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Integrating Positive and Negative Association Rule Mining
for Identifying Root Cause Machines in DRAM Manufacturing

Student : Jiu-Yii Lin Advisor : Dr. Duen-Ren Liu

Institute of Information Management

National Chiao Tung University

Abstract

Manufacturing processes have become more and more complex in
semiconductor industry. Improving vield by-identifying root cause machines is the
key factor of improving competitiveness. In this study, we propose to identify root
cause machines by integrating positive and negative-association rule mining of
correlations between machines from the manufacturing processes of defective and
normal products, respectively.If asmachine X exists both in positive association rules
(eg. X =Y ) and negative association rules (eg. —X =Y ), then X might be the most
doubtful machine. The experimental results of real DRAM manufacturing datasets
show that the proposed integrated approach is more effective than the approach

with considering only positive association rules.

Keyword : Data mining, Association Rule, Apriori algorithm, Root cause analysis
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Figure-1 DRAM Makers'OP Margin from 1999- 2009
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winbond || 15.8% | 21.69|| -29.4% | -5.6% | -s.5%| 10.9% | -7.9% | 12.2%] -11.5% | -27.6% | -30.7%
promos | a2.0% | aroed| -aao% | a5 | 2aed| 27.0%| 0.2%| 27| -12.0% | -78.1%

PSC 8.1% | 20.8%[ -53.2% | -10.5% | 0.8 20.0% | 107% | 30.29| -10.2% | -7a.8% [ -s8%
Inotera 5.5%| 20.9% | 30.00| 6.9% | -481% | -27%4
Nanya 5.2% | 7.194| -s6.43)| Fnew |V o2l (2nssef 1026 [9.ad] -17.0% | -e6a% | -3e%
micron | -0.8% | 37.65d[ -2a.9% | -30.6% | -38.asd| 57%| aan| eed| -a.9% |-27.3% | -20.9%
Elpida -37.7% | -263| 7.3%| o0am| aasd| -6.2% | -aa5% | -17.3%
secsemil| 32.4% | a7 7.9% | 30.8% | 27| m%| 29.8% | 264d] 119% | 07%| 9.4
Hynix 10.7% | 16.95| -32.4% | -31.3% | 7.2 31.5% | 20.9% | 2a7d| s.9% | -2s2% | 2.5%

Source: Companies data, compiled by DRAMeXchange
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A B C
86 91 92
79 83 84
82 85 88
81 78 89
90 75 77
87 80 76

% - Jk & B3R 3 HotupsUp=uc 2 B3k 3 X 2berg T iodcip 8
H A AT FRE a=0.05; H = A HEINPERE LR Aok 2.2

B RAEL B EMTHOER LT B -

322 AEPER LR

A B C
Value Order Value Order Value Order
86 12 91 17 92 18
79 5 83 9 84 10
82 8 85 11 88 14
81 7 78 4 89 15
90 16 75 1 77
87 13 80 6 76
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/hﬂ

223 RARFIEEP - H 23
1A R S 2 22 %2 (Root-cause machine identifier method) &_

Wei-Chou Chen % 2005 & #&  eh— F B M 2R R cnFALFH £ 525 00 i

Pl e b andkno E2a B2 W AESHLF > MR A[B]
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LTEmArY A EHAGEF I A E B d TR
— e WoEF o ASMHERFLATH ASEEY - FEIRF 0 §5E
PR BLE M S s oA E A N E B A

- BB AR AT RER L AR e B R

SR Ao Bl 2.5 WP e o

/

/ Manufacturing
/ Process
Relation

‘/Dma Preprocessing Phase‘

Machine-oriented Stage-Oriented
Data Preprocessing Data Preprocessing|

Candidate Generation Phase
The minimum defect Candidate
coverage Generation
Interestingness Ranking Phase
The user-specified Interestingness
interestingness Measurement &
measuTemant Ranking

Possible
Root-cause
Mahinesets

List
.»’r-_ —~

Bl 2.2 13 AR 3E4S & 2 23 i3 i A2[6)

(1) Data Preprocessing Phase:

BEFHRAERE A LB B B BEed Ba kAo 0
BH AL A B A GBS o vk BB G - S 0T

~

a0 R RGE - BB PR ,T*u?] T 5 - LB o

(2)Candidate Generation Phase:

14



PR AT SR A R A Bl R S R 0 bl i 4

B - k- KA BPE o g E A E 2 45 Apriori i E 2

PEAP LB HIEE N d B FaEEB RS IR K
FEW L EL IR FOBGER S L RPN ARG LR - K&
E"ﬁ/l? l_vg Kl é'\ °

FAEREBRIE U kTR BEER S EE B RE S DN G2

ok
S
=
o
b
s
P
iy
M
~mbe
&
i
gt
3
=+

Confidence ¥ Continuity °

¥ 3 & Confidence» £ &R 5 A e ABR £ Rl E > d
Piatetsky-Shapiro % % 1991 & [18]3& ! » * M T E § A B 42 B B+ % 4
1% % o i 4 4 S dkc Continuity > B 5 Wei-Chou Chen &% K %~ ¥ #%
N R AE B LM PR A R R AT R A H 2 E
2R T it A B TR AR A e 4 R ) 5 g
LA AR AL o

W

EEOEREBITL N AT I AR AR A S e

EST S/

15



224 f » MR Z R AT

2L 5f #P #% 7% (unexpected patterns)#? ] “F # ;% (exceptional patterns)
Ldp— 2ol R p] w2 5 &I RS (surprising
pﬁwmﬂ°%ﬁbWUkﬁ%£ﬁWﬁ%<mmi 7 AR = PR A R
s

