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ANstar ek ole} T, AUEA|pe} AWAe] A7 PR F8 JelEAl vEHa TS dig
Fele] "aKe] A= vk ¥ AT dedlEA VENa FAEA PUEHE 93 MR FRE 244
AE ARt V2= FA5A0] B UA] 2YeR)sta, vENI FAEA ] o dES Bold, o]l
Ql ZAMAAS AAF EAog oA7bE oL 24 -4E; 1) /PESAg) (individual measurements); % 2) o1&
278 NEEAZAE o1 (moving tanges)E o848 EAF EAFE] AAQ] MR AR =S 83}l AleE
Mol WS MAAeIA oldkalale] sl ARk Slgel 7lsje, MiEsla 454 Abs
g} ) Z|HEANAA S0 AskElch AEEA] 270 Service A, B, Service™ 770 WlE = EASA AL 1170
223299 Z|NEFANIE HE, EEUAE 24, MR I 84S EHE AR AR A3, 7]
gEANAE HYE o *Aok 1) Service A, @ T (031%-11.44%), @ FFZHUA (9.82%-71.10%); 2)
Service B, @ H7 (0.29%-17.64%), @ EFH3} (8.05%-60.59%). 12|22, ¥ Aol HA-A¢H MR
Bl F8AAE, a2 EAEAS AT VA 2 S $Al6l Ak o= dwEch

Key Words : Expected quality improvement ratios, Individual measurements, Moving ranges,
Statistical quality control, Variability

ABSTRACT

In order to enhance their own customer satisfaction index that is one of the top level managerial
performance indices, Internet communication service providers endeavor onto establishing a total quality
management system. Specifically, it is under discussion that some critical Internet communication network
quality characteristics closely related to customer satisfaction index should be controlled aiming to this
managerial goal. This paper presents an application scheme of I-MR control charts for monitoring Internet
communication network quality characteristics. This statistical quality control scheme generates a signal to
practitioners when it detects the network quality characteristics out-of control. It is designed based on; 1)
individual measurements; and 2) moving ranges between two consecutive individual measurements collected

with a constant time interval.
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Empirical analyses are illustrated to estimate the expected quality improvement ratios that can be realized

with the application scheme proposed in this paper. Assuming that the assignable causes can be revealed and

eradicated, regarding two Internet communication services A, B, seven network quality characteristics for each

service, eleven distinct measuring spots for each mnetwork quality characteristic, the expected quality

improvement ratios are calculated with which the effect of the application scheme is evaluated. Results show

the ranges of the expected quality improvement ratios; 1) Service A, D mean (0.31%-11.44%), @ standard
deviation (9.82%-71.10%); 2) Service B, (O mean (0.29%-17.64%), @ standard deviation (8.05%-60.59%).
Hence, It is anticipated that the I-MR control charts based application scheme can be effective not only to

improving the mean and dispersion of the network quality characteristics concerned but also to maintaining

the network quality characteristics in-control consequently.

[. o7 & FH|

Qe lEA](Internet  communication) AJH] A~ A
T AHIZAE el 7ijield] AEE dAlEw
FHAJolA, TS Customer Satisfaction, CS)2 A
AP EA7J%d(Total Quality Management, TQM)
Aol AF3] AR EAEAL giek 2 71gde] &
A2zl MulagFel] ot PEEE FA s
FAFNw CS S 37Uy FAE5A )
AZFo e AT PP R, IFudl4 A
L5312 s FrEaER]9x(National Customer
Satisfaction Index, NCSDE FA3l= &4 3}
55 AT Erjels, 340 Ayl gk FAal
Aol 3R AL AT 5 U™, A
71979 AR EBF SRl ZANER e E A
7171 1% 719 FREA A Te]e HeAde)
7z2d 5 9l '

A4 T, CS9b AulaEA(Quality of Service,
QoS)rkele] AAAAE HY3lx, ol ke &
QoS 7WAlel ubE CS wize} glete] ulgkalgt Ao
2 Aok up Qo il AEEAL 23U 3
7}i(opinion test method)S o]-43F A3HEAl QoS
te] Cs FrpbiE 23R ub Yol ol EAsE
A B, ALl wlux|g3lel] ]xgk CVA
(Customer Value Added) =3 AA7} Al<k= u} 9l
ol g, F<EE J1ed] Ao} Au)zel] HF
T4, Agst shds] 3154l #T IEYSA
T3, €S ¥4 FZuEYA B3 (structural equation
model)S ©]-8-3}e, CSoll whgt ARAFER, 74
ARl SFAA, AMu|af8A430] ARA 72
e 2 pg u) Qo wejuir)e] $-gxs o)
A QoSHAE fldl, viES=Z e AHidjt &
o] AghE FgAde] A= v} el

