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I. LOT ACCEPTANCE VIA ATTRIBUTE SAMPLING (LLAVAS)
A. Acceptance Sampling Scope

A substantial portion of quality assurance deals with acceptance sampling. One facet
of this ongoing effort deals specifically with attribute sampling in which a sampled unit is
judged to be conforming or nonconforming, good or bad, successful or unsuccessful, hit or miss,
reliable or failed, and so on. A unit’s performance is classified in one of two ways. The purpose
of acceptance sampling attributes is to perform a hypothesis test which will lead to a decision to
accept or reject an inference concerning the ratio of the number of units possessing one attribute
classification to the total number of units comprising the population. In the case of missiles and/
or rockets, acceptance sampling is performed as a milestone which precedes the initial accep-
tance of a lot and as a means of monitoring stockpile reliability after the lot becomes govern-

ment property.

It is pertinent to emphasize that acceptance sampling is not an attempt to estimate or
control lot quality. Moreover, it is but one part of the decision process which ultimately leads to
the acceptance or rejection of defined inferences pertaining to lot quality. The act of accepting
or rejecting is subject to the possibility of being the wrong act. That is, one might accept when
the correct decision should be to reject, or one might reject when the correct decision should be
to accept. A comprehensive analysis of any sampling plan should include a complete assessment
of the probability of making the wrong decision. Additionally, the comprehensive analysis
should also assess the sampling burden imposed by the sampling plan. The classical approach to
these two assessments involve the construction of two schematics, the Operating Characteristic
(OC) curve and the Average Sample Number (ASN) plot. The OC curve provides a graphical
representation of the relationship between the sampling plan’s probability of acceptance and the
appropriate quality characteristic. The ASN plot serves the purpose of graphically illustrating
the relationship between the expected number of samples to a decision, to accept or reject, and
the appropriate quality characteristic. These two schematics will be discussed in greater detail
subsequently.

B. Types of Attribute Acceptance Sampling Plans

The simplest type of acceptance sampling plan is the single sampling plan. The me-
chanics are straightforward in that a random sample of size n is drawn from a lot or process. If
the total number of defectives is less than or equal to the acceptance number (c1) the lot is ac-
cepted (i. e., the hypothesis that quality is at an acceptable level cannot be rejected). Single sam-
pling plans are the simplest, conceptually, but they require a relatively large sample size when
compared to other types of plans.

To recuce the expected sampling burden subject to constraints on the risks, double
sampling plans are sometimes used. A double sampling plan is specified by five numbers, cl,
€2, ¢3, nl, and n2. The mechanics of the plan involve drawing a random sample of n1 units. If
cl or less defectives are found in the sample, the lot is accepted without further sampling. If the
sample contains c2 or more defectives, the lot is rejected with no further sampling done on the
lot. If the total number of defectives is greater than c1 but less than c2, a second random sample
of size n2 is drawn from the lot. If the cumulative number of defectives, from both samples, is
less than or equal to c3, the lot is accepted. Otherwise, the lot is rejected. The economies real-
ized in total samples required to a decision by instigating double sampling in lieu of single sam-
pling are somewhat offset by the complexity associated with implementation. However, in the
case of high unit cost, destructive testing, and relatively small lot sizes, the complexity involved
with the implementation will yield significant dividends.




The minimum expected number of samples to a decision is obtained by the use of a
sequential sampling plan, such as Wald’s item—by~item sequential sampling plan. A detailed
discussion of Wald’s plan can be found in Reference 1. Let it suffice to say that a lot can be ac-
cepted or rejected after the sampling of a single unit. Some restrictions apply pertaining to the
minimum sample size for both the acceptance and rejection ranges. There are several distinct
disadvantages to Wald’s plan which in many cases prevent it from being applied. Specifically,
the administration burden of the plan is extremely high, the number of units sampled to a deci-
sion is variable for lots of equal quality, and the possibility exists that an entire lot can be
sampled without a decision to accept or reject. Sequential sampling plans are often truncated to
limit the maximum sample size and preclude the possibility of sampling the entire lot. When
this is done, the resulting plan is no longer a theoretical sequential plan. It becomes a multiple
sampling plan.

Muttiple sampling plans specify drawing a random sample whose size is a design
specification of the plan. If the total number of defectives observed in the sample is less than or
equal to the first sampling tier’s acceptance number, the lot is accepted. If the total number of
defectives is greater than or equal to the first tier’s rejection number, the lot is rejected. In either
case, the decision is made and sampling ceases. If the number of defectives is greater than the
acceptance number and less than the rejection number, another sample is drawn. It is not often
the case nor is it necessary for the sample sizes to be equal. Each sampling tier’s sample size,
acceptance number, and rejection number are design parameters of the plan. After this subse-
quent sample is drawn and the cumulative number of defectives tabulated, the composite number
of defectives is compared to the new tier’s acceptance number and rejection number. If the cu-
mulative number of defectives lies between the acceptance and rejection numbers, another sam-
ple is drawn and the procedure is repeated.

This repetitive procedure continues until the lot is accepted or rejected. A decision is
guaranteed with a multiple sampling plan since the plan converges on the last sample. Conver-
gence occurs when the acceptance number plus one equals the rejection number. In other words,
there are no continuation numbers at the convergence sampling tier. Even though multiple sam-
pling plans possess expected sample sizes to a decision which are numerically greater than those
obtainable through sequential sampling, multiple sampling plans are more commonly used. This
is probably due to the convergence feature and the somewhat reduced implementation burden.

C. Sampling Plan Evaluation

The evaluation of a sampling plan generally consists of two parts, an evaluation of the
plan’s effectiveness stated in terms of probability of acceptance versus the chosen quality charac-
teristic and an evaluation of the plan’s operating cost stated in terms of the expected number of
units sampled to a decision versus the chosen quality characteristic. Both evaluations require
consideration of the probabilistic aspects of the sampling implementation.

The probability of acceptance of a given sampling plan is a function of the plan itself
and a function of the quality of the population of units from which the samples are drawn. The
designer can exercise control over the specifics of the sampling plan, such as the numeric values
of sample size and acceptance numbers, but no control is extended to the quality of the popula-
tion. Therefore, the probability of acceptance must be examined over the entire range of values
the quality characteristic can take on. This exercise is customarily accomplished by the use of a
two—dimensional schematic called an operating characteristic curve, or simply OC curve. Fig-
ures 1 and 2 provide examples of OC curves commonly utilized. Figure 1 illustrates the case
where the lower the numeric value of the quality characteristic, the better. Therefore, the




probability of acceptance is high for low values of the quality characteristic and is low for high
values. The OC curve form shown in Figure 1 is the most frequently encountered and is ap-
propriate when the quality characteristic is fraction defective or number of defectives per lot.
Figure 2 provides an illustration of the case where the higher the numeric value of the quality
characteristic, the better. This type of OC curve is frequently used when the quality characteris-
tic is unit reliability or hit probability. Regardless of the numeric desirability of the quality char-
acteristic, the OC curve provides a plot of the sampling plan’s probability of acceptance versus
the entire range over which the quality characteristic can take on values.
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In a similar fashion, the expected number of units sampled to a decision is plotted
versus the full range of the quality characteristic. This type of plot is called an ASN plot. Care
must be exercised in dealing with ASN plots since there are two types, those in which sampling
is terminated, or curtailed, and those in which sampling is not terminated. In the case of sample
termination fewer units are sampled because sampling stops as soon as an appropriate rejection
number is reached. Other economies are incurred via sample termination which further reduce
the expected number sampled to a decision. Consider a single sampling plan in which the
sample size is 50 with an acceptance number of 2. If 48 units are inspected and none are defec-
tive, the lot would be accepted without sampling the remaining 2 units.

Figure 3 illustrates ASN plots which illustrate the contrast of instigating sample
termination in this single sampling case as opposed to not instigating it. The plot shown in
Figure 3 is based on a Binomial probability evaluation of the single sampling example.
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D. Binomial Versus Hypergeometric Applications

In lot acceptance sampling of attribute variables, event probabilities should be calcu-
lated by either the Binomial distribution or the Hypergeometric distribution. Historically,
approximation techniques involving the Poisson distribution and the Normal distribution have
been used to alleviate much of the calculation burden associated with the Binomial and the
Hypergeometric. With the proliferation of personal computers and their expanding computation-
al capabilities, it is no longer necessary to resort to these approximation techniques and incur the
resulting error. This increase in precision can be extremely important in applications involving
the destructive testing of high dollar units such as missiles or rockets.

This increased precision is the rationale upon which the software described herein is
based. All sampling plan assessments performed by this software are based strictly on one of
two scenarios:

(1) Scenario #1 ~ A lot is submitted for sampling which possesses a finite size,
N, and a finite number of defectives, M. When n units are
sampled at random, the probability that exactly X defectives
will be found in the sample is given by the Hypergeometric

distribution as,
_ (N — M)t M! n! (N — n)!
PALMN) = o N M- s X XT M =X N (1)
5




m

Reference 1 states that this type of analysis leads to a Type A OC curve. To avoid confusion
between Type A and Type B OC curves, all Type A curves provided by this source code will
possess an X axis which is labeled defectives per lot. All Type B curves’ X axis will be labeled
percent defective.

(2) Scenario #2 — If the units of production come from a process which is in
‘statistical control’, producing products which possess a
probability of being defective equal to p, and one desires
the proportion of lots of size N that will be accepted, then
the Binomial distribution should be used to calculate the
probability. Specifically, when n units are randomly
selected, the probability that exactly X will be defective
is given by the expression,

- n! _ =X
PROLMN) = srliem P2 -9 . o
All probability evaluations provided by this software are based on either Equation (1) or
Equation (2). The appropriate selection is a user option which can be exercised via embedded

response prompts.
E. Summary

Section II provides a series of examples that, taken as a whole, constitute an exhaus-
tive illustration of the software’s applicability, input requirements, and output descriptions. The
examples begin with single sampling plan design and assessment and progressively step though
double sampling, multiple sampling, sequential sampling, and sequential plan truncation. In
each case, the output will consist of an OC curve and an ASN plot which are free from approxi-
mation. Therefore, no spikes or points of discontinuity will be present in the schematics as is
often the case when one switches approximation techniques. Section III provides a brief conclu-
sion and extension discussion of the program’s current status and envisioned enhancements. An
attempt is made throughout this guide to provide a generic description of this software to divorce
the use from a particular type of computer.

The appendixes contain the existing source code for the entire program. As currently
programmed, the code is written in Hewlett~Packard Enhanced BASIC which is acceptable on
an HP9°45B desktop computer. Upon reviewing the code contained in the appendixes, the read-
er will quickly see the similarity between the Enhanced BASIC code and classical FORTRAN i
(i.e., IMAGE statements are FORMAT statements, FOR/NEXT loops are DO loops, and variable
names are structured alike except that in Enhanced BASIC only the first letter of the variable
name is capitalized). In short, minimal effort will be required to reprogram the source code to .
FORTRAN or BASIC for compatibility with various host computers. The graphical segments of
the source code provided may be more challenging to convert, but the simplistic design of the
logic flow is readily transferable to modern graphic packages.




II. SOFTWARE ILLUSTRATIONS
A. Lot Acceptance Via Attribute Sampling (LAVAS)

The main program, entitled Lot Acceptance Via Attribute Sampling (LAVAS), serves
to dimension the program variables, to input the standard values, to display the main menu
containing the primary analysis options, and to load and execute the selected option. The source
code comprising LAVAS is provided as Appendix A to this report. Figure 4 provides an illustra-
tion of the main menu which contains the five analyses options. This menu is displayed at the
outset of program execution and immediately precedes the first user prompt for interactive input.
The remainder of this section is devoted to describing, by example, each of the five options
itemized in Figure 4.

LOT ACCEPTANCE SAMPLING OPTIONS

Option Deseripti Select Cod
> Single Sampling Design And Assessment ............ 1
> Double Sampling Design And Assessment............ 2
> Multiple Sampling Design And Assessment . .......... 3
> Sequential Sampling Design And Assessment ......... 4
> Truncated Sequential Sampling or Any Convergent
Plan Assessment (i.e., OC Curve & ASN Curve) ....... 5
> Program Termination ..............cc0vvvueennn, 6

ENTER THE SELECT CODE OF THE DESIRED OPTION.

Figure 4. Main Menu
B. Single Sample Design and Assessments

This segment of the software deals exclusively with single sampling by attributes and
allows for five design and/or assessment options as shown in Figure S. The first option, entitled
‘OC Curve/Risk Assessment for a Specific Plan’, is the fundamental risk assessment for single
sampling plans. These single sampling plan are completely described by a sample size and an
acceptance number. The rejection number is assumed to be equal to the acceptance number plus
one, in all cases. By entering a 1 after the prompt shown in Figure 5, the user will access an
option that will provide an operating characteristic curve for any specified single sampling plan.
A series of user prompts will be display at that time which are d&lgned to accrue the input
required for the assessment.




> Single Sampling Plan Option Menu <

Option Descripti Select Cod
>0C Curve/Risk Assessment for a SpecificPlan ........................... 1
>Plan Derivation for Given AQL, LTPD, ALPHA and BETA ................. 2
>Plan Derivation for a Single Point of Control at the Indifference

Quality (Poisson Based) .........ccoviiiiiiiiiiiiiiiiiiiiiiiiiiiann., 3
>Plan Derivation Using J.M. Cameron’s Poisson Approximation of the

OC CUIVE . . i ttiiiiiiiieitetinteeaseenieasanassooeensnsssnnnnnns 4
>Plan Derivation Via MIL-STD-105D Search for Specified AQL, LTPD,

ALPHA, and BETA .. ...t iiiiiiiiiiiiiiiiiiieiinsenrsoasasnennnnnns 5

EXIT This Segmentof the Program ...........ccoiiiiiiiiiinninnennns 6

' ENTER THE SELECT CODE OF THE DESIRED OPTION.

Figure 5. Single Sampling Menu
1. OC Curve/Risk Assessment for a Specific Plan

Two types of assessments are available, one based on a Binomial distribution
evaluation of probabilities and one based on a Hypergeometric evaluation of probabilities. Dr.
Acheson J. Duncan provides a detailed discussion of the assumptions and conditions pertaining
to the applicability of each assessment type [1]. Therefore, a discussion of this topic will not be
reiterated. Moreover, let it suffice to say that if a finite lot size is under investigation, the Hyper-
geometric should be used. Otherwise, the Binomial is appropriate.

The assessment, in this single sampling case, is primarily the OC curve. The
ASN plot is a horizontal line, if sampling termination is not imposed, hence a plot option was
not included. However, an average samp]e number plot, with samplmg termination, is obtain-
able for sample sizes of 50 or less by exercising Option 5 of the main menu. This will be illus-
trated for the Binomial case, and it is also available for the Hypergeometric case. Sample
termination alters the average sample plot and the OC curve from that derived for the single
sampling application because sampling termination transforms the single sampling plan into a
multiple sampling plan.

a. Binomial Evaluation of Single Sampling

The two assessment types, discussed above, are applied at the user’s discre-
tion and are readily chosen by the prompt responses. Specifically, immediately following the
entry of a 1 for the prompt shown in Figure S the user will be prompted for sample size. Then a
prompt will signal entry of the acceptance number. These two entries are required for either
assessment type. After the acceptance number is entered, the software will display the prompt,
‘RO YOU HAVE A FINITE LOT SIZE?’. If the appropriate response is ‘YES’, then a Hyper-
geometric assessment will be performed which will be valid only for the finite lot size. If the
appropriate response is ‘NO’, then a Binomial assessment will be periormed. To illustrate the
output, a sample size of 50 and an acceptance number of 1 was used to respond to the identified
prompts. The response to the finite lot size prompt was ‘NO’.
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The curve shown in Figure 6 was obtained after entering a specification of
the desired range on the percent defective axis and a desired labeling interval. These entries
were prompted. Table 1 contains specific points from the OC curve. The printing of such a table
is a user option. Any number of points of interest can be included in such a table. The 13 points
shown are provided purely for illustration purposes.
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Figure 6. Binomial OC Curve for n=50, c=1




Table 1. Tabular OC Curve Points for n=50, c=1

—

Operating Characteristic (OC) Curve
Single Sampling Plan: n = Sampleandc =1
(Binomial Distribution Probebilities)

[ Percent Defective “Probability of Acceptance
.5000 97.3868
1.0000 91.0565
2.0000 73.5771
3.0000 55.5280
4.0000 40.0481
5.0000 27.9432
6.0000 19.0003
7.0000 12.6493
8.0000 82712
9.0000 $.3238

10.0000 3.3786
12.0000 1.3099
15.0000 2905

Before proceeding to the Hypergeometric assessment, it is pertinent to point
out that sampling termination impacts both the OC curve and the ASN plot for single sampling.
To illustrate this, suppose in the previous example that sampling terminates if two defectives
have accrued at any point in the sampling of 50. Further, if zero defectives have occurred after
the 49th unit, the 50th unit is not sampled. Unrder this scenario, the single sampling plan
becomes the multiple sampling plan tabularized in Table 2. By exercising Option 5 of LAVAS’s
menu, the output shown as Figures 7 and 8 can be obtained. A detailed discussion of the use
and operation of Option S will be provided in a following section. This discussion of sample
termination is presented here to emphasize that if the assumptions and conditions imposed by
single sampling are modified in anyway, the resulting risks and expected sample size are also
altered and require evaluation.
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Figure 7. Sampling Termination OC Curve
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Figure 8. Sampling Termination ASN Plot

Upon comparing Figure 6 and Figure 7, it should be noted that the proba-
bility of acceptance differs for specific values of percent defective and that the shape of the
curve differs for percent defective values less than or equal to 4 percent. Finally, the ASN plot,
Figure 8, will continue the exhibited decay until it reaches a percent defective of 100 percent.
At a percent defective of 100 percent, the plot stops at an ASN of two.

b. Hypergeometric Evaluation of Single Sampling

If the response to the prompt concerning a finite lot size is ‘YES’, sampling
from a finite population containing M units of one classification and N-M units of another clas-
sification is assumed, where N represents the lot’s size. The conditions are such that the Hyper-
geometric distribution is the appropriate vehicle for calculating probabilities of specific events.
Heretofore, without the aid of computing equipment, analysts have resorted to approximation
techniques, such as the Poisson and/or Normal, to avoid the calculation burden of the Hypergeo-
metric. While expedient and labor saving for the analyst, the results are that approximations of
risk and expected sample size have been applied to multi-million dollar tests. The cost of error
resulting from approximations need not be incurred, henceforth.
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To illustrate the output features, a sample size of 50, an acceptance number
of 1, and a finite lot size of 144 were entered as responses to the sequential prompts. Paralleling
the Binomial output, Figure 9 provides the operating characteristic curve and Table 3 provides
the optional output of number of defectives per lot versus the probability of acceptance. Since
the number of defectives per lot is a finite, integer, random variable, percent defective is also a
finite random variable (i.e., number of defectives per lot times 100 divided by lot size). The
instigation of sampling termination will alter the OC curve and the ASN plot in this application
as it did in the Binomial evaluation discussed in the previous section. Option 5 of the main pro-
gram’s menu (Fig. 4) can be used to evaluate this scenario, as required for either the Binomial or

the Hypergeometric case.
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Figure 9. Hypergeometric OC Curve for n=50, c=1, and Lot Size=144
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Table 3. Tabular OC Curve Points for n=50, c=1, and Lot Size=144

Operating Characteristic (OC) Curve
Single Sampling Plan: n=50 and c=1
(Hypergeometric Distribution Probabilities)

Defectives per Lot Probability of Acceptance

0 100.0000

1 100.0000

2 88.1022

3 72.3501

r 56.7657

5 43.1107

6 31.9362
7 23.1910

8 16.5629

9 11.6614
10 8.1079
11 5.5738
12 3.7924
13 2.5557
14 1.7068
15 1.1302
20 12719
24 0196
30 0009
35 .0001
36 .0000

2. Plan Derivation for Given AQL, LTPD, ALPHA, and BETA

This design option assists in the derivation of single sampling plans which pass,
or nearly pass, through two points on the OC curve. The two points are (AQL, 1-ALPHA) and
(LTPD, BETA). The use of this symbolism is in accordance with that most commonly encoun-
tered in statistical quality control literature where AQL is considered to be an acceptable quality
level, LTPD is an unacceptable quality level, ALPHA is the producer’s risk and BETA is the
consumer’s risk. In reality, any two desired points on the OC curve can be used equally effec-
tively as design goals.

In its current software configuration, this option derives single sampling plans
which meet design specifications on risks by strict use of the Binomial distribution to calculate
event probabilities. This limitation is not considered to be restrictive since any plan derived with
the Hypergeometric distribution would be valid only for the imposed lot size. The approach
utilizing the Binomial distribution will enhance the precision of the design process over that
achieved by using a Poisson or Poisson/Normal approximation approach.
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Upon entering a 2 for the prompt illustrated in Figure 5, the user will be sequen-
tially prompted for ANL, LTPD, ALPHA, and BETA. The inputting of these four percentages
establishes the design goals of the plan. It is very improbable, due to the nature of the discrete
random variables in this analysis, that a single sampling plan can be found which passes, exactly,
through the two design goal points on the OC curve. Therefore, the next two prompts will
request tolerance limits on the producer’s risk and on the consumer’s risk. The tolerance limits
need not be equal to each other, and they can be zero if no tolerances exist. In an effort to
address economical considerations, a prompt has been included to allow the user to place an
upper limit on the sample size. If no upper limit is placed on the sample size, the software sets
the limit equal to one~-million. Additionally, the user has the option to limit the size of the
acceptance number. After plans are analyzed for a specific acceptance number, the user will be
prompted concerning the desire to increase the acceptance number by one and to continue the
search.

To illustrate the use of the software, the data shown in Table 4 was used to
respond to the serial prompts. Additionally, the search was limited to acceptance numbers less
than or equal to five. In this application, 27 single sampling plans were found which met the
design specifications and constraints. These plans are enumerated in Table 5.

Table 4. Option 2 Prompt Response Summary

Prompt Request Response
AQL 2
LIPD 10
ALPHA 2
‘BEIA 10
ALPHA Tolerance 1
— BETA Tolerance 5
Maximum Sample Size 144
16




Table 5. Optional Feasible Single Sampling Plans

Optional Single Sampling Plans which
Producer's Risk = 2.00+ 1.00%
Consumer’s Risk = 10.00+ 5.00%
For AQL = 2.00% and LTPD = 10.00%
(Binomial Probabilities)
[ Sample Size Acceptance Number | Producer’s Risk Consumer’s Risk

72 ) 1.48% 1417%
73 4 1.56% 13.37%
74 4 1.65% 12.62%
75 4 1.74% 11.89%
76 4 1.83% 11.21%
77 4 1.93% 10.56%

~ 78 4 2.03% 9.94%
79 4 2.13% 9.35%

80 4 2.24% 8.80%
81 4 234% 8.27%
82 4 2.46% 1.71%
& 4 2.57% ~7.30%
84 4 2.69% 6.85%
85 4 2.81% 6.43%
~ 86 4 2.94% 6.03%
91 5 1.01% 9.76%
2 5 1.06% 9.22%
93 5 1.1% 8.70%
94 S 1.17% 821%
9% 5 1.23% ~7.15%
9 s 1.29% ~7.31%

— 97 5 1.35% 6.89%
9 5 141% 6.49%
) 5 1.48% 6.12%
100 5 1.55% - 5.76%
101 [; 1.62% 5.42%
102 ] 1.69% 5.10%

If no plans are found which meet the design specifications, the user will be
prompted to that effect and allowed to loosen the design tolerances and rerun the search proce-
dure. If loosening the design tolerances is infeasible, the user may exit the design routine.

3. Plan Derivation for a Single Point of Control at the Indifference Quality
(Poisson Based)

Indifference quality, sometimes called the point of control, is the fraction defec-
tive at which the probability of acceptance equals 50 percent. Conversely, the probability of re-
jection equals 50 percent, also. Single sample lot acceptance plans can be derived for this situa-
tion by simply calculating the sample size as

n = (C + .067)/p(50%), €))
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where C is the acceptance number and p(50 percent) is the fraction defective at which the proba-
bility of acceptance is to be 50 percent. This relationship is credited to G.A. Cambell and is
based on a Poisson distribution [2].

To access this segment of the software, the user must enter a 3 for the prompt
shown in Figure 5. After doing so, the user will be prompted for the percent defective which is
to possess a probability of acceptance of 50 percent. This is the only input required. The algo-
rithm calculates sample size via Equation (3), integerizes the results, and prints the results for
acceptance numbers ranging from 0 to 50. Since the resulting plans are based on a Poisson
Assumption, the user should exercise Option 1 (Fig. 5), to obtain an exact risk evaluation for the
use environment anticipated, be it Binomial or Hypergeometric. To illustrate the application of
this option, an indifference quality of 10 percent was entered. The resulting plans are tabula-
rized in Table 6.

Table 6. Single Sampling Plans for an Indifference Quality of 10 percent

[Sampie Size | Acceptance Number | Sampie Size | Acceptance Number | Sample Size | Acceptance Number
7 0 177 17 347 34
17 1 187 18 357 35
27 2 197 19 367 36
37 3 207 20 377 37
47 ) 217 21 387 38
57 5 227 22 397 39
~ 67 6 237 23 407 40
T 7 247 24 417 41
87 8 257 25 27 42
97 9 267 26 437 ry)
107 10 277 27 447 v
17 11 287 28 457 45
127 12 297 29 467 46
137 13 307 30 vy a7
147 14 317 31 487 48
157 15 327 32 497 49
167 16 337 33 507 50
Any of these plans can be evaluated by exercising Option #1

4. Plan Derivation Using J.M. Cameron’s Poisson Approximation of the OC Curve

As used within this computer program, Mr. J.M. Cameron’s original intent has
been somewhat modified. Reference 2 provides a detailed discussion of Mr. Cameron’s
approach to designing single sampling plans via Poisson approximations and two desired points
from the OC curve. As applied herein, Mr. Cameron’s Industrial Quality Control, Vol. 9, July
1952 table is utilized to provide the user with a single point of control at specific points on the
OC curve. Namely, the user can stipulate the probability of acceptance to be 1, 5, 10, 50, 90, 95,
or 99 percent for any specified percent defective. The resulting plans will approximate, via the
Poisson, this single point of control for acceptance numbers ranging from 0 to 50. Exact risk
assessments, via the Binomial or Hypergeometric are available through Option 1 of the menu
shown in Figure 5.
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Table 7 contains the output generated by entering a point of control of 2 percent
and a probability of acceptance of 99 percent. Table 8 provides similar output derived from a
point of control of 12 percent and a probability of acceptance of S percent.

