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Application of the Association Rule of Data Mining Technology to
Equipment Failure: Using Firm A as an Example-
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Application of the Association Rule of Data Mining Technology to

Equipment Failure: Using Firm A as an Example-

Student : LIN, FU-SEN Advisor : Dr. LU, HI-WEN

Department of Information Management
The Graduated Program
Nan-Hua University

ABSTRACT

Various increasing costs in the textile industry, which is a type of traditional
manufacturing industry, have resulted in the relocation of some Taiwanese
factories to countries with lower wage costs. Internal factors such as yearly
depreciation of aging factory machinery, frequent machine failures, and a decrease
in equipment reliability have heavily impaired production efficiency and resulted
in increased operating costs. Because information technology rapidly presents new
developments, valuable knowledge regarding rapid data collection methods,
uncovering potentially useful data, and extracting useful information has formed
the field of data mining. The goals of data mining on textile production data are to
find the correlations of machine failures, reduce the frequency of such failures,
and enhance production efficiency.

This paper is a case study that examines a firm’s equipment failure records, and
applies data mining technology in the form of the Apriori algorithm to analyze
equipment failure attributes and identify highly significant rules. This study
provides suggestions for improvement to minimize the frequency of machine
failures.

Keywords: Data mining, Association rules, Textile industry
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2.7 ¥ /& (confidence):

FHEARAFE /AP AFAL i RT > LIRSS EP B ikt
5%, T PB|A) AF kB I B FAPEF, 7T it % 2R IR
Mo F A RERGFEMBRRT LG Rtk ¥ g 11% & RHEA

PP RiBRD Fr S M E R B o

P(ANB)

Confidence(A => B) =P(B | A)= TA) ............. (=54 2-2)

3.3 ¥ (lift):

HEagrgr »nkmp A NRE NRESMP B B R
G EEp BEBPHEAR 4SS Fa [ L8 T PB |
AYP(B):» FIHFF < 1 2 7 MERPFERIZ S R AE b p

Begd g o 847
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P ENIEp > T RpATR B A FRE G REBEE G
T BB R R R AA MY R S MBI ok 237 5

LE gAY 4K AL 24T 5B HTREABE

SIS ot P (R 4)

301 67 (A)~ 2 (B)~ FH(C) ~ % (B)
302 4 4m(B) ~ 34 (C) ~ #i£(D)

303 f§ ¢ (A 2m(B) ~ (0

304

e (A) 77 (F)
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B AEIE P Min.support>=0.5 - 4T
E PR AHER

(A) 0.75

(B) 0.75
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BE L TR ﬂ
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s.‘ia;(; ;\2 1) —‘J-a;;}‘é,;

BP B X EFR
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FANRENRY EAR I AR O0S HNFAD B L2 HAES:
FPEFHILIFTHEY 3 3BHEDFCIEE - HAOL R ] LFR

05> HNBAPFE L3c B maddp A BRASHIZE  H Ik

FIMBRR] - 4220 FILF TR
2.4.4 fi—%ﬁ#ﬁfiﬂJﬁq

ARM AR EERETRERZE > I 4w A
(classification and regression tree, CART )% + = g # % $& ¥ | ( chi-
squared automatic interaction detection, CHAID ) 2 C4.5p% 3 e k& = #iC
R R TRT A U SRR L B RS HE SRR AR
BHi R gk - RS 5 A d R FIE L PR
PatiE H R o R FRRiERT R FHM o

ARHEE L hR* PSRRI E o v BRI Nd AT
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T

(top-down) Z LR » BdF T E L& > FERNIE > FH B
LERL ] EFREE 2 TR L SQL FixiirEY o HP
HEens - R EE S AR B AREET R 6T F R
o & - et AP Ba- BY i BAc“ RN CE " @ kY
I & BER N A - (B gE s 2 Bl Gl &R PG T T (E IR
2006) -

A F AerF § 2 ¢ Bo¥ ® % £_CART 4r CHAID » ¥ * ke (7 4 #f
foit ATk B 0 4G 745 o CART »¢ 1984 & #r4f & » H g {7 cnh 31

145 Az enA TR Rl > R R A SR RN S AR

AHE AR A4 - B Y j R (Bntropy) > # 3 & &R A AR
TR EPR 2.8 % NEA  35ERE B E BB ESF 0 Gl4r 10 L F

