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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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FDS EXPERIMENTAL RESULTS
196 Without Pruning With Pruning
esting samples Case CD FA MD Accuracy Case CD FA | MD Accuracy
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Re-Training Mode #3 193 2 1 0.985 =4 195 1 0 0.995
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TOP-DOWNI[T,V,T’]
Input: 7, a decision tree
I, 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  FOREACH 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 Cj to L.
7  Accuracy € EVALUATE[V, T L]
8 i<i+l
9 RETURN L




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
2 Accuracy € Evaluate the accuracy of S‘on T

3 RETURN Accuracy
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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
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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
2 Accuracy € Evaluate the accuracyof S‘on T

3 RETURN Accuracy

gﬂ‘ﬁ 3-4 aanasNN Bottom-up

N17U5UN1270ma5uu1 BOTTOM-UP a2inn13U5Un1s A nasaIntuadany Nanapani
nsFuann s liignuatudulu T Tnuadalinszauiiasndn

Fnasi19? 3.2 N19U5ULLL BOTTOM-UP




o % P a el ° v Ny
Aua i MNANAAAIAANIIIRAASNAINITNINTTLTUAN S
9NAaNANIAaNITRAas lidns NNl SuAN 1

Fasinefiuldiingdula
10
'@ il
O
4‘ Os

Pas; 60%53 "?ail

Fall Pass

| 1 | 1
a o | o

Guiunlunungqarinascauniganen dupeluuaunieas 5 uaz un

Q

1
A

2 4 o o od e My e .
PN 6 BunTnuanungal 6 Fuflunisimainaiuisnususnls tunnenaznalii
uldmnllfe Fail  neaesnIn1sd5uaAIidani1U5uAN T uR e TN DA AN NN UE AL
a e‘dl v v a b2 s a rtzll 1Y
widwasausinalneldaunisdadunanasTunslfumsdmefinansznulunguiesas

4 !

PR My o A a £ g9 v Ny
201’]Lﬂuﬁ@m@ﬂ@m?qqﬂqqﬂmﬂWW]’&NN@ UINNWLIN 1N1@@ququqqu®LWNmu1Vﬂﬁlﬂ Lme%

u Q

' 2 |
s

o P T S \ P = \
ANUNNIUAANTRIF AT UNN AR UAAADUTUNIN IMUANNILLAY 4 LA TAUANNILLATY 4
Wunwrsawmasnluauisodsumls asaausssuanldaniluuavuigias 3 waluus
wnnaae 3 anunsnszydniununvzesudeasdanllvinlnuadall Aeluuauuiaiaa 2
uelvuavuiead 2 Wunisnmeinliainisadfusnls avaauszauanllan Wulvue

dl [~1 a o‘d‘ o 1 ¥ o o Y acal =l o [~1
punenad 1 auflunisfmasiainisouUiuaila nanisdfudaeaanisiaaadu wWunisau
NLUAUNTURINTUFUNBHANTHUANNIELAY 6 AN IUUANNILLAT 5 TN HLAaST
au1r0UsuAnlE nrUiudwRent unnlianuauuaiNauliaeulnuasesuaull
A 1 1 1 [~ a A a KX v )
Ao Tuuansnaas wilnuwananeas 3 Tdainnsnszydniluaunsasumdaasdinalii
MuanUIea 2 waluuauuieat 2 unwimdwesnldaunsadsuanld asdaulddlu
TUANNIELAT 1N1N19LFUAN

o 1 dy o v o a AI d” ¥ o calfy A
NINAIBVENL mmmwﬂummmmmqumuimuum N(Z\]Z\]Wﬁi/ﬂﬂ AR

1
a

o ealny o oa o o ey y o o
mwwimmnnwﬂmmL'a“umﬂiuumummm 6 HAUNUY N@@Wﬁ‘l’ﬂﬂ@’]ﬂﬂ’]?ﬂ?ﬂ‘i’]ﬁﬁ\l@’}ﬂ

TUUANNELAT 5



3.4.3 n15USunIgRAaTULL Hybrid
nstfunnsfiwesuuy Hybrid WWunnsanaantfainnisdiuniimes

LU Top-down Wag Bottom-up Reanesiy aauassseaziasnlugili 3-5

HYBRIDI[T,V,T’]
Input: T, a decision tree
I/, 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-DOWNI[T,V,T"]
2 L;< BOTTOM-UP[T,V, T
3 RETURNL;UL;
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Training Set 25,995

Validation 6,448

Test Set 32,444
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=== Jtratified cross-validation ===

=== SUNmary ===

Correctly Classified Instances 23666 91.0406 %
Incorrectly Classified Instances 2329 §.9594 %
Kappa statistic 0.7766

