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CHAPTER VITI

MISCELLANEOUS PROBELMS

8.1 In this chapter two problems are studied. One is about
the investigation of the bounds on the variance of the

MVUE of the fraction defective under fully-curtailed single
two class attributes sampling plan. The other problem is
regarding the determination of the MVUE of the proportions
of good, marginal and bad units under single three class

attributes sampling plan, curtailed as well as uncurtailed.

8.2 Investigation of the Bounds on the Variance of the

MVUE in Case of Single Two Class Aftributes Sampling

Plan :

Girshick, Mosteller, and Savage [12] have studied the
problem of the unigue unbiased estimator of the fraction
defective p in a sequence of binomial trials under various
stopping rulesJSome of the stopping rules described in their
paper[}é} resembled to the curtailed single and double two
class attributes sampling‘plans discussed in the earlier
chapters(II and IV). Liet the unigque unbiased estimators of p

for uncurteiled, semi-curtailed, and fully-curtailed single
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sampling plans for the inspection results of one lot on hand
be denoted as pluncu), p(semi), P(fully) respectively. TFhe
variance of P(uncu) is well known and it is equal to pg/n.
Nelson, Williams, and Fletcher [35] have given the approximate
expression for the variance of p(semi). In the following
sections we have studied the problem of the variance of
p(fully). In this case the exact evaluation of the varience

is possible but not simple. Hence we have studied the bounds

-for the variance of p(fully).

8.2.1 Probability Function and MVUE :

We recall the statement of the fully—~curtailed single
two class attributes sampling plan from Section 4.3.2 of
Chapter IV. The probasbility function associated with this
sampling plan under binomial probability law can be stated

as given below

P(Y::y, th) =
-1 -
(2,1 ) py gqg y=g,&+1,«..,n; t=1
(i:}) pqu*k y=K,k+1, .. .yn; $=2

v (8.241)

where O < p < 1 and g= 1-p

i

n size of the sample



k = rejection number

g = n-k+1

Y = actual number of units inspected when sampling is
stopped due to observing either k defective units

or g nondefective units.

The MVUE p(fully) in this case is as given below

- 78
p(fully)=| y-1 V=g, 8+1, ce.,ynl
%}% Y=, k4T, vy t) o (8.2.2)

It may be noted that the first part of the expressions
(8.2.1) and (8.2.2) is associated with the acceptance of
a lot and the second part of the same is associated with the

rejection of a lot.

8.2.2 Variance of p{fully)

The variance of p(fully) is given by
2

i

var | Dhfully)) B[ p(fully) - B iﬁ(fully)}]

2
E (plfully)] -p° v (802.3)

il

2
Now consider the E {ﬁ(fully)] . Prom definition of

expectation we have

s[(eaty)] = T @B (7)) J7E o §k< E-1)2
y=& J=

-1 -
. §’1% pk qy k
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n A
= pB(k-250-1,p)~qB(k-1350-1,0) + T (EENZ(IT1)0 78 of

-1
y=g 7
n
K-1\2,7-1, k y-k
where B(rjn,p) = L ( 2 ) p* ™%, To find the variance

. X=0
one has merely to subtract p2 from the evaluation of

(8.2.4). It may be noted that the exact evaluation of the

expression (8.2.4) is possible but it is not simple because
of the summation terms involved (particularly for large n).
Hence in the following section we try to get the bounds for

the variance of p(fully).

8.2.73 Bounds for the Variance of p(fully) :

Define a random variable X with the probability

funection given as
(X-1) pX“f, %

- q
hix) = tn1 x=t, t+1,¢.0,n
-1 x=t t
(i) e
=t v !
= 0 elsewhere ... (8.2.5)

Using the general result
£(z%) > 8°(2) e (8.2.6)

and taking Z , where X has probability function

=
= %=
(8.2.5), we get the following inequality :

1,2 1 2 { B( )} °
- ¢ X x-t t q Bin-t;n-1,p ’
L D ?

