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Hoko| A A5 €, 9 o7 TF3] o] §5 3 Ut ARGtk Y RAEBS 0% 7
FEO Ao B BAL FE 23 8RS EAA nE ot BAEY Wy
4% AFHL AASHEA 23S w7 AlabslgE vl Bfron(1979) % Beran(1984) 5]
o & Eyﬂ 3} Bolo] A wA o A}&-3817] A1 4-6FS) T} Diciccio9} Tibshirani(1987)& %Z:

EQ A2 77in BAER ZALS 2] 1 Hall(1988)2 o2 74A] HaEd A NH 2=
ooz ZyA vlu-dFsigith THHATES BHE d7EAAR=EE Kane(1986)7
Boyles(1991), Rodriguez(1992), Kotz9} Johnson(1993)& 5 4 Ut} 53], Kotz John-
son(1993)2 71& AFE2HES 'tﬂ*E =4, g T ]T”};q AARo=Z
2] 5}tk =3 Rodriguez(1992) & 3% 58 4 ol o 5} REEFJS THF AAAHA
FANE AL BAEY FHEET O] £Zo] o}F ATHA e AHAT
o #3E0°] Cho, Han#} Jo(1997)2 o2i7tA] F5HAFE did R2EH 73 &
A4 e7RE o2 APRE NP R2EY Ppe) AA4 & FYAHT. wAR
o2 BAEH AH 5’—78]"3“1] Zof sk F72A AT A TS24 Franklin® Wasser-
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"y SB, STUD, HYB, BACK, BC, ABCE

2 AFE BJUB L Fof TEH o2 Ha - BAste] Bt & RaEY 41873
FAHE & Adstaa ok

228 RAEY
Cps Cpts Comy Com

do T

2. OIiVHN RAEd izt 84 2l

FRAT o THEA 29 BEE IS S Xy, Xy, Koo HEHS] T4
A g Copt E8 2 2 (plug-in) F3 % Cope g3 2o] E‘?ﬂ_%t}

o = min (USLot 4= ISE)
_ d—|p— M|
30
Cpe = : I;(s M
W, USL? LSLE 47 72483 s de £arh £ d= (USL - LSL)/28 1)
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e, Y A RAEY A FTRES AYA] 22d o] 24 wj Al BrEa vyl
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a3 A7) shan
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2.1. X S2AER YHH(SB; STANDARD BOOTSTRAP METHOD)
RA BAS) RaER] FHA Cr()EY BERT Cp ()% BE ZFUA 5,8 47
T3 el Axka.

(Cpk — Zl-a pka C'pk"'zl e pk)

1ot EEFTEEY 319 100(1 — )% HEH S-S JeEPdT

i
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2.2. ARCES 2AER BHH(STUD; STUDENTIZED BOOTSTRAP METHOD)

A2FHES RAEY e \/—(C'; pk)/c"r*kgl TEZEE NEY AHE Fof Al
FFE A% st Rolth THSTHA T Cuoll e (1 - 20)100% ~FHES R
AT 2R pe] AA o wat Al 7HA] AR HF Y F glon, G R % K
el 948 aested oheh 2ol AA Y & 9THCho, Hand Jo(1007) BE).

A G N G
(l) LSL < < M, (Cpk - %@pk,l—a’ Cpk - %:Lypk,a>

~ Tpk A Tpk

(11) n= M, <Cpk - ﬁypk,l~a7 Cpk - ﬁ@pk,a)

: . & . o,
(iif) M < p < USL, <Cpk - \;E?ngl ar Cpk — \/”fz)Zk a)
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2.3. olOl‘:’E AEE Y (HYB; HYBRID BOOTSTRAP METHOD)
srojrals RaEd WL \/n(Ch - Cp) /6 TEEFE B9 AH S Fok 4
g 77He AAsE Aolth AFAES Rauy W o o vp7IA &, Cppoll HeH (1-
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1] 5+
Ii[—
i ' A Tk A ok .
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THY FEF B AEEL |, %—73% A g Cproll Tt g 671A] fﬂﬂH E2EQ W
e 2o)a3 FaARI 27 E 3.1 ~ F 3.29] 3T
¥ 3.19 95% FAE8 33 AJEHL?M FH| & A9 AHEW, BE TR
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P =4 oy T RS
E 3.1: 95% 3F3k A1 H 73k} 90% F& A H 73k LM & FAEE