(deviation patterns) » % 4 A T gl b o F N F 3R DA

WooOF P T IRTHE LR e P F H[25] 0 R b R AF Y

T EFAEAG FREIEIENRDEF FAEF L RFLAEFAF
T e o

@ 3 g o B F5 2R R (negative association rules),T‘*‘u—«‘iL:f;] e |
IR BT P 2 BG EARE MG bde RE g 4 R T 2T
A oo - AR BRI A AR F X S Y foF T IR X F A B 4 €
BFISIEY A K BENF Aoy i R f e BB R R
XYY"y 7 XY W X —Y" o 2 ud 7 55 XA S K
e g R FREY R F L S M Ao IR X A A s i 4 € R
BYF D BB A 2RI XA R AU e g R e Y oA
el WEFH 4 G RPERFAIRH XY e BEBRA P E -
BB AP o

eI 227 LARDE &8 i Fﬁé%%ﬁl]mﬁﬁl’s«?vgkv‘
m/%g;:g,g-;ni,fg&*ﬁ,@%,@%y‘iia’?ﬁp’{ﬁﬂé@fﬁionﬁﬁx—%fﬁgré»f'ﬁéﬁfa;
HPl ¥ ¥ w B E H A 1998 £ o Savasere%‘f—*z#ft 1[21] > AR R K B
TRBEE S A RN E R - SRR R G e M EARR o

Flh-BEFHEYES A MBARNSERAE N BB A
SR T AL AL 0 F] gt Savasere B o b I AR o Do gp o {17 "B

L2

577 H . (taxonomy) #-fF A #E 0 H B LR S WG R

BRI P B Y X3 R (expected support) 0 K- 7 ABR

Ri(rule interest measure) » 4r5% 2.1 - B %8 F &~ 5 7
R

FPEIRLAEREYY LIEFER LI VR T
16



LIERhL PG IS AZANE NTARG LA T3 41
o FELG R i G AR b MR -

R = ELsuppX VY] - supp(X V)

V2.1
supp(X)

PR AL AL AR R ehdp $R 5050 & 2002 £ Yuan E F ¥ [29]#%-H
TR O NFRTRAESG P VRARAAIEFRLZFENRE RAUE

&
AR AASDS Z o BMEL A o R FRAET E I B R

Wu % & % 32 2004 £ [25]4% 913 PF L enE BB o & f oo BB AL R) IR
feo REFBHLFF > FABI AP LI 2 f o FERD E o LR
ik ¥ Agrawal ® & % 1994 ERJFe N i R -7 £ R
(support-confidence)7 H o & i EH P F & 2 WA FR K| P
BRiElE g kg PEESAAE L TR R AN
b e FEED BR AF A TR E ) ABERPEESED B

?%"ﬁr?L%E?IEE%JO;E!ﬁ9|—’}§;‘}ng:&3 Iszﬁgigﬁ#iﬂllﬁj

i3 P (prune) L vt ¥ % » % @ JB(antecedent)? {5 38 (consequent) s ¥ & en
FAPIRIPZFEB IR TPFETELFAEAR )G AER K
PPREE - AR NP REd 3B FA2 PRI RRETY kR
B pr 2 5 ARG A M T T %ﬁ"l Riflex 28> & {3
FOoBHNERGFrhBERD F o FoRBERNREY - HEE
23BN B i e iEER P R 3% Zhang & Zhang & 2002 £ [30]

P &

P

# 11 ¢ PR #25% (probability ratio model) » 4 % 12 if & 4% ¢ 2R3 v B] O 50

)

(conditional-probability increment ratio)3* 5 ¥ % » % * W37 2_ah v R

Pl BT Al s GEAD SR o FEND EE0 M
BRP" XY 2 P EOEENEEE S BBRP XY
X=Y"" X=-Y"-

Maria £ Osmar ¥ —?]z #2004 & [16]4& 3] - B2 2R é‘}, N é‘}, = )

oy
=
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o MBRARNOEEN s LERFIFERIT 2 o BEBAAR 2 ¥ 5 Wu
SF X BMBR DG E NG ormEY > § E 5 Maria &

Osmar#& 31 ¥ - > 2 R HmBLOT w2 o BERP > 1F T- B
B ;% & 4F (associative classifier) s Ste B & 2 2 32w H ¥ 1m0 L 4
B -7 fg)iiiﬁf#;; A#HPZ PR YTHE DT R 4p M %2 H(correlation

coefficient)enit » &% f o M B2 2 > #3278 P BB 2w aip i Rk

ETIAS

PP R P ARSI e MR F S [P RIE 2o

WD RS b e M A AR
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FIR AL EEERE

3.1 FiE T &

Stage 5, Stage s, Stage 4 Stage s,
N TT- M{h .
| L= ! = _ /
ek M} Machine M, Machine My Machine M,
Tl - | | == B
[l | B= | I ==
W : . § I = | =W, ]
ki Machine M, [ Machine M, ™ (s [ p [ =W, |
: : Magchine M Machine M,y I i v |
i : : ] H %
[FrrrmrrrrrE B . = = e Products
ol =
| =
i ‘ =_
Muchine M, Machine < Mchine M, Machine M,

¥ 3.1 B3 spEELr4s Sfe /5§ (6]

LEMEUALY A SHAGE T I A F Rk d T
S EBELF o ASHRARL AT AREY - FEAF O § 58
AR 4B 3.1%7 > kB A S

b

P lenzhgE 2 g Lo o@m {8 A N
{W1, Wy, Ws,..., W} » & B & 55538 | B 2k 8{51,5,,53,.,5} " &+ F n o