]
1 Mp

t

By interchanging p and ¢ in (8.2.5) and using the result
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(8.2.6) again we get the following inequality,
n 2 2
t=1y2,%-1y t x-t D 11-B(4-2;n-1,p)}
Z ('i’_‘_"’f) ( ) iY 2. v “B('t'4 el p)
L, x=t 311, D)} ...(8.2.8)

Furthermore, define a random variable U with the following

probability function
u~2) -1 r

flu) = = V=T, T+l,¢:4,1
T u~2) u=-r r
u=r
= 0 elsewhere : e (8.2.9)
Using the following result
E(Z)é‘}-”‘—'}"i‘—_— ..-(8.2.10)

and taking Z xcr}§ , Where U has probability function

(8.2.9), we get the following inequality

g} r-1)(u-2) pu-T q;'ﬁ‘(r~1)q2 B(n-r;n-2,p)B(n-r;n-1,p)
~p u- -1 r-2’ (r-2)B(n-r;n-1,p)+qB(n-r;n-2,p)

.(8.2.11)
If we interchange p and q in (8.2.9) and use the relation

(8.2.10) again we get the inequality as

g% 1%1)(ur2)pr u-r _ (r—1)pziﬁ—B(r—B;n-Q,p)}i1—B(r-2;n—1,P)}
U=r = 12=2) {1-B{r-2;n-1,p)} +p {1-B{r-3;n-2,p )}

... (8.2.12)
Applying the inequalities (8.2.7), (8.2.8), (8.2.11), and

(8.2.12) on the third term and fourth term of (8.2.4) we get
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the following bounds for the variance of unbiased estimator.

var [E(fully)]spB(k~2;n~1,p)-qB(K~1;n—1,p)

(g-1)a°B(k=130-2,p) B(k~1;0-1,D)
(g-2)Bk-Tsn~-T,p)+aB(k~T3n-2,p)

(k-1)p° 1-B(k=3;n-2,p)] [1-B(k=23n-1,p]] _;2
k-2) [1-B(k-2;n-1,p N +p1-B(k-330n-2,Dp)]

e (8.2.13%)

4

+

and

2 2
= 2,11, p)-aB(k~1 ;0 9” {B(k=1;n-1,p)}
var[ B(fully)]>pBlk-2;n-1,p)-qB(k-150-1,0)+ 50175, 57"

N 2 {1-B(k-230-1, p)} ° 2

{1—B\k“1;n’p)} p v-.(802-14—)

Expression (8.2.13) gives an upper bound and (8.2.14) gives

a lower bound.

The Cramer-Rao lower bound (C-R bound) in this case is
given as

var [p(ru1y)] 2 S ... (8.2,15)

where ASN = % B(k-13n+1,p) + % [1-B(k;n+1,p)]

It may be emphasized that the expressions (8.2.13)
through (8.2.15) can be evaluated using the usual Binomial

Probability Tables such as{34},[43] etec. and desk calculators.

8.2.4 A Numerical Example :

In this section we have illustrated the evaluation of
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»

the bounds and the exact varience discussed in the previous

sections considering the following single sampling plan

n=25, k=% ( and g=23% ).

Table 8.1 gives the bounds and the exact variance for

different values of p.

Table 8.1
Plan : n=25, k=3 (g=23)

p  Tower bound Upper bound C-R bound  V[p(fully)]

1 2 3 4 5

0.04  0.00067551 0,00209541  0.00164348  0.00194467
0.05  0.00101344 0.00282383  0.00204930  0.00257758
0.06  0.00135667 0.00366709  0.00246527  0.00328810
0.07 0.00168146  0.00463130 0.00289651  0.00407786
0.08 0.00197106  0.00571843  0.00334746  0.00496044
0.09  0.00221481 0.0069271%  0.00382194  0,00590889"
0.10  0.00240668  0.00825399  0.004%2318  0.00690384
8.2.5 Remarks

(i) Lower bound given by (8.2.14) is not better than
the C-R bound. this could be observed by comparing columns

(2) and (4) of Table 8.1.
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(ii) Exact variance has a tendency to be nearer to
the upperbound as compared to the C-R bound.This is reveal ed
from the comparison of column (5) with columns (3) and (4)
of Table 8.1 . Hence if one is interested in substituting
the exact variance by any of the bounds (C~-R bound or upper
bound) from the view point of easy calculations, the upper

bound will serve as a substitute for the variance.

