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SAENSAK CHAOPAKNAM : COMPARISON OF CLASSIFICATION AND

CLUSTERING TECHNIQUE FOR PROGRESSIVE DIE SELECTION. INDEPENDENT STUDY

ADVISOR : ASST.PROF.PANJAI TANTATSANAWONG, Ph.D., 119 pp.

The purpose of this independent study is to study and to choose the appropriate
data mining technique for Progressive Die selection which is high value and hard to design.
This study is to compare between Classification with C4.5 Decision Tree algorithm and
Hierarchical Clustering with Average Link algorithm. The sample data used in this study
comes from transactional database of APIC Yamada (Thailand) Co., Ltd. during 2007 and
2009 and the Key Performance Indicator (KPI) is applied to classify data for Progressive Die
selection. Three methods of error measurement; Root Mean Squared Error, Mean Absolute
Error and Relative Absolute Error are used to compare between Decision Tree algorithm and
Hierarchical Clustering for Progressive Die selection .

By comparing the value of the above error measurement, it can be concluded that
the C4.5 Decision Tree algorithm has lower value than that of the Hierarchical Clustering
algorithm. Especially, the value of Relative Absolute Error of Decision Tree is 0.0802% and
that of Hierarchical Clustering is 19.384%. For the other methods, comparison of the value is
slightly different.

By comparing the value of error measurement, it can be concluded that the
classification with C4.5 Decision Tree algorithm is the appropriate data mining technique for
Progressive Die selection.
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Data
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Evaluation

NN 1 A2UY CRISP-DM 1.0

41 : Daniel T. Larose, Discovering Knowledge in Data an Introduction to Data Mining
(New Jersey : John Wiley & Sons Inc, 2005), 6.
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M : Tan H. Witten and Eibe Frank, Data Mining Practical Machine Learning Tools and
Techniques (San Francisco : Morgan Kaufmann Publishers, 2005), 101.
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3199 1 yaveyarnilflszneumsdaduludunedil
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ID Class
Outlook Temperature Humidity Windy
1 sunny hot high false no
2 sunny hot high true no
3 overcast hot high false yes
4 rainy hot high false yes
5 rainy mild high false yes
6 rainy cool normal true no
7 overcast cool normal true yes
8 sunny mild high false no
9 sunny cool normal false yes
10 rainy mild normal false yes
11 sunny mild normal true yes
12 overcast mild high true yes
13 overcast hot normal false yes
14 rainy mild high true no
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ol v \
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no(3) no(2)
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E(outlook) = (5/14)x(—(2/5)xlog,(2/5)-(3/5)xlog,(3/5)) +
(4/14)x(—(4/4)xlog,(4/4)—(0/4)xlog,(0/4))+
(5/14)x(—(3/5)xlog,(3/5)—(2/5)xlog,(2/5))

=0.693 iin
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Gain(temperature) = [(T') — E(temperature)

=0.940-0.911
=0.029 Ua

Gain(humidity) = [(T) — E(humidity)

=0.940-0.788
=0.152 U9

Gain(windy) = I(T) — E(windy)

=0.940-0.892
=0.048 1U#
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I(outlook = sunny) = —(2/5)xlog,(2/5)—(3/5)xlog,(3/5)
=0.971 1in

E (outlook = sunny) = (2/5)x(—=(0/2)xlog,(0/2)—(2/2)xlog,(2/2)) +

temperature

(2/5)x(—(1/2)xlog, (1/2) = (1/2)xlog, (1/2)) +
(1/5)x(=(1/1)xlog, (1/1) = (0/T)xlog, (0/1))

=04 1Ua

Gain(temperature) = I(outlook = sunny)—E (outlook = sunny)

temperature

=0.971-0.4
=0.571 Ua
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232 ANIAIFIUOATIAIUNY (Gain ratio criterion)
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MATAUNANTULLEN = — |log2 | | (2-5)

ull al

b4 ]
f‘ﬂ?ﬂiﬁumﬁﬂﬁ!mﬁl!ﬂﬂﬁ%%uﬁﬂﬂﬁﬁ3$ﬁ‘Uﬂﬁﬂi%%WﬂﬂJﬂ\i"fl}ﬂNa Lﬁ’aumsﬁ’am

U

4
~

Y [l o [l P Ad aa J 1
dreen 7 i v gadesmumiiulydveaeansini 4 Tasaieziimigegaile ]

I~ (Y A A 1 A dgl A o 1 ds’ [
!.‘].]’L! 1 mmuslm;mm LHAagAZanaluDN |ti| INYUU mm;mm”lﬂmmmmsgmmu%z"lﬂm

@ 1 &£ % o A A a da" ' 4 o Y1
WINITTIUBDATITIUNU Gwmmmllf’umma11,6fNmﬂﬂmummmmmgmmu% Iﬂﬂ“ﬂﬂ‘ﬁﬂ1
JAA 1 A

4
iJWIi‘ﬂ”1u’f)ﬂ‘iWﬁﬂu!ﬂuﬂlﬂﬂllﬂﬁﬂiﬂﬁﬂﬂuﬂWﬂLﬂuhlﬂhlig]j%WH’JuiﬂﬂQﬂﬂi‘UaﬂﬁN (ﬁ}’é)\‘lﬁﬂﬂ N

INHUNA 2543)
AINTFIUOATIAIUNU = AIATTIUNU / EITAUNANITULILLEN

@ 1 9 =) 1 J { o 1 . .
"lﬂﬂﬁi]f)EJN"ll?JﬂgaﬂﬁﬂﬂﬁuGlﬁJmUﬂfJawslUﬁTiNﬁ 1 @9 UIUAT Gain ratio

9
Yo A

aa J
VBIULOANTUIN outlook Vlﬂﬂ\iu

MasaunAMIuLaLen (outlook) = —(5/14)xlog, (5/14)
—(4/14)xlog,(4/14)

—(5/14)xlog,(5/14)
=1.577 U@

Gain ratio(outlook) = 0.247/1.577
=0.156

4 1 @ 1 aa o . g .
o0 AR I10619A2018ANT TN temperature, humidity 11A2 windy @150

v
Yo A

AUINAT Gain ratio 1ARaT]

Gain ratio(temperature) = 0.029/1.362
=0.021
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Gain ratio(humidity) = 0.152/1.000
=0.152

Gain ratio(windy) = 0.048/0.985
=0.049

< [ aa 7 [ 1 @ o 1
WA UIMOANTUINN1HA1 Gain ratio g3g@ A0 outlook IFUAGINUNTAIUIUA
. . v o aa o = A IS 9 Yo Aa
Information gain #9UULOANTDIN outlook FegnidemiluTnuasinuesau lidaduly nazay
Y 9 Yo Aa ' ™) o I 9 o ' @ 9 3
adnaulddadulae liaunsznseninsadanqudoyaliiunquiferiu ldnamua
2.4 adeinevesnumsaiedulidadule

aAa Aaw

G =~ =~ a a ] ]
Lﬂilelﬂi NATHIYNTT (2550) ruemsiSeumeulseansmwanuuiud
o 9 v A dy v A Jq Y Aa d A a @ 4
GI,L!ﬂTi°VITL!WfJGUf]34”aﬂ13@]ﬂﬁuiﬂ“ﬁ@ﬁuﬁﬁ@ﬂl@ﬂﬂi%ﬂiﬂﬁﬁuﬂﬁu%’f@ﬂJWTﬂ]fﬂﬁﬂlﬂ‘HG]‘i?ﬁﬁﬁ‘i
o 1o o ' a Y 9 Yo A
Iﬂﬁl‘ﬂWﬂTﬁLﬂ?EJ“UL‘ﬁEJ“Uﬂ'ﬂiJLLZJuEﬂi]1ﬂﬂTiTITLﬂﬂi%W'JNL‘VIﬂuﬂiﬂiﬁﬁ‘ﬂﬁﬁu]’luﬁﬂﬁuclﬁ]iﬂﬂ

[

Aa a 1% ] o o [ ) .. . .
@aﬂﬂ‘iﬁu C4.5 1asnAUANHANVTNNUTATHTUIUD (Associative Classification Rule) 211
@ a .. 1 a 9 Y Yo A o
8anesny  Apriori  WamsnaasanuIunaiialaseaiedu lidadulaainsaiuienms
v A 4 ] 9 9 1 a [ Y] J o [ )
aadulagermisdelagndesds 92% drumalanuungANNFNNUTAIMSUS WUNEINNTD
o ) L o A Y 9 ~ A a ' .
Aemsaaduladonivde Idgndouiies 61% wazilion1sanal TP (True Positive), FP
1 < 1
(False Positive), TN (True Negative), FN (False Negative), Precision 4agf1 Recall MU
Y
maiinlaseaiwdu lddadulaliamuataanilunndi dnfuansoagd1diunaila
Tassaddulddadulalinnuuiudr  (Accuracy)  lumsiunewnniunatiauuung
ANNFURUT ST U U
a = 4 a Y Iq Y a

wasa qniauysal way g aNuma (2551 : 8-14) lalszgndldimaiinns
utenguuu Inssadedulidaduloaz1ddanesiulumsSouiuuy 3 TaeldTisunsy
Weka  lumsnaasaneadeduwulaseaddulidmsumsdaduls  meadeszuu

o a vaqg YA A A v dy a 9 o 9 4 o Ay yA
aduayumsinsaneyld Iiausememsndedum Tashdoyavesgnilusdan lagu
o a A A ] diy a 9 vy I 1 A 9

luadasvoduraiiiomsimFoau 14,332 519ms lasusdoyasenily 2 @i Ao Toya
FMSUMIAOU (Training data) $1UIU 90% 1IN 12,900 518A1T uaz%’m&aﬁm%’uma
NAAOY (Testing data) S1UIU 10% HIBNINY 1,530 519M3 Iaelimsadudiuniavessioms

d‘ Y a [ 9 4‘ Q‘ a A = 9 1w d‘ 9 d?’ =1
LW@‘I‘HLﬂﬂﬂﬁﬂi%iﬂﬂﬁ’ﬂl’f)x‘l‘lJﬂiJ”mWE]!WiJﬂigﬁ‘V]‘ﬁﬂ”IWﬂﬁliﬂuz NUNAWUUNTINNUUY

1 A -4 P Vo A <Ay v
ﬂ%ﬂﬁfJLTJ@ﬁL"HU@]ﬂ'N?JQﬂ@]@\‘Im"IﬂU 67.78% ﬂﬂJW”IT]W‘]JGlUﬂ”ITVlﬂa?Nu e G]’ENI%L'JEI”IH"IL!IH
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v < o =y 9 o a A A Y Y Y] A 9
MIIANVIIVIINAz I3 BTy lualns dudaie 15 lumsaseduy  1Hednndoya
' Y [ '
Wl lnaunuEeuiiurzdesedlugduuuiigndesmin llsunsy Weka 3.4 doams winil
~ a Y = ~ = ] Y v Y
suiioulananaaudiiesssdowaed Tsunswag luansaaseduvesnin e
% Jd aawv @ 4 o @
Aiguae a3IMUNiug (2551) @UOMSA3 1V Ia0WALNAUITZUUATINADL
1A Yy 9 a 9 9 Yo A o Ak =1
ANz aylumsvuasdumaiamaiin lnseaiedu Iddadulanndanesny c4.5 Tael
o s A Y ! I A Y q Yo A ] VW T Aq Y = Ay
Fagiszasnmoanaunumvudsdua ndnga veyanqualtedanlslunmsfny Ao Joya
(] a = o T 9 I
msvualuangunwanazSuamatl 2551 $109u 11,089 5189M3 Taguiiatoyaoomily 2
! 9 ) o 9 .. o 9 ) o
a1 Ao Voyad MsUFoug (Training data) 142U 8316 519M15 Hagdoyadmiunaaew
. o o Y Y
(Testing data) 31U 2,773 518M3 WAINNINAFDULLUTIA09A281U51NTH Weka 1¥imn
Y
Y Y o 1A F)
ANUPNADY  97.23%  MINUUNAUTZUUATINADUANUHINZ A UM YUAITUAIAE
Tilsunsy VBNET 2003 tazilseiiunamsiauuedssuunnuuuaauaiuanuiiane s
Jq 9 a { [ Y 2 1 a a [l
Taedlduszuy wamsdszidiuTaesumaommny 4.67 Faaaenilszaninmuedszuueg
Tuszava
draal udaszna (2552) thauemisenuuudanesIudMTUAATIZEAIY
a a Jd Aa <Y a 9 9 Yo Aa 9 [ aR
Aanaalumsnanarsaaanalamaiinlasaasieau lidadulauuvuudiedanesny c4.5
1 Y a Qy 1 =K 9 a
Tagyjaiulumsnandudiu Head Gimbal Assembly (HGA) 1oz lidsdoyalumsndn
g [l a 1 { 1 [ a ay [l
WAFER 8¢ SLIDER Suiluaiunanneuniinnozaananonspansual HGA lumsg
Y o "9 ~ 9 .. o ~ 9 o o
naaod laiimsuledoyaiious (Training data) 314U 8,000 ey uazdoyadinsy
° o a s A S
NAEOY (Testing data) 31U 2,000 szbou MINAABIILIINGAATIZHIIT MBS
1 Y a a o Y a z; dy Y T W Aa R
neldinailymlunisnaanazildmanaaand) HamMInaaeudoIAUNLDANDINN  C4.5
Y v
Talumsdmnugs duiuddddianTlsunsuann ¢ wehimsnaaesadiedulsd
aadulowuvuinly 2 33ms Av Synchronous Tree Construction (STC) 11a¢ Partition Tree
Construction (PTC) ionaaeuilszanimmszrinamsaiedulddagulanyu@usuuuy
o 1 o I d' Y 1Y Aa R ] =1
v TagimsguinuszideunldlunmslszuanadanaTnu 15 2,000 silsy 4,000
~ ~ ~ oa./‘ @ a A [ Y] af 1 9
szlou 6,000 oo tag 8,000 5oU 1INUUIAYTLANTAINUBIDANDTNUIINAINIG I
o A s ~q ¥ A vy 9
NTNYINTADUNAADI LA TLEIAN 1T Iun15Useuiana NnramsUsziunuyndu sl
v A Y ag . = a A aA
aadulauvunuaedIims Synchronous Tree Construction (STC) llﬂ’izﬁ‘ﬂ‘ﬁﬂWWﬂTlfIﬂ Tay

