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Reducing Test Items of TFT LCD Product

by Using Neural Networks

Student : Hsiang-Chu Kung Advisor : Dr. Chao-Ton Su
Dr. Ruey-Yun Horng

A Thesis to Department of Industrial Engineering and
Management College of Management
National Chiao Tung University

Abstract

Taiwan is the major TFT-LCD (Thin-Film Transistor Liquid-Crystal Display) manufacture
and engineering base in the world. Owing to quite;huge amount of expense in design and
production facilities, the necessary survival'eriteria for this industry based on how to shorten
the manufacturing time, maintain-the -high quality, cut the product lifecycle and expedite the

newer model design on current market, have become ctitical issue.

This research aims to deduct the TET-LCD test items on manufacturing process via
applying Neural Network approach. We expect to reduce the test time and the facility
investment, and hopelly to get the same or less inaccuracy test results between reduced test
items and original test items. Moreover, the TFT-LCD quality classified results by reduced
test items are approximately the same as them by keeping the original test items. This
research uses a real example to demonstrate the validity of Neural Network approach and also

does the comparison to the traditional statistic regression analysis.
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A:Rge2, TFT, Rsd2
B: Rsl, Rsdl , Rel
C:Rgl, TFT, Rgel

Al B1 B2C
Contact 5% © 16
AR EE R 38
2 B 8% Fa] ¢ 5.5min/sheet
Ton:5 A1,C1C2,C5,A5 B3 CB4 A2
Rgl:4 C1,C2,C3,C4
Rsl:5 Ball
Rel:3 B1,B3,B5
Rgel:5 Call C3B6 A3 C4
Rge2:5 A all
Rsdl:6 Ball
Rsd2:5 A all
B 2.5 TEG pliFE-
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2. Line Defect sip|3&:

& 2% F i&(Gate) ~ R i&(Source) i@t ~ B ~ 3 T F(CoR B & 7 P AL T okt

o Fle BN EEF AHE > T G EE o HARRIFUE R~ H 2o 4 2.2 £

AL o
22 M BLHKIEF
%P ¥ = BN
GO Line Gate Open
GG Pair Gate-Gate Short
SO Line Source Open
SS Pair Source-Source Short
GS Line Gate-Source Short
GC Line Gate-Cs Short
SC Line Source-Cs Short
GSR-Op Line Gate Short Ring Open
GSR-Sh Line Gate Short Ring Short
SSR-Op Line Source Short Ring Open
SSR-Sh Line Source Short Ring Short
G-POOR Line Gateid 7 7 2 (& :Zopenikit)
S-POOR Line Sourceid § # 2 (A ifopenik i)
CS-OPE Line Cs Open
LINEUN Line 3L R
LDF Rank E e -
3 PARA1IWE:
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PRSI TG R TR TR PRI Cr
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4.5 if 1 i * g (Optimization application network)

PTG RE > ARG T o REZ R A GARE - Y R o Ao

15



Y BT R RGE Y BV AR ERG o Rl Y RO B 2

one vZ S ounvh vh 3 L ad tE th R
PR —R PR T LA SRR o

B SRR AR RS o AP F T LR 2 DI ) R AR
%iﬁ%%ﬁ&ﬁﬂé i@%ﬁﬁwﬁ%wﬁﬁ’ﬁﬁﬁim$$%’#%¥§?%
Bl 7 87 A FRBEDRREEL > EAFVRIIY Y 0P iy B2 R B F
BN o Ay gt oo AR 53 heanip LA i B (Backpropagation Neural
Network) & 1% 5 2 5 2 1‘%

33 iR e

F G RN SRR I RN SRSV R BT H S H RGBS B
@%ﬁ%—ﬁ’?*%ﬁéﬁ?ﬁ&$‘?ﬁﬁﬁﬁ---ioﬂ%*ﬁﬁﬁﬁ?’ﬁ
ERF LU TR E[4][8] o LA G i A RIZE ) ot 2 (the
gradient steepest descent method e & 4% 4128 % &ﬁuﬁ’ﬁgj IS ﬂi;'l ke B2 B eRE o
TRHRFUIEE LR AFL SFER PR fhe ] B[5][6](7] -