FP G 9L TR ARAS D D AEOEINE B TR S TR & B

B PR NS E R S e R (R - BEN SR

e

BRSO F ORI RS P ) o 508 T A Ko

¥obR - ARATauE 52 C45 0 A d ;‘;j‘?;ﬁ;-’«r'g-%z srde 4, 21 CART
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2.CALSF B A" e T AL R F A A o A MR > F]paAx
kA% § endedg @ * 2%F B2 0 FIb g AR kAR EreDendgd o m CHAID
5% BCARTZ C45:n4 £ 430 D 1L.CHAID feif & & % 34 Ut
PN B R AR AR 5 2CHAID R Ui A e
Flot i FRBPHE e FASERR - AN - B E AL AR
plen 2 (Kotsiantis, 2007 )

AR - B AR B DR B 0 @ 3 198 2 (root node )
po2Risel (internalnode ) » 27 & 2L (leafnode ) » & 827 & 8L2 10 4
Laglg e &N NG BN A Sy R ARIE & - s LR AR

gk o B4 - BAEURRDE o A KSR = B
IR E BE TR R R 0 E R AR BRI ST
enf ] ¥ (Han & Kamber, 2006) o e £k Rtz 5 & 55

M LA AT AL O RPEERT

i
Sy

LEFnFE AL F R €T

Tl

(tree pruning) 4 sc B ¥R o
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E* REZ (T Apriori B B R 4 47 0 Apriori B B4R w2 ¢

F1%* arules £ arulesViz s e 2 2 FHRE e FrEpriEd » 7y

&

PAR &R b s BE T

Sk

LR RE AT e - R RF P SR

I
ﬂd'}‘
&
P
=
)
s
£
(U,
&
(ﬂd\
Fary
i
R
et
paz
It
-l
q 4
&
s
T,
_\'
=y

L hes | FEAP

1001 AL R T AN
1002 ERVINE Yt

1003 AL R &

1004 e~ A

P2k egriFEE R ES AR D I8 iE4p MR IS AR > 3K support=0.1 -

Confidence=0.8 » LRI 7P FBHEH T E | A FREZMEL < 1> EL &

(support>=0.5 lift>1) 4 ix & & 2g F M 2RPA] > Hook 2-6RFZ 425545 -
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3 2-6 42T B SAF RIS A

library(arules)

library(arulesViz)
breadl=read.csv("d:\\R\\1014.csv" ,header=T,)

bread1=as.matrix(breadl)

rule=apriori(bread1,parameter=list(supp=0.1,conf=0.8,maxlen=5))

#default £_0.1,0.8,10

inspect(rule)
summary(rule)

A A 18 KSR E R » dok 2-T 18 (5BE F P A o

% 97 18 i 8T %

Kok lhs rhs AFERE RBER OHE
[1] [{%:*} => {7} 0.25 1 |1.333333
2] [{%:*} = {24} 0.25 1 |1.333333
3] {% 3} => {34} 0.25 1 |1.333333
[4] {=+} => {34} 0.75 1 |1.333333
[5] {34} => {2} 0.75 1 |1.333333
[6] [{#e¢.%*} => {2} 0.25 1 |1.333333
[71 {# 4,5} => {#¢} 0.25 1 |1.333333
[8] [{#&=,%i*} => {43 0.25 1 |1.333333
[9] {3=tx, %} => {857} 0.25 1 |1.333333
[10] {# ¥, % *} => {3 0.25 1 |1.333333
[11] [{3=,% 7} => {£ 4} 0.25 1 |1.333333
[12] [{ ¥4 3c} => {3} 0.25 1 |1.333333
[13] [{ 34 44 ic) => {# ¥} 0.25 1 |1.333333
[14] {#8 ¢ =} => {34} 0.5 1 |1.333333
[15] {#a ¢ 3=k} => {2} 0.5 1 |1.333333
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[16] {#a < , 24,5 *} => {3} 0.25 1.333333
[17] {f& = 3=k, %} => {£ 4} 0.25 1.333333
[18] [{2 5, 34, % *} => {fa¢} 0.25 1.333333

BALRH 10 L THAENBAoL 2-8 90 o

% 2-8 A:AEEw 10 £ FHENAE

inspect(head(sort(rule, by="support" ), 10))(# % = 10 &)