Lo : - s
mmmam’mﬂumiﬂizmam"lé’fﬂizmm 300% Lﬁi’)‘ﬂN"I“L!LLUU%HWNUHLﬂ?ﬂQﬂ@NW’JM@iﬂ

l¥nreilszuiana (CPU) $1191 4 W18 (Processors)
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3. M33IMNGNUBYA (Cluster Analysis)
Y a Jdo 1 1 I~ A Aq Yo A
nae1 MBI (2546 : 125) A1 Cluster Analysis 11l unatanldduunnio

[~ =~ 1 o 7 A A J A [ I R
LL‘]J\‘]L‘]_]uﬂ‘iﬂ! (Case) WU AU 9N AIVDY YTDDIANT <19 1’7'H"EJLL‘]J\WI’JLHJTE]ﬂﬂlﬂuﬂquﬂ@ﬂﬂ

1 1 =S U =5

3 1 ! d? dd’ d’ = v A Y 7 1 dd’ L
NI ﬂﬁiJéllulliJ NIUNDYNQUIAYINUISUANHUSNIHUDUNUNIDAAIYNUY AIUNTUNDYAN

q U Q u

1 Y
= v o

nguiusglidnyuziuanaeiy  Asiumsiosamenansuzaulsnoziinnlduangs

[

AR A [
NIUWWUANUA NN

wu Y a 1 dyo I 9 = Jd o A
Iﬂﬂﬁaﬂﬂ15LLﬁ’JWIﬂuﬂL'ﬂ'ﬁTLlQHTJHG]ENM“WQWKUG‘;YNNLWN@H (Similarity function)
A o £ = @ "9 A ] T 1 [ d 1 dy F)
NFARU  BIVSHAANUNUUBDYANLUNDDNNUIDYINNIN muclwmuumﬂﬂﬂ%umam%zgﬂcl“ﬂu
o o ] . . s g Y1 ' o 9 1
sUveilanduszez¥ig (Distance function) Fuilums ldmanuasiuaesdoyaninnit Tag
1 Y a Y 1 Y A g Y . A 9
vuanaenu llawatiavesdoya 1wy doyaidudiey (Numerical) nFodoyanenilszinn
. v ] Aa v Y A g o 1 J v ] v o
(Categorical) "W\?ﬂ"]ﬂ!ﬁ%ﬂ%ﬂ'l\?ﬂlmhﬂUﬂJﬂHaﬂLﬂu@nmﬂl FY WINTUTZEZ TN FAAY

. J o ] . . 7 o { A 9 o
(Manhattan distance) WINFUIZoz1H19gATIAIY (Euclidean function) ttazilanduniienldi

v , ‘o - 2 s L . 2
ﬂlﬂyjmlﬂﬂﬂ‘izmﬂ LB Wm%ummmmumﬂmm (Jaccard similarity function) (ANNTY RIEN
~ a
VAUTUND 2548)
a @ 1 [~ 1 T @ Y
mﬂuﬂmimﬂqnmmmumgﬂu 4 ﬂq&]ﬂﬁ)ﬁlﬂ\?ﬁ
T~ ' 0 . Lo A gy
1. Partitioning HUMSIUS Cluster 1agiinTg partition criterion cmma"lﬂﬂqmm
< ] 1 @ 1 I ' @ '
cluster NILULNANANUHIIDUAD partition criterion aanaeemily cluster RNORIEN
[ AR A Y [ af
@aﬂ’f]i‘VliJ'I/lslﬂf 1BU 90N INN K-means

[ o

. < o w . £ QA A
2. Hierarchy HUMISAVVON partition FINAOMINUALTANNINITIIN (merge)

Q

7 A o 4 (= =
nuliiFoos aunszneld cluster Tnajieanila cluster

. [ dil A Y A ] 1 A
3. Density-based WuMsmnuUNUeIUoyanIANURUILUUINNNIT threshold 91

k)

o 1 I 1 1
AmuAnINUARE cluster A0 1HUMIHLANUHUILLYDIT YD

[ i g 4 < Il o 1
4. Grid-based rﬂummmﬁuﬁmwﬁ'agaaamﬂuwa (cell) HDEUAMINITLAN
) i
VOYANN cell data space HU

v
o W U

3.1 M3VANGUUVDRIAUTY
o U o W qﬂzl I am A
MIVANAUUDUAIAUTY (Hierarchical Clustering) 1unisuaslumsiionlog
P P P y & an o ' o v o ' Y A
nasnaie Inseaiwvesdull  Fenssudslumstanguuuudwutsumisesn lailludn 2
v ] -4 I~ 1 [ I~ ]
uuy fe mismnguaesiulihilungulve) (Agglomerative) nForilumsdszunananuvuals
9 Y
" U o 7 % T « e . S
YUVU (Bottom up) HAZMILINNGUSIAUFULLULGDY (Division) HIoTlumsszuiananuy

UUAIAN (Top down)
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@ 1 o W :JI 3 a < ! . . @ o
ﬂ']ﬁﬁ]ﬂﬂﬁjllLL‘U‘]J'sﬂﬂU‘Buuu%&ﬁuﬂWﬂnﬂﬂ@UmﬂlafJ'J (Single object) lunadnos

! qul 1 @ 1 1 < !
1987 (Single cluster) 3NTUTULADLIDUVDINIIIANGN UAAZDDVIIAAYIIZYNITIN (merge)

Y o g A A Yo I @ Ja Y Y 2 o < o
L"U']ﬂllf]@llﬁ]ﬂ@uﬂiﬂaﬂulﬂu@]aﬁlﬁ@ﬁlﬂ'(’J’Jﬂu Iﬂﬂﬂﬁnﬂﬂ’J']Nﬂﬁ']ﬂﬂa\‘]ﬂuellﬂﬁaﬂﬂmﬂ Ny Y

o 9

J oa: o @ J ' ;’f o [ [ 1 o w
ﬁ%um‘z‘nweuamwmﬂmmﬂuﬂaﬁmai@mmmu G]'Jf]EJN"U’EJ\?ﬂ15%ﬂﬂ@u%ﬂiﬁ4ﬁuﬂ‘ﬂﬁ1ﬂﬂ

U

Qall Yo A
%ullﬁﬂﬂulﬂﬂ\iﬂ'w\l‘ﬂ 5

node 3

node 2

hode 1 hode 4

[ v
MW 5 A20619NIIANGUUVVIMUTY (Hierarchical Clustering)

dl =) Y o dy

1NNINA 5 Hanas1eaziven ldaadl

[ 4 9 <
- Adawes Node 1 921/52nDUAI800UIAN A 1Az B

[ <
- AdaAe3 Node 2 92152N0UA8001I3A A, B LAz C

[ <
- AdaAB3 Node 3 92152N0UA800UIIA A, B, C, D 1ag E

[ <
- Adaaes Node 4 92152N0UA800UIA D 1AL E

[ 4 < { [ { [ I [
- AdEApS Node 1 9zgnsamoouanlnanuiige (Close) Widenuiundd

J [ 1< @ J ! ng <3| @ J o
MB5USN DaNzlunadInes Node 4 ﬁgﬂi’m nndulunaanes Node 2 118 3 214a191U

v v
2 Y %

< T @ J = a g < A
- AWNUNNATNDT Node 3 i]%ll’ﬁiﬂ‘]fﬂ!ﬂuﬁlﬂﬂl%ﬂ%ﬂﬁﬂﬂ%WﬂﬂJ@i“J’a‘ﬂﬂ‘ﬁNﬂ%N

§ o s ' a v @ o =
FOLUNUAAAADT NNTZZNNTZHINAMNTNaazAIve L Inaiga (Largest distance)

Q

4 9
o_ v A

o [ 4 wAa
19U¥ U (Hierarchy) ﬂWﬂiuﬂaﬁLﬁﬂﬁfﬁ‘ﬁ}w (Final cluster) i]zflﬂmﬁlm@] ANU

[ sa 9y 2/’ 1 9 Y 3 [ 4
- ﬂaﬁm@i%gﬂﬁﬁﬂuﬁuumuﬂauwm (Early stages) %zgﬂimmnﬂuﬂaﬁmai

Y
Tnsuluduneudain (Later stages) A28
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Y
v

[V S A J [ 9y 9 A ~ o
ﬂaamaiwmmmmwNﬂuiuﬁublu (Tree) Ty lumsnezinms

a 4 1
AUATICUHINNUHUISAD

Y
%

YU

4
ADUMIIANGUTOYAUDUR M UF UL Agglomerative A1l

9
%

o 9 [ < I~ Y] &~ ]
frualnuaazes Ul uAdAINDI NUINIINNU (Separate cluster)
v
a 1 [ L4 [ 1 % o v
ﬂﬁzmuizﬂz‘wNszmnmammmazﬂmmﬂaﬁmeimﬂm
Y a 4 . . Y .
AT NNUUNTNYTLLN (Distance matrix) Tasl¥aszeznia (Distance values)

1 @ s ;’,' { q’;l
3J’E'N1"i1ﬂﬂlﬂﬁﬂﬁﬁlﬁ@i‘ﬁﬁi$EJ$‘V]NET1H?I€1@ (Shortest distance) MNUUAVBDDNIN

a @ 9 o 1Y Y Y o
luﬂiﬂcﬁllajﬁjuﬂﬂﬁlﬂaiﬂuulm'lﬂ']flﬂu

k4
%

a uazl [ J "o @ 7 ll Y o
ﬂﬁ%LﬂJ‘HﬁZﬂZﬂWQﬂQﬁMﬂ%WﬂﬂaﬁlﬁﬂﬁiﬂﬂﬂUﬂﬁﬁLﬁ@iﬁﬁﬂgﬂﬂ‘l’mﬂ LaInNINIg

U511/34 (Update) im3ach Inad

o uazl oy o a 4 a 1 § o
‘1/]Wl111ﬂluﬁﬂu%Wichﬁ1ﬂUﬂi$ﬂﬁlwﬂiﬂcli‘igﬂ%ﬂ%‘llﬁﬁ@ﬁNW%ﬂLﬁﬂﬁl!ﬂ’ﬂﬁ\iﬂ’)

SRinY (Single element)

Start

measured leatures

Y

Compute Distance maltrix

v

Objects and their /

Set Object as Cluster

Merge 2 closesl clusters

v

—  Update Dislance matrix

1 Y
MW 6 HAAITUADUNTIANGULVY Agglomerative

11 : Kardi Teknomo, Hierarchical Clustering Tutorial [Online], accessed 9 August 2010.

