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Abstract

This paper is a brief review of the different procedures that are available for
fitting theoretical distributions to data. The use of each technique is illustrated by
reference to a distribution system which including the Pearson, Johnson and Burr
functions. These functions can be used to calculate percent out of specification.

Therefore, in this paper a new method for estimating a measure of process
capability for Gamma distributed variable data proposed using the percentage
nonconforming. Process capability indices combines with the percentage
nonconforming information can be used to evaluate more accurately process
capability.
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B A EFAY 3 FASEAFE Pearson System® 79 Clements(1989)¢] <] sj
TetEQen, ¥ Pearn?t Kotz(1994-1995)9] <dte <E-FEHolgt}.  Pearson
system® W¢te 2 JietE Johnson system® A%+ Farnum(1996-1997) s A
AHAAJTH FHZol Lovelace(1994)0 &8t HlE5 & zte 4 dd d5H
Ag Cp 7t WEEAZL, 2F Wright(1995)e] 98] C,7F ME=Act dwrgd o=
HA7 A s =98 A FLERSE YFo B 4 ok

A HAe 59X X9 237 5HI NAFEEE & o AFEHR 3R F3

F

ZFo] HAL ZFASlE Aotk

T WA= BT AAsA e ANEE FAHAFTEHAFY ALS 1Ed L,
HA A #g FrE S AAIsE Aotk a8y McCoy(1991)E A FE X1
EXo E¥Xo AEgs FAHXNE F w7z ot I}

2 dFdAe FHol ZAvEEE v vlATITAEA did FAHAFTHY HIE
Pearson system, Gamma #¥¢ ¥¢}4$2ZA 2 BurE X9 371K EXE Al&sld
TAE dolue EFEY SEE A=A HAT TR FAFH g 2o
e JAEAA S WE £ e AR FATEY 28 AAsuA g

21 Mg ats e HAT 389 IHTHAT Cypy

Lovelace(1994)= Hl & #& Ze IA i@ 3ASHAFE ¢&%749 CA
FQ Cpo AT FHLE MAHARE Cp2 B3t 4 Cp AFe AT
A A AEDS 2ol FoHTt

it
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Cwe A7) A%E W% ATFEAA 5229 2ol vhehict

(2.2)

22 Y=o N33 FHFTEAF C

Wright(1995)= 797 3% 22 34 2As7] 412 dxo Uz Az
A CE MLsgdn. 2k 59 252 3% FAHE py=FE (X—p)’2
AHgEte] 4(23)% 2L FASY AS4E AJsd

C.= min(USL — ¢, p— LSL)
WAt (=D | /ol

— d— | p—T]|
W+ (u— D+ | uafol

(2.3)

A7NM  pyE MAAFE AR Askel £2el Q& GE B} FI8 w7t
HES o2 e, AUge 29 MuPe AP B A5 24 AN
A, 283 C 2 F& o= UrE A% go] Wk,

= dlo= | (p=D)o|
c 3V1+ | (u—D/o| 2+ | B2 (2.4)

ANN VB = p3/0’e =9 ABH FF5Y Fxoluh

2.3 Pearson A|2dlof 2% FAFTHAF
C,AFEE A7 98- Clementse 6 othd U,— L, Asd 2)(25)%
Zo] el

USL — LSL

G="U—-L,

71 U,e 99.865 AELFolx, L,= 0135 MEASFS A e eldr)
o] & FAHHE A% (Sk) ¥ IE (K)o EAF] FolxXe= A$ Gruska et
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al(1989)e] o3 AAE Fol A FaHATH
NEHANA U, — L& Adte o224 2= 240 C, =19 Ho| A7E¥S
RS WEFow BE +308 Holw FBL 027%eHe Aol
debd C,E A26)F B BeiFz ey & g

USL—LSL
26
X 0.99865 — X 0.00135 26

C,=

AN X goses S Xoonzss 242 U, L, & Jebdth
Cpn® TYT HZoZ USL —p diale] USL — M, 2, p—LSLAjAle M,—
LSLE WASHY, 3o 244 U,— M, M,— L,2 5] 4277 2}