£ 2-9 10 20 FH

A2 ek 2-0 10 £2p) F ALK
lhs
[1] {24} =>
[2] {3} =>
[3] {#ge,24m} =>
(4] {#8¢, 35} =>
[5] {%#} =>
(6] {%#}) =>
(7] {%#) =>
(8] {#e, %"} =>
(9] {24, %4} =>
[10] {#g¢, %} =>

o AE &L

=
N \:jf’ -

|4

- b I+ [
ZeSsl

|4
e Sk
& W

e i e N T e T et N e S et SN
M e e e e e e e e e
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support confidence
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.25
.25
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.25
.25
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o1 Ol

T4 &L

—_—t e e ek ek e e e e

v ek 2-9 1o e

—_—t e e ek ek e e e e

lift

. 333333
. 333333
. 333333
. 333333
. 333333
. 333333
. 333333
. 333333
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B 2R TR S support=0.5 0 £ #F & 5 confidence=0.8 » 4r# 2-
10 AR FR 2 G RARE o

2 2-10 AFEAFERZ G RATNIE

rule=apriori(bread1,parameter=list(supp=0.5,conf=0.8,maxlen=5))

#default ¥_0.5,0.8,10

inspect(rule)

summary(rule)

B Bl 4iEE & B F AR, Support>= 0.5, lift>=1- Hip &3

E’ J
:Q‘s—&r’—r "”Tﬂ“ °

lhs rhs support confidence  1lift
[1] {247} => {8} 0.75 1 1. 333333
[2] { 3%} => {£ 47} 0.75 1 1. 333333
[3] (fae, 2} = (3R} 0.5 1 1. 333333
[4] fae, ) = {2} 0.5 1 1. 333333

ps
i
W
IS
[a]
1
7
Ry
M
[S—
i
T
N
i
N
A
?‘E
P
=
!
A
o
[E——
[E—
o
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Z 2-11 475 & & 2Rp

£ a8l AHER | BRA | HF
1LEF 24 pIE§ 3 0.75 1 1. 3333
2. 5% A RIEE 24 0.75 1 1. 3333
.EFMSE Lo BIE R BK 0.5 1 1. 3333
A FF 42 AR L 2 0.5 1 1. 3333

RO TR AT TR R R = T

LRET iT

Ju
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B g AR ERESARME AT AT A < F
RFEIRFTLE #UAHF T RALEDRER % blde T5B, B2
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FREIRTALABIAS D RPEYUG BN BT EYL

ll/; :_ a /”‘%E.%]
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> 3f § m— ﬁ%gﬁ
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o4l o0 FABAZS

#3" » package

library(arules)
library(arulesViz)

ZNVIES SIS

data<-read.csv("C:\\R\\1023.csv",header=TRUE,sep=",")

42 BRRFPERETHEE N L

=

R Console =0 [E=E
M
> library{arules)
> library(arulesViz)
> data<-read.csv ("C:\\BAVN1023 . csv", header=TRUE, gep=",")
> data
sHe drERE B BESE B#EsRET E2F
1 PR4 © SPINDLE 2% spindle  HEEEFT EBEEe
2 FR4 = BN B IRENEN  EREPT IR
3 PR2 = EETE EE EETE EELFT EE:
4 PR3 g2 AR R EEIENn EEETT O EES
5 PR4 B EeRELT B fRENENy  EEEIPT REd
§  PR4 B BrisE s WENENn  BREPT JEEe
7 PR4 = HMeEE EETH HEEFT R
& PR3 D EETE EE EEs EEIrY EEs
g PR4 = EBEmEE EEe W SEEPT] EFe
10 PR3 = BN B IRENENy  ERREPT JEREEs
11 PR3 = EEEE JENEMn BEETT EEs
12 PR2 E semniE EF  EifEzs EZEFT 2Ee
13  DPR4 & AT B fRENEfy EEEPT REde
14  FR2 = BIROTOREE EFIENn  BEEPT 2F:
15 FR2 = BIROTCREE BEIEMy  BREEPT 2E:
16  PR2 E semnie £ EifEz EZEFT 2Ee
17  PR2 B2  spINDLE 2EE spindle  HEEEFT EE2
8  ER2 B EfsESs EfEsSE EREEFT B
W
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E==Een =)

