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ABSTRACT

This project report investigates the feasibility of applying statistical
test procsdures ( or sampling inspection ) to reduce the time spent on
inspecting electroniz modules produced on the various production lines
of Telephone Manufacturers { TM ). The effect of these procedures on such
factors as the average outgolng quality and the production yield, is ex~
amined.

Two inspection situations exist at TM but no information concerning the
production process ( distribution of defective products ) is available,
this data must therefore be simulsted.

A numher of sampling plens are chosen for evsluation. The relative per-
formance of each of these sampling plans is then assessed using the sim-
ulated production process data. The sampling plan that produces the best
results, is selected for implementation.

Before the sampling plans can be imp d st T, the of the

simulated production process must be considered. The entire evaludtion

process must be repeated, using collected production pracess data, if the

simulation is inaccurate.
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1.0 INTRODUCTION

1.1 BACKGROUND TO THE PROBLEM

Consumer products, such as telephone instruments, are continuousiy be~
coming more complex in a functional sense. The main problem as far as
inspecting is concerned is not the complexiiy of the product, but the time
spent in inspection and fault diagnostics. As a consequence of high pro-
duction volume, test equipment becomes a4 significant part of the pro-
duetion line end thereby has & direct influence on production yield.

An increass in production yleld can be achisved by purchasing more test
equipment. The new test equipment would supplement the existing test
equipument at each test station, thus sllowing more products to be in-
spected. Alternatively, wa could attempt to reduce the time spent on im-
specting each product. If the inspection time per product could be
reduced, while maintaining a xequized quality level, one of the following

situations would occur;

1. More products would be inspected using the existing test equipment,

or

2. The same number of products would be inspaected using less test
equipment, allowing other products to be inspected using the vemdain-

ing test equipment.

This would lead to the increased efficiency of the test equipment in both
cases.

Various tel tion d are d by Telephone Mane
ufacturers (TM). Each of these products contain a number of electronic
modules, each of which must be inspected to ensure their correct opera«
tion. The existing inspection procedure used at TH ic complete inspection,
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otherwise referred to as 100% inspection, of each electronic module. The
tests include, the measuremsat of electrical parameters, which have to
be within a specified range, and the checking of the various functions
of the electronic module. This form of inspection is time consuming and
expensive, as each test of every electronic module is checked, even if
there is little or no chance that it will fail.

The object of this project report is to investigate the feasibility of
applying statistical test procedures ( or sampling inspection } to ef~
fectively inspect the electronic modules produced on the various T pro-
duction lines. The effect of these procedures on such factors as the
average outgoing quality ( the quality of the outgoing modules ) and the
production yield, will be examined.

1.2 OVERVIEW TO THE PROJECT REPORT

A review of saupling inspection is given in Chapter 2. This chapter in-
troduces the reader to the terminology and general concepts of sampling
inspection and may be overlooked by the reader who is familiar with the
subject,

In Chapter 3, the inspection situation at Telephone Manufacturers (TM)
is considered in detail. A number of sampling inspection plans are then
chosen, each compatible to the inspection situation, for further evalu-
ation,

Chapter 4 briefly describes how the sampling plans chosen in Chapter 3
can be integrated imto the inspection situation at TM.

The general requirements of the sampling plan evaluation system are in-
troduced in Chapter 5. A simulation of the production process at TM is
proposed. The product whick is inspected, is introduced and a method is

INTRODUCTION 2
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devised whereby it can be used to simulate the inspection situation found

at TM.

Chapter 6 outlines the approach adopted when designing the evaluation
system hardware. The system hardware is designed to fulfil the require-
ments laid down in Chapter 5, and includes; the external circuitry for
the product under test ( D.P.§. module ), the interface unit circuitry

and the automatic KEY operation circuitry.

Chapter 7 outlines the epprosch adopted when designing the eveluation
system software. A top-down structured design procedure is adopted. The
software is designed according to the requirements laid down in Chapter

5.

In Chapter 8, the accuracy of the results produced by the process curve
simulator, is discussed. Two sampling plans are chosen, ome for the im-

spection of long runs of 1y prod and
the other for the i of short ion runs of iy
produced products. This is done by comparing the results of a nuaber of
trials and selecting the sempling plan that ensures the best oversll re-
sults { ie. the lowest average outgoing quality ( or the least amount of
defective products passed ) for the least amount of time spent on im-

spection) in each case.

The concluding chapter discusses the limitatioms and possible extensions
of the investigation into the use of sampling inspection to inspect the
products manufactured by TH. These extensions relate to both the work that
is in and the impl , and evaluation, of alternative

sampling plans.
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2.0 SAMPLING INSPECTION : REVIEW

2.1 INTRODUCTION

The importance of sampling ‘nspection and quality control procedures is
very widely accepted, and there is a long history of applications to
various branches of industry.

Now in industry it is y to defend i ion by samples

against 100% inspection, and to explain why some procedures are relisble.
Clearly there are some situations in which 100% inspection is desired

rather than sampling i but such si s are i . The

reasons why sample methods are preferred are as follows:

1. We never require absolutely accurate information about a batch or
quality of goods to be sentenced. For the purpose of sentencing the
batch, an estimate of the percentags of defective products is quite
sufficient.

2. A point allied to (1) is that under the usual assumptions, the
standard ecrror aof an estimate reduces as the number of observatioms

. app 1y as the 1 of the square root of the
number of observations. Therefore in order to halve the standard error
we must take four times as many observations. Beyond a certain point
it is either lmpractical or not worth while achieving greater accu-
racy.

3. Even if the entire batch is inspected we still do not have an absolute
accurate estimate of the of e unless in-
spection is perfect . In industrial situations inspection is very
rarely perfeci and Hill (1962) quotes a probability of 0.2 as being
"not unreasonable” for the probability of recognising defects by

visual inspection. Some experiments have indicated that if inspectors

SAMPLING INSPECTION : REVIEW &
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are faced with batches of 100% inspection, then the inspection tends

to be less sccurate than if sample wethods are used.

4. In some cases inspection is very costly and 100% inspection is obvi-
ously ruled out. One case of this is destructive testing, as in
testing of artillery shells, Another case of costly inspection is when
complicated laboratory analyses are involved.

When sample methods are smployed it is usually assumed that the sampling
is random. Thus & ssmpls should be taken in such a way that every item
in the batch is equally likely to be taken. In practice this assumption
is rarely satisfied and this has to be taken into account when drawing
up an inspectionm plan.

Sometimes it is possible to stratify the items to be sentenced, and use
this to draw up a more efficient sample procedure. For example, in the
transport of bottled goods in cartons, the bott” . nut to the face of
the carton are more likely to be damaged than tiL .. .n 3 interior.

The atritude to the use of samples by the industrialist who is unin-
structed in the subject ( we may term it the naive sttitude ) is apt to
take ona of two extreme form. Some industrialists say that they cannot’
afford to risk making the mistakes that are inevitable if samples are
used, that they can be content with nothing less than 100% inspection.

Doubtless such an attitude is sometimes justified, but such industrial-
ists can be

P d that 100% on can have its errors
and their associated risks of mistaken decisions abeout the batch, that
the risks associated with sampling can be calculated snd controlled, and
that it 4s often economical and justifiable to run calculated risks and
usa samples. At other extreme there is the uninstructed attitude of the
industrialist who has based his decisions on samples for yaers { perhaps
the destructiveness of the tests on the articles compels him to ) and is
unconscious that sampling errors exist. Such an industrialist will often
use samples that are hopelessly inadequate in size; he must be persuaded

SAMPLING XNSPECTION : REVIEW 5




that sampling errors exist, and thet the associated risks should be cal-

cizlated and taken into gccount.

2.2 ACCEPTANCE SAMPLING : BASIC IDEAS

‘The purpose of acceptance sampling is to recommend & specific actiom; it
is not an attempt to estimate quality or to ontrol quality directly.
The basic action recommended is to sccept or fsject the products repres-
ented by the sample. When planning a particular inspection plam, it is
important to bear in mind the various possibilities for inspection, the
type of imspection plan which is appropriate in the particular situation
and the aims in view.

2.2,1 ADVANTAGES AND DISADVANTAGES OF SAMPLING

AY
Compared with 100% inspection, sampling has some sttractive advanteges:

1. Economy due to inspecting only part of the manufactured products.

I3

Less handling damage due to inspection.

3. Fewer iaspectors, thereby simplifying the recruiting and training

probleam.

4. Applicebility to destructive testing, with a qualified lavel of as-
surance of batch quality.

5. Rejections by vendors or shop departments of entire batches zather
than merely returning of the defective products. This provides

on for imp: .
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Sampling also has some inherent disadvantages:

1. There are risks of accepting "bad" batches and of rejecting "good"

batches.
2. There is added pleaning and documentation.

3. The sample usually provides less information about the product than

does 100% inspection.

2.2.2 OPERATING CHARACTERISTIC (OC} CURVES

A sampling plan specifies the sample size (n) and the associated number
of defective products (¢) that cannot be exceeded without rejecting the
batch from which the sample was tsken. The capability of the plan to
discriminate between acceptable and unacceptable batches is revealed by
its onerating characteristic (0C) curve. v

The horizontal axis of an OC curve indicates the percentage of defective
products in the batch being sampled; the vertical axis shows the proba-
bility that the batch will accepted. 4 condition common to all OC curves
is that a batch with no defectives will always be accepted. As the per-
centage of defective products increases, the probability that it will be
rejected also increases.

Two ways to make OC curves more d is to i n while

ing ¢ and to d c while mai n. These ré axe
intuitively logical; larger semples tend to more accurately rspresent the
batch, and a decrease in the acceptance number tightems the restrictions.

The ideal OC curve can be obtained only by a 100% inspection of the entire
batch made without inspection errors. It takes the form shoun by the bold
lines 4n figure 1.
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1.9 198% inspection
o " e et
2.8
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Figure 1. The Ideal OC Curve and Approaches to it.

If the total number of defectives in the lot is more than the indicated
4% ( shaded area ), the lot is rejected without questiom.

The two curves in the figure show how increasing the sample size while

the same proportion tends to make the 0C curve come

closer to the ideal Z-shaped curve. The best semple size to apply to each
set of inspscting conditions is a compromise between the value of greater
precision resulting from larger samples and the inspecting cost of col-
lecting'the larger sample.

2.2.3 PROCESS CURVE

The long run distribution of the quality of batches of items arriving
at the inspection station is called the process curve. It is possible that
a stochastic process of some kind governs the quality of incoming batches,

SAMPLING INSPECTION : REVIEW 8




but this is usually ignored in batch imspection, partly on the grounds
that it is very difficvlt in practice to obtain information om the proc-
ess. With continuing production inspection, there is no meaning to the
process curve without either arbitrarily batching it , or else bringing
in the stochastic element. A typical process curve is shown in figure 2.

Fp)

[
p = fraction of defective products
% = process curve = distribution density of p
for products being submitted for inspection
Ay

Figure 2. Typical Process Curve for Percent Defective Products.

Published data on process curves is very scarce, but some data was col-
lected by Ford ( 1951 ), part of which is quoted by Barmard { 1954 ).
Horsnell ( 1957 ) proposes some thecretical models for process curves
which he says fits practical data quite well, but Barnard says, in the
discussion following Horsnell's paper, that data he has seen does not besr
the slightest resemblance to Horsnell's models. The scarcity of informa~
tion is due to two reasons:

1. Such data iz almost alvays regarded as industrial secrets.

2. Production conditions are sometimes not held constant for long enough

to accumulate sufficient data.
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Hamaker ( 1958 ) sui: y2 the theoretical models assumed for process
curves. The vital questiin is to krow how accurately we need a knowledge
of the process curve. The research to date indicates that our knowledge
of the process curve does not need to be very precise { Pfanzagl, 1963;
Wetherill, 1960; Wetherill and Campling, 1966; Hald, 1967b; Chiu, 1974 )
provided that the form of the curve chosen is reasonahble.

It should be pointed out that in nearly all inspection situations some
knowledge of the process curve is needed to arrive at a satisfactory
sampling plan, although this knowledze is often used subjectively. We nead
to know ( roughly ) how likely it is that batches of any quality will
occur, in order to decide how much protection wz need at various quality
levels. The importance of the process curve was pointed out by Mood (1943
3, who concluded that there is no point in sampling when the batch quality
1is stable. Sampling only makes sense with varisble quality. We therefore
need to take care about schemes worked out on a basis of stable pra-
duction.

2.2.4 DEFINITIONS

Spotty Quality - In e recent paper, Horsnell ( 1957 ) assumes that what
he calls normal production produces a binomial process curve, and,
though this is not explicitly stated, {t is evident from his article and
the discussion follewing it that in addition he assumes the occurrence
of bad batches with a much higher fraction of defective products. This
high £ of d e will be d to as  spotty quality

Average Outgoing Quality { AOG ) - Consider batches having a given

of e when for on this per-
centage is termed the "ingoing quality". For a given sampling scheme, a
calculable portion of these will be accepted without change, the remainder

will be rectified and will bs passed forward with zero defective products.
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The average percentage of defective products in these batches after in-
spection is the AOQ; and the AQQ is always better ( corresponding to fewer
defective products ) than the ingoing quality.

it is nat Aifficult to see that if, for & given scheme, the AOQ is cal-
cuiated for a series of ingoing quality and the results are plotted, the
graph will be something like the curve in Eigure 3.

average sutgaing guaifty :~

parcentage of defsctives

ingoing quality t=
percantage of defectives

Figure 3. Average Ingoing and Outgoing Quality.

Average Outgoing Quality Limit { AOQL )
we find that for low values of ingoing quality few batches are rectified
and the AOQ i3 a little lower than the ingoing quality. Fox high values
of ingoing quality a large proportion of the batches are rectified and

-~ On referring to figure 3

made perfect and the ACQ becomes very low again. In between, the AOQ rises
to a maximum known as the "average ontgoing quality limit ( AOQL )". For
a given sampling scheme, the average percer>sge of defsctive products in
outgoing batches cannot exceed the AOQL whatever the ingoing quality. Each
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rectifying sampling scheme has its own AOQ curve just as i. has its OC
curve, and the AOQL is one criteria of the degree of control given by
the scheme which has proved to mest the requirements of many industrial-
ists.

Unrestricted Average Outgoing Quauty Limit { UAOQL ) - Certain
properties of continuous sampling schemes are computed on the assumption
that the probability that a unit is defective, p, i§ constant over time
( ie. the ingoing quality is constant ). While the possibility of runs
of spotty quelity has been mentioned in literature ( Hamaker, 1958;
Horsnell, 1957 }, such parameters as the AGQL make no allowance for such
runs. Lieberman ( 1953 )} recognised the doubt that could arise in the mind
of a user of a continuous sampling scheme because of the questionable
validity of the assumption. He shows that even without the assumption of
a constant p, there exists a limit on the outgoing quality of the product.
This ldmit hes come to be called the "uwnrestrictad average outgoing
quality limit ( UAOQL )".

2.2.5 CLASSIFICATION OF INSPECTION PLANS

Any system of classifying inspection plans is unsatisfactory in that
borderline categories exist. Never the less it will be found useful to
have some clessificatlon system. Different inspection situations are
first listed and alternative sampling plans are given.

2.2.5.1 inspection Situation

Batch or Conti i ion - Batch
we bave items presented in, say, boxes, and it is desired to pass sentence

on occurs when

on each box of items together, and not on each individual item. If on
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the other hand we have a continuous nylon thread, or a production line 5

of continuously produced small items such as chocolate bars and items are coA

not treatod in batches for sentencing, then we have continuous production ” i
inspection.

4
Rectifying tion or Accept: I i - If batches of items are "" .
presented for sentencing end the possible decisions are, accept or reject, (e

or daccept or sell at a reduced price, etc., we have acceptance inspection.
Rectification inspection occurs when one of the pessible decisions is to

sort out the bad items from a batch end adjust or rectify them, or else b
replace them. That is, with rectifying inspection, the proportien of de~ >

fective items may be changed.

tnspection by Attribute or tnspection by Variables - Inspection by at-
tributes occurs when items are classified simply as effectiva or defece
tive. The opposite of this is inspection by variables when the result of
the inspection is a measurement of length, voltage at which a voltage

zegulator works, etc. An intermediate classification between these is
when items aze graded.

2.2.5.2 sampling Plans for Conti i

The Dodge Plans - In 1943, H.F.Dodge of Bell Telephone Laboratories
published a continuous sampling plen, ( Dodge, 1943 }. No formal provision -

for the aedjustment of the machine was included and the plans have, Y
therefore, been adjusted accordingly. ot

Noxmal Stage : Inspect 2 fraction (1/f) of the products, If a defective
is found, the plan passes to the probation stage.

Probation Stage : Inspect 100% of the products. If { consecutive
non-defective products are passed before k further defectives are found, RS
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return to the normal stage. Otherwise, examine and, if necessary, adjust

the machine.

After the machine is adjusted, the plan begins again et the probation
stage in order to emsure that the adjustment has rectified the fault.

The plan is determined by the three quantities £, i and k. The quantity
k is usually small and often equals 1. Dodge also considers the particular

plan where =4 as being appropriate for many cases.

Multi-Levei Plans - An inconvenient feature of many contipucus sampling
plans is the abrupt change from partial Inspection to 100% inspection,
Not only is this feature inconvenient administratively, but also the in-
troduction of this large amount of inspection is uswally made at the first
sign of trouble. It is felt that for many situations a smoother transition
pight be desirable and, Lieberman and Solomon ( 1954 ), published the
theory for multi-leval imspection plans. The introduction of several
levels of inspection naturally complicates the inspection procedure to a
degree which many w3ll consider prohibitive. The plans, howevar, will he

described briefly. 4

Normal Stage : Inepect a fraction £< of the items, where 0<f<l and k is
an integer grester than 1. When a defective product is found, proceed to
the probation stage.

Prob: Stage : The b stage consists of several levels of in-
spection. At level j, 1Si<k-1, & fraction £ of items is inspected. If a
further defective product is found before i non-defective products have
been inspected at this level proceed to level j-1. Othorwise, proceed to
level j+1. The probation stage begins at level k-1 and returns to the
normal stage wh i ive non-d are found at
this level. The lowest level,level 0 , consists of 100% inspection of
products. If i consecutive non-defective products are found at this level

the plan proceeds to l:vel 1, but, if a defective product is found, the
machine is adjusted. After adjustment, the subsequent production is in-
spected using the plan at level O of the probation stage.

SAMPLING INSPECTION : REVIEW 14




This procedure may be tightened in several ways. Whem a defective product
is found the plan could specify dropping seversl levels or all the way
to level zero of the probation stege. These modifications, however, tend
to destroy the smoothness of the transitions from the different levels

of inspection.

Wald and Wolfowitz Plans - Wald and Wolfowitz ( 1945 ), Read and Beattie
( 1961 ) and Shahani ( 1979 ) gave plans of the same general type 23 the
Dodge plans, but they were modified to fit various practical conditions.
The inspection rate on the line is held comstant and the product is ar-
tificially batched. Depending on the results, some batches are set aside
for 100% inspection later. This plan forms a link between the Dodge type
constant inspaction plans and batch inspection plans.

Other Plans - Other plans do exist but most of them are variatioms of

the plans discussed above.

2,2.5.3 sampling Plans for Batch [nspection

Single Sampling Plans - Suppose we have batches of items presented, and
the items are classified merely as effective or defectiva. A single sam-
pling plan consists of selecting a fixed rvandom sample of n items from
each batch for i and then aach batch depending om

the resulvs. If the sentence is to be eithar accept or reject the batch,
then each batch would be accepted if the number of defectives r found im
the n items were less than or equal to the acceptance number c.

Multiple Sampling Plans - In this plan a first sample of nl items is
drawn, as a result of which we may either accept the batch, reject it,
or else take a further sample of n2 items. If the second sample is taken,
a decision £o accept or reject the batch is taken upon the combined re=
sults.
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Multiple Sampling Plans - In multiple sampling plans, one, or two, or
several still smaller samples of n individual items are taken ( usually
trunceted after some number of samples ) until a decision to accept or
reject is obtained.

Just as it had been found that double sampling requizes less imspectior
than single sampling, it was found that multiple sampling, with ap iu~
limited number of sempley from & batch, generally requires a smaller av-
exage total imspestion then double sampling. ( Dodge, 1969; part I ).

Seguential Sampling Plans - A further extension of the multiple sampling
idea is the full sequentiel plan. In this plan, items are drawn from each
batch one by one, and after each item & decision is taken as to whether
to accept the batch, reject the batch or sample another item.

2.2.6 ECONOMIC ASPECTS OF SAMPLING

\

The choice of a sampling system for acceptance sampling has been con-
trolled by two concepts ever since statisticians have been engaged in the
£leld - risk and cost. Firstly, a given "smount of protection" is laid
down, and then a sampling system is chosen from those available on the
basis of achieving the minimem “amount of inspection” for the required
awount of protection. At any rate that is the theory. When in practice,
it is found that the desired amount of protection leads to an unacceptable
amount of inspection even in the most favourable circumstances, the
technical requirement is relaxed somewhat and a compromise is sought,
which turns out to be more acceptable economically. In recent years
various papers have been published on the subject, some of which are as
follows : Anscombe ( 1950 ); Barmett ( 1974 ); Champerncvme ( 1953 )3 Chiu
and Wetherill ( 1973 ); Hamaker ( 1951 }; Horsnell ( 1957 ); Satterwaite
and Grad; Sittig ( 1951 ); Weibul { 1951 ), and Wetherill and Chiu ( 1975
3.
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Multiple Sampling Plans - In multiple sampling plans, one, or twe, or
several still smaller samples of n individual items are taken ( usually
truncated after some number of samples ) until a decision to accept or
rejact is obtained.

Just as it hed been found that double sampling requires less inspection
than single sampling, it was found that multiple sampling, with an us-
limited number of samples from a batch, generally requires & smaller av-
erage total inspection than double sampling. ( Dodge, 1969 part I ).

Sequential Sampling Plans - A further extension of the multiple sampling
idea is the £ull sequential plan. In this plan, items are drawn from each
batch one by one, and after each item a decisfion is taken as to whether
to accept the batch, reject the batch or semple another item.

2.2.6 ECONOMIC ASPECTS OF SAMPLING

A
The choice of a sampling system for asceptance sampling has been con- ) :
trolled by two concepts ever since statisticians have been engaged in the o
field - risk and cost. Firstly, a given "amount of protection™ is laid
down, and then a sampling system is chosen from those availabla on the
basis of achieving the minimum "amount of i{nspection” for the required

amount of protection. At any rate that Is the theory. When in practice,
it is found that the desired amount of protection leads to an unacceptable
amount of inspection evem in the wmost favourable circumstances, the
technical requirement is relaxed somewhat and a compromise is sought,
which turns out to be more acceptable economically. In recent years

various papers have been published on the subject, some of which are as
follows : Angcombe ( 1350 ); Baxpett ( 1974 ); Champernowne { 1953 ); Chiu

i
and Wetherill ( 1973 ); Hamaker ( 1951 ); Horsnell { 1957 ); Satterwaite j B_
and Grad; Sittig ( 1551 ); Wedbul ( 1951 ), and Wetherill and Chiu ( 1975
»
3. -
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The determination of a required amount of protection is a technical
matter, yet behind the technicel facade there is an economic element.
The of sub dard batches and the rejection of

up-to-standard batches is an economic disedvantage for the parties con-

cerned, and the determination of a certain "amount of protection” can
therefore hardly be seen otherwise than as an - often enough intuitive -
economic operation. From this it follows that a rational solution to the
problem can be sought along the following lines :

1. Reduction of the risk ( "lack of protection" ) of a sampling system

to terms of cost.

2. Reduction of the amount of inspection involved in a sampling system

to terms of cost.

3. Choice of a solution for which the sum of the costs under 1) and 2}
is & minimum.

These total costs, which now have to be brought down to & mimimum, are
the Yacceptauce costs”. They are costs resulting from the imperfection
of the inspection method applied in practice. Acceptance costs therefore

consist of :
1. Cost of inspection ( a-costs )}

2. Cost of defectives in accepted batches { s-costs )

3. Cost of effectives in rejected batches ( g-costs )}

Al]l costs are expressed, not in 8 unit of coinage, but as a multiple of
the value of the unit product in question.

1. Costs of inspection ( a ) include wages, travelling costs of inspec~
tors and staff, rednction in the value of inspected units, depreci~
ation of measuring instruments etc., and the share of the inspection
department in the overheads enterprise. These costs are taken to ba
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proportional to the number of products inspected. The cost of in-
spection can be reduced by inspecting more products in unit time.

2. Costs of defectives passed on. These can arise through hold-ups in
assembly, or through damage should the defective unit come into the
hands of & consumer, Damags might vary from replacement of the de-
fective unit to the loss of costly machinery and even lives. When loss
of goodwill is involved, it will be particularly difficult to express
the damage sustained- ( s ) ir terms of money. An approximation is
aften possible by assessmest of the sum for which one might insuxe
against such an eventuality.

3. Costs of effectives in rejocted batches ( g ). They will, as a rule,
be easier to assess than svcosts, When screening of the rejected
batches is resorted to, they will equal the inspection costs { g=a
). Screening will sometimes be impossible for technical { testing to
destruction ) or economic reasons. In these cases it might be that
the rejected bstch can be disposed of at a reduced price, or it might
be that the lot is a total loss ( g=1 )
\

For & lot of given quality { fraction effectives=q ), the aversge costs
of acceptance are :

a=cests ... 8K
s-costs ... P(1-q)Ns
g-costs ... (1-P)qNg

where x is the number of products inspected in each batch of N and where
P is the probability of the batch being accepted under the given sampling
system ( Sittig, 1951 ), giving

: ax+P(I-q)Ns+(1-P)aNg
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2.3 DISCUSSION

The present review has looked at some fundamental concepts and principles
of acceptance sampling plans. When plsaning any particular inspection
plan, it is important to bear in mind the various possibilities for in-
spection. The type of inspsction plan which is appropriate depends on the
particular » wation, and the aims in view.
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3.0 CHOICE OF SAMPLING PLANS TO BE EVALUATED

3.1 REQUIREMENTS

In any realistic assessment of alternative sampling plans, the mechanics
of the actual situations into which a sawpling plan fits must be consid-
ered in some detail. In many papers important, even drastic, assumptions
are made, both implicitly and explicitly, as to the manner in which a plan
works. The implication of any assumptions must be carefully considered

when choosing an inspection plen.

3.1.1 CURRENT INSPECTION SITUATION AT ™™

The inspection stations are situated at critical points along each pro-
duction line. The individual products move from one “est station to an-
other on a convayor belt. As the product approaches the test statiom, it
is manuelly placed in & test jig and 100% inspection is carried out.
After being inspected, & working product is placed back en the conveyor
belt, while a defective prodect is placed in a rack. The defective pro-
ducts are repaired and placed on the conveyor belt again. The defective
products are therefore, effectively, replaced by working products,

3.1.2 CLASSIFICATION QF PRODUCTION AT T™

Each product has various tests which have to be carried out on them.
These tests cculd be the neasurement of an electrical parameter or a check
that a particular function operates correctly.
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It is assumed that inspection by attributes can be employed when ‘in~
"specting & product. Inspection by attributes oceurs when products are
classified simply as effective or defective ( Is the electrical param-
eter within a specified range or ddes the function operate correctly
{yes/no} ? ).

It was previously mentiomed that all products at TM are manufactured on

a continuous production line, but the length of the production runs vary

and can be classified into two categories:

1. Long production ruas - The on these pr on
lines ars required in each and-product. We therefore have the con-
tinuous menufacture of one product on each of these production lines.
This type of production will be referred to as continuous production

2. Short production runs - The type of products manufactured on these
production lines vary from time to time, depending on there demand.
Between 500 and 700 products are manufactured during a shext pro-
duction run. Although the products are manufactured aleng & contin-
uous praduction line, they can be thought of as batches of products.
This type of production will be referred to as batch production .

3.1.3 CRITERIA FOR THE CHOICE OF INSPECTION PLANS

The inspaction plans that are chosen must confirm to the following cri-
teria:

1. Allow inspection by attributes.

2. Reduce the average time spsnt on inspecting each product.

3. Ensure a desired  or reguired ) average output quality { AQ ).
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4. Allow implementation with the minimum amount of disturbance of the
existing inspection and production procedures.

All the criteria mentioned above applies to the sampling plans selected
for both i and batch ds on

3.2 CHOICE OF SAMPLING INSPECTION PLANS

It is evident from the criteria just discussed that two types of sampling
plans are required. Dne sampling pleén wust be spacifically chosen for
continuous production, and will be referred to as a continucus sampling
plan , while the other must be chosen for batch production, and will be
referred to as a batch sampling plan . The batch production is howaver
continuous in nature, so it will be impossible to apply conventional batch
inspection plans ( such as simple, double, multiple and sequential sam-
pling ) without interfering with the contimuity of the current batch

process. sampling plans that allow the products to
be artificially batched are therefore required for the inspection of batch
production.

The sampling plans for ion, mentioned in chapter 2, all

guarantee an average outgoing quality level ( ACQL ). This leads to the
A0f always being below the AOQL.

A number of continuous sampling plans will be revieved. The sampling plans

which cen be implemented in the inspection situation at TM, are then
chosen and studied in more detail.
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3.2.1 DODGE PLANS

Five Dodge plans are considerad, four of which are a variation of the
continuous sampling plan first introduced as CSP-1 by Dodge ( 1943 ).
‘The differences in the plans are evident in the rules they use to return
to 100% inspection, after detecting a fault during sampling inspection.
The five Dodge plans being considered are referred to as CSP-1, CSP-2,
CSP-3, CSP-4, and CSP-5.

CSP-1 : This sampling plan was specifically designed for the inspection
of continuous production ( Dodge, 1943; Dodge, 1970 : Part IV ), but may
also be used for the inspection of batch production ( Blackwell, 1977 ).

C$P-2 and CSP-3 : These plans can be used for the inspection of con-
tinuous production ( Dodge and Torrey, 1351 ; Dodge 1970 : Part IV ).

CSP-4 and CSP-5  : These plans were designed for the imspection of
continucus production, but for an imspection situation that differs from
that of T ( Derman, Johns and Lieberman, 1959 ). -

When i products in succession are found with no defects, only a fraction
(1/£) of the products are inspected. For CSP~4, when a defective product
is found during the sampling, the remaining f£-1 products in the segment
are eliminated and 100% inspection begins from the next segment. For
0SP-5, When a defective product is found during sampling, the remaining
£-1 products in the segment are screened before 100% inspection is im~
plemented.

Both these plans cannot be applisd in the inspection situation found a
TM. One product is randomly selected from a segment of f products. If the
* product is defective, a number of products which have already been passed
to the next assembly stage, have to be returned for screening. This would
disrupt the continuity of the production lins.
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3.2.2 MULTI-LEVEL PLANS

Lieberman and Solomon ( 1955 ) presented a system of continucus sampling
plans, called muiti-level inspection plans ( MLP ). These represent a
modification to plan GSP-1 by providing several levels instead if a single
level of sampling, and permitting greater economy of inspection effort
if the incoming quality is consistently high. A criticism of this type
of plan, when used with several levels, is that if the quality gradually,
or even suddenly, deteriorates, the plan is slow to respond. Demman,
Littauer and Solomon ( 1957 )} developed three additional sets of plans
with modified rules for shifting back more quickly tc a “tightened" in-
spection level.

All these multi-level inspection plans can be used for the inspection of
continuous production. Two of these inspection plans will he selected for
evaluation. These plans are are designated MLP ( Lieberman and Solomen,
1954 ) apnd MLP-T, which is the tightest of the three plans developed by
Derman, Dittauser and Solomon ( 1957 ) ( Dodge, 1970 : Part IV ).

A

3.2.3 WALD AND WOLFOWITZ PLANS

Three constant sampling plans were developed by Wald and Woltowitz ( 1945
), designated SPA, 5PB, and 5PC. Shahani ( 1979 ) developed four addi-
tional Wald and Wolfowitz plans, designated WSP-2, WSP-3, WSP-4, and
WSP-5. The sampling plan WSP-1 refers to sampling plan SPC. All these
plans are best suited for batch production because the requirement is that
tha duced, on the line, should be artificially
batched.

SPA and SPB : Although these sampling plans optimised in the sense that
thoy guarantee the desired AOQL with minimum inspection when the pro-
duction process is in statistical control, they do not always behave very
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favourably as far as local stability is concerned ( ie. & deterioratiocn
of production process will cause a long segment in the sequence of out-
going products within which the relative frequency of defective products
will be larger than the prescribed 40QL ) ( Wald and Wolfowitz, 1945 ).

SPC and WSP-1 : This sampling lan has been modified to achieve local
stability. This plan can therefore be used for the inspection of batch

production. This plan will be designated WSP-1 from now on.

WSP-2 + Each artificial batch comsists of N products, made up of n

each ng d . When & e product is found
in a segment, all the previous segments of the batch are sent for 100%
inspection and the count for the new batch of N products begins from the
first product in the next segment. This would cause a disruption in the
operation of the preduction line because all products, constituting the
present batch, that have been passed must be returred for 100% {nspection.
This makes this inspection plan unsuitable for implementation on TM pro-
duction lines,

WSP-3 : Once & certain number of defective products are found, the en-
tire batch of N products is subject to 100% inspection. This will cause
the coptinuous nature of the production line to be disrupted, meking this

pection plan unsuitable for implementation at TH.

WSP-4 and WSP-5 : The operating rules of these two plans do not differ
from W8P+l and WSP-3, but an extra parameter is required to control the
gmount of 100% inspection. These two plans will not be considered because
the batches are small, and it is therefore not considered necessary to
control the amount of 100% inspection.
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3.2.4 SUMMARY

‘The continuous inspection plans which must be evaluated axe; the three
Dodge plans CSP-1, CSP-2 and CSP-3 and the two multi-level plans MLP and
MLP-T. There are two batch inspaction plans that must be evaluated, they
&re; The Dodge plan CSP-F ( CSP-1 for short production runs ) and the Wald
and Wolfowitz plan WSP-1.