719 7158 vlESE FREdNetwork Quality

Characteristic, NQC)# CS9] FAEM-E Alxs}ha,
TQM Aol 2 E4Z34E Z83l, ¢S e
g NQC 7WA8Eo R AASlaR} ke =9=%
paE wb ol NQew B4l WlESz A
(Network Performance, NP)2- Wteds}n], o] An]
25 QAT o), Folal Z7ellA ofedR- glo] vl
25 AT 4 e AH])A7 -5 (serviceability) -2
2 dAE 5 ok ARz E-sEHe Mulsy 1)
A2 (accessibility); 2) 7214 (retainability); L 3)
A (integrity) 22 ATERE/IE I

ole} o], CS S B A Az
FoAo] B 73k ZoE Hd&Es 35 x4
3 719734 3stelA, 8] JeJYlEAl Mula
o gt FAQRAFFE FY, ¢S PAI 4
Aol & Hoz FAEE QIEMIEA NQC =Y
S 98 23 AAZE a7k

£ A7 AEUlEAl NP 2], NQC 2UEE
< A% EAA F43)(Statistical Quality Control,
SQC) AAE A<k} sQC AAl=, NQC e
Hl(in-control) & EUEIH3}y, o]AlH-E(assignable
variability) TAAA  7HE, o)A (assignable
causes) AMES dB|=E AARCE w3 AHst
2 SQC AA FLoF Adrlsst ZEAdE
(Expected Quality Improvement Ratio, EQIR)S- 7|
Aksle, & d79] SQC AA =9)-84 3AE A
Eqi) o, olabi% AE:A SAH, o)l AlA
Z(corrective action)2 |- gshd, oje} &
FUT ool &3 NQC o]AFol, 3§
= AR derhe 7l 243810, EQIRS Al

%
2
ki

FE, B Ao o] 83 F2 SQC WHEeR
A, dAAEEE 2w AgHer 2XH
NQC#E,; 1) /J¥=AZK(Individual measurements,
D; 2 2) A% MHESAE o] 549l (Moving Ranges,
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MR)}Z ©]43 MR #H2|=E A=s) §us
MR #2|xe] o]2Ad uj7; §IIS MR =
A7, §IVE Al 28w §veld d7uee
kit

I.I|-MR 2=
MR 2|5y 245t B3y} AF-E-E (Normal

distribution)?!  FAEAS W=, —‘?%%1—
(subgroup) Z7] n, =14 o, ) I F2EE F
A g (mean) = 94 (location); 2) MR -‘Jr
ZEE = A% (dispersion) H= WES I
23}7] ¢ H "&5‘1 FATTE) YFolgil'7, oJut
Al HET ARY Beixet vu¥ o, MR #
Zxs 1) ?;54—1 3 SHAEE 13] 1l é"é%}f
gt a3E el e AR 88vbsst;
2) FAAHCRYE ¥ - ZHARTR] ALEHE
AZAede] - A 5, B3 7 - B8 71‘*:‘}°]
24 4 Qrh I-MR ‘4'3]5* %‘”‘E}—iﬂ
ey ot 35l dAeE Hd 22 &37_
AR @ 1 v@?‘éq A5
(chance variability)Zte] &aAske A4 el
Z Hojyt, FAeloledAte] (out-of-control)ol] & A
28 sk 2) o] W), olahHE AiAlHe] A
AHEw; 3) oldulE WA ANA o] AAZ
ol sAR RN, A 4) FAEANS AEHR
AL - B S QlE AR 7]‘:HQ‘:} T, oA}
Al AAF, AR oaPHEe] B
=the 73kl 1) FHEA 33‘{__" 2 A2 E A
ARt 3 2) delabdel FASAC gt Asis
AAstaal & A9l IMR #A=|=r}t AE
Q]jio23] )