(iii) The motivation to use the inequalities (8.2.6)
and (8.2.10) as the basis for obtaining the bounds was from
Sathe's paper [42] in which he uses these inequalities to get
the bopnds for the variance of the MVUE of the parameter €
of the usual negative binomial distribution. Somehow the
same technique in his case gives sharper bounds and that too
the lower ‘bound better than the usual C¢-R bound. So is not

the case in the problem we studied.

8.3 Unique Unbiased Estimators in Case of Single Three

Class Attributes Sampling Plan :

We have defined the uncurtailed, semi-curtailed and
fully—-curtailed single three class attributes plansvin
Chapter V. In the following sections we give the unique
unbiased estimators for the proportions of good, marginal

and bad units.
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8.3.1 Method for Unique Unbiased Estimator :

In case of a trinomial distribution a sequential
method of estimation of Pys Pqs and Py developed by
Muhamedhanova and Suleimanova [33], is described in Johnson
and Kotz [28,pp.289]. The method is a natural generalization
of that of Girshick, Mosteller, amnd Savage L12}. The method
is based on the enumeration of the paths followed by the
poimt (do, dqy dz), as y increases, which conclude at anm
observed termination point. Here y(d0+d1+d2) represents the
number of trials. The termination puints are points on the
boundary of the continuation region, and this boundary
defines the sampling procedure. For a given sampling procedure
boundary points are classified as the boundary points. of
the acceptancé region and the boundary points of the
rejection region. If the termination point is (dg, dq, dz)
and K(d , dq, d2) be the number of possible paths from
(0,0,0) ending af (do,d1,d2), while Kj(do,d1,d2) is the number
of such paths starting from (1,0,0) for j=0, (0,1,0) for j=1,

or (0,0,1) for j=2, then

Kj(do,dj,dz)/K(do,d,’,dg) ...(8.3.1)
is the unique unbiased estimator of pj'

Using the method described above and evaluating
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Kj(do,d1,d2) and K(d,d, ,d2) in case of uncurtailed, semi-
-curtailed, and fully-curtailed three class attributes
sampling plans we have obtained the unique unbiased estima-
tors of Pys By and P, under each sampling procedure in the
following sections. 0f course, these estimators are based
on the inspection results of one lot on hand. To evaluate
Kj(do’d1’d2) and K(do,di,d2), define a quantity N(aW’a2’33>
as given below :

) (a1+az+a3)1 )
N(a a,,8 i ey soruae e sl --.(8-3.2
1?7727 5’ a1.a2.a3.
Evaluation of K( +) and Kj( «) in terms of N( - ) is done in

the succeeding sections.

8.3.2 Probability Functions :

Recollect the probability functions of a semi-curtailed
and a fully-curtailed single three class attributes sampling
plans from sections (5.4.1) and (5.5.1) of Chapter V,
respectively. We have to reproduce them into some convenient
forms for the purpose of evaluation of the number of paths
needed for the calculation of unbiased estimators. The
probability functions of uncurtailed, semi-curtailed, and
fully-curtailed single three class attributes sampling plans

in convenient forms are as given below :
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(i) Uncurtailed sampling plan :

P(Y=n, Dy=d;, Dy=d,, I=1)

rf1(n,d1,d2;p1,p2) d1=0,1,...,k1—d2—1
d2=O,1 g o u,k2"1
i=1

fg(n,d1,d2;p1,p2) 4, =0,1, 0 vyky =051

d2=k2,...,n
{ i=2
fB(n1d19d2;p1yp2) da;zk.;"dz,ooo,ﬂ

d. 20,1,0\’0,]{ "‘1

2
i=3

2

f4(n’d1,d2;p1)p2) d?=k1_d2,ont,n

L d2=k2,...,n

i=4 000(8.303)
' n-d1~d2 d1 d2
1P, By Dy
where f.(n,d,,d,3;D, D)= for i=1,2,3,4.
i IR | \ '
1 dz.(n—d1-d2)!