Mean absolute error 0.1569

Root mean squared error 0.2818

Relative absolute error 36,2379 %

Root relative scquared error 60.5596 %

Total Number of Instances 25995
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=== Stratified cross-validation ===

=== Summary ===

Correctly Classified Instances 5904 91.5633 %
Incorrectly Classified Instances 544 §.4367 %
Kappa statistic 0.8099

Mean absolute error 0.1449

Root mean squared error 0.2726

Relative absolute error 31.1688 %

Root relative scquared error 56.5413 %

Total Number of Instances 6448
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=== Stratified cross-validation ===

=== SUMMAry ===

Correctly Classified Instances 29583 91.1817 %
Incorrectly Classified Instances 2861 6.8183 %
Xappa statistic 0,7795

ean absolute error 0.1553

Root mean squared error 0.2796

Relative absolute error 35.9548 %

Root relative squared error 60,1724 %

Total Number of Instances 32444
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15uiluy Bottom-up 25,662
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Training Set 11,461 A

Validation 2,866
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gﬂﬁ 4-8 ARRIU °lumsm_'|q°ﬁ'mdamm Product 2

4.4.2 nsas19nulinnaula

1
b4 a !

Tunmeaasilldsulifmanlalun1suinitmasn a1 AN NN afa AN N

b4 q

a & o a K

nsuaRaEnsaRar danasnuninunline C45  Feinnisaiefinliifndulasaalilsunsy
Weka @an Classify #1981 J48 —~C 0.25 M 2 nisasnesiuliisngula 3 fuangaiaya
Gauiienss 80  wArdATayanIIaANNANIAANKADNSatAY 20 TUAIULLINLINLAZTA
” o
Jayanaaauludiunaed

nsasvfiuliifnaulaangedeyaFeauiienuas 80 a1u0u 11,461 6a Fogl
Weka lnainisaiuan 1.92 Juniuazliinaugnsiasiesas 93.29 Tauanisnaaziaenly

FUN 4-9 waznwsuliisndulanlfdansnaazidaalugii 4-10



=== Jtratified cross-validation ===

=== Summary ===

Correctly Classified Instances 10693 93.299 %
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 ===

=== JUummary ===

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 absolute error 32.2243 %

Root relative squared error 57.2505 %

Total Number of Instances 14327
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P9 <= -23 {nalii P6 = 2.28 uaY P8 = -4.12 0 (Meann1sLin)

A15199 4-14 n1sUSutayavas Product 2 Wil Bottom-up Mluuma# 5

3 @ a ¢ ° a aa
ﬂgm‘;ﬂ,uﬂq‘iﬂﬁ'quﬁqﬂlﬂ'ﬂﬁ qqu’?u‘ﬁu@'\uﬂu@mﬂ"lw

lutadiayansaan

ANLUAANARSAARE 20

BusiuliinsUfunimiimeslo 2,498

P6 <=3.3 HuAa'li P8 =-1.269 uarx P9 =-46.73 |0 (Meminnisliv)

AN5199 4-15 n1sU5udayarad Product 2 WUl Bottom-up Muuan 6

AsUFuNN T RmefiuL Bottom-up 284 Product 1 @nsnsannl&lnennsdsu

P2 > 379.67 s P8 <=-2.73

4.4.3.3 nMsUsunI918tmasuuy Hybrid

o d‘ v o a e
VI’]ﬂ’]ﬁ‘ﬁ‘QNN@VILLWQWﬂﬂ”Iﬁ‘ﬂ?UW’]?’WNL[?l“ﬂ?LL‘]_I‘LI Top-down LAY Bottom-up Ay

1/ P2 > 379.67 uaz -4.06<= P8 <= -2.73



4.4.3.4 \Wsaungy Top-down, Bottom-up wag Hybrid

o = :/j ada v b 4
Vl’]ﬂ’]‘iL‘LE‘EI‘LIW]EIUV]\‘i 3 AAVETAURHAMTINADLAIMNANLNAANNATDE AL 20

< = Py o = = .
"‘NLL@WI?W@SL@EM‘WI??N‘V} 4-16 Ly ﬁ@ﬂ@?yﬂ@ﬂﬂ@@ﬂsﬁ\‘]LL@@\‘]?WE@'ZL@E@GLNW’)?'NW 4-17

nnNlumslsunisdnad

° s N
AN u')u%uﬂq UNHNAUNTN

lugpdayansiananu
ANUARNNATREAS 20

SusulifneUfumsdimelar 4,498
13Uuuy Top-down 2,815
15uiluy Bottom-up 2,866
Fuuuy Hybrid 2,866