Table 7. Single Sampling Plans for Point of Control Equal 2 Percent
and Probability of Acceptance Equal 99 Percent

Single Sample Sampling Plans
J. M. Cameron’s Poisson Approximations
where the Probability of Acceptance is 99.00%
when the Percent Defective is 2.00%
'§mple Size Acceptance Percent Defective Specifications for which the Poisson
Number Approximation of the Probability of Acceptance is
9% | 95% [90% |30% [10% [5% |1%

1 0 1.00 510 | 10.50 | 69.30 | 230.30 | 299.60 | 460.50

8 1 1.86 4.44 665 | 2098 | 4863 | 5930 | 8298
22 2 1.98 372 5.01 | 1215 24.19 | 2862 | 3821
ry) 3 1.96 325 a.15 874 | 1591 | 1846 | 23.92
64 4 2.00 3.08 3.80 730 | 1249 | 14.30 | 18.13
%0 5 1.98 2.90 3.50 630 | 1031 | 11.68 | 14.56
117 6 1.99 281 3.33 5.70 900 | 10.12 | 1245
146 7 1.9 273 | 3.19 5.25 8.06 901 | 10.96
176 8 1.99 267 | 3.09 4.93 7.38 8.20 9.89
207 9 2.00 262 3.01 467 | 686 7.59 | 9.07 |
239 10 2.00 258 | 294 4.46 645 | 710 843
272 1 2.00 2.55 2.88 4.29 6.10 669 | 790 |
305 12 2.00 252 | 283 415 5.83 637 | 7148 |
340 13 199 | 249 2.79 4.02 5.58 6.08 7.10 |
374 14 200 | 237 275 | 392 5.38 5.85 6.80
410 15 2.00 2.45 2.72 3.82 5.19 563 | 652
445 16 2.00 243 2.69 3.75 5.05 5.46 6.30
481 17 2.00 242 | 267 | 367 491 5.30 6.09 |
518 18 2.00 2.40 2.64 3.60 478 | 5.1 5.90
555 19 200 | 239 2.62 354 467 | 5.02 5.4 |
592 20 2.00 2.38 2.60 3.49 4.57 491 5.59 |
629 21 2.00 2.37 2.38 3.44 448 4.81 $.46
667 22 200 | 236 2.56 3.40 4.40 4.71 5.34
705 23 2.00 235 2.55 3.36 432 4.62 5.23
743 24 2.00 234 2.54 332 425 4.54 5.12
782 25 2.00 233 2.52 3.28 418 4.46 5.03
977 30 2.00 2.30 247 | 314 2.90 4.16 4.65
1177 35 200 | 227 | 243 3.03 373 | 394 437 |
1380 40 2.00 225 2.39 2.95 3.58 3.77 | 4.16
1586 45 2.00 223 237 2.88 3.46 3.64 3.99
1794 50 2.00 222 2.35 282 3.36 3.53 3.85

Any of these plans can be evaluated by exercising Option #1
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Table 8. Single Sampling Plans for Point of Control Equal 12 Percent
and Probability of Acceptance Equal 5 Percent

‘Single Sample Sampling Plans
J. M. Cameron’s Poisson Approximations
where the Probability of Acceptance is 5.00%
when the Percent Defective is 12.00%
| SampleSize | Acceptance Percent Defective Specifications for which the Poisson
Number Approximation of the Probability of Acceptance is
%% | 95% | %0% | 0% | 10% | 5% 1% |
25 0 04 20 42 277 | 921 | 1198 | 1842
40 1 37 89 1.33 4.20 973 | 11.86 | 1660
53 2 82 1.54 2.08 505 | 1004 | 11.88 | 15.86
65 3 127 2.10 2.68 565 | 1028 | 1193 | 15.45
T 3 1.66 256 | 3.16 | 607 | 1038 | 11.89 | 15.07 |
88 5 2.03 297 | 3.58 644 | 1054 | 1195 | 1490
99 6 2.35 3.32 3.93 674 | 1064 | 1196 | 14.72 |
110 7 2.63 362 | 423 697 | 1070 | 1195 | 1455
121 8 290 | 3.88 | 449 | 716 | 1074 | 1193 | 1438
131 9 3.15 4.14 475 | 738 | 1084 | 11.99 | 1434
142 10 3.36 4.34 494 | 751 | 1085 | 11.95 | 14.19
152 1 357 | 4.56 515 768 | 1092 [ 11.98 | 14.14
" 163 12 374 | 472 | 530 | 777 | 1091 | 11.93 | 14.00
173 13 3.92 4.89 547 | 790 | 1096 | 1195 | 1395
183 14 409 | 505 5.63 802 | 1100 | 1196 | 1390
193 15 4.24 5.20 5.77 | 812 | 11.03 | 1197 | 13.86
203 16 4.38 534 | 59 | 821 | 11.06 | 11.97 | 1381
213 17 451 5.46 6.02 829 | 11.08 [ 11.97 | W
223 18 4.64 5.58 6.13 837 | 11.10 | 1197 | 13.71 |
233 19 476 | S5.69 6.23 844 | 1112 | 1197 | 1367 |
243 20 a87 | 579 | 633 851 | 1113 | 1196 | 1362
253 21 4.97 5.89 6.42 856 | 11.14 | 1195 | 1358
262 22 509 | 600 | 653 865 | 11.19 | 11.99 | 1359
272 23 5.18 6.08 6.61 870 | 11.20 | 11.98 | 13.54
282 24 527 | 6.16 668 | 875 | 1120 | 11.97 | 1350
291 25 537 | 626 6.78 882 | 1124 | 1200 | 1351
340 30 574 | 660 | 709 | 902 | 833 | 1197 | 1335
387 35 6.08 691 | 738 922 | 11.3¢ | 1199 | 13.28
434 40 6.36 7.16 7.61 937 | 11.38 | 12.00 | 13.21
481 45 659 | 737 | 781 949 | 11.14 | 1199 | 13.15
528 50 679 | 755 [ 797 | 960 | 1143 | 1199 | 13.08
Any of these plans can be evaluated by exercizing Option #1




S. Plan Derivation Via MIL-STD-105D Search for Specified AQL, LTPD,
ALFHA, and BETA

The last single sampling option, (select code 5 in Fig.5), provides a risk assess-
ment of the sampling plans contained in MIL-STD-105D against user specified risk thresholds.
Specifically, all feasible combinations of acceptance numbers and sample sizes from
MIL-STD-105D’s Single Sample Normal Inspection, Reduced Inspection, and Tightened
Inspection are considered. Each possible plan’s probability of acceptance is calculated for AQL
and LTPD. The associated risks are then compared to the producer’s and consumer’s risk thresh-
olds. If the calculated risks simultaneously meet the specified thresholds, the plan is printed for
user consideration. Otherwise, the plan is not printed, and the search continues. The software’s
logic flow enables the user to: (1) input two desired points from the OC curve (i. e., [AQL,
1-ALPHA] and [LTPD, BETAJ)); (2) input acceptable tolerances on the risks; (3) constrain the
maximum sample size; and (4) choose either the Binomial or Hypergeometric as a means for
calculating event probabilities.

After accruing the specified input, the examination of the possible
MIL~-STD-105D plans begins. If a plan meets all design constraints, it is printed. Otherwise,
the search continues until all feasible single sampling plans contained in MIL-STD-105D are
exhausted. To illustrate the use of this software segment, an AQL of 1 percent, an LTPD of 12
percent, a producer’s risk of 5 percent, a consumer’s risk of 25 percent, 5 percent tolerances on
the risks, and a maximum sample size of SO were entered in response to the sequential prompts.
The results of the Binomial evaluation are summarized in Table 9. Additionally, the results of
the Hypergeometric evaluation are summarized in Table 10 for a lot size of 200. Note that the
risks for the same plans, in the two tables, are different. This is due to the finite lot size
associated with the Hypergeometric. The risks will converge as the lot size approaches infinity.

Table 9. Binomially Feasible MIL-STD-105D Single Sampling Plans

Optional Single Sampling Plans Via MIL-STD-105D
For AQL = 1.00% and LTPD = 12.00%
That meet Producer’s Risk = 5.00 £ 5.00%
And meet Consumer’s Risk = 25.00 £ 5.00%
*+++Binomial Probabilities****
Maximum Sample Size Constraint: 50

Sample Acceptance Producer’s Consumer’s
Size Number Risk Risk
20 1 1.69% 2891%
32 2 40% 24.40%

A complete OC Curve for any of these plans can be obtained by exercising

Option 1 of this program segment.




Table 10. Hypergeometric Feasible MIL-STD-105D Single Sampling Plans

Optional Single Sampling Plans Via MIL-STD-105D
For AQL = 1.00% and LTPD = 12.00%

That meet Producer’s Risk = 5.00+ 5.00%
That meet Consumer’s Risk = 25.00+ 5.00%
Lot size = 200
*#*+Hypergeometric Probabilities****
Maximum Sample Size Constraint: 50

Sample Acceptance Producer’s Consumer’s
_Size Number Risk Risk
20 1 95% 27.38%
32 2 0.00% 21.96%
A complete OC Curve for any of these plans can be obtained by exercising
Option 1 of this program segment.

C. Double Sampling Design and Assessment

Though conceptually easy to understand, single sampling is an expensive means of
accomplishing acceptance sampling to ¢ :trol percent defective. A more economical means,
probabilistically speaking, is available through double sampling. The potential savings are
possible even when producer’s risk and -:ansumer’s risk are constrained to be constant at the
levels incurred with single sampling. References 1 and 2 provide comprehensive discussions of
the advantages of double sampling over single sampling; therefore, the reader can refer to those

texts if further information is desired.

If a 2 is entered for the prompt shown in Figure 4, the double sampling code will be
loaded and executed. Shown in Figure 10 is a narrative which briefly describes the three double
sampling options currently available. Option 1, accessed by a select code of 1, provides a proba-
bilistic risk assessment of any specified double sampling plan using either the Binomial or the
Hypergeometric distribution, depending upon the sampling constraints.




> Double Sampling Plan Option Menu <

Option Descripti Select Cod
> Double Sample Operating Characteristic Curve Construction and
Risk ASSESSIENt ... ..0ouiiniiniinieneereeerennsnieessoeecannes 1

> Double Sampling Plan Derivation, Via Poisson Approximation
of ALPHA = 5% and BETA = 10% for Given Specifications
Of AQLANdLTPD ........coittiiiiiiiiiiiiiiiiiereennnnnnnnns 2
> Double Sampling Plan Derivation from MIL~STD-105D
Acceptance/Rejection Numbers and all Stated Sample Sizes.
This option provides a Binomial or Hypergeometric Assessment of
Alpha and Beta for Stated AQL and LTPD values. The assessments are
limited to the feasible combinations of sample size and accept reject
numbers specified in MIL-STD-105D ................ccoaai.LL, 3
> EXIT this Selected Option . ......ccovvvveeneeeennennennnnannnss 4

ENTER THE SELECT CODE OF THE DESIRED OPTION.

Figure 10. Double Sampling Menu

Additionally, this option provides an ASN plot which is simply a plot of the expected number
sampled to a decision to accept or reject versus the quality characteristic. The provided ASN
plot is based on the assumption that no sample termination is allowed, that is two events are pos-
sible. Once a decision is made after the first sample, or the decision is made after the second
sample. No decisions can be made except at these two points in testing. If sample termination is
to be allowed for economic and/or logic reasons, the user can evaluate the impact of this depar-
ture, for double sampling plans with combined sample sizes less than or equal to 50, by using
Option S of the main menu, (Fig. 4). This evaluation will take the form of an OC curve and an
ASN plot which take into consideration the sample termination policy. Sampling termination
basically transforms the double sampling plan into a multiple sampling plan.

Option 2 of the double sampling section provides an automation which will assist in
the design of double sampling plans in which the producer’s risk is 5 percent and the consumer’s
risk is 10 percent. The two fraction defective values, corresponding to these two risk specifica-
tions, are considered to be variable user inputs. It is pertinent to point out that the AQL must be
numerically smaller than the LTPD. The design algorithm is based upon the Poisson approxima-
tion procedure as identified by the Chemical Corps Engineering Agency [6].

The final double sampling option provides an automation which searches all feasible
double sampling plans contained in MIL-STD-105D for those that satisfy the user’s inputted
design specifications. In other words, this portion of the software combines MIL-STD-105D
sample sizes with acceptance/rejection numbers for Normal Inspection, Reduced Inspection, and
Tightened Inspection; calculates the producer’s risk and consumer’s risk for the inputted AQL
and LTPD; compares these calculated risks to the user inputted target values plus or minus the
tolerances, and prints the plan if the calculated risks are within the tolerance specifications. The
exhaustive search includes all double sampling plans contained in MIL-STD-105D. A feasible
double sampling plan is one in which the acceptance and rejection numbers are less than the
corresponding sample size.




Before proceding to the illustration of these three software options, a word of caution
must be given concerning double sampling plan specifications. A double sampling plan is speci-
fied by six numbers. The first of these numbers is the first sample’s size and the second number
is the acceptance number on the first sample. Often overlooked is the third number, the rejection
number on the first sample. If the first sample’s rejection number is not specified, it is
customary to assume that it is equal to the rejection number on the second sample. The rejection
number on the second sample must be numerically equal to the acceptance number on the second
sample plus one. To avoid confusion and possible misunderstanding, the best choice is to
specify all six numbers.

1. Double Sampling OC Curve Construction and Risk Assessment

Option 1 of Figure 10 is the basic assessment algorithm for double sampling in
that it provides an evaluation of the probability of acceptance, OC curve, and an ASN evalua-
tion. If selected, the user will be serially prompted for the first sample’s size, the second
sample’s size, the first sample’s acceptance number, the second sample’s acceptance number, the
first sample’s rejection number and the second sample’s rejection number. These six inputs
completely specify the double sampling plan. Attention is then focused on the conditions under
which the sampling will be done (i. e., from a finite lot size or from lots such that the probability
of a defective is constant from trial to trial).

Following the plan specification, the user will be prompted to enter a YES or a
NO concerning the existence of a finite lot size. If the response is NO, the Binomial distribution
is assumed applicable for computing probabilities. Otherwise, the Hypergeometric is assumed.
To illustrate the Binomial evaluation, the data shown in Table 11 was entered for the serial
prompts. When the finite lot size prompt was displayed, a NO was entered. Figure 11 provides a
graphical illustration of the resulting OC curve while Figure 12 displays the plot of the ASN.
The ASN plot shown in Figure 12 is based upon the assumption that no sample termination is
instigated. Table 12 provides an itemization of the analysis findings for user inputted percent
defectives. The scope of coverage of this table is left to the user’s discretion.

Table 11. Double Sampling Binomial Option Input

PROMPT _ RESPONSE |
First Sample’s Size
"Sccond Sampie’s Size
[ Farst Sample’s Acceptance Number
“Second Sample's Acceptance Number
— First Sample’s Rejection Number
Second Sampie’s Rejection Number
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Figure 11. Double Sampling Binomial OC Curve
Table 12. OC Curve and ASN Points Versus Percent Defective For Double Sampling (Binomial)

"Risk Evaluation for the Double Sampling Plan

First Sample: n=12 Accept on 0, Reject on 2 Second Sample: n=24 Accept on 3, Reject on 4
(Bi

inomial Distribution Probabilities)
[~ Percent " First Sample Risks Plan Risks Average
Defective [~ Acceptance | Continue Reection | Acceptance | Rejection Sample
0.0000 100.0000 0.0000 0.0000 100.0000 0.0000 12.00
1.0000 88.6385 10.7441 6175 993640 6360 14.58
2.0000 4717 | 192176 | 23108 | 974619 | 25381 16.61
3.0000 "69.3842 25.7500 4.8649 94.2558 5.7442 18.18
4.0000 61.2710 30.6355 8.0935 89.7838 10.2162 19.35
5.0000 $4.0360 341280 | 11.8360 | 84.2071 15.7929 20.19
6.0000 "47.5920 364535 | 159545 71.7819 22.2181 20.75 |
T 7.0000 | 41.8596 | 37.8087 | 20.3317 | 708113 | 29.1887 21.07
8.0000 36.7666 38.3652 24.8682 635993 | 364007 21.21
9.0000 32.2475 38.2718 29.4806 56.4187 43.5813 21.19
10.0000 28.2430 37.6573 34.0998 49.4920 50.5080 21.04
11.0000 24.6990 36.6323 38.6687 42.9845 57.0155 20.79
12.0000 21.5671 35.2916 B.1412 37.0059 | 629941 2047
13.0000 18.8032 33.7160 47.4808 31.6163 68.3837 20.09
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Table 12. OC Curve and ASN Points Versus Percent Defective for Double Sampling (Binomial)

(continued)
Risk Evaluation for the Double Sampling Plan
First Sample: n=12 Accept on 0, Reject on 2 Second Sample: n=24 Accept on 3, Reject on 4
(Binomial Distribution Probabilities)
[ Percent First Sample Risks Plan Risks Average
Defective Acceptance Continue Rejection Acceptance | Rejection Sample
Probability | Probability | Probability | Probability | Probability Number
14.0000 16.3675 31.9737 | 51.6589 26.8356 " 73.1644 19.67
15.0000 14.2242 30.1218 55.6540 22.6531 "~ 77.3469 19.23
16.0000 12.3410 28.2081 59.4509 19.0365 80.9635 18.77 |
17,0000 106890 | 262718 63.0392 15.9402 84.0598 1831
18.0000 9.2420 24.3448 66.4132 13.3109 86.6891 17.84
19.0000 7.9766 22.4528 69.5706 11.0932 €8.9068 17.39
20.0000 6.8719 20.6158 725122 92328 90.7672 1695
21.0000 5.9002 18.8494 75,2414 7.6785 923215 16.52
22.0000 35.0715 17.1650 77.7635 6.3838 93.6162 1612
23.0000 4.3440 15.5707 80.0853 5.3076 94.6924 15.74
24.0000 3.7133 14.0716 82.2151 44138 95.5862 15.38
25.0000 31676 | 126705 84.1618 36719 96.3281 15.04
26.0000 2.6964 11.3685 85.9351 3.0560 96.9440 14.73
27.0000 2.2902 10.1647 "87.5451 2.5442 97.4558 14.44
28.0000 1.9408 9.0573 89.0019 2.1185 ~97.8815 1417
29.0000 1.6410 8.0431 90.3160 1.7641 98.2359 13.93
30.0000 1.3841 7.1184 91.4975 1.4687 98.5313 13.71
31.0000 1.1646 6.2789 92.5565 1.2221 98.7779 13.51
32.0000 9775 5.5199 93.5026 1.0162 98.9838 13.32
33.0000 8183 4.8364 94.3454 8441 99.1559 13.16
34.0000 6832 3.2232 95.0936 ~.7002 99,2998 13.01
35.0000 5688 3.6753 95.7559 .5800 99.4200 12.88
36.0000 4722 3.1876 96.3402 4795 99.5205 12.77
37.0000 3909 2.7550 96.8540 3956 99.6044 12.66
38.0000 3226 2.3729 97.3045 3256 99.6744 12.57
39.0000 2654 2.0365 97.6981 2673 99.7327 | 1249
40.0000 2177 1.7414 98.0409 2188 99.7812 12.42
45.0000 0766 7523 99.1711 0767 99.9233 12.18
50.0000 0244 2930 99,6826 0244 ~99.9756 1207
Lj‘grﬁoo 0017 0302 99.9681 0017 99.9983 12.01
70.0000 10001 0015 99.9985 10001 99.9999 12.00
[ 75.0000 70000 10002 99.9998 -0000 100.0000 12.00
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Figure 12. Double Sampling Binomial, No Sampling Termination, ASN Plot

To illustrate the Hypergeometric evaluation, a YES was entered for the finite
lot size prompt. The preceding input prompts were repeated, from the Binomial illustration.
Following the finite lot prompt, the user is prompted to enter the lot size. One-hundred forty—
four was entered in this illustration example. Figures 13 and 14 provide schematics of the
resulting OC curve and ASN plot, respectively. Table 13 contains selected points on the OC
curve and the plot. Again, the number of points included in this table is the user’s discretion.
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Table 13. OC Curve and ASN Points Versus Percent Defective for Double Sampling

(Hypergeometric)
Risk Evaluation for the Double Sampling Plan
First Sample: n=12 Accept on 0, Reject on 2 Second Sample: n=24 Accept on 3, Reject on 4
Lot Size = 144 (Hypergeometric Distribution Probabilities)

“First Sample Risks "Plan Risks Average

Defective  [“Acceptance | Continue Rejection | Acceptance | Rejection Sample

Per Lot Probability { Probability { Probability | Probability | Probability Number
0 100.0000 0.0000 0.0000 100.0000 0.0000 12.00
1 91.6667 8.3333 —.0000 100.0000 —.0000 14.00
2 83.9744 15.3846 6410 99,3590 6410 15.69
3 ~ 76.87719 21.2893 1.8328 98.1672 1.8328 17.11
r ~ 70.3351 26.1712 3.4937 96.3650 3.6350 18.28
5 64.3064 30.1436 5.5500 93.8782 6.1218 1923
6 58.7548 33.3098 7.9354 90.6770 9.3230 19.99
4 48.9468 37.5911 13.4621 82.3030 17.6970 21.02
10 40.6610 39.6693 19.6697 72.0200 27.9800 21.52
12 33.6796 40.0815 26.2389 60.9395 39.0605 21.62
14 278131 39.2656 32.9213 50.0868 499132 21.42
16 22.8973 37.5751 39.5276 40.1896 59.8104 21.02
18 18.7900 35.2925 459175 31.6419 683581 2047
20 15.3684 32.6409 51.9906 24.5619 75.4381 19.83
24 10.1746 26.8834 62.9420 14.4320 85.5680 18.45

25 9.1571 25.4365 65.4063 12.6036 87.3964 1810 .

30 5.3301 18.6296 76.0402 6.4119 93.5881 16.47 |
35 3.0242 129607 | 84.0151 33138 96.6862 15.11
40 1.6682 8.6102 89.7216 1.7349 98.2651 14.07
45 8921 5.4741 93.6338 9053 99.0947 13.31
50 4609 3.3315 96.2076 4631 99.5369 12.80
60 -1090 1.0755 98.8154 11091 99.8909 12.26
70 0212 2824 99.6965 0212 99.9788 1207 |

75 .0085 1320 99.8595 ‘0085 99.9915 12.03
80 0032 —.0574 99.9394 10032 99.9968 12.01
100 ,0000 0007 99.9992 10000 100.0000 12.00

In the discussion of single sampling, the instigation of sample termination was

discussed for the Binomial case. To illustrate the effect of sample termination in the Hypergeo-
metric case, the previous double sampling plan was modified to reflect the effect of sample ter-
mination. The resulting multiple sampling plan is shown in Table 14. Loading Option 5 of the
Main Menu (Fig. 4), and entering the plan shown in Table 14, resulted in the OC curve and ASN
plot shown herein as Figure 15 and Figure 16, respectively. For comparison purposes, Table 15
was printed with common defectives per lot. Note that no significant differences exist between
the probabilities of acceptance for specific defectives per lot; however economies of expected
sampled units are accrued. These inferences are valid only for lot sizes of 144.
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Table 14. Multiple Sampling Plan Resulting from Sample Termination of Double Sampling Plan
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. Figure 16. Multiple Sampling Via Double Sample with Sample Termination Average Sample

Number Plot
Table 15. OC Curve and ASN Points from Multiple Sampling Via Double Sample with Sample
Termination
Defectives Per Lot Acceptance Probability | Sample Number

1 100.00% 13.8

3 98.17% 16.7

4 96.36% 178

6 90.68% 19.2

9 77.33% 20.0
10 72.02% 200 .
12 60.94% 19.5
16 40.19% 7.7
20 24.56% 154 -
24 14.43% 13.2
25 12.60% 127
30 6.41% 10.5
35 331% 8.8
40 1.73% — 15
45 91% 6.6
S0 46% 5.8
60 1% 48
70 02% 4.1
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2. Double Sampling Plan Derivation Via Poisson Approximation of ALPHA=5
Percent and BETA=10 Percent for given Specifications of AQL. and LTPD

This option provides the capability to derive double sampling plans for specified
values of AQL and LTPD in which the ALPHA is 5 percent and BETA is 10 percent. Addition-
ally, two types of double sampling plans are considered, those in which the first sample is equal
in size to the second sample, and those in which the second sample is twice the first sample’s
size. The design algorithm is based on a Poisson approximation technique, as identified by the
Chemical Corps Engineering Agency, [6].

The procedure for using this option is straightforward. A 2 is entered for the
prompt shown in Figure 10 to access the software. If it is desired to have the second sample’s
size to be twice the first sample’s size, a 1 should be entered for the prompt requesting the selec-
tion. The only other two user inputs are the numeric values of AQL and LTPD which will be
entered via prompts and must be stated as percents. To obtain an output for illustration, an AQL
of 2 percent and an LTPD of 8 percent were entered. Table 16 provides a copy of the resulting
output. In this case, 32 double sampling plans are itemized which approximate the design speci-
fications. Plan number 13 is very close to the desired risk values. To implement the plan, one
would draw a sample of 49 units. If no defectives are found in these units, the lot is accepted
with no further sampling. If six defectives are found, the lot is rejected with no further sam-
pling. Otherwise, a second sample, consisting of 98 units must be drawn. If the cumulative
number of defectives, from both samples, is less than six, the lot is accepted. If this cumulative
number is six or more, the lot is rejected. The footnote at the bottom of the table is printed to
remind the user that a Binomial and/or a Hypergeometric risk assessment is available for any
plan selected fro.a the table.

Table 16. Poisson Approximated Double Sampling Plans in which the Second Sample is Twice

the First
JSamplingmcaﬁon Percent Defective at which the
Sample Sizs Avcepiance On A pbein
PlanOption | First | Second | First Second g:'__'g!s’g
Number Sample Sample Sample Sample 95% 50% 10%

1 9 18 0 1] 20000| 9.3333| 25.7778 11.46

2 30 60 0 1 5333 2.8000| 8.0000 38.19

3 16 32 0 2| 20000 66875 15.1250 24.18

4 31 62 0 2 9677 | 3.4516| 8.0000 46.84

5 31 62 0 3| 20000 5.8065| 12.5484 38.38

6 49 98 0 3| 1.2245| 3.6735| 8.0000 60.65
7 25 50 0 3| 2.0000] 5.4000| 10.5600 44.28

8 34 68 0 3| 14412 3.9706| 8.0000 60.21

9 39 78 0 4| 20000] 5.0513| 10.0513| 53.00
10 50 100 0 4] 15400 35400 | 8.0000 "67.95 |
1 35 70 0 a| 20000| 4.6857| 83714 69.48
12 37 74 ) a| 18378| 44324| 8.0000| 73.45]
13 49 98 0 S| 2.0000| 4.4490] 8.2041 73.40 |
14 S1 102 0 S| 1.8824| 4.2745| 8.0000] 7640
15 59 118 0 6| 20000| 4.1356| 7.0678 97.11
16 53 106 0 6| 21887] 4.6038| 8.0000 87.24 |
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Table 16. Poisson Approximated Double Sampling Plans in which the Second Sample is 7 ice

the First (continued)
“Sampling Plan Specification " Percems Defective at which the
Sample Size Acceptance On A:g,m:;%:uﬂ g::nr;f:
PlanOption | First | Second | First | Second g‘:‘;‘s’g
Number Sample | Sample | Sample Sample 95% 50% 10%
17 85 170 0 8| 2.0000| 38588| 64353] 12546
18 69 138 0 8[| 24348| 4.7536| 80000 101.84
19 114 228 0 10| 20000] 3.6228| 5.8947] 158.23
20 85 170 0 10 26756 4.8588| 8.0000( 11798
21 124 248 0 11| 2.0000| 3.5161| 5.5000( 182.03
22 86 172 0 11| 28605] 50698] 8.0000| 12625
23 154 308 0 13| 20000] 3.3831] 52273] 214.68
24 101 202 0 13| 3.0369]| 5.1584| 8.0000] 140.79
25 165 330 0 14| 20000| 32727 49152] 24288
26 102 204 0 14| 3.2255| 52941 8.0000] 150.14
27 17 322 ) 15| 20000 3.1579| 44152| 32285
28 95 190 ) 15| 3.5895| 5.6842| 8.0000[ 179.36|
29 238 476 ) 20] 2.0000| 2.9496| 3.9286| 482.90
30 117 234 0 20| 4.0598| 6.0000] 8.0000] 23739
31 373 746 0 30| 20000] 2.76a1] 3.4745| 831.79]
32 163 326 0 30| 45706] 63252] 8.0000] 363.49
'Ex;—:: ask assessments are available for any selected plan by exercising selection number 1 of the Double Sam- |
p enu.

If it is desired that both sample sizes be equal, a 2 should be entered after the
prompt requesting the decision. The AQL and LTPD are entered in the same manner as dis-
cussed above. Table 17 was obtained by entering an AQL of 2 percent and an LTPD of 8 per-
cent. In this case, 34 plans are provided for the user’s consideration. These plans approximate
the design risk specifications and possess equal sample sizes for both samples.




Table 17. Poisson Approximated Double Sampling Plans in which the First and Second

Samples are Equal
— Sampling Plan Specification Percent Defective at which the
SampleSae | Acceptance On A bl S
PlanOption | First | Secomd | First | Second ?3‘5’2
Number Sample | Sample | Sample | Sample 95% 50% 10% ~
1 11 11 0 1 2.0000| 9.0909| 22.7273 12.87 |
2 32 32 0 1 6563 3.1250 8.0000 37.44 |
3 27 27 0 2 2.0000| 6.7407] 14.5185 29.19
r 50 50 0 2 1.0400 | 3.6400|  8.0000 54.05
5 2 22 0 2 2.0000 | 6.4545| 13.4545 29.48
6 38 38 ) 2 1.1316 3.7368 8.0000 50.92
A 39 39 0 3 2.0000 54103 10.5385 45.59
8 52 52 0 3 1.4615 4.0577 8.0000 60.79 |
9 59 59 0 4 2.0000| 49153| 9.1356 65.20
10 68 68 0 rl 1.7059 | 4.2647|  8.0000 75.14 |
1 — 53 53 0 4| 20000| 47170] 8.3396 6152 |
12 56 56 0 4 1.8571 4.4643|  8.0000 71.34 |
13 72 72 0 5 2.0000 4.4444 7.7083 84.24
14 — 70 — 70 0 5 2.0429 4.5714 8.0000 81.90
15 94 94 0 6 2.0000 4.2340 7.2128 105.00
16 85 85 0 6 22000 | 4.6824|  8.0000 94.95
17 87 87 0 6 2.0000 4.0920 6.6897 108.58
18 73 73 0 6 2.3562 4.8767 8.0000 91.10
19 108 108 0 7 20000 3.9537| 6.3981 126.68
20 ~ 87 87 0 ~ 7 24713 4.9080 8.0000 102.05
21 132 132 0 8 2.0000 3.8030 | 6.1364 148.37 |
22 102 102 0 8 25686|  49216] 8.0000 114.65
23 146 146 ) 9 20000 3.6507| 5.6575| 17038
24 104 104 0 9| 2.7885| 5.1250] 8.0000 121.37 |
25 185 185 0 11| 20000] 3.4595] 5.1676] 215.71
26 120 120 0 11 3.0667 | 5.3333 8.0000 139.92
27 201 201 0 12 2.0000 3.3483 4.8607 244.22
28 123 123 0 12| 3.2520| 54715| 8.0000 149.45
29 218 218 0 13| 20000] 3.2385] 46239 277.08]
30 127 127 0 13 3.4252 5.5591 8.0000 161.42
31 236 236 0 14 20000 | 31864| 44280 314.13]
32 131 131 0 14 3.5878 5.7405 8.0000 174.36
33 270 270 0 16| 2.0000 31111 42259 392.04
34 143 143 0 16| 3.7692| 58741| 80000 207.64 |
"Exact risk assessments are available for any selected plan by exercising selection number 1 of the Double
Sampling Menu,
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3. Double Sampling Plan Derivation from MIL-STD-105D Acceptance Rejection
Numbers and All Stated Sample Sizes

This final double sampling option, illustrated in Figure 10, provides a search of
the feasible double sampling contained in MIL~STD-105D for Normal Inspection, Tightened
Inspection and Reduced Inspection. The search is initiated by inputting the AQL, LTPD, pro-
ducer’s risk, consumer’s risk, producer’s risk tolerance and consumer’s risk tolerance. To expe-
dite the search, a provision has been added within the source code to allow the user to specify a
maximum total sample size. If no maximum is entered, one—million is assumed. Additionally,
if the search is being conducted for a specific lot size (i . e., Hypergeometric evaluation), the
user will be prompted for the numeric value of the finite lot size.

