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Permission to use, copy, modify, and distribute this software and its documentation for
any purpose and without fee is hereby granted, provided that the above copyright
notice appear in all copies and that both that copyright notice and this permission
notice appear in supporting documentation.

NEIL HODGSON DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE, INCLUDING
ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO EVENT SHALL NEIL
HODGSON BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Telerik RadControls: Copyright © 2002-2012, Telerik. Usage of the included Telerik
RadControls outside of JMP is not permitted.

ZLIB Compression Library - Copyright © 1995-2005, Jean-Loup Gailly and Mark Adler.
Made with Natural Earth. Free vector and raster map data @ naturalearthdata.com.
Packages - Copyright © 2009-2010, Stéphane Sudre (s.sudre.free.fr). All rights reserved.

Redistribution and use in source and binary forms, with or without modification, are
permitted provided that the following conditions are met:

Redistributions of source code must retain the above copyright notice, this list of
conditions and the following disclaimer.

Redistributions in binary form must reproduce the above copyright notice, this list of
conditions and the following disclaimer in the documentation and/or other materials
provided with the distribution.

Neither the name of the WhiteBox nor the names of its contributors may be used to
endorse or promote products derived from this software without specific prior written
permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS “AS IS” AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE
DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR
ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS



OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE,
EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

iODBC software - Copyright © 1995-2006, OpenLink Software Inc and Ke Jin
(www.iodbc.org). All rights reserved.

Redistribution and use in source and binary forms, with or without modification, are
permitted provided that the following conditions are met:

— Redistributions of source code must retain the above copyright notice, this list of
conditions and the following disclaimer.

— Redistributions in binary form must reproduce the above copyright notice, this list
of conditions and the following disclaimer in the documentation and/or other
materials provided with the distribution.

— Neither the name of OpenLink Software Inc. nor the names of its contributors may
be used to endorse or promote products derived from this software without specific
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THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS “AS IS” AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE
DISCLAIMED. IN NO EVENT SHALL OPENLINK OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT,
INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING,
BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF
THE POSSIBILITY OF SUCH DAMAGE.

bzip2, the associated library “libbzip2”, and all documentation, are Copyright ©
1996-2010, Julian R Seward. All rights reserved.

Redistribution and use in source and binary forms, with or without modification, are
permitted provided that the following conditions are met:

Redistributions of source code must retain the above copyright notice, this list of
conditions and the following disclaimer.

The origin of this software must not be misrepresented; you must not claim that you
wrote the original software. If you use this software in a product, an acknowledgment
in the product documentation would be appreciated but is not required.



Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

The name of the author may not be used to endorse or promote products derived from
this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR “AS IS” AND ANY EXPRESS OR IMPLIED
WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT
SHALL THE AUTHOR BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR
BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER
IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING
IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

R software is Copyright © 1999-2012, R Foundation for Statistical Computing.

MATLAB software is Copyright © 1984-2012, The MathWorks, Inc. Protected by U.S.
and international patents. See www.mathworks.com/patents. MATLAB and Simulink
are registered trademarks of The MathWorks, Inc. See www.mathworks.com/
trademarks for a list of additional trademarks. Other product or brand names may be
trademarks or registered trademarks of their respective holders.
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(PHDOER] AT a Y TEYTIIN—T OV EeLRR L, D7 )V—T b —FNFEENT T N—TN
ENhZHBTEEd,
6.8 Y7V —TMeLic7—2DEZEEEER (FIE3)

A= SEESEER
AFTRTOEHSDT2ER
90
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S0 WA

0 5 10 15 20
$Io-7

T2

& UCLIZa=0.051c B3V THEENTLET.

4 BEF—FDERADIR: ARG S
EEE 5% 20406080 JESSE H(2E BEEE plE(Prob>Chisq)

0.0020 77.438 h 77.438 194.981 20.000 <.0001*
0.0004 14112 |: @ 01.549 95.046 14.000 <.0001*
0.0002 6.543 08.002 57.140  9.000 <.0001*
0.0000 1.110 99.201  7.721  5.000 0.1723
0.0000  0.442 99.643  0.227  2.000 0.8925
0.0000  0.357 100.000  0.000  0.000

