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CHAPTER ONE
GENERAL INTRODUCTION AND SUMMARY

Origir and types of accep*ance sampling inspection

The use of inspecpion gained importance when people
started getting concious of maintaining the quality of manu~
factured product. According to Anscombe (1958) inspection
for quality in the form of acceptance sampling plans origi=
nated around 1920. The classical work of Dodge and Romig
(1929) put acceptance sampling on a firm footing. In general,
sampling inspection can be broadly classified into (i) lot=
by-lot inspection (ii) bulk sampling inspection and (iii)

'continuous' sampling inspection.

The lot-by-lot sampling inspection is ;applied where
2 series of lots or batches of discrete items are available
for inspection. On the other hand, a batch of cotton, a
wagon of coal or a ladle of molten metal are some examples
where a lot or batch is comprised of a bulk or continuous

product.

When the batches or lots consist of continuous
nondiscrete material, method of bulk sampling inspection

is used.

There are situations where, though the production
23 in terms of discrete items, continuous flow of products

s available for inspection. A continuous flow of potteries



a conveyor belt in a ceramic industry is an example.

mation of lots for the purpose of lot-by-lot inspection
is not possible here. Dodge (1943) designed a special type

of sampling plan, called 'continuous' sampling plan, consis-

1g of alternating hundred percent inspection and sampling

spection, in case inspection is not destructive of the

item.

The present work is related to only lot-by-lot

sampling inspection.

Further, a lot-by-lot sampling inspection may involve

inspection either by attributes or by variables. In attribute

inspection each unit in a sample is inspected visually on a
zo-no-go gauge basis for one or more characteristics, and
slassified as defective or non-defective. In variable inspec-

~ion, each unit in the sample is measured for a single charac-

istic, such as weight or strength. The published plans by

dge and Romig (1959), Mil-Stds 105D (1963) and I5-2500
(1973) are examples of sampling inspection plans by attributes.
Zxamples of sampling inspection plans by variables are the
zlans by Bowker and Goode (1952), Mil-Std. 414 (1957) and
I3-2500 (1965).

In this work we consider only sampling inspection by

ibutese




Purpose of sampling inspection

In brief, inspection has two purposest (i) discrimi=-
nation of good items from b&d, and (ii) collection of infor=-
mation on the quality of the items inspected. It is well
known that 100% inspection is not nccessarily efficicnt duc
to inspection fatigue and considerations of cost and time.
When inspection is destructive, 100% inspection is obviously
ruled oute In view of these points sampling inspection has
almost replaced regular hundred percent inspection in indus-
tries. However, hundred percent inspection on a non-regular
basis isees, in case of only some lots, is the common feature
of some acceptance sampling plans (e+g+, Dodge and Romig's
olans).

In the present work it is assumed that the inspection
of an item is not destructive. The sampling pians discussed

include the possibility of 100% inspection of some lotse.

Tnree-decision plans and protection provided by them

The lot=by-lot acceptance sampling plans by the method
:f attributes, in which each unit in a sample is inspected
cn a go-no-go gauge basis for one or more characteristics,
znd the lot-by-lot acceptance sampling plans by the method

-2 variables, in which each unit in a sample is measured for



a single characteristic, such as weight or strength, are
either acceptance-rectification or acceptance-rejection

planse.

The classical work of Dodge and Romig (1929) intro-
duced new concept into acceptance sampling. The situation
considered by them was the inspection of a long series of
batches such as would occur if components are passed from
one stage of production to another, or from onc department
to another, or from one factory to another, in the course
of manufacture of some assembly. Dodge and Romig's plans
are two-decision plans with acceptance or rectification of
the lot as the two terminal actionse. In other words, the
batches are ordinarily not rejected but, if they are not
accepted, they arc to be rectified by being inspected
completely and defectives either removed and replaced with

zood items or corrected.

Thus, under a two-decision plant (i) a lot is either

=ccepted as a good one or classified as bad one and screened

or the purpose of acceptance or (ii) a lot is either accepted

W

s a good one or classified as bad one and rejected.

In practice, situations exist where the above type of
“wo-terminal actions may not be found adequate in the economic
sznse. The following points provide the basis for such

considerations
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(a) 100% inspection of very bad lots and replacing
or rectifying large number of defective itcms
may not always prove to be an economically valid

proposition.

(b) Out right rejection of a lot, in particular, a
moderately good lot, may not be always agrecable
to the producer. However, producer may agree
to an out right rejection of a very bad lot under

certain conditions.

(¢) Three terminal-action procedure may be a natural
course in certain cases and three-decision plans

may make it more objective.

In such cases it may be economical to operate a three-
Zecision plan instead of a two-decision plan. For example,
T large number of bad lots are submitted for inspection,
Three-terminal actions - accept a good lot, screen a bad lot

=2 reject a very bad lot - may be more appropriate.

Three-decision plans with various types of three-

=inal actions as a generalisation of two-decision plans,
developed in this work and constitute the main theme of

discussions. Four full chapters ¢ Chapter 2 [ Pandey

1972a)], Chapter 3 [Pandey (1977)] , Chapter 4 [Pandey
)
.1277) } and Chapter 5 [Pandey (197l+a)] are devoted to the

Ziscussion of three-decision plans.



Scme of the typical threc terminal actions under a

three-decision plan are listed belows

(i)

(i1)

(iii)

Classify the lots in three quality grades A, B
and Cs Accept grade A as good lot, screen grade
B lot and accept, and reject a grade C lot out-
right. Plans with such three decisions are
called ASR plans in this work and are discussed
in the Chapter 2 (section 2.3), Chapter 3
(section 3.4) and Chapter 5. They have different

optimal propertiese.

Classify the lots in three quality grades A, B
and C as before and accept grade A as good lot,
accept grade B as moderately good lot or salva-
gable lot and, screen and accept a grade C lot.
Plans with such three decisions are called AMS
plans in this work and are discussed in the

Chapter 2 (section 2.4).

Classify the lots in three quality grades A, B
and C as before and accept grade A as good lot,
screen and accept a grade B lot and accept a
grade C lot with a penalty imposed on the
supplier. Plans with such three decisions are
called ASP plans in this work and are discussed

in Chapter 3 (section 3.5).
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A single sampling ASR plan is defined by the parameters

n, 4 and Co and is to be operated as follows?

Take a random sample of size n from a lot of size N

7 let x be the number of defectives in the sample then

accept the lot if 0 < x <oy
screen the lot if ¢4 < x <S¢, (143.1)
reject the lot if ¢, ¢ x<n

(“+3.1) generalises two-decision plans. For example, some

-7 the two-decision plans are special cases of (1.3¢1) viz.,

pt-reject plan (cq = c,), accept-screen plan (c, =n)

=n2 screen-reject plan (cq = -1).

The average amount of inspection of an ASR plan is

r=C.

I=n+(N-n) = TP (nf))r/rl oo (14302)
r=cq+1

w==re p denotes the process average quality. The minimum

svzrage amount of inspection at process average quality,
I, 22s been chosen as a criterion by Dodge and Romig (1959)

<- obtain their optimal plans satisfying certain other

tions and riske.

It is well known that when a sampling plan is operated

—-: zroblem of conflicting interest of producer and consumer



arises. A producer should not grudge if a very bad lot is
rejected out right by the consumer. The consumer is supposed
in this work to operate a plan for receiving inspection to
safeguard his interest against accepting a lot which is very

bad.

At the same time 'consumer! should not be notional
in the sense of Tippett (1958, pp.137). The consumer should
agree to allow a chance of 100°% inspection for lots which
are not accepted ordinarily but are not very bad. Every
such lot should be accepted after screening. The lots which
zre very bad (grade C) may involve high cost of screening
and neither the consumer who bears the cost of inspection
would allow screening of such lots nor the producer would

Zind the cost of replacing or rectifying too many defective

ems as attractives In fact, whenever such a lot is rejected

~he consumer's 1loss may be very low.

We have assumed that the consumer bears the cost of
inspections. It may be a departure from the common cases in
which producer bears the cost of inspection. This assumption
=2y be justified under the argument and the arrangement

Zescribed belows

The out right rejection of any lot may be deemed by

<he producer as a drastic action on the part of a consumer
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if screening be the general practice under two-decision plane.

However, the producer may agrce tc such a proposal provided:

(i) The consumer agrees to accept the moderately
good (grade B) lot after either imposing a

penalty on the producer (supplier) or screeninge.

(ii) Only very bad (grade C) lots are rejected
out right.

(iii) The consumer agrees to bear the cost of inspec-

tion (or at least 100°% inspection).

The consumer's and producer's risks are most widely
used for determining systems of sampling plans. The consu-
mer's risk is defined as the probability of acceptance of
a lot or process with the deteriorated quality level or lot
tolerance percent defective (LTPD) quality under a given
plan. The producer's risk, a concept 2pposite to consumer's
risk is defined as the probability of rejecting a lot of
good quality level or acceptable quality level (AQL) by the
consumer under a given plan. The Dodge and Romig's (1959)
LTPD systems of plans provide lot quality protection in terms
of consumer's riske.

The notion of two consumer's risks and two producer's
risks, as introduced in this work, is new in the field of

zcceptance sampling and is explained next.
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When a three-decision plan is operated for receiving
inspection any misclassification of an inferior quality lot
or process as a superior quality lot or process entails a
risk to the consumer. To provide a lot quality protection
in case of the three-decision plans on the line of Dodge
and Romig's LTPD systems of plans, it may be therefore,
logical to specify the consumer's risk in terms of the

probabilities of misclassification of the above type.

When a three-decision ASR plan is operated the mis-
classification entailing a risk to the consumer would arise
in two wayst (a) when a fairly good (grade B) lot is classi-
fied as grade A or (b) when a fairly bad (grade C) lot is
classified as grade B or grade A lot. The consumer's risk,
therefore, nced be specified at two quality levels - one of
grade B and the other of grade C. For this purpose the two
quality levels py and p, (p1 < pz) are chosen depending on

consumer's specification as followst

The quality level P4q is specified in such a way that

e probability of misclassifying a lot of this quality under

plan as grade A is quite low By (say 0.01 to 0.10) and

~he probability of classifying it correctly as grade B is

fairly highe Similarly, the quality level Py is specified

¥ the consumer in such a way that the probability of
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misclassifying a lot of this quality as grade B or grade A
is quite low 92 (say 0.01 to 0.10) and the probability of
classilying Lt correctly as grade C is fairly high (Fig.6).

Thus, the risk D,] is the probability of misclassifying
a lot of quality P4 @s grade A. The risk 52 is the probabi-
lity of misclassifying a lot of quality P, either as grade 3
or A. These risks (B1 and 92) are mathematically written

as
B, =B (c,]; n, p,l) ses (143.3)
and BZ = B (c2; n, p2) s5s (13.4)

using the sample criteria (1.3.1) where the above two condi=-

tions are to be satisfied as closely as possible.

These equations can be also written using form of

Dodge and Romig (1959) page 19 cege, (1.3.4) can be written

W

S
°2 u Mex X
B, = xf-_:o () (1= 1\%) (D eee (1e304a)

where M = sz, a = np,

The concept of producer's risks say a4 and a, at
A}
szality levels P4 and pé (say) respectively can be similarly
ned (Fige6)s Mathematically
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n

'
ay = z b (x3 n, p’l) eee (1.3.5)
X.=C1+’I
n 1
and a, = = b (x3 n, py) oo (1.3.6)
X=Cp+1

where p; denotes the quality level such that when a three-
decision plan is operated the probability of misclassifica-
tion of a lot of quality p,; (grade A) as ecither grade B or

C is quite low say a4 whereas the probability of classifying
it correctly as grade A is fairly high. Similarly, pé denotes
the quality level such that the probability of misclassifying
a lot of quality p; (grade B) as grade C is quite low say a,
wnereas the probability of classifying it correctly as

grade B is fairly high. The values of a, and a, may range

from 0.01 to 0.10.

Since, the concept of two risks is quite new in the
field of acceptance sampling it was felt necessary to talk
about both consumer's and producer's riske. However, the
determinationsof three-decision plans discussed in this

thesis, do not involve producer's risk, hence the notion of

s risk is not relevant to the present worke.

The plans discussed in the Chapters 2 and 5 (section

5. 4) are on the line of Dodge and Romig's LTPD systems of
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plans (consumer's risk plans), and are based on the notion

of two consumer's risks B’I and BZ.

Two types of protection (consumer's protection) are
provided under Dodge and Romig's plans? 1ot gquality protec-
tion (LIPD plans) and average quality protection (AOQL plans).
In cach case the value of either LTPD or AOQL is specified,
and the plans in their tables provide minimum average amount

of inspection for specified process average quality.

In Chapter 2 [Pandey (1972a)] a new type of three-
decision plans (n, Cqs 02) is discussed. These plans satisfy
two consumer's risks 91 and 92 defined in terms of probability
of misclassification, and give minimum average amount of
inspection at process average quality De These plans are
to be operated as (1¢3+1). It is shown that the optimal
three-decision plan gives a smaller valuc of I, defined by
(1+3.2), than the 'corresponding' Dodge and Romig's plan
[ Pandey (1974b) ] « A set of Dodge and Romig's plans and
the 'corresponding' three-decision plans are tabulated along
with their values of I. A comparison shows that the values
-f T for the three-decision plans are smaller in each casce
4 set of illustrative optimal three-decision plans are
~zbulated and given in the table 1 in the end. Numerical

somparison is provided in the table 2.
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In Chapter 2 [Pandey (1972a)] in section 2-4,
further, a second type of new three-decision plans with the
following sample criteria, different from the above, are

discusseds

accept as good if 0 < x < cq 3
accept as moderately good if cq <x < Cy eee(143.7)

accept after screening if x > Cy

A scet of illustrative 450 three-decision plans of
(1.3.7) type are provided in Pandey (1972a) in the tabular

form.

In Chapter 3 [ Pandey (1977)] single sampling three-
decision plans providing average quality protection in terms
of AOQL (instead of lot quality protection as in Chapter 2),
and minimising average amount of inspection at process
average quality fy are discussed, and a set of illustrative

optimal plans are given in the tables 5 and 8 in the end.

In an unpublished thesis, Soundararajan (1972) has
cbtained some results related to the inflexion point on the
operating characteristic function of the two-decision single
sampling plane In Chapter 4 [ Pandey (19’77)] some results
on the characterisation of the single sampling three-decision

plan with an original and rigorous proof are discussed.
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Other three-decision or 'three-class' plans

The work discussed in the Chapter 2 was presented
at the Fifth All India Conference on Quality Control,
Indian Statistical Institute 17-19 March 1971, New Delhi
and subsequently published in 1972 in Sankhy% [Pandcy
(1972a)]. The contents of Chapters 2-5 excepting the
sections 5.6 and 5.8 are published as indicated in the
references A brief summary of the contents of Chapters 2,
3 and 5 entitled '' Sampling Plans with Three Decisions''is
included in the book '' STATISTICAL THEORY OF SAMPLING
INSPECTION BY ATTRIBUTES'' by Anders Hald, 1981, pages
427-428, Academic Press.

Some work carried out independently in the field of
acceptance sampling, which has an apparent similarity with
the three-decision plans developed by us are due to Golub
(1953), Umarov (1970), Bray, Lyon and Burr (1973) and
Schmidt, Case and Bennet (1980). The 'three-class' plans
of Bray,Lyon and Burr (1973), however, are essentially two-

iecision planse

1.3.1(a) Golub (1953) considered the determination of cq
and Cp for specified value of n such that the sum
of the probabilities of acceptance, screening and
rejection at the specified incoming quality is

maximised.
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Umarov (1970) has discussed a special case of

sequential acceptance sampling plans with three
terminal actions, viz., accept without inspection,
reject without inspection and carryout 100°%

inspection.

Bray ct.al. (1973) have defined a 'three-class!'
plan by n, cq and cpe The probability that a
sample of size n includes d, good items, d1
marginal items and dZ bad items is given by

[ d d.
n . o 1 %
T E Py” Pq Py eoe (1.3.8)

where p, is the fraction of items of good quality
in the lot, Pq the fraction of items of marginal
quality and Py =1 = P, = Pq is the fraction of
items of bad quality. The probability of accep-

tance of the lot on the basis of the sample is

given by
Cy CamJ .
2 ©q P N
s = —_—n p:: +J pal' p‘% eoe (1e3.9)

j=o i=o il (n=i-3)!

Under this 'three-class' plan an item in the
sample is classified either as good or marginal

or bad and depending on the sample results two
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decisions are taken i.c., a lot is either

(1) accepted or (ii) rejected.

In their work the authors consider only the
case with Cy =0, thus simplifying the expression

(1+3.9) to
ny n-i i
2 (3)pg " Py eee (143.10)

They have constructed a set of plans giving values
of n and ¢ where c denotes Cqs and cy is always
equal to zero. Some applications in the area of
hazardous substances in food and amount of active
ingredient in dosage forms of drugs are pointed

out.

Schmidt Jr, Case and Bennet (1980) have considered
three-action viz., accept-screen-reject, cost
model for plan by variables for two-sided specifi-
cation case and have taken a straightforward cost
function. They have attempted an approximate
solution by simplifying the cost function. Their

work is on the lines similar to Pandey (1972b).

It may be noticed that the plans summarised in

1+3¢1(a),(b),(c) and (d) above give very restricted sets

for in (a) n is fixed in advance and a criterion of maximum
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sum of probabilities is used; in (b) sequential plans are
discussed, with one of the tcrminal actions being 100°/
inspectiony in (c) cy is taken as O, thus reducing the plans
in fact to a very restricted two-dccision plansj and in (a)
‘three-action cost model for plans by variable similar to

Pandey (1972b) are attempted.

In our work in the following Chapters (2,3,4 and 5)
we have tried to use practical criteria of choice and develop

a much wider variety of proper three-decision plans.

It is recognised that, inspite of theoretically
demonstrated advantages, a set of plans is useful only to
the extent that these are employed in practice. For this,
two essential requirements are practioners' familiarity
with the plans and the availability of readily usuable
tables. We are in the process of compiling such tables and
if they are published along with a summary of the contents
of the present work, it is hoped that these three-decision

plans may gain currency of use.

Bayesian three-decision plans based on cost model

It is well recognised in industry that the loss or
regret function when expressed in terms of costs, is more

tangible than the average amount of inspection. The wealth
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of information gathered over time about a production or
inspection process may be used to make the decisions more

realistic.

Robbins (1950) has discussed an empirical approach
to identify the form of the prior distribution based on the
past information. Several authors like Barnard (1954),
Guthrie and Johns (1959), Pfanzagl (1963), Wetherill (19€0),
Hald (1960b, 1965, 1967a, 1967b, 1968a, 1968b, 1973, 1981),
Johansen (1970), Guenther (1971), Hald and Thyregod (1971),
Hald and Keiding (1969, 1972), Chiu (1974), Thyregod (1974,
1975), etc., assume a prior distribution for incoming lot
quality, and, generally under a linear cost model, work out

optimal two-decision plans.

In Chapter 5 [Pandey (1974a)] three-decision plans,
on a cost structure basis of the model, have been introduced.
Bayesian single sampling three-decision plans by attributes
for discrete and continuous prior distributions are discussed.
The plans minimise the sum of average total cost of inspec-

tion and the cost of decision per item.

In the discrete prior casesone, two and three point
prior distributions for the lot quality are used. Some
illustrative set of optimal plans are also given. A numerical

comparison is made of average total cost of inspection plus
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cost of decision per item between two-decision plans and
the 'corresponding' three-decisicn plans in the case of
two-point prior. It is found that three-decision plans arc
more advantageous than the two-decision plans. The unique-
ness of the solution is attempted to be shown and it is
observed that the expected decision loss is a non-increasing

function of the sample size with a falling rate of decreases

For the case of continuous prior [ Pandey (1973) ],
beta prior is chosen as the distribution of the incoming
lot quality in Chapter 5 (section (5.8)) and three-decision
ASR plans are discussed. A few illustrative plans are also

worked out and givene.

Finally, for completeness and the benefit of practi-
tioners in the application of statistical quality control
in industry, sampling inspection tables for Bayesian single
sampling three-decision plans by attributes, based on the
work of Chapter 5, are compiled separately for various values

of the parameters kij' i, 3 =1, 2 and u.ij, i, J = 1,2,3.

In the present work both, non-Bayesian approach
(Chapter 2, 3 and 4) and Bayesian approach (Chapter 5) are
adopted to discuss three-decision sampling plans. The role

of Bayesian approach, though quite important in obtaining
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optiral sampling inspection plans, does not qualify
''Bayesianism'' to be overemphasised [as remarked by De
Finetti (1974)] at least in practice, so as to pose a
threat to the statistical profession in view of Hamaker

(1977a) .

The work presented here is based on the consideration
of one quality characteristic only whereas in practice it
may be desirable to consider several types of defects
simultaneously. However, inspite of some commendable
attempts to consider multiple characteristics by defining
a composite index or criterion [Harrington (1965), Mukherjee
(1970) and Schmidt et. al. (1972)] , work in this field
has remained rare and more academic than practical. For
the present, as is done in Mil-Std. 105D (1963), for example,
the plans presented here may be used by choosing a single
characteristic, out of many, on the basis of seriousness

or other practical considerationss

HHRFHINN R
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CHAPTER TWVO

SINGLE SAMPLING THREE-DECISION PLAN BY ATTRIBUTES
PROVIDING LOT QUALITY PROTECTION

Introduction

In Pandey (1975) some limitations of percentage
sampling inspection such as dependence of its sample size
only on lot size and undesirable increase in the average
quality of the accepted products due to random pairing and
doubling of batches under certain condition [Nath (1948) ]
were pointed out and established respectively. The system
of sampling plans by attributes developed by Dodge and Romig
(1929) is, to a large extent, free from such limitations.
Among other plans Dodge and Romig consider the single sampling

plan (n, c¢) providing lot quality protection.

For specified values of lot size (N), process average
(), LTPD (py) and consumer's risk (P, = 0.10) the plan (n,c)

satisfies
c x M-x
M. m n
(PR -g) = By eee (21
xe0 X N N c
where M = I\Ipt , and minimises I given by

- n P, =X
I=n+(Nn) T e (npy /x 1 oo (2.2)
X=c+1

- 22 -
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[Dodge and Romig (1959) pages 33-34]. Under the plan (n, c)

decision on a lot is taken as follows:

Accept the lot if O < x < c
eee (2.3)

Screen the lot if x> c
where !'screening'' of a lot amounts to an 100%inspection
and accepting the lot after either rectifying or replacing
with good items all the defectives found. To cover the
practical situations where ''screening'! of a very bad lot
is quite costly and it may be economically preferable to
reject such lots out right, we propose in this Chapter a

three-decision single sampling plan.

Under a three-decision plan 1lots are classified in
three grades A, B and C. Two cases of three-decisions are

considered in this Chapters:

Case (a) : Accept grade A, screen grade B and
reject out right a grade C lot.

Case (b) ¢ Accept grade A, Accept grade B as

moderately good and screen grade C lot.

Three-decision single sampling plans (n, €45 ©,) ensuring
specified values of two consumer's risks (B,I and 32) as
defined in (1+43+3) and (1.3.4) and minimising average amount

of inspection (AOI) at given P are developed.
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2.2 Choice of grades
—C o 57aces

To define three quality grades,two quality levels
P4 and Py (p‘l < pz) are predetermined. A lot of incoming
quality p is of grade either

A if P <py or
B ifp1§p <p2 or

C if P2p,-

Consumer's specification guides the choice of Pqs P, and
the associated risks B, and B,. The risks B, and B, are

taken as probability of misclassification as follows:

: 9,1 ¢ Probability of misclassifying a lot of
quality Py as grade A.

B, s Probability of misclassifying a lot of
2

quality p, either as grade B or grade A.

Defined as such the risks B’l and 32 have the mathematical
expression as (1+3.3) and (1.3.4) respectively. Dodge and
Romig (1959 page 19) have used f£= binomial expression for

consumer's risk B in (2.1) but we use ordinary binomial for

the two consumer's risks. Generally, the values of 51 and

52 arc such that in practice for a three-decision plan

¢q ==1 1is ruled out.
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The parameters (n, Cqs c2) of a three-decision plan

discussed in this Chapter are defined as follows?

A random sample of n items is drawn from the lot of

size N. Decisions in case (a) and case (b) are taken as

in the table next, on the basis of the number of defectives

observed in the sample.

accept the lot

number of defectives decision decision
in the sample in case (a). in case (b).
<oy accept the lot accept the lot
> cq but & oy screen and accept the lot ag

moderately good

> ¢, reject the lot

screen and
accept the lot

The significant features of these plans may be summed

up as follows$

(i) Consumer's protection ! the two consumer's

risks are kept at specified low value B4 and

B, closely for given pq and p, (p1 < py)

(ii) Producer's interest 8 Out right rejection takes

place only if the lot is too bad and if the lot

is not very bad it is invariably accepted after
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screening (case (a))y. In the second case
(case (b)) not only a very bad lot is accepted
after screening but even a lot which is not
very bad is accepted as moderately good lot

without any screeninge

(iii) Two-decision plans as special cascs ¢ Two-

decision plans can be obtained as a special
cases of three-decision plans ce.g., from accept-
screen-reject type of three-decision plan of
case (a) we can get the following type of two

decision plansst
Accept - Reject plan when ¢4 = Cy
Accept - Screen plan when ¢C, =1
Screen - Reject plan when ¢4 = -1
Such special cases for the three-decision plans

of case (b) are obvious.

In view of (i) and (ii) we may state that these
plans take care of both the consumer and the producer and
do not protect only imagined interest of consumer indepen-

dent of producer in the sense of Tippett (1958, pp+137).
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The plans with Accept-Screen-Reject type of decision
(case(a)) arc referred to as ASR plans and similarly those
with Accept-Accept as Moderately (M) good-Screen type of

decision (case(b)) as AMS plans in the sequel.

Casec (az $ ASR plans

For spceified lot size (N), Py Py B, B, and 62
the problem of determining (n, Sy 02) which satisfy (1.3.3)
and (1.3.4) very closely and minimise T given by

c
2 =
I=n+ (N~n) = : P (nf:)x/xl eee (24301)

X=C1+
is considered. 1In (243.1) Poisson approximation for
Prob (c,<x<c, IN, B, n, Cqs ©5) is used as done by Dodge
and Romig (1959, page 19) in (2.2). The plan (n, ¢, c,)
is to be operated as described in the section 2.2 and the
three-decisions under it are to be taken as given in column

2 of the table there.

Let S be the set of plans (n, Sy 02) satisfying
(1+3.3) and (1.3.4). When B, and B, are specified for given
B and p,, for any plan (n, cqs c2) in 8, if any one of the
numbers n, ¢4 and Cp is fixed the other two are uniquely

determineds Thus the plans in the set S can be uniquely
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defined according to any one of the numbers n, cq and c,.
We have chosen cq for this purposce

Let S(c1) denote a plan (n, Cqs c,) from 8 and T(C'I)
be the corresponding value of I given by (2.3.1) at process

average 5. A plan S(c:) will be lccally optimal if

AT (¥ =1) €0 < AT (cF)  eve (2.3.2)
1 1

For two plans S(cq) and S(cq+1) in S for some specified D

we have
8I(ey) = k(1=£,5) + (N-n) (£,-17) oo (23.3)

where k > O is an integer and f’l and f2 are given by

c

2 P , = X
£, = z e (23) /x o
X=Cq+1
Co+d
2 = = X
£, = b7} o (n+k)p (n+k Py / x ¢, >0, an integer.
X=Cy+2

During the investigation of the nature of I(c,l) for
increasing value of c4 it is found that the expression
(2+3.3) becomes quite cumbersome for analytical treatment

and it is not possible to make an exact analytical statement
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about the form of the function T(c,l) for different values

values of cq shows that there exist at the most twe local
minima for f(c,]) when N and P are fixeds This fact has
been utilised in obtaining optimel ASR plens in the rext

section.