R R Console

§28 PRL = ErénsEs HEIEir FERREEET -

§29 DPR4 = ErssaEEg HENET PERRELFT 2

€30 PRI1 = BfénsEs SEIEiir PERREEET

§31 PR1 = MEET B WEEiiy PERRELEFT 2

632 PR1 = ErécEE s EEIEE HEREEET 2

633 PR3 = SPINDLE = E EShES HEEEREEFY Z

6§34 PR1 o SEnE B sie CEETEPT 2

635 PR2 == EragE=s HEIENT TRERELFT 4

636 PR2 == Brass=s EENED BERRELPT 2

&§37 PR1 = Bras==s EENSD FERRELPT >

638 PR1 = Bres=E s 1EEhElis TEREREEPT

639 PR4 = HMeEE EFEEaEF BT EFT &

6§40 PR4 ==} SPINDLE 2= ROTOR1 EE=EFT &

41 PR4 = HESSmHEHEE HissmE BT EFT &

§42 PR1 = =EETE EE ROTOR1 SE=EFT 4

§43 PR1 = Bris=m s 1ISTEIEhis b s i N

644 PR2 = BIRCTOREE FHEEhEG PRREEEEPT 4

§45 PR4 = Bris==s 1SS0 b s i B

646 PR3 & SIRCTOREE EEhElig BEREEEPFY  IEEES
6§47 PR2 == HEEE  spindls EREREEPT IEREE2
6§48 PR4 == BrisdE s 1RENED TERREEPT EREe
€49 PR4 = Bris=ms 1SEEh{T TERREEPY BEREe
>

AE TR 2 EATHI B FRFRAE NS48 B

%43 TR ILARAS

data <-data[complete.cases(data),]

summary(data)
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244 BT EDFEL

R R Console =[]
™~
> library(arules)
> library(arulesViz)
> data<-read.casv ("C:W\E\NLD23,.cev", header=TRUE, sep=", ")
>
> data <-data[complete.cases (data),]
> aummary (data)
R A e FE T A B IEEEE EEETFEL
PR1: B0 t9:254 R B :193  ROTOR : 23 ETEFY 141
PR2:170 E:223 ElisEg 1129  spindle : 75  FERREPY :sos
PR3:225 fE:172 SPINDLE &£%F :124 EH&EErE: 30
FR4:174 BIRCTOREE @ 48 EiFEZEE : 24
ERTE EE: 16 EETLH: 64
HE5EEEEE - 36 EiEs o33
{Other) : 73 fEEIER{D 400
B
=ZE1: =0
=Ez2:170
EEs:205
EE4:174
>
W

# = g EiE B
B WiEVR T RTHEELE B iEV BN BAL 450 %
FHTFHEOEARFE LN Lok 460

% 4-5 % @ik A B4z 8

g WE - P EAR G L EFAPEE 0.1 X#hF %&ﬁ‘ﬁﬁ: L 0.8)
dim(data)

data=as(data,"transactions")

summary(data) 7| #75 F i &
sort(itemFrequency(data),decreasing=T) 2R
itemFrequencyPlot(data, support=0.1,cex.names=0.8) 4
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246 THEORBERAL

R R Console =
M
¥ sort|itemFrequency(data),decreazing=T)
BT - EEREE-REED
0.78274268 0.61633282
BT A=t #F5=pn3
0.39137134 0.34668721
HE=HES HREHRI=F
0.34668721 0.34360555
E=mERE {81 %=pr4
o..:a*aaclsa 0.26310478
mE=EE e A=
0.26310478 0.26502311
R Al=rR2 EE=mE
0.26194145 0.26194145
BEEREI-5ZY™ =i
0.21725732 0.19876733
ER=spminiE EE B El[=pRr1
0.19106317 0.12326656
mE=nEl B E=spindle
0.12326656 0.11556240
EEEE-EETE Bf=BIRCTOREE
0.09861325 0.07395994
BY-ERTHE B B -FiEmERER
0.07087827 0.05546995
SR E-E R B -EiEniEE
| 0.05084746 0.04776578
L
d H-FPAES R 0.1 iAW B 427 FNE- B MR
X EFH= L6 i A8 F 8 =R (783%) « (K
F=f I} (61.6%) {#&Rriu]=¢ } (39.1%) -
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item frequency (relative)
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K% A A MR

B IEF RSB R AN A S MR B EETALA S MR
RN G Ard 4-7 0 A4 121 E LRI R AR 0 H %ﬁﬁ%ﬁlﬁ%m A e 4-
8 o

4T RBTORA 2 MR A

A 2 AR

txn_data=as(data, " transactions" )

rules<-apriori(txn_data, parameter=11ist(support=0. 1, confidence=0.6))

summary(rules)

248 RETHMBLRE T ENL

] R Console = (e =<

~

creating 54 object - - - done [O-00=] -
> Summary (Drules)
s=et of 121 xrules
rule length distribution (lhs + rhs)isizes

i = =3 <3 =

2 Z8 58 Z9 k=1

HMim. Id1st . Hediam HMeamnm Sxod . Ma==x.