BB~ ML

EZ1 -1.74765 25.60209 11.26651 -2.00837 -141.425 234.5830

EE2 -1.04301 21.04343 4.33001 83.66331 225.8678 72.80281

EZ3 -2.05350 24.720090 1.72384 06.30263 -115.819 -195.706

EE4 -1.81865 30.15028 4.14980 -136.824 58.80822 -97.0216

Bl 17.11878 2.03343 49.34954 4.23294 6.82763 -19.3730

B2 13.94341 11.23070 -57.7762 2.53526 -4.00887 21.85602

EEEAY MLEBBEOESRTSNTUET.
b RF— S DERANNT: RABITHNS
A9)N—Tm
IOV BB BE BE2 B2 B4 Rl Re2

16 2 10.0000  9.9900 9.9900 14.9950 49.9250 60.0300
17 2 10.0000  9.9950 9.9900 14.9900 49.9150 60.0200
18 2 10.0000  9.9950 9.9900 14.9950 49.9300 60.0250
19 2 10.0000  9.9950 9.9900 14.9950 49.9100 59.9950
20 2 10.0000 10.0000 9.9900 14.9950 49.9000 59.9900
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Z{b RO DOFEHEFHE
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(Z#amomit] a< > R, Sullivan and Woodall (2000) IZEDWTWET, T OISR ENE,
Sullivan and Woodall (2000) 12D &DTT, &HD mHDF THN—2 g VDN TDRAFEL
Fix, ZlckvoEREINET,

I = fmlkllog[2n]fmllog[‘sl‘kjfmlkl
EORXT, 151 BRYAD my @OXTHFRX—2 3 YOESBATHNORLHEEMET, S OF V7

ky=Min[p,m;-1] EEHENTVET, TTT plEIFHIOITERLET,

ZhUCHI my=m - m BDA TP R—2 3 VIR 2HRIABLER [, m BT XTOATHFR—2 3 20
RIS [ e RLUFE T, TNEDORIEOLER, AEOXTHREENE T,

L+ L& my Ty T FIVECTOS EGE LT E XORETT, TOLER, ¥ 7 FHEVERELEEZD
KR Ly S NE T, [oW ] + L EKIEIC FE 256, TRIZEMNORECSHS LELSNET,

WEOCEHIC 2 2B 7 E DR RO TERENE T,

Irt[mq] = 1;+1,-1,
Irt[mq] = (my(p—ky) +my(p—ky))(1+log[2n])
+ mlog[|S|]—m,1 S —m,l S
mlogT|s|] -~ mylog] Sy, |~ mylos|[s,], |
SO A A 2 ' IRICHE. BHEE p(p +3)21ICHELLED F9, MELEHOENIREN

Lald. IEMEHNORECHS LEZAENET,

Lo GHOUEHIC 228 7220 2. I ab— 3 v FUEHEAD S RO THIRHETEH > T, Bl
KICHT 5 FIERRAN ISR S LI LR T, BHIRKOMFRIIRDESICHD X9,

- Irt[m,]
ywﬁ]"Euﬁpnﬂ]xUCL

TR L DI HEZ p(p+3)/2 THI - TABDE LU, ROELRICK DR E T,

my<p+1 Ot evimpm ] = a, +mb

p p

(m-my)<p+1 O¥ti evimpm ] = aer(mfml)bp

(m-2p-1)
(my—p)(m—p—mq)

TN oYiE evimpm] = 1+

LREDFRDYIFIE,

_0.08684(p —14.69)(p —2.036)
p (r-2)
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(EEg=N

_ 0.1228(p - 1.839)
p (r-2)

BB, p=27T. m=2F/Fmy=2055I1CE. evimpm]=13505L LET, TOIELXEF. p>12F
feldm< (2p +4) DEAITIGALN KB D A, TOXSHIHFAICIE, My I ab— a3 U &ET> T
RBLIEADENTLE S,

FE1 OEHKTIE. o TEHNTH S LHWT 2HERICHEDINT, LUEMRES (UCL) Zi%Ed % Dh

BHTY, o TEHNTH S LHIETT 2HEENMI0.05TH B L ED, mBIU ks 2iaElUCLIE, X
ATRHAEENE T,

b

UCL[m.p] = (3.338 — 2.115log[p] + 0.8819(log[p])* - 0.1382(log[p])°)

+ (0.6389 - 0.3518log[p] + 0.01784(log[p])>)log [m].
B, SN ORI XA A E N E T,

A B 21rt[m1]
y[ml] B p(p+ 3)(eV[m,P,m1]UCL[m’p])
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v 7 Ay 7 ODDMAIC F)iE (Define &£ - Measurem [l5€ ] - Analyze 73 #7] - Improve 2
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TV ERERLTLTEE Y, K752 TLIEEW,

6. [OKI 22Uy LZEd,

ISA S e



AEY AT LD
BEY R T LAOA

7.2 MSADHHEAL R— b

AES AT LS
A=FEE

YT

220,

210 II,KI

200
190 |
180

UCL=183.82
19 = 175.80

170
160
150
140

:

\—|LCL=167.78

123 451234512345

A

A~ EEEE

i

o
a0

16—,

B
AEE /AR

C

14

UCL=13.94

12
10
8-
6-

f//

4 \\‘/,’

2]
0|

LCL=0.00

123 4512345

A

B
AEE /AR

«3 «4 .5

HEMTE = 4.27

EBITE
mBEETR

DESER] i, THIEZ & TG oflAabe T eic, MEMOEENERENE T, T OHITIE.
% { OERHDELGH, BEHEFAMZ>TVET, Thid, HIEY AT LICE > T, EEHROENZ R
TETVWBTLEEEKRLTED, LELWEETY,

