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Abstract

Customer satisfaction becomes one of the important managerial
concerns associated with corporate competency in current com-
petitive environment for Internet communication service
companies. Hence, it is demanding to improve a company's
customer satisfaction through the total quality management
perspective. In practice, engineers as well as the management
hope to find major quality characteristics with Internet commu-
nication network that is closely related to customer satisfaction,
consequently aiming to the raise of their company's customer
satisfaction. This paper presents an empirical relationship anal-
ysis between network quality characteristics and customer sat-
isfaction on Internet communication. Methodologically, the re-
lationship analysis framework is based on the regression varia-
ble selection procedures. In this framework, it is implemented
that; 1) iterative model building; and 2) consistent criteria ap-
plication to statistical tests for selecting significant variables. A
case study shows that; 1) the customer satisfaction on the net-
work connection seems to be more closely related to the net-
work quality characteristics compared with the customer sat-
isfaction on the network speed; and 2) the download dis-
connection rate has relatively evident relationship with the cus-
tomer satisfaction on the network connection.

1. A&

L1 787
2 Y-Sl fdAlAel o] AA o] 7h&EstE =
oA, A7NHQ HEZAL 58 B3 A= 1A
(customer satisfaction, CS)‘C, 7199 A4 AP E T
it A welE i lth 71del, A o] A
@ WEEE Z4at A0k, Cs ALE
AN dioi«] AAE EFET (HAA

A97A BRAATE, FANN 2

AAA 7Y EE A

ol stFoj] Stk % 5}%’& i,
lty of service, QoS)AFo] 9] AAAAE
i+ QoS 7fAle] W& Cs tﬂﬁ}%k o}
okl wh Q) (o5, FEE, 2000). &
ol H7H (opinion test method)S ©]
B2 QoS oiH] Cs 7P = e v gl (9Fs
1999). ol EHstE2 &, Aol v w3t
3k CVA (customer value added) SAAA AetE wf
(FEAE 1999). FAJAENEA] €S 24 F2EAA
(structural equation model)% o]-8-3}¢o], CcSoll T3k Fr
FA, AAAE 2 a7 A, AqH 284 o A
ANE By vl vk (27, &4, 2001).
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5 3] A M= (regressor variable) =7}
=01 ﬂﬂtﬂ of FAA Fo4 #A; 2)
(response variable)9} ] 7™ =<} ”‘4474] A1
Z&54 (multicollinearity) &1 5 ] g Mgk e
a7 B3, Fyrbegh E’-Bﬂ/] =7F % o]i
R st qkiol *]GHX] -, Ak @x}fﬂ] w}a‘r 3]
o EAA oA 2 28 HA (model adequacy)S T
Age Frs 9 ost 9
82 (empirical) =3 3}
Eie s ﬂﬂ%—?ﬁ@;@li}%%
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[s]
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>«E r

&ﬁLV£ﬂ
o2ty rek 3 Ly

oftt

yEL 7R &

ol &8, w3} Nk, AR BAH Foly B8 Y

$4 Y 58 AET F ATk 2 (clustering) 71W A &
=

QLN
A 3] 7] (stepwise regression)E &g dSHHES &89,
oL o
[e)

s =
AATA R AHHEAE A= v da (Fda, A E,
2002), WA Az FAALYE S HHFE AH Tl
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(Patterson et al., 2003).

o8 dFE d3tstr] fEA; 1) HARAEFA
% (least squares estimator)e] A& A7 HFH=F (biased
estimator) S 5= 543 H (ridge regression); 2) 3] H WG
T APAFoR AYe HES $ IARYS FHEE
/33 (principal components regression) 5 ©] AF-&E 4
ATE olok tinjal, dwtHow YAHClH (raw data)E L
g2 AHgshE S AMSAYgEAZE; 1) all possible re-
gressions; 2) stepwise-type procedures 5©] T 53], step-
wise-type procedures®l| :=; 1) stepwise regression; 2) forward
selection; 2 3) backward elimination o] XslETh
(Montgomery and Runger, 1999; Montgomery et al., 2001). 3F
H, stepwise regression<> forward selection?} backward elimi-
nationg A3 WP o T H 4 9t} &, forward selection
= Bl MR ARSI FE F, od IR &
AP U2 3 AHF] partial-F SAA FodS AlF
74l skl e FAWTE tA] AAToRA, AW
3 S5 (redundancy)S A2 4 AT