The nature of i(c1) for increasing values of c, as a
result of extensive numerical investigation is illustrated
in figures 1 and 2. In figure 1, for the fixed lot size
N = 1000 the general nature of the curve obtained by
plotting AOI values at fixed three different values of
D = .01, .02 and .03 against a set of plans (satisfying
py = 0.05, py = 0410, By = 0.07 and B, = 0.10) arranged in

ascending order of Cq is shown.

In figure 2, for the fixed three different values of
lot size N = 400, 800 and 1200 the general nature of the
curve obtained by plotting AOI values at fixed value of
P = 0.03, against a set of plans (satisfying py = 0.05,

Py = 0.10, By = 0.07 and B, = 0.10) arranged in ascending

order of Cq is shown.
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Determination of optimal ASR plans

One may write (1e3.3) and (1.3.4) in terms of
f-binomial on the line of Dodge and Romig's expression
(2.1) and in view of complicated nature of f(c,]) in (2+3.1)
as compared to Dodge and Romig's T(c) function in (2.2),
a modified iterative procedure corresponding to the itcra-
tive procedure by Dodge and Romig (1959, pages 19) may be
developed and used to determine optimal ASR plans. But we
prefer to use a direct method taking into account the
specification (1.3+3) and (1.3.4) and first generating the
set of plans S and then taking arbitrary lot size (N) and
computing the value of I at a fixed value of P, for each of
the plan in S. The plan having minimum value of AOI is
taken as the optimal plan. In all the cases we have found
that our method converges in finite steps in obtaining the
optimal plan. It may be noted that the iterative method
given by Dodge and Romig does converge but they also have

not given any theoretical proof for convergences

The systematic steps for the computational procedure

are given belows

Step 1. Choose some ¢4 and, for fixed 31, obtain n
from (1+3.3).



Step 2.

Step 3.

Step 4.
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Substitute the value of n so obtained in (1e3e)
and obtain Coe

Chocse a sufficient number of values of ¢y with
an interval of 1 and obtain the plans (n, Cqs Cp)

corresponding to each value of ¢4 as above.

Choose an arbitrary lot size N and compute the
value of AOI at a fixed process average p, for

each of the plans obtained in the step 3. Choose
the plan having minimum value of AOI as the optimal
plan as soon as its AOI value is exceeded by the
sample size of the plan corresponding to the next
higher value of ¢4+ In other cases, continue the
computations till two local minima for AOI are
covered and then choose from these two minima the

plan with lower AOI as the optimal plan.

As it can be seen from the Figures 1 and 2, in some

cases there exist two locally minimum AOI. The computations

have been carried out till both the plans corresponding to

the two locally minimum values of AOI are covered. Then the

plan with the smaller value of AOI has been selected.

plans,

In cases where the sample size of the succeeding

during the computations, become larger than the AOI
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of the first locally optimal plan, the further computations
were abandoned selecting the first locally optimal plan as
the absolutely (gobal) optimal plan. This procedure is

Justified by the following:

Let ng denotes the sample size corresponding to the
plan S(c1)55- It has been observed during the computation

for the plans in S that n, <n for cy > 0. Hence,
1

c1+1
if S(c?) denote a plan such that 4T (cfl’ -1) £0 < Ai(cg)
for the smallest value of cq = cfi whén the computations
are carried out in increasing order of c, and if T(cf]’ )<

n then clearly f(c‘,f) <n < I(c) for all c > c?q-'l
1 c

Ca+
1
implying that S(c,'i) is the absolutely optimal plan.

9|+1

As an illustration, table 1 in the end provides a
set of 72 plans which have been obtained for the following
specificationss

Lot size (N) = 100-10,0003 py = 0.05; p, = 0.10;

Process average (p) = 0.01, 0.02 and 0.033

By = 0.07; #, = 0.10.

A comparison with Dodge and Romig's LTPD plans

A comparison of Dodge and Romig's (DR) single

sampling LTPD plan with the ''corresponding'' three-decision
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single sampling plan by attributes is carried out in table 2

in the end.

The values of parameters in the table 2, are chosen

as followss

For the three-decision plans, p4q = 0.103 Py = 0.153
Py = 0.103% 92 = C.103 and for Dodge and Romig's (DR) plans,
consumer's risk (B,l) is taken at 0.10 and the LTPD value
at pq = 0.10. In both the cases lot sizes, same as in
table 1, are chosen. Average amount of inspection (AOI)

are computed at process averages 0.01, 0.02 and 0.03.

The concept of '‘corresponding plan'' for the purpose
of comparison in table 2 and also in further discussion,

is as followsst

Given an optimal Dodge and Romig's single sampling
LTPD plan (n, c) for specified values of p, LIPD = pgs
cangumer‘s risk 91 = 0.10 and lot size N, then the
t1corresponding'' three-decision single sampling plan by
attributes is taken as (n, Cqs cz) where ¢y =c and Co is
the solution of (1.3.4) for specified value of P, and values

of n as in the above DR plan.

Similarly, given an optimal three-decision single

sampling plan by attributes for given values of P, N, Pqs Py
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B, = 0.10 and 92, then the ''corresponding'' Dodge and
Romig's single sampling LIPD plan is taken as (n, c) where

c = Cqe

The comparison carried out in table 2 shows that the

Dodge and Romig's optimal single sampling LTPD plans involve

gher values of AOI at specified values of 5 than the

''corresponding'' single sampling three-decision plane. The
tabulation shows that an optimal three-decision plan involves
a2 smaller value of AOI than the ''corresponding'' optimal

DR plan.
We shall prove the following resultss

Lemma 1. Let I? be the value of AOI of a given optimal DR
olan (n, c¢) for specified value of lot size (N), process
average (D), lot tolerance percent defective (LTPD) as Pq
and consumer's risk B, = 0.70 and in addition to the above
let Pps Pq < Py and 62 be specified and 12 be the value of
40T of the corresponding three-decision ASR plan (n, Cqs CZ)

where ¢4 =c¢ then I, < Ifl’
Zroof: Since I,oI =n + (N-n) Prob (X > cq I N, P, 1, c4)

= n+(N-n) Prob(c1<}{5c2|N,ﬁ,n,c,l,cz)

+ (N=-n) Prob(X>c,IN, B, n,0,)

I, + (N-n) Prob (X > e, IN, P, n, GZ)
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I, < Ig for (N-n) Prob (X > e IN, By ny cp) 20
where X is a random variable denoting number of defectives

in the sample of n items.

Theorem 1. Let I? and Ig be the values of AOI of a given

optimal DR plan and an optimal three-decision ASR plan res-
pectively for specified lot size (N), process average (p),
LTFD = Pq, consumer's risk D'l = 0.10, Pps Pq < Pos and 92

- TO Lo}
thon 15 <19,

Pro Since, from definition of optimal three-decision

ASE plan IS < I, , from lemma 1 the result I3£1, <19

follows.

Case(b) 3 AMS plans

The following problem is considered s To determine
By Cq and ¢, which satisfy the equations (14343) and (1.3.4)
and minimise average amount of inspection given by

I=n4+ (Nn) e-nf’ (nf))x/x: eee (2e447)

bl
X=Cp+1

5

or specified values of N, f), Pqs Pps 31 and 52. An AMS
sarvling plan is to be operated as described in the section
242 and the three decisions are to be taken as given in the

column three of the table there.
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The AOI function (2.4.1) is similar to the AOI

function of Dodge and Romig as given by (2.2) in the sc
that both involve only one acceptance number, in the former

case this being C,e Therefore, the minimum value of AOI in

(2.4.1) can be uniquely determined using ouly n and Sy
satisfy (1.3.4 a). Subsequently, to obtain the value of ey
corresponding to the above values of n and Co and satisfying
(1.3.3), we have to solve (1.3.3) for specified value of [

using n determined earlier.

Thus, to determine n and Cy for specified N, 1-3, Py
and 92 = 0.10 we can use the arguments of Dodge and Romig
(1959) pages 19-20. In the present case, taking k = i/pz,
a = np,, M = sz, Pc= 92 = 0.10, ¢ = c, we can consider
(M,k)-plane on the same line as Dodge and Romig to obtain
¢ minimising z = 'ipz and next, the corresponding value
of 'a' from (1.3.4a) giving the value of the sample size
n = a/PZ’ The theory of (M,k)-plane having zones with
identical acceptance numbers minimising z and the resulting
boundary equation and iterative procedurc will be exactly
identical as given in the pages 19 and 20 in the above

reference.

In view of the above, to determine n and cy for given

N, B, P, and B, = 0.10 we can directly use Dodge and Romig's
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(1959) cight sampling inspcction tables given in their

appendix 4 pages 182-185 in the above refercnce for the
values of p, = 0.5%, 1.0°%, 2.0°%, 3.0%, 4.0°%4, 5.0°%%,
7.0% and 10",

Thus, given lot size N, process average P» Pqs Pps
P4, and 3, (0.10) use the following steps to obtain an optimal

three-decision AMS plan.

Step 1. Choose an arbitrary value of Coe

Step 2. Obtain the value of n from DR table for LTPD = Pos
process average 5 and lot size N, consumer's

risk = 0.10.

Step 3. Using the value of n as in step 2 and specified
value of 91 in (1.3.3) obtain the value of cqe Thus,

through steps 1-3 one gets the required plan (n,c1,02).

Step 4. ZKeeping the value of n and Co fixed, as obtained
above, ie.ce, without changing the AOI value, change
cq by 1 and obtain the value of risk », from (1e3e3)
This will give a new plan (n, cq+1, °2) for the
same value of N, 5, Pqs Py and 92 but different

value of 2,.

Using the above steps with different lot ranges and

different value of ¢,, a set of about 450 plans were obtained
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Zor lot range ¢ 1-10,0005 Bt 0-5%; py = 0.05; py = 0.10;
75 = 0.10 and @y ¢ 0.01°% to 50% in Pandey (1972a). Since
it is easy to obtain such plans using directly DR tables and

<he steps given above the above set of plans are not repro-

ced in the thesis and readers are referred to Pandey (1972a).

- .ncluding remarks

From the above discussion it is felt that in situa-
-ions where Dodge and Romig's LTPD plans are applicable, it
-2y be found more cconomical to discriminate between bad and
sory bad lots and use the plans given in the section 2.3,
-2ving much smaller AOI. However, situations may arise where
-ad lot may not be considered bad enough to be subjected to
‘0% inspection and, instead, it may be economical to encash
-nem by selling at a lower price, only very bad lots being
ziven 100°% inspections. In the latter situation the plans
cresented in section 2.4 are to be useds It should not
srzate much difficulty to decide as to which between the two
--pes of plans should be used in a particular situation.

This problem can be easily resolved by the user on the basis

£ the relevant cost parameters.

A
bbbt



CHAPTER THREE

SINGLE SAMPLING THREE-DECISION PLAN BY ATTRIBUTES
PROVIDING AVERAGE QUALITY PROTECTION

Introduction

In the previous Chapter three-decision ASR and AMS
plans providing lot gquality protection on the line of DR
single sampling two-decision plan providing lot quality
protection were considered. For given lot size (N), Average
Outgoing Quality Limit (AOQL) = Py » Drocess average (p)
Dodge and Romig (1959) have also considered among other
plans the problem of determination of the value of n and ¢
which minimise the value of I given in (2.2)« These AOQL
plans of Dodge and Romig are known to provide average quality
protection.

Motivated by the above we consider, in this Chapter,
following two variety of three-decision single sampling plan
providing average quality protection for specified lot size
(N), process average (P) and AOQL (pp) ¢

(i) Plans with 'accept-screen-reject out right' type

of decision (ASR plans) and

(ii) Plans with 'accept-screen-accept with penalty to

supplier' type of decision (ASP plans).

- 4] -



- 42 -

It is shown that these three-decision plans involve
smaller average amount of inspection (AOI) as compared with
the 'corresponding'' Dodge and Romig's plans. Some illustra-
tive numerical examples for the construction of such plans

are also given.

Three-decision ASR plans and its applicability

The concept of three-decision ASR plans with lot
quality protection was introduced in Chapter 2. A single
sampling three-decision ASR plan by attributes with average
quality protection is defined in the manner as the earlicr
ASR plans, by the parameters n, ¢y and ¢, but it is operated
with a slightly modified procedure as follows$

Take a random sample of n from a lot of size N and
lot x be the observed number of defectives in the sample;

then

if 0<x¢< Cqs accept the lot after rectifying or
replacing the defectives in the

sample,
if Cq <xZ Coy accept the lot after screening,

if ¢, € x ¢n, reject the lot.
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The plans discussed here are applicable under the

following conditionss
(1) Items are inspected on a lot-by-lot basis and are
in ample supply.

(2) Inspection does not involve any destructive or very

costly testing i.e., 100% inspection is permissible.

(3) Any defective item, if detected, can be either

replaced with good items or rectified.

(4) Quality protection is expressed in terms of average

outgoing quality limit (AOQL).

The operating characteristic curve

For incoming lot quality p the probability of accep-
tance P,(p), probability of screening P(p) and probability

of rejection Pr(p) under an ASR plan are defined as followss

Pa(p) = B(c1; n, py .es eee (3.341)
Pg(p) = B(cy; n, p) = Bleg; ny B)  eve (3.3.2)

Pu(p) = 1~ B(cps n, D) een eer (343.3)

c
where B(cy n, p) = 3 ( 2 )X (1=-p)™*. For p not exceeding
X=0

0.10, Poisson approximation G(c, np) to B(cj n, p) is used
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by Dodge and Romig (1959) and Hald (1981) wnere G(c,np) =

c
2 glxynp), g(x,np) = e ™ (npy*/x .. Following Held
X=0

(1981)page 38, we shall use the phrase ''under Poisson

conditions'' when this approximation is employed. The

results in this Chapter arc obtained under Poisson conditi

Optimal ASR plan

Let p denote the incoming lot quality. Assuming
D & 0.10, which is a reasonable assumption for most of the
industrial situations, the average amount of inspection for
an ASR plan can be written as

%2
I=n+(N-n) = . g(x,np) vee (Bele)

X=Cy+

Since under the ASR plan the rejected lots which are
in proportion Pr(p)’ are discarded and do not contribute to
average outgoing quality we have (N-n)p defectives on the
average in the accepted lots, which are in proportion Pa(p),
and zero defective in the lots having been screened , which
arc in proportion Ps(p). Therefore, denoting average out-

going quality by Dy we have

Np, = [(¥n)p Py(p) + o Pg(p) ]/ [B,(p) +Pe(D)]
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from which we obtain
vy = [(-0)/N]p By(p)/ [Bo(0) + Bo(D)] -vv (34402

Alternately, we can write

N- 1 .
Py = P m e e (3.4.3)

where I,| is the average amount of inspection conditional
that we consider only those lots which are either accepted

or screened, is.e.,
Iy = [nPy(p) + NPy(p) ]/ [Py(p) + P(p)]--(3.L04)

The average outgoing quality limit (pL) is the maximum
value of Pa that will result under a given sampling plan,
considering all possible values of p in the submitted product.
The value of p for which this maximum value of py oceurs is

designated as Pp®

Lemma 2. For given lot size (N) and any ASR plan (n,c4,C,)
the value of average outgoing quality limit (pL) is given

oy

P, = (%‘%)x Gleqs ¥/ 6(cpy X)) eer (3ehe5)
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where x is the solution of

G(cqs%) Gloy, %) = xg(cq,%) Gley,X) -xg(cy,%) G(c,l,x)..(B.h.é)

Proof: Differentiating (3.4.3) with respcct p and cquating

<0 zero we get

dpy N-I, ar,
5 - _N——-ﬁap— =0 vee (3ebaTYy

Substituting for I, in (3.4.7) and simplifying we get

52

22(0)+P, ()P4 (p) = npg(cq,mp) [P, (p)+P5(p)] - mpelcy,mp)Py(p)
ver (344.8)

Let the solution of (3+4.8) be p = Py and then the value of

o for p =p, is equal to pp. Denoting npy = X and substi-

tuting it for np in (3.4.2) and (3.4.8), under Poisson condi-

tions,we get required results (3+4.5) and (3.4.6) respectivelys

Solving (3.4.6) by Newton-Raphson method of approxima-
tion we obtain the solution x, the value of y = xG(&,], x)/
3(02, x), for the values of oy = 0(1)20 as given in the
table 3 in the end. The smallest feasible value of ¢, is

taken corresponding to a given ¢4 in (3ebe6)0
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The value of cq giving minimum value of I at a speci~

fied process average p is obtained from the inegualities
AT (cq=1) €0 < AT (cy) cer (344.9)
where I denotes the value of I when p = D

To determine optimal plan (n,c1,02) we should obtain
cq minimising I in the sense of (3.4.9) for given lot size
(N) and process average (P)y, and then consider this value
of ¢, and corresponding value of ¢, and obtain the value
of x and hence y satisfying (3.4.6), ie.e., from the table 3.
Next, the value of n can be obtained for specified value of

i3 from:

n = Ny/ [NpL +v] s (3+4410)

To obtain c, minimising I for specified lot size (N},
process average (P) and AOQL (py) we can proceed on the line
of Dodge and Romig (1959) pages 19 and 39 to obtain boundary
condition under (3.4.9) as followst

Let ¥ = Np, a = np and, for a given cqs let the

C.
corresponding values of Cpy @ and y be denoted by Cp 1 )

"

. and yc1 respectively. Further, let f;/pL be denoted
~1
2s k. Consider the (M,k)-planc. For a given value of
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AOQL = Pp s and for any pair (f,k), a particular pair

(c,], ac1) can be computed which makes I 2 minimum. Since
the acceptance number c, assumes only discrete values, the
same minimum value of T will correspond to many pairs (¥,k)
for the same value of c4e From this it is evident that on
an (f,k) -planc there exist zones in which the acceptance
sumbers are identical. To find the boundary lines of these
zones it is noted that for certain pairs (M,k) two pairs of
(c,], ao1) exist, giving the same value of I. These values
of ¢y are found to differ by 1 in all such cases. The
boundary point for any two adjacent zones would be given

under the optimal condition (3.4.9) as

(c,‘) (c,]+1)
c c
(a, ~a, )+a z glr,a. )=a z g(r,a
c1+1 €4 €1 c,|+1 ey cq+1 c1+2 ’ C’I*'/])
=
(ca) (cq+1)
- ( ) . ( )
z glr,a - I glr,a
cq+l *7eq cqtl *Teq*

(3ela11)

Thus, to obtain an optimal plan (n,c4,Cp) one may
consider cq, ¢, and ¥y satisfying (3+4.6) i.c., from table 3

z2nd then, by a process of iteration, boundary points for
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the adjacent zones on the (f1,k) -rlane can be obtained,
subsequently sketching all the zones each with an identical
value of Cqe This chart on the (I'/'I,k) -plane gives the value
°f ¢4 minimising I for specificd 5/p,I and lot size (N). The
corresponding value of n is obtained from (3.&.10) as

ntioned carlier.

A systematic iterative procedure to obtain the

boundary point on the (M,k)-plane is given belows

Step 1 ¢+ Choose some arbitrary value of Cqe

Step 2 ¢ Assume N as infinite, obtain n. and n and
Cq c1+1
hence a, and a from (3.445), using the values
Cq c1+’I

of yc1 and yc1+1 from table 3.

Step 3 ¢ Obtain the value of M and hence N from (3e4011)
using chosen values of ¢, and c1+1 and correspon-
(c,]) (c,|+ 1)
ding values of Co and cy and the values

of aC1 and ac1+1 as obtained in step 2.

Step 4 ¢ From (3.4.5), using N as obtained in step 3 and
the values of Y, and y, 10 obtain new values of
1 Cqt

a, and a .
Cq c,]+1
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Step 5 ¢ Again obtain M from (3.4411) using the new valucs

of ac'1 and ac1+,] obtained in step 4.

Step 6 ¢ Obtain more accurate values of a and a from
4 cq+l

(3+445) using N as obtained in step 5.
Step 7 ¢ Terminate the iteration for a fixed k = f)/pL

when at two successive stages of iteration the

solutions are almost identical.

“«—=1 Numerical example
—_—

As an example, let p = 0.005, o= 0.050. For
k = fJ/pL = 04100 and ¢y = 0,1,2,3 and &4 and using the corres-
ponding values of y from the table of x and y (table 3), the
boundary points M for the adjacent zones were obtained as
given in table 4, under the procedure of section 3¢k given

earlier.

For illustration the optimal plan for cq = O3
P = 0,005 Py = 0.05 and y = 0.414214 is obtained as

followss

The value of M corresponding to k = 0.100 from table &
is 1.404712 for €1 =0 and cy+1 = 1. The value of the lot
size at the boundary of the zone for cq =0 is obtained by

dividing the value of M by the value of D iecs,
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Using (3+4.5) we get the value of sample size
8:05. The average 1ot size for the ¢, =0 zone is taken

as 144 and the lot range as 8- 280.

Special plans (ASP plans)

In the previous section we have considered ASR plans
with average quality protection. Under an ASR plan items
are assumed to be in ample supply (section 3.2) and hence
it is possible to afford outright rejection of a lot. But
in practice situations arise where either items are in short
supply or demand increases suddenly and existing sources of
supply may not be adequate to meet the increased demand.
The sudden increase in the demand may occur due to emergency
imposed on by a war, cpidemic or faminec. In such cases it
may not be possible to afford an outright rejection of a lot
/nich is supplied. However, it may be desirable to discourage
~2e supply of poor quality material by imposing some penalty
2 the supplier while accepting the lots which would have
ccen rejected outright by the ASR plan. Such lots, as
cxplained later, may be cither used directly in restricted

situations where defective items do not hamper much the end
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use or as substandard product or after screening at a
convenient time. It may not be possible to screen such
lots at the time of acceptance due to exigency. For this
purpose the procedure of three-decision ASR plan may be

modified as followss

Take a random sample of size =n from N and, if x

denotes the number of defectives in n, then

if 0 £ x < cq accept after rectifying or
replacing observed defectives

in the sample;
if ¢y < x £ o, screen and accept; eee (3.5.1)

if Cr €xX<n accept with penalty to supplier
(for substandard or restricted

use)

We shall refer to such three~decision plan as ASP
plan. By penalty we mean a monetary punishment to the
supplier by a fixed amount. This amount may be determined
by means of practical consideration of the seriousness of
the bad lot. However, in some cases such a punishment may
be modified so that at the first instance such a lot may be

accepted with a warning to the supplier that he must supply
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next k successive lots good ones otherwisc he may be sub~-
Jected to suitable monetary punishment, where k is a fixed
constant to be chosen suitably. Some aspect of utilisation
of the lots accepted with penalty to the supplier under an
ASP plan need clarification at this stagc. For such lo*s

following course of actions may be some of the possibilities:

(1) accept the lot as such for the purpose of use if
defective items, though undesirable, do not pose a
great handicap to functional requirements of the

items

(2) screen the lot before use if defective items are

not usable, at a convenient time.

Sometimes such lots may be kept aside and used only
«“nen actual non-availability occurs due to short supply in

view of high demand. If supply is of stochastic nature and

e distribution is known Teasonably well, it may be worth

investigating an optimal decision procedure minimising regret

loss in respect of instantaneous or deferred use of such

lotse.

Assuming that the lots accepted with penalty under
45P plans are used as such, without being screened, the

=7erage amount of inspection is given by (3+4+1) and average
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outgoing quality p,(p) is given by
A

C
2
pp(p) = p F (1—r=§1+1g(r,np)) cor (3.5.12)

e, we have the following result, analosc
to lemma 2.

Lemma 3. For given lot size (N) and any ASP plan (n,c,l,cz)

the value of average outgoing quality limit (pL) is given

by
= (g-8)y vee (345.2)
°2
where y= x [1- = g(r,x) ] and x is the solution of
r=c,|+1
C2
1= % glryx) = x [glcg,®) =glcy, )] «vv (3.5.3)
r'=c1+1
Eroof: Proceeding on the line of (3.4.7) ~(3.4.8) we get
ipA “a .
z 1g(r,np)+np (&(epsmp)=g(cy,mp) )]« e (3.5.4)

5 - w0

I‘=C,I+
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Solving (3.5.4) for p, suppose we get the solution p = p'.
Let p'n = x; then we get (3.5.2) and (3.5.3) on the line of

lemma 2.
: O

Solving (3.5.3) by Newton-Raphson method for the valuc
of ¢4 =0 to 21, we obtain the solution x and the value of y

as given in the table 6.

Argueing as in the section 3+4 and proceeding along
identical lines we get the boundary points M for the adjacent
zones on the (f,k)-plane under the ASP plan for cy= 0,1,2,
3,4,5 as given in table 7 when same values P and P, as

earlier are usecd.

Numerical example

Proceeding on the lines as in the previous section
(3.4) some illustrative cptimal ASP planc are obtained and
are given in the table 8. As mentioned, these plans are
only illustrative. An exhaustive table for such AOQL three-
decision plans can be worked out following the steps given

here.

Comparison with Dodge and Romig's plan

Given a Dodge and Romig's single sampling plan for

a fixed value of the lot size (N), process average (p) and
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AoQL (pL) with sample size n and acceptance number c, we
shall define a ''corresponding'! three-decision plan (n,c,l,
cz) where ¢y =c and €, > c4ysas earlier in Chapter 2.
Such !''corresponding'' plans may be neither unique nor

optimal in the sense of Dodge and Romi g.
We shall state the following:

Lemma 4. For given lot size (N), process average (P) and
AOQL (pL) let (n,c,l) be the optimal Dodge and Romig's plan
with AOI as Ig and (n,c,l,cz), €4 % ¢, be the ''corresponding'!

three-decision ASR plan with AOI as 12, then 12 < IE]’ .