The search algorithm begins with the formulation of a double sampling plan from
MIL~STD-105D. Any plan in which the acceptance, rejection, and sample numbers are
compatible is considered to be feasible. The producer’s risk and consumer’s risk are calculated
for the generated plan. If the risks are simultaneously within the risk tolerance limits, the plan is
printed for user consideration. Otherwise, the plan is not printed. In either case, the formulation
of another plan is initiated and the process is repeated. This iterative formulation, evaluation, and
comparison is continued until all of the possible plans contained in MIL-STD-105D have been
exhausted.

To illustrate this design option, the data shown in Table 18 was entered for the
indicated prompts. Since the Binomial option has a faster processing time, no constraint on
sample size was imposed. Table 19, contains the five MIL~-STD-105D plans, output for this
scenario, found to possess risks that are within the risk design tolerances. Similarly, the Hyper-
geometric evaluation was constrained to a total sample size of 100 or less units and a finite lot
size of 250. The results of the MIL-STD-105D search are the two plans shown in Table 20.

Table 18. Double Sampling Prompt/Response Data

“Prompt “Responsc
AQL 2
LIPD 8
ALPHA 5
BETA 10
[T ALPHA Tolerance 5
BETA Tolcrance 8
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Table 19. MIL-STD-105D Double Sampling Plans Meeting the Design Tolerances
(Binomial Evaluation)

Binomial Probability Evaluation
Optional MIL-STD-105D Sampling Plans
AQL =2% and LTPD = 8%
Producer’s Risk = 5 + 5% and Consumer’s Risk = 10 + 8%

[ Sampie Accept/Reject Criteria “Risk and Sampling Burden at Desired Specification
Size “First Second Acceptable Quality Level Tolerance % Defective
st [ 2nd [Acc [Rej [Acc [Rej | Pa | Pc | Alpha | ASN | Beta | Pc | Pr | ASN |
0] S50 ) 1 | 4] 415 95.2 | 24.6 48 623 | 132 | 343 | 868 | 671 |
80[80 ] 2 |5 {617 955 | 19.3 4.5 955 | 52 | 183 | 948 ] 946
80{8 [ 3 | 7 |8 109 95 | 76 K3 86.1 | 158 | 431 | 842 | 1145
125[125 | 5 | 9 |12 | 13 | 998 | 39 2 1299 | 7.5 | 264 | 925 | 158.0
200[200 | 9 | 14 | 23 | 24 | 1000 | 7 0 | 2015 | 68 | 227 932 [ 2455
Table 20. MIL-STD-105D Double Sampling Plans Meeting the Design Tolerances
(Hypergeometric Evaluation)
Hypergeometric Probability Evaluation
Optional MIL-STD-105D Sampling Plans
AQL = 2% and LTPD = 8%
Producers Risk = 5 + 5% and Consumer’s Risk = 10 + 8%
Maximum Total Sample Constraint: 120
Lot Size = 250
[ Sample | Accept/Reject Criteria " Risk and Sampling Burden at Desired Specification
Size I Fimst Second ‘Acceptable Quality Level Tolerance % Defective
ist |2nd [Acc [Rej |Acc [Rej | Pa | Pc |ALPHA| ASN | BETA | Pc | Pr JASN |
50 [0 ] 1 | 4 | 4 |5 |988[256| 12 | 628 | 87 | 343 913 [67.1 |
A complete assessment of any of these plans is obtainable by exercising Option #1 of this software segment.

D. Multiple Sampling Plan Design and Assessment

Multiple sampling plans, in the form presented herein, are rarely utilized. Though
somewhat more complex than double sampling, multiple sampling is instigated in an effort to
reduce the expected number of units sampled to a decision for constant, specified risk levels.

As used in this application, multiple sampling involves the repetitive drawing of an incremental
sample size, usually represented by n. After each incremental sample is drawn, the total number
of defectives is tabulated and compared to the progressive acceptance/rejection numbers. If the
cumulative number of defectives is less than or equal to the acceptance number, the lot is
accepted. If the cumulative number of defectives is greater than or equal to the rejection
number, the lot is rejected. Otherwise, the next incremental sample size is drawn. The analyses
associated with this segment of the software deal exclusively with plans in which this incremen-
tal sample size is constant. The procedure described above is repeated until the lot is either
accepted or rejected. A decision to acoept or reject is guaranteed since all of these plans con-
verge. Convergence occurs when the acceptance number plus one equals the rejection number.
References 1, 2, 6, and 7 provide extensive discussions and examples of these type of plans.
Specifically, MIL-STD-105D provides tables of multiple sampling plans for Normal Inspection,
Tightened Inspection, and Reduced Inspection, but these plans are not indexed as functions of
acceptable quality, unacceptable quality, and risks. Reference 6 does provide plans indexed in
the specified manner, but the risks are approximated by the use of the Poisson distribution.
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However, when a plan is specified, precise risks can and should be evaluated with either the
Binomial distribution or the Hypergeometric, depending upon the conditions under which the
plan is to be implemented.

To assist the user in designing multiple sampling plans whose OC curves pass, or early
pass, through two desired points, Option 3 of Figure 4 was created. If this option is exercised,
the two design aids illustrated in Figure 17 will be displayed on the CRT. Option 1’s software
provides an algorithm based on the article entitled, ‘Master Sampling Plans for Single, Dupli-
cate, Double, and Multiple Sampling’ by Enters and Hamaker [6]. These plans possess the com-
mon trait that they approximate a producer’s risk of 5 percent for an inputted AQL and/or they
approximate a consumer’s risk of 10 percent for an inputted LTPD. The approximation is based
on a Poisson distribution. Once the plans are identified, the algorithm uses the Binomial
distribution to assess the actual risk levels. The option was not added to obtain a Hypergeo-
metric assessment since it is anticipated that in the plan design phase the user is primarily con-
cerned with generic lot sizes. If warranted, the Hypergeometric option can and should be
included. This departure from the Chemical Corps Engineering Agency’s procedure will
provide a more accurate risk assessment.

Multiple Sampling Design Options
Option Descripti Select Cod
> Barnard-Enters—Hamaker’s Poisson Approximation of Sample Size
for Producer’s Risk of Five Percent & Consumer’s Risk of Ten Percent.
Achieved Risks are Calculated Viathe Binomial ........................ 1
> MIL~STD-105D Alternate Plans For Specified AQL, Producer’s '

Risk, LTPD, and Consumer’s Risk. Achieved risks are Calculated
Viathe Binomial .........ccvoieeeiennneveseensnananescecooassonass 2

ENTER THE SELECT CODE OF THE DESIRED OPTION.

Figure 17. Multiple Sampling Plan Design Menu

To illustrate the option’s use, an AQL of 2 percent and an LTPD of 12 percent were -
used as responses to the appropriate prompts. The Chemical Corps Engineering Agency proce-
dure indicated a ratio of six (i.e.,, LTPD/AQL). This yields an incremental sample size of 12. As
illustrated in Figure 18, the software prints, as output, a series of plans which are derived by a
sensitivity analysis of the incremental sample size (i.c., the incremental sample size ranges from
11 to 15). This feature was included to provide a measure of the marginal relationship between
the achieved risks and the incremental values of n. Upon reviewing Figure 18, it will be noted
that each multiple sampling plan specification is followed by a note which states that a complete
risk assessment is obtainable by exercising Option 5 of the main menu, (Fig. 4). If this feature is
chosen, a complete Binomial assessment is available. Additionally, a complete Hypergeometric
assessment is available if the plan is to be evaluated against a specified finite lot size. To illus-
trate the use of Option 5 in this application, a Binomial assessment was chosen. A Hypergeo-
metric assessment will be illustrated later within this section.
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Figure 18. Multiple Sampling Plan, Option 1 Output for AQL = 2 Percent

and LTPD = 12 Percent

Figure 19 provides a schematic of the resulting OC curve for Plan #1, n = 11, while
Table 21 contains specific points from the curve along with the expected sample size to a deci-
sion. Shown as Figure 20 is the average sample number plot. The expected sample sizes shown
in Figure 20 are based on Binomial risk evaluations and the assumption that there is no sample
termination.
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Figure 19. OC Curve for Optional Multiple Sampling Plan #1
Table 21. OC Curve/ASN Points for Optional Multiple Sampling Plan #1

Percent Defective Acceptance Probability Average Sample Number
1.00% 98.83% 24.7
2.00% 94.11% 27.4
3.00% 85.82% 29.4
4.00% 75.16% 30.6
5.00% 63.57% 31.0
6.00% 52.25% 30.7

~7.00% 41.97% 30.0
8.00% 33.11% 289
9.00% 25.75% 276
10.00% 19.81% 263
11.00% 15.11% 24.9
12.00% 11.46% 23.6
13.00% 8.64% 24
14.00% 6.49% 21.2
15.00% 4.86% 20.1
16.00% 3.63% 19.2
17.00% 2.71% 18.3
18.00% 2.01% 17.5
19.00% 149% 16.7
20.00% 1.10% 161
40
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Figure 20. ASN Plot for Optional Multiple Sampling Plan #1 (without Sample Termination)

Option 2 of Figure 17 provids the user with the capability of searching the multiple
sampling plan possibilities contained in MIL-STD-105D. The search is conducted to determine
which plan contained therein comes closest to meet.mg the desired, inputted quality levels and
risks. The ‘closeness’ criteria specified herein is stated quantitatively as

D = [(Prisk ~ Alpha)> + (Crisk — Beta)® @

where Prisk is the computed producer’s risk for an identified plan Crisk is the identified plan’s
consumer’s risk, Alpha is the desired producer’s risk, and Beta is the desired consumer’s risk.
To illustrate the operation of this option, an AQL of 2 percent, an LTPD of 12 percent, a produc-
er’s risk of 5 percent and a consumer’s risk of 10 percent was entered for the corresponding in-
put prompts. The resulting output is illustrated in Figure 21. Of the multiple plans contained in
MIL-STD-105D, the plan with the incremental sample size of 11 and the acceptance/rejection
numbers shown in the lower right-hand comer of Figure 21 is the closest to the design criteria,
where closeness is computed by Equation (4). To illustrate the complete assessment capability
of Option 5 of Figure 4, the derived multiple sampling plan and a finite lot size of 500 were
provided as input. The resulting Hypergeometric assessment is summarized in Figure 22, Figure
23, and Table 22. Itis pertinent to point out that the results illustrated for this application are
valid only for lots containing 500 units and that the ASN plot is further constrained by the
assumption of no sample termination.
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Figure 22. OC Curve for MIL-STD-105D Multiple Sampling Plan
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Figure 23. ASN Plot for MIL-STD-105D Multiple Sampling Plan
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Table 22. OC Curve/ASN Points for MIL-STD-105D Multiple Sampling Plan

[ Defectives Per Lot | Acceptance Probability “Sampie Number

1 100.00% 23.0
r} 99.66% 259
10 95.89% 31.1
20 77.00% 36.2
30 50.86% 36.0
40 29.33% 328
50 15.71% 28.7
60 821% 25.0
70 431% 21.9
80 2.31% 194
% 1.26% ~ 17.5
100 69% 16.1

E. Sequential Sampling Design and Assessment

The final design aid provided by this automation deals with Wald’s Sequential
Sampling Theory. Mr. Acheson J. Duncan, [1), provides a comprehensive and thorough discus-
sion of Wald’s Sequential Sampling Plan design and assessment; therefore, Mr. Duncan’s discus-
sion will not be reiterated here. Let it suffice to say that the software contained herein, as Option
4 in Figure 4 simply automates Mr. Duncan’s approach. This automation is inclusive of the
operating characteristic curve and average sample number plot construction via the parametric
equation approach. The software comprising this option is attached as Appendix D of this re-
port.

Before proceeding to an example, it must be stated that the OC curve and average
sample number plot, obtained via the cited parametric evaluation, are valid only if the sequential
plan is adopted in its entirety. That is, no modification of any type is permitted. If this
compliance is met, the austere possibility exists that an entire Jot can be sampled without an ac-
ceptance or rejection decision. If destructive testing and/or high unit test cost are associated with
the sampling, sequential sampling is often abandoned because of this possibility. Not withstand-
ing this austere possibility and the relative complexity of applying the the plan, Wald’s Sequen-
tial Sampling Plans do minimize the expected number of units sampled to a decision, for speci-
fied quality levels and risks. Additionally, the sequential plans often provide the basis of tailor
made plans which result from truncations of the sequential sampling. If the user requires a more .
indepth discussion of this topic, Reference 1 should be consulted.

Upon entering a 4 for the prompt, illustrated in Figure 4 the user will be sequentially
prompted for the AQL, LTPD, the producer’s risk, and the consumer’s risk. To illustrate the use
of the sequential portion of the software, 2 percent, 12 percent, 5 percent, and 10 percent were
entered for the identified prompts. The first output segment provided is an option to print the
computed acceptance line and the computed rejection line. For this application, the lines were

Acceptance Line: X = —(1.18527087142) + .0566659067544n (5)
and
Rejection Line: X = (1.52173674436) + .0566659067544n 6)
4
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where n is the chronological number of the unit sampled. The acceptance and rejection numbers
are undefined for X values less than zero. Additionally, for application purposes the rejection
line values are always rounded up to the higher integer while the acceptance numbers are always
rounded down to the lower integer. This procedure tends to widen the continue region and does
cause variation in the actual probability of acceptance and expected sample size from those ex-
pected via the aforementioned parametric evaluations. These departures are customarily
assumed to be negligible.

Table 23 contains a output summary of the derived sequential sampling plan which
was derived by calculating the acceptance and and rejection numbers for n values ranging from
1to 100. It is pertinent to point out that the plan infinitely extends beyond a sample of 100. The
acceptance and rejection numbers provided in Table 23 have been subjected to the rounding pro-
cedure previously discussed. Table 24 contains the results of applying the parametric equations
discussed by Mr. Duncan. As such, these points, for both the probability of acceptance and the
expected sample size to a decision, constitute estimates. Figures 24 and 25 provide schematics
of the OC curve and the ASN plot which were derived from the points shown in Table 24. A
word of caution is in order. The OC curve and the ASN plot are valid estimates only for the
unbounded Wald Sequential Sampling Plan defined by the parallel lines stated as Equations (5)
and (6). Any alteration of the plan in any way invalidates the referenced schematics. Alter-
ations usually take the form of sequential plan truncation which will be subsequently addressed.
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Table 23. Integerized Sequential Sampling Plan Specification

Wald's Sequential Sampling Table
AQL = 2% and LTPD = 12%, Producer’s Risk = 5% Consumer’s Risk = 10%,
Number of | If Total | Numberof | If Total |Numberof | 1f Total |Numberof | If Total
Units Defective Units Defective Units Defective Units Defective
Sampled ["Acpt | Rejt | Sampled [Acpt | Rejt | Sampled Acpt | Rejt | Sampled A [ Rejt

1 ves | wes 26 0 3 51 1 s 1 716 3 6

2 s [ 2 27 0 4 52 1 s T 3 6

3 e [ 2 28 0 4 53 1 5 78 3 6

4 v | 2 29 0 ) 54 1 5 79 3 6
5 e 2 30 0 4 55 1 5 80 3 7 |
6 Ol 2 31 0 4 56 1 5 81 3 7 |
7 e 2 32 0 r} 57 2 5 82 3 T |
8 o 1 2 33 0| 4 58 I B &3 3 | 7
9 L 3 34 0 4 59 2 5 84 3 T
10 v | 3 35 0 4 60 2 5 85 3 T
1 e 3 36 0 4 61 2 5 86 3 7
12 e | 3 37 0 4 62 2 6 87 3 T
13 s | 3 38 0 ) 63 2 6 88 3 7]
14 wes [ 3 39 1 4 64 2 6 89 3 7|
15 ves 3 40 1 4 65 2 6 90 3 7|
16 es | 3 41 1 4 66 2 6 91 3 7|
17 ves [ 3 42 1 4 67 2 6 2 ry 7
18 ves 3 43 1 4 68 2 6 93 4 7|
19 vee [ 3 44 1 5 69 2 6 % 4 7]
20 e | 3 45 1 5 70 2 6 95 4 T ]
21 0 3 a6 1 5 T 2 6 3 a | 7 |

22 ) 3 47 1 5 72 2 6 97 r} g

23 0 3 48 1 5 73 2 6 98 4 g

24 0 3 49 1 5 74 3 6 9% 4 )

25 0 3 50 1 5 75 3 6 100 r 8




Table 24. Parametric OC Curve and ASN Plot Points

Sequential Sampling AQL = 2%, Producer’s Risk = 5%, LTPD = 12%, and Consumer’s Risk = 10%
Probability of Acceptance and Average Sample Size Versus Percent Defective

Percent Probability of Average Percent Probability of Average

Defective Acceptance Sample Defective Acceptance Sampie

Number Number
55 9.69% 23.01 5.78 53.68% 33.48
.58 99.66% 23.13 6.08 51.13% 33.17
.61 99.62% 23.26 6.30 48.58% 32.81
.65 99.57% 23.29 6.51 46.06% 3241
.69 99.52% 23.53 6.74 43.57% 31.96
n 99.46% 23.68 6.97 41.11% 31.47
.76 99.39% 23.84 7.20 38.71% 30.95
81 99.32% 24.01 7.43 36.38% 30.39
85 99.24% 24.18 7.67 34.12% 29.81
.90 99.15% 24.36 7.92 31.93% 29.20
95 99.05% 24.56 8.17 29.83% 28.58
1.00 98.93% 24.76 8.42 27.82% 27.94
1.05 98.80% 24.97 8.67 25.90% 27.29
110 98.66% 25.19 8.93 24.08% 26.63
1.16 98.50% 25.42 9.20 22.35% 25.97
122 98.33% 25.66 9.46 20.72% 25.31
1.29 98.13% 2591 9.73 19.19% 24.66
135 97.91% 26.17 10.01 17.74% 24.00
1.42 97.66% 26.45 10.28 16.39% 23.36
1.50 97.39% 26.73 10.56 15.12% 22.73
157 97.09% 27.02 10.84 13.95% 22.10
1.65 96.75% 27.33 11.13 12.85% 21.49
1.73 96.38% 27.64 11.42 11.83% 20.90
1.82 95.96% 27.96 1.1 10.88% 20.32
191 95.51% 28.29 12.00 10.00% 19.75
2.00 95.00% 28.63 12.30 9.19% 19.20
210 94.44% 28.98 12.59 8.44% 18.67
2.20 93.83% 29.34 12.89 7.74% 18.16
230 93.15% 29.70 13.19 7.10% 17.66
241 92.41% 30.06 13.50 6.51% 17.18
252 91.59% 30.43 13.80 5.97% 16.71
2.63 90.70% 30.79 14.11 5.47% 16.27
275 89.73% 31.15 14.42 5.01% 15.84
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Table 24. Parametric OC Curve and ASN Plot Points (continued)

Percent Probability of Average Percent Probability of Average

Defective Acceptance Sample Defective Acceptance Sample

Number Number
2.88 88.68% 31.51 14.73 4.59% 15.42
3.01 87.53% 31.86 15.04 421% 15.02
314 86.29% 32.20 15.35 3.85% 14.63
3.28 84.95% 32.53 15.67 3.52% 14.26
342 83.52% 32.84 1598 3.23% 13.90
3.56 81.97% 33.13 16.30 2.95% 13.56
an 80.33% 33.40 16.62 2.70% 13.23
3.87 78.58% 33.63 16.93 2.47% 1291
403 76.73% 33.84 17.25 2.26% 12.61
4.19 74.77% 34.01 17.57 2.07% 1231
4.36 72.72% 34.14 17.89 1.89% 12.03
453 70.57% 34.23 18.21 1.73% 11.76
471 68.34% 3427 18.53 1.58% 11.50
4.89 66.03% 34.27 18.85 1.45% 11.25
5.08 63.65% 34.21 1917 1.32% 11.00
5.27 61.22% 34.11 19.49 1.21% 10.77
5.47 58.73% 33.95 19.81 1.10% 10.55
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Figure 24. Parametric OC Curve for Wald's Sequential Sampling Plan
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Figure 25. Parametric ASN Plot for Wald's Sequential Sampling Plan
F. Truncated Sequential Sampling or Any Convergent Plan Assessment

The greatest disadvantages associated with a sequential sampling plan are the
complexity of implementing the plan and the possibility of an indefinite sample size. Conse-
quently, many sequential sampling plans are ‘made’ to converge by truncating the plan. Trun-
cating a sequential plan simply means that at some point in sampling the acceptance number plus
one is made to equal the rejection number. This assures that sampling will not go beyond that
point. Further modifications are often made by adjusting the numerical values of ecither the
acceptance number or the rejection number or both. The result of this process is that the
maximum sample size is guaranteed to be less than or equal to the n value associated with the
point of convergence. This guarantee is offset by changes in the probability of acceptance and
ASN from that assessed for the original sequential sampling plan.

As an example, consider the sequential plan shown in Table 23. Suppose the plan was
altered to assure that the maximum sample size would be 50. One such alteration is shown in
Table 25. The altered plan is similar to the sequential plan, but upon a close comparison it will
be seen that both the acceptance and rejection numbers have been slightly altered for selected
values of cumulative sample size. These alterations convert the sequential plan into a multiple
sampling plan and as such possesses its own unique OC curve and ASN relationship. Option 5
(Fig. 4) can be used to expedite the assessment of the probability of acceptance and expected
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sample size versus the appropriate quality characteristic, percent defective or defectives per lot.
The choice of which quality characteristic is dependent on the assumption concerning lot size.

Teble 25. A Sequential Sampling Plan Truncation Alternative
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Table 25. A Sequential Sampling Plan Truncation Alternative (continued)

[ Total | Cumulative “Cumulative Continuance Numbers (C) Cumulative
Number of Rejection
Units Number Number
Sampled (A) (R)
40 2 xf 3 [xxx{xxx {xxx |xxx | xxx | xxx | xxx | xxx } xxx | xxx 4
41 2 x| 3 [xxx [xxx {xxx [ xxx | xxx | xxx | xxx { xxx | xxx | XXX 4
42 2 x| 3 |Ixxx|xxx|xxx|xxx|[|xxx[xxx|xxx |{xxx | xxx | xxx 4
43 2 x] 3 Ixxx|xxx |xxx | xxx [ xxx [ xxx | xxx { xxx | xxx | xxx 4
4 2 x] 3 Jxxx|xxx|xxx|xxx|xxx |xxx |xxx | xxx | xxx | xxx 4
45 2 x] 3 Jxxx|xxx |xxx |xxx|xxx|xxx|]xxx|xxx|xxx|xxx 4
46 2 xf 3 Jxxx}xxx Jxxx {xxx | xxx | xxx | xxx | ox | xxx | xxx 4
47 2 x] 3 |xox |xxx | xxx | xxx | xxx | xxx | xxx | 2xx | xxx | xxx 4
48 2 x{ 3 [xxx{xxx |xxx |xxx |]xxx }xxx | xxx ] xxx | xxx | xxx 4
49 2 x| 3 [xxx{xxx{xxx [xxx |xxx } xxx | xxx | xxx | xxx | xxx 4
S0 3 XPxxx | xxx | xxx [ xxx | xxx { Xxx | Xxxx | Xxxx | xxx | XXX | XXX 4

The multiple sampling plan shown in Table 25 was entered via the Option S prompts
in Figure 4. The resulting OC curve is depicted in Figure 26, and the average sample number
plot is shown in Figure 27. Table 26 contains selected points from the two referenced sche-
matics. Also, the impacts of of altering the sequential sampling plan to assure a maximum, sam-
ple size of 50 is shown in Table 27. It is important to point out that the comparisons shown in
Table 27 are valid only for the multiple sampling plan contained in Table 25. Any other alter-
ation of the sequential sampling plan would require a similar comparison.
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Figure 26. OC Curve for the Truncated Sequential Sampling Plan
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Table 26. Probability of Acceptance and Expected Sample Size for the Truncated Sequential

4 i I
4 € L]

12 14

PERCENT DEFECTIVE

Figure 27. ASN Plot for the Truncated Sequential Sampling Plan

Sampling Plan Alternative
Percent Defective Acceptance Probability Average Sample Number
1.00% 97.60% 235
2.00% 87.68% 26.0
4.00% 53.59% 26.0
6.00% 25.30% 22.0
§.00% 1035% 17.6
10.00% 3.93% 14.0
12.00% 1.44% 11.3
Table 27. Sequential Versus Truncated Sequential Comparison
[~ Plan Parameter | Wald's Sequential | Tabie 25°s Truncated Plan
[ Producer's Risk S% 12.32%
" Consumer’s Risk 10% 1.44%
— ASN @ AQL 28.63 26.00
[ ASN@LIPD 19.20 11.30
53




m

It is not the intention of this guide to discuss the relative value of one plan over another. The
intent is simply to present automated quantitative techniques to enhance the user’s ability to effi-
ciently and precisely design and assess lot acceptance sampling plans. The example discussed
above is based on a Binomial evaluation of event probabilities. A Hypergeometric evaluation
and another aspect of Option 5 of Figure 4 are discussed below.

The manner in which samples are drawn alters the risks and expected sample sizes, if
the method of sampling departs from that specified by the plan. To illustrate, suppose the plan
shown in Table 25 is to be used in conjunction with a lot containing 500 units. Instead of the
single unit, consecutive sampling indicated in Table 25, the sampling is constrained to be clus-
tered as shown in Table 28. Simply stated, accept/reject decisions can occur only after a sample
number has been drawn (i . e., there are thirteen points at which a lot can be accepted or re-
jected). This type of sampling often occurs in ripple firing or multiple launch missile/rocket fir-
ings. The sampling plan shown in Table 25 can easily be modified to accommodate the cluster
sampling scenario and can he detailed as shown in Table 29.

Table 28. Cluster Sampling Constraints

~Sample Number #1 |2 | #3 [ #a [ #5 | #G | #7 | #8 | #9 | #10 [#11 | #12 | #13
Sampling Increment 6 3 2 1 6 2 6 4 6 5 4 3 2

Cumulative Sample Size 6 9 J11 12|18 120 )]26]30 |36 )41 |45 ] 48] 50

Table 29. Cluster Sampling Acceptance/Rejection Criteria

[Total Num- | Cumulative Cumulative Continuance Numbers (CT Cumulative
ber of Acceptance Rejection
Units Number Number

Sampled (A) ®R)
6 e x| O 1 Jxxx |xxx |xxx |xxx | xxx | xxx | xxx | xxx | xxx 2
9 bl x]1 0 1 Jxxx |xxx |xxx |xxx | xxx | xxx | xxx | xxx | xxx 2
11 ses x] O 1 2 Jxxx Ixx | xxx | xxx ] xxx | xxx | xxx } xxx 3
12 hhdd x| O 1 2 JIxxx | xxx | xxx | xxx | xxx ] xxx | Xxx | xxx 3
18 il x] 0 1 2 Ixxx|xxx | xxx | xxx | xxx | xxx | xxx } xxx 3
20 (1} x| 1 2 3 Ixxx{xxx [xxx | xxx | xxx | xxx | XXX ] XXX 4
26 0 x| 1 2 3 xxx|xxx|xxx { xxx | xxx ! xxx | xxx | xxx 4
30 1 x| 2 3 |Ixxx | xxx | xxx | xxx | xxx | xxx | xxx | xxx | xXxx 4
36 2 x| 3 [Ixxx|xxx|xxx [xxx |xxx]xx | xxx | xxx | xx | xxx 4
41 2 x| 3 Ixx|{xxx |xxx | xxx | xxx | xxx | xxx | xxx | xxx | xxx 4
45 2 x{ 3 |Ixxx|xxx |xxx |xxx |xxx |xx | xxx | xxx | xxx | xxx 4
48 2 x)] 3 Jxxx|xxx |xxx |xxx | xxx | xxx | xxx | xxx | xxx | xxx 4
50 3 xIxxx | xxx | xxx | xxx | xxx [xxx ] xxx Jxoxx | xox | xxx | xxx 4

Two alterations of the assumptions under which Figure 26 and Figure 27 were
constructed will cause significant departures in the actual operating characteristic curve and
average sample number plot of the implemented plan. The first alteration is the fact that a finite
lot size of 500 units is known which requires a Hypergeometric evaluation in lieu of a Binomial
evaluation. The second alteration is that there are 49 accept/reject decision points in Table 25,
and there are only 13 such points in Table 29. The effect of these two alterations can be readily
assessed by Option 5 of Figure 4.