2
2. B dloly

f
olo
o
=
2
-+
X
I
R
it
i)
32
0

oL

JNENEA Arl2 JAldA = o 544 #dH e
2, dlole S49A, FAARE 7IFo2 7Y gFdlo
Hol iyvlole 2 EFate] volE 3, e, £4o]
Pk S 1) GV A AEEAE BEUE S 2
A= X 4= (customer satisfaction index, CSI) = T}F3h
T A A B2 (customer relationship management, CRM) 74 =

£ Aad aAENS s JAg Ao A
(voice of customer, VoC) 5©°] tHE X 2jF-d|o]Eo]aL; 2)
HES A FrlollA 22l A5 ASE NQC tlolE]l Fo
R elolElol] &3tk (AEE, 1999; ©]5=35, A EZ, 2000).
I A3, NQC, VoCE W U|olE] (massive data)®l WHH,
CSIE= AthA oz Az ol (small data)?l 53] Ut

CSI, VoC HlolE+= AANZEE wkdslH; 1) CSI &

L He AR djEstes dAE= Wi, 2)
VoC HelEE uANSKo whgsts 7Rbdo]E

(countable data)® FA¥ETE NQC Hlo|H+ WEHA AT
(network performance, NP)S- HFJ 3}, o]&= 72 o] AH| X
= 23T o Fo4d AW oJH s glo] MulAZE A

T F A= MU 2785 (serviceability) o2 AAE &
Ak AMH| 27 EE e AFAeR AH[ ;1) HEA

(accessibility); 2) A4 (retainability); = 3) <A
(integrity) 5 o2 ¥F¥71%= k(2714 9, 2002; &F
A 9], 2003).

2 JEHEA Aqus AREAS OldoR F dw
FAF ElOJEH S A4 Eo=, AR

‘

ro

o= gefsof & Np @=o] FHH vp lvk AREAR AR
A g, Seoh dE NPE VP T84 gk Ao

001). BHE3F 1Z = gl
Al

1)
A B @ dAYe], 289 AFA E SAEE A
w7t 5o 4, s e AEE of wHlolHE, &
Ao BAEA ddew FAsta, L =g 7lEstaat

Table 1. Vector and matrix definition for full models

g}, gk, dolE 3 R A FYEE AE, AR, H

£ S5 BAOY A 2EEJSS el

o UANEREE ) JE 2 2) S F F5S aegth
7} e NS EE CSL VoC HolH 2 AJ#shd
= Arkar 7P g CSI HolE = AR HAIE S
A, S AAUVRE L& A AE T VoC Y]
olHE JAEZ B8l E Vo€ ZEEFRA
A3 A&, £ FIER BHY 2w FeAw
S JAAT F Uk

e NQC IEo A, uArtErel 714 A e dA 7 2l
S AR FAHI Y& ok A N FES BAO
o2 At 1) PHEAE; 2) AEATE; 3) FFad
&; 4) StFHAE; 5) AFEE; 6) stFEHE; 2 7) HA
AGAAAZE B AFo s, 149 52 HE 73,
579 g2 En gy Np Asddvt dAEE Aow
7Hg ot

3. BN RF.AA

3.1 B4rng

A ARE (full model): CSI, VoC2} NQC2| FAEXNE ¢

—_

o HHEYPE FHE F ATy CSI HolHE ZEE nx
WE, X k7 NQC #5& zhz popdd, ARY de
(intercept)S L to] p= 4+ 1, BE px1 3| FAAGF HH,
+ &2 (random error)E Zte px< 19 E 2 A 3R} A
()2, CSI vs. NQC (5, y- X) ¥AEAS 9% Sdndg
o7 Aefdit

