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Abstract

Anomalies refer to the noise and inconsistent values in the data. The detection and processing of
anomalies often depend on domain constraints, which usually include conditional functional de-
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pendencies, negative constraints and editing rules, etc. However, for specific domains, these do-
main constraint rules need to be made by domain experts, and it is difficult to find these domain
constraint rules efficiently based on data mining and machine learning algorithms. In this paper, a
concept of abnormal itemset for data cleaning is proposed. Similar to the outlier detection algo-
rithm based on data distribution density, abnormal itemset is an unlikely combination of abnor-
mal values in data. Then, some characteristics of lifting degree are introduced to mine abnormal
itemset with low lifting degree by using the improved equivalence class transformation algorithm.
Furthermore, this paper proposes an anomalies repair algorithm similar to the nearest neighbor
interpolation algorithm to ensure the repair quality. Experiments under the real estate informa-
tion data set show that the anomalies detection and processing algorithm based on abnormal
itemset have high accuracy and will not introduce new anomalies by data repairing.
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Gy ZANETRAE ORI, B s e R A LAY, 7 S AR AR RS bR 5O B 0 M DA B 22 4
FHRBARE . T A s B B A 2] DA X — ), (HLBE G 4EFE 3G 0, 28 214 R ¢ Ak 1]
Ao BT HLER 5 o 0 S (A 55002 BRAR VT DUAR e 22 4 P il R, R LR I SO T h 5, LA 40
WG FBRE, ART ANUNE, LA .

TERBAU 248 1, o] DLAE B T AR I Ji >R sy ek i IR =X T H LA B s i BOR .
DFEAENH RSO IR G IR, BEM DN EGES KN EREES, R )R
TREE A H S FoR, MITRAREH t 2° Fom. BN ARSEARIER A, Mhr b3 ARRIL P A FEH
BrlRe A, FTUAERRLUEE, (NEERFEIUEE, RFEERMAEN —A T8, EdEZNf
[38], WAL SIMEIER TR, SN RN RTEE 25, (AEFEEAEM T, ST
WA DEERN—NFE, FAEAREIEESN “T5” HdRidx.

TEHREF, BT AE IR H 4H -G 0] R OCECRIIN o SIS B 5 A8 Hah o A 2 H B 0
43, T CH U4 (Abnormal Item Set, AbNIHE )52 & & Eds LLAMRFR 73 o S8 TS /2 — FRF R I A A Ii4E,
TR Z @A RN, & Rets MBI ER “F5” 1, 82 N7 M. 32 RE DS HIEE R
WET R T HIREDSE, WEIEETEHREE: SEiTEEE, RRIREDE, v s
R CTHT M. MH, RE SRR A SUE L R —Fh,  ERON ATRE MR RS A 2 R ORI
WA, AT AU T IR . O TR X 5 5% A s B [4] R0 75 58 2R [S]AHAL, (A T2 48
A PR AR 75 2 LR I BVE R B, MR E. HFH, RETEAUL GRS WEHE A S 2 K
AR, TR 2 5 S R EE, S0 (Tomek)EHE 1) BARSAL, IR LLH T
SEEBE, HASBHBE ARSI,

AL FBETTERA T 1) FETH i (0 m w E A AR A T, & 7RIS, vl
FEORFI T2 2 4 B2 R 2 29BN o % S8 (BRI 5 20 SROME U424 [R5 04T, MBI Hh 3R SO
W, GRAN T AU A RN ERIR EAA R . 2) 3 T BRI AR R AR S, ISR T R R
BT IBEEZ F, ATTGIN T 3G A28 B U (1 B R 5 0E o 3) AR AR B 1 At b DA sk,
VPRI BE R E TR 2R (48 AR, SR EUH 73 1y 1) 77 20, R DIASCR A6 B 0 14 o T By R AR AL,
Z BN m A L HER I SO TR . 4) (E SRR BRI RE T, BIN TR AR, B ARLE S (S IE
M S RS R ARSI 3, RIS S T RC% . R4 T AR R 58 (8 5 E 5.

ASCHAR AU R BTN T e A SCH TS IR AU AR SR AT AR B =
FEEBABMEIMAL, 4 T INBOTEEME S L H e, FE5IN T IBCRASE T B MR SBIUTA T R
WIUERTZIR S BAANE TR TR NS . MO AR B, RS T R EE IR R
FENTHHT T RISV, FEE LT EHT T .

2. EXTIIE

FE S H AR AN 55 AL B (BT ST . SCHR[6] LA BR BRI N 2R At SR HY 1 — i it o3l 48 55 R AU
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TR RS, R AN . SCRR 8T FH 4 B AU AN 3= Bt AT Bt s e, 19 BURE [
B ie R, R %M R BURBOR AN R AR . SCHR[O]F RERALN 5 i SRS 45 5, T HE /)
b o EAE RS 5 8 (B A PR AR b, RS RRAA — E MR RE, (GEA) R B 2% F bR AL
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AN TAE, BRI/ELIE N L s 248 5 R e > o BAR DUV T 3 (1) SRR, %
PR S, ARSI SRR, AREETREELE. ACZ3 LR FREK, A
et T R BRI