Upon entering the sample size values at which accept/reject decisions are made and
the respective acceptance numbers and rejection numbers at these sample sizes, via Option 5’s
prompts the OC curve shown in Figure 28 is obtained. Additionally, the expected number
sampled to a decision is shown in the ASN plot included as Figure 29, the effect of clustering the
samples, as described above, and the application of a finite lot size of 500 on the truncated
sampling plan, shown in Table 25 is summarized in Table 30.

° IS RS WA R SR VN | A AU TN T | M S U SN SN SN SR |
B S 18 1S 20 23 38 35 48 45 S8 S3 60 685 78 73 60 93 9% 35 i@
DEFECTIVES PER LOT, Lot Stze = S88 Unite

Figure 28. Cluster Sampling OC Curve
Table 30. Truncated Versus Cluster Sampling Comparison

[ Plan Parameter ~ Truncated Clustered
[ Producer’s Risk 12.23% 1.93%
[ Consumer’s Risk 1.44% 21.22%
— ASN@ AQL 28.63 28.30
— ASN @ LTPD 19.20 23.30

55




0 = 0w s e wE
T

O T T B N S I I e v i st~
S 5 19 13 20 23 30 33 48 435 50 55 8 $3 9 75 00 63 M 85 1@
IEFECTIVES PIR LOT, Lot S1se = S08 wnive

Figure 29. Cluster Sampling ASN Plot
G. Summary

The purpose of this section is to provide a series of example problems and the
associated output which collectively, provide an exhaustive illustration of the scope of applica-
tion of the software attached hereto as appendixes. The prime consideration, repetitively stated
within this section, is that no approximations of event probabilitics are made. Moreover, the
event probabilities are calculated by the Hypergeometric distribution when finite lot sizes are
a consideration, and they are calculated by the Binomial distribution when finite lot sizes are
not a consideration. '

The increased precision of risk forecasts and expected sample size expenditures to a
decision is a significant advantage; however it is only one aspect of this software. Option 5 of
Figure 4 is perhaps the most significant advantage in that it affords expedient risk assessments
and ASN evaluations for any and all convergent sampling plans. This generic evaluator could,
if desired, replace large portions of the software devoted to the evaluation of these parameters
in Options 1, 2, and 3.




III. CONCLUSIONS AND EXTENSIONS

The primary technical advantage provided by the use of LAVAS is the automation of the
tremendous calculation burden imposed in performing event probability evaluations using the
Binomial or the Hypergeometric distributions. The burden is well recognized as being signifi-
cant as evidenced by the proliferation of approximation techniques found in current literature
pertaining to attribute sampling for lot acceptance. Regardless of the efficiency of a particular
approximation technique, it is just that, an approximation technique which infers some degree of
error. Destructive testing of modern missiles and/or rockets imposes such austere cost accruals
that precision in risk assessments is vital.

Additionally, LAVAS provides risk assessments for any convergent sampling plan, in addi-
tion to the common plan types. This feature is particularly useful and expeditious when sequen-
tial sampling plans are truncated or when multiple sampling plans with variable incremental
sample sizes are to be evaluated. In short, LAVAS can be effectively used to precisely construct
OC curves and ASN plots for any attribute sampling plan. LAVAS also includes selected design
algorithms which will aid the user in deriving attributes sampling plans which are constrained at
specified risk levels. These design features also include provisions set forth in MIL-STD-105D
in that risk design thresholds can be provided as input and MIL-STD-105D sampling plans,
which meet the inputted risk thresholds will be specified as output. In conclusion, LAVAS can
be viewed as a sampling plan design aid and an extensive, precise sampling plan risk assessor.

Future efforts to enhance the methodology automated in LAVAS are envisioned to be
focused on two areas. First, faster execution is desirable. To that end, faster techniques will be
researched to perform the factorial ratios required for both the Binomial and the Hypergeometric
distributions. Additionally, a design feature is desired which will aid in the derivation of tailor
made multiple sampling plans with variable incremental sample sizes which will allow the user
to constrain the total number sampled at specified risk levels.
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APPENDIX A
LAVAS’s SOURCE CODE

10 PRINTER 18 @

20 DIn Paci8,301),Asn<301),Dists13),PdC301),F(18),Imc(31,9),Con(501),Conp(SO
12,Pr(3,301),C0on (501),Cceal2,17,0),Mi12¢12,2),Milr(1?7,2),M 1337

3 DIN $105sC17),8108¢c(195),NunsC102)(3), TabsC20>(3), Tab1e(501,3),Mu1t1°50,13)
+F19€(81,301),Figp(S1,501),LinalS1)

L1] DIN Cemt(20,24),Msplarcls,?,2),Nsplan(3®)

50 DATA * ‘n.- z-'. ’..- .-'n 3... ‘.'- 7..- .-'. ’-.- l.'.' ll... 1
'Ol - l,. L] l‘l L] ‘sl - I‘I a l?. L] l.l - "l » 2.. - le - 22. - 23- - 2‘-

se DGTA - 2%°,° 26‘ . 27' . 2.' - 2" "3 = n-, 32' - 33' d 34' " 35", 3
‘ﬂ - :7- - ’.l - ,’l - ‘.- - “l L] ‘2- - "l a “. - ‘SI - “l - ‘?- - ‘.. - "l
‘. n"' - 5.. - s‘- - sz. - s’l - ,‘l - ’5. - s‘. - s?l - s.. - s" - ‘.- - ‘
L] "I.I ?.-'l 7’-'l 72.'l 73-.I 7‘.
'- 'll'n .z-.I .’.'I ...'I .5... .
GI.I ‘7I'l ‘.l.l .9.'. ’.I'I ’lI'I ’2I.I ,:.'I ,‘I'l 95I'h 9‘.'. 9?.,- 9.l.I ,,.
90 nnT" .le..'. .I.I...I

198 FOR 1=t TO 102

110 REARD Nums(l)

120 NEXT |

130 MEEP

140 FOR 1= Y0 21

130 FOR J=1 TO 9

160  READ Jme(l,d)

170 NEXT J
180  BEEP
190  NEXT I

200 DATA 0,.01,.051,.1035,.693,2.383,2.996,4.605,44.99

210  DATA 1,.149,.333,.532,1.678,3.09,4.744,6.639,18,9%¢

220 DATA 2,.436,.818,1.102,2.674,5,322,6.296,0.406,6.3%09

230 DATA 3,.823,1.366,1.7435,3.672,6.681,7.734,10.045,4.89

Q40  DATA 4,1.279,1.97,2.433,4,.671,7.994,9,15¢,11,.608%,4,037

250 DATA S5,1.708,2.613,9.152,9.67,9.275,10.513,13.108,3.5¢9

260 DATR 6,2.33,3.286,3.095,6.67,10,592,11.042,14,.571,3.206

270 DATA 7,2.906,3.981,4.656,7.669,11.771,13.148,16,2.9%7

200 DATA 6,3.507,4.693,5.432,0.669,12.995,14,434,17,482,2.768

296 DATA 9,4.13,5.426,6.221,9.669,14.206,15.708,19.783,2.610

300 DATA 10,4.771,6.169,7.021,10.668,15.4087,16.962,20.143,2,49?7
310 DATA 11,5.428,6.92¢,7.829,11.668,16,.598,18.208,21.49,2.39?

320 DATA 12,6.099,7.69,8.646,12.668,17.782,19.442,22.821,2.312

330 DATA 13,6.782,8.464,9.47,13.668,18.958,20.660,24,139,3.2¢

340 DATA 14,7.477,9.246,10.3,14.668,20.128,21.086,25.446,2.177

350 DATA 15,6.181,10.03S,11.133,15.668,21.292,23.098,26.7¢5,2.122
368 DATA 16,0.095,10.831,11.976,16.668,22.452,24.302,20.031,2.87)
378 DATA 17,9.616,11.633,12.822,17.668,23.606,25.5,29.31,2.029

380 DATA 18,10.346,12.442,13,.672,18.668,24.756,26.6%92,20.%81,1.99
390 DATA 19,11.002,13.254,14.525,19.668,25.902,27.979,21,.04%,1.9%54¢
400 DATA 20,11.825,14.072,15.383,20.669,27.045,29.062,33.103,1.922
410 DATA 21,12.574,14.894,16.244,21,.668,28.184,30,.241,34.3%%,1.892
€20 DATA 22,13.329,15.739,17.108,22.660,29.32,31.416,3%.601,1.86%
436 DATA 23,14.008,16.548,17,973,23.668,30.452,32.586,36.041,1.0¢
440  DATA 24,14,653,17.302,10.044,24,.668,31.584¢,33.752,36.077,1.817
450 DATA 28,19.623,18.218,19.717,25.667,32.711,34.916,39.300,1.79%
460 DATA 30,19.532,22.464,24,113,30.667,20.315,48.69,45,4,1.707
4?0  DATA 35,23.525,26.731,28.556,35.667,43.872,46.40¢,51,409,1.641
488 DATA 40,27.587,31.066,33.038,40.667,49,.39,52.069,57,347,1.59
490  DATA 4S,31.704,35.441,37,950,45.667,54,078,57,.695,63.231,1.5¢8
580  DATA 50,35.867,39.849,42.009,50.667,60.339,63.287,69.066,1.91%
516 FOR l=i TO 2

520 1F l=1 THEN Lims=)6

S3e IF 122 THEN Limei?

540 FOR Jej3 10 Lia

S3@ FOR ke§ TO O

$60 READ Cceacl,t,Kd>

S$?0  REXT X

386  NEXT J
596  BEEP
600  NEXT 1}

610 FOR 1=1 TO 16

620  READ Milacl,1>,Mi1acl,2),81rC1,1),Mi1rC1,2)
638  NEXT !

648 FOR 1=1 TO 16

630  RERD Mils(D)

€60  NEXT 1@

670  BEEP




680 DATA 1,1¢.5,0,1,.16,.84,2,.32,1,273,2,6.87,0,2,.3,1.07,2.42,1.%11

€90 DATA 3,6.48,1,3,.6,1.90,3.89,1.238,4,5.39,0,3,.49,1.3%,2.64,1.771,5,5.09,1,
4, . 77,1.97,3.92,1.3%9

Te@ DATR 6,4.31,0,4,.68,1.64,2.93,1.985,7,4.19,1,5,.96,2.10,4.982,1.498,8,3.6,1
1 6,1.16,2.44,4,17,1.646,9,3.26,2,8,1.68,3.20,5.47,1.476

19 DATAR 10,2.96,3,10,2.27,4.13,6.72,1.368,11,2.77,3,11,2.46,4.36,6.82,1.468,1
2,2.62,4,13,3.07,5.21,8.05,1.394,13,2.46,4,14,3.29,5.4,0.14,1.472

?20 DATA 14,2.21,3,15,3.41,5.4,7.55,1.0888,15,1.97,4,20,4.73,7.82,5.35,2.029,16
21.74,6,30,7.4%5,10.31,12.96,2.23

T30  DATA 1,11.9,0,1,.21,1,2.5,1.17,2,7.9%4,1,2,.92,1.62,3.92,1.081,3,6.79,8,2,.
43,1.42,2.96,1.24,4,5.39,1,3,.76,2.11,4.13,1.169,5,4.6%,2,4,1.16,2.9,9.39,1.105

740 DATA 6,4.29,1,4,1.04,2.5,4.42,1,274,7,3.80,2,9,1.43,3.2,5.93,1.17,0,3.63,3
16,1.87,3.96,6.76,1.117,9,3.38,2,6,1.72,3.56,5.082,1,248

780 DATA 10,3.21,3,7,2.1%,4,27,6.91,1.173,11,3.09,4,6,2.62,5.02,8.1,1.127,12,2
.85,4,9,2.9,5.33,8.26,1.167,13,2.6,5,11,3.66,6.4,9,86,1.166

768 DATA 14,2.44,5,12,4,6.73,9.77,1,215,15,2.32,5,13,4.35,7.06,10.28,1.271,16,
2.22,3,14,4.7,7.52,10.45,1,331,17,2.12,5,16,5.39,8.4,13.41,1.432

778 DATR €,1,2,2,0,3,3,4,1,4,4,5,2,6,5,7,3,8,7,9,3,11,7,12,5,12,9,:3,6,13,10,
6,7,18,11,19,9,23,14,24,11,26,16,27,13,34,20,35,15,34,20,3%,17,37,22,38

Tee DATA 23,52,29,53,29,56,31,57

790 DATA 2,3,5,8,13,20,32,58,860,125,260,315,500,800,1230,2000

o008 DATA 2,3,5,9,13,20,32,50, 00,125,208, 315,300, 889, 1236, 2000, 2150

81¢ DATA 1,2,3,5,7,8,10,12,14,10,21,27,38,41,44

620 DATA 1,18.46,-5,-5,8,0,1,2,3,100,100

830 DATA 2,2,2,2,3,4,4,100,100

840 DATA ,048,.38,.89,3.243

858 DATA 2,12.19,-%5,-5,-5,0,0,1,2,100,100

DATA 2,2,2,2,2,3,3,100,100

DATR .063,.31,.79,4.373

DATA 3,9.99,-5,-5,0,0,1,2,4,100,100
DATA 2,2,2,3,3,4,5,100,100

DATA .31,.43,1,3.461

DATA 4,8.91,-5,-5,0,0,0,0,0,2,100,2,2,
DATA S,6.06,-5,-3,0,08,0,0,0,1,2,2,2,2,
DATA 6,7.04,-5,0,08,1,1,1,2,3,1¢0,2,3,3
DATA 7,6.20,-5,0,1,1,2,3,4,100,100,2,3

2,2,3,3,3,100,.088,.34,.78,3.676
3,3,3,3,3,.093,.36,.7%,6.0?77

18y 4,4,4,100,.18,.62,1.27,2.628
[ ] [ ]

5,5,100,108,.2¢,.7¢,1.68,2.51

2,2,2,3,3
3,3,3,3,3
23,4,4,4,
13,3, 4,

DATA 8,4.95,-5,08,1,2,4,4,5,100,100,2,3,4,5,6,6,6,108,100,.31,.84,1.35,2.60

960 DATR 9,4.61,-5,8,9,1,2,3,4,6,1¢0,3,3,4,4,5,6,7,7,100,.31,.76,1.43,3.2€8

976 DATA 10,4.29,0,2,3,5,7,8,10,100,100,4,5,7,9,108,11,11,108,100,.€3,1.73,2.93
3:6’2,nnra 11,4.92,5,1,2,3,4,6,7,100,100,3,4,%,£,6,8,8,100,108,.47,1.14,1.89,2.
g:: DATA 12,3.75,-%,1,1,2,3,5,7,100,100,3,4,5,5,6,0,6,100,10¢,.56,1.23,2.11,2.
22:. PATS 13,3.56,-5,1,1,3,4,5,7,9,108,3,%,6,7,8,9,10,10,100,.59,1.26,2.10,2.87

-

1810 DATA 14,3.23,0,2,3,4,6,8,11,100,100,4,5,8,9,10,12,12,100,188,.596,1.92,2.10
+2.218

1926 DATA 15,3.03,0,3,6,9,10,12,14,100,100,4,7,9,11,12,14,15,100,10¢,1.2,2.34,3
.64,1.891

1030 DATA 16,2.69,1,3,6,9,11,14,17,100,100,5,7,10,13,15,18,16,180,102,1.%6,2.75
+4.20,1.939

1040 DATA 17,2.5¢,1,3,6,9,13,16,10,100,180,5,8,11,13,16,19,19,100,1098,1.6¢,2.83
14.06,1.911

1058 DATA 18,2.35,1,5,7,19,13,17,22,106,108,6,9,12,16,19,21,23,109,100,2.88,3.3
€, 4.70,1.982

1060 DATA 19,2.16,1,5,9,13,18,22,25,100,100,7,10,13,16,22,25,26,108,100,2.40,3.
77,5.19,2.130

1076 DATA 28,1.94,3,8,13,18,24,30,36,100,100,8,1%,20,25,38,34,37,100,100,3.74,5
< 46,7.26,1.967

1086 DATA -5,-5,9,0,1,1,2,2,2,2,9,3,3,3

1098 DATA -5,0,0,1,2,3,4,2,3,3,4,4,5,5

1180 DATA -S,9,1,2,3,4,6,3,3,4,5,6,6,7

1110 DATA -$,1,2,3,5,7,9,4,5,6,7,8,9,10

1128 DATA 9,1,3,5,7,10,13,4,6,6,18,11,12,14

1130 DATR 0,2,4,6,9,12,14,4,7,9,11,12,14,15

1140 DATR 0,3,6,8,11,14,18,5,6,10,13,15,17,19

1150 DATA 9,3,7,10,14,18,21,6,9,12,15,17,20,22

1160 DATA 1,4,8,32,17,21,25,7,18,13,17,20,23,26

1178 DATA 1,6,11,16,22,27,32,8,12,17,22,2%,29, 33

1188 DATA 2,7,13,19,25,31,37,9,14,19,25,29,33,38

1199 DATA 3,16,17,2¢,32,40,48,18,17,24,31,37,43,49

1200 DATA 4,11,19,27,36,45,53,12,19,27,34,40,47,54
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1210 DATA 6,16,26,37,49,61,72,18,25,36,46,55,64,73
1228 DATA 6,17,29,40,53,65,77,16,27,39,49,58,68,7¢
1230 DATR 2,3,4,5,6,7,8,9,10,11,12,13,14,15,186,20,24,32,36, 48,50
1240 FOR I=i TO 17
1250 READ $30Sscl)
1260 NEXT 1
1270 FOR =1 T0 1S
1280 READ $190SccI)
1298 NEXT 1
1308 BEEP
1318 FOR 1si TO 20
1320 FOR Je1 TO 2¢
- 1330 READ Cemi(l,J)
1348 NEXT J
1350 BEEP
1360 DISP
1370 NEXT 1
1388 FOR J=1 TO 1S
° 1398 FOR Jei TO ?
1480 READ Msplartl,J,’)
1418 NEXT 7
1420 FOR Jo1 T0 7
1430 READ Msplar(l,J,2)
1440 NEXT J
1458 BEEP
1468 NEXT 1
1470 FOR =1 TO 21
1480 READ Hsplan(l)
1498  REXT 1
1380 BEEP
1518 Disp
v 1528 DIsP *
1338 Disp
L]

1540 DISP * LOT ACCEPTANCE SANMPLING OPTIONS
L]

1580 DIsP * Option Description Select Code
1560 DPisP ° ’8ingle Sampling Design And Assessment....
L]

cesarnaaasd
15?0 oisp * Double Sampling Design And ASSeBsMENt.ccccccrecesesl
1590 Disp * SMultiple Sampling Design And Assessment..ccisvesoessd
:5’0 Disp * dSequential Sampling Design And ASSesSsSmENnt.....c.c... 4
{60. Disp * dTruncated Sequential Sampling or Any Convergen:

3‘10 Disp * Plan Rssessaent(i,e., OC Curve & ASN Curved...:.css.%
162! DISP ° SProgran Ternination,.ccee.

crssssseenssssssssssccnceh
1630 Disr - -
1648 DIsP

1658 DISP “ENTER THE SELECT CODE OF THE DJESIRED OPTION."

1660 Disp

1670 BEEP

1688 INPUT Sc

1690 IF Sc=6 THEN DISP

1700 IF $cw6 THEN DISP "Bye Dye!"

1710 IF Sc=6 THEN DIsP

. 1720 1F Scw6 THEN BEEP

1730 1IF Scwé THEN $TOP

1740 DISP

1758 Disp - LOADING SELECTED OPTION! -

1760 Dise

1770 IF Scel THEN LINK "Single:C12°,2000

1700 IF $c=2 THEN LINK "Doudle:C12*,2000

1798 IF $¢c=3 THEN LINK *mMulri:Cl2",2000

1808 IF Sc=4 THEN LINK "Seque:C12°,2000

1810 IF $c=3 THEN LINK “Spec:C12,2080

1820 IF (Sc=1) OR ($c=2) OR (8c=3) OR (Scewd) OR (SceS)> THEN 1960
1830 FOR le! TO 11

1049 DIls®




1650
1860
187¢
1860
1890
1980
1910
1920
1930
1948
1958
1968
1979

DIsp *
Dise
Dise *
Dlse
DIsP -
bDIsSP
DISP *
Disr

JEEP

INPUT Rs
GOTO 1510
GOSUS 2000
$TOP

A4
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APPENDIX B
SINGLE SAMPLING DESIGN AND ASSESSMENT SOURCE CODE
2008 REN eese SINGLE SAMPLE DESIGN AND/OR RISK ASSESSNENT seee
2010 DisP
2020 DIsP * .
303. DISP * > Single Sampling Plan Option Menu ¢
2.4! DisP ¢ Option Description $elect Code

EOS. DISP * )>0C Curves/Risk Assessment for a Specific Plan,.......1
E.G. DISP ¢ O>Plan Derivation for Given AQL, LTPD, ALPHA & BETA...2
Et?l DISP * >Plan Derivation for a Single Point of Contrel at

E.l. DISP * the Indifference Quality (Poisson Based)...ccovcceened
ED’. DISP * >Plan Derivation Using J.N. Cameron‘s Poisson

EIOO DIse * Approximation of the O0C Curve.c.oiarcccncosesecsensocd
Ell' DISP * DOPlan Der‘vatrion Via MIL-STD-103D Search for

3!2' DisSP * Specifi~_ AOL, LTPD, ALPHR, & BETA...covcevscrccssesd
3130 I8P * EXIT This Seguent of the Prograd..ceccccsccscsasccess®

2140 DIsP ° -
2150 DISP "ENTER THE SELECT CODE OF THE DESIRED OPTION.®
260 DisP

2170 . BEEP

2180 INPUT S¢

2190 1F $co6é THEN RETURN

2208 IF $ci>1 THEN 4898

2210 DisP

2220 DIsP ¢ ENTER THE SANPLE S$12E)°

2230 DisP

2248 3ERP

2238 INPUT Sample

2268 DISP

2278 DIsP * ENTER THE THE ACCEPTANCE NUMBER!'*
2280 Dlsr

2290 BERP

2300 INPUT Accept

2318 DisP

2320 DISP * DO_YOU WAVE A FINITE LOT $1ZE?°
2338 DISP

2340 3ECP

2350 INPUT Ress

2360 1IF Resse°NO" THEN DistS="BINOMIAL®

2370 IF Ress="NO" THEN 2SS0

2360 DISP

23%0 DiIsP * ENTER THE FINITE LOT SI12E °

2480 DisP

2410 3EEP

2420 INPUT Lsize

243" RattosSampleslsize

2440 IF Rattod=.] THEN DistS$s"HYPER"

2450 1IF Ratiod=,1 THEN 3798

2469 DisP

347. DISP *Since the ratio of sample size t0 lot size i3 less than ten percent,

24.’ !!SP *{t maybe acceptrable to use & Binosfal Approximation 10 the Hypergeom
etric,

2490 DISP "DO YOU NISH TO USE THIS APPROXIMATION?®
2300 DisP

2310 BEEP

2520 INPUT Ress

2830 IF Res="NO" THEN DistS="HYPER"

2340 IF Resn"YES® THEN DistSs"DINOMIAL®

2558 IF Dists="HYPER" THEN J?798

2566 S=Sampie

2870 P=.001

298¢ Ce=Accept

2590 FOR x=0 70 C

2600 GOSUB 2680

2610 IF Xs® THEN Pacpt=Prod

2620 IF X<>8 THEN PacpisPacpr+Prod

2630 NEXT X
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2640
2638
2668
2678
2680
26"
2700
arie
2728
2738
2748
TS
2768
2r?e
2780
279
2000
a1
2620

2020
2840
28358

IF Pacpi<.82 THEN 2018

Pope, o0y

3EEP

GOTO 259%¢

REM BINOMIAL SUBROUTINE

IF (8=X<8) OR (X<O) THEN Probnd

1IF (3-%X<®) OR (X<O) THEN RETURN

IF (§-Xe8) OR (X®w8) THEN ProbaP~Xe(1-P)~(§~X)
1F ($=-X=0) OR (X=@) THEN RETURN

Probe}

FOR lssg TO X

ProbeProbeP

NEXT 1s

FOR Is=f YO $-X

ProbeProbs((Xe+]s)/1s)e(1-P)

NEXT 13

RETURN

18P

DISP "The probability of Acceptance is “;Pacpt*i®8; "X at Percent Defective

DISP “equal to “;Pe100;"X."
Disp

BISP “uWhat range do you want 1o include on the OC Curve’s Percent Defectiv

e Axisg?®

2369

DISP *The entry must be stated as a percent{i.e,, fifty percent’s entry i

s 30)."

2070
2000
2090
2900
2910
2920
2930
$.*
2940
2958
2960
2970
2980
2990
3060
3010
3820
3020
3049
2030
3060
3070
J000
3099
3100
3110
3120
3130
3140
2138
3160
3170
3100
3190
3200
3210
3228
3230
3240
3250
3260
327e
2280
3298
3300
330
3330
3320

dise

nEP

INPUT Waxx

Naxxemaxxel

disp

DISP “ENTER THE DESIRED LABELING INTERVAL ON THE PERCENT DEFECTIVE AX1S."
DISP “The entry sust be stated as & percent(i.e., five percent’s entry is

Dise

JEEP

INPUT Xint

Incanaxx/100

FOR 1= TO 108
Pd(lislelne

PaPdc1r/zi08

Cofccept

SsSanple

FOR x=9 10 C

COSUS 2680

IF Xs@ THEN Paci,l)sPred
IF X<>8 THEN Paci,;1d=Prod+Paci,l)
NEXTY X

NEXY [

Lin=100

GOSUD <4640

pise

18
DISP "DO YOU NANT ANY SPECIFIC POINTS PRINTED?®
Dise

INPUT Res

IF ReSs"NO® THEN 2018

PRINT LINCEI(SPACIN); "Operating Characteristic <0C) Curve *
PRINT SPACID);"Single Sanpling Plan ¢t n @ ";"Saaple “;" & C & ";Accept
PRINT SPACI?);°(Binonial Distriburtion Probabilities)"iLINCY)
PRINT USING 3260

PRINT USING 3248

PRINT USING 3250

PRINT USING 3268

IMRGE 28X,"| Percent | Prodabiltisy |*

INAGE +,20%, " |Defective|of Acceptance|®

INAGE 20X, " .

