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CHAPTER I 

INTRODUCTION AND HISTORICAL BACKGROUND 

Man's concern for the quality of manufactured 

product is as old as civilization itself. The Egyptian 

construction inspector in the 15th century B.C. and the 

master craftsman in the early 19th century (8) were both 

ever-watchful to insure that each unit produced under his 

supervision was of the highest quality. To each of these 

people, and to each of the competent manufacturers in 

their interim, quality of product was a matter of personal 

pride as well as professional responsibility. The indus-

trial revolution in the late 19th century brought rapid 

change to the industrial environment and, as a result, 

essentially removed the master craftsman from the fore-

front of American manufacture. The time-tested methods 

for assuring product quality were, however, retained and 

continued to be widely used. Many manufacturers felt that 

the only means to assess the overall quality of a lot was 

to inspect each unit of product and to judge it individu-

ally as being either acceptable or unacceptable. The 

theory that subsequently evolved was one which considered 

only a portion of a lot as the basis upon which the over-

all lot quality could be determined. 

' 1 
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Statistical theory was first effectively applied to 

the control of product quality in the mid-1920's. Early 

research in the field was conducted at the Bell Telephone 

Laboratories by W. A. Shewhart, H. F. Dodge, and H. G. 

Romig (6, 33). These pioneers laid the foundation for the 

modern "control chart", set the pattern for subsequent 

applications of statistical methods to process control, 

and took the leadership in developing the application of 

statistical theory to sampling inspection. Shewhart, in 

his book ( 33) , was primarily concerned with process con-

trol, using a "control chart" for the process mean to 

indicate the presence of assignable causes which may be 

contributing to the deterioration of product quality. 

Dodge and Romig (6) concentrated their efforts in the 

area of applying statistical theory to sampling inspection. 

Research continued at the Bell facility but industry was 

slow to accept these techniques. 

The outbreak of World War II in 1939 caused the armed 

·services to enter the commercial market as large consumers 

of American output and, in that capacity, the military had 

a considerable impact on existing quality standards and 

practices. Their adoption of scientifically designed 

sampling plans left those industrial firms which desired 

to remain government suppliers no alternative but to 

develop programs to prepare themselves for the implemen-
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tation of statistical quality control methods. 

The development of acceptance sampling procedures 

is only one of many ways in which statistical theory 

can be applied with respect to the control of product 

quality. The American Society for Quality Control (1) 

defines acceptance sampling as "sampling in which decisions 

are made to accept or to reject product; also, the science 

that deals with procedures by which decisions to accept 

or to reject product are based on the results of samples." 

This technique is concerned with determining whether the 

inspection lot as a whole conforms to a pre-specified 

quality standard, while examining only a randomly select-

ed portion of the lot. Acceptance sampling plans are the 

scientifically designed procedures for the partial exam-

ination of an inspection lot and for specifying the 

acceptance/rejection criterion. These plans are broadly 

classified as either attributes or variables. 

Attributes acceptance sampling plans attempt to 

statistically determine simply whether an inspection lot 

possesses, or does not possess, the specified quality 

characteristic to an acceptable degree. This determina-

tion is often made visually, or by using "go - no go" 

gauges, or by any other means which identifies the presence 

or absence of the attribute under consideration. For 

example, a manufacturer of cylindrical steel bars may wish 
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to statistically determine whether or not the bars in an 

inspection lot of size L have the specified diameter. 

Deciding to implement an attributes acceptance sampling 

plan, he draws a randomly selected sample of size n1 from 

the inspection lot, applies a "go - no go" gauge to each of 

the units, and records the number of bars which conform to 

the specified criteria and the number that do not. If the 

outcome of the inspection procedure shows, say, that two 

or less of the bars do not conform to the gauge, the manu-

facturer will accept the lot as having the specified diam-

eter. If, on the other hand, three or more of the bars do 

not conform to the acceptance criteria, he will reject the 

lot for not possessing the desired attribute to an accept-

able degree (in this case, too many bars having diameter 

outside the specification limits). The manufacturer has 

hence reached the statistical decision to either accept or 

to reject the inspection lot. 

Variables sampling plans are fundamentally different 

from the attributes plans in that the former requires the 

quality characteristic under consideration to be physically 

measured on some continuous scale. These measurements can 

be made by using one of many types of micrometers, calipers, 

or other direct or indirect measuring devices, each of 

which may be specially designed for the particular task at 

hand. In this case, the sample mean or the sample range, 
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or any other pertinent sample statistic is computed from 

the observed measurements and is used to assess the overall 

quality of the inspection lot. Owen (24) considers vari-

ables sampling plans which call for the acceptance of the 

inspection lot if both X - kS > LS and X + kS < US, where 

LS and US are the lower and upper specification limits, 

respectively, and where X is the sample mean, S is the 

sample standard deviation, and k is an appropriate con-

stant. Owen further notes that sampling plans based on the 

assumption that the characteristic being measured follows 

a normal distribution may save considerably on sample size 

over an attributes plan, pointing out that there is con-

siderable justification for using, wherever applicable, 

variables acceptance sampling plans. In other research, 

Owen (23) offers the premise that variables acceptance 

sampling plans are not widely used except possibly in the 

area of life testing because of the uncertainty that the 

variate being measured is normally distributed, or the 

certainty that it is not. He concludes that it would be 

best, of course, to use sampling plans tailor-made to the 

particular distribution present, but if the sample size 

is not extremely small and the tail probabilities of the 

distribution are small then the effect of non-normality 

may not be severe. 

Referring to the previous example, the manufacturer 
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chooses here to implement a variables plan. He selects 

a random sample of size n2 from the inspection lot (sample 

size n 2 for the variables plan is not necessarily equal to 

sample size n1 for the attributes plan), measures the 

diameter of each of the bars, and then computes, say, the 

sample mean of these observations. Finally, the manufact-

urer assesses the overall quality of the inspection lot by 

comparing the computed value of the sample mean to sta-

tistically determined control limits. If the value of the 

sample mean falls between the control limits, he will 

accept the lot as pos.sessing the specified diameter. Oth-

erwise, he will reject the lot. The manufacturer has 

again reached a statistical decision to either accept or 

to reject the inspection lot. Thus, the decision alter-

natives which exist under the variables plan are the same 

as those which existed under the attributes plan. 

The foremost concern of many manufacturers is, however, 

economic in nature. In this context, quality control plans 

might well be designed in a manner that attempts to mini-

mize the total expected cost resulting from the implemen-

tation of the quality control plan. Widely referenced 

research on the economics of quality control was conducted 

by Duncan (7) and was primarily concerned with the economic 

design of X charts used to maintain the current control of 

a process. In this respect, he proposes a criterion that 



7 

measures the approximate net income of a process when 

random shifts in the process mean may occur. Using 

elementary waiting line theory in his development, Dun-

can's solution provides the approximate optimal values of 

the sample size (n), the time between the taking of suc-

cessive samples (h), and a constant of control limit dis-

persion (k). Goel, et. al. (13), present an iterative 

algorithm for the exact determination of these three param-

eters for Duncan's. model .. 

Hald (14) points out that the full significance of a 

sampling inspection plan can only be developed on the basis 

of the prior distribution and the economic consequences of 

acceptance and rejection of the inspection lot. In his 

research, Hald derives the two basic equations for the 

determination, in the attributes case, of the sample size 

and the acceptance number by minimizing the given cost 

function without initially making any assumptions on the 

functional form of the prior distribution. He then in-

vestigates the solution for several reproducable distribu-

tions. Other authors (17, 27, 28) have investigated 

variations of this problem, all arriving at conclusions 

similar to those of Hald. 

There are various costs which can be incurred by 

virtue of implementing an acceptance sampling plan. These 

costs are fundamentally divided into two categories: 
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a) the cost of reaching a decision to either accept or 

reject the inspection lot, and b) the cost associated 

with implementing that decision. Figure 1-1 shows these 

two costs areas schematically, and their components as de-

veloped in this research. In Chapter III, these cost 

components are developed in the framework of a mathematical 

model. These cost areas are characteristic of both attri-

butes and variables cost-based quality control. It is, 

then, the minimum or near minimum cost quality control 

plan which is often the most attractive to management. 

