( Binomial distribution )

distribution )

( Binomial distribution )

( Qualitative )

Bornoulli Process

1) (Trial)

Bornoulli Process

b(x;n,p) =

(‘Poisson distribution )

( Hypergeometric

HX
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P(x <r) =B(r\ ,p)=T,b(x;n,p)
2. 71 (Hypergeometric Distribution )
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N k



P(x <c)="Eh(x;N, k)

3. (Poisson Distribution )
1)
) (1)
3)
1
1
P(*;m)=---- x=0,1,2...
X
P
pOx; 1) X
e = 2.71828......

P(x <c)= p(x;P)



(Gaussian distribution)
( Bell shape ) 21
g1 2.1 dulAang
[(*) = ~fes=~e 2rl( -C0<X<CO
= 3.141%9....

2.71828....



) X=)
3) X=fita fl —(7<X<fitcr
) * ]
H) 1
(1) 0 1

( Standard normal distribution )

X X2

P(x1<x<Xz)=vr§;-6-\Ie 2'( M dx

X- fl
L=
0
/ =
X =
fl
G =
Pxi < x <Xe)=p( 1 N <1<—m—) = P2l <2 <22) = Y

Vitr



( Exponential distribution )

f(x)--TPle'% I x0
=0 X
P(xx(x(x2) )
pihie
1. f1> vy
= J{e

? (Chi - Square distribution )

[(*)=-1r— x * X>0



r(x) = (x-i)r(x-1) =x

ni)=1
r<>=fE
P(x)za2)=a
2.2
1 , (Arithmatic mean )

2.2

10



Xt

(Range )

(Variance)

( Standard Deviation )
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( Coefficient of Skewness )

E(*,-:
Coefficient of Skewness =
1=
X
X,
Coefficient of Skewness 0 Coefficient of
Skewness > 0 Coefficient of Skewness < 0

? ? ( Goodness-of-fit Test )
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6)
HO H1 M2
( Histogram )
AM. Guerry
1 ? ?
1)
2 )
3)
( Distribution )
4)

HO X2

1833

r=1



1) ( Maximum )
2) (Range )
3)

Sturges ( Nelson , 1983 )

Scott  (Nelson 11968 )

Davies and Gold Smith ( Nelson , 1988 )

Kaoru Ishikawa ( Nelson 11968 )

50
50-100
100 - 250

250

15

3
( Minimum )
¢ = 1+3.3logn
C=
N =
Y
N =
C = yN
C=
N =
5-7
6-10
7-12
10-12

C=6+%0
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2.3 (Juran Institute 11990 )
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Bell - Shaped

it

Plateau

Skewed

dh

[solated - Peaked

2.3

Double - Peaked

At

Comb

I_n

Truncated

Tl

dalnunsngiuun Edge - Peaked

i



?

1) Bell - shaped

2) Double - peaked

3) Plateau

4) Comb

5) Skewed

6) Truncated

1) Isolated peaked

8) Edge - peaked

( Pareto Diagram )

2 Bell - shaped

Double peaked

24 (Bur 11990)

100%
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( Chance or random cause )
( statistical control )
(Assignable cause )
( Out
Of Contral )

( Upper Control Limit ; UCL ) ( Lower Control Limit ; LCL )
( Center Line ; CL)
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2
)
(P Crert)
(NP Chart)
(C Crart
( Char)
)
(x and R Chart)
(G chart 1 Chart)
(X and R Chart)
(6'2Chart)
(Midrange and Median Chart)

(Moving Average and Moving
Range Chart)
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np

(p Chart)
1
2 (p)
np
Pt
n
P
3
I (np),
p= -m
o
=
P
{rp\
1
m
4

CL=p

UCL =p, 3rai-P)

LCL-,-3y P
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CL-np
UCL =
LCL -

(NP Chart)

p+3-Jnp(l-p)
p-3-Jlip(l-p)

(c Chart)

C:JF'

te,
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CL=C
UCL = C+3'[c_
LCL =C-3C

( Chart)

o

%,
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LCL

(X and R Chan)
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m
4
ex =X
UCL = ~X+ X}
LCX =X-3a-
CLr =R
UCLr =R+ 3R
LCLr=R-Xr
X 1
a‘X
R
Or
1a Fj ~7d 0
X 2
b(_dM
UCL-x= X +AZR
LCL-=X -3-"7=
X d2dn
LCL-X=~X-AJI
R
0
4, = e

=
2 d247i

21



UCLR=R +34,{j)

UCLr=D R
LCLR=R-3d,{j-)

LCLr = DyR
R
3, 2

33
A =14h,

3 1

2
5
6 1

9973 %

(Process Capability Ratio, PCR)

_USL- LSL

/
( Specification Limit )

28
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29

PR < 1

)
2) i ,
10 1 12
Specification
3)
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30



100

100

100

(‘Acceptance sampling )

(Productivity)

( Process Variahility )



32

' o 100
100

Supplier
100

?
(Acceptable Quality Level ; AQL )

( Lot Tolerance Percent Defective ; LTPD )
( Producer’s risk ; oc )
( Consumer’s risk ; (5 )
LTPD