EEA7(n)
R Y 20 40 60 20 40 60
(e =50,0=2) Cpr=1.667
SB 0.949 0949 0.951 0.920 0.909 0.905
STUD 0.940 0.951. 0.951 0.890 0.894  0.896
HYB 0.982* 0.974* 0.980* 0.869* 0.869* 0.889
BACK 0.831* 0.877* 0.881* 0.818* 0.855*% 0.862*
BC 0.888* 0.919* .0.914* 0.844* 0.863* 0.868*
ABC 0.906* 0.933  0.930* 0.843* 0.862* 0.864*
(1t =52,0 =2) Cpr=1.333
SB 0.957  0.946  0.950 0.904 0.892 0.896
STUD 0.942 0944 0.950 0.899 0.889  0.896
HYB 0.988* 0.979* 0.972* 0.842* 0.849* 0.875*
BACK 0.857* 0.871* 0.885* 0.832* 0.846* 0.856*
BC 0.905% 0.918* 0.923* 0.844* 0.856* 0.875*
ABC 0.922* 0.933 0.933 0.824* 0.842*% 0.868*
(b= 50,0 = 3) Cor=1.111
SB 0946 0.944 0.955 0.905  0.898  0.903
STUD 0.933 0.948 0.960 0.878 0.883 0.886
HYB 0.984* 0.975* 0.974* 0.856* 0.860* 0.857*
BACK 0.813* 0.867* 0.903* 0.805* 0.838* 0.870*
BC 0.875* 0.909* 0.933 0.824* 0.853* 0.870*
ABC 0.890* 0.922* 0.942 0.817* 0.849* 0.860*
(u="52,0=23) Cpr,=0.889
SB 0.957 0.949 0.954 0.921 0.896 0.901
STUD 0.941  0.943 0.948 0.910 0.903 0.896
HYB 0.981* 0.973* 0.969* 0.834* 0.862* 0.871*
BACK 0.824* 0.871* 0.907* 0.814* 0.838* 0.871*
BC 0.891* 0.916* 0.921* 0.837* 0.847* 0.868*
ABC 0.912* 0.935  0.939 0.786* 0.830* 0.859*
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AR 4 Cpeol AT 2o} &

E 32 00% RAEY A Te] YR EZBA) | HEE
EEA7](n)
RAE uhy 20 40 60
{(n=>50,0 =2) Cor=1.667
SB 1.035(0.308) 0.651(0.140) 0.523(0.095)
STUD 0.986(0.377) 0.649(0.169) 0.524(0.114)
HYB 0.981(0.286) 0.637(0.136) 0.515(0.093)
BACK 0.981(0.286) 0.637(0.136) 0.515(0.093)
BC 0.844(0.244) 0.593(0.123)  0.499(0.094)
ABC 0.786(0.206)  0.573(0.112)  0.488(0.089)
(p=>52,0=2) Cpr=1.333
SB 0.871(0.286) 0.549(0.119)  0.441(0.079)
STUD 0.884(0.338) 0.562(0.147) 0.448(0.097)
HYB 0.828(0.265) 0.538(0.117) 0.435(0.077)
BACK 0.828(0.265) 0.538(0.117)  0.435(0.077)
BC 0.718(0.230)  0.507(0.111)  0.421(0.077)
ABC 0.657(0.191) 0.487(0.101) 0.412(0.073)
(4= 50,0 = 3) C=1.111
SB 0.693(0.198)  0.433(0.096) 0.345(0.065)
STUD 0.665(0.234)  0.429(0.115)  0.347(0.079)
HYB 0.657(0.184)  0.423(0.093)  0.340(0.065)
BACK 0.657(0.184) 0.423(0.093) 0.340(0.065)
BC 0.565(0.156) 0.394(0.084) 0.328(0.063)
ABC 0.526(0.132)  0.382(0.078) 0.321(0.060)
(u="52,0=3) ‘ Cpr=0.889
SB 0.506(0.175)  0.386(0.079)  0.311(0.053)
STUD 0.631(0.232) 0.411(0.099) 0.325(0.067)
HYB 10.567(0.163)  0.379(0.077)  0.307(0.053)
BACK 0.567(0.163)  0.379(0.077)  0.307(0.053)
BC 0.493(0.152)  0.360(0.076)  0.300(0.052)
ABC 0.446(0.132)  0.344(0.070) 0.292(0.050)
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FASAAS Opoll 8 2 e wl2dd fox sy

E 3.3: 95% 33t Alg] -2k} 90% FZ=AlF F7re] £ : Jlo|AFEE
| EE37(n)