INAGE *,28X, 2 [*,4D. 48, [*,8D.4F,°[*

disp

DISP “ENTER THE PERCENT DEFECTIVE.....*
1 2% 14

JEEP

INPYUT P

PapP/100

FOR %= T0 C

COsSUd 2680
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3360 IF X=0 THEN Pacps=Prod

3378  IF XCO0 THEM PacpisProbePacpt
3300 NEXT X

3390 PRINT USING 3270;Pe100,Pazpre100
3488 PRINT USING 3260

3410 DIsr

3420 DIsP ° DO YOU WANT AN“WORE? =
3430 DisP

3449  BEEP

3430 INPUT Res

460 IF ReSs"ND" THEN 20108

3478 GOTO 3280

3480 REN WYPERGEOMETRIC DISTRIZJTION
3490 IF X<O THEN Prop=®

3300 1F %<0 THEN RETURN

35180 1F XON THEN Props®

3320 IF X>M THEN RETURN

3538 Probe}

3548 P10k

3380 F(2ieN-K

3568 Fcdden

3570 F(ereN-n

IS FeSOex

3598 F(E)ex~X

3688 F(?)en=}

3618 FRIoN=K~-NeX

3620 F(9)eN

3630 FOR 1s=1 TO 9

3640 IF F(ls)C1 THEN F(ls)e)

3658 NEXT 1s

3660 ProbeProdaF(1)eF(20F (3003240 7(F(S)SF(EISFC(PISF(BIOF(9))
3670 FOR Is=1 TO 9

3600 F(ls)sF(lsd>~}

3690 IF F(ls)<1 THEN F(ls)=g

3700 NEXT Is

3710 Cikw®

37286 FOR Iss3 T0 9

3730 1IF F(ls)e1i THEW 27350

3740 Cks)

3730 NEXT 1s

3760 IF Cke® THEN RETURN

3770 GOTO 36ée

3780 RETURN

3796 MN=gasple

3000 K=

36180 Csfccept

3826 Ns=Lsize

FOR Xe§ 10 C

GOSUD 2480

IF Xe8 THEN Pacpi=Prod

IFP X<C20 THEN PacprePacpref-s

IF Pacpt>l THEN Pacpis}

NEXT X

DISP °*Ku"iKi" 1s Done! Pas’;Pacpt

IF Pazpt<. 82 THEN 2948

KaKel

SEEP

COTO 3828

DisP

DISP *The probadility of 8::gptance is “;Pacprel®0;"X for *iK;"Defectives®
DISP *in the let.*

pise

DISP ‘dhat range do you wac: to include on the OC Curve’s Defectives Per L
ot Axis?*

3998 DISP ‘The entry sust be staced as aa integer.
-

DisP

3EEP

INPUT RMaxx

Raxxuwfaxxe}

DisP

DISP “ENTER THE DESIRED LAIE_ING INTERVAL ON THE DEFECTIVES PER LOT AXIS.*
DISP °The entry sust De stated as aa integer,

DisP
dEEP
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4098
4100
4118
4120
4130
4148
4150
4360
4170
4108
4199
4200
4210
4220
4238
4248
42358
4260
4270
4206
4299
4300
4310
4320
4330
4340
4358
4360
4370
4380
43%8
4400
4410
4420
4438
4448
4430
4460
4470
4489
4499
4580
43510
4320
4330
4349
4530
43¢0
as?e
4580
4390
4600
4610
4620
4630
4649
4630
4660
<670

46%
4760
4719
4728
4720
4740
4730
4769
47?0
4700
479%
4800
4010
4820
4838
4048
4890

INPUT Xim

1IF Raxx>100 THEN Lin=108

IF Raxx<100 THEN Ltm=Maxx

FOR 1»] 1O Liam

[ LIS R L}

KepPd(l)>

Cafccept

NaLgize

SaSanple

FOR Xwp TO0 C

GOSUB 3480

IF Xe® TKEN Pacl,1)eProb

IF %<>8 THEN Pacl, 1)sProb+Pall,l>

IF Pac1, 1321 THEN Pacl,l)eg

NEXT X

DISP "Morked K = *iK

NEXT 1

GOSUD 4640

dise

:X:P *DO YOU WANT ANY SPECIFIC POINTS PRINTED?"
ise .

b 114

INPUT Res

IF ReSs"NO" THEN 2010

PRINT LINC4);SPACIS); “Operating Characteristic ¢(OCY> Curve *

PRINT SPACI2);*Single Sanpling Plan I n & “;Sample;” & C = "jAccept
PRINT SPAC14); " (Hypergeonetric Distribution Probabilities)®jLINCY)

PRINT USING 4429

PRINT USING 4480

PRINT USING <410

PRINT USING <420

IMAGE 20X,*[Defectives| Probadbility |*

INAGE +,28X,°] Per Lot |of Acceptance)®
L]

} 9
INAGE +, 20X, 5T, 3%, 4D, 3%, [, 80,45, "

DISP “ENTER THE NUMDER OF BEFECTIVES PER LOT....°
DisP

€4

INPUT K

FOR Xep T0 C

GOsUY 2408

IF Xs@ THEN Pacpt=Prod

IF X¢>9 THEN Pacpti=ProdbePacpr
1IF Pacpt>i THEN Pacpisl

NEXTY X

PRINT USING 4430;:K,Pacpteife®
PRINT USING <4428

Dise

DisP * DO YOU WANT ANYMORE? *

INPUT Res

IF ReS=s"NO" THEN 28:¢
GOTD 4ade

REM OC CURVE

PLOTTER I8 “907::
PLOTTER 7,3 18 OF
LOCRTE 10,168,18,10:
SCALE 0,Maxx,0,104
CSI12E 2

LAXES Xint,5,0,0,-1,1
MOVE 2eXint, 101

LABEL * Operat ing Characteristic Curve®

LABDEL “Sanple Size:";Sample; Acceprance Number:®;

IF Distse HYPER" THEN LABEL °* Hypergeonetric Probabilities”
IF DistS="BINOMIAL" THEN LABEL * Binonial Probabilivies®
PEN 2

MOVE 9,100

FOR I»] TO Lim

DRAR PdC1d,Paci,1de100

NEXT I

PEN . .

NOVE soXint,~ . FECTIVES
s 8" BINONIAL® TNEN LABEL PERCENT DE

§: :':t$-'NYP!l' THEN LABEL "DEFECTIVES PER LOT®

ROVE XNint~4,181




4060 LAMEL “Pa(x)*

4070 NOVE 120,120

4060 RETURN

4090 IF $c<>3 THEN S22¢

4900 REN Point of Control at Indifference Quality

49180 DIsP

4920 Disr ¢ ENTER THE INDIFFERENCE QUALITY....®
4930 DIsP ° ENTER THIS PERCENT DEFECTIVE AS A PERCENT, *
4940 DIsP

4956 BEEP

INPUT PSOp

P30psP30p/100

FOR C=0 TO SO

AanCCo+1)8(Ce, 67)/P30p

CkoINT(Asn(C+1))

IF Asn(])>>Ck THEN Asn(l)=Ckel

PacS,Ce1)sC

NEXT €

IMRGE 28X,"Single Sample Sampling Plans®

INAGE 20X, "For An Indifference Quatity of *,3D.2B, %"

INAGE 10X, " .

INAGE 10X, " |Sanple[Acceptance|Sanple|Acceptance Snnplojncetpt.nzcl'
INAGE 10X,"] Size Number S$ize Nuaber $ize Nusber .
INAGE «,18X%,"1",3¢ x.on.:x.'l 23X, 4D,3%,* |

PRINT LINCS)

PRINT USING 35040

PRINT USING 3638;PSepeide

PRINT USING J068

PRINT USING 3079

PRINT USING 3800

FOR i=1 TO &7

PRINT USING S890;Asn(I),PacS,2),AsniIe1?),PalS,1¢17),Asn(]+34),Pa(S, 134>
PRINT USING Seé0

NEXT 1

PRINT LINC2);SPACI0); "Any of these plans can be evaluated by exercising Op
tion 01%ILINCS)

3218 GOTO 2010

5220 IF Sc<>¢ THEN SeSe

$230 DIsP

S248 DISP ° DO YOU WAVE A QUALITY LEVEL AT WHICH YOU RISH A 99%, 9%%, 98%, 358X

S2580 DISP * SX OR 1X PRODABILITY OF ACCEPTANCE.

S260 DisP

S270 tEP

S2080 INPUT Rs

S290 IF Re="NO" THEN S780

DisP
S316 DISP = ENTER THE QUALITY LEVEL AND THE PRODABILITY OF ACCEPTANCE AT THAT
$320 DISP * QUALITY LEVEL. BOTH ENTRIES nUST BE STATED AS PERCENTS.
-

5336 DEEP

$340 INPUT Pert,Pofa

5358 PerteoPers/100

S368 PofavPofasitd

5370 1F Pofa=.99 THEN Colis2

83080 IF Pofas.93 THEN Colel

8390 IF Pofa=.9 THEN Colse
Pofa=.58 THEN Col=s$S

S440 PRINT LINCA)

S5430 INACE 2SX,"Single Saaple Sampling Plans”

3460 INAGE 20X,"J.M. Cameron’s Poisson Approximations®

5470 INAGE 17X, Where The Probability of Acceptance is",3D.2D, %"
S480 INAGE 19X, “Mhen The Percent Defecrive is *,3D.20,°%",”

5490 PRINT USING S¢S0
-

5510 INAGE * jPercent Defective Specifications For Which The
Poisson |*
35320 INRGE *

.
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830
4

3366
8378
S3se
3598
8600
3610
3620
5638
5640
5630
S660
5676
8680
5698
S708
8718
sr20
8738
3740
S738
ST
tion
3?78
3788
$79¢

INAGE *|Sanple|Acceptance Approximation Of the Probadbility of Acceptan
-

GE "] $ize | Number | 99x | 93 | oex | %ex | 1ex | $%

WAGE +,"]*,1%,4D,1X,"|*,4X,2D,4%,"|*,7¢4D.2D,°|*>
PRINT USING 3460

PRINT USING 3470;Pofacill
PRINT USING 3400;Perte188
PRINT USING $SS08

PRINT USING $310

PRINT USING 3338

PRINT USING $348

FOR 1=1 TO 1
FC2)slacil, 1)
Sanv»Jac(],Col)/Persy
CksiINT(San)

IF SandCk THEN SamsCkes
Fe3degan

F(2dsldne(l, 1)

FOR J=2 TO 8
F(Je1)m10883uc(l,l)7San
NEXY J

PRINT USING SSSO;FC1),F(2),F(3),FCa),FCS),FC(6),F(7),F(8),F(D)
PRINT USING S$528

NEXTY !

PRINT LINC2);$PACI0Y;“Any of these plans can be evaluated by exercising Op
G1°3LINCS) .

GOTD 2830
bisP
DISP © TO EXERCISE THIS OPTION, YOU NUST ENTER ONE OF THE OPTIONAL POINT

8 SPECIFIEDI"
80 DisP

3EEP

dise * TRY AGAINI
3EEP

CoTD 2018

IF 8c¢<>2 THEN 0810

dispP

FOR o3 T0 ¢
IF I1s1 THEN DISP * Enter the Acceptable Quality Level, STATED AS A PERC
-

IF 1=2 THEN DISP = Enter the Lot Tolerance Percent Defective,STATED AS

A PERCENT! °

3900
3910
3920

A PERCENT! °

5938

IF 1=3 THEN DISP * Enter vhe Producer’s Risk,STATED AS A PERCENTI *
IF 14 THEN DiSP Enter the Consumer’s Risk,STATED AS R PERCENT! *
IF 123 THEN D1igP Enter the Producer’s Risk Tolerance Vimit,STATED AS

1F 126 THEN DISP = [Enter the Consumer’s Risk Tolerance )iai:,STATED AS

A PERCENT! =

5948
3938
3960
3970
3980
3990
6000
6018
6028
€030
6040
€639
€060
6070
6080
€090
6109
6110
6128
6120
€149
6158
6169
6176
6180
€199
6200

DisP

JEEP

IF ls! THEN INPUT Aql
IF 1=2 THEN INPUT Ltpd
1F 123 THEN INPUT Alipha
IF 1sd4 THEN INPUT Bera
IF =S THEN INPUT Atol
IF 1=€ THEN INPUT DJrol
NEXT 1

Agliefql/ 100
Lipd=lipd/100
AlphasAiphasi08
Deta=lera/ 100

Jrol=Beol /100

fAvoi=Atol 7108

Printag

Baxn=1000008

28 2 4

Dise * DO YOU NAVE A MAXINUM SANPLE S12E7? .
DisP

1114

INPUT Res

IF Res="NO" THEN 6220

| 3514

Dige * ENTER THE MAXINMUN SAMPLE SI12€*
Dise

p 1114




62180 INPUT Maxn
6228 IMACE /,7,7,7,10%,"0prional Single Sampling Plans Which *
6230 IMAGE 10X, “Producer’s Risk & *,3D.2D,"+",3D.2D,"%",/, 10X, Consumer‘s Ris
6240 INAGE 10X," -
6239 INAGE 10X, |Samplie[fAcceptance ‘ onsuner‘s|*
6260 INMAGE 18X,* Rigi .
. .'x',xx.-|-2x.3n.zn.-x-.1x.-|-
6200 Diats=s"BINONIAL®
6290 PRINT USING €220
6308 PRINT USING 6230;R1phas100,At010100,3¢1a0108,B1010180,Rq1+108,L1pde100
€320 PRINT USING 6240
€330 PRINT USING 62350
6348 PRINT USING 6260
6368 C=0
6378 Samplesi
€300 EEP
6390 Pap=i/EXP(Sanplesfqgl)
6480 Ckel-Pap
6410 Ck2=Alpha~Atol
6438 IF Cu<Ck2 THEN 6460
6440 SamplesSanplec}
6450 GOTO €309
6470 IF Sanpled=i® THEN Lows=Sanple-10
6480 FOR SoLov TO Sample+1000
6498 Pefq)
€318 GOSUD 2688
6320 Priskei-Prod
6338 PaLipd
6339 GOsSus 2680
6360 CriskeProp
€378 IF CABSC(Prisk-Aipha)<sMtol) AND CABS(Crisk-Bevad<sdtol) THEN PRINT USING ¢
[ 11 IF CABSCPrisk=Alphad<eAtol) AND CABSCCrisk-Betad<edtol) THEN PrintePrintel
:3:. IF CABS(Prisk=RIphad<sAtol) AND CABS(Crisk-Beta)<sdtol) THEN PRINT USING ¢
6619 NEXT §
6620 FOR C=3 TO 350
6638 SampleeCey
6650 Papei/EXP(SanplecAql)
6660 CumsPap
6670 FOR Passe3 TO C
6690 CuwsCus*Pap
6708 IF Cusd>! THEN Cuaseil
6718 NEXT Pass
6738 Prisksi-Cun
67240 IF Priskd{=Ck2 THEN 6788
6750 Sample=Sanplee}
6?78 GOTO 6640
6280 IF SaspledMaxn THEN 7119
6790 IF Sample<2S THEN LowsCel
68180 FOR SslLov TO Sanplie+1000
6820 IF S>Maxn THEN 7840
€838 Papq)
6838 CGOsSud 2680
6868 1F Xe8 THEN PriskeProd
6870 IF X(>8 THEN PrisksProdePrisk
6990 NEXT X
6908 Priskeal-Prigk
6910 Palipd

k ® *,3D,2D,°2%,3D.2D,°Xx",/, 10K, “For AGLe",3D.2D,"X & LTPDs",3D.2D, "%,/
6276 IMAGE +,10X,°|",

6310 PRINT SPAC12);“(Binonial Probabilities)®
6338 RER eccses HOLDING ALPHR seses

6381 IF SampledMaxn THEN 6620

6420 IF Ck2(=8 THEN Ck2e.08S

6460 IF Sanple<10 THEN LowaCel

€300 Xe=0

6348 Xs=g

27::S.C.Prisk0100.CrcstOI..

6608 1IF Crisk<Deta~Btol+.084 THEN 6620

6648 IF SampledMaxn THEN 7110

6688 PapsPapeSanplerAql/Pass

6728 CksRlipha

6760 IF SampledMaxn THEN 73110

6800 IF Sample’25 THEN LowsSample-23

6848 FOR %s® TO C

6880 IF Prisk>L THEN Priske)

6920 FOR X=0 TO0 C
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6930
6949
6930
6968
6378
€990
6990

GOsUs 2680

1F X=® THEN CrisksProbd

IF %<>0 THEN CriskeProbeCrisk

1F Crisk)l THEN Criskal

NEXT X

p i1

IF CABS(Prisk=RIphad<(=Atol) AND (ABS(Crisk-Deval<=Btol) THEN PRINT USING €

27038,C,Priske108,Criske100

7088 IF (ABSCPrisk-Riphad<=Atol) AND (APS(Crisk-Betal<u3tol> THEN PRINT USING 6
249

7010 IF (RIS(Prisk-Alpha)(sRiol) AND (RBS(Lrisk-Betal)<=Btol) THEN PrintsPrinte!
020 IF Crisk<Deta-Btol+.004 THEN 7040

7038 NEXT 8

7048 DIgP

7050 Disr ° WHILE HOLDING ALPHA TO WITHIN ";Atol1#100;~1% OF THE SPECI
FICATION, .

7068 DISP °"DO YOU MANT TO EXAMINE PLANS WITH AN ACCEPTANCE NUMBER EQUAL TO*;Ce+1

7200
7299
7308
7318
7320
7336
7340
7330
7360
7370

Disr

/114

IRPUT Rs

IF R$="NO" THEN 7120
NEXT €

REM sssas HOLDING PETA essae
Ceg

sEer

Sanplesy
Pap=l/EXP(Sanplecslspd)
CkuPap

Ck2edesa~Rro)

IF Ck2¢s@ THEN Ckiw.08S
IF Ck<Ck2 THEN 7240
Sanplesganplee]

IF SampledNaxn THEN 7420
GOTO 7160

IF Sanple<1® THEN LowsCel
IF Sampled>=1® THEN LoveSanple=~19
1F SaapledMaxn THEN 7420
FOR Sslow TO Sample+il

1IF $>Maxn THEN 7428

GOsSUB 2600
CriskoProd
P=Aq!
A=p
GOSUD 2600
Priskasl=Prob
IF CABS(Prisk-Alpha)<(=Atol) AND CABSCCrisk-Betad<sBtol) THEN PRINT USING ¢

270:8,C,Priske180,Criskesse

7388
240
7390

IF CABSCPrisk-Alphal{aRtol) AND (RIS(Crisk-Betad<=P10)) THEN PRINT USING 6
IF (ABS(Prisk=RIiphad{sAtol) AND CABS(Crisk=Detal)<sBt01) THEN PrintsPrintel

7488 IF Prisk>AlphasAtole+. 004 THEN 7420

7410
7420
7430
7648
7450
7460
7470
7480
7490
7580
7519
7320
7538
7540
7850
7368
870
7380
7396
7600
7618
7620
7630
7640

NEXT 8

FOR C=1 TO SO

p 1314

SasplesCel

1F SampledMaxn THEN 7900

Paps1/EXP(Sanp)eslspd)
Cua=Pap

FOR Pass»! TO C
PapsPapeSanplesitpd/Pass
CuasCus+Pap

IF Cum>1l THEN Cumsj

NEXT Pass

Crisk=Cum

Ckslrisk

3IF Ck<Ck2 THEN 7359
SanplesSanplee]

IF SampliedNaxn THEN 7900
GOTO 7460

IF Sanple<2S THEN LowsCeél
IF Sampled25 THEN LowsSasple-23
FOR Salov TO Sample+1008
IF $>Naxn THEN 7839
PuLepd

FOR X=8 70 C




7630  GOSyl 2680

7660 IF Xe@ THEN CriskeProd

76780 IF X<)>8 THEN CriskeProbeCrisk

76880 1IF Crisk>l THEN Crigks}

7698 NEXT X

77600 PeAq)

7710 FOR xeg T0 C

7720  GOSUD 2600

7730 IF %o THEN PriskeProd

7748 1F X<>0 THEN PrisksProbePrisk

P?58 IF Prisk)]l THEN Priske}

7760  NEXT X

7770 Priskei-Prisk

TP88 IF (ABSCPrisk=-Alphad<sAtol) AND (ABS(Crisk-Betad<sBtol) TWEN PRINT USING ¢
27038,C,Priskei00,Criskel100

7790 IF C(RABSCPrisk-Aliphad<sAtol) AND (RBS(Crisk-Betal<sBiral) THEN PRINT USING ¢
240
7008 IF (AIS(Prisk~-Alphad<sAtol) AND C(ABS(Crisk-Betal)(=Btol) THEN PrintePrinte]
7810 IF PriskORlphasAtole. 084 THEN 7838

7020 NEXT 8

7038 DisP

7848 DISP * HMILE MOLDING BETA TO WITMIN “:Pro1e188;°X OF TNE SPECIF1
CATION .

70350 ilSP D0 YOU WANT TO EXAMINE PLANS WITH AN ACCEPTANCE NUMBER EQUAL TO0®;Cel
b 28 1 d

p 1114

INPUT Rs

IF RS="NO" THEN 79310

NEXT ¢

IF Printe@ THEN PRINT LINC2);"No plans wvere found that satisfied the state
d design tolerances.*;LINCS)

7920 IF Prinva THEN DISP

7930 IF Prini=® THEN DISP "YOU CAN LOOSEN THE TOLERANCES ON ALPWA & DETA AND TR
¥ AGAIN, IF YOU WANT TOI"

7949 1IF Prinvad THEN DISP

7958 BMEPF

7968 FOR 1=1 T0 S

7660 IF Xe@ THEN CrisksProd

7670 IF XC>8 THEN CrisksProdelrisk

7688 1F Crisk>3 THEN Crisksi

7698 MNEXT X

7708 Peiq)

?710 FOR X=0 TO C

7720 GOSUB 2680

7730 IF Xe@ THEN PrisksProb

7740 1F X<)8 THEN PriskaProbePrisk

T?50 IF Priskd1l THEN Prisks)}

7760 NEXT X

7770 Priske)-Prisk

7780  IF CABS(Prisk~Alpha)<=Ato1> AND CABS(Crisk-Betad<edtol) THEN PRINT USING ¢
270:;8,C,Priske100,Criskelos

7790 IF C(ABSCPrisk-Alpha)<=Atol) AND CABSCCrisk-Detad<sBtold TMEN PRINT USING €
240

70808 IF (ADS(Prisk-Alphal<sAtol) AND C(ABS(Crisk-Betad<sBtol) THEN PrintePrinte}
7810 IF Priskd>AlphacArole, 904 THEN 7838

7820 NEXT 8

7038 DisP

7:::0 Disp WHILE MOLDING BETA TO MITHIN “;Pt01¢188;°X OF THE SPECIFI

[~ Ny .

7850 DISP °D0 YOU MANT TO EXANINE PLANS HITK AN ACCEPTANCE NUNIER EQUAL T0®:Ce1
7860 DISP

7878 DEEP

7888 INPUT Rs

7098 IF R3e"NO" THEN 7918

7908 NEXT ¢

7916 IF Prints® THEN PRINT LINC2);"No plans were found that satisfied the state
d design tolerances. " LINCe)

7920 IF Print=@ THEN DiSP

7930 IF Prints@ THEN DISP "YOU CAN LOOSEN THE TOLERANCES ON ALPHA & BETA AND TR
Y AGAIN, IF YOU NANT TOI®

7940 IF Prinvss THEN DISP

7956 3KEP

7960 FOR is1 TO S

7978 HALIT 208-1020

7988 DEEP

7990 NEXT 1

0008 CGOTO 2018
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IF $c<>S THEN 2010

FOR 1=} 70 ¢

I1F Ie3 THEN DISP ° ENTER THE ACCEPTABLE QUALITY LEVEL .

IF 1=2 THEW DISP * ENTER THE LOT TOLERANCE PEXCENT DEFECTIVE *

IF 1=3 THEN DISP * ENTER THE PRODUCER’S RISK .

THEN DisP ° ENTER THE CONSUNER‘S R18K .

THEN DISP * ENTER THE PRODUCER‘S RISK TOLERANCE LiINWIT *

THEN DIgP = ENTER THE CONSUMER’S RISK TOLERAMCE LIMIT *
THE ENTRY BUST BDE STATED AS A PERCENT! .

THEN INPUT RqQ)
THEN INPUT Ltpd
THEN INPUT Ripha

IF 124 THEN INPUT Beta

1F 128 THEN INPUT Ato)

IF 1e6 THEN INPUT Pso)

NEXTY I

fAqisAgl /188

Lipdeslipd”100

b 2% 1

Raxsan=1000000

Disp * 18 THERE R CONSTRAINT ON THE MAXIMUM SAMPLE S$12€E7*
Digp

3EEP

INPUT Ress

1F Ressa"NO* THEN 8326

DISP * __Enter the maxisua Sample Size *
b2 14

ERP

INPUT NMaxsan

ISP

18P * 18 THERE A FINITE LOT $I12E? .
1 38 1 4

Er

INPUT Ress

IF RessS="NO" THEN Dists="BINOMIAL®

IF Ress="ND" THEN 8460

Bisp

1 24 LA ENTER THE NUMBER OF UNITS COMPRISING THE FINITE LOY SIZE

Dise

b 1id

INPUT Lsize

IF MaxsamdlLsize THEN Maxsassisize
Dissvse*NYPER®

Printed

FOR =i TO 13

FOR J=3 TO 1?7

1F $183¢(1)>>=8105s¢J> THEN 93%¢
I1F $18SsCJ)>axsan THEN 9360

IF DistSs"NYPER® THEN 8699
$28303s¢J)

Co8108cc])

P=fhq!l

FOR X=8 10 C

GOSUS 2680

IF X=® THEN Pa(l,1)oProd

IF %<8 THEN Paci,id=Pacl),1)+Prod
NEXT X

PeLypd

FOR %= TO €

GOsSUD 2688

IF Xe@ THEN Pal2,1)>%Preod

IF X<>0 THEN Pac2,1)wPac2,1)+Prod
NEXT X

Riskpu(i-Pac1,15)¢100
RigskenPac2,1)0100

COTO 0S8

NeLsize

neg1838¢J)

Co8108cl)

KefiglieLsize

IF KeINT(K) THEN 8828

DisP
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8730 DISP "The product of AGL and Lot Size is equal to ";K;". Tris is the n
vaber of *

0760 DISP “defectives er lot which must be an integer, so enter the nusber of d
efectives”

DISP “per lot that corresponds to AQL!®

DisP

JEEP

INPYUT K

GOTO 9730

FOR x=8 TO C

GOsSUd 2400

IF e THEN Pa(i,1)sProd

IF %<8 THEN Pacl,idefall, 3d+Prob

REN

NEXT X

Kaltpdelsize

IF K=INT(K) THEN 8980

disP

DISP "The product of LTPD and Lot Size s equal 10 *;K;". This s the
nuaber of *

0920 DISP “defectives er lot which must be an integer, so enter the nuaber of d
efectives®

8930 DISP “"per 1ot that corresponds to LTPD!®

disP

BEEP

INPUT X

GOTO 689%8

FOR x=8 TO C

GOSUB 3480

IF Xs@ THEN Pal2,1)eProbd

IF X<)>0 THEN Pac2,1)ePac2,1)+Prod

REN

NEXT X

GOTO 8660

INAGE SX,°Optional Single Saspling Plans Via MIL-$TD-103D°

) (414

INAGE X, ° -

INAGE oX,*JSaspie[Acceptance|[Producer’s|Consuner’s|[*

INAGE +,0%,*] Size | Numder | Risk | Risk  |*

INAGE 18X,°For AOL = *,3D.2D,"X & LTPD = *,3D,2D,"%"

INAGE 68X, “That meet Producer’s Risk =¢,3D,2D,°+°,3D.2D, "%

INAGE OX,"And meet Consumer’s Risk =*,3D.2D,"¢*,3D.2D, °%*

IF CABSC(Riskp-Alphad<eAtol) AND (ABS(Riskc-Betad<=dtol)> THEN 9139

COTO 9350

IF Print<>0 THEN 9320

PRINT LINC&)

PRINT USING 90350

PRINT USING 9108;Aq1e180,L1Lpge100

PRINT USING 9118} A1pha,Atol

9200 PRINT USING 9120;Beta,drol

9210 IF DistSe"BINOMIAL" THEN 92358

9220 PRINT SPAC24);°Lot Size = “jLsize

9230 PRINT SPACIS); "sHypergeomerric Probadilitiese"

9248 GOTO 9260

9258 PRINT SPAC10);"esssBincaial Probabilitiessses”

9268 1IF Maxsand<iO00008 THEK PRINT SPA(D); "Maximum Sample Size Constraint:®;Maxs
an

9270 PrinteS

9280 PRINT USING 9670
9290 PRINT USING 9
9388 PRINT USING 9090

9318 PRINT ULING %078

9328 INMAGE +,8X,"|",5D," |®2x,6D,2%,*|",6D.2D,"X]",6D.2D,"%|"
9338 PRINT USING 9320;810S55(J),8105c (1), Riskp,Riske

9340 PRINT USING %070

92330 MNEXT J

9360 NEXT 1

9370 IF Print<>® THEN PRINT LINC1);"R complete OC Curve for any of these plans

i%% !* g%t.ingg Dy exercising®;LINCI);"Option 3 .
9 rinta® THEN PRINT LINCE);"Ne Plans, simultaneousiy seeting the design

tolerances on Producer’s and®
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9408 IF Print=@ THEN PRINT *re~running this option will increase your chances o
f obtaining optional plans.*®
9410 GOTO 2018
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APPENDIX C
DOUBLE SAMPLING DESIGN AND ASSESSMENT SOURCE CODE

2000 REM sess DOUBLE SAMPLE DESICN AND/OR RISK ASSESSMENT ssse
2018 DISP ° -
2020 DISP - > Double Sampiling Plan Option Menu ¢

-

2038 ISP ° Option Description Select Code

2040 DISP ° )Doudle Sample Operating Characteristic

»

205¢ DIsP * Curve Construction And Risk Assessment.c..ceccencesal
.