Proof: As in case of lemma 1, we can write

191 = I, + (N-n) Prob (X > cy IN,f),n,cz)

which implies that I, < I? for (N-n) Prob (X>02|N,;'>,n,cz) >0

where X is a random variable denoting number of defectives

iJ

Theorem 2. For a given lot size (N), process average (P)

in the sample.

and average outgoing quality limit (p ), let I and IS be
PL 1 2

the value of AOI of the optimal DR plan and optimal three-

decision ASR plan respectively then I; < I,OI .
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Proof: Since Ig < I, the result follows immediately from

lemma 4.
|

Corollary: For a given lot size (N), process average (P)
and average outgoing quality limit (pL) if I? and Ig be the
value of AOI of an optimal DR plan and optimal three-decision

ASP plan respectively, then Ig < 1‘1’ "

General remarks
—_— s

The use of plans providing average quality protection
in terms of AOQL are proposed by several authors such as
Dodge (1943), Dodge and Romig (1959), Soundararajan (1972),
Pandey (1977)s However, AOQL has been criticised as an
inadequate measure as it does not provide a sharp upper
bound for average outgoing quality. Anscombe (1958)
characterised AOQL as being only the statistician's guarantece
and remerked that in practice it is not the consumer's
requirement. He emphasised the need for an alternative
measures So far no adequate alternative measure has been
found. In case of continuous sampling plan (CSP-1) of
Dodge (1943), Hillier (1964) proposed average extra defective
limit (AEDL) as an alternative measure to obtain a unique

-lane But AEDL is based on AOQL concept and is mainly a
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way cut to obtain a uniqus CSp-1 plan e, value of
parameters i and f for given values of AOQL and incoming
lot quality (p) rather than an alternative measure, It
would be of interest to cxamine inflexion average quality
ives, value of p(N-n) Prob(o $XgcIN, n,c, p)/vN for
p= pz as a sharper bound alternative to AU for a given
three~decision plan where pE is one of the values of

p-coordinate of the point of inflexion of P pa(p).




CHAPTER FOUR

A CHARACTERISATION OF SINGLE SAMPLING
THREE~DECISION PLANS BY ATTXIBUTES

--7 Introduction

In carlier chapters (chapter 2 and 3) we discussed
the problem of determination of unique three-decision plans

which ¢

(1) satisfy certain desirable specifications in

terms of operating characteristic function, and

(2) meet the desirable practical requirements of
achieving minimum average amount of inspection

at process average qualitye.

Although, the above requirements are quite vital in
view of practical needs, an acceptance sampling plan can be
uniquely determined or completely characterised also in terms
of operating characteristic function alone. For cxample, a
single sampling two-decision plan by attributes is completely
characterised if one specifies two points on its 0.C. Curve
which may either be producer's and consumer's risks [Cameron
(1952) ] at given quality levels, or indifference quality
level (IQL, ieee, quality level with probability of accep-
-~ance 0.50) and the slope of the 0.C. curve at IQL

- 59 =
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[Hamaker (1950)] « In the present Chapter (section 4s2)
we have discussed a characterisation of single sampling
three-decision plans in terms of operating characteristic

function based on the point of inflexion [ Pandey (1977)].

A characterisation of three-decision (ASR) plan

For incoming lot quality p the probability of accep-
tance Pa(p)' probability of screening Ps(p) and probability
of rejection Pr(p) under an ASR plan are defined by (3.3.1),
(3+342) and (3.343) respectively. As before (Chapter 2
section 2.3) we shall use Poisson approximation of the

Binomial distribution in this section.
Further, we shall use the following notationst
p: t p=-coordinate of the maximum ordinate of the
Ps(p) curve against p.
p: t p-coordinate of the point of inflexion of
P,(p).
The values corresponding to p: on Ps(p) and Pr,(p)
can be similarly introduced.

A suitable modification of these notations may be

made in cases where more than one points of inflexion exist.
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However, such modifications are not relevant to p: since
the point of inflexion of Pa(p) for any positive integer c,
is unique and is given by c,]/n. For C’l:O the point of

inflexion of Pa(p) is not defined.

3

¢t The point where the tangent at the point of

inflexion of Pa(p) meets the p-axis.

s‘; t+ Slope of P,(p) at its point of inflexion.

py ¢ p-coordinate of one of the points of inflexion

of p Pa(p) .

I Slope of the curve of p Pa(p) at any one of

its points of inflexion.
First, we shall prove the following theorem :

Theorem 3. For c, any positive integer in R the function
SEOIER I 1 y

f(c,l) given by

1 i r
i‘(c,l) = (c,l-’l) oy IEQ (e)/rt eee (Le2.1)

is one-to-one strictly decreasing function of c,e
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Proof: Write

cq ! 1 -
f(c1) = W rgo (c,‘) /Tt
cq -
where cq is any positive integer.
It is enough to prove that
£(cy) > £(cq+1) > 0 cer eee (Le2.2)

clearly, f(c,‘) >0 for all cy 2 1.

c
o, te ! ©1 -c cF
£(c)) = = = e ' L
17" Cq+ =0 r!
cq = *
c ° -x %1
5 ‘11—,(C1+1) 101 e x dx
= Ca +1
°q 1 ]"(01 +1)
c
1 L c
= —3—1?‘- ¥ x 1 dx
c
©1

= e Y x & dx ees (Le2.3)
1

by making the substitution x = CqXe
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Now, consider f(c,‘) to be defined by (4.2.3) for all
real cq > 0. If we can prove that i"(c,l) < 0 for all Cqs
it will imply, in particular, that f(c,l) > i‘(c1+’l) for
integral values of Cqe The function :“(c,]) is differentiable
every where except when ¢4 is an integer and the conditions

for differentiation under integral sign are satisfied.

Now,
2'(cq) = ec‘l?:e-cflxxc1dx-v-ec’l [z(emc‘lxxc'llogx—;C'lxxc’ﬁ“l ) dx ]
@ =C4X oy :
= [ﬁ e x ' [log x = (x=1)] ax]
Denote by 0 (x) the function [log x - (x=1) ]
-d—gs%g-= -;IE—’I = ’I-Tx <0 for x> 1 ie.c., O(x) is

2 decreasing function of x for x > 1.

But 0(1) = O. Therefore 0(x) < O for 1 € x € ® i.e.,
fl(c1) < 0 which implies (4.2.2) for positive integral
~value of ¢, showing that f(c,]) is strictly decreasing one-

zo-one function of oy (Fig.3).

We shall now prove the following characterisation

~heorem.
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Theorem 4. The acceptance sampling three-decision ASR plan
*
is completely characterised by p:, pz and Pg points on its

0.C. Curve.

Proof: Let (n,c,l,c ) and (n’,c,'I ,o' ) be any two plans with

£ %
values of pa ,pa, p , and p’_‘ N pa Py T spectivelye

‘ '
It is cnougn to show that pS = pS , po = po and

*1
pZ:ps imply n = n', c,|=c,'] andc2=cé

o o'
From Py = P, we get
c ol
1 a
= = n_' cen oe (4e2.4)
2nd p: = pZ‘ gives
o
c
1 ©q
c (ca=1)ie (ci=1)1e
1 1 1
21— G(cqh0p) ] = — [ + = —— G(eq,e]
cq 1 c4 1

vee (4e2.5)

znd from definition of p: and p:' we get

1
»

Ch=C c
mpH T, Cf, ver (4e2.6)
T

and
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- v
%1 Com=C cy !

(' o5y ? 1 - 22 cee (Be227)
01 .

From (4.2.4) and (4.2.5) we get

(oY c1 (_oq)r
C4
©1

= e (L4.2.8)

reo T3

iece, £(eqy) = i‘(c,']) (4.2.8a)

Since f(c.l) is strictly decreasing one-to-one function
of Cq from theorem 3 there can not exist two integral values
of cq for which (4.2.8a) holds and hence oq= c; which in

turn from (4.2.4) implies n = n'.

Further from (4.2.4), (4.2.6) and (4.2.7) we get

c2:
” lnm- eee (L4e2.9)

where k = c,']/c,l- Since c.; =cq» (4.2.8) implies

In

'
S ¢ 1
cht Ccy=C
1. 2771

cee (4.2.10)

which means cé = Cp proving the required resulte.
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Corollary: The acceptance sampling threc-decision plan by
attrioutes is completely characterised by any one of the

following combinations of parameters
(o} O *
(a) »p,, S5 and pg
o 0 *
(b) 1y, S, and pg

The proof of this corollary is similar to theorem 4 and is

omitted.

Concluding remarks

The characterisation results established in this
Chapter may be used to obtain the three-decision plans
which may be unique in the sense of two-decision plans by
Cameron (1952). Such a determination is based on specified
values of the characterising triplet of theorem 4. It does
not require the economic criterion of either minimum average
amount of inspection or minimum average total cost of inspec-
tion and decision discussed through Chapters 2, 3 and 5.
Although, the three-decision plan obtained in this way,
will not fulfil the practical requirements of Chapters 2,

3 and 5, it will be a reasonably good sampling procedure
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in tke event of lack of i.aformation regurding costs and
will gain currency of use provided one gets conversant with
the physical .concept of point of inflexion and related

values, in practice.



CHAPTER FIVE

BAYESIAN SINGLE SAMPLING THREE-DECISION PLANS FOR
DISCRETE AND CONTINUOUS PRIOR DISTRIBUTIONS

Introduction

The purpose of this Chapter is to develop Bayesian
single sampling three-decision plans by attributes under
a linear cost model. A glance through the literature on
sampling inspection shows that the main concepts controlling
the choice of a sampling system can be best described in the

words of Sitting (1951) as followss

''The choice of a sampling system for Acceptance
Sampling has been controlled by two concepts ever since
statisticians have been engaged in this field -risk and
cost. First, a given 'amount of protection' is laid down
and then a sampling system is chosen from those available
on the basis of achieving minimum 'amount of inspection'
for the required amount of protecticn''.

As mentioned earlier, the most important system of
plans providing lot quality and average quality protection
and achieving minimum amount of inspection at process average

quality is Dodge and Romig's (1929) system of plans.

In practice the costs are more tangible to the indus-

trialist and the corresponding choice is easier to make than

- 69 -
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the choice of risk points and risks. This is mainly because
the various decision costs, difficult though some of them
may be to determine, are closer to the kind of data that an
industrialist can supply on a rational basis than are the
various risks and the risk points. In practice the plans
based on even rough estimates of costs may be found quite
satisfactory as Tippett (1958, pp.148) has pointed out in

the following wordss

''It would seem that schemes based on rough estimates
of costs, or cven informed guesses, are likely to be more
satisfactory than those chosen in other ways''. These
considerations have provided the main motivation for the

work of the present Chapter.

During the fifties a good deal of valuable work was
done on economic plans based on various decision costse
Some of them are by Anscombe (1950), Hamaker (1951), Sitting
(1951), Weibull (1951), Champernowne (1953) and Horsnell
(1957)+ In this Chapter in section 5.4 an attempt has been

made to develop economic three-decision plans based on

(i) risks (restriction on the consumer's risks)

and as well as

(ii) sampling and decision costs
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Further, in section 5.5, cconomic three=decision plans using
total sampling inspection costs and decision costs per lot,
and under less restrictive conditions than in section 5.4,

arce developed.

For developing economic plans, it is appropriate to
take some prior distribution for the item characteristic or
the lot quality to evaluate the minimum expected value of
the loss or cost function. As carly as 1946 E.C. Molina and
GeA. Barnard rccommended that Bayes' theorem, which involves
prior distributions, should occupy a prominent place in the
theory of sampling inspection. Soon, for the Bayesian
approach a more precise theoretical formulation and general
mathematical expressions were provided by Lehman and Wald

in 1947.

Since then several papers on Bayesian sampling inspec=
tion have appeared. Some of them are Barnard (1954), Guthrie
and Johns (1959), Wetherill (1960), Pfanzagl (1963), Bernard
(1963), Weiler (1965), Schafer (1966), Stange (1966), Soland
(1968), Hald (1960b, 1965, 1967a, 1967b, 1968a, 1968b, 1973),
Hald and Thyregod (1971), Thyregod (1974, 1975), Pandey
(1974a) .

In this Chapter a double binomial with parameters p'

n
and p (p' <p") with weights w, and w, respectively (w1+w2=1),
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a three point binomial with parameters p', p'' and p'''
(p' < p'' <p ™) and weights Wqy Wy and vig <W1+W2+W3 =1)
respectively and, in the limiting case, a point binomial
with parameter P have been used as prior distribution for
the lot quality. In section 5.8 we also assume beta prior

distribution with parameters 7 and t for the lot quality.

A linear cost model under the set up of three-decision
plan is considereds Two types of Bayesian three=-decision
plans are devcloped, designated as (i) restricted (satisfying
some restrictions on the consumer's risk) Bayesian three-
decision plan and (ii) unrestricted Bayesian three-decision
plane In both the cases optimum plans developed here minimise
expected total inspection and decision cost per lot. In the
case of the restricted plans, the restriction has been taken
in the form of specification on consumer's risk (0,1 and 92)

as in Chapter 2.

The Bayesian single sampling ASR plans developed in
this Chapter, is defined by the parameters n, cq and Co and

is to be operated as followss

Take a random sample of n items from a lot size N

and let x be the number of defectives in the sample then
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accept i7f 0<x

a
o
<

screen if CH <x £ Cp H

a
1

reject if ¢, < x £

These plans are applicable under situations as stated

in the following sections

5.2 The conditions for applicability

Though inspection procedures with three-decision
criteria are not yet in current use, it is not difficult to
find practical situations where they can be usefully cnployede
For applicability of the three-decision ASR plans the

following five conditions should be satisfied.

(1) TItems are inspected on lot-by-lot basis,

(2) Defective items in accepted lots cause some damage
which is measurable in economic terms,

(3) Inspection does not involve any destructive or very
costly testing i.e., 100% inspection is permissible,

(4) Any defective item if detected can be either replaced
with good item or rectified,

(5) The condition (p\‘1 <p,) for preferring three-decision
plans, in terms of break-even qualities as defined
in section 5.3 by (5.3.10) and (5.3.11) holds.
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It is felt that the conditions (1)-(4) are generally
satisfied in those industrial situations where two-decision
iece, acceptance~rectification or acceptance-rejection plans
arc in use. Thus, it is in fact condition (5) which we
assume in addition for treatment of three-decision ASR plan

in the present Chapter.

The cconomic advantages of the three-decision plans
greatly depend on the weights i.c., wy and vige For example,
in case of the double binomial prior distribution mentioned
carlier, for higher values of w, three-decision plans will
be more and more advantageous as compared with two-decision

plans as illustrated in the figures 10 and 11.

The conditions for the applicability of three-decision
plans of other types, e.ge, AMS and ASP plans, can also be
listed down as in case of ASR plans. For example, the
conditions for the applicability of three-decision plans
with ''accept -accept as moderately good = out right reject''

type of decision, i.e., AMR plans, are given belows

(a) Items are inspected on lot=by-lot basis.

(b) Acceptance of any moderately defective item is
undesirable but, if accepted, it does not substan-

tially hamper the functional requirementse.



(c) Inspection involves either a destructive or costly
testing iece, 100°% inspection is not permissible.

(d) The condition (p, < p,) for three-decision plan holds
where p, and p, are defined by (5.3.10) and (5.3.11)

respectively in the section 5e3.

To point out a practical situation where AMR type
plans can be applied, we may mention the following situation

actually experienced by the author during his works:

An organisation (around Calcutta) purchases various
store items from different local suppliers. One of the

store items is a sort of bandages used for medical dressing.

The organisation uses sampling inspection for the
purpose of deciding the acceptance of the lot of bandages.

The sample is subjected t» the following two types of tests:
(i) scouring test (which is destructive test) and
(ii) test for determining weight per metre.
Any failure on the part of a bandage to meet the
specifications in respect of the two characteristics is

undesirable but it does not affect much the end use of the

bandagese Depending on the test results a lot is either
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(a) accepted as satisfactory or (b) accepted with some penalty
to the supplier or (c) declared unsatisfactory and rejected

outright.

The organisation has some amount of arbitrariness
while deciding the percentage of penalty to the supplier.
This is mainly because the inspection is actually done on
the basis of a two-decision plan and a good deal of arbitra=
riness arises while classifying the unsatisfactory lots into
acceptable lots with penalty and the lots which are outright
rejectable oness This was a situation where it was felt
that a more objective three-decision acceptance sampling
plan by variables, with ''accept-accept with penalty -reject
outright'' type of decisions, i.es, an APR plan, would be
relevant, provided that a condition similar to the condition
(d) above was met. A rough computation of the various costs

did, in fact, lead to this conclusion.

The cost-nodel

Let N and n denote the lot size and sample size and
let X and x denote the number of defectives in the lot and
the sample respectivelys The acceptance number are denoted

by ¢4 and c, (c,1 < cz).
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The following linear cost function will be censidered

in the Chapter

nS,|+xSZ+(N—n)A1+(X—x)A2 for x £ ¢4
h(X,X,N,n,c,] 30p) = nS,l+xSZ+(N—n)T1+(X-x)T2 for c <xse,

nS1+x52+(N—n)R1+(X-x)R2 for c,< x <n

eee (543.1)

where nS, denotes the cost of inspection and sz
denotes the cost proportional to the number of defective
items in the sample. In fact S1 includes sampling and
testing costs per item and 52 denotes additional costs for
an inspected defective item including the repair costs per
item in case the defective items found in the sample are
repaired. Thus the costs nS, + xS, associated with thé
sample give the costs of sampling inspection. For conve-
nience in the subsequent mathematical treatment, we have
assumed the same per defective unit cost S, for sampled
items in cach of these situations, although this cost may

actually be different in the casc of outright rejection.

Cost of acceptance is given by (N—n)A1 + (X-x) Aye

The part (N—n)A,], proportional to the number of items in
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the remainder of the lot, represcent handling and similar
costs, and Ay will usually be very small. The part (X—x)AZ
is proportional to the number of defective items accepted
and hence 4, will often be considerable. If the accepted
items are usecd as a basic raw material 5r components to
manufacture some product, ‘,‘2 may include the manufacturing
cost or the price of an item, the costs of handling a defec-
tive item in assembling and disassembling and damage done
to other parts used in the assembly. In the case of inspec-
tion of finished goods Az may include the cost of repair,

service and guarantees plus loss of good wille

Cost of screening is given by (N—n)T,] + (X—x)Tz, and
is composed of a part (N-n)T,], proportional to the number
of items in the remainder of the lot, and another part,
(X—x)’I‘Z, proportional to the number of defective items in
the remainder of the lot. Here T,l may include the costs of
handling and the costs of inspection per item whereas T2
may include the costs of rework or replacement and the costs

of delay per defective items caused due to screening.

Costs of out right rejection are (N—n)R,I + (X-%)R,,
and is composed of (N-n)R,P proportional to the number of

items in the remainder of the lot, and another part (X-x)R2
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which is proportional to the number of defective items in
the remainder of the lot. R4 may include the costs of
storage per rejected item before disposal, the costs of
handling per rejected item during disposal and the costs
of delay in availability of raw material or the components
for manufacturing or assembling per rejected item. R2 is

generally zero or negligible.

From Hald (1967a), for three different kind of lots,
the cost function (5.3.1) becomes, by using a Taylor expan-

sion around np + O ( ym') for variable x and taking x =Np,

n(S1+SZp) +(N-n) (A,‘+A2p) for x £ ¢y
hao n(S1+52p) + (N-n) (T1+T2p) for cqy <x £ 0, «.. (5.3.2)

n(S1+Szp) +(N-n) (R1+R2p) for c, < x<n

disregarding the terms of order Jm. The average cost can

be written as
K(N,n,cq,¢5) = J K(N,n,cq,0,,p)dW(p) ees (5.3.3)

where W(p) denotes the cumulative prior distribution of P

and

K(N,n,c,l,cz,p) = n(S1+SZp) + (N-n) [(zl,,-c‘Azp) Pa(p) +
(T4+T5P)P(P) + (Ry+RyP)PL(P)] -+ (5.3.4)
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The prébabilities Pa(p), Ps(p) and Pr(p) arc given
by {3+3e1), (3+3.2) and (3.3.3) respectively in Chapter 3.
The expression (5.3.4) represents the average cost over all
the lots for a given process average p and, since it is
assumed that the process average is a random variable which
follows the cumulative distribution W(p) the expression

(5+4343) gives the overall average cost for all values of p.

To simplify the notations let us introduce the

following four cost functionss

kg(p) = 54+ 5,p eee (5.3.5)
Kk (p) = Aq + Ayp cee ees (5.3.6)
ke (p) = Ty + Tpp eeeeee (5:3.7)
kr(p) = Ry + Ryp eee (5.3.8)

defined for O £ p £ 1. The corresponding averages ks,ka,

kt and kr are defined by
1
k = J§ k(pydw(p) eee (5.3.9)
o

We shall make the following assumptions regarding
the functions (5.345) = (5.3.8).
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(1) All the functions are non-negative and none is identical
to zero.

(2) ka(o) <k (0) < k,(0) i.es, for a 100% good lot cost
of acceptance per item is the least and the cost of
screening per item will be quite low whereas the cost
of rejection per item would be considerable.

(3) ka(’l) > kt(’]) > kr(’l) isee, for a 100°%% defective lot
the cost of acceptance per item is the highest and the
cost of screening would be considerable, whereas the

cost of rejection per item is the least.

From the above assumptions it follows that A1 < Ty< Ry

and Ay + Ay > Ty + T, > Ry + R,, and hence that (1) Ay> T>R,,
(ii) Ay =Ty > Ty - Ay > 0 and (ii1) T, = R, > Ry = Ty > O.
Also, the equations k,(p) = k. (p) and Kt(p) = k,(p) have the

solution

(5.3.10)

in
1A
=

Py = (T4=A)/(A-T3)s O S py
and

P, &1 oo (5.3011)

n

IS

by = (R-T/(TpRp), O

respectively.



- 82 -

COST———»

65|
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ka (p)= 720p
ke (b)=10-85p
ke (b)= 20

b, = OOIS8

b, = 076

o)

“\V\

kr ()

FIG. 4 COST FUNCTIONS WHEN p, { p,, ko(p) = 720p,
ke(p) = 10485p, Kk.(p) = 20, p, = 0.0158,
Py = 0.1176-
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Since the interceps A4, T, and R,] are in the order
0 <Ay <Ty <Ry and the slopes in the order A, > T, > Ry 2 o]
the relative positions of the graphs of ka(p), ht(p) and
kr(p) can cither be as in Fig.4 or asvin Fige5e
(&) ks(p) > km(p) for 0 < p £ 1 where km(p) is defined
as follows?
If py < Dys k,(p) is given by (5+3412)
k,(p) for p<p,
k(p) = ki (p) for p, £P <Dy oo (503412)
ku(p) for p 20D,
If py 2 Py Ky(p) is given by (5+3.13)
ko(p) for p <Dy

k,(p) = o) £a B 25, eer (503.13)

where p, = (R1—A1)/(A2—R2), 0Lp, 1 (5.3.14)

From these it is obvious that if p, < Py and the

assumptions made in (1) = (4) are true, the minimum unavoidable



cost will be given by (5.3.12) as shown in Fige4 and, if

Py 2 Pys it would be given by (5.3.13) as shown in Fig.5.

In this Chapter we shall assume that Py < Dy For
Py < Py the average minimum cost ky is defined as
P,

b 1
Ky = £ k(D)D) + ;}th(pmw(p) # 1 KDAE) 1 (5:3015)
u

k, given by (5+3415) represents the average cost per item

when the following decision rule is used:

accept all lots from processes with p < p, 3
screen all lots from processes with Py 2P <py 3

reject all lots from processes with p

%

Py

The proportions p, and p, are called break-even
qualities and these valucs can be used to classify the lots
in three quality grades as follows?

Grade A ¢ 1lot of quality p < Py

Grade B 3 1lot of quality p, p, £ P < py eee(543.16)

Grade C ¢ lot of quality p > Py
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FIG. 5 COST FUNCTIONS WHEN p, 2 p,. k,(p) = 720p,
ke(P) = 174300p, x.(p) = 20, P, = 0.0405,
P, = 0.0100.
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Using Hald's (1967a) technique we define the standar-

dised Zorm of (5.3.3) as

R(N,n,c4,¢,) = [K(i,n,0q,05) = N ;cm] [(rgmky) oo e(503.17)

which gives
- o Py
R=n+ &‘;__E)J [T 11 (2P (1R, (p)) @W(p) +

1 P,
I (8 PR + By CEIACLIOE
u

1
I (p-p,) (=P,(p)) av(p) ]] (5.3.18)
Py

As mentioned earlier, in this thesis we shall confine
our attention to some discrete prior distributions of the
process average = double and point binomiel [Pandey (1974a)],
triple binomial and, continuous prior distribution of the
process average - Beta distribution [Pandey (1973)], to

develop three-decision sampling plan.

The terminologies of ''double binomial'' and ''point
binomial'' used here are due to Hald (1960). However,
according to Hald (1981) we may use the phrase one point prior,

two point prior and three point prior as the case may bee
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The double binomial distribution is a weighted average
of two binomials with parameters p' and p'', p' < p'' and
welghts Wy and Wpy Wq + Wy = 1 ie.e., the process average
has a two point distribution. A triple binomial is similarly

defined.

To justify the assumption regarding the prior distri-
butions of the lot quality p, at least from the practical
point of view, the following may be added on the basis of

Hald (1981) pages 16-19.

Regarding one point prior, in the first place, it
should be noted that it is impossible to keep a process in
control with a fixed process average, 5, say, for a long
time. The process goes out of control and produces outliers
ieee, lots with poorer quality. The sampling plan is, then,
to be designed to detect the outliers and keep the probability
of acceptance of an outlier lows When lot size (N) becomes
large the lot quality distribution tends to one-point distri=
bution of the process average because the standard deviation

Pa/N becomes negligible or zeros

The two-point prior may be considered as a modifica-
tion of one-point prior in the sense that the first component

represents product of normal quality (p') and the second



represents outliers of poorer quality (p''). We assume,
in this case, that the outliers occur at random and have
a binomial distribution corresponding to the second component

of the prior.

Three=-point prior may be, similarly, considered as
a modification of two point prior in the sense that the
first component represents product of normal quality (0",
the second and third components represent outliers of
quality levels p'' and p™ respectively. Here, outliers are
assumed to occur at random and have binomial distribution
corresponding to the second and third components. If there
are three different sources of supply with different levels
of quality one may use sampling plan to distinguish between

the products of three levels.

For beta prior distribution, a process in control
with respect to beta prior will occasionally go out of control
and some lots of poorer quality will be produced before the
process is adjusted. This gives rise to a situation which
can be described as beta prior with outliers. The model of
beta prior with outliers is usually a more realistic model
+than one point prior because it is extremely difficult to

keep a process in control with a fixed process averages
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One-point prior may be cunsidered also as a limiting form

of beta prior with mecan P = T/ (7+t) and UI2> = pa/ (m+t+1)

when D is fixed and T+t —> « where T and t denote the
parameters of the beta prior.

We shall assume that p'< 2 < p, < p''. The other
cases such as p'< p,€p' '<py3 py<p'< DU < py3 Py< PIC By P

etc., can be dealt on a similar line.

The standardised cost function (5.3.18) can be written

as
R(N,0,0450,) = 1+ (m) [Agq(1=P,(p"))+ Agp By(011)+
Ayq Polp")+ Apo(1-P(p'*)) ] --- (543.19)

where

Moo= owg [R(pY) - k(") ]/ (kgmky)

Mp = wip [k (P*) = K(eM)] / (kg eee (5:3.20)

Ny o= owy [Rp(p") = k(0] 7 (kgmky)

Ay = wy [Ke(p") =k (p™ ]/ (kgky)

under the inequalities assumed above, all the kij > 0.
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Thus the average decision loss per item is a linear
combination of the probabilities =P (p'), Pa(p")’ P.(p")

and 1=P.(p*).

For ?\i. > 0 we should have ©p, < P, hich we have

J u v

assumed.