TROPHIK ) 1CiE. THIEE ) & TES OfAEbET LI, HEMDIESDENERENET, TOHIT
I, IRTORESDEIF, HHEANICEZ>TVWET, 2T TR, BOBRLEEDELDENEFELWV T L
ERBLTVWET, ThiE, IXTOMEEDECAETHETNE, WMEEHFRLES RS5O
BT EEBRLTVWS D, X LWLHERTT,

e LM OB DL EHIERZ
7. TAGES AT L] OFRO=ARE 270y 7L, TTETHR) 28 R0 E T,

TREL XD,



BITE AESRT LSO 141
mBEETRE AESY AT LAOA

7.3 AEE & BRDOTFTHER

ARTIEE
APEE
220
2104 EE
200 ‘F
190
180
170
160
150
140

T

CEATIEX) i, REBmOHEMO TN, WEETLic, BERT7oy hEhEd, ToOfITE, i
NEUTIZIFTATT, FHCRELSRZEL TV R R A, HIEE LMRHOMICKEFRREVWESTZAET,

e b I REEAND ZHEIE, ERGRMEMNMAET ZAEEEDNDH D oA 5HENBETT,

RIS T 972, TEMP/#r) LR— M 2R L £ 9,
8. TEI AT LGl OFRC=MRE 220w 7 L, TEMPS] ZEIRLET,



142 AEY AT LD BTE
AIEY AT LA mBEETR

X 7.4 TEMPH#71 LKR—k

4 EMP&HT
EMP4HR =R H|
BOELSE 3.7812 TJILRERE
BHEE 13.329 DILPSREDEE CERESNCEEE
NERE 2.5504 1EIDEAIECHITBREDTRE

RPIEEE (S P ARER) 0.9745 /I PRABEERELERED. BRICEBEEDIEDEE
MAMEE (VA 7RED) 09437 S A TABREZELEED. SBRICEBIESO=DEE

IATFADEE 0.0308 /P AZEA(CL > TR T HRIEEDE
AT R
RR( A FRED) E1iR

FIREIEE(J - 7 ABRER) Bk

THERROERSAOVT

&R {RPAtER IENSOESORRE IL—IEFICEIRERER % L—IL1~AC LDRHEFERE X
214 0.80 - 1.00 11% L 0D/NMEWN 0.09- 1.00 1.00

5524% 0.50 - 0.80 11% - 29% 0.88 - 0.99 1.00

S53%% 0.20 - 0.50 29% - 55% 0.40 - 0.88 0.92 - 1.00
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Gauge R&R 7JHTTIE, TN 5 DB TREE & BRI HENTLR-FENET,

% 8.1 Gauge R&R DT CHDIEEMDEE

b2y (%11 bl BFR Bl

M2V 255) HATREE EV AR A BN
[FARL—Z+F XL —Z*Eh 1 & 5 25) TR AV A I & B2 H)
MARL—2*ffih 1< K328 SZEAEH] v REAEHIC & 5258)
TV N+ARL—Z+ A XL — 2 IC & 248  Gauge R&R RR EIC K B 4)
MR 1S K B 258 i k548 PV ARARIC & 2 258)

M VHN+ARL =2+ AR —Z* R+ I Bat&H) v EREAL

X BZH)

R Tl IERIOSSAIC DN TEIFEIA 5N T LE - MBI HIRITE £ 9H, ZHERTE, THE
TSI 35 B A S L— &, G, BEEHRIT B TR ET,

[Gauge RR] # 73>
[Gauge RR] # 7'+ 3 Y TERENBIREL, ARL—& LMRICHT 55— VRHAEICHT 2 LD TT,

[Gauge RR] A 7> a v EERT L, ETNVERA TEERTS7120DY «  RUNKRENET (2o«
YR TERLUTWIRWES), ZOXIC, Gauge R&RDIIHEZEEL T,

Gauge R&R D111k %E A1/ FEER
[Gauge R&R DftbkZ AT /TR V4 ¥ FUIKERDA T a b b £,
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mBEETRE ISHEEATy—Y1 75v b T7+—LDA T3>
HREHEROANSZE AR ANTEZROP N SERLUET,

(FFREEE] Z2ERT 5L, FAMHZERANTEET GErEHP =USL - LSL),

[LSL/USL] %R % &, (AR Z AN TE X T, ZOMED SHAHENHBNICHREEINE T,
K, VI KiZld, I7RICHIGDERZERZRELE T, X, 6] ZANTHE, ¥ T<D6
i Y IAVIRIR LWnsTLIEbET,