3.3 CONTINUQUS INSPECTION PLANS : DETAIL

A detgiled description is ziven of each of the selected continuous in-
spection plass. This will include iaformation about assumptions made when
the inspection plans were designed, and how the various parameters, re-

quired by the plans, are chosen.

3.3.1 PLAN CSP-1

Assumptions

In most of the theoretical treatments of CSP-1 the following three as-
sumptions are made:

1. All defective products found during imspection are rectified or re-
placed by working products.

2. Inspection is parfect, ie, mistakes in identifying defective products

are never made.

CHOICE CF SAMPLING PLANS TO RE EVALUATED 26




3. Theoretical calculations are made on the assumption that the process
is producing defective products with a probability p, and that the
probubility that any product is defective is independent of the
quality of the other products.

Assumption (1) is often realistic, but if it is not, account of this can
be taken in the theory. Assumption (2) is unrealistic as we cannot ensure
that the inspection is perfect. Assumption (3) effectively states that
the process is in @ steady statn end provided that we realise the impli-
cations, it is realistic encugh to proceed with the theory. 4 theoretical
derivation of the imspection plan is given by Dodge ( 1943 ).

Procedure - See Figure &

1. At the omset, inspect 100% of the prod ively as d

and continue such inspection until i produciy in succession are found

with no defects.

2. When i products in succession ore found with on defects, discontinue
100% inspection, and inspect oty a fraction £ of the products, se-
lecting individual products one at a time from the flow of products,
in such a mannex as to assure an unbiased sample.

3. If a sample product is found to be defective, revert immediately to
100% of the 4 and inue until again

- 1 products in succession are found clear of defective products, as
in paragraph (1).

4. Replace all defective products found with working products or, al-
ternatively, correct the defective products.

General Features

If the quality is high, the saspling periods are relstively long and the

portion of the total products inspected is small. On the other hand, if
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Figure 4. Procedure for Plan CSP-1.

the quality is poor, the sampling periods are relstively short, and the
portion of products inspected is relatively large so that the level of
defectives is reduced.

The CSP-1 plan is defined by two constants, £ and i, which can he changad
at will, and for any particular combination of values of f and i there
will be a specific value of AOQL. Certain considerations enter into the
must advantageous choice of £ and i. For example, it will be apparent that
the use of too small a value of £ will increase the chances of passing
unnoticed a substantial run of low quality products. Some idea of the
risk involved is shown by the right-hand scala of figure 5.

And again, if the total production is say only 10 products a day, it would
hardly be reasonable to have a value of i=150. How the choice of f and
of AOQL affects the statistical characteristic of a plan is indicated by
the OC curves In figure 6 (Dodge and Torrey, 1951 ).
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for plan GsP-1 and plan CSP-2, curves for determining values

of £ and {, for a given AOGL. On the right-handed vertica)
cale, p s the parcentage of defective products in a con-
secutive run of N=1000 products for which the probability of
acceptance £ is 0.1 for 3 samplo size equsl to the corre- M
sponding value of "f in percent” ( of N ) on the left-hand
vertical scale ¢ Dodge, 1970 : Part IV ), \

Figure 5. AOQL Curves fe. CSP-1 and CSP-2 (k=1i).
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Figure 6. OC Curve of Three Corresponding CSP-1 and CSP-2 { k=i )
Plans.
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Protection Against Spotty Quality

In his paper, Dodge ( 1943 ) studied the properties of this plan, and
presented equations and charts for determining the AOQL as functions of
the parameters £ and i, under the assumption that the process is in &
state of statistical control.

Lieberman ( 1953 ) showed that the Dodge plar guarantees an AOQL whether
or not the process is In a state of statistical comtrol, It is proved,
without the assumption of control, that for a given £ and I, an AGQL is
gusranteed. This AOQL is given snother definition, namely the unlimited
average outgoing level ( UAOQL ). The formula for the UAOGL, developed
by Liehermen ( 1953 ) is given as follows:

UDAOQL = (k-1}/{k+i) , where k = 1/f
This result was undar the of random sampling while

on partial inspection. The same result was obtained by Derman, Johns and
Lieberman ( 1959 ) under the hypothesis of probability sampling while on

partial inspection. For & given f and i, the above value of the UAOQL is _

alvsys higher than that obtained using Dodge's equations.

A formula for the UAOQL, under the jon that the e
are removed but not replaced with working products, is given by Banzhaf

and Brugger ( 1970 ) as:

UAQQL = (1-£)/(£{i-1)+1)

3.2.2 PLAN CsP-2

Procadure - See Figure 7
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At the onset, inspect 100% of the products consecutively as produced
and continue such inspection until i products in succession are found

with no defects.

When { products in succession ore found with on defects, discontinuna
100% inspection, &nd inspect only a fraction £ of the products, se-
lecting individual products one at a tize from the flow of products,

in such a manner as to assure an unbissed sample.

When a sample product is found defective, continue sampling, but keep
count of the number of products inspected after finding the defective
product.

If a defective product is found in the next k or less sample
products, revert to 100% inspection of the succeeding products

as per paragraph (1).

If no defective product is found in the next k sample products,
continue sawpling until the mext defective product is found and
then repeat procddure starting ot the beginning of paragraph (3).

General Feature

Plan CSP-2 differs from plan CSP-1 in thet, once sampling inspection is
started, 100% inspection is not invoked when a defective product is found
but is invoked only if a second defective product oceurs in the next k
or less sample products. The factor k is a general facter which may the-
oretically be assigned any value whatsoever. However, the use of k=i hes
certain advantages, including simplicity ( Dodge, 1970 : Part IV ).

For k=i, figure 5 gives curves for determining values of f and i for a
given value of AOQL. Figure 6 shows a comparison of the OC curves f-.
three CSP-2 plans and the corresponding CSP-1 plans, having the same ACQL

and f values.
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Figure 7. Procedure for Plan CSP-2.
Protection Against Spotty Quality

The p, curves of figure 5 provides a guide with respect to the protection
afforded against spokty quality in a continuous run of products. The Py

curves indi that the against spotty quality fslls very
rapidly as £ is reduced and that the inspection, comsidering low-quality
of 1000 4 each, becomes quite poor if f is

less than 2% ( Dodge and Torrey, 1951 ).

A formula for the UACQL, under the p that the e
are removed but not replaced with working products, is given by Banzhaf

and Brugger ( 1970 ) as:

VAOQL = (2(1-8))/(LE+2(1-£3)
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3.3.3 PLAN CSP-3

Procedure - See Figure §

1.

»

At the onset, inspect 100% of the ively as

and continue such inspaction until i products in succession are found
with no defects.

Wher, 1 products in succession ore found with on defects, discontinue
100% inspection, and inspect only a fraction f of the products, se-
lecting individual products one &t a time from the flow of products,
in such a4 manner as to assure an unbiased sample.

When & sample product is found to be defective, inspect the next &
products, If a defective is found in the in the 4 products revert to
100% of ng prod as per (1). If ne
defective products are found in the 4 products, continue sampling,

but keen vount of the number for products inspected after finding a
defective product.

a. If a defective product is found in the next k or less sample

products, revert to 100% i of the
as per paragraph (1),

b. If no defective product is found in the next k sample products,
continue sampling until the next defective product is found and
than repeat procedure starting at the beginning of paragraph (3).

General Feature

In applying plan CSP-3, the curves of figure 5 may be used as an approx-
imation for determining values fox f and i for a given value of A0QL. The
k=i values are equal to those for CS®P-2 when AOQL is less then 2% and are
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Figure 8. Procedure for Plan CSP-3.

less than those for CSP-2 by no more than 2 products when AOQI~10%. thus
the affect of using figure 5 for CSP-3 for large values of AOQL is to give
actual values of AOQL slightly smaller than the charted values.

Protection Against Spotty Quality

Plan CSP-3 can be considered a refinement of plan CSP-2 to provide extra
protection against highly defective process guality. The oxtra protection
against spotty quality is provided by calling for the inspection of four
additional sample units whenever an allowed defective product is found
during sampling, and for the jmmediate return to 100% inspection if ome
of the four products is found to be defactive.

CHOICE OF SAMPLING PLANS TQ BE EVALUATED 34

o




3.3.4 PLAN MLP

Procadure - See Figure 9

Let ( fo, cene fk ) ba a fixed vector of fractions ( where EO =1).
Although it does not affect the mathematics, in practice, the plans will
not be sensible unless ij > fj+1‘
3. At the onset use f() {100% ) 1 ¥h fo i is

used, if i successive products are found with no_defests, discontinue

£, inspection and begin f; inspection.

2. When using £, inspection ( j =1, .... , k*1 ), if a defective product
is found before i consecutive sample products are found with no de-

3-1

products are found with no defects discontinte £, inspection and begin

fects revert immediately to £, . inspection. If i comsecutive sample
fj+1 inspection.

3. Ifon fk inspection, continue until a defective product is found, then
revert immediately to fk~1 inspection.

' General Features

The plan that has been implemented uses k = %, with £, denoting 100% in-
spection, fl denoting a ssmpling rate of f, and £2 denoting a sampling

rate of £2. It can ve seen that if k = 1 we have Dodge’ CSP-1 sampling
plan.

Figure 10 gives the turves from which the values of £ and i are determined
for a given value of AQQL, for k = 2.

CHOICE OF SAMPLING PLANS TO BE EVALUATED 25

LU N




fylwvmt
1087 Tnopestion

Aitar | sansoe
ulie datect.

Sampi 1 rate
| et

Sanpha at
rate 4

j
|
|

1 o datasn
Ia' fourd

It 1 tnapuctos
ntta wrs fron

ig rato
he 2

et

Sample at
rata £

Sunpl 10g rata
Lovai 02

Sumle at

ato 4

It a defact
I« fourd

Figure 9. Procedure for Plan MLP,

Protection Against Spotty Quality

The value of k = 2 was chosen for two reasons:

X. With no limit on k, the plan is slow to respond, moving step by step
from & looser to tighter levels of sampling, if the quality gradually,

or even suddenly, deteriorstes.

2. The curve for determining valuas of £ and i for a given value of AOQL
is given for k = 2 ( Liebermar and Solomon, 1955 )
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Curves for determining velues of £ and i for a given velue of
AOQL; k = 2 ( Lieberman and Solomon, 1955 ).

Figure 10. AG\QL Curves for Plan MLP.

This lew value of k = 2 allows the plan to respond rapidly to spotty
quality, but also allows for a minimal amount of sompling when the quality
of tha ipgoing products is high.

3.3.5 PLAN MLP-T

Procedure - See Figurs 11
Tet ( io, e oy ) be & £ixed vector of fractions ( where £4=1). Al

though it does not affect the mathematics, in practice, the plans will

not be sensible unless f.’ > fjH'
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At the onset use fo ( 100% ) inspection. Whenever fo inspection is
in use if i successive products are found with no defects, discontinue

£, inspection and begin £, imspection.

When using £, inspection ( § =1, ..., k-1 ), if a defective unit is
found before i consecutive jample products are found with no defects
revert immediately to £, inspection. If i consecutive products are
found with no defects discontinue f, inspection and begin £y, ia-

spection.

If on £, inspection, continue until a defective is found, then revert
immediataly to £, inspection.
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Figure 11. Procedure for Plan MLE-T.
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General Featuies

The plan that has been implemented uses k = 2, with £, denoting 100% in-
spection, £, denoting & sampling rate of £, and £, denoting a sampling

rate of £2.

The cnzves for determining values of £ and i for a given value of A0QL,
with k = 2, for the MLP-T plan, were not obtained and it was assumed that
the curves for the MLP plan ( k = 2 ) could be used. Plan MLP-T is
"tighter" then the MLP plam, so the AOGL used when determining the values
of £ and 1, on figure 10 can most probably be slightly larger than the
actual AOQL value required. As the exact nature of this relatiosm is not
known we will not take this into consideration.

Protection Against Spotty Quality

This plan is the tightest of the three plans developed by Derman, Littauer

and Seloman ( 1957 ). It immediately raverts to 100% inspection when de-
tecting a defect. With k =2 tbis plan will respond quickly to an incoming
stream of defective products. A

3.4 BATCH INSPECTION PLANS : DETAIL

A detailed description of each of the selected batch inspection plans,
is given. This will include on about P wade when the

inspection plans were designed, and how the various parameters, required "
by the plans, are chosen. |
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3.4.1 PLAN CSP-F,

& modification of the CSP-1 plen was devised, which is the same as the
CSP-1 plan in operation but is indexed by the two parameters i and m and
also by the production rua size. This plan is called CSP-F ( Blackwell,
1977 ).

Procedure - See Figure 4.

Plan OSP-F operates in the same way cs plan CSP-1. ( refer to Section
3.3.1. ).

General Features

The assumptions made by Dodge in kis original pager of perfect imspection
and non-varying quality are also made.

The choice of £, 4, and N to give a required value of A0QL, is outlined
in (STAG 340 ( 1974 ). This reference was not obtainable. Two sets of
values were however given by Blackwell ( 1877 ), for yroduction runs of

500 ~ 1000 products.

For an AOQL value of 1.9%, 1 = 36 and £ = 1/5.
For an AOQL value of 0.143%, i = 302 and £ = 1/10.

3.4.2 PLAN WSP-1

Procedurs

1. At the onset, inspect only a fraction , £, of the products, selecting

individuel sample products one at a time frem the Flow of the pro=

ducts, in such a manner so ds to ensure an unbiased sample.

CHOICE OF SAMPLING PLANS TO BE EVALUATED 40

- B ” e




2. When a sample product is found to be defective, keep count of the

number of defective products.

e ¥
a. 1f a total of M defects are found, wheve M = £ (AOQLIN/(I-£),
revert to 100% inspection for the remainder of the batch.

*
b. If the number of defects found thus far is less than M , continue
sampling iz tion starting at (€3]

Generat Features

This plan limits the sxtent of 100% inspection to the remainder of the
products in the batch. If the bateh is made relatively large, eg. 5000
or more, little protéction will be provided sgainst a run of low quality
products, whereds if the batch is small, the protection will be high but
at the cost of more inspection. No specific guide to the choice of £ and
N ( size of the batch ) is provided.(Dodge, 1970 : part IV; Wald and
Wolfowitz, 1945; Shahani, 1979 )

In our case the batch is limited to between 500 and 700 products. The
value of AGQL, given 4s & percentage , will be specified. The value of £
{0<£<1) must be chosen as large as possible. During sampling inspection
evary 1/f product is inspected, the larger the value of f, the more the
amount of products inspected.

Protection Against Spotty Products.

Wald and Wolfowitz ( 1945 ) provide mathematical proof that their plan
will not allow the average outgoing quality ( A0OQ ) to exceed the AOQL
value, "even 1f Maxwell's demon of gas theory fame were to transfer his
activities to *:~ production process.”. It is noted that, relative to the
CSP-F plan, a fairly sizable price in increased inspection is paid to
provide WSP-i's pratection agajnst batches of spotty quality. ( Dodge,
1970 : Paxt IV. ).
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4.0 \MPLEMENTATION OF SAMPLING INSPECTION PLANS AT TM

4.1 GENERAL APPROACH

Various tel cation are ed by Telephone Hamu-
factures ( TH ). Bach product comsists of a numbexr of sub-assemblies,
namely, the plastic casing and various electronic modules. The electronic
modules are inspected, sfter being assembled, to ensure that they perform
sccoxding to specification. The inspection of the modules is performed

ically using test . After a module is placed
in a test jig, it is cally i using pre test
procedures.

A number of tests must be performed to completely inspect a module. The
tests include; the messurement of electric parameters, which have to be
within a specified range, and the checking of various functional opex-
ations. There are generally a large number of tests to be performed (
¥yklebust and Hsmmerboen ( 1983 ) estimate "sbout 60" tests ).

When inspecting the module using sampling inspection, each test must be
inspected using its own sampling inspection plan ( the sampling inspection
plans used for all the tests ars usually the same ). This is done to ensure
that the tests that fail the least ave inspected the least, and they
should be separsted from the tests that fail more often and reguire a

greater amount of inspection.
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4.2 CONSEQUENCES OF INSPECTION OF SEVERAL KINDS OF DEFECTS

4.2.1 EFFECT ON THE PROCESS AOGL

In his paper, Dodge ( 1943 ) outlined the gemeral procedure for the in-
spection of several kinds defects of simultaneously : When applying a
separate inspection plan to each test of the module, a separate value of
AOQL must be established for each test. The various inspection plans,
running parallel, are completely independent of one another, each insur-
ing that the average outgoine -~~lity ( AGQ ) does nat exceed the value
of ACQL.

A prescribed value of the proce. .. AOQL, designated ADQLP, must bs en-
sured. This AOQLP must be used to obtain & AOQL value for each test,
designated AOQL,, in such 4 way as to ensure that the process AOQ is al-
ways the A()QLp value,

A
The following approsch has bsen adopted to calculate the AOQL, values from

a given AOQLP‘

1f thess are Nt separate tests per module, and the values of AOQL';
are equal for each test, the value of AOQL'; can be calculated using

the following equation :
AOQL = AOQL /N oooo. (1)
The proof for this equation is given in Appendix A.
If en AOQL_  is required, and there are 50 tests on each module, the
AOQLC can ba calculated using equation (1), as being 0.02%. This AOQLc
is very small and a large amount of inspection would be required to ensure

this value. It is also not possible to obtain values of £ and 1 from the
standard AOQL curves ( see figure 4 ) when employing Dodge sampling plans.

IMPLEMENTATION OF SAMPLING INSPECTION PLANS AT T™ 43




4.2.2 GROUPING OF TESTS

One method of solving the problem of too small sn AOQL, valus, is to re-
duce the number of tests for each module. This can be done by arranging
the tests into groups, according to their seriousness. The chosen ADQL
value for the group of tests, designated ADQLB, now applies to all defects
of the group collectively, and each group is always inspected for ail the
defects under consideration ( Dodge, 1943).

Equation (1) now becomes :

40QT, = AOQE /N, +oee (2)

where N, s the nuaber of groups requiring separate inspection plans.

By limiting the smaximum number of groups to tem, the value of AOQL, is
0.i% for an AOQL_ of 1%. The values of £ and { can now be determined using
the standard AOQL curves { see figure &4 and figure 10 ) for the inspection
plan used. \

4.2.3 DEFINITION FOR PRODUCT AND TEST

The following definitions will be used in the remainder of the report : S

s
)

1. Product - Product will refer tu the article being inspected. The o
‘

product may be an electric component, an electric module, or the o

final product.

2. Test- Each product has a number of electric parameters and functions

which require inspection. When the number of electrical parameters 3
and £ requiring is small { < 10 ), a test will refer [
to the inspoction of a single electrical parameter or function. Waen £
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a large number { > 10 ) of electrical parameters and functions must
be inspected, they must first be arranged into groups of similar
classes. Each of these groups will now be referred to as a test which

must be inspested.

3. Sampling Plan - Each preduct has a number of tests that must be
inspected. When inspecting a product individual inspection plans are
used to inspect each test ( le. a number of inspection plans running
in parallel, one for each tast ). A sampling plan will refer to this
group of individual inspection plans { the inspection plans will all
be the same *ype, and have the same AOQLt.

Equations (1) and (2) lead to the following gemeral equation:
AOUL, = ACQE/N ... (3)

whera N is the nusber of tests requiring imspection and AOQL, is the AOQL
for each test. N

4.3 DISCUSSION

The sampling inspection plans, used to inspect the tests, opexate com-
pletely independently of each other. It 1s tharefore possible to use a
plan for the of each individual

different sampling 1
test.

When comsidering a particulax product, we sometimes find that a certain
test is exitical to the operation of the product. By using 100% inspection
for thiy particular test and sampling inspection for the other tests of
the product, we could reduce the inspection time while ensuring that a
complately defective product is not allowed to pass undetected.
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Thi: feature is not used by the system developed for this project ie.

one type of sampling inspection plan is used to inspect all the tests om
the product.
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5.0 DESIGN OF THE SAMPLING PLAN EVALUATION SYSTEM

5.1 GENERAL APPROACH

One, of the five continuous inspection plans and one, of the tso batch
inspection plans must be selected for implementation at Telephone Man-
ufacturers ( TM ). This is done by comparing the results of each trial,
for a number of trials, and selecting the sampling plan that ensures the
best overall results ( ie. tha lowest average outgoing quality (A0Q) for
the least amount of time spent on inspection ).

Each of the sampling plans being evaluated is used to inspect an identical
production run ( during each trial ). The parameters requirsd by each
sampling plan are chosen sc as to ensure an identical AOQL for each plan
during & trial. This is to ensure that a fair comparison is made when
selecting the sampling plas.

Identical production runs can be obtained by duplicating the number of
defective » the location of each d product, and the test
that failed on each defective product Leing inspected by each sampling

plan during a trial. The production run is different for each trial.

There is no available information concerning the ingoing quality and the
distribuation of defective products { process curve ) on the production
lines of TM. The process curve used in the avaluation system must there-
fore be simulated.
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5.2 SIMULATING THE PROCESS CURVE

5.2.1 CLASSIFICATION OF THE PROCESS CURVE

Befoxe the process cuzve, for the production process at TH, can be simu-
lated a number of assumptions must be made as to it's general snape and

‘these ions must be ated

The following assumptions are made which attempt to classify the process
curve that might apply to the distribution of defective products on a
production line at TH.

1. The distribution of ingoing can be

"normal® ( ie. production in statistical ccutrol ) for a large portion
of the time. Horsnell ( 1954 ) assumed that "normal” production
produces a binomial process curve. This section of the process cuzve

\ is due to products having the following defects:

2. The copper tyacks on an electronic printed circuit board being
accidentally joined after a soldering process, or

b. a defective component that was not found during the initial im-
spection of the batch of cemponents.

2. The 1 of a run of with a high fraction
of defective parts. This run of defective products could be due to

the acceptancs of a "bad" batch of components during the initial in

spection.

Two types of process curves can therefore be used to represent the dis-
tribution of defective products in a production run. Thesa two process
curves are clagsified as TYPE-A and TYPE-B.
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5.2.2 TYPE-A PROCESS CURVE

This process curve represents the distribution of defective products as
a binomial distribution { ie. due to defective products being produced

under assumption (1) )} - see figure 12.

f{p) = Binomial Distribution

£p)

a e 1

p = fraction of defective products

£ = progess curve = distribution density of p
for products being submitted for inspection

Figure 12, TYPE-A Process Curve,

A PDL description of the procedure used to generate a TYPE-A process curve
is given in Appendix Bil.

5.2.3 TYPE-B PROCESS CURVE

This process curve is represented by a two-humped distribution, the humps
lying widely apart ( ife. due to defective products being produced under
assumption (1) and sssumption (2) ) - see figure 13 ( Horsamell, 1954 ).
This type of process curve is referred to as a Horsmell distribution.
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f(p3 = Binomial Distribution

#p)

Oceztionat
bad batches

2 8 1

p = fraction of defoctive products
* = process curve = distribution dunsfty of p
for products heing submitted for inspection

Figure 13. TYPE-B Process Curve.

The occasional bad batch gives rise to the spotty guality of a production
run. A POL description of the procedure used to produce a TYPE-A process

cuxve is given in Appendix B2.

§.3 PRODUCT TO BE INSPECTED

5.3.1 BACKGROUND TO THE D.P.S. MODULE

The product chosen to be inspected forms part of the Disa Plan System (
D.P. System ). A brief description of where the product chosen { the
D.P.8. module ) fits into the D.P. System, and the basic operation of the

system is given.
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The D.P. 2/4 System is the Central Control Unit ( GCCU ). Connected to the
CCU are two exchange lines and four stations { for maximum configuration
). 4 block diagram of the D.P. 2/4 System is given in figure 14.

STATION i

24@V MRINS

EXCHANGE STATION 2
LINE 1

EXCHANGE

LINE 2 STATION 3

Figure 14. Block Diagram of the D.P. 2/4 System.
The Disa Plan 2/4 System offers the following facilities:
1. Outgoing calls to each exchange line by any station.
2. Receipt of calls from either exchange line by any station.
Intercom between any two Statfons without using the exchange lines.

4. Secretarial facilities eg. call transfer and call divert.

A more detailed description of the D.P. 2/4 System iz given. A block di-
agram of the system is given in figure 15.

A& station is a telephone instrument containing the normal telephone cir-
cultry ( spesch circuitry ) and the D.P.S. Module ( digital circuitry ).
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Figure 15. Detailed Block Diagram of the D.P. 2/4 System.

The CCU has two distinct sections; the normal telephone speech section
and the digital section. The telephone speech section consists of three
parts
1. The Relay Switching Matrix; this switching matrix is vsed to inter-
" comnect the station speech lines and the exchange lines under the -
control of the CPU on the CCU, z

2. The intercom circultry; controlling calls betwsen ~ations without —
first going to the exchange. N

3. The Telephone Circuit; this circuit is the normal speech circuit en-
counterad on each telephone instrument:
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The digital section consists of three parts:
1. The CPU; controls the activities of the various parts of the system.

2. The Data Tx/Rx Circuit; is used to send data to and receive data from
the D.P.S. Module on each station.

3. The D.P.§. Hodule; is used to comminicate the desized operatioms to
the CCU and indicate the action taken, by the CCU, to the user.

The communication between the CCU and the stations takes place in a "round
robin" fashion. The CCU First sends data to ome station ( the D.P.S.
module on the station ). This data may be "null data" ie. no eutput action
is initiared. The station then responds with information concerning the
operation of the KEY's that were pressed { if any ). The "null data" is
used to receive the action desired by the user when the CCU requires no
output action from the D.P.S. module. This procedure is them repeated
for each station. When the CCU has prompted all four statioms, it starts
again from the first ane.

AY
The serial commnication betwean the CCU and the stetions is illustrated
in figure 16.

5.3.2 BASIC OPERATION OF THE D.P.S. MODULE

The D.P.8. module has no intelligence at all. The microprocessor on the
D.P.S. module receives the serisl data from the CCU ( on a two wire com-
munication bus or "data pair" - see figure 14 ). The data is used to de-
termine which LED is to be turned on or off { indicating the action taken
by the CCU to the user ). The microprocessor then returns information
concerning the KEYs that where pressed ( irdicating the action desired
by the user to the CCU }. A block diagram of the D.P.§. module is given
in figure 17.
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Figure 16. Serial Data Diagram for the D.P. 2/4 System.
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Figure 17. Black Diagram of the D.P.S. Module.
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balow.

£ach LED and KEY is associated with a specific function of the D.P.5.
module. A table giving the bit assignments of the 8 bit data word is given

Bit Assigament Table

Input Output | Function
Data Data
BITNO KEYNG
1 1 Line 1
2 2 Line 2
3 6 Divart
3 HK. sW HE.SW
S 3 Station 1
6 4 Station 2
7 5 Station 3
3 7 Hold
5,6 3,5 Recall

5.3.3 DEFINING THE TESTS

A number of tests must be devised using the D.P.S. module. The complexity
of the tests must be kept to a minimum, as the principle bshind the sam- 5
pling plans, and not the actual tests being performed, is being evalusted. d
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A number of simple functional checks can readily be implemented. The
D.P.S. module has eight LED's each with a corresponding KEY ( switch ).
Seven LED's can be instructed to switch on or off by sending the appro-
priate data ( eight bit value in serial form ) to the D.P.S. module.

Eight tests are devised. Seven tests will take the following form:

1. Send data to the D.P.5. module instructing an LED to turn on

2. Press the KEY to that iate LED.

3. Receive the result from the D.P.S. module ( in serial form ) and check
that the correct KEY was pressed.

The additional test can be implemented by lighting up two LED's in which
case the twe KEY's corresponding to the IED's must be pressed.
4 failure of one of the tests in simulated using the following procedure:

1. Send data to the D.P.S. module instructing am LED ( or two LED's )
to turn on.

2. Do not press the correct KEY ( or KEY's ).

3. If the correct result is not received from the D.P.5. module within :

4 predefined time period, the- test is assumed to be faulty.

A table that summarises the required antion of each of the eight tests
is given below. LEDNO gives the m- «: e LED that turns on for the
test and KEYNO gives the numbe e
the "test pass” result.

‘hat must be pressed to ensure
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TESTNO | LEDNO KEYNO D.P.8. MODULE
1 LED 1 KEY 1 []eos
2 LED 2 KEY 2
3 6D 6 KEY 6 {oem
4 IED 3 KEY 3 DLEIB
5 1ED 4 KEY 4 [Juepa
6 LED 5 KEY 5 [ e
? LED 8 KEY 7 [uese
8 LED 1 KEY 1

s & [Jvere
18D 2 KEY 2 [Jvena

5.4 DESIGN OF THE EVALUATION PROCEDURE

\

5.4.1 SIMULATING A PRODUCTION RUN

A production run of 10000 products will be used in the evaluation of the
continuous inspection plans, while a production run of between 500 and
700 will be used in the evaluatios of the batch inspectiom plans. It is
not economically feasible and is impractical to set up a production run
of so many individual products.

One product, which is repeatedly inspected is used to simulate a pro-
duction run. An example of how this can be achieved is given below.
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Assuge that a particular production run consists of ten products, and that
two of the ten products are defective. This production run can be re-

presented by the following schemstic medel { see figure 18 ).

0000000000

PP

P - PASS ( Product in working order )
F — FAIL ( Defective product )

Figure 18, Schematic Model of a Production Run.

This production run can be simulated using a single product and the fol-
lowing procedure.

REPEAT:
IF ( the product must fail )
THEN
% set the product up so that it will fail
when it is inspected *
RN 1
* inspect the product and adjust the sampling
plan according to the test outcome *
UNTIL ( all the products have hesn simulated )

Each time a product is inspected, informsvion regarding the fsilure of
that particular product ( in the pradictien xun ) must first be used to
enjure that the particular test on tis product will Ent‘l 1€ it ds in-
spected. We therefore requixe some mesms »S controlling the passing or
failure of a particular test.

The information regarding the failure of ¢ particular product is avail-
able in an array set up when simulating the process curves ( see Appendix
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B ). This array contsins & list of numbers of the products that must fail
and the mumbsr of the test that must fail om each of these products.

&n example of this array is given for the production xun used in the
previous example. There are two defective products in the production run
of 10 products. Assume that test 1 of product number 3, and that test S
of product mumber 5 must fail when they are imspected.

PRODUCTNO | TESTNO

Before imspacting the third product, first ensure that tast number I will
fail i€ it is inspected, before the sampling plan inspects the product.
The same procedure is followed when inspecting product number 5. The other
eight products contain no defects.When any of these products are in-
spected, ensure that every test on each product will work.

5.4.2 MEASUREMENT OF INSPECTION TIME

The time taken to inspect the products in a production run is one of the

parametsrs used when selecting a sampling plan. The total time taken to
inspect the , in a

run, must th e be

The D.P.S. module is the product being inspected. This product was arbi-
trarily chosen, and the tests designed for the D.P.S. module form only a
small pevt of the total number of tests required to successfully inspect
it. It i therefore not meaningful to measure the actual time ( in seconds
) spent on inspecting the D.P.S. module.
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An arbitrary unit is introduced for the measurement of the time taken to
imspact the product. This can be done because we are only interested in
the parformance of sach sampling plan relative to the other sampling
plans. The time to inspect & specific test on a product is categorised
as follows:

1. 0 Units for a test that is not inspected ( ie. NOTIME = 0 units ).

2. 1 Unit for a test that is ingpected and the result is correct { ie.
PASSTIME = 1 unit ).

3. 2 Upits for a test that is inspected and fails ( ie. FAILTIME = 2 units
). The increass in inspection time for & test that fails can be at-
tributed to the need to implement fault diagnostic procedures.

The time spent on inspscting & product is the sum of the time spent on
inspecting the individusl tests. The total time taken by a sampling plan
to inspect the entire production run is cbteined by summing the time spent
on inspecting the individual products in the production run.
\

This methed of time representation can only be used to compare the rela-
tive efficiencies of the sampling plans. For exampla : Plan 1 has taken
& total time of 3000 units and Plan 2 has taken a tital time of 4000 units
when inspecting the same production rum. If the resuired AOQL is mot ex-
coeded in both cases, Plan 1 is 25% more efficient than Plan 2.

5.4.3 THE EVALUATION PROCEDURE

The following procedure must be followed to ensure & fair comparison be-
tween the various inspection plans being evaluated.
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1. Generate ons provess curve for each trial. A TYPE-A or TYPE-B process
cuzve can be used. TYPE-B process curves will be used more frequently

because they simulate spotty quality products in a production run.

2. Select the parameters required by each sampling plan so as to ensure
an equal AOQL value for each trial.

NOTE : A sampling plan was defined in chapter 4 as consisting of a
number of inspection plans operating in parallel, one for each test
on the product. To be able to ensure an AOQL value, the parameters
of each inspection plan must be chosen to emsure sa AOQL, value ( AOQL
for each test )} for each test, The AOQLt value is calculated for a

given ADQL, ( AOQL for the production process ) using equation (3) I’
of chapter & "o

N
o
AOQL‘: = ADQLP / MAXTEST b e 8
* where: MAXTEST is the number of tests on the product ( MAXTEST = 8 et

for the D.P.S. module ).

3. Each seumpling plan now inspects the production run simulated in step .

(1). One trial is couplete when all the sempling plans being evaluated

have completely i d the common run. o

4. Repeat steps (1) to (3) for a number of trisls, using a different 5
process curve for each trial. 3

5. After completing a sufficlent number of trials, the relative per-
formance of each sampling plan can be assessed for each trial. The

plan that performs the best over all the trials can be selected for
implementation. .

The sampling plan that ensures the lowest AOQ with the least time .
spent on inspection is the sampling plan that performs the best for
each trial, Ry
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5.5 SYSTEM REQUIREMENTS

The sampling plan evaluation system must be designed. There are a number
of requirements that this system must weet. The sampling plan evaluation
system is designed around an IBM Personal Computar ( PC ). The design
of the system can therefore be split into two sectioms; the hardware de-
sign and the software design.

5.5.1 HARDWARE REQUIREMENTS

The D.P.S. module

The D.P.S. module requires a number of extermal components before it will
operate. This circuitry must be designed and built. Once this external
circuitry is built it is very simple to operate the module. There are
two serial chamnels, one an input to and an output from, used to commu-
nicate Letween the D.P.S. module and the intexface unit. The LED's can
be controlled by sending the appropriate data, using the correct serial
format, to the B.P.S. module. Information concerning the KEY being pressed
can be received on the serial output.