Under the three-point binomial prior distribution we
shall assume that p' < P, <p" <p, < p*' . The standardised
cost function under a three-point binomial distribution can

be written as

R(N,n,0q50,5) = 0+ (N-n) [ 144 (1= (P*)) #11g 0P, (D) + HqzP,(P™)+
1pgPo(P" )+ HooPr(p")+ Bz (1=Pp(p")) 1+ (5:3-21)
where
gq = W [Rg(p") = k(0" 1/ (ko)
Byp = Wy [Ry(o") = k(") 1/ (kgky)
By = s [k (™) - k(o™ ]/ (kgmky)

Byq = g [ieglp") = kg1 1/ (g
lop = Wy [Kp(") = kp(e") 1/ (ko) eee (5:3022)
g = wy [ke(p™ = ke (p") ]/ (kgmiy)
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Under beta prior distribution with parameters 7 and
+ for the lot quality p, the standardised cost function is

given by
R(N,n,c,],cz)

Py 1 omeq -1
= -%k_tn- [(A~T5) [mé P q Ip(c1+‘l,n-c1)dp

1 ot
T s T
- vy ¢ ey Lplorthnon) 4p+ ey (rey Ty, (7414

Py 1 jeq -1
“Py*tPu Ipu(n’t)] '*(Tz"Rz) [m‘;{’ {) P q Ip(02+1,n-02)dp
n 1 "ot b3
- TEY g —(%S—TB T Ip(02+1,n-cz)dp +=THTy
- 1'7"% Ipv (41,t) = Dy + By Ipv (m,%)]] vee (543.23)

-1 P . -
snere To(m,%) = [B(T,6)] 7 -y e, 0< p < 1
o
oo (5e3.24)
From amongst the large number of plans satisfying

specified values of the lot percent defective (LTPD),

consumer's risk (B = 0+10), lot size (N) and process
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average (f)), Dodge and Romig's LTPD syscems of plans select
the unique plan which minimises average amount of inspection
at process average quality p. Similar o the above plan we
developed three-decision plan by attributes [Pandey(‘lQ?Za)]
in Chapter 2. 1In this Chapter the criterion of minimum
total average cost per lot has becn chosen to select the

optimum plan.

As explained earlier, in most practical situations
the quality of items being produced by a process may be
assumed either to be fluctuating on two or three levels in
the manner as described above or to be stable around an
average leveles Further, in some cases it may be desired to
have sampling inspection plans which either have some speci=-
fied probability of misclassification (consumer's risk) at
some specified levels of quality or are free from any such
restriction. As a continuous case mostly beta distribution
has been proposed as prior in the literature. Motivated by
the above considerations, we shall devote the subsequent
sections to the following five areas of the single sampling

three-decision plans

(1) Double binomial restricted Bayes solution - Bayesian

single sampling plan with double binomial as a prior



(3)

&)
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distribution and wi:n specified values of the consumer's
risk (B,] and @,). The risk R given by (5:3419) is mini=-
mised under these conditionse These plans will be
called restricted Bayesian three-decision singlec samp=
ling plans by attributes with double binomial as the

prior distribution and arc discussed in section S5ek.

Double binomial unrestricted Bayes solution - Bayesian
single sampling plan with double binomial as prior
distribﬁtion- Next, in section 5.5, plans (n,c1,c2)
minimising R given by (5¢3.19) and with no restriction
in terms of consumer's risks, are developede These
plans will be referred to as unrestricted Bayesian

single sampling three-decision plans by attributes.

Three~point binomial unrestricted Bayes solution -
Bayesian single sampling plan with three-point binomial

as prior distributione In section 5.6, plans (n,c1,02)

minimising R given by (5+3.21) and with no restriction

in terms of consumer's risks, are developed.

Point binomial Bayes solution - The extreme case where
the double binomial reduces to a point binomial as a
prior distribution (either wy=0 orw,= 0) is discussed

in section 5.7.
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(5) Beta prior unrestricted Bayes solution = Bayesian
single sampling with beta as a prior distribution.
In section 5.8, plans (n, Sy CZ) minimising R given

by (5+3+23) are developed.

Double binomial restricted Bayes solution

In this section we shall assume that the prior dis-
tribution is a double binomial with parameters p'and p" ,
p' < p'' and weights Wy and Wy, Wy o+ Wy =1 i.es, the
process average has a two point distribution. The standar-
dised average cost is given by (5.3.19). The problem is to
find out (n,cq,c,) minimising (5.3.19) and satisfying (1.3.3)
and (1e344), where B4 and B, have specified values (Fig.6).

Let S be the set of plans (n,c,],cz) satisfying (1+3.3)
and (1e344)s For any plan (n,c.],cz) in S, if any one of n,
o4 and Cy is fixed the other two are uniquely determined
(Chapter 2 section 2.3). For example, if Py = 0,053
pp = 04103 B, = 0.07 and #, = 0.10, then for ¢4=0, say,
3(cqs 1y py) = By gives a unique n= 52 and B(c,3n,p,) =B,
gives Cy= 2 with n = 52 where the two conditions are
satisfied as closely as possibles Thus a plan in S can be

uniquely defined according to any one of n, cq and c As

2
vefore, we have chosen cq for this purpose.
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Let S(c,l) denote u plan (n,c,l,cz)- Since the choice
of any one of the variables 1,Cq5Cp fixes the other two in
the present case, we have decided to take cq as the indepen=
dent variable of the triplet, the regret function R(N,n,c,l,cz)
can be written for this case as R1(II,C4‘). Using the notations

of (34341) = (3¢3.3) we write R.](N,c1) from (5.5.19) as

Ry(l,eq) = nlcq) + (W-nleq)) [Aq(1- Bleqs nleq), ) +

Mg Blegs nleq), ") + Ayq(1=Bley(cq)s n(cy),p'))+

Ao B(cz(c,])', n(c.]), '] oo eee (Sele?)

where n(c,) denotes the sample size in a plan (nycq4cp) and
the sample size n(c1) and second acceptence number ¢, are
determined by the choice of first acceptance number Cqs @8

indicated earlier.

For a fixed N, the value of ¢y minimising R1(N,c1)

is determined from the inequality

BRy (N, eq=1) € 0 < ARy (N, oq) oo (5:402)
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Probobility — >

.6

p—

OPERATING CHARACTERISTIC CURVE FOR THE PLAN
(njeq0ey) VITH =220, o4 @6, =36
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We have

AR1(N,01) = [1—7\11—7\214-7\11 B{c,]+1; n(c,l), p') -
Aqp Blog+Ts n(cq), P) +
Ayq Bleyleq+)s nlog+1), p') -
Ao B(cz(c,l+1)1 n(c1+‘l), p'")] an(cq) =
(¥-n{c)) [Mq 8B(cqs nley), BY) =
Ap 8B(cq3 nlcq), p'1)+hyq 8B(ey(cq)snleq),p) =
Aop 8B(c,(cq)3 nleq)s B ] e (5e8e3)

To obtain the bounds for the lot size for which the

plen (n,cq,0,) satisfying (5+4.2) is the optimal plan we

shall define the following auxiliary function from (5+443)8

. 1 Ma Mo My ,

o = n(cy)+ [xz- o T, tN, B(cq+1; nlcq+1), p') =
Mp -
%o B(cq+13 n(01+1),p")+x—22 B(cy(oq+)s nleqg+1),p1) =

A n(°1)

B (02(c1+1); n(c1+1), ") ] 7o)
1

eee (5elely)
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where
S IS
Uleq) = [ x;—; 8B(cq3 nley), D) = % B(cqs nleq),o%)

A
+ % 8B(cy(cq)s nleq),pt) - aB(cy(eq)s nley),o")]
Clearly AR,l(N,c,]) = Ay U(c,l) (Nc,]- N) and

AR1(N,01-1) =Ny U(°1—1)(Nc1—1 -N) where Ayp 2 O«

The function U(C’l) is related to the function G(c,l),
which will be defined in (5¢4.11) and used subsequently,

as followss

Ay Uley) = = aGley)

Although it has nct been possible to study the monocity
of G(c,]) analytically, extensive computations show that it is
a monotonically decreasing function of ¢4 (Fig.7) and, hence,

that U(c,‘) > 0 for all values of cy.

Therefore, it follows from (5.4.2) that the plan

(n,c1,c2) is optimal for the lot size N if

N < N < N eee (544.5)

01-1 - Cq
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It is clear from (5.3.19) that for fixed oy and the A, .'s
Ry oy, 01) is always an increasing linear function of N

Consider two plans - plan 1t (n,l,c,'l,cé) and plen 23 (HZ’
e

' '
1 Gy ) and lct (N1, N,() be the range of values of N where
Zan 1 is optimal and (NZ, N;) be the range of values where

clan 2 is optimal, according to (5.4+5)s For plan 1, Ry(N)

_ncreases when N rises from N’I to N; and for plan 2 it increases
3 3 T M N .
<zen N increases from N2 to Nye Let N‘l < N2 < N1 < N2 3 ‘then
L}
N5y N1) is the range of overlap in Ne We shall now examine the

~iestion as to which of the two plans - plan 1 or plan 2 = should
=z preferred in (N2, N,; ).

] A
Since N.] < N2 < N.‘ < N2 and it is given that

1 L
R,l(N,n,],c,] ,02) for N ey

: im(u.n,,,cé,c;),R(N,nz,c:,c;)} - .
R1(N,n2,c1,02) for N eM,

1 Al
are My ={N; Ny &N _<_N1} and M, =SLN; Ny <N < NZ} , and
< _rther R.I(N) is increasing linear function of N, the Ry (N)
-.~ctions for plan 1 and plan 2 must intersect, as explained
_.zer in section 5.9. , at some point in (NZ’ N%), the range

1
- overlap (see Fig.8). At the point of intersection in <N2’N‘l)
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~e values of R,](N) for the two plans must be equal i.e.,

v non
R’I(N’n’i’c’l'CZ) = R1(N,n2,c1,cz) e (544.6)

«ich gives

g M 4 () Pyl ) T [by S by 1 )]
: [81(np009) + 85(n,05) = 84(ny501) = B(ny,03) ]

cee (5ele7)

8;(n,05) = Ay (B(es3n,0") -}\iZB(cj;n,pn), i=21,2 s (5e448)

1 1 " L
:‘(N’“‘I’c'l'cz) N R1(N,n2,c1,cz) according as N N LPY oo (504:9)

~- aence in (Np,N;,) we should prefer plen 1 to plan 2 and in

1
‘1’N1) we should prefer plan 2 to plan 1.

'_-~ <he regret function R1(N’°1) be written as follows:?

N3 0 U
Hheq) = £1 g aley) vee (544410)

n(c,}) + (N—n(c,])) G(c,l); n(c1) <N

re G(o,]) denotes the expected decision loss (standardised) and

\
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is defined as follows:
1 L]
Geq) = Aqq(1=Bleqs nleq), »'))+ AppBlegin (), ©7) +

Apq(1=Blep(0)3n(e) ,0"))+ AppBle,(cq)snleq),p’)
ees (5¢4.17)

As stated earlier, we have not been able to study analytically
“he nature of G(c,]) as function of c;« The results of exten-
sive numerical computations, as illustrated by Fige7, show
that G(c,l) is-a non-increasing function of ¢4 with falling
rate of decrease i.e., AG(c,I) < 0 and A2G(c1) > 0, and

_urther G(c,]) <1 for all the values of cq.

Consider the function

R%’(N,c.l) = Inf. Ry(N,cq)

S(c,l) €S

For any c, the plan S(cq) € S is optimal for lot range
1101_1 SN < Nc.]' The function Rﬁ(N,c,l) is a concave func-
zion of N according to (5.4.10).
1=Cle,+1)

Writing N, = n(c4) + —=————— An(c,) we note that
S Tey 1 N AG(c,l) 1
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I\lc1 >n (C'l)' 1\101 is an increasing function of n(c,]).
Hence, as mentioned earlier, for increasing values of c4 of
various optimel plans in S, the corresponding lot size
ranges would be moving to the right, possibly overlapping
according to (5.4.9). For discussion on uniqueness of the
solution of this section later,we shall simplify the notation
by denoting ¢4 as ¢ and redefine the point of intersection

N(c, c+1) of Ry (N,c) and R1(N,c+1) as

n(c+1y(1=G(c+1)) =n(c)(1-6(c)) | (5.4.12)

N(c,c+1) = ST

Numerical computation of optimal plans

The optimal plans can be systematically tabulated as

follows:

Step 1 ¢ Take some arbitrary value of cq and obtain a plan,

say S(c4) €8, by using (143.3) and (1.3.4).

Step 2 ¢ For the plan S(c,l) so obtained, compute the value

of X\101 and Nc1-1 using (5.4.4).

Step 3 ¢ Choose cq =0,1,2,3,++++0 systematically and proceed
as in steps 1-2 and tabulate the sampling plans and

the corresponding bounds for the lot sizes.
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Step 4 ¢ For two plans with overlapping N-intervals use

(5.447y and (5.4.9) to select the optimal plans.

Thus from the tabulated plans an optimal plan for a
given lot size can be obtained against the lot range in
which the given lot size falls. For illustration let us

consider the following examples

Example 1 ¢ To obtain a single sampling three-decision
plan by attributes minimising the total average cost per

lot when the following information is given *

The four cost functions are k. (p) = 23 + 35D}
k,(p) =720 3 ki (p) =10 + 853 k (p) = 205 the coeffi~
cients denote costs per item in money units i.e., the cost
of sampling and testing is 23 money units per item in the
sample, cost of accepting a defective item is 720 money
units and the cost involved in rejecting an item outright

is 20 money units etc. (see section 5.3).

Let us further assume that lots are generated with
probability Wy o= 0.9% from a binomially controlled process
with p' = 0.01 and with probability w, = 0,07 from the
process with p'' = 0.15. Also, suppose it is given that

the probability of misclassification as a superior grade
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lot is 0.07 for a lot containing 5% defective items and

it is 0.10 for a lot containing 20°%4 defective items.

The break even qualities work out as p, = 0.0158
and p = 0.1176. From (5.3.9) and (5.3.12) kg = 23.6933
k, = 8.0963 ko=l = 15.597. Substituting the relevant
values in the expression of }‘ij as defined in (5.3.20)
we obtain 7\11 = 0.2176385 )»12 = 0.382606% ?\21 = 0545586
and )\22 = 0.012342. To indicate the computational procedure
let us choose ¢q =1 in the step 1. From (1.3.3) and

(1e304) we get €y, = 12 and n = 86. To compute the bounds

b cified and for which

©

for the lot sizes which r

(86,1,12) is the optimal three-decision plan, we shall use

(5.4.4).

The necessary quantities to computes I\Ic for c4q =1
aret  AB(cq3 n(cq), p') = 0.0930203 aB(cq3nleq),p't) =
-0.0000103  aB(cy(0q)5 mloq),0') = 03 aB(cy(cq)3nley),p ) =
0.0964903 U = 1.5441283 B(cq+13 n(c +1), p') = 0.880360;
3(c2(c1+1);n(c1+’|),p‘) =13 B(c1+’l;n(o1+1),p") = 03
B(ey(ey+M)snley+1),p' ') = 0.562450.

Substituting these values in (5.4.7) we get

Mo = 86 + (78.351966) x 34/ 1.544128 = 1811.224103

\

Similarly Hc1_,] = 847.
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Thus for any given lot size N in the range 847 <N £
1811 the optimal plan is given by (86, 1, 12). Proceeding
further we obtain a set of three-decision plans for ¢4=0,1,

2,3 etc. with their corresponding lot ranges.

Next, consider the plans (52,0,6) and (86,1,12) under
the step 4 for their possible overlap. From (5.4."!0) we get

for the overlap
n(0) (1-G(0)) + NG(0) = n(1)(1=G(1)) + NG(1)

where n(0) = 523 G(0) = 0.8858; n(1) = 863 G(1) = 0.4628

and we obtain

N =DNjp = 95.1791 which can be also obtained from
(5+447)s Thus, according to (5.4.9) the plan (52, 0, 6)
is optimal for 52 < N £ $5. Similarly, we find that the
plan (86, 1, 12) is optimal for 96 < N < 210 and so on
(Fige8)

The optimal single sampling restricted ASR Bayesian
plans for double binomial prior with p! = 0,013 p"= 0.153
W= 0.933 W, = 0,07 and Pq = 0.05% Py = 0.20% B‘l = 0.07%
62 = 0.10 and the cost parameters same as in the example
are obtained for ¢4 = 0,1,2,3,4 and 5 and are given in the

table 9. (Fige8)
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To compute the averége total cost per item we have
taken N as average lot size where N is the geometric mean
of the two limits of lot size range corresponding to a
sampling plan in the table 9. For the subsequent discussions
also in the Chapter we shall use the geometric mean ff in
this menner. Average cost of acceptance without inspection
per item is 14426 money units. The percentage saving due

to acceptance sampling plan increases with the lot size.

Double binomial unrestricted Bayes solution

To determine (nyc,l,cz) minimising R(N,n,c1,02) given
by (5.3.19) is the problem of unrestricted Bayesian solution.
The plans are unrestricted in the sense that they are not
required to satisfy any restriction on their operating
characteristic function i.e., there is no limitation in
terms of risks. The plans providing minimum R are to be used
if the minimum R is less than the costs of accepting or
rejecting all lots without inspection. As mentioned earlier
we assume 7\11 >0, MNyp>0, Ay >0 and 7\22 >0 i.e.,

p' <p, <P, <P

The value of (n,cq,¢,) minimising R mst satisfy the

following three conditions:
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Ay, R(N,n,cq=t,0,) €0 <Ay R(N,n,04,C5), 0%cq, Cp8n,C <0,
1 1
veee. (5.5.1)
ACZR(N,n,c,l,cz—’l) <0< Ac? R(N,n,c,],oz), 0%cq, Cpny C4£C,
eeses (5.5.2)
AnR(N,n-1,cﬁ,c2) <0< &, R(N,n,0q,05), ¢4 & ¢y Sm SN
eees (54543)
Since AC1 B(c,l;n,p') = —p'b(c,]',n,p') we get from
(5.3.19)
Ac1 R(N,n,0450,) = (N-n) [—h,mb(c,]ﬂ;n,p') + ?\,lzb(c,|+1;n,p")]
ceees (5.5.4)

A R R(N,n,c4,0,) = (N-n) [=Asqblep+tsn,p")+ kzzb(czﬂ;n,p")}

c
ceeee (545.5)
b, R(N,n,04,05) - - [ A44(1=B(cq3n,p"))+ 7\12B(01;n,p") +
7\21(1—B(c2',n,p‘))+ ?\ZZB(CZ;n,p“)] +
(W-n=1) [Aq4p'B(6430,0)= Aqop bloqsn,p" )+

7\21p'b(cz;n,p')-Kzzp"h(cz‘,n,pn)] ve (5.5.6)
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Solving the inequalities with respect to n and N we find
<hat a Bayesian three-decision plan must satisfy the following

zhree inequalities given by (545.7), (5.5.8) and (5¢5¢11)
@+ Pog Sn <Gy B (cq#1) wee (5:5.7)

G, 4 Bo, S0 <Gy 3 (02+1) oo (5.5.8)

A, ;
6, =log 22/ log Sy, 1=1,2 e (5:5:9)
q

i1
U '
B =1og1'—-“—/ 1og—%;'- e eer  (5.5.10)
P aq
=i F(n=1,04505) SN < F(n,c4505) ver (545.11)

“ere F(n,c1,cz) is defined by

?,:,01,02) = (n+1) +

4+hqqBeq3n,p')- quB(cqyn,p Y=Apq+hqBlogsnyp )= %Zzﬁ(czsn.p ")

- »1p'b(c1)n,p Y+hy 8" B(eq3m, B )=Aoqptbos3m, Rt Y+hyop B(cp3ny 2)
cer (5.5.12)

n
For two plans (n,l,cfl,c'z) and (nz,c','l,cz) satisfying (5¢5.7)
- (545.8) and having overlapping N-intervals according to(5+5:12),
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' n o n
we solve the equation R(N,n,‘,c;,ca) = R(N’nZ’c'l’CZ) for N
to get the expression for Ny, as given in (5¢4.7)s Then
using (5.4.9) we can select one of the two plans (n,l,c‘; ,clz)
" "
and (n2’°1'°2) as an optimal plan
In this case the three-decision plan (n,cq,cz) is not

required to satisfy the conditions (14343) and (1e3.4).
Write R(N,n,c,l,cz) as

N, 0<N<n
R(N,n,c,],cz) = +e(5.5.13)
L n(1-D(n,c,l,02))+D(n,c1,c?_)N, n <N

where D(n,c,1 ,02) denotes the expected standardised decision

loss and is given by

D(n,c,l,c?_) = ?\11(1—5(c1‘,n,y'))+ ?\12B(c1,n,*>") +

7\21(1-B(cz;n,p'))+ 7\22B(02:n,p") ces (5:5.14)

The graph of R(N,n,c4,C,) as given by (5.5.13) is,
for a fixed (n,c,l,cz), a polygonal line consisting of two
segments N and n + (N-n) D(n,c,I ,02).

Consider
RO(N) = inf R(N,n,0q,0,) vee (5.5415)

L = [meqica]
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where (0 denotes the set of plansi(n,c,l,cz); 0<cy ey ﬁn.}
For 0 < N < n, the minimum in (5.5.13) is N and the optimal
procedure, then, is as good as inspecting all the items i.e., ,
n = N. We shall assume that n < N and then, R(N,n,cﬂ,cz)

is a concave piecewise linear function of the lot size N.

From (5+5.7) and (5.5.8) we note that for a given
n we have a pair of (c,[,cz) i.es cy and o, depend on n.
But the pair (01,c2) remains same for a set of values of n
satisfying (5.5.7) and (5.5.8)s In fact the value of
D(n,c,l,cz) changes for changing triplet (n,c1,c2) and hence
it is difficult to study the nature of D(n,c,l,cz) analyti-
cally and also empirically for all the range of values of
the triplet. Figure 9 indicates the nature of D(n,c1,02)
for a few fixed pairs (01,02) and corresponding changing

values of n.

Numerical computation of optimal three-decision and

comparison with two decision plans

The plans discussed in 5.5 above can be tabulated

as followss

Step 1 ¢ Compute A, .,i,j = 1,2 from the expressions given
1J
in (5.3420) and hence compute &,,8, from (545.9)
and § from (5.5410).



Step 2 &

Step 3 ¢

Step 4 3

Step 5 ¢

- 1 -

Choose some arbitrary cq (say 01=O) and, using
the value of ®y, & and @ as obtained in step 1,
compute the lower limit 1(0’1) and the upper limit

u(c1) for n from (5¢5.7) such that l(c,])_<_n§ u(c1)-

Take ¢, as cq+1 and compute the lower limit 1(c2)
and the upper limit u(cz) for n from (5.5.8) such

that 1(c2) <ng u(cz).

In case 1(02) < u(c,l) choose ¢, as cy+1 and the
values of n satisfying both (5.5.7) and (5.5.8)
would be in the closed interval 1(01 ,c,)) <n <

u(c1,02) where

1(01,02) = max [l(c,l), 1(cy)]
and  u(cg,c,) = min [u(c,]), u(cy)]
Increase ¢, systematically til1ll we have 1(02) <

u(c,l). For l(cz) > u.(c,l), increase ¢ systemati-

cally till we reach l(cz) < u(o,l).

Choose ¢y =0,1,2, o+ses systematically and proceed
as in the steps 2-4 and list the value of n satis-
fying (5.5.7) and (5.5.8) corresponding to each

pair of cq and Coe



Step 6 ¢ For the plans listed in the step 5, using (5.5.11)
compute the bounds (N—inter‘vals) of the lot sizes
for which these plans satisfy the local optimality
conditions (5.5¢7),(5¢5.8) and (5+5.11).

LK
Step 7 ¢ For two plans (n,],c,‘],cé) and (n,,04,c,) having
overlapping N-intervals select one of these plans

as an optimal plan by using (5.4.7) and (5.4.9).

Example 2

Using the costs as given in the example 1 of section
(5¢442) and assuming that the lots arc generated with proba-
bility Wy o= 0493 from a binomially controlled process with
p' = 0.01 and with probability Wy = 0.07 from the process
with p'* = 0.15, the steps 1-7 gave the values of C19Cp,0
and N as in the table 10 where G,= +3.696568; '42= 244850612
and B = 18.761415. The values of 6, and 6, as defined in
(5.448) are also provided in the table 10 corresponding to

each combination of CqsCo,T2 and the N-interval.

Using the values of 61 and 62 as given in the table
10 the points of Iintersection according to (5.4.7) are

computed and are given in the table 11.
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Combining the results of the tables 10 and 11 and
using the step 7, we obtain the system of optimum plans

given 'n the table 12.

Let N denote the geometric mean of the two limits
of a lot size range in the table 12. The values of the
cost per item using lot size as T have been computed and

are given in the table 12.

The percentage saving effected by the use of the
three-decision plan as compared with the average cost
involved in accepting en item without inspection is found
to be increasing for the increasing lot sizes. It can be
seen from the table 12 that the above percentage saving in
cost is at least 4O percent i.e., for the lot size of 2115.
The computaticnal resul®s given in the table 12 show that
the optimum sample size increases with the lot size and the
optimal decision loss per non-sampled item decreases with

the sarple size (Fig.9).

The probability of

eptance and probability of
screening are computed for the incoming lot quality p'= 0.01
and the probability of rejection and probability of screening
are computed for the lot quality »p" = 0.15 for each of the

optimal plans in the table 12. The probability of acceptance



at p' increases with the optimal sample size whereas the
probability of screening decreases with the increasing lot

sizes which may turn out t be a desirablc economic featuree

The probability of rejecting a lot of guality p"= 0.15
out right, increases with the increasing optimal sample size
whereas the probability of screening a lot of this quality
increases in the beginning (upto ¥ = 141) and then decreases

for higher lot sizes.

The close values of K/N in the table 12 tempt one to
work out a system of nearly optimum plans containing only
one plan for each pair of decision numbers c4q and Coe Such

plans are worked out and are provided in the table 13.

ification used to obtain the

The procedure of

nearly optimal plans in the table 13 is to compute n as
[l(c,l,cz) + u(c,l,oz)] /2 where 1(01,02) and u(c,l,cz) are
the values as obtained in *'.e step 4 such that the closed
interval 1(01,02) <n < u(c,l ,02) gives the possible optimal

values of sample sizes c

ding ©to a particular pair
& P

cq and cye The N-intervals are computed by using (5¢4+7).

A comparison between the table 12 and table 13 shows
that (i) the system in table 13 provides considerable simpli-

fication of the optimal system and, (ii) nearly optimum plans
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are just as satisfactory as the optimum plans for the most

practical purposess

It may be of some incerest to examine economic advan-
tages of a three-decision Bayesian plan over two-decision
Bayesian plan empirically. For this purpose, in the
example 3 we shall consider the situation similar to one
in example 1 but with a two-decision, say, acceptance =

screening, plan.

We shall work out the average total cost of inspection
and decision per item for such a plan and will attempt a
comparison between these values and the corresponding values

for a three~decision plan as obtained in the table 12.

Example 3

Let us assume that the prior distribution of the lot
quality and the three cost functions viz., cost of inspection,
cost of acceptance and trn: cost of screerning, be the same

as in example 1 and the following sampling procedure be used?