EV M IKDT T AV MaZEET BTG, [T7A0IV] > BRIERE] > [T5Y bT+—L] > [EEHHER]
ZERLE T,

SFAEEE, USL-LSL  TREDFFAHPH (LAEARIRSE & FHMERRIRR D) Z AL ET,

AHRIRSR  _EAUERRRRSY & THMERIRS 2 A L &9
BEFYy FAEEDOASITHEL LT [LSL/USL] Z@EA T, FHOHRRRSIZT Z2HaE Licha, RET

b N, TUSL - @) 723 TERETY - LSLY I & » TIFARIHARE S NE T, Ak, il
DRI IE I 23 U, TEIET) Z AN Lo iehaid, R TFEntiiEsngd,

BEo RE5DOFDM (BERLEEDHFICHDIE) ZANLET,
lGauge R&RJ LK—F

8.7 TGauge R&RJ L R— ~DfF|

4 Gauge R&R
ER FE) (6 EEEE) FEE6*sqri{FH8) THE
FHTRE (EV) 0.3860052 REICLIEE  V(LILA)
BREE (AV) 0.4568005 $IEBICLDEE V(ARL—F) + V(ARL—5*H0aE#)
ARL—& 0.0888194 V(FARL—%) 5t27% lGauge R&RJ L7RK—
AR —ZrERE 0.4480823 V(ARL—2*ER#)
Gauge R&R (RR) 0.5080524 BIECLZZEE V(LA + V(ARL—F) + V(ARL—F*HE#)
BRCLIEE (PV) 1.0425920 BIRICLBEE  V(EIR#)
BEEE (V) 1.2019429 B ZEE V(LA + V(AL —F) + V(AL —Z 5R#) + V(ER#)
6k
49.7571 % Gauge R&R = 100*(RR/TV)
0.57362 BREE(PV) - BEREE(RR) DL
2 ERBHFIVUGE = 141(PV/RR)
BRICEESNIER:S. SR0FEUTERENTVET.
4 Gauge R&R
HE FE) (6 ZEEE) FEE6*sqri{FH8) TEHE
AnL—FERE (IV) 04480823 XE/FRICLZEE V(ARL—FHR+)
TR (EV) 0.3860052 BEICLIER V(TziLA) P o
=REE (av) 0.4568005 % V(ARL—F) V(A SL— 5 882 EIBRkR D Gauge R&RJ L R— b
Gauge R&R (RR) 0.5980524 V(LA + V(AR — &)+ V(AL —2*ER#)
HRIcLIEE (V) 1.0425929 f V(EIR#)
BEEE (v) 1.2019429 S ZEE V(I + V(AL —&)+ V(AL —F 5B+ )+ V(HIR+)
6k

49.7571 % Gauge R&R = 100*(RR/TV)
0.57362 BREE(PV)EBEREE(RR) DL
2 B3 HTIUGE = 1.41(PV/RR)
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tRERS—Y) 75v b 7+—LDF T3> mBE LT
7 D Gauge R&R MG L R— F 24T 2. [T7010] > RIERE] > [T5v bT7+—L] > [EFH
&) > [Gauge RRESEEL R— ] ZEIRL £9°,

CORITIE, TZ£E ) FIOMEER, 28D OMODTITHIC kDE (ZOFITIE6) ZH#iFTzt DT,

£821F, MEDFESDETDOREEZRIIEETHS % Gage R&RJ 1DV T, Barrentine (1991) A2

RLTVRREZZLHTVET,

&8.2 RIFANB T LD TESZ/N—t > MAEEE)

~10% B
11% ~20% Y]
21% ~30% FHEVTRIIANSNS
30% ~ ZIFTANB LIFTERD

ARG ERIRET D L. RDOK S BRI ENE T,

o [Gauge R&R DIELRZ A/ HERE) 7« F U T [BFRER] 2H5E L5 E1E, [Gauge R&R] LR—
MZ TEFREREICHT S %) FINERINET, TOFIOMIE, 100*(ZH) /FraHH) £ 05 X TREE
NE9d, Fro LR—FONEHIC TBELHFREEADLL) tRRENKT, O, WEDLHN, FF
A (EARRADHBE) ICBNTENILVHD TV EINERLET,

* [Gauge R&RDfthkZ AJ1/HERR) ¥+« > RV T [BE o] ZisE Lichitid, [Gauge R&R| LR—
M TIRE (%)) SIMERENE T, COFDfE. 100*( 28 /(K EIE o) LW A THEETNE T,

o [R5 3V DH ] (NDC; Number of distinct categories) (&, (1.41*(PV/RR)) &5 TRz
B0 FF 8 DT,

HIBEE
AL, B ZREDPREEDOBF DTz DITH N E 5 2N E D Lz DT —ic. HRI» 24
DL ZE, TOWETIEROLFHZMAITEY, WELRZRET ZLENHZEFAET, HN4
FOREVGA, FETELVERBOLHDEICRHENS T, EHETRZEET 572DICZTORED X
TLERWE LN TES ERBENET,

