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Method for Discovering Editing Rules From Sample Inputs and Master Data
YANG Hui, YU Shou-Jian, CHEN Shao-Zong
(School of Computer.Science and' Technology, Donghua University, Shanghai 201602, China)

Abstract: Data re‘pai}ing based on editing rules and master data can automatically and exactly fix inconsistent data, but
editing rules mainly relies on the definition by professional staff at present. To achieve data cleaning automatically in the
whole process, the techniques for discovering data rules become a hot research topic in recent years. The algorithms for
mining CFDs mainly involve CFDMiner, CTANE, FastCFD. Based on the above techniques, we provide a mining
algorithm for editing rule, which is based on sample inputs and master data under the extension definition of CFD and
the definition of edit rules. The main ideas is as below: Mining CFD from sample inputs firstly; then according to the
domain similarity between input samples and master data, we can get the corresponding propertie% of input samples
from the master data, forming editing rules with pattern group. The algorithm can effectively discover editrules. And the
mined edit rules can effectively repair the data in accordance with the semantic of the rules.

Key words: editing rules; conditional functional dependency; data cleaning; equivalence classes partitions
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R0 M R A2 N TR) A2 2% v, NS48 R 4% 4t CFDs (1)
EME R R E R ORI B R R T . W
L, AR TR Y e E R TR, SR
CFDs #2488 AN @ 20 (1 N AE, AR3EE 1 b 1) s 4
Kl o P W g LA Bl R JLASY CFDs, 45l #%
NN

@, : ([CC,ZIP] - STR,(44,_|| )

¢, :([CC,AC] — CT,(01,908/MH))

@, 1 ([CC,AC] — CT,(44,131||[EDI))

@, :([CC,AC] — CT,(01,212|NYC))

M BT CFDs #ENW LA i, [ K 4 i (CC) A

iy X 2 B (AC) W] LA YR sg ST, I o, 3 W] A o [
HS T Gt AL (ZXP) W] LAME — P T (STR). A _F DL ¢
JIT#31f) CFDs W LA Hi 4728 CFD, (R 2650 A &
o 20T I, DT b 3 ek AV R I BT 42 4 H X 2K 0
CFDs & HAT Bkl ;55— A Phllexf CFDs § &, Rl
Aiff 7 G R0 ke 1 A B e A, 3R 2 TP Ak
P, SN S B RIEAN ], B AN — X
Bk, Fltn s S R AR R i PN B TEL, #iuhikn]
LIZ27R 4 STR 5 POST. Oy T fifee 8L b t, ity 7
RESZ 3 L B3/ 0 5 2 CED's A1 DT 2 50087 7 Rl 4 4 K
WU PRy B \

% 1 Customer Relation'schema R

cc AC PN NM STR cT ZIp
: 01 908 1111 Mike  Tree Ave. MH 07974
1 0L . 908 1l Rick  TreeAve. MH 07974
1 L oo 212 2202022 Joe Sth Ave NYC 01202
g 01 908 2222222 Jim Elm Str. MH 07974
1 44 131 3333333 Ben High St. EDI EH4 1DT
1, 44 131 4444444 lan High St. EDI EH4 1DT
1 44 908 4444444 Ian Port PI MH  WIBIH
1 01 131 2202022 Sean 3rd Str. UN 01202
# 2 Relation schema R,
cc AC TEL NM POST cT ZIp gender
S, 01 908 1111111 Mike Tree Ave. MH 07974 Male\
5, 01 212 2222022 Joe 5th Ave NYC 01202 Male
5, 44 131 3333333 Ben High St. EDI _ EH4IDT _. Male
v‘.
('Y \ 5
2 MRS O T UEHY CFD 138 X, JRATI5E7EJm PE( b L —
Py