A, 2 (2)F VoC vs. NQC (5, z- X) HAEA S 4
st kR oz Aottt 24 (2)olA 2= VoC HIOJHE
Zhs <1 E, g px1 S FAl HE R A ojskak

™ l"_\.u

CSI, VoC HloJE &= H&, &x = 7
FEOZ o] BAdE 4 gk 1B R, A ()2 4 (
HE, 2 2E A (6), (6O &l F
HE 5 stk 2 Q)19 ot A ¢, v
2t %4 (connection) 2 (speed) ¥+el M E]

£ sla) AbgB.

~

A<
=5

yL‘: XL‘BC+ €
yS: 'XSBS+ €
z, =X .y .t ¢

z,= Xyt €

Response variables

Regressor variables

Equation Vector  Data Matrix D Vector  Data
3), (5 Ye Ze  CSIL VoC connection X, 5 X1 Packet loss rate

X2 Connection success rate

Xc3 Upload disconnection rate

X4 Download disconnection rate
4), (6) Ys»Zs  CSI, VoC speed X 4 Xs1 Upload speed

Xs2 Download speed

X3 Packet transmission delay time
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™, ol9} #AREAE PH x &= Wl /) NQC ol v)-53h

Lo P sy s
= 37w g Xe1s Xeos X35 Xy EHe

% = s
= 4zt &AYE CSL Vo€ % IS E gloHE 2z
= e, ook dAEAE FH x &= Al JF NQC
of &3k 3ANMT NE xy, x4, x5 X
HARY (reduced model): 2 (3)-(6)°= Aol¥ SHHE
FFolA, FAA Fodo] gAY &2 AAF FH
A e FAUTE By AASA, 4 (D)-(10)2
2 Gt FARYS S ¢ Ak 22, o)gA |
H FA2Eg 7] %3] F28 NQC F5S HET F 3
A (D-(10)2, =AHE 2 (3)-(6)°] Hs=E™, A
e E4RF ZIE NQC FEo el WE, Y
B8 S8l F71 AMgs

ve= XLBLl+ e @)
ve= XiBlite ®)
z,= XLy .+e ©
z,= Xyt (10)

3.2 EAAA

S AAFAA G 7] 2, BARA 23 azln

e, &2 aAMETo F23%3 NQC & HES 93
|

AZA PARA AAS <2 153 Zo] At} = F
A% A4 CSIL, VoC, NQC HlolE| 24, ¢hdmd ¢
S 9% dolE| g (dataset)S <4 3ch

A (ND-(10)22 HoH FAEY S, stepwise-type proce-
dures Al WH; 1) stepwise regression; 2) forward selection; 2!
3) backward eliminations ©]-&3] 22} =9t} o5, o] 9}
ol ¥ FAanY x3Hol FAAH FI9E ZE
AT =4 IJAAT & sign)’t, FHAAAE v

‘ Data collection I ------- -{ CSl, VoC, NQC I
Dataset preparation for building ~ J ______

regression models ’{ Yo Vs 20 25 Xo, X .
Perform regression variable selection

procedures « Full models

« Stepwise-type procedures « Reduced models

« All possible regressions

!

Check model adequacy
« Significance tests on coefficients
* Check signs of coefficients
« Check multicollinearity
« Check criteria for evaluating models

!