2060 DISP * >Double Sampling Plan Derivarion, Via Poisson

L]

2070 DISP * Approximation of ALPHA = SX AND Beta = 18x for

L

2080 DISP * Given Specificartions of ROL & LTPD.cccccrvcnnnsvances?
2090 DISP * )HDouble Sampling Plan Derivation froa MIL~-STD-103D

-

2100 DISP ° Acceprance/Rejection Nuaders and all Stated Sasple

-

2118 DIsP * $izes. This option provides a Binomial or HWyper~-

L]

2120 DpIsP geomerric Assessment of Alpha and Dera for Stated

-

2130 DIsP ° AOL & LTPD values. The assessaents are limited to

L]

2140 DISP ° the feasible combinations of sample size and accept

-

2158 DISP * reject numbers specified in MIL-STD=183D..cccvvcscaecd
-

2160 DISP * DEXIT this Selected Option.c.sccssrssccessesssscosseet
-

2170 DISP - -
2180 DISP “ENTER THE SELECT CODE OF TWME DESIRED OPTION.*

2190 DIsP

22080 BEEP

Q218 INPUT S¢

2220 1IF Sce4 THEN RETURN

2238 IF $c<>1 THEN 7148

2240 FOR 1ot TO 6
2258 1F 1w3 THEN DISP * Enter the First Sample’s Size...."

2260 IF 1e2 THEN DISP " Enter the Second Sample’s Size...."

2270 1IF 1=3 THEN DISP " Enter the First Sample’s Acceptance Nusber....®
2288 1IF Jed THEN DISP ° Enter the Second Sample’s Acceptance Number...."
2290 IF =S THEN DISP * Enter the First Sanple’s Rejection Nuaber...."
2380 1IF 1s6 THEN DISP * Enter the Second Sample’s Rejection Number....®
2310 DIsP

2320 3EEP

2330 1IF lej THEN INPUT Dssi

2348 IF 1u2 THEN INPUT Dss2

2330 IF le3 TNEN INPUT Dapl

2360 IF I=4 THEN INPUT Dap2

2370 IF a3 THEN INPUT Dre!

2300 IF I=6¢ THEN INPUT Dre2

23986 NEXT 1

. 2400 SamplesDssieDss2

2410 DISP ° YOU HAVE A FINITE LOT 2"
2420 .DIsP

2430 DEEP

2448  INPUT Ress

. 2430 IF Ress="NO" THEN Distses"BINOMIAL®

2460 IF ResSe"NO™ THEN 2620

2470 DiSP °* ENTER THE FINITE LOT $12E *

2400 DisP

2498 IEEP

588 INPUY Lsize

2818 RatiosSanplesiLsize

2320 1IF Ratiods,1 THEN Distss"NYPER"

2330 IF Ratiode.1 THEN 4820

2!40. DISP "Since the ratio of tota) possible sample size to ot size is less-th
an 10x,°

2530 DISP "1t saybe acceptadle o use & Binoaial Approximation 10 the Hypergeoa
etric,*

2WEO DISP “DO YOU WISH TO USE THIS APPROXIMATION?®

2370 Disp

2Tee  IEEP




2598
2600
2610
2620
2630
2648
2630
2668
2678
2680
2698
2760
2710
2720
27230
2740
2730
2760
2770
2790
7%

2038
2060
2078
2890
2090
2900
29160
2920
2930
2948
2930
2960
2970

2990
3809
3010

INPUT Ress

IF ReS=*NO" THEN Distsa"HYPER"
IF Res="YES*® THEN Dists="BINOMIAL®
IF Distss NYPER® THEN 4020

IF Dists="RINOMIAL® THEN 3300
RE.: BINOMIAL SUBROUTINE

IF ($=X<8) OR ¢X<®) THEN Probsg
IF ($=X<0) OR (X<8) THEN RETURN
IF (S~X=8) OR (X=@) THEN ProbepaXa(i-P)~(§=-X)
IF (S-X=8)> OR (X=@) THEN RETURN
Probsy

FOR Iss3 TO X

ProdbeProbsp

NEXT 13

FOR ls=i 70 §-X
ProbsProbs((X+1s)/1s)¢(1-P)
NEXT 1s

RETURN

REN HYPERGEOMETRIC DISTRIBUTION
IF X<O THEN Probs®

IF X<® THEN RETURN

IF XOK THEN Prob=8

IF X>K THEN RETURN

IF XM THENR Probee

IF XO>N THEN RETURN

Probs)

Fciyek

FCraR-K

FC3ren

FC4)aNy

F(S)mX

FlgreKkx

FePron-x

F(B)aN-K=-MeX

FC9deN

FOR lssi T0 9

IF FC18)¢3 THEN F(ls)m}

NEXT 1s
Prob-ProbOl(l>-F<2)0F<3>0F<4)l(F(S)oF(‘)cF(?)oF(l)c'(!))
FOR loxg T0 9

FllsdaF(ls)-y

IF FC1a)<1 THEN F(ls)eg

NEXT Is

Ckag

FOR Isey T0 9

IF FClsdel THEW 3860

Ckeg

NEXT 1

IF Cka® THEN RETURN

GOT0 2978

RETURN

REN BINOMIML EVALUATION

Pe,. 81

$eDdsst

Celapl

FOR X8 70 C

COSUD 2640

IF X=§ THEM Pacy,i)sProb
IF X<C>0 THEN Pa(l.l)-rrohorc(l.l)
NEXY X

Cont (1)@

FOR XaCes TO Drej-y
Concidnx

GOSUB 2640

ConpiXdeProp
c.n\<l>-c.nt(l)060n'(x)
NEXT X
Ren(1dndssieCont(1)eDss2
8=Dss2

Pac2,1>e9

FOR 1aCel TO Drez-3

FOR Xe® YO Dre2-1-Conc})
COSUB 2640
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Pac2,15=Pac2,1)+ConplldeProd

NEXT X

NEXT

Pac3, 1)=Pall, 1)¢Pac2, 1)
Pr(l,33u1-Pa(l,1)-Cont (1)

Pr(2,1)s1-Pac3,1)

IF Pacd,15<.02 THEN 3448

IF (Pac€3,15<.9) AND (Pa(3,122=,25) THEN Pspe, 01
IF Pa(3,157=,9 THEN PP+, @S

IF Pacd,1)¢.25 THEN PaP+, 81

Dise p

GOTO 3120

DISP “The probadility of acceptance i3°;Pac3,17¢100;°% at percent defectiv

DISP “equal t0";Pe180;"X."

ISP * WHAT RANGE DO YOU WANT TO INCLUDE ON THE OC CURVE’S PERCENT DEFE
AX1S? *

DISP * The entry aust be stated as a percent(i.e., fifty percent is SO
-

INPUT Maxx

MaxxsNaxxel

DISP “ENTER THE DESIRED LABELING INTERVAL ON THE PERCENT DEFECTIVE AXIS.*
pise * The entry must be stated as a percent(i.e., one percent is 1),

pise

3EEP

INPUT Xint

IncsMaxxs100

FOR l=1 TO 380

Pd(1)elelnc

Disp

DISP PUCI)

Pepd(l>/100

$=Dss1

CeBap!

FOR Xeg TO0 C

GOSUB 2640

IF X=@ THEN Paci,1dsProd

IF X¢>8 THEN Pac), 1>sPropePact,l)
NEXT X

Cont(l)ed

FOR XwCel TO Drel-}

ConcX)>eX

GOSUD 2640

Conp(X)=Prob

ContCIdeCont CI)+Conp(X)

NEXT X
fAsn(ldeDdssieCont(170Ds82
$eDss2

Pal2,1)=8

FOR J=C+3 TO Dre2-§

FOR X=® TO Dre2-1~Con(J)
GOSUB 2640

Pac2,15aPac2, 1)+Conp(l)eProb
NEXT X

NEXT J

Pac3, 1duPaly, I ePal2, 1)
Prel,1dei-Pac,1d=Cont ()
Prc2,1)a1-Pac3, 1>

NEXT I

Lins190

GOSUB <310

:::: "DO YOU WANT ANY SPECIFIC POINTS PRINTED?®
SEEP

INPUT Res

IF Re$="NO* THEN 2010

PRINT LINC4);SPRC18);"Risk Evaluation For the Double Sampling Plan®
PRINT SPAC18);*First Samplel! n » ";Dssi;® Accept on “;Dapi;*®, Reject on *

PRINT SPAC10); "Second Sample: n = ";Dss2;® Accept on °;Dap2;”, Reject on *
PRINT SPACLI7);"(Dinomial Distribution Probabfilities)*;LINCE)

PRINT USING 4060
PRINT USING 4870
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4830 PRINT USING <080
4048 PRINT USING «0%¢
4938 PRINT USING <100
4060 INACE *

478 IARCE * 1 Firgt Sampie Risks 1 ~_Plan Risks
Average|*
4 IMAGE ] Percent |Acceptance |Continue | Rejection {Acceprance | Rejectt

on |Sasple |°

4890 INAGE +,"|Defective|Probadiiity|Probability|Probability|Probability|Probad
(|1tyluu-bor .

4108 INAGE °

4110 'iﬁE‘t"‘o *|*,4D.4p,"}*,5¢6D. 4D, "} ">, 4D.20,°|"
4120 DISP “ENTER THE PERCENT DEFECTIVE.....®
4130 DIsP

4149 BEEP

4180 INPUT P

4160 PeP/i0d

4170 $=Dss)

4180 Cedap)

41990 FOR X TD C

4200 CGOSUB 2640

4216 IF Xe@ THEN Pacl,1)aProbd

4220 IF X<>8 THEN Paci,1)sProbePacl, )
42290 NEXT X

4248 Cont(31)ds0

4258 FOR XaCel TO Drei-i

4260 Concx)ex

4276 GOSUB 2648

4280 Conp(X)>»Prod

4290 Cont(ldsCont(1l+Conp(X)

4300 NEXT X

4310 Asncl)adssieContC1deDss2

4320 S$sDsa2

4338 Pac2,1>a8

4340 FOR JsCel T0 Dre2-3

4330 FOR Xs® TO Dre2-i1-Con¢d)

43¢8  COSUN 2649

4370 Pal2,1)0Pal2,13+Conpll)esProd

4380 NEXT X

4390 NEXT J

4400 Pac3,1)sPacl,1)+Pal2,1)

4410 Pr(y,1)e1-Pacl,1)=Cont(})

4420 Prc2,1)m1-Pal3, 1)

4436 PRINT USING 4310:P0100,Pac1,1)#108,Cont(1)0180,Pr(1,154100,Pal3,15¢188,Pr(
2,1)0108,Aan<))

4440 PRINT USING 43100

4430 DISP * DO YOU WANT ANYHORE? °
4460 DisP

4470 DdEEP

4408 INPUT Res

4496 IF Rese"NO" THEN 20108

4300 GOTO 4129

4318 REM OC CURVE

4328 PLOTTER 18 "9872A°

4330 PLOTTER 7,3 18 ON

43548 LOCATE 10,100,16,1600

43538 SCALE 8,Maxx,8,104

4360 CS12k 2

4578 LAXES Xint,S5,8,8,-1,1

4580 NOVE SeXint, 101

4390 LABEL * Operating Charactorisxic Curve®
4608 LABEL °*Firsy Saspie: ns";Dsai;": Ci=";Dapl;” Ris";Dre}
4610 LABEL “Second Sample: ne“;Dss2;°: C2=";Dap2;” R2=*;Dre2
4620 LANEL °* Binonial Probabitities®
4638 NOVE 8,100

4640 FOR Passs)l T0 2

4658 nOVE 9,100

4€60 IF Passei THEN PEN 2

4676 1IF Passe2 TNEN PEN 3

4688 IF Pass=i THMEN Qe}

4698 IF Pass=2 THEN Qs)

4708 FOR 1=3 10 Lim

4710 DRAN PdC1),Pach,1)¢100

4720 NEXT 1




NEXT Pass

PEN 1

HOVE Sexint,-S

LABEL "PERCENT DEFECTIVE-
MOVE Xintv/4, 101

LABEL “Pacx)e

ROVE 120,120

GOsSUs 6790

RETURN

REM WYPERGEOMETRIC EVALUATION
Ke=Dap2

NoLgize

HeDag)

Dadek

CeBapl

FOR x=0 70 ¢

Gosus 2?70

IF X=® THEN Paci,1)sprop
IF X<>8 THEN Paci, DeProperacy, )
NEXT X

Cont (1)

FOR XeCey TO Drei-i
Concitrex

GOsSuUs 277¢

Conp(X)aprgh
COnt(l)‘COﬂl(l)’COﬂp(X)
HEXT X

AsnCldelssieCont(1)0Dss2
NeDas2

NeLsize~Dssl

Pac, )= )

FOR I=Cel TO DPrez-1
KsBad-]

FOR X=0 TO Dre2-1-Con(})
Gosud 2779

Pac2, 1)oPac2,1>+Conpl1)eProd
NEXT X

NEXT 1

K=3ad

Pacd, 1)sPact, 1)4Pac2,)
Prcl,1)81-Pacs,1)=-Cont (1)
Pre2,1)01-Pac3, 1)

S138 DISP “For “;K;"™ defectives per lov, the Pa for the plan is*;Pac3, 1)
S168 DiIse

S176  IF Pac3,13¢.82 THEN 3218

S188 IF Pac3,1)>e,1 THEN KeKeS

S190 IF Pal3,15¢.1 THEN Kageg

S200 COTO <830

5218 DisP

S220 DISP “The probadility of acceptance 18°3PaC3,152100;°% at";K;* defectives
per Lot,*

5238 DISP

S240 DISP " NNAT RANGE DO YOU WANT TO INCLUDE ON THE OC CURVE’S DEFECTIVES PER
LOT AXISY *

S230 DISP °  The entry must de stated as an integer, .

8268 DIse

s270 er

8200 INPUT Maxx

8290 MaxxsMaxxei

3380 BpIsP

5310 DISP "ENTER THE DESIRED LABELING INTERVAL ON THE DEFECTIVES PER LOT Ax,§.~
S320 DIsP °* The entry must be stated &s an integer. .

S330 DISP

5340 BEEP

S350 INPUT Xint

S368  IF NMaxx<=108 THEN LimsMaxx

5378 IF Maxx)>100 THEN Liasjgs

S388 IF Maxx<s108 THEN lncsel

5390 IF (Maxx<=200) AND (Maxx>108) THEN Incs2

S480  IF CMaxx<®400) AND C(Maxx>208) THEN Incee

5418 1F CHaxx(=S08) AND C(Maxx>408) THEN InceS

5620 IF (MaxxC(=608) AND (Maxx>S0®) THEN Ince=é

S430 IF (Maxx<=1800) AND (Maxx)>600) THEN Inceie

3440 FOR I=i TO Lim

8430 PaCl)eDap2eci-1delne

3468 DISP
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5478 DISP Pda(D)

5480 KePd(l)

3498 Badsx

SS00 NsLsixe

$S18 MNadss)

8520 Cedapi

3330 FOR X=@ 10 C

3540 GOSUD 2770

SSS0 IF Xe@ THEN Paci,l)=Prob

3360 IF X<>8 THEMN Pacy, 1)sProbsPacy, D

3570 MEXT X

S380 Cont(l)rep

SS90 FOR XsCel T0 Drei-i

8680 Con(X)ax

3618 GOsup 2778

5620 Conp(X)aProb

S638 Cont(ldsCont(ldeConp(X)

S648 NEXT X

S630 AsnCl)sdssieCont(1)eDss2

5668 MoDss2

8676 NsLsigze-Dss!

3680 Pac2,1)=0

5698 FOR JuCei TO Dre2-i

5700 Ks=dag~-J

S710 FOR X=® T0 Dre2-1-Con(J)

5720 GOSUD 277¢

5738 Pac2,1)sPac2, 1d)+Conp(JIdeProb

5748 NEXT X

S758 NEXT J

S768  Pacd, depacl,1)ePac2,1)

S770  Pr(l,1de3=Pall, I)~Cont(])

S788 Pr(2,15s3-Pa(s, )

5790 BEEP

S888 DISP °Ke®;Pd(I);® Palist)s®;paci,I);" PalPland=";Pac3, 1)
5818 NEXT

S8206 GOSUB 6460

S838 DISP °DO YOU HANT ANY SPECIFIC POINTS PRINTED?"
5049 DISP

5850 DEEP

S860 INPUT Res

8678 IF Resa®NO" THEN 2010

S888 PRINT LINC4I;SPACIS);"Risk Evaluation For the Double Sampling Plan®
S890 PRINT SPACI0);°First Sample: n = “iDssli® Accept on ";Dapl;®, Reject on *
;Dret

5988 PRINT SPAC18);"Second Sample: n = “iD3s2;" Accept on ";Dap2;°*, Rejecr on *
iDre23LINCIIISPAC2S) Lot Size » *jLsize

5918 PRINT SPAC1IT); "(Hypergeometric Distribution Prodbabilities)* LINCL)
5920 PRINT USING 597¢

5938 PRINT USING 3908

5948 PRINT USING 399%¢

S950 PRINT USING 6000

5960 PRINT USING 6o1¢

S970 INMAGE °

5930 INRGE * l Firs: Sample Risks 1 Plan Risks
Average |®
5990 IMAGE °|Defective|Acceptance [Continue | Rejection |Acceptance | Rejectd

on |[Sample |*
6008 INAGE +,°| Per Lot |Probcbll1ty|Prob¢btl|ty|Probnbi1‘ty|Probu§ﬂ!|ty|Probu§
11ity |Nuaber "
6010 INAGE *
L]
e WAGE +,=|*,2%,3D,2X,"|*,5¢6D.4D,~|">,4D.2D,"|"
6030 DISP "ENTER THE NUMBER OF DEFECTIVES PER LOT...."
6040 DISP
6050 BEEP
6068 INPUT K
6070 Mn=Dssy
6008 NeLsize
6090 Csdapy
€100 Jad=x
6110 FOR %e9 70 ©
€120 COSUD 2770
6138 1IF Xa@ THEN Pacl,1)sProd
6148 IF X<O>80 THEN Patl,$dePropePall,l)
6130 NEXT X
6168 Cont(1)ep




6178
6180
€196
6208
6210
6220
6238
6240
6239
6269
6278
6200
6290
6388
6318
6320
6338
6340
6338
6368
[+ 14 ]
6300

FOR X=Ce§ TO Drel-t
Con(iyex

casus 277e

Conp(X)sProp
Cont(1)eCont(1)*Conp(X)
NEXT X
AsnC1)dsDssi+Cont(1)eDss2
NelLsize -Dssi

NsDas2

Pal2,1>e8

FOR JsCei TO Dre

Ksbag-J

FOR X=@ TO Dre2-1-Con(d)
GOSUB 2778

Pal2, 1)=Pac2,1)+Conp(JieProbd
NEXT X

NEXT J

KsDad

Pacd, 1dePacl,1)+Pac2, 1)
Prll,1)e1-Pall,1)=-Cont()
Pr(2,1)m1-pa(3, 1)

PRINT USING 6020;K,Pac1,1>¢180,Cont(1)>¢108,Pr<1,1)¢180,Pac3,15¢100,Pr(2,1)

+108,AsnCl)
6390

6400
6410
6420
6430
6440
€430
6460
6470
6490
6498
6308
6310
6320
6338
‘6348
6350
€560
€370
6508
€398
6600
6610
6620
6620
6643
6630
6660
8670
6600
6690
6?08
6710
728
6730
€740
6730
€768
6770
€708
6?%
6800
6010
6820
6830
6040
6830
6860
6978
6080
6890
6900
6918
6920

PRINT USING 6010

ISP * D0 YOU WANT ANYMORE? -
Dise

SEEP

INPUT Res

IF Re$S="NC" THEN 2010

GOTO 6820

REN OC CURVE

PLOTTER 18 "9872A°"

PLOTTER 7,3 I8 ON

LOCATE 10,100,16,100

SCALE 98, Maxx, 0,104

C812E 2

LAXES Xint,5,0,0,-1,1

MOVE SeXint, 103

LAJEL * Operating Characteristic Curve®
LABEL “Firss Sample: na";Dssi;": Cie®;Dapi;" Ris";Dre}
LABEL “"Second Sample: ne";Dss2;": C29°:Dap2;* R2=";Dre2
LABEL * Lot Size = *jLsize
LABEL * Hypergeometric Probadilities®
novet 8,100

FOR Pass=! TO 2

nOVE 0,100

IF Passel THEN PEN 2

I1F Pass=2 THEN PEN 3

1F Passs] THEN Qsi

IF Passel THEN Gs=3

FOR 1=5 TO Lim

DRAM PdC1),PalQ,1)e100

NEXT I

NEXT Pass

PEN 8

MOVE SeXing,~S

LABEL °*DEFECTIVES PER LOT"

MOVE Xintse,101

LABEL °*Pa(x)*

HOVE 120,128

GOSUB €798

REN

RETURN

pisP

DIsSP * RELOAD THE PLOTTER. WHEN DONE, ENTER GO!
DisP

pi{id

INPUT RS

PLOTTER 18 °9872A°

PLOTTER 7,5 I8 ON

Bige-10

FOR =3 TO Lim

IF AsnCl)>B1Q THEN DigeAsnc(l)

NEXT 1

Maxys INT(Dig)*d

LOCATE 10,100,10,100

SCALE O, Maxx, 8, Raxy+d

L
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6330 C8128 2

6948 YinteINT(Maxy/2®)

6930 IF Yint<l THEN Yiniel

6960 LAXES Xint,Yint,8,0,-1,1

€970 NOVE Sexint,Raxy

€960 LAMEL * Average Sasple Numder Curve®

6998 LABEL °First Sasple: n=";Dssi;": Cis"iDapi;® Ris*;Dre}
7000 LABEL °Second Sample: ne®;Dss2;": C2=“;Dap2;® R2=*;Pre2

7010 1IF Distrss"NYPER" YHEN LADEL * Lot Size = *jLsize
7020 1IF Dists="HYPER® THEN LADEL ° Hypergeosetric Probadilities®
7838 IF DistSCO°HYPER® THEN LAJEL ° dinomial Probabilities®

7048 MOVE Xint/3,Maxy
7030 LABEL °ASN®
7068 NOVE deXint,Yine
? IF Disto="DINONIAL® THEN LABEL “PERCENT DEFECTIVE"
IF Dist8<>"BINOMIAL" THEN LABEL "DEFECTIVES PER LOT®
7090 NMOVE 6,Dss!
7160 FOR Ie] TO Lim
7110 DRAM Pd(1),AsncD)
T120 NEXT
7130 RETURN
7140 IF $c<>2 THEN 76358
7158 DISP °The Double Sampling plans addressed herein are of tvo types. The fir
st type®
7160 DISP "specifies that the second sample’s size is tuice that of the first v
hile the *
7176 DISP “second type specifies that both senples are of equal size.”
7180 DIiSP
Tise DisP ° 1F YOU WANT OPTIONAL PLANS IN WHICH n2 s 2(nl1), ENTER A 2,

7200 QISP ° IF YOU MANT OPTIONAL PLANS IN WHICH n2 = nl, ENTER A 2, -

7210 DISP

7220 3EEP

7230 INPUT Sel

72490 FOR lv1 70 2

:g:‘ 1F Is1 THEN DISP * ENTER TME ACCEPTABDLE QUALITY LEVEL, STATED IN PERCENT
"n. ®

7260 1IF §s2 THEN DISP * ENTER THE LOT TOLERANCE PERCENT DEFECTIVE, STATED IN P

ERCENT FORN, *

7299 DISP

7300 BEEP

7318 IF =1 THEN INPUT Aq)

7326 IF =2 THEN INPUT Lipd

7350 NEXT I

7368 Aqlesfql/160

7370 Lipdsiipd/108

7380 AtphasAiphasill®

7390 Detavdera‘ite

7400 IF Sels} THEN Lims3$

74310 IF Sele2 THEN Limsl?

7420 FOR J=} 10 Lim

7430 DssisINT(Ccea(Se!,J,S)/AqQ)1 )1

7440 Prci,ld>sdssl

7450 IF Sele) THEN Pr(2,J)s24Dss!

7460 1F Se)s2 THEN Pr(2,J)=Dssl

74?9 Paci,ddeAq)

7408 Pal2,J))eCceacSel, J,63/D8s)

7499 Pac3,d)sCcealSel,J,7)>/Dssl

7568 Pac4a,))sCcealSe), ], 8)0Dss1

TS10 Dssi=INT(CcealSel,J,?)/Lipddel

7320 Pr(d,J)sdhssl

7S30 1IF Selei THEN Prcs,Jd=2e¢Dssi

7340 IF Se1n2 THEN Pr(4,J)sdss!

7330 PacS,l)eCcealSel,J,93/Dss!

7360 Pacé,I)=CcealBel,J,62/Dss1

7570 Pac?,l)siLipd

7580 Pacs,J)sCcealSel, ), 076Dl

7398 NEXT J

7600 INAGE °
.

7610 IMMGE * ]Saspitng Plan Specificarion]| Percent Defective at |Aver

agel”




7628
‘e |*
7630
er |*
7648
% |
7630
-

Teen
7676
7600
v698
7700
7718
7720
730
7240
7%
7768
+108,

IMAGE °| Plan |Sample Size |Rcceptance OnlWnich the P(Acceptance)|Samp
INAGE “]Option|First |Second|First |Second|is Mpproxisately Equal |[Numd

INAGE +," |Number|Sanple{Sanple|Sanple|Sanple| 93%x | 350X | 18% |[Paw9S
INAGE *

IMAGE +,"|",1X,4D," |*,4¢6D,"|*>,3¢2D.4B,*|*>,4D.2D,"|"
PRINT USING 7608
PRINT USING 7618
PRINT USING 7620
PRINT USING 7630
PRINT USING 7646
PRINT USING 76S¢
Count«g
FOR Js§ TO Lim
Count=Count ¢}
PRINT USING ?7660;Count ,Pr(1,J)>,Pr(2,J)>,Ccealdel,Jt,3),CcealSel, J,4),Pac1,))
Pac2,370100,Pa(3,350100,Pac4, )

7770 PRINT USING 76350

7788 Counielount e+l

7790 PRINT USING 7669;Count ,Pr(3,J),Pr(4,J),CcealDel,J,3),CcealsSe),J, ), Pacs,))

*100,Pac6,J)0100,Pac?,J)4100,Pac8,J)

7800 PRINT USING 76350

7618 NEXT J

7020 PRINT LINC2);"Exact risk assessments are availaple for any selected plan b

goao PRINT LINC2);"exercising selection number 1 of the Double Sampling Menu.";

LINCD)

7040 GOTO 20160

7050 IF $¢c<>3 THEN 2010

7060 FOR le1 TO 6

7070 DISP

7009 IF lsl THEN DISP * ENTER THE ACCEPTADLE QUALITY LEVEL, STATED AS A PERCEN
T. *

7890 IF 1a2 THEN DISP " ENTER THE LOT TOLERANCE PERCENT DEFECTIVE, STATED AS A
PERCENT. *

7900 1IF 13 THEN DISP * ENTER THE PRODUCER’S RISK, STATED AS A PERCENT. °

7910 IF I=q¢ THEN DISP * ENTER THE CONSUMER‘S RISK, STATED AS A PERCENT, *

7920 1F 1e5 TMEN DISP ° ENTER THE DESIGN TOLERANCE ON PRODUCER’S RISK, STATED

AS A PERCENY. °

7930 1F le=¢ THEN DISP * ENTER THE DESIGN TOLERANCE ON CONSUMER’S RISK, STATED

AS A PERCENT, °*

7948 DISP

7950 DMEEP

7960 1IF Is] THEN INPUT Aq)

7978 IF 1=2 THEN INPUT Lipd

7980 IF 1e3 THEN INPUT Alpha

IF l1e4 THEN INPUT Betra
IF 1=3 THEN INPUT Ai0)
1F 1s6 THEN INPUT Dol
NEXT I
AQl=fql- 100
Lipdeiipd/ 108
bisP
DISP ~18 THERE A CONSTRAINT ON THME RUMBER OF UNITS THAT CAN BE SANPLED®"
3814
INPUT Ress
IF Res$="NO" THEN HMaxsan=1000000
IF Ress="ND® THEN 8160
189
DISP "ENTER THE MAXIMUM NUMDER OF UNITS THAT MAY BE SANMPLED."
DISP

BEEP

INPUT Maxsas

Disp * DO YOU HAVE A FINITE LOT $12E?"
DisP

EEP

INPUT Res

IF Res="NO® THEN Dists="PINOMIAL"

IF Re$="YES® THEN Distss"WYPER"

IF Resu®NO® THEN 8270

Disp * ENTER THE LOT SI2E."
DisP

3EEP

INPUT Lsize
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8270 Printed
8200 FOR l=] YO 16
9290 Dlsr
0348 Disr 1!
0310 Checkss
8320 FOR J=1 TO 16
8338 IF 2eMi1s(JI)>naxsan THEN 9968
0348 IF NilsC())<onilr(l, 1) THEN 9950
03530 IF 2eMilsCI)<oMilr<L,2) THEN 9950
8360 DISP TARCI}I

8370 IF Distse"NYPER® THEN 8910
8308 Papg)

6390 Senils())

8400 Ceomilacl, i)

8430 FOR %8 70 C

8420 GOSUD 2648

8430 IF Xs® THEN Pall,1)sProd

8440 IF X<O8 THEN Paci,1)=faci,1)+Prod
8430 NEXT X

9468 Cont(})dep

0470 FOR xalel TO Milr(l,2)=1

64880 Conc(X)ax

0490 COSUB 2640

83088 Conp(X)=Prod

83518 Cons(ideCont(§)+Conp(X)

9320 NEXT X

8530 Asncidsnils(l)recielont(l))
0340 Pac2,13=8

0330 FOR JisCel TO MiVer(1,20=)

8368 FOR X=@ T0 Mi1rCI,2)=31=-Con(J{)
8378 CGOSUd 2640

8580 Pac2,1)epac2,1)+Conp(JideProd
8390 NEXT %

8600 NEXT Ji
8618 Pacd, 1ds(Paly,1)+Pac2,1))0108
0620 IF Pacd, 135100 THEN Pac3,1)ei0@
8630 Pr(2,1)=100-PaCd, 1)

8648 Cont(1dsCont(1)#100

8638 PolLipd

0660 FOR X=§ T0 C

9670 GOSUD 2648

0668 IF X=8 THEN Pac1,2)sProd

86990 IF X<>8 THEN Pac3,2>=Pac},2)+Prob
0700 NEXT X
8710 Cont(2)=9
FOR X=Cel TO Milr(l,1)-1
ConiX)nx

COsSUD 2649
Conp(X)eProb
Cont(2)elont (2)+Conp(X)
NEXT X
AsnC2)eMi1sCIreC1+Cont (2))
Pac2,2)=0
FOR Ji=Cel TO MilecI,2)~1
FOR Xe8 10 Mi1r(l1,2)-1=CondJi{)
GOSUd 2640
Pac2,2)=Pa(2,2)+ConpttideProd
NEXT X
NEXT J{
Pac3, 2)s(Paly,2)¢Pal2,2))4100
IF Pacd, 272100 THEN Pac3,2)=100
Cont(2)=Cont (252300
Pr(2,2)=100-Pa(3,2)
COTO 9690
KsAqielisize

IF KeINTC(K) THEN %000
Dise

DISP “TNHE PRODUCT OF ACCEPTAPLE QUALITY LEVEL & LOT SI2E IS 1K

DISP °TO USE THE HYPERGEOMETRIC DISTRIBUTION, THIS PARAMETER nuUST BE AN I
HTEGER. "

8969 ISP * ENTER THE NUMBER OF DEFECTIVES PER LOT THAT 1§ CONSIDERED TO BE AC
CEPTABLE. *

8978 DisP

8%00 JEEP

0999 INPUT K
99080 NeLsize
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9010 Dad=k
9020 nsnilsdd)
Celilacl, )
FOR %X=8 70 C
COsSuB 2770
IF X=8 TMEN Pacl,1)eProd
IF %<>8 THEN Paci,ldsPacs, 1)+Prod
NEXT X
ContC1)ed
FOR XeoCei YO Milr(l,1)-}
ConiX)eX
GOsSUd 2770
Conp(X)eProd
Cont(1)sCont (3)+Conp(X)
NEXT X%
fAsn(ldenilg(lde(leCont (1))
NeLsize=Nilis(J)
Pat2,15=9
FOR lteCel TO Milercl,1)~1
KeBad~It
FOR Xo8 TO Nile(1,2)-1-Con(]v)
GosSus 277¢
Pac2,1)sPac2,1)eConplivdelProd
NEXT X
NEXT It
Cont(1)=3188¢Cont (1)
Patd, 1031000 (Pall, 130Pacl2,1))
IF Pac3,155100 THEN Pac3, 1)=100
Pr(2,1)=100-Pac3, 1)
Kelspdelsize
1F KeINTC(K) THEN 9380
DISP °THE PRODUCT OF LOT TOLERANCE PERCENY DEFECTIVE & LOT $I2€ 1$ “3K

DISP *T0 USE THE WYPERGEOMETRIC DISTRIBUTION, THIS PARANETER MUST BE AN 1

N?g*‘l!'