For i=1 the lot is accepted and for i=2,3,4 the lot is

rejected.
(ii) Semi-curtailed Sampling Plan :

P(YéY! D1 :d1 ' 32:62’ I’—"i)
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r —
hy(y,d4,8550,,0,) y=n

d1=0"!,-c ,k,‘_d "1

1

d =0,1,00|,k "1

2

i=1

2

by (y,d9,8,50,,D,) Y=y, Kot 1y e ey

d =O,1’..l,k —'k

1

= ] - d2 =k2

i=2

1 72

bg(y,d9,d55P,,0,) 7=k, +1, .. 0,0

d1=k1—d2

d,=1,2, 00k

i=3

2-1

h4(Y1d1,d2;P1,P2) y:}gl,k.l'ﬂ,...,n

1745

450,71, + e e yky=T

i=4 «..(8.3.4)

d =k

n-d, -d d d
1 72 1 2
t

where h, (y,d,,d,30,,P,) =
19812853 Pq Py ;
dyt dzf(n—d1—d2)l

y~k2—d1 d1 k2
(y=1)tp, P, D,

T =TI (7k,=a, )t

hg(y’d1 7d2§P1 9P2) =

-k, ky-dy

(y=1)4 », by D,
(ey=dp) 2 (ap=1)t (y=Iq )t

dy

h5(y,d4,455P1,0,) =



y-k k1—62 a

1 2

b, (7,8,,d53P4,0,) = —
427> iRl (ky=d,y=1)1 d,t(y-k, )t

For i=1, the lot is accepted and for i=2,3%,4 the lot is

rejected.

(iii) Pully-Curtailed Plamn :

P(Y=y, Dy=d;, Dy=dy, Dy=dyy I=1)

(v, (y,d,,d,5D4,D,) Y=8yrecsD

do=go,...,g1

dy=g1-d,
do=y -84
i=1

<u2(y’d0’d‘1;p1’p2) y:g.],oon,n

dOSgO’C..’g1—1

Y

4=y =8,
i=2
u3(yyd0yd1;p1’pg) y:g"’"',n
do=g0~1
d1=k1-k2+1,...,n
dr=y-8,-d;
x =3

cont...



-
u4(y’d17d2;p19p2)

u5(y’d19d2;p1!p2)

u6(y,d1 ’d25p1 ’pz)

where u1(y,do,d1;p1aP2? =
Uy (y,4,,8,3P9,0,) =

us(y,d,,84504,05) =

y=k2,k2+1,...,n

o=y —kpmdy

4;=0,1, 0.,k kk

17772
A=k

i=4
y=k1,k1+1,...,n
4=y -k,

=1,2,r.-,k -1

d 2

2

i=b

y=k1,K1+1,...,ﬂ

4=y ¥y

4=k -dy

d2=0,1,ooo,k2"1

i=6

d g,-d J—8
(Y“1)!~POO @11 ° pz L
(g1~d0)£(y—g1)l(d0~1)!

d g,-d_ y-g

1

(y=1)r g% % py

(y=1)t p

(g4-d =1t (y-gy)t a ¢

By 4 Y874y
o P1 Po

43 (y-g,-d, )t (g -t

1396

2 (8.3.5)



u, (7,d4,8,504,8y) = byly,44,8,5,P,)

Ug (7,dy,8,50,,0,) = by (y,d1,855P,0,)

UG (7101585301 ,0p) = By (7584,85301,2p)
where g8=n—k1+? and g1=n—32+1.

For i=1,2,3 the lot is accepted and for i=4,5,6

the lot is rejected.