.1 USL—- M, M,—LSL
Cy, = min UM, ' M.—L,

- mln( Cpu’ Cp]) (27)

phAe] WYt Mg Aste olfe WUt MAFEEY 4L & EAN

o]},
Ze oz Aead 428~A21NT 2ol ¥,

SL—LSL
Com = —LS 28)
6 (Fe5=) + (M=
* i L— T T—LSL
Com = m‘[f}[‘st L SL] (2.9)
3\/(T) +(M,~D)?
USL— M,

Comt = min[3\/ ( Ua_BMe)Z_g. (Me_T)Z’

(2.10)

M,—LSL l

3 (MeLe)'s (w-
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USL— M,—| M,—Tl
3\FU_ e +(Me—T)2’
M.~LSL—| M.~ Tl
3\/ (———Me;L”)2+( Me—T)Zl

Cipsr = min

(2.11)

2.4 Johnson Al2®d| 9|3t FAFHAS
Johnson(1949)¢ <] &} Zﬂ]/\]% Johnson A€ HAFEELE EYs st
Pearson A|Z¥9] tiqt A A = AT '
Johnson F4E& F3% X]—’Fﬁﬂ Aboll A g3lA #H
ANx" B 3o ZdE AYUn 7] gio|g, = Johnson 42 Foi3 dHolH
A 7HF £& Johnson FA4-E AEsted] g +2E HoFa, FEQ HE
of Zlx% WHEGY ¢S AT F de Hilelx, ?—-l‘%_”-ﬂ&i 4dvt1 Farnum
(1996-1997)= A3 3t

Bl A& Johnson =41-& Pearson

lo ?)Y[j 10

E3 Johnson Ao 7HE @A 54 T shibe 2EH ﬁL—TT Aoz dgstd A
gae GEAMOIY ol2ld Johnson AZWE A(212)e WHAT (213~
(2.15)91 71 BEEHS zt=
Z= v+ 9K, (x, A, ¢ 1=1,2,3 (2.12)
Ki(x,A, &) =sin h‘l(—%‘i) (2.13)
— _X—&
Kz 2,6 =1In (l;—g) (2.15)

A1)~ QIDE 7, 7,4, e A8 BeAde] o8 ZREZ MBAD & o
i g, ye AARFOH, A, pE HEEFo|T}

2(213)2 Sy TR AHgdgLe A AAMe] HH, 4214 MTD (e,e+A)
o g3 AdEHE Sp IS vEdY AQ15E S (HFAF)FAE veElAY. S,
2AFeZN B A Z= r +pn(y—e) 2 Yebd 5 gk
2 FH9 Pearson T4 Zo] JEPORZ FAHHUAT, Slifkerst

_l
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Shapiro(1980)8] E¥ W29 5o] 7]2¢ Bl AHY @ F2 PP Fold Ho|
B 33l Johnson T4 EXZ FHE ZAASE 4 (216)% 2L Al 55 A
AEEES

@ % >1 @ Sy =2A

@ —’"5”2— <1 : S =A (2.16)

® SF=1:5 34

=

A7 m= X3~ X, N=X_,— X_3;, D= x,— x_, °|lt}. Slifker-Shapiro %
He AAg Zigg HAM FZEHT EEHE -3z, —z, 2, 32 FHFEY
P_y,P_.,P,P;, P_,, P, P3E Fto. Slifker-Shapirod] 98 FdH+=
& 0.5240]th.

a3 1 JohnsonF e tig FEAAE st 37kA] EEFHo| #3] <Table 1>
2ol z& xE YEHO ZEZTEES T ANE & F Uk

MRS A WE A THATY FAE A d do C AFE H2H%

< Table 1 > Johnson curve and equation for x in terms of z

Johnson curve type equation for x in terms of z note
1 Sy x=¢g—2a Sinh(r;;z Sinh(u)=%
x=c+ A
@ Ss I+ exp[ 12 ) _
x =6+Aexp(z—1) ) 2oy
. v = nln A\
T e %)

(2.17)
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AEx dsiME :
Ly=p—30, Uy,=p+307b A, JohnsonFdo) 23 v|@7&EEd g L,
U,<

<Table 1>14 @& 2= —3% @k z=302 AR ALLaT o
2 59 S,TH, Sp,THL ALY W, L,, U, & 247 4218 2 42199

L,= ¢ —Asink( 7+3)
7 (2.18)
U,= ¢ —Asink( r-;B)
-1
L,=c¢ +/1[1+exp( r+3 )]
| 7 (2.19)

3)]'1

Cu AT B9 dutste FAEAAA LSLH USLE Johnson® &g 53t
Z.3% Zy ez A H22003% Zo] verdn.