SRS 1) S TR AR AL 2 A TS, SCIR[10] [11] [12] [13]170 3Rt 1 4 Fh B A AR LRI
B USSR, Foh Apriori-Rare 5E[10]564 BT A B/ MaA TR0 Hok, FBIRA L= A WA
Wik, AfRIM EE[117E 5 B2 38 (1 Apriori S00ME S 1077 1) BT R, HIMA (k+1)-T4E1E %
A K-T0EE, AR 2R A IR I BT R AR R Apriori 5792848, Walky-G 532 [12] i/ g ok 23 a) o
AR EERAE R, K TIRER SR MRSP SR[13]/2 — ik T~ K & 2 55 1 e &5 dpe /N A AR 32 4
Hik. HR[LFEH TFE RS 8 EA N EER . (ERE TEENTEEIHRK, 28— e
R SEIRRA N T o H, XEEVEPE R T SRR, WA BERAE, EE s TS
FHICPERERE, 17X 1 A2 S (AL B v B 5 A5 S M R 2 —

3. MBGEFREA B R AR

FEATT R, B MG R R B A R LR T F AN R AORCE 45T Ko A% SR s 2 3l A S HE
MBS HE BTS2 L, )54 AR AR T B R 5T

3.1 ETRREHEMNE

TEA G TERIZ IR S, AR AR AL TS iz, AR SERR R BHE R b, ANE & R E
BRI, PR 5 s B AR b AN ) PRI T AN R AL . T e 0 % 500 Je 1k e AL A
HRX A5 % EHF RGN . fEASC, R RS SR, DU B i 07 SOy Bl 4 4 b 5w v 7
[

& B (Entropy) H] LA E & FEALAZ 8 7 41 o i 60 & BOME B2 RV, 2 — M E(E AT E I 4Rz .
FREBEOR, BENLAR RS T B EOBE R, BN B AR 5T, 2 BENLAS B A b AN
PR, Ascrh, DUBRTEIE NBENIR B FPA, TR R A &R IS S0, (Em IR .

X 1: J@PEAE S5 AEntropy )& I - BUE IR BERI(E B2 /1, H

H (A ) = AEntropy (A ) = —; P(a;)log, P(a) €))
Hrb, A RTRHHRED ={AU---UA U---UA,} TEIE k Math(l<k<m), a 2@tk A EIRPHIZE i
ANHUE(L<i<n), P(a)NEtEA PHUEa HHLIHEE.
KRR B Rshr el SRR MENE o -
_ AEntropy (A, ) - AEntropy,,

_ +1 2
“* AEntropy,.. —AENtropy ., ?

Hrr, AEntropy,., 1 AEntropy,;, 7738 D ={ A+, A+, Ay} m ANJE P b 145 S 1 s KB R /s
., o NFE kK ANBEEBCE. 5 B0 HUE G2 0 < AEntropy (A ) <log, n, 2 3(2) A BRI F) 1
1< <27EHEN.
XFF IR M IS B, T BB YERG 15 BRI S K S B HE T RIS AN B b, 153
KA 15 SRR
H(M)=H (A A A)==2 D - 3 P&, 8,3, )log, P(ay,8,,-+,2,) 3)

XeM xehAy Xeh,

Horb, P(x X0, %) 9 n AN R A M8 0 A1 R K
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H— R R P
T [ JE P (S R B G R R
max[H(A),H(A), H(A)]<H(A A A)<H(A)+H(A)++H(A) 4)

HI(A) A3, JEMEERE 5 S A N TR e — JE MRS BB, AR TR i JE M B2
Ao FTHRA I & P 1B A 15 SR U

H(M) =H (A A, A) =max[H(A),H(A), - H(A)]+JTTH(A) ®)

HITARE M i 5 K R A5 B AR I R A5 25 ) LA~ 2 5
R, 5AKQ)EL, AT HBERRAE o .

3.2. MBS R

B, EREEABIN AR T, MGG MREE AR RS M — T R

S EAE IR BTN G HHa 4 D 2 A BRI SRR o He b A0 5 o Y (oid, M) X RFETR,
Horh oid AR RARARH(LL HABER), MOATIE. T AN THEE M SO R item H SR A, 0
AENE, E)X, RRA(AV), ANENE, RIETESE A TRITER, viEA PEREGMEE dom(A) hi
FEZ —. BEPEZAE ADEBEE SR ABE L BRI(Av)eM , xR
0= {oid, M) 7E/EHE A s E R v, eV =0[A], TM4 o[ A]KE L. FH, # T & CARBYE-MExT
(AV) &S,

R, Ao e I A SRR S A A S R BT IR

SR AANcM, BINAET M, FRA S o = (oid, M) SCRFIISE N.

AELE: NTED PIEEE, AEHE D h3che N xS KT R oid 4, FRJycov(N,D).
WE R, AR IR AT ZA B . cov(N,D)={i:1<i<|D|ANeD;}, JFH., @&
SR MIFEHO SRR FE T4 SupCnt (N, D) = [cov (N, D)) -

SCRFRE: TR N (ERUR SR D i SCRE B R B B SR e M oid) 5 %udE 4R D ot Bz L,
sup(N,D):|cov(N,D)|/|D| .