] @ LA B AR 3207 0 24

B8 DR PR BT L ey Rl HEHH A dep RRALE R o
ﬂéﬁ%%&?é@ﬁﬁ’#ﬁﬁﬁﬁﬁﬁ&ﬁ’*H@=X°

EFE T AR ERE AR IR BB A AT I R% S

HEEHp o FERA &Y R E R S B0 blhe 80 508 Sigmoid

Function) o i % @@ ifered * - B2k > 1 5 - k> ¥ NA R B 45

foagrch o - ~ - RERK © &;J‘zﬁ)f%ﬁi%]/\ﬁ‘i;u%*ij BRI Al ¥

mok R ERAR > E L §

-r:\j,
frm¥
=
"E\

2 JTRc e — R ALV B

LR Sk

JOBEZK e  Bldrs e

R CEE R o BUE fe R RERI B - K
e o Bk BT AR -

o
-5}
K-
o
o
Bt
K:-
T
(
i<

”&

|
|\
~=i
T
}%’3‘
1+

BBl BEREHE AT 8

wf
/\N
AN
e
A
R
(\‘
W

16



WA FIRRE I AR S A F R IR R p
UL T 167 5 Fa § ot dmEL o BPRDERY 5B LER DR

(overtraining) > 45 1148 5 )5 O RMSE { 2 £ & o

=
ey
RE-

;o %\»lﬁ,é}&ﬁf;ﬁﬂﬁ%} IR, HEHH AP RFEA T #F A Sk o

SR B b i e 5o b S Y 3 3ie( Sigmoid Function ) 4o ) 3.3 2. (1)

v 1 I £ 4 7L
;d_‘ A ;T\; S f(X):m o féfé_:hg(iﬁ% X I/E_ér\%/\ﬁ ;EE% < EE? ’ Exlg(lg_ f(X)i&

AL E X BN AG <P 3@ f(X)BT 0 AT SdcE B A
[0,1) 2 & o ¥ — ZLaupd g Slic i % 9 1 I $c(Hyperbolic Tangent

ef+e™

Function) » 4§ 332 (2) # 254 5 f(X)=——
e" +e

CELERCEET S

e
5§
=
|\
IR

3

pas
R
nhé? =3

DLEE S

W32 i eRaEad SRR



10 1.0

0o

__________ -10
0.0

(D5 D) he T
B 3.3 % % enZbAh e Sk

TP (] A e e ch B B AR R B AR (5]
LE V@R 305 3 ¢

(1) R TR AT Y S8 RS E L -
(2.) B4 » 3 6

(3) - EEhiE

net, = > w;a, +b

je previous _ layer
He o, RytpiE A |5 ~odip g — 1
s apJ 7“‘\‘} p *7' / J £ ] 1 I_E_’_.api = 1+e*netpi

w; £d jRiE ~ehfg g
b i ¥ ~eip £
(4.) P ERLAE: R 2 A 5] T3 34 Sler 35 40T o
1 2
E=2.Ep EP:EHtp_Osz
p
He o ELRFEL -

LA pHR* PHREmhE-

18

L J



Ltp ek o LB -
(5) 34 L1805,

(ty —0y) f'(nety) » 4o i 8 ~ 2 0 8

Fr(net, )Xo, Wy > e s 18 =~ 2B SRR oy 1 S 8

[

ApWij

(6.) 3+ B 4cfgiEi2

AW —775p, o

B AW, EpiRAd oowrcgE o

Wi =wit + Aw'

a4k o AWS =760 T4 FOFTEg 1K i )
bi™ =b + Abj

%, Abj =no/

(8) £47# 3 (2) 243 (7)) 3 &bl » D5 6] > B el & NR(4 oL
WAFEF R

2. v BiEARah 3

(L) B » = BRGEFP Gty » o B X 3 ¢ Pl angestd o

(2) FEd I E -

net, = > wa, +b
je previous _layer
H ¢ 1 1
= ’apjkifp*iijﬁ"‘mﬁ%] VElAy =
I+e "



3.4

PR OE A HE R 1P A1 B E (

e S G R AT AT

SR AT/ L AR E T A AT B3 G kEIEpP 9]

o,
1<)
3
o
(0=}
o
)
.
o
7]
—
/4
N
+.
g
Ve
T3
K2
4

(socio-economic) ¥ % » %A I € T B A SR E 0 LR & p R

2,
e
].?-
R
%?
n
ol
m"
e
=
&k
ol
F)
o
TE
«Q_
b
‘3\
(i3
w
F_&
[
Pl
‘3\
&
T
o

Bl o RET BT AT kb S8 B AR D kg

AT B o0 RS AR P MG AFE P8y R el MakR

Pl

z m,g N Ffa'mfﬁg ]4. o

Y AR FARNTAERA SR parEE UIEG 1,3—%” R IR R pE O

J&;é{?’g%i—]%% aT';J'-;Ft],_ é_ ‘p j{?

BE S e fovh o A SRy AT AT R RBEARE KTk o

B AR PR BT ERINE SR SRR RSB G R G

EH oad A W%&?%F{%ﬁvg&&hj B AeiE H 8 FOREAY SRR R FRR T S
KA AR BRI ADE G 508 Fuzzy ART 1345 % & et 1 3g =t kA5 =