Take a sample of size n from a lot of N items and
let x denote the number of defectives observed in n thent
accept the lot if x < ¢

eee (545.23)
screen the lot if x> ¢
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The cost function K{N,n,c,p) can be written as
K(N,n,c,p) = :1(S1+Szp) + (M-n) [(A1+A21~)PLA(5:)+(’1‘1+T2p)PS(‘})]
ver (5¢5420)

where the symbols have the usual meaning ()= B(csn,p)

and Ps(p) = ’I-Pa(p) denote the probability of acceptance and

the probability of screening respectively.

The unavoidable minimum cost lgn(p) would be defined

as

,(p) = ky(p")wy + K (p")wy ver (5.5.25)
and the standardised cost function as
R(N,n,0) = n+(N-n) [A(1=B (p")) +A, Bo(p")] ++e(5.5.26)

where
Ay o=y [kg(p") =k (p")] /(kgmky)
Ay =y [k (0" = k(0™ /(kgky)
It is required to obtain (n,c) which minimises (5.5:26).

The necessary expressions to determine such two-decision

optimal plans are 3
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@ + Pc <n <@+ B(c+l) eee (5.5.27)
where

A, '

@ = log == / log %—
A q
" 1 1

<] =10g1‘_ﬂ."_/ log—-g-;;
voaq q

and F(n-1,c) < N < F(n,c) cee (5.5.28)

where F(n,c) is defined by

1
1—A1+K1Pa(p')-k2pa(pl )
X5 Blosm,p') + Agphblosm, )

F(n,c) =n + 1 +

The points of intersection for the two plans (n',c')
and (n",c") having overlapping N-intervals is given by
(n'~n‘)(1—h1) + n"&(n",c") -n'd(n',c')

Ny, = S o) s .on vee(545.29)

where  &(n,c) = A B(csn,p') = A,B(csn,p").

For this example, A, = 0.217638, Ay = 0.382606,
® = 3.696567 and B = 18.761415. Using the expressions
(5¢5¢27)=(5+5429) and the values in the tables 14 and 15



and proceeding on the lines similar to the steps 1-7 of this
section (i.e., after suitable modification of the steps for
two-decision plan), we obt.in the optimal plans as given in

‘the table 16.

The Figure 10 shows the average total cost of inspec-
tion plus the decision cost per item using the corresponding
values of ¥ from tables, 12 (three-decision plans) and 16
(two-decision plans) and taking p' = 0.073 p" = 0.15;
wy = 0.93 and wy = 0.07 as the double binomial prior distri-
bution. The Figure 10 clearly shows that the three-decision

plan is more economical than the two-decision plan.

The advantages of the three~decision plan as compared
with the two-decision plan are more pronounced for higher
values of w, i.es, when considerable number of lots with
deteriorated or very bad quality levels are submitted for
inspection, the three-decision plan will have definitely
substantial reduction in the values of K/N as compared with
two-decision plan. To illustrate it numerically in example
4, we shall consider the three-decision plans and two-decision
plans for the same set of cost function as in the example 2
and 3 but with higher value of w,. Let us take p' = 0.0173
p*= 0.153 Wy = 0.10 and w, = 0.90 as a double binomial

prior distribution.
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Example 4
The necessary quantities to obtain the three~decision
and two-decision (accept-scrcen type) plans for the deuble

binomial prior distribution mentioned above and for the

cost functions ks(p), ka(p‘), i»;t(p) and k. same as in
the example 2 and 3 are s

kg = 27.763 lg = 18.72
Ng = 0.403762% Ny = 8.487278% Aoy = 0.1012173
7\22 = 0.273783% ¢1 = 19.974527% 62 = 6.526389;

B = 18.761415 and & =&,y 3 Ay =Ngq 3 Ay = N

Using the above values of }‘ij

(545.7), (54508) and (5.4.7) we obtain optimum three-decision

's, @y, G5 and B in

plans through the tables 17,18 and 19. Similarly, using
the above values of &,8,A;, and A, in (5.5.27), (5.5.28) and
(5.5.29) we obtain the optimum two-decision acceptance -
screening plan through the tables 20,21 and 22. The Figure 11
shows the average total cost of inspection plus the decision
cost per item against the average lot sizes (N) for the both
three-decision and two-decision optimal plans (tables 19

and 22).
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It is clear from the Figure 11 that the three-decision

plan is now, much economical than the two-decision plan.

Three-point binomial unrestricted Bayes solution

Determination of (n,c,‘,cz) minimising R(E\Z,nyc,l,cz)

od in this section.

given by (5.3.21) is the problem consi
We shall assume that u’ij >0, 1,3 =1,2;3 1eee, P' <Py <
pIl 3 pv < pl“

The value of (n,c,',cz) minimising R given by (5.3.21)
must statisfy the conditions (54541), (5.542) and (5.5+3)

where
AC1R(N,n,c1,<22) = (N-n) [-uﬁb(c1+‘|;n,p') + u,lzb(c,‘-v'lyn,p")-c-

tqzblog+is ny 'yl vee (5.641)

ACZR(N,n,c,I,cz) = (N-n) [-mpqblep*15n,p") = uzzb(czﬂ;n,p') .
) "
u23b(02+’|; n,p )] vee (5.642)

BR(N,0,04,05) = 1= [8gq(1mB(oq5n,p))+ BypBloqin, ™) +
Ky5B(eq3n, 0"+ o (1-Blogsnsp)) +
Byp(1=Blop3n, ")) + HogBlegsn ™ )] +
(2=n=1) [#q4D"D(0q3m,0") kg 0" D(C 30, P") =
lqz8" ' Bleqsn, o) + o' Blogin,pt) +
uzzp"b(czsnyp")"“25Pmb(°2m’p")] vee(5.6.3)
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—— —— Cost curve of plans with 2decision

Cost curve of plons. with 3ducision

BEEEE 20

el

“ ) [N wo 160
w1 sze (N —

COST CURVES FOR PLANS WITH TVO AND THREE DECISION
CRITERIA FOR w, » 0410, ¥, » 0.0+
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Solving the inequalities (5.5.1), (5.5.2) and (5.5.3)

in the present context, with respect ton and N by using

(5.6.13=(5.643) we find that a Bayes

sian three-decision plan

(n,c,l,cz) nust satisfy the following inejualities given by

(5.604), (5.6.5) and (5.6.6)

where
£,(cqsm) =

fz(cz,n) =

where

F(n,cq ,02)

£, (cqsn) €0 < £, (c1+'l,r.) sos  {5.6.0)

£, (cpsm) £ 0 < 1) (c2+’lyn) vee (5.6.5)

~iqqbleq3n, ')+ uqzb(cq;n,p")*-uﬂb(%:nyp" ) and

iy (0,31, 1) = Hgpb(epsn, p") + Hozblenin, ")

+

F(n=1),c4,05) SN < F(n,c4,05,) eer (5.6.6)

n+l+ [A=ihg g4, 1B(c1',n,p')—u12}3(c1 sn,p")
KqzB(cq3n,o" ) =Hpq+koqB(e3n,p') =Hon
MppB(Cp3n, P") ko3 B(es,n,yP™) ] /140" b(cq31yD")

g D" B(C 31, D) kg5 P" B(Cq30,P" ) =Hpqp ' (Cp3n,P")

uzzp"b(czgn,p")+ Koz b(czgn,p“')] oo (5:6.7)
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1 ' now . . _
For two plans(n1, cqr ©p ) and (UZ’C1’CZ) satisfying (5.6.4)-
(5.6.6) and having overlapping N-intervals we solve

R(N,n,‘,c%,cé) = R(N,nz,c:,cg) giving
¢ " " bl
Nyp = [(ng=ng) (e gty qmitop) 41y 1‘5’1<r‘2’01> = 85(by,0, )5-
¢ ' . Nae Lo
n 4 04(ngo0q) + 85(ng,00) 71/ [0g{ns50q) +
" ' B [ s e
62(;12,02) - 61(n17c,|) - vz(n1,02) ] cee (54648)
where
1 " m
61(n,cj) = ;LHB(cj;n,p )"""IZB(Cj;n'P )—u13B(cjsn,p )

oo (5.6.9)
and
n "
85(n03) = HpqB(ey3m,p")4pB(c3n,p )-ysBlogin,p )

vee (5.6.10)

'
To select one of the two plans (n,l,c:l,cz) and
" L
(nz,c1 sCp ) as optimal plan in appropriate range of the lot

sizes we shall use (5¢4+9).

Numerical computation of optimal plans

Clearly, for the three-point binomial prior it is

not possible to determine the bounds of the optimal sample
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size n, explicitly in terms of the decision numbers Cq and
c,,see (5.6.4) and (5.6.5). Therefore, to determine n satis-

fying (5.644) and (5.6.5) che method of systematic search

for chosen values of ¢y and Co is to bz u

The optimal three-decis

case, can be tabulated as follows:

Step 1 ¢ Compute uij’ i=1,23 J = 1,2,3.

Step 2 ¢ Choose c1=0 and c2=01+1 and obtain the smallest
n satisfying (5.6.4) and (5.6.5).

Step 3 ¢ Compute the bounds (N~intervals) for the lot sizes

for the plans obtained in the step 2 using (5:647)

Step 4 s Using the chosen values of c4 and ¢, increase n
systematically and if it satisfies (5+644) and
(5.6.5) obtain the N-interval as in the step 3
and proceed until a value of n which does not

satisfy (5.6.4) and (5.6.5) is encountered.
Step 5 3 Increase ¢y and Co systematically and obtain the
corresponding values of n and proceed as before.

Step 6 t For two plans having overlapping N-intervals select
the optimal plan using (5.6.8) and (5.4.9).

Exemple 5 illustrates the computationse.
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Example 5

Assume the various costs are same as in example 1.
Let the lots be generated under a three-point binomial with
probabilities wy = 0.90, wj, = 0.08 and Wy = 0.02 and the
corresponding lot qualities as p!' = 0.01, p"=0.05 and

p‘" = 0.15 respectivelye
The necessary quantities to obtain the plans are ¢
Hqq = 0.210617% Mo = 0.111560% Hqz = 0.109316

B = 02527986y Mgy = 0.0294933 Koz = 0.003526

Using these values and following the steps 1-6 we
obtain a set of illustrative optimal three-decision plans

provided in the table 23.

Point binomial Bayes solution

Assume that the prior distribution of the lot quality
is point binomial with the parameter D. The cost function,
under the assumption 4 (section 5.3), has its minimum value

when the following decision rule is used 3

accept all lots from the processes with < Py
screen all lots from the processes with Dy py < p< Py

reject all lots from the processes with D > Py

eee (5.701)
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vhere 2, and p, are the break-even qualities as defined in

section 5.3.

The above prior distribution amounts to having &

full information of the lot quality.

In such a case the optimal proce given by

(5.7+1) resulting in the following decision costs ¢

\‘ k(p) if D<py
k() ={ k(P) if p, <D <py cen (5.7.2)

L k(p) if P2 p,
where we assume, as mentioned earlier, Py < pye

Beta prior unrestricted Bayes solution

Several continuous prior distributions may be used
for incoming lot quality p. Some of them are Beta, mixed-
Beta, Polya and mixed-Polya. We assume, here, Beta prior
for illustration. The treatments in the other cases, will

proceed on similar lines.

Determination of optimal plans

The problem is to determine the values of n,c, and ¢,

minimising the value of R given by (5+3.23). It can be shown,
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the line

s similar to section (5.9°), the Bayesian solu-

ticn in tiis case also is unique. To avoid repetitions of

3 or section { 5. 9) znd in particular, involving

the st

atdd mathematical expressions in the present

case, the proof for the uniqueness of the solution is
omitted.

Since the optimal plan (n,c1,cz) is unique the solu-
tion of local optimum conditions will provide global opimum

sclution in respect of n,cy and Cye
The value of cq minimising R given by (5+3+23) must

satisfy

g R(N,n,c,l—‘!,c2) <0< qc/IR(N,nyc,l,cz) ves (5.8.7)

4
i

mplification, we obtain from (5.8.1) the following

bound on the sample size n

(7+cq) p;1 =d £ n < (Treg+l) p;1 - d vee (5.8.2)

where 4 = 7+t. Simplifying a similar condition with respect

to Cp we get another bound for n

(1t+c5) p;1 ~d £n< (ﬂ+02+1) p;j - d +.. (5.8.3)



rly, simplifying optimum condition with respect to

n we obtein a bound for the lot size N
F(n-’lyc,’,oz) <M< F(n,:1g02) vee (5.8.4)

where

,c,];cz) is given by

F(n,04,05) = n+'|+[D,1/D2] e (5.8.5)

a2xpressions for D,I and D, are complicated funckions

of n, C4s Cps D and By and are given in the Appendix to

u

this Chapter.

The opimal Bayesian ASR plans, in this case, can be

obtaired in the following steps?

Ster 1 ¢ Comnute Py and )

Step 2 ¢ Choose cq systematically as 0,1,2,s+.0..etc., and
the corresponding value of c, (02 2 cq) and
obtain upper and lower limits for the sample
size n.

Step 3t For a chosen pair of ¢y and Cp list down the values

of the sample sizes which are common to the inter—

vals obtained from (5.8.2) and (5.8.3).
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Step 4 ¢ Compute the lot size range using (5.8.4), corres-
ponding to each value of sample size listed under

the step 3.

Numerical computation of optimal ASR plans

Assume that w(p) is the Beta density with parameters
M= 1.5 and t = 0.5 with expected value D = 0.75. The
cost functions are ks(p) =45+ 653 ka(p) = 150 p3
ke(p) =20 + 50p and k.(p) = 30.

fere kg = 45 + 657/ = 93.75, k = 27.2858, p, = 0.20,

s
= 0.40.

The value of Km is obtained by numerical integration
using curvaturs formula (sze Rao et.al.(1975)). Using
steps 1=4 we get a set of illustrative optimal plans given
in the table 24. In the above illustrative example, it may
be noted that all the conditions {(1=4) of section 5.3 are

sati d. Even though E(g) = P = /d = 0.75 which does

admits optimal plans.

not lic between by, and p,, the proble

sc¢ plans are given in the table 24. Thus, if the

Some of t
conditions of the section 5.3 are met one can obtain optimal
plans by taking any suitable values of T and t and not only

those values for which p, £ D < Dye
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2.8.3 General remark

As mentioned earlier optimal Bayesian ASR plans can
be worked ouc for otner sesmiinuous distributions on the
similar lines. The bounding approaches used»to obtain
optimal plans in this section are the common feature of
the entire Chapter 5. However, it is also possible to
obtain cy and C, analytically as a function of n under
certain conditions of regularity on the posterier risk or
loss and then a unidimensional search can be used over n
to obtain optimal plans against various lot sizes systema-
tically as in Guthrie and Johns (1959) and Thyregod (1974).
Since the optimal plans obtained through the two approaches
are not found significantly different we have confined us

to bounding approaches which are direct ones.

An ops

problem

The numerical computation of the optimal plans in
the examples considered for the following cases yielded
unique optimal solutions which are listed in the tabular

form in the end of the thesisg

(i) Two-point prior restricted Bayes solution (sec.5.4).

(ii) Two-point prior unrestricted Bayes solution

(sec. 5.5).
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(iii) Three-point prior unrestricted Bayes solution
(sec. 5.6)

ta prior unrestricted Bayes solution {Sec.5.8)

(iv)

What about showing analytically existence of unique
optimal solution in these cases? Let us consider, for
example, the case of two point prior restricted Bayes
solution. The uniqueness of optimal Bayes solution, in

this case, can be proved analytically provided

(a) the function G(c) as defined in (5.4.11) is
analytically shown as a decreasing function of
¢ with falling rate of decrease i.e., ACG(c) <0

and Af G(c) > 0. and

(b) the point of intersection N(e,c+1) of R,’(N,c) and
R1(1‘1,0+’I) as defined in (5.4.12) is analytically
shown as an increasing function of ¢ i.e.,

4o N(c,041) > 0.

We have not been able to prove (a) and (b) analyti-
cally and it is noted from Hald (1960) pages 312 that it
has not been possible to prove (b) analytically even in the

case of two~decision plans.
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We pose (a} and (b) as "open conjecturest. However,

e carried out extensive numerical computations and

we

found “hat Loth the conjectures () and (b) are true for
the range of values of ¢ taken. Our numericel results in
respect of (a) and (b) are illustrated in the Fig.7 and

Fig.8 respectively.
In the light of the above numerical investigations
if we accept (a) and (b) as true, then, the proof for unigque-

ness proceeds rigerously as followss

Lemma 5 ¢ Let f,l(x) = ag+ byx and fz(x) = ay + by¥,

where O < a, <a, and by > by > 0, be defined in R, Then

two functions intersect at x > 0 such that f1(x)< fz(x)

for 0 & x<x, and £4(x) 2 fz(x) for X2 %

Since by > by > 0 the two functions f1(x) and. i’z(x)

st intersect at some point (xo,,yo) in RZ. Suppose Xof 0.
Then, at T, We nave 8,8y = (b1-=‘:2) X, £ 0 contradicting

C < aq < aye Hence X, > 0.

. 2
below implying the results of the lemma. I8l

Now, a4 < ay, the function f,l(:c} will meet £,{x) from
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Lemma 6 ¢ Let R,](N,c) = n(c)(1-G(c)) + G(c)N. For any
c < ct o<t < n there exists an unique N > O such that
= R, (N,0") > Ry(N,c")

i,¢') for N > .

' gy " Furiher. we -
R,‘(Nc,c Y = Tl ,eT).  Further, we ¥

]
for all 0 <N <N, and R, (v,c"

:  As mentioned earlier in the Chapter 2 for thz plans

in 8, nfc+k) > n(c) for any k= 1,2,+.... « We take
n(c"y > n(c') and note that n{c")(1=G(c"))> n(e'y(1-Glc'y)
and G(c") < G(c'y. The required recults follow from lemma 5
by putting ay = n(c')(1=G(c")), a, = n(c") (1=6(c")),
o, = G(e') and b, = G(c").
[}

Let ¢, > 1 and let N, be such that R1(No,c°) =

Then ¢ = c,+1 is the unique value which
condition AR,](NO,CO) <0< AR1(NO,CO+’I).

esis we have LR,I(I\!O,CO) = 0. We have by

,co-»-’l) > 0 for all O £ N < N (co-o-‘n 5 co+2).

since N = N(c_,0,+1) < 1\3(oo+’\, c,*2), we have AR1(NO,CO+1)>O.

»anr ¢ > ¢ +1. For all N < N{c,c+1) we have

()
P2 P..,I'\’A:,x:) > 0. Since Ny < i(cy,c+1) we have A R,'(No,c) >0

for all ¢ > c_+1. Now, consider any O £ c < Coe By

lemma 5, 4 R,l(n,c) < 0 for all N > N(c,c+1).

Since Ny = N(cg,0,+1) >N(c,c+1) we have AR1(NO,0) <0

O
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: For any N > O there exists an unique A such

F,0) £0< AR,l(i_\T, RN

For simplicity of notation let Ny = N(x, k+1).

It £ T < Ny, let c,=k. Ve have fron the proof of

thecrem 5 for Ny =M, AR, (M,k) = 0 and AR1(N,c) <0
for all ¢ <k and N > N . But fl > Ny > Ny and hence

£Ry(F,c) < 0. Similarly, we can show that AR1(N,C) >0

|

This completes the proof that the sclution is unique.

for all ¢ 2 K.

Bayesian three decision plans discussed in this
Chapter have a definite economic advantages over the two-

decision plans under certain situations as indicated in

If the optimal three-decision plans, for most

are made available in the tabular

Reasonable estimates of the parameters Mg and uij
Gan be easily obtained by having a good feed=-back information

system for the process. To facilitate the use, exhaustive

y are being compiled separately. However, in view of

the economic advantages of these plans over two-decision
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even in the absence of tables, the plans can be

pler

easily worked ' out with the help of an electronic computer

9

from the syste ic steps given in the various sections

t Ch

of the pr

e have assumed a very simple form of prior distri-

ical considerations

bution for 'p', purely based on pra

discussed by Hald (1981). We considered a process
producing either a single value, 100p, of percent of

defectives (section 5.7) or twe values, 100p' or 100p", of

percent of dafectives (section 5.4 and 5.5) or three values,
100p', 100p" and 100p"™ , of percent of defectives (section

In the section 5.8, as @n extreme generalisation of

the abcve, have considered a continuous prior viz.,
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APPENDIX TO CHAPTER FIVE

Bxpression for D, and D, (Section 5.8.1)

D, o= 1= [(A,T-TZ) i puG(H,t,n,c,I) = G(m+1,8,m,04) +

(me1,))/ () ~pu<1-1pu<n,t>)'§ *

(TR5) ¢ (7, tym,c,) - G(m+1,t,m,0,) +ﬂ(1-1pv(n+1,t)}/(n+t)

1
(]

(1, 1/ el

"N ae2y S Naz/m(n,t), 0<p 91

o D
Ip(r»,t) = é z

1 e -
G, t,,0) = 4 p 1 gt I,(e+1,n-cydp/B(,t)
o
, 1 g t=1
B{m,t) = I p (1-p) dp, ®>0, t>0
C

D, = [(ﬂ'\xz—Tz) 2:’E(ﬂ+c1+2,n+t—c1)/(n—c,])B(ﬂ,t)B(c,]M ,n—c1)
- B(itsc +1 snrb=c,)p/ (nmcy ) B(7, b) Es(o,|+1 ;n=cy) \’
-(TZ—RZ) < ‘ﬁ\'ﬂ+02+2,n+t-c2)/(n—cz) B(ﬂ,t)b‘(czﬂ ,n—cz)

- B(ﬁ+cz+1,n+t—cz)p/(n~cz)}3(n,t)B(cZH ,n—cz)}] / (kgmk;)

HRWRR AR, K



Sampling Inspection Tables
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TABLE 2. AOI VALUES FOR THREE-DECISION SINGLE SAMPLING
ASR PLANS BY ATTRIBUTES /Case(a)/ AND THE
CORRESPONDING DODGE AND ROMIG'S PLANS

Process average = 0.01
Lot Size Three decision plans DR plans
n Cq Co AOI n c AOT

100 20 o} 1 33.2 20 o 34e6
150 22 o 1 Llhe8 22 o} L7
200 38 1 2 45.9 38 1 46.9
250 38 1 2 4844 38 1 49.8
300 38 1 2 50.8 38 1 52.5
350 38 1 2 53.2 38 1 5543
400 38 1 2 55.7 38 1 58.0
450 38 1 2 5841 38 1 60.8
500 38 1 2 60.6 38 1 63.6
600 38 1 2 65.5 38 1 69.1
700 38 1 2 T70.4 38 1 The7
800 38 1 2 753 38 1 80.3
900 50 2 4 61.6 50 2 61.7
1000 50 2 4 63.0 50 2 63.1
1200 50 2 4 65.7 50 2 65.9
1400 50 2 4 68¢4 50 2 68.6
1600 50 2 4 71.2 50 2 s
1800 50 27 4 73.9 50 2 The2
2000 50 2 4 76.6 50 2 76.9
3000 50 2 4 90.3 50 2 90.8
4000 50 2 4 104.0 50 2 10L4. 6
5000 50 2 4 7.7 50 2 118.4
7000 65 3 5 935 65 3 93.9
10000 65 3 5 105.9 65 3 106.4

Contdes..
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(Table 2 - Contde.s)

Process average = 0.02
Lot Size Three decision plans DR plans
n cq Cy ACT n c AOT
100 20 0 1 43.9 20 o] L6.6
150 35 1 2 49.0 35 1 52.8
200 35 1 2 5541 35 1 60.5
250 50 2 4 65.0 50 2 65.7
300 50 2 4 68.7 50 2 69.6
350 50 2 4 72¢5 50 2 73.5
400 50 2 4 7642 50 2 774
450 50 2 4 80.0 50 2 8.4
500 50 2 4 83.7 50 2 85.3
600 65 3 5 86.1 65 3 87.1
700 65 3 5 90.0 65 3 913
800 65 3 5 939 65 3 95.4
900 65 3 5 97.9 65 3 99.5
1000 65 3 5 101.8 65 3 103.7
1200 80 4 7 104.8 80 4 105.0
1400 80 4 7 109.2 80 4 109.5
1600 80 4 7 113.6 80 4 114.0
1800 80 4 7 118.0 80 4 11844
2000 80 4 7 122.5 30 4 122.9
3000 80 4 7 4L, 6 80 4 145.3
4000 90 5 S 127.0 90 5 1273
5000 90 5 9 136.4 90 5 136.9
7000 105 6 10 U1 b 105 6 141.5
10000 105 6 10 1574 105 6 157.4

Contdesess
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(Table 2 - Contde..)

r;,)cs-ss average = 0.03
Lot Size Three decision plans DR plans
n C4q Cy AOT n c ACT

100 33 1 2 47.2 33 1 5044
150 48 2 3 60.0 4e 2 65.7
200 65 3 5 66.0 &5 3 The5
250 65 3 5 8647 €5 3 89.3
300 65 3 5 9246 65 3 95.8
350 65 3 5 98. 5 65 3 102.3
400 €5 3 5 104he &t €5 3 108.9
450 75 4 7 1024 4 4 4 103.1
500 75 4 7 106.0 7h 4 106.8
600 80 4 7 126.8 80 4 128.2
700 90 5 9 121.9 S0 5 122.9
800 90 5 9 127.1 <0 5 128.3
900 90 5 9 132.4 90 5 133.7
1000 90 5 9 137.6 20 5 139.0
1200 105 6 10 174 105 6 14749
1400 105 6 10 155.2 105 6 155.7
1600 105 6 10 163.0 105 6 163.5
1800 105 6 10 171.7 105 6 1713
2000 105 6 10 17845 105 6 179.1
3000 115 7 12 180.9 115 7 18141
4000 130 8 14 195.3 130 8 195.4
5000 130 8 14 212.2 130 8 212.2
7000 140 9 15 208.1 140 9 208.1

10000 150 10 16 20743 150 10 2074
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TABLE 3. THE VALUES OF x SATI (344:7)
AND CORRESPONDING VALUES CF y.

X y eq Sy X y

® N o v BN

el
-

1e414213 - 0.474214 1M 13 11215362 8.156714
2.236375  0.952182 12 14 12.140244  8,953887
3.092727  1.558027 1% 15 13.068499  9.756142
3.965123  2.208438 14 16 14.000797 104564794
4,849036 2891019 15 17 14,930630 114379249
5.742012  3.598241 16 18 15.864714 12.199019
64641530 44325121 17 19 16.800401 13.023669
7.547888  5.068162 18 20 17.737896 13.852822
84459299 5824794 19 21 18.677091 14.686149
9.374142 64593061 20 22 19.617890 15.523357
100292835 7.371440




_1A7-

TARLE 4 THE VALUES OF  ON THE BOUNDARIES FOR ASR PLANS

¢y c1+1 M ¥

0 1 1.404712 0. 414214
1 2 164389329 0.952182
2 3 1364381060 14558027
3 4 9784750790 24208438

4 5 64304144500 2,891019
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TABLE 5.  SOME ILLUSTRATIVE OPTIHAL ASR SINGLE SAMPLING
PLANS FOR D = 0.005 AND pp = 005

lot size i c4 cy n

8 - 280 144 0 2 8

281 = 3277 1779 1 3 18
3278 = 27276 15277 2 4 31
27277 = 195750 111514 3 5 Lh
195751 = 1286028 7h0890 4 6 57




TABLE 6, THE

- 149 -

VALUES OF x SATISFYING (3.5.4) AND THE
CORRESPONDING VALUES OF y.