8.3.3 Unbiased Bstiwator Under Uncurtailed Sampling Plan :

In case of uncurtailed sampling plan the number of units
inspected (number of trials) is equal to n. The number of

paths under uncurteiled sampling plan are as given below ¢
Number of Paths from (0,0,0) :

K(d,,dqsdy)=N(n-d;-dy, d4,d ) for i=1,2,3,4

27 2

Number of paths from (1,0,0) 3

d,) for i=1,2,%,4

Ko(do’d 1272

d,) = N(n—d1—d2—1,d

1’ 2)

Number of paths from (0,1,0)

K1(do,d1,d2> = N(n-d,-d —1,d2) for i=1,2,3,4

2194
Number of paths from (0,0,1)
Kz(do,d1,d2) = N(n—d1-d2,d1,d2-1) for i=1,2,%,4

Using the definition given in (8.3.1) and denoting the
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unbiased estimators as ij(uncu) j=0,1,2, we have

§O(uncu) = (n-di—dz)/n for i = 1,2,%,4

51(uncu) = d1/n for i = 1,2,%,4

52(uncu) = dz/n for i= 1,2,3%,4.
2.%.4 Unbiased Estimators under Semi-Curtailed

Sampling Plan :

The number of paths under semi-curtailed sampling

plan are given below :
Number of Paths from (0,0,0) :

"N(n—d1~d2,d1,d2) y=n

720,71, « ool =0y
| S P
| _ i=1
N(yrky=8,, 4 ,ky=1)  F=ly,kytl, 0000
4 a4,=0,1, v,k =k,
d,=k,
K(d,,8;,4,)= i=2

N(y~k1 ’& ,k,¥-d2,d2"1) y=k1,k,§+1,-og,n

d1=k1—d2

d. =1,2,o'-,k —1

2
| 1=3

2

connta..
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{
N(y—k1,k1-d2—1,d2) y=k,,k,+1,..0,n
4 d1=k1—d2
X d2:O’1 y* . ’k2_1
i=4 ... (8.3.6)
Number of Paths from (1,0,0) :
(N(n-d,-d,-1,d,,4,) y=n
d1=0,1, -.,k1—d2'1
d2=o ,1 ’ - ,k2—1
i=1
N(y-ky=0y=1,d,,k5-1)  y=kp,kp+t,coyn
d1=071’s00,k1—k2
é2=k2
i=2

K (d ,d,,d,)=
oo’ 1772

- N(y"k1 '_‘i ,k1 "'d2, d.2""1 ) y=k1 ,ka"i"‘i g v e ,l’l

dp

i=3

2

"—'1’2,000,1{2"“1

N(y=lk, =1,k -4 —1,&2) y=k, k1,00 0,0

d1=k1—d2
N B

i=4

L e (8.3.7)

2
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Number of Paths from (0,1,0 ) :

(N(n—d1—d2,d1-1,d2) ' y=n
d1=0’1 [ ..,kj—dz—'l

20’1,005,1{ -1

ds 2

i=1

N(y-k,=d, ,d,=1,k,-1) YKy, ke n
: 4,20, .+ -3k -k,

dp=ksy

i=p

K1Qdo’d1’d2)=ﬁ N(y-ky ,ky=Gy=1,d5=1)  F=ky,ky+1, 000,00

d;=ky=a,

do

:1 ,2, .o o,k2-1
i=3

N(y-kq 1k, =d,=2,d,) =k, sk +1, 00,0
d1=k1—d2
k d2:O,1,ooo,k "'1

2
i=4 ... (8.3.8)

Number of Paths from(0,0,1):

N(y-k2~d1,d1,ké—2) y=Koskpt1, .00y
d1=0,1 ’.'.,k1—k
do=ky
i=2

N(y~k1,k1_d2,d2~2) y=k1 ,k,¥+1,...,l’l
d4=ky-d,
Ap=1,2,0 00, k,=1
i=3

N(y-kj,k1~d2-1,d2—1) y=k, Kk t1, 000,00
d,=k,-d,
4,=0,1,+.0,k

L i=4

Kz(do,d1,d2)=<

2—1

e (8.3.9)




Substituting for K(do,d1,d2) and Kj(do,d1,d2), 3=0,1,2

from (8.3.6) through (8.3.9) in the definition given by
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(8.%.1) we get the unbiased estimators Ej(semi), j=0,1,2 as

given below :

§O(semi)