The Interface Unit

The PC must be able to control the operation of the D.P.8. instrument.
An interface between the PC and the D.P.S. module must therefore be de-
signed and puilt. The interface unit must satisfy the following requires
ments:

1. The PC sends one byte of data to the interface unit. This parallel

word must be converted to a serial word of the correct format and sent

to the D.P.S. module. This conversion is dome by the interface unit.
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The D.P.S. module sends serial information to the interface umit.
This informatiom must be converted to parallel data before it can be
sent to the PC.

The interface unit must have the means whereby the PC can control the

tests to fail during the simulated production run.

The protocol used, for communicating between the PC and the interface
unit, must be designed.

Automatic KEY Operation

1~ When long test runs are carried out it is virtually impossible to press

the correct KEY masually each time an LED turns on. Therefore a method

must be devised that automatically presses the correct KEY.

5.5.2 SOFTWARE REQUIREMENTS

The program that is written must have the following features :

1. The software must be written following a modular approach. Each module
can then be changed without affecting the operation of the remainder
of the software.

2, The two pracess curves must be generated. A method which allows manual
input of process curve data iz also required. This will be used to
enter data obtsined from the production lines.

3. The parameters required by the various modules must be entered on the
keybhoard when an appropriate prompt is received.

4. The five continuous inspection plans and the two batch inspectiom
plans must be implemented.
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A1l the sampling plans wust be able to use a common process curve.

The results of the various sampling plans can be monitored in two
ways. They can be displayed on the video display unit or they can be
printed.

The tests that must fail during the simulsted production run, must
be controlled using the system software.

5.6 DISCUSSION

The procedure that will be used to evaluste the various sampling plans

has been outlined. This procedure will be * < to chose a sampling plan

that best suits the production process wiat 1 by the two process

curves.

The requirements of the sampling plan evaluation system have been listed.
The detailed implementation of this system is discussed in Chapter & (

System Hardware Development ) end Chapter 7 { System Software Development
).
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6.0

6.1

SYSTEM HARDWARE DEVELOPMENT

EXTERNAL CiRCUITRY FOR THE D.P.S. MODULE

The D.P.S. module was introduced earlier ( in chapter 5 }. The D.P.S.
modvle requires external circuitry to enable it to operate. There are
eight connections to the D.P.$. modu..., the function of each of these is

listed below.

Connection Function

1. Buzzer Output: When this output goes high the buzzer must sound.
2. +15 v Supply. \
3. Serial Input: The serial input data must have the correct format

and magnitude. The serial input data must swing between O and
+15 v, for "0" and "1" respectively.

4, Ground (O v ).

5. Comstant current supply of approximately 15 miilismperes to
drive four LED's. T

6. Comstant current supply of approximately 15 milliamperes to
drive the other four IED's. S

7. Serial Output: The serial output signal also has a 15v swing.
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8. Cradie Switch Control: This line must be pulled low, through a

resistor, to represent the receiver "on hook".

The interface unit operates from a Sv TTL power supply. The serial input
signal to the D.P.S. module must therefore be converted from a 5v TiL
signal to the required 15v signal and the serial output signal must be
converted from a 1Sv signal to a Sv TTL compatible one. The constant
current supply is designed around the standard circuits used at TM, with
the resistor values changed to ensure the correct current. An LED replaces
the buzzer. The buzzer and cradle switch circuitry is also designed sround
the standard circunits used at TM,

A circuit diagram showing the external circuitry required by the D.P.S.
module is given in Appendix C1 { Sheet 3 ). The external circuitry was
built on vero-board { VERG 1 - see Appendix Cl, sheet 7 ).

6.2 INTERFACE UNIT

6.2.1 GENERAL APPROACH

The format used to send seriel data to the D.P.S§. module is not standard
( see figure 21 ). It is therefors not possible to use standard components
( integrated circuits; USART's etc.)to transfer the serial data. It was
decided to uss a microprocesscr to perform the task of sending the sexial
data to the D.P.S. module, and receiving the serial data from the D.P.5.

module. The microprocessor will also control the exchange of data betwsen
the PC and the interface unit.

A block disgram of the system is given in figure 19,
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Figure 19. Block Diagram of the System.

The design and function of the Automstic KEY Operation block will be de-
scribed later on in this chapter. ; [

6.2.2 COMMUNICATION PROTOCOL

The communication between two electronic modules is based on & number of “
rules, or a Protocol. Two communication protocols are required by this
system, one for the comwunication between the PC and the Interface Unit

and the other for the communication between the Interface Unit and the
D.P.S. module ( and it's external circuitry ). The operation of these
protocois will now be discussed in more detail.

PC -~ Interface Unit Protocol H

Both the PC and the L Unit have mi on board. The
~  protocel must allow the two microprocessors to communicate to ons another T

whenever requires, without interrupting either microprocessor when it is

4 critical . 5
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In this case, the PC will always initiate the communication. Once the PC
has placed data in & buffer on the interface unit, it informs the micro-
processor on the interface unit that the data is available. The PC now
waits until the mi on the i unit has &n an-
swer bafore it proceeds with executing the program. Two control lines,

RC and RE, are required to perform this task ( see figure 19 ). A POL
description and a timing disgram of the protocol is given in figure 20.

PERSONAL RE RC PATA  INTERFACE
COMPUTER UNTT
BEGIN: BEGIN:
MAKE DATR AVALLABLE WHILE (RE=LOW) %HALTH
RE:=HIGH
WHILE (RC=LOW) *WAIT* GET DATA

WHILE (RC=KIGH> #WRIT*

MAKE DATA AVAILABLE

A RC:=LOW
GET DATR WHILE (RE=HIGH) ¥WRIT*
RE:=LOW
END: END:

Figure 20. PG - Interface Unit Communication Protocol.

Interface Unit - D.P.S. Module Protocol

The protocol used for communication between the interface unit aod the
D.P.8, module ( and external circuitry ), is prescribed by the D.P.S.
module oparational requirements. The mi on the i unit
must send the data ( recsived from the PC )} to the D.P.S. wmodule in the
correct format. The microprocessor then scans the serial input line ( from
the D.P.S. module ) for a start bit. Once it has received the start bit,
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A diagram showing

{ following the start bit ) is read
the format and ihe timing requirements of the incoming and outgoing serial

the serial da

signal is given in figure 2I.

B~DRTA BITS

PREFIX  START BIT

[ /
L XXX XX XX

P

SERIAL INPUT TC THE D.P.S. MODULE

’
SYART BIT  8-DATR BITS

"
ey i

INSTRUCTION CYCLE TIME = 12,755 u§
BET PERIOD = @, 153 mS

Interface Unit - D,P.S. Module Communjcation Protoeol.

Figure 21.

6.2.3 INTERFACE UNIT OPERATION

card is set aside for wirewrapping a user designed circuit. A D-shell
d BN module (

connector is used te conmect the prototype card to the D.P.S.

The interface unit is built on an IBM prototype card. A large area of the
and it's external circuitry ). A block diagrem of the existing circuitry,

69
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on the prototype card, is given in figure 22. 4 detailed circuit diagram
of the prototype card can be found in Appendix C1 ( sheet 1),

Dg-07 Be-B7
B-BIT DATA BUS

TR
0
us

ADER BIT @ —o0 El4
AODR BIT 1 pne0 €13 -
ADDR BIT 2 ——0 £12 mneq o b
AIDR BIT 4 }—o not ° ¢
AEIR BIT 4 —o usen
ADDR BIT S =
ADIR BIT 9

PEN

Figure 22. Block Diagram of the Prototype Card.

U2 and US are buffers. They buffer the address Dus and control limes of
the of the PC. The data bus buffer { Ul ) is not used. Address bits 6,
1, and 2 ( E14, E13, and E12 respectively } are used by the interface unit.

A block disgram of the interface unit is given in figure 23. A detailed
circuit diagram of the interface unit can be found in Appendix €1 ( sheet
2 ) and the component layout is given in Appendix C1 ( sheet 6 ).

UB and U3 are eight bit latches ( configured as a bye-~directional latch
), used to pass data between the P and the microprocessor on the inter-
face unit. Ul0 contains & pair of J/K flip-flops. These J/X f£lip~floos
are connected in such a manner as to ensure that both the outputs ( Q )
toggle on a positive going edge of their respective control signals. The
J/K £1ip-flops are cleared { outputs set low ) when the system is mamually
reset or at power up. UlDa generat-~ the RE control line while UlOb gen-
erates the RC control line. The status of the RE control line is read by
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\
Figure 23. Block Diagram of the Interface Unit.

to TO input of the mi on the unit. The RC control
line is bufferad from the data bus of the PC using Ull.

Ul4 is an 8035 microprocessor. The 8035 requires an external EPROM to
store the program that determines it's operation, Ul3 {s used to latch
the Iower byte of the address. Lines P20 - P22 ( of port 2 ), together
with the output of the two switches ( §1 and §2 ) supply the additional
address lines required by the EPROM. Ui2 is an 8 bit by 8K EPROM. S1 and
52 are used to selact one of four 2K segments of the 8K EPROM. The 8035
can only address 2K of external memory. Four different programs therefore
be stored on the EPROM, one in each of the 2K segmwents, §1 and 52 are used
to select the program that will be exscuted.
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Ul9 is & eight bit latch. This latch is used to hold the information re~
garding the test that mus® fail. The operation of this latch and the
significance of the data it holds is discussed ir detail when describing
the operation and design of the Automatic KEY Operatiop Unit.

The serial information is sent to the D.P.5. module using bit 7 of port
2 ( of the 8035 microprocessor ). An inverting buffer is used to insulate
this output ( P27 ) from the D.P.S. module. The information received from
the .P.S. module is buffered ( and inverted ) before heing read by the

T1 input of the microprocessor.

The decoder controls the operating sequence of the various buffers and
integrated cizcuit. The inputs to the decoder are cemtrolled by the G
and the 8035. The detailed design of the decodex can be found in Appendix
©3. A circuit diagram of the decoder is given in Appendix Cl ( sheetd ).

6.2.4 ADDRESSING THE INTERFACE UNIT

The prototype card is asddressed using I/0 mapped address space. The ad-
dress space assigned to the prototype card rxanges from 300H to 31iFH (
where H represents a Hexadecimal number ). The address decoding circuit
an the prototype card and the interface unit circuitry will be referrad
to as the interface unit in future.

It aust be possible for the PC to initiate a mumber of opsrations on the
interface unit. Two cal functl are d to

the communication between the PC and the interface unit. These functions
are:

1. Read data from the intexface unit.

X = IN ( address )
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where "address" must be in the range 300H to 31FH and X is the byte

of data read from that address.
2. Write data to the interface unit.
OUT address,X

whare "address" must be in the ramge 300H to 31FH and X must be in
the range 0 - 255.

The ecperations that the PC must perform are listed below. The list is
derived from the communication protocol requirements introduced before (

see figure 20 ).

1. Mske Data Availgble - A byte of data { X ) must be sent to the
interface unit. This data is used by the interface unit to determine
which test must be inspected. This operation is carried out using the

following function:
OUT 300H,X

2. Set RE - After the system is reset, the output of the RE £lip-flop {
U10a ) is low. The output of the RE flip-flop is toggled using the
following function:

OUT 303H,X

X is a “"dummy” dete value which has no influence on the operation
of the system. Each time this function is used the output of the RE
£lip-flop changes state.

3. Read RC - The value at the output of the RC flip-flop ( UlOb ) is read
using the followiry function:

X = IN ( 300H )
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The least significant bit ( bit 0 ) of the data value received (X}
is the output of the kG flip-£lop.

Get Data - Read the result of the test. This data is available on port

1 of the micx on the i unit. This i is

performed using the following functiom:
X = IN ( 302H )

X is the result of the test that was performed.

A short description of the procedure used when communicating to the

interface umit is given below ( see figure 20 ).
PROCEDURE: Interfece Unit Process
INPUT : The data required to inspect @ specific test is

placed in TESTDAT
OUTPUT: The result of the test is output, If STATUS = FFK

the test was successful, If STATUS = QOH, the test \
failed
CONSTANTS :
’ A = 300H RDRC = 300H

SETRE = 303H RDDAT = 302H

BEGIN:
* make data available * .
OUT HDA,TESTDAT
* set RE high *
OUT SETRE,O0H
WHILE ( RC is low ) * wait *
RG = (IN { RDRC )).AND.O1H
ENDWHILE
WHILE ( RC is high ) * wait *
RC = (IN ( RDRC )).AND.ON
ENDWHILE
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* read answer %
STATUS = IN ( RDDAT )
* set RE low *
QUT SETRE,00H
END:

END PROCEDURE :

6.2.5 INTERFACE UNIT SOFTWARE

The microprocessor on the inéerface unit must have a4 program that it can
‘execute to control the operation of the interface unit. This program is
written in the form of a main program which calls two procedures, OUTF27
and SCANTL.

OUTP27 is a procedure that takes an eight bit word and converts it to the
correct serial format ( adding a prefix and a start bit to the serial
version of the eight bit word ). This serial information is sent to the
D.P.S. module, output on P27 { bit 7 of port 2 ) of the microprocessor.
The format and timing detalls of the serial cutput data is given in figure
21. SCANT1 is a procedure that receives serial information ( on input T1
) aud comverts it to an eight bit data word. The serial information is
sent by the D.P.S. module. The procedure first weits for a start bit, it
then samples the cantre of each data serial data bit and uses this sampled
information to build up an eight bit word., The format and timing details
( and sampling points ) of the serial input data, is given in figure 21.

The main program controls the action teken by the microprocessor. On
power-up ( or manual reset ) the RC and RE flip-flops must be reset. This
is done by producing & pulse on P24 ( high-low-high ), of sufficient du-
ration, to reset the flip-flops. (See Appendix Cl, sheet 2 ). The output
of the RC flip~flop is toggled each time a pulse is outputted on P25.
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4 PDL description of the main program can be found in Appendix C4.1. The
interface software was developed on a HP 64000 microprocessor development

system. & listing of this software is given in Appendix Cb.2.

6.3 AUTOMATIC KEY OPERATION

€.3.1 GENERAL APPROACH

When pexforming a test, the PC instructs an LED to turn on. The KEY cor-
responding to this LED must be pressed to produce a "test pass’ result.
1f the KEY is not pressed within a predetermined time interval, a “test
£ail" result is recorded. When long inspection rums are carried out out,
it is virtually impossible to press the KEY manrually each time & correct
result is required. Additional hardware is designed allowing the auto-
matic operation of the KEY corresponding to the LED that was turned on.

The sight tests were previously defined in Chapter 5. A new term, the
test-fail data , is introduced. The test -fail data consists of an 8-bit
word. Each bit in the word corresponds to a test. A table summarising the
required action to be taken for each test and the test-fail data bit
allocations to the test, is given on the following page.

¥hen a particular test is required to fail, the bit corresponding to that
test ( in the test-fall data ) is low. When the test must pass, the bit
corresponding to that test is high.

The approach adopted when performing tests is outlined. The test-fail data
for the first seven tests is first sent to the Automatic KEY Operation
Undt, Test 1 to test 7 can now be carried out. The test-fail data for test
& mist first be sent to the Automatic KEY Operation Unit before test 8
is ca’rxied out.
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TESTNO | LEDNO REYNO |TEST-FAIL DATA!  D.P.S. MODULE
BITNO
1 LED 1 KEY 1 i [Jueos
2 LED 2 KEY 2 2
3 1ED 6 KEY 6 3 Queee [
A IED 3 KEY 3 3 (Juems
5 IED 4 KEY & 4 [ ena
6 LED 5 KEY 5 5 [ cens
7 IED 8 KEY 7 8 [ eems
8 IED 1 REY 1 182 s
& &
LED 2 KEY 2 [Jeems

Note:

1. Bit 1 of the test-fail data byte is the most sigrificant bit while
bit 8 is the least significant bit.

2. When LED 8 turns on KEY 7 must operate, and LED 7 is not used at all.

'6.3.2 AKQ UNIT OPERATION

A block diagram of the additional hardware, used to operate the KEY's
automatically, is given in figure 24.

The test-fail data is held in & batch ( U19 ). A light dependant resistor

( LDR ) is used to detect whether a LED is turned on or off. A resistor
is placed in series with the LDR. When the LED is on, the resistance of
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Figure 24. Block Diagram ~f the AKQ Unit.

the DR is low and the voltage drop across it {s small. When the LED is

off, the resistancé of the LDR is high and the voltage drep across it is

large. The resistor is chosen so as to ensure the correct voltage swing

between the two extremes. This voltage swing drives a schmitt triggered

* inverter which produces an output signal with fast transition time.

The test-fail data and the output of the detection circuit is used to

produce & signal to drive the analogue switches. The enalogue switches
are used to close the KEY circuit, simulating the pressing of the KEY.

When the control signal is low, the zesistance between the two switch

contacts of the analogue switch is high, representing an open circuit.
When the control signal is high the input resistance is low, represunting

a closed circuit.
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4 circuit diagram of the automatic KEY operation unit is given in Appendix
©1 ( sheet 5 ). The D.P.5. module requires a 13v supply. The analogue
switches must also operate from the 15v supply. The control signals re-
quired by the analogue switches must be amplified from 5v to 15v to ensure
their correct operation. The automatic KEY operation circuitry is built
on vero-board. The LDR's and their resistors are mounted on VERO 3 whils
the remai .er of the circuit is divided between VERO L and VERO 2 ( see
Appendix C1, sheet 7 and sheet 8 }. The test-fail data is transferred from
the interface unit to the external cirecuitry using the D-shell connector.

6.2.3 ADDRESSING THE AKO UNIT

The test-fail data latch is mounted on the interface unit. The test-fail
data is sent to the interface unit using the following function.

OUT 304H,X
A

X is the test-fail dats and 304H is the address corresponding to the
test-fail data latch. The operation of this unit is completely separate
from the operation of the interface unit, only the address decoding fa-
cilities of the interface unit ( prototype card )} is used.
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7.0 SOFTWARE DEVELOPMENT

7.1 GENERAL APPROACH

A top-d d design is used in the development of the
Statistical Inspection System, The concepts of Data Flow and Task Man-
sgement aze use to describe the overall operation of the system. Program
Description Language (PDL) is used to give a more detailed insight into
the operation of each of the modules that constitute the system. A review
of the Data Flow end Task Management techmique is given im Appendix D.
Information regarding the detailed use of PDL can be found in Walker
(1984).

7.2 STATISTICAL INSPECTION SYSTEM SOFTWARE

7.2.1 STATISTICAL TEST PROCESS

The system was designed keeping user friendliness in mind. It is for this
reason that the entire system is menu driven. Information required by the
system is dnput using the keyboard after the user receives the appropriate
prompt on the display. The Statistical Test Process is graphically re-
by the p diagram in figure 25. A FDL description
of the operation of this process is given in Appendix E1.

The Interface Unit Resource is used to interface between the Personal
Computer and the D.P.S module. A detailed description of the aperation
of this resource is given later on.
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GET PUT

KEYBOARD DISPLAY
STATISTICAL
INTERFACE ) GET TEST PUT INTERFACE
UNIT UNET
PROCESS

Ll PRINTER

Figare 25, Statistical Test Process)
The Statistical Test Process can be divided into three activities.
*  Data Input Process
*  Sampling Process

*  Date Output Process

Frocess - Resource Diagrams

These activities can be graphically represented using the following
process-resource diagrams.
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KEYBORRD GET £UT DISPLAY
" GATR INPUT \RERD pare (WRITECTDRTA INeUT
RESOLRCE RESOLRCE
NeUT
PROCESS
PROCESS CURVE \ REFD. VRITEHROCESS CLRVE
RESOURGE RESOURCE
WRITE/ RND NUMBER
RESCURCE
Figure 26. Data Input Process.
e
DATA INPUT \READ VWRITE(™ DATR INPUT
REBOURCE RESOLRCE
TATA OUTPUT \READ WRITE(” DRYA QUTPUT
RESOLRCE RESOLRCE
SAMPLING
PROCESS

PUT INTERFFCE
UNIT

Figure 27. Sampling Process.
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KEYBORRD T i DISPLAY
TATA INPUT )\ READ PUT
RESOURCE FRINTER

DATA
DATA OUTPUT "\ READ

RESOURCE ouTRUT
T PROCESS

PROCESS CURVE \ READ
RESOURCE

RND NUMBER ) RERD
RESOURCE

Figure 28. Data Output Process

7.2.2 SYSTEM RESOURCES

Data Input Resource

The information required by each Sampling Plan regarding the type of al~
gorithm to be implemented, The sample size and the filename (of the Data
Output Resource) of the file in which the results are to be stored, is
contained in a record. The Data Input Resource consists of up to 10 of
these records. A descriptionr of the fields in the record is givan below.
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Record: T
SPLAN  : Character
DOFN @ Character T
S$12E ¢ Integer "4
A0QL : Real L
1 : Integer
H : Integer
SSTATUS : Character

Endrecord:

where

SPLAN - Sampling plan required to run eg. 100% ox CSP-1.

DOFN ~ Mame of the random file in which the results of the specific
sampliing plan are stored.

SSIZE - Size of the sample to be run.

A0QL - Average outgoing quality level. Lt
I and F - Sempling plan constants. N
SSTATUS - This field is assigned FALSE if the test has not been run.
After rumaing the test a value of TRUE is assigned to SSTATUS.

\ &

Process Curve Resource

This tesource contains & maximum of 10 records. Each record contains in-
formation concerning the type of process curve reqiired, the name of the
£ile in which the information is to be stored, the number of defective
products and the probability of finding a defective products in & sample

of 100 units. Eack record consists of the following fields. <
Record:
PROCG  : Character :
PCEN  : Character
PSIZE  : Integer
PROB  : Real
Endrecord:
L™
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Data Output Resource g F

The results of the Sampling Plan are temporarily kept in the Data Output
Resource before it is stored in a random file ( of the same name ) on the
tloppy. This resource is only 25 records long. When all 25 recoxds are
£illed the information is then dumped to the floppy. The old information
is then overwritten with more recent results. Each record consists of the
following £ields.

Record:
ITYPE  : Character
GOUNT  : Iateger

TSTATUS : Character
OUTCOME : Character K

TIME  : Integer
TNOM  : Integer :
PSTATUS : Character %
PTIME  : Integer .
PFAIL  :-Integer

Endrecox

whezre iy
TTYPR - Type of testing being performed ie. PART or FULL. v
COUNT ~ Keeps count of I's ox F's. -
TSTATUS - Should the specific test be run or not je. RUN or NORUN. ;,3
=

OUTCOME - Has the specific test passed or not ie. PASS or FAIL.
TIME - Time taken to run the specific test.

THUE - Number of the specific test.

PSTATUS - Has the specific product passed or not ie. PASS or FAIL.
PTIME ~ The time taken to rua all tests in the product,

PFAIL - Number of the test that is to fail.

Random Number Resource . S

The Random Number Resource contains & list of product numbers and corre= :

sponding test numbars. The product numbers represent those products which b
e
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have a failure in ome of there tests. The product numbers are randomly
chosen from a range of 1 to SSIZE. The test numbers to fail are also
randomly generated from & range of 1 to MAXTEST where MAXTEST is the
number of tests per product. MAXTEST = 8 in this case. The information
is stored on the floppy under the filename stored in the PCFN field of
the Process Curve Resource. When this information is requized it is loaded
inte the Random Number Resource. Each of the PSIZE records have the fol-
lowing fields.

Record:
BNO : Inmteger
TNO : Integer
Endrecord:
where

PNO - Product number and TNO - Test number
Interim Resource

The Interim the
Process. This i

required by the Algorithm
the type of operation (PART
or FULL), the test status (RUN or NORUN), the present COUNT, GOUNTK, FLG1, .
and FLGZ values, the outcome of the present test (PASS or FAIL) and the
time taken to complete the test, The Interim Resource consists of MAXTEST
or 8 records with the fields described below.

is used to

Record:
TTYPE : Character
TSTATUS : Character
OUTCOME : Character
COUNT  : Integer
COUNTK : Integer
FIGl  : Integer
FLG2 + Integer
TIME  : Integex

Endrecoxd:
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7.2.3 DATA INPUT PROCESS AT

The Pata Input Process is divided inte a further five activities. A PDL
description of the Data Input Process operation together with the PDL
deseription of the five activities is given in Appendix E2. The five
activities are listed belew.

® Data Input Process A : Read values in the Data Input Resource.

*  Data Input Process B : Read values in the Process Curve Resource.

¢ Data Input Process C : Input required values.

* Data Input Process D : Erase a record.

* Data Input Process E : Quit.

Process - Resource Diagrams

These activitiés can be graphically represented using the following

process-resource diagrams. : L

!

KEYBORRD [ Ll DISPLAY Y

INPUT .
PROCESS te

DRTA_INPUT ) READ R w2
RESOURCE AR

Figure 29. Read Values in the Data Input Resource.
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KEYSORRD L-10 -, BISPLAY

INPUT
PROCESS

PROCESS CURVE ) READ 8
RESOLRCE

|

Figure 30. Read Values in the Process Curve Resource.

AND MAMBER ) RERTI WRT RND NUMEER N

(R ™ wm RESOURCE
NPUT N
PROCESS
PROCESS CURVE ) READ ¢ HRITE(FROCESS CURVE
RESOLREE RESOLRCE
\ HRITE/” pRTA INPUIT

Figure 31. ‘Input Required Values.

Figure 32. Erase a Record. B
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INPUT WRITE,
PROCESS FLaGt

[

Figure 33. Quit.
Data Input Process A

This module prints the contents of the Data Input Resource on the Display.
The displayed information is correctly formatted and lined up under the
correct headings.

Data Input Process B

This wodule prints the contents of the Process Curve Resourcé on the
display. The displayed informstion is correctly formatted and lined up
under the cozrect headings.

Data Input Process C

This process is used to prompt the user for the information required by
the various sampling plans. Thege values include the sample size, the type
of saupling plan eg. 100% or CSP-1, the type of process curve to be used,
the names of the files in which the results are to be stored, stec.

A module called CALC_P_C is called by this process. This module is used
to set up the Random Number Resource. One of the following three options
are used to produce the process curve:

¢ SELF: Input product numbers manually while randomly generating test
numbers .
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¢ TYPE-A: PSIZE product numbers are randomly generated according to a
binomial distribution. A randomly selected test number is also gert~
erated,

« TYPE-B: PSIZE product numbers are randomly generated according to a
binomial distribution. A randomly selected test number is gemerated
for each product number. The system then prompts the user for the
proportion of SSIZE and the distribution of spotty quality products.
The spotty quality products are then generated for & single test on
the product.

The product numbers and there corresponding test numbers are then sorted
from smallest product number to largest product number and stored in &
random file on the floppy. The name of this file corresponds to the name
stored in the PCFN field of the Process Curve Resource.

Erase a Record

This process erases a record in both the Process Curve Resource amd Data

Input Rssource corresponding to an ID supplied by the user.

Quit

This process provides the i d to return to the Statis-

tical Test Process in the previous level.

7.2.4 SAMPLING PROCESS

The Sampling Process is divided intc a further two activities. A PDL de-
scription of the Sampling Process operation together with the PDL de-
scriptions of the two activities are given in Appendix E3., The two
activities are listed below.
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Algorithm Procass. .

Test Result Process.

These activities are graphically represented using the process-resource LY
diagrams of figure 34 and figure 35 respectively. "

INTERFRCE GET PUT INTERFRACE.
UNIT UNIT
INTERTH ) READ WRITE INTERIN
RESOURCE. RESOLRCE
ALGORITHH

PROCESS

DATR IneyT ) READ L
RESOLRCE

promucTve HRERR | SE

Figure 36. Algorithm Pracess. A

Algorithm Process Sy

This process axecutes the required sampling plan according to specific
rules as specified by the algorithm, The sampling plan uses the informa-«
tion in the Interim Resource to run in the corzect mode and also stores s
the results of this test in this resource. The results are used to de-
termine the mode of operation for the next product, Seven algorithms have :
been implemented to date, they are the three Dodge continuous inspection
plans ( CSP-1, C$P-2, and CSP-3 }, the two Multi- level comtinuous in-
spection plans ( MLP and MLP-T ), and the two Batch inspection plans (
CSP-F and WSP-1 ).

* Test Fail Process.
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This module reads information form the Random Number Resource. If a
fault is required to occur in the specific product the appropriate
information is sent to the Interface Unit.

* Interface Unit Process.

This process is used tc pass information, about the test being per-
formed, to the mi in the unit. The result fox

the test is then is them received by this process,

DA GUTRT ) R WRITE(" TRTA OUTAIT
RESOURCE RESOLRCE

DATA INPUT ) READ
RESORCE

D MBER ) BEAD
RESOLRCE
(oo e ‘

Figure 35. Test Result Process.

Test Result Process

This process is used to store the results of one specific test run and
the overall results of the most recent product in the Data Output Re-
source. Once 25 results are available, the information is transferred to
4 random file on the floppy. The name of this file corresponds to the name
stored in the DOFN field of the Data Input Resource. The total number of
defective products detected and the total time taken to test the entire
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batch are also calculated. These result are stored in a random file on
the floppy.

7.2.5 DATA OUTPUT PROCESS

The Data Qutput Process is used to output the results of the tests to the
user. The results can either be vutput on the display or the primter. Four
options are available to the user, they are:

* Output a datafile to the printer.
¢ Output a datafile to the display.
* Output a rnresource to the printer.
*  Output = .aresource to the display.
A
The datafile refexs to the results of the algorithm stored on the £loppy.
Ruresource refers to the list of product numbers and corresponding test

nupbers stores on the floppy. A PDL description of
this process cam be found in Appendix Eé4.

7.3 LABELLING CONVENTIONS

Data labels or identifiers are represented as follows:

* Global or Module Global identifiers have a name which explains it's
global use. A global identifier is on that is available to the entire
program while & module global identifier is only used in a specific
module and modules called by it.
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* Local identifiers consist of three parts

~  The type of data ; I-integer, C-character, R-real.

~ A central part consisting of the first letter of the process ia 5
sthich it is used. o

- A number from 1 t¢ n, where n is any positive integer number

4n example of such an identifiler is gives as follows : The first :
identifier for a character in the Data Input Process is CDIL. I~

7.4 DISCUSSION

The system software was developed and operates on an IEM Personal Com- N
puter. The program is written in BASIC. The system stores all required :
information on the floppy. This ensures that the user does not have to
input all the information each time the the program is run.

Because the arrays used by the system software are large, it was found B
that the PC ran out of memory if all seven sampling plans are combined o
into one program { BASIC Is restricted to the use of 64K of the PC memoxy
). The sawpling plans are now distributed batween three system programs. :

1. Dodge Convinuous Inspection Plans - This sofiware is stored under the =
f1lename of DSYSTEM on the uystem floppy disc. Sampling plans 100%,
©SP-1, CSP-2, and CSP-3 are available,

2. Multi-level Continuous Inspection Plans - This software is stored

under the filename of MSYSTEM on the system floppy disc., Sampling .
plans 100%, MLP, and MLP-T(k=i) are available.
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3. Batch Inspection Plans ~ This softwrre is stored under the filename

of BSYSTEM on the system £loppy disc. Ssapling plans 100%, CSP-F, and
WSE-1 are available.

The three system programs have the same basic layout with the only dif-
ference being in the Sampling Process. A program listing of the entire
Dodge i plan is given in Appendix G1. The
program listings of the Sampling Process of the Multi-level contimucus
inspection plan software and the Batch inspection plan software can be
found in Apperdix 62 and Appendix G3 respectively.
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8.0 RESULTS AND DISCUSSION

8.1 APPRC - ¥ ADOPTED WHEN EVALUATING THE SAMPLING PLANS

The evaluation procedure is based on the use of simulated production
processes ( or ‘ess curves ). Before any decision can be taken in-
volving the choice of & sampling plan, the accuracy with which the simu-

lated process curves conform to the desired omes, must be determined.

The two results used when comparing the sampling plans are; the average
outgoing quality ( AOQ, which must remain below the limiting AOQL velue
) and the time taken ( TOTALTIME ) to imspect a run of preducad products.
The sampling plan which ensures the lowest AOQ for the least time spent
on imspection, is assumed to be the best plan for that particular trial.

The AOQ and TOTALTIME values for each sampling plan, ( for each trial )
are mltiplied togsther to produce a resultant. The resultant is a number
which is used to measure vhe relative efficiency of the sampling plams.
The sampling plan with the lowest resultant is assumed to be the most
efficient plan for that particular ¢rial. The sampling plan that performs

the best over a mumber of trials, is selected for implementation.

8,2 PROCESS CURVE SIMULATION

8.2.1 GENERAL APPROACH

Two types of process curves can be generated using the system software;

& binomial distribution ( or TYPE-A ) process curve and a Horsnell dis-
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tribution ( or TYPE-B ) process curve. The TYPE-B process curve has a
binomial distribution and an additional namber of defective products
following closely in succession ( spotty quality ). The accuracy of the
simulation of TYPE-A process curves can therefore be determined by

studying the binomial distribution portion of the TYPE-B process curves.

8.2.2 PRESENTING THE RESULTS
Bafore a TYPE-A process curve can be simulated, the following information
is required :

1. The number of products in tha production run (SSIZE)

2. The proportion of the products that must fail (PROB)

This information is used to generate & TYPE-A process curve using the
procedure given in Appendix Bl. When a TYPE-E process curve must be sim-
ulated, the binomial distribution portion is gemerated using the TYPE-A
process curve pracedure. The following additional information is required
to generate the spotty quality product distribution.

1. The proportion of the products produced that must be defective (PROP)
2. The distribution of these defective products (DIST)

The procedure for gemerating the TYPE-B process curve is given in Appendix

B2.