RIFEE: TR, JRIPVERE E TR HSE: 27 P(AUB)=P(A)P(B), U A HIH B
SMSLFIB L, BN IR, M lift(A B)=1; # P(AUB)=P(A)P(B), T A FIIj
B AR AR . AL B IRIHRTHE f A

_ P(AB) P(B|A) conf(A=B

ft(A.B)= p(,i)p()B): é(é)): su(p(B) ! ©
b, sup(B) MW B HISCHFEE, conf(A= B) NEESE, conf(A=B)=P(A|B). k& lift(A B)=1H]
WAL, #Nift(AB)>1, MI A 53 B [MUZIEAISCHY, MR H AP E—ANK AR &% 5 — i
Bl #Nift(AB) <1, WA 550 B MEFAARK, BERE —AKIHIT R SEH S — AT

FEBARMR: B D RN EHHR D,or - D ={(i,cov({i}, D)) i € Z,cov({i}, D) # @} .

T EREG, AHHOCT BRI R A — L, R TR

SEX 2: 4 ETEEM = {my,m,,--,m_ |, B M K IBGCRFEETHECA wSupCnt (M, D) = @, [cov(M, D)) »

ﬁ¢MWMD»ﬁ%%M%i%Eﬁﬁ,ﬁ%MWMHi%E%WwMMD)ﬂﬁg%gua
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FEREAIZ IR Sy, RS SR BE R — T SRR AR bR, AT R IIFAE & T2 FE &, BT
BB A, BE R IR R 2 BOUER 1) R IR K T e /N SCHF RERME, A FH I IR AR e/ SRR FE
24288 KB, AR TR BOR . A, SRAIAH R M58, IR ST HBERAZ 4 S i
TigE o

45 E — HIURMUR AR AR, SRFF R T AT R B AT Re e . TR RS AR 2 T B m iR T
FERI LB N B BB 1K, SR T EEAUA A TR B (240, 3wl F T 20Ok B b . 4k, 7EFr
AT AHBA “584” MMILEMFTIR T, PR AN B BRI, Bal2dl, 4
wSup(M, D)/~ T wsup({m, },D)*---*wSup({m, },D) I Lt m;,m,,---,m A M ST, M RIS
AHREH L, HULIUE M MR E . (HR, ETFZHENT, BRARMOMECHEE, S5AA BRI
KIWH AL, HAEFETREEAR. XFE, BORMIER, BT AR S b H IR A BE, A
BRF N 58 B AT BE

N TR R I8, SR S BT RACE S MO A . BN AR TR, AR A
S5 A . T H, RIS T B A PR SR BE AR T B J LRI 28, X345 RES e SCHF 5
FETHEERI A FEARTCHY,  H T R B 1R ISR T B SR TR, R R AR T R DAk S AU SO
FER TREEA 1 S HE TIUER AT 12 v JIT R S8 SRR U 11 I

EX 3. AEHAEE D, DUEM, N M IR 74, TdE M BINBGR RS2 THEZ wHIift(M, D), &
A

M,D
wHIift(M,D) = max Wsip(M.D)
dcNcM \/WSUp(N,D)*WSUp(M \N, D)

wSupCnt(M, D)
,min_{,JwSupCnt(N, D)*wSupCnt(M \N, D)

U]

Hrt, MAN AEGBIZE, BEEKRH NAEM FRZESE, WrERET MAEAET N R s
G AR@ M RENTE M BIFTA 7 X 7 2 IBC R BT Eb ) LT F 3%
WﬁwdeDﬁwwmmWHND)$%%¢ﬁo$1EK%EE%%%%T,%ﬁﬁ%%%ﬂﬁo

B3 4: MBI wHIft(1, D) < A RITUEERR A S H R o A A S L AkUS o LR F2 4 I, 4 3
AR/, R ER S, ATHLA=0.01,

3.3. InUBAEA BRI R

FESR RO TR IZ AR S0E 21, S/ e — T IMBUR AR THEE R — ek T . IR ORI T 55030 1 10
DA IR BE A a1 RN RT3 B

FEAR A2 IR A BT s o, B PEAN B S PR S I AR . BRI PR AR RN IR
ARFE LI, WA TR (4 B A R 4R 3 2 W0 PR . T S SRR kAR 4 A 2R — N IR AN /2 5
AL, e R P AR AN RE 2N 200K . ARz R R v, R T2 i, R
E AN 2 e S R PEZO TR, AT DR L BT R 4t

BIRIMBUH AR T BEA R SR, AR ORI, B AR — L] ] TR 2 h AT KV
BIRCAOTENS . RS RERTH R IR b T SR MBI AR ARAT 22, TN S W TSR I ST RF I 5 T 2R I ST
JEZ 1A )R AR BEAT BY B AT -

REI5: LEWEE M, HISupCnty™ Fox M K HTA S LIt {i} i fes IBUCCR EE A it
B, SupCnty™ RIRE AL RZM 0 H M BRI EIIBCC R L R
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wSupCnt® = max{wSuant({i},D)},(i eLMclL)

TE5E S5 AR b, PR SCHR[14] A 3R B 1 S HE T B A i 4 |
Rl SAEWIEMAL #MELBTFEMcL, HLERE LR8N KRETE, N
wSupCnt(L,D)

(wsupCnty™  2)° °
LN UEER, AT LA wSupCnt i SRR E L T EMBCC R T T . BT O DR 2T

HARSE T HSAFAE N, AR DR TSR I ISR EE T B AT & wSupCnt (L, D) >1 o X - S 314K L
1

wSupCnt(M, D) >

P T4 M, (M c L), #4 wSupCnt(M, D) > 5 o XEWEEREN SRR,
(wS.uant”“],ax *,1)
TS M ¥ 3R FETH 4G A2 wSupCnt (M, D) > ! o DTSR MRS R . BEAh, HER 1