RG‘ ISP * ENTER THE NUMBER OF DEFECTIVES PER LOY THAT IS CONSIDERED TO BE NA
INAL. °

23390 DISP

2360 BEEP

9370 INPUT K

9360 Nwigize

93980 Badek

9400 Nenilgld)d

9410 Cenitacl, )

9420 FOR X=8 10 C

9430 GOsSUd 2770

9440 1F Xe® THEN Pacl,2)=Prob

9438 IF X<>8 THEN Pacl,2)sProbePall,2?

9460 HEXT X

9478 Conti(2)=9

9400 FOR XeCei YO Mitr(l,1)-}

9498 Conl(X)ex

9500 GOsSu» 2770

9310 Conp(X)sPrep

935268 Cont(desCont(2)eConpiXd

9538 NEXT X

9848 Asnc(r)eNilsCIde(ieCont(2))

9350 MNenilsdd)

93569 NuLsize-Milis(d)

570 Pac2,2)=9

9500 FOR 1tsCel TO MI1rCl,2)-3

9598 Kadad-It

96080 FOR x=8 TO NilrCl,2)=-1-Con(ly)

9618 COsSuUs 27790

9620 Pac2,2)sP5(2,2)+Conp(it)eProd

9630 NEXT X

9640 NEXT It

9650 Pac(3,2)91000(Pal2,2>+Pac1,23)

9660 IF Pac3,2)>108 THMEN Pac3, 272100

96780 Prc2,2)=100-Pa(3,2)

96080 Cont(2)=100eCont (2>

9698 IF (ABSCPr(2,13-4lphad(sAtol) AND (ABS(Pa(3,2)-Betal<=lrol) THEN Checks}

9700 IF (AIS(Pr(2,13-Alphad<=At01) AND (ABS(Pa(3,2)-Betad<=Bi101) THEN 9800

9710 1IF Checkel THEN 9968

$720 GOTO 99%@

9730 INRGE iX,* .

9740 INAGE 1X," l Accept/Re joct I
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8756 IMAGE 1%,°| Sample | _ Criteria | Risk & Sampling Burden At Desired §
gccitlcgtbonl|'
9768 INMAGE 1X,°] Size | Firsy 1Second [Mcceptable Quality Level]| Tolerance
% Defective |°
8770 IMAGE 1X,”]| 1st] 2ndlAcciRejlRcc]|Rej] Pa | Fc |Aiphal ASN [Bera | Pc
Pr ASN 1°*

979 NAGE 1X, "
9798 1IMAGE +,1%,"|*,2¢4D,°|*),4(3D,*|*),2¢3¢3D.1D,°|">,4D.1D,"|*>
9808 IF Print<>8 THEN 9930

9810 IF DistSa"HYPER®" THEN PRINT LINC4);SPR(28); "Hypergeometric Probability Eva
luation*

9820 IF DistSs"BINOMIAL"™ THEN PRINT LINC4);SPAC23)>;"Binomial Probability Evalua
tion®

9638 PRINT SPA(22);"Optional MIL-$TD-105D Sampling Plans“;LINC1);SPACIE); "AQLe"
1RQ10100;°% and LTPD=";Ltpae108; X"

9840 PRINT SPAC10)Y;"Producer’s Risk = “;RIpha; "+£"iAtel; "X and Consuser’s Risk

= “iBeta; e"iBrol; X"

9850 IF Maxsam<1000808 THEN PRINT SPAC20);"Maximus Total Sample Constrainti“iMa
Xsan

9660 IF DistSe"NYPER" THEN PRINT SPAC32);"Lot Size = "jLsize

987@ Prints$

96880 PRINT USING 9730

9890 PRINT USING 9748
9900 PRINT USING 9730

9910 PRINT USING 9760
9928 PRINTY USING 9778
9938 PRINT USING 9799:Mi1sCI),MilsC), milacCl,1d,Milecl, 1), Midac],2),M11r(],2) P
at3,13,ContC1),Pr(2,1),A8n(1),Pac3,2),C0n1¢2)>,Pr(2,2),ASN(2)
9940 PRINT USING 9780
9980 NEXT J
9960 NEXT I
9970 IF Prints® THEN PRINT "No plans were for'nc <1, ch met the cesign specificat
ions at the specified®iLINC1IY; "Tolerances. . ver. »- tolerances & try againi”
9980 IF Printe® THEN 2018

9953 PRINT LINC2>;"A complete assessment of - ___these plans is obtsinadle b
. _exercising®";LINC1);*Option 81 of this software segment.®jLIN(4)
19080 GOTO 29198
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APPENDIX

IXD
SEQUENTIAL SAMPLING SOURCE CODE

2000 REM Seque: Wald’s Sequentia) Sampling Approach

2010 FOR Is1 Y0 ¢

2020 DISP

2030 IF l=1 THEN DISP * ENTER THE ACCEPTADLE QUALITY LEVEL, STATED AS A PERCEN
r -

2048 IF 1=2 THEN DISP * ENTER THE LOT TOLERANCE PERCENT DEFECTIVE, STATED AS A
PERCENT *

2050 IF 1e3 THEN DISP * EWTER THE PRODUCER’S RISK, STATED AS A PERCENT *
2060 IF 1=4 THEN DISP * ENTER THE CONSUNER‘’S RISK, STATED RS A PERCENT *
2076 ISP -
2080 BEEP

2098 IF Jsl THEN INPUT AQ)

2100 IF 1e2 THEN INPUT Lipd

2119 IF 13 THER INPUT Alpha

2120 IF Is4 THEN INPUT Deta

2138 NEXT

2149 Ag)=Rgl-i00

2138 Lipdelipdrice

2160 ARlpha*Alpha’/180

2170 JetamBetarity

2100 Denomel0GCLtpa®(1-AQl1d/(Aglell=-LLpd)))

2198 H1=L0GCC1=Aiphad/Betad/Denoe

2208 H2=L0G((1-Beta)/AlphadsDence

2210 S$sLOGC(1~RQ1)/Ci=Lrpd))/Denon

2228 DISP

2230 DISP * DO YOU WANT & COPY OF TNE DERIVED LINES? .
2248 D1SP

2250 BEEP

2260 INPUT Res

2270 IF Re$="NO" THEN 2420

2200 PRINT LINC4Y;SPACIB); "Rcceptance Line: X & =(* HI") » *;§;"C(n)";LINCY
2290 PRINT SPACIO);"Rejection Line: X & *jH2;" ¢ *;§;°(m)"

2300 FOR 11 TO 100

2318 Tablecl, )=}

2320 Table(l,2)w-Niege]

2330 Table(l,3)aH2ege]

2340 IF Table<(l,2)<0 THEN 2389

2358 Ck=INT(Table(],2))

2360 IF CksTable(1,2)> THEN 2380

2378 Tadbtedl,2deCk

2380 Ck=INT(Table(I,3))

2399 IF CksTable(l,3) THEN 2438

2400 Table(l,3)eCkel

2410 NEXT 1

2420 DISP

2430 DISP " DO YOU WANT A TABLE OF THE ACCEPT/REJECT NUMBERS VERSUS RUMBER SA
MPLED? °

2440 DISP

2436 DEEP

2460 INPUT Res

2470 IF ReSw"NO* THEN 2050

2480 INAGE °_",4c" -

2490 INAGE "[",4("Number [If Total [*)

2500 INAGE *[*,4¢°0¢ Unit|Defecrive]®d

2916 IMAGE *|*,4C("Sampled]AcpriRejt]®)

2520 INMAGE o,-i-.a—uzi'iux. % CAK, 3R, |0, 1%, 3N, |

2530 PRINT LINCE);SPR(24);"Hald’s Sequential Sampling Tadle”
2340 PRINT SPAC24)I"AQL=";AQ14100;°X & LTPD=";Lspds100; %"

2550 PRINT SPAC30); "Producer’s Rigks ";AIphat®100; "x*

2560 PRINT SPAC30);"Consuner’s Risks ";Betasi®®; k"

2570 PRINT USING 2460

23588 PRINT USING 2498

2598 PRINT USING 2300

2600 PRINT USING 2318

2618 FOR =1 TO 2%

2620 1IF Tablel,27<8 THEN TabsCl)sNuas(i02)

2630 IF Table(],2>=8 THEN Tabs(1)=sNum$(101)

2640 1F Tadle(1+23,2)<0 THEN Tabs(3d=Nums(182)

2638 IF Table(1¢23,2)=9 THEN Tabs(I)=Nums$(181)

2660 1IF Table(1+50,2)<8 THEN Tadbs(S)sNuas(102)

2670 IF Table(1+%0,2)>=0 THEN Tabs(S)=Nuas(101)

2600 IF Tadle(1¢75,2)<0 THEN Tabs(7)eNuns$(192)

2690 IF Table(1e7S,2)a0 THEN Tabs(7)sNuas(101)

2700 IF Tadble(!,2))8 THEN Tadbs(il)sNum$(Table(1,2))

2710 1F Tad1e(1425,2)>0 THEN Tabdbs(d)=Nums(Table(l+25,2>)

2720 IF Table(1¢50,2)70 THEN Tabs(S)sNums(Table(1+%0,2))




2730 IF Table(1+?3,2)58 THEN Tads(?)eNums(Table(1+273,2))

27480 IF (Table(l,3)2Tabledl, 1)) OR <(Tabledl,33<=8) THEWN Tabs(2>snuns(192>

2738 IF Table(I,3<¢=Table(l,1) THEN Tabsc2)wNuas(Table(l,3))

g;‘l IF CTable¢1+25,3)2TableC]+295,1)) OR (Table(l+25,3)¢=8) THEN Tabs(d4)sNusS(!
b

2770 1IF Table(le23,3)<eTadlecI+25,1) THEN Tabs(4)sNuns(Table(1+25,3))

2700  IF (Table(1+38,3X5Table(1+30,1)) OR (Tabletl+50,3)7<=0) THEN Tads(E>eNums(}

[ 3]

2790 IF Tadle(1+350,3)¢aTadble(1+30,1) THEN Tabs(8)sNums(Table(1+50,3))

2088 IF CTadle(le?S,3)>Tablec]1+73,1)) OR (Table(I1+?5,3)<¢=d) THEN Tabs(8)sNuas(l

[.F-$]

2810 IF Table(l+73,3)¢sTable(l+?%,1) THEN Tabs(8)eNuns(Table(1+?5,3))

28280 PRINT USING 2520;Table(],1);Tabsc1),Tabs¢2),Table(1+25,1)5,Tabs(3),Tabsc4e),

Table(1+80,1),Tabs(S),Tabs¢6),Table(1+?5,1),Tabs(?), Tabs(®)

28380 PRINT USING 2488

2040 NEXT 1

2658 Fliss(i-Jetad/Alpha

2060 Fassderas(1-Alphad

2078  Hoptap

2880 Thetas-2

2090 FlssCi-Ltpd)/(1=-Agl)

29080 F2selLipd/Ag)

2910 Ppse(1-Fis~Theta)/(F2s~Theta~Fls~Theta)

2920 IF (Pps>®) AND (Ppsci)> THEN 2960

2930 ThetasThetae.84

2948 IF Theta®8 THEN 2936

<938 COTO 2918

2960 Noptshopt+)

2978 PdlNoptI=Pps

2900 Paci;Noptdu(Fis~Theta=1)/¢(F3Is~Theta~Fés~Theta)

2998 AsncHopt)lePall,NoptdeLOG(Fas)e(1-Pall,Nopt ?)oLOG(FIs)

3800 AsniNopt)oAsn(Nopt )7 (PpsslOGC(F25)+(1~-Pps)aLO0G(F1s))

3010 BEEP

3820 IF Nopt=188 THEN 3049

3038 CGOTO 2930

3048 FOR 1w} 7O 9

3038 FOR J=I TO 100

3068 IF PACI)(=Pd(J) THEN 3160

3870 TensPd(l)>

3088 Pd(1d=sPgcld

099 PAtId)eTen

3100 TemsPaci1,ld

3110 Paci, IdePacy, )

3120 Pacl,JdeTea

3130 TeasfAsn(])d

3148 Asn(ldefAsnc(d)

3150 Asn¢J)sTen

3168 NEXT J

3170 DBEEP

3188 NEXT 1

3198 DiISP

3200 DISP " DO YOU MANT A TABLE OF Pa & ASN VERSUS PERCENT DEFECTIVE? ~

3210 DisP

3220 3EEP

3230 INPUT Res

3240 IF Res="NO" THEN 3420

3258 PRINT LINCE)

3260 PRINT SPACIN); "Sequential Sampling”

3270 PRINT * ° AOL=°;AQq1+180;°X, Producer’s Riske*;A)Iphat10@; "X, LTPDs";Ltpd

€1885°% L Consumer’s Rizks*;Jeratidn; %"

3280 PRINT = Probability of Acceptance and Average Sample Size Versus Percent

Defective”

3290 INAGE ?x,"_°,2(" *)

3308 INAGE ?X,*[°,2¢" Probability|Average|®>
3319 INACE ?2%,%]°*,2¢(* Percent of ISnnplo I')
3328 INAGE ?x,°]",2¢"Defective|Ac L an Nuaper {°)
3330 PRINT USING 3290

3348 PRINT USING 3300

3350 PRINT USING 3310

3368 PRINT USING 3320

3370 INAGE 0,?x.'*'.2(6).23.'1‘.63.2».'k {",40.2D,%|*>
3300 FOR =3 TO S

3398 PRINT USING 3370;Pc(1)0100,Pac1, 1)¢100,Asn(1),PdC1+30)¢180,Pac],1+350)¢100,
Asn(]+30)

3400 PRINT USING 3290

3410 NEXT
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3420
3438
3440
3430
460
3470
3480
3490
3ses
331e
3320
3538
3340
33se
3368
38?0
ases
339
3¢oe
3610
3620
3630
3640
3638
3660
367
L

3680
3690
Jro
3I710
3720
37238
Jr40
3750
3768
776
37e8
3790
3608
390
3020
3830

anee
3%e0
%10
3920
3930
3940
3930
3%¢8
e
3580

dise

Dise * PO YOU WANT A PLOT OF TRE OC CURVE? -
DisP

DEEP

INPUT Res

IF Ress®NO" THEN 3660

PLOTTER 1§ *9@72A°

PLOTYER 7,5 1§ ON

LOCATE 19,108,10,100

SCALE €, INTCrdC108)6188)+1,8,104

C$12€ 2

IF PdC100)2100<=28 THEN Inxw}

IF (P 00520) AND (Pd(100)¢100<(=4Q) THEN Inx=2
IF (PEC100)0100540) AND (PA(100)¢108<»80) THEN lnx=4
LAXES Inx,S5,0,0,~1,1

MOVE Inxr2,10%

LABEL °*Paix)*

MOVE Selnx,-4

LABEL °“PERCENT DEFECTIVE®

HOVE 9,100

PEN 2

FOR I=3 TO 100

DRAN PdC(l)#108,Palt, 120100

NEXT

DisP

dige * D0 YOU WANT A PLOT OF THE AVERRGE SANPLE SI12E TO A DECISION?

DlsP

3LEP

INPUT Res

IF Res="NO* THEN RETURN

PLOTTER IS “9872R"

PLOTTER 7,5 IS ON

LOCATE 16,100,10,108

IF PAC108)2100(=20 THEN lnx=}

IF (PAC10850100520) AND (PAC100)#100<240) THEN Inxs2
31g==99999

FOR le=) TO 100

IF ASNC1)2Big THEN BigeAsncl)
NEXT I

Maxy=INTCDig)

Maxys {0 INT (Maxy/10)+213

SCALE 0, INTCPAC108>01085+1,8, Maxy
CS$I12k 2

IF Haxy<e2Q THEN Inyey

IF (Raxy>20) AND (Maxy<®48> THEN lny=2
IF (Maxy’48) AND (Maxy<w88) THEN Inyed
LANES Inx,1lny,8,0,-1,}

HOVE Inxx/2,Maxy-3

LABEL °ASN"

HOVE Selnx,~,9%1ny

LABEL "PERCENT DEFECTIVE"

NOVE PdC1)e108,AsnC])

PEN 2

FOR 12 10 100

DRAN PdC1)e108,Ran(l)>

NEXT 3

RETURN
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APPENDIX E
MULTIPLE SAMPLING SOURCE CODE

20080 REM  secer Nultiple Sampling Plan Design ecesee
2016 DISP -

2020 DISP - Multiple Sampling Design Options
2030 DisP - Option Description Select Ccze

2,4' DISP * >Barnard-Enters-Hamaker’s Poisson Approximation

235. pisp - of Sample Size for Producer’s Risk of Five

2360 DISP - Percent & Consumer’s Risk of Ten Percent.

2,7. Disp - Achieved Risks are Calculated Via the Binomial...v..d
2?80 PISP = DONIL-STD-19SD Alrernate Plans For Specified

2?90 } 333 AQL, Producer‘s Risk, LYPD, and Consumer‘s

2300 Digep - Risk. Achieved risks are Calculated Via the

21:. Dise - BINORIBYecuenesancnnsssscssssacssesosssescsaeresnsend
El?. DIsPp -

21306 Disr

2148 DISP - ENTER THE SELECT CODE OF THE DESIRED OPTION."

2158 Disr

2160 BEEP

2170 INPUT S¢

2180 IF $c<>1 THEN 4238

2190 GOsSUB 2218

2200 GOTO 23¢0

2210 Dlsr

2220 DISP "  ENTER THE ACCEPTABLE QUALITY LEVEL, STRTED AS R PERCENT  ~

2238 Dlse

2240 BEEP

2250 INPUT AQ)

22680 AqQisfhql- 100

227e DIsP

2208 DISP =  ENTER THE LOT TOLERANCE PERCENT DEFECTIVE, STATED RS A FIRCENT!
-

2290 DisP

2308 3EEP

2310 1NPYT Lipd

2320 Lipd=iipd- 100

2330 Ratio=Lipd/Ag)

2348 Rovs)

2350 RETURN

2368 DiffsABS(Ratio-Cecar(1,2)
2370 FOR =2 TO 20

2380 Ck=ABS(Ratrio-Ccmt(]1,2))
2390 IF CkODiIfe THEN 2430

2400 Rousl

2410 Tierm?

2420 IF (Rous4) OR (Row=6> OR C(Row=%) OR (Rowe13) THEN Tiers$
26430 IF Rovs3 THEN Tiersd

2440 DiffeCk

24580 BEEP

2460 NEXT ]

2476 FOR Js1 TO 9

2400 Multi(J,2)sCemt(Row,J*+2)
2490 Multi¢J,13)sCearCRou,J*11)
2900 NEXT J

2510 S$sisINT(Cemt(Rou,21>/ARq})
2528 $32=INT(Ccmt(Row,23) L pd)
2530 IF $515832 THEN Low=$s2
2540 IF $31¢(s8$52 THEN Lous=$s!
2550 IF $31>882 THEN Nighe§siel)
2560 IF $31<e8s2 THEN Highs$s2el
2570 LoweINT(Low)~}

2388 IF Lowdl THEHW Lowel

23598 HNHighsINT(Highde2

2608 Planssd

2618 DISP Low,Migh

2620 FOR SamplesLov TO High
2630 FOR Jei TO Tier
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2640 NMUItiCT,1)eSanpleed

2630  NEXT J

2668 DEEP

2679 PehQ)

2680 GOsUY 3510

26990 Cal=i-Pac

2700 ExpasEn

2710 Pettpd

2720 GOSUB 3310

2738 Cbe=Pac

2740  Expbein

2790 PlanssPlanar)

2760 PRINT LINC4);SPR(16);"Optional Sampling Plan e*;Plans

2776 PRINT SPAC18);"Which Approxisatel Producer’s Risk s SX & Consumer’s Risk »
18 X°

2788 PRINT “The Dinomial Distribution Point Estimate of Producer s Risk is *;Ca
101005 "%, "

2790 .PR;NY SPAC12);"and the Point Estimate of Consumer’s Risk 13 ";Cbes100;°%,”

2800 INMAGE *

T610 INAGE -| Tota) |Cumulative |
|Cumulative|” )
2828 IMAGE | Number |Acceptance | Cumulative Continuance Numbers
|Rejecrion |*
2630 1IMACE ~|O0f Units| Nusber |
] Number |*
2040 INAGE "|Sampled | ¢8> | (-3
¢« R ) -
TES50 PRINT LINC4);SPAC26); "Multiple Plan Specification”
2068 PRINT USING 2600
2878  PRINT USING 2018
2088 PRINT USING 2820
2090 PRINT USING 283@
2900 PRINT USING 2840
2910 FOR l=3 T0 9
2928 IF MultiC1,13>=100 THEN Tiersl-}
2930 IF RMulti(1,13>=180 THEN 2970
2940 NEXT I
2958 Tierss
2968 DEEP
29?0 FOR 1=) TO Tier
2980 IF MultiC1,2)<0 THEN Start=®
2990 IF Muiticl,2)>=8 THEN Startsfulti(l,271
3000 FOR Je3 TO 12
3018 Con(JlsStartecJ=1)
3020 IF Con(J)sMulti(l,13) THEN Passsl-1
3030 IF ConcJ)sMulti(],13) THEN 3ese
3040 NEXT J
30386 DISP )
23068 DISP "Sorry! The progras is setup 10 handle only 11 continuation nuabers!