#& \; {Mll MZI M3l---l Mn} °

LT R R AR EEFTAFER 2PN E DS AR

cE L 2w B e JEEAT FIT 2R
i3 0 4§ ¥ Mieno %t 1999 & [17]3 4 it [F AT A 1T H Wi Y 4
e (747 4 ~Raghavan Y 2002 #[19] # N H B A K HIFHE & 2 F 4
4 13 A f F] ~ 2 Wei-Chou Chen % 4 ** 2005 # [6]4% ! 1% 8 B 55 21 1)

RN IR S

FRARIEW S22 2 2 QAeb8 8585 & mE P52 /B
SR BP0 i@ 35 G AR Gk Y (pattern) 0 T RER 5T AL T AR
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e MBS AT @ T E R o MBI
Wiz d R R HE S R AT 0 RS A MR AR 3T
B]4e > Freitas »% 1999 # [12]4& N ek N § B R K3 £ ¥ 4o 4 o
EH NP FARY R P FEXRF 2T FALARDE E L
Yao * 2006 & [26]# I fIE N chM B AR U E S NP EE P AR
R R RFAL DR A PIIHRY F LG R EDRS

¥ ¢ Wu 3t 2004 &£ [25]4F 1 o 2 e BRI D L G s n
Tt o Flar n e M BARRERY F L3 LA [ e HBRAS
BT E R L AR LAY AR PEFERREE b B AR E K
BOIMBAP LM ERIE - § 5 B EHY AR L
EREEET RS AP P I e BT VRS AR TR RS
LI O S RN AU T R R RS SR
oo T ot f o BRI AT R R AR R e
A b o LR RAET MR R Aok 52 FHa e
LA PN R U R U I TR Sl S R A T R

4

b

Rinid
>m

1% 7] Lb,g@rﬁga;%g] L%\"@w;»ﬁ;&!pggﬁl{%?@u%ﬁmi;o
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3.2 B3 %

AP ERELE w2 o BB > Fdl ARt 585
W lnd PR ) e BB ALR] SR L e B RPN R T e
Bhooea IR T hT R AR AR S e (LR
SRR AL 0 T RIS AR AL S hin AR o B 3.2

Az R e A

BB B AR

y

o B B LR Ao BB AL

B 3.2 AR AT 5 2 242 B
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a2 ﬁﬂ?a (1)F A5 B d® ~ (2)F 2 GE B ~ (3)5 BB B 2R
|2 (4)F e RARFIES SR L4 > uT o ump HEwfEs o

3.21 Tl W B 2

TR B S WomEERETRE A gAY LR R
FEROFTH A EFEFTHEF I AN RRNSF A A AR LR

FoORMBF A ERS AR AXMLE S THRT G AR RS
HUERREREORF I AGEE - E R UL AERY L
FTHEFOERAB IR -d AP TABEP TR BHEEIORT

PregomFas TURFCEEL, ~ TASLFFRE, -

TR s A ) b REA S A W g R T
WA B0~ 2 AR A @ERF o - A SR § TR G
AN 0 Ak 314 5 Lot ID~OPE = » @ ¢t bt

T

RN
RN
LS 1)

Lot_ID &2 T &

et

LHFFEA ) Mo TR E &AL 3.1 77 o

231 WALFr ¢ iebr i BB

Wi & i W R P
Lot_ID A S EL % F
OPE ] 2 =k 2L 3 ex:Stage;
EQP 5 v F ex:Machine;

A % 514E4F ©: Lot_ID+OPE ; ¢t & 31424 i=: Lot_ID

AR s A BT A T S r={wiwy,Ws,., Wi} 0§ B TR
e d 320 0 Wy 5 Bl 0 S E - i WARIES Fd L M F
W e b S8 - F WAL, F > J B0 M f 32 Wl oz
B g@E% 2 g lABFRSH Jd B Mgl 2B B4
Frg e TRIBOFTR LTI ENEAENT OUEH A

oo st Bl kB TR R 0 T TR Sy R

=t
=
=1
s
=g
o
=
S
e

55}\ ?355“5‘-? M11 l_’ﬁ?: 7}—' s 1 ﬂ-L —LF, ;}"g_ °
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332 QA ¢ b ol

Lot_ID |OPE |EQP| Lot ID |OPE | EQP| Lot ID |OPE|EQP| Lot ID | OPE | EQP
W, S1 | M, W, Sy | My W7 Ss | M1, W1, S1 | My
Wy S2 | Ms W, S3 | Mg Ws S1 | M, Wi, S2 | My
W, S3 | Mg W, Ss | M1, W5 S; | Mg W1, Ss | M1,
Wy Ss | Mny Ws S1 | My Ws S | My Wi S1 | My
W, S1 | M, W5 S; | My W5 Ss | M1y W3 Sy | My
W> S2 | My Ws S3 | Mg Ws S1 | My Wi S3 | Mg
W, S3 | My Ws Ss | M1 Wo S2 | My W3 Ss | My
W, S | Mg We S1 | My Wy S3 | My Wi4 S1 | Ms
W, Ss | M1 W5 Sy | My Wy Ss | M1, Wi S; | My
W3 S1 | My We S3 | Mg Wi S1 | My Wi4 Ss | My,
W3 S2 | Mg W Sa | Mg Wio S2 | Mg Wis S1 | Ms
W3 S3 | My We Ss | My, Wi Ss | My, Wis S2 | My
W3 Sa | My W5 S1 | My Wi S1 | My Wis Ss | M1
W3 Ss | M1 W7 S2 | Ms Wiy S4 | Mio
W,y Si1 | M2 W7 S; | Mg Wiy Ss | Mus