2.1 CFDs HE&#t&
2.1.1 CFDs 5& X

fE R R R B4 1 R UK A @ W XY
(R:X > A1), Hix 54 EFifei FD B,
X car(R), & LT X R4 ERBERAE. B
JeilJEVESEIC N LHS (@) , 473088 RHS(9) . Bl o,
H, ([CC,ZIP]—STR) A FD B, (44, || ) AHi
41, LHS(¢,) A[CC,ZIP], RHS(¢,) N STR.
2.1.2 CFDs 732

iR e (A 55 TR, HAER Bex LB IEE
1 [BIWHAE TR, WiZ e A% CFD. Wi [4]=
H X e B ¢ [Bl=_, Wi%e k74 CFDP.
BT E ) @, A2 CFD, o,,0,,0, N CFDs.
2.1.3 CFDs if X

NIRRT, WMHn =n, & n NEE, n, <>, W
H n,<n Bl F®F 1 0 T o4,
(44,"EH4 1DT","EDI) < (44, , ). % ¢ <, TATH
LIS ¢ WMH g <t,, 4, <t i8N t,<t,. Pl
(44,"EH4 IDT","EDI) < (44, , ). 4@ @, 4 5
XTSI RERS TCA 1,8, 2 4 [ X ] = [ X] <t [X]
I, #AT 6[A]=0,[A]1< 1 [A] AL, W ri=e. WL X
WAL o FI— N r TR r,={tlter, X<t [X]}, il
2T TG, PR RPN 1,0, 2 [ X ] = 6,[X] I,
T [A]=t,[A] F 4[] <t [A] L, A% 8
A MR e RNWES PN e, Wr=2.
T (X > Y,0) P Y AZEEEGHMN, Sh T2
ANHEI A7 3 A — AN JE PR ). X BLRAT % &
RHS(¢) A 58— Ja& PEAE R ).
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2.1.4 #/) CFDs

25 7RI R TIFEARSA] r, 1238 EEI H
SEHBIFTA r L0 CFDs. b 7132 04 2 4E T
R, AN /N CFDs, #5645 i/ CFDs B
e X.

XT R LW CFDo=(X > 4,t,), WA 4eX,
W 24~F FLIS CED. A IZAERIEN, *,[4,]1=1,[4,]
I, BT IR Sl BRE 2, 21 (A, 10, [A,] AT
AR, BT SE B RRAN BE AL . SERATT I LR R
M CFDs. X 7 % CFDs, 1 R
Y& X, (Y = A, [Y]]|a) WA LT, 0 T4
CFDs, W Y & X,rl (Y - 4,@,[Y1] ) A AERE
t, <t e, fr
A7 JLI, ZEZ0TRi CFD #R oA/ CFD. i, 5 —
o @, 7/ CFD; g ANJE Ry CFDT IR A
LHS(p) ® LL M # @ ¥ "cCc 5, U A
1y [= (AC > CT(908MH))

2.1.5 #% CFDs

IS B A AT A B — SR, T HERR
VRN CFD, MBI C A 1) S RF AN T
1) CFDs. @=(X —>A,t) f&r PR A
sup(e,r) , s r R R @ IR JC 2. X E AR %
k=1, ik sup(p,r) >k, W CFD 2 k -5y, it
@ 2 3HEN, @, it 2-SE.

2.2 YREE M NAE KBS
2.2.1 RN E X

B XOfE (R,R) b gw O R — Xt
(X, X,) > (4,4,),t,[X]),

() X A X, AR ABK R AR, , |X|=]X,1];

(2)AeR\X, A4, eR \X,5; =

()¢, RIBYE X LB, R4 Bex
JEPE, HA kB XIR dom(B) T A HE 0, BEAT
Bfl, T FR.

AR 1 I PUA CFDs, FATTE LHS(p) Xt
MR JETEE |, gia B8R E 2, ARSI DY g
Lig IR

v, : ((CC,ZIP],[CC,ZIP]) — (STR,POST),(44, ))

w, : ([CC,AC],[CC,AC]) — (CT,CT),(01,908))

v, :((ICC,AC],[CC,AC]) = (CT,CT),(44,131))

w, : ([CC,AC],[CC,AC]) = (CT,CT),(01,212))

AT R DY A S 00 R DA 1R AN ) B 4 5
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e (Y — A, [YTI] ) WA ZE 2 i i,

