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# #5371469021: MAJOR COMPUTER SCIENCE
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ANOTAI SILTEPAVET : A MODEL FOR IMPROVING QUALITY OF PRODUCT
HGA IN HARDDISK MANUFACTURING BY DECISION TREE TECHNIQUE.
ADVISOR : ASST.PROF. SUKREE SINTHUPINYO, 62 pp.

This paper is aimed at constructing a model which can improve quality of
products in hard drive manufacturing by Decision Tree Learning technique. The
output model will be a parameter adjustment guideline in the development-process.
It guides the best method to adjust controllable parameters that take the lowest cost.
The analysis of this proposed model is divided into two parts. The first part provides
an analysis on a decision tree that can determine the parameters which affect the
quality of the work-pieces. In the second part, the adjustability of the parameter is
discussed and analyzed whether it can be adjusted without affecting other
parameters based on the correlation coefficient and linear regression techniques.
Furthermore, three case studies are illustrated to identify the adjustment methods,
i.e. the Top-down, Bottom-up, and Hybrid method, then the best method which

covers all possible value of adjustable parameters will be selected.
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Tane3NNALTaNI1 “classification and regression tree (CART)” daalunnsasralaseaing
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Fault Detection
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I RTEP Scheme I

¥ | Update Model

Send Warning & Ask
for Analysis and
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Only for

| Dala Preprocessing |
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Data Quality Evaluation
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dunaudl 2 Data Quality Evaluation #dsanninnisiiudayalduinneas
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Tuwa DAl A4 lun133iAszieugna¥esauann principal component

. = Py a cY ¥ Y = [%
analysis (PCA) dagniszgnsildlunisdiasizideyanszuounisvianin aantiuasld
Euclidean distance 4 Wiag lugtaasnninndayadail vize DAl 411 Tuna DAL 14
Vlf]‘l‘:rﬁ adaptive resonance theory 2 (ART2) A< normalized variability (NV) Tun13a1e

o
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d1mawN 3 Fault Detection Model Wlunisadelumatuunine lddanasny

CART lun17a519 Tnaluiaa g n9n 1 1 un19m a8 U9 ULUIA1a39 INALNLELA Y

PANALNNI NIAANITFHIUNEA (FA) Bay N1RANA1ATNNIATIAaL (MD) Taluisaany
A dd‘i} 1 o/ [~3 £ L7 [~ v o/ £%

MD Daflunsfinireusendn FA nssiaansiuldgneanuuuiiiuluma FD soamdnnissiunu

taangalunissniansuld nasfsduunuualidfanil MD funuily 2 FA fupuily

1 uar P9IAdLYNFiad (CD) Aunuily 0 dviuseuardunisaiwlunadlusunni 2-6

Yo X

Add (Xa, ya) into
the FD Model

Y

Compute the cost of
the new FD Model using
a 104old cross~validation

Y

Find the bestnumber of leaf
nodes of pruning which has
the minimum-cost

L]

Prune the new FD Model by
the best number of
leaf nodes

RT&PIScheme

Fault Detection Model

Send Warning & Ask for
Analysis and Measurement

T T L L L L ™

MWA 2-6 LEUEIN1SRS19 FD model
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TABLEI
FDS EXPERIMENTAL RESULTS
196 Without Pruning With Pruning
testing samples Case CD FA MD Accuracy Case CD FA [ MD Accuracy
Free-Running Mode #| 174 21 1 0.888 #2 183 13 0 0.933

Re-Training Mode #3 193 2 1 0.985 #4 195 1 0 0.995

A15197 2-1 M1519N1SNARDY FDS EXPERIMENTAL RESULTS
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reduction) Lazn13nNgzdudaanina (Spec Tightening)
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fawflutluipaeuaguen 1495 Sampling-based sensitivity analysis Iaginng

NITURIN flow FauaaslunIni 2-7

Input = Parameters (X1,X2,X3...Xns)
Output = Yield

i
¢ Yes

Define PDF

v

Sampling by LHS

v

Evaluate Model

v

Calculate correlation

coefficient

"y

Rank parameters order by

correlation coefficient

v

Stepwise Regression
Analysis

NN 2-7 Flow N19%N9U AL8IR s Sampling-based sensitivity

1
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o

pAWIANSANAINN FalapaTeasiaen lunIng 3-4

TOP-DOWNI[T,V,T’]

Input: 7, a decision tree
V, a validation set
T’, a decision tree constructed from the
validation set

Output: L, a list of pairs of parameter and its value

Initialize: i < 0
1 WHILE(Accuracy is increasing)