A S =L

a0z 3l

= N

G i Lot _ID v Yield %

Fl B3 18 4 “,f F R EfS R 5 ) o Defective B & A o ) @ F
PR F AR 1 R A AR E B F 205 00
AL F A S TS E ok 3.3 45 o
£33 ARAFTHLKR
[ Ay & W imp REA G P
Lot_ID A S e Key
Yield 7 % #iw ex:0.88 ~ 0.92
LE A F LR H TR R
13 Y 4} g~ P
2_E ﬂﬁr?ff—’l}é , , ’l”z
Defective AR — ‘
A O:LL"J'I\QL’;"'W"#E\#%?;%?*%"?
T2 A
Ak 514 -t Lot ID
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T2 Frwenp* LAY > BRI EHELHT
ﬁ}%@ﬁ_ilﬂ/}é\‘lﬁq 7 ‘)F/__
[14] > AP AT A & @ p 4o

TAERFFHA MBTRLA S 0
=3
4™

N A AR E S MRRE R

{W1W21W3l---;Wkl} ’ % "”J F'ﬁ
o

,f 3l

v

-

I fREFR-A 2 F R AT S 0.850 Bl A & 2 F 3 0.85 (-7

% &0t Wg 0 Defective #5775 1> M H 5 F 4 Ko A 3 #50

Lot_ID Yield |Defective| Lot_ID Yield |Defective

W, 0.84 1 W 0.78 1
W, 0.82 1 Wi 0.79 1
W3 0.83 1 Wi, 0.86 0
W, 0.79 1 Wi, 0.89 0
W;s 0.75 1 W3 0.9 0
We 0.81 1 W14 0.89 0
W5 0.83 1 W5 0.88 0
Ws 0.8 1

B A TR A Y R NE s RAE G F R

(1) 4 & (Missing value) s & d® (3 4L A ik 5 & &I i A2 ® > 7 i §

(2)

(3)

Al
) K/%")
’ I,(E.L‘_'

Fli e Hos FlF oo g T AR 4 (Dataloss) 0 @ F A B0

e b APy FARE SRR TR SREZPFEFL B
BIgsz L F e > HAorreh R sl g o2 Ty He- B
]ﬁ—?#l%g:ﬁo

BRALAFTHOGRE: 7Y B8 LAY RLETAHTAFTY
LRDTH L § 3 LEFERE

FHA GHRR AT DA P €12 Kruskal-Wallis & # #ic 53t
W T E R FAH DT R B E o T T

24

FALA AL

& % 0.85 #1141 Wy, e Defective &



(4)

v o e Lo s
AR AT R

TR TS

v

N S S A -

AR 2 A 4

Foo IR R R X3 dewm e £ 3.2 & 3.4 977 0 AR

A FELSATR
RN N R SR R
A &AL B (b) ¥
HAEVI AR EEAS o
e he s g IFAD v R

MR L f e b ok

'

THRTRES S

T3

EEE N Ty

?T?ﬂ‘:i@#l% 55 drd 3.5 5 0 A 4 (a)d Ha
REfagEsd o AP ERY AL

i# 2 aA SRR o AT A Tm A

o

a4

2 of e BEBARAIPE 0 4 u 3 HEE DA H

4350 F R 4 T o

(a) #xFadk & A se 8k 4

o pFE o PR AN AR

PR AR e S A X B0 o B TR R

Lot_ID Items Defective

W, M3S; » MsS; 2 MgSz ° M1;Ss 1

W, M3Sq 2 M3yS; 2 M4S3 2 MgSy > M11Ss 1

W3 M1S1 2 M3aSz.> M7S3 ° Mi10Ss 2 M1,Ss 1

W, M3S1 0 MyS; 5 MgS3 » M1,Ss 1

W5 M;S; » MyS; > MgSs » M15Ss 1

Ws M;S1 ° MyS; > MgSs » MgSs > M15Ss 1

W5 M;S; » MsS; » MgSz » M1,Ss 1

Wg M3S; ° MgS; » MgSs ° M1;1Ss 1

Wq M;S; » M4S; » M7S3 » M13Ss 1

Wi [M1S1 > M4S; » M1,Ss 1

(b) & F A 5z et

Lot_ID Items Defective
W11 [Mi1S1 > M1oSs > M13Ss 0
Wi, [Mi1S1 0 MsS; » M1Ss 0
Wiz [M1S1° MsS; » MgS3 > M11Ss 0
Wis  [M3S1 0 MsS; » M1;Ss 0
Wis  [M3S1 2 MsS; » M1;Ss 0
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32222 BEEREK

AERLEAZANH (DEEH T (A2 FENFEE
gL el E e Bl EaLpr R HLA- PR AR

o HAERR 0 VISR A ETLFREE =R TR Y890
AP RN - PR B X RFEEY 300 AR 0 F AR
BT icd 2R - SHEL F 4 FIRLT i EF 300000 wE R
4 A 0 ek B 3000 S AR AREE BB S UMBRANEY o 2
bR S ealkd oo

3.221 HERF

s

AR S - B DE Rk ®0 oh Kruskal-Wallis & # #ic st
PR Y kR L WAL BB ORF AL BN &R
A BE T R B MR R Ao e i G R A e
FlialEMAmT L GEFAEF BT o TR PR

HBEE WK T HeS 3 BLY A o Ry aE £ 8 5 HyS 3 8henils

T

Wi

1

o3t - A F A MR R A F Ok E 0=0.05 12 T g
€k

L H#3 £ R i kg, &H P-valued | | <~ # K » # P-value & |
PIEB i DR AL BAAHEHEF > R KRB0/ L8 AP T3
X M-P~ 500 iE A2 5 50 1/10 0 @ 50 %ok BE (TS 4 endF it o

3.222 4 4 % &g E

o

AMEBAPGRY P RRR LR hT L %‘?—ﬁf Agrawl ** 1994
£ [2]#% D Apriori FEF 0 F ARSI AT L TR B4 Sk
?‘ giIE BB oo T A iEE E o m%ﬁ?bk’@ﬂjllk#f)i(support)’ P H