Determine significant variables I ------- -{ Significant NQC’s I

------- '{ Selected relational models I

Figure 1. Empirical relationship analysis framework

4. AL 24
4.1 "oy +3-22|

At A o e AR A, 2 QTEYIEAL M)
& ARk AbEEA g 71302, 20039 SH7] 749 1)
HE 2004 FuE7] 69 307h4 F 1, 36692 AT
F 1170 f1A] el M dlele7h e
AAE ARt
<3 2>¢} &
HER 37}

F

(quarter)&

o
-
=~ = =} =] A= -
THIY. ATxA) 3
A~ =
£ HEEE 57
=2 =X
T
o
2

st F3S WAlE, CSI A HolHE FR8kaL, dA ol
HE dolg¥Es FA% dolHHge, uANSE 4
= #3719 (confidentiality) ¥ &%=, 1 o]fol ¥ghyES
gt 2 A8, 271, #idtdolE 9 $9<5 (median)E
CSI tlolH = Aeo|gtt, Teju® y | y = 212 44x1 99

e WE 2 gowk

Table 2. Number of surveys regarding CSI data collection

Collection location codes

Quarter COo1 C02 C03 C04 C05 C06 C07 C08 C09 C10 Cl1 Total
2003.3/4 138 311 434 238 310 372 257 142 33 204 106 2545
2003.4/4 433 884 1256 422 576 723 758 385 102 498 318 6355
2004.1/4 497 908 1136 676 862 959 602 380 167 496 320 7003
2004.2/4 429 830 1070 610 790 860 550 336 161 487 300 6423
o7 7|Aog vuFaet dxshEA gl v Eo,
ARG TS AR, SAAF 4 2bxed EA *VoC: VoC ZE EFx 93] &/, JA=+= AA VoC
7 QEAE e R 2 gsEAd A dE § doleF, A4 2 $% 38 VoC =2 EF9 dolgrt
ARTE F7F AL = 3o & FE3h VoC ZE 1, 22 §8 2 A §8E U=
Aot 22 dAhe] HAS AH FHE FARYE, all ZHE (pareto chart) dB]&2] Az, 12 FAFIIE, 24}
possible regressions WH o2 FYHIES UM x| BE 37 IFFFIE= &3 1) HAEEIWHETED VoC A
23 vagt}, off AAE U] A FAFS FAHOE H| FEI=Z JAE dolHE VoC & HolH; 2) ‘Hr-
weti, HAaRFP AHE gl FHGHEH A4 AEUeE 2’ VoC AAFEREZ ZAE HolEE VoC &% Ho]
F7t=2 FGriet HeHow MY Ry x5y AW H=Z 423t} voC "ol &, 3 AR 36627 A7
ol Bl-edhs NQC @55, 39 azgrieo] dis) HORM, 7, 2,5 4026x1 719 7Rbdlo]HE b WE
Aom WAR ASH WS we Aew wddn = Aol @9, vlele £ 98 AFAAGTE olg

o AX AT (coefficient of multiple determination, #2)
%344

o X ZHAS (adjusted coefficient of multiple determi-
nation, R 2)
o ZAATFH I (residual mean square, S (p))

o WES-Z=C, Mallows’ C,)

oz WAsE AolE mASY] 98, Vo€ A Eo|E
©, 914 A5 HolEE 1D, Vo€ %73 HolH
b RAA ALSEY. THEE 2,2, 94 A9 w9
VoC WEHHo|E 2 2

*NQC: VoCe} via7px & Az, a9 dolgrt 3
Huh 3k e 20043 49 25U A S O] (missing data) 2
Ao Qs NQC 7t FHEUE 4015x1 7] 9] &5 it
9] HolHE zte HEE Hodn &, y- x A4S S8
A=, NQC 7F &5, 27, d dolH Y FHTE
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2005 $t=7d o 78} 3] /) gkl 3-8} 8] A3 5 sk 3
20054 5¥ 13Y~14%, 58t

A A} g},

e 3 7E i
5 dlolE we); 9 3) 74 51417% 71EHT§% 8 oFgit}
v, zol DgHo] AR xAAL S5 W 5

52 A oy AH—LO%TOH w27
of xFo]7} gtk o] F, B3 olFo] gl 3, €SI % VoC
2 ou|gtt VoC HlolH &= Lﬁﬁ‘ﬂ
%23l 2, CSI "Hlo]E 9= Hhry

4.2 CSI vs. NQC
A4 CSI vs. NQC: <3 3>A ZH]Q gol 85 18S o

H H
&, H% CSIvs. NQC, 5, y.- X, ¥AZA = At

Stepwise-type proceduresZ A, < CSIel FAA FIA4S
Zb= NQC & ,‘L_}zh;}u} 6“4 AFEA S 913 HARS

74] AT E o] 2 A Minitab"©] /\]-9”?_5}.