Again referring to the quality control situation des-

cribed earlier in this chapter, the manufacturer now 

decides to consider a cost-based variables acceptance 

sampling plan. He must now mathematically model the 

situation, making various decisions as to the disposition 

of units found to be defective in sampling inspection as 

well as to the disposition of the entire inspection lot 

should the lot be rejected. His next task, and the one 

considered by some as being his most difficult, is to 

assign values to the various components of cost which are 

included in the cost model. Finally, the model must be 

optimized in order to determine the values of the decision 

variables (i.e. the sample size, lower control limit, and 

upper control limit) that specify the minimum cost quality 

control plan which he should subsequently implement. It 
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Figure 1-1. Schematic of the Major Cost Components. 
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is important to note that the acceptance sampling plan 

specified in this case is not necessarily, and is not 

usually, the same as that specified in the purely statis-

tical case for variables acceptance sampling. 

With the exception of recent research, cost-based 

as well as statistically computed acceptance sampling 

plans have been constructed upon the premise that an in-

dividual unit of product can concurrently possess only a 

single quality characteristic. Ghare and Torgersen (11) 

have conducted research concerning the statistical aspects 

of the problem, pointing out that the principal disad-

vantage of control by variables is that a separate control 

chart must be maintained for each quality characteristic 

being inspected. These authors developed the multichar-

acteristic (Q) chart that permits the monitoring of the 

central tendency of a number of continuous quality char-

acteristics on one control chart. The Q Chart defines an 

accept/reject boundary and permits a plot over a time 

sequence but does not identify the one or more quality 

characteristics that may be out of control when an overall 

out-of-control condition is indicated on the chart. Mont-

gomery and Klatt (21) have presented an economic model for 

the Hotelling T2 control chart and have discussed a general 

methodology whereby the optimal test parameters for the 

control chart may be computed. 
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As opposed to multicharacteristic methods of process 

control, Schmidt and Bennett (30) have presented research 

concerning economic multiattribute acceptance sampling. 

These authors developed a mathematical model which con-

siders the total expected cost of quality control per 

inspection lot as the criterion of optimality. The prob-

lem of interest was one in which several characteristics 

were controlled and the inspection lot was either accepted 

or scrapped. Results of that research indicated, for the 

examples cited, that the model and its optimum solutions 

are more sensitive to changes in the mean and variance of 

proportion defective per lot then to the shape of the 

distribution of proportion defective. Bennett and Mccas-

lin (4) have also considered the multiattribute accept-

ance sampling problem. In their research, the inspection 

lot could be either accepted, scrapped, or screened. For 

the specific examples considered in that research, the 

authors have suggested that the cost model presented is, 

likewise, more sensitive to errors in the estimation of 

the parameters of the process distributions than to errors 

in identifying the distributional forms. 

Many manufacturers are faced with the problem of 

simultaneously controlling several attributes and if the 

objective of the quality control effort in that case is 

economic in nature, then the research just cited (4, 30) 
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may be applied very effectively. There are, however, pro-

ducts which have present in them several quality character-

istics which are variables rather than attributes. This 

situation poses somewhat of a dile~~a for the manufacturer, 

in that there are presently only a limited number of ap-

proaches which may be taken to the simultaneous control of 

several variables. 

Multicharacteristic methods of control charting (11, 

21) could be applied in the variables case, but the major 

weakness of these plans is that although they identify an 

out-of-control condition, they do not indicate the specif-

ic variable or variables which are causing this condition. 

Another approach might be to design an acceptance sampling 

plan for each of the individual variables from a purely 

statistical standpoint and then implement the resulting 

plans simultaneously. This procedure is a valid one, but 

the use of statistically determined acceptance sampling 

plans may result in more costly control of the variables 

than is really necessary. This approach to the simul-

taneous control of several variables often would not be 

attractive to management because of its adverse economic 

consequences. 

The profit minded manufacturer realizes that the 

economic control of product quality may play an extremely 

important part in the financial success or failure of his 
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firm. From an economic point of view, then, there exists 

the need to develop cost-based acceptance sampling plans 

for each of the variables under consideration, which 

when implemented in combination, result in the least total 

expected cost of controlling lot quality. The remainder 

of this research is concerned specifically with the design 

of economic multivariate acceptance sampling plans. 



CHAPTER II 

DESCRIPTION OF THE PROBLEM 

A. The Problem 

The lot-by-lot evaluation and subsequent attempt to 

control product quality is a problem familiar to many 

industrial managers. A system of acceptance sampling 

plans may be applied in an effort to cope with this prob-

lem and is, therefore, the approach to the control of 

product quality taken in this research. An acceptance 

sampling plan is often implemented in two phases. The 

first phase is to determine whether or not the inspection 

lot is of acceptable quality, i.e. to reach a quality 

control decision. The latter phase is concerned with the 

disposition of the lot in accordance with the overall 

quality control plan, i.e. implementing the quality 

control decision. The result of the first phase of the 

acceptance sampling procedure leads to one of three alter-

native decisions: accept the inspection lot, reject and 

scrap the lot, or reject and screen the lot. 

The multivariate acceptance sampling system consid-

ered in this research is specified by three decision vari-

ables for each characteristic to be controlled: a sample 

size and a lower and upper control limit for the sample 

14 
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mean. The objective in this problem is to design the 

acceptance sampling plans such that when implemented in 

combination they provide for the control of product 

quality as economically as possible. The specific quality 

control problem of interest in this research is described 

in the remainder of this chapter. 

Sampling inspection is conducted in the first phase 

of the quality control plan. Before discussing the sam-

pling discipline, however, several aspects of the vari-

ables themselves must be considered. The type of product 

present here has one or more physically measurable char-

acteristics, each being viewed as occurring independently 

of all the others. That is, there is no interaction 

among the variables with respect to their individual con-

formance to specifications. For instance, the diameter 

and the length of a cylindrical steel bar may be the two 

variables of interest. If the diameter of the bar is to 

be measured at both ends of the bar, each diameter is 

considered as a separate and independent variable and must 

be so designated. 

The variable types are classified into three mutually 

exclusive categories~ The first group is denoted as Vari-

able Class A. In measuring or testing a product for this 

variable type, the product is destroyed and cannot be used 

for its intended purpose nor as an item for further sam-
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pling or screening inspection. Tensile or compressive test-

ing in which the product must be shattered in order to 

obtain the desired measurement is one example of a variable 

type in this class. 

The second category is Variable Class B. When- in-

specting this type of variable, the product is destroyed 

with respe'ct to its intended purpose. The product can, 

however, be used as an item in subsequent inspection op-

erations. For instance, a toothpaste tube must be rup-

tured in order to inspect for voids in the inner coating 

of the tube. This inspection operation renders the tube 

useless with regard to its intended purpose, but does not 

prohibit further inspection of such characteristics as the 

thread diameter at the neck of the tube. 

The last of the variable classes is Variable Class C. 

This is a nondestructable category. Inspection for a 

variable type in this class leaves the product fit for its 

intended purpose as well as for further inspection oper-

ations. The variable types in Class C are referred to as 

"screenable" variables. A simple measuring operation for, 

say, length or diameter is representative of variable 

types in this class. 

The sample statistic used in this problem to deter-

mine whether to accept or reject the inspection lot on a 

given variable is the sample mean of the observations 
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taken on that variable. If the sample mean on a given 

variable conforms to the specified control limits for 

that variable the lot is accepted with respect to that 

variable. Otherwise, the lot is rejected on that variable. 

The next aspect in this first phase of the quality 

control scheme is to specify the sampling inspection 

procedure: The model developed in this research is 

strictly dependent upon the order in which the variables 

being controlled are inspected. The model does not apply, 

and therefore must be altered, if any order of sampling 

other than that described as follows is used. The vari-

ables in Variable Class A (numbers l, ... ,k1) are inspected 

first, then those in Class B (numbers k1+1, ... ,k2), and 

finally those in Variable Class C (numbers k2+1, ..• ,k3). 

The sample sizes specified by the acceptance sampling 

plans are arranged, within each of the variable classes, in 

ascending order. That is, n1 s n 2 s 

Ilk 2 ~ ••• 5 Ilk 'Ilk ~Ilk +2 5 i+ · 2 z+l 2 
• • • "5. nk . 

3 

The sampling di.scipline is as fallows: 

Sample n1 units on variable type 1. If the 

inspection lot is accepted on this variable, so 

note and go on to the next sampling inspection 

operation. If the lot is rejected on this 
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variable, reject and scrap the lot. 

Sample nk units for variable type k • If the 
1 1 

inspection lot is accepted on this variable, so 

note·and go on to the next sampling inspection 

operation. If the lot is rejected on this variable, 

reject and scrap the lot. 

Sample nk +l units for variable k +l. If the inspec-
1 1 

tion lot is accepted on this variable, so note and go 

on to the next sampling inspection operation. If the 

lot is rejected on this variable, reject and scrap 

the lot. 