(wsupCntiy* + 1)

R S TR 5 75 2 TR 0 S R P 22 P RN o
#iL 2. AT I3IANTWEL MAN, WHELoM oSN, WHE L BRETE, HINBEEAEETER{E

J9%, M /wSupCnt(N, D) - /wSupCnt(M, D) > \/%—JwSuant’;}ax >0,

e, 0 M OSSR, WX ERIPTA 78, #Eg 2 PRAERIRIRROL. R R
T, TR N R RIEE M, AR AN L% M ATE R L AR A Y B . BAh, HER 2
BEWRE RE DR RAERTER, Moy, WR M O RETE, WX TAEMNCM ,
JwsupCnt(N, D) > \'wSupCnt(M, D) . H1F-4 st BT T4 e RT3 Bk SRR FE 4R 26 94
RIS RE A AR T, AT BT R AT

R 3: EBENAM, ENAIMBTEEBNCM), N

wSupCnt(M, D)
min {,fwsupCnt (P, D)+wSupCnt(N\P,D)}
H1 T wSupCnt(M,D)>1, HifE M KN B A EE T B2 5 57 SR AU #F B B i ok RN
1

wHIift(M,D) > o WA AR [F) S 4 PE (Y IR (R Kbt 2
JwsupCnt(P,D)*wSupCnt(N \ P,D)

Ko SHEEMiNG oy, | [WSUPCNL (P, D) * wSupCnt (N \P, D) |t Hibi s 4 .

2
2-2°

wHIift(M, D) >

e 4: WIS N IR, ILITBGEHE wsup (N, D) <

4. RETSEZREE

TE FRFR ISR N, 45 HAEER AR D 248 I i AR M Bk . 120300 R AE P B IR 12 I A0 3 42
{14 55 4 2 A5 e (Eclat) Sk J il - edodb i ok 1 o

Eclat 522 H1 J. Zaki 7 2000 “E42 H (1), 5% 4t Apriori F1 FP-growth 5% AN, Eclat (Equivalence
Class Transformation, 543873840 502 DIME & 4% [15]FE A FERY, AR EIHER 5] ) BAITEURE 48t %
Kl BAE R R T, SN 2R (0 BAR R HATIR AR et ORISR B T4 . 76 76 B 50
FoRN, BT TID £ RA7 T E RN BE R, AUFHX AT — IR R 15 5s i
%S, FXTHEEATSRAS AR, IR T R A M IR R SRR . BIHER SR P
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P

BT HORRIBH M EHESH, Eclat FCRACRRI > BRI T, AEAA A& 1 fi s Sl R RS P

GBS

NYEYE SR T, X2 Eclat By T U T BiGdk[16]

1) 7£ Eclat HiEH SRS T IMBCRASR T 5 . TEER AR o8 MRS 23 (B, SRET 3907 38 )7 (1)
Jra, ARIEE M A 4R 26 T I8 M i i 3, FFR] BRSNS KA SCRFRE . T HL, A TigE
M SRR A A T AT , BWRETE M TR TR T, TUE M AR R, A
2T M FE A AR AN SO TS . TR IUER M BT AE IR 7 B BT A s

2) ¥ 3.3 T IR SR EE PR S T Eclat BEH,  DLHEAT BUBLANALAL .

S8 1 BT Eclat B S ARSI 51

10

11

12

13

14

15

16

17

18

19

20

21

22

s HUESE D 0 EHORFFIEA D, [P], RIHERIE A
B SIS AbNI
procedure  AbNIMiner(D,, [P],P <= 7,1)
AbNI <
forall meZ occurringin D, [P] in reverse order do//depth-first search
N < PU{n} /lexpanding the itemset N
if not isGenerator(N) then
continue
storeGenerator(N)

A
2-1

if [N|>1 and wSup(N,D)< then

if a subset of Nhas been pruned then
continue

if wHIift(N,D)<A then

ADbNI < AbNTU{N}

If /1’1>rgiNn{\/wSuant(S,D)*wSuant(N\S,D)} then

continue

1

—— = then
(wSupCnty™ = 2)

if wSupCnt(N,D)>

continue
D.,..[N] < @ //generating the next layer of the searching tree
forall meZ in Dsuchthat m>n do

C < cov({n},D)Ncov({m},D)

M < NU{m}

wSupCnt(M,D) < &, [C|

1
if JwsupCnt(N,D) -/ wSupCnt(M,D) >4 * —\/wSupCnt;* then
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Continued
23 if wSupCnt(M,D)>0 then
24 D,.[N]< D, [N]U{(m,C)}
25 AbNI < AbNI U AbNIMiner (D, [N],N, 2)
26 return AbNI

SR AR BRI BEE 1 . Bk 3-25 AT B N TERE S S M i T IR FE R e R . fEH R
Mg BTN B (B8 4 4T, AT N 3 BRI A HILE N B 5 8 S T IiE 18~24 17),
AT LR BRI TAE o b AN, X ST TR AR TR S HE AN, B, ASCSET LT AE N FITiE 2
JEABINZI(EE 18 1T). T N$E R DR TR IR, TR AR ST BT RS . B 1 1928 9
ITFRRWIRTUE ) AR Z 0T OB i, S ROLINBCCRRE R AP, Jovr B IR F AU F 2
FHE, W Z & R — MY . 58 13 TR T HER 3 EATEIRL, 55 15 47X TR 1, 26 22
¥R 2 T BIF:, 26 8 A7 R R 4 D 7B AIEE T I 5 &