Four TYPE-B process curves are studied. The information used to simulate

these process curves is given in the following table.
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Table 1 Binomial Spotty Trial

Graph SSIZE | PROB PROP | DIST No

10000 | 0.01 0.01 0.83
10000 | 0.01 0.01 | 0.50
10000 | 0.01 .01 .50
10000 | 0.01 0.0i § 0.70

Do w e
RN

The results of tha four simulated TYPE-B process curves are given in
figure 36, The four graphs of figure 36 were obtained using the following
approach:

&n array, the Random Number Resource, contains the product numbers and
their corresponding test numbers, of each defective product. The infor-

mation in this array is used to generate the graphs. Each production run .
has 10000 products. The production run is divided into one hundred seg-

ments of one hundred products each. The numbex of defective products in g
each segment is recorded. The results obtained are used to draw the graphs

in figure 36. This procedure does not ensure an accurate representation

of the spotty quality . The di of these can

be determinad by dividing the run of spotty quality products into seg-
ments, with tem products in each segment . The number of defective pro-

ducts in each segment is This on is used to
the graph representing the distribution of spotty quality products in each

case.

4 The horizontal axis gives the number of occurrences, p. ( eg. 3 defective
products in & segment of one hundred products would give p = 3/100 = 0.03
). The vertical axis gives the probability distribution, £(p), or the
number of segments that have n defective products ( a = 1, 2, 3, ... ,
100 ).
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8.2.3 DISCUSSION

Although the results are not entirely sccurate, the ganeral form of the
Horsnell distribution ( TYPE-B ) process curve is evident. With the ex-
ception of the process curve in figure 36 C, the binomisl distribution
portion of the TYPE-B process curves, is accurate. TYPE-A process curves
can therefore be used with confidence. Although the distribution of the
spotty quality products is not correct ( compared to the desired process
curves ), the existing distribution is quite sufficient to enable the
evaluation of sampling plans using the simulated results for the TYFE-B

process curves.

8.3 CONTINUOUS INSPECTION PLANS

8.3.1 GENERAL APPROACRH

The results produced by each sampling plan have been recorded for a mumber
of trials. The information required by the process curve simulation pro-
cedure was chosen in such & way so as to produce the widest range of

process curves possible. The values used were chosen at random.

The production run size and the ADQLF ( see chapter 4 ) valuss are kept
constant throughout the evaluation procedure. This is done to reduce the
number of variables used by the evaluation systewm. The curves in figure
5 and figure 10 ( see chapter 3 ) are used to selact the £ and i values
for a predetermined AOQLt value, for each sampling plan. The values of £
and 4 are varied ( still ensuring a constant AGQLt ) to determine their
optimun setting. The same f value is used for all sampling plans, during
each trial.
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is giver below.

Note: The value of f required by the evaluation system ( F ) is the re-
ciprocal of the valus of f read off the AOQL curves ( £ )} ie. F = 1/f.

8.3.2 SELECTING A SAMPLING PLAN

A tzble summarising the results obtained by each sampling plan, during
the ten trials carried out, is giver in F. A table
the resultant ( AOQ * TOTALTIME ) for each sampling plan in each trial

Table 2 Resultant = ADQ * TOTALTIME

Trail MLP MLP-T |} C3P~1 | CSP-2 [ CSP-3 | Best
1 180 180 352 281 266 BOTH
2 271 271 422 |\ 392 422 BOTH
3 53 33 262 118 130 BOTH
3 166 160 296 342 296 BOTH
5 289 282 405 360 355 MLP-T
6 185 197 200 231 245 MLP
7 234 243 230 196 228 CSP~2
8 172 181 205 184 153 CSP-3
9 242 242 273 299 308 BOTH
10 96 100 95 117 100 CSP-1

lowest resultant ).

RESULTS AND DISCUSSION

BOTH = MLP and MLP~T

The last column of the table contains the sampling plan designation that
produced the best result for each trial { ie. the sampling plan with the
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these two sampling plans.

TIME column in table 3

below }.

below ).

The Multi-Level sampling plans, designated ¥LP and MLP-T perform the best

over ten trials. Three criteria can now be adopted to select the best of

1. The multi-level sampling plan that emsures the lowest ADQ value,
during each trial, can be chosen ( AOQ column in tsble 3 below ).

2. The aulti-level sampling plan that ensures the least time spent om

the inspection of the production run in each case, can be chesen. (

3. The multi-level sampling plan that achieves the lowest overall ro-
sultant for each trial, can be chosen ( RESULTANT an ip table 3

A table sumnarising the outcome of the three above mentioned criteria for
selecting the best multi-level plan, is given in the table below.

Table 3 Selection Criteria
Trial a0Q TIME RESULTANT

1 BOTH ROTH BOTH
2 BOTH BOTH BOTH
3 BOTH BOTH BOTH
4 BOTH BOTH BOTH
5 MLP-T MLe MLP-T
6 MLP MLP MLP
7 BOTH MLP MLP
8 BOTH MLP jlid
9 BOTH BOTH BOTH

10 MEP-T MIP MEP

RESULTS AND DISCUSSION

AN

OTH = MLP and MLP-T

102

-

B

P




Sawpling plen MLP-T performs the best when considering the A0Q criteriom,
while the HLP sampling plan produces the best results when considering

the other two selection criteria,

Sampling Plan Selection

The MIP multi-level sampling plan is chosen because it produces the best
overall results, when inspecting the simulated production process. { ie.

it performs the best at two of the three criteria adopted for comparing
the performances of the two multi-level sampling plams. )

"DUCTION IN INSPECTION TIME

The time taken to 11y inspect & run using 100% in-
spection and the MLP sampling plan is known. The performance of the MLP

sampling plan relative to that of the 100% inspection can therefore be

determined. \

The reduction in inspection time, whem using the MLP sampling plam, can
be calculated by comparing the time takes ta inspect & production run
using the MLP sampling plan and 100% inspection.

4 table ( table 4 ) of the reduction in time, obtained using the MLP
$ampling plan over the 100% inspection, is given oa the following page.
The reduction in time is represented as a percentage of tiwe spent on 100%
inspection.

The average time reduction over ten trials is calculated as 30,4%. It is
therefore possible to achieve an average reduction of approrimately 30%
in the time spent on inspection using the multi-level inspection plan (
MLP ) instead of employing 100% inspection.
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Table 4 | Time Rednetion F
Trial Units % /e
i 10876 13.6 , 5
2 15658 19.5 5
3 3928 4.9 10
4 10691 13.3 10
5 23502 29.3 3
6 37224 | 46,5 3
7 43549 54.3 3
8 41117 | 51.3 3
9 7145 8.9 5
10 49932 62.4 E
AY
8.3.4 DISCUSSION e

Certain considerations enter the most advantageous choice of £ and i ( §
is the value represented on the curves in figure 5 and figure 10 of
chapter 3 ). For example, it will be apparent that the use of too smafl

@ value of £ ( or too large a value of F, where F = 1/f ) will increase
the chences of passing da al zun of . -~

It is apparent, from the results represented in Appendix F1, that a value ‘
of £=1/3 (or F = 3 ) produces the best overall resulis when inspecting
the simulated production pracess using the MLP multi-level sampling plan. o
The time spent on imspecting a production run when using an MLP satwpling
plan with £ = 1/3, is the lowest. The average reduction in inspection time
over that achieved by 100% inspection can be calculated using information -
in table 4. There are 5 trials that used sampling plans of £ = 1/3 ( or
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¥ %3 ). The average reduction in inspection time using results of these
five trials is 48.8% over the time syent to totally inspect every product

in the production run.

8.4 BATCH INSPECTION PLANS

8.4.1 GENERAL APPROACH

It is'not possible to compars end select a batch inspection plan using
the approach adopted for the selaction of the contimuous selection plan.
This is due to the lack of information needed by sampling plan GSP-F. The
two plans are assessed individually. A choice between the two plans may
be possible depending on the vutcome of the individual assessments.

8.4.2 ASSESSMENT OF PLAN CSP-F

The choice of £, i, and N to glve a required value of AOQL. ix given in
QSTAG 340 ( 1974 ). This referenca was not cbtainable. Two et of values,
for production runs of 500 - 1000 products, were given by Blackwell ( 1977
).

For an ACQL, value of 1.9%; 4 = 36 and £ =1/5 ( F=5 ).For an A0QL ' value
of 0.143%; L = 302 and £ = 1/10 ( F = 10 ).

The A0QL  value is 15.2% for the AOQL, of 1.9% and 1.144% for the AOQL,
of 0.143% ( See Chapter 4 ). It {s highly unlikely that a customer would
accept a batch of products that was Inspected using an AOQL_ of 15.2%.
The onty 400L velue that can be used is therefore the 1.144% one.
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4 number of trials were carried out using en AOQL, of 1.144% ( AOQL, =
0.143% ; 1 = 302, £=1/16 ( F = 10 )). A table of the results obtained
for the various trials, using a different production process for each
teial, is given in Appendix F2.1.

When studying the results, it will be noticed that the AOQL is exceeded
in four of the twelve trials. Unless more promising results are Jbtained,

using othor values of £ and i, this plan cannot be accepted.

8.4.3 ASSESSMENT OF PLAN Wsp-1

The plan starts with partial inspection. If a total of H" defects are
*
found, whera M = (AOQL, * SSIZE)/(F-1) and F = 1/f, the plan revezts to

3
100% inspection. When ¥ is zero, the plan applies 100% imspection to the
entire batch. The values of F and A0Qh, ( N is fixed ) must therefore be L

e
chosen o as to ensure that M is one or larger. The graph in figure 37
is used when selecting values of AGQL_ and F for sach production run.

Two curves are given on the graph; ome for a batch of 500 products, the
other for a batch of 700 products, )

Two values of AOQLP are used during the assessment of this sampling planm,
they are, 1.6% and 3.2%. The values of F for these values of AOQLP were
chosen using the graph in figure 37. The values of F are 2 and 3 respec-
tively. These values can be used for batches of 500, and of 700 products. K3

The tables summarising the results obtained using these values are
available in Appendix F 2.2. These results are given in two tables, one
for batches of 500 products and the other for batches of 700 produsts.
The AOQL, was only excesded in one of the twenty trials.
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—- M0l SSIZE = 5@ )
4+ Pl ( SSIZE = 708 )

[}

[£3

Figure 37. The Limitation on ADGQL and F for Plan WSP-1,

Reduction in inspection Time

The time spent on inspecting a batch with an AOQL_ of 3.2% is lower than
that of & batch using an AOQL_ of 1.6%. The reduction in inspection time
when using the WSP-1 sampling plan with an AOQL_ of 1.6% is therefore
considered. { this plan has the tightest specification ). Two tables, one
for a batch of 500 products and one for a batch of 700 products, is given
on the following page ( see table 5a and table 5b, respectively ). These
tables list the reduction in time spent on inspection using the sampling
plan compared to the time spent when 100% inspection is applied.

The average time reduction, over five trials, for batches of 500 products
is 33.2% and the average time reduction for batches of 700 products is
31.5%. It is therefore possible to achieve an average reduction in inm-

time of ly 30% when using the WSP-1 sampling plan,
over the time taken to apply 100% inspection to the batch.
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Table 5a | Reduction (500) Table b | Reduction (700)

Trial Units % Trial Units %
1 1610 35.4 L 2234 | 39.8
2 1286 32.1 2 1628 | 29.0
3 1633 40.7 3 2675 | 44,1
4 978 24.3 4 1558 | 27.7
5 1356 33.7 5 948 16.8

Average = 33.2% Average = 31.5%

8.4:4 DISCUSSION

Plan CSP-F

Before Plan CSP-F is dismissed completely, an attempt can be made to ob-
tain QSTAG 340 { 1974 ). This paper contains further information con-
cerning the cholce of £ and i fox a given batch size. This information
can be used to carry out a furtlar sssessment of the plan. I the OSP-F
sampling plan still produces unacceptsble results, it must be discarded.

Plan WsP-1

The values of H' and F are integer values. The formla M° =
(AUQLt*SSIZE)/(F-l) is used to calculate the range of AOQLC for H* =1,
F =2 and a batch of 500 products ( SSIZE = 500 ). This zange is present
becsuse M" is rounded down to an integer value when it is calculated (
eg. 4f ' = 1.7 it is rounded down to 1 but the AOQL, which gives i’ =
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1.7 is 0.34% while the AOQDL, which gives M* =1 is 0.2%, but the sampling
-

plan gives the same protection in both cases. ). With M = 1, F = 2 a~d

88IZE = 500, the WSP-1 sampling plan ensures an AOQL: in the range 0.2%

< 40QL, < 0.4% leading to the AOQL range 1.6 < AOOL, < 3.2%.

In the autcome of one trial the AOQ exceeded the desired A0QL_ value. This
txtal was for a bateh of 500 products, using an AOQL, of 1.6% end F = 2
( 4e.H" =1 ). The AOQ in this case was 1.8%. If the effect of the rounding
operation on N is taken into account, it can be seen that this AOQ lies
within the 40QE, rengs given sbove. ( ie. 1.6% < A0QL, < 3.2% ). Although
the AOQL_ linit was exceeded in this case the WSP-1 sampling plan operates

correctly.
Choice of the Batch Inspection Plan

If no further assessments of the plans were carried out, Plan WSP-1 would

be chosen for impl ion. This plan the best overall results

when inspecting the simelated production process.

\
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9.0 CONCLUSION

There is no available information concerning the ingoing quality and the

Qistribution of e for the jon lines of Telephone
Manufacturers ( TM ). The production process data ( process curves } used

in the evaluation of the sampling plans was therefore simulated.

Two inspection situsticas wera found to exits at TM, one for the in~

spection of lomg rums of continueasly C

production ) and the other, for the imspection of short runs of contin-

uously prod products ( bateh 3. Twe sampling plams were
selected for implementation at TM, one for each of the inspection situ-
stions. Both the sampling plans ensure that the average outgoing quality
( A0Q ) of the outgoing products ( ie. the average number of defective
products mnot inspected ) always remains below a prescribed limit. the
average outgoing quality limit ( AOQL ). The parameters used by the sam-~
pling plans are selected so as to ensure the AOQL.

A reductior of 48.8% in the inspection time, over that of 100% inspection,
is achieved using the multi-level continuous inspection plan, designated
WP ( with AOQL, = 1%, F = 3 and i = 740 ), when inspecting the simulated
c data. A r i of 31% in i i time is
achieved using plan WSP-1 ( with AoQL, = 1.6% and F = 2 ) when inspecting
the simulated batch production data. The reduction in inspection time
depends on the choice of the AOQL value. The smaller the desired AOQE,

the more inspecti™ is required to ensure that the AOQ remains below this

value, This lea¢: v en increase in imspection time , and vice versa.

Before the sampling plans can be implemented at TH, the accuracy of the
simulated process curve data ( on which the sampling plan assessment was
based ) must be considered. If the simulated data compares favourable with
the actunal production process ( process curve ) data, the two sampling

plans can be implemented with confidence. The entire evaluation procedure
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aust be repeated, using the collected production process data, if the

simulated data is found to be inaccurate.

The efficiency of the test squipment will be increased with the intzo-

duction of sampling inspection procedures to inspect the products

d on the TM ion lines. Tha existing test equipment are
microprocessor based machines that need test programs to control their
operation. The test programs contain the instructions required te inspect
the various tests on the product. The test program can be modified to

incorporate the use of the seupling plans during imspection.

The research reported in the project report has indicated & number of

associated areas where further work is needed:

¢ Each product has a number of tests that must be inspected. The pos-
sibility of using a different sampling plan for each test can be in-
vestigated ( ie. use 100% inspection on a test that is critical to
the operation of the product being inspected, whils sampling in-
spaction is employed for the other tests ).
\

* There is a need to convince people, who are dubious of the effec-

tiveness of sampling of its s that

could be used to set these persons minds at rest, is given helow.

Use sampling inspection plans at all intermediate test stations
on the production line, and 100% inspection at the final test
station. The inspection time would be reduced and, if the in-
spection at the final test station is perfect, all defective
products will be located before they leava the factory. To
convince the dubious people of the effectiveness of sampling
inspection, 4 sampling inspecti’n plan could run parallel to

the 100% plan, and & i of the results made.
* A broader literature survey cam be carried out inm an attempt to locate

alternative sampling plans that can be used in the inspection situ-
ations at TH.
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APPENDIX A, CALCULATE AOQL FOR EACH TEST ON THE PRODUCT

Given

*  lLet AOQL,(I) ( where i=1,...,N) be the AOQL value for test I.
*  Tet A0Q (I) be the average outgoing quality ( 40Q ) for test I.
° Let AOQL, be the process 40QL.

* let 40Q, be the process A0Q.

* Let N be the total number of tests.

Assumptions

1. There are N separate tests per product.

A

2. The AOQL values for each test are equal.

3. 40Q, = AOQL,-

The total A0Q for the process is given as

Aoqp = AOQt(l) + Aoqt(z) + ... ¢ AOQt(N)

by assumption (3), we have

AOQP = AOQLt(l) + AOQLt(Z) + ..+ AOQL‘:(N)

Assumption (2) gives

40QL, = AOQL,(1) = ... = AOQL (V)
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leading to

AOQP =N* AOQL‘:

Because the Al:'Qt values for each test are assumed to be the limiting T
values ( AOQL‘: ) we have that ADQIJ will also be the limiting valua ( "
AOQLp ) for the process

This gives

400L,, = N * A0QL,

or

AogE, = AOQL, / § B
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APPENDIX B. SIMULATING THE PROCESS CURVE

Definitions

Let

~ SSIZE be the number of products in the production run
- PROB be the fraction of defective products

~ NOPEF be the mumber of defective products in the prouuction run

- TESTNO be the number of the test that must fail on the product

- RND be the result of a random generator giving a number between 0
and 1

- PRODUCTNO be the number of the product that is defective

- RNRESOURCE be the array containing NODEF PRODUCTNO's with corre-
sponding TESTNO's

~ MAXTEST be the total number of tests on the product

« SSPOT be the fraction of spotty quality products

- NSPOT be the number of spotty quality products

- RSPOT k= the range of product numbers within which the NSPOT de-
fective products will fall

~ FSPOT be the product nuabar at which the RSPOT starts

- PSPOT be the probability of finding a defective product in the RSPOT
of spotty quality products
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B.1 TYPE-A PROCESS CURVE

Procadure : TYPE-A Process Curve ( Bincwial Distribution )

Generste an arréy of NODEF PRODUGTNO's and corresponding TESTNO's. This
array © the ive in the production run and alse
contains the test, on the product, thet is defective. Each product has
the probability PROB of being dafective end each test on a defective
product hes the probability of (1/MAXTEST) of being defective.

Begin :

* Calculate the number of defective products ¥
NODEF = INT( SSIZE * FROB )

* Generate NODEF PRODUCTNO's and corresponding TESTNO's. Each
PRODUCTNO is chosen at randem from the SSIZE products and the TESTNO
is chosen at random from the MAXTEST tests on the product #

AN
* Check for repeated PRODUCTNO's and generate new ones to replace one
of the repested numbers *

* Sort the array according to the PRODUCTNO's ; from smallest to
largést. When a PRODUCTNO is swapped the corresponding TESTNO must

also be swapped *

End :
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B.2 TYPE-8 PROCESS CURVE

Procedure : TYPE-B Process Curve ( Horsnell Distribution )

First generate a binomial distribution as in TYPE-A process curve but do
not sort the array. Then add the spotty quality products.

Begin :

* Calculate NODEF *
NODEF = INT( $SIZE * PROB )

* Generate NODEF PRODUCING's and corresponding TESINO's. Each
PRODUCTNO is chosen st random from the SSIZE p:oducts and the TESTNO
is chosen at random from the MAXTEST tests on the product *

* Check for repeated PRODUCTNO's and generate one new one to replace
one repeated number ¥

* Select a random TESTNO *
TESTNG = INT{ RND*MAXTEST )

* Calculate the constants raquired when generating the spotty gquality
product numbers *

NSPOT = INT( SSIZE * SSPOT )
RSPOT = NSPOT / PSFOT
Repeat:

FSPOT = INT( SSIZE % RSPOT )
until ( FSPOT < (SSIZE - RSPOT) )

* Generate NSPOT PRODUCTNO's. Each PRODUCTNO is chosen at random from
the range in which the spotty quality products must appear. The
PRODUCTNO and the constant TESTNO ;2 d in the array. NODEF is

incremented each time a spoter «r et is chosen *
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# Sort the array according to PRODUCTNO's ; from smallest to largest,
When & PRODUGTNO is swapped the corresponding TESTNO must also be

swapped *
€nd :
\
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APPENDIX C. SYSTEM HARDWARE DEVELOPMENT

c.

-

- Circuit Diagrams

€.2 - Component List

€.3 - Decoder Logic Design

CG.4 ~ Interfgce Unit Software N
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CIRCUIT DIAGRAMS

- Prototype Card

- Interface Unit

- External Circuitry to the D.P.§S. Module
~ Dectder

5 - Automatic KEY Opexation

- Component Layout - Prototype Card

- Component Layout - VERG 1 and VERO 2

~ Component Layout - VERO 3 and PCB 1
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€.1.1 PROTOTYPE CARD '

SHEET 10F B »
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C.1.2 INTERFACE LINIT
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HH HH
HH HH
HH HH
it HH
HH HH

sy

g E!EE?HHR,

s o e

ISSUE.

12-8-85

INTERFFCE UNIT

SHEET 2 OF 8




. <
C.1.3 EXTERNAL CONNECTION TO THE D.P.S. MODULE i
5
i
;
1
f w
I
L
I
Appendix C. SYSTEM HARDWARE DEVELOPMENT 122 !
N
8
s




8.0 ¥ 1T¥S

SB-6-91

C.1.4 DECODER
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C.1.5 AUTOMATIC KEY GPERATION

TEST FAIL DRTA

AUTOMATIC
KEY

OPERATION

SHEET 5 OF 8 J
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C.1.6 COMPONENT LAYOUT - PROTOTYPE CARD

[E]

ADDRESS
DECODING

uid

RN I RUE

PROTOTYPE :

i CRRD !
e

s
T
) .
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FROM
FROTOTYPE
CARD

+15V
GND

10
PCD 1

€.1.7 COMPONENT LAYOUT - VERO 1 AND VERO 2

FROM VERO 3

NRARI]

u28 70
D o uazD uz3 VERD 2
w1 TRI
O Om: a4
Rz TRB R4
D.P.S. MODULE CRADLE U OfLem
CONNECTOR . SHTTCH
VEROD 1
BN TQS 5 T8 FROM
RS o VERO 1
TRI2
(@] O il
U2s g TRI®
VERO 2
SHEET 7 OF 8
126
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C.1.8 COMPONENT LAYOUT - VERO 3 AND PCB 1

nnnnnn

KEY1 KEY2 KEY3 KEY4 KEYS KEYS KEY? KEY8

LED! LED2 LERD3 LED4 LEDS LEDG LED? LEDS
s R v S s N S s Y v [ i ) s |

FUNCT [KEY NO| SK MO
LINE 1| KEY1 =07}
LINE 2| KEY2 S1
STATION | KEY3 S2
STATIONZ | KEY4 S3
STATION3| KEYS S4
DIVERT| KEYB 53
HOLD KEY? 87
RECALL.| KEYB 56
SHEET 8 OF 8
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C.2 COMPONER & LIST

Resistors ( 1/4 W unless specifically stated )

UL
uz
u3
U4
us
ué
u7
us
u9
u1o
Uil
Uiz
U3

= not used

7415244
741508
74L804
T4LS244
741802
741821
7418373
7418373
7418109
7415245
2764
7418373

Integrated Circuits

Ut4
U1s
Ulé
w7
uis
vie
v20

22
u23
u24
u2s
U26

Appendix C. SYSTEM HARDWARE DEVELOPMENT

Rl - 1K R1i1 - 15K
R2,R3 - 2K2 Ri2 - 6K8
R& - 10K R13 - 100K
RS « 1K R14 ~ 3K3
R6 - 470 R15,R16,R17 - 10K
R7 - 220 R18,...,R25 - 3K3
RE ~ 470 R26,...,R41 - 10K
R9 - 220 R42,...,R49 - 2K2
R10 - 1K

Capacitors
€L - 47 pf  ( ceramic )
©2,03 - 22 pf  ( ceramic )
Cé - 1mfd ( electrolytic )
C* - 0.1 mfd ( decoupling capacitors, ceramic )

8035
741504
741508
741508
741802
7418373
4049
40106
40106
4011
4011
4016
4016
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Semi-conductors

TR1 - BC107b
TR2,TR3 - BGY71
TR4 - BC107b
n - 5.5v Zener diode
D2 - IN4148
LEDI  ~ S mm green LED
Miscellaneous
XTAL - 6 Mhz crystal
81,82 - 4 way DIL
[ - 15 pin D-connector
LOR1,...,EDR8 - Light Dependant Resistors
\ .
C. SYSTEM
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€.3 DECODER LOGIC DESIGN 4

A block diagram of the sy3 s is given below 2

[ i
re | - | :
1

! [ B

I‘ (| E1 0oCi :

[ ] g2 MC =

| ¥ | s 3

! T

3
P25
\ \

- Personal Computer

= Microprocessor
- Bye~directional data buffer and latek
~ Address bit 1 from the PC
= Bit 6 of port 2 of the MG

D - DIR { U1, prototype card )

G ( Ul, prototype card ) e
Enable ( U8, active high )
Output Control ( US, active low ) N
Enable ( US, active high )

Output Contxol ( U9, active low ) .
Enable  U1l, active low ) o

. The decoder controls the operating seguence of the various chips. The -
inputs of the decoder are comtrolled by the PC ( D, &, E13 ) and the
microprocessor ( MC ) ( P26 ). The following operations wust be con-
trolled:
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1. MC read data from the BUFF.

2. PC write data to BUFF.

3. PC read data from MC.

4. PC read RC control line.

The outputs of the decoder are controlled sccording to the informatien

at the decoder input. A truth table of the inputs and the corresponding
cutputs of the decoder is given below

Operation Inputs Qutputs
D § E3P26 | E1 E2 OC1 0C2 Gh
PC -~> BUFF 1 o ] [ 1 [ 1 1 1
BUFF --> MC X X X 1 0 o0 o0 1 X
RC --> PC ¢ o0 0 X ¢ 0 X 1 o0
MC --> PC o o i 0 [ 1 1 0 1
BUFF «~> MC 0 o o0 1 o o0 0 1 0
& RC ~-> PC
All others 0 o 1 i 90
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4. 001 is minimised using karnaugh maps.

0oL B13
et
N - | - [t ]
ff -1 - i1 8
D HIERERED
(D
o~—’
P26
oc1 = F28

5. G4 is miniuised using a kazmaugh map.

[ E13
PN
(1 x [x [ 1)
G Txlx 13 [

pf{Hatx x 1
0 (1] 1

N’

P26

B =T+G+E3 or D .G+El3

pendix C1 ( Sheet & ).
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The decoder has been implemented using 2-Input NOR gates, 2-Input AND
gates and Inverters. The circuit diagram of the decoder is given in Ap-
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€.4 INTERFACE UNIT SOFTWARE

C.4.1 A PDL DESCRIPTICON

PROCEDURE: INTER2

BEGIN:
* reset RE and RC *
REPEAT
WHILE ( RE = Jow )
* wait *
END WHILE:

* read BUFF and store the data in register 0 { RO ) *
* set RC = 1%
* start TIMER for 1 second *
FLAG1 = FALSE
REPEAT
* send serial date *
CALL QUTP27
* receive serial answer ¥
Cisl SCANT1
IF ( the answer is correct )
THEN
FL4G1 = TRUE
R3 = FFH
ELSE
IF ( TIMER = 1 sec )
THEN
FLAGL = TRUE
3 = O0H
ENDIF:
ENDIF:
UNTIL { FLAGI = TRUE )
* make data available to the PC *
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( place result of R3 on port 1)

* switch LED off *
* set RC = low *
WHILE ( RE = high )

* wait *
END WHILE:

UNTIL ( forever )
END:

PROCEDURE: QUTP27

This procedure takes the value of RO and transmits to the D.P.S. module

in the required serial format.

PROCEDURE: SCANT1

This procedure scans input T1 and receives the amswer from the D.P.S.
module. It converts the serial incoming information to an 8 bit word.
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C€.4.2 SOFTWARE LISTING
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FILE: INTERZ:pHEC
LOCATIOR GBJECT CODE LINE

HEWLETT-PACKARD: BOAB Assesbler

SOURLE LINE
5040
JUNDER TEST IN THE GORRECT FURMAT,
{SECONDS , il ERR
1IF TH ARSUER 15 CORRI
! 086
W SEL
Y
Wi
e
4 13
MY
NATHFR o
’ b
AN Hov
oL
1]
K0y
naThz: w
o
P
WP
)
] Ut
9 HATHG: My
w32 8
oy
KUECODER: 1Y
nL
i
K33 ﬁ\é
T
W34 bz
t
18 %
Mo %L
fi
ALK, K0
oL
AN L)
513 L
L
b
o
T
WlH6: Aoy
6t

PAGE 1

ISR I T AR
3THIS PROCRAN READS DATA FROK THE P AMD SENDS IT YO THE BOARI
THE ANSNER RECEIVED FRON THE
$BOARD I8 CHECKED, IF THE CORRECT ANSWER IS NOT RECEVED IN 10

15 ASSUNED AND A ZERD TS SERD T0 THE FL.

ECT A OKE 1S SENT YO THE PC.

L{0
RBE
A,600H
Pha
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JCLEAR RE AHD RC

JWHILE RESLOW WALT
READ BUFF

$STORE DATA IN 20
J5ET RG=1

$COUNTER t SECS
JSEMD SERTAL DATA
RECETVE ANGHER
$RECODER

3°H0* ANSNER

$HTES® ANSYER
START DELAY

SHAKE DATA AUATL
SMITEH LED OFF

JSET RE=LDW
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FILE: INTER2:pBRC

LOCATION OBJECT CODE LIME  SOURCE LINE

048 00

[
8050 2689

Q08F BC08

HENLETT-PACKARD: 048 Assembler PACE 2
58 ne
5 w®
§ AN
X o [
AT i M}m JBIILE REHIEH
'I“I“!l*!ll|lllll|“ll‘il“lHl‘I!IIIM*I“Hlﬂ‘ﬂllll“!mﬂl“*
JOUTPUY THE DATA IH THE CORRECT SERYAL FORNST
dumv. 1w B s
oL [X) '
“om‘m: ﬁ 2,637 1184 CYCLE DELAY
: il WriE
» [
4 BUTIE: NP
NP
A i (X
] M [ =t
2 Hov X
oY [N
bl
ﬁ
o 0y 000
@ DEC A
i azeND
g ]
o2EMD: o 3
e
WP
o a8
W o]
Ll R4 P20
i B
e 3
02 v B30
I KoV 84 2l
181 s %)
12 NP
13 e
14 g22 A0y 83
195 e
w B e
18 o A 4oy
i g 3 7=
111 s
i {READ SERIAL DATA 0N T1
11 écmn. HY R4,408 JINCTEALISE

Appendix C. SYSTEM HARDWARE DEVELOPMENT

138

®
&

s o it



FILE: NTERZipBPE

HENLETT-PACKARD: 8248 dssesbler
LOCATION OBJECY CODE LINE  SOURCE LINE

PAEE 3

$691 5695 115 SONL: m scAN JIF Tt=1 GOTD SCAN2
REIM e i aiie 3 o sy
o7 17 118 562! i [ !
098 L s b4 SC2ERD
94 8497 126 g ]
9690 56A3 121 SU26ND: m SCA3 JRECHERX Ti=t
0% 849 iz P Stanl
040 BBOE 13 stan: W R, 6004 160 CYLLE DELAY
0442 2301 13 ol B, b0tH
7 125 8031 DEC 4
0845 Chth i 1 ST
0067 0484 i@ e 565
[ 128 SLIERD [y
129 ROP
D843 2308 130 SoaM: o X
1] 131 604t DEC 8
WEE 13 1 SC4EN
0087 84AD 132 i 504
Q082 98 134 SCAEND: Nop
1083 00 135 L4
804 5B 13 Seans: bif) SEAS $1F T1=1 BOTD SCaNG
388 £ i ] BRS =l
GGB7 138 RLE
Q08 48 137 0y R3,A
0889 9400 i bl SCh
Q8BB 18 141 SCAHA! INC [4
0B 42 HY 8,1
§080 143 RLE )
0 14 Hy 3,0
S0 4 [
1) EEAD 146 SCAN: [ 24,5684
iz 47 o 8,43
(13 148 RRE
BOC4 1 v Rl A
2065 230 150 ScaNe: WV a,41h6H SDELAY AFTER SERIAL
i 15 DEC JBYTE 15 READ,
08C8 Chct 152 1 SCANY
68 467 15 e 58
et &3 134 scaMy: 12}
] £
HEHE
Errirss 0
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APPENDIX D. DATA FLOW AND TASK MANAGEMENT

An examination of the flow of data through an information processing
system is fundamental to the design process. It is of ma or importance
to be able to develop a clear overall view of how data transverses the
system. Such an approach will then lead to a partitioming of the system
into areas of processing activity, and as to how these activities are to

be mensged.

It is essential to distinguish graphically between the activities of data
and data ion. The following conventions are intro-

duced for this purpose
Graphical symbols for data flow diagrams
Symbols are introduced for processes (areas of date management) and for

resources (areas of date transformation}.

A

{ Data iaputs ) { Data outputs )
Identifier X Identifier U
Process
Identifier ¥ - name Identifiex V
Identifier 2 Identifier W

Graphics Symbo!l for a Process

A process may command any number of data inputs and outputs.
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Op. name

Op. namc\‘/-—————~
Identifier namg)

Graphic Symbel for a Resource

The operator name is given immedistely above the arrows pointing into or
out of the resource. Other identifiers which are part of the procedure
i the on the
ment informstion like pointers stc.) dre net considered part of the dats

(ie. status, resource manage-

flow diagram.

4 an of 1 ineluding
single data items, records and arrays and a collection of operators (or

procedures) which have exclusive access to the components of the data
aggregate. User actess to the resource will entirely be managed via the

collection of . The taken with the data ag-
gregate uniguely ch ise the beh of the
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Op. name
Henester
Op. name
Henedrler -@

Graphic Symbol for & Resource

The operato# name {s given immedistaly above the arrows pointing into ar
out of the resource. Other identifiers which are part of the procedure
impl the ien on the

(ie. status, resource manage-
ment informstion like pointers etc.} are not considered pert of the data
£low diagram.