Sample nk2 units for variable k2 . If the lot is 

accepted on this variable, so note and go on to the 

next sampling inspection operation. If the lot is 

rejected on this variable, reject and scrap the lot. 

Sample nk +l units for variable k2+1. If the lot is 
2 

accepted on this variable, so note and go on to the 
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next sampling inspection operation. If the lot 

is rejected on this variable, screen the lot on 

variable k2+1, and go on to the next sampling 

inspection operation. 

Sample nk units for variable k3• If the lot is 
3 

accepted on this variable, so note. If the lot 

is rejected on this variable, screen the lot on 

variable k3 . Inspection for all variables is 

completed. 

The final aspect in the first phase of the acceptance 

sampling problem is to determine the costs which are in-

curred in order to reach a quality control decision, re-

gardless of which decision is reached. The only cost in-

curred is that of performing the actual sampling inspec-

tion operations. This cost is specified on a per unit 

basis and is incurred for each variable inspected. This 

cost may vary from variable to variable but is maintained 

as a constant for all variables throughout the examples 

in this research. 

As already indicated, a quality control decision is 

reached in the first phase of the acceptance sampling 
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scheme. The remaining step is to implement that decision. 

Each of the three decision alternatives is now considered, 

characterizing the manner in which each is reached and the 

costs that are incurred. 

The decision to accept the inspection lot is reached 

if, and only if, the sample mean of each and every one of 

the variables being controlled conforms to the control 

limits for that variable. When the lot is accepted only 

the units removed from the lot for the purpose of sampling 

inspection must be considered with regard to the accumu-

lation of any replacement or repair costs. The units 

which have been destroyed during sampling inspection are 

discarded but may be subsequently replaced. These units 

which have not been destroyed but which have nevertheless 

been found to be defective are repaired and then returned 

to the inspection lot from which they were drawn. 

The cost to replace a unit is assumed to be cp 2 . 

Replacement units are taken from an available supply and 

may be screened for all Va~iables in Class C, dep~nding upon 

management policy.· If screening occurs, any defective 

units are repaired and the cost of performing the repair 

operations, if any, is also incurred. Any non-destroyed 

units remaining in the total sample which are found to be 

defective are repaired. In this case, as well as in the 

case of repairing defective replacement units, if multiple 
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defects are found in a single unit, a cost to repair each 

defect is incurred. 

Finally, the cost of accepting defectives in the lot 

must be considered. Since, in this decision alternative, 

the lot has been deemed acceptable on all variables, no 

defectives in the remainder of the lot will be detected 

and a cost is incurred by virtue of accepting defects in 

all variable classes. 

If, at any point in the sampling inspection of Vari-

able Class A or B, a sample mean does not conform to its 

control limits, the lot is rejected and scrapped. Sam-

pling inspection is terminated and the lot and sample are 

immediately discarded. The cost to discard a unit is the 

cost Cpl" This cost is incurred for every unit in the 

inspection lot. 

The decision to reject and screen the inspection lot 

is reached if the lot is accepted on all variables in 

Classes A and B and subsequently rejected on one or more 

variables in Class C. The units destroyed during sampling 

inspection may be replaced, and replacement units may be 

screened, incurring the applicable costs, In addition, 

however, the costs of screening inspection and repairing 

observed defectives in the lot and the sample are incurred. 

The nondestroyed portion of the sample and lot are 

screened on only those Class C variables which were reject-
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ed during sampling inspection. 

Since the lot is not scrapped in this case, a cost 

will be incurred by virtue of accepting some defectives. 

Defectives among the destructable variable types are not 

detected and a cost per defect for accepting these defec-

tives is incurred. In addition, a cost for accepting 

defectives among all accepted Class C variables must be 

considered. 

B. Method of Approach 

The economic acceptance sampling problem just des-

cribed is mathematically modeled in Chapter III of this 

research. The decision variables are the sample size and 

the lower and upper control limits for the mean of each 

characteristic under consideration. The model is then op-

timized using a conventional search technique, the pattern 

search (44), to find values of the decision va~iables that 

specify the acceptance sampling plans which, when imple-

mented in combination, result in the minimum or near mini-

mum total expected cost of controlling lot quality. Sen-

sitivity analysis is performed for a specific example in an 

effort to determine the economic effect of errors in the 

estimation of the form of the distributions on the process 

means, provided that the mean and variance of these dis-

tributions have been determined with reasonable accuracy. 



CHAPTER III 

DEVELOPMENT OF THE COST MODEL 

The purpose of this chapter is to present the develop-

ment of a cost model consistent with the problem descrip-

tion. The mathematical model developed here expresses 

the total expected cost of quality control per inspec-

tion lot submitted for quality control as a function of 

the decision variables ni, LCLi' and UCLi (i = 1, ... , k3), 

where n. is the sample size and LCL. and UCL. are the 
1 1 1 

lower and upper control limits for the sample mean for the 

ith variable, respectively. The sampling scheme in Chaµter 

II must be used if the model is to be applied. The total 

expected cost of quality control per inspection lot, CT' is 

CT= E (cost of sampling inspection per inspection lot) 

+ E (cost of acceptance per inspection lot) 

+ E (cost of scrapping the lot per inspection lot) 

+ E (cost of screening the lot per inspection lot) 

[3-1] 

For the purposes of the development of equation 3-1, 

this chapter is divided into eight major sections. The 

first three of these are concerned with the notation, as-

sumptions and probability expressions, respectively. The 

next section presents a development of the cost expression 

23 
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associated with reaching a decision to either accept or to 

reject the inspection lot, i.e. the cost of sampling in-

spection. The succeeding three sections consider the costs 

of implementing the quality control decision, i.e. the cost 

of accepting the inspection lot, the cost of scrapping the 

lot, and the cost of screening the lot. Finally, an ex-

pression for the total expected cost of controlling the 

quality of an inspection lot is presented. Appendix A 

contains a schematic development of the cost model in 

"flow chart" form. 

A. Notation 

1, ... , k1 =index representing variables in character-

istic class A. 

k1 +·1, ... , k 2 =index representing variables in char-

acteristic class B. 

k2 + 1, ... , k3 =index representing variables in char-

acteristic class C. 

L = the number of items in an inspection lot. 

ni =sample size for the ith variable, (i = 1, ... , k3) 

LS. = lower specification limit for the ith variable, 
1 

(i = 1, ... ' k3) . 

US. = upper specification limit for the ith variable, 
1 

(i = 1, ... 'k3). 
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µ. = mean product dimension for the ith variable in an 
1 

inspection lot, (i = 1, 

µ = the vector ( µ1 , µ2 , ••. , 

xi= sample mean for the ith variable, (i = 1, ... 'k3). 

X. = observed item dimension for the ith variable, (i = 
1 

2 
cr. = variance of X. for a given inspection lot, (i = 

1 1 

1, ... , k3). 

f(µi) =probability density function of µi' (i = 1, ... , 

k3). 

g(x. !µ.) =conditional probability density function of X. 
1 1 1 

for samples drawn from an inspection lot with 

me an \Ji , ( i = 1 , ... , k 3) . 

h(x. Iµ.) = conditional probability density function of X. 
1 1 1 

for units drawn from an inspection lot with a 

mean µi, (i = 1, ... , k 3). 

LCL. = lower control limit for the ith variable, (i = 1, 
1 

... ' k3). 

UCL. = upper control limit for the ith variable, (i = 1, 
1 

... ' k3). 

Cii = the cost of performing the sampling inspection for 

the ith variable (i = 1, ... , k 3) on one unit of 

product. 

c 1 (~) =conditional expected cost of sampling inspection 

given the vector µ, 
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CaLi = cost which results from the undetected presence of 

the ith variable below the lower specification lim-

it in an accepted or screened lot, (i = 1, ... , k 3). 

CaUi = cost which results from the undetected presence of 

the ith variable above the upper specification lim-

it in an accepted or screened lot, (i = 1, ... , k 3). 

CA(accept; ~) = conditional expected cost of accepting the 

inspection lot given acceptance and the 

vector µ. 

CA(~) = conditional expected cost of accepting the inspec-

tion lot given the vector µ. 

Cpl = unit cost of scrapping an item. 

CP 2 = unit cost of replacement. 

Cr = unit cost of materials handling. 

CR(scrap, µ) = conditional expected cost of scrapping the 

inspection lot given rejection and the 

vector µ. 

CR(~) = conditional expected cost of scrapping the inspec-

tion lot given the vector µ. 

c = unit cost of performing the screening inspection for si 
the ith variable, (i = kz + 1, k3). ... ' 

c crLi = cost of repairing one unit of product found to have 

the ith variable below the lower specification limit. 