A157199 4-16 Ms1uLFaLdaudEn1sUsuwIs I RaINT 3 38 189 Product 2 AR

TAYNATIAADLAINRNLUARNNATRLAE 20

ngnldlunisdsunisdiveas

UIUTUNUNTAUNNIUTA

daNANANDL
Sugulifnisuiunnsfimeslen 11,456
1J5ULuy Top-down 2,069
1/31uuy Bottom-up 14,291
dFuiuy Hybrid 14,291

AN519N 4-17 Ans1adsaungudsn1slsunisiinas

IayaNAdaL

122

1

14 3 98 229 Product 2 AR



4.5 nMsnaaaelFuwIslLasIRe Product 3
4.5.1 NMsULNTaNS

wisdiayaaaniilu 3 491 WWANALUNIIMAReY Product 1 dRdaunisuii

foyauanssneaziounlugii 4-15

Training Set 8,729 A

Validation 2,183

Test Set 10,910

5119 4-15 @Agauras Product 3 Tunsurisdayaaas Product 3

452 n15sas1enulinnaula

'
el o

TunmesesildsiuliifndulalunismnismlimeindAnyninaseannan
NNTUARANFARAT danasnuNNNEAe C4.5  Faninisasefulidsndulagaalilsungy
Weka La®n Classify #081J48 —C 0.25 M 2 nnsaieiuliifndula 3 fuaingadeya
Gauiienas 80  WATAATayARIIAANNANIAANNAINTALAL 20 TUAIULLNLINLAZTA
5 o
fayannaauludiuinaas

nisasnefiuliifndulaangadeyaBauifenas 80 411U 8,729  #a fiae
Weka lnainisaiuan 0.31 duniiuazliinaugnsiasienas 99.40 Teuanisnaaziaenly

JU7 4-16 waznwsiuliisnaulanlfiteuansansazidanlugiii 417



tratified cross-validation ===
Ummary ===

Correctly Classified Instances
Incorrectly Classified Instances
Kappa statistic

Mean absolute error

Root mean squared error
Relative absolute error

Root relative squared error
Total Nuwber of Instances

8677
52
0.9822
0.009
0.0739
2.6747

8729

%

17.9947 %

99.4043 %
0.5957 %

519 4-16 srausulinndularasiatayanisizauisasas 80 183 Product 3

== 32886

([ ]

== 7328 62 >732352\

=701

=701

>32886 __

5U% 4-17 suldandularasadayanisizauiiasas 80 29 Product 3

nsasnefiuldfndulaangedieyanoaninaniinannasanay 20 19

2,183 Fin fintl Weka 1H19a1n19A1190W 0.06 Auniiuazliinnugnéiadiasay 96.93 Geuana

seazidanlugilii 4-18 waznnsiuliisadulanlsteuansaaziaanlugiii 4-19

tratified cross-validation ===
ummary ===

wm wm

Correctly Classified Instances
Incorrectly Classified Instances
Kappa statistic

Mean absolute error

Root mean squared error

Relative abhsolute error

Root relatiwve squared error
Total Number of Instances

2116
67
0.9053
0.0519
0.1684
15.373
40,9926
2183

96.930
3.069

[ S =]
&

&

%
&




51l% 4-18 srausulinndularasintayansIARNNANMRANRASREAT 20 AR
Product 3

519 4-19 AulARRUlAVRITATDNANTIANANNRNUARNRASALNE 20 U Product 3

nsasesiuliifndulaangadayanagat aausw 10,910 6a foe Weka 14
DAINT9ATUINL 1.19 Fundiuaz A ngniiesiesas 94.56 Teuansanaaviaanlugiy 4-20

waznnsiuliirndulanlidauanssnaaviaenlugiy 4-21

=== Jtratified cross-validation ===

=== SUNMAry ===

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

Mean absolute error 0.1

Root mean squared error 0.2255

Relative absolute error 29.7041 %

Root relative scquared error 54.9742 %

Total Number of Instances 10510

5U% 4-20 sreusulinndularasintayanagan 189 Product 3



K N bl o) TR
==205.42 =205.42 ==-285 =-2.85
e Lo m 1)
==17534 = 17534 =122 =12.21
Fawon, prssriaso)
== B061.67 = 6061.67 ==14.59 =14.99
a0 . e
==181.4 =181.4 ==-3.15 =-3.148
iz ersiaano) L] KN
==328 =328
maaiian|
==-3402 =-34.02
pisien) an)

5U% 421 suldandularasintayanagau 189 Product 3

4.5.3 n1sUsunisAnas

1
o a

o o a e IS4 Y o & = VY o
VI’]ﬂ’ﬁ‘ﬂﬁ“LlW’]?’ﬁJLl?]‘ﬂ?‘l/]’]‘l/]lﬂuillIF]ﬂ@ul@ﬂﬂﬁ‘q@ﬂ@ﬁﬁ]@ﬁﬂug?@ﬂﬂt 80 15u