4 zesource comprises an ot 1 including

single data items, records and arzays and a collection of cperators (or
procedures) which have exclusive access to the componentz of the data
sggregate. User access to the resource will entirely be managed via the

collection of The taken with the data ag-
gregate uniguely ch ise the beh of the r
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APPENDIX E. PDL DESCRIPTION OF THE SYSTEM SOFTWARE

i
E.1 S$TATISTICAL TEST PROCESS l !

PROCEDURE: Statistical Test Process

i
INPUT : Keyboard, Interface Unit L .
OUIPUT: Display, Printer, Interface Unit

BEGIN: { B
OPEN : Process Curve Rosource and Data Input Resource
IST1 = FALSE
REPEAT o
PUT:
DISPLAY: * clear screen *
DISPLAY: STATISTICAL TEST PRUCESS A
DISPLAY: 1 : Data Input Process
DISPLAY: 2 : Sampling Process
DISPLAY: 3 : Data Output Process
DISFIAY: 4 : Quit .
Select ths rsquired option and press <entexy \ 2
ENDPUT: ©
GET:
KEYBOARD: FUNCT
ENDBET:
# Check range of FUNCT *
CASE FUNCT OF o
1 : CALL Data Input Process g
CALL Sappling Process
CALL Date Output Process -
% QUIT * y(\,’ﬁ
# Save IDTOTAL * =N
1ST1 = TRUE
ENDCASE:
UNTIL (ISTI=TRUE}
% Close Random Files *
END:

S

END PROCEDURE: Statistical Test Process
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E.2 DATA INPUT PROCESS

PROCEDURE: Data Input Process

INPUT : Keyboard, Date Input Resource, Process Curve Resource
OUTPUT: Display, Data Input Resource, Process Curve Resource,
Random Number Resource

BEGIN:

FLAGY = FALSE
REPEAT

DISPLAY:
DISPLAY:
DISPLAY:
DISPLAY:
DISPLAY:
DISPLAY:
ENDPUT:

DATA INPUT PROCESS

: Read values in the data imput resource

: Read values in the process turve resource

Erase a record

Quit

GET:
KEYBOARD: IDI1

ENDGET:

CASE IDI1 OF

2
A

CALL Data Input Process
CALL Data Input Process
CALL Data Iaput Process
CALL Dats Input Process

5 : CALL Data Imput Process

ENDCASE:

UNTYL (FLAG1=TRUE)

ENz

END PROCEDURE :

Data Input Process

Hoaws

1
2

3 : Input required vaiues
4

5

- See Appendix E2.
- Ske Appendix E2.
- See Appendix E2.
- Sae Appendix .

2
2
3
4
See Appendix E2.5

2
2
2
2
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E.2.1 DATA INPUT PROCESS A

PROCEDURE: Data Input Process A

INPUT : Keyboard, Data Input Resource
OUTPUT: Display

BEGIN:
IF IDTOTAL=0
THEN
PUT:
DISPLAY: There are no records available
INDPUT':
ELSE
* Display headings *
FOR IDAL = 1 TO IDTOTAL
* Display values *
NEXT IDA1
ENDIF:
END:

END PROGEDURE: Data Input Froocess A

E.2.2 DATA INPUT PROCESS B

PROCEDURE: Data Input Process B \

INPUT : Keyboerd, Process Curve Resource
OUTPUT: Display

BEGIN:
IF IDTOTAL=0
THEN

PUT:
DISPLAY: There sre no records available
ENDPUT:
ELSE
* Display headings *
FOR IDB1 = )} TO IDTOTAL
# Display values *
NEXT IDB1
ENDIF:
END:

END PROCEDURE: Data Input Process B

".2.3 DATA INPUT PROCESS C

PROCEDURE: Data Input Process G
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INPUT : Reyboard, Random Number Resource, Process Curve Resource
OUTPUT: Display, Random Number Resource, Process Curve Resource,
Bata Input Resource

BEGIN:
IF IDTOTAL~IDMAX

THEN

PUT:
DISPLAY: Maximum number of records already exist

ENDPUT:

ELSE
IDTOTAL = IDTOTAL+Y
ID = IDTOTAL

* input the required data *
* put the date in the random file buffer *
GET

KEY&OARD Use Existing or New process cuxve resource ; CDC1

* input the required data *

* copy the appropriste random number ressurce and store
it under the correct filemame ¥

IDC1 = TRUE

ELSE
IF CDCI=N
THEN

* input the Tequired date
* put data n the rand.s file buffer *

CALL CALC_P_C
IDC1 = TROE
ENDIF:
ENDIF:
UNTIL (IDCI=TRUE)
ENDIF:
END:

MODULE: CALC_P_C

BEGIN:
CDCC1 = PROCC *# process curve name *
CASE CPCCL OF:
SELF; Manusl Input

NODEF = 0
IDCC2 = FALSE .
REPEAT

* input the mumber of the product to fail *
* generate a random test number ¥

* save the values *
NODEF == NODEF+1

T2
KEYBOARD: Last number (¥/N) ; CDCO2

ENDGET:
IF CDCC2=Y
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THEN
IDCC2 = TRUE

+ display the amount of products already input *
ENDIF: .

UNTIL (IDCC2=TRUE)

* sort the array according to product numbers; from smallest to
largest. When s product number is swspped the corresponding
test number wust alse be swapped. ¥

* calculate and save PSIZE and PROB *

TYPE-A: Blnomial Disttibuticn

See Append:

TYPE-B: Kux:snall Distributian

See Appendix B2

ENDCASE :
END:
END MODULE: GALGC_P_C

END PROCEDURE: Data Input Process

E.2.4 - DATA INPUT PROCESS D

PROCEDURE: Data Input Process D

INPUT : Keyboard, Data Input Resource, Process Curve Resource
QUTPUT: Display, Data Input Resource, Process Curve Resource

BEGIN:
IF INYOTAL =
THER

UT:
DISPLAY: There are nio records evailable
ENDPUT:
ELSE
GET:
KEYBOARD: input the ID of the recoxd to be displayed; ID
ENDGET:
IDD1 = ID
IDDZ = FALSE
REPEAT
IF 1D = IDTOTAL
THEN

* Fill the record with blanks *
IDD2 = TRUE

ELSE .
ipb3 = Ip
ID = Ip+1
* GET record ID : PUT record IDD3 *
NDIF:
UNTIL (IDD2=TRUE}

DISPLAY' Record IDD1 has been erased
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END:

END PROCEDURE: Dats Input Process D
E.2.5 DATA INPUT PROCESS E
PROCEDURE: Data Input Process E

INPUT : none
OUTPUT: FLAG1

* save all the information required by the system, on flappy *
END:

END PROCEDURE: Data Input Process E
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E.3 SAMPLING PROCESS

PROCEDURE: Sampling Process

INPUT : Keyboard, Random Number Resource, Process Curve Resource,
Interface Unit, Data Input Resource, Data Output Resource
QUTPUT: Display, Data Input Resource, Data Output Resource,
. Interface Unit

BEGIN:
PUT:
DISPLAY: SAMPLING PROCESS
DISPLAY: 1 : Run gll test processes
DISPLAY: 2 : Run individual teést processes
DISPLAY: 3 : Quit
DISPLAY: Sclect the required option and press <esnter>
ENDPUT:

REYBOARD: IS1
ENDGET:
CASE IS1 OF
1 ; * All tests *
FOR ID = 1 TO IDTOTAL
* Copy random number resource into an array *
DALL Sampling Plsns
NEXT ID
2 : * Individual Tests ¥
GET:

KEYBOARD: Enter the ID of the record ; ID
ENDGET:
* Copy random number reséurce to am arrsy *
CALL Sampling Plans
3 : Quit
ENDCASE :
END:

MODULE: Sampling Plans

BEGIN:
I83 = SSIZE
CASE SPLAN OF

100% : * Full Inspection *

FOR PRODUCTNO = 1 TO 183
CALL Alporithm A Process - See Appendix E3.1
CALL Test Result Process - See Appendix E3.5

UT;
DISPLAY: Record ID : Completed PRODUCINO of IS3
ENDPUT:
NEXT PRODUCTNO
FLAGL = FALSE
FOR PROCUCTNO = 1 10 183
GALL Algorithm B Process - See Appendices E3.2, £3.3, E3.4

CALL Test Result Process - See Appendix £3.5
PUT:
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DISPLAY: Record ID : Completed PRODUCINOG of IS3
ENDPUT:
END CASE:
SSTATUS = TRUE

END:
END MODULE: Sampling Plams

END PROCEDURE: Sampling Process

E.3.1 ALGORITHM_A PROCESS ( 100% TESTING )

NOTATION « The Interim Resource { INTERRES ) ds a two dimensional array.
Twe subscripts are required to reference any component in the array. One
subscript refers to & specific record, in this case each test has its oun
record. The other subscript refers to a field in the record. Thexe are
eight fields in each record ( TIYPE, TSTATUS, OUTCOME, COUNT, COUNTXK,
FIG1, FLG2, TIME ) - See Chapter 7. A specific field ( say TIYFE ) in a
specific yecord ( may TESTNO ) is referenced using the following ex-
pression.

INTERRES (TESTNO, TTYPE)

The notation used for this expression, for the following PDL description,
is simply

TTYPE = INTERRES (TESTNO,TTYPE)
PROCEDURE: Algorithm A Process

INPUT : Interim Resource, Interface Unit, Dats Imput Resource, PRODUCTNO
OUTPUT: Interim Resource, Interface Unit

CONSTANTS :
FAJLTIME = 2
PASSTIME = 1
NOTIME = O
BEGIN:
FLAG1=FALSE
FOR TESINO = i TO MAXTEST
TTYPE = FULL

COUNT = 0
TSTATUS = RUN

TIME = 0

CALL Test Fail Process - See Appendix E3.6
CALL Interface Unit Process - See Appendix E3.6
IF STATUS=TRUE

THEN
OQUTCOME = PASS
TIME = PASSTIME
ELSE

IF STATUS=FALSE
THE!

OUTCOME = FAIL
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TIME = FATLTIME - |

OUTCOME = UNKNOWN

ENDIF: s ]
ENDIF: . )
NEXT TESTNO 2 &

END:

END PROCEDURE: Algorithu A Process : 1

E.3.2 ALGORITHM_B PROCESS ( CSP SAMPLING )

NOTATION - The Interim Resource ( INTERRES ) is a two dimensional array.
Twe subscripts are required to reference amy component in the array. One
subscript refers to a specific record, in this case each test has its own
record. The other subscript refers to a field in the record. There are
eight fields in each record ( TTYPE, TSTATUS, OUTCOME, COUNT, COUNIR,
FLG1, FIG2, TIME ) - See Chapter 7. A-specific field ( say TIYPE ) in a
specific recerd ( say TESTNO ) is referenced using the following ex-
pression.

INTERRES (TESTNO, TTYPE)

The notation used for this expression, for the following PDL description,
is simply TTYPE.

TIYFE = INTERRES(TESTNQ,TTYPE)
PROCEDURE: Algorithm B Process ( CSP Sampling ) .

INPUT : Interim Resource, Interface Unit, Data Input Resource, PRODUCTND %
QUTPUT: Interim Resource, Interface Unit 2

CONSTANTS :

FAILTIME = 2
PASSTIME = 1 b,
NOTIME = O v

BEGIN:

FLAG1 = FALSE

IF FLAG2=FALSE
THEN

* initislise the Interim Resource ¥
FOR TESTNO = 1 TO MAXTEST

TTYPE = FULL

COUNT = 0 |
TSTATUS = RUN

TIME = ¢

CALL Test Fail Process - See Appendix £3.6
CALL Interface Unit Process - See Appendix E3.6
IF STATUS=TRUE
THEN
QUTCOME = PASS .
TIME = PASSTIME
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BLSE
IF STATUS=FALSE
THEN

OUTCOME = FAIL
TIME = FAILTIME

ELSE

FOR TESTNO = 1 TO MAXTEST
CALL Test Fail Resource - See Appendix E3.6
CASE SPLAN OF: ¥ type of sampling plen *

C8P-1 ¢
IF OUTCOME=PASS
‘THEN
IF COUNT=1
THEN
IF TTYPE=FULL
THEN
TIYPE = PART
‘TSTATUS = NORUN
COUNT = F~1 *F = 1/f*
.LSE
TSTATUS = RUN
COUNT = *F = 1/f *
ENDIF:
LLSE
. IF TTYPE=FULL
THEN
TSTATUS = RUN
TSTATUS = NORUN
ENDIF:
COUNT = COUNT~-1
ENDIF:
ENDIF:
IF OUTCOME=FAIL
THEN
COUNT = I LS
TTYPE = FULL
TSTATUS = RUN
ENDIF:
IF OUTCOME=UNKNOWN
THEN

COUNT = COUNT-1
ENDIF: ( end of CSP-1 )
CSP-2 ¢
IF QUTCOME=PASS
‘THE!

IF TTYPESFULL
THEN
IF COUNT=1

THEN
TTYPE = PART
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TSTATUS = NORUN
COUNT = F-1 *F = 1/f*

COUNT = COUNT-1

N
TSTATUS = RUN
COUNT = F * F=1/f+*
IF FLAGI=TRUE
THEN
IF COUNTR=1
THEN
FIG1 = FALSE
EESE
COUNTK = COUNTK-1
ELSE
TSTATUS = NORUN
GOUNT = COUNT-1
ENDIF:
ENDIF:
ELSE
IF OUTGOME=FAIL
THEN
IF TTYPE=PART
THEN
IF FLG1=FALSE
THEN

% QUTCOME = UNKNOWN *
COUNT = COUNT-1

ENDIF:
ENDIF: ( end of CSP-2 )
C5P-3 :
IF OUTGOME=PASS
THER
IF TTYPE=PART

IF FLG2=FALSE
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COUNTK = 1 1=k
COUNT = F-1 * F =
‘TSTATUS = NORUN
FI161 = TRUE
ELSE
‘TSTATUS = RUN
TIYEE = FULL
COUNT = *I= 4w
ENDIF:
ELSE
TSTATUS = RUN
COUNT = T * X =i
ENDIF:
ELSE
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THEN
IF COUNT={
THEN
TSTATUS = RUN
COUNT = F *F=1/f %
ELSE
TSTATUS = NORUN
COUNT = COUNT-1
ENDIF:

ELSE
IF COUNT=1
THEN
TSTATUS = NORUN
COUNT = F-1 % F = }/f *
FIG2 = FAUSE
LSE

TSTATUS = RUN
COUNT = COUNT~1

ENDIF:
IF TSTATUS=RUN
THEN

IF FLGI=TRUE
THEN
IF COUNTR=1
THEN
IF FLG2=FALSE

FLG1=FALSE

THE!
TSTATUS = NORUN
COUNT = F-1  * F = 1/f *

TTYPE = PART

FLG1

FLG2 = FALSE
ELSE

TSTATUS = RUN
COUNT = CQUNT-1

IF OUTCOME=FAIL
THEI
IF TTYPE=PART
THEN
IF FLG1=FALSE
THEN

TSTATUS = RUN
TTYPE = PART
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OUTCOME UNRNOWN #
COUNT = COUNT-1
ENDIF:
ENDIF: { ead of CSP-3 )
ENDCASE :
IF STATUS=RUN
THEN

CALL Interface Unit Process - See Appendix E3.6
1F STATUS=TRUE
‘THE!

N
OUTCOME = PASS
TIME = PASSTIME
ELSE
IF STATUS=¢'ALSE
THEN

OUTCOME = FATL
TIME = PATLTIME

ELSE
OUTCOME = UNKNOWN

QUICOME = PASS
TIME = NOTIME

END:

END PROCEDURE: Algorithm B Process ( CSP Sampling )

E.3.3 ALGORITHM_B PROCESS ( MLP SAMPLING )

PROCEDURE: Algorithm 3 Process ( MIP Sampling )

Only the CASE function differs from the PDL description of the Algorithe B
Process in Appendix E3.2 ( Algorithm B Process - CSP Sampling ). The CASE
funct {an which follows replaces that of Appsnd:.x E3.2 when the multi-level
continucus inspection plans are executed
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CASE SPLAN OF:  * Sampling Plan *

MLP
IF OUTCOME=PASS
THEN

IF TTYPE=FULL )
THEN 5" i
IF COUNT=1
TTYPE = PART )
TSTATUS = NORUN d
COUNT = F-1 =g % <
COUNTK = I % 1={¢%
FLE1 = =3
ELSE bt 1
TSTATUS = RUN :
COUNT = COUNT-1 5
ENDIF: o
SISE 3
IF COUNT=1 (]
THEN ’
IF COUNTK=1 i
THEN

IF FLGI<2 >
THE)

N
FLG1 = FLG1+1

1% ;
= 1/f * i

COUNT = F*¥FLGL * F = 1/£ & oS

ENDIF: s

ELSE H

TSTATUS = NORUN

COUNT = COUNT-1
ENDIF:

IF OUTCOME=FAIL
“THE!

N
IF TTYPE=FULL
THEN
TSTATUS = RUN
COINT = T *I= gk
FIGL =0

ELSE
IF FLG1=1 : 1
THEN

ELSE
TSTATUS = NORUN

Appendix E. PDL DESCRIPTION OF THE SYSTEM SOFIWARE 155

3
s

v . : # g R




COUNTK = I % I =4 %

FIG1 = FIG1-1
COUNT = (F**FLG1)-1
ENDIF:

ENDIF:
ENDIF:
ENDIF: ( end of MLP sampling plan )
MLP-T : -
IF OUTCOME=PASS

THEN
IF TTYPE=FULL
THEN

IF COUNT=1
THEN
TTYPE = PART
TSTATUS = NORUN

o

COUNT = FFAFLGL * ¥ = 1/ *

ELSE
TSTATUS = RUN
COUNTK = COUNTK~1
COUNT = FF4FLGL * F =
ENDIF:
ELSE
TSTATUS = NORUN
COUNT = COUNT-1
ENDIF:
ENDIF:

ELSE
IF OUTCOME=FAIL

ENDIF: ( end of MLP-T sampling plan )
ENDCASE:

1E*®

END PROCEDURE: Algorithm B Process { MLP Sampling )
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E.3.4 ALGORITHM_B PROCESS ( CSP AND WSP SAMPLING )

NOTATION - The Interim Resouxce ( INTERRES ) is a two dimensional array.
Two subscripts are required to reference any component in the erray. Ome
subscript refers to a specific record, in this case each test has its own
record. The other subscript refers to & field in the record. There are
eight fields in each record ( TIYFE, TSTATUS, QUICOME, COUNT, COUNIK,
FLG1, FLG2, TIME ) - See Chapter 7. A specific field ( say TTYPE ) in 8
specific record ( say TESTNO ) is referenced using the following ex-
pression.

INTERRES (TESTNC, TTYPE)

The notation used for this expression, for the following PDL description,
is simply TTYPE.

TIYPE = INTERRES(TESTNO,TTYPE)
PROCEDURE: Algorithm_B Process ( CSP and WSP Sampling )

INPUT : Interim Resource, Interface Unit, Data Input Resource, PRODUCTNO
CUTPUT: Interim Resource, Interface Unit

CONSTANTS :
FAILTIME = 2
PASSTIME = 1
NOTIME = 0

BEGIN:
FLAG! = FALSE
IF FLAGZ=FALSE
THEN

* initialise the Interim Resource *
FOR TESTNO = 1 TO MAXTEST
IF SPLAN=WSP-1
‘THEN

AOQL! = AOQL/MAXTEST
AOQL! = (AOQL!*SSIZE}/(F-1)
IF AOQLI<1

TIYPE = FULL
TSTATUS = RUN
ELSE
TTYPE = PART
TSTATUS = RUN
COUNT = F *F o= 1/fk
COUNTK = INT( AOQL! )

ENDIF:
ELSE * SPLAN = CSP-F #

TTYPE = FULL
TSTATUS = RUN
I3 I 4w
TIME =
ENDIF:

CALL Test Feil Process - See 4ppendix E3.6
CALL Interfsce Unit Process - See Appendix E3.6
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IF STATUS=TRUE

THEN
OUTCOME = PASS
TIME = PASSTIME
ELSE
IF STATUS=FALSE
THEN

OUTCOME = FAIL
TIME = FAILTIME

ELSE
OUTCOME = UNKNOWN

ELSE
FOR TESTNO = 1 TO MAXTEST
CALL Test Fail Process - See Appendix E3.6
CASE SPLAN OF: * Sampling Plan *
CSB-F :
NOTE : Plan CSP-F hes the seme operstion as Plan CSP-1
WSP-3 :
I¥ TTYPE=PART
THEN
IF OUTCOME=PASS
THEN
IF COUNT=1
THEN
COUNT =%  *F=1/f%
\  TSTATUS = RUN
ELSE
COUNT = GOUNT-1
TSTATUS = NORUN
ENDIF:

ELSE
IF OUTCOMERFAIL
THEN

IF COt =1
THEN
TTYPE = FULL
TSTATUS = RUN
ELSE
TSTATUS = NORUN
TCOUNTK = COUWIK-1
ENDIF:
ERDIF:
ENDIF:
ENDIF:
ENDCASE:
IF STATUS=RUN

THEN
CALL Interface Unit Process - See Appendix E3.6
IF STATUS=TRUE

THEN
QUTCOME = PASS

TIME = PASSTIME
ELSE
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IF STATUS=FALSE
‘THEN

OUTCOME = FAIL
TIME = FAILTIME
ELSE )

OUTCOME = PASS
TIME = NOTIME
ENDIF:
NEXT TESTNG
ENDIF:
END:

END PROCEDURE: Algorithm B Process ( CSP ana WSP Sampling )

E.3.5 TEST RESULT PROCESS

PROCEDURE: Test Result Process

INPUT : Interim Resource, Data Output Resource, Process Curve Rescurce,

andom Number Resource, Data Inpat Resource, PRODUCTNO
OUTPUT: Data Output Resource

BEGIN: \
* Copy the results of the Interim Rescurce to the Data Output Resource
*

TOTALTIME =
FOR TESINO = 1 TG MAXTEST
* Check for FAIL OUTCOYT's and calculate DEFNUMBER *
TOTALTIME = TOTALTIME+TTIME
NEXT TESTNO
* Sove TOTALTIME in the Data Output Resource *
* Calculate RUNTIME and store it on the floppy *

* If there are 25 records store them on the floppy and stact again ¥
END:

END PROCEDURE: Test Result Process

£.3.6 MODULES FOR ALGORITHM PROCESS

MODULE: Test Fail Process

INPUT : TESTNO
QUTPUT: Interres Unit Resource

BEGIN:
IF TESTNO <> B8 % test 8 ¥
THEN
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IF FLAG1=FALSE

THEN
NODEF = PSIZE
IF VAR<=NODEF
THEN .
IF PRODUCTNG < RNRES (TESTNO,PNO)
THEN

TEST=0
KE¥NO = FFH
ELSE
TEST = RNRES(TESTNO,TNO}
CASE TEST OF
1 : KEYNO = FER
2

FFH

OUT 304H,KEYNO
ENDPUT:
FLAG1=FALSE

ENDIF:

END:
END MODULE: Test Fail Frocess

MODULE: Interface Unit Process

INPUTS : TESTNO
QUTPUTS: STATUS

CONSTANTS :

MDA=300H RDRC=300H
SETRE=303H RDDAT=3G2H

TESTDAT(1)=80H TESTDAT(5)=04H
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TESTDAT(2)=40H TESTDAT(6)=02H
TESTDAT(3)=20H TESTDAT(7)=01H
TESTDAT(4)=08H TESTDAT(8)=COR

BEGIN:
% make date available ¥
OUT MDA,TESTDAT(TESTNO)
* set RE high *
0UT SETRE,00H
WHILE ( RC is low ) *wait®
RC=IN (RDRGC.AND.O01H)
ENDWHIEE:
VHILE (RC is high } *wait®
RC=IN (RDRC.AND.O1H)
ENDWHILE :
* get data *
STATUS=IN (RDDAT)
* get RE low *
OUT SETRE,00H

END:
END Mo ~tarface Unit Process
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€.4 DATA OUTPUT PROCESS

PROCEDURE: Data Output Process

INPUT & Data Input Data Output

Process Curve Resource, Random Number Resource
OUTPUT: Display, Printer

BEGIN:
ID04 = FALSE

PUT:
DISPTAY: DATA OUTPUT PROGCESS
DISPLAY: 1 : Cutput a datafile to the printer
DISPLAY: 2 : OCutput a datafile to the screen
DISPLAY: 3 : Cutput a rnresource to the printer
DISPLAY: 4 : Output & rnresource to the screen
DISPLAY: 5 : Quit

ENDPUT:

GET:
KEYBOARD: IDO:

ENDGET:

CASE IDO1 OF
1 : * Print the appropriate headings and results ¥

2 : * Display the sppropriate headings and results *
3 : * Print the appropriste headings and results ¥
4 : * Display the appropriate headings and results *
5 i % Quit *
1004 = TRUE \
ENDCASE:

UNTIL (1DO4=TRUE)
N3

END PROCEDURE: Data Qutput Process
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APPENDIX F. EVALUATICN RESULTS

F.1 CONTINUOUS INSPECTION PLAN RESULTS
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4
|

Test |Sampls|PC | PC 1 | Pl aogL | a0Q | Total |PC o
Type |Size |Prob |Size t/p Time |Type . i
100% | 10000 | 0.0z | 200 ol o ° ° 80200 | TYPE-A '
0.00125 . N 4
MLP " " lwoo| s / 0.0026 | 69324 " ‘
0.01 o
me-T| "o 1000 | 5 " 0.0026 | 69324 | " A4,
[
d {esp-1| ¥ L A I " 0.0066 | 53261 [ " !j
f
le {osp-2{ ™ "™ lio00]| s " 0.0045 | 62507 | 7 i
i fospe3) ™ "] Jwoo] s " 0.0042 | 63344 | " 4
TYPE-B .
2a | 100% 10000 |0.02 215 ol 0 [} o | 80215 {0.002
.65
6.00125 .
2b MLP " " " ooy s / 0.0042 | 84557 "
- 9.01
2q | MEP-T| 7 et ofwoof sy " 0.0042 | 64557 § " "
2d jeospeif " R A ) ) " 0.0082 51441} " ;
2¢ josee2| " nlr w00 | s " 0.0073 [ 53715 | "
v
2f |osp3 | " L L T ) " 0.0082 51441 | ™ o
3a | 100% |10000 |0.02 | 200 o o ° 0 | 80200 | TYPE-A
G.56125
3b | ML " " 1" [1300 |10 / 0.0007 | 76272 | "
0.01
3¢ |mppT} " "t fwseotwey v 5.0007 [ 76272 [ .
3 jose-1| " L " D™ 11000 10 " 0.c042 | 62289 |
3e josp-2| " " " {1300 |10 " 0.0016 | 4035 " .
3f josp-3| " " {1300 [ 10 “ 0.0018 | 72485 "
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Test [Sample |PC  |FC 1 | F| aoqn | a0Q |Total {PC
Type [Size (Prob {Size t/p Time |Type
- TYPE-B
100% |1looee |0.02 |214 ofo [ 0 |80214 [0.c025
.85
0.00125 |-
MLP " “ 1" Jasoo [10 0.0023 | 69526 | "
0.01
MLPeT | " A R § &1 B 1] " 0.0023 | 69524 | *
csp-1 | " v " w00 |10 " 0.0049 ] 60352 | "
csP-2 [ " "ot 1300 [10 " 0.0057 | 59992 | ¥
CSP-3 " " " |1300 |10 " 0.0049 | 60353 "
TYPE~B
100% 10000 0.02 }215 0 0 o 0 80215 |6.0025
0.85
3.00125
MLP " " " 740 / 0.0051 | 56713 "
0.01
MLP-T [ " L A T - " 0.0046 { 58909 | "
ospel | A I IS T " 0.0083 | 48808 | “
osp-2 | " "t |ee0 |3 0.0068 | 52929 | *
CSP-3 " " * 660 | 3 " 6.0069 | 51474 | "
100% [10000 |0.03 |164 oo ¢ o | 80364 | 0.01
0.85
0.00175
MLP " " " 740 / 0.0043 | 42920 "
0.01
MEP-T | 7 * " 740 3 " 0.0045 [ 43697 | "
osp-1| " vlr o s N 0.0050 | 40023 | "
csp-2 | " "LV ol 660} 3 " 0.0062 | 37270 |
6 Josp-3 | ¢ | eeo| s " 0.0065 | 37635 | "
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Trial| Test | Sample |PC | PC 1 40QL | A0Q | Total {PC
No Type |Size |Prob| Size t/p Time |7Tvpe
TYPE-B
7a | 100% | 10000 |0.01| 176 [ ° o | 80176 | 0.01
0,50
0.00125
Th | MLP " L 1] / 0.0064 | 36627 | "
0.01
Te | MIp-T! " L N ) . 0.0066 | 38013 |
T4 [ csP-1f " "ot e " 0.0061 | 37630 | "
7¢ |[cspez| * e 660 " 0.0050 | 39144 |
7€ [csp-3} " "] 660 " 0.0062 [ 33773 | "
TYPE-B
8a | 100% | 10000 |0.01) 176 ° ° o | 80176 | 0.01
0.50
0,00125
8b | MLP " v 740 0.0044 | 39059 | "
0.01
8c {Mp-T | M L R 21 " Q.0044 [ 41034 §
g |osper| R B 5 1) " ©0.0054 | 37907 "
8s |CSP-2) " L 660 " 0.0045 | 40867 "
8f (csp-3( L A 71 " 0.0037 | 41229 | "
IYPE-B
9a | 100% [10000 |0.03} 372 0 [ 8 [ 80372 | 0.01
0.70
0.00125
9b | MLP " L I UL 0.0033 | 73227 {
¢.01
9c | MLper | " " * |io00 " 0.0033 | 73227 "
9q josp-l| " R 11 " 0.0053 | 64998 | "
9e |CSP-2} " " " |1000 " 0.0042 | 71110 "
9t |osp-3| " R T T " 0.0044 | 69932 [ "
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Test |Sample{PC {PC" | I AOQL | AQ | Total [PC
Type |Size | Prob | Size t/p Time |Type
TYPE-B
100% | 20000 [0.005 | 66 0 0 o | 8ooes |a.002
.40
0.00125
MR " A R 77 ) / 0.0032 | 30134 | "
0.81
wp-T R B 7 ] " 0.0031 {32227 |
csp-1| " " "o a0 " 0.0027 | 35197 "
cspe2| " Tl | e6o N 0.0035 | 33366 | "
csp-3| " " " 660 N 0.0030 | 33454 | "
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F.2 BATCH INSPECTION PLAN RESULTS : {
i
!
e
-
i
¢
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F.2.1

PLAN CSP-F RESULTS

Trial | Test |Sample |PC |[PC I | F| AoqL | 40Q |Total {PC
Ko Type |Size Prob | Size t/p Time |Type
la [100% | 700 0.0z | i& 0o [ 0 5614 |TYPE-A
3 v 0.00143
ol b josP-F | " o 302 j10 0.0086 [ 3534 | "
Q.0124 .
- TYPE-B
i 2a |100% | 700 j0.02 | 15 olo [ 0 5615 |0.0025
% 0.85
i 0.00143
P 25 foseF| " "l {302 {10 0.0086 | 3434 "
0.0114
, TYPE-B
R 3a |100% | 700 [o.02| 22 ofo [ 0 5621 | 0.01
4 0.50
3 % 6.00143
. 2 3 |csP-F i " " | 302 |10 0.0157 | 3634 | "
3 0.0114
4a  [100% | 500 [0.02 | 10 ofo 0 0 4010 | TYPE-A
g 0. 00143
1 4 [csPeF | " " |02 f10 0.0020 | 3373
0.0114
- TYPE-B
5a |100% | 500 [0.02] 11 00 0 ° 4011 {0.0025
0.85
0.0014%
4 5b 1 CSP-F | " " "o1302 (10 0.0020 | 3187 -
G 0.0134 -
. TYPE-B
i 6a |100% i 500 [o0.02| 15 ¢fo 0 0 4015 | 0.01
0.50
- 0.00143
6b |CsP-F | " *or " 30210 g.001z [ 3313 "
0.0114
TYFE-B
7a [100% [ 500 (0.01{ & 60 [ 0 4008 | 0.01
9.50
§.00143
7 jose-r [ " " " olsoz [0 7 0.008a | 3018 "
L 0.0114
o .
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Test |Sample |FC | PC 1 | F| aoqn | aoq |Total {PG
Type |Size |Prob |Size t/p Time |Type
TYPE-B
100% | 500 [o.01]| 9 olo [} [} 4009 | 0.015
9.70
0.00743
CSP-F " " " 302 |10 / 0.0080 | 2836 "
0.0114
TYPE-B
100% | 500 [0.03( 17 o0 ° 0 4017 | 0.015
0.70
©.00143
cse-F | " v [ 302 |10 0.0080 | 3442 | "
00134
TYPE-B
1w0% | 700 |o0.01| 13 ofo ° [} 5613 | 0.01
0.50
0.00143
csp-F | " "or" is02 [10 0.0043 | 3238 | "
0.0114
TYPE-3
100% | 700 [0.01{ 12 o]0 [ 0 5611 | 0.01
0.70
©.00143
cspp | ™ ol [ 302 {10 0.01143) 2934 [ ™
0.0114
TYPE-B
160% | 706 |0.03 | 27 oo o o 5627 | 0.015
0.70
000143
csp-F | " " " ]30z |10 0.0214 | 3736 { "
0.0114 d
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WSP~1 results

for a batch of 500 products.