C u· = cost of repairing one unit of product found to have 
O' 1 

the ith variable above the upper specification limit. 
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c8 (~) = conditional expected cost of screening the in-

spection lot given the vector µ. 

CT = total expected cost of quality control per inspection 

lot submitted for control. 

N* = total number of items removed from the inspection lot 

for the purpose of sampling inspection. 

= max [ L n. + nk , L 
i=l 1 2 i=l 

n. + nk ] 
1 3 

o0 = the relationship between the largest sample size 

among the variables in class C and the largest sample 

size among the variables in class B. 

= 

o1i = the relationship between the sample size for the ith 

screenable variable and the largest sample size a-

mong the variables in class B. 

= { 
1, n. > nk l 2 i kz + 1 ' k3 = ... ' 
0' n. ~ nk l 2 

Nli = the minimum between the ith screenable sample size 

minus the (i -l)st sample size and the ith sample 

size minus the largest sample size among the vari-

ables in class B. The variable oli' above is used 
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in conjunction with Nli in order to maintain the 

latter as a nonnegative quantity. 

= min[ni - ni-l' ni - nk 2], i = k 2 + 1, ... , k 3 

N2i = the maximum between the sample size for the ith 

screenable variable minus the largest sample size 

among the variables in class B and zero. 

= maxfni - nkz' OJ, i = k 2 + 1, ... , k 3 
o2 = indicates management's decision with respect to the 

replacement policy. 

= 

1, units destroyed during sampling inspection 

are replaced in accepted lots. 

0, units destroyed during sampling inspection are 

not replaced in accepted lots. 

o3 = indicates management's decision with respect to the 

screening of replacement units. 

1, units are screened for all class C variables 
= 

0, units are not screened 

B. AssumEtions 

1. The random variables µl' . . . ' µk are independently 
3 

distributed. 

2. The random variables xl, . . . ' xk are independently 
3 

distributed. 

3. The random variables xl, ... ' xk are independently 
3 
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distributed. 

4. Errors, if any, which occur in sampling or screening 

inspection are assumed to be negligible. 

5. A specific defect type can occur only once in a unit 

of product. 

6. The sampling inspection of a unit of product for a 

characteristic falling in class A completely destroys 

the unit and further sampling inspection of that unit 

cannot be performed. 

7. The sampling inspection of a unit for a characteristic 

falling in class B renders the unit unfit for its 

intended use but does not prohibit further sampling 

inspection of that unit. 

8. The sampling or screening inspection of a unit for a 

characteristic in class C is nondestructive and lot 

rejection results in screening of the lot, given 

acceptance on variables in classes A and B. 

9. The number of units sampled for the ith variable, if 

inspection on that variable takes place, is without 

exception, n .. 
l 

10. If, at the completion of sampling inspection for a 

given destructable characteristic type, the decision 

is reached to reject the lot, the entire inspection 

lot is immediately scrapped and further sampling 

inspection is not performed. 
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11. Sampling inspection for the ith destructable char-

acteristic type must be completed and the lot must 

be accepted on that defect type before sampling is 

begun for the (i+l)st variable type. (i = 1, ... , 

kz). 
12. A unit that has been rendered unfit for its intended 

use during sampling inspection is scrapped, but may 

or may not be replaced, if the inspection lot is 

accepted or screened. 

13. In an inspection lot that has not been scrapped, a 

unit that has not been destroyed during sampling in-

spection but has been found defective during sub-

sequent sampling or screening inspection on a non-

destructable defect type is assumed to be repaired. 

14. A unit that has been accepted, or repaired, but has 

multiple defects will incur the cumulative cost of 

accepting, or repairing, each characteristic type. 

• 

15. If the inspection lot is accepted on all destructable 

characteristic types and the policy is to replace all 

units destroyed in sampling inspection, replacement 

units may be screened on all nondestructable character-

istic types and defectives are repaired accordingly. 

16. When screening for multiple characteristic types; the 

inspection of any one unit is tarried out to completion 

even though a defect in the unit may be detected prior 
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to the inspection of all characteristic types on that 

unit. 

17. An inspection lot which is accepted on all destruct-

able characteristic types cannot be scrapped. If the 

inspection lot is subsequently rejected on one or 

more screenable characteristic types, the remainder 

of the inspection lot is screened for those defect 

types only. 

18. Sample sizes are arranged, within a given character-

istic class, in ascending order. 

C. Frequehtly Used Probability Expressions 

Several probability expressions appear often during 

the development of the cost model. This section presents 

mathematical statements of these expressions and the car-

responding notation that will be used throughout the re-

mainder of this chapter. 

The measured value of the ith variable is either with-

in or not within the specification limits for that variable. 

In the former case the unit is termed as possessing the ith 

quality characteristic within acceptable limits and termed 

as being defective in the latter case. The conditional 

probability that the measured dimension of the ith char-

acteristic (i = 1, ... , k3) is within the specification 

limits for the ith characteristic given µ. is 
1 



P[G.!µ.] = 
1 1 

us. 
1 

J 
LS. 

1 
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h c x . I µ . ) dx . 
1 l l 

[3-2] 

In the event that an individual unit is defective on the 

ith characteristic (i = 1, ... , k3), it is of particular 

interest whether the measured dimension of that variable 

falls below the lower specification limit or above the 

upper specification limit. The conditional probability 

that an individual unit is observed to be defective on 

the ith variable and that the measured value of that 

dimension falls below the ith lower specification limit 

given µ. is 
l 

P(D1 .!µ.] = 
l l 

LS. 
l 

J 
- 00 

h c x . I µ • ) <lx . 
l l l 

[3-3] 

Similarly, the conditional probability that an individual 

unit is observed to be defective on the ith variable and 

that the measured value of that dimension falls above 

the ith upper specification limit given µi is 

P [Du. Iµ.] = 1 l 

00 

J 
us. 

l 

h c x . I µ • ) <lx . 
l l l 

[3-4] 

Another probability expression used repeatedly is the 

conditional probability that the inspection lot is accept-
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ed on the ith variable given µ., i.e. that the computed 
1 

value of the sample mean of the n. observed measurements 
1 

on the ith variable is within the control limits for that 

variable. This probability statement is given in Equation 

3-5 below. 

UCL. 
l 

P[A.rµ.] = f 
l l 

LCL. 
1 

g ex. 1 µ.) dx. 
1 1 1 

[3-5] 

Equations 3-2 through 3-5 have given the basic 

probability statements used most frequently throughout 

the model development. Other probability expressions are 

required in the development of the model but all are re-

lated to these four and will not be presented here. 

D. Cost of Sampling Inspection 

Determining whether to accept or to reject the in-

spection lot is the first step in the practical application 

of a quality control plan for acceptance sampling. The 

sampling discipline described in Chapter II and presented 

schematically in Appendix A is the primary support for the 

development of this cost expression. 

In order to perform the sampling inspection for the 

ith variable (i = 2, ... , k 2), the inspection lot must have 

been accepted on the previous i - 1 variables, with in-
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spection on the first variable being performed without 

exception. There exists, then, a conditional relation-

ship between the ith inspection operation and those 

which preceed it. That is, 

P(Accept on variables 1, ... , i-11µ1 , ... , µi-l) 

i-1 
= ·n P[A.!µ.] 

J J 
j=l 

The expression in Equation 3-6 is required for defect 

types in Variable Classes A and B, i = 1, ... , k 2 . 

Since the inspection lot cannot be rejected and 

[3-6] 

scrapped on Variable Class C variables, the sampling in-

spection for these variables is conditioned only on having 

accepted the inspection lot on variables 1 through k 2 , 

inclusive and 

P(Accept on variables 1, ... , k2 1µ1 , ·· ·, µk) 
2 

j=l 
P[A.!µ.] 

J J 
[3-7] 

The cost of performing the ith sampling inspection 

operation (i = 1, ... , k 3) given that it is performed is, 

without exception, expressed as ni Cii' This cost is the 

unconditional sampling inspection cost for the ith variable. 

The sampling procedure is, however, a conditional procedure. 
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Using Equations 3-6 and 3-7 to impose the appropriate 

conditions on the cost components of inspection, the 

conditional expected cost of sampling inspection given 

]:I ' denoted by Cr(!;), is formulated as 

kz i-1 
CI(]:!) = CI~ nl + L Cii n. II P[A !1-1.] 