23 12, 919 EAAY, A UlEAl Service A,
54 NQC 55 dioE, IMR Ie=s &
g 2" AFE QAo a9 12, 1d 3657H
odd dlolHE #7) (i) SHEH 3M 47 A
(stage)S TEI &, FAMEE; 1) 9% panelol| Al
Al 1 PR EE, NQC /NESAER 2EEF VI,
Bk ol B4, 2Ela 2) o}eE panelel] A|A)
H MR 2= NQC o5 Z3T 715
Absr o)AR] #AS 4315 -MR #|EE o)A
o)

MR FE9) EAL, A1) MNEEAZ ()9
o] 5EY (MRJ% ] ’(2) 3)F o] z,9
2 HE} (0)F Aol

93t

I-MR Control Charts of 22 by Stage [Service A]
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O3 1. 'MR 3%

MR, = max[z;,...2; _, 1]
—min[z;,...2,_ 1, oY)
where i€{w,..,n}

MR= Z} MR,/ (n—w+1) 2)

o= MR/d, (w) 3)

A, SR = Aa el 99 3
AT A% SAAEY duHEE RABRE
2 AL <% w (span, ZA) 7“%’_‘ 2l o4
a9 Adbolh Ao Ao VR of%
FEFG T, A3 4w)E o Tﬂ“ﬂlu}
@62 AN, 1 HAei=e] ARt FelgAA
(Upper Control Limit, UCL), %441 (Center Line,
CL) ¥ 313t FelgAlAl (Lower Control Limit,
LCL) Ao - = olel. p, zv /WESAHIS
B, FEEEE, ke IR A e
(parameter) S A8}

<>'j2__fft1gud

UCL= pu+ko

— o+ k(MR/d, (w)) @
CL= iz (5)

LOL= p—ko ¢
ﬁz—k(MR/dz () ©)

AND-0= £AYEZ MR =% UCL, CL,
LCL A4 - $44]elc). E(MR), V(MR)i o]%
W B3, BEAL 4 (w)E VVIMR) FAARRe)
o} 2 2)9)E LCL=09] 54_73_—% aiEljo} ELE, w,
ks 23l w2l D, (w) <003, D,(w) =02
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2 zho] AdA=Ee] LCL=00] Fc}?,

UCL= E(MR) +kvV(MR)

=d, (w)o+ kdy (w)o

d3 (w) — o M
- [1 +km} MR= D, (w)MR
CL=E(MR) = d, (w)o—MR (8)

LCL= E(MR) — kvV(MR)
= d,(w)o —kd, (w)o

G@)— o O

. I-MR 2= &3

3.1 24 NQC

LS Alav) S8, A o8 o
oF3l, AEsiEle] Algd 79 AefdlEA NQC #
AAl 2#E dlole] g, oF T WA AR ¥
Aol Wy 2 shiZ A4E £ gl g, wAs
719 BT QEYlEAl AL S ¥ NPE
A FAEkE Ao seld up gl 3w
g QEdlEal B 7)e ARl G AF
2 2 FAAG At 59 A, AAdE F3sle
Ausl, cseb P HAE dRAel g AeE
FA=E, o 771 NQC #8535 FAleE B =
& Jlestaat vk 1) AT (21D); 2) 3%
£5 (212); 3) ARHGR DAL (22); 4) AZEA
E (23); 5) ASHTE (24); 6) AFIHE (251);
g 7) SFEEE (252).

3.2 NQC ==Y Hz[stAM M=

ol FE|%: H |4, NQC 35 sidvsk
o] Ff3led, 3} (maximization) v HA
3} (minimization) & @2|she FAEAR 7
7k Zbsfjof dek F NQC &5 1 el
£ UCL 32 LCLZF 1717} A=l 247

H 1. NQC 54 MR #2]FAA A

AFNQC 7717 38-8 s Adubsdel weh
1) #h (FKR) 54 NQC &5 LCL; 2)
g (Y BA NQC #5-& UCLe] A9
Hr}.

*MR T|%: AbE F2]A], NQC HEof Ahigl
o], 43S Xl YAEAS 2] Wi
o, MR #F2|EE UCLe] A==}l % 19,
NQC #54¥ MR FHel3AA A=Ay} A
25k

3.3 AlzsAM
ARSI 355 )R] EE(preliminary samples)
224, AgH#=RAA (trial control limits)S A4
g}, wi gk =3, w=28 Al 4 (w)=1.1280,
d, (w) =0.8525, D, (w)=23.2673, D,(w)=—1.2673—0%}
ZE Aggtel AEnl o A, AR T AR
= Al10)-(11), MR #Fe=s A12)-13)3F 2
balgt AlfdaegAdS deth o, s
o

o>

Aele, oduidod F4¥= MR A= AAR
Aol FzxHrl.