F.2.2 PLAN WSP-1 RESULTS

Trial |Test |Sample |PC  |PC 1 A0QL | a0q  |Total |PC
No Size |Prob |Size t/p Time |Type
1a {100% | 500 [o.02 | 10 ° o 0 4010 | TYPE-A
0.002
b (wsper| " " LS 17 0.0060 | 2606 "
0.016
TYFE-B
2a 0% | 500 |0.02 | 11 [ 0 0 4011 | 0.005
0.85
o.00Z
2 |wsp-r| " " lwa 7 0.0060 | 2725 | "
0.016
: TYPE-B
3a |wo0% | 500 [o0.02] 11 0 0 0 40111 0.015
0.70
0,002
b fwsp-l| " LI A B 77 0.0040 | 2378 | "
0.016
4 }100% | s00 |o0.05) 25 [ ¢ ° 4025 | TYPE-A
007
&b |WSP-1 » " " N/A / 0.0180 | 3047 "
0,016
TYFE-B
58 |100% | 500 [0.03{ 19 [ o ° 4019 | 0.01
0.85
0007
5b | WSP-1 " " " N/A / 0.0080 | 2663 "
0,016
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Test |Sample|FPC | PC 1 A0QL | AOQ | Total {PC
Type |Size | Prob| Size t/p Time |Type
TYPE-B
100% | 500 |o0.02] 12 ° [ [ 4012 | ©.005
0.85
0.004
wsp-1| " i " N/A 0.0060 | 2003 "
0.034
TIPE-B
100% | s00 |[o.01] 12 ° [ ° 4012 | 0.015
0.70
0.004
7b  pwsP-x| " " " | N/A / 0.0140 | 1542 "
: 0.032
TYFE-B
8a |100% | 500 [o0.03] 18 0 o [ 4018 | ©.01
0.85
©.00%
8b | WSP-1 " " A 7Y 0.0160 | 2511 "
0.032
TYPE-B
9a |100% | soo }o.03| 20 [ 0 [ 4020 | ©.01
0.70
0.004
9b wWsp-1] " LI B 77} 0.0240 | 1799 | "
0.032
- TYPE-B
10a |100% | s00 [0.02| 14 [} 0 ° 4014 | 0.01
0.85
0.004
10a |wsp-1| " LN L B 17 / 0.0160 | 1945 | "
0.032
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WEP~1 results for a batch of 700 products.

173

Trial | Test |Sample |PC |PC I | F{ AOQL | AOQ |Total |PC
No Type |Size |Prob |Size t/p Time |Type
la j100% | 700 (.02 14 oo 0 0 5614 | TYPE~A
6.002
W fwseer| " L B /7% ) / 0.0043 | 3380} "
0.016
TYPE-B
2a [100% | 700 (0.0z | 16 ol e [ o 5616 | 0.005
0.85
0.002
26 [wseer | " "t oiwal 2 ©¢.0086 | 3988 | "
2.016
TYPE-B
3a {100% | 700 [0.01] 16 o} o [ 0 5616 | 0.015
0.70
6,002
« 3b WSP-1 " " " N/A | 2 / | o.o086 | 3141 "
0.016
\ \ TYPE-B
4a f100% | 700 J0.03] 26 oo ¢ 0 5626 | 0.01
0.85
.00z
&b WSP-1 " " " N/A| 2 0,0100 [ 4068 "
0,016
Sa j100% | 700 }0.05| 35 ol o 0 4 5635 | TYPE-A
i
} 0.002
& 5b  [wsper | ™ L 7Y 0.0086 | 4687 [ ¢
% 0.016
|
i
A
|
:
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Triai| Test | Sample|Pc | PC 1 40QL | 400 [ Total |PC
No Type | Size Prob| Size tip Time | Type
IYPE-B
6a | 100% | 700 Jo.02f 17 [ 0 [ 5617 | 0.005
0.85
0.004
6b | WSP-1 " " RS 179 0.0029 | 2753 "
0.034
TYFE-B
7a |100% | 700 |o.01] 13 [ [ [ 5613 | 0.015
0.70
0.004 .
7o jwsper| " A B I 77 Y 0.0029 | 2683 "
0.032
TYPE-B
8a | 100% | 700 |0.03| 27 ° [ o 5627 | 0.01
0.85
0.004
8b | WSP-1 " A R 77N 0.0143 | 3485 »
0.032
%a |100% | 700 |0.05] 35 0 [ [ 5635 |TYPE-A
6,004
9% | wsP-1 " " " N/A / 0.0229 | 3537 "
0.032
TYPE-B
102 [100% | 700 |0.0%5( 26 ° [ o 5626 | 0.01
9.70
67004
106 [wspen| ™ A A 77 0.0129 | 3129 "
0.032
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APPENDIX G. SOFTWARE LISTING i

G.1 CONTINUQUS INSPECTION PLAN SOFTWARE LISTING %

TR
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{ o]
10 REM E
20 REM Statistical Test Process Initialize Variables f
30 # =1 - integer , C - character , R - real :
40 P =1.2,3,...
50 DEFINT 1 STR G : DEFSNG R i ]
60 RANDOMIZE TIMER ; OPTION BASE 1 B
70 ' constant: 4 a
80 global: ¥
90 ' integer: -
100 IDMAK=10  : MAXTESTY=8 : TRUE=6HFF  : FALSE=8HO 6
110 ' * Data Output: Resource * \
120 TTYPE¥=1 ¢ TSTATUS%=2 : OUTCOME¥=3 : COUNI%=1 >
130 TIME%=Z : PSTATUSY=4 : TNUMZ=3 : PTIME%=4 2
140 PFAIL%=5  : PRODNO%=1 : COUNTKY%=3 : FLG1%<4 R
FLGZ%=5
150 * # Random Number Resource *
160 PNO%=1 : TNO%=2
170 ' variables: -
180 ' local:
190 * #8T7 3
200 ' integer:
210 ' FUNCTY
220 ' global:
230 ' integer:
260 D= + IDTOTAL=0 ’ | L
250 ¢ KEYNOX ¢+ TEST% + TESTNOR : PRODUCTNO% :
260 ! array:
270 ' # Data Output Resource *
280 DIY DORES$(25,4) : DIM DORES%(25,5)
290 ' * Randon Number Resource * !
300 DIM RNRES(500,2) 1
310 ' real:
320 ’ 40q! .
330 ' fove Input Process:
340 ' ardable:
350 ' local: ;
360 ' #5712
370 ° module: 5
380 ' D_I_PRO_A: D_T _PRO_B: D_I PRO_C: D_I_PRO_D:
390 ' #DA? #D87 T#do? T#DD7
400 ° zodule glohnL :
410 inte, .
420 ' m\su , NODEF% 5
430 ! Sampling Process: ;‘
440 ' comstant:
450 ' zodule: .
460 Interface Unit Procern .
470 " module: i
480 ' Interface i
490 * arzay: o
500 ° * Tast Data % tenirow * -
510 DIM TESTDATHi%} .
520 ' integer: :
530 TESTDATS(1)=iHga  : TESTDAT%(S)=SH4 i3
540 TESTDATY(2)=8H4)  : TESTDAT%(6)=SHZ ji
550 TESTDAT%(3)=8}20  : TESTDAT%(7)=SH1 b
560 . TESTDATY (4)=SH8 : TESTDAT%(8)=8HCO [
[
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MDA%=§H300 :+ SETRE%=&H303
RDRC¥=&H300 : RDDAT%=&H30Z
Test Fail Process
integer:
TPAIL%=8H304
varigble:
local:
module:
module global:
integer:
NOTIMEX=0 : PASSTIME%=1 : FAILTIMEY=2 ' STATUSY
REF%=1

VAR%=1 t FLAGI%=FALSE : FLAG2X=FALSE : DEFNUMBERX=C
array:
* Interim Resource *
DIM INTERRESS(8,3) : DIM INTERRES%(8,5)
module:
Test Fall Process
#TF?
Interface Unit Process
modules;
Interface
integer:

bt
Result Qutput Process:
variable:
locals
ROT
Initialise IDTPTAL
OPEN "initial" AS #5 LEN=20
FIELD #5, & AS IDTUTAL§, 12 AS RUNTIME§, 4 AS DEFNUMBER$
GET #5,1 s IDTOTAL=CYVI(IDTOTAL$)
910 REM End of Initialise Varisbles
N

940 REM Statistical Test Process

950 'begin:

960 OPEN "f_C_RES” A€ #1 LEN=30

970 FIELD #1, 8 AS PROCCS , 8 AS PROB§ , 10 AS PCFN§ , & AS PSIZE§

980  OPEN "D_I_RES" AS #2

990 FIELD #2, 6 AS spLANs s m A S DOEN$ , 6 AS SSIZE§ , 8 AS AOQL$ ,
4 AS I$ , 4 AS F§ , 5 AS SSTATUS§

1000 1871 = FALSE

1010 ' repeat

1020 ' put:

1030 cLs

1040 PRINT " "

1850 PRINT " STATISTICAL TEST PROGESS "

1060 PRINT “

1070 PRINT " 1 : Data Input Process "

1080 PRINI " 2 : Sampling Process "

1090 PRINT' " 3 : Data Output Process "

1100 PRINT " 4 : Quit "

1110 PRINT " Select the required option and press <enter> "
1120 PRINT "
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'

end put:

get:
INPUT FUNCTE
end get:
IF FUCT% < 1 OR FUNCTY > 4 THEN GOTO 1020
case FUNCT% of
ON FUNCT% GOTO 1200,1220,1240,1260
1 : call DATA INPUT PKOCESS (D_IPRO )
GOSUB 1370 : GOTO 1
: call SAMPLING PRDCESS ( SAMPLE_PRO )
GOSUB 5200 : GOTO 1290
! 3 : call DATA QUTPUT PRocx-:ss ( D_O_PRO )
GOSUB 10000 : GOTO L

ta

quit
LSET IDTOTAL§ = zms(xmm.)
Ur #5,1 : ISTL =

end cas:
' untdl (I"Tl UE)
IF IST1 = FALSE THEN GOTO 1010
CLOSE
‘end:
REM End of Statistical Test Procedure
REM
END
REM
REM Data Input Process ( D_I_PRQ )
'begin:
FLAG1%=FALSE
' repeat
' put:
PRINT " "
PRINT " DATA INPUT PROCESS "
FRINT " "
PRINT " 1 : Read values in the data input resource "
PRINT " 2 : Read values in the progess cuzve resource
PRINT " 3 : Input required values "
PRINT “ & : Erase a record

PRINT " 5 : Quit
PRINT ': Select the required option and press <enter> "
"

end put:
get:
INPUT IDIL

end get:

IF IDI1 < 1 OR IDil > 5 THEN GOTO 1429

case IDI1 of

ON IDIL GOSUB 1710 , 2060 , 2360 , 4500 , 4960
A

' 1 : call D_I_PRO_,
! 2 3 call DI PROB
' 3 : call D_I_PROC
N 4 : call D_I_PRO_D
! 5 : call D_I_PROE
N end case:
1660 ' until (FLAG1%=TRUE)
1670 IF FLAGL% = FALSE THEN GOTO 1410
1680 'end:
1690 RETURN

Appendix G. SOFTWARE LISTING

178




1700
1710
1720
1730

1740
1750
1760
1770
1780

1810
1820
1830
1840
1850
1860
1870
1880
1830
1900
1910
1920
1530
1940
1950

1790 7
1800 '

REM
REM Data Input Process A ( D_I_PRO_A )
"begin:
IF I5J0TAL = 0
THEN GOTO 1740 ELSE GQTO 1790

PRINT " "

There are no records available "

w
B
51
&

ID  Sample Data-O/P Sample “;
AQGL 1 ? Sample "
Plan  File M

Status

Size "™

PRINT " "

endput:

FOR IDAI = 1 TO IDTOTAL
ID = IDAL : GET #2,IDAl
pu

13
BRINT USING " ";1ID
W

PRI:T USING ;SPLANS ;
PRINT USING ™\ \ ™;DOFN$ ;

PRINT USING " HefdE  VCVI(SSIZES)
PRINT USING " #. /K ";CVS(AOQLS) 5

1969 PRINT USING " ";CVI(IS) ;

197¢ PRINT USING " ";CVI(FS) ;

1980 PRINT USING "&";SSTATUSS

1990 ' endput: f

2000 NEXT IDAL t ¢

2010 ' endif: i

2020 'end: i

2030 RETURN i

2040 REM Ead of Data Input Process A ( D I PRO A )

2050 REM @ ECCRREER GEEEEEQ 3 BOQEEERREREEER

2060 REM Data Input Process B ( D_I_PRO_B )

2070 'begin: f

2080  IF IDTOTAL = %

THEN GOTO 2090 ELSE GOTO 2140

2090 * put:

2100 PRINT " " i

2110 PRINT " There are no records available I i

2120 * endput:

2130 GOTO 2310

2140 ' else ;

2150 ' put: 3,

2160 PRINT " "

2170 PRINT " ID  Process Pr Prob Pro~Curve” X

2180 PRINT Curve File NM Size * i

2190 PRINT " "

2200 * endput:

2210 FOR IDB1 = 1 TO IDTOTAL

2220 ID = IDB1 : GET #1,IDB1

2230 ' put: 2!

2240 PRINT USING "#éit  "51D ; i
bi
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EIEA AT

2550
2560
2570
2580
2590
2600
2610
2620

- 2630

2640
2650
2660
2670
2680
2630
2700
2710
2720
2730
2740
2750
2760
2770
2786

PRINT USING " \ \  ";PROCCS ;
PRINT USING " \ \  “;PCFN$
PRINT USING " 4. 44#H" ;CVS (PRLBS) ;
PRINT USING " " sCVI (PSTZRS)
endput:
NEXT IDB1
endif:
end:
RETURN
REH End of Data Input Process B ( D_I PROB )

v
f

g

R.EH Data Input Process C ( D_I_PROC )
‘begin:
1F IDTOTAL = IDMAX
THEN GOTG 2390 ELSE GOTD 2430

t: -

PRINT " Maximum mumber of records already exist "
endput:
GOTO 3230

IDTOTAL = IDTOTAL+1 : IB = IDTOTAL

PRINT " " : PRINT " Supply the following data :

INPUT " Sample pian ";CDCL
INPUT " Data output filename ";CDC2
INPUT " Sample size ";IDC1

endget:

IF 6DG1="100%" THEN T0C2 = 1 : 60TO 2.

IF GDC1="CSP-1" OR CDCi="csp=1" OR GDCl—-"CSP 2"
CDCI="csp-2" OR CDCi="0SP-3" OR CDC1="csp=3"
THEN IDC2 = 2 : GOTO 2560

GOTO 2450

case idc2 of

oN mcz G0TO 2580,2610

INPUT " AOQL ";RDG1
INPUT * X 7,1DC3
INPUT " F “;IDC4

endcase:
LSET SPLANS =
ISET SSIZE§ = MKI$(IDG1)
LSET I$ = MKI$(1DC3)
LSET SSTATUS$ = "FALSE"
PUT #2,1D
get:

BRINT " "

INPUT " Use Existing or New process curve resource ";CDC1

LSET DOFNS = GDG2
LSET A0QLS

MKS$ (RD
LSET F§ = MKI§(IDCA)

c1)

en
IDCI FALSE
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repeat
IF CDC1 = “e™ OR ODC1 = "E"
THEN GOTO 2810 ELSE GOTO 3040
get:
PRINT " "
INPUT " Enter the ID ¢ £ the curve to be used ";10C2
JF IDCZ < 1 OR IDGZ > IDTOTAL THEN GOTO 2810
INPUT " Process curve filename ";CDC2Z
2t
GET #1,1DC2
OPEN PCENS AS #3 LEN=9
FIELD #3, 6 AS PNO§, 3 AS TNO§
FOR IDGC3 = 1 TO CVI(PSIZES)
GET #3,IDGC3 : RNRESXZ(IDCC3,PNO%) = CVI(PNO§)
RNRES%(IDGC3,TNO%) = GVI(TNO$) : PUT 4#3,IDCC3
NEXT IDGC3
CLOSE #3
LSET PCFN§ = CDC2 : PUT #1,1ID : GET #1,1D
OPEN PCFN$ AS #3 LEN=9
FIELD #3, 6 AS PNO§, 3 A5 TNO§
FOR IDCC3 = 1 TO CVI(PSIZE$)
LSET PNO§ = MKI§ (RNRESZ(IDCG3,PNO%})
LSET TNO§ = MKI§(RNRES%(IDCC3,TNO%))
PUT #3,1DCC3
NEXT IBGC3
CLOSE #3 : IDG1 = TRUE : GOTO 3200
else
IF CDC1 = "n" OR GDC1 = "N"
THEN GOTQ 3080 ELSE GOTO 3190

BRINT " " \
PRINT " Supply the following data :

"

INPUT " Process curve ";0DCZ
INPUT " Process curve filename ";CDC3
INPUT " Prob ";RDC.

endget:
LSET PROCCS = CDC2 : LSET PCFN§ = GDG3
LSET PROB§ = MKS§(RDC1) : PUT #1,10
call CALC P_C
GOSUB 3273  IDC1 = TRUE
endif:
endif:
until (IDC1 = TRUE)
IF IDC1 = FALSE THEN GOTO 2740
endif:
"end:
RETURN
REM
REM CALC_P_G module
‘begin:

OPEN PCEN§ 4S #3 LEN=9
FIELD #3, 6 A5 PNO§, 3 AS TNO§
GET #1,ID : GET #2,ID

CDeC = PROCCS

case COCCL of
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3840

%

IF CDCC1 = "SELF " OR CDCCL
IF CDCCL = "TYPE-4 " OR CDCCL
IF CDCC1 = "TYEE-B " OR CDCOL
ON IDCC1 GOTO 3380,3650,3870

“self " THEN IDCC1
“type-s ' THEN IDCG1
"type-b “ THEN IDCCL =

[N

R

SELF  : Manual input
NODEF% = 0 : IDCC2 = FALSE
Tepeat
get:
ERINT " "
INPUT " Enter the number of the product to fail ";
ncs
eadget:
IF IDCC3 > CVI(SSIZE$) THEN PRINT " Tao large "
: GOTO 3410

NODEF% = NODEF%+1

RNRES%(NODEF%,PNO%) = IDCC3

RNRES%(NODEF%,TNO%) = INT(RND*9)

IF RNRES%(NODEF%,TNOZ) = 0 OR RNRES%(NODEF%,TNO%) = 9
THEN GOTO 3480

get:

INPUT * Last number (Y/N) ";CDCG2
endget:

. IF CBEC2z = "¥" OR CDCCZ = "y"

THEN GOTO 3540 ELSE GOTO 3550
IDCC2 = TRUE : GOTO 3590

else
put:
PRINT " "N »8%."  ils aiready "
endput
endif: .
until (IDCGZ = TRUE) A

IF IDCC2 = FALSE THEN GOTO 3400
LSET PSIZE$ = MKIS(NODEF%)
LSET PROBS = MKS$§ (NUDEF%/CVI(SSIZES))
PUT #1,ID : GOTO 4280
TYPE-A : Binomial Distribution
NODEF% = INT(CVI(SSIZE$)*CVS(PROB$))
LSET PSIZE$ = MKI4(NODEF%) : PUT #1,ID
Generate random numbers
FOR IDCCZ = 1 TO NODEFX
RNRES%(IDCC2,PNA%) = INT(RND*CVI{SSIZE$))
IF RNRES%(IDCC2,PNO%) = 0 THEN GOTO 3700
RNRES%(IDCC2,TNO%) = INT(RND*9)
IF RNRES%(IDCC2,TNOY) = O OR RNRES%(IDCCZ,TNO%) = 9§
THEN GOTO 3720
NEXT IDCG2
Check for repeated PND's
IF NODEF% = 1 THEN GOTO 4380
FOR IDCC3 = 1 TO NODEF%
FOR IDCC4 = (IDCC3+1) TO NODEF%
IF RNRES%(IDCC3,PNOX) = RNRESZ(IDCC4 ,PNOX)
THEN GOTO 3800 ELSE GOTO 3830
RNRES%(IDCC4, PNO%) = INT(RND*CVI(SSIZE$))
IF RNRES%(1DCC4,PNO%) = 0 THEN GOTO 3800
GOTO 3770
endif:
NEXT IDCC4

Appendix G. SOFTWARE LISTING 182

e

LT




NEXT IDCG3
GOTO 6280
' TYPE-B : Horsmell Distribution W
= INT(GVI(SSIZE$)*CVS(PROBS)) n
Generate random numbers ‘
FOR IDGC2 = 1 TO NODEF% :
RNRES%(IDCC2,PNO%) = INT(RNDACVI(SSIZES)) N
IF RNRESY(IDCCZ,PNOX) = 0 THEN GOTO 3910 .
RNRES%(IDCC2,TNO%) = INT(RND*9) ¢
IF RNRES%(IDCC2,TNOX) = O OR RNRES%(IDCC2,TNOX) = § ;
THEN GOTO 3930

NEXT IDGCZ
Check for repeated PNO's :
IF NODEF% = 1 THEN GOTQ 4070 h
FOR IDCC3 7 NODEF% |
FOR_IDCCAH = cc3+1) TO NODEF% :
IF RNRES%(ISCC3,PNO%) = RNRES(IDCCA, PNO%) . !
THEN GOTO 4010 ELSE GOTO 4040 i
i
i
i

RNRES%(IDCC4,PNO%) = INT(RND*CVI(SSIZE§))
IF RNRES%(IDCC4,PNO%) = O THEN GOTO 4010
GUTO 3980
endif:
NEXT IDCCS
NEXT 1DCG3 o
get: L
INPUT “ MNumber of spotty products (prop. of SSIZE) "; A

RDCCL
INPUT " Probability of spotty products ";RD0%2

5100 ' endget: i
4110 TESTNOY ~ INT(RND*9)
4120 IF TESTNO% = 0 OR TESTNOY = 9 THEN GOTO 4110 1
4130 1DeC2 = INT(RDCCI*GVI(SSIZES)) 'No of spotty products T
4140 IDCC3 = IDCC2/RDCC2 'Range of spotty products
4150 IDCC4 = INT(RND*CVI(SSIZES)) 'Spotty products start
4160 IF IDGCG = 0 OR IDCC4 > (CVI(SSIZES)-1DCC3)

THEN GOTO 4150 :
4170 FOR IDCGS = 1 TO IDCC2 :
4180 TDGC6 = IDCCLHINT(RND*IDCC3)
4190 FOR IDCC7 = 1 TO NODEF% -
4200 IF IDCC6 = RNRESY(IDCCT,PNO%) THEN GOTO 4250
4210 NEXT IDCCT
4220 NODEF%=NODEF%+1 ¢
4230 RNRESY%(NODEF%, PNOX) = 1DCC6
4260 RNRES%(NODEF%, TNO%) = TESTNOR :
4250 NEXT IDCCS P
4260 LBET P5125$ = MKI$(NODEF%) : FUT #1,ID !
4270 GOTO 4280
4280 ' endcase: I
4290 ' Sort the array :
4300 FOR IDCC2 = 1 TO NODEF% !
4310 FOR IDCC3 = (IDCC2+1) TG NGDEFY,
4320 IF RMRES%(IDCC2,PNO%) > RNRES%(IDCC3,PNO%) '

THEN GOTO 4330 ELSE GOTO 4350

4330 SWAP RNRES%(IDCG2,PNO%) ,RNRES%(IDGC3 , PNOZ) i
4340 SWAP RNRES%(IV0C2,TNO%) ,RNRES%(IDGC3 , TNO%) nt
4350 ' endif: :
4360 NEXT IDCC3 .
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NEXT IDCC2

FOR 1DCCZ = 1 TO NODEF%
LSET PNO§ = MKI§(RNRES%(IDCC2,PNO%))
LSET TNO§ = MKIS (RNRES%(IDCC2,TNOR))
BUT #3,1DC62

NEXT IDGC2

CLUSE #3

tend:

REM End of CALC_P G Module
REM

REM End of Data Input Process G ( D_I_PROC )
REM

REM Data Inpot Process D ( D_I_PROD )

IF IDTOTAL = 0
THEN GOTO 4530 ELSE GOTO 4580
put:
PRINT " "
PRINT " There are no records available "
endput::
GATO 4910
else
B
INPUT " Input the ID of the record to be erased ";ID
endget:
IF ID < 1 OR ID > IDTOTAL THEN GOTO 4590
1pD1 = ID : IDD2 = FALSE
GET #1,ID : KILL PCFN$
GET #2,ID : IF SSTATUS§ <> "FALSE" THEN KILL DOFN§
repeat
IF ID = IDTOTAL
THEN GOTO 4690 ELSE GOTO 4800
Place blanks in the mquued record

LSET SPLAN§ = LSET I§ = MKI$(0)
LSET DOFNg = " " LSET F$ = MKI$(0)
LSET S8IZE$ = MKI$(0) : LSET SSTATUS§ = "FALSE"

LSET AONL§ = MKS$(0) : PUT #2,ID
U LSET PROBS = MKS$(0)

LSAT PSIZE§ = MKI$(0)

#1,
LSET nr.mmanxs MKI$(0) : LSET RUNTIMES = MKI$(0)
PUT #5,
IDTOTAL = IDTOTAL-1 : IDD2 = TRUE : GOTO 4850

else
IpD3 = 1D : ID = ID+}
GET #2,ID : PUT #2,IDD3
GET #1,ID : PUT #1,IDD3
GET #5,XD : PUT #5,IDD3

N endif:
' antil (IDD2 = TRUE):
. IF IDD2 = FALSE THEN GOTO 4670
put:
BRINT " " : PRINT " Record ";IDD1;" has been erased "
* endput:
' endif:

Appendix G. SOFTWARE LISTING 184

SRl

.



5470

5480
5490
5500
5510

'end:
RETURN
REM End of Data Input Process D ( D_I_PROD )

REM

e

REM Data Input Process B { D I PROE )
‘begin:

POT #1,ID : CLOSE #1

PUT #2,ID : CLOSE #2

LSET IDTOTALS = M](Is(IDTOTAL)
SE

P C

OPEN "P_C_RES" AS #1 LEN=30

FIELD #1,78 AS PROCCY , 8 AS PROB§ , 10 AS PCFN§ , 4 AS PSIZE§

OPEN “D_I_RES" AS j#2 LEN=43

FIELD #2,76 AS SPLANS , 10 AS DOFN§ , 6 AS SSIZE§ , 8 AS AOQL§ ,
4 AS I§ , & AS F$ , 5 AS SSTATUS§

OPEN "initial" AS #5 IEN=20

FIELD 45, 4 AS IDTOTALS, 12 45 RUNTIMES, 4 45 DEFNUMBERS

FLAGI% = TRUE

‘end:
RETURN
REY End of Data Input Process E ( D I PROE )

REM

REM End of Data Input Process ( D_I PRO )

mm Sampling Process ( SAMPLING_PROCESS )
"begin:

PRINT " "
PRINT " SAMPLING PROCESS "
now
1 : Run all test processes "
PRINT " 2 : Run an individual test process "
3 Quit
Select the required option and press <enter> "
"

INPUT 1S1
endget:
IF I81 < 1 OR IS1 > 3 THEN GOTO 5330
IP ISL = 3 THEN GOTO 5420
got
INBUT * Save results (/M) " ; SAVER$
endget:
IF SAVER§ = "Y" OR SAVER$ = "y" OR SAVER$ = "N" OR SAVER§ = "a"
THEN Go’ro 5420 ELSE GOTO 5380
case IS1 o
ON 181 l:O’lD 5440,5620,5810
1: %all testar
FOR ID = 1 TO IPTOTAL
GET #1,ID : GET #2,1D : GET #5,ID : ONT% =
LSET DEFNUMBERS = MKI$(0) : LSET RUNTIMES = ms(o)
+ PUT #5,1D
initialise R_N_RES%
OPEN PCFN$ AS #3 LEN=9
FIEID #3, 6 AS PNOS, 3 AS TNOS
I0C3 = CVI(PSIZES)
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5520 FOR IDC4 = 1 TO IDC3

5530 GET #3,1DC4

5540 RNRES%(IDC4,BNO%) = CVI(PNOS)

5550 RNRES%(IDC4,TNO%) = CVI(TNGS)

5560 NEXT IDC4

5570 CLOSE #3

5580 ' call SAMPLING PLANS

5590 GOSUB 5850

5600 NEXT ID

5610 60TO 5820

5620 ' 2 : *individual test*

5630 got:

5640 INPUT " Enter the ID of the record ";ID

5650 ' endget:

5660 IF ID < 1 OR ID > IDTOTAL THEN GOTO 5630

5670 GET #1,TD : GET #2,ID : GET #5,ID : ONTX =

5680 LSET DEFNUMBERS = MKI$(0) : LSET RUNTIMES = MKD$(0)
+ PUT #5,ID

5690 ' initialise R_N_RESY

5700 OPEN PCFN§ AS #3 LEN=9

5710 FIELD #3, 6 AS PNO§, 3 AS TNO§

5729 IDC3 = CVI(PSIZES)

5730 FOR IDC4 = 1 TO IDC3

5740 GET #3,1DC4

5750 RNRES%(IDCA4, PNOX) = CVI(PNO$)

5760 RNRES%(IDC4,TNO%) = CVI(TNO$)

5770 BEXT LS04

5780 CLOSE #3

5790 ' call SAMPLING PLANS

5800 GOSUB 5850 : GOTO 5820

5810 ' 3 ¢ fguitd

5820 ' endcase:

5830 "und:

5840 RETURN

5850 'Subroutine SAMPLING PLAN
"beagin:

g
5870 OFEN DOFN$ AS #4 LEN=39

5880  FIELD #4, 5 AS PFAILS, 5 AS DSTATUS$, 3 AS PTIME§, 7 AS OUTCOME$

5890  VAR% = 1 : ONT% = 1 : REF% = 1 : FLAG1% = FALSE
5900 €51 = SPLAN$ : 183 = CVI(SSIZE$)
5910 IF €51="100% ' THEN IS2=1 : GOTO 5950
5920 IF CS1="CSP-1 " OR CS1="csp-1 "
THEN 152=2 : SAMPLEY=1 : GOTO §950
sp-2

GOTO 5950

5340 IF CSI="CSP-3 " OR CS -3 "
THEN 1S2=2 : SAMPLEH=3 : GOTO 5950

5950 ' case is2 of
5960 ON IS2 GOTO 5970,6100
5970 ' 1 : *100% Sampling
5980 FOR PRODUCTNO% = 1 TO I
5990 ' call ALGORITHM_A PROCESS ( ALGM A PRO )
6000 GOSUB 6290
6010 * call ms’r RESULT PROCESS ( T_RES_PRO )
6020 GOSUB 949
6030 ' put:
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6040 PRINT " Record "; USING "##";ID;
6050 PRINT " : Completed " USING "##4‘##" PRODUCTNO%;
6060 BRINT " of "; USING “HH##"; 1S3

§070 ' endput:

£080 HEXT PRGDUGCTNO%

6090 GOTD 6230

6100 ' 2 : *CSP Sampling

6110 FLAG2% = FALSE

6120 FOR PRODUCTNOX = 1 T IS3

6130 * call ALGORTHM B PROCESS ( ALGM_B_PRO )
5140 GOSUB 65%0

6150 ' call TEST RESULT PROCESS ( T_RES_PRO )
6160 GOSUB 9490

6170 ' put:

6180 PRINT " Record "; USING “#";ID;
6190 PRINT “ : Completed "; USING "#####“,monucwox-
6200 PRINT " of "; USING "™ T

6210 * endput:

6220 NEXT PRODUCTNO%

6230 ' endcase:

6240  LSET SSTATUS§ = "RUE" : PUT #2,ID : CLOSE #4
6250 'end:

6260 RETURN

6270 REM End of Sampling Plans

6280 RE!

6290 REM A]go:ithm A € 100% Testing )

6300

6310 FLAGl% = FALSE
6320 FOR TESTNO% = 1 TO MAXTESTY

6330 INTERRESS (TESTNO%, TTYPE%) = "FULL"
6340 INTERRES% (TESTNO%, COUNTY) = O
6350 INTERRES$ (TESTNOX, TSTATUS%) = "RUN"
6360 INTERRES%(TESTNG%, TIMEX) =
6370 ' call TEST FAIL
6380 GOSUB 8670
6390 call INTER_UNIT
6400 GOSUB 9340
6610 IF STATUSY% = TRUE
THEN GOTO 6420 ELSE GOTO 6450

6420 INTERRESS (TESTNO%,0UTCOMER) = “PASS"
6430 INTERRES% (TESTNO%, TIME%) = PASSTIME%
6440 . GOTO 6530
6450 * else
6460 IF STATUSY = FALSE

THEN GOTO 6470 ELSI GOTC 6500
6470 INTERRES$ (TESTNOX,OUTCOME%) = "FAIL"
6480 INTERRESY(TESTNOX, TIMEX) = FAILTIMEX
6490 Go'm 6520
6500
6510 XNTERKESS (TESTNO%, OUTCOME%) = "UNKNOWN"
6520 endif:

6550 'end:

6560 RETURN

6570 REH End of Algorithm 4 ( 100% Testing )
6580 REM
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6590 REM Algoritha B ( CSP Sampling )
6600 'begin:
6610 FLAG1% = FALSE
6620  IF FL&GIY =
THEN 60T 6630 ELSE GOTO 6880

6630 * *Initialise®
6640 FOR TESTNO% = 1 TO MAXTESTS
6650 INTERRES$ (TESTNO%, TYYPEX) = “FULL"
6660 INTERRESY(TESTNOY,GOUNTA) = GVI(I$)
6670 INTSRRESS (TESTNO%, TSTATUS%) = "RUN"
6680 INTERRES{TESTNOY, TINEY) =
6690 ' call TEST FAIL
6700 GOSUB 8870
6710 * call INTER_UNIT
6720 GOSUB 934C
6730 IF STATUS% = TRUE
THEN GOTO 6740 ELSE GOTO 6770
6740 INTERRESS (TESTNO%,OUTCQMEX) = “PASS"
6750 INTERRES%(TESTNO%, TINEX) = PASSTIME%
6760 GOTO 6850
6770 * else
6780 IF STATUSY = FALSE
THEN GOTO 6790 ELSE GOTO 6820
6790 INTERRESS (TESTNOX, OUTCOME%) = “FAIL®
6800 INTERRES%(TESTNO%, TIME%) = FAILTIMEY
6810 GOTO 6840
6820 *
6830 INTERRES$ (TESTNO%,QUTGOME%) = "UNKNOWN'"
6840 * endif:
6850 * endif:
6860 NEXT TESTNO%
6870 FLAG2% = TRUE : GOTO 8810
6880 ' else
6890 FOR TESTNO% = 1 TO MAXTEST%
6900 ' call TEST FAIL
6910 GOSUB 8870
6920 ' case sanple% of
6930 ON SAMPLE% GOTO 6940,7260,7820
6940 ' 1 : %CSP-1%
6950 IF INTERRES$(TESTND%,OUTCOMEY) = "PASS"
THEN GOTO 6960 ELSE GOTO 7160
. 6960 IF INTERRESY(TESTNO%,COUNTZ) = 1
THEN GOTO 6970 ELSE GOTC 7070
6970 IF INTERRESS(TESTNO%,TTYPEX) = "FULL"
THEN GOTO 6980 ELSE GOTO 7020
6980 INTERRES$ (TESTNO%,TTYPE%) = "PART"
6990 INTERRES$ (TESTNO%, TSTATUSX) = "NORUN"
7000 INTERRES%(TESTNO%, COUNT%) = GVI(F$)-1
7010 GOTD 7050
7020 * else:
7030 INTERRESS (TESTNO%, TSTATUSY) = "RUN"
7040 INTERRES% (TESTNO%,COUNT%) = GVI(F$)
7050 ' endif:
7060 @™ 7150
7070 * else :
7080 INTERRESS (TESTNO%, TTYPE%) = "FULL"
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70%0