2 N; € extract all nodes in level ith of T

3 FOR EACH N;

4 C; € all children of N;

4 IF N;is controllable parameter

5 IF C;is PASS or FAIL

6 Add a pair of parameter and its value in the parent of ; to L.

7 Accuracy € EVALUATE[V,T,L]
8 i<i+l

9 RETURNL
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EVALUATE[S,T,L]

Input: S, sample set
T, a decision tree

L, alist of adjustable parameter

Output: Accuracy of S evaluated on T
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18 éAdjust the value in S using all dependent parameters from L and linear

regression
2 Accuracy € Evaluate the accuracy of S‘on T

3 RETURN Accuracy

MWD 3-4 BANDITNLUAIES
AN9USUN PR AR FLLILLUAANN ANINITLFUNI P RLABFANNLLAIAN NA1ARNINNTL5U
ann 90 lulg uasziudnlyl
o . .

AREN9N 3.1 NTUFULLLLUAAS
o o Sy a ol o v Ny
AR MNNANRWARIAANITIRIAAFN AN NINNUTUAN LA
1aNANATNAA NI RAasN lda 1N sannsUFuAn e

finatinemulifndulal

Fail Pass

2N 3-5 Araterulinnaulat
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BOTTOM-UP[T,V,T’]

Input: T, a decision tree
V, a validation set
T’, a decision tree constructed from the
validation set

Output: L, a list of pairs of parameter and its value

Initialize: i < depth of T
1 WHILE(Accuracy is increasing)

2 N; € extract all nodes in level ith of T

3 FOR EACH N;

4 P; € all parent nodes of N;

4 IF P;is controllable parameter

5 IF P;is PASS or FAIL

6 Add a pair of parameter and its value in P; to L.

7 Accuracy € EVALUATE([V,T,L]
8 i€i-1

9 RETURNL
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EVALUATE[S,T,L]

Input: S, sample set
T, a decision tree

L, alist of adjustable parameter
Output: Accuracy of S evaluated on T

18 éAdjust the value in S using all dependent parameters from L and linear

regression
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2 Accuracy € Evaluate the accuracy of S‘on T

3 RETURN Accuracy

] 1Y acx &
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HYBRID[T,V,T’]

Input: T, a decision tree
V, a validation set
T’, a decision tree constructed from the
validation set

Output: L, a list of pairs of parameter and its value
1 L; < TOP-DOWNIT,V,T]

2 L€ BOTTOM-UP[T,V,T’]

3 RETURNL; UL,

= o a s
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4.3 n15nAaaslsuNIsTRLAaSUa9 Product 1

4.3.1 NMsuLNTaYA
a o 139/ Y a o a cﬁl o/ 3| ]
NudAedfeInsuLvdayansuanafanatuisiueanidugesdau
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Tunwi 4-1

Training Set 25,995
32,443

Validation 6,448

32,444
Test Set 32,444

NNT 4-1 dadauaaslunsuiisiayauas Product 1
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nsa¥esuldifndulaangeadayaGuuiiasas 80 AMuau 25,995 6a ot
Weka ldaannisanuans 9.13 Aunfiuazliimnugniiesiesas 91.04 fuanasaaziasnlu

A7 4-2 waznnsuldinaulanlddananeuaziaanlunni 4-3

=== jtratified cross-validation ===

=== SUNmMary ===

Correctly Classified Instances 23666 91.0406 %
Incorrectly Classified Instances 2329 8.9594 %
Kappa statistic 0.7766

Mean absolute error 0.1569

Root mean squared error 0.2818

Relative absolute error 36.2379 3%

Root relative squared error 60.5596 %

Total Number of Instances 25945
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=== Stratified cross-validation ===

=== SUNmMAary ===

Correctly Classified Instances 5904 91.5633 %
Incorrectly Classified Instances 544 8.4367 %
Kappa statistic 0.3099

Mean absolute error 0.1449

Root mean scquared error 0.2726

Relative absolute error 31.1688 %

Root relative squared error 56.5413 %

Total Number of Instances 6448

AWA 4-4 S1eURUlIARAUlAIRITATEYAATIAANNANUARNKNASRENE 20 U89 Product 1

a il 4-5 auldanaulaaasgadaygansrannuaNiupauNasagas 20 189 Product 1

nnsafesulifndulaangadayannaen AU 32,444 Fa foe Weka 1
1RAINIAIUIN 11.72 Funfiuaz ianugniesdenas 91.18 Iauanssnsaziaunlunng 4-