UCL= 7+ 2.6506MR (10)

LCL= z— 2.6596 MR 1)

UCL= 3.2673MR 12)

LCL=0 (13)

M
APPTAAS 2= MR F2EE oH|FR
o A4, Tejoldtdl A5 AANAE 13] I
sy AlgRich ohg, AEshke ARAtd d4E5E
o] AARGAA (revised control limits)-2- Al
Akl @9, axpel MR FE #4-5 99
A, F2)EAAS 718 A (periodic revision)©]

No. NQC 3% z &%  Unit 1 = A=gAA MR 2% #=|gAA
1 Absl z11 Kbps LCL UCL
2 = z12 Kbps LCL . UCL
3 ARG A= I R A z2 msec UCL UCL
4 HAELE 23 % UCL UCL
5 HAEATE 74 % LCL UCL
6 A g z51 % UCL UCL
7 S-S 252 % UCL UCL
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279k 2 MR #E% AAHAE A5
= A2 2718 Addgch 2, 137) oF 900
NQC &5H o doleE o4, IMR Hx=
CL, UCL, LCL& F7|Hez FAgozx, 7|
Al - gejghs Azl wiedsl NQC EJE¥ sQC
AAZ AAlstzzl ok dubEel $AFT|RA,
FEZ7) FFHOEE  [min,max]=[25,200-300]7)7}
AzE wp g

3.5 Zi2|o|Ekate EETE|

oluld o2 Western Electric Rule No.1.-4. &
e FEEY o FHFE FALZEY] o
A AFshe 4-6714 8] 32X (nonrandom
pattern recognition) AR IEEE, Felo[dale] @
A3 (sensitizing rules)2.2 7# & 4 glo) A
2 el gejolgatd WA 1S 1)
MR #el=e] Fejolaate] Ao oigt =
(sensitivity)= S 4= AL 2) MR IHEle
7} e 27X (false alarm) 7}5Ad =3 ZHE
5 a7lel, Adeel] AlFgto] a4t ofg.
2], % d5%¢ NQC 35 H|A5F (nonnormal)
FEREE e 9, rhed 2ARE AT 4
UEE MR F2=F AATos, AA =34
AL TR A8 58 MR wey Har}
etk o2&k e, AgksEe MR #H2le &
LAAE, Fejolddd TAFE OB, Western
Electric Rules No.l.& ¥4, “I'MR #z2|%o] e}d
(plotting)¥ NQC FZ3gfe] Adg IdAXE
Hloid 79 uts Frlo|dAtelz gl )9}
3, §3.6 EA 2 §42 AR wole]e] A
4 AR A3 3xd 5 Q.

2.6 I-MR 22| 45

AR BRI o el WATAE
83k, 54 NQC 35o] AExEs werhs 7}
Zslel], ofiol 22 I-MR #2|% Aol 7ot

ANFELFF (Type 1 Error)=a =~ 0.0027
ARL; = 1/a=1/0.0027 = 370

<5, ARL;(Average Run Length under in-control)
o] 37002 Akslol, o7dn AZRIHHe] AP
g FAARE 92 3, W o 37030
oh 13y 2" S 9lEE ASE MR FE=
AdAlelc}. §HH; 1) Western Electric Rules No.1.-4.

940

VNE 2% FejojAte) IAGEoER A,
ARL, =370-91.25""%:2) B4 (nonnormality)©)
o} AlZF Zl¢l (Gamma) FEEES 2= A5
Aol, FAejolgale] TAFHE  Western  Electric
Rules No.l.& ZH= I-MR 2|55 H4shd, 7w}
3FERE 3AKshape)ol vwie}, FHIARL, =45~ 977}
A @59 5 glokn g7 bl g

V. AlE2A

4.1 2Mco]E

B g7 AlEEAL JeEX; 1) 270 Service
A, B; 2) 170 SR A 3) Adegt 770 NQC &
ol §; 4) SAPARYE F5F - AZE 20037
A AFE 2004169304712 FEAAL 1, o] F
M= 437] A dlolel7} 8 EAdde] ek

4.2 Huo ad

A ARE 98 2% 2, 30] HEE 4 9lch
g9 E2AAAG, FRA7IL 14, Service A, 77H
NQC &52| obY dlo[el & o]83led; 1) 28 2+
]2~E1% (histograms); 2) 13 32 AGEEEE
X (Normal probability plots)E AJAIZY.