51(semi)=

i(n~d1—d2)/n

i

(y=k, )/ (y-1)

{(y"k-] )/(3’"‘1 )

¢

d1/n

(k1-d2>/(y-1)

(k1—d2*1?%(Y“1)

!

d zo,l,oo-,k "‘d ""}

1 1 72
d2=o,1 g e ’k2_1

g 2 0 PRI

d =O,1 P o\,k1"k

1
y=k1,k1+1,...,n

2

d2=1’2’00"k _1

2
y= 1,k1+1,...,n

4,20, 0es,k =1

2 2

d =O,1,ouo,k.}-d -1

2

2=O, 1 g v ,k2-1

y=k2,k2+1,...,n

.
d

d1=0’1’.'.,k

y=k1,k1+1,...,n

d =1,2,oo-,k ""1

2 2
y=k1,k1+1,...,n

d :O,li’ntn,k —1

2 2



;dz/n

d,}"—'o,‘{ g v .’k1 ""dz“"l

2‘:0’1 L) o‘,kz—'i

y=k2,k2+1,...,n

a

d 20,1,¢o0,k1"'k

_ { 1 2
pz(sem1)= (d2-1)/(y~1) y=k, k41, 0ym
ap=1,2, 0+, k=1
Léz/(y—1) Y=oy k41,00 pn
O B
8.3.5 Unbiased Estimators under Fully-Curtailed

Sampling Plan :

202

Number of paths under fully=-curtailed sampling plan

are given below @



Humber of Paths from (0,0,0) :

K(do,dq,d2)=

N(do’1,g1”d07Y"g1)

N(do,g1-do-1,y—g1)

N(go-1,d1,y—go—d1)

N(y=ky=d;,dq,k,=1)

N(y"k1!k1—d29d2“j)

N(y—k1,k1~d2—1,d2)

A=k

F=8q9eees
dozgoy"-:g1
d1=g;=d,
4=y -¢;

i=1

F=&q 9oyl
dozgo’ . --’g,“"'}
do=y-e,

i=2

J=E€ps vl
do=g0*1 )
d1=k1~k2+1 g v .,l’l
d2=y~g0~61

i=3%
y=k2,k2+1,...,n
4=y -ko-dy

d1=0,1, 'o-’k1”1{

2
2

i=4

y:kj,...,n
&O=y7ET...,L2~i
d1=k1—d2
d2:1,2,c-',k -1

2
i=5

y=k1,...,n
d=y-%,

dzze,‘i g s ,k2_1

i=6

203

...\8.5.10)



Number of Paths from (1,0,0) :

K (d ,d4,d5)=

(N(dg=2,8-4,,7-8;)

N(do'1,gj“do"1!y‘g1)

N(go'zyd19y-go'd1)

-1,4

1

N(y~k2~d 1

k2—1)

N(y—k1~1,k -d,,d,=1)

1 T2

2)

N(y—k1—1,k1-d2-1,d

204

F=8qpevsll
Adg=8ys =+ 184
di=g1 -4,
dp=y=gy

i=1

y=g1 , L ] ..,n
dozgo, - .o,g.}—’}
d1=g1*d0—1

4=y -8,

i=2

Y=8yseeesll
do=g0~1
d.al:l;,]""kz‘i"] g n.’n
do=y~8,-¢;

i=%

4,7y -ky-d,

d1=o’1 [ -,k1~k2
dy=k,

i=4

o=y -k,

di=ky-d,

dp=1,2, 0k,
i=5 '

y=k1,x1+1,...,n
4=y iy
d2=O’1 » LA 4 I,k
i=6

2*?

e (8.3.11)
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Number of Paths from (0,1,0) s

( N(do—’} ’ g;. —d0_1 ’y—g,] ) y:g1 gy n

N(do,g1fdo~2,y—g1) J=8qs e eyl
: d0=go,...,g1é1
d1=g1kd0~1
A=y =8,
i=2
N(go—1,d1~1,y~go—d1) Y=8qs eyt
d0=g0—1
d1=k1—k2+1,...,n
{ §2=y~go-d1
k,(a,,d,,d,)= 1=3
N(y-ky-d;,dy-1,k,-1)  y=k,,ky+1,...,n
d0=y—k2—-d1
4,=0,1, v v, ky -k
d,=k