Available from http://people.revoledu.com/kardi/tutorial/Clustering/index.html
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3.2 IBMIANPUVVBIAUTY
4 . . A A Y Aq  ya
321 Maweuleanuy  Single Link  #Wioteutnunlnanga  (Nearest
. ' & an @ ! A S A A [ ' <

neighbor) THLAAZIUADUITUDINTIANGN 1ADNHIVOVIIANUAINNNMNOUNUNGUDDULIN

3 Aw 9 19 = v o Jdo a ' =\ ] Ay A 1
wazeouRANIaINguAINANUARUSAIUAITN TUngy  TaslszozantiosNgasening

Y

o a 4 @ 1 [V
Cluster TUADUIT UM IUT2gNANITIANGN Single Link A HANNI5YDI Minimum Spanning

Tree

1 . . ' < ! { o {
MWAN 7 Single Link 1328211999400 U19AT21 19 Cluster NUDENTA
IE Pang-Ning Tan, Michael Steinbach, and Vipin Kumar, Introduction to Data Mining

(U.S.A. : Pearson Addison Wesley, 2003), 517.

y . 3 ad o J v 9 o
322 mMs¥euTe9uny Complete Link YUADULAZITAINANIIEATINUT WA
matyou o9 Single Link M31%ou o911 Complete Link $1mMsvia1szezieiuniga

321204 Cluster

]
~

{ ] I ' !
ﬂTWﬁ 8 Complete Link #1388 INVDIDOVIIATEHIIN Cluster ﬁiJ'lﬂTl’Qfﬂ
nn Pang-Ning Tan, Michael Steinbach, and Vipin Kumar, Introduction to Data Mining

(U.S.A. : Pearson Addison Wesley, 2003), 517.



A A d? 91 = A 3 [
Glﬁi]ﬂlﬂﬂﬂlu%%i‘]fﬂﬂﬂﬁﬂﬂ?WﬂJLWﬂJ@uﬂl@\?fJﬂﬂﬁlﬂiuﬂQN

{ { I 1
2NN 9 Group Average Link N1520LINAV0I0DUIIATEYIN Cluster

INE Pang-Ning Tan, Michael Steinbach, and Vipin Kumar, Introduction to Data Mining
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4 1 3 1
323 ﬂ?ﬁl%@lﬂﬂ\‘ll!‘ﬂﬂ Group Average Link ﬂTﬂ?TNLWﬁ@HﬂJ@Q@@ULﬂﬂﬂQ?J

(U.S.A. : Pearson Addison Wesley, 2003), 517.

A15190 2 Medgatoyad s UIAnqUe NS

Food item # Protein content, P Fat content, F
Food item #1 1.1 60
Food item #2 8.2 20
Food item #3 4.2 35
Food item #4 1.5 21
Food item #5 7.6 15
Food item #6 2.0 55
Food item #7 3.9 39

A 2w ' v Aq Y o ' Y o '
AMNANTNN 2 Lﬂu@?@fJ'N‘lgﬂell'flHa@’lﬁ’li‘ﬂGl"lfsluﬂ’]ﬁﬂﬂﬂqu@’lﬂ’liﬂflﬂﬂWiﬂﬂﬂ@N

Y
LUV AVFY (Hierarchical Clustering) JA835IAAININUHMUBULLY Group Average Link 4ag

9 d v ] . . Y a 1 . . %
“l«vﬂm%uszazmmﬁ@au (Euclidean function) lun15a31992WI151AT Distance matrix °§Q

I ad . :,’ a . A a Yo
WUITNITNIT28eN1 (Distance measure) UULUAUAN (Classical measure) NHeN1FAUYIN Y

NUITEAN TAgN9158191nA1 Protein content (P) 118 Fat content (F)

o a 3 ) ) a ' ¥ <
GI,UGUUQ‘]’E'JUVI 1 %Lﬂumﬁm Centroid GUfJWEJan,a m%ﬁuu@ﬁmamﬂﬁ] Gumga!,ﬂu

. " - { < "y & ) s
Centroid 8¢ Tuaoud 2 dwdumsmiszezneszrindoyanng anuiulyldeawiladdu

] 2 a . . & A~ <3| Yo dy
52o3H19gARIRYY (Euclidean function) Fudowiluanms laasi
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/ k
D= Z(pi _qi)z (2-6)
i=1

Tas D A9 52N

k4
puag ¢ o Joyaveanadedgn Tunne udyudmaundyy k

] & = ° d' b, ' v &
Fyludunoundesaziaunsn 2-6 N11%1Uﬂ15ﬂ1§$ﬂ$ﬂ1ﬁﬂl@\‘inﬂﬂ £l HOANDIIN

MINTLIZNIVOINAAUAAIAINTNN 3 AIDIWNTHIANITLIZNN 1Y TLISNNIEHIN

b4
=\

Food item #1 N1J Food item #2 Llﬁﬂﬁhlﬁlﬁlﬁu

D,,., =+(1.1-8.2)+ (60— 20)
= J(=7.1)> +(40)*
= 40.62

C .
M3 3 HAANTNITHITZEZNNYATOYAD T IUTOUN 1

Cluster number Cl C2 C3 Cc4 C5 C6 c7
Cl 0 40.62 25.19 39.00 45.46 5.08 21.18
C2 known 0 15.52 6.77 5.03 35.54 19.48
C3 known  known 0 14.25 20.28 20.12 4.01
C4 known  known  known 0 8.55 34.00 18.19
C5 known known  known = known 0 40.39 24.28
C6 known known  known = known known 0 16.11
C7 known  known  known  known known known 0

~ <3 1 A Y A A = ~
MM N 3 duNgenlszeznaiesiiqa Ao C3 uaz C7 Taslinszozn1an
Y Y
4.01 AUIUTNNINMITINNG 2 A8 U 1A centroid AD P = (4.2+3.9)/2 118z F = (35+39)/2

4 v J @ QSJI Yo {
G?QW@ﬁW‘ﬁi]'lﬂﬂ'lii']NﬂueUﬂQW\? 2 i!ﬂLLﬁﬂ\‘jll@ﬂ\W]']i1Qﬁ 4



. y
A3 19N 4 WAAWEN 1A91NA1T3IU Cluster 3 t1ag Cluster 7
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Cluster number

Protein content, P

Fat content, F

Cl
C2
C3,C7
c4
Cs
C6

1.1
8.2
4.05
1.5
7.6
2.0

60
20
37
21
15
55

2 4 o y 2 2 4 A 2 d
Tuduseun 3 awwdlumsms luduseun 2 liiFesq aunsznamanssIuman

~ £ @ 4 @ T dy o T Ay P U [ 3
INGINUINATIND T Gl,umamqu%zmwuﬂﬂqwﬁmmi"l,’m 4 Ny (Cluster) A9UUNANIT

swngulusovaeliszuaasluasii s—7
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Swundeyauaazaaaielisunsy Weka Tagldluga 148 Fuiumsadisdulddaduladie
Y] aR A o oA A o 1 1a s Y Y ~
ganoiin C4.5 edamonglunuNeu lunsiwunnguuinuinlimnnugndesganga

o Y 1A 4 [ aa J o ya o A
Taosmualinquuaiiui (Tool Class) Huneanitanithmne  lumssuundivelsns

=

o ' . . 9 ) o 9
MUUAANVUANUAUUU UGN (n-Fold Cross Validation) 114m‘3um%33aﬁm3m5&1u§

Y
.. 9 ) @ . ) o [ @
(Training dataset) LALVOUATIUIUNATOU (Testing dataset) TagMruasuIuasInaay

(% % o 1 {a o o 1 1a 7
(Fold) iy 10 suiluannasgiunienldlaomll srwaziBeansswunnguutiusia

v A

9 v
AvtiaianansURiAeu (KPD) waga1nugnded (Success rate) LEAAINIAITINN 11



{ o 1 1a -4 1
M13197 11 1902100ANT T UUNNGUINNLIILAZAINWYNADY (Success rate)
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N3 gon gon

sUspumMsSwunnguTea (Class)

qua | M3 | OuA
Shun | wan
1 ) 3 4 5 6 7 8 9 10
(@on
wan)
Q| wn | wn
= | e=| = | G G G G G G G G G G
Min) | 9504) | 95%)
Ne | wn | tee
= | o= | < G G G G G G G G G N
Min) | 9504) | 95%)
g | des | wn
= | < | =] a N N N G N N N N G
Min) | 9504) | 95%)
Ny | ey | tee
= | (< (< G N N N N N N B B B
Min) | 9504) | 95%)
g | w0 | un
< | e=| =] N N N B N G G N G G
Min) | 9504) | 95%)
g | nn | dee
< | =1 N N B B N G G N N N
Min) | 9504) | 95%)
o | Tes | 1
(< < | =] N B B B N B N N N G
Min) | 9504) | 95%)
9 9
n | dew | e
(< (< (< B B B B B B B B B B
Min) | 9504) | 95%)
MANNGNADS 94.02 | 93.13 | 9239 | 92.62 | 93.13 | 96.73 | 96.73 | 95.98 | 99.49 | 99.95
(GREL

G 11899 Good, N #1184 Normal 118 B H11894 Bad
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4 o 1 1a o 4 J { 1
iWenaassdmunnguunuisIeteu luame  mwasei 11 Aanugndes
Ay v ¥ = A ' 73 o ]
(Success rate) N1 @9 ndoyagai 1 - 8 vxliAvgiznin 92.39 - 96.73 1lesidud nazyadoya
= Y1 Yy A -4 o o & < Y1y =
9 - 10 9z l¥manugndes 99.49 uaz 99.95 nlesisuanudwy Fawzmuldndoyayan
Y v = A IR P v & Ymw R A Y ~ A4 g9
10 Timnnugndesganga Ao 99.95 Wlesidua daiugIdeavaonvayagan 10 e lvagll
a o o Y Y Wdo o o Y1y A4 o
nazefinewaansnnmyaidu lddaduls vazanmnaasszduna landoyagai 2 nu
¥ A ¥ A v 9 A _ A v "o A 0
YoyayAn 5 uazvoyayAn 6 NUTBYAYAN 7 UAIAIINYNABUMIAY 1HBIINHANITTIIUN
1 1a J A A @ Yo o [l 1a I 1 [ o
nquuiu Iudeu luiiesiuldswumedainuiluuaazaaramiiu Tagwanmsswun

' rta  J9Y  an Yy 9 Yo Ao ] A a A
ﬂprlljJWiJWﬂ’)ﬂTﬁIﬂ5\3?(51\1@”1“@@?(“1%61]@%?36]2@% 1-9 !lﬁﬂ\ii’]ﬂagl@ﬂﬂiu@’ﬁ’m‘ﬂ 12

~ o 1 ra <Y [ Aa R 9 ~
Gni1$ﬂ12WﬁﬁiﬂﬂWi%ﬂxﬁﬂﬂQNHMWMWQDHﬂaﬂﬂiﬂN(}LS%ﬂHaﬁﬂﬂ 1-9

v d
o eaziReanaansonmsaienulsl
gadoyanldlumsnaaen

v A Y % a

AnaulanIedana3nu C4.5
¥ = v A
Joyaya 1 MAHUIN U 119 78
3 = v A
Joyayai 2 MANUIN U 119 81
3 = v A
Joyayai 3 MANUIN U 11T 84
3 = v
Joyayai 4 MAHUIN U 119 87
¥ = v A
Joyayah 5 MAKUIN U 1119 90
3 = v A
Joyayai 6 MANUIN U 1119 93
Y = v A
Joyayail 7 MAHUIN U 11191 96
Y = v A
Joyayai 8 MAHUIN U 1119 99
3 = v A
Yoyayail 9 MANUIN U 1IN 102

panmsaidulddaduladoyayan 10 dredaneiin c45 (Tuga 148) 9

2
v A

F2
Tu51n51 Weka tanasioaziden lagail

=== Run information ===

Scheme: weka.classifiers.trees.J48 -C 0.25 -M 2
Relation: R10

Instances: 2141

Attributes: 10

Attribute name: toolId, toolltem, toolOption, minCG, maxCG,

productionOutput, gcOutput, productionYield,
finalYield, toolClass
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Test mode: 10-fold cross-validation
=== (Classifier model (full training set) ===