MR, AR A — SR I Ja 1k oy & 2 A7 78 25 5 11,
A HREAEEER R T JEER Y. R, NFE
ARA[ReAEAE /D BN EGE, Sk, BATHEEE S S AT
ST SRR FSE e Aff e LSS DG R
2.2.2 G FNTE X

G RN R T AT T A SO HAT LT IT AT K
O MDs) K13 2518 5, AR F T 73 20 (6 PO A G e )
wo-w, , W R qXx]<e[X] H qX]=¢,[X,] W
[A]:=1,[4,], BB 1 6 AT AR DT
4 H BEAE 508 T 3R BILHS (v) L AREE 1 e 20, 0
Cdl A, R B S e Al 4 et L.
2236 m#@w%m

& XA JEMEAE X B — BN X -
i M % M ot 4d % xR
[t], =fuer|fAl=u[d,VAe X}. JEM X LI r%%
MEBHARESG N EE X BRI, dHh
7, ={[tl.tert. PTASEMRMIFESE TS r. 1
ot AR 1B, (6] =[61ae =[]ne =161
={ltott ), Tae = Uttt 1 A L 8

3 GuAR NS

KT RRBU . 2t BB DCIBERI 42 4 4
IRIIWTST, SCHER[81AN SCHR 9145 3 48— Hodie ot it 4
W, A T B o 042 48 S0 QRMiner . 5 1B
Uiﬁﬁ)\Hﬁ*iﬁ%ﬁ%ﬁi%?ﬁt’f““fﬁﬂ)ﬂﬁﬁ SCHR[10]
LXTEHZ?F’E’J?@EE%&LUM 3 ANEREAT T VRS,
AR S B JET T%?E%#Zt%ﬂmﬁﬁ/z FastCFD P14~
b5 556 00U B 5T 7 BEFastER.
FastCFD Ji& —Fi i IR BEAL S, REAZIM /NI, & 40
1) CFD 5.
3. BiEERE

FastCFD [¥] H (2 X 5 — AN @M Acatr(R) 1EH
R ) A 3, ?ﬁ?ﬂ@?ﬁﬂJﬁ“X’J‘}‘“ﬁ’JMWUEwY, T R
BN e=(Y—-4z) , LT Ycar(R\A
sup(,r) >k . AT AL 10 4 3d 24 Cover(A4,r,k) ,
VO P A k- A% B/ CFDs W] LA
U seamr, Cover(4,r,k) ZH B, IXAEFRATIAT 25 22 ot
B Cover(A,r,k) . 1M Z4EN7E 555 Cover(4,r,k) s&H K
RN, ZEEM/NE S5 N T8/ CFD [#) LHS(9) .
3.1.1 4

KT v Cover(4,r, k), FATTH 51N Z5 82 1) Mt
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B s X e 1,1, I ESRR RN
D(t,t,;r)={B eattr(R)|t,[B] # t,[B]}

RITCH ¢, ¢, 70 @ PR EAFRSE Y JE A, FRATT e LA
r LI ESEN D) = {D(t,,t,;r) |t,t, e} . HTIRAT
BioE T MW A7 w8 LHS(p) . E X
D, (r)={Y\A|Y eD(r),AcY} NHLLAEIENE 4 1)
IR Y BREEM 4 FrEEAE. WA
Y eD,(r), Y cY WZEEY K/, B, X%
1 s, AT LS 2] DG, 1) = {NM},

D(r) = {{NM},{PN,NM,STR},{CC,PN,NM,STR,ZIP},
{AC,PN,NM,STR,CT,ZIP},{AC,NM,STR,CT,ZIP},
{CC,AC,PN,NM,STR,CT,ZIP},{AC,NM,STR,CT},
{CC,PN,NM,STR,CT,ZIP},{PN,NM},{AC,STR,CT,ZIP} }
Dy, (r) = {{AC,PN,NM,STR,ZIP}, {AC,NM,STR,ZIP},
{CC,AC,PN,NM,STR ZIP},{AC;NM,STR},
{CC,PN,NM,STR,ZIP},{AC,;STR,ZIP} }