( Operating Characteristic Curves ; oc Curve )

( Probability of Acceptance ; Pa )
0 1

26



2.6

( General purpose )

AQL LTPD

( Single Sampling Plan )
( Rectified Single Sampling Plan )
( Double Sampling Plan )
(Multiple Sampling Plan )
( Sequential Sampling Plan )

( Special purpose )

33



()
(c)
1 (c)
o (?) (AQL)
AQL
LTPD
1 LT AQL
2 (Trail and Error)
1-CX |
n( o3y fy— C
. 1J.,,_InP.p C ULALONER ;PP C 1 LTPD
nR -2 AQL P-4 2
3 c=cl 1
\ L = r71pp 00
_ nPl-a
2 7oL
4 c=¢c2 3
] S FTrep °TY
R TR
h

1-4



1 3
=|(I-P (x<cL// = (AQL))-a\
2 4
=|(P(x <€Lp = (LTPD))- 31
6
4 7 1
100
(c) 100
(c)
100
(A0Q)
AOQ = |
Pa(N- )e
N
Q0 Pa(N- )P
Nz=N-np-[{\-Pa\N-n)p]
2
AOQ= Pa.p
AOQ =
Pa =
P = ]
N =

1fc1Sfc«0l
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Pa
Pn,

C 100

(Average Total Inspection ; ATI )

ATl =n+(\-Pa\N- )

(ATI)

AOQ=Pa.  ~—

AOQL =Pa.pmM*- AN

AOQL-"y-*)
RECON G
AQ0Q
()
y.N
n~AQOQL.N+y

ATl=n+{\-Pa\N-n)
7
ATI
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C ATI ATI | C
ATI
)
1
1
2
| («)
2 («2) (c) 2
(c2)
«1 cl
C2 2
€1 2
2 «?
C2
c2
)
2
2) 2
)
2)



Sampling Number )

asn o= it LenoXI- /3

= 1+ 2(1-PQ
Pl
= +
=P{D,<C1)+P(DI)c2)
=1-P(Cl<DX<C2)
G =
€2 = 2
(17) (AQL)
1 2 ()
2 = knx
1 ‘' LTPDmAQL
2 Cj C2
Pp
« = f 0_\Pl_thPr-ay + 9 L (Miray {-'tejPI-ay
X! X=Ci+l X! >‘:0 Y'
ey ! U eIPE{PPYLY £ A (~bixpp Y
>k X W X -
— Cj C2 -
niPl-a niPl-a
3 —\LjI-
niPi-a
c1 C2 ' 1 2
niP fi - rilPl-a
I=11r0 1= AQL

2=b 1
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€1, €2, 1 2

( Sequential probability ratio test ; SPRT ) A.Wald
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105

ni
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AQL
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\WINDOWS

"1 k
ZaZITPD « Zp Z AQL
) I +1a
"2
k2 1_+1¢
«=(1+—= X
2 MAOL ~ A LTPD
"3
1D = E(x,-x)3
-\
SD
X
Xt
"4 X
K,=L +k(sD)
X, =u -k(SD)
X,

(2597 )
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(25527)

! (58)

(51)

Bonks (1999 )

Burr ( 1990 )

Chang Sullivan (1991 ) QS (Quant Systems )

1991 MRP , Linear programming , Integer
linear programming 1 Goal programming 1 Quadratic programming , Transshipment problem 1
Assignment / travel-salesman 1 Network Modeling , Project scheduling ( CPM / PERT ) 1 Dynamic
programming 1 Inventory theory , Queuing theory Queuing system simulation , DecisiorVprobability
theory , Markov chain , Time series forecasting , Facility location 1 Facility Layout , Aggregate production
planning , Production line balancing , Job shop scheduling , Flow shop scheduling , Uncapacitated lot
sizing 1 Quality control Learning curve/work measurement

Quality Control

Operating Characteristic Curve , AOQ (Average outgoing quality ) , ATl (Average Total Inspection)
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X, R,P C

Cooke , Craven Clarke ( 1985 )

Pascal

Craig ( 1984 ) Computer Code Subroutine BASIC
FORTRAN
Subroutine

16

Garrison Hickey (1984 ) DOS
BASIC ( Wald Sequential

Sampling for Attribute Inspection )

Guenther (1984 ) DOS
FORTRAN IV
, AOQ
ATI

The Juran Institute , Inc. ( 1990 )

Larson ( 1969 ) DOS
FORTRAN IV X -R P p
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Larson Rahikka ( 1969 ) DOS
FORTRAN IV C

Nelson ( 1988 )

Pricha Pantumsinchai , Hassan Gubta (1983 ) PC - POM ( Basic
Programs For Production and Operation Management ) 1983
Capital Budgeting and Financing 1 Forcasting 1 Linear
programming Application , Project Management 1 Work Measurement , Facility Layout 1 Invetory
Analysis , Statistical Quality Control Waiting ine Analysis
Statistical Quality Control 5
XBARR X-R
PUC P1 C
LBLAOQL
AOQL
AQLLTFD
0.05 0.10
LBLSDV

Shainin ( 1990 )
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