J48 pruned tree

productionYield <= 94.99: Bad (968.0)
productionYield > 94.99

| finalYield <= 94.88: Normal (206.0)
| finalYield > 94.88: Good (967.0)
Number of Leaves: 3

Size of the tree: 5

Time taken to build model: 0.02 seconds

=== Stratified cross-validation ===

=== Summary ===

Correctly Classified Instances 2140 99.9533 %
Incorrectly Classified Instances 1 0.0467 %
Kappa statistic 0.9992

Mean absolute error 0.0003

Root mean squared error 0.0176

Relative absolute error 0.0802 %

Root relative squared error 4.0052 %

Coverage of cases (0.95 level) 99.9533 %

Mean rel. region size (0.95 level) 33.3333 %

Total Number of Instances 2141

=== Detailed Accuracy By Class ===

TP Rate FP Rate Precision Recall F-Measure ROC Area Class

1 0 1 1 1 1 Good
0.999 0 1 0.999 0.999 0.999 Bad
1 0.001 0.995 1 0.998 1

Normal

=== Confusion Matrix ===

a b c <-- classified as
967 0 0 | a = Good

0 967 1] b = Bad

0 0 206 | c = Normal

o JAy YA = Ao Y o = Y Qall
WaaWﬁﬂqﬂuigfuﬂuﬂﬂ1HUﬂQﬂ@@Qﬂ1u3u 2,140 U NNVDYANIVNGA 2,141

~ A 3 7 Yy A o ' o
TN Llagulﬂ@ilcﬁuﬁﬂjmgﬂﬂfNﬂ 99.9533 % Tﬂﬂﬁnlluﬂﬂgiuﬂa’]ﬁ Good MUIU 967

szitiou oglunatd Normal 31494 206 32itiou taz luaaa Bad 31491 967 seiiiou

= ~ Ao a o ~ Y] o ~ a g
Iﬂﬂuigﬂlﬂu%%nluﬂwg’]%'}uju 1 U %']ﬂ"ll@ya‘ﬂ\iﬂllﬂ 2,141 3818 ﬂﬂﬂ]u

o o Y ~ A o A o A A ~ A '
0.0467 % E’fT‘ri"i‘Usll’E]iJ"a 1 32 UgU MIWUINAUY AD U 1 LIV "Vl’e)fﬂuﬂm?f Bad e

Tosunsuswunldoglunaia Good
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==04.99 = 8469

L
Bad@ss0)

<= 34.88 = 04.88

~ Y Y Yo A 9 @ a Y ~
NINN 22 Naﬂ’lﬁﬁﬁ’l\‘]ﬂuhlll@]ﬂﬁuclﬁ]ﬂ?ﬁlﬂaﬂﬂicﬂﬂ C4.5 GI,UGU’E'J{J,aGI):ﬂﬂ 10

{ v J o J 1a 4 { @ a
ﬂTW‘ﬁ 22 LL’EWNNaﬁ‘W‘ﬁﬂﬁi}HLuﬂﬂQNLLMWNW%}fJNa%ﬂﬁ 10 ﬁ?ﬂ@ﬁﬂﬂ‘iﬁﬂ c4.5 lu

U Q
4 2

Yy Y yYe o Y 3 yay v o 3 0
sunuyInseaseau lidaduly Tasdu1in 185 Tnualunsdu 3 Tnua Tuswauiill 2 Tnua
{q 9 . . c: v A ) a .
NlrvoAauA (Final yield) Wungmsaadauls wazdn 1 Tnualseeaniswan (Production

. I v A : Yo J
yield) Wlungmsaaduls deenunsoagylaas
U (= P a J o a
AME Good: NgULLNNIN1RoRANINAR (Production yield) 1A UAMRUNA
S 1A JAq Y a . . !
- Wuudnunnlvieean1snaa (Production yield) 410031 94.99%
S 1A Jag Y 2 . !
- Wuudnunnlieeaa1ud (Final yield) 410N 94.88%
= 1a J a o ~
- Buinuaduansnluaad Good 311U 967 321UEU ATOUAGN 45%
4
YoIdoyaNruA > BATINITSUUNAR 0.0
v 1a saq Y a . . J a
a1 Normal: ﬂqulIWNW‘ﬂGL‘HEJ’EJﬂﬂﬁNaG] (Production yield) Twpamilng
I~ 1A sAq ¥ a . . !
- Wuudnunnligean1snan (Production yield) 4100231 94.99%
1< 1a sAq Y = . . Y v A -
- Whusinunn1ivea1ua (Final yield) HOINIHIDUNINY 94.88%
1A J a o
- Buinwaduaunsnluaard Normal 31191 206 seiilon ATOUAQY 10%
v & o o A
YIVBYANINUA -> BATINTIUUNAA 0.001
v 1A saq Y a . . ° ' J a
Aaa Bad: NQUUUNLNN Y9N 13WAA (Production yield) AN unanilng
1< 1a sAq ¥ a . . Y 1 A 1w
- Whusinunnieean1swan (Production yield) Uogn11M3 011110 94.99%
1A J a o
- Buinwaduansnluaaid Bad 31491 968 sEilion ATOUAQN 45% V03

v
(%

Foyananua > 0A51NMIWUNAA 0.0
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—+— Good
—8— NMormal

&— Bad

02 - —-
0.1 -—

TP rode FP rode Precision
Metrices

2d 23 nauaasAIMsianan MM undoyagah 10

910A1 TP rate, FP rate 118 Precision 32 1803 1Wdanmwi 23 iieNa1sanaidanai

4 Yo Aa v 9 = a v =Y
nunau lidadulaneuinaueudedlinianaia Normal (Wo15191AA1 FP rate) Iagiions
1 [ Y '
msswunAamny 0.001 tazdionau lAnsaniaadainanuuNdyasvaennalu

A1 Bad 1AglonsIn1ssmuUnRavIng 0.0 1azaad Good UOATINTIUUNHANIND 0.0

Y
v @

Ed 1
Uiy wenantdanuiimsswundoyaluudaznguiial TP rate ag Precision NG9 AU
Y

= Y A o 1 ra 4 [ ddyw a oA A A A
mﬁzﬂ”lmmaullmmﬁmuuﬂﬂ’qmmWuwmm%u%’mwamiﬂgumm (KPI) naanuuy

Y 1
= U =

v o o P VA A o ' VA ] o
AIMUTAUNUTNU EJﬂ"VI\W]'JLIf]J“U‘VIUlﬂllﬂ’J11I‘H1!G]5'E']ﬂ@!La%ﬁWlﬂiﬂﬂHluﬂﬂQNLLNWNWﬂlﬂWQLﬂu

1 = Y 9 A
98190 Tag11iA1nugNADIN 99.95%

v
U

3. HAMIIINNGUTOYAAIITMIIANIUUUVAIAUTY
9
o a Y ' o v W . . . Y
wamimﬂaauaaﬂaiﬁmmﬁmﬂqmmuamn%u (Hierarchical Clustering) Taele
axdo 0 A = . k4 d o ' A A .
T IamnurleuIUUmaY (Group Average Link) A28lantuszezyinagnafey (Euclidean

. o ° v Ay o ' P} Aq ¥ Ao
function) HATNIHUUANIUIUNQUNABINITIIUIU 3 NQU (Cluster) mayaﬂwmawmmu

9
v A

v 9 v
Wedu 2,141 suifiou aunsonaaswamisanguuuudwugu ladail
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=== Run information ===

Scheme: weka.clusterers.HierarchicalClusterer -N 3-L. AVERAGE
-P -A "weka.core.EuclideanDistance -R first-last"

Relation: ClusteringR10

Instances: 2141

Attributes: 9

Attribute name: toolId, toollItem, toolOption, minCG, maxCG,
productionOutput, gcOutput, productionYield,
finalYield

Test mode: evaluate on training data

=== Model and evaluation on training set ===

Cluster O

CCCCEEeeeeeeeeeee((109.91:0.00764, (111.79:0.00458,123.49:0.00458)
:0.00306):0.00145, ((97.28:0.00081,95.98:0.00081) :0.0014, ...
Cluster 1
((((C((((96.0:0.01205,(92.45:0.00721,112.73:0.00721):0.00484) :0.005
77,129.23:0.01783) :0.01014, ...

Cluster 2

((106.9:0.14083, ((((124.82:0.00737,107.91:0.00737):0.00866, (151.78
:0.00222,148.47:0.00222) :0.01381) :0.00166, ...

Clustered Instances

0 2105 ( 98%)
1 28 ( 1%)
2 8 ( 0%)

v J [ ' o 09// . . . < 1 a
AAANTIINNITIANQUUVVAIAUY Y (Hierarchical Clustering) mﬂﬂﬁ’mmmmﬂm
Tunaaznquildnyuz Tassauvesdoyanuanaraiumin 1ag Cluster 0 auFnlunguiun
a A ~ a I 9 qg./} ~ a 1" o
Nga Ao 2,105 szieu aallu 98% weddoyaianua Cluster 1 Jaun¥nlunguiuiu 28

~ a I 9 c’j =1 a L) =\ a I
seilou aatlu 1% VONVDYANTUA LA Cluster 2 mmwimqummu 8 ITIUYU Aatlu

Y
A

) o A a A da g A o v =
0%)%@3%@%@%Qﬁuﬂ Wﬁ@ﬂaTﬂu@ﬂTnQﬁuQﬂﬂﬂ %ﬂHaﬂuTNTﬂﬂﬁﬂuuNaﬂymgmﬂqmﬂuaﬂ

U

D.

Y R v 3 o 1 Y A o a A A Y
AA1ARIN U UTIUIUNIN ﬁﬂﬂaiﬁ Cluster 0 HIUIUTWFDUINNGA LaZiNDUIYATUDYAN

u

9
[ 1 o v o . . . o a 4
"I,G?]linﬂﬂﬁi]ﬂﬂf,jillm‘ﬂa”lﬂ‘]_lsﬂu (Hierarchical Clustering) ﬂlﬂﬂﬂﬂi%t‘ﬁﬁlu UININITAUAIICH