AR 2 AT H U B A BROCIE R, RIYRHS TR I SCRE P B AR T BT TR IS FR
Bk 159 5~7 4T85 i B isGenerator() Al storeGenerator()S<Hl 1 %t AR e b, AR T TS B
S RARA T, AT DL A T BT R . X AN RE S Talky-G 592 [14]F1 Charm Hik[15]284, KA
THETHAN R T, TR oid Z FE NG A 1H

5. REEEIFER

54 R IENEH TR ISR RCE U, DUR IR AR ARSI e . A BR R A
TERCH TR, HEE D AR NER . T RIGHE H F i (T R EE . RO B4R D E I 7
HIEN D', SEEHE ENEIEW FEM: 1) D& TIEN, M, 78 D AR 17T R F T4
2) D'5 D RN 2SR/, BRI DU D s/ MERIE .

ARSI S8 (1 8 I SR SR AR S HEHG 5 (Tomek) B AH 0L FEAG 52 (Tomek) %42, F 425K Tomek $2
Ta— RGN, x Fy, EREIRN#E R LN 3 NESK, MFREATER 7 — MEM . 1) x 2 y Bmiil.
2) y J& x HIBIAE. 3) x My HIZEAIAE . FEHMF T (Tomek)ZaHs HY 1 3 FLREI T v B4 B 460, TS
FEGIRIAL TR, 5 2B BN, RO A FeM s 5, A n] Re SRR T = AL B KT T
%, R ZEdBREREERBITZ R, XERCHRSHEELBEAEL, ERTsSCimg, @l R E DEERI T
2N B YL EIR 2 1) 7 W BUE G, T DU e (Al . (R7E R R, O AR e, FRER
B S USRS IR R DR RA S, BIMER e, 81 5 8 22 00 /R R R AT e (I

AT SR N HE SR AR AR /N AT RESR THEE € X, IR 1 BIHER 4 4R I T FEF2 i i S W 104k
I AT BB RAC R, SRS 4R H S i (IR

5.1. fERETE

S IR ] LA 2 B 2 AN R PR E B W HUE AL &, BRI AR R R R AR . % (E
IR S0 T A 5 S IR S AL 14 Al (1 1004 ) i R B ML ) BE I S 0, R AT S (L
HIE. IR PR RE TR NTE, RN RINE SR H EES Dany. 4EHHEE D
J% Dairty» Deirty 7E D H1H{I#MEA Dojeane IS S#H L IE, H4E D &N D™, S S IR R AT BE 5N
W HAE, T EERE— AR, Hrh— PR R BRI T — L IE, #OAH DB AT — R H RS2
a5, AR T 5 B A RN SR TR (1 5 5 B R AR B A BB IR SN T B (K S 304k ), ks
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Pas Vv
HR %

bl

ZH IEBRAE N TERCE IE . HIX AR B S R e KiEd mt S . M RIX — i), WI7E Dginy 5
Detean 1321 FAE-F-HME SR AR, S H DUEFR R4 D h &2 k CH IR J5 W REAS W I I0AR o ik J
DR A UE R FARE A “TF8” Hd, mH, R DR F42 98 FRAP e B4 45 D e Hdp
PR S B R, T 5 0] e A ) AR B IR R AR TG R

EXN 6: RIS, WEHEED, 2dEL KIRELE)E, B2 D, Wi DIl T ¥ E#ES]
NIET S B8, IIRRIZARE ) S TS A SR I4E . FH QADBNI(Quasi AN 7

T B AR, AT ATV SR A R AR D 3R 2 kIR IE o AE I R ISR 2 IR SRE S R 1 2R,
ESRH T BN SRS S TH FENE S, BRI 28 K I IE JE U8R M (1) B/ N AT RE B AIEE T2, B mpwHIift 205 .
FEToR, KR mpwHIift 1€ X, FEHHER 1 BHER 4 45 LR .

X T: (/v BRI ) e Bl S D, Ko M, &

wHIift(M, D) =wSupCnt(M, D)/(Dgll\ligM \/WSuant(M ,D)*wSupCnt(M \N,D)

H wSupCnt(N,D)<wSupCnt(M\N,D), HHFNcM . WE 1 XKEIELIES,

wSupCnt(M,D)-1

mpwHIift(M, N,1) = min :
JJwsupCnt(N, D)*[ wSupCnt(M / N,D)-1]

|D|*wSupCnt(M, D)
\/[WSuant( N,D)-+1]*wSupCnt(M /N, D)

LA K IR, DR B k JCE RS I /Nl RESRTHEE, sy mpwHIift (M, N k)
H T (0 ARSI, BT AEAE— Do U ISR BE R T A% (KRR, 1% D' D 2id %
Z K IXE IR, MRS N, #N L7 E:

wSupCnt (N, Dy, ) < WSUpCnt(N, D) < wSupCnt(N, Dy, ) +k

HH, &84 R wSupCnt(N, Dy,,, ) =0 fII4E N [16].