20



R S SRR 0 e R

WA SRR R R F R R AR

SRR G A R

Lo B RE T BT H W iT

U RS P S TR e SN VR S L

o krE A A o

d B ITA L E RGH RO LEY > TP &Ffﬂ“;]
£

BB R 0 4 R B 2 e B

2
oL &G - & BFR

21

NHFYPEREIRE M

U A RR R

-

E bk > LAk F o

H 7

d1 5

-
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TFT-LCD #13# % 42 4c f Hid ¥ ko ehd (5 — $+40— Recipe)hgb 5 & 451 3 =
REFS 3 |2 45 1% (Cassette) ¥ o RIZEAR 4o o Pl 1 AREF 3 - B 43 BB HCE 0 3% TR
BB LRSS R A R AU LR AR R AL p IR )
% do BLIY T 47 PS5 (Probe)is o Probe @ Bl3E s 5 i 41 ready 3L o SR S 2 IR
RI¥8 5 gt 34 (handshaking) = = Setup = 1715 » RIFF L3417 p 2V iR[5#(Self-Test)
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(Momentum f§ {)fr & F K chig Bhiic > 2 2 (S & B %ii‘lffwi— 5L iR 2 TR
oI & R FEA BT o SRl & T ORI £ -

&2 ff i e BIREA SR RN

Mo~ BT R R BB oL LR E R BT~ R BT R T
P2 tshaE ﬁ}_ % 3 @ g LAY SRR 0 B BT R Sl R - ﬁ;”ﬁ B e ‘ﬁ‘fr’
BlFEE AT L S o Mait L T3l kB @ A7 B EA - o

23



@ﬁﬁ,gﬁﬁaﬁiﬁﬁg’wﬁﬁwy*n~%%x@ﬁ’cmﬁ%@42wﬁ,
ERCE Y SR

B~ R R i B BdheT [5 ]

- - RS 54 e et W1 » B - R ) x W2 (BRK -
A )

ﬁ%:3%%%—%E&ﬁ%i+ﬁﬁﬁ’iw%ﬁ+ﬁﬁﬁﬂ°

HIEZ A BB DI ER B BB G RERE L GR SRR
IR - AT e B ] o e ATRC) 0 2T AR R o PliB L 0 B R

B2 E£A47Y o F= i H -

£ SuPYd
g Fo Y
Wi 2

'

T g R

Bl 4.1 E *f{mu IQN&»&‘F_Z‘! & &"ﬁxﬁt ]7 i

24



I
e
i

e e mEmRER
i 4

*5 }éa 4% 49 .

éiiié,]/}’{/ﬁ A EE

' ,
21l o £ 29 e A
| ko 22 B .
|

Bl 4.2 iF 7§ NehippiBalan A s R R ] 2 AR

BORRET AL R R 2 18 0 AP RSR in) @E A R B0 de M S

(1) & afdc: gy » B S0l oz gy IR S B0 g o
(2) 3758 RERK Ok B S BB 11 2 Epoch #kc o

(B) &Y ¥ &% FE2HY L7 Learningrate ( 7 ) £2 Momentum ( @ ) °

RAT BRI IR A HRGER R A a0 Bl 5 75% 1 25% 0 rip R et B3 A g
ERAA - BIEE A RiBdp i AC B C SaPBVIRrRE S H o SRR
P o GBI RAeE ¥ 8T 35 D A R S IR Sl IR E Dk

#ic 8% F(n) 4o Momentum (a ) e

A E GRS R R EY F(n) €F A EE R K
¢ B

gy X

=t
N
g

ER P FEPR T SRR RSP S TR

25



ERFF ARG - AWy(n+D)=nd,a, +aaw;(n) » ¢ > n & E hehsdk a - B
7 #_{E (momentum i ¥kc) TR EEL ARG EL Rk > piead F G EEA
PehL e ¥ T AP LK ) ERIR e UK TS AN R e 4 D E
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2R ERIFE AT AP E LA 2P B R A WU e g 2
A AP PRELIEY - RN EREE L L H(NYSE) ! 7 2 TFT-LCD #32
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22 W24 H(£)>0) 49 Rel
23 42 38 ¥ (d=)(>0) 50 Rgel
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0.0119 (99.48% )

0.0092 (99.69% )

0.0091 (99.70% )

0.0423 (89.82% )

0.0425 (89.88% )

0.0433 (89.76% )

0.0446 (89.45% )

0.0041 (90.03% )

(% - #1421 U A HRMSE >

Fﬁg l}i o >

TR ARG A SRMSE ; HEELP hiicE 5 2 Ap

# 54 mFEHAIY FE R BB R4
. PR A RIF R A
ERR BB , ;
RMSE | correlation | RMSE | correlation
35 0.0008 | 99.997% | 0.0433 88.21%
30 0.0023 |  99.98% 0.0406 90.54%
27 0.0018 |  99.99% 0.0406 90.54%
25 0.0024 |  99.98% 0.0377 91.51%
20 0.0028 |  99.97% 0.0385 90.71%
15 0.0029 |  99.97% 0.0375 91.62%
10 0.0029 | 99.97% 0.0374 91.21%
5 0.0021 |  99.98% 0.0372 91.45%
3 0.0185| 98.74% 0.0538 82.67%
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W 5.1 3% A2 RMSE % it (Full Model)

Bl 5.2 '3k & 2 correlation % i+ (Full Model)
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MSE % i+ (Full Model)