Stepwise-type procedure™ 2, F4 3| AATY FTAA
o4 FAHS 213 A AL (cutoff value) 2.2 A, forward se-
lection a ;= 0.25, backward elimination< a ,;,=0.102.2
2] gk} (Montgomery et al., 2001). Stepwise regression2]
AN AAZ @ v= a,,,=0.15= Minitab® (2003)0] #]&38}=
27138 192 g

V.- X, BAREA A}, stepwise regression, backward
elimination< x5, forward selection< x, Xc4§ <& CSI

o] EAR FNS 2= Aow BT wat, =24 &7
A F57t 7]EH—r19]' AR == AS FAT —’F 01—“731
o] 4% B, Bt Y &5 (1) HEE FAEC

9 F ARG AR} (variance inflation fac-
tor, VIF)= VIF ;= VIF ,=3.02%, VIF 5-10 7|c2 & t}
FTEAL AetA goka wAst, 9 F I AEFTE 9
=4 9 AAS 4 AxdeE oAV lvka ddE
A <% 2.a-d>% all possible regressions 8 F A HES

A
E

ey

:Lﬂﬂii vl gk} <19 2.a-d> Y 7H 9 (panel)<,
2 FH7bee 1570 AP r2, R, MSK(p), C
2 &= H] gk}

45

40

8 XXeq
XegXeg
& XegXeq

o XX,
& XeoXes
XetXe

® XoXepXoes
® XotkoXes
® XoXeXoq
® XetXe¥es

® XepKeXegKoy

g ® XeXep
U ® Xy
35t .
o X, (46%) ‘ ‘
0 1 2 4 5
p
(a)
45
3 40
< 8 oot © XoKegKer
< .y
E o ® XgXey ® XoXor @ X KoXeXes
2 s §°Z§“ ® XoXea¥es
2
2 35 * Xy ® XeXe © XoXepXea
® Xg
30 Xa(23%) . .
0 1 2 3 4 5
p
6 ¥oo (1:4297)
14 oy
. ;3 o XeXe2 .
s ot g Xetka . :m:cz:cﬂ
W ® XXy 2'c3cd X X X X,
g ® Xa ® XXy - XXXy o
c2Xes XerXoaXes
12 + e1Xea
i . . .
0 1 2 3 4 5
p
(0

Table 3. Vector and matrix size, data units of regressors and expected signs for

estimated regression coefficients

Vector and  Vector and

Expected signs

for

estimated regression

Relationship  matrix matrix size Regressors Data unit coefficients
X % -
Ve 44x1
X2 % +
.o X,
¢ X3 % -
X, 44x5
Xt %o B
Vs 44x1 X1 kbps +
Yy~ X X kbps +
X 44x4 X msec -
X, % +
z, 4015x1 o ’
X X % -
z -
c c Xca % +
X, 4015%5
X4 %o +
z, 4015x1 Xs1 kbps -
Zs~ X s X kbps -
X, 4015%4 Xg msec +

- 825 -




2005 8t=r7 g 38t 3]/t shal ] 88| FATF a3

[e)
o o] _140] =B 35
20059 59 13¥~144, FH st
6
X2 (26) .
o Xe1XeXe3
o3 ReteoXea,
—_— . XX e1XcXeaXos
4r XerXeaX,
® Xy ® XX e1Xc2Xos
* X
G xg;s ® XorXegKos
2r . % ® XgrXoq
0 .
0 1 2 3 4 5 6
P
(d)