THEN GOTO 7090 ELSE GUTO 7110
INTERRES§ (TESTNO%, TSTATUS%) = "RON"

7100 GOTO 7130
7110 ' else
7120 INTERRES$ (TESTNOZ, TSTATUS%) = "NORUN"
7130 ' endif:
7150 INTERRES% (TESTNO%, COUNT%) =
INTERRES%(TESTNO% , COUNT%:) ~ 1
7150 ' endif:
7160 ' endif:
717¢ IF INTERRESS (TESTNO%,0UTCOMEZ) = “"FAIL"
THEN GOTO 7180 ELSE GOTO 7210
7180 INTERRES%(TESTNO%, GOUNT%) =
7190 INTERRESS (TESTNO%, TTYPE%) =
7200 INTERRES$ (TESTNO%,, TSTATUS%) = "RUN"
7210 ' endif:
7220 IF INTERRESS (TESTNO%,UUTCOMEX) = "UNKNOWN"
THEN GOTO 7230 ELSE GOTO 7240
7230 INTERRES%(TESTNO%, COUNT%) =
INTERRES% (TESTNO% , COUNT%) -1
7240 * endif:
7250 G0TC 8580
7260 ' 2 : #CSP-2¥
7270 IF INTERRES$ (TESTNO%,OUTCOMEY) = "PASS"
THEN GOTO 7280 ELSE GOTO 7580
7280 INTERRES$ (TESTNO%, TTYPER) = "FULL"
THEN GOTO 7290 ELSE GOTO 7390
7290 IF INTERRESY(TESTNO%,COUNT%) =
THEN GOTO 7300 ELSE GOTO 7340
7300 INTERRES$ (TESTNOY, TTYPEX) = "PART"
7310 Immss(rssmo%,rsmmsx) = "NORUN"
7320 INTERRES% (TESTNO% ,CO = CVI(F$)-1
7330 rmmszarsmoz,.mzxy FALSE
: GOTO 7370
7340 ' elsa
7350 INTERRES$ (TESTNO, TSTATUS%) = "RUN"
7360 INTERRES% (TESTNO%, COUNTY) =
INTERRES% (TESTNO% , COUNT%) -1
7370 * endif:
7380 GOTO 7560
7390 ' alse
7400 IF INTERRES%(TESTNO%,COUNT%) =
THEN GOTO 7410 ELSE GOTO 7520
7410 INTERRESS (TESTNO% , TSTATUS%) = "RUN"
7420 INTERRESS (TESTNO% ,COUNT%) = GVI (Fs)
7430 IF INTERRES%{TESTNO%,FLG1%) =
THEN GOTO 7440 ELSE GOTO 7500
7440 IF INTERRESY(TESTNOX,COUNTK:) = 1
THEN GOTO 7450 ELSE GOTO 7470
7450 INTERRESH (TESTNOX, FIG1Y) = FALSE
7460 Q0TO 7490
7470 1 else
7580 INTERRES% (TESTNO% ,COUNTRY) =
INTERRES% (TESTNO%, COUNTK%) - 1
7490 ' endif:
7500 ° endif:
7518 BOTO 7550
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7860

7870
7880
7890
7900
7910
7920

7950
7940
7950
7960

else
INTERRES$ (TESTNO% , TSTATUS%) = "NORUN"
INTERRES% (TESTNO%, COUNT%) =
INTERRES%(TESTNOZ, COUNTR)-1
endif:
endif:
GOTO 7800
alse
IF INTERRES$ (TESTNO%,0UTCOME%) = "FAIL"
THEN GOTO 7600 ELSE GOTO 7770
IF INTERRESS (TESTNO%,TTYPEX) = "PART"
THEN GOTO 7610 ELSE GOTO 7720
IF INTERRES%(TESTNOY,FIG1%) = 1
THEN GOTO 7620 ELSE GOTO 7660
INTERRESY%(TESTNO%,COUNTKS) = CVI(I$)
INTERRES%(TESTNO%,COUNT%:) = CVI(F$)-1
INTERRES$ (TESTNO%, TSTATUS%) = "NORUN"
INTERRESY(TESTNO%,FLG1%) = TRUE
: GOTO 7700
alse
INTERRES$ (TESTNG%, TSTATUS%) = "RUN"
INTERRES$ (TESTNG¥, TTYPEX) = "FULL"
INTERRES% (TESTNO%, COUNTE) = CVI(I$)
endif:
GOTO 7750

so
INTERRES$ (TESTNO%, TSTATUSZ) = "RUN"
INTERRES%(TESTNO%,COUNT%) = GVI(IS)

endif:

GOTO 7790

else A\
INTERRES%(TESTNO%, COUNTS) =
INTERRES? (TESTNC%, COUNT®) -1
enddft
endif:
50T 8580

3 : *CSP-3¥

IF INTERRESS (TESINOX,0UTCOMER) = "PASS"
THEN GOTO 7840 ELSE GOTO 8300
IF INTERRES§ (TESINGX,TTYPEX) = "PART"
THEN GOTC 7850 ELSE GOTO 8160
IF INTERRES%(TESTNOY,FLG2%) = FALSE
THEN GOTO 7860 ELSE GOTO 7950
P INTERRES%(TESTNO%,COUNT%) = 1
THEN GOTO 7870 ELSE GOTO 7900
INTERRES$ (TESTNO%, TSTATUSX) = “ROUN"
INTERRESY (TESTNOS, COUNT%) = GVI(F$)

GOTO 7930
slse
INTERRESS (TESTNOY, TSTATUS%) = "NORUN"
INTERRES%([ESTNOZ, COUNTR) =
INTERRES%(TESTNO%, GOUNT%) =1
endif:
GOTD 8040

elss
IF INTERRES%(TESTNO%,COUNT%) = 1
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THEN GOTQ 7976 ELSE GOTO 8000
INTERRES$ (TESTNO%, TSTATUSY) = "NORUN"
INTERRESY (TESTNO%,COUNTY) = CVI(F$)-1
INTERRESH(TESTNO%, FLG2%) = FALSE
1 GOTO 8030
else
INTERRESS (TESTNO%, TSTATUSY) = "RUN"
INTERRES%(TESTNO%, COUNTY) =
INTERRES% (TESTNO%, COUNT%) -1
endif:

endif:
IF INTERRES$ (TESTNO%,TSTATUS%) = "RUN"
‘THEN GOTQ 8060 ELSE GOTO 8140
IF INTERRES%(TESTNO%,FLG1X) =
THEN GOTO 8070 ELSE GOTO 8130
IF INTERRES%(TESINC%.COUNTKY) = 1
THEN GOTO 8080 ELSE GOTC 8100
IF INTERRES%(TESTNO%,FLG2%) = FALSE
THE!

N
INTERRESY% (TESTNO%,FLG1%) = FALSE
GOTC 8120

else :

INTERRES% (TESTNO%, COUNTK%) = g

INTERRESY(TESTNOY, COUNTK%) -1 4

endif:
endif:

F INTERRES%(TESTNO¥,COUNT%) = 1
THEN GOTO 8180 ELSE GOTQ 8240

INTERRES$ (TESTNO%, TSTATUS%) = “NORUN"
INTERRESY%(TESTNO%,COUNT%) = GVI(F$)-1
INTERRES$ (TESTNO%, TTYPEX) = "PART" .
INTERRES%(TESTNOY,FLG1%) = FALSE
INTERRES%(TESTNO%,FLG2%) = FALSE
GOTG 8270

¢
¢
i
i
1

lse
INTERRES$ (TESTNO%, TSTATUSY) = "RUN"
INTERRES% (TESTNO%, COUNTZ) =

INTERRES%(TESTNO%, COUNT%) -1 " ‘
' endifs
8280 * endif: )
8290 GOTO 8560 h
8300 ' else
8310 IF INTERRESS (TESTNO%,OUTCOMEY) = “FAIL"
THEN GOTO 8320 ELSE GOTO B530
8320 IF INTERRES$ (TESTNO%,TTYPE%) = "PART" -
THEN GOTO 8330 ELSE GOTQ 8470 ;

8330 IF INTERRES%(TESTNO%,FIGi%) = FALSE H

THEN GOTO 8340 ELSE GOTU 8410 i
8340 INTERRESS (TESTNOX, TSTATUS%) = "RUN"
8350 INTERRES$(TESTNO%, TTYPE%) = "PART" H
8360 INTERRESY (TESTNOX, COUNTKY) = CVI(I$)
8370 INTERRESY (TESTNOX, COUNTY) = A
8380 INTERRES%(TESTNG%,FLG1%) =
8390 INTERRES% (TESTNO%, FLG2%) = TRUE
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GOTO 8450
' else
INTERRESS (TESTNO%, TSTATUS%) = "RUN"
INTERRES% (TESTNO%,COUNT%) = CVI(I$)
INTERRESS (TESTNO%, TTYPER) = “FULL"
' endif:
GOTO 8510

else
INTERRES$ (TESTNO®, TSTATUS) = "RUN"
INTERRES%(TESTNO%, COUNTE) = GVI(I$)
INTERRESS (TESTNO%, TTYPE%) = "FULL"
endif:
GOTO 8550
else
INTERRESY, (TESTNO%,COUNTR) =
INTERRES (TESTNO%, COUNT%) ~1

' endif:
endif:
GOTC 8580
endease:
IF INTERRESS(TESTNO%,TSTATUSY) = "RUN"
THEN GOTC 8600 ELSE GOTO 8760
call INTER_UNIT
GOSUB 9340
IF STATUSX = TRUE
THEN GOTO 8630 ELSE GOTO 8660
INTERRES$ (TESTNO%, OUTCOME%) = “PASS"
INTERRES%(TESTNOY, TIMEY) = PASSTIMEY
GOTO 8740
elsa
IF STATUS% = TRUE
THEN GOTO 8680 ELSE GOTO 8710
INTERRES$ (TESTNO%,OUTCOME%) = "FAIL"
INTERRES%(TESTNO%, TIMER) = FAILTIMEX -
GOTO 8730

else
INTERRES$ (TESTNOX , OUTCONE%) = “UNKNOWN"
endif:
aendif:

INTERRES§ (TESTNO%,OUTCOME%) = "PASS"
INTERRES% (TESTNO%, TIMEX) = NOTIMER
andif:
NEXT TESTNO%
' endif:
‘end:
REM End of Algorithm B ( CSP and MLP Sampling )
REM

1

M
REM Test Fail Process ( TEST_FAIL )
"begin:
IF TESTNO% <> 8
THEN GOTC 890G ELSE GOTD 9190
IF FLAGI% = FALSE
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THEN GOTO 8910 ELSE GOTU 9170
NQDEF%, = CVI{PSIZE$)
IF VAR% <= NODEFY
THEN GOTO 8930 ELSE GOTO 9100
IF PRODUCTNOY < RNRESZ(VAR%,PNO%)
THEN GOTO 8940 ELSE GOTO 8950
TEST% = 0 : KEYNO% = SHFF : GOTC $080
elsa
TEST% = RNRES%(VAR%,TNC%)
* Keyno does not correspond to test *
ON TEST% GOTO 8950,9000,9010,9020,9030,9040,

9050,9060
KEYNCY = GHFE : GOTQ 9070
KEYNOY = &HFD : GOTG 9070
KEYNO% = &HDF : GOTO 5070
KEYNOX = &HFB : GOTO 9070
KEYNO% = &HF7 : GOTO 9070

KEYNC% = &HEF : GOTO 9070
KEYNC% = &H7F : GOTO 9070

TEST% = 0 : KEYNOX = &HFF

put:

OUT TFAIL%,KEYNO% ' Interface Uit
endput :
FLAG1% = TRUE

endif:

GOTO 9296

8
THEN GOTO 9210 ELSE GOTO 9220
KEYNO% = &HFC : GOTOQ 9240

else
KEYNOY, = GHFF
' endifs
! ut i
OUT TFAIL%,KEYNOR ' Interface Unit
' endput:
FLAGL% = FALSE

! endif:
end:

RETURN

REM End of Test Fail Process ( TEST_FAIL )
M

REM Interface Unit Process ( INTER_UNIT )
"begin:

OUT MDA, TESTDAT% (TESTNO%)

OUT SETRE%,SHO

IN% = INP(RDRCY) AND &H1

IP IN% <> &H1 THEN GOTO 9380

IN% = INPRERCR) &ND &H1

IF IN% < &HO THEN GUTO 9400

STATUSY = INP(RDDAT%)
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QUT SETRE%,&HO f
tend: .
RETURN i
my End of Interface Unit Process ( INTER UNIT ) !

m-:m End of Algorithm Process

REM Test Result Process ( TEST RES_PRO )

"begin: i
IF SAVER$ = "Y" OR SAVER$ = "y THEN GOTO 9530 ELSE GOTO 9620
TESTNO% = 1
DORES$ (REFY, PSTATUS%) = "PaSS”
DORESS(REF%, TIYPE%) = INTERRES§ (TESTNO%,TTYPEY) 3
DORES%(RE. %,COUNT%) = INTERRES%(TESTNO%,COUNTY) o
DORESS (REF%, TSTATUS%) = INTERRESS (TESTNO%, TSTATUS%)

DORES$ (REF%, OUTCOMEX) = INTERRES$ (TESTNO%, OUTCOME%) -
DORES%(REFY, TIME%) = INTERRES%(TESTNO%,TTHE%)
DORESY(REFY,, PFAILY) = TEST%
DORESY%(REFY%, TNUMY) = TESTNO% |
TOTALTDAEY = 0 -
FOR TESTNOY = 1 TO MAXTESTY
GET #i5,1D
IF INTERRES$ (TESTNOY,OUTCOMER) = "PAIL"
THEN GOTO 9660 ELSE GOTO 9690
DORES$ (REFX,, PSTATUSY) = "FAIL" :
ITRL = CYI(DEFNUMBERS)+1 i :
LSET DERWMBER$ = MKI§(ITRL) : PUT #5,ID o) >

' endif: | -
TOTALTIME% = TOTALTIME%+INTERRES%(TESTNO%, TIMEX) d
NEXT TESTNO% !
DORES%(REF%, PTINEX) = TOTALTIME% |
GET #5,1D |
TTR3# = GVD(RUNTIME$)+TOTALTINEY i
ISET RUNTIME$ = MRD$(ITR3#) : PUT #5,1I K]
IF 5AVER$ = "Y" OR SAVER$ ="y" THEN Go‘ro 9770 ELSE GOTC 9940 i
REF% = REF%+1 k]
IF PRODUCTNOY% = CNT%*25 OR PRODUGINO% = GVI(SSIZE$) i
THEN GOTO 9790 ELSE GOTO 9930 d
' * Copy Data Output Resource to Random File #4 * 3
FOR ITRZ = 1 TO (REF%-1 H
LSET TTYPE$ = DORESS$ (ITR2,TTYPE%) :
MKI$ (DORES%(ITR2,,COUNT%)) 4
DORES$ (ITR2, TSTATUS%) g
ORES$ (ITR2,, OUTCOME%) ‘
LSET TTIME$ = MKI$(DORES%(ITR2,TINE%)) i
LSET TNUM$ = MKI$(DORES%(ITRZ,TNUMY)) vl
9870 LSET PFAIL§ = MKI$(DORES%(ITR2,PFAILY))
9880 LSET PSTATUS$ = DORES$ (ITR2,PSTATUS%)
] 2890 ISET PTIME§ = MXI§(DORES%(ITRZ,PTIMEX)) L
1 9900 PUT #b, ( (GNT%-1)*25+ITR2)
9910 NEXT ITRZ
‘ 9920 ONT% = CNT%+1 : REF% =
9930 ' endif:
9940 'end:
H 9950 RETURN I
9960 REM End of Test Result Process ( TEST RES_PRO ) o |
9970 REM
s L 4
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9980 REM End of Sawpling Process ( SAMPLING PROCESS )

10000 REM

10010 REM Data Output Process { D_O_PROCESS )

10020 ‘begin:

10030 ON ERROR GOTO 12060

10040  IDO4 = FALSE

10050 ' repeat

10060 ' put:

10070 PRINT "

10080 ERINT " DATA OUTPUT PROCESS *

10090 PRINT " "

10100 BRINT " 1 : Qutput a datafile to the printer "
10110 PRINT " 2 : Output a datafile to the sczeen "
10120 PRINT " 3 : Output & rnresource to the printer "
10130 PRINT " 4 : Output a rnresource to the screen
10140 PRINT " 5 : Quit

10159 PRINT " Select the required option and press <enter> "
10160 BRINT "

10170 7 endput:

10180 ' get:

10150 INPUT 1DOL

10200 ' endget:

10210 IF IDOL < 1 OR IDO1 > § THEN GOTO 10060

10220 ' case IDO} of

10230  ON IDO1 GOTO 10240,10830,11420,11700,11980

10240 ' 1 : Output & datafile to the printer
10250 IF IDTOTAL = 0

THEN PRINT ¥ There are no records available ":GOTO 12000
10260 *
10270
10280
16290
10300
10310

get:
INPUT " Input the ID of the record ";ID
endgat:
IF ID < 1 OR ID > IDTOTAL THEN GOTO 10260
GET #1,1D : GET #2,ID : GET #5,ID
IF SSTATUSS = "FALSE"
THEN PRINT " The test must still be run " : §0T0 12000
OPEN DOFN§ AS #6 LEN=39
FIELD #4,5 4S PFAILS,5 as PSTATUSS,3 AS PTIME§,7 4S OUTCOMES
»6 AS TTYPR$,4 AS COUNTS,5 AS TSTATUS$,2 AS TNUM$,2 AS TTIMES
* Calculate no of def prod not found *
D02 = CVI(PSIZE$)~CYI (DEFNUMBERS)
* Calculate AOQ *

10320
10330

10340 '
10350
10360 '

10370 40Q! = IDO2/CVI(SSIZES)
10380 ' put: o
10330 LPRINT " ID s ";USING "™ ID i
10400 LPRINT " Sampling plan © "USING "&";SPLAN o
10410 LPRINT " Filename + “USING "&":DOFN§ {
10420 LPRINT " Sample size + ";USING "HHH"; :
OVI(SSIZE$)
10430 LPRéNfAS Q?QL © ";USING .4
GVS (AOQE!
10440 LERINT "' T + ";USING "JHHMHF 1 CVI(I$)
e e e o
" Process curve : "8 f
10470 LPRINT " Drocess size : "USING "$HHHE"; &
VI (PSIZES) i
10480 LERINT ¥ Prob i USING "M .
. N
5
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10490
10500

10510
10520
10530

10540
10550 '
10560

10570
10580

10590 *
10600
10610
10620
10630
10640
10650
10660
10670
10680
10690
16700
10710
10720
10730
107400
10750
10760
10770
10780
10790
10800 °
10810
10820
10830 '
10840

10850 °
10860
10870 '
10880
10890
16900

10910
10920

10930 '
10940
10950 *
10960
10970 '

CVS(PROB$)

LPRINT "
LPRINT " Defective found 1 "USING “gd";
CVI (DEFNUMBERS )}
LPRINT " Defectives not found : ";USING "f##'";1D02
LPRINT " A0Q 1 "JUSING “f.HHHHE ;A0Q!
LPRINT " Total time for run : ";USING “WHHHH"
CVD(RUNTIHES )
LPRINT " ";LPRINT " ":LPRINT " ":LPRINT ” “:LPRINT " *
endput:

TF SAVER$ = "Y" OR SAVER$ = "y"
THEN GOTO 10570 ELSE GOTO 10820
INPUT " List results (Y/N) ";CDO2

IF CDo2 = “y" OR CDOZ = "Y'
THEN GOTO 10600 ELSE GOTO 10820

LBRINT " "
LPRINT "  Prod Prod Frod Prod Test Test Count Test ";
LPRINT "Qutcome Test
LPRINT ®  No Fail Status Time No Type
LPRINT * Time "

LPRINT " "
endput:
FOR ID0O3 = 1 TO CVI(SSIZE$)
GET #4,1D03
put:
LPRINT USING " #fHHE™ ; 1D03;
LPRINT USING " #i# "'CVI(PFAILS).
LPRINT USING " \ \ ";PSTATUSS;
LPRINT USING “fift "~cvr(PT1nms),
LPRINT USING "4 ;CV1 ('muus),
LPRINT USING TTYPES;
LPRINT USING "#M# " cvr(coums),
LPRINT USING " TUS$ ;
LPRINT USING " \ ,ouTconﬁs,
LPRINT USING "#HHf";CVI(TTIMES)
endput:
NEXT 1003
GOTO 12000
2 : Qutput & datafile to the screen
IF IDTOTAL = 0
THEN PRINT " There are no records available ":G0TO 11410

Status ";

Input the ID of the record ";ID

THEN PRINT " The test must still be run " : GOTC 32000
OPEN DOFN$ AS #4 LEN=39
FIELD #4,5 AS PFAIL$,5 AS PSTATUSS,# AS PTIMES,7 AS OUTCOME$
,6 48 TTYPE§,4 AS COUNT$,5 AS TSTATUS$,2 AS TNUMS,2 AS TTIMES
# Calculate no of def prod not found *
m2 = CVI(PSIZEs) GVI (DEFNUMBER$)
* (aleulate AOQ *
AOQI = Inuz/cvr(SSILEs)
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10980
10990
11000
11010

11020

11030

PRINT " 1D 1 “;USING “#####" n
PRINT " Sampling plan ;USING &
PRINT " Filename " USING "&"vnums

PRINT " Sample size s "SUSING "
CVI(SSIZES)

PRINT " AOQL + "SUSING s
CVS(AOQLS)

PRINT * + ";USING " ;CVI(IS)

11040 PRINT " F :+ ";USING "#####" CVI(F$)
11050 PRINT " Progess curve : ";USING “&";PROCCS
080 PRINT " Process size :+ "USING "Mr###“

CVI(PSIZES)

11070 PRINT * Prob © ";USING "#.fHHHHE"s
CVS(PROBS)

11080 PRINT " "

11090 PRINT " Defective found : ";USING "MHHE";
CVI(DEFNUMBERS}

11100 PRINT " Defectives not found : ";USING "g###"; IDD2

11110 FRINT " 40Q : ";USING " #b";A0Q1

11120 PRINT " Total time for rum : ";USING “Juifdi";
GVD(RUNTIMES)

11130 PRINT “ "

11140 ° endput:

11150 IF SAVER$ = "Y" OR SAVER$ = "y"
THEN GOTO 11160 ELSE GOTO 13410

11160 INPUT " List results (Y/N) "; 6002

11170 IF CDOZ = "y" OR
THEN GOTO 11190 ELSE uo’m 11410

11180 ' put:

11120 ERINT " *

11200 PRINT " Prod Prod Prod  Prod Test Test Count ";

11210 PRINT " Test  Outcome Test

11220 PRINT " No  Fail Status 'rme Ne  Type "

11230 PRINT " Status Time

11240 PRINT " "

11250 ° endput:

11260 FOR IDO3 = 1 TO CVI(SSIZES)

11270 GET #4,1D03

11280 ' put:

11290 PRINT USING " s "3 1D03;

11300 PRINT USING 4 "-ch(pruLs);

11310 PRINT USING " \ '\ TUSS ;

11320 PRINT USING "ttt "~cv1(nnms),

11330 PRINT USING "fifi# ";CVI(TNUNS);

11340 PRINT USING "\ \ ";TTYPES;

11350 FRINT USING "##1;# ",GVI (COUNTS) ;

11360 PRINT USING ' \  ";TSTATUSS;

11370 PRINT USING " \ "';OUTCOMES 3

11380 PRINT USING "#M“cvz(nmz«:s)

11390 ' endput:

11400 NEXT IDO3

11410 GOTO 12000

11420 ' 3 : Output a rnrescurce to the printer

11430 IF IDTOTAL = 0

THEN PRINT “ There are mo records available ":GOTO 12000

11460 ' got:

11450 INPUT " Input the ID of the record ";ID
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11870
11880
11890
11900
11910
11920
11930
11340
11950
11960
11970
11980
11990

endget:
IF ID < 1 OR ID > IDTOTAL THEN
GET #1,1
OFEN PCFN§ AS #3 LEN=9
FIELD #3, 6 AS PNOS, 3 AS TNOS
put
LPRINT "
LPRINT " Process curve
LPRINT " Filename
LPRINT " Ptocess size
LPRINT "
cvs(mons)
mmr " No Product No
LPRINT " "
endput:
FOR IDO2 = 1 TO GVI(PSIZE$)
GET #3,1D02
it
LPRINT USING " ### “~moz,
LPRINT USING "
LPRINT USING "

»

IF IDTOTAL = 0

THHEH
#H OV (TNO$

GOTO 11440

"SUSING “fiii" s ID

";USING "&";PROCCS

", USING "&";PCFNS

USING " CVI(PSIZES)
"SUSING " "

Test No "

'S CVI(ENOS) 5

: Output a roresource to the screen

THEN PRINT " There are no records available ":GOTO 12000

get:

INPUT " Input tha ID of the record "

dget:
IF ID < 1 OR ID > IDTD’['AL THEN
GET #1,ID
OPEN PCFN§ AS #:
FIELD #3, 6 AS PNO$, 3 AS TNO§

PRINT " ID
PRINT " Process curve
PRINT " Filename
BRINT " Pracess size
BRINT " Prob
QVS (PROBS)
PRINT " "
BRINT " No
mm‘ "

Product No

endput
FOR 1002 = 1 10 CVI(SIZES)
GET #3,1D02

PRINT USING " #f# ;1002
PRINT USING "
FRINT USING "
endput:

NEXT IDO2

GOTO 12000

:+ QuIT

D04 = TRUE

w
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"SUSING " 1D

"SUSING "&";PROCCS

sUSING "&";PCEN$

" USING "#####" GVI(PSIZES)
";USING " "

Test No "

i "3CVI(ENOS);
" CVI(TNOS)
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12010
12020
12030
12040
12050
12060
1207¢
12080
12090

12100
12110
12120
12130
12140
12150
12160

12000 '

endcase:
CLOSE #3 : CIOSE #4
" until (1D04 = true):
IF ID04 = FALSE THEN GOTO 10050
‘end:
RETURN
REH

REM Error Routine
"begin:
IF ERR = 27 OR ERR = 24
THEN GOTO 12100 ELSE GOTO 12110
PRINT " Check Printer " : RESUME
' endif:
REM End of Exror Routine
REM

REM End of Data Output Process
REM

RESUME
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5140
5150
5160
5170
5180
5190
5200
5210
5220
5230
5240
5230
5260
5270
5280
5290
5300
5310
5320
5330
5340
5350

5360
5370
5380
5390
5400
5410

REM
REM
'

v

.

Sampling Process ( SAMPLING_PROCESS )

egin

PRINT * "
PRINT " SAMPLING PROCESS
won

PRINT " 1 : Run all test processes "
PRINT " 2 : Run an individual test process
PRINT " 3 ; Quit "

PRINT ': "Selact the required option and press <enter> "

"

INPUT 151
endget:
IF 181 < 1 OR ISl > 3 THEN G0TO 5270
IF ISl = 3 THEN GOTO 5360
gat:
INPUT " Save results (¥/N) " ; SAVER§
endget
IF SAVER§ = "Y" OR SAVER$ = "y" OR SAVER§ = "N" OR SAVER§ = "n".
THEN GOTO 5360 ELSE GOTO 5320
case ISl of
ON 1§51 GOTO 5388,5560,5750
1 : *all testsk
FOR ID = 1 TO IDTOTAL
GET #1,1D : GET #2,ID : GET #5,ID : ONT% = 1
LSET DEFNUMBER$ = MKI$(0) : LSET RUNTIMES = MKDS{0)
: PUT #5,1D

5620 ' initialise R_N_RES%

5430 OPEN PCFN$ A5 §3 LEN=9

5440 FIELD #3, 6 A5 PNO§, 3 AS TNOS

5430 IDC3 = CVI(PSIZES)

5460 FOR 1G4 = 1 O IDC3

5470 GET #3,1DC4

5480 RNRES%(IDC4,PNOY) = GVI(PNO§)

5490 RNRES%(IDC4,TNO%) = GVI(TNO§)

5500 NEXT IDG4

5510 CLOSE #3

5520 ° call SAMPLING PLANS

5530 GOSUR 5790

5540 NEXT 1D

5550 GOTO 5760

5560 ' 2 : *individual test*

5570 get:

5580 INPUT " Enter the ID of the record ";ID

5590 ' endget:

5600 IF ID < 1 R ID > IDTOTAL THEN GOTO 5570

5610 GET #1,ID : GET #2,ID : GET #5,ID : ONT% = 1

5620 LSET DEFNUMBERS = MKI§(0) : LSET RUNTIME = MKD$(0)
: BUT $5,1p

5630 * initialise R_N RESY

5640 QPEN PCFN$ AS #3 LEN=9

5650 FIELD #3, 6 AS PNOS, 3 AS TNO$

5660 ID0> = GVI(PSIZES)

5670 FOR INC4 = 1 T0 IDC3
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GET #3,IDC4

RNRES$% (IDC4,PNO%) = CVI(ENO$)
RNRES%(IDC4,TNO%) = (VI(INO$)
NEXT IDC4
CLOSE #3

call SAMPLING PLANS
GOSUB 5790 : GOTO 5760
3t *quitk
endcase:
end:
RETURN
*Subroutine SAMPLING PLAN
"begin:
OPEN DOFN$ AS #6 LEN=39
FIELD b, 5 AS PFAIL$, 5 AS PSTATUS$, 3 AS PTIME§, 7 AS OUTCOMES
,6 AS TTYPES, 4 AS COUNTS, 5 AS TSTATUS$, 2 AS TNUM§, 2 AS TTIMES
VAR% = 1 : ONT% = 1 : REF% = 1 : FLAGL% = FALSE
051 = SPLAN§ : IS3 = CVI(SSIZE$)
IF C51="100% " THEN IS2=1 : GOTO 5860
IF CS1="MIP " OR CS1="mlp "
THEN IS2=2 : SAMPLE¥=1 : GOTO 5880
IF GS1="MLP-T " OR 0S§1="mlp-t "
THEN IS2=2 : SAMPLE¥=2 : GOTO 5880
case ISZ of
ON 152 GOTO 5300,6030
M 1 : *100% Sampling®
FOR PRODUGTNG% = 1 TO IS3
call ALGORITHM & PROCESS ( ALGM_A PRO )
GOSUB 6220
call TEST RESULT PROCESS ( T_RES_PRO )
GOSUB 5450
put:
PRINT " Record "; USING "##"; 1!
PRINT " : Completed "; USING "####i",PRODUCTNOX-
PRINT " of 5 USING " 153
endput:
NFXT PRODUCTNOR
GOTO 6160
*CSP Sampling*
FLAG2Y = FALSE
FOR PRODUCTNO% = 1 TO IS3
call ALGURITHM B PROCESS ( ALGY_B_PRO )
GOSUB 6520
call TEST RESULT PROCESS ( T_RES_PRO )
GOSUB 8850
put:
PRINT " Record "; USING "##";1D;
PRINT " : Completed "; USING "#####“,PRODUCTNO%,
PRINT "ot 3 USING T T

'
'
f

NEXT PRODUCWOX
endcase!