Histograms of z11,212, 22,23, z4, 251, 252 [Service A}

50,

) N NN

400

:
.
150 200 J 80
;

......

E

Frequency

1004

38 2. NQC 358 3)~Eae

Normal Probability Plots of z11, 212, 22, 23, 24, 251, 252 [Servics A}
Normal -85% CI

Percent

-5 & g8

a7 3. NQC 3548 AR xsEs



=E/JEEA v EYE FAEA 2UEAE 48 MR BT F84A

I3 2, 3elA HA” 5 gl wle} o)y 1) A
HHe2 23, z242] 74, NQC #A53ke] A7 +
Al A%, vIRAe] AldE Ae& Helw; 2) Y
#2570 NQC FEE AAde s U5siA
t 2SR, AR 23, a0 wlwe o, WA
4o} A5t 9548 ez Do

gt ATEE AE 73X (goodness-of-fit tests)
AARE & 20 A= 9lek & 770 NQC
52 543, 1) Anderson-Darling (AD)
test p-value<0.005; 2) Kolmogorov-Smirnov (KS)
test p-value<0.010°2 Aa3wt #A57pd 7)1zt
Ao wi Ik & 4 lek jh, o9} &
ARz, ¥E ¥ 2, 3949 FERE Aol ¥
e Ax A, ohge A= AN A
2377} NQC 3542 3657024, ol AR
2e ol oz R @), AYH (ower o
tespo] 53] AFE A=z " 4 ok
1B gejeg, ¥ NQCe) $hHE A4
HEER o g ek o, $Ield Agk
MR #2]57} AA &gAdle, #elE A%
Aof)4], o]24 23 f=5 ARL, =3708RT} 2
7FsA& AR kg 98t 9tk

=
25

f—

B M

=

it e e O

4.3 -MR Z2Ixz =AM

STl A58 11 12, 99 SAXY, 2H47]
ZF 13, Service A, NQC z29] I-MR %ok
HE MR % Egolx|ul, a3 164 Fe)
g 4 %ol 1) AT e Z|gulR 400
Agze] 252, 2 A 1 fF=E g4 2 MR
W% AE $Fe] Ao 2vet =T e
AeR el 2) ek AkE MR FEE
&, NQC z2 RUEHE ol AAR oz AN
A5, ol AAe] cw W S} 2
A A" F, AolgAEE AAHHoEA,
oIl AARES F3 I TS 7
F ¢ glrke gE

9, 2% 1S Minitab™? 22 2% -MR #
2|58 28 104 <A} ‘1’ Western Electric

H 2. NQC 354 Ai-E A3 24 As)

Rules No.l1.& Felo|dAte] #Aqraleg A4, o]
Bl A& NQC #Eghs ZAF 7150tk
Hed vl o], IMR #E]% CL, UCL, LCL]
25, 1 IR AXL O3 16Me 4] @A
W2 zhzt ohE gaow gXF o] Fst) &
W, 23 12 7 d957] GEuloleE cu|gre
2 o83 AggelAlE EARKL 23 19
MR #2|E $E2Z m/=E; 1) 1 Fejx9
UCL=24.27, z=21.75, LCL=19.03; 2) MR 2%
9] UCL=334, MR=1.02, LCL=0& &847|7} 1
WE 487] 44 dofelE o]gs] A glolth
TH, NQC z29] H¥ P2EAL wa, 23 191
A7) x4 LCLE 9vlr}t §17] W), LCL 7%
FejoldElz TARY ASF (5, 349" U dlo]
B) dA] olxEae Falo] gick

4.4 EQIR Akt

Aed 7PAsll, AR MR #E|EZ NQC
2UEEel 83 A9, A¥/53 EQIRE Akt
gt 1) MR T=E &84 NQC Hi, ¥F:9
g ARl 2) 'MR W= 24F, Tejold
A #ERL AARAE 13 AYF, AEs W)
e #SFE o4, NQC ¥, TFHAE A
ARtk A7) MR Rl €4 AF 3¢, 12549
2} wslekel] 7128, EQIR AL Al(14)-(15)9F
Zol Agel H14)-(15)s, TAHNE NQC 35
W g, 593 EQIR AXMelth a#E®
EQR AWHdd= ibd #gslelr Adrks3d
ez dME & drk A9, =, z,
5, 5 TAUE MR #E % A4 o]F 2 o]
54 NQC 352 3¢, TFUsE ZA3ch
T,