B 5.4 P|3EHk & 2 correlation (Full Model)
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Y52 4z B (Full Model)

s
=
W

B & p %8 (Full Model)
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%55 % ﬁa?] IS éﬂémfﬁ/;%};ﬁ (Full Model)

N A N e
53 10.6897 3.2118% 3.2118%
48 10.4765 3.1478% 6.3596%
25 9.9588 2.9923% 9.3519%
20 9.8392 2.9563% 12.3082%
9 9.5615 2.8729% 15.1811%
35 9.3894 2.8212% 18.0022%
18 8.8870 2.6702% 20.6724%
47 8.8200 2.6501% 23.3225%
8 8.4672 2.5441% 25.8666%
13 8.4660 2.5437% 28.4103%
5 8.4653 2.5435% 30.9538%
1 8.2005 2.4639% 33.4177%
43 7.7368 2.3246% 35.7423%
24 7.6969 2.3126% 38.0550%
32 75887 2.2801% 40.3351%
41 7.3803 2.2175% 42.5526%
6 7.3520 2.2090% 44.7616%
28 70843 2.1286% 46.8902%
19 6.9500 2.0882% 48.9784%
7 6.9432 2.0862% 51.0646%
40 6.7068 2.0151% 53.0797%
51 6.4311 1.9323% 55.0120%
31 6.3791 1.9167% 56.9287%
46 6.3452 1.9065% 58.8352%
2 6.0940 1.8310% 60.6662%
38 6.0426 1.8156% 62.4818%
27 5.9415 1.7852% 64.2670%
11 5.8402 1.7548% 66.0217%
3 5.8197 1.7486% 67.7703%
15 5.8081 1.7451% 69.5154%
45 5.7647 1.7321% 71.2475%
42 5.6822 1.7073% 72.9548%
30 5.4431 1.6355% 74.5903%
16 5.2527 1.5782% 76.1685%
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21 5.1984 1.5619% 77.7304%
36 5.1836 1.5575% 79.2879%
49 5.0651 1.5219% 80.8098%
33 5.0614 1.5208% 82.3305%
22 4.9702 1.4934% 83.8239%
50 4.7108 1.4154% 85.2393%
37 4.6985 1.4117% 86.6510%
10 4.5723 1.3738% 88.0248%
23 4.4362 1.3329% 89.3577%
12 4.2936 1.2901% 90.6478%
29 4.1421 1.2446% 91.8924%
26 4.1194 1.2377% 93.1301%
14 3.7973 1.1409% 94.2710%
34 3.6352 1.0922% 95.3633%
17 3.5251 1.0592% 96.4224%
4 3.4819 1.0462% 97.4686%
44 3.1448 0.9449% 98.4135%
39 29366 0.8824% 99.2959%
52 2.3436 0.7041% 100.0000%

% 5.6 " U Ak % % & (Full Model)

ﬁ%l i
A B

T A 31 0

;_jg B 44

= | C 0 12

% 5.7 plEHE A A 48 % (Full Model)

B 1 4w
A B C

T |A 14 1 0

f{ B 10 1

= | C 1 1
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2.0 N T2

AEEE R FRRR R, 9 27 B REE (TR S5 B 12 R0 %

FEFILEN R EmG AR E o EF n =015 =095 {iFREFL 58
S ed A0 FHIR FEFHE BB R A 1240 14 B pFiz > 3 RIS A 2 RMSE
Bpdi-] ¥ correlation A bt B R R BEL L 12 B EH 2 BT FltE Y 27-14-1
2B e A SA R kG RS T AT S 100%40E 5.9 @ RIEEA 2

L, v

LRSS

80%-4r# 5.10 °

# 58 7 BrEEA B EL2 2R % % (Reduced Model-I)

TR N R o TEEE
RMSE | correlation | RMSE | correlation
12(C¢AF) | 0002 | 9997% | 0.0372 | 93.31%
13 0.0009 | 99.997% | 0.4911 89.10%
14 0.0020"{99:99% 0.0369 92.31%
15 0.0013°| 99.99% 0.0455 89.01%
16 0:0009 | 99:997% | 0.0481 88.39%
17 ERLES 8 X X
18 LR[S s X X
% 5.9 MHKR A ek 5F % % (Reduced Model-T)
ﬂi;] 41 5 5|
B C
F A 31 0 0
iﬂf B 44
a C 0 12
4510 B3 A A #1.% % (Reduced Model-I)
ﬁ%l kg~
A B C
T A 13 2 0
iﬁf B 9 1
= C 0 2
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KN A S |

AR R S T2 27 B Rl VL R AR E St g S
BHRE L PR (dod SAL7 ) RS2 FlES TR 20 gApk a2 E* g
=0.10 > =085 > T % 4rd 512 4757 o d £¢ THR > FEFE SR BERL 17
PFiE > H Rl A 2. RMSE P Ag#] ¥ correlation [ A v g g > FUiE % 32-17-1 2 0
R AELSEEER BR AL LA BT 5 9425% 40 5130 A IR A 2