6 waznnauldifnaulanlsteuansraaziaanlunIng 4-7
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=== Stratified cross-validation ===

=== JUNmMAary ===

Correctly Classified Instances 29583 91.1817 %
Incorrectly Classified Instances 2861 8.8183 %
Kappa statistic 0.7795

Mean ahsolute error 0.1553

Root mean sScuared error 0.2796

Relative absolute error 35.9548 %

Root relative squared error 60.1724 %

Total Number of Instances 32444
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4.3.3.1 N15USUWIS T RLADS LU LLIUAIANY
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P4 = 8070.41

A15199 4-2 N15USUTalaras Product 1 WULILIUAIRS
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4.3.3.4 1UFHUNEULURIAY, ANNUULY LAZHULNAN
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Training Set

>

Validation 2,866

Test Set 14,327

N7 4-8 dndau lunisutisiayaaas Product 2

4.4.2 nsasenulinnaula

lummeasesi s lifnaulalunmmsiinesidn Soutinasien N
nenAnaniaRar sanesfiuivanldie  c4.5 duinsabduliFaduladastisunsy
Weka 1aan Classify #agl J48 -C 0.25 M 2 vinnnsainguldsngula 3 fuangadeya
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=== Jtratified cross-validation ===

=== JUNMary ===

Correctly Classified Instances 10693 93.299 3%
Incorrectly Classified Instances 768 6.701 %
Kappa statistic 0.7608

Mean absolute error 0.1188

Root mean squared error 0.2482

Relative absolute error 37.4613 %

Root relative squared error 62.3517 %

Total Number of Instances 11461
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=== Jtratified cross-validation ===

=== JUNMary ===

Correctly Classified Instances 2647 92.3587 %
Incorrectly Classified Instances 219 7.6413 %
Kappa statistic 0.724

Mean absolute error 0.1306

Root mean squared error 0.2647

Relative absolute error 41.4184 %

Root relative squared error 66.6599 %

Total Number of Instances 2866
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=== jtratified cross-validation ===

=== Jummary ===

Correctly Classified Instances 13317 92.9504 %
Incorrectly Classified Instances 1010 7.0496 %
Kappa statistic 0.8028

Mean absolute error 0.1249

Root mean squared error 0.252

Relative abhsolute error 32.2243 %

Root relative scquared error 57.2505 %

Total Number of Instances 14327

A 4-13 sanuRuldandulaaasadayanagay 189 Product 2
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ngidlunisiiumsfines drunutiunuiiiaunmwluge
AaNANAFAL
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ST IR AN 2,069
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-

Test Set

WA 4-15 §AAUB4 Product 3 lunsutisiayaaas Product 3

452 nrsasenulinnaula

'
el o

Tunmmaaesildsulidndulalunisunimime Ay ninasieanmunn

1
a & a KR a o

NNTNARANSARAT danaanuNtnuidAa  C4.5 daniniras1esuldinaulasnailsungy

Weka 1@@n Classify #iae J48 -C 0.25 M 2 innsaiwsiuldisndula 3 suangadeya



53

Beuifasar 80 uargadayansamNaNRaNEABNTeta: 20 TudouuuINLAYYA
y o
dayannaanludiunans

nsa¥esuldifndulaangeadayaFuuiiasas 80 a1uau 8,729 fa sae
Weka ldiaanisatuans 0.31 Aunfiuazliimnugniiesiesas 99.40 dquansuaziaenlu
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=== Stratified cross-validation ===

=== JUNNAry ===

Correctly Classified Instances 8677 99,4043 %
Incorrectly Classified Instances 52 0.5957 %
Kappa statistic 0.9822

Mean absolute error 0.009

Root mean scquared error 0.0739

Relative absolute error 2.6747 %

Foot relative squared error 17.9947 %

Total Number of Instances 8729
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=== jtratified cross-validation ===

=== SUmmary ===

Correctly Classified Instances 2116 96.9308 %
Incorrectly Classified Instances 67 3.0692 %
Kappa statistic 0.9053

Mean absolute error 0.0519

Foot mean squared error 0.1684

Relative absolute error 15.373 %

Root relative squared error 40.9926 %

Total Number of Instances 2183
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=== Jtratified cross-validation ===

=== JUNmary ===

Correctly Classified Instances 10316 94,5555 %
Incorrectly Classified Instances 594 5.4445 3%
Kappa statistic 0.8226

Mean absolute error 0.1

FRoot mean squared error 0.2255

Relative ahsolute error 29.7041 %

Root relative scuared error 54,9742 %

Total Number of Instances 10910
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