FEICDWTIE, TR OREHRER T (180 X—2) ZZL T EE W,

WEBRAIC KD, BRIBWITES LI N, RREMDVES E TIN50 9, Tzl
LVVET, BOER] AT Va BN L, ETNVEATZERT B0 ¢ 2 B & AR Z
AT B7DDT 4V FUNERRENET (WTNBIEEL TWEWVIEE),
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mELTHE H2ERT—Y1 7Y b I7+—LDA T3>

X 8.8 MR7IER] LR— ~Df

EEYY

ELG] 274
BUVEIRT. BoTEHESN3EE 0.0802
EVEIRT. BoTEESN3EE 0.2787
HRHRC D OBENENBIEE  0.0735
HBROAEL HOSEN3EE  0.0235
RN R EE 0.9157

RD 7 ZHICENTLIZE W,

o 1F/KHE2HHDOMIISKMTEHER T,

o 3HFHLABHOMEIIFEEHERTT,

o S5HEHOMIZEUMERTT,

o SEFEMNS 4 DOMHIZIRD OERT, HETHELBIEEDENNEL KB L, COMREL/NELIADET,

NATALKR—F

INATALKR—= ] ZEIRT B L. [RARDHENAT X] & TEECTEDRENAT A DT I TELUH
RERDERENT T, XEBOBRIKEICEB T 23107 A (BfE & FEHEHOR) OTEDTREINE T, /N
7 AT BHRELITDNE T,

INATRALKR=F] AT a3, &BEY > R T [BE] ZEEHEELGEICOMERTEET,
FHENA T A LR=FDHROV=ZARE 2T )y 7855, RDA TV a VIRAZ a—IlKRENET,

fEREXR SO NA 7 AT U TEEKEZRIR L, RES EDflE 17 X Fay b kicy—
7 #FRLET,

RAERET ST INTOIN—TLEEZ T D THRUIWERAET F T & JIV—T28T Lifidnion
ETTTIMERENE T,

EfRE

[(EfRME] 47> 9 i3, BEEERE X NAT7 A2 YABEe UTHERL, BRTZTVwES, D5
FrCid, BREDT A RENAT AL DRFENRNSNE T, HED0ICHFL 75 ONHENTI, HEN0
ERRICHRS5E, MRMOTA X (RI3HEL LTIES NS EE) LIE/ 17 ADMI A =& BIGRD
HBLHMTEET,

(B A 7> aid, BEEY ¢ 2 FUT [BE] ZH2IEELLERICORERTE X,
LR — MTEROEFRPERENE T,

o FMEZ L DINA T ADEIIRE R

o THMOEED0TH B W ZHEDTEIIT .



174 HEEBS—YFv—+F E8E
ZEER D Z DDA mEETRE
o fHE (EHM) U ON T R) BREDERDIST A—=%, Y OoEik, HEOMET MAZH0T
551 LV EME NG o T2 EDOBREHTT,
o [EIFRIIZ. VI TDOFICEREINET,
MERM) LR—bFDROEAREZVE T Y 7T, RDOA T a VA= a—ICERENET,
BEKEDERE A7 ADEEXMTHHAL TV a/kKiEEEHETEET,
GIV—FLDERE &EHY Y RUT X, FIV—7FH] I8 LEERO/KED L, ARoBELRE
7oy EERLET,
ZENER D Z DD Fl
T, ZHMEXROHIZE SICHNTLE S,
FEDEEDIRE DB

COBITIE, MEOWEMEZLR LT =220 LET, 3%DA XL —% (Cindy. George. Tom) 7
10 DRI DOV TENRETNEL £ Uiz, SENSIRmZ ZNEN3EIFME L 7272, AFt 90 HFOMIE M
MEMEINTOET, UTFOMERALET,

o JEMEDIZEDEN, ARL—RTLICHEEZNESH

o JEMEDIXSDEMN, Fm LICHRRZNES D

o JEMEDIEEDEMN, ARL—X LIPROMBEDLE T LICHREZNES

TRTDT)N—T"T, MEDESDENFR L THSDONEENTT,

1. [Variability Data] 7 # )L XIC A > TW5 [2 Factors Crossed.jmpl > IV F—& 7 —T7 )V eflE £ 9,
2. [th] > [RELIRE] > FrE2M@E/HBES—IFv— ] ZEIRLET,

