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Prediction of Customer Failure Rate Using Data Mining
in the LCD Industry

Hwa Youn You - Seoung Bum Kim

School of Industrial Management Engineering, Korea University

Prediction of customer failure rates plays an important role for establishing appropriate management policies and
improving the profitability for industries. For these reasons, many LCD (Liquid crystal display) manufacturing
industries have attempted to construct prediction models for customer failure rates. However, most traditional
models are based on the parametric approaches requiring the assumption that the data follow a certain proba-
bility distribution. To address the limitation posed by the distributional assumption underpinning traditional
models, we propose using parameter-free data mining models for predicting customer failure rates. In addition,
we use various information associated with product attributes and field return for more comprehensive analysis.
The effectiveness and applicability of the proposed method were demonstrated with a real dataset from one of
the leading LCD companies in South Korea.
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Figure 1. Overview of the NCSI model
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HlElolEE 4% € 992 g EF £F 9r|singE,
TEMTE RS/ s A0 €8 BT EF Y EE
AEY 4 HujFo 2 e v &2 AEHY, 4 Hg o
&= dukz o 2 ppm(part per million)S AF-&-3Ht},

=9 e 3 BAE ARG olE 679 AlF S48
HE & 5 de W 122 AT SHHTE ARt
© ARl el ol B & B A% 27] A7 T AT
IABFE AREZAN B =EA e 67]E 5o T uA
EFE JHE o] &3Ath 67192 Yt o2 LCD 71l
A Aol & EE TR XSS Tolv B &
F7he TS ol 8 ) AHEskE HATe] ARt o
= %5 9 8 dge A 1S o A F o
Bl S gRa7|71A TAHOE H4 67i€ol Zer] WEol
=3 —“& AFAA = AFES Fufgh o] F 671 FF TS 2L
AEFES 7% 4ol w2t 6718 SHHTE 78 A A

0k ol A0 e, o ol T LA 2
A BYE, B o) T2 UILA 219 Aolo] BAH B

FE, 21904 919 Aolo] WAH BYE, 371 Lol A 47)
2 Afolo] WAH BFE, 412 A 571 Aolo] B4 2
FE, 57 4N A 6719 Aol WA B Eol,

AE S4L JehlE 12709 WE 4o A5 Wae
B7le WFE W) F 717} ol WA itk 47
e - R KR I DA R )
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HA, gas E} ANy A9} 2L Ay 2dd Yol
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A2 A ()9 2.
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B =argmin(RSSHANYI-B) ()
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ojH, A& A Egolth & B2 E 2AF Al G A o
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Table 1. Structure and conversion of dependent and independent variables

No. Division Name Type Preprocess
1 Dependent The sum of field failure rates occurred during the
variable warranty period
2 Field failure rate during the first month after sales ) 7-5C0re
3 Independent | Field failure rate during the second month after sales Numerical Normalization
4 | variables Field failure rate during the third month after sales
T Field failure rate during the fourth month after sales
6 Field failure rate during the fifth month after sales
i Field failure rate during the sixth month after sales
T Screen size ) z-score
T Main pad thickness Numerical Normalization
T Resolution
1| Sales
12 | Independent | Month of production 12ea
13 | variables FAB Line 3ea
T Module Line Categorical 3ea Dummy variables
15 | Customer brand 8ea
T Design structure 3ea
T Electrode material
T Light source Binary Oorl
T Whether the initial production or not
Uzt &7 24 |2 A oS dagFoltt <Figure >0 A& HE S FET 5 A= A olTH(Kim, 2004). 1Y, EE
A BoFRol dEF, &9F, YT R FAHH, v o] AN stE Aol telA AUE HH A A etA L
2 22 B A NA 2 ol Fo1A e, FEaA S A B A4S Y AHav) ohd 3 A
3l (Local minima)7} A1 & 2 715543 o] A TH(Han, 2009).
INAAIFE 2S¢ ERsa Bl
A4S DAY ado g ERaAYU d Sk S4 T o
ot e o} <Figure 3>3 o] 7 £49] £& 7]F& 2t vy,
m s} mit & dAsFE 7HA, 18 HF AA4E 48
gt aye ou)ste o o2 LA H

Figure 2. The structure of artificial neural network
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and Mingers, 1994). =3 =&
39 A Foll = volE <] Wt A
9l tH(Hastie et al., 2001). & 7o A AF&-3F o ALA <&
12]&-& CART(Classification and regression tree) = 9]/\}?‘:_17@
W9 daelE ke g 2 dEd B E L t
1™ (Linoff and Berry, 2011), 1Y A £*(Gini Index)
HagE AL U 7HAE ol Eeste B
(Breiman et al., 1984).
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ot 2d 75 A AAEA7E 24 of st ST
el ‘:é E’J Fotr] o] FQ5E AFEE

H Z0] g-o]3lth(Liaw and Wiener, 2002).
/‘11?—”—‘151U1’3(Vapmk, 1995)& A&/, U4, 4

QA4 5 o]z Wopol 4§58 A5 HojF i thEA o
olEjmtold 7]y %—wom o) /e BFHo} dlZo) BF &

FE 913 SVC(Support
vector cIaSS|f|cat|on)JJr ]?E i3 SVR(Support vector regres-
sion) ©.& F&-3}H (Sholkopf et al., 2002), & =& A& o=
TAIE 1437 As)A SVRE AHE-stGTh 7|24 0.2 SVC
oA Ao dEE 2PH= HoHE F Y 15
& fé} ﬁl‘—tﬂ H}Xl& Ao 3lsh 23 H(Hyperplane)< 7311,
gz *}%0}04 UIXH Hole7t &3 1&

AR
24058 A2, o9 2 YBF 592 g 7]
SJell A <Figure 4>9}F 2o e-5F-747F =4 34 (e-intensive loss

B a8
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Table 2. R Package and parameters of prediction models
Algorithm R Package Parameters
. Epsilon : 0.1
Linear el701 Cost - 4
Epsilon : 0.1
Gaussian RBF el701 Cost : 4
Gamma : 0.0227
Support Vector . Epsilon - 0.02
. Laplacian kernlab Cost : 4
Machines )
Sigma : 0.03
Epsilon : 0.02
Cost : 4
Polynomial kernlab Scale : 5
Offset : 1
Degree : 1
Lasso glmnet Lambda : 2.63
Number of trees : 10
Random Forests randomForest Number of variables © 300
Decision Trees rpart Complexity parameter : 0.03
Number of hidden layers : 2
Artificial neural networks neuralnet Number of hidden neurons : 50, 10
Threshold : 0.7
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Table 4. Performance comparison between the traditional and data mining models by paired t-tests

Paired Differences
Sti.E 95% Confidence Interval ¢ o p_value
Mean Std.Deviation td.Error of the Difference
Mean
Lower Upper
Paired
Ctraditional 527.39 1210.81 68.88 391.85 662.92 7.66 308 2.484x10-13
€data mining
Table 5. Loss cost of each best performance model of traditional and data mining models
- Loss Cost Reducing Cost
D Method .
viston eno (USD) (reducing rate)
Traditional model Using of average rate of failures in every size of product 229,554 113,404
Data mining model Support vector machines with laplacian kernel 116,150 (49%)
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