B REenFEA I k=g o B L LR P E(minimum support) © ms
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£

IR 7] A% - ﬁ]‘én&’f”ﬁ?éfﬁ R /é] BniEiE B P BEAE L
AL F - RuigEERD F o EAFNEY 0 EIRG ATHS LR

kahigEEEp BAS o

AR RPN FEEEL Y o HENRLLRL 35D
TRAG] LT A P
FEMRIGED E O EGEDEALY e Wu R [25] & 4T AR E

PEN

Defective=1 cn F L 1 5 & » iFE &

ER BT > BT Reg it h e AR Rk ARG E B
B AMBARRARTER HRY Fa g LFAeED AL DRT BT
g ij{)L,T%Pﬁg HIETE S FORFEF S - MEFF e

Piatetsky-Shapiro *% 1991 # [18]4& ! § supp(X UY) = supp(X)x supp(Y)
PEo R XYV T3 R % @R B4 > F] 5 F w F](antecedent)X
2 {5 % (consequent)Y & F & 4p % BT SR R ARR S F] & B R
RE2L AR EBAE o Fl Lt Wu F[26]3K 1~ 48 & Sfic > 4ot 3.1

interest(X,Y) = |supp(X UY) =supp(X)x supp(Y)| 3.1

HREHE G BRSO R B EE ] 7 4&& mi(minimum

interestingness) > & § interest(X,Y)>mi > Bl X UY & 3 ABDiFE E 0 B

interest(X,Y)<mi > Bl F 2. > #T 0 B-H FEE DL F R DG ABGEEEA LTS
B oo Bl 5 Wu.ZE [25]3% rﬁ”ﬁ A& iFE i B SBie ) 4ot 3.2

. _ ) true, then X=Y is a frequent itemset of potential interest
Jipis(X,Y) = {false, then X=Y is not

where 793.2
fipis(X,Y): XNY =0
f(X,Y,ms,mi)=1
supp(X U Y)+interest(X,Y)-(ms+mi)~+1

f(X,Y,ms,mi) =
‘Supp(X uY) - ms‘ +‘interest(X, Y)—mi‘ +1

27



He 5 X2 Y 52dhahEE 2 f(XY,msmi)=1> vk X% Y @&
FADLEFR AL LN AFRMEE S 2 XY hj ER L X 30
K Ehko] 3 AERPHEE > B fipis(X,Y) 5 true> AT F LA LR B

iE iR B 0§ fipis(X,Y) 5 false PR & 2 o

P

% 3.5(a)? Defective=1l chF AL 5 & v ix i BiF § h*7 5 e F

Ao Bt b)Y Bms K 5 0.5°miK & 0.05°M;S; & 10 £ sk Tk AT

Ny

é%fé"”ﬁjé—ﬂ"*%%b’;f&é 57 W3~ W5~ We~ Wy~ Wo~Wyo & 6 & 32dk o
H Supp=6/10=0.6 ; *F 3 7 BAB L LB S BB B A % - K

F3-%p > @27 BH 38R T Supp®i £F 2 %2 &
FEE R - BT E SRR 360 F o A - K i F(f ook

R %S 1) MiSi > MaSy > MgSs » M1pSs i 5 % = & chizgE & o

£ 36 PLTHY - BEwBGE @

Item Supp | Interest | fvalue
M;S; 0.6 - 1

M, ST 04 - 0.82
M3S; 0 - 0.33
M,S; 0.7 - 1

MsS, 0.2 - 0.54
MeS> 0.1 - 0.43
M>5S3 0.3 - 0.67
MsS3 0.5 - 1

MgS, 0.3 - 0.67
M10S4 0.1 - 0.43
M11Ss 0.3 - 0.67
M1,Ss 0.7 - 1

M13Ss 0.1 - 0.43

FHF RS - K IEEE MiS: > MaSy;~ MgSs~ MpSs #7578 > & 4
% = & {M1S1> M4Sz} > {M1S1~ MgS3}» {M1S1~ M1,Ss} > {M4Sz > MgSs} > { MyS;
Mlzss}’ {M853‘ Mlzss}’ —}"— LAV {Mlsl‘ M4Sz}?:» l/)”l] ’ Supp(M,S,UM4SZ):05 ’

Supp(M ,S,)=0.6 > Supp(M,S,)=0.7 > #1121 {8
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Interest = 0.5-(0.6%0.7)=0.08 » #

(0.5+0.08)—(0.5+0.05)+1

M,S, M,S,, ms,mi)= =1 Her i o ok
M5, M5, )= 105-0.5]+]0.08-0.03[+1 o g

3.7 #151 o
%37 FHFRF - AT FERE
Itemset Supp Interest f value
M1$1 > M4Sz 0.5 0.08 1
M151 ~ MgSg 0.3 0 0.6
M1$1 > M1255 0.5 0.14 1
MyS; ~ MgSs 0.3 0.05 0.49
M4Sz > M1255 0.6 0.18 1
MgSg N M1255 03 O 06
Y2k R - BiEEAZNRO AR 3.8 0 &2 F ATHA

Itemset Supp | Interest f value
M1$1 > M4Sz > M1255 0.5 0.2 1

b TEER o f ABIEE E - 2

BooAAPRET K

B S BB TR MR D K St o iE EFIRI A 0

A
Sy
picd
\3;
ﬁn
A}?;

fu

s B RR 2B F* 5 4ok 3.9 977 o

Tk

|

439 POIFHRT DD 5 3E

Itemset Supp | Interest f value
M;S; ~ M,S; 0.5 0.08 1
M;S; ~ My,Ss 0.5 0.14 1
M,S; ~ My,Ss 0.6 0.18 1
M;S; ~ MyS; ~ My5Ss 0.5 0.2 1
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3.2.3 X B BRALRY