EQIRTH ean = -

Ty

(14)

8o Sp

EQIRstdev = (15)

Sp

E 3 4%7] dHHlEE o]83}e, Service's,

NQC
A AA AR EA=E B2t p-value z11 z12 z2 z3 z4 z51 z52
AD test observed test statistic 8.220 8.233 10456 71.019 115289 21923 22.807
p-value <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
KS test observed test statistic 0.105 0.111 0.124 0.304 0.438 0.156 0.174
) p-value <0.010 <0.010 <0010 <0.010 <0.010 <0.010 <0.010
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NQC 54, 1170 &3R4 1) EQR,,,.; 2)
EQIR, ., 3¢, EXH3} 9 WHEAS (coefficient
of variation, c.v.) AWzte AAgc}l EQIR, ., ¥
#2 7%, Service A, B 2, Hi WiEAL 7+
= ozl zI12, 24+ %F (+), T PEANE Z=
UsiA] 22, 23, z51, z52% < (O ¥ dE S
FT S ek =Y, QIR BT
Service A, B, 77} NQC &5 EF, & () 3ol
A4 18|22 Service A, B, 77] NQC &
BF, B3 2 AE S g & ot 3,
) Adig=7] AEAS, EQIR,,,, FTE<EQIR,,,, B
el IAZE Service @ NQC &l Akggle] &
d3A fA=ET de H; 2 ev| FHEAF,
Service B2l NQC z12Z A7 =] mFollA,
EQIR,.,, [c.V.J>EQIR, . lc.v.| #A7} &elg 1 gl=
A 5S¢ w#shd, 538 NQC =4 Ay 3}
o MR #2|= &4AA7} o ZxpEd Zloz
st}

(o}
7,

4.5 FHUR|EAIM

o3 19 487 1) 1 P=|E UCLE Hlod
NQC z2 &3 279" 293" 331™ 2) MR #&
E UCLE ®old NQC z2 T&3he 279" 3317
332" 9)x]3 o4 djo|e]olct,

7 49 487] MR FREE AP ) B2
3 AAS A, SARIAAS BT 9,
a8 19 1 BE% LCLS Wold 349" &y do)
Bl AN 22z Gtk & 4941 F CL
2 AY - SAVIANE Helshd E 49} 2ok
oA Akt sAFRALL, o 1, 4 #
Z42929 oL #957] MR T Zelx, NQC
72 FYEES 98 g4 4 stk

¥ 3. NQC 354 EQR ¥4 (2% %)

I-MR Contro! Charts of 22 by Stage [Service A}, Revised

10 1 4

T T
1 !
1 !
| |

i

o239t
X=21.63
20 ’ LoL=19.34

Moving Range

33 4. MR #2E, ARAA

B4 7HA%F CL 2 AY - SRR (a¥ 1, 4 B3

+A44 TR
I = UCL 24.47 2391
CL 21.75 21.63
LCL 19.03 19.34
MR #|% UCL 3.34 2.81
CL 1.02 0.86
LCL '0.00 0.00

4.6 NQC ZHEZ |I-MR 22T 22F

$I-IVell Adwid, NQC 2JEE-E $3F I-MR
Feleg, A2 3R U, £ 5
9} 7] geofst 4= glrk 1) AAA|, Stepl6., 1.7.
Ag, dHeole A7 52 T#F MR #RE A
s AEZF Hesi) okge], MR TE|E 44
A9 &7E &3] 43 EQIR AlAtel 874
a9tk 2) A, ZlsEs ARl sl
Ao FAHEE 2 NQC #5220 E odu|E
ES F53la 3) 914 4%, NQC JA - B
3% AIE, Stepl. 2 I SQC I
29 NS zaE 4 qlvh