T FEA RS 5 83.33%4c 4 5.14 -

Z 511 I g erariE ¥ 2 £ & % #i(Reduced Model-1I)
= EHA Ol BB oy
3 SS_SHORT
4 SG_SHORT
11 2 i@ F(£)(>0)
45 Id1
49 Rcl

# 512 7 FiEERK 2202 R 2% (Reduced Model-IT)

SR PR A

o
EAR R RMSE |correlation| RMSE |correlation
15 (¢ &) 00050 | 99.91% | 0.0461 | 89.84%
16 0.0045 | 99.92% | 0.0442 | 90.72%
17 0.0088 | 99.72% | 0.0386 | 92.16%
18 0.0056 | 99.89% | 0.0405 | 91.91%
19 C§ ZF) |0.0047 | 99.92% | 0.0491 | 90.08%
20 (# Jeat) X X X X

% 513 'H5UE & e 552 % (Reduced Model-II)

B 1w
A B
T A 30 1
_f:i B 41
= | C 1 11
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% 5.14  plEEER & o0k 57 2 % (Reduced Model-IT)

@?l:':ﬁﬁwj

A B C

= A |14 1 0

B |3 9 1
_E‘aﬁ

C 0 2

1

Jeik e RN o P B G ARk ch 0 E* =0.005 0 @=0.85 > # (7% dod
5105405 o £¢ VR FERAE BB BREX TS > B A2 RMSE &% £ 4
SoBIE Y - R A BB erh ] BT H K SRR 1 B e - £

(91 Jorrredgg® 17-9-1 2 H55% 8 A &4 81 & s kgD R & 2 T /A 57 5 5 82.76%

4o 5.16 > @ Pl A2 EFEA S 5 .83.33% 4% 5.17 o

# 515 7 FrEE A S B2 R 25 (Reduced Model-I1IT)

£k s 1 PR AL
RMSE | correlation | RMSE | correlation
5 0:0362-{--95.08% 0.0475 87.40%
9 0.0358 | 95.18% 0.0471 87.42%
12 0.0359 | 95.15% 0.0478 87.21%
15 0.0361 | 95.10% 0.0472 87.21%
18 0.0362 | 95.07% 0.0470 87.14%
21 0.0358 | 95.17% 0.0473 87.27%
25 0.0358 | 95.17% 0.0473 87.26%

4 5.16 'k & s 5% % (Reduced Model-11D)
B 12 )
A B C
5? A 25 6 0
% | B 39 1
wk
o | C 0 4 8
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% 5.17 Bl A gk #5.% % (Reduced Model-IIT)

ﬁia?Jﬂ'.#e'“v'J

A B C

5 | A 14 ] 0

% B 2 10 ]
_F%E

-l 0 ] ]

5.0 BRIV 2 =

A G AR ARGV 2 17 T[Hi%] Bl VR RIARTENET S AT R
6 BiE & gl (dodk 518977 ) ka2 i NIV % 2w dple i 2 » F ¥
7=0.001 > @=0.9 > H 7 %4rd 519477 o £ ¢ VR B ST B EK T
30 pF > H plsE4E & 2 RMSE 8 i1 correlation 8B o Flpt 2 # 23-30-1 2 5% o fi_
Afrfisky PR AZ LRSS 5 85.06% 40 520 0 A RIS L RS

K L 86.67%4r % 521 ¢

% 5.18 1 fgreaid| drordE 8 2L E £ % #ii(Reduced Model-1V)

% A o B BRI 5 i
3 SS_SHORT
4 SG_SHORT
11 24 §(£)(>0)
28 LOW VG
45 Id1
49 Rel
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# 519 * FrEF K B 22 2% % (Reduced Model-1V)

R B R & iRIGE R A
RMSE  |correlation| RMSE | correlation
10 0.0307 | 96.48% | 0.0470 87.48%
12 0.0299 | 96.66% | 0.0460 87.83%
15 0.0311 | 96.39% | 0.0471 87.24%
18 0.0301 | 96.61% | 0.0462 87.63%
21 0.0307 | 96.47% | 0.0467 87.20%
24 0.0304 | 96.55% | 0.0460 87.43%
27 0.0306 | 96.51% | 0.0454 87.69%
30 0.0303 | 96.56% | 0.0446 87.88%
35 0.0302 | 96.60% | 0.0459 87.36%
40 0.0305 | 96.52% | 0.0461 86.97%

# 520 'k A s 35 2 5% (Reduce Model-1V)

ﬂi%] 41 35 B
A B C
= A |25 6 0
i:i B 40 1
= e 1o 3 9

4 521 Bl A g 55 % % (Reduce Model-1V)

#i%lﬂ:z;iﬁwj
A B C
= |A |15 0 0
i:i B 10 1
= | C 1 1
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54 syt At