1 . J 
i=Z j=l J 

k3 kz 
+ L Cii n. TI P[A. Iµ.] [ 3- 8] 1 J J 

i=k 2+1 j=l 

E. Cost of Accepting the Inspection Lot 

A decision to accept the inspection lot is one of the 

three possible outcomes of the sampling inspection pro-

cedure. The components of cost included in this section 

are incurred solely as the result of implementing this 

decision alternative and are conditioned accordingly. This 

section is presented in four parts, each containing a dis-

tinct component of the cost of accepting the inspection 

lot. Note that accepting the inspection lot implies that 

the sample mean, Xi, falls within the specified limits, 

LCL. and UCL., for all i, where 
1 1 



36 

k3 

P(Accept on all variables!µ) = rr 
i=l 

P[A. Iµ.] 
]_ ]_ 

i. Cost of units destroyed or rejected in sampling 

inspection 

[3-9] 

The nature of the variables included in this model 

may cause some units to be destroyed during sampling 

inspection. A total of 

n. + nk ]_ 2 

units are destroyed during sampling inspection of an 

[3-10] 

accepted or screened inspection lot. A cost Cpl' the per 

unit cost to scrap an item, and the per unit material~ 

handling cost, Cr' are incurred for each of these units. 

The conditional expected cost of the units destroyed 

during sampling inspection given lot acceptance and the 

vector µ is 

kl 
= [Cpl + Cr] [ r 

i=l 

If the sample size n. ' ]_ 

n- + 
]_ [3-11] 

for some i = k 2+1, ... , k3 , is 

greater than the sample size nk , there exists units in the 
2 

total sample which have not been destroyed during sampling 
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inspection. Some of these units may be rejected during 

the completion of the sampling procedure for nondestruct-

able variables. For the purposes of developing this 

component of cost, the reader should recall that 

and, 

= { 1, 
01i 

0' 

n. > nk 
1 2 

n. 
1 

Those units rejected but not destroyed during 

[3-12] 

[3-13] 

sampling inspection likewise incur the materials handling 

cost, but by assumption, the cost of repairing the ob-

served defectives will also be incurred. Hence, 

[3-14] 

The conditional expected cost of rejecting units during 

the sampling inspection and repairing the observed defec-

tives, given lot acceptance and the vectorµ is 
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k3 k3 

CAl = Cr ~ 0li Nli (1 - TI P[G. Iµ.]) 
2 i=k 2+1 j=i J J 

+ Nz· {Cu· P[Du· ,µ.] + c L" P[DL. !µ.]} 1 cr1 11 cr1 11 

[3-15] 

Let CAl (Accept, ~) denote the conditional expected cost 

of units destroyed or rejected in sampling inspection 

given lot acceptance and the vector µ. This cost is 

given as 

CAl (Accept, ~) = [3-16] 

ii. Cost of replacing units destroyed in sampling 

inspection 

A manufacturing firm may elect to replace all units 

destroyed in sampling inspection, thereby maintaining a 

constant "outgoing" inspection lot size. If this policy 

is in effect several additional costs are incurred. In 

order to indicate the presence or absence of this policy, 

the following notation is introduced. 
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{ 1, Replace units destroyed in sampling 

inspection 
oz = 

0' Do not replace units destroyed in 

sampling inspection 

(3-17] 

The cost to physically replace a destroyed unit will 

simply be the cost, CP 2 . As before, the number of units 

that must be replaced if the policy is in effect are those 

which were rendered unfit for their intended use during 

sampling inspection. This number of units is given by 

Equation 3-10. The conditional expected cost of replacing 

these units given lot acceptance and the vector µ is 

kl 

CAZ = Cp2[ I: 
1. i=l 

n. 
l [3-18] 

In addition, all replacement units may be screened for Class 

C variables, in which case, o3=1; o3=0, otherwise. The 

conditional expected cost of performing the screening in-

spection of replacement units given lot acceptance and the 

vector µ·is 

k3 kl 

CAZ = 03 I: [C . ( I: 
2 Sl 

i=k 2+1 j=l 
n. + nk ) ] 

J 2 
(3-19] 

The conditional expected cost associated with repairing 

the observed defectives among the replacement units given 
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lot acceptance and the vector µ is 

kl k3 

CAZ = 03 L: n. + Ilk ] E cc u. P [Du. I µ. l 1 CJ 1 1 1 3 i=l z i=kz+l 

+ c L . p [ DL . I µ . ]) 
CJ 1 1 1 [3-ZO] 

Since the replacement units cannot be inspected for 

variables in Classes A and B without again being destroyed, 

defectives among these variables will pass undetected. 

Hence, the conditional expected cost of accepting these 

undetected defectives among replacement units given lot 

acceptance and the vector µ is 

kl 
= [ E 

i=l 
n. + nk ] 

1 z 

o3kz + (1 - o3)k3 
E 

i=l 

P [Du. Iµ. ] + c L. P [ DL. Iµ. 1 } 
1 1 a 1 1 1 

{C u· a 1 

[3-Zl] 

Let CAZ (Accept, ~) denote the total conditional 

expected cost of implementing a replacement policy given 

lot acceptance and the vector µ. This cost is given as 

CAZ (Accept, µ) = 

[3-ZZ] 

iii. 'Cost of accepting defective units in the uninspected 

· po·rtion of the insp·ection lot 
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The implementation of a sampling procedure has as 

its objective an attempt to control the quality of an 

inspection lot without subjecting the entire lot to 

inspection. In many cases it is impossible to totally 

inspect the entire lot without destroying it. In 

some cases, the optimal sampling plans will not be ones 

which cal} for 100 percent inspection of the lot on all 

variables. This situation gives rise to the component 

of cost presented here, the cost of accepting defectives 

among the non-inspected portion of the inspection lot 

when the lot is accepted. 

The first step in the development of this component 

of cost is to determine the number of units in an accepted 

inspection lot which have not been inspected at all. Hence, 

kl kl 
N* = Max[ I n. + nk ' E n. + Ilk ] [3-23] 1 1 

i=l 2 i=l 3 

Equation 3-23 specified the total number of units which 

are removed from the inspection lot for the purpose 

of sampling. In an inspection lot of size L there are, 

then L - N* units remaining in the lot which have not been 

inspected. Once again when considering accepted defectives, 

the concern is not only with the number of defectives but 

also with whether the units are defective below the lower 

specification limit or defective above the upper specifi-
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cation limit. The conditional expected cost of accepting 

defectives among the uninspected portion of the inspection 

lot given lot acceptance and the vector µ is 

k3 

CA3 (Accept, µ) = (L - N*) ~ 

i=l 
{ c u . P [ Du . I µ . ] a i i i 

+ c L. p [DL. Iµ.]} a i i i [3-24] 

iv. Cost of accepting defective units among the nondes-

troyed, uninspected ·portion of the total ·sample 

Again referring to the sampling discipline, recall 

that if nk < nk there are nk - n nondestroyed units 
2 3 3 k2 

remaining among the total number of units removed from the 

inspection lot for the purpose of sampling. A cost 

associated with accepting defectives among these units is 

now considered. 

Since the inspection lot is accepted on all variable 

types, no screening inspection will be performed and if 

nk < nk +l there are nk +l 
2 2 2 

have not been inspected for 

- n nondestroyed units which 
k2 

variables 1, ... , k 2 ; nk + 2 
2 

nk +l nondestroyed units which have not been inspected for 
2 

variables 1, ... , k 2+1; etc., up through the interval 

nk - nk -1· 
3 3 

The preceding analysis can be conducted 

regardless of the interval in which the sample size nk 
2 

falls. The conditional expected cost of accepting these 
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defectives given lot acceptance and the vector µ is 

k3 i-1 
CA4 (Accept, 'I.I) = L: 01i Nli ( L: c u. a J 

i=k 2+1 j=l 

P [Du. Iµ . l + c 1 . P [ n1 . I µ . ]) 
J J a J J J [3-25) 

v. Total expected cost of accepting the inspection lot 

given the vector µ 

From Equations 3-16, 3-22, 3-24, 3-25, the total 

conditional expected cost of accepting the inspection lot 

given lot acceptance and the vectorµ, CA (Accept,~), is 

CA ( Accept, µ) = CAl (Accept, ~) + CAZ (Accept, ~) 

+ CA3 (Accept, ~) + cA4 (Accept, µ) 

[3-26] 

Taking the expectation of Equation 3-27 with respect to 

accepting the inspection lot on all variables, the total 

expected cost of accepting the inspection lot given the 

vector µ is 

k3 

CA(~)= II 

i=l 
CA (Accept, µ) P[A. !11-J 1 1 [3-27] 
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F. Cost of Scrapping the Inspection Lot 

Another of the mutually exclusive outcomes of the 

sampling inspection procedure is to reject and scrap the 

inspection lot. The inspection lot is rejected and 

scrapped if, for any i = 1, •.. , k 2 ; ii falls outside the 

control limits LCL. and UCL., where 
l l 

P(Accept on variables 1, ... , k2 [µ 1 , ... , µk) 
2 

k2 
= TI P[A. [µ.] 

l l 
i=l 

[3-28] 

The conditional probability of scrapping the inspection 

lot is the complement of Equation 3-28. 