HEWRS: WEX T, CHTEM, HTEAN, WINcM, XHESE D 2RE kK KEUERFR CE
HHAFED . 4 M e AbNI(D", 4), 4 mpwHIift(M,N,k)< 4

W 6: IMEZH A N M IENFIM, 3 MO2EWRE D IR I, 6

wSuant(M , D*)

wSupCnt(N, D, ) = -k

2

(WSUant:}i’g * /1)
55 5 AR Y2 48 SR B BT AL SRS SR ABL, X BB S FE T T R wSuant(M , D*) =1. WAL
EJEBURELE DY, wSupCnt . 1 A 445 2 wSupCnt *r. <wSupCnty’s o J9T #E wSupCnt . KA
D)

7 — K, LRI N A5
(wSuantmf’xDclean +k) * A2

WRHEATEIRG, AR 6, 24 wSupCnt(N, Dy, ) <

Bt
W7 IHMEE=AENcM cLIBHEN. MAIL, % L2DHHRETE, A

JwsupCnt(N, Dy, ) —/wSupCnt(M, Dy, ) > \E —JwSupCnt™ —ﬁ
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A 7, FTREIRET kRO RS N 1A fSupCnt. > >pj P

NB R R EUE S, AR N THE wSupCnt P, HIH wSuantmax* Al H
wSupCnt7*r. =wSupCntyy  +k .o T H, # M & D2t k RHEIEE RN REILE, XFT M T4 N

(NcM), %#H wSupCnt(N,D,,,, )—wSupCnt(M, D, ) \/:—\/WSUant@ Dy K _ﬂ .

iR 8: XN TAEMANFFAEN M IBENFIM, 4
wsupCnt(N, D)
mln{\/WSuant(S Diean ) + K *\/WSuant(N \'S, Dyen ) + k}

Scl

WHIift(M,D )>

e 8 MR 3 Mk, DLEWRRMEIEZREAEN. BT &/ aeEAERAE mpwHIlift 5
WSuant(M,D )wﬂﬁ%mxw 77509, mpwHIift (0 BEAS A I i i . #1288 e T mpwHIift
43 BEAE 38 IE R B = UL R 3
5.2. EREMEITIHE XL

1 S AR Y24 510 R AL W U2 IR FVE SR b, SREUBUN S8R BB T BEMIAN [/ (¥ B A5 % i
SR ERCE BRI EE RSN, Bk 2 DAHER 5 3IHE1R 8 kA, SREATEIBAIAL .

Bk 2. HESCH TR YR B9
BN R4 D MEEEBERRERX D, [P], RIVEBME 4, FEIEBRELE k
. HESCH T54E QADNI

1 procedure QAbNIMiner(D,,[P],P<Z,1)

2 QADNI =g
3 forall meZ occurringin D, [P] in reverse order do//depth-first search
4 N<P U{n} /lexpanding the itemset N
5 if k< \D\(ﬁ —1] then
6 if not isGenerator(N) then
7 continue
8 storeGenerator(N)
. A
9 if |N|>1 and WSup(N,Dc,ﬁ")g2 i
10 if a subset of N has been pruned then
11 continue
12 if mpwHIift(N,D)<Z then
13 QAbNI < QAbNIU{N}
14 If %> min | JWSUPCNL (S, D,,..) + k * (WSUPCt(N\S,D,., ) +k| then
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B
i
4

Continued
15 continue
16 if wSupCnt(N,D,,, )= (WSUant',:';m " k)2 e k then
17 continue
18 D,..[N] <« @ //generating the next layer of the searching tree
19 forall meZ in Dsuchthat m>n do
20 C «<cov({n},D)Ncov({m},D)
21 M < NU{m}
22 wsupCnt(M, D) < o, [C|
23 wsupCnt(M, D,,,, ) < wSupCnt(M, D) -wSupCnt(M, D,,, )
24 if /wsupCnt(N,D)-/wSupCnt(M,D) > A7 —m—ﬁ then
25 D,..[N] =D, [N]U{(m.C)}
26 QADbNI <= QAbNIUQAbNIMiner (D, [N],N, 2,k)
27 return QAbNI

Bk 2 5RO 1ML, 5B 14T N THER 6, 5 16 47 RIH THEWS 8 #HTETRL, & 24 4Tk T H
T . B 7 AT SO AR B A A T, (EAS K < |D|(/12 —1J i, AR EAE Ot T

Bk, k2 5 6~8 17iE L i FE isGenerator() Al storeGenerator()S< L T 6t AEAR BT AL

k FORHBHMTHUE IERRE, HEBUE S5 2 tEREE <. R, W k FBUEIEAT I8,

BT AN R B S 0 BT IR AR, 2 EE R R B, HE N EESE D A IR RS
FRR k. Bk %%%|dey| o THURA MR IE IR kR S AR F2 00 B35 I B A Re )0 BLHE . 25 k L
KM, Bk = |dey| o HER 6 FAHE 7 B M SRR TGV T BIR . 1 H, BT/ T R IIA A A4 T
FE mpwHIift 5kiEEAHSE, mpwHIift 224455 2 TS e S IisE . BRI A 5 g AT — s vl LA
PAFESCHE U Q, JF HArA I RS LA T 55 Q #1718 E, HEEXNMESRRA, JFHHTH=
UKL, BVEMVSCRSIRAK. 507, M k=18, AETEIRERIE, Q MK/MBEAHN. MiLth, #
B IEATE SEE, 2 AN rEEsiT kL,

DA S T2 48 SRR AR IS AT B (MRS AT B AR 2P, 4 Daing X120 NN 1 (98, FFXE 5
BN r s, EXCP A IR TR KA r=1R1r = dey| WG, 2 FREfE r f7EHE, 5]
BN AT RE