E2Eq] Wy 20 40 60 20 40 60
(p=50,0=2) Cpr=1.667 :
SB 0.890* 0.896* 0.908* 0.858* 0.866* 0.865*
STUD 0.875% 0.907* 0.920* 0.847* 0.860* 0.864*
HYB 0.947 - 0.937 0.940 0.783* 0.827* (0.815*
BACK 0.728* 0.789* 0.832* 0.718% 0.775%* 0.814*
BC 0.785* 0.842* 0.868* 0.754* 0.809* 0.828*
ABC 0.810* 0.859* 0.890* 0.737* 0.799* 0.824*
(b=052,0=2) ‘ Cpr=1.333 :
SB 0.889* 0.901* 0.919* 0.845* 0.860* 0.870*
STUD 0.886* 0.904* 0.919* 0.843* 0.860* 0.866*
HYB 0.937  0.939 0.939 0.783* 0.832* 0.827*
BACK 0.752* 0.816% 0.846* 0.738* 0.794* 0.816*
BC 0.799* 0.854* 0.867* 0.762* 0.817* 0.827*
ABC 0.829* 0.876* 0.891* 0.749* 0.811* 0.823*
(p = 50,0 = 3) Cpp=1.111

SB 0.885* 0.902*% 0.909* 0.854* 0.863* 0.862*
STUD 0.874* 0.900* 0.919* 0.843* 0.859* . 0.857*
HYB 0.947  0.935 0.945 0.791* 0.802* 0.824*
BACK 0.720* 0.808* 0.826* 0.706* 0.787* 0.795*
BC 0.785* 0.853* 0.867* . 0.750* 0.804* 0.827*
ABC 0.811* 0.874* 0.885* 0.740* 0.788* 0.818*
(b =52,0=3) , Cpe=0.889

SB 0.896* 0.904* 0.904* 0.852* 0.855* 0.868*
STUD 0.883* 0.911* 0.923* 0.855* 0.865* 0.873*
HYB 0.952 0.935  0.939 0.814* 0.817* 0.834*
BACK 0.775* 0.820* 0.838* 0.755* 0.802* 0.817*
BC 0.806* 0.852* 0.857* 0.765* 0.808* 0.818*
ABC 0.839* 0.879* 0.877* 0.758* 0.797* 0.801*

*EAE G A F T SR T R E] A2 95%% 90% =
FAFE1%E 2ok & + g&& 2v gt
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T 345 90% RAEY A TIhe] F Y| (EFHA) : Ao AFEE
EEA7|(n)

REY W 20 40 60
(u=150,0=2) Cpr=1.667

SB \ 1.327(0.499)  0.875(0.264)  0.695(0.186)
STUD 1.355(0.676) 0.974(0.432) 0.786(0.333)
HYB 1.239(0.454) 0.847(0.247) 0.681(0.180)
BACK - 1.239(0.454) 0.847(0.247) 0.681(0.180)
BC 1.061(0.390) 0.785(0.232)  0.655(0.178)
ABC 0.939(0.312) 0.731(0.199) 0.626(0.161)
(b =52,0=2) \ Cpe=1.333
'SB | 1.240(0.463)  0.818(0.229)  0.665(0.163)
STUD 1.335(0:685) 0.912(0.360) 0.745(0.276)
HYB 1:158(0.421)  0.793(0.217)  0.651(0.159)
BACK 1.158(0.421)  0.793(0.217)  0.651(0.159)
BC 1.020(0.365) 0.745(0.204)  0.632(0.157)
ABC 0.896(0.299) 0.694(0.177)  0.603(0.142)
(b= 52,0 =2) Ce=1.333

SB’ 0.873(0.345) 0.581(0.178) 0.471(0.122)
‘STUD 0.894(0.479)  0.649(0.302) 0.534(0.209)
HYB 0.814(0.311)  0.562(0.168) 0.462(0.119)
BACK . .° . 0.814(0.311) 0.562(0.168) 0.462(0.119)
BC ' 0.701(0.273)  0.520(0.155)  0.446(0.115)
ABC © . 0.621(0.221) 0.485(0.135) 0.426(0.103)
(b= 52,0 = 3) e =0.889 -
SB 0 0.909(0.346) 0.595(0.154) 0.481(0.111)
STUD 1.007(0.506)  0.674(0.259)  0.534(0.178)
HYB 0.853(0.316) 0.578(0.148) 0.471(0.108)
BACK 0.853(0.316) 0.578(0.148) 0.471(0.108)
BC ©0.760(0.275)  0.548(0.142)  0.461(0.110)
ABC 0.659(0.219)  0.509(0.121)  0.440(0.099)
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E 35 95% ol A1) b3} 00% FE AFThe) TPU S 2RUE BT
EE37|(n)