The only costs associated with this event are the unit 

scrapping cost and the unit materials handling cost. These 

costs are associated with each of the units in the total 

inspection lot of size L. The conditional expected cost 

of scrapping the inspection lot given the vector µ is 

L(C + C 1 ) r P 
{ 1 -

kz 
TI 

i=l 
P[A.Jµ.]} 

l l 

G. Cost of Screening the Inspection Lot 

[3-29] 

The last of the mutually exclusive outcomes of the 

sampling inspection procedure is to screen the inspection 
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lot. The cost expression developed in this section along 

with the cost expressions developed in Sections E and F 

of this chapter complete the collectively exhaustive set 

of outcomes of the sampling procedure. 

The inspection lot is rejected and screened if, and 

only if, the following events occur: 

a. the inspection lot is accepted on all destructable 
variables (Class A and B); and 

b. the inspection lot is rejected on one or more 
screenable variables. 

The conditional probability that the inspection lot is 

accepted on all variables in Classes A and B was previous-

ly given in Equation 3-7. The probability of rejecting 

the inspection lot on variables in Class C is considered 

as each of the individual cost expressions is presented. 

i. Cost of screening inspection 

The screening inspection procedure is conducted only 

for the nondestructable variables (Class C). Furthermore, 

screening is conducted only for those variables in which 

Xi < LCLi or ii > UCLi' i = k 2+1, ... , k3 , during sampling 

inspection. 

Consider, first, the units in the inspection lot which 

have not been selected for the purpose of sampling inspec-

tion. This number is L - N*. These units will be screened 

for variable i if, and only if, the above relationship 
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holds for i, i = k 2+1, ... , k3 . The conditional expected 

cost of screening inspection on the L - N* units given 

acceptance on variables in Classes A and B and the vector 

µ is 

c51 = (L - N*) 
1 

k3 

~ csi (1 - P[Aijµi]) 
i=k 2+1 

[3-30] 

If nk is greater than nk there are nk - nk non-
3 2 3 2 

destroyed units remaining among the total number of units 

which had previously been removed from the inspection lot 

for the purpose of sampling inspection. Let 

[3-31] 

App_lying the analysis of Section E, Part iv, here the con-

ditional expected cost of screening the nondestroyed por-

tion of the total sample given acceptance on variables in 

Classes A and B and the vector µ is 

C . [o 1 . (nk - n.) + (1 - o 1 .) 
Sl 1 3 1 1 

[3-32] 

Let CSl (Screen, ~) denote the total conditional 
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expected cost of screening inspection given acceptance 

on variables in Classes A and B. Then 

c81 (Screen, µ) = [3-33] 

ii. Cost Gf items destroyed or rejected in sampling and 

screening inspection 

The cost expression presented here is developed in 

four components: the cost of units destroyed in sampling 

inspection; the cost of units rejected in sampling in-

spection; the cost of units rejected in the screening 

inspection of the sample; the cost of units rejected in 

the screening inspection of the remainder of the inspec-

tion lot. These four cost expressions are denoted as 

c82 , c82 , c82 , and c82 , respectively. 
1 2 3 4 

The number of units destroyed during sampling inspec-

tion was previously given in Equation 3-10. Since each 

of these destroyed units cannot be used for its intended 

purpose, the conditional expected cost incurred due to 

the destruction of these units given acceptance on vari-

ables in Classes A and B and the vector µ is 
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k3 kl 

= (Cr + cP 1) ( L 
i=l 

n. + nk ) (1 -
1 2 II p [Ai I µ i]) 

i=k 2+1 

[3-34] 

Although some units may have been destroyed during 

the sampling inspection for variables in Classes A and 

B, an additional number of units which have not been 

destroyed, if any such units remain in the total sample, 

may subsequently be rejected on one or more variables 

in Class C. The cost of units rejected during sampling 

inspection given acceptance on variables in Classes A 

and B and the vector µ is 

k3 k3 

Csz = Cr[ E 01i Nli {1 - II P[G.!µ.]}] 
2 J J 

i=k2+1 j=i 

(1 - [3-35] 
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There is also a cost associated with repairing the ob-

served defectives among these units. Conditioned upon the 

acceptance of variables in Classes A and B and the vector 

µ, this expected conditional cost is 

= Cc u . P [Du . I µ • l 
(J 1 1 1 

+ CL" P[DL. Iµ·]) (1 -
(J 1 1 1 

P[A.!µ.]) 
J J 

[3-36] 

The next cost to be considered is the conditional ex-

pected cost associated with the units remaining in the 

total sample which have not been destroyed but which have 

been screened for one or more Class C variables. The 

conditional expected cost of units rejected during the 

screening inspection of the nondestroyed portion of the 

total sample given acceptance on variables in Classes A 

and B and the vector µ is 

[3-37] 



so 

These units, too, are repaired in a manner similar to all 

other rejected units. The conditional expected cost of 

repairing the units rejected during the screening inspec-

tion of the sample given acceptance on variables in Class-

es A and B and the vector µ is 

= [ o1 . (nk - n. ) + ( 1 - o1 . ) 1 3 1 1 

(Cu· P[Du-1µ.] + c L" a 1 1 1 a 1 

P[D1 .1µ.]) (1 - P[A-1µ.]) 
1 1 1 1 [3-38] 

The last portion of the cost development here is the 

conditional cost of units rejected during the screening 

inspection of the remainder of the inspection lot and the 

conditional cost of repairing the observed defectives among 

these units. Recall that the number of units remaining in 

the inspection lot is L - N*. The materials handling cost, 

Cr, is associated with each of these units found to be 

defective. Note that in order for a unit to be screened 

on variable i, the inspection lot must have rejected on 

i (i = k2+1, ... , k3). The conditional expected cost of 

units rejected during the screening inspection of the L - N* 

units remaining in the inspection lot given acceptance on 

variables in Classes A and B and the vector ~ is 
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(L - N*) (1 - P[G. Iµ.]) 
l l 

(1 - P[A. Iµ.]) 
l l [3-39] 

The cost incurred in order to repair the defectives among 

these units must finally be considered. Recall that 

whether the observed defect is below the lower specifica-

tion limit or above the upper specification limit is of 

importance. The conditional expected cost of repairing 

these defects given acceptance on variables in Classes A 

and B and the vector µ is 

Csz = (L - N*) 
7 

Cc u . P [Du . I µ • J a l l l 

+ C 1 . P[D1 . Iµ.]) (1 - P[A. Iµ·]) a i i i i 1 [3-40] 

The conditional total expected cost of items des-

troyed or rejected during sampling and screening inspec-
j 

tion given acceptance on variables in Classes A and B and 

the vector µ is 

c52 (Screen, v) = 

[3-41] 
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iii. Cost of replacing units destroyed in sampling 

inspection 

The cost of replacing destroyed units is incurred 

only if management policy is to take this corrective action. 

As before, o2 is the variable in the model which controls 

this action. The costs associated with replacing these 

destroyed units were previously discussed in Part ii of 

Section E of this chapter. The mathematical development 

of the cost expression here is identicai to that presented 

in Equations 3-18 through 3-21, inclusive. This cost 

expression is summarized in Equation 3-22. The component 

of cost required here is obtained simply by properly con-

ditioning Equation 3-22. Hence, the conditional expected 

cost of replacing units destroyed in sampling inspection 

given acceptance on variables in Classes A and B and the 

vector l.1 is 

c83 (Screen, µ) = 0 2 (CA2 + CAZ + CAZ + CA2 ) 
1 2 3 4 

k3 
(1 - P[A. Iµ.]) 

1 1 
[3-4Z] 

iv. Cost of accepting defectives among the uninspected 

· portion: Of the ·inspection lot 

The conditional cost of accepting defectives among 
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the L - N* units in the inspection lot will be developed 

in two parts. The conditional cost of accepting defec-

tives in Classes A and B (i = 1, ... , k 2) is considered 

first, then the cost of accepting defectives on variable 

i (i = k2+1, ... , k 3) is presented under the condition 

that the lot was screened, but not for variable i. 