¢y Cp X y Sy Cp X v
0 3 1+500000 0.433158 11 15  9.646886  7.463453
1 4 1,900000 0.907877 12 16 10,494637  8,206485
2 6 24444306 1.395127 13 17 11.348001  8.957475
37 3183143 1.981920 14 18 12,206446  9.716324
4 8 3.944987 2.600902 15 19 13.069517 10.481834
5 9 44724959 34152097 16 20 13.936821 11.634342
5 10 54519693 3.912079 17 21 144808015 12.031571
7 11 6326748 L.595737 18 22 15.682820 12.569263
8 12 7144284 5.294427 19 23 164534527 134602765
9 13 7.970872 6.006078 20 24 17.442188 144313414
10 14 84805380 6.729958 21 25 184326320 15.027411
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TALBLE 7. THE VALUES OF ff ON THE BCUNDARIES
FOR ASP PLANS

4 cqt M y

0 1 141779 0.4332
1 2 14,0262 0+9079
2 3 16645458 103951
3 4 132040289 1.9819
4 5 792644795 2.6009

5 6 90196, 6000 3.1521
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TABLE 8,  SOME ILLUSTRATIVE OPTIMAL ASP
SINGLE SAMPLING PLANS

lot size N 4 cy n

8 - 236 144 0 3 8

237 - 2805 1521 1 4 18
2806 - 33310 18058 2 6 28
33311 = 264007 148659 3 7 4o
264008 = 1585296 924652 4 8 52
1585297 - 18039320 9812308 5 9 63
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TABLE 9. THE OPTIMAL SINGLE SAMPLING RESTRICTED ASR
BAYSSIAN PLANS FOR DOUELE BINOMIAL PRIOR
DISTRIBUTION WITH p'=0.013 p'=0.155 w,=04933
Wy=1my3 p4=0:053 D,=04203 B4=0.07 AND By=0.10.

Semple  Decision )
lot size size © _number N K/ N
n ————’01 Sy saving
52 - 95 52 0 6 70 23423 *
96 - 210 86 1 12 142 20.38 *
211 - 335 120 2 18 266  17.36 *
336 = 390 150 3 23 362 15.84 *

391 - 1204 170 4 27 686 12.70 10494
1205 = 1214 200 5 32 1204 10.73 2475

# Acceptance without inspection is more economicals
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TABLE 10. THE VALUES OF o,,C, AND n OBIAINED FROM (5.5.7),
(5.5.8) AND (5.5.12) FOR 1w, = 0.93 AND w,=0.07

USTING (5.4.7).

cq ey n N &,I(n,c,l)

0 1 4 27 - 32 0.00933%9 0.5
5 33 - 39 0.037207 04534743
6 40 - 48 0.060602 04535206
7 49 - 58 0.080198 04535634
8 59 - 71 0.096568 04536007
9 72 - 86 0.110198 0.536313
10 87 - 105 0.121503 04536541
11 106 - 129 0.130833 04536686
12 130 - 159 0.138488 04536744

0 2 13 149 - 179 04144723 0.536901
14 180 - 220 0.149752 04537407
15 221 - 272 06153759 0.537902
16 273 - 342 0.156901 0.538380
17 343 = 439 0.159309 0.538837
18 440 - 581 0.161096 04539268
19 582 - 809 0.162359 0.539670
20 810 - 1222 0.163178 0.540041
21 1223 - 2196 0.163622 04540379
22 2197 = 7133 04163751 04540683

Contdesse



cq cy n b,i(r'.,c,l) &z(n,oz)
1 2 23 177 = 199 04166776 04540953
24 200 - 226 0.171919 0541189

5 227 = 259 0.176423 0. 541390

26 260 - 297 C. 180343 0.541558

27 298 - 343 0.183759 04541692

28 344 - 399 0.1E6704 04541795

29 400 - 469 0.189234 0541865

30 470 -~ 557 0191395 04541907

31 558 ~ 670 0.193225 0. 541920

1 3 32 568 ~ 667 0. 194763 0.542071
33 668 ~ 793 0.196039 04542329

34 794 - 956 0.197085 0.542567

35 957 - 1174 0.197926 0.542786

36 175 = 1477 0.198584 0. 542985

37 478 - 1923 0.199083 0.543166

38 1924 - 2643 0.199438 04543330

39 2644 - 3985 0. 199669 04543476

40 3986 ~ 7345 0199787 04543605

41 7346 - 30576 0.199808 0.543719

2 3 42 572 - 645 0.201141 0.543818
43 646 - 731 0.202686 0.543902

4b 732 - 833 0.204045 0.543973

45 834 = 954 0.205236 0.544031

46 955 - 1100 0.206276 0.544077

47 1101 = 1277 0.207179 0.544110

48 1278 - 1497 0.207960 0.544133

49 1498 ~ 1774 0.208630 0.544145

50 1775 - 2134 0.209202 0544147

(Contde.s)
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(Table 10 = Contde..)

cq cy n 1 61(n;c1) bz(n,oz)
2 4 51 1709 - 2003 0209685 0. 544237
52 2004 - 2376 0.210088 0. 544342
53 2377 - 2859 0.210420 0. 544436
54 2860 - 3506 0.210688 04544522
55 3507 - 4412 0.210898 Cu 544559
56 L4413 - 5763 Ca211057 0. 544663
57 5764 - 7986 0.211169 0. 544730
58 7987 - 12297 0.211240 04544785
59 12298 - 24164 0.211273 0. 544833
3 4 €0 1470 - 1656 0.211282 04544874
61 1657 - 1873 0211869 0.544910
62 1874 - 2127 0.212387 0. 544941
63 2128 - 2427 0.212843 0.544966
64 2428 - 2783 0.213244 0.544986
65 2784 - 3212 04213594 04545002
66 3213 - 3735 0.213899 04545013
67 3736 - 4384 04214163 04545020
68 4385 - 5206 06214390 0. 545024
3 5 69 4162 - 4839 0. 214584 0.545026
70 4840 - 5679 04214749 04545071
71 5680 - 674b4 0.214886 0.545111
72 6745 - 8129 0.214999 0.545148
73 8130 - 9996 0.215090 0.545181
74 9997 ~ 12636 0.215161 0.545210
75 12637 - 16638 0.215214 0.545236
76 16639 - 23393 0.215251 04545259
77 23394 - 37167 0.215273 0.545280
78 37168 ~ 80505 0.215282 04545297

(Contdeses)



{Table 10 - Contde.s)

cq cy n N 52(n,02)
4 5 79 4091 - 4618 Ce 215338 0.545313
80 4619 - 5232 0.215545 04545326
81 5233 - 5951 €. 215727 Q4545337
82 5952 ~ 6793 C. 215888 0. 545346
a3 6800 - 7809 e 216030 0.545353
A 7810 - 9027 Ce 216153 0.545359
85 9028 - 10515 0.216261 0.545363
86 10516 - 12367 0.216354 0.545365
87 12368 ~ 14723 0.216435 0.545366
4 6 a8 11461 - 13344 0. 216503 0.545371
89 13345 - 15687 0.216561 0.545388
90 15688 - 18666 0.216610 Q. 545404
91 18667 - 22564 0.216649 04545418
92 22565 - 27860 0.216681 04 545430
93 27861 = 35440 0.216706 04545442
94 35441 = 47146 0.216725 0. 545452
95 L7147 - 67532 0.216737 C. 545460
96 67533 - 111786  0.216744 0.545468
97 111787 ~ 280257  0.216747 0. 545475
5 6 98 11160 - 12617 0.216786 0. 545480
99 12618 = 14313 0.216861 0.545485
100 1434 ~ 16299 0.216928 0.545489
101 16300 ~ 18645 0.216986 04545492
102 18646 - 21443 04217037 04545495
103 2144l - 24822 0.217082 C. 545497
104 24823 - 28965 0.217121 0.545498
105 28966 - 34139 0.217155 0.545499
106 34140 - LO756 0.217184 0.545499 .

(Contdese)



(Table 10 = Contdess)

157 -

cq cy n N 5.3(nycq)

5 7 107 31061 0.217209
1c8 36222 C. 217230
109 - C. 217247
110 - 217262
111 -
112 - 98145 0e 545530
113 - 432201  0.217238 e 545534
114 132202 - 193703 0.217293 0. 545537
115 193709 - 338046  0.217295 0. 545540
116 338047 - 1074693 0.217295 0. 545543

6 7 117 30041 - 33998 0.217318 0. 545545
118 33999 -~ 38604 0. 217346 0. 545547
119 38605 = 44005 0.217370 0.545548
120 44006 ~ 50392 0.217392 0.545549
121 50395 ~ 58025 0217411 0. 545550
122 58026 - 67266 Ce 217427 0. 545551
123 67267 - 78631 0.217441 0.545552
124 78632 - 92887 Ce 217454 0. 545552
125 92888 ~ 111226  0.217465 0.545552

6 8 126 83254 - 97247 0. 217474 0. 545554
127 97248 - 114782 0.217432 0. 545557
128 114783 - 137310 ©.217488 0.545559
129 137311 = 167205  0.217493 0. 545561
130 167206 - 208645  0.217457 0.545563
131 208646 - 269731  ©.217500 0.545564
132 269732 - 368506  0.217503 0.545566
133 368507 = 554957  0.217504 0.545567
134 554958 = 1037924 C.217505 0.545568
135 1037925 - 5255216 0.217505 0545569

(Contdeses)



(Table 10 - Contdess)

cq c n N 61(n,c1) 62(n,cz)
7 8 136 80035 - 90648 0.217516 0.545570
137 Qo6Lg - 103014 0.217527 0.545571
138 133015 - 117530 C. 217544 04545572
1335 117531 = 134727 . 217551 0.54' 2
140 - 155325 C. 217557 0. 545572
141 - 120332 0.217557 y.545;72
142 - 211201 0.217563 0545572
143 211202 - 250110 0.217567 04545572
44 250111 = 300485  0.217571 04545572
7 9 145 221289 - 258953 0.217575 04545574
146 258954 ~ 306371 G 217577 04545575
147 306372 - 367664 0.217580 0. 545575
148 367665 -~ LL9EBE 0.217582 0.545576
149 LUQEBT ~ 564736 C.217583 04545577
150 SE4T3T =~ 137324 0.217584 0.545578
151 737325 -~ 1024329 0.217585 0.545578
152 1024330 - 1594833  0.217586 0.545579
153 1594834 - 3276047 0.217586 0.545579
8 9 454 187124 - 211473 0.217587 0.545579
155 211474 - 239686 0217591 04545580
156 239687 - 272594  0.217595 0.545580
157 272595 - 311284 0.217599 0.545580
158 311285 ~ 357209  0.217602 0.545580
159 357210 ~ 412353 0.217604 04545580
160 412354 - 479511 0.217607 0.545581
161 479512 - 562747 C.217609 0.545581
162 562748 ~ 568222  0.217611 0. 545581

(Contdess)
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(Table 10 - Contde.s)

[ cy n N &q(n,04) éz(n,cz)
8 10 163 502932 ~ 584373 0.217612 0.545581
164 584374 - 685201 0.217613  0.545581
165 685202 - 812787 0.217614 0.545582
166 812788 - 978829 0.217615 0.545582
167 978830 - 1203085 0+217616 0.545582
168 1203086 - 1521781 0.217617 0.545583
169 1521782 - 2009309 0.217617 0.545583
170 2009310 - 2846502 0.217617 0.545583
171 2846503 - 4617132 0.217617 0.545583
172 4617133 - 10842024  0.217617 0.545583
9 0 173 490845 ~ 555053 0.217618 0.545583
74 555054 — 629534 0.217620 0.545584
175 629535 = 716530 0.217621 0.545584
176 716531 - 818989 0.217623 0.545584
177 818990 - SLOBET 0.217624  0.545584
178 940868 - 1087611 0.217625 0.545584
179 1087612 ~ 1266941 0.217626 0.545584
180 1266942 - 1490189 0.217627 04545584
181 1490190 - 1774713 0.217627 0.545584
9 11 182 1319079 - 1535285 0.217628 0.545584
183 1535286 ~ 1804106 0.217628 0.545584
184 1804107 - 2146163 0.217629 0.545584
185 2146164 ~ 2594620 0.217629 0.545585
186 2594621 - 3206457 0.217629 0.545585
187 3206458 - LO88583 0.217630 0.545585
188 4088584 — 5467939 0.217630 0.545585
189 5467940 - 7925832 0.217630 0.545585
190 7925833 - 13532746  0.217630 0.545585
191 13532747 - 39113025  0.217630 0.545585

(Contd..)
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(Table 10 = Contdesss)

cy cy n N 51(n,c1) 52(ny02)
10 11 192 1648935 0.217630  0.545585
193 1644515 0.217631  0.545585
194 1873304 0.217632  0.545585
195 1873305 ~ 2143270 0.217632  0.545585
196 2143271 = 2465159  0.217633 04545585
197 2465160 - 2853863  0.217633 04545585
198 2853864 - 3330653  0.217633  0.545585
199 3330654 - 3927047  0.217634 04545585
200 3927048 - 4691870  0.217634  0.545585
10 12 201 34LLOT0 - LC1TCO0  0.217634 04545585
202 4017001 = 4731533 0.217634 04545585
203 4731534 - 5646220  0.217634 04545585
204 5646221 - 6855081  0.217634 04545585
205 6855082 - 8522645  0.217635 04545585
206 8522646 - 10965447 0.217635  0.545585
207 10965448 - 148B0LYY  0.217635 04545586
208 14880492 - 22162869 0.217635  0.545586
205 22162870 - 40420712 0.217635 04545586
210 40420713 - 170380640 0.217635 04545586
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TABLE 11. THE POINTS OF INTERSECTION FROM (5.5.7),
(5.5.8) AND (5.8.12) FOR w, = 0.93 AND
Wy = 0.07 USING (5.4.7).

¥ @
ny c4q cy

o
RN
o

12
13
14
15
15
16
17
17
18
18
31
31
33
33
34
34
35
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37
50
50
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FEAFPFUUUWUUWUWULOUUWUPDNONMPONNDNNDMDNDND S
FAEEFPEPEFEPLPUUVUULULULULUWLUNOUUWLDONNNDNDNND

RS IR S VIR VI VI VI VI VI N

(Contde.s)
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(Table 11 = Contde..)

c c ny cq Cy Ty 1\312
2 4 54 5 4 66 3281.5
2 4 55 3 4 87 32974
2 4 55 3 4 68 3361.2
3 4 68 3 5 €9 5151.6
3 4 68 3 5 70 497743
2 5 70 4 5 80 956244
3 5 70 4 5 81 8893.+3
3 5 71 4 5 82 8945.8
3 5 72 4 5 83 8955.2
3 5 72 4 5 84 8848.2
3 5 73 4 5 8 8928.0
3 5 70 4 5 86 8962.7
3 5 74 4 5 87 915240
4 5 87 4 6 8 137671
4 5 87 4 6 89 13583.3
4 6 89 5 6 99 25255.8
4 6 89 5 6 100 2357443
4 6 90 5 6 101 23779.2
4 6 91 5 6 102 25730.5
4 6 91 5 6 103 23513.4
4 6 92 5 6 104 23699.7
A 6 95 5 6 105 2579449
4 6 95 5 6 106 2437849
5 6 106 5 7 107 3457141
5 6 106 5 7 108 3517647
5 7 108 6 7 117 73252.3
5 7 108 6 7 118 65445, 8

(Contde..)



(Table 11 =~ Contdss.)
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N

o,'l o ng oq ey n, 12

5 7 108 6 7 119 61886.8
5 7 109 6 7 120 61889.2
5 7 109 6 7 121 60699.1
5 7 110 6 7 122 61633.3
S 7 111 6 7 123 61952.3
5 7 112 6 7 124 6195442
5 7 113 6 7 125 61638.7
6 7 125 6 8 126 61016.3
6 7 125 6 8 127 910173
6 8 127 7 8 137 169597, 2
6 8 127 7 8 138 142968.7
6 8 128 7 8 139 144850, 2
6 8 128 7 8 140 14645546
6 8 129 7 8 141 160113.8
6 8 130 7 8 142 160115.8
6 8 131 7 8 143 160117« &4
6 8 131 7 8 144 16L674.6
7 8 14k 7 ] 145 166798.2
7 8 144 7 9 146 22235042
7 9 146 8 9 156 434907.3
7 9 146 8 9 157 40753541
7 9 147 8 9 158 4075373
7 9 147 8 9 159 413923.5
7 9 148 8 9 160 400133.6
7 9 149 8 9 161 4001354 4
7 9 149 8 9 162 406386.0
7 9 162 8 10 163 1000131.0

(Contdes..)



°q ) ny < o oy Nyp
8 9 162 s 10 164 100013240
8 10 164 9 10 174 100014440
& 10 164 9 10 175 1000145,0
g 10 165 9 10 176 1000148.0
8 10 166 9 10 177 1000150.0
8 10 166 9 10 178 1000151.0
8 10 167 9 10 179 10001530
- 10 168 9 10 180 1091062.9
3 10 168 9 10 181 1181970.8
9 10 181 9 1 182 100016940
9 10 181 9 11 183 2000157+0
9 1 183 10 1 193 3500163.0
9 1 183 10 11 194 2200167+ 6
9 o 184 10 1 195 2750164.8
9 1 184 10 1 196 24001694 6
9 1 185 10 1 197 3000167.0
9 1 186 10 1 198 3000168.0
9 1 187 10 1 199 3000172.0
9 11 187 10 11 200 3250170.8
10 1 200 10 12 201 32501708
10 1 200 10 12 202 3250170.8
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SINGLE SAMPLING UNRESTRICTED
/NS FOR Wy =0493 AND w2=O.O7.

TABLE 12.

Py Ch T BGORG 20

n ¢y cy N /T seving - P

4 0 1 29 13420 7.43 10,95 36.85
5 0 1 35 12486 G468 ¢ 16448 39415
6 0 1 43 12,52 12,20 Sha15 5,71 22,35 35.¢
7 01 53 12415 14480 93.21 6.59 28.34 39,60
8 0 1 64 11.83 17.04 92,27 7.46 34,28 38.47
9 0 1 78 11,50 19.35 91.35 8,30 40.05 36.79
10 0 1 95 11,20 21446 90.4h 9414 45,57 3L.Th
11 0 1 116 10,92 23.42 89.53 9495 50.78 32.48
12 0 1 141 10468 25.10 88,64 10.74 55.65 30.12
13 0 2 167 10.48 26,50 87,75 12.22 30.80 57.11
% 0 2 198 10,30 27.77 86487 13.09 35.21 54,51
15 0 2 245 10410 29.17 86401 13.95 39.58 51.69
16 0 2 305 9492 30443 85.15 14,80 43.86 48.71
17 0 2 354 9481 31420 84429 15.64 48,02 45,66
28 1 2 367 9479 31.35 96.82 2.91 81.29 12,43
29 1 2 370 9478 31442 96460 3.10 83.16 11.35
30 1 2 376 9477 31,49 96.39 3.28 84.86 10.34
3101 2 481 9451 33.31 96416 3.47 86.41  9.39
32 13 621 9429 3485 95,93 L.OL 72,79 23.54
33 1 3 710 9419 35.55 95.70 4427 75.05 21.76
34 01 3 871 9406 36,46 95,46 4s51 77.15 20,06
35 1 3 1051 8:95 37423 95.21 4e74 79.12 18.45
b7 2 3 1159 8,91 37.51 98483 1.04 93.64 429
48 2 3 1164 8.90 37.59 98,76 1.10 k.28  3.89
49 2 3 1180 8,90 37.59 98,69 1.16 94.87 3.52

Contdes.s
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~ -le 12 = Contde.ss)

oty

t ] " e
Wi sE‘V/u)lg P (') P(p") P.(p") P

5
o
RN
o
N
=

in percel.u?age)

1458 8.78 38.43 98.62 1.22 95.40  3.19
1830 8.67 39,20 98.54 .44 89.78 8,97
2115 8.61 3962 98.46 1.52 90.69 821
2606 5.54 40,11 98.38 1460 91,54 7.50
3063 8,49 L4048 98,30 1.68 92.31  6.84
3289 8.47 40.60 99.56 0,39 97.74 1453
3329 8,47 40,60 99.54 0.41 97,97 1.39
4000 8,41 41.02 99.51 0.43 98,18 1425
5316 8.35 L41.44 99,46 0.54 96416  3.39
6189 8432 41.65 99.43 0.56 96.52  3.09
7404 8.29 41.86 99.40 0.59 96.84  2.81
8519 .27 42,00 99.37 0,62 97.14 2,55
8044 8,27 42,00 99.83 0.15 99.17  0.56
9056 8426 42,07 99.82 0.15 99.26 0.51
11149 8.24 42,21 99.81 0.16 99433  0.46
14597 8.21 42.43 99.79 0.20 98.55 1.29
17112 8,20 42,50 99.78 0.21 98.69 117
20523 8,18 42,64 99.77 0.22 98.81 1.06
23125 8418 42,64 99.76 C.24 98,92  0.96
03746 8.17 42,70 99493 0.06 99.69 0421
24084 8417 42.70 99493 0.06 99.72 0.19
29031 8417 42.70 99.93 0.06 99.75 0417
34872 8,16 42.76 95.92 0.08 99.39  0.54
38739 8,15 42.85 99.92 0.08 99.45 0.49
46595 8.14 42.92 99.91 0.08 99.50 0.45
56005 8.14 42,92 99.98 0.09 99+55 0.40
61635 8413 42.99 99.97 0.02 99.87 0.0

OV VUV UWMEEEEFEELFHHUUUUWNNDNDD DM
NNNNNoOOOO WU UMU U SRR

- Contdesses




“zble 12 = Contdess.)
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¥ ? %1% B oy wing (in percentage)

21639=91016 125 6 7 74900 8,13 42,99 99.97 0.02 99.91 0.06
S1017-97247 126 6 8 91629 8.12 43.06 95,97 0.03 99,77 Cu21
S7248-114762 127 6 8 102899 8.12 43.06 99.57 C.03 99.79 0.19
114783=13731C 128 6 & 125542 8.11 43.13 £97 0.03 9981 0.17
37311-160113 129 6 8 148274 8.11 43.13 99.99 0,01 99.83 0.15
180114-160115 141 7 8 160114 8.11 43.13 99.99 0.01 99.95 0.03
180116=160117 142 7 8 160116 8411 43.13 99.99 0.01 99.96 0.03
160118-164674 143 7 8 162380 8411 43.13 99,99 0.01 99.96 0.03
184675~166798 144 7 8 165733 8.11 43.13 99,99 0.01 99.96 0.02
166799-222350 145 7 9 192581 8.11 43.13 99.99 0.01 99.91 0.08
222351~-306371 146 7 9 261001 8410 43420 99.99 0.01 99.92 0.07
308372-367664 147 7 9 335621 8410 43.20 99.99 0,01 99,93 0.07
3E7665-400133 148 7 9 383555 8.10 43.20 99.99 0.01 99.93 0.06
£20134-400135 160 8 9 400134 8410 43.20 100.00 0.00 99.98 0.01
400136-406386 161 8 9 403248 8.10 43.20 100,00 0.00 99.98 0.01
£06387-668222 162 8 9 521111 8.10 43.20 100.00 0.00 99.98 0.01
£53223-685201 164 8 10 676658 8.10 43.20 100,00 0,00 99.97 0.03
£35202-812787 165 8 10 746272 8.10 43.20 100.00 0.00 99.97 0.03
£12788-978829 166 8 10 891953 8.10 43.20 99.99 0.01 99.97 0.03
578830-1000153 167 8 10 989434 8.10 43.20 99.99 0.01 99.97 0,02
C0154=1000169 179 9 10 1000161 8.10 43.20 100,00 0.00 99.99 0,00
00170-1535285 182 9 11 1239171 8.10 43.20 100.00 0.00 99.98 0.01

5286-1804106 183 9 11 1664277 8.10 43.20 100.00 0.00 99.99 0,01

107-2146163 184 9 11 1967716 8.10 43,20 400,00 0.00 99,99 0.01

5164-2504620 185 9 11 2359762 8.10 43.20 100,00 0.00 99,99 0.01

46213000168 186 9 11 2790035 8410 43.20 100.00 0.00 99.99 0.01
0169-3000172 198 10 11 3000170 8.10 43.20 100,00 0.00 100,00 0.00
0173=3250170 199 10 11 3122670 8.09 43.27 100.00 0.00 100.00 0.00
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TABLE 13. THE NEARLY OPTIMAL SINGLE SAMPLING UNRESTRICTED

ASR BAYESIAN PLANS FOR Wy =0.93 AD Wy = 0.07.
N n ¢y cy T g/ gv/lv)\g Pa(P').Ps(P')Py(p") sl

- S (in percentage)

1=146 8 0 1 12 19.17  * 32027 Toh6 34,28 38,47
27-363 16 0 2 230 10,22 28,33 §3.45 16.48 52.03 42,60
254-609 27 1 2 470 G5k 33,40 97,03 2.73 79426 13.58
210=1134 37 13 831 9410 36.18 94.71 5.2k 82,64 15452
1435-1782 46 2 3 1422 8,79 38,25 98.90 0.99 92.93 473
1733-3331 55 2 4 2437 8456 39,97 98,22 1.76 93.02 6.23
3330-4721 64 3 4 3966 8.42 40495 99.61 0435 97.20 1.87
+722-8950 7% 3 5 6500 8432 41,65 99434 0.65 97.41 2432
1-13140 8 4 5 10845 8.24 42,21 99.85 0.13 98.98 0.69
1=23514 93 4 6 17578 8419 42,56 99.75 0.25 99.03 0.87
E315-35801 102 5 6 29014 8.16 42,78 99.94 0.05 99.62 0.26
E02-60498 112 5 7 L6539 8,14 42.92 99,90 0,10 99.63 0.33
£L59-97192 121 6 7 76681 8412 43.06 99.98 0.02 99.86 0.10
F193-1M7769 131 6 8 106987 8.12 43,06 99,96 0.04 99.86 0.13
F770-409222 141 7 8 219531 8.11 43.13  99.99 0.01 99,95 0.03
E223-555699 158 8 9 476869 8.10 43,20 100.00 0.00 99.98 0.02
E700-1125149 168 8 10 790724 8.10 43.20 99.99 0.01 99.98 0.02
E*50-1428735 177 9 10 1267888 8,10 43.10 100,00 0.00 99.99 0.01
E736-3000168 187 9 11 2070373 8,10 43.20 100,00 0.00 99.99 0.01
11 3873160 8,10 43.20 100.00 0.00 100.00 0,00

1695000175 196 10

—

*
Acceptance without inspection is

more economic.
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TABLE 14. THE VALUES OF c, n AND N OBTAINED FROM (5+5.27)
AND (5.5.28) FOR Wy o= 0.93 AND Wy = 0.07.
c n N & (n, c)
0 4 27 - 33 0.009339
5 Bl - 41 0.037207
6 42 ~ 50 0.060602
7 51 - 60 0.080198
8 61 - 73 0.096567
9 74 ~ 88 0+110198
10 89 - 107 0.121502
11 108 - 131 0.130833
12 132 - 160 0.138488
13 161 - 198 04144723
4 199 - 247 0.149751
15 248 - 313 0.153759
16 314 - 407 0156900
17 408 = S4h 0.159309
18 545 - 766 0.161096
19 767 - 1173 0.162359
20 1174 = 2148 0.163178
21 2149 ~ 7383 0.165622
1 23 185 - 208 0.166775
o4 209 - 236 0.171919
25 237 - 270 04176422
26 271 = 309 0.180349
27 310 ~ 356 0.183758
28 357 = 411 0.186703
29 412 - 479 0.189234
30 480 - 562 0191394

(Contdes.s)
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(Table 14 - Contdeses)

c n N & (n, c)
1 31 563 ~ 666 C.193225
32 667 -~ 798 0194762
33 799 - 969 0.196039
34 970 - 1200 0.197085
35 1201 - 1523 04197925
36 1524 - 2006 0.198584
37 2007 = 2795 0199082
38 2796 - 4306 0.199438
39 4307 - 8309 0.199668
40 8310 - 48319 0.199787
2 42 603 - 679 0.201141
43 680 - 768 0.202686
44 769 - 873 0.204045
45 874 - 995 0.205236
46 996 ~ 1141 0.206275
47 1142 - 1315 0207179
48 1316 - 1525 0.207959
49 1526 - 1783 0.208630
50 1784 - 2104 0.209202
51 2105 - 2511 0.209685
52 2512 - 3043 0.210420
53 3044 — 3762 0.210420
54 3763 - 4779 0.210688
55 4780 - 6319 0.210898
56 6320 - 8908 0.211056
57 8909 - 14129 0211169
58 14130 - 30002 0.211239

(Contdesses)
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c n N & (n, ©)
3 60 1560 = 1755 0.211282
61 1756 - 1961 0. 211869
62 192 - 2242 Q.212337
63 2243 ~ 2548 0.212843
6L 2549 - 2907 0.213 244
65 2908 - 3331 0.213594
66 3332 - 3839 0.213899
67 3840 - L453 04214163
68 L4454 - 5205 04214390
69 5206 - 6144 0.214584
70 6145 - T340 0.214748
71 7341 - 8908 0.214885
72 8909 - 11042 0.214998
73 11043 - 14098 0.215089
T 14099 - 18813 0.215160
75 18814 - 26997 04215214
76 26998 - LLECE 0215251
77 44609 - 109560 0.215273
A 79 4356 - 4907 0.215338
80 4908 = 554k 0.215544
81 5545 - 6283 0.215727
82 6284 - 714k 0.215888
a3 7145 - 8156 0.216029
= 8157 - 9353 0.216153
85 9354 - 10785 0.216261
86 10786 - 12518 04216354
&7 12519 = 14647 0.216434
&8 14648 - 17310 0.216503

(Contdesses)
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(Table 14 = Contdesss)

c n

4 89 17311 -
90 20719 -
1 25216 =
92 31390 -
93 40355 = 5445 0. 216756
oL 54493 - 79582 00216724
95 79983 - 139409 0.216737
96 139410 - 433503 0.216744

5 98 11908 - 13428 0.216786
99 13429 - 15183 0.216861
100 15184 - 17217 0.216927
101 17218 = 19590 0.216986
102 19591 - 22377 0.217037
103 22378 - 25680 04217082
104 25681 - 29635 0.217121
105 29636 - 34430 0.217155
106 34431 - 40334 0.217184
107 40335 = 47748 0.217209
108 L7749 -~ 57288 0.217230
109 57289 = 69966 0.217247
110 69967 - 87559 0.217262
111 87560 - 113508 0.217273
112 113509 - 155467 0.217282
113 155468 = 234580 0.217288
114 234581 - 438667 0.217292
115 438668 - 2164130 0.217295

(Contdeses)
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(Table 14 —~ Contdesss)

6 117 0.217317
118 0. 217545
119
120
121 52910 - .