NQC
Service EQIR T4 SAE z1l z12 z2 73 z4 z51 252
A EQIR,,... ug 0.39 0.31 087  -1144 035 5.35 -3.69
EZAx 0.25 0.14 118 7.80 0.06 3.66 228
le.v) 64.74 4597 13466 68.22 17.93 68.45 61.74
EQIR4ev HF  -1083  -1536  -1978 2082 7110  -14.90 -9.82
EFHA} 5.23 5.39 15.16 7.70 5.38 9.49 4.66
lc.v.] 4828 35.11 76.64 37.00 756 63.73 47.43
B EQIR,,.an g 0.29 0.35 -1.24 -17.64 0.43 <151 -11.22
2EN 0.25 0.12 1.40 11.19 0.05 8.03 10.76
c.v.| 87.45 3503 113.16 6345 11,48 - 106.84 95.87
EQIR,, ., R i 805  -1196  -1676  -2891  -60.59  -1334  -16.48
EZUR 3.58 7.07 12,51 12,70 6.92 8.51 10.15
le.v.] 44.46 59.08 74.63 4392 11.42 63.82 61.58

942



= ANEA M EHF FAEA ZUEY S T MR FeE 447

¥ 5. NQC 2J&8 MR #l= 89F
oStepl. I-MR =% AdA
1.1. B4 NQC 5 AA
1.2. NQC 3= I-MR #=]gAA A=)
1.3. FIFAA =i gt A4
L4, AF7] W du|REmr] 3H
1.5. fejol=ate] FATE Al
1.6 A% As A
1.7. dlole] A5+ HE
1.8. EQIR A&

i
oStep2. I-MR I&]x 2HA)
2.1 ABIRE FZ
22 AlEFTAA ARt
2.3. F=jele e NQC &gt AlA
24. FADTAL AL
|
oStep3. [-MR &% 8-
3.1. NQC 354 o4 dolgl 34
32. I'MR % eH
3.3. fejo|2de A&
3.4, o]AIQ) AARE &A
3.5. NQC 7B
3.6. NQC F2|Atell §4

v.&¢#

¥ Ats, AdEdEAl NQC BEUEES 7
I-MR #e|= EEAAE Aglsly, £9 HEE 9
8 EQIR A9 - Alikg Al=slgich vl & I3 3
HoA2] EQIR AxHAFe|Z]l siA|ql, £ <l
I-MR )% 7|4 SQC AA7} NQC 4, &3] 4
E A 2 A 2 Ao: AFEL &
3], £ 7] NQC 2YE® SQC AAE 1) He|
Bl S, BANE AL - dolx 2] ofg
7H] |AAA o2, EAAE n,, =12 A=
F87153 4, 2 2) CL, UCL, LCL EZ33¢]
2 2 Bold 5o, e FET ARY d=
o} wlazsh, A olde] slr] wiwel, 53] SQC
AA =34l gl NP #e]E Pgsh= IR
Fatell 23k AEEr) Ax) fowe} oAk

g, dlole] Aol 2% I-'MR = A
5 Ak s, B adFelxel Al ok o)X
22 f=H ARL, =370 A Xl s
Bkl 8iM, MR s A =i
5 kS B Q7N A= gack AdskAshe
Helo]l AEE 5 glv). 53], AR dgAE 53
A FR}e] Alg] 8 Eo] 7pz2E 749, oAUl W
AN ARE AT AAEAS R B A

AelA ANk A= vl 4 gl w&elch
olefg Wollx, ejoldAe] wHATH =g
NQC #Hi % ALEZ o3} FolE zajs] HAKY
& Agr) glek =3, oefdt BT FEEE
A 2 % ARL, TF 5% 283 4 MR
2% AA wlel] g I ES} R weE
alek

o] fellx, HAFAHLR <Qld oplHEe EAH
FEE 98 o]24 AL 1) Box-Cox HlolE]
Wa: 2) X|47KEo)FH T (Exponential Weighted
Moving Average, EWMA) EA|2k& o]83) Fel=
2Hd 55 8% 4 9lrh HbgE; 1) Box-Cox Hlo]
Bl 49, NQC 39w E A 5
wch= A, dlojefwst oiypHs ZA; 2) EWMA
SAE o4 FeE 2o, /5 2 B
Ad Z B dpas 2, B)IAA wAEA
Soll tig ola) 2 o] Ay Bart gtk

O e ok

(1) A4, 33, i, 4193, /3% °18 T
FAFYE A3, AetdAl, 2004

(2] Az, “FAl Au|2Fds) Z2A - A2] g
AEAels] 19991 FASeE] =57,
pp.57-58, 1999,

(3) HRAl, uEERE, o|AE, “Eudleyixu]ag]
AR FA FAAI R W3 A, S YA
s}s)oiskiled-3-8k8] 2001 2ARESFT)3]
=53], pp.962-965, 2001.