3. TRAIEME) Z8RU. [Y, ISEES] 27V v I LET,

4, TARL—2) Z#RL, X, FIW—TEH] 22V v 7 LET,

5. TEB&#1 7ZiERL. [B&, B\ARID] 20V vy s LEd,

6. Fv—rOEE = [GHEME IcRELET,

7. [OKl Z2Uw o7 LET,

8. KVEMRRZYDAZ2—05 [FENBEORE] ZHIRLE T,

9. [RZE] ZERLE T,

10. [OK] Z2Uw o LET,



8% HE@BY—UFr—F 175
RUETR ZHRDZ D)
8.9 MEHMEDRES LK~ t

4 E it oiRE
A= ANRL—H DEISE

0.10 '[‘
0.09 UDL=0.0922

0.08

0.07

19 = 0.0643
0.06

A=

0.05
0.04
0.03 LDL=0.031

0.02
Cindy George Tom

Aril—%F
a=10.05

A~ EhERe DY EUSTE
0.16

0.14 UDL=0.1396

0.12
0.10
0.08

0.06 l 1 1 1

0.04

. l I S TEFTEI=D.0643

HEAR =

0.02
0.00 LDL=0
-0.02

a=0.05

A= AL —F* R m# DI EURGE

A=

UDL=0.2154
0.20
0.15
0.10 ‘ ] [ ‘
11 . I 19 = 0.0642

0

;WT‘H_“H_[H R

1(2/3|4/5(6|7(8|9|10/1(2|3|4|5|6|7|8|9(10/1|2|3(4(5|6|78|9|10|z55:

=]
o

LDL=0

Cindy George Tom Frel—a

FriL—So R+
a=0.05
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SEMERT—-YFr—t $8E
ZHMERDZ DOF mBEETR

FEIVIal—va Uy RHENTVSSD, TOXT Vg BT % CICRERADE T RO £9,

[ARL—ZOoHERE] Tld, 3 DDKEEGTNTH EHPGERM X 72 T etz A T\WEd, 0
TS, BEARXL—RICETZEEDEE, RAROTPHNZESDELALE>TVS MM TEET, TD
IHFEREZIT T, %58, ARL—ZMTRESDENRESTeDON EEZ ZENHZTLE I,

FERah # DOHIRE ) & [ XL—Z*#ih# O ) TlE, EOKELRERAZBA TWELA, L
Mo T, ZNTNON . THOTHEEFREMAEREEZI RV EMmOIbNET, F572RTE, TNnb
DI N—=T ORIz LS HTREZICE>TVET,

[INATALEKR—=F] #7232 0f)

X COHITHWS 7T —4%iE, Automotive Industry Action Group (AIAG) (2002), Measurement
Systems Analysis Reference Manual (3rd edition, 94) 55| L7z & DT,

THOBRMEELE LT, HILOIES AT L2 TRICEAT S T 2R L TR E LEL & 5. BOEN&RR
7mt X (PPAP: Production Part Approval Process) O—Ei& LT, HIEL XAT LD/NA T X L IEHRME
ZAHEY 20 END D F9, WES AT LMEDNS TN D, EEOBFOEX S DEIHE > TS 5 DD
M2 L& Uit £9 BEMZRDZI2DIC, FMlmE T HFRETHELE L, LT, EEAR
L—& W &mz 12[EHE LE Uiz, &6, faid, WEd220HICEESICHENE Lz, TORIT
& BERORE AT R LAl 42 ORENA 7 A GEHEET L DRIENA T ) ZBEtLET,

[Variability Data] 7 # LV ZIC A> TW3 [MSALinearity.jmpl ¥ > IV TF—27—T )V EHEET,
(9] > [REETIR] > HEE/FRES—IFvr— b ZBERLET,

Mo&s 28R, Y, IDEEH] 270y 7 LET,

FE#) ZERNL, [BE] 27y LEd,

FEBGRy 2B, X, FIV—TEHK] 27V v o LEd,

MFv— FDEE = [FTEfE] IcRELET,

[OK] 2271w 7 L&Ed,

HROZARZYDRAZ 2 =5 [F=I51] > UNAT7ALKR—F] Z8RLET,

® N o @k L o=



B8E
mBEETRE

X 8.10 NAIE/NA 77 R] LR—+b

A= AEINA PR
A2FEDAGE) A PR
j FEHJAFA -0.0533
1 Egns 0.0308
tE -1.7290
piE(Prob>[t])  0.0894
05— THI95% -0.1152
X _EHiles% 0.0085
N —|
T 0 |
0.5 |
-1 j
0 5 10 15
B
AEET SORAEIAFA
BE J/7X EER=
1.0 3 2.0000 0.49167 0.035799
4.0000 0.12500 0.129173
: 6.0000 0.02500 0.056575
0.5 = . B.0000 -0.20167 0.028758
X . . 10.0000 -0.61667 0.042343
A ¥
T 00 . T
= - -
- - -
- LY
- -
-0.5 . .
-
-
-
-
-1.0
2 [ 4 [ 6 [ 8 |10
=2