UOERFANCM IS N f1 M, B D HEESE D 252 r KFEIEERE, #it 6 (UEHT

WSUpCﬂt(M,D*) S YN . 1 max £ T2 =N
>>r MR, mHER 7 OEM T z—,/wSuantN'D*>r mfsw. 8%, hT

(WSuantL”"j"l;* *A)

wsupCnt(M,D") |1 wsupCnt(M,D") e
>, [= = /wSupCntT®™. , 1= > NSRBI R A RN e S5k,
(WSuant’Sagx */1) A ' (wSuant’Sag* */1)
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R %

1

/WSUant',T;*
28K, BRSPS r RAFEER . AR, HEEXNRE r Moo miEo, #ai
WA BTARE ). [FIRFEARE SRR, LIS i SO MUGRAIE 1 AH S BTAS SN (1)3& F A, (B 73 HeR

wSupCnt(M, D"
LA

% %—1>rﬁﬂ‘, 1 51, m%ﬁ%m\u\g_m, SV T DA AT AR

NER, BIRCRE I 2 PR, HEHR R R AR D, HIR R r =

max

(WSuantN‘D* */1)
VEIEATI A SR, FESBE 5y, Br=(24) .
53. REEEERZE

TEANRT ST, AR SO 57 B B0 1 S0 R 7 0 v e o TR (0 T St B St S Ak Gt 7 M
ROFRSARLL, ARG T B R PR AR S R L, BRI . IR D R R
0y, AHFEEE ol o X T WFRERR K A, SR R it

IHS A XTI R G B, BFOVEANE D hACSkBt 2 R EH. X5
PRI L, 65 16 5 4 R o I A TE S U, BT C e QNIABNI(D, 2) , ot C J9 bl o )ik
sl 5 A= AR I TR TE JR AR U 45 D T ANEAE, BIEL S B AESS S o™ (M9 751%E C e Q , {H wSupCnt(C,D) =0,
Rk, FHENEET D H, Sa AR T . A e 2T i ook X B 4E 5]\ D, (At
LIRSS HE o T AN NEZAFTE AR A 4y i nT R A A S8 R T4 Qorae

WEREME: REZENN R o™ A& TUHE C HCeQ, HIZTFEW L wHIift(C,D)> 1 H
WHIift(C, D}y ) < WHIift(C, D), #R I FE LIRS Apotentar [WLIBE S IXHE IR TE IERRAE, DA
WUER T D thid ROF TR, AR REDUE, FIERMAE R G EIERALL, HIRF RN T, H
T WM RCE B, Horh D, 2R D 2B EEIEERE, BEEAEUE of* L& Ho, , T B4
o g HA TR o

WeFTTR: KT IRARHEE, SPEEERB BT Qoo N, FIHICE RPN TR, TR % LSS
o XTEAERFAL, BT TS Qpotentiar T TR ISR AR BE, X BRI T — M EAMAIT7
5, AHIIRIGUER Quotenial FUSRTHEEAN 22 T B, JBILWI S 1) AN 0K M IBRIE(M AR 22l D3 TR R
1737); 2) AREIA M BIE TN THZ H 8. #fR
wSupCnt(M, D) > wSupCnt(M,D") H wSupCnt(N, D) <wSupCnt(N,D"), NCM , ffifg
wHIift(M,D”) = wHIift(M, D) -

I bR X S (LA R, P AR CRAE S (0B IE JE AN 2 BRI I S U, A
HIEF R

FEF AL B IE AN B Dojeans LAB RIS AR IE T B SEAPEE I B X TR R EHA A,
B Dejean T HRAMIXT R, B R EAH G PIORELEI, AT AE BB ST IE o 3o G 8] (K AR LR H
Linsim AHALLEE[17] K i &,

5 i S(o[AL0'[A)
Y Iog(wSup({(A,o[A])}, D))+ZAEA Iog(wSup({(A,o'[A])}, D))

Linsim(0,0') =

Hrft, s(o[A],0'[A]) th
2*Iog(wSup<{(A,o[A])},D)), o[A]=0'[A]

S(o[A],0'[A]) = 0. |og(WSUD({(Av0[A])} , D))+ log (WSup({(A,o'[A])}, D)), Hth
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i

Pas Vv
HR %

WisE . Linsim AFABUEE [A) i 8 S bt b DU B AT AS GRS A 0, 3 A 1 DL E I 1 e PR R, bR
AREAB A VT FCR T B AR B
SR A IESE IS 3 Fion[16].

Hik3: REETLERE

WA: D, D,,,linsim, A

Wd: D,D”
1 forall M, eblocks(D,,,m) do
2 m:=|M,|
3 D'=@; D=0
4 Q, = QAbNIMiner (D, m, 4,k)
5 forall o,eM, do
6 success:=False
7 forall o, €D,, in sim(o,0,) withdescend order do
8 o™ = MODIFY (0,,0,)
9 if TRUSTED (o,,05*,Q, ) then
10 success:=True
11 D' =D Uo™
12 break
13 if not success then
14 D" =D"Uo,

15  return (D*, D**)

BE 3 M5 T BEE 8 AT R A M EIEERAE, W TEANREMEAS oy » ZFIEEREANS oy
FEALPENG 5 3B AN DTRG0 B o BEJS RIS FE Modify(og,0, ) 238 1E oy , 7658 IE N B e & T /U T
LT,

FER: 3 s 12 47, 2 TRUSTED (04,05, A TA AL HIEL S ZrE1, AfEEEZ
FIXT FUER B BT S 10, & BIESRAE, BHEBME Dh, HAFE, Hih F—AMEEEE, /&
PR SRR B ATE IR 11 47) s A R L IR BHE LA (3 13 17), B EMEEIETH, o Bt
WINEITEE L% R4 DT h (3 14 17).