LSBT et ecetibihoneiitelethecttiilelteatsanseenneceatacceste

‘end:

RETURN
REM End of Sampling Plans .
REM
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6220
6230
6240
6250
6260
6270
6280
6290
6300
6310
6320
6330
6340

REM Algorith A ( 100% Testing )
'begin:
TLAG1Y = FALSE
FOR TESTNO% = 1 TO MAXTEST%
INTERRES$ (TESTNO%, TTYPEZ) = "FULL"
INTERRES% (TESTNO% ,COUNT%) = 0
INTERRESS (TESTNO% , TSTATUS%) = "RUN"
INTERRES% (TEST+%, TIMEX) =
call TEST FALL
GOSUB 8230
call INTER_UNIT
GOSUB 8700
IF STATUSY = TRUE
THEN GOTO 6350 ELSE GOTO 6380
INTERRESS (TESTNG%, OUTCONER) = "PASS™
INTERRES%(TESTNO%, TIMEX) = PASSTIMEY%
GOTO 6460

else
IF STATUS% = FALSE
THEN GOTO 6400 ELSE GOTO 6430
INTERRESS (TESTNO%,! om'com%) "FAILY
INTERRESY (TESTNOY, TIHE%) = FAILTIMEX
GOTO 450

olse
INTERRES$ (TESTNO%, OUTCOME%) = "UNKNOWN"
endif: N
' endif:
NEXT TESTNO%
‘end:
RETURN
REM End of Algorithm A ( 100% Testing )
M

REM Algorithm B ( MLP Sampling )
'begin:
FLAGIY = FALSE
IF FLAG2% = FALSE
THEN GOTO 6360 ELSE GOTO 6510
*Inftialise*
FOR TESTNOY = 1 TO MAXTEST%
INTERRESS (TESTNO%, TTYPE%) = "FULL"
INTERRES% (TESTNOY, COUNT%) = CVI(I$)
INTERRESS (TESTNOY, TSTATUS%) = "RUN"
INTERRES%(TESTNOX, TIMEX) = O
call TEST_FAIL
GOSUB 8230
call INTER_UNIT
GOSUB 8700
IF STATUS% = TRUE
THEN GOTO 6670 ELSE GOTO 6700
INTERRESS (TESTNOX,0UTCOMEX) = "PASS"
INTERRES% (TESTNCX, TIME%) = PASSTIME%
GOTO 6780

else
IF STATUS% = FALSE
THEN GOT0 6720 ELSE GOTO 6750
INTERRESS (TESTNO%, OUTCOMER) = "FAIL"
INTERRESY(TESTNO%, TIMEX) = FAILTIMEX%
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GOTO 6770

else
INTERRESS (TESTNO%, OUTCOME%) = "UNRNOWN"
endif:
endif:
NEXT TESTN
FLAG2% = TRUE : GOTO 8170
else
FOR TESTNOX = 1 TO MARTESTR
call TEST _FAIL
GOSUB 8230
case sample%
ON SAMPLE% GoTo 6870,7480
11 RMLP®
IF INTERRES$ (TESTNOX,QUTCOMER) = "PASS™
THEN GOTO 6890 ELSE GOTO 7240
IF INTERRES$§ (TESTNG%,TTYPER) = "FULL"
THEN GOTO 6900 ELSE GOTO 7020
IF INTERRES%(TESTNO%,COUNT%:) =

THEN GOTO 6910 ELSE GOTQ 6970
INTERRES$ (TESTNO%, TTYPEX) = "PART"
INTERRES$ (TESTNO%, TSTATUS%) = "NORUN"
INTERRES%(TESTNO%, COUNT%) = CVI(F$)-1
INTERRESY(TESTNO%,COUNTKY) = CVI(I$)
INTERRES%(TESTNO%,FIG1%) = 1
GOTO 7000

else
INTERRES$ (TESTNO% , TSTATUS%)
INTERRES%(TESTNO% ,COUNT%) =

INTERRESY (TESTNOR%, COUNT%) -1

“RON"

ndif:
GOTO 7220
else
IF INTERRES%(TESTNO%,COUNT%) = 1
THEN GOTO 7040 ELSE GOTD 7180
IF INTERRES%(TESTNO%,COUNTKA) =
THEN GOTQ 7050 ELSE GOTO 7120
IF INTERRES%(TESTNOY,FLG1%) < 2
THEN GOTO 7060 ELSE GOTO 7070
INTERRES% (TESTNO%,FLG1%) =
INTERRES%(TESTNO%,FLGL%)+1

endif:
INTERRESS (TESTND%, TSTATUS%) = "RUN"
. INTERRES% (TESTNO% ,COUNTR%) = CVI(I§}
INTERRES% (TESTNOY, COUNT%) =
CVI (F§)**INTERRES?% (TESTNO%,FLG1%)
GOTO 7160
! else
INTERRESS (TESTNO%, TSTATUS%Z) = “RUN"
INTERRESY (TESTNO% , COUNTRY) =
Imms%('msmo% GOUNTR%) -1
INTERRES%(TESTNCY, GO
cvx(Fs)**ImRREsx(mswox FIG1%)
' endif:
GOTG 7210
! else
Appendix G. SOFIWARE LISTING 204




7190 INTERRESS (TESTNO%, TSTATUS%) = "NORUN™ }

7200 INTERRES% (TESTNG%, COUNT%) = ¥
TNTERRES%(TESTNO% , COUNTH) =1 )
7210 ' endif: 4
7220 * endif: i
7230 | GOTO 7460
7240 else
7250 IF INTERRES$ (TESTNO%,0UTCOME%) ="FAIL"
TEEN GOTO 7260 ELSE GOTO 7450
7260 IF INTERRES§ (TESTNO%,TTYPE%) = "FULL"
THEN GGTO 7270 ELSE GOTO 7310 .
7270 INTERRES$ (TESTNO% , TSTATUS%) = “RUN" g
7280 INTERRES% (TESTNO% , COUNT%) = GVI(I$) ; _u
7290 INTERRES%(TESTNO%,FLG1%) =
7300 -GOTO 7440 A
7310 ' else ~
7320 IF INTERRES%(TESTNO%,FIG1%) = 1
THEN GOTO 7330 ELSE GOTO 7380
7330 INTERRESS (TESTNO%, TSTATUS%) "RUN"
7340 INTERRESS (TESTNO% , TTYPE%)
7350 INTERRES% (TESTNO% , COUNTY) = CVI(Is)
7360 INTERELSK (TESTNO%,FIG1%) = 0
7370 GOTO 7430
7380 ' slse
7390 INTERRES§ (TESTNO%, TSTATUSY) = “NORDN" ;
7400 INTERRES% { TESTNG% ,COUNTRY) = CVI(I§) ! E
7410 INTERRES%(TESTNO%,FES1%) = i
INTERRES%(TESTNU% FLG1%)~1
74620 INTERRESY (TESTNO%,COUNT%) = |
cvt(rs)**xmmsx(msmo% FLG61%)-1 :
7430 ' endif: i
7440 endif: i
7450 * endif: :
7460 endif: ;
7470 GOTO 7940
7480 * 2 ¢ WMLP-T* :
7490 IF INTERRES$ (TESTNO%,0UTCOMEX) = “PASS" i
THEN GOTO 7500 ELSE GOTO 7850 :
7500 IF INTERRES$ (TESTNO%,TTYPE%) = "FULL" $
THEN GOTG 7510 ELSE GOTO 7630 .
7510 IF INTERRES%(TESTNO%,COUNT%) = i
- THEN GOTO 752C ELSE GOTO 7580 i
7520 INTERRESS (TESTNO%, TTYPE%) = "PART" i
7530 INTERRES$ (TESTNO%, TSTATUS%) = "NORUN" N
7540 INTERRES% (TESTNO%,COUNT%) = GVI(F$)-1 !
7550 INTERRES%(TESTNO% ,COUNTKY) = GVI(1$) §
7560 INTERRESS (TESTNO%, FLGI%) = 1 !
7570 GOTD 7610 3
7580 ' else
7590 INTERRES$ (TESTNO%, TSTATUS%) = "RUN" !
7600 INTERRES¥ (TESTNO%, COUNT%) = i
INTERRES%(TESTNO% , COUNT%) -1 ;
7610 ' endif: i
7620 GOTG 7830 i
7630 else M
7640 IF INTERRES%(TESTNO%,COUNT%) = 1 {
i
° i
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THEN GOTO 7650 ELSE GOTO 7790
IF INTERRES%(TESTNO%,COUNTRY%) = 1
THEN GOTO 7660 ELSE GGTO 7730
IF INTERRES% (TESTNO%,FLG1%) < 2
THEN GOTO 7670 ELSE GOTO 7630
INTERRES% (TESTNO%, FLG1%) =
INTERRES%(TESTNOY, FLG1%)+1
endif:
INTERRESS (TESTNO%, TSTATUS%) = "RUN"
INTERRES® (TESTNOY, COUNTK%) = CVI(1$)
INTERRES% (TESTNO%, COUNT%) =
GVI(F$)**INTERRES% (TESTNO%,FLG1%)
GOTO 7770
else
INTERRESS {TESTNG%, TSTATUS%) = "RUN"
INTERRES% (TESTNO%, COUNTK%) =
INTERRES% (TESTNO%, COUNTR%) -1
INTERRESY(TESTNO%,COUNT%) =
CVI(F§)**INTERRES% (TESTNO%, FLG1%)

INTERRES$ (TESTNO%, ISTATUS%) = "NORUN"
INTERRES% (TESTNOY,COUNTY) =
INTERRESY(TESTNOY, COUNTY ) -1

else
IF INTERRES$(TESTNOX,OUTCOME%R) = “FAIL"
THEN GOTO 7870 ELSE GOTO 7910
INYERRESS (TESTNO%, TSTATUS%) = "RUN"
INTERRES$ (TESTNOY, TTYPE%) = "FUIL"
INTERRESY (TESTNO%,COUNT%) = GVI(i$)
INTERRES% (TESTNO%, FLG1%) = 0
endif:
endif:
GOTO 7949
endcase:
IF INTERRES$ (TESTNOY,TSTATUS%) = "RUN"
THEN GOTO 7960 ELSE GOTO 8120
call INTER_UNIT
GOSUB 8700
IF STATUSY = TRUE
THEN GOTO 7990 ELSE GOTO 8020
INTERRES$ { TESTNO% ,OUTCOME%) = “PASS"
INTERRES%(TESTNO%, TIMEZ) = PASSTIMER
GOTO 8100

alsa
IF STATUS% = FALSE
THEN GOTC 8040 ELSE 60TO 8070
INTERRESS (TESTNO%, QUTCOMEX) = "FAIL"
INTERRESH%(TESTNO%, TIME%) = FAILTIME%
GOTU 8090
else
INTERRES$ (TESTNO%,OUTCOMEX) = "UNKNOWN"
endif:
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{
{
8100 * endif: {
8110 GOTO 8150 i
8120 ° else ]
8130 INTERRESS (TESTNO%,0UTLOME%) = "PASS" ‘
8140 INTERRESY (TESTNO%,T:4E%) = NOTIMEX i
8150 ' endif: ff
8160 NEXT TESTNOR -
8170 ' endif:
8180 'end:
8190 RETURN
8200 REM End of Algorithm B ( MLP Sampling )
8210 REM
8220 REM # h
8230 REM Test Fail Process ( TEST_FAIL )}
8240 'bagin: .
8250 IF TESTNOZ <> 8
THEN GOTO 8260 ELSE GOTO 8550 - -
8260 IF FLAGL% = FALSE -
THEN GOTO 8270 ELSE GOTO 8530
8270 NODEFY = CVI(PSIZE$)
828G IF VAR% <= NODEF%
THEN GQTO 8230 ELSE GOTO 8460 N
8290 1IF PRODUCINO% < RNRES%(VAR%,PNO%)
'ﬂ{EN GOTO 3300 EISE GOTO BBXO j
8300 TEST% = 0 : KEYNO% = &HFF : GOTO 8440 ;
8310 else
8320 TEST% = RNRES%(VAR%,TNO%} i
8330 ' # Keyno does not correspond to i
8340 ON TEST% GOTC 8350,8360,8370, 8350 0390 ,8400, i
8410,8420 :
8350 KEYNO% = &HFE : GOTO 8430 i
8360 &HFD : GOTO 8430 i
8370 SHDF : GOTO 8430
8380 &HFB : GOTO 8430
8390 &HF7 : GOTO 8430
8400 SHEF : GOTO 8430
B410 KEYNO% = &HIF : GOTO 8430 k
8420 KEYNOY% = SHFF
8430 VAR% = VAR%+1 %
8440 * endif: !
8450 GOTO 8480 X
8460 ' else
8570 TEST% = 0 : KEYNO% = &HFF
8480 ' endif:
8490 ' put:
8500 OUT TFAIL%,KEYNOX ' Imterface Unit {
8510 ' endput:
8520 FLAG1% = TRUE
8530 ' endif: ’ )
8540 GOTO 8650 [
8550 ' elss
8560 IF TEST% = 8
'THEN GOTO 857¢ ELSE GOTO 8580
8570 KEYNOX = &HYC : GOTO 860C
8580 ' else
8590 KEYNOY = &HFF
8600 * endd¥: . 8
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it :
QUT TFAIL%,KEYNO% ' Interface Unit
endput:
FLAGLY = FALSE
' endif:
end:

REM End of Test Fail Process ( TEST FAIL )

REH Interface Unit Process ( INTER_UNIT )
OUT MDAX TESTDATA(TE%TNO“)

QUT SETRE%,&H

IN% = INP(RDRC%) AND SH1

IF IN% <> &H] THEN OTO 8740

IN% = INP(RDRC%) AND &H1L

IF IN% <> &HO THEN GOTO 8760

STATUS% = TNP(RDDATR)

OUT SETREX,&HO

'and:

RETURN

REH End of Intarface Unit Process ( XNTER UNIT )

REM End of Algorithm P:ocess
REM

REM Test Result Process ( TEST_RES_PRO )
begin
IF SAVER$ "Y' OR SAVER$ = "y” THEN GOTO 8890 ELSE GOTO 8980
TESTNO% = 1
DORES§ (REF%, PSTATUS%) = "PASS"
DORES§ (REF%, TTYFE%) = INTERRES§(TESTNO%,TTYPEX)
DORES¥ (REF%,COUNT%) = INTERRES%(TESTNOR,COUNTR)
DORESS (REF%, TSTATUSX) = INTERRES§ (TESTNO%,TSTATUSY)
DORESS (REF%,0UTCOME%) = INTERRES$ (TESTNO%,OUTCOMEX)
DORES% (REF%, TIME%) = INTERRESY(TESTNO%,TIMEX)
DORESX(REF%, FFAILR) = TESTY
DORES%(REF%, TNUMX) = TESTNO%
TOTALTIME%
FOR TESTNO% = 1 TO MAXTEST%
GET #5,1D
IF INTERRES$ (TESTNO%,0UTCOME%) = “FAIL"
THEN GOTO 9020 ELSE GOTO 9050
DORES$ (REF%, PSTATUS%) = "FAIL"
ITR1 = CVI(DEFNUMBERS)+1
LSET DEFNUMBER$ = MKIS(ITR1) : PUT #5,ID
' endif:
TOTALTIME% = TOTALTIME%+INTERRESY(TESTNG%, TIMEX)
NEXT TESTNOZ
DORESY (REF%, PTIMEX) = TOTALTIMEX
GET #5,1D
ITR3f = cvn(RUNT!MEs)onALTIME%
LSET RUNTIME§ = MRD$(ITR3#) : PUT #5,ID
IF SAVER$ = ™" OR SAVER$ ="y o THEN GOTO 9130 ELSE GOTO 9300
REF% = REF%+1
IF PRODUCTNO% = CNT%*25 OR PRODUCTNO% = GVI(SSIZE$)
THEN GOTO 9150 ELSE GOTO 9290
9150 ' * Copy Data Output Resource to Random File #4 *
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5160

FOR ITR2 = ) T (REF%-1)

9170 LSET TTYPE§ = DORES$ (ITR2,TTYPEY)

9180 LSET COUNT$ = MKI$(DORES%{ITRZ,COUNT%))
2190 LSET TSTATUS$ = DORES$(ITR2,TSTATUS%)
9200 LSET OUTCOMES =DORESS (ITRZ,QUTCONEZ)
9210 LSET TTIME§ = MKI$(DORES%(ITR2,TIMEY))
9220 LSET TNUM$ = MRI§(DORES%(ITR2,TNUME))
9230 LSET PFAIL§ = MKI$(DORES%(ITRZ,PFAILY))
9240 LSET PSTATUS§ = DORES$ (ITRZ,PSTATUS%)
9250 LSET PTIMES = MKI$(DORES%(ITRZ,PTIME%))
9260 FUT #4, ((CNT%-1)%25+ITR2)

9270 NEXT ITRZ

9280 ONT% = ONT%+1 : REF% = 1

9290 ' endis:

9300 ‘end:

9310 RETURN

9320 REM End of Test Result Process ( TEST_RES_FRO )

9330 REM

9340 REM End of Sampling Process ( SAMPLING_PROCESS )

1000 REM
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5730

REM
REM Sampling Process { Sampling Process )
begin:
' put:
PRINT " %
ERINT  SAMPLING PROCESS "
BRINT " "
FRINT " 1 : Run all test processes "
FRINT " 2 : Run an individual test process "
ERINT " 3 : Quit
FRINT " Select the required option and press <enter> "
PRINT "
' endput:
' oget:
INPUT 181
' endget:
IF 181 < 1 OR IS1 > 3 THZEN GOTO 5330

, FIsi= 3 THEN GOTO 542
get
INBUT * Save rosults (Y/N) " ; SAVERS
' endget:
IF SAVER§ = "f" OR SAVERS = "y" OR SAVER$ = "N" OR SAVER$ =

THEN GOTO 5420 ELSE GOTo 538
case IS1 of
ON IS1 GOTO 5440,5620,5810
' 1 : *all tests®
FOR ID = 1 TO IDTOTAL
GET #1,ID : GET #2,ID : GET #5,ID : CNT% =
LSET DEFNUMBERS = MKI$(0) : LSET RUNTIME$ = MKD$(0)
PUT #5,1D
' mitialisa RN RESX
QPEN PCFN$ AS #3 LEN=
FIELD #3, 6 AS PNO§, 3 45 TNOS
1003 = CVI(PSIZE§)
FOR IDC4 = 1 TO IDC3
GET #3,10C4
RNRES%(IDC4 , PNO%)
RNRES% (XDC4, TNO%)
NEXT IDC4
CILOSE #3
cail SARPLING PLANS
GOSUB 5850
NEXT ID
GOTO 5820
' 2 @ *individual test¥
get:
INPUT " Enter the ID of the record ";ID

'

CVI(PNO$)
oVI{INOS)

endget:
IF ID < 1 OR D > IDTOTAL THEN GOTO 5630
GET #1,ID : GET #2,1D : GET #5,ID : ONTX =
LSET DEFNUMBER$ = MKI§(0) : LSET RUNTIME§ = ms(o)
:PUT #5,1D
' initialise R_N RESX
OPEN PCEN$ A5 #3 LEN=9
FIEID #3, 6 AS ENO§, 3 AS TNO§
1DC3 = CVI(PSIZES)
FOR IDC4 = 1 TO 1DC3
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GET #3,
ms%am.t. PNO%)
RNRES%(IDC4 , TNO%)
NEXT IDC4
GLOSE #3
‘ call SAMPLING PLANS
GOSUB 5850 : GOTO 5820
t 3 : hquitk
' endease:
Tend:

CVI(ENO$)
CVI(THO$)

nu

RETURN
'Subroutine SAMPLING PLAN
'begin:
OPEN DOFN§ AS #4 LEN=39

FIELD #4, 5 AS PFAIL§, 5 AS PSTATUS§, 3 AS PTIMES, 7 AS OUTCOME$
6 AS TIYPE$, & AS COUNT§, 5 AS TSTATUS§, 2 AS TNUM$, 2 &5 TTIMES
VAR% = 1 : ONT% = 1 : REFX = 1 : FLAG1% = FALSE

CS1 = SPLANS : 153 = cvr(ssxzxas)

IF CS1="100% * THEN IS2=1 : GOTO 5970

IF C$1="CSP-F " OR CS1="csp-f "

THEN IS2=2 : SAMPLEY=1 : GOTO 5370
IF 0S1="WsP-1 " OR CS1="wsp-1 "
THEN 18262 : SAMPIE¥=2 : GOTO 3970

REM

REM

REM

case 182 of

ON 182 GOT@ 5990,6120
! 1 : *100% Sampling#*

FOR PRODUCTNOY = 1 TD 183
' call ALGORITHY A PROCESS ( ALGM\A PRO )
GOSUB 6310
‘ call TEST RESULT PROCESS ( T_RES_PRC )
GOSuB 8
’ put:

PRINT " Record "'; USING "##";1D;
PRINT " : Gompleted " USING "#####",PRODUCTNO%
PRINT " of "; USING "HHE"s
endput;
NEXT PRODUCTNO%

' 2 : %CSP and WSP Sampling
FLAG2% = FALSE
FOR PRODUCTNOY = 153
call ALGORTHM_B PROCESS ( ALGM B_PRO )
GOSUL 6610
' call TEST RESULT PROCESS ( T_RES_FRO )
GOSUB 8610
put:
PRINT " Record "; USING "“#";ID;
ERINT " : Completed "; USING PR ; PRODUCTNG;

BRINT " of ; USING "HbHH";183
' endput: =
NEXT PRODUCTNO%
' endeasa:
LSET SSTATUS§ = “TRUE" : PUT #2,ID :CLOSE #4
‘end:
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RETURN
REM End of Sampling Plans
REM

REM Algorithm A { 100% Testing )
"begin:
FLAGL% = FALSE
FOR TESTNO% = 1 TO MAXTEST%
INTERRESS (TESTNOY, TTYPER) = "FULL"
INTERRES%(TESTNO%, COUNT%) =
INTERRES$ (TESTNO%, TSTATUS%) = "mm"
INTERRES% (TESTNOX, TIME%) =
' call TEST_FAIL
BOSUB 7990
' call INTER UNIT
GOSUB 8460
IF STATUS% = TRUE
THEN GOTO 6440 ELSE GOTO 6470
INTERRES$ (TESTNO%,OUTCOME%) = "PASS"
INTERRES%(TESTNG%, TIMEX) = PASSTIMEX
GOTO 6550
else
IF STATUSY% = FALSE
THEN GOTO 6490 ELSE GOTO 6520
INTERRES$ (TESTNO%, OUTCOME%) = “FAIL"
INTERRES%(TESTNO%, TIME%) = FAILTIME%
GOTO 6540

else
INTERRESS (TESTNO%, OUICOME%) = "UNKNOWN™

endif:
! endif:
NEXT TESTNO% \

‘end:

RETURN
REH End of Algorithm A ( 100% Testing )

mm Algorithm B { CSP and WSP Sampling )
'begin:
FLAG1% = FALSE
IF FLAG2% = FALSE
THEN GOTO 6650 ELSE GOTO 7060
' *Initialise
FOR TESTNC% = 1 TO MAXTEST%
IF 152 = 2 AND SAMPLEY >= 2
THEN GOTO 6680 ELSE GOTO 6810
AOQL! = CVS(AOQLS ) /MAXTE:
ADQLE = (Aoqu*ch(sSIzEs)). -WI(F$)-1)
IF AOQL! < 1 :
THEN GOTO 6716 ELSE GOTO 6740
INTERRES$ (TESTNO%, TTYPE%) = "FULL"
6720 INTERRESS (TESTNOX, TSTATUS%) = "RUN"
6730 GOTO 6790
6740 else
6750 INTERRES$ (TESTNO%, TTYPE%) = "PART"
6760 INTERRES$ (TESTNO%, TSTATUS%) = "RUN"
6770 INTERRES% (TESTNO%, COUNTY) = GVI(F$)
6780 INTERRES% (TESTNO% , COUNTK%) = INT(ADQE!)
6790 endif:
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GOT0 6860
1se
INTERRESS (TESTNO% , TTYPE%) = “FULL"
INFERRES%(TESTNG%, COUNT%) = GVI(I§)
INTERRES$ (TESTNO%, TSTATUS%) = "RUN"
INTERRES% (TESTNO%, TIME%) = 0
endif:
call TEST_FAIL
GOSUB 7990
call INTER_UNIT
GOSUB 8460
IF STATUS% = TRUE
THEN GOTO 6920 ELSE GOTO £950
INTERRES$ (TESTNOY, OUTCOMEX) = "Pass”
INTERRESK (TESTNO%, TIME%) = PASSTIME%
6070 7030
else
IF STATUSY = FALSE
THEN GOTO 6970 ELSE GOTO 7000
INTERRES$ (TESTNO%, OVTCOMES,) = "FAIL"
INTERRES%(TESTNO%, TIME%) = FAILTIMEY%
GOTO 7020

else
INTERRES$ (TESTNOX, OUTCOMEX) = "UNKNOWN"
endif:
NEXT TESTNO%
FLAG2% = TRUE : GOTO 7930

else
FOR TESTNGE = 1 TO MAXTESTR
call TEST FAILY,
GOSUB 7990
case saupled of
ON SAMPLEY GOTO 7120,7440
1 : *CSP-F*
1¥ INTERRESS (TESTNG%,0UTGOMER) = "PASS"
THEN GOTO 7140 ELSE GOTO 7340
IF INTERRES%(TESTNOY,COUNT) = 1
THEN GOTO 7150 ELSE GOTG 7250
IF INTERRES§ (TESTNOY,TTYPE%) = "FULL"
THEN G0TO 7160 ELSE GOTO 7200
INTERRESS (TESTNO%, TTYPE%) = "PART"
INTERRES$ (TESTNO%, TSTATUS%) = "NORUN"
INTERRES?(TESTNOY%,COUNTE) = CVI(F$)-1
GOTO 7230
elsa:
INTERRES$ (TESTNO%, TSTATUS%.) = "RUN"
INTERRES%(TESTNO%, COUNT%) = CVI(F$)
endif:
GOTO 7330

2lse
IF INTERRESS (TESTNO%,TTYPES) = “FULL"
THEN GOTO 7270 ELSE GQTO 7290

7270 INTERRES$ (TESTNO%, TSTATUS%) = "RUN"

7280 GOTD 7310

7290 else

7300 INTERRES$ (YESTNO%, TSTATUS%) = "NORUN"
Appendix . SOFTWARE LISTING 214




7310 * endif: b
7320 INTERRES%(TESTNO%, COUNT%) = :
INTERRESY (TESTNC% , COUNT%) -1 f
7330 ' endif: :
7340 ' endif:
7350 IF INTERRES$(TESTNO%,0UTCOME%) = "FAIL" g
THEN GOTO 7360 ELSE GOTO 7390 ;
7360 INTERRES%(TESTNOY,COUNT%) = CVI(I$)
7370 . INTERRES$ (TESTNOX, TTYPE%) = "FULL"
7380 INTERRES$ (TESTNO%, TSTATUS%) = "RUN"
7390 endif:
7400 IF INTERRESS (TESTNO%,OUTCOME%) = "UNKNOWN" . M
THEN GOTO 7410 ELSE GOTO 7420 i
7410 INTERRES%,(TESTNO% ,COUNT%:) = i
INTERRES%(TESTNO%, COUNT%) -1 -
7420 ° endif:
7430 SO0 7700
7440 2 : MSP-1¥ -
7450 IF INTERRES$ (TESTNO%,TTYPER) = "PART"
THEN GOTO 7460 ELSE GOTQ 7680
7560 IF INTERRES$ (TESTNO%,0UTCOMEX) = "PASS™
THEN GOTO 7470 ELSE GOTO 7560
7470 IF INIERRESY%(TESTNOX,COUNT%) = 1 K
THEN GOTO 7480 ELSE GOTO 7510 .
7480 INTERRES%(TESTNO%,COUNT%) = CVI(F$)
7490 INTERRES$ (TESTNOY, TSTATUS%) = "RUN"
7500 GOTO 7540
7510 " else ;
7520 INTERRESY (TESTNO%, COUNT%) = .
INTERRES?% (TESTNO% , COUNT%) -1
7530 INTERRES$ (TESTNO%, TSTATUS%) = "NORUN"
7540 ' endif:
7550 GOTG 7670
7560 " else !
7570 IF INTERRES$ (TESTNOY,0UTCOME%) = "PAIL" 1
THEN GOT0 7580 ELSE GOTO 7660 i
7580 IF INTERRESY(TESTNO%,COUNTRY) = 1 i
THEN GOTD 7590 ELSE GOTO 7620
7590 INTERRES$ (TESTNOX, TTYPE%) = "FULL"
7600 INTERRESS (TESTNO%, TSTATUSY) = "RUN"
7610 GOTO 7650
7620 ' else
7630 INTERRES$ (TESTNO%, TSTATUS%) = "NORUN"
7640 INTERRES%{TESTNO%, COUNTKX) =
NTERRES% (TESTNOZ , GOUNTX%) -1
7650 endif:
7660 * endif:
7670 * endif: -
7680 ' endif:
7650 GOTO 7700
7700 * endcase: ‘
7710 IF INTERRESS(TESTNO%,TSTATUS%) = “RUN"
THEN GOTO 7720 ELSE GOTO 7880
7720 ' call INTER UNIT
7730 GOSUB 8460
7740 IF STATUS% = TRUE
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THEN GOTO 7750 ELSE GOTO 7780
INTERRESS (TESTNO%, OUTCOMER) = "PASS"
INTERRES% (TESTNO%, TTHEY) = PASSTIME%
GOTO 7860
else
IF STATUSY = FALSE
THEN GOTO 7800 ELSE 6OTO 783¢
INTERRESS (TESTNO% ,OUTCOME%) = "FAIL"
INTERRES%(ESTNO%, TIMEX) = FAILTIME%

GOTO 7850

' else
INTERRES§ (TESTNO%,0UTCOMEZ) = "UNKNOWN"

! endif:

7860 ' endif:

7870 GOTO 7910

7880 ' else

7890 INTERRES$ (TESTNG%,0UTCOMER) =~ “PASS"

7500 INTERRESX(TESTNOZ, TTME%) = NOTIME%

7910 * endif:

7920 NEXT TESTNO%

7930 ' endif:

7940 "end:

7950 RETURN

7960 REM End of Algorithm B ( CSP and WSP Sampling )

7970 REM

7980 REM b

7990 REM Test Fail Process ( TEST_FAIL )

8000 'begim:

8010 IF TESINOY < 8
THEN GOTO 8020 ELSE GOTO 8310

8020 IF FIAG1Y = FALSE A
THEN GOTO 8030 ELSE GOTO 290
8030 NODEF% = GVI(PSIZE$)
8040 IF VARY <= NODEF%
THEN GDTD B050 ELSE 60TO 8220

8030 IF PRODUCTNO% < RNRESX(VAR%,PNO%)

THEN GOTO 8060 ELSE GOTO 8070
8060 TESTY% = O : KEYNOY = GHFF : GOTO 8200
8070 ' else
8080 TESTZ = RNRES%(VARZ, TNO%)
8090 ' #* Keyno does mot correspond to test ¥
8100 ON TEST% GOTO 8110,8120,8130,8140,8150,8160,

8170,8180

8110 KEYNO% = &HFE : GOTO 8190
8120 - KEYNO% = &HFD : GOTO 6190
8130 KEYNO% = &HDF : GOTO 8190
£140 KEYNO% = &HFB : GOTO 8190
8150 KEYNOY = &HF7 : GOTO 8130
8160 KEYNO% = &HEF : GOTO 8190
8170 KEYNO% = &H7F : GOTO 8190
8180 KEYNOY = SHFF
8190 VARY = VAR%+L
8200 ' endif:
8210 GOTO 8240
8220 ' else
8230 T% = 0 : KEYNO% = &HFF
8240 endif:
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put: )

OUT TFATL%,KEYNO% ' Interface Unit
endput:
FLAG1% = TRUE

‘THEN GOTO 8330 ELSE GOTQ 8340
KEYNO% = &HFC : GOTO 8360

' else
KEYNOZ = GHEF
' endif:
' put:
OUT TFAIL%,KEYNOX ' Interface Unit
! endput:
FLAG1% = FALSE
! endif:

"end:

REM End of Test Fail Process ( TEST_FAIL }
REM i

REM Interface Unit Process ( INTER_UNIT )
‘begia:

OUT MDA, TESTDATS (TESTNO%)

OUT SETRE%,,&HO

IN% = INP(RDRCY) AND &H1

IF IV <> GH1 THEN GOTO 8500

IN% = INP(RDRCY) AND &HIL

IF ING <> SHO THEN G0TO 8520

STATUSY = INP(RDDATX)

OUT SETREY%,&HO

Tend:

RETURN

REM End of Interface Unit Process ( INTER UNIT )

RE!
REM End of Algorithm Process

REM
REH Test Result Process ( TEST_RES_PRO )

‘begin:
IF SAVER$ = "Y' OR SAVER$ = "y" THEN GOTC 8650 ELSE GOTO 8740
TESTNG% = 1
DORES$ (REF%,PSTATUS%) = "PAsS"
DORESS (REF%, TTYPE%) = INTERRES§ (TESTNO%,TTYPEX)
DORES%(REF%,COUNTY) = INTERRESY(TESTNOX,COUNT%)
DORESS (REF%, TSTATUS%) = INTERRES$ (TESTNO%, TSTATUS%)

DORESS$ (REF% ,OUTCOME%) = INTERRESS (TESTNO% ,0UTCOMER)
DORESY (REF%, TIME%) = INTERRESY(TESTNO%, TIHE%)
DORES% (REF%,PFAIL%) = TESTY%
DORESY (REF%, TNUMX) = TESTNO%
TOTALTIME% = O
FOR TESTNO% =1 TO MAXTESTY

GET #5,1D

IF INTERRES$ (TESTNOX,OUTCOMEX) = “FAIL"

THEN GOTO 8780 ELSE GOTO 8810
DORES$ (REF%,PSTATUSY) = "FAIL"

8790 ITRL = CVI(DEFNUMBER§)+1
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LSET DEFNUMBER$ = MKI$(ITR1) : PUT #5,ID .

endif: . ;
TOTALTIMEY, = TOTALTIMEY%INTERRES%(TESTNO%, TIME%)
NEXT TESTNO% 4
DORES%(REFY%, PTINE%) = TOTALTIMEX
GET #5,ID

ITR3# = CVD(RUNTIMES)+TOTALTIMEY
LSET RUNTIMES = MKD$ (ITR3#) : PUT #5,ID
IF SAVERS = "Y" OR SAVER§ ="y" THEN GOTO 8890 ELSE GOTO 9060
REF% = REF%+1
IF PRODUCTNO% = CNT%*25 OR PRODUCTNO% = CVI(SSIZE$)
THEN GOTO 8910 ELSE GOTO 9050

* Copy Data Output Resource to Random File #4 * p
FOR ITR2 = 1 T0 (REF%-1)
LSET TIYPE$ = DORES$ (ITR2, TTYPEX) Lo
1SET COUNT$ = MKI§(DORESY(ITR2,COUNTS)) “,

LSET TSTATUS$ = DORES${ITRZ,TSTATUSY) g
LSET CUTCOME$ =DORES$(ITR2,0UTCOMER)

ISET TTIME$ = MKI$(DORES%(ITR2,TIMEX)) -
LSET TNUM$ = MKI${DORES%{ITR2,TNUMX})}
LSET PFAIL$ = MKI$(DORES%(ITRZ,PFAILY))

LSET PSTATUS$ = DORES$ (ITR2,PSTATUSY) p
LSET PTIME§ = MKI$ (DORES%(ITR2,PTIMEZ))
PUT #4, ({CNT%-1)*25+1TR2)

NEXT ITR2
ONT% = CNT%+1 : REF% = L
endif:
9060 "end:
9070
9080 REM End of Test Result Process ( TEST RES_PRO )
9090 REM ¢
9100 REM End of Sampling Process ( SAMFLING PROCESS )
10000 REM e
|
b
Pk
L
H
Lt
|
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