3078 COTO 2950

3880 IF Multi(],2><0 THEN Tabs(1)sNums(102)

3090 IF Multi(l,2)e0 THEN Tabs$(l)esNuns(181)

3100 IF Mulei(l,2)>0 THEW Tabs(idsNuas Uit i(l,2?

3110 IF MultiCl,2)+1sMulti¢1,13) THEN Ncontse

3120 IF MultiCl,2)41eMultiC1, 13> THEN 3176

3130 FOR J=) TO Pass

3140 IF Con(J)=® THMEN Tabs$(J+1)=NuasCl@l)

3180 IF ConcCJIi<>8 THEN Tabs(Jel)sNuas(Con(J)))

3160 NEXT J

3170 FOR JmPasse+l TO 1}

3180 Tads(Jeldm"XXX"

31980 NEXT J

3206 IMAGE «,"[°,1X,6D,1%,%]", 4%, IR, 4%, *|X|",11¢3R, *|*>,1X,8D,1X,"|"
3210 PRINT USING 320‘;"01\((!,l>.Yaht(l).Tabt(:).?abl(s).TAbS(Q):let(S).T.b:(‘
Y, Tab8(?), Tabs<0),Tabs<(9), Tabs(10),Tabs(11), TabsC12), Multi(], 1)

3220 PRINT USING 2000

3230 NEXY I

3248 PRINT LIN(2);SPAC20);"A complete risk assessment is obtainadble by *
3250 PRINT SPAC20); "exercising Option S of the Main Menu.* Y
3268 NEXT Sample

3270 IF Plans<>8 THEN RETURN

3288 IF Plans=@ THEN PRINT * No plans were found which satisfied the design tol
erances you specified!"”

3290 IF Plans=d THEN PRINT ~ If you wish, you can widen the desigr tolerances ©
n Producer’s and .
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3380 IF Plans=0® THEN PRINT * Consumer’s Risk and re-execute this option.*

3310 IF Planss® THEN PRINT © IF YOU WANT 7O DO THIS, ENTER YES."
3320 IF Plans*® THEN PRINT * OTHERWISE, ENTER NO.*

3330 Disr

3340 BEEF

3338 INPUT Res

3368 IF Ress"NO® THEW RETURN

3370 GOTO 2190

3380 REM BINORIAL SUBROUTINE

3399 IF (S$-X<0) OR (X<@)> THEN Prob=@
3408 IF ($-X<0) OR (X<@)> THEN RETURN
3418 1IF ($-Xe8) OR (Xe®) THEN Prob=P~X#(1«P)~(§~X)
3420 IF (S-%=0) OR (X=®) THEN RETURN
3438 Probel

34480 FOR lss1 TO X

3450 ProbeProbep

3468 NEXT g

3470 FOR 1s=1 TO $-X

3480 ProbsProb#((X+ls)/1s)¢(1-P)
3490 NEXT Is

3368 RETURN

3516 REM PR & EN DRILL

3520 SenulvicCl, 1)

3338 Srarteg

3349 Penap

3T Paces

3568 EnsMulrici,t)d

3570 FOR X=@ TO Multicl,13)-1

3560 GOSUB 3390

3398 Con(XxejdeX

36239 ConpiXell)nProd

3610 NEXT X

3620 1IF mMulti(1,2)>89 THEN 3678
3638 FOR Xe TO Multi(1,313)~1

3640 PensPenesConpiXel)

36T WEXT X

3668 GOTO 3730

3670 FOR Xe@ TO Muleicl,13)=1

3688 1IF Con(Xe1)<oMulti(1,2) THER PacsPac+Conp(X+1)
3698 IF Con(Xe1d>Multi(1,2) THEN StartaXel
3708 1F ConiXe1)>Multi(1,2) THEN 3720
3718 NEXT X

3728 FOR XeSiart YO Mulvi€l, 313D

3730 PensPeneConp(X)

3740  NEXT X

3750 EnsEnePentMulti(2,1)-MultiC], 1))
3768 Pacers)

FOR ltsStart TO Mulsil1,13)
TadblecPacer,1)sCon(t)
Table(Pacer,2)sConp(ly)
PacersPacer+]

NEXT It

820 PacersPacer-}

3830 FOR 122 10 Tier

3048 Pensy

3838 IF MuItiCl=-1,2)¢Q THEN Starts=@

. 3068 IF MulLiCI=~1,25>2% THEN Startsnulticl=1,2)¢1
3870 FOR IreStart TO MLIti(],13)-1

3880 Con(ltegds]e

3890 Conp(lieldsp

966  NEXT I+

3910 FOR 1t=} TO Pacer

- 3928 Xxwo

3938 GOSUD 3300

3948 Def=Table(It,1deX

3950 PrdefsTadblelIt,2)eProd

3960 POR lssStart TO MulsiCl, 13)-1

3978 IF Def=Con(ls+l) THEN Conp(ls+id=Conp(ls+]d+Prdef
39688 1F Def=ConCls+i)> THEN 40LD

3998 NEXT Is

4000 IF DefeMulticl,13)-1 THEN 4030

4010 MeXe]

4820 GOTO 3938

4839 NEXT 1t

4048 IF MultiCl,23¢0 THEN 4100

4030 FOR lteSrart TO Multic<l, 13>~}
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4648
4630

4660
4670
<600
4690
4700
4710
4728
4736
47490
4?38
4760
L Yad ]

TLINCGDD

IF ConClte1)<omulti(l,2) THEN Pacs=Pacelonp(ltel)
1IF Con(lte1)<aMulti(],2) THEN StarisStarte]
NEXT It
IF Mulvicl,2>+18Multit], 13) THEN 4210
FOR ItsStart TO MultiCl,33>-%
PensPensConp(ltel)
NEXT It
EnsEnePene(Multi(l+el, 1D=-Multi(l, 1))
Pacersy
FOR ItsStart TO Multi(l,13)-1
Tablel(Pacer,1)slonlltel)
TadblecPacer,2)sConplitel)
PacersPacers+y
NEXT I
PacersPacer-1
NEXT }
RETURN
GOSUB 2210
DISP
Tiere?
Cerite}
DISP "ENTER THE PRODUCER’S RISK, STATED RS A PERCENT! *
b1sP
BEEP
INPUT Alpha
AlphasAliphas100
DISP
DISP “ENTER THE CONSUMER’S RISK, STATED AS A PERCENT! *
D1sP
BEEP
INPUT Beta
Beta=Betas108
FOR Plans: T0 1S
Plans=§
FOR Jiv=1 YO ?
MultiCIy , 2dengplarcPlan,Jt, 1)
Mult1CIe, 13densplariPlan, I, 2)
NEXT Jt
SEEP
FOR Samplest TQ 21
FOR Passs) TO ?
Multi(Pass,1)=PassensplancSanple)
NEXT Pass
PuAq!
GOSUER 3318
Calmi=Pac
JEEP
Enalegn
Pultpe
GOSUS 3338
CbesPac
Crit=C(Cal=Alpha)~2+(Che=-Deta)~2)~,.9
IF CCritdCcrit) AND <(Plans>8) THEN 30768
IF CritdCecrit THEN 5020
Cerivalrit
PRINT LINC4);SPACE);"The sampling plan specified below (s the closest exa
thusfar®
PlansePianse+?
PRINT “linich Approximates! Producer’s Risk s";Alphat188; "X ¢ Consumer’s Ri

sk ®";Petas®ide; "X ;LINCL)

PRINT “The Binomial Distribution Point Estimate of Producer’s Risk is ";Ca

10100; *x, *

PRINT SPAC12);"and the Point Estimate of Consumer’s Risk {s “iChes100;°%,"

PRINT LINC4);SPAC26);: *Multiple P $| .
PRINT USING 2008 Ple Flan Specification
PRINT USING 2836

PRINT USING 2820

PRINT USING 2830

PRINT USING 2040

FOR I=3 TO Tier

IF Multi(1,2>¢@ THEN Startep

IF Multi(],2)>s8 THEN StarteMultiCl, 2241

FOR J=1 TO 12

ConCJleSrarte(t=1)>

IF ContJ)aMulti(1,13) THEN Passel-]




4780
4790
4800
4030

4820
4830
4840
4838
4868
4870
4090
4899
49080
4910
4320
4938
4940
4959
4960

IF Con(J)mmulti<l,13)> THEN 4830
NEXT J
DIsP

DISP “Sorry! The program is setup to handle only 11 continuation nusders!

GOTO 4768

IF MuItiC],2)¢0 THEN Tabs(l)sNums$(102}

IF MuItiC],2)e0 THEN Tabs(l)=Nun$(101)

1F Multi<I,2>7>0 THEN TabsC1)sNums(Multi(]1,2))

IF MulviCl,2)¢1sMulsiC1,13)> THEN Nconte=@

1F MultiCl,2)+1=MultiC1,13) THEN 4920

FOR J=1 TO Pass

1F Con<J)=@ THEN Tabs(JeldsNums(191)

1F ConCJ)<>8 THEN TapscJeldsNuas(Con(J))

NEXT J

FOR JaPass+] TO 1}

Tabs$(Je1rm XRK"

NEXT J

IMAGE o.'l'.xx.cn.lx.-|-.cx.an.ox.-|x|-.1x<3n.-|->.1x.tn,:x.-|'
PRINT USING 4950:MultiCl,1),Tabsc1),Tabs(2),Tabs(3),Tabs(4),Tabs<3),Tans(é

2y TabSC?), Tabs(8), Tads{9), TadsC10), Tabs<11), Tabs(12> , Multicl,132

«920
4990
4990
5000
3010
s020
3038
5S040
5050
S0sd
5070
Soee

PRINT USING 4990

INAGE * LTI -
NEXT 1
PRINT LINC2);SPRC28);"R complete risk assessmsent is obtainable by ~
PRINT SPAC20);"exercising Option S of the Main Nenu.”

DISP “Plan 0°:Plan;® with incremental sample sizes of “jMuititi, 1)
NEXT Sample

nlsp

DISP TABCPlane4);"Noving 1o Plan®;Plan

Di1sP

NEXT Plan

RETURN

E-5/(E-6 Blank)
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APPENDIX F
SPECIAL PURPOSE ASSESSMENT SOURCE CODE

2000 REN ecssee SPECIAL PLAN OC CURVE & ASN ASSESSNENT ecscee
2030 InncE °

e n | Total [Cumulative |
|Cunutattvel®

2038 INAGE *| Nuaber |Acceptrance | Cunulative Continuante Nuabers
|Rejecsion | N
2048 INAGE "|Of Units| Nuaber | .
| Nusber |°
2038 InACE JSampleg | ¢ A | ()
{R) *
H NT LINCOISSPAC26)s°Nultiple Plan Specification®

2070 PRINT USING 2030

2080 PRINT USING 2028

2098 PRINT USING 2038

2108 PRINT USING 2040

2310 PRINT USING 20350

2120 FOR 1e1 1D 83

2130 Pass=l

2148 Tiere]

231950 DisP

2360 DdisP ° ENTER THE NUMBER OF UNITS SARPLED TO DEC!SICN FJINT, NUMBER

2170 DISP
2100 P
2190 INPUT MuitiCl,3)

IsP
2218 DISP °IF THE LOT CAN BE ACCEPTED AT THIS POINT, ENTER “»f lCCl'Teﬁet nunt

2220 DISP “"IF THE LOT CAN NOT BE ACCEPTED AT THIS POINT, ENTER A NECATIVE N
UndgR, °*

2230 18P

22480 3kEP

2250 INPUT MultiCl,2)

2260 DisP

2276 DISP °IF THE LOT CAN BE REJECTED AT THIS POINT, ENTER TwE REJECTIOM wuns
|+ I

2208 DISP “IF THE LOY CAN NOT 3E REJECTED AT TMIS POINT, ENTES & nNECATIVE W
unageR, °

2298 Disr

2300 xE?

23190 INPUT RMulti(l,13)

2320 1F MUILIC],2)C0 THEN 2348

2338 IF MuILIC], DretoMultiCl,13) THEN 2448

2340  NEXT I

2330 DisP

2360 DISP "  SORRY: THE PROGRAM 38 CURRENTLY SETUP 7O MANDLE 3 TIERS, SEE
Pas Lavier”®

2378 DisP

2380 NEP

2390 FOR Je3 T0 2%

26400 DisP

26380 EEP

2420 NEXTY 1

2430 sYOP

2440 FOR =1 T0 Tier

2430 IF MUILiC1,22¢0 THEN Started

2660 IF MUt iC],2)508 THEN Starvefiylt (], 20}

2470 FOR Je3 70 12

2408 Con(JieBrarte(lel)

2490 IF Con(Jlosnulti(1,13) THEN Passel-~}

2580 IF Con(Jlienulti(1,13) THEN 2530

25310 NEXT J

2320 DdisP

2530 DISP “Sorry! The prograa is setup 10 handle only 11 contin,st10n numdbers'
-

2348 GOTO 2370

2988 IF MUIt$(1,2)¢O THEN Tads(3)sNuas(102)

2868 IF MUt iC],2)00 THEN Tabs(l)sNuns(101)

2570 IF MUIiC3,2550 THEN Tadbs(i)eNums(Muls (1,23
580 IF MUItI(],2)e18Myulti(],13) THEN Nconts®
2590 IF MUltiCl,2)e3onmulniC],13) THEN 2648

2608 FOR J=3 10 Pass

26310 IF Con(JIm=® THEN Tads(JeldeNuns(i03)

2628 IF ConclI{X8 THEN Tads(Jel)sNuas(Con(J))
2638 NEXT J
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2640 FOR Jupassel TO 11
€TI0 Tabs(Jeide o wxx"
2660  NEXT J
2670 INAGE o.'1'.1x.sn.xx.-|-,‘x.3n.cx.'|x)-.u<3n.-|->.xx.an.1x.-}-
2680  PRINT USING 267@;MultiCl,1),TabsC1)>,Tabs(2),Tabs¢3), Tans(e), Tans(S), Tabs(é
7, TAbSCP), Tans(8), Tabs(9), Tabs(18), Tabs<11), Tans (12>, Multicl, 13>
2690 PRINT USING 2010
2700 NEXT !
2718 GOTO 3220
2720 REM DINONIAL SUDROUTINE
2730 IF ($-%X<8) DR (X<Q) THEN Probs=@
2740 IF ($-X<E) OR (X<®) THEN RETURN
27358 IF (S-XeB8) OR (Xs@) THEN ProbsP~Xe(1-P)~(S-X)
2768 IF ($-X=0) OR (X=8) THEN RETURN
27?8 Probe)
2700 FOR 1s=1 TO X
2798 ProbaProbel
2000 NEXT 1s
FOR Is=3 TO $-X
ProbaProbe((Xelg)/1s)e (1P
NEXT 1s
RETURN
REM HYPERGEOMETRIC DISTRIBUTION
IF X<O THEN Props8
IF K<8 THEN Prob=$
IF K<O® THREN RETURN
2898 IF X>K THEN Probss
2900 IF X>K THEN RETURN
2918 1 (Ko@) AND (Xw0) THEN Probdsi
2920 1F (K=@) AND (Xe@) THEN RETURN
IF X<0 THEN RETURN
IF X>B THEN Proded
IF %> THMEN RETURN
Prodey
Fcldex
FC2)aN=K
L 3ran
Fl{4)aN=-1
F(Sdex
FegImKeX
F(?denen
F(B)oN=K=NoX
FC9 N
FOR 1s=1 TO 9
IF FC183<3 THEN F(ls)dey
NEXT Is
0 ProdbeProbeF(138F(2)4F(I)9F (€I /(F(S)aF(E)eF(?)8F(B8)eF(9))
3100 FOR Is=3 T0 9
31180 F(ls)eF(lsd-t
3128  IF FC(1s)<1 THEN F(lsd=}
3130 NEXT Is
3148 Ckewd
3150 FOR 13=1 TO 9
3160 1IF F(ls)=l THEN 3180
3170 Cke}
31880 NEXT 1s
3190 IF Cke@ THEN RETURN
3200 GOTO 3098
3210 RETURN .
3220 Disr
32390 Disp * DO YOt WANT TO BASE YOUR RISK CALCULATIONS ON A FIMITE LOT SI2E?

3248 DIsP

3230 BEEP

3268 INPUT Res

3278 IF Res=s"YES" THEN DistSs"HYPER®

3280 1F Res="vYES" THEN DISP

32980 IF Res="YES" THEN DISP TADC20);"ENTER THE LOT $!2E.°*
3380 1F Rese"YES® THEN DISP

*YES" THEN DEEP

YES® THEN INPUT Lsize
GEENEENEESLSIRAESIIELIORORICRQE0NSS
3340 IF Resu"YES" THEN 5240

3350 REN 0000000000000000000000000800000808000000000
3368 IF Res="NO" THEN DistSs"JINOMIAL"

3370 Pe. 0

3380 REN
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GOsus 3410

GOTO 4120

SeMulticl, 1)

Starsvel

Pensg

Pace0
Enesmulni(l, 1)

FOR Xo@ TO Multi(3,13)-3

COosuUs 2720

ContXel)eX

Conp(X+})aProd

NEXT X

IF Mulei(y,2))=9 THEN 3360

FOR Xe® TO MultiC1,13)~-1
PensPenelonpi(Xel)d

NEXT X

GOTD 3640

FOR Xe® Y0 Multi(3,13)-3

IF Con(X+1)<=Multi(1,2) THEN Pac=Pac+Conp(Xel)
IF Con(Xe1)dMulti(1,2) THEN StartsXe]
IF Con(Xe1)d>Multi(1,2) THEN 3610
NEXT X

FOR XeSsart TO MuItiC1,31d)
PensPen+Conp(X)

NEXT X
EnsEnePenalfult (2, 1)=Rulticl, 1))
Pacers]}

FOR Jtaftart TO Multi(1,1d)
Table(Pacer,1)aCon(It)
Tadle(Pacer,2>sConp(lt)
PacerePacere}

NEXT 1

PacersPacer=-1

FOR j=2 TO Tier

Pens=d

IF MultiCI=1,2)<0 THEN Stari=0

IF RultiCl=1,2))>u0 THEN StarteftultiCl-1,2)¢1
FOR JveStart TO Muiticl,13)-1
Con(lteldele

Conp(lteldad

NEXT I

FOR Jtel TO Pacer

X=9

Cosus 2720

DefeTadlellv,1deX
PrdefsTablel(lv,2)6Prod

FOR IseStart TO MUlti(l,13)-}

IF Defelon(ls+l) THEN Conp(lseldaConp(lseidePrdef
IF Def=ConClsel) THEN 3898

NEXT 1s

IF Defsfuiticl,137-1 THEN 392¢
Xoxe}

GOTO 3820

NEXT It

IF MUl iC1,2)<0 THEN 3990

FOR l\-Start T0 Rultri(l],195~])

IF Con(ltetd<mMuliei(l, 2) THEN PcctPnfoconp(lt01>
IF Con(ltedd<mmuleiC1,2) THEN $Startegtarte}
NEXT It

IF MuItiCT,2e5emultiC¢],13) THEN Qll.
FOR lll3tlrt TO MulItiC1,13)=3
PenspPensConplltel)

NEXY It

EnsEnePane(MultiClel, 10-Nulticl,1))
Pacers}

FOR Iisftart TO NMuItiCI,13)-1
TablelPacer, 1)sCon(itel)d
TadlelPacer,2)sConp(litel)
PacersPacere}

NEXT It

PacersPacer-]

NEXT 1

RETURN

IF Pac.02 THEN 4160

3ERP

PePe, 0}

COTO 3380
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4160

D1sSP

4179 D1SP "THE PRODABILITY OF ACCEPTANCE 1§ *iPaci® FOR A PERCENT DEFECTIVE OF
*;Pelle

4188 DISP " THE EXPECTED SAMPLE NUMBER 1§ “3Eni* AT TH]S PERCENT DEFECTIVE."
4190 DIsP ° ENTER THE MAXIMUM VALUE OF PERCENT DEFECTIVE YOU WISH TO BE .
4200 DISP " $HOWN ON THE OC CURVE. THIS ENTRY MUST BE MADE RS A PERCENT!
4210 DISP

4220 3EEP

4230 INPUT Paax

4240 Maxxe10e(INT(Pmaxs10)¢1)*1

425¢ FOR 1f=§ TO 108

4260 PAl1f)eifoPaax/100

4278 P=Pgel1r>/100

4280 GOSUB 410

4299 Patl,I1f)>sPac

4300 DISP Paci,1f)

4310 Asn(if)sEn

4320 NEXT 1f

4330 BEEP

4340 PLOTTER IS "9072A"

4350 PLOTTER 7,83 1§ ON

4368 LOCATE 10,100,10,108

4378 SCALE O,Maxx,®,103

4380 IF Maxx<=20 THEN [nxe{

4399 IF (Maxx>28) AND (Maxx(=4@) THEN Inxe2

€408 IF (Maxx)48) AND (Maxx{=88> THEN Inxs4

4410 IF maxx>8® THEN Inx=$

4428 CS$12Fk 2

4438 LAXES Inx,5,0,0,-1,1

4440 MOVE 4olnx,=-4,98

4438 LRDEL "PERCENT DEFECTIVE®

4468 NMOVE Inx/3,101

4470 LAJEL "Pa(x)"

4480 NMOVE 0,100

4490 PEN 2

4506 FOR =3 TO 100

4510 DRAW PdCId,Paci,1d)e180

4320 NExT 1

4530 MOVE 128,200

4540 DISP

4350 DIsP * D0 YOU WANT ANY OF THESE POINTS PRINTED? °
43568 DISP

4579 DEEP

4380 INPUT Res

4590 1F Re$="NO" THEN 4859

4600 INMAGE 12X,° -
<630 IMAGE 12X,° Average|[*
4628 IMAGE 12X%,°| Percent |[Acceptance Sanple |*
4630 IMAGE 12%,"|DefectivelProbabilityiNumber |*
464@ PRINT USING ¢

4650 PRINT USING <618

4660 PRINT USING 4620

4678 PRINT USING 4630

<688 IMAGE o.xzx.-1-.3».2».'xl-.vn.an.'zl-.sn.xn'l'
4690 INAGE 312%,° o
4208 DISP

4710 DISP * ENTER THE PERCENT DEFECTIVE, STATED AS A PERCENT. "
4720 DISP

4730 3EEP

4740 INPUT Perd

4738 P=Perg/100

4?60 GOSUB 3418

4776 PRINT USING 4680;Perd,Paceldt,kn

4780 PRINT USING ¢698

4798 DISP

4908 DISP TABC2S);" DO YOU WANT ANYMORE?
4010 DIsP

4820 3BEEP

4838 INPUT Res

4848 1F Res="YES® THEN 4780

4058 DISP

«860 DISP “DO YOU MANT R PLOT OF THE ASN CURVE?"
4878 DISP




BEEP

INPUT Res

IF Re$="NO" THEN RETURN

PLOTTER IS “9872A"

PLOTTER 7,5 1S ON

Jige-9999

FOR I=1 TO 100

1F RsnCl1)>Big THEN Bigesfsncl)

NEXT 1

DisP

DIisp THE LARGEST ASN 1§ *;Big
DISP = ENTER THE MAXIMUM ASN YOU WANT SHOWN ON THE PLOT. *
oisP

BEEP

INPUT Maxy

LOCATE 18,100,10,100

SCALE 0, Maxx,0,Maxy

Dlsp

pIisP - WNHAT LABELING INTERVAL DO YOU WRNT ON THE Y ax1s?”
DisP

BEEP

INPUT Iny

CHI2E 2

LAXES Inx,Iny,0,0,-1,1

MOVE Inx-3,Naxy=-3

LABEL “ASN"

NOVE 40inx, -Maxy/20

LABEL "PERCENT DEFECTIVE®"

MOVE O,Muleicl, 1)

FOR 1=1 TO 100

I1F 1=1 THEN MOVE Pd<I),AsncCl)

DRAK PACI>,AsnC])

NEXT I

ROVE S00,300

RETURN

disp

Disp " YOU MAY STARY THE SEARCH PROCEDURE BY ENTERING THE INYYI: NUMBE
L]

DISP = DEFECTIVES PER LOT. R RECOMMENDATION IS MADE THAT THMIS v...JE BE
DISP * OF THE LOT $12E. REMEMBER, THIS ENTRY MUST BE AN INTEGER!

b 28 14

3EEP

INPUT K

BadsK

GOSUS S3e0

GOTO 6040

REN HYPERGEOMETRIC EVALUATION OF SPECIAL PLAN
NoLsise

Started

NeMulticy, 1)

FOR Xo@ TO MultiCi,13)-1

Gosus 2856

Table(Xel, 1))t

Tadle(Xe1,2)=Prod

NEXT X

Pace=d

EneMulticl, 1)

Pen=§

IF MUItiC1,22<0 THMEN Start=l

IF MUIt1C2,2))80 THEN Startsnulticl,2)+}
ContinoMuleti(l,13)-1

ConnunsCont in=Start el

FOR ltel TO Connum

Con(ltingtartelt-}

NEXT It

FOR Its1 10 Multicl, i)

IF Tadle(lt,1)<ConuintiC1,2> THEN PacsPaceTabledIt, )
IF Tabledlt, 1)<asMultic1,2) THEN 3608
FOR 1s=1 TO Connua

IF TableCit,1)sConClis) THEN Conp(ls)=Tadble(ls,2)
IF Tadle(lt,1)aConCls) THEN 56008

NEXY Is

NEXT It

FOR 1s=! TO Connum
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S620
3630
3640
5630
3660
3620
3680
5690
5700
s710
5728
S730
5748
37350
5760
s?770
5780

s798
5800
5810
5820
5830
S840
sese
S8ee
5870
5880
5898
S900
s9160
5920
5930
3948
59350
5960
3978
3980
3990
6000
6010
6028
6620
6848
6039
({11
68?70
VE!
6200
6090
6180
€110
6120
613¢
€149
€158
OF"
6160
6170

6189

6198
6200
6210
6220
6230
6240
€250
6268
6278
€260
62%0
6300
6210
6320
6330

PenaPen+Conp(ls)

NEXT 13
EnsEnePent (MUt i(2,1)~Multi(1,1))
FOR 12 TO Tier
NelLsize~MultiCl=-1,1)

nefultiCl, PI-MLiCI=1,1)
Startsl

FOR Ita) TO Connua

KsBad-Con(1t)
Lisac¢lvysMulticl,13)=Concltd-1
FOR Xu@ TO LimaClt)

GOsSuUB 2830

Figp(iy, XeiduProbeConplle)
Figllt, XeldaXeCon(lL)

NEXT X

NEXT It

1F MultiC¢1,2)>8@ THEN StartsMulti(l. 2391

ContinsMultiCl,13)~1

LimaCont in=Starte}

FOR It=! 7O Lim

ConcCltingtartelt=1

Conp(lti=d

NEXT Is

Pensg

FOR It=l TO Connum

FOR Xu® TO Limallv?

IF FigClt,Xe1)<oMulei¢1,2) THEN PacaPaceFigp(lt X+1)
IF FigClt, XeidCamulnriCl,2) THEN 5960

IF MuleiCl,2)+1eMulti(],13) THER 5960

FOR Jrei TO Lin

IF Figllt,RegdaConlIt) THEN Conp(JIrdeConp(Iti+Figpllt, Xel)
IF FigClt Xei1dnConcit) THEN Pen=Pen+Figp(lt,Xe1)
IF Figclit,Xe3)aConCis) THEN S960

NEXT J¢

REN

NEXT X

NEXT 1t

ConnuasLin

EnaEnePens (Mult§(I+1,1)-MuleiCI, 1))

JEEP

NEXT 3

RETURN

IF Pac<.02 THEN 6140

Dise

DISP “When®;dad;® defectives are present in the lot, Pa is*jPaceldd;"%.*
dIsP * HOLD ON I AM INCREASING THE DEFECTIVES TO SCOPE OUT THE OC CuR
-

Dise
Ckea310e¢INT(Dad 18>
BadsCke10

KeBad

] {44

GOTO 3310

DIsP

Disp ¢ 1F THE SUBRITTED LOT CONTAINS ";Bad;"DEFECTIVES, THE PROBABILITY

Disp - ACCEPTANCE IS *;Pac;*. *
DisP * ENTER THE MAXIMUM NUMDER OF DEFECTIVES PER LOT, YOU WANT SHONN

ISP ~ ON THME OC CURVE. THIS ENTRY MUST BE AN INTEGER!

DIsSP
DEEP
INPUT Maxx
IF Maxx<(s106 THEN Incxe]
IF Maxx<=100 THEN LimsMaxx
l: Maxx<=1800 THEN 6320
sP
Q}SP “UHMAT INTERVAL DO YOU MANT BETMEEN SUCCESSIVE DEFECTIVES PER LOT? *
DisP
Lin=100
MaxxsMaxx+3
BEEP
INPUT Incx
FOR Ifel TO Lim
Kelfelnex
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6340
6330
6360
63?78
6380
63%0
6400
6410
€420
6438
6440
6430
6460
(1Y ]
6480
€490
6300

€310
6320
6330
€340
6338
€360
65?78
€380
6590
6660
6610
€620
6630
6648
66350
6660
667¢
6698
6690
6700
6710
6720
6?30
6748

BadaK

GCOSUD S340

Pacl,1f)ePac

Paclfdedad

Dise

DISP "0 “;3ad;” defectives/lot: Pas*;Pace100;"%X & ASN=" En
Dise

DEEP

Asn(If)eEn

Dise

NEXT 1¢

PLOTTER I§ "9872R"

PLOTTER 7,5 18 ON

LOCATE 18,100,10,180

SCALE 0,Maxx,@,103

ISP

DISP "THE RECOMMENDED LABELING INTERVAL FOR DEFECTIVES-LOT 1§ " INT<(Mmaxx/}

DIse - ENTER THE LABELING INTERVAL YOU WANT SHOWN -
28 4
3EEP
INPUT Inx
CSI2€ 2
LAXES Inx,3,0,0,-1,1
MOVE Inxs3,180
LABEL “Pagik)®
MOVE 4elnx,~4.95
LABEL °"DEFECTIVES PER LOT, Lot Size = “jLsize;"Units"”
Liasite
IF Maxx=3<18¢ THEN LimsMaxx-3
NOVE 8,180
FOR If=si 7O Lim
DRAU Pd(1f), 1000Pa(t, 1)
DISP PaCIf),100%Pa(),10)
NEXT 3¢
NOVE 580,500
FOR Jet 10 11
THEN DISP .
:: :::‘TM:: n?ir . D0 YOU BANT ANY OF THESE POINTS PRINTED?®
NEXT J
IEEr
INPUTY Res
1F ReSs"NO" THEN 7009
PRINT LINCS)
PRINT USING ¢800
PRINT USING 6010
PRINT USING 6828
INAGE 12X%,°
INAGE 12X, " |Defectives
INAGE 12%,*) Per 23
INAGE «,12%,°[",9D,"
DisP
n::r . ENTER THE NUMDER OF DEFECTIVES PER LOT .
Dise
JEEP
INPUT K
SadeK
COsSUl Sie0
PRINT USING €830;3ad;Pacsifg,En
PRINT USING 6800

DISP

DISP "0 YOU WANT ANOTHER ONE?"
Dise

JEEP

INPUT Res

IF Ress°YES® THEN 6040

PRINT LINCE)

Dise

pise * DO YOU HANT AN ASN PLOT? .
b 2% 1 d

JEEP

INPUT Res

1F Res®*"NO" THEN RETURN
Lin=100

IF Maxx=-3<100 THEN LimssMaxx~-3
Dige-99999

FOR 1fe) TO Lim
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T100
7110
7120
7130
T149
T1%58
7168
7170
7180
7190
7280
T210
T220
7230
7240
7230
7260
72?0
7280
729
700
70
T320
7330
7340
7358
7360
73%
7380

IF AsnC1€)>Big THEN Big=Asnclf)

NEXT 1If

pisp

1 28 L THE LARGEST ASN 1§ ":Big

DISP * ENTER THE MAXIMUM ASH YOU WANT SHOWN ON THE PLOT. ~
pIsP

BEEP

INPUT Maxy

PLOTTER 1S "9872R°

PLOTTER 7,5 1§ ON

LOCATE 10,108,10,100

SCALE §,Maxx, 8, Naxy

pIsSP

pISp * WHAT LRBELING INTERVAL DO YOU WANT ON THE Y axis?*
pise

BEEP

INPUT Iny

CSIZ2E 2

LAXES Inx,Iny,8,0,-1,1

ROVE Inx/3,Maxy®.9S

LABEL “ASN*

MOVE 4elnx,-Maxys20

LABEL "DEFECTIVES PER LOT, Lot Size = “;Lsize; units”
FOR 1f=3 TO Lim

IF 1f=3 TREN NOVE PdC1f),AsncCIf)

IF CPACIfI=sB) AND (Aan(l>=@) THEN 7360
DRAW PdC1f),AsnC1f)

NEXT 1f

RETURN
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