D (r) =1 {AC,NM,STR‘} ,{AC,STR,ZIP},
{CC,PN,NM,STR,ZIP}}
RN, TR R /N . B, kAT
SINEHERME: 4 Zcar(R) , X cPattr(R))
P(attr(R)) N % & anr(R) 0 % %, W B xF & A
YeX,YNZ#D , Wz x ; WRANFLE z MET
EMREE S X, Wz h /N . X R LA H
Dl (r) M B/ NE T A

{{STR},{AC,CC},{AC,PN},{AC,NM},{AC,ZIP} }
3.1.2 51k CFDs
AT I ZE B 10 o /N 6 L (X)) IF

G, R AL e, BTG AL g S
D) . HlNE R Y < atr(R)\X U {4} 5 X4k
BN CFD g, =([X.Y]> A, s, | @)y X T4
AL (X, 1) (IR DU SCHRT 2] GCGROWTH
AR, X H L E TP, T iE T ARG 1 AR
A AT, ALY < X5, =1 [¥Y] %HF
MR (Y,s,), W(X,0,) ATFEE. XF# CFD Rl
CFD 50 nf LU i 1 5 [ EECR ] 7.

5B 1.
) WAEREIH CFDo=(X > 4,1, ||a), rl=¢
sup(p, )=k X H X X EAN=Y S

Di(r, )=3,7,(r, )=(a) WAL
2) WAEE A CFD p=(X > 4,0,1) ,
rl=e sup(pr)zk A HMH | 2k, X Bk

Dy (r, ) L.

SIH 1 A URIRAT, WA CFD 2 5 /N k -
WO, W B R | 2k, DI(n)=9
7, )=(@) X = A K 8 T B E
(X, X" 1> A, || ) e A k-M%A CFD,
WL |, 2k &, T BRI TP

al. X' & Dy(r,) W) & /d & & B A 17 1
Y cX |V |HX"|-1 T4 Y B D(r.).

a2 RAEAE X MIL T4 X MW X —1 {857
X OXNX) Bl D@, ) '
3.1.3 By,

BT SN T VR FRATBEAT 0 B B T 1) k-
FFER(X,t0), BN (X, X" > A4,@,0) || ) e 2
K, WIFTAAE S X IREB4E X, BIRIOTFSE (X ,t)
AHZERET . XD A2 CFD . NI
1B R RA TIT B4 g CED R H B FB 40 1 78 40 1.

I 2. X T4 CFD p=(X > 4,¢, 1)), H
rl=e, sup(e,r) >k, WA @ L&/, W (X10) 2
k -AETFAR.

3.2 BiLER

T A2 A S G AR U, 75 e G A ) () B
2K I 20t (1) FastCFD . FastCFED [ 35 32 AN 20 R L
FindCover 1 FindMin . #5752 2, FindCover 15t
TAFBIE r BRIPTH k -SUEIFER Fy (), I PR
ANTFREHEFE, B 56 % 58 T S8 685 IRk /b 1) T 45,
T HBHARE, () TITE R, FHW 75 R A7 X L
ToE. K FL )RS (X e, WD ) 0
BN R, AR %S R £ FindMin . R4
i BE FastER [ PE4ILFE.

=

#47):BEFastER :

N JBYESER, R XA Br, r, LRFREMI(EK, AL I {Ed
it /NS

3 :=;
F, (r) := genFreeSets(R, r, k);/* T A5 B P A7 k- S BT 4/
hash table H:=CreateHash(R,R, ,7.1,,.d);

N

for4e R do
Cover(4, r, k):=FindCover(4, r, k, E (r);
for ¢ e Cover(4,r,k) do
v =((X,X,) >4, 4,).t,[X]);/*X,,, 4,from hash table*/

® N @

T2=X0y;

hd

return X;
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IIf# CreateHash(R, R, 7,7, ,d): 12. D,(r,)=R-X ~AUD,()

1. define a hash table H; 13. for ¥,Y € D,(r, ) do

2 for alldeR do 14. iflY cY') then remove Y’ from D, (7, )

3. max = d; RATIALL*/ 15. return D, (7, );