Figure 2. Plots of statistics versus p regarding y .- X, rela-

tionship; (a) £ %; (b) R %; (c) MS(p); and (d) C,

c

P>

<% 2.a-d> Yl 7l panel HE A3, FH oz 943
SAEHL; 1) p=2,x4; 2) p=3, X, X 3) p=4,
X 15X 3 X4 4) p=5> X190 X 20 X3, X c4§ 77%“: Zﬂ\ 3‘5,].0]6]—
T At 53], stepwise-type procedures H}HﬁaJ’}‘ﬂ' A A 3}
4 X, Xue #E p=3 IAEYPL; ) R? , R? =, MS,(p)
2 E¥FE IARY Hdyy, ¢ 2)C,%= ﬁzﬂg‘_ 3 7 A
7 9 2} (mean square error, MSE) B Mo F=AHTH A
MEE AYHoR $5g Aoz e <131 2d>0ﬂ
=, 37t qlvte 7}@ stko] ¢, EAIFS] HA 71l
ks YERE izt o] 72 A "L

P

Ir

&% CSIvs. NQC: y - X, TAENES
procedures /‘a”sg@i} Al A ”“” R g A RA
&, Byol 7IAE 55 () Fe5E %

xgE A8t £
= AE #E  Advk

v Xy TAEAES 213 all possible regressions £
A 3a-d> Ul /) HiER Qofsitt vt

U\j; 1) p=2, X35 2) p=3, X1, X535
3 gty xpxgxgd W ANAOE S EAGE 2

=
. 53, p=2, x, AARGE, UriA o7 ARG mTs
Hasl e, gua Segel AR FAT &

N
e =
o
o

Wy - X, A5 vlud o, y - X, %ﬁl%ﬁE
Pl R, R Eﬁlau AT 7| 7} oF 12 52 A,
MSE(p)«] ngl:mﬂ of 2u) Z7kel o] gelEe], By

o geEe JuHos Astd Aow weE,

20

XstXs2Xs3
® XXy

® Xy 8§ XoXsy
Xsi¥Xsz

® Xo

® Xs

(@

20

® X
3 ® XoiXg ® XXX

® XXy
Xs1Xs2

Adjusted R?, (%)
3

® Xa

0 . .
0 1 2 3 4 5 6
P
24
22 -
® Xy
s
w 2.0 .
@ X,
= 2 0 Xg1Xs2
® Xs xszxsa ® XsiXeXsy
XstXs3
18
1.6 L
0 1 2 3 4 5 6
P
(0
6
X 67)
4 ® Xy 8 XX Xs1XspXs3
XgoX,
o s1Xs3
2
® Xs3
0 .
0 1 2 3 4 5 6
P

Figure 3. Plots of statistics versus p regarding y ,— X, rela-

tionship; (a) & %; (b) R >3 () MS(p); and (d) C,

s

4.3 VoC vs. NQC

A% VoC vs. NQC: z,- X, ¥24& 3] 2dH step-

wise-type procedures -Hr@' A, A

A S ARG A& Vocel freldh Ao AA 5

A, 34 3 AAS l‘%i AEAM, 34, Yoo 7IHAH
) z

FF () FER FAY O, S5 () FEE 2E 3,8
AAA5 FAel TAZ Avkn weRh HAWSF xg,
Xy S 2T F2EFPY VIF,= VIF, = 1284, 534