AuAnEUzUIEINTn lutaazngy aunsoudana laganIni 24
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toolld tool toolDption minCG_maxCG _productionOutput  gqeOutput | productionYield  finalvield  Cluster
DLS0304502-602 | 7L15120L50204502-602  DLS0304602 0.90 1.40 181 181 95.82 95.32 cluster0
DLE0404 102 A20910050404 102 OLS0404102 0.50 120 129 181 95.25 91.01 clusterQ
DLE0404102 FL2091DL50404102 DLS0404102 0.80 1.20 195 195 94.66 94.66 |clusterQ
DLE0404102 7L2091DL50404102 DLS0404102 0.80 120 184 184 95,78 95.76 |clusterD
DLE0404102 FLE091DLS0404102 DLS0404102 0.80 1.20 183 183 96.24 96.24 |clusterO
DLE0404102 7200100404102 DLS0404102 0.80 120 152 150 95.54 88.72 clusterQ
DLE0404102 FL20910L50404 102 DLS0404 102 0.50 120 136 155 56.35 B8.35 clusterd
DLE0404102 FL2091DL50404102 DLS0404102 0.80 1.20 2.06 195 96.72 91.26 |clusterQ
DLE0404102 7.20910L50404102 DLS0404102 0.80 120 2.18 2,06 96,61 B81.65 |clusterD
DLE0404102 FLE091DLS0404102 DLS0404102 0.80 1.20 1.80 1.80 95.69 95.89 |cluster0
DLE0404102 7200100404102 DLS0404102 0.80 120 1.77 177 a7.0e 97.09 cluster0
DLS0404 102 FL20910L50404 102 DLS0404 102 0.50 120 151 191 90.51 50.51 clusterd
DLE0404102 FL2091DL50404102 DLSD404102 0.80 120 2.06 192 95.60 89.33 clusterD
DLE0404102 7L2091DL50404102 DLS0404102 0.80 120 124 177 93.56 78.16 clusterD
DLE0404102 FL2091DLS0404102 DLS0404102 0.80 1.20 1.97 183 96.14 89.29 |cluster0
DLE0404102 7200100404102 DLS0404102 0.80 120 125 125 9732 97.32 clusterQ
DLS0404 102 FL20910L50404 102 DLS0404 102 0.50 120 145 1435 105.78 105.78 |clusterd
DLE0404102 FL2091DL50404102 DLSD404102 0.80 120 120 120 91.60 91.60 |clusterQ
DLE0404202 7L2111DL50404202 DLS0404202 1.00 150 152 152 8933 89.33 |clusterD
DLE0404202 7L2111DLS0404202 DLS0404202 1.00 1.50 1.17 Li0 114.13 107.30 |clusterD
DLE0404202 7211100404202 DLS0404202 1.00 1.50 121 110 24.58 76.33 clusterQ
DLS0404202 7L21110L50404202 DLS0404202 1.00 1.50 L33 130 S0.65 B8.56 clusterd
DLE0404202 7L2111DL50404202 DLED4D4202 1.00 1.50 0.55 0.95 268,70 88.79 |cluster0
DLE0404202 7L2111DL50404202 DLS0404202 1.00 150 135 13 95.90 95.90 |clusterD
DLE0404202 7L2111DLS0404202 DLS0404202 1.00 1.50 1.37 1.37 95.21 95.21 |cluster0
DLE0404202 7211100404202 DLS0404202 1.00 1.50 139 148 93.77 87.10 |clusterQ
DLE0404202 7L21110L50404202 DLS0404202 1.00 1.50 L4a L44 95.687 95.87 clusterQ
DLE0404202 7L2111DL50404202 DLED404202 1.00 1.50 1.24 124 91.63 91.63 cluster0
DLE0404202 7L2111DL50404202 DLS0404202 1.00 1.50 143 143 96.02 96.02 |clusterD
DLE0404202 7L2111DL50404202 DLS0404202 1.00 150 146 146 92.42 92.42 |clusterQ
DLE0404 202 FL2111DLE0404202 DLS0404202 1.00 1.50 1.45 1.44 96.61 095.79 clustero
DL=0407002 FL22410L50407002 DLS0407002 1.00 1.30 172 154 92.58 82,79 clusterQ
DLE0407002 FL2241DL50407002 DLSD407002 1.00 1.30 1.42 L4z 136.42 136.42 |clusterD
DLE0407002 7.2241D.50407002 DLS0407002 1.00 130 136 13 95.54 92,73 |clusterD
DLS0407002 7L2241DL50407002 DLS0407002 1.00 1.30 134 134 96.91 96.91 |clusterQ
DLE0407002 FL2241DLES0407002 DLS0407002 1.00 1.30 0.98 0.95 94.17 04.17 clustern
OL=0407002 FL22410L50407002 DLS0407002 1.00 1.30 L5 L1z 86.13 77.45 |cluster0
DL=0407002 FL2241DL50407002 DLS0407002 1.00 1.30 130 150 95.96 95.96 clusterD
DLE0407002 7.2241DL50407002 DLS0407002 1.00 1.30 1.14 114 85.27 85.37 |clusber
P

a1 24 fredegateyadildannssanguuunaIE LT (Hierarchical Clustering)
waﬁwﬁnw%’mdmmuéﬁu%u (Hierarchical Clustering) a@13130a51' 18 i
Cluster 0:
- uﬁﬁuﬁﬁﬂﬂua&n§ﬂmaaﬂduﬁ%5@Uﬂ1iﬂ1§qgﬂy1ﬁ1uﬁ1uauﬂ1iw§ﬂ5ﬂﬁ1
(Minimum Cycle Grinding) uazeﬁgu 99 (Maximum Cycle Grinding) a;ﬂuﬁﬁ 34 0.4 — 4.0 KKStroke
(-1a-a 1asn)
- AUTNIIUIU 965 5mﬁﬂu1uﬂduﬁ%ﬂaﬂﬂ1iwﬁﬁ (Production yield) 118
ﬂaﬂﬂ1uﬁ(Fhmlymknﬁ1ﬂd19596ﬂﬁ@ﬂﬂqu4696%@&§1u3uau1§ﬂﬁ§wuﬂ
- AUTNIIUIU 934 imﬁﬂuiuﬂduﬁfaaﬂﬂ1iwﬁﬁ (Production yield) 118
ﬂ@ﬂQTua(Fhm]ykleﬂﬂﬂj1W§®WhﬁﬂSB@ﬁﬂﬁ@Uﬂqn4¢%ﬂﬁN§1u3uﬁN1%ﬂﬁaﬂMﬂ
- AUFNIIUIU 206 ‘mﬁau“luﬂ’gjuf:ﬁﬂaﬂﬂﬁwﬁﬁ (Production yield) #1117
W30 95% 1A 1¥e0AIUA (Final yield) 1100011 95% AaaUAQN 10% Y0ITIUIUELIEN

A

NINUA
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Cluster 1:
1a A o a 1 dyd o [ o a usj °
- LL?J“W?JW‘V]HJUET?J'IGI)'ﬂ"U@Qﬂ@uuui@ﬂﬂ’li‘ll’li;\ﬁﬂ‘]%l’lﬁ’liJi]’lH']UﬂWiWﬁ@l"Uuﬂ']
A
(Minimum Cycle Grinding) uazeﬁ’uq 3 (Maximum Cycle Grinding) agiu 3929 A0 4.0 - 6.0,
5.0-8.0 4ag 6.0 — 10.0 KKStroke
Y
- duFnd I 25 szideulunquilliepan1inaa (Production yield) Hazyoa
4
A (Final yield) 110NIHTOINMNIN 95% AROUAGY 89% UYBITIIUAIFNNIHNA
A A A o ~ v A a . .
- NN ARIIUIU 3 5$!Uﬂu1Uﬂﬁj‘ﬂJuﬂJﬂﬂﬂﬂ15Wﬁﬁ (Production yield)
v Y
1az8AUA (Final yield) A1N9195% AADUAQY 11% YOITIUIUTUIFANINA
Cluster 2:
1a A a J dyd ) o o a esj °
- LL?JW@JW‘V]L‘]JH'LTN'IGI)'ﬂ"U@Qﬂqnulﬁ@'ﬂﬂ’li‘ll’lﬁ;\ﬁﬂ‘kl'm'mfl]’l‘H'J‘Hﬂ’liWﬁ@]GU‘HGH
A
(Minimum Cycle Grinding) uazsﬁ’uq 1 (Maximum Cycle Grinding) ﬂgeluﬁlﬂﬂ 3.0 — 3.5 KKStroke
a 09: o ~ J dy | 1a P a
- FUIBNNIHUAITUIU 8 ‘izmﬂueluﬂqimgﬂmmwn‘Wﬂuﬂaﬂmmaﬁ
(Production yield) t1a2e0a91UA (Final yield) 410131 95%
% % \ o 2:' v % a
3.1 AHANTIIAAUNINNITIANANIV VAN VT HAIPANDINN C4.5
m3ianunmmsdangudoya (Cluster Evaluation) 7ld9nmsianguuuy
3 . . . 9Ja o ya o 9 [ aR P 9
1PU¥H (Hierarchical Clustering) Fj?%&li“ﬁ?‘ﬁ’)ﬂﬂmﬂ1W@’|’JEJ’E]ﬁﬂEJi‘I/]3J C4.5 FUTumMsasI

@

a
Aa ) T { o ' o W qul I a
auliidaduls Tassmualdngudoya (Cluster) laanmadanguuuudnuduiluweans
a 4 A, o 1
11 (Class) 1Hhvne nazl9isMvuanuvaIniawuuugy (n-Fold Cross Validation) lu
MIULIoyad M VGous (Training dataset) tazdoyad 1M UNATOU (Testing dataset) 198
o o 3 ~ o T v £ g v Aa Y- M
fruat uIuATIRaaY (Fold) i1y 10 Fuiluammiasgiunton s laena 1
pamsianmunmmsdangudoya  (Cluster Evaluation) @1edaneifiy  C4.5
v 2 Y Y Y
Tnseaedu lidaaulan @i lvualunedu 2 Tnua Taens 2 Tnualdswaumswaaduga
. . . o [ A o I v A £ o 9
(Maximum Cycle Grinding) ¥0930uMs13esnuuainuiiungmsdaduls Fainnagdld

A3 19N 13

{ v g [ @ 1 o QSJJ @ a
A1519% 13 WaﬁW‘ﬁLﬁﬂQé{uinﬂﬂTﬁ’Jﬂﬂ.mﬂTWf‘ﬂﬁi]ﬂﬂqullﬂﬂﬁTﬂU‘ﬁu%’m@aﬂﬂiﬁN C4.5

aanIIN Class 1 Class 2 Class 3

Leaf nodes =2 TP rate = 1 TP rate = 1 TP rate = 0.125

Success rate = 99.67 FP rate = 0.194 FP rate =0 FP rate =0
Precision = 0.997 Precision =1 Precision =1
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{ a L& [ U o w aazl . . .
Lﬁmmﬁzwaﬂymzﬂﬁ%ﬂﬂqu%’eyjmmuamuw (Hierarchical Clustering) 910

2
~

Y Y Yo A ) ¥ Y v
Tassasedulddadulan1d aunsoaslldae
Class 1: Cluster 0
1a P a ' dyd ) [ o a us.:}
- LLNWNWWHJUE‘T?J'l“l)'ﬂ"ll@QﬂQNuN‘i@‘Uﬂ'liﬂ'l'ﬁ;\ﬁﬂ‘hl'm'mi]'ll!']llﬂ'lﬁ'Wﬁ@l"UUfi\?
- . . 9 J Y
(Maximum Cycle Grinding) YosNINNIBNINY 4.0 KK Stroke
Class 2: Cluster 1
1a P a T dyd ) [ o a 09.:}
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1 toolltem MIDNYT 80 -
MINAA
oL siauiiuin1¥luszuy | DLS0304502-602
2 toolld MIDNYT 40 D .
FOUTIUWUA
3 | toolOption A0NyT | 40 | sWauuWungey DLS0304502
5 adunlumsihgesne | 2
4 cgCount faY 1 - .
HUNUN
oL . 4044490/503PDIP16L(80
5 | toolDesc fIONYT | 255 | T1eazdoaulnun
X100)/(90X120)
5 NUIUMIHAATUMA | 0.9
6 minCG AV 8 e .
ABANNTITNHMNNUN
5 UIUMIHAATUGIN | 1.4
7 maxCG fIaY 8 v e W . .
ABANNTITNHIUNUN
520LUATTIUNADI 0.1
8 targetPunch Anay 8 grinding Tunnazassves
Punch (Ha@twas)
5202UATTIUNADY 0.08
9 | targetDie fav 8 | grinding luumazAsIv09
Die (Jaatuns)
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11 matlThickness fa 8 AUV UIVDY Material 0.254
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maudoulvayHianamsUfiRan (Kp1) gadoyah 1-9
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4 4 o [ A 4
A1519% 17 ﬁ@u‘llellﬂWi%HLHﬂﬂQNLUJWNW%W’U@‘JJ'm/I 1

U

MsguasnEIIRNW #oAN1WAN #oAUA M AN

(ﬂﬂﬂwaﬂ) (Production Yield) (Final Yield) (Tool Class)
98 (ﬂﬂﬂwaﬁ >= Min) 110 (Production yield >=95%) | W10 (Final yield >= 95%) Good
8 (ﬂﬂﬂwaﬂ >=Min) 110 (Production yield >=95%) Yoy (Final yield < 95%) Good
98 (ﬂﬂﬂwaﬁ >= Min) Yoy (Production yield < 95%) 110 (Final yield >=95%) Good
8 (ﬂﬂﬂwaﬁ >= Min) Yoy (Production yield < 95%) Yoy (Final yield < 95%) Good
10 (ﬂ@ﬂwaﬂ < Min) 110 (Production yield >=95%) | W1N (Final yield >= 95%) Normal
10 (ﬂ@ﬂwaﬂ < Min) 110 (Production yield >= 95%) Yoy (Final yield < 95%) Normal
10 (ﬂ@ﬂwaﬂ < Min) oy (Production yield < 95%) 1410 (Final yield >= 95%) Normal
1N (ﬂ@ﬂwaﬂ < Min) Yoy (Production yield < 95%) Yoy (Final yield < 95%) Bad

.