Uy,=¢ +/1[l+exp( r—

C »= min(— gL, g") (2.20)

3 HATEARTHY AMzE 5=

2ol e MATFEEN N FASHY ZEZ $AFE A4 Pearson] 29
g 24t o

£ o] &3 TAFTHYAFE e o] Wy AHL EHE
<ol ot mEkA AR oA R3] ALEHT e BEFEY AN BAAT
TR FAEHY A2 25 E AMA SR o)

B AF A= Pearson, oA 2 Burrd 374 X & AlE3le B FEo 3
=2 TAFTEE sz ).

3.1 Pearson system
Pearson system-2 2](3.1)¢] nlBHAAE BEZAIE y= Ax) 9 EEE|T}.
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ay __ (x—cp)y
= A
dx cit cpxtcyat 3.1)

Pearson systemol]A] A G HEL o|l&dA BFE AAEn JHFT ZA4Y
Bl MAe 715L AT}

flx) e a@ze g4e AA}E B ¢, ¢, ¢, < AB2A~2(359%
2ol g F5eM THATY

co= —us(py +3u5) /A

= —\ 1, B, (B, +3) /A (3.2)
ey = —py (g py — 343) 1A

= —uy (48,38 1A (3.3)
€z = € (34)
c3 = —uapy — 35 — 643) /A

= —(28, — 38, —6) /A (35)
o 7] A
A = 101 pq — 1815 — 12443
A =108, — 18 — 128,

VB, = p3/0® = Skewness = Sk

By = w4 /0" = Kurtosis = Ky
of FEE A6 23 WAL ol wet GFeA WY F AUk
it ey x+ c3x2 =0 (3.6)

21(36)¢] e Fahd 2 (37)0] @t
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N
_Cgi 62—4C1C3

x =
2C1

A(37)E ol gl ¥ FHE Aty Y3 r|EoE g Kge Az
K= C% /46'1 C3
A7l A(32)~A(35)% st e o] Ak

B (B, + 3)°
4028, —38,—6) (48, —3B1)

K=

o]7Zlo] PearsonHA 9 FE|E AAs= 7|Fo] Erh
<Fig 1> K gl 3]33= Pearson F49] Ao|g Fezte] #AAE B

i

— 0O 0 1 o0
K ‘ K<0 ‘ 0<K<1 ’ K>1 ‘
Type 1 4 ‘ 6 ’
3 Normal Ky=0 5
2 Ky ;<0
7 Ky>0

< Fig. 1 > The relationship between the different type Pearson curve and their
corresponding K-value

Pearson 4% 2 4# A FAE XA JelWH <Table 2>9 #t}.

< Table 2 > Well known Pearson Curve

Name Type
Beta 1
Uniform 2 (Ky=—-1.2)
Gamma, Chi-square 3
Normal 7 (c5=10¢3=0)
1 7
Exponetial 10




2 dFdME Gamma®Ee F9 WA EFES FAS e AE AFWINE
e,
(1) #Bo2XE X, s, Sg, Kyo EA%L 78
(2) Sk, Ky ZHE Kgs T3l EX &
(3) Sk, Ky FAZ (e H)S Pearson 49 HEstd ES5
A5t g2 Gruska et al.(1989)9) EolA 3o},
(4) #4& Yoy EFES 73k

3.2 Gamma X 9] Fo}l LA}

FTAHY FHAEAH AvIEYXE T v 1 FELTFSE 238 2o
f(x)='ﬂa—ll(a—)x”_le_xm , x>0 (3.8)
1M e FYEFo)L, fv HEREFo|T
ZutE e Fom F42 4399 (310022 e
u=afB (3.9
&= af (3.10)

gz AeHEX Y HE(Sp)S FE(Ky)E AG1D 2 AH312)2 e

Sk = 2/Va (3.11)
Ky=1.5(Sg)%+3 (3.12)
= 6/a+3

Aot Ee FARERSE HBIDSE e

F(x) = F%a) fox(x””/ﬁ")exp(—x/ﬁ)dx

=I(x/B,a), x>0 (3.13)
=1—P(a—1,%/8)
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B7h A% A4S, AulEEel TARERFE G102 Y F Ao
F(x)=I(x/8,a) =1—P(a—1,%/8) (314)

471X, P(a—1,%/8) € BT x/8A TotdExel o 2Ad= A+t a—1
olgtel #E& Yehdn.

