 AR0RR BB RE B8 452 00 1 L LA D7 5 215 2 10

i R B T ELAS SCHR A T HE R I D5 A e

HEFP A 3L = 09 D0k 22 05 I 1) 2805 A AR W] 2 A

BT
7 fEXIIE

TR DR A — B R A T A
AT 15+ 5 — AT i) 2 4R — > T A ) e /)
A AL ™ B /N7 B SR I B A A B 2D 1Y
JUAL B B R A Y S PR E . BOE 7 B N B
AR 3K LET7 35 AR AL W i XA [ . ) — 2807 kot
— BT A SR A A A R A

LEFFA BB S 1 25 045 i 3B AR B AR Ry
T 36 00 5 2 e 0

By T 8 e G R I 45 1 0 1 5 B
S B L SCBRC 10, 17-18] FBWFE T 96 F 4 4t 40
U1 05 0 2 5 B 0 7 o 5 L)
(15 Ol 2 5 B T LT B0 R — e
Ol v 15 4% TC AL 7E S S 5 TR M PO M 2 —
FAY B 135 B 0 222 A % S TR M I 7 % B
SRR IR 36T K0 20 B 5 0 0 R LR 95 O
{65 ek M e TR 2 O B 65 WL B B de
SRS T (AR RO Iy i v B 16 5 M 1] £,
SRTIT 50 R 75 b 1 12 4 B U8 02 T AT 7 —
S 4 T 9 5 I B MR T4 525 7 T o R £
el R B 1. SN IR — BT 4 AR T
A5 15 30 T 4 06 0 0 5 D010 L R T A A
BT 52 1 5 100 44 B 240 0T S T 3 4 7
TS . . e R R (H R,
B LR HI CHE L R ) IR &
B SR A 54 R R R 4 R
SR A e A PN SRE L SO Dok
DA H T S 5 T o A T8 2 R 6 7 16
R T 16 A IR 3 S 0 2 L
4 R A T £ AL e AT B i 65
AL B T A6 A 4 SR

BRI 2 b A T 5 B 24 SRR TR AR R < SOk
[137 42 T2 A0 M T HA < R 3 A TT 4L TE B
AR AR BE B A TG 4 A 5 A — A R e
B TR A R S 3 . 2k Date(<7)]
[Price(<-100) 1477 T K22 1440 5 10 1 48 e 3 1 B
U 100 TG, 30 G MR P T LA B ] 224
BB IO 2 5 R 20 I L DAL I W L5 4
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Background
Dirty data is becoming more inevitable and widespread,

which often causes serious consequences and is often

expensive to clean. In recent years, the database community
has investigated extensively the problem of dealing with dirty
data. Inconsistency is one of the most important aspects of
dirty data. A database is inconsistent if it violates some data
quality rules.

The severe condition of inconsistent data requires
comprehensive classes of quality rules to help detecting and
repairing dirty data. To this end, several kinds of rules such
as functional dependencies, conditional functional dependencies,
extended conditional functional dependencies. conditional
functional dependencies with built-in predicates, fixing rules,
editing rules, differential dependencies and comparable
dependencies etc were used to detect and repair inconsistent
data. Several of them have been studied deeply in terms of
satisfiability, implication and inference systems. However,
all the proposals treat each attribute entirely, even though

there’s much inner information in an attribute.

To this end, this paper studied a new kind of dependencies,
called micro dependencies(MDs), which can catch the inner-
attribute relationships in a database. By doing this, much
more data errors can be detected with acceptable time
consuming. This paper mainly studied the static properties of
MDs, including satisfiability analysis and implication analysis.
For inference system, five inference rules were given, and
the completeness and soundness of this inference system can
be ensured.
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a new kind of data quality rules, which can help clean dirty

data more thoroughly.