HE
13.734
0.968
0.442

-10.142
-14.564

HEMERS—UF v — b
ZEEEDZ DB DF)

plE(Prob=|t])
<.0001*

177

BEES LINA T A (TREL- TRE)) PEHEEINET, T2EROBIENA7 A LR—haiE, N7 X
DEARNTSLE, YRS T AN THEH ESIDDLIRENERENET, TEEANAT A EFHB x5 E
U720 0TIE7%EL, 0.05331C%>TWVET, 72771, 95%ZIEXM (-0.1152, 0.0085)ictrahaEnsd
fesb, PEENRA TR ¥ DORICiE, AREKHES% THITNERZIIRONE S A, 2. plEH‘0.05
KO REVCTEDNSL, PTEENRAT A L0 EORICIZEEKEESY THREIHNAEEEMNE S NZWT WV

MO EI,

[FEHED L DHIENA T A I2iE, BEHOEINA T ANERENET, 7T 71, FEBmOFEEINAL T
ADMIZHEERDOINA 7 ZADfEE Ty hENTWEDT, JERODNbHD FET, TOFITIE, HnEs1 G
HEM2) @IS, R S4 &5 GEEES, 10) HEWIFHICNA 7T ADECTVWET,

BV AT ADEERMZRRT 2ICE, 27V vy 7 LT B > [TRI95%] & [l 95%] %

BHRUE,



178 HEERT—-JFr—F FE8E
ZHMERDZ DDA mBEETHE

BEIREDH
INNATFRALKR=M AT a Y eACTF—2ETF VA RMERL T, BAEZRX, RO 1 X4 XL —
ZDORERESIOMICEREBFREDH BN ES 2 HEL X,

[Variability Data] 7 # /L &ZICA> TW\% [MSALinearity.jmp] ¥ > 7NV TF—2 57— )V EHZET,

[4#r] > [REETRE] > HEME/HRES—JFv— M ZERLUET,

MSEL ZEIRL., Y, BEEH] 27V v LET,

TE®E) Z3IRL. [B#E] 27V v I LT,

MEReh) 2L, X, TIV—TE#H] =20V v I LET,

IFv— rOEE = [FEE] cRELET,

[OK] 27V w7 L%,

HOEZHRZ Y DAZ 2 =05 [F—I9R] > [ERYE] Z#RLET,

[TRAZE (KB o) ZfeE] V1 Y FUNKRENSDT, 116.5368] L ANLET,

O ® N 9ok » N

8.11 EixM

4~ EiiE
HE HEE 7R TREERR LAEERES
1.0 . 2.0000 2.49167 0.49167 0.36612 0.58055
4.0000 4.12500 0.12500 0.13419 0.28581
S 6.0000 6.02500 0.02500  -0.11524 0.00857
0517 . 8.0000 7.70833 -0.20167  -0.30248  -0.24085
N ey, 10.0000 0.38333 -0.61667  -0.68722  -0.47278
Bl R
x IR0
x O R &5 BEE AR WS Fi#
° g% 0 1 8321333 832133 145.0232
G 2 = 58 3.328000 0.05738 piE(Prob>F)
| 2R(EEEH) 59 11.649333 <.0001*
.
A s wEE EgNE tiE piE(Prob>|t])
2 4 6 8 10 Tl 073667 0.072524  10.158 <.0001*
o #EZ -0.13167 0.010033 -12.043 <.0001*
JUATA = 0.7366667 - 0.1316667 Hi _ Sl
ERIE -2.177 5= * TEEE
ERIE(%) 13.167 100 * abs(#FZ)

FEATFA -0.053 £RROFE)AFR
ITA TR (%) 0.323 100 * abs(F13) (7)) | TEEZE

TEZE 16.537 1 PO S TAR
R2E 0.714
FILIF 0.050

ROFITTEA LT ZEW,

o fHEIF-0.131667 TY, TOfflE. VI TDTICERENTVEEFAE, 3FEHOXRNLHMB I EHT
XTI,
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mBEETRE ZENERIOFETHEFHE

I B tRED pEE MR D /NE L E>TVERT (p<0.000D), TOMIEE, /NA 7 AMNEHE[E L &
BICE LT B E S EFELE T,

pEAD/NE Wz, DY A X, XL —ZDHPENA T X e OMICIEEZEMRBERND S LimTE
£, COMRIZTS T TEHRTEE T, M/ NI WV EEOITHNSHIE A 7 ANE T, Wi, JEAEE
DRENEEDHAICANAL T ADE L TVET,

RENERIOFE R

T TR, R &L ORRHNRERIC DWW TR L 9

R OFEETRIEEM

BT 2 ETIVORHIE, T—XOIEFEC L > THRED £, LA, AR —2WE Cimzille L
TWVWBHEREET IV, BEZEMZHEL TOE5ERRIPNET VZERLES, BAFIE LT, B
MADSEIPNL TS EEIE, ROK ST, naxnbxnw BOREMDH S T LITHD £,

o ZEZHE A DKAED nafi
o ADFKEIZ nb 3 Db 2EENR B D/KEMN naxnb i
o AND BDFIKEIZ nw i $ D % ZEmNRD naxnbxnw

yijk = ”+Z’1i+Zbij+Zwijk

Zi3, SEEOZEMRERLE T, EOZE, TOMOZEMR LMD Z W, FHINEnOZEIHR L
REENTVERT, TOREDE ETIE, ISEYDREUE. & ZWRITDITHOMNE L TROSNET,