4 @

v J A o Y a R
HaaN51In 1150030 Weka o wungadoyai 1 aredanainiy C4.5 (Tuga J48)

b4

Yo A
ueraa laeail

=== Run information ===

Scheme: weka.classifiers.trees.J48 -C 0.25 -M 2
Relation: RO1

Instances: 2141

Attributes: 10

Attribute name: toolId, toollItem, toolOption, minCG, maxCG,
productionOutput, gcOutput, productionYield,
finalYield, toolClass

Test mode: 10-fold cross-validation

=== (Classifier model (full training set) ===

J48 pruned tree

productionOutput <= 0.79

| productionYield <= 95.05: Bad (83.0/10.0)
| productionYield > 95.05

| | minCG <= 0.7: Good (17.0/1.0)

| | minCG > 0.7: Normal (39.0)
productionOutput > 0.79: Good (2002.0/114.0)

Number of Leaves: 4
Size of the tree: 7



Time taken to build model: 0.08 seconds

=== Stratified cross-validation ===
=== Summary ===

Correctly Classified Instances
Incorrectly Classified Instances
Kappa statistic

Mean absolute error

Root mean squared error

Relative absolute error

Root relative squared error
Coverage of cases (0.95 level)
Mean rel. region size (0.95 level)
Total Number of Instances

=== Detailed Accuracy By Class ===

TP Rate FP Rate Precision Recall

0.994 0.511 0.943 0.994
0.545 0.005 0.878 0.545
0.411 0.001 0.951 0.411

=== Confusion Matrix ===

a b c <-- classified as
1902 10 2 a = Good

60 72 0 | b = Bad

56 0 39 | c = Normal

2013 94.021
128 5.978

0.6122
0.0742
0.1942
56.8645
76.1513
97.1042
65.7325
2141

o o o

o\

F-Measure ROC Area

0.967 0.723
0.673 0.748
0.574 0.681

Class
Good
Bad
Normal

==0.79
== 505 = 9505

=07

=0.79

ooz i)
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MsguasnEMIRNW

(BOANAN)

HOANISNAN

(Production Yield)

=S
A TUA

(Final Yield)

J 1a d
NQUUHNNNN

(Tool Class)

918 (49ANAR >= Min)

110 (Production yield >=95%)

110 (Final yield >= 95%)

Good

919 (¥9ANARN >=Min)

110 (Production yield >=95%)

Yoo (Final yield < 95%)

Good

918 (49ANAN >= Min)

Yoy (Production yield < 95%)

310 (Final yield >=95%)

Normal

919 (49ANAN >= Min)

Yoy (Production yield < 95%)

Yo (Final yield < 95%)

Normal

810 (89ANAN < Min)

310 (Production yield >= 95%)

110 (Final yield >= 95%)

Normal

810 (99ANAN < Min)

3410 (Production yield >= 95%)

Yoo (Final yield < 95%)

Normal

810 (89ANAN < Min)

Yoy (Production yield < 95%)

110 (Final yield >= 95%)

Bad

810 (89ANAN < Min)

Yoy (Production yield < 95%)

1o (Final yield < 95%)

Bad

.

Y (Y

v A ] ax
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=== Run information ===

Scheme: weka.classifiers.trees.J48 -C 0.25 -M 2
Relation: RO2

Instances: 2141

Attributes: 10

Attribute name: toolId, toollItem, toolOption, minCG, maxCG,

productionOutput,
finalYield, toolClass

Test mode: 10-fold cross-validation

=== (Classifier model (full training set)

J48 pruned tree

productionYield <= 94.99
| productionOutput <= 0.79: Bad (83.0/10.0)

l productionOutput > 0.79: Normal

productionYield > 94.99
| gcOutput <= 0.79: Normal (66.0/23.0)
l gcOutput > 0.79: Good (1107.0/52.0)

Number of Leaves:
Size of the tree:

4
-

Time taken to build model: 0.06 seconds

=== Stratified cross-validation ===

=== Summary ===

Correctly Classified Instances
Incorrectly Classified Instances

(885.0/59.0)

1994
147

gcOutput, productionYield,

93.134 %
6.866 %




Kappa statistic 0.8735
Mean absolute error 0.0837
Root mean squared error 0.206
Relative absolute error 22.6781 %
Root relative squared error 47.9576 %
Coverage of cases (0.95 level) 98.9724 %
Mean rel. region size (0.95 level) 61.0462 %
Total Number of Instances 2141

=== Detailed Accuracy By Class ===

TP Rate FP Rate Precision Recall F-Measure ROC Area Class

0.995 0.069 0.936 0.995 0.965 0.968 Good
0.553 0.005 0.88 0.553 0.679 0.883 Bad
0.911 0.053 0.93 0.911 0.92 0.931 Normal

=== Confusion Matrix ===

a b c <-- classified as
1073 0 5 a = Good
0 73 59 | b = Bad
73 10 848 | c = Normal

== 09499 =084.99
=079 =079 =078 =078

30100 o 6050590 ol 683230 Gand 170520

{ Y Y Yo s DY a o b {
A 28 wamsadwau lidadulediedanesiiu c4.5 nugadoyad 2
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(ﬂﬂﬂwaﬂ) (Production Yield) (Final Yield) (Tool Class)

8 (ﬂﬂﬂwaﬁ >= Min) 110 (Production yield >=95%) | 410 (Final yield >= 95%) Good

8 (ﬂﬂﬂwaﬂ >=Min) 110 (Production yield >=95%) Yoy (Final yield < 95%) Good

8 (ﬂﬂﬂwaﬁ >= Min) Yoy (Production yield < 95%) 310 (Final yield >=95%) Normal

8 (ﬂﬂﬂwaﬁ >= Min) Yoy (Production yield < 95%) Yoy (Final yield < 95%) Normal

1N (ﬂ@ﬂwaﬂ < Min) 110 (Production yield >=95%) | W1N (Final yield >= 95%) Normal

1N (ﬂﬂﬂwaﬂ < Min) 3410 (Production yield >= 95%) Yoy (Final yield < 95%) Bad

10 (ﬂ@ﬂwaﬂ < Min) Yoy (Production yield < 95%) 110 (Final yield >= 95%) Bad

1N (ﬂﬂﬂwaﬂ < Min) Yoy (Production yield < 95%) Yoy (Final yield < 95%) Bad

.
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=== Run information ===

Scheme: weka.classifiers.trees.J48 -C 0.25 -M 2
Relation: RO3

Instances: 2141

Attributes: 10

Attribute name: toolId, toollItem, toolOption, minCG, maxCG,
productionOutput, gcOutput, productionYield,
finalYield, toolClass

Test mode: 10-fold cross-validation

=== (Classifier model (full training set) ===

J48 pruned tree

productionYield <= 94.99

| productionOutput <= 0.79: Bad (83.0/10.0)

| productionOutput > 0.79: Normal (885.0/59.0)
productionYield > 94.99: Good (1173.0/95.0)

Number of Leaves: 3
Size of the tree: 5

Time taken to build model: 0.05 seconds

=== Stratified cross-validation ===

=== Summary ===
Correctly Classified Instances 1978 92.3867 %
Incorrectly Classified Instances 163 7.6133 %

Kappa statistic 0.86



Mean absolute error

Root mean squared error

Relative absolute error

Root relative squared error
Coverage of cases (0.95 level)
Mean rel. region size (0.95 level)
Total Number of Instances

=== Detailed Accuracy By Class ===

TP Rate FP Rate Precision Recall

0.998 0.086 0.922 0.998
0.514 0.005 0.88 0.514
0.9 0.051 0.93 0.9

=== Confusion Matrix ===

a b c <-- classified as
1076 0] 2 a = Good
9 73 60 | b = Bad
82 10 829 | c = Normal

99

2141

.0659
64.

.0932
.2165
25.
50.

0802
2497

o o

o\

8762

o\

F-Measure ROC Area

0.
0.
0.

959 0.951
649 0.845
915 0.918

Class
Good
Bad
Normal

=

== 54,99

==0.78 >0.79
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MsguasnEMIRNW #oAN1WAN #oAUA AN
(ﬂﬂﬂwaﬂ) (Production Yield) (Final Yield) (Tool Class)

8 (ﬂﬂﬂwaﬁ >= Min) 110 (Production yield >=95%) | 410 (Final yield >= 95%) Good

8 (ﬂﬂﬂwaﬂ >=Min) 110 (Production yield >=95%) Yoy (Final yield < 95%) Good

8 (ﬂﬂﬂwaﬁ >= Min) Yoy (Production yield < 95%) 1410 (Final yield >=95%) Normal

8 (ﬂﬂﬂwaﬁ >= Min) Yoy (Production yield < 95%) Yoy (Final yield < 95%) Normal

1N (ﬂ@ﬂwaﬂ < Min) 110 (Production yield >=95%) | W1N (Final yield >= 95%) Bad

1N (ﬂﬂﬂwaﬂ < Min) 3410 (Production yield >= 95%) Yoy (Final yield < 95%) Bad

10 (ﬂ@ﬂwaﬂ < Min) Yoy (Production yield < 95%) 110 (Final yield >= 95%) Bad

1N (ﬂﬂﬂwaﬂ < Min) Yoy (Production yield < 95%) Yoy (Final yield < 95%) Bad
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=== Run information ===

Scheme: weka.classifiers.trees.J48 -C 0.25 -M 2
Relation: R0O4

Instances: 2141

Attributes: 10

Attribute name: toolId, toollItem, toolOption, minCG, maxCG,
productionOutput, gcOutput, productionYield,
finalYield, toolClass

Test mode: 10-fold cross-validation

=== (Classifier model (full training set) ===

J48 pruned tree

productionYield <= 94.99

| productionOutput <= 0.79: Bad (83.0/10.0)

| productionOutput > 0.79: Normal (885.0/59.0)
productionYield > 94.99

| gcOutput <= 0.79: Bad (66.0/23.0)

| gcOutput > 0.79: Good (1107.0/52.0)

Number of Leaves: 4
Size of the tree: 7
Time taken to build model: 0.05 seconds

=== Stratified cross-validation ===
=== Summary ===



Correctly Classified Instances 1983 92.6203 %
Incorrectly Classified Instances 158 7.3797 %
Kappa statistic 0.8682

Mean absolute error 0.09

Root mean squared error 0.2132

Relative absolute error 23.1556 %

Root relative squared error 48.3711 %

Coverage of cases (0.95 level) 99.4395 %

Mean rel. region size (0.95 level) 04.5648 %

Total Number of Instances 2141

=== Detailed Accuracy By Class ===

TP Rate FP Rate Precision Recall F-Measure ROC Area Class

1 0.084 0.924 1 0.96 0.956 Good
0.352 0.005 0.889 0.352 0.505 0.668 Bad
0.987 0.045 0.933 0.987 0.959 0.972 Normal

=== Confusion Matrix ===

a b c <-- classified as
1078 0 0 | a = Good
88 80 59 | b = Bad
1 10 825 | c = Normal
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(ﬂﬂﬂwaﬂ) (Production Yield) (Final Yield) (Tool Class)
8 (ﬂﬂﬂwaﬁ >= Min) 110 (Production yield >=95%) | 410 (Final yield >= 95%) Good
8 (ﬂﬂﬂwaﬂ >=Min) 110 (Production yield >=95%) Yoy (Final yield < 95%) Good
8 (ﬂﬂﬂwaﬁ >= Min) Yoy (Production yield < 95%) 310 (Final yield >=95%) Good
8 (ﬂﬂﬂwaﬁ >= Min) Yoy (Production yield < 95%) Yoy (Final yield < 95%) Normal
1N (ﬂ@ﬂwaﬂ < Min) 110 (Production yield >=95%) | W1N (Final yield >= 95%) Normal
1N (ﬂﬂﬂwaﬂ < Min) 110 (Production yield >= 95%) Yoy (Final yield < 95%) Normal
10 (ﬂ@ﬂwaﬂ < Min) Yoy (Production yield < 95%) 110 (Final yield >= 95%) Normal
1N (ﬂﬂﬂwaﬂ < Min) Yoy (Production yield < 95%) Yoy (Final yield < 95%) Bad
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=== Run information ===

Scheme: weka.classifiers.trees.J48 -C 0.25 -M 2
Relation: RO5

Instances: 2141

Attributes: 10

Attribute name: toolId, toollItem, toolOption, minCG, maxCG,
productionOutput, gcOutput, productionYield,
finalYield, toolClass