122 60475 = 69450 C. 217427
123 69451 - £0215 00217441
124 80216 - 93300 00217454
125 93301 = 109465 0.217464
126 109466 - 129851 0.217473
127 129852 - 156241 0.217482
128 156242 = 191603 0.217488
129 191604 - 241259 0. 217493
130 241260 - 315814 04217497
131 315815 - 439865 00217500
132 439866 - 686479 0.217502
133 686430 - 1412523 0.217504
134 1412524 - 50871382 0217505

7 136 85530 - 96558 0.217516
137 96559 - 109286 0.217526
138 109287 - 124055 0.217536
139 124056 - 141306 0.217584
140 141307 - 161616 0.217551
141 161617 = 185752 0.217557
142 185753 - 214764 0.217562
143 214765 - 250124 0.217567
144 250125 - 293973 0.217571
45 293974 - 349543 0.217575

(Contdesse)
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(Table 14 - Contdesss)

c n N & (n, c)
7 146 349544 = 421964 0.217577
147 421965 - 519905 0.217580
148 519906 -~ 659262 0.217582
149 659263 ~ 872696 0.21758%
150 872697 ~ 1239663 0.217584
151 1259664 - 2017045 0.217585
152 2017046 - 4760LLY 0.217585
8 154 200560 - 226015 04217587
155 226016 - 255266 0.217591
156 255267 = 289043 04217595
157 289044 - 328272 0.217598
158 328273 - 374147 0.217602
15 374148 - 428234 0.217604
160 428235 = 492633 0.217607
161 492634 - 570231 0.217609
162 570232 - 665111 0.217610
163 665112 - 783258 04217612
164 783259 - 933806 04217613
165 933807 =~ 1131457 04217614
166 1131458 - 1401481 04217615
167 1401482 - 1791337 0.217616
168 1791338 - 2401893 0.217617
169 2401894 - 34952064 0.217617
170 3492065 - 5987798 04217617
171 5987799 -~ 17518308 0.217617

(Contdessss)
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(Table 14 ~ Contdessss)

c n N & (n, c)
9 173 526126 - 593128 0.217618
74 593129 - 670168 G. 217620
175 670169 - 759202 0.217621
176 759203 - 862716 0.217622
177 862717 - 983927 0.217624
178 983928 - 1127079 0.217625
179 1127080 - 1297889 0.217626
180 1297890 - 1504270 0.217627
181 1504271 = 1757505 0.217627
182 1757506 = 2074270 0.217628
183 2074271 = 2480330 0.217628
184 2480331 = 3017729 0.217629
185 3017730 - 3760118 0.217629
186 3760119 - 4849393 0.217629
187 4849394 ~ 6598659 0. 217630
188 6598660 — 9862224 0.217630
189 9862225 -~ 18095132 0.217630
190 18095133 - 78780136 0.217630
10 192 1372404 ~ 1547777 0.217630
193 1547778 -~ 1749578 0.217631
194 1749579 - 1983018 0.217632
195 1983019 = 2254750 0.217632
196 2254751 = 2573416 0.217632
197 2573417 = 2950470 0.217633
198 2950471 = 3401440 0.217633
199 3401441 - 3947956 0.217634
200 3947957 -~ 4621105 0.217634
201 4621106 - 5467293 0.217634
202 5467294 - 6559068 0.217634

(Contde....)
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Table 14 = Contdeesss)

c n & (n, ¢)
10 203 0. 217634
204 0.21763%
205 0.217635
206 C. 2175
207 0.217635
208 0.217635
209 56268952 - 835379968 0.217635
11 211 3563301 - 4020266 0.217635
212 4020267 - 4546550 0.217635
213 4546551 = 5156002 0.217635
214 5156003 - 5866367 0.217636
215 5866368 - 6700802 0.217636
216 6700803 - 7690150 0.217636
217 7690151 - 8876487 0.217636
218 8876488 - 10318826 0.217636
219 10318827 - 12102699 0.217636
220 12102700 - 14357086 0.217636
221 14357087 ~ 17286196 0.217636
222 17286197 - 21233931 0.217637
223 21233932 - 26828320 0.217637
224 26828321 - 35351848 0.217637
225 35351849 = 49895101 0.217637
226 49895102 - 80279236 04217637
227 80279237 - 183280877 0.217637
12 229 8181890 - 9215948 04217637
230 9215949 - 10402273 0.217637
231 10402274 - 11769869 0.217637
232 11769870 ~ 13355451 0.217637

(Contde...)
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(Table 14 = Contdee.s)

c

n

13355452 -

12 233
234 - 17384197
235 - 19972200
236 ~ 23084077
237 = 5 o]
238 26880635 =~ 315969952 0217637
239 31596993 - 37591510 0.217637
240 37591511 = 45439205 0. 217637
249 45439206 - 56125310 0.217637
242 56125311 = 71491433 04217637
243 71491434 - 95425758 0.217637
244 95425759 - 137801995 0.217637
245 137801996 - 233208071 0.217637
246 233208072 = 647592070 0.217637

13 248 21084078 - 23758087 0.217637
249 23758088 - 26828491 04217637
250 26828492 - 30371765 0.217638
251 303717366 - 34485057 0.217638
252 34485058 - 39293886 0.217638
253 39293887 - L4963576 0.217638
254 44963577 = 51716748 0.217638
255 51716749 = 59860952 0.217638
256 59860953 - 69834042 0.217638
257 69834L0L3 - 82282123 0.217638
258 82282124 - 98201090 0.217638
259 98201091 - 119211735 0.217638
260 119211736 - 148142881 0.217638
261 148142882 - 190417159 0.217638

(Contde...)
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o n N & (n, ©)
13 262 AG0417160 - 257911939 0.217638
263 257911940 ~ 382638913 0.217638
264 382638914 - 690503749 Ce217638
265 690803750 = 713421106 0.217638
14 267 54180575 ~ 61077215 C.217638
268 61077216 - 69003581 0.217638
269 69003582 ~ 78160992 0.217638
270 78160993 = 88806158 0.217638
271 88806159 ~ 101272186 0.217638
272 101272187 - 116000002 0.217638
273 116000003 = 133586764 0.217638
274 133586765 - 154863008 0.217638
275 154863009 - 181020590 0.217638
276 181020591 - 213835226 04217638
277 213835227 - 256076605 0.217638
278 256076606 - 312320612 04217638
279 312320613 - 390713355 0.217638
280 390713356 - 507303810 0.217638
281 507303811 ~ 698706754 0.217638
282 698706755 = 1070592237 0.217638
283 1070592238 - 2105774513 0.217638
284 2105774514 - 20285434939 0.217638
15 286 138896541 - 156644237 0.217638
287 156644238 - 177062157 0.217638
288 177062158 - 200679613 0.217638
289 200679614 - 228174201 0.217638
290 228174202 - 260429101 0.217658

(Contdesess)
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(Table 14 = Contdesss)

c n N 6 (n, c)
15 291 260429102 ~ 298615391 04217638
292 298619392 = 2443 1 04217638
293 34346012 = 399851182 04217636
294 399851183 = 463379064 00217638
295 LEB3T9LE5 - 554813808 0,217638
296 554813809 = 666866319 0,217638
297 666866320 = 817483874 04217638
298 817483875 ~ 1030210469 04217638
299 1030210470 - 1352837733 0.217638
300 1352837754 = 1899473839 04217638
301 1899473840 ~ 3026727137 04217638
302 3026727138 = 6708310314 04217638

.
.
.
.
.

.
.
.
.
.
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TABLE 15. THE POINTS OF INTERSECTION FROM (5.5.27)
AND (5.5.28) FOR wy = 0.93 AND w, = 0.07

USING (5.5.29).

c n c n N,I2

o 13 1 25 44300
¢} 14 1 24 Liily 5
c A 1 25 4094
[ 15 1 26 412.9
o 15 1 27 401.2
o 16 1 28 406.2
o 17 1 29 406.6
o 17 1 30 411.5
o 18 1 31 412.7
o 18 1 32 424.3
o 19 1 33 425.7
[¢] 19 1 34 442.1
o 20 1 35 443.2
(¢} 20 1 36 463.3
o 20 1 37 48L4.7
o 21 1 38 487.0
o 21 1 39 511.4
1 39 2 54 1390.7
1 39 2 55 14541
1 39 2 56 1522.0
1 40 2 57 152349
1 40 2 58 1601.7
2 58 3 74 4128.5
2 58 3 75 432404
2 58 3 76 4533.8
3 76 4 91 10795.0
3 76 4 92 1125441

(Contdeses)
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-L‘\.M\.N\NIO

IS

WO ®owoowmowomoNoouuuuuum s s>

n' c n' Nqp
76 4 93 11749.0
7 4 9L 11782.3
77 4 5 12361.0
5 5 110¢ 28655.7
95 5 111 30501.8
95 5 112 31276.6
96 5 113 3093842
96 5 114 32517+2
114 6 129 74730.0
114 6 130 78151.8
114 6 131 81833.5
115 6 132 82229.4
115 6 133 86227.9
115 6 134 90579+2
134 7 151 212623.0
134 7 152 225122.0
152 8 168 500142.0
168 9 181 1300150.0
168 S 182 127288040
168 S 183 1363790.0
169 9 184 12501600
169 9 185 1333490.0
170 S 186 1333490.0
170 9 187 1307850.0
171 9 188 1307850.0
171 S 189 1384780.0
189 10 204 3750170.0
189 10 205 3200180.C

(Contde...)
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N

12
9 189 10 206 340018000
9 190 10 207 34001800
9 190 10 208 3600180,0
9 190 10 209 380018040
10 209 11 226 8500200, 0
10 209 11 227 9000200..0
11 227 12 243 ®
1 227 12 244 ®
11 227 12 245 o
12 245 13 260 15000200.0
12 245 13 261 16000200.0
12 245 13 262 17000200.0
12 246 13 263 1700020040
12 246 13 264 180002000
13 264 14 279 o
13 264 14 280 o
13 264 14 281 ©
13 265 14 282 o
14 282 15 297 m
14 282 15 298 S
14 282 15 299 w
14 283 15 300 @
14 284 15 302 o
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TABLE 1€. THE OPTIMAL SINGLE SAMPLING TWO-DECISION
BAYESIAN PLAN FOR Wy= 093 AND wy= 0.07.

Jig n c N &/%
27-33 4 c 29 13.21  7.35 96.06  47.80
3401 ) o} 37 12.80 10.24 95.10 55.63
42=50 5 0 A5 12,46 12.62 SLe15 62,29
51=60 7 9] 55 12,11 15.08 93.21 6794
61-73 8 0 66  11.81 17.18 92.27  72.75
74=88 9 0 80 11.51 19.28 91.35 76484
89-107 10 0 97 122 21.32 90.44  80.31
108-131 11 o] 118 10.95 23.21 89.53  83.27
132-160 12 0 145 10469 25.03 88.64  85.78
161-198 13 o} 178 10.47 26.58 87.75 87.91
199-247 14 ¢} 221 10.26 28405 86.87  89.72
248-313 15 0 278  10.06 29.45 86,01  91.26
314-406 16 0 357 9.88 30.71 85.15  92.57
407- 28 1 407 9.80 31.28 96482 93.73
408-411 29 1 409 9.79 31.35 96460 9451
412-413 30 1 412 979 3135 96.39  95.20
4b=L24 31 1 418 9.78 31.42 96.16  95.80
425-426 32 1 425 9.78 31.42 95.93  96.34
427-442 33 1 434 9.77 31.49 95.70 96,80
443 34 1 443 977 37449 95.46  97.21
LhLm063 35 1 453 9.76 31.56 95.21  97.57
464=485 36 1 L 973 31,77 9k.97  97.88
L86=487 37 1 486 973 3177 9471  98.16
488511 38 1 499 9.72 31.84 9hbb5 98,40

Contdeeesss
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(Table 16 - Contdess.s)

N n c b K/N
512-1391 . 39 1 9e27 34

1392= 1454 54 2 8.98 37.03 98.30 <9.15
14551522 55 2 8.95 37.17  98.22 99.25
15231524 56 2 €.95 37.24  98.13 99.34
1525-1602 57 2 8.95 37.24  98.04 99.42
1603-4128 58 2 8:75 37.38  97.95 99.49
4129-4324 74 3 8460 39.69  99.34 99.73
4325=4534 75 3 8+59 39.76  99.31 99.76
4535-10795 76 3 8449 40.46  99.28 99.79
10796~11254 91 4 8443 40.88  99.77 99.87
11255-11749 92 4 8443 40.88  99.76 99.87
11750-11782 93 4 8442 40.95 99,75 99.90
11783-12361 ol 4 8.42 40,95  99.74 99.91
12362-28655 95 4 8438 L41.23  99.72 99.92
28656~30502 110 5 8435 4144 99.91 99.95
30503-30938 111 5 8.35 41,44 99.91 99.96
30939-32517 13 5 8¢35 L41.44  99.90 99.97
32518-74730 14 5 8¢33 41.58  99.89 99.97
74731-78152 129 6 8¢32 41,65  99.97 99.98
78153-81833 130 6 8.32 41,65 99.96 99.98
81834~-82229 131 6 8431 41.73  99.96 99.99
82230-86228 132 6 8:31 41.73 99,96 99.99
86229~90579 133 6 8¢31 41.73  99.96 99.99
90580-212623 134 6 8.30 41.80  99.96 99.99
212624~225122 151 7 8430 41.80  99.98 100.00
225123=-500142 152 7 335549  8.30 41.80  99.98 100.00

Contdesssss
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=
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(4)

saving

500143=1250160
1250161-1307650
1307€51-3200180
5200161=3400180
3400181-3600180
3600181-3800180
3800181-8500200
8500201=9000200
9000201=15000200
15000201=16000200
16000201-17000200

168
184
187
205
206
208
209
226
27
260
%1

70772

1939733
1278680
2045514
3298605
3498751
3698828
5683511
8746628

11619157
15492134
16492623

8,20
o Y

.29
8,29
8129
8429
8429
8:29
8429
8429
829
8:29

41,83
1185
41,85
186
41,86
l1.86
41,86
.86
41,86
41,86
.86

o

95,99
100,00
100,00
100,00
10000
100,00
100,00
100,00
100,00
100,00
100,00

2,(p")

in percentage)

100,00
100600
100,2C
100,00
100,00
100,00
100,00
100,00
100400
100,00
100,00

s
o
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TAELE 17. THE VALUES OF c,,C,,n AND Il OBTAINED FROM
(5:547), (5.5.8) AND (5.5.12) FOR wy= 0410
AND w, = C.90.

cq sy n N 8, (n,c,l) 62(n,02)
[¢] 1 26 60 ~ 68 0.186846  C.O076045
27 69 - 79 0.202347  0.078595

28 80 -~ 93 ( 0.080816

29 94 - 109 2 0.082743

30 110 - 130 0.233899  0.084408

31 131 = 157 0.240627  0.085841

32 158 - 194 0.245927  0.087066

33 195 ~ 245 0.250019  0.088107

34 246 - 320 0.253067  0.088986

35 321 - 440 0.255289  0.089720

36 44 ~ 662 0.256759  0.090327

37 663 - 1200 0.257611  0.090822

38 1201 = 4287 04257942  0.091217

1 2 45 166 - 189 0.323041  0.092908
46 190 - 218 04328613  0.093687

47 219 - 253 0.333287 0.094370

48 254 - 297 0.337177  0.094966

49 298 - 354 043403835  0.095484

50 355 - 428 0.342992  0.095934

51 429 - 528 0.345081  0.096320

52 529 - 670 0.346715  0.096651

53 671 - 885 0.347954  0.096933

54 886 - 1246 0.348848  0.097169

55 1247 - 1970 04349441 0.097366

Contdeecses
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cq cy n N &4(n,cq) bz(n,cz)
1 2 56 1971 - 4125 0.349772  0.097527
57 4126 - 243569 0.349875  0.097656
2 3 63 376 - 429 0.371348  0.097989
64 430 - 493 0.373689  0.098287
65 494 - 571 0.375682  0.098550
66 572 - 668 0.377367  0.098781
67 669 - 789 0.378780  0.098984
68 790 = 9Lk 0.379951  0.099160
69 945 - 1149 0.380910  0.099313
70 1150 = 1429 0.381682  0.099445
71 1430 - 1832 0.382287  0.099559
72 1833 - 2457 0.382746  0.099655
73 2458 - 3549 0.383074  0.099736
T4 3550 ~ 5921 0.383288  0.099804
75 5922 - 14895 0.383400  0.099860
3 4 82 973 - 1116 0.391574  0.100043
85 1117 = 1291 0.392423  0.100149
8k 1292 - 1503 0.393148  0.100242
85 1504 - 1765 0.393763  0.100324
86 1766 - 2096 0.394280  0.100395
87 2097 - 2521 0.394710  0.100458
88 2522 - 3085 04395063  0.100512
89 3086 - 3865 0.395346  0.100559
90 3866 - 5005 0.395568  0.100599
91 5006 - 6819 0.395736  0.100634
92 6820 - 10127 0.395854  0.100663
93 10128 - 18015 0.395929  0.100687
9L 18016 - 60778 0.395965  0.100706

Contdecsss



Table 17 ~ Contdesess)

oy oy n N 1(:1,01') Gz(n,cz)
4 5 101 2548 ~ 2936 C.399128  0.100781
102 2937 - 3405 0.399441 C. 100819
103 3406 - 3977 0.359708  0.100853
104 3978 - 4686 0.399935 0.1008&83
105 Leg7 - 8 C. 400127 0.100909
106 5582 -~ 0+400286 0.100932
107 6741 - 0.400416 0.100951
108 8291 - 0.400%21 04100969
109 10457 - 13677 0400602 0.100983
110 13678 - 18940 0.400663 0.100996
111 18941 - 29034 04400706 0.101006
12 29035 - 56059 0.400732  0.101015
113 56060 - 357877 0.400742 0.101022
5 6 120 6715 = 7754 0.401984 0.101053
121 7755 ~ 9008 0.402101 0.101067
122 9009 - 10541 0. 402200 0.101079
123 10542 = 12445 0.402285 0.101090
124 12446 ~ 14861 0.402357  0.101100
125 14862 - 18007 04402416 0.101108
126 18008 - 22250 0. 402464 0.101116
127 22251 - 28253 0.402503 0.101122
128 28254 - 37350 0.402533 0.101127
129 37351 - 52685 0.402556 04101132
130 52686 - 83863 0.402571 0.101136
131 83864 -~ 181088 0.402579 0.101139
6 7 138 15390 ~ 17701 04403024 0.101148
139 17702 = 20461 0. 403075 0.101154

Contdess.



(Table 17 - Contde...)

°y oy n N &1(n,0q)  6,(n,c,)
[ 7 140 20462 - 23797 0.403119 0.101159
141 23798 - 27885 0.40315€  0.101164
142 27886 - 32901 0.403182  0.101168
143 329€2 - 39475 04403215 C.101172
144 39476 - L7989 0.403237 0.101175
145 47990 - 59582 C.403255 0.101178
146 59583 - 76209 0.403270  0.101180
47 76210 - 101943 0.403281  0.101162
148 101544 - 146885 0.403289 0.101184
149 146886 - 244921 0.403294 0.101185
150 244922 ~ 623784 0403297 0.101187
7 8 157 LOL36 = 46534 0.403476  0.101191
158 46535 - 53830 0.403495  0.101193
159 53831 - 62665 0.403511 0.101195
160 62666 ~ 73521 0.403526  0.101197
161 73522 - 87110 0.403538 0.101198
162 87111 - 104521 0.403548 0.101199
163 104522 ~ 127518 0.403556 0.101201
164 127519 - 159156 0.403563 0.101202
165 159157 - 205230 0.403569 0.101203
166 205231 - 278245 0.403573 0.101204
167 278246 - 411080 0.403576 0. 101204
168 411081 - 727056 0.403577 0.101205
169 727057 - 2435759 0.403578  0.101205
8 9 176 105850 - 121874 0.403650  0.101207
177 121875 - 141083 0.403658  0.101208

Contdecees



(Table 17 - Contde....)

190 -

cq cp n N 61(n,c1) 62(n,<:2)
8 9 178 141084 = 164399 0.403664  0.101208
179 164400 ~ 193147 0.403669  0.101209
180 193148 - 229208 0.403674  0.101210
181 229289 - 275871 0.403678  0.101210
182 275872 - 337503 0.403681  0.101211
183 337904 - 424227 0.403684  0.101211
184 L2L228 - 552080 0.403686  0.101211
185 552081 - 760171 0.403687  0.101212
186 760172 - 1157240 0.403688  0.101212
187 1157241 - 2211353 0.403689  0.101212
188 2211354 ~ 13286787  0.403689  0.101212
9 10 195 276013 - 317982 0.403718  0.101213
196 317983 - 368396 0.403721  0.101213
197 368397 - 429763 0.403723  0.101214
198 429764 ~- 505702 0.403726  0.101214
199 505703 - 601637 0.403727  0.101214
200 601638 - 726098 0.403729  0.101214
201 726099 - 893316 0.403730  0.101214
202 893317 ~ 1128969 0.403731  0.101215
203 1128970 ~ 1484600 0.403732  0.101215
204 1484601 - 2081205 0.403732  0.101215
205 2081206 - 3285702 0.403733  0.101215
206 3285703 - 6981463 0.403733  0.101215
10 1M 213 625088 - 717169 0.403744  0.101215
214 717170 - 826785 0.403745  0.101215
215 826786 - 958769 0.403746 - 0.101216

Contdecsss



2 /‘7 y
Oz\J,CZ)

¢, ¢ 1 N m‘(n,cq)

0 1 26 958770 - 1119925  0.403746  0.101216
217 1119926 = 1320152 0.403748  0.101216
216 1320153 - 1574448 0.403748 04101216
219 157h4Lg - 1506704  0.403749  0.101216
200 1906705 - 2357466  0.403749  0.101216
221 2357467 = 3001560  0,403750  0.101216
202 3001561 - 3994102  0.403750  0.101216
225 3994103 - 5717775 0.403750  0.101216
2L 5717776 = Guk2121  0.,403750 04101216
225 942122 = 23432468 0.,403750  0.101216
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TABLE 18. THE POINTS OF INTEKRSECTION FROM (5.5.7),
(5.5.8) AND (5.5.12) FOR wy = 0.10 AND
Wy = 0.90 USING (5:4.7)

° 2 a4 ° c5 1y N2

o 1 32 1 2 45 174.7
) 1 32 1 2 46 135.6
o 1 53 1 2 47 1773
o 1 54 1 2 48 17841
o 1 34 1 2 49 182.8
o 1 35 1 2 50 184.2
o 1 35 1 2 51 19044
o 1 36 1 2 52 191.5
[¢] 1 37 1 2 53 192.9
o 1 37 1 2 54 200.9
o 1 38 1 2 55 202.0
o 1 38 1 2 56 210.8
o 1 38 1 2 57 220.0
1 2 57 2 3 7h 524.6
1 2 57 2 3 75 550.0
2 3 75 5 4 E 1284.9
2 3 75 3 4 92 124644
2 3 75 3 4 95 SIXEIA
3 4 95 4 5 108 3159.8
3 4 93 4 5 109 3302.0
3 4 9 4 5 110 3452.8
3 4 94 4 5 111 345543
3 A ol 4 5 112 3628.6
3 4 A 4 5 113 3812.6
4 5 113 5 6 130 8851.2
4 5 113 5 3 131 9513.2

(Contdeses)



(Table 18 = Contdesss)
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o
N

) 4 4 ) ) 12
5 6 131 [ 7 147 2159644
5 6 131 7 148 22636.2
5 6 131 6 7 149 2377243
6 7 149 7 8 164 52585.3
6 7 149 7 8 165 54745,2
6 7 149 7 8 166 5718k
6 7 150 7 8 167 5757140
6 7 150 7 8 168 60540. 8
7 8 168 8 9 183 132900, 2
7 3 168 8 9 184 1392870
7 8 168 8 9 185 145455.5
7 8 169 8 9 186 1454567
7 8 169 8 9 187 1526995
7 8 169 8 9 188 1611734
8 9 188 9 10 205 361878.9
8 9 188 9 10 206 38315408
9 10 206 10 1 222 8890833
9 10 206 10 1 223 944638, 2
9 10 206 10 11 204 1000193.0
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4e59
4o04
3455
3.1
2.06
1.62
1ol
1.27
113
1.00
0.88
0.78
0.69
0.61
053
0.47
0.21
C.19
0.10
0.09
0.08
0.05

TABLE 19, THE OPTIMAL SINGLE SAMFLING UNRESTRICTED ASR
BAYESTAN FLANS FOR vy = 0.10 AND w, = C.90.