4. for BeR, do AR R BRI D VR R T AN SRR A 1, R

5. DA, B)|{v|v e Dy(A),v e D, (B} |Dy(4) U D, (B): AR ITEMORT 1 AN, HREREE

6. if(D(4, B) > max) then max = D(A, B): add(4, B) to H:; AL R 3 AT TR R A Rk 5 4

7._retum H; TEIFHSEMEINKT 1 ISNA 8 69 17k
MC Th BT S0 3 rh B A G 21 E R R 11 s 4

i # FindCover(4,,r, k,F, () L5 SCRR[3 1 1 v 228 I U5 AL, 98D T T4 x Y

1. cover(d,r,k) = @/ * FI FARLEHTATRHS () AR HLI/ FLAS IR AL Tﬁﬁ\‘é@ FindMin .

2. for (X,1,)€F, () do Method FindMin(4, (X ,?,), D,,,..Y > )

3. no=f{ter|rst,}; L. CF;),“i“ =

4. D'} (5, ) =genDiffSets(4, 7, ,X); 2. if >, =@ but D, #@ then

5. > ={BEZ|Z D )}/ * @?ﬁFFﬁE‘JE'ﬁ%*/ 3 return;/*SL I AN 277G LK CFD*/

6. Y = FindMin(4, (X, 1,), D’;’"(f;ﬂ),>:m); 4. if D, =@ but >, #Q then

7. cover(, k) = cover(d,r, k) U Y; 5. return;/* UL AR 2 A7 7E AT 2 CED*/

8. return cover(d,r,k); 6. if D, =@ and >, =@ then

ML FE FindCover W[ LA HL, HrpilfH T WA U7, 7. if Dj(,)=@then

43k genDiffSets #11 FindMin . genDiffSets J7 2 [#)4/F 8. if 7,(1, y={a} or {{a}, {b}} then /*r, FEJRIEA IIRALH A

SR AR o, B TTA, BEE B S B B AR e My amid L RVE AN SR A

A1) DY () . FindMin J7iL2E AN B IH R %Y, T 2 4% 9. CFD,;,i=CFD,;,, U(X = A,(t, || @));

WL 77 SRR — A M BRI 2 i M 26 10. else return; \

W, MARBIEANTT ST A2 0] LUE % D, T 14, 1L if Dj(r,)#@ then \ R

RIGHWTFEY EHE Dy(r,) B/ NE R, %7V 12. if (no subset of size |Y]-1 of |¥covers D'i(r, ) and

Ik D, TRAT AT BN Y 2 55 W 24K, BniR (A 13. no sutzse3'-)._f'c)éof|)r\—1 YU(X\X) covers D(r, )

Fits x Sl NEF y TR CED BN, FHIEANG 140 N GFD,=CFDL U(IX,Y]> Aty o[

XMRE. 1w T else retum;

757 genDiffSets(4, 7, ,X): 16. for attributes B e>_ in order do

L1, =@D,(r,)=D;ag(r, )= 2; ' . 17 D,,=D,, notcovered by B;

2. for C e attr(R)\X do g | ' 18. > ui= {B € Z|Z.€ D, B < By IF 4T RHIT*/

3. compute 7 :={[ul. |uer, }; 19. FindMin(4,(X,t,),D,..,.Y UB>,..);

4. me=feenc| lels = 7w U 20. return CFD,,;

5. MC:=Maxc{cern | mer, }/*¥icl,c2er, , ol cc2 MR c2*/ 4475 BEFastER 1456118 T A& s &, — M7

6. for 7€ MC do TR X (G 75 22, CFD AR 1y Je P 5 3 2

7. fors, ez do g PRI K 5y — A AR IR AT ke -3 TT AR

8. fort, ez, j>ido F, (r) FIME A3, JFAE4 FindCover (124

9. ag(r,)=ag(r, ) A(t,,1,);/ * A */ 3.3 AR

10. for X' e ag(r, ) do N T RAESIR AT, KT 1 R 2,

1. ifdeR-X) jur Y/ I

(1) HRAESTHR[ 12182 LI SR T AR 2T AT 13-
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ST
E, () = {(CC,01),(CC.44),(AC,131),(PN,2222222),(ZIP,07974),
(CT,MH),(AC,908),([CC,AC],[01,908]),([CC,CT1,[01,MH])}