L .000 = .000 = .000 S.049l1 4 .000 S . 000

summary of guality measures:
Support confidence Liftc

Min. S0 .1002 Min. O .8ele3 Mim. tO.92e78
Ist ua. = 0.3131490 st . : 08310 Ast . L2776
Median 0.1818 Mediamn 31 .0000 Median ::1.3234E83
HMean =0 .1200 HMean t0.9Z274 HMeamn tZ2.0818
Bxrd . - 0.2188 Sxrd Q. 1 .0000 Brd DQu.::2.884949
Ma= =0 . TF827T Max . A 0000 Max . tE._.1125
mining info:

data nmntramsactions support confidence

t=xn_ data 549 0.1 0.8
-
>

e
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%49 BT WHCT BN A

#iciw B

plot(rules, measure=c("confidence","lift"),shading="support")

B14-3 % o P = 97 & 4 1 i B 0 i ph 5 IR R S S 3
FoBFAAERLER O BV d 4 SI210ERAI P T 0 5 90% 4R

PRI E 301 Bor < 304 R385 B AR (doitde— ) o
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Scatter plot for 121 rules

lift

3 - 03

~ 0.2

07 08 09 Support

—

confidence

(AT g BER)

Bl 4-3 B2 7R R dp R )

3* lisupport 5 0.123,Confidence % 1.0,lift 5 8.113(4c*ték— ) ©
3x 2:support & 0.262,Confidence % 1.0,lift 5 3.818(4r*issk— ) -
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£ 4-10 BB TR AP 3 0L AR A

#ig B RE T AP 3 e e L ]

plot(rules,method="grouped")

FAUAMBANE LR E 2N B AL 4-100 B BRI p el R

Bl 440 BT S AN A2 RN EED > 2 e Bl

PRI I SRR TR L s S L B )

EHP LR I IFRALBE o
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Color: lit
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{sway z+ "LHIRIFE-=8) TN T 'EHE == sem 2

121 Rules
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§
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A
2 #85]=pRr2 B pR2
3 #2F=pR3 25| PR3
includes extended transaction information - examples:
transactionlD
1 1
2 2
3 3
» zort (itemFrequency(data),decreasing=T)
EEEEEN-ERYT EEmE-REEEG
1.00000000 0,9740932¢
LB A= 435 =pr3
0.40414508 0.35233161
EE=EEs HEHA=E
0.35233161 D 3&196591
F5=rr2 EEEE
0.31e06218 D.SlEDEzlS
LB A= 437 ]=prs
0.25388601 0.23316062
EETEES #F7]=pr1
0.23316062 0.09844560
EE=EE EERE-EER
0.09844560 0,02530674
> itemFrequencyPlot (data, support=0.2,cex.names=0,8)
>
¥
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Scatter plot for 136 rules
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Scatter plot for 76 rules
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BT A E N LA 414 (Ui 53 ) 2 8 - 8 pAE S R 2 0.2:00F
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$4-14 S5 FFFTRERBI TS

" R Console BN ET

A
1 1
2 b
3 3
> zort(itemFrequency(data) ,decreasing=T)
BEERET-REN SR E-REE G
0.922480620 0.868217054
HEH A= {F7l=pra
0.387596839 0.356589147
AE=RE HEHA=E
0.356589147 0.348837209
A= {2 5=pR2
0.263565891 0.255813953
{8 5=pR3 mE=EE
0.255813953 0.255813953
RE=REs E5]=pr1
0.255813953 0.1317825%46
EE-EEl BEEREM-E3EH
0.1317825%44 0.077519380
EERE-EES EESE-EER
0.069767442 0.054263566
EEmE-EETS
0.007751938
> itemFrequencyPlot (data, support=0.1, cex.names=0.3)
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Scatter plot for 69 rules
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