A3 p e i%—”ﬁ BiFEEE AL B Ao P 35 DR B E P R
hE TG M B WU B (2513 35 2 6 2 O 4t b 3 i

(conditional-probability increment ratio) » CPIR » 4r 3% 3.3 -

( supp(X UY)-supp(X)supp(Y) . PR
Supp(X)(]—Sllpp(Y)) ’?fp(Yl )—p( ), P( );'i

CPIR(Y|X) =<

supp(X UY)-supp(X)supp( Y),ifp(Y)>p(Y| X), p(Y)£0

X
supp(X)supp(Y) 3.3

CPIR » #_d %3t engp & |4 (Dependence)it ¥ @ &k e B » * 12 2| ¥7
EXEEF L DERT Y E R Fp s SR 4o R B F O
Rl & XFE2agdd s ¢8B YEEhFE A ST % KR pFE > R T
BHAMBE e Wus #dla i BETFHLI S f o HBRR o &
BHRkFER R CPIRITS FHEw & ol BT 2R

BTl ARE R SR FEARS S CPIR Ba F oo
3.2.3.1 & 4 &t » M BRP

1 E 38 NFH LG FlGE M S e F A G EXEE S GiE
{MaS~ M1pSs Jengf 2 4 17 Y & i JE vt 3 45 I A fad w8 Y
ABGEERY LR gt £ F G A TS S MiS,
A A F g F S WE{MgS, ~ M1,Ss Fer s A s R e 0 B
Confidence(M ,S, = {M ,S» M,,S;})=CPIR({M ,S,» M,,S;}|M,S,)

_ supp(M S,V {M4S2‘ M,,S; })-supp(M S, )supp({M4SZ‘ M,,S; ) _ 0.5-0.6*0.6
Supp(M.,S, )(I-supp({M.,S> M .S 1) 0.6%(1-0.6)

=0.583

D fERR G AR A SP LR Y o S MiS e 2 € R (T ITE {MaS;s
M1,Ss }’;’?i ’lﬁk‘—?‘i‘g dr MV l/‘:f, B % 0.583 > %ﬁi:@f% * ;ﬁ]z;—r ')J:;E’f"ﬁf»’J ¥ T?,

B & mc(minimum confidence) » & 37 5 0.4 T ¥ Z_& P 5
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AR REFESOE e MR e R A S hD o B R
BT A > e 3,10 o
4310 FOIFRD > MHRA
Itemset Level CPIR
M1$1 = M4Sz 2 0.44
M4S; = M1S, 2 0.29
M1,S5 = M;S; 2 1
M4Sz f— M12$5 2 0.64
M1,S5 = M;S; 2 0.58
M;1S;1 = M1,Ss 2 0.58
M12$53 M1$1 > M4Sz 3 0.67
M4523 M1$1 > M12$5 3 0.43
M1$13 M4Sz > M12$5 3 0.58

AL PR BFE AL gy OB nBE B 0 oon - 2
Bhihfs o g I H W B ol B A AR e U I E L A
FAREP - Z2aB3RaT A8 L s ed By iinmi &2 Fap
PR A BRIFFRE bl > SN IEA S e s B i A &2 B enbl
AR TR EFEE e BB I RRED LB

R M EALAE B E - LR OCRRTT AR S L ARG
AFd T g s 3 0 RAFT FiHFH oI Led S FalmE FR
FEPRN A A ST Y DB T g0 R F 3 =

T N
& F(Type 2 error) > 4ok P2 sp B fh o b7 4 A AR §8 2 H S L &
B aBad L H B RAE S TR RE R T g b B L R
A RF DB S F RN A RT] > TR RN R NE -
Fro A e MIARA > R EF OB AR R NP EAES {
MR RO S o
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BoRETRGZABEEFA NI o R EEEDBEELIEDF TR
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e BEARAE R AN 34D SkiE Y T -

e _ | true,then X=Y is ainfrequent itemset of potential interest
iipis(X.Y) {false, then X=Y is not

where V3.4
iipis(X,Y): XNnY =D A

g(—X,Y,ms,mi)=2
g(—X, Y, ms,mc,mi) =

supp(—X U Y)+ confidence(—X,Y) +interest(—=X,Y)-(ms +mc+mi)+1
|supp(—|X uY)- ms| + |c0nﬁdence(—|X, Y)- mc| + |interest(—|X, Y)- mi| +/

supp(X) +supp(Y) - 2ms +1
|supp(X) - ms| + |Supp(Y) - ms| + 1

XEYLhzaF 22 g=-XYmsmcmi)=2> -XUYZ =k X 3%
FAAEEYF L I EDAFRATEX T OB AFRAFEE XY
RAXZ 2 i 4 §REAYF 2 B A DT G R LR LDk
I T RAREPEE 2 XD FAEN ST L hF ABR S LR k)
FABR PP AEE 0 B dipis(X,Y) 5 true> 2 ARG T EZ O w M B AR > E
iipis(X,Y) 5 false P | 2 & A7 7 T H e w MBI 279 &
g(-X,Y,ms,mc,mi) S #ic? his38 > ¥ X 2 YEEHF 4 hLFR LT £
B AFRPEE A AFETMLOE v MIRD 2 F %2 PR

L
do- RER A R AR TR BB L
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B E S AL RARDL H MR -