The conditional expected cost of accepting defectives 

in Variable Class A and B given acceptance on variables 

in Classes A and B and the vector µ is 

c54 = (L - N*) 
1 

cc u . P [Du . I µ • J a 1 1 1 

k3 

+ caLi P[D1 ilµi]) (1 - rr P[Aj Iµ]) [3-43] 
j ==k 2+1 

The cost of accepting defective units with respect to 

variable i given that the lot was accepted on variable i ' 
i = k 2+1, k3' while being rejected on some other i' ... ' 
i = k 2+1, .... ' k3, is given in Equation 3-44. This ex-

pected cost, conditioned upon acceptance of variables in 

Classes A and B and the vector µ is 



c84 = (L - N*) 
2 
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cc u. P [Du. Iµ. l a 1 1 1 

+ c L. p [DL. Iµ.]) p [A. Iµ.] a 1 1 1 1 1 

k3 

( 1 - II 

j=k2+1 
j f i 

P[A. tµ.]) . J J [3-44] 

The conditional expected cost of accepting defectives 

in the uninspected portion of the inspection lot given 

acceptance on variables in Classes A and B and the vector 

µ is 

c84 (Screen, µ) = [3-45] 

v. Cost of accepting defectives among the nondestroyed, 

uninspected portion of the sample 

This component of cost is similar to the one developed 

in Section E, Part iv, of this chapter but the approach 

here will be somewhat different. In order to incur the 

cost of accepting defectives in the total sample, nk must 
3 

be greater than nk ; i.e. the tota.1 sample must not have 
2 

been destroyed during the sampling inspection procedure. 
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For the purpose of developing this cost expression, recall 

the notation in Equation 3-31. Th~ conditional expected 

cost incurred by virtue of accepting defectives in Classes 

A and B among the nk 
3 

- n nondestroyed units, if any 
k2 

·such units exist, given acceptance on variables in Classes 

A and B and the vector µ is 

css = 
1 

kz kz 

00 E {oli Nli E 

i=k 2+1 j=l 

k3 

+ C 1 . P[D1 .[µ.])} (1 - II a J J J 

(C u· a J P [Du. Iµ.] 
J J 

[3-46] 

Finally, the cost of accepting defectives in Class C 

must be considered. In order for variable i not to be 

detected as defective, the lot must have been accepted on 

variable i, i = k2+1, ... , k 3 , during sampling inspection 

while, at the same time, being rejected on some other i, 

i = k 2+1, ... , k 3 , during sampling inspection. The con-

ditional expected cost in this case given acceptance on 

variables in Classes A and B and the vector µ is 
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(nk - nk ) ] ( C u. P [Du. I ll . ] + C L. P [ DL. I ll . ]) 3 2 a i i i a i i i 

k3 

(P[Aillli]) (1 - II 

j=k 2+1 
j ~ i 

p [A. I ]J.]) 
J J 

[3-47] 
Equations 3-46 and 3-47 give the total conditional 

expected cost of accepting defectives among the nondes-

troyed, uninspected units in the total sample given accep-

tance on variables in Classes A and B and the vector µ. 

Thus 

c85 (Screen, µ) = [3-48] 

vi. Total cost of screening the inspection lot 

The total conditional expected cost of rejecting and 

screening the inspection lot given acceptance on variables 

in Classes A and B and the vector µ is 
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Cs (Screen, µ) = CSl (Screen, µ) + Csz (Screen, µ) 

+ cs 3 (Screen, µ) + cs 4 (Screen, µ) 

+ c55 (Screen, µ) [3-49] 

Taking the expectation of Equation 3-49 with respect to 

acceptance·of the lot on variables in Ciasses A and B, 

the total conditional expected cost of rejecting and 

screening the inspection lot given the vector µ is 

kz 
CS (µ) = CS (Screen, µ) ( rr 

i=l 
P[A.!µ.]) 

1 1 [3~50] 

H. Total Expected Cost of Controlling the Quality of the 

Inspection Lot 

The total expected cost of controlling the quality of 

an inspection lot was first expressed in Equation 3-1. 

Each component of that cost expression, conditioned upon 

the vectorµ, has been developed in Sections D through G, 

inclusive, of this chapter. Recall once again that the 

total cost of controlling lot quality consists of the cost 

of reaching a quality control decision and the cost of 

implementing that decision. Taking the expectation of 

the sum of Equations 3-8, 3-27, 3-29, and 3-49 the total 

expected cost of controlling the quality of an inspection 
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lot is 

k3 

CT = II 

i=l - 00 

[3-51] 



CHAPTER IV 

RESULTS 

A. Introduction 

'The development of a mathematical model, which char-

acterizes an economic system of acceptance sampling plans 

for the simultaneous control of several variables, may be 

useful in analyzing the cost effectiveness of existing 

quality control systems. The model's real importance to 

the practicing quality control engineer, however, lies in 

its ability to be used to determine the minimum cost qual-

ity control system in a variety of situations. The next 

section in this chapter of the thesis contains three exam-

ples to which the model presented herein has been applied. 

The examples are considered for several reasons. First, 

the acceptance sampling plans computed on an individual 

basis may not be the most economic set of multivariate 

plans, and this aspect of the problem is considered. Sec-

ond, a computational procedure is suggested for determin-

ing an optimum set of acceptance sampling plans and is 

illustrated for each of the examples. Finally, the 

dependency of the model upon the cost parameters specified 

as part of the input data is demonstrated. 

The last section in this chapter deals with the sen-

sitivity of the model with regard to the forms of the 

59 
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probability density functions of the random variables 

representing the lot mean for each of the characteristics 

being controlled. Sensitivity analysis may be 

important since identifying the distributions of lot means 

often presents a significant problem when using a model of 

this type. Practically speaking, the shapes of these dis-

tributions are never known and are sometimes difficult 

to estimate. These distributions are, nevertheless, 

part of the model and errors in estimating their shapes 

may be critical. The sensitivity analysis is conducted 

for a specific example and although no general conclusions 

should be drawn from the results, the method of analysis 

may be extended to any problem of this nature. 

B. Applied Examples 

This section of the chapter contains three examples 

to which the model has been applied. The examples are now 

presented individually, identifying the parameters and an 

optimum multivariate quality control system for each. A 

method which can be used to compute the optimum system of 

acceptance sampling plans is also suggested. 

i. Alternative optimization approaches 

In order to identify the minimum cost system of 

acceptance sampling plans, the model must be optimized 
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with respect to the decision variables n., LCL., and UCL. 
1 1 1 

(i = 1, •.. , k3). Due to the complexity of the model, 

no attempt was made to apply classical optimization tech-

niques in this regard. The pattern search was selected to 

compute an ind~cated optimum solution for the model. Val-

idation of this approach is presented in Appendix F. 

One method of systematically applying the pattern 

search to the model may be briefly summarized as follows: 

Consider variable 1, disregarding the presence of 

the other variables; starting from a point of 

acceptance without sampling, optimize the model in 

order to obtain an optimum acceptance sampling plan 

for variable 1. 

Consider variable 2, disregarding the presence of 

the other variables; starting from a point of 

acceptance without sampling, optimize the model in 

order to obtain an optimum acceptance sampling plan 

for variable 2. 

Consider variable k3 , disregarding the presence of the 

other variables; starting from a point of acceptance 
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without sampling, optimize the model in order to ob-

tain an optimum acceptance sampling plan for variable 

k3. 

Evaluate the model for these individually computed 

acceptance sampling plans in order to obtain the 

actual cost of multivariate quality control. Start-

ing from this point, optimize all variables together 

in the model to obtain an optimum multivariate set of 

acceptance sampling plans. 

Another systematic approach to the optimization of the 

model for a specific problem is executed in two steps. 

This method is: 

Select starting points of acceptance without sampling. 

Optimize the model in order to obtain the optimum 

multivariate set of acceptance sampling plans. 

For the examples herein, the first approach was found 

·to be computationally more efficient than the second and 

was, therefore, the one selected for use in this thesis. 

The results of using each of the approaches with respect to 

the computation of the optimum multivariate set of accep-
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tance sampling plans for Example 1 are summarized in 

Appendix D. 

i 1. Example 1 

The acceptance sampling problem of interest in this 

example is one in which four variables are to be simulta-

neously controlled. Two of the variables are in class A, 

one in class B, and one in class C, i.e. k 1 = 2, k 2 = 3, 

and k 3 = 4. The random variables µ. , X., and X. (i = 1, 2, 
l l l 

3, 4) are all normally distributed. The parameters of the 

variables considered in this example are given in Table 

4-1. The inspection lot size is 10000 units and the re-

placement option is in effect, o2 = 1. The replacement 

units are screened, o3 = 1.- The cost parameters for the 

variables are provided in Table 4-2. The acceptance costs 

for each of the variables in this example are given in 

Table 4-3. 