Test mode: 10-fold cross-validation

=== (Classifier model (full training set) ===

J48 pruned tree

productionYield <= 94.99

| productionOutput <= 0.79: Bad (83.0/10.0)

| productionOutput > 0.79: Normal (885.0/59.0)
productionYield > 94.99

| gcOutput <= 0.79: Normal (66.0/23.0)

| gcOutput > 0.79: Good (1107.0/52.0)

Number of Leaves: 4
Size of the tree: 7
Time taken to build model: 0.05 seconds

=== Stratified cross-validation ===
=== Summary ===
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Correctly Classified Instances 1994 93.134 %
Incorrectly Classified Instances 147 6.866 %
Kappa statistic 0.8735

Mean absolute error 0.0837

Root mean squared error 0.206

Relative absolute error 22.6781 %

Root relative squared error 47.9576 %

Coverage of cases (0.95 level) 98.9724 %

Mean rel. region size (0.95 level) 61.0462 %

Total Number of Instances 2141

=== Detailed Accuracy By Class ===

TP Rate FP Rate Precision Recall F-Measure ROC Area Class

0.995 0.069 0.936 0.995 0.965 0.968 Good
0.553 0.005 0.88 0.553 0.679 0.883 Bad
0.911 0.053 0.93 0.911 0.92 0.931 Normal

=== Confusion Matrix ===

a b c <-- classified as
1073 0 5 a = Good
0 73 59 | b = Bad
73 10 848 | c = Normal
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(ﬂﬂﬂwaﬂ) (Production Yield) (Final Yield) (Tool Class)

8 (ﬂﬂﬂwaﬁ >= Min) 110 (Production yield >=95%) | 410 (Final yield >= 95%) Good

8 (ﬂﬂﬂwaﬂ >=Min) 110 (Production yield >=95%) Yoy (Final yield < 95%) Good

8 (ﬂﬂﬂwaﬁ >= Min) Yoy (Production yield < 95%) 310 (Final yield >=95%) Normal

8 (ﬂﬂﬂwaﬁ >= Min) Yoy (Production yield < 95%) Yoy (Final yield < 95%) Normal

1N (ﬂ@ﬂwaﬂ < Min) 110 (Production yield >=95%) | W1N (Final yield >= 95%) Good

1N (ﬂﬂﬂwaﬂ < Min) 3410 (Production yield >= 95%) Yoy (Final yield < 95%) Good

10 (ﬂ@ﬂwaﬂ < Min) Yoy (Production yield < 95%) 110 (Final yield >= 95%) Bad

1N (ﬂﬂﬂwaﬂ < Min) Yoy (Production yield < 95%) Yoy (Final yield < 95%) Bad
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=== Run information ===

Scheme: weka.classifiers.trees.J48 -C 0.25 -M 2
Relation: RO6

Instances: 2141

Attributes: 10

Attribute name: toolId, toollItem, toolOption, minCG, maxCG,
productionOutput, gcOutput, productionYield,
finalYield, toolClass

Test mode: 10-fold cross-validation

=== (Classifier model (full training set) ===

J48 pruned tree

productionYield <= 94.99

| productionOutput <= 0.79: Bad (83.0/10.0)

| productionOutput > 0.79: Normal (885.0/59.0)
productionYield > 94.99: Good (1173.0)

Number of Leaves: 3
Size of the tree: 5
Time taken to build model: 0.03 seconds

=== Stratified cross-validation ===
=== Summary ===

Correctly Classified Instances 2071 96.730
Incorrectly Classified Instances 70 3.269



Kappa statistic 0.939
Mean absolute error 0.0398
Root mean squared error 0.142
Relative absolute error 10.9759 %
Root relative squared error 33.3628 %
Coverage of cases (0.95 level) 99.9533 %
Mean rel. region size (0.95 level) 48.2641 %
Total Number of Instances 2141

=== Detailed Accuracy By Class ===

TP Rate FP Rate Precision Recall F-Measure ROC Area Class

1 0.001 0.999 1 1 0.999 Good
0.545 0.004 0.889 0.545 0.676 0.89 Bad
0.988 0.046 0.932 0.988 0.959 0.973 Normal

=== Confusion Matrix ===

a b c <-- classified as
1173 0 0 | a = Good

0 72 60 | b = Bad

1 9 826 | c = Normal
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MsguasnEMIRNW #oAN1WAN #oAUA AN
(ﬂﬂﬂwaﬂ) (Production Yield) (Final Yield) (Tool Class)
8 (ﬂﬂﬂwaﬁ >= Min) 110 (Production yield >=95%) | 410 (Final yield >= 95%) Good
8 (ﬂﬂﬂwaﬂ >=Min) 110 (Production yield >=95%) Yoy (Final yield < 95%) Good
8 (ﬂﬂﬂwaﬁ >= Min) Yoy (Production yield < 95%) 310 (Final yield >=95%) Normal
8 (ﬂﬂﬂwaﬁ >= Min) Yoy (Production yield < 95%) Yoy (Final yield < 95%) Normal
1N (ﬂ@ﬂwaﬂ < Min) 110 (Production yield >=95%) | W1N (Final yield >= 95%) Good
1N (ﬂﬂﬂwaﬂ < Min) 3410 (Production yield >= 95%) Yoy (Final yield < 95%) Good
10 (ﬂ@ﬂwaﬂ < Min) Yoy (Production yield < 95%) 110 (Final yield >= 95%) Normal
1N (ﬂﬂﬂwaﬂ < Min) Yoy (Production yield < 95%) Yoy (Final yield < 95%) Bad
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=== Run information ===

Scheme: weka.classifiers.trees.J48 -C 0.25 -M 2
Relation: RO7

Instances: 2141

Attributes: 10

Attribute name: toolId, toollItem, toolOption, minCG, maxCG,
productionOutput, gcOutput, productionYield,
finalYield, toolClass

Test mode: 10-fold cross-validation

=== (Classifier model (full training set) ===

J48 pruned tree

productionYield <= 94.99

| productionOutput <= 0.79: Bad (83.0/10.0)

| productionOutput > 0.79: Normal (885.0/59.0)
productionYield > 94.99: Good (1173.0)

Number of Leaves: 3
Size of the tree: 5

Time taken to build model: 0.03 seconds

=== Stratified cross-validation ===
=== Summary ===

Correctly Classified Instances 2071 96.7305 %
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Incorrectly Classified Instances 70 3.2695 %
Kappa statistic 0.939

Mean absolute error 0.0398

Root mean squared error 0.142

Relative absolute error 10.9759 %

Root relative squared error 33.3628 %

Coverage of cases (0.95 level) 99.9533 %

Mean rel. region size (0.95 level) 48.2641 %

Total Number of Instances 2141

=== Detailed Accuracy By Class ===

TP Rate FP Rate Precision Recall F-Measure ROC Area Class

1 0.001 0.999 1 1 0.999 Good
0.545 0.004 0.889 0.545 0.676 0.89 Bad
0.988 0.046 0.932 0.988 0.959 0.973 Normal

=== Confusion Matrix ===

a b c <-- classified as
1173 0 0 | a = Good

0 72 60 | b = Bad

1 9 826 | c = Normal
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13191 24 Feulvns SwunnguusiRuiyadoyai 8

MsguasnEMIRNW #oAN1WAN #oAUA AN
(ﬂﬂﬂwaﬂ) (Production Yield) (Final Yield) (Tool Class)

8 (ﬂﬂﬂwaﬁ >= Min) 110 (Production yield >=95%) | 410 (Final yield >= 95%) Good

8 (ﬂﬂﬂwaﬂ >=Min) 110 (Production yield >=95%) Yoy (Final yield < 95%) Good

8 (ﬂﬂﬂwaﬁ >= Min) Yoy (Production yield < 95%) 310 (Final yield >=95%) Normal

8 (ﬂﬂﬂwaﬁ >= Min) Yoy (Production yield < 95%) Yoy (Final yield < 95%) Bad

1N (ﬂ@ﬂwaﬂ < Min) 110 (Production yield >=95%) | W1N (Final yield >= 95%) Normal

1N (ﬂﬂﬂwaﬂ < Min) 3410 (Production yield >= 95%) Yoy (Final yield < 95%) Normal

10 (ﬂ@ﬂwaﬂ < Min) Yoy (Production yield < 95%) 110 (Final yield >= 95%) Normal

1N (ﬂﬂﬂwaﬂ < Min) Yoy (Production yield < 95%) Yoy (Final yield < 95%) Bad
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=== Run information ===

Scheme: weka.classifiers.trees.J48 -C 0.25 -M 2
Relation: RO8

Instances: 2141

Attributes: 10

Attribute name: toolId, toollItem, toolOption, minCG, maxCG,
productionOutput, gcOutput, productionYield,
finalYield, toolClass

Test mode: 10-fold cross-validation

=== (Classifier model (full training set) ===

J48 pruned tree

productionYield <= 94.99: Bad (968.0)
productionYield > 94.99

| gcOutput <= 0.79: Normal (66.0/23.0)
| gcOutput > 0.79: Good (1107.0/52.0)

Number of Leaves: 3
Size of the tree: 5

Time taken to build model: 0.03 seconds

=== Stratified cross-validation ===
=== Summary ===

Correctly Classified Instances 2055 95.9832 %



Incorrectly Classified Instances 86

Kappa statistic 0.9237
Mean absolute error 0.0469
Root mean squared error 0.1556
Relative absolute error 13.0169
Root relative squared error 36.6689
Coverage of cases (0.95 level) 98.3185
Mean rel. region size (0.95 level) 41.3358
Total Number of Instances 2141

=== Detailed Accuracy By Class ===

TP Rate FP Rate Precision Recall F-Measure
0.99 0.071 0.934 0.99 0.961
0.999 0 1 0.999 0.999
0.221 0.005 0.656 0.221 0.331

=== Confusion Matrix ===
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= 05 R / / —B— Normal
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2 . BT il

o; A — 7

01 e Q‘,“,""? i

0 N .
TP rote FP rote Precision
Metrices

AN 41 nauaasmInsinnanIMnsTundoyagai 8

1 .. Y @ { PN 1w J
910A1 TP rate, FP rate L1a& Precision %%Ulﬂﬂiﬂ"lﬂ\?ﬂﬂ"lﬁ 41 Lﬁ@W%15m1ﬂ1ﬂ\1ﬂﬁTJ

v 9 Yo a [ 9 a [ [
%$W‘]J'JW]’LJUI,NG]ﬂﬁuclﬁ]ﬂ@uSUNL’E)UL%EJ\‘IVIJJ‘VINﬂQWﬁ Good (W91321191nA1 FP rate) IﬂﬂﬁﬂﬁiW

4 H
=KX

M UNAAIND 0.071 wazionay lUnsaninaadenannundayanauvaonnaiun

Aa1d Bad 11az Normal 1Agloa31N13MUNAANIND 0.0 1Az 0.005 AN
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1319 25 Geulyns S wunnguusiRuiyadeyai o

MsguasnEMIRNW #oAN1WAN #oAUA AN
(ﬂﬂﬂwaﬂ) (Production Yield) (Final Yield) (Tool Class)

8 (ﬂﬂﬂwaﬁ >= Min) 110 (Production yield >=95%) | 410 (Final yield >= 95%) Good

8 (ﬂﬂﬂwaﬂ >=Min) 110 (Production yield >=95%) Yoy (Final yield < 95%) Good

8 (ﬂﬂﬂwaﬁ >= Min) Yoy (Production yield < 95%) 310 (Final yield >=95%) Normal

8 (ﬂﬂﬂwaﬁ >= Min) Yoy (Production yield < 95%) Yoy (Final yield < 95%) Bad

1N (ﬂ@ﬂwaﬂ < Min) 110 (Production yield >=95%) | W1N (Final yield >= 95%) Good

1N (ﬂﬂﬂwaﬂ < Min) 3410 (Production yield >= 95%) Yoy (Final yield < 95%) Normal

10 (ﬂ@ﬂwaﬂ < Min) Yoy (Production yield < 95%) 110 (Final yield >= 95%) Normal

1N (ﬂﬂﬂwaﬂ < Min) Yoy (Production yield < 95%) Yoy (Final yield < 95%) Bad

.