3.3 Burr system
Hl°lE1 A&s HA}?‘S}E Zd%liﬂ AL AEFFE AHEST o] A% dolH

wE

e *7“1 i, rH —Er«l AEFFTES 78 & gl 823U FA7F 2AsA D
a8y FHEEEST AF 7R FUF U0 EFEL A FHE F U o
g HTL Burr(1942)9} Hatke(1949)o) 9l 43159 L nEHAdE 13%
o2H Al=HAT

—Zf =y(1—-yglxy) y=F(x) (3.15)

A7NM glx,y) © 0<y<19 #& FFol F(x)E F(—o )=, F(x) =1
Q H A ot}

2(3.15)= (3.16)F "W FAEA g(x,y) = (a+ bx+ cx*)”! ¥ wW Pearson
system®] BEFFE THAIZG

—% = y(m—x) g(x,y) (3.16)

glx,y) = gx)d q 43159 A&
F(x) = [1 + exp (—fg(x)a’x)]_1
O]ﬁ} Burrell 9ls] AAMsA 289 $71A A= sis 2(E17)3 2l olA e Burr

Fx)=1-0+x)"% =0
=0 x<0 (3.17)
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o 7|4 C, K¥ Gruska et al.(1989)¢] Burr system® 249 HolA Foljx AF¢
 FgEolt
Sl =dFE 2(318)F 7o
oy _ __Kcx!
F(x) = f(x) (42 )T (3.18)

21(318)9 & LHAA HEONA HE19% 22 FHHES AT

M= [ 1+ Hax < CK-1 (3.19)

FolA dlolE o tha] Burr systeme &3 = e o3 2o

=3

2 7% Sk, Ky #d s2(EE ZH)3E Burr system® 25 238 C,
K, 1, 0& 78t}

(e

(1) BBo2RH X, s, Sk, Ky FAZE +

(3) P, (x< %) & ANE7] HA3A otgfh4 g ol &N x & T

H
fr

x=0( %p—x) /s+u

ol W P,(x< x) = F(x;CK)
1) % & FI}e 8 P2 AN

P= F(xy; C,K)

S

x = [A—p 7 —1]""
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2 AT THo] HuEEE ¢ o E¥EY Az FASES Huisiyl Y
4] Montgomery et al. (1996-1997)¢] <Table 3> <&8A Pearson system,
Gamma #X9 XolF ZAL E Burr system® 37FA W] oa EHES =As)
712 ¥, <Table 3> @, B7F 27} 05,1 ola Hitz E4bo] Z+zt 059 Zwpi

28 st 548 a9y,

< Table 3 > Errors in C, When the Process is a Gamma Distribution

Co =067 | Cp=1.00 | C=1.33| Cp=1.67| Cp=2.00

(Normal) (Normal) (Normal) (Normal) (Normal)
p+ Ko 1.91 2.62 3.33 4.04 474
Predicted
Defective(Right | 50,390 PPM 22,040 PPM 9,878 PPM 4,498 PPM 2,071 PPM
Tall)
Predicted
Defective 22,750 PPM 1,350 PPM 32 PPM 0.29 PPM 0.001 PPM
(Normal)
Absolute Error 27,640 PPM 20,690 PPM 9,846 PPM 4,497 PPM 2,071 PPM
Relative Error 54.85 % 93.87 % 99.68 % 99.99 % 100 %
‘Equivalent’ Cor 0.55 0.67 0.78 0.87 0.96