GRS
AFTE R A 5253 BRGEA P S Rl 4 AT2 B0 8 $1* Minitab

AR AT B AN T

B3 2 5 (AT2) = 0.881 - 0.00864 1_GG_SHORT - 0.00459 2_ S OPEN
-0.00387 3_SS_SHORT + 0.107 4_SG_SHORT - 0.00433 5. GC_SHORT
-0.0149 6_Charge £ -0.003267 8% 1 £ )(X)
+0.00085 9 =L % F(42)(>0) - 0.00399 10_EL % ki & 24)(>0)
-0.00375 11_2 i@ F(£)(>0) - 0.0174 12_2 i F (¥=)(>0)
+0.0377 13_2 i (£ 34)(>0) + 0.0006 14_ % & (¥ )(>0)
-0.0159 15 % i F(3=)(>0) + 0.0018 16_ % i (& 34)(>0)
-0.00070 17_§E3E NG(4£)(>0) - 0.00341 18_FE&E NG( & 3+)(>0)
+0.00244 22 % 2 @ 4fi(E)(0) + 0.0039 23 % 2 @ F (3)(>0)
-0.0420 24 % 258 (£ 35)(30).- 0.0394 27 # 2 i F (& +)(>0)
-0.00170 28 EOW VG +0.00013:29 IOFFLK + 0.0167 30 GTLEAK
+0.00179 31 “EXT_CHG =0.00004:32_ OTHERS - 0.0037 33_% P
-0.00140 34 LOW:VG(0)=0.00445 35 IOFFLK(>0)
-0.00775 37_EXT.CHG(>0).=0.00239 38 OTHERS(>0) + 0.0058 40_Ion
+0.00250 41 _Ioff - 0.00082'42 Imin + 0.0029 43 Vth + 0.618 44 ufe
-0.009 45 1d1 - 0.00224 46_gm + 0.0610 47_Rgl + 0.00419 48 Rsl
-0.0192 49 Rcl +0.000024 50 Rgel -0.000391 51 Rge2
-0.000041 52_Rsd1 -0.000544 53 Rsd2

FRMEE R TACH 5.7 A LA 7408 5.8 40 5.9 A 478 % » P AN E 5 X
FAE[12] ° &0~ R licd 4ok 5220 & B E ~ KAl BT 2SR A 2 Full
model )7 2§ 94%2 AT2 2 F %R o d g+ 35 0 p <0.10 > & 7 gt R i jF s
PSR H 7B HEIcA 523 4T o

BB Y5V 2. ANOVA #7404 5.24 5 BB o8 2 F-test 5v3t € 5 31.07 (p &=

amm’%ﬁwﬁﬁwi%#ﬁ¥oﬁé%bﬁ§&%i’Wﬁ%#iiﬁﬁﬁﬁé
88.51%4r 2 5.25 5 @ PlEE A2 B AEA KX L 73.33%4c % 5.26 -
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Normal Score

Residual

Residual

Normal Probability Plot of the Residuals
(response is [ L)

3
24 e
g
3
7 /
0
-14 0“/
t")
. *
-2- 0‘
*
-3+
T T T T T
-0.03 -0.02 -0.01 0.00 0.01
Residual
N, Y ok a- N S
W57 mAF LA TR
Residuals Versus the Fitted Values
(response is JjE¢ 1)
*
001 ¢ - .
* * *
% PONERN
.. 2 ‘0 ,0" .
000 ——mm e — S e R
LN L * .
* A4 *
,0’ . *
-0.01 - . .
*
* . -
-0.02 -
*
003
T T T
038 09 10
Fitted Value
Ny N
58 AZLEER
Residuals Versus the Order of the Data
(response is Jfij5¢ L)
*
0.01 - L
. M . * . ..
o‘.”‘ “”.‘ * . 0. .000.’ ‘0.. .
0.00——0-."—0———1‘0‘———’—’——-o——-o-;o-o—‘——‘———‘-—‘-:-o——
A * - * o *
. * * o .
. . . -
-0.014 S *
*
- *
*
0,02
*
-0.03 |