= oi‘; Ho =2 ﬂo&hﬂr

%‘ 3}:,]-0]—5—]_1?_:]; 1) p=2,Xc3’ 2) p_3 X3, X4 3) p==,

. — =2 7F>
X1y X c3r X s 4) p—5 X X2y X3 X4 = e _ET_’J:]O] ﬁt“—]-—

Ao AA Ao gt A=) @.%,Ri’fi
o)) Agaslst fe A 5w o, 2y A

q A3t evE 4+ Ao
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2005 5¢€ 139~14%, S5t

g
<
k3 XX,
XCSXM X ‘x SXM
5 * Xy st XoXeaXyg  XorKeXedXos
XetkeoX,
ot¥coXea
X XetXeq
. x‘; ® XXy ® XerXeXes
0 , R o XerXeo L
0 1 2 3 4 5 6
p
(a)
15
s 10
S
i3
-
2
Y ;CS;M XerXeaXoa
g 5 oy o Yotk 0 XXy @ XerKeXedXos
e XerXeoXey
X XetXea
. x‘; ® XXy ® XoXeXeq
0 . e PR
0 1 2 3 4 5 6
p
21
X
20 X2 ® XerXep
- ® X ® XpXoy ® XoXopXey
3 XetXea
%3
= ox . ’;cz’;(ca 8 ferXeXes
e e1¥es oo ® XerXepXeaX
1o oS o) etXeoXesKes
1.8 '
0 1 2 3 4 5 6
P
(c)
6
X5 (215.3)  XpXe4 153.2; XoXeoXeq (153.8)
Xe (2137) e (151.8) X (135
xafletd e tea o i
Xg3 (14.0) XeiXeg (1.6 Xe1XcpXcaXoq
XeaXes (9.0)
4l
& XetXe ® XerXesXos
2
0 .
0 1 2 3 4 5 6
P

(d)

Figure 4. Plots of statistics versus p regarding z .
tionship; (a) ® 2; (b) R 2; (c) MS,(p); and (d) C,

- X, rela-

c

p> P>

&% VoC vs NQC: z,~ X, HAREA A, stepwise re-
gression, forward selectionS p=4, x,, X, X, FHAEYS
HHH backward elimination p=3, x4, X AR

o), AN 3,8 AL UmA FAAG F5) 7
7:5_]__

sh wtlE FRPoRN, RARG ng wd 27
R ojggol gtk 3, p=2, x, FAEHS A (1HY
2ol FAHM, 3,9 ¢,=-4380, p-value=0.0002. =4 2
el dtkar dH T

Z,= X'3i= 3.+ ¥, x,=0.210-0.00002 x an

i)
i)

<% 5.a-d>° A2]¥ all possible regressions &2

827

AT, 5, x, AR 235t
A0l A5 ettt =, 24 )
2) p=3, x,X3; 3) P4, X, X, X34
g SAo] BRI g, ¢, FAAI

A 9 52 d3lehs %k%
15

L

R, (%)

® XXy
© XXy

® XsiXsoXs

® XsiXey

Nope

® XXy
© XoXsy

® XsiXsXss

Adjusted R?, (%)

® XaXey

>
-3

=)
Nope
©
IS
o
)

(b)

0.3

02 |

MSe(p)

01 |

@ XsiXspXsg

0.0

| e 5138 0)

XsXs3
® XsiXss

4r Xs1Xs2Xsa

(d)

Figure 5. Plots of statistics versus p regarding z,- X
tionship; (a) R 2; (b) R %; (c) MS,(p); and (d) c,

rela-

2423} g

AbEREA A3, BARAA s e der HF
AEHE NQC @55 At <& 4>9F 2o 59], x4 (5,
A &) CSL VoC A a1 ANE T %%—ii el
Ae Ze NQC #Eo % 44 ;1) y .- X, ¥
7F, g A Al ) Ak vl o, ddiEes £ A
Hdo] Q3L 2) stepwise-type proceduresE T3 MEEH



2005 g7 o 78t 3) /) etk B8t 3] A EE g S
2005 59 13¥9~14¢, T 503w

22333} all possible regressionsE &
A o7 JA|3h= AS e 4 vk

Table 4. Significant NQC’s for CSI and VoC
CSI VoC
Connection  Speed

Connection  Speed

NQC X1 X4 Xs3 Xc3)X o4 Xs1

of
-

e
o
<
oft
>
m

tg o
oft [

et
o
i)

Ay ol

o oY

R

BN

o

k]