. 5 ) ,\D') P9 ® (p‘)‘” 'p")
¥ Boece 0K saving — in percenbage)
60-68 26 ¢ 1 63 23029 76.21 77,00 20,22 91.83 ¢
6979 27 0 1 753 22.85 T6.65 76.23 20,79 92,84 ¢
80-93 28 0 1 86 22.3% 77.13 75,47 21.35 93.73 ¢
94=109 29 0 1 101 21495 77.54 7472 21489 Sh.51
110-130 30 0 1 119 21462 77.92 73.57 22.42 95,20
131-157 31 0 1 143 21.25 78.30 73.23 22,95 95.80
158-174 320 1 165 21,00 78455 72.50 23.43 96.34
175-177 45 1 2 175 21446 78.08 92.54  6.43 97.35
176~ A7 1 2 77 21484 78,10 91495  6.88 97.93
179-182 48 1 2 180 21441 78.13 91.66 7.10 98,17
183-184 49 1 2 183 21439 78.16 91.36  7.33 98.39
185-190 50 1 2 187 21.36 78.19 91.06 7.56 98.58
191- 51 1 2 190 21.34  78.21 90.75 7.79 98.75
192- 52 1 2 191 21436 78.19 90.44  8.02 98.90
193-200 53 1 2 196 21.32 78.22 90.13  8.25 99.03
201 - 54 1 2 200 21.30 78.25 89.82 8.49 99.15
202-210 55 1 2 205 21.28 78.27 89.50 8.72 99.25
211-220 56 1 2 215 21.20 78.35 89.18 8.95 99,34
221-524 57 1 2 340 20.36 79.21 88.86 9.18 99.42
525-549 7h 2 3 536 20.03 79.54 96.16 3.18 99.73
550-1284 75 2 3 840 19.59 79.99 96.03 3.27 99.76
1285-1346 91 3 4 1315 19.38 80.21 98.66 1411 99.87
1347-1411 92 3 4 1378 19.35 80.24 98,61 1.15 99.89
1412-3159 95 3 4 2111 19.14 80.45 98.56  1.19 99.90
3160-3302 108 4 5 3230 19.04 80.56 99.52 0.0 99.94
3303-3452 109 4 5 3376 19.03 80.57 99.51 0.41 9G.95

0.04

Contdesesss



(Table 19 = Contdesass)
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=1

() PaeY 20N PG P Yo"

N .
! R MR saving (in percentage)
3453=3455 1M1 4 5 3453 19.02 80.58 99,47 Oulh 99,96
3456-3628 112 4 5 3540 19.02 80458 99.45  0.46 99.96
3629-3312 M3 4 5 3719 19.00 80,60 99,42 0.47 99.97
3813-8851 130 5 6 5800 18.93 80467 99,79 0.17 99.98 1
8352=9313 131 5 6 9079 18.85 80,75 9%.78 0.18 99.99 0.01
PB14-21596 147 6 7 14182 18.81 8079 99.92 0.06 99.99 0,01
21597-22636 148 6 7 22110 18.78 80.82 99,92 0.06 99499 0.01
22637-23772 149 6 7 23197 18.78 80.82 99.92 0,07 99499 0.00
23773=52585 164 7 8 33356 18,76 80484 99497 0.02 100,00 0.00
52586=54745 165 7 8 53654 18475 80.85 99,97 0,02 100.00 0,00
SUTHE-57184 166 7 8 55951 18.75 80,85 99,97 0.02 100,00 0,00
57185-57571 167 7 8 57377 18.75 80.85 99,97 0.03 100.00 0.CO
57572-60541 168 7 8 59037 18.75 80485 99,97 0,03 100,00 0.00
60542-132900 183 8 9 89699 18,74 80486 99,99 0.01 100,00 0.00
132901-139287 184 8 9 136056 18.73 80.87 99.99 0.01 100.00 0.00
139286~145455 185 8 9 142338 18.73 80,87 99499 0.01 100.00 0.00
145456~ 186 8 9 145455 18,73 80,87 99499 0,01 100.00 0.00
145457-152699 187 8 9 149034 18.73 80.67 99.99 0.01 100,00 0.00
152700-161173 183 8 9 156879 18473 80,87 99.99 0.01 100,00 0.00
161174-361878 205 9 10 241506 18,73 80,87 100,00 0,00 100.00 0,00
361879-383154 206 9 10 372364 18.72 80,88 99.99 0.00 100,00 0,00
583155-889085 222 10 11 583657 18.72 80.88 100,00 0.00 100.00 0.00
889084-944638 223 10 11 916440 18.72 80.88 100,00 0.00 100.00 0,00
944639-1000193 224 10 11 972019 18.72 80,88 100,00 0.00 100,00 0.00

Notes Cost of acceptance without inspection = 97.92 money units.
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TABLE 20. THE VALUES OF ¢, n AND N OBTAINED FROM
(5.5.27) AND (5.5.28) FOR Wy = 0+10 AND

Vi = 0.90.

n N 6 (n, c)
20 3C - 33 0.001277
21 34 - 38 0.047319
22 39 - 4b 0.085992
23 45 - 50 0. 118407
24 51 = 57 0. 145506
25 58 - 66 0.168092
26 67 - 77 0. 186846
27 78 = 90 0.202347
28 91 - 107 0.215087
29 108 - 127 0.225486
30 128 - 154 0.233898
31 155 - 189 0.240627
32 190 -~ 238 0.245927
33 239 -~ 309 C. 250019
34 310 - 420 0.253087
35 429 = 615 0.255289
36 616 - 1038 0.256759
37 1039 - 2621 0.257611
39 90 - 99 0. 262074
40 100 - 111 0.276481
41 112 - 125 0.288894
42 126 = 141 0.299549
43 142 - 160 0.308668
44 161 - 185 0.316442
45 184 - 210 04323041
46 211 = 244 0.328613

Contdesse
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c n N & (n, c)
1 47 245 - 286 0.333287
48 287 - 340 0e337177
49 341 - 408 0.340383
50 409 - 500 0.342992
51 501 - 627 0.345081
52 628 - 814 0.346715
53 815 - 1110 0.347954
54 1111 - 1648 0.348848
55 1649 - 2913 0.349441
56 2914 - 9288 0.349772
2 58 226 ~ 252 0.352583
59 253 - 284 0.357484
60 285 = 320 04361742
61 321 - 364 0.365429
62 365 - 415 0.368611
63 416 - 477 0.371548
64 478 - 551 0.373681
65 552 - 642 0.375682
66 643 - 756 0.377367
67 757 - 900 0.373779
[} 901 - 1086 0.379951
69 1087 - 1336 0.380910
70 1337 - 1686 0.381682
71 1687 - 2206 0.382287
72 2207 - 3051 0.382746
73 3052 - 4656 0.383074
74 4657 - 8828 0.383288

Contdessss
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(Table 20 - Contdess..)

c n N &6 (n, c)
2 75 £829 - L5341 0.383400
3 7 569 - 641 0.384863
78 sL2 - 726 0386604
7S 727 - 825 0.388122
80 826 - k2 0.389442
81 943 - 1080 0.390587
82 1081 = 1246 0.391574
83 1247 - ALLT 0.392423
84 1448 - 1693 0.393148
85 1694 - 2000 0.393763
86 2001 - 2390 0.394280
87 2391 - 2898 0.394710
88 2899 - 3584 0.395062
89 3585 = 4553 0.395346
90 4554 - 6017 0.395568
91 6018 - BLE6 0.395736
92 467 ~ 13361 0.395854
93 13362 - 27898 0.395929
oL 27899 - 1494586 0.395965
4 96 1468 - 1662 04396673
97 1663 - 1890 0.397307
98 1891 - 2155 0.397862
99 2156 = 2469 0.398345
100 2470 - 2840 0.398765
101 2841 - 3285 0.399128
102 3286 - 3824 0.399440
103 3825 - 4486 0.399708

Contdeeo-e



(Table 20 = Contdessss)

c
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4

104
105
106
107
108
109
110
11
112

Mh
15
16
17
118
119
120
121
122
123
124
125
126
127
128
129
130

131

4487
5313
6367
7750
9630
12319
16458
23608
38835

3390
3840
4360
4966
5674
6508
7498
8685
10125
11896
4114
16956
20706
25855
33322
45065

66123 -
114593 - 341948

5312
6366
7749
9629
12318
16457
23607
38834
93141

3839
4359
4965
5673
6507
7497
8684
10124
11895
14113
16955
20705
25854
33321
45064
66122
114592

& (n, o)
04399935
0.400127
0.400286
0.400416
0.400521
04400602
0.400663
0.400706
0.400732

04400804
0.401072
0.401307
0401513
0.401692
04401849
0.401984
04402100
0.402200
0.402285
0.402357
0.402416
0.402464
0.402503
0.402533
04402556
0.402571

0.402579

Contdess.s
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(Table 20 ~ Contdeess.)

c n N & (n, c)
6 133 8898 - 40088 0.402632
134 1008¢ ~ 11466 0.402732
135 11467 - 13068 0.402820
136 13069 ~ 14943 0.402898
137 LGl - 47152 0.402955
138 17153 = 19777 0.403024
139 19778 - 22926 0.403075
140 22927 - 26752 0.403119
14 26753 - 31472 0.403156
142 31473 - 37406 0.403188
143 37407 - 45048 0.403215
4L 45049 - 55207 0.403237
145 55208 - 69299 0.403255
146 69300 - 90056 0.403270
147 90057 = 123513 0. 403281
148 123514 - 186185 0.403289
149 186186 ~ 345233 0.403294
150 345234 - 1551094 0.403297
7 152 23348 - 26481 0.403327
153 26482 - 30107 0.403365
154 30108 - 34325 0.403398
155 34326 - 39261 0.403428
156 39262 - 45082 0.403453
157 45083 - 52004 0.403476
158 52005 - 60325 0.403495
159 60326 - 70458 0.403511
160 70459 - 82996 0.403526
161 82997 - 98825 0.403538

Contdesses



(Table 20 - Contdesss)

c n N & (n, c)
7 162 98826 - 119333 04403548
163 119334 ~ 146816 04403556
164 146817 ~ 185387 0.403563
165 165388 - 243196 0.403568
166 243197 = 339027 04403573
167 335028 - 528038 04403576
168 528039 - 1072438 04403577
169 1072439 - 18245953 0.403578
8 171 61077 - 69678 0403594
172 69679~ 78772 0.403608
173 78773 ~ 85321 04403621
174 89822 - 102761 04403632
175 102762 - 118033 0.403642
176 118034 - 136223 0. 403650
177 136224 - 158132 0.403658
178 158133 - 184881 04403664
179 164882 - 218098 0. 403669
180 21809% = 260236 0.403674
181 260237 = 315184 0.403678
182 315185 = 389491 0.403681
183 389492 - 495130 0403684
184 495131 ~ 656575 0.403686
185 656576 - 932929 0. 403687
186 932930 - 1512682 0.403688
187 1512683 - 3496136 0.403689
9 189 140597 = 159144 0.403690
190 159145 = 180521 0.403697

Contdecese



(Table 20 = Contdeesss)

c n N & (n, c)
9 i 180522 - 205276 0. 403702
192 205277 = 234103 0.403707
193 234104 ~ 267898 0.403711
194 267899 - 307833 0.403715
195 307634 - 355481 0.403718
196 355482 - 413000 0.403721
197 413001 - 483439 0.403723
198 483440 - 571257 0.403726
199 571258 = 683255 0.403727
200 683256 - 830346 0.403729
201 830347 - 1031245 0.403730
202 1031246 - 1320962 0.403731
203 1320963 - 1773513 0.403732
204 1773514 - 2577284 0.403732
205 2577285 - 4395076 0.403733
206 4395077 = 12396673 0.403733
10 208 364917 - 413064 0.403734
209 413065 - 468577 0.403736
210 468578 - 532901 0.403739
211 532902 - 607871 04403740
212 607872 -~ 695860 0.403742
213 695861 = 799993 0. 403744
214 799994 - 924482 0.403745
215 924483 - 1075145 0.403746
216 1075146 - 1260267 0.403747
217 1260268 ~ 1492075 0.403748
218 1492076 - 1789425 0.403748

Contdessss
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(Table 20 = Contdes...)
c w & (n, ¢)
10 219 1789426 - 2183016 0. 403749
220 2183017 = 2726467 0.403749
221 2726468 - 3522660 0. 403750
222 3522561 = 4797230 0403750
223 4797294 - 7160214 0403750
224 7160215 ~ 13028723 0.403750
225 13028724 - 52477831 0.403750
11 227 SU37LA = 1068325 0.403751
228 1068326 - 1212051 0.403752
229 1212052 ~ 1378715 0. 403753
230 1378716 = 1573159 0.4035754
231 1573160 - 1801671 0.403754
232 1801672 ~ 2072573 0.403755
233 2072574 - 2397141 0403755
234 2397142 = 2791058 0.403756
235 2791059 ~ 3276839 0403756
236 3276840 - 3888032 0.403756
237 3888033 - 4676986 0.403757
238 4676987 - 5730234 0.403757
239 5730235 - 7201935 0.403757
240 7201936 - 9396145 0403757
241 9396146 - 13007735 0.403757
242 13007736 = 20048111 04403757
243 20048112 - 39770472 0.403757
24l 39770473 - 414991121 0.403757
12 246 2432948 — 2754460 0. 403758
247 2754461 - 3125627 0.403758

Contdeeses



- 204 -

(Table 20 - Contdess..)

c n N 6 (n, ©)
12 248 3125628 ~ 3556416 0.403758
249 3556417 = 4059594 0.403759
250 4059595 - 4651807 0.403759
251 4651808 - 5355206 0.403759
252 5355207 = 6199978 0.403759
253 6199979 - 7228408 0.403760
254 7228409 - 8501697 0. 403760
255 8501698 ~ 10111980 0.403760
256 10111981 - 12204829 0. 403760
257 12204830 = 15024767 0.403760
258 15024768 - 19016830 0.403760
259 19016831 - 25085488 0. 403760
260 25085489 - 35394459 0.403760
261 35394460 - 56729579 0.403760
262 56729580 ~ 126992061 04403760
13 264 5534872 - 6254788 0. 403760
265 6254789 - 7082637 0.403760
266 7082638 - 8039099 0.403760
267 8039100 - 9150333 04403761
268 9150334 - 10449975 0.403761
269 10449976 - 11982081 0.403761
270 11982082 - 13805593 0.403761
271 13805594 - 16001329 0.403761
272 16001330 - 18683326 0.403761
273 18683327 - 22018081 0.403761
274 22018082 - 26258912 0.403761
275 26258913 - 31811414 0.403761

Contdeeseee



(Table 20 = Contdessss)

c n N & (n, ©)
13 276 31811415 - 39368638 0.403761
277 39368635 ~ 50221313 0.403761
278 50221314 - 67080339 0.403761
279 67080340 - 96773077 0. 403761
280 96773078 - 162842243 0.403761
281 162842244 - 437435780 0.403761
4 283 14192910 = 16041705 0.403761
28k 16041706 - 18169184 0.403761
285 18169185 = 20629587 0.403761
286 20629388 ~ 23490924 0.403761
287 23490925 - 26842378 04403762
288 26842379 - 30800328 0.403762
289 30800329 - 35521606 0.403762
290 32521607 - 41222631 0.403762
291 41222632 - 48211110 0.403762
292 48211111 = 56940414 0.403762
293 56940415 ~ 68108074 0.403762
294 68108075 - 82846736 0.403762
295 82846737 - 103127494 0.403762
296 103127495 - 132713878 0.403762
297 132713879 - 179801851 0.403762
298 179801852 - 266273485 0.403762
299 266273486 -~ 476749965 0.403762
300 476749966 ~ 1752652728 0.403762
15 302 36316922 = 41056503 0.403762
303 41056504 - 46514833 0.403762

Contdess.s
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(Table 20 = Contdess..)

c n N 6 (n, ¢)
15 304 46514654 - 5 0403762
305 :‘7833”:“ - & 0. 403762
306 0191060 - 0.403762
307 babL;ZOTLL = 7903¢ 04403762
308 79034572 = 91245907 04403762
309 91245908 = 106035869 04403762
310 106035870 = 124235360 0.403762
31 124235361 = 147080355 04403762
312 147080356 = 176494981 0.403762
313 176494982 = 215650549 04403762
314 215650550 = 270175147 0,403762
315 270175148 = 351109443 0,403762
316 351109444 - 483481217 04403762
317 483481218 - 738737818 0.403762
318 738737819 = 1435452562 04403762
319 1435452563 = 11038302489 04403762
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TABLE 21. THE POINTS OF INTERSECTION FROM (5.5.27)
AND (5.5.28) FOR wy = 0.10 AND w, = 0.90
USING (5+5.29).

c n' c" n" N12

Q 27 1 39 199+ 4
0 28 1 40 19846
o 29 1 41 196.5
0 29 d 42 186.2
0 30 1 u3 187.3
[¢} 31 1 L4 18745
0 31 1 45 187.1
[¢] 32 1 46 188.6
0 33 1 47 189.2
0 33 1 48 193.6
¢} 34 1 49 194.9
¢} 34 1 50 201.1
¢} 35 1 51 202.7
[¢} 36 1 52 203.7
0 36 1 53 212.0
o 37 1 54 213.0
0 37 1 55 222.4
1 55 2 70 51040
1 55 2 7 531.7
1 55 2 72 55447
1 56 2 73 555.9
1 56 2 74 582.1
1 56 2 75 609.5
2 75 3 92 1429.2
2 75 3 93 1500. 4
2 75 3 ok 1575.3

(Contdesss)
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=

c n c n" I\Ll2
3 ok 4 111 366848
3 oL 4 112 3858.5
4 112 5 128 8985.5
4 112 5 129 9420.9
4 112 5 130 9888.3
5 130 6 145 22048.7
5 130 . 6 146 23008.6
5 130 6 147 240621
5 131 6 148 24063.3
5 131 6 149 25294.0
6 149 7 165 585318
6 149 7 166 61069. 4
6 149 7 167 63966.9
6 150 7 168 64423.8
6 150 7 169 677532
7 169 8 186 154703.0
7 169 8 187 162319.0
8 187 9 203 372269.0
8 187 9 204 395524.0
8 187 9 205 409266.0
9 205 10 220 937693.0
9 205 10 221 S41370.0
9 205 10 222 1000190.0
9 206 10 223 100019C.0
9 206 10 224 1059020.0
10 224 11 239 21430700
10 224 11 240 2285930.0

(Contde..s)
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c n c n N,] 2
10 224 1 241 2428780.0
10 224 " 242 2571640.0
10 225 "1 243 2571640.0
10 225 " 244 2714500.0
11 bt 12 261 566690040
1" 244 12 262 60002300
12 262 13 279 17000200.0
12 262 13 280 18000200.0
13 280 14 295 7500280.0
13 280 14 296 8000280.0
13 280 14 297 8520280.0
13 281 14 298 17000300.0
13 281 i 299 18000300.0
14 299 15 314 ©

14 299 15 315 ©

14 299 15 316 %

14 300 15 317 b

4 300 15 318 o

14 300 15 319 L
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TABLE 22. THE OPTIMAL SINGLE SAMPLII TW0=-DEC TSION
BAYESTIAN PLANS FOR w1:0.10 AND Wy = 0,90

N n c N
30 - 33 20 0 31 26,51 72,92 81,79 96,12
34 - 38 21 0 35 26.17 73.27  80.97 96.71
39 - L 2 0 41 25.75 73.70  80.16 97.20
45 - 50 23 0 47 25.38 74,08 79,36 97.62
51 - 57 ) 53 25.06 7hi41 78.57 97.98
58 - 66 25 0 61 24,71 74,76 77.78 98.28
67 - 77 26 0 71 24.36 75.12  77.00 98,54
78 = 90 27 0 85 24,03 75.46 76,23 98.76
91 - 107 28 0 98 23.71 75.78  75.47 98,94
108 - 127 23 0 17 25.41 76,09 74,72 99.10
128 - 154 30 0 140 23,14 76,37 73,97 99.24
155 - 187 310 170 22.88 76.63  73.23 99.35
188 - 189 46 1 188 23.12 76,39 92.25 99.48
190 - 193 47 1 191 23.09 76.42  91.95 99.55
194 - 48 1 193 23.07 76.44 9166 99.61
195 - 201 49 1 197 23.0hk 76,47 91436 99.66
202 - 50 1 201 23.02 76.49 91,06 99.71
203 - 51 1 202 23.02 76,49 90.75 99.75
204 - 212 52 1 207 22.99 76.52  90.hh  99.78
213 - 53 1 212 22.97 76,54 90.13 99.81
214 - 2022 54 1 217 22.95 76,56 89.82 99.84
223 - 510 55 1 337 22.39 77.13 89,50 99.86
511 - 531 7 2 520 22416 77436 96,67 99.90
532 - 554 71 2 542 22,12 77.41 96,41 99.91
555 - 72 2 555 22411 77.42  96.42 99,92

Contdesoass
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(Table 22 - Contdessss)

8 wm (A Fal®) P

u n & saving Gm‘fﬁﬁf—g@
556 - 582 73 568 22,09 77.4h  96.29  99.95
583 = 609 Th 595 22,06 77.47 96.16  99.94
610 = 1429 75 933 21,77 T7.77  96.03 5
1430 - 1500 92 1464 21,63 77.91 96461

1501 = 1575 93
1576 - 3668 1A
3669 - 3858 111
3859 - 8985 112
8986 - 9420 128
9421 - 9888 129
9889 - 22048 130
22049 - 23008 145
23009 - 24062 146
24063 - 47
2406L - 25294 148
25295 - 58531 149
58532 - 61069 165
61070 - 63966 166
63967 - 64423 167
6Ll - 67753 168
67754 - 154703 169
154704 - 162319 186
162320 ~ 372269 187
372270 - 395524 203
395525 = 409266 204
409267 - 937693 205

1537 21.61 77.93  98.56 59.98
2604 21447 78,07  98.50 99.98
3762 21440 78,14 99.47  $9.99
5888 21.33 78422  99.45  99.99
9200 21.29 78,26 99.81 99.99
9651 21.29 78.26 99,80 100,00
14765 21.26 78,29 99.79 100,00
22523 21.24 78.31  99.93 100.00
23529 21.24 78.31  99.G3 100,00
24062 21.24 78,31  99.92 100,00
24671 21.24 78,31 99.92 100400
38477 21.22 78.33  99.93 100.00
59787 21.21 78,34  99.97 100.00
62501 21.21 7834  99.97 100,00
64154 21.21 78,34 99.97 100.00
66067 21.21 78.34  99.97 100,00
102380 21.20 78.35  99.97 100.00
158465 21,20 78.35 99.99 100.00
245818 21,20 78,35  99.99 100.00
383720 21.20 78,35 100.00 100.00
402336 21,20 78.35 100.00 100.00
619489 21.20 78.35 100,00 100400

WWOWWODOENINNNNOOOOOU VU & FWWo D p D

Contdesaes
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=

=
=i

(A R (0" B

saving

{in percentage)

957694 = 941370

91371
1000191

1000192 -

1052021
2143071
2285931
2428781
2571641
2714501
5666901
6000231
7500281
8000281
8520281
17000301

1

1000190

1059020
2143070
2285930
2428780
2571640
2714500
5666900
6000230
7500280
8000280
8520280
17000300
18000300

220
221
222
223
224
239
240
241
242
204k
261
262
295
296
297
298

14

93953C
970334
1000190
1029185
1506504
2213348
2356273
2499189
2642105
3922092
5651184
6708458
7746247
8256187
12035253
17493156

21,20
21,20
21420
21,20
21,20
21420
21419
21419
2119
21,19
21419
21,19
21419
21,19
21419
21419

78:35
78,35
78:35
78,35
78,35
78.35
78,36
78.36
78:36
78:36
78.36
78:36
7836
78,36
78:36
76.36

100400
100,00
100,00
100400
100400
100,00
100,00
100400
100,00
100,00
100,00
100400
100,00
100400
100.00
100,00

100,00
100,00
100,00
100,00
100,00
100,00
100,00
100,00
100,00
100,00
100,00
100,00
10C. 00
100,00
100, 00
100400




TABLE 25. THE OPTIMAL SINGLE SAMPLING UNRESIRICTED ASR
BAYESIAN PLANS FOR THREE-POINT BINOWMIAL. PRICR

WITH p'= 0,013 " = 0,055 p = 0.15;
Wy = 0:905 Wy = 0.08 WD wy = 0.02.
Lot size n 4 ¢, é1 62
59 - 69 2 0 1 0.041573  0.553796
70 - 82 3 0 1 0.054382  0.553613
8 - 98 40 1 0.065461  0.553350
99 - 116 5 0 1 0.075051  0.553003
17 - 138 6 0 1 0.038352  0.552571
139 - 164 7 0 1 0.090541  0.552053
165 - 197 8 0 1 0.006766  0.551451
198 - 237 9 0 1 0.102156  0.550767
238 - 290 10 0 1 0.106819  0.550003
291 = 360 1 0 1 0.110850  0.549161
361 - 457 12 0 1 0.114330  0.548253
458 - 600 13 0 1 0117328 0.547273
601 - &2 1 0 1 00119904 04546229
833 ~ 1270 15 0 1 0.122109  0.545124
1271 - 2410 16 0 1 0.123988  0.543962
2411 = 12550 17 0 1 0.125580  0.5L2746
12551 and above 18 0 1 04127573 0.541532
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TABLE 24, THE OPTIMAL SINGLE SAMPLING UNRESTRICTED
ASR BAVESIAN PLANS FOR BETA PRIOR WITH
T=1.5A0D t=0.5

Lot size n ¢y ¢y

8 = 694 8 0 2
695 - 2841 9 0 3
2842 - 4552 10 1 3
4553 ~ 6605 15 2 5

e e o o o
e o o o o
> e e o o
e s s o =
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