4 @

v A ] ax
WaaW‘ﬁﬁnﬂIﬂi!lﬂﬁu Weka LN@%HLUﬂG}Zﬂ"U@Ha‘V] 9 AYDANBINY C4.5 (Illﬂa J48)

b4

Yo A
ueraa laeadl

=== Run information ===

Scheme: weka.classifiers.trees.J48 -C 0.25 -M 2
Relation: RO9

Instances: 2141

Attributes: 10

Attribute name: toolId, toollItem, toolOption, minCG, maxCG,
productionOutput, gcOutput, productionYield,
finalYield, toolClass

Test mode: 10-fold cross-validation

=== (Classifier model (full training set) ===

J48 pruned tree

productionYield <= 94.99: Bad (968.0)
productionYield > 94.99: Good (1173.0/10.0)

Number of Leaves: 2
Size of the tree: 3

Time taken to build model: 0.03 seconds

=== Stratified cross-validation ===

=== Summary ===

Correctly Classified Instances 2130 99.4862 %
Incorrectly Classified Instances 11 0.5138 %
Kappa statistic 0.9897

Mean absolute error 0.0065



Root mean squared error

Relative absolute error

Root relative squared error
Coverage of cases (0.95 level)
Mean rel. region size (0.95 level)
Total Number of Instances

=== Detailed Accuracy By Class ===

0.0583
1.9429
14.2675
99.4862
33.3333
2141

o o o°

o\
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TP Rate FP Rate Precision Recall F-Measure ROC Area Class
1 0.011 0.991 1 0.995 0.994 Good
0.999 0 1 0.999 0.999 0.999 Bad
0 0 0 0 0 0.726 Normal
=== Confusion Matrix ===

a b c <-- classified as

1163 0 0 | a = Good
1 967 0 | b = Bad
10 0 0 | c = Normal
==044 99 =04 99

~ Y 4 Yo Aa Y @ a R o Y ~
NINN 42 NﬁﬂWiﬁ'ﬂ\WlulliJﬁﬂﬁualﬁ]ﬂ'JfJf]aﬂfJ'i“VliJ C4.5 nUYATDYAN 9

asUwaitldannmsadsaulddadulolugadoeyad 9

o JANYS N A Ao ) ~ ¥ o
WaﬁW‘ﬁ‘Vlulﬂuu Nﬁgﬂ_lﬂuﬂﬂ']!lLlﬂQﬂﬁ@\‘] 2,130 sg1uegy ﬂ']ﬂ"llﬂyjaﬂ\iﬁuﬂ 2,141

~ A 3 7 Yy A o ' °
TN l,mzmﬂ’e)i!,%uﬁﬂ’nilgﬂﬁmﬂ 99.4862 % Iﬂﬂﬂ1lluﬂﬂ§1uﬂa1ﬁ Good TUIU 1,163

szitiou aglunard Normal 31491 0 3zitiou taz luaana Bad 1491 967 syiliou

o JANY S A ~ A o a o ~ Y} o
WaaWﬁﬂulﬂuu UIZIUIUNIWUNANAITUIU 11 TSIUIU mﬂsllflyja‘lflﬁ“rmﬂ 2,141

~ a g ] o ~ Ao A o A
JTIYU ﬂ@lﬂu 0.5138 % Iﬂﬂ"ll’e‘)ﬂga‘m 11 SSIUYUNILUDINAUU A

1 A
- 11 10 sifieuneglunaid Normal ua lilsunsudwunldeglunaid Good e

=
10 5eLU8U

1 v
- 1 1 szdeuioglunad Bad ua lusunsudwunlieglunatd Good W 1

=
ISUYU
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Dataset Ho.9

—#— Good
—&— Mormal
—ik— Bad

TP rode FP rode Precigion
Metrices

~ 1 @ o Y A
NINN 43 ﬂi’W‘hLﬁﬂ\?ﬂ’lﬂ']53ﬂﬂmﬂ1Wﬂ’]5%1LLUﬂm@y‘aG}£ﬂﬂ 9

9101 TP rate, FP rate 1l8% Precision 12 185wl an i 43 diefinsanmsanan
wwnundulfdadulaneudniauewdeslnanaia Good (W91581910A1 FP rate) Taeiions
MITUUNAANINY 0.011 1,Lamﬁ"aﬂﬁu"lﬂﬁ%13mﬁﬁ'ﬂmﬁﬁ’m’cinwuhﬁ’ﬂumpmwaamﬁﬂﬁﬁyuﬁ
Aad Bad 11a2 Normal 1agAaia Bad 18@31013 8 0UARAMIAY 0.0 azAald Normal 15jums

v
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WA IANUMNNITANINIDUS T Y

AE0ANDINU C4.5

HANTIAAMATNNIIANQUUDURINY (Hierarchical Clustering) A209an03 N C4.5

42
v A

o I~ aa o
Taosvuald Cluster (thueanitavidhvune uaasmaldaail

=== Run information ===

Scheme: weka.classifiers.trees.J48 -C 0.25 -M 2
Relation: ClusteringR10
Instances: 2141

Attribute name: toolId, toolltem, toolOption, minCG, maxCG,
productionOutput, gcOutput, productionYield,
finalYield, cluster

Test mode: 10-fold cross-validation

=== (Classifier model (full training set) ===

J48 pruned tree

maxCG <= 4: clusterl (2113.0/8.0)
maxCG > 4: cluster2 (28.0)

Number of Leaves: 2
Size of the tree: 3

Time taken to build model: 0.02 seconds

=== Stratified cross-validation ===

=== Summary ===

Correctly Classified Instances 2134 99.673 %
Incorrectly Classified Instances 7 0.327 %
Kappa statistic 0.8909

Mean absolute error 0.0044

Root mean squared error 0.0466

Relative absolute error 19.384 %

Root relative squared error 44.3266 %

Coverage of cases (0.95 level) 99.673 %

Mean rel. region size (0.95 level) 33.3333 %

Total Number of Instances 2141

=== Detailed Accuracy By Class ===

TP Rate FP Rate Precision Recall F-Measure ROC Area Class

1 0.194 0.997 1 0.998 0.893 clusterO
1 0 1 1 1 1 clusterl
0.125 0 1 0.125 0.222 0.524 cluster?2

=== Confusion Matrix ===



a b c <-- classified as
2105 0 0 | a = cluster0

0 28 0 | b = clusterl

7 0 1 ] c = cluster2

1 4
ANA 44 HANMTIAAUNINMIIANGUUDLR N DFUAIOANDT NN C4.5

v o X ° d
agUwaiildaninmsadeaulddadulotionimuald Cluster iiluneansanithviune
v sAnYe A A A, v ~ v &
Haansn 1y Hszidioundwungnded 2,134 szidiou 1indoyanivnua 2,141
= = 73 o ! ° ' °
suibou tazlin)osidudnugndoan 99.673 % Tasdwunodlu clusterd 11491 2,105
sition og1u cluster] 119U 28 szidou wazlu cluster2 911U 1 521oU
o sANYe a A A, a o =~ 9 o
paansn 1y Uszidoundwundas i 7 szbou nindeyananua 2,141
= a g 9 a Ao A o A
suibou aatly 0.327 % Tasdoya 1 szilisundwunEaliu Ao

= U ' o Y o =
- 17 seiounoglu cluster2 ua 1 sunsndwun11iod cluster0 119 7 s21lion

Cluster Evaluation by C4.5

o1 AN s

08 \ /‘f

07 N\ i
E 0B AR 4 —+— clusterd
= 05 \ﬁh Zﬁﬂr —8— cluster1
B 04 \\ j{ff —&— Cluster2
2 . G

02 SRR

04 L — A\ -

0 T ;
TP rate FP rote Precision
Metrices

v 4
A 45 nslugasainis TagunmmsianguuuuSAUTUAIes ane3 N C4.5
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] Y
(HeNITAAT TP rate, FP rate L% Precision LWL 3 cluster ADUT1TAY
A A A = .. ~ = d'z; Y Yo A
UWFONOIHDININTIA1 TP rate 11A2 Precision N9 taziiA1 FP rate Né1 Taodu Iddaduly
ADUTUB DA 11UN19 clusterd (WD13D19INAT FP rate) 1AgliDnIIN1Ts WUNAAMINY 0.194
d‘ Ql a d' [ 1 1 [ a d? d' ] d' A =
wenavu lUinsaniaataadnan nundaaruvaonnaTui cluster 2 dauaarainmae il
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daeeamsnilastoya (Discretization)



ded1amsuilastoya (Discretization)

¥HaA 1y (Numeric) 1ilutoyaviinlinoiiios (Nominal)

~ %] (] 9 A o I 9 a [ A
AN 26 @]']’f)'(’11\3ﬂ'l3UJJﬁ\TGIJ’E'Jll“a“l)'uﬂ@nlaﬂllﬂuﬂl@%a%u@quﬂﬂluﬂﬂ

110

uean3iian 518821980 B9ty I
REDTIN]
minCG Srumsnaatudi M1 2,022
dosthgesnuiind | S1uaumswaatuditesndi 1.99
(e 1a-a-alasn) | M2 91
5maumiw5ﬂ%m°im§ﬂmm 2.00-3.99
M3 28
SunumsHARTIANNT 4.00
maxCG ﬁimauﬂ1iw§ﬂ$ut;mﬁ X1 2,043
oathgainuusidnt | S1numseandugaiesndt 2.99
(e a-n-alasn) | x2 70
ﬁmauﬂﬁwﬁwﬁuqmgﬂuﬂm 3.00 - 5.9
X3 28
ﬁmaumiwﬁwﬁuqamﬂﬂﬁ 6.00
productionOutput | HATINUDIYDANIT L1 227
WAADITOUMITON | BBANTHAN < TIUMIHAATLA (minCG)
ﬁw;ﬂumia:mga L2 846
(ire: 1A-A-a1a37) | BoANIHAR >= 1UIUMIHAATU (minCG)
1oL ¥RANIHAN < ﬁmaumswﬁwﬁuqa
(maxCQ)
L3 1,068
gOANINAN >= ﬁ’imaumiwﬁwﬁuqa
(maxCQ)
qcOutput WS INVDIIOAIIUA Hard 295
YBITOUMIFOMINGY | 80AIIUA < §1IuMIHARTI (minCG)
Tuusaznsa Easy 1,846

(MUY 1A-1A-8 1ATA)

k4
gaAIIUA >= TIUIUMIHAATUG (maxCG)
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uean3iian 518821980 B9ty I
=
ey
J v
productionYield | 8AsINANAANIHUATINGA | Low 364
NNTLUIUNITHAN DATIHANAN < 90%
S I o,
(osiFua) Medium 604
BNIIWANANBE11HYII >= 90% 1Az < 95%
High 1,173
AT INANAN >= 95%
finalYield HATINANAAVDIYOANY | Loss 1,174
ANNAINNTZUIUMS AT INANAAVOIBDAIIUA < 95%
a S I o
wan (1Wosiua) Success 967

AT IHANAAVDIBDAIIUA >= 95%
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o [ o A Al ~ o ad Y A w AY o oAA g o
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7B W N
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@ 1a 4 @ 1a 4
12,1 nszuaumsaadondoyaudiun Ae nszuIumsfamendoyauunumn
Y A 9 o .
9N IUTOYA Progress 9.1C Y9951V ERP Nan g I luilogiiv (Active)

o [ [}

[ A [] a 4
1.2.2 ﬂ'ﬁzmumiﬂﬂLﬁ@ﬂ%’ay’aﬂizmmwemmqwﬂmunwuw Ao
o a1 o o 1a o .
ﬂ'ﬁzmumiﬂmﬁ@ﬂ%’ayaﬂimmeumgﬁﬂyumwuwmﬂ;\;m%’aya Microsoft SQL Server
[] o [ ra o Y A 1 o [ ra P
2005 YDITLUVUFDUUITITNHUNWUN Tﬂﬂﬂmﬁeﬂﬂimﬂmi%umqqmyumwuwﬁ
Yy o 9 1A JAY Y ° A
ﬁaﬂﬂammJm@ymmwuwm"lﬂmﬂﬂizmumwNnm 1.2.1
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[ v Y o 1
1.2.4 ﬂszuaum‘iﬂimmmagaiugﬂmmwa‘i:]:u Ao MIALIUNIALDA
a . . a . . & IA A Yy o 9
NINAaA (Production yield) az oA UA (Final yield) $INABYDAVIY NTOAAADINVUDYANIT
HAALALMIVION AINNTZUIUNITINUN 1.2.3
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9
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2.2 MIFAITNYAVOYATINITUNTIANQULUUAA U Y (Hierarchical Clustering)
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