4.1 Pearson system
Gamma %9 BEHFEL 248 A4z 1
(DEESAZLE 7=05, s=0.71, Sx=2.83, Ky =152 a3k
(2) Sk, KyEHH +% K 3ol K0 o2& Gamma ¥ ¥E 3t}
(3) Grusk et al(1989)9) HolAH Sp =283 Sg=2.9@C2%E S, = 2.83
o #g BIEoE AN Zge T & ok
@ X=Z s+X=2%" Z=1912¢ W, X=190, Z=3.92 4
=3.285, Z=6.614Y W X=5.19%0°t "B u+ Ko Hoju=
BLHEES Cu=0679 W 47,112PPM, C,=1.009 w 20206 PPM,
Cow=1.33% ®, 9,796 PPM, Cp=1.67% W 6,583 PPM, C,, = 2.00
o o), 3,414 PPM o2 1}ehyich
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4.2 Gamma ®X 9| ¥o}& A}
Aot BX O ¥ XA AB13)¢ A3 7 ghE <Table 4> FoA A

o a-dd g7 Ae] B AuEXe FHREESgFE AG14E UEhge A F
A7l WEel 23145 ol & AR X e ZAgE 73 A wHEXFFER T
gk & ¥l 33 Ho}. Montgomery et al. (1996-1997)= a, B, B, ¥Alo] 7tz 1
A HEEEAAN FHEEXFFE T EFES I W, Ch=0.67¢ W 49,787
PPM, Cp=1.009 ® 18,316 PPM, Cpo = 1.3 ) 6,700 PPM, C,, = 1.67
d o, 2,500 PPM, Cp=2.00%4 =, 900 PPM o2 YeR} wig ZAME Ans

HoEg, A7|deS A JdelE <Table 4> 2t}

i

< Table 4 > Comparison between Poission approximation and Gamma distribution

Cp =067 Cp =1.00 Cp =133 C, =167 Cpe =2.00
Gamma 49,787 18,316 6,738 2,479 912
distribution PPM PPM PPM PPM PPM
Poission 49,800 18,300 6,700 2,500 900
distribution PPM PPM PPM PPM PPM

4.3 Burr system
Burr system$& A &3l HAZHE
(1) ZEFAFE X=1, s=0.71, Sx=2.83, Ky=15°%
(2) Gruska et al.(1989)¢] Burr system? Z24¢o F2EE ZTHI Sp=2,
Ky=13%% 9% 2% C, K, 7z, o v 2.

C = 2.50080
K = 2.14834
%= 0.76034
o= 0.44288

(3) P(x<x)E AAEY] A
X9 = (7( 56\0_76)/3+#

2RE x =19192 o, x =1.639, x =262 9 W, x,=2.087,
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Xp =3.339 ®, x;=2.5256, X =4.049 W, x, =2.9685, %, =4.74%
®, x, = 3.4051 o] Ht}.

(4) P= F(xy;c,k)E5H

F(x) =P(x<1.91)
= (14+x°)°*
= 1—(141.6399%% ) ~% 14

1 — F(x) = 0.040561 = 40,561 PPM

2 Uyer HEd Cu=1.00¢ w 14,124 PPM, Cp=1.3349 # 5,631
PPM, Cp=1.67 o W 2,522 PPM, Cp=2.00¥¢ o 1,255 PPM o2 2%
o] #49th ol 4g HeshH Y™ <Table 5>9 2tk

rlo

< Table 5 > Computation of Gamma, Pearson, Burr system (PPM)

C =067 Cw=100 | = Cu=133 Cu=167 Cp=2.00
Gamma 50,390 22,040 9,878 4,498 2,071
Pearson 47112 29,206 979 6,583 3,414
Burr 40,561 14,124 5,631 2,522 1,255
<Table 4>, <Table 5>4 & F UKol FAHo] HrlE X WE v BXE5S
Aol 2 A% FopgIAte AY At 1S ¢ F %3, Pearson system¥ B
system< olBTH ZF Holgds & £ AT 2y EE v FEAY g BaEge

50 9%

%52 2}

H7be EolE AL M3 £, I th& S22 Pearson

systemol] 9]¢ Wo] dFsvty AT}

2 AToNA PepERed gig FASH HILES Pearson system, Lol A 2

-
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Bur¥¥el 37b4 BEE AHgstel AL ot BYEL FAToIA WA
T4 TA5H W) ot FAAL 27 Fus ANE + 3
A AUE FESHE FAHY ANFHL G + A: B

T hE =FES FE T FAS
=
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