(2) ME, AFE—ATFER (CC01) i, FEIT R
a7

(3) AR 1 Wi HdE, WAL (CCl=01 1T
WA 1y = oty otys ot}

(4) VM genDiffSets Ji ik, THHEAEAN &KX 5
ML AT 1 NS, 381 R 455

Tpe =t toty} ) Ty = Ut} Lt}

Mo = {{t,1,}} Ter =t 1,1}

T = {0,004, 1) )

MC = {{t,,6,, 1,3, 4ts, 1,8}
X BRI AT 52 4 STR , NM LEREAS o4l 48
Ao B, X R OR %R % oM Mo
Dipy (1) = {[PNLIACCTY}.

(5) e Dl ey 1R B 1 .

D, :{[PNL[AC,CT]}

> {AC,CT,PN}

37 \/BCT B=PN

D, {[PN]} © Du,t{[PNI ! ! D, :{[ACCT]} !

L et P Pt PN )

B=PN B=PN fail
D,y D,  return
el T utll
Y =[AC,PN] Y =[CT,PN]

K1 AR R

6) WRIEE) T H2 Y, o] LT B A 5 b AR
CEDs, 739l Mh: N ‘e

4 = ((CC,AC,PN] - STR(01,_, ||)

# = ([CC,CT,PN] - STR,(01, , || )

(7) T3 1 AR S HAR 1 AR 2 i)adsk
a3 FURBEER R AR, (R, X BLERAT T v AR RS
BI{E R 0.5, #7145 T W A &4 (CC,CC), (AC,ACQ),
(CT,CT), (PN,TEL), (STR,POST).

(8) o 159 2 A ) 2y -

' =(([CC,AC,PN],[CC,AC,TEL]) — (STR,POST),(01, , ))
v =(([CC,CT,PN],[CC,CT,TEL]) — (STR,POST),(01, , ))

3.4 BERERESH

BEFastER  §772: (1) s [11] 3= L7 #E7E genDiffSets /7
VL FindMin -, genDiffSets H 55 K IS (1) 42 1 57 254y
KPR R, ER RO, X RE R H
WERE e, I TCA B, WO 75 VIR I ) 52 2% 5 Ay
O(R|r, [); FindMin EANBIAJIEL, 2 A2 1R
Z300), AH ] LA/ 3 T R\ {4} BT T4 (I, R 28
V) P B e e, B VAR, TR T 4 AOROR,
AFLI PR IR () FF A st B, 7RSI L |, I 1) 52 2

genDiffSets [T A KT [, X s i[RI AT BL 2. an A%
F& GCGROWTH, 167 JF4eHaIN [, 1] BEFastER ()41
IFIFFT 45 4 O(| F, (MIIRI7, ®), |F, (r)| WITHEEH.

4 SEEG
ARAT A B K B B R HOSPH ki

ATSEIGAIETT, B A I8 B [R5 3 1) B0 0 5 H P A 1

PR IE L A B, JE A T SOk v S 9 e )

SCRR[315E. B B AR 5 22 SR W 5 1 A

CFDs [f4cfF L.

4.1 REHIRFINE

S KR T A SR LR, R A AL
) HOSP 4 3= %45 HOSPM, Bl Lk HOSP 1 %5
A A, AT 0 E R AT XA —
R Y HOH 8 35 4 A ] BAZ . \HOSP .4t
ANJETERT 9455 4t . | -y *

g B 8E, TRl 1 iljava 1 5 76 window? BifE R4,
Mysql SCHlE 5 5 Z48, Intel Core i5-2400 3.10GHz
CPU Hl 4G WAF NSl T ASCISE . BRHRSG RS
T 5, BUFE R,

42 RIWHER

AEHPEEE HOSP Al HOSPM F, B 3 K5 15 BI{H
M54k, A et )59 BEFastER AL T-SCRR[3]1
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