2 72
=4

2

B(y-kq,ky=0y=1,d5=1)  y=k;,k;+1,...,10
AR
dq=kq-dy
N

2
i=5

N(y—k1,k1—d2—2,d2) y=ky,ky+1, 00000
d,=y-k4

d, =k, -
T ™ dg

d220,1 g e ’k2-1

\. i=6

v e (8.%.12)



Number of Paths from (0,0,1) 3

Kz(do,d1,d2)= 4

TN(dd”T’g1“doyy-g1—1)

W(dg, 8 -dy=1,7-8y=1)

N(g,~1,4,,y-8,~ds-1)

N(y~k2~d1,d1,k2-2)

N(y-kq kq=d,,d,=2)
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J=g 1+ eesn
A =8gr 1 8y
d1=g,-d,
4o=y=84

i=1

y:g‘l""in
d0=g0,...,g1-1
d1=g1-d0~1
d2=y‘81

i=2

T=Ep9veerll
do=g0~1
d1=k1-k2+1,...,n

do=y-8,"44
i=3

V=Ko, Koti,eea,n

2’72

4,7y -k, =d4

d1=0,1,000,k1"k
o=y
=4

2

y=k, )k, +1,..4,n
d,=y-k,
d1=k1*d2
ay=1,2, 000,k

i=5

2~1

y=k1,kﬁ+1,...,n
do:y-k1
dq=kq4-dy

d_2=o,1 PRI I ,k2-1
i=6

.. (8.3.13)
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Substituting for ¥(d_,d,,d,) and Kj(do,d1,d2) from (8.%.10)

through (8.%.13) in the definition given by (8.3.1) we get

the unbiased estimators §j(fully), j=0,1,2 as given below :

Eo(fully)z

[la=1)/(y-1)
a,/(y=1)

(g,=1)/(y-1)

ﬁ (y"kz“d1)/(y”1)

(Y'k1>/(Y'1)

(y=k, )/ (y=1)
\

Y=g seve
d0=go, RS
=81y e+ o0 ]
d0=g5,...,g1-1
Y=8qsee+old
d1=k1—k2+1,...,n
y=k2,k2+1,...,n
a

=O,1,cto’k "'k

1
y=k17‘f'9n

172

d 21,2,00',1{ "1

2 2

y=k1,...,n
d



51(fully)= ¢

B, (fully)= ﬁ

(gy-a,)/ (y-1)
(g-4,-1)/(y-1)
dg{(y—1y

./ (y=1)
(e~ )/ (y-1)

(ky-d,-1)/(y-1)

(y-g4 )/ (y-1)
(y-g1)/(y=1)
(y-§o~d1)/(y-1)
(ky-1)/(y-1)
(a,=1)/(y-1)
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yzg1 g s eeyll
d0=g0"."g1
Y=E€qa el
dozgo,voo,g1—1
T=gqse s )
d1=k1~k2+1,ovo,n
y=k2,...,n
a,=0,1, ...,k
y=k1,...,n .
d2=1,2,n00’k2"1
yzki,.-.,l’l

dzo,‘!,l."k
/

-k

1 72

2 2~
y=g1 ’ . ‘. L4 ’ n
dozgos""€1

J=E€qr el
do'—:’go, ooo’g1-1
Y=81y++sld
d1=k1—k2+1’ -vo’n
y=k2,...,n
d1=o’1 gese ',k1"'k2

y=k1 ’...’n

d =1,2’-:0’k "‘i

2
y=k1 "‘.,n

d2=0,1 g e ,kg"”l

2
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From the formulas given above it is observed that
the estimate of the proportion of bad units, for instance,
in the case of fully-curtailed single sampling plan tekes
one of the following forms

(Number of bad units observed)
(number of units inspected - 1)

(Number of bad units observed - 1)

or (Number of units inspected - 1) *