(4) ubAdul, uledE, «F] g ADHAE o183 Q
54 VEY = FAEAH 2 tEwele]
BA ASEA, IE Interfaces, 187, 3%,
pp.253-267, 2005. ‘

(5) "4, 2SR, “AAZE viv]e] 4o Fuizk
A% ke SR A BV 2, SR
§l3]=F%] 309, 10BE, pp.630-638, 2005.

(6) 2%, £a, “FAJIHUAME|A aANEHE
B8 93 FEHMA w8 IE Interfaces, 14
A, 23, pp.182-189, 2001.

(7) <, A, 984l “EAldl gloia] Mulx
E2 7ol 3 A, IE Interfaces, 12
, 43, pp.496-505, 1999.

(8] A%, “CVANAS =113 o] FAdsiMu]x o1
ANEe AZBAIIE Interfaces, 128, 43,
pp.487-495, 1999.

943



FHEEAISEE] = 4] "06-10 Vol.31 No.10B

(91 &F, A3, oA, “muld Aule ARk
% FGrEAA B3 A7, IS
FhI3el3] 2003 A5 gl TS, ThETHEt
I(E3}D, pp.169-173, 2003.

(10) eldElz WA,  AMinitab H-FEY
Release 14, 737]:]#=]=, 2005.

(11) ol3, A3, “Au|2Fd FA7 DAREE
ZARe] B AP, ok g Ry aE Y
#H3}3] 2000 FATEeHE =,
pp-86-89, 2000.

(12) 2714, A3, A ZedA, “IMT-2000914
o AMulaFEd 9 WENIATAA, IE
Interfaces, 159, 33, pp.256-262, 2002.

(13) S=AAFAIRATS, FHAE2} TAVSAE
sFe] AAY Fob A, A=A AT
<, 2004.

(14) Automotive
Fundamental Statistical Process Control,
Southfield:ATAG,1991.

(15} Biller, B. and B. L. Nelson, “Answers to the
top ten input modeling questions”, 2002 Winter

Industry Action Group,

Simulation Conference Proceedings, San Diego,
CA, pp.35-40, December 2002.

(16] Borror, C. M., Montgomery, D. C. and Runger,
G. C., “Robustness of the EWMA control chart
to  nonnormality, Journal of Quality
Technology, Vol.31, No.3, pp. 309-316, 1999.

(17) Breyfogle, F. W. I, Implementing Six Sigma,
New Jersey:John Wiley & Sons, 2003.

(18) Champ, C. W. and Woodall, W. H., “Exact re-
sults for Shewhart control charts with supple-
mentary runs rules”, Technometrics, Vol.29,
No.4, pp. 393-399, 1987.

{19) Gross, D., “Sensitivity of output performance
measures to input distribution shape in model-
ing queues - 3: real data scenario”, 1999 Winter
Simulation Conference Proceedings, Phoenix,
AZ, pp.452-457, December 1999.

944

{20] Law, A. M. and Kelton, W. D., Simulation
Modeling and Analysis, 3rd ed., New
York:McGraw-Hill, 2000.

(21) MinitabR, Minitab" Release 14.20 StatGuide,
State College:Minitab Inc., 2005.

(22]) Montgomery, D. C., Introduction to Statistical
Quality Control, New York:John Wiley & Sons,
2001.

(23] Montgomery, D. C. and Runger, G. C., Applied
Statistics and Probability for Engineers, 2nd
ed., New York:John Wiley & Sons, 1999.

(24) Western Electric, Statistical Quality Control
Handbook, Indianapolis:Western Electric Corp.,
1956.

i} M 91 (Sungmin Park) 23]

AFe s Al gt st

ool et Al 2oka} A4}

¢ )= Arizona State University
Industrial Engineering, Ph.D.

A A3t Ak

<Al Eel 85, F479%,

Al EH o)A

B} 9 F (Youngjoon Park) 59

e v sl Al el )

Jeieh et Akl -F-akal A At

i Lol ) e B e A A

A A SR
Al

<P Hol B4, A3

58