6. SChu
6.1 SWRE

ASCH Python XTI [ 45U Web $cdE4ER " 150 H B3 BRI 1) 55 Mo 7= Bt sE 47 S2 06, St B 2
HIBE I 1 N4 2 FR LR AT LA Inteli7-7700HQ, 16GB N 17, 1547 T Windows10 #:/E &% .
SEAG 2k B 5 AL IE AT I E
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Table 1. Experimental data set A
1 KWMBIEEA

\ , Wl PR RS R (W
WEEH  RE A& AE &R KH O om0 RE R
WYL TR SRRl AR mE Bl mE AR BE M e
BURes PR U ARG AEE  WEGE mE W BE e e
B AS RER WY KB il mE mE R B A e
SWISOHO  FIFIX  —Up  ABEG  AFE SR mE HEW R RS e
Table 2. Experimental data set B
2 SLEHIEEB
TR ] ]
i 7 - S S i~ N
CE R I A - BT O I
peE e e e OH e PR i s R ok e
w5 5
IR
WK 6 GA MR L BR MR 0 WK W K% e
WGE ml e R g; B MR 1 EEK WE e B e
s ml mk R VN mm MR o BMIK KM S R e

AESCR, T VA R TR S LR UL, A SR T I M 2. 5%
FEMIMEENIT, SRR AT, £S5, SLUR 0 2 (E RUURIFRTISE . 5L AT 0.01 31 0.05
21, ASCIBHHLA =001, BN A B OURHEIRSEA IO I S8, BT I.

6.2. JEIEFR

N T VA A SO S DR P24 530 S 7 oA SE IR SA R T AT PEANA 24, R 5 A TV E AT LEAL,
AR FHRE I (precision) . 12 (recall). f1-score fEJYPPANTE R, UL S VPAili 530923 P R I 240 RO
W HERGTE . A EE, JPOASRIRR At LRMNAIE A SR ESRIG T, X REERT AL L RN
YU S A S IR PR 8 R AT VPAS . IR R E KRGS

Table 3. Evaluation index

3. TR

fi-score, MM FEFR AN 3 Fios.

PN TR TE S
" . SR H T I A2 SR 0
Q/‘ nﬂ # ! E P rule = > 3 1)
Sl eSO e = kg i A 2 B it
; RS B IE R L AU B
VS IEENE R Recall o = — - -
FORH SO = T 4 2 AR
2Precision ,, *Recall
#USRN f1-score flscore,,, = Precision,, + Recall
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Continued
e
s 45 f1-score fiscore,,, = %(flscorem +fiscore,,,)

AETF 8y, B RE PRAIE AN 5 IE S R A IR 7 [l 3wy, B St o IR T R U Bl TR 45 2R
A [ 3 ] DA B UL SR ) 58 ko DA RS BRI TERE, & ZAEIX PR bR AT 2. ok
A8, W R EFAAT BR A —E0 4 45 5, T LLIA BHEIT 100% K AS 1 2, 10 I R S0RA5 2 i 46 SR i e,
B Z UL RV ES, A Bl %30T 100%. ik, 7% fl-score M H1F 84545

6.3. SELER

FESLI Y, AR SRS HAR Rl T T e (AR B S AT X b, XA RE R BT AR
BR RO 7 (R AL P57 CFDM [18]ANE T 57 WL IAR [3] () 5w [ AL B A . Horp, SRS IR X 3L
BRI 41 T IR 2 IR 0, D9 WUR RE 6 F T W (B AR B, T A SO O e B, 18
SCHR[ASTA LR b, AT T 8 IR . BT8R WM 1 s, AL AN A BT, &2
FEHCYE AL, ARSI 7 i RE SRS B HOAS B . 3 1815 fl-score. JE T bR A K]
CFDM HEIRZ, X TZFR NG IE TR I8 (i SR &R, XMELUA PR Z A A . RIM 53
2RI RE 1 AN KdiE SE I BE A0 B, X AR BN WU B S B T2 e, o AR IS 7 8l
AR U, B T BRCE AR T B R R IR, 2SR EA e R ISR T R

< 4
N
o

& & &
o o 7

CO0O0000000
oRrNMWhrULONLOR

Qg‘r @*@v , &
ECFDM ERIM = AbNIM

Figure 1. The comparison of experimental results
1. EIGLERISEE

7. B4
ASCE ST T ARG I BUE S AR BRI L, BT T Ge vk M ) 5 (B ARSI SRR TCvE A B
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DNy i P R B AR SN HAEL, AR SOR I SR TR XS RT BE AR B I £ R AT T 5, AU Bl S
RIRT R R IE WA Jm, AR 55 SUCEUR S B X Eesiki B0 1 AR SCAR I i e 1 AN T
FENE, SREIASSTIT S SR T AE T B T v 5 EL v b A UL T 4 RO U A B I S A
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