Var(yijk) = Var(Zai)+Var(Zbi].)+Var(Zwi].k)
£83WF. HHTEZET VL, BETIWVHNORRZE LDIEDTT,

=83 ZFUK, /o b I7+—LTHERTEDETIV

ETIV EFHK ETIVADHE
ESVES 1 A
2 A. B

JHEIRR HFEICEDE T TR



180 HEMEAS—UFv—t
B RO R

E8E
mBEETR

®8.3 [EFMMK To5v b T+ —LTHERATEZET IV HEE)

EFIL EFE
555 1

2

3

4

JHETHI R
Keorin 1

4

3

4

JHETHI] R
L. Bohn 3
B, 257% 3

HIB LE DREHRIFHE

ETIVADMR
A

A, B. A*B
A. B. A*B. C. A*C. B*C. A*B*C

A, B. A*B. C. A*C, B*C. A*B*C. D. A*D. B*D. A*B*D.
C*D. A*C*D. B*C*D. A*B*C*D.

W40 &b T LU FIREE

A

A. B(A)

A. B(A). C(A,B)

A. B(A). C(A,B). D(AB,C)
I TH0C &b T LU FIRE
A. B. A*B. C(AB)

A. B(A), C. A*C, C*B(A)

kb & &, WEHEOEF T EE . AIERAD DT BICH L L7ZET Y, B, Bohn Lzt Dt F,
IRTOEFRICH UTREENE I, Hhltk (D) & ROXTEHHRINE T,

“5)
= — |+
D= [zop)

P =529 2 TRODE (DOHEED
T =&atori (OHEE
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HEER S — D F v — b
AT IV AIVAET — 2 O—H

SHEUER 7 — 2 F v — M& AT TV AVIEEMZ N L, #I0E Fo & XIHEE) o—Btzlo £
T, FHMET—2 L id, DR THBLEEMN AT TV ZRTREMTH S L DOZIBLET, MRERHI,
2DDFERUDENT =& (G REKELE) TI, HIEHIC XM AEEDEMIE, PIEH MO —BK,
F—HIEE ORI ERDO—BRE L 2N LN TEET,

eV b CoETE, AT —YF vy — PRI ZRVET, FEEAT—IF v — FOFHIC DOV T,
[EHEfEH7—YF v —F] (159 RX—=2) OEZBMLTLZE W,

X9 HEERT —VF v — Dl

A= FEERY —3
4t ERs —SFr—bk

—HerE(%)

40

20

1(2(3(4|5|6 7 (8|9 (10/11|12|13|14|15/16(17|18|19|20|21 |22|23 24|25 |26 |27 (28 (29|30 |31 (32 (33 (34|35 |36 37 (38 |39 |40 41 |42 |43 |44 45|46 |47 |48 |49 |50
Al
100

95

90 %*_%“%%%
g 85
=
% 80
75
70
65
A B c
uEE
—HEEMHUEERO—EE
b —BrELR—
b —HriEDLES
b HEERO—HE

P AFIURMo—HE
b EHELR— -



BR

U 7 = F v — R O 183
BT — DT v — RO L 183
TRHEAE / AU — P F v — b v R T —LORE ... 185
TFHEBUIEI S =20 OF v — R E LR b 186

R L R N 187

B LR b 188
TRHBUEITI S =) Ty B T =L Dd gy 190
BT 7 — DT v — R OB IR . 191

=BELR— b1 OBGEHEER . . 192
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mBEETRE

SEMERT —YF v — b 183
FHBRYT —YF v — b OBIE

SHEERT —VF v — FOBIE

HER 7 —F v — N 2T B RS. RDHA BT A Ve, T— 2 DA BA THBBENDH D £7,

o HEHEMO—HREZHIERT 2. T—2T—TNIBWT, HEE LI 1HTOMRZRFEL THL
RENHDET, TNEOHC, BHE)Y 2 RUT LY, BEEH] ORHIZEH LY THI, K92 T,
HiEE (A, B, O i, B T3MTHIMMEENTVET,

o RINLHFT 2I0EIE. X (B ARG, Bl (01D OVINTELTVEEA, X9.2 T,
HEZEDIGEIBE (AHOHER 0. FAEROLERD TRESNTOVET, IWBFIOT—2 21 7iE

IRTCEILTH B ENRETT,

o X, JIb—TEH] L LTHALLWZOMOZEEZ, ZhZN1DDIICANTHEEET (K920 [#
i) F 2B, DEME] Sl ER L, SHEEZHELIRUIELR—F2ERT 2T L6 TEET, M

HY| L BB DT —2 2 A TERCTH20ENHD F7,
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