# 3.5(b)® Defective=0 snF AR 5 § = M TR P F 5 975 o8
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P B el #ms® 5 0.2 me® 50150 migk 3 0.03> AF Y
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MiSs 5 (Y F i o sttt en i v BB RA XY R & 7 &
=M1S1=MyS; ~ M1,Ss > ’F\‘L,E, .}i

g(=M ,S,,{M S, M,,S; }, ms,mc,mi)=

supp(—M ,S, O{M S, M,,S; })+confidence(—M,S,,{M ,S,» M ,S; })+interest(—~M ,S,,{M ,S,> M ,S; })-(ms+mc+mi)+1

‘supp(ﬁM,S, UM, S M ,,S; })—ms‘+‘conﬁdence(ﬁM,S,,{M4S2‘ M,255})-mc‘+‘interest(ﬁM,S,,{M4S2‘ M,2S5})-mi‘+1

supp(M S, )+supp({M ,S,» M ,,S; })-2ms+1
‘supp(M,S,)—ms‘+‘supp({M4S2‘ M,,S; })-msHl

_ 04+1+0.16-(0.2+0.15+0.03)+1
|0.4-0.2|+|1-0.15|+]0.16-0.03|+1

L 0.6+0.6:2%0.2+1
0.6 —0.2]+0.6-0.2|+1
e g > 4o d 311 HFan o

# 3.1 F T e B

Itemset Level Supp Interest CPIR g value
=M1S1=> M4S; 2 0.4 0.08 0.08 1.89
=M 1,55 = M4S; 2 0.2 0.12 -0.375 1.35
=M3S; = M1,Ss 2 0 0.12 -1 0.89
-M1,Ss = M;S; 2 0.4 0.16 1 2
-M;S; = M,Ss 2 0.4 0.16 1 2
-M;S; = M,sS; ~ M1,Ss 3 0.4 0.16 1 2
=MyS; = M1S1 ~ M1,Ss 3 0 0.16 -1 -0.1
=M15S5= M;S;1 ~ MsS; 3 0.2 0.04 0.16 2

H P > aMiS;=>MgS s MpSs 32 B 2 CPIR 32 10 2 & A1 % 4 5 F 4
BAAL > A LB MSy w2 B A € 1 1T PR UTIE MySy s MpSs e 2
XK S h T B R S 100% 5 @ -M1Ss=>M3S; » MgS; 22 CPIR 5 0.16 0 R
7 RIS MpSs 3 4 B g 1 I PF IS MiSiMySy B A S BieH 4 ih
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MR AERSEERRRAL GEEORFLBIENASIEE &
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Algorithm: Integration of Positive & Negative Association Rules

Input: PAR: positive association rules; NAR: negative association rules;
Wp: weight of positive impact; Wn: weight of negative impact;
(Wp+Whn=1)

Output: IAR: integration of positive & negative association rules

Method:

(1) IAR <« 3, /*initial of IAR*/

(2) foreach positive association rule Ain PAR .do

(3)  foreach expression A ={X=Y}do

(4) begin

(5) B=;

(6) if {—X = Y} exists in.NAR then

(7) B={-X=Y}

(8) IAR<—IARU{X =Y}

(9) with CPIR' =Wp* A.CPIR + Wn*B.CPIR;
(10) if B=J then

(11) IAR < IAR U{X = Y}

(12) with CPIR' =Wp* A.CPIR;

(13) end;

(14) return.
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I RETEETEEE S S T ER S F N EENTE
=gl

B
2 L RPd e f o BIRLA 0 CPIR 4e 3 X (8 CPIR o

T

AFTRNGELE AR LRI M BRI HESE > BB
AT FA(6) F 3 e R AL e BBARR ST LR E e bR
T R RABE IR e BB E S AP 4 (9)0 TR L BB

Bl gt il e BB R Bk B A Y B f o MR L
dEFASFARLEEL Y TR AL R KRR f o MR T
ERATH ST e MBRRPT B R &S AR NP E L
AR DOT G RF 2 F AL e HBRMNEL Y E AL v HHR
PIAR %t 0§ MR DI (10) > RIE S il 507 G AR 2 5 MR
FRAERED e MERD SR L (12) -

G FA A 3102 40311 £ HALR T WA 312D v 2 f o

RN E NI

£3.12 ol FAE wA f ok MR

Itemset Level CPIR Integrated Itemset CPIR' (Wn=0.5)
M1513 M4Sz 2 0.44 M1513 M4Sz 0.22
M4Sz:> M12$5 2 0.64 M4Sz:> M12$5 0.32
M12553 M4Sz 2 1 M12553 M4Sz 0.5
M1S1= M1,Ss 2 0.58

M;1S:= M1,Ss 0.79
-M1S1= M1,Ss 2 1
M12S55 = M5 2 0.58
M1255 = M5 0.79
-M12S5 = M1S; 2 1
M;1S1 = M4S; ~ M1,S 3 0.58
121 422 122> M151:> M4Sz o M12$5 0.79
—'M151:> M4Sz O M12$5 3 1
M4523 M151 N M1255 3 0.43 M4523 M151 N M1255 0.22
M1,S5s= M3S;1 ~ M,S 3 0.67
1225 1 122 M1255:> M1$1 O M4Sz 0.42
=M1,S5= M1S; ~ M4S; 3 0.16

Glde s A f e BMERP PR L 5 0.5 FIRT o o B ARA

M1S1=>M4S,°M1,Ss &2 H 4p R f B B 2P| -M1S1 = M4S,~M1,Ss 97 CPIR
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WA 32412 3.242 ] &¢ 45 o

321 FELMBMRPNE A FREARABEA

MEEMBRMNK ST CRER > TERUFLEMBRDE LR
BECRER P22 RS RFAFEDE - IR DS MR
Rl F A FARE O w BIBRAZ D~ R g & 5B EAF AP
Ha it & IRR o 40k 3,13 Jaf 7 M1S1=>M4S; ~ MyS; =>Mg,Ss »
M12S5 =>MyS;~ MsSo; =>M3S1~Mq,Ss0 H ¥ 02 B & {8 69 M1S1=>MygS;~ Mq;Ss~
M12Ss=>M;1S1 2 MiS1=>MpSs BE SR PR R CPIRE: & % - x> & ¥
FlZ_ M1S1 s MpSs iz 8 5085 Pae e i S TG AEAREAE 2 ZH L a4
FTE Y