NIZNII TR asNa NN IN17U5 U TN THun P1-P3,  P6-P9  finnnsnaansliy
a I's A . = dl 1 dl o o v
W130me3 3 wuLAR Top-down, Bottom-up waz Hybrid Iaalanladn Weniinisdiuuén
Tdanunsninligedeayansmaniuaniinannasesay 20 HAUIBITUANINTUA LAY
o o
N9UFURUN
4.5.3.1 n15USun1s18masuuy Top-down
tal % dl % Vo a o =
Gusunlvuasnuasfiulifndula uaanniliunasnemaaziasalu

AFNT 4-18

ngnldlunisiiumsiieas durudunuiifinunn
lutptayansiandnm
ANLUAANARSAARS 20
GusiulifnsLsunnfimesian 1,775
P8 <= -2.8 HuaNN i P6 = 2.9, P7 = -24.12 2,183 (gJavinn1sliu)
e P9 = -3.47

A15197 4-18 NMsUSUTRYATRY Product 3 WUl Top-down

175U AHmaFLL Top-down 284 Product 3 1813091 latnensd 5y

P8 <=-2.8



4.5.3.2 n15USuUNIs Amasuuy Bottom-up

Budiunungaiinaaefiuliifnduls Galfoaiu 4 Tnua uaainnisiiuus

acTUALAAIIUAZIRaN UG 4-19, AT 4-20, AN 4-21 URE AITWNA 4-22

ANNAN AL

v o

nnlalumslsunisdmas

FUIUTUNUNTAUNIN

lutptayansiandnm

ANLUAFNARSAARS 20

GusiuliinsUiunimimesia

1,775

P3 > 70.1

1,775 (Mganinn1aLliv)

M157199 4-19 n1sUSudayaaas Product 3 LUl Bottom-up NuuAT 1

nnldlumsilsunisimnas

NUIUTUNUNTAUNIN

lutaliayansaandnm

ANLUAANARSAARE 20

BusiuliinsUiunimimesia

1,775

P2 <= 341.58 {iualii P4 = 15780.01

WaE PS5 =-1.21344

1,775 (MeannnsLliy)

AN9197 4-20 Me1lFudayaaas Product 3 Wi Bottom-up NUUAN 2

ngwldlunisliunismnas

FNUIUTUNUNNAUNIN

lutadiayansaandy
ANNARNNATDEAS 20

GusiuliinsUfunmtimesia

1,775

P1<=6.12

1,775 (ngainnisiu)

AN5199 4-21 n15USudayau Product 3 Wi Bottom-up lnuAR 3

nnNdlumslsunisdnas

AUIUTUNUNNAUNIN

lutptiayansaananm
ANUAANNATDEAS 20




GusiuliinsUfunmtimesia 1,775

P7 <=-21.49 {nalii P6 = 2.8, P8 = -2.4 1,775 (Meannn1sdin)

Was P9 = -3.86

A15199 4-22 n1sUSutayauas Product 3 Wil Bottom-up NluumaN 4

nsUFunNsRme UL Bottom-up 284 Product 3 Tad@nunsavinnsysula

4.5.3.3 n15USunigitmasuuL Hybrid

NN1939NKaN LEANN1TUF U RmesuuL Top-down  ag Bottom-up
A o a & ' o o | v KX o 1 o
wililasann nnsdfunnsfimesuuy Bottom-up tdanunsaninisdiuanls amnlit nnsdsu

WITIRRBSULL Hybrid SA1winiu nnsdfunisnfiimesuuy Top-down Ae P8 <= -2.8

4.5.3.4 \W3aunau Top-down, Bottom-up Wag Hybrid

nanfFauieuny 3 FskaegadiayansaaaeuANNANINGANNATREAT 20

TIUAAIINALIBEA AT 4-23 Uay FadiayanaaaLTauanssaaziden lus997 4-24

nnaldlunisliunisimas AUIUTUNUNNAUNIN
lutptayansiandnm

ANLUAANARSALRE 20

Susulifnefumndme o 1,775
1J5ULuy Top-down 2,183
U3uuuy Bottom-up 1,775
dFuiuy Hybrid 2,183
AN9eN 4-23 mMeraBaufisuiinisliunisiinaivg 3 38 aas Product 3 Aaata
TaYN
ATIARBLANNANLUARNNATALAE 20
ngldlunsiumiieas dusudunuisinunmwlugs
UAYANARAL
GusiulifneUfunnsfimesian 9,151
1311y Top-down 10,910




1J5uLuy Bottom-up 9,151

15Uy Hybrid 10,910

k23

A15199 4-24 ms1uFaudiaudEnisdsunisiinaing 3 38 189 Product 3 Aeta
Taya
NAgAL
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A
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a dal o o a o 1 ! o dl QI 4 o dl
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