T T T T T T T T
10 20 30 40 50 60 70 80

Observation Order

B 5.9 AL 8y %5 B
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1522 Wik

Predictor Coef SE Coef T P
Constant 0.8806 0.1064 8.28 0.000
1 GG_SHO -0.008638 0.005550 -1.56 0.127
2 S OPEN -0.004588 0.002656 -1.73 0.092
3 SS_SHO -0.003865 0.002717 -1.42 0.162
4 SG_SHO 0.1067 0.1531 0.70 0.490
5 GC_SHO -0.004327 0.001957 -2.21 0.033
6_Charge -0.01485 0.02745 -0.54 0.591
7 -0.003259 0.005834 -0.56 0.579
9 0.000850 0.005533 0.15 0.879
10_ ? -0.003987 0.006378 -0.63 0.535
11 2 -0.003752 0.007088 -0.53 0.599
12 2 -0.01743 0.01239 -1.41 0.167
13 2 0.03773 0.01250 3.02 0.004
14 ? 0.00056 0.01298 0.04 0.966
15 ? -0.01590 0.01642 -0.97 0.339
16_ ? 0.00184 0.01141 0.16 0.872
17_ N -0.000702 0.004941 -0.14 0.888
18 N -0.003411 0.002305 -1.48 0.147
22 2 0.002440 0.007566 0.32 0.749
23 2 0.00387 0.01461 0.26 0.793
24 2 -0.04198 0.01258 -3.34 0.002
27 2 -0.03944 0.01388 -2.84 0.007
28 LOW_V -0.001700 0.001222 -1.39 0.172
29 10FFL 0.000131 0.002370 0.06 0.956
30 GTLEA 0.01673 0.01793 0.93 0.356
31 EXT C 0.001785 0.003328 0.54 0.595
32 _0THER -0.000037 0.002102 -0.02 0.986
33_ -0.00368 0.01275 -0.29 0.774
34 _Low. VvV -0.001404 0.003361 -0.42 0.678
35 _10FFL -0.004451 0.004526 -0.98 0.331
37 EXT C -0.007748 0.006142 -1.26 0.214
38 _OTHER -0.002388 0.003707 -0.64 0.523
40 lon 0.00577 0.01906 0.30 0.764
41 loff 0.002495 0.003349 0.75 0.460
42 Imin -0.000818 0.003763 -0.22 0.829
43 Vth 0.00287 0.02192 0.13 0.896
44 ufe 0.6183 0.6770 0.91 0.366
45 1d1 -0.0095 0.1895 -0.05 0.960
46 _gm -0.002244 0.004260 -0.53 0.601
47 Rgl 0.06101 0.02651 2.30 0.027
48 Rsl 0.004194 0.005214 0.80 0.426
49 Rcl -0.01922 0.01766 -1.09 0.283
50 Rgel 0.00002378 0.00001832 1.30 0.201
51 Rge2 -0.0003909 0.0005883 -0.66 0.510
52 Rsdl -0.00004094 0.00006844 -0.60 0.553
53 Rsd2 -0.0005440 0.0002260 -2.41 0.021

S = 0.008994 R-Sq = 97.2%  R-Sq(adj) = 94.0%
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%523 wpEH Y BET B RE

B~ BB LA
2 S open
5 GC_SHORT
13 28§ (£35)(>0)
24 H2 B F(£3H)(>0)
27 # 28 5 (&350
47 Rgl
53 Rsd2

% 524 Af i FHEs ANOVA 2 17 4

Source
Regression
Residual Error

Total

DF SS
45 0.1130833
41  0.0033166
86  0.1164000

MS

F P

0.0025130 31.07 0.000

0.0000809

30525 PR AT SR G RS

B 1 )
A B C
= |A |28 3 0
ijﬁ B 40 0
= | C 3 9

30506 RER A0 R G RS
R
A B C
= A 11 4 0
% | B 3 10 0
5’4&
= | C 0 1 1
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8% i fF A4

R A iﬁﬁ#”ffi%@ﬁév\*‘r v - R Al- FA 2R EL 015
Ad B L(Ln(k+t1))=(1,87-54)=(1,33) > # ¢ n 2 Adic ok 5 p SB B A ¥

# A F 5103 =2.1722 > #7120 F to enter £ F to remove & 5 2.1722 °

BEHGET IS BAHIR-ED 13 B ¥E 1" Statistica 6.0 | 7> & H &S 4ot 527 -
& ANOVA 4~ 17 > BB #5520 F-test v 8 5 102.45 (p ©=0.000) > # 7 pt % ETF fogl 2t

FHF Z 1300 S5 2287 BF2 P8 (4 528) 137 28 93.88%2 AT2
TR AL EE R o PIRIR AL DA S G 87.36%40% 529 @
PR AZ T AEA RS S 83.33%ur4 530 -

Bif 2 R e T
|3 % % (AT2) = 1.039817 -0.0073147%5,GC_SHORT-0.002974 *8_ 2t % [ £ )(>0)
-0.007727 #¥10 | BEE- A £25)(0) -0.013715*%12_2 i 5 (4£)(>0)
-0.01632%15 % 3 F (4=)(>0) -0:004696*18_fE4 NG( £ 3+)(>0)
-0.008969%24 %2 & F (£ 25)(>0) -0.005097*25 # 2 i H(F)(>0)
-0.008425%26_# 2 i 4 (4£)(>0) -0.001096*28 LOW_VG

-0.000284*51 Rge2+0.000026*52 Rsd1-0.000328*53 Rsd2

% 527 EHuw W #-58 ANOVA » 47 4

Sums of Squares | df Mean Squares F p-level
Regress. 0.110352 13 0.008489(102.4528| 0.000000
Residual 0.006048| 73 0.000083
Total 0.116400