#3034 0| TR M B B < T RE S

Integrated Itemset CPIR' (Wn=0.5)

M;S; = M4S; ~ M3;5Ss 0.79
M1,S5 = M3 S 0.79
M;S;1 = M1,Ss 0.79

M1,S5= M1S; ~ M,S; 0.42

322 FEMBARMT GRS PEER

PR RNDT R I SRR RO ERRT G
B o T‘E?;;f;] SHE M Sy s BRSO o 4 R 53 MgSy s MypSs B BRES Lo
A FH A DT TR 0TI R PIER D E R M Sy s B S T B
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TR ARG MaSy ot s B L R A A 0 b
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Algorithm: calculate sorting score of candidate item with IAR
Input: L : frequent 1-itemset; IAR: integrated association rules;

Output: itemset with sorting score

Method:

(1) foreachitem | in L, do

(2) begin

(3) let |.Score =0

(4) forn=2;n<=IAR.maxLevel;n+ +

(5) begin

(6) let LAR=O

(7) foreach association rule R <—{X =Y} in IAR.n-rules do
(8) if = X then LAR < LAR UR

(9) if LAR = O then |.Score += Sum(LAR.rules.CPIR')
(10) end;

(11) end;

(12) return.

g B TR B R MiS1 T R e S
0.22+0.79+0.79=1.8 > & ¢ #fde > B X 4ok 3.14 %717 » Pl # 2] 2 M;S; 5

gL ok b'ur;juj il gﬁ#@ ~ R {E#ﬁ \; °

4 3.14 PO TR L BB RAIT SR e B B

Item Score (Wn=0.5)
M;S; 1.8

M1,Ss 1.71

M,S, 0.54
MsS; 0

3243 v B i MR EIRLCTERBEE

T oERERBEEECOMBARN S RET ERE R BB
Bfw MR FIGE RS L MR Z R sl e
AR R R e MBI o G gL h L X Y R4
FiRN@OE o2 fo bt b PHEET FHF - S0 R S A
BEPEH oo RS T LR R AR T
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Algorithm: calculate sorting score of candidate item with PAR & NAR
Input: L : frequent 1-itemset;
PAR: positive association rules; NAR : negative association rules;

Output: itemset with sorting score

Method:

(1) foreachitem | in L, do

(2) begin

(3) let |.Score =0; I.PosScore =0; I.NegScore =0;

(4) for n=2;n<=PAR.maxlevel;n++

(5) begin

(6) let LPAR =

(7) foreach association rule R <—{X =Y} in PAR.n-rules do

(8) if 1= X then LPAR < LPAR UR

(9) if LPAR # J then |.PosScore + = Sum(LPAR.rules.CPIR)

(10) end;

(11) for n=2;n<=NAR.maxLevel;n + +

(12) begin

(13) let LNAR =&

(14) foreach association rule-R <~ {—X' =Y} in NAR.n-rules do

(15) if | = X"then LNAR <~ LNAR U R

(16) if LNAR = then I.NegScore + = Sum(LNAR.rules.CPIR)

(17) end;

(18) I.Score =Wp* I.PosScore Wh* I.NegScore
Sum(PAR.rules.CPIR) Sum(NAR.rules.CPIR)

(19) end;

(20) return.
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WIEAP R PIE P (15) 0 Ae B D 2 B f w MR hT 5 RPN T TR
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MqSy & B o
0.44 +0.58 + 0.58 o5 1t1

+0.
(0.44 +0.64 +1+0.58+0.58 + 0.58 + 0.43 + 0.67) (1+1+1+0.16)
corLph g 0 RIT OB E BB B % > dod 3.15 13 0 BT 4 2 M;S; 5

M.,S,.Score=0.5*

GRS R AR

%315 POITHL 2 { o MBRMNERT G RSAPA

Item Score (Wn=0.5)
M;S, 0.48
M15Ss 0.41
M,S, 0.11
MsSs 0
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Wend PAIR R 0 CHonet B8 B 4250 0 TR A P A SQL Server
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4 41 N A TR g BEAET R

Data size Number of Number of Number of
(Bad/Good by machines stages machines*stages

Dataset user-defined spec)
Casel 323 (61/262) 769 833 3300
Case 2 304(49/255) 646 857 3383
Case 3 386(199/187) 640 853 3346
Case 4 289(114/175) 616 802 3037
Case 5 369(71/298) 674 835 3403
Case 6 315(56/259) 661 838 3344
Case7 347(65/282) 657 839 3347
Case 8 319(80/239) 591 786 2725

B b &k » ot Case 1 R E P > upt L H hF K5 323

H e
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S 262 FRIGEHFASMERE A GEPFRFAN DA SRS
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BFAE G R AR o ek 42 90T 0 AL A WD A 4 FE AR
A FR(ms) 3 ABRE ) PHEEmM) FB21 B BAER OV LR
B P AEE(me)2 fow B4R L 3F R (ms)s § A& (mi)~ 7 & & (mc)
kPR RT AR P SRR & AR S EF

i % iR

% 42 fo) PHEER T4

Scenario no. = = =
ms 0.2 0.2 0.2
Positive threshold mc 0.05 0.05 0.05
mi 0.05 0.05 0.05
ms 0.3 0.2 0.2
Negative threshold mc 0.05 0.05 0.03
mi 0.03 0.02 0.01
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