BAER WY 20 40 60 20 40 60
(n = 50,0 = 2) ' Cpr=1.667 o
SB 0.880* 0.875* 0.886* 0.841* 0.838* 0.846*
STUD 0.882* 0.880% 0.808* 0.836* 0.830* 0.844*
HYB 0.93¢ 0941 0923* 0.820% 0.836* 0.802*
BACK 0.690% 0.736* 0.798* 0.680* 0.718* 0.776*
BC 0.763% 0.807* 0.844* 0.731* 0.771% 0.814*
ABC 0.801%  0.843* . 0.863* 0.747% (0.788% 0.804*
(b="52,0=2) - C=1.333
SB 0.885% 0.880* 0.883* 0.845% 0.850% 0.844*
STUD 0.882% 0.886* 0.893* 0.847* 0.845  0.846*
HYB 0939 0933  0.927* 0.836* 0.826% 0.829*
BACK 0.709% 0.760* 0.816* 0.702% 0.752*% 0.798*
BC 0.771%  0.827* 0.849* 0.745* 0.790* 0.812*
ABC 0.805% 0.857* 0.868* 0.747* 0.795% 0.805*

 (u=50,0=3) | | Cpe=1.111 |
SB 0.883* 0.875% 0.885* 0.849* 0.842* 0.845*
STUD 0.879% 0.883* 0.800* 0.837* 0.842% 0.841%
HYB 0.941  0.925% 0.923* 0.802* 0.810% 0.818*
BACK C0.704%  0.766%  0.797*  0.694* 0.751* 0.776*
BC 0.781% 0.830* 0.837* 0.748* 0.791* 0.798*
ABC 0.806* 0.847* 0.861* 0.749* 0.784% 0.805*
(u=752,0=3). Cpe=0.889 ‘
SB ‘ 0.880% 0.873* 0.889* 0.852* 0.838% 0.847*
STUD 0.881% 0.874* 0.893* 0.851* 0.841* 0.847*
HYB 0.939  0.920% 0.921* 0.824* 0.801* 0.823*
BACK 0.728* 0.789* 0.809* 0.716* 0.775% 0.786*
BC 0.799* 0.837* 0.843* 0.757% 0.797% 0.800*
ABC 0.835% 0.859  0.875* 0.759* 0.773* 0.807*
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N

F2E vy 20 40 " 60

(1 =150,0 = 2) Cpr=1.667-

SB 1.338(0.456)  0.898(0.255)  0.720(0.190)
STUD 1.342(0.595)  0.983(0.410)  0.803(0.349)
HYB 1.257(0.412)  0.871(0.235)  0.705(0.180)
BACK 1.257(0.412) '0.871(0.235) 0.705(0.180) .
BC 1.075(0.350)  0.806(0.216)  0.680(0.179)
ABC 0.974(0 286) 0.760(0.187) .0.655(0.163)
(1 =52,0 =2) Cor=1.333

SB 1.097(0.390)  0.728(0.199)  0.589(0.153)
STUD 1.158(0.542)  0.805(0.327) 0.665(0.281)
HYB £ 1.034(0.353)  0.709(0.188)  0.578(0.142)
BACK 1.034(0.353)  0.709(0.188)  0.578(0.142)
BC 0.891(0.308)  0.657(0.175)  0.559(0.140)
ABC 0.801(0.256) * 0.621(0.154)  0.538(0.128)
(= 50,0 = 3) Cor=1.111

SB 0.891(0.309) 0.584(0.162) 0.487(0.133)
STUD 0.901(0.402) ' 0.631(0.261)  0.544(0.236)
HYB 0.836(0.275)  0.567(0.150)  0.476(0.123)
BACK 0.836(0.275)  0.567(0.150)  0.476(0.123)
BC 0.719(0.239)  0.528(0.144)  0.459(0.122)
ABC 0.650(0.195)  0.499(0.126)  0.442(0.111)
(p=2>52,0=23) ‘ Cpr=0.889

SB 0.749(0.263)  0.505(0.135)  0.405(0.098)
STUD 0.826(0.399)  0.578(0.239)  0.464(0.187)
HYB 0.707(0.240)  0.492(0.126)  0.398(0.094)
BACK 0.707(0.240)  0.492(0.126)  0.398(0.094)
BC 0.610(0.216)  0.459(0.119)  0.386(0.094)
ABC 0. 543(0 182) 0.431(0.105)  0.371(0.087)
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Better Nonparametric Bootstrap Confidence Intervals

for Capability Index Cy *
Joong-Jae Cho? Ju-Sung Kim ? Byoung-Sun Park®

ABSTRACT

Process capability index Cp; is used to determine whether a production process is
capable of producing items within a specified tolerance. If a process is clearly nonnormal,
there is some questions as to whether any process index is valid or should even be calcu-
lated. Unfortunately, nonnormal processess do exist and may frequently go undetected.

However, bootstrap method could be studied for statistical inference.

In this paper, we study bootstrap inference for our process capability index Cp.. Having
studied boostrapping process capability index Cpi, we construct six bootstrap confidence
intervals and compare their performances for our index Cp. That is, we examine better
nonparametric bootstrap confidence intervals for process capability index Cp; under some

nonnormal distributions.
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