X

rlj

BN

H

i

{0

z

>
o
Lo

2

ol

2 =
)
[m
do

__)&‘

B

i

2

M

)

(<0

ol

M

S~

>

3

M

oA

0%
rE o, N

it 16, o AT
>
2,
fu)
oL
Anj
o,
a
Ll

i)
1
i)

b=
=
iy
A
1
o

2z
z

in)

4 e o

W =
>
T 3
Jn Sr
oX,
(e}
e
X
N
N
Iy B
Bl g 2

o o=&E RN

o o
)
#

HA geid A 2n F4Hv fud
C

S | O T T 50 dfo fob ok oft
2

[o ot 3 ot
ol &
)

o f
= oo

o I-

oy

=22

o e
fyo 8
r o Fo
1

o
S —
v
ko
£
[o
ol ogh
o
F{

>

o
o
o

[Eufiuige)
ol r2 e

)

z
g1
N e
2
-
=3
)
[ 1
X
o
fl
>
f
B
)
=

o,
e K
o, Md

r a

=, o157t (2004), #

X,
=
0%
&
T
12
z o2
)
o
2,
fol
=
o

oY

o oft (L ofy 2L o (L Sy T n

(1999), T4l MU ~EFd 7} L2 M2~ A, 54
F3] 1999 FAetan)d] =FEF Aqe&Ard st 1999
64, A6.3 57-58.

, o1& (2001), Z22EAE| WA R 2] AL

A ol #e AT, FF G I Y

FAFEGE 3] =EF, BE s, 2001

28, Q42 962-965.

4 (2001), FARJE YA H] 2~ IATEE FA

TZWAXNLE | JE Interfaces, 14(2), 182-189.

A, DB (1999), TA oJA M| ~FA

Wloll B3 1Z JE Interfaces, 12(4), 496-505.

(1999), CVANES =93 o]Fdadn) 2 uAgk

AZ8A IE Interfaces, 12(4), 487-495.

A2, A=A (2003), B AH[ 2~ RIS E
HIMA AN B3 AT, FH G T O Y S
2003 FAFEGHs =EF, e, 20033 5Y
169-179, A8.5 169-173.

o4, HEZ (2000), AH|~EE ZAHI} nASLE FA}
o adA AA, I I T YA 2000 F
A FE g3 =g, 7Ae g, 20003 ]
A, A4.6 86-89.

AL, A28 (2002), THEA 7IHIY gAE slARAS

3 dE W g e 8tk e 48R3 2002

FE e =F, A ed, 2002 5€ 3

, D5.1 949-952.

28, JAT, 1A (2002), IMT-200000 41 2] A

o folt oy

()
e
—

=
ol fﬁ —_
> —E:-'
o O
i, Fot

A~ O
e Joy
NN
< D
AN

B>
N
B>
,

e
b oty

2
)

Ho
I 3L oL
1 i o N Ay

N

=

Ho

2
\i

e R

Y 1
B
J

e

<

e &

BN
N
o

o2

&
ox 2

H2E54d 9 JEYA Me AA, IE Interfaces, 15(3),
256-262.

FAA e} nARSA| ko] AAY THeb AT (2004), F
FAAENAT Y,

Minitab® Release 14.1 StatGuide (2003), Minitab Inc..

Montgomery, D. C., Peck, E. A. and Vining, G. G. (2001),
Introduction to Linear Regression Analysis, 3rd edn, Wiley,
New York.

Montgomery, D. C. and Runger, G. C. (1999), Applied
Statistics and Probability for Engineers, 2nd edn, Wiley,
New York.

Patterson, O. D., Dong, X., Khargonekar, P. P. and Nair, V. N.
(2003), Methodology for Feedback Variable Selection for
Control of Semiconductor Manufacturing Processes-Part 1:
Analytical and Simulation Results, IEEE Transactions on
Semiconductor Manufacturing, 16(4), 575-587.

- 828 -



	MAIN
	TABLE OF CONTENTS