Regression Summary for Dependent Variable: i7]3# 2 % (AT2) (model.sta)
R=.97367269 R2=.94803851 Adjusted R2=.93878509

F(13,73)=102.45 p<0.0000 Std.Error of estimate: .00910
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£528 Lz P REHEEE] FFLDY

Beta | Std.Err. of Beta B Std.Err. of B t(73) p-level
Intercept 1.039817| 0.014067 73.92014 | O
5_GC_SHORT|-0.141575 0.027763 -0.007314| 0.001434 -5.09944 0.000003
8 L% IH(Z)(>0)| -0.17268 0.086916 -0.002974| 0.001497 -1.98674 0.050705
10_2k % KA £ 3)(>0)|-0.513632 0.083914 -0.007727| 0.001262 -6.12097 0
122 i 4§ (#£)(>0)|-0.116766 0.062216 -0.013715| 0.007308 -1.87677 0.064545
15_ % i 5 (42)(>0)|-0.103843 0.034564 -0.01632| 0.005432 -3.00441 0.003644
18_FE3 NG( £ ++)(>0)[-0.120836 0.035503 -0.004696| 0.00138 -3.4035 0.001083
24 % 2@ H (& 34)(>0)|-0.104322|  0.031807 -0.008969| 0.002735 -3.27981 | 0.001594
25_# 2 i §(£)(>0)|-0.122657 0.038024 -0.005097| 0.00158 -3.22576 0.001881
26_# 2 i 4§ (4)(>0)|-0.042025 0.048711 -0.008425| 0.009765 -0.86275 0.391101
28 LOW_VG|-0.146887 0.060731 -0.001096| 0.000453 -2.41864 0.018073
51 Rge2(-0.210092 0.074335 -0.000284| 0.0001 -2.82629 0.006071
52 Rsdl]| 0.128557 0.108589 0.000026| 0.000022 1.18388 | 0.2403
53 Rsd2|-0.173369 0.078502 -0.000328| 0.000148 -2.20848 0.030351

%520 PR AT A R (1E i FHCSY)

ﬁﬁﬂ:ﬁgwj
A B C
= | Al 26 5 0
i:ﬁ B 41 ]
o | 3 9
£ 530 R A A S % (B )
83 47 v
A B C
= | A 13 2 0
i:i B 11 0
e 0 ] ]
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55 WRE LT

A R E R R N - A 0 G AT EBARRGEE R o T HEE
REL R LAHFRANFLFAB-C2AE %A 5 975 Y & iR 117
LFREE A S 8T L3RR A A 1 30 L3 IR o AT2 SN2 P RE
ﬁii%?*ii?ﬂﬂﬁﬁﬁfﬁ%ﬁﬁ&@ﬁ?%ﬁ%ﬁﬁzﬁo%5m;ip;

-

B TRHAR 2L aiEi > @k 53284 533 4NN TR A E

o

Rl E A i A

%531 A¥IESREL
BPNN i
IR 12 % FUR 13 %
SR | PR 12 R + PR 13 Bk + Ry E i
O AR ATES 1 AR ATES

RIFRIE P 53 27 32 17 23 45 13
UK T RN (87/87) (87/87) (82/87) (72/87) (74/87) (77/87) (76/87)
I FEA BT 5 100.00% 100.00% 94.25% 82.76% 85.06% 88.51% 87.36%
A (25/30) (24/30) (25130.) (25/30) (26/30) (22/30) (25/30)
A 83.33% 80.00% 83.33% 83:33% 86.67% 73.33% 83.33%

3 532 ' gtmr oz H AL

BPNN Aty
PR 1/2 8 PR 1/3 %8
REHCA | IR 12 Rk + PR 13 %8 + Wi g 4w
1 AR ATES 3 AR ATES

RIFFIE R 53 27 32 17 23 45 13
DR A
55 T o 0.037% 0.037% 0.197% 0.827% 0.721% 0.439% 0.597%
¥ =
PR A
iR 0.042% 0.051% 0.193% 0.763% 0.625% 0.450% 0.587%
B4 i
DR A
e 0.000% 0.001% 0.002% 0.002% 0.003% 0.001% 0.005%
o R
20 U A
50 e 0.021% 0.019% 0.163% 0.672% 0.568% 0.314% 0.442%
B4 .
DR A
B4 0.201% 0.305% 1.463% 3.392% 2.897% 2.715% 3.361%
4 ~ B
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% 533 BIEFEHRAZHFFEL

BPNN syt fE
PIR 12 ¥ PR 13 85
Z AR | B 12 R + PUR 13 R85 + i S EES
A 1 AR gk

BRI P 53 27 32 17 23 45 13
PlRER A
21 5 ok 0.775% 0.743% 0.791% 0.976% 0.930% 1.242% 0.937%
3 =
PR A
iRy 1.027% 0.905% 0.932% 1.129% 1.062% 0.034% 1.057%
A T
PR A
S 0.042% 0.077% 0.068% 0.035% 0.048% 0.042% 0.002%
FAL ]
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