The principal probability statements used in the 

derivation of the expected cost model are as follows: 

a. P (the measured value of the ith variable falls 

within the specification limits) 

00 us. 
l 

= f f hex· I µ · ) f(µ.) dx. dµ. 
l l l l l 

- 00 LS. 
l 

l = 1' 2 ' 3' 4 [4-1] 



TABLE 4-1. 

VARIABLE VARIABLE 

NUMBER TYPE 

1 A 

2 A 

3 B 

4 c 

VARIABLES PARAMETERS - ALL EXAMPLES 

PROCESS STANDARD LOWER UPPER 
SPECIFICATION SPECIFICATION 

MEAN DEVIATION LIMIT LIMIT 

20.00 0.50 18.40 21. 60 

50.00 1. 40 45.80 54.20 

5.00 0.80 3.00 7.00 

15.00 1. 00 12.30 17.70 

0\ ..,. 



TABLE 4-2. COST PARAMETERS - ALL EXAMPLES 

VARIABLE SAMPLING SCREENING REPAIR REPAIR SCRAP 
INSPECT. INSPECT. 

NUMBER Cii c . C I . c u. cpl 51 (J ... 1 (J 1 
_, 

1 $0.005 
' 

2 $0.005 $2.00 
3 $0.005 

4 $0.005 $0.005 $4.75 $4.75 

REPLACE 

cp2 

$2.00 

MATERIALS 
HANDLING 

Cr 

$0.00 

°' CJ1 
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TABLE 4-3. ACCEPTANCE COSTS -
SPECIFIC EXAMPLES 

EXAMPLE VARIABLE . 
NUMBER NUMBER 

CL. a i c u· a i 

1 $55.85 $55.85 

2 34.75 34.75 
1 

3 12.00 12.00 

4 5.00 5.00 

1 55.85 55.85 

2 5.00 5.00 

2 12.00 12.00 3 

4 5.00 5.00 

1 20.00 20.00 

2 5.00 5.00 
3 

3 12.00 12.00 

4 5.00 5.00 
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b. P (accept on the ith variable) 

00 UCL. 
l 

= f f g ex. Iµ.) f ( µ.) dx. dµ. 
l l l l l 

- 00 LCL. 
l 

i = 1' 2 ' 3' 4 

c. P (measured value of the ith variable falls 

within the specification limits for a lot 

accepted on i) 

oo UCL. US. 
l l 

= f f f 

-oo LCL. LS. 
l l 

h Cx. I µ.) g ex. I µ. ) f c µ. ) 
l l l l l 

dx. dx. dµ. 
l l l 

i = 1, 2, 3, 4 

[4-2] 

[4-3] 

Since each of the probability statements in Equations 4-1, 

4-2, and 4-3 are formed by combinations of normal density 

functions, these three expressions can be simplified. 

The mathematical development forming the basis for this 

simplification is presented in Appendix B of the thesis. 

Each of the expressions in Equations 4-1 and 4-2 reduces 

to a single integral and is evaluated, when required, 

by applying the approximation to the normal distribution 

found in Appendix C. Unlike the first two, the simplified 

form of Equation 4-3 remains a double integral and cannot 
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be evaluated by a single approximation. A numerical 

integration technique in conjunction with the approximat-

ing relationship for the normal distribution function is 

used to evaluate this probability statement. 

The problem now is to compute the optimum multi-

variate set of acceptance sampling plans for the simulta-

neous control of the four variables. Each of the vari-

ables is first considered as occurring individually, dis-

regarding the presence of the others. In these four 

initial problems, the pattern search [44] is applied to 

the model in order to determine an optimal acceptance 

sampling plan for each of the variables. These results 

are summarized in Table 4-4. 

The total expected costs of quality control per in-

spection lot, CT, in Table 4-4 represent the cost of 

controlling the ith variable, disregarding the presence 

of the other variables. Since the variables being con-

trolled appear together rather than individually, the 

total expected cost of controlling the overall quality of 

the inspection lot on all variables remains unknown at 

this point. This overall total expected cost is generally 

not the sum of the individual costs, CT, in Table 4-4 and, 

in this sense, these costs are somewhat misleading. The 

total expected cost per inspection lot that is actually 

incurred as the result of simultaneously implementing the 



TABLE 4-4. SINGLY OPTIMIZED ACCEPTANCE SAMPLING PLANS - EXAMPLE 1 

VAR SAMPLE L01VER UPPER 
POINT CONTROL CONTROL CI CA CR cs 

NUMBER SIZE LIMIT LIMIT 

START 0 19.50 20.50 $0.00 $6367.62 b 0.00 $ 0.00 
1 

OPT 30 19.25 20.75 0.15 3879.90 1189.01 0.00 

START 0 48.50 51. so 0.00 6147.27 0.00 0.00 
2 ., 

OPT 32 4 7. 9 4 52.06 0.16 3905.91 1274.14 0.00 

START 0 3.50 6.50 0.00 5772.03 0.00 0.00 
3 

OPT 22 3.70 6.30 0.11 4573.38 861.95 0.00 

START 0 12.50 17.50 0.00 1639.23 0.00 0.00 
4 

OPT 36 14.40 15.60 0.18 303.00 0.00 1292.69 

CT 

$6367.62 

5069.06 

6147.27 

5180.21 

5772.03 

5435.44 

1639.23 

1595.87 

0\ 
lO 
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optimum individually computed acceptance sampling plans as 

evaluated in the multivariate model is the point labeled 

"Start" in Table 4-5. 

From this point, the pattern search is applied to 

the model in order to compute the optimum multivariate set 

of acceptance sampling plans. The optimum multivariate 

set of plaris in this case indicates that sampling for each 

of the variables should be conducted. As shown in Table 

4-5 a reduction in the total expected cost of quality con-

trol per inspection lot can be realized by implementing 

the optimum multivariate acceptance sampling plans rather 

than by simply implementing the optimum individual plans. 

iii. Ex·ample 2 

The second example is identical to the first in all 

respects except one. In this case, the acceptance costs 

have been adjusted as shown in the Table 4~3. The method 

of approaching optimization of the problem in this example 

is the same as was used in the first example. 

The individually computed acceptance sampling plans 

for this example are presented in Table 4-6. This set of 

plans indicates that sampling for all of the variables 

except variable 2 should be conducted. The optimum multi-

variate set of acceptance sampling plans is summarized in 

Table 4-7. The optimum plans in this case, although not 



TABLE 4-5. MULTIVARIATE OPTIMIZATION OF THE MODEL - EXAMPLE 1 

VAR SAMPLE LOWER UPPER 
POINT ~ONTROL CONTROL CI CA CR cs 

NUMBER SIZE LIMIT LIMIT . 

1 30 19.25 20.75 

2 32 47.94 52.06 
START $0.55 $6344.28 $3146.50 $6016.18 

3 22 3.70 6.30 

4 36 14.40 15.60 

-

1 36 19.42 20.58 

2 34 48.34 51. 66 
OPT. 1. 13 4127.35 6846.35 3653.21 

3 28 3.98 6.02 

4 214 14.37 15.63 

CT 

)15507. 51 

14628.04 

-...,J 
f-' 



TABLE 4-6. SINGLY OPTIMIZED ACCEPTANCE SAMPLING PLANS - EXAMPLE 2 
, 

VAR SAMPLE LOWER UPPER 
POINT CONTROL CONTROL CI CA CR cs 

NUMBER SIZE LIMIT LIMIT 

START 0 19.50 20.50 $0.00 $6367.62 $ 0.00 $ 0.00 
1 

OPT 30 19.25 20.75 0.15 3879.90 1189.01 0.00 
-- ,,~ "™" ~· 

START 0 46.50 53.50 0.00 884.50 0.00 0.00 
2 

OPT 0 46.50 53.50 0.00 884.50 0.00 0.00 

START 0 3.50 6.50 0.00 5772.03 0.00 0.00 
3 

OPT 22 3.70 6.30 0.11 4573.38 861. 95 0.00 

START 0 12.50 17.50 0.00 1639.23 0.00 0.00 
4 

OPT 36 14.40 15.60 0.18 303.00 0.00 1292.69 

CT 

$6367.62 

5069.06 

884.50 

884.50 

5772.03 

5435.44 

1639.23 

1595.87 

-....J 
N 



TABLE 4-7. MULTIVARIATE OPTIMIZATION OF THE MODEL - EXAMPLE 2 

VAR SAMPLE LOWER UPPER 
POINT :ONTROL CONTROL CI CA CR cs 

NUMBER SIZE LIMIT LIMIT 

1 30 19.25 20.75 

2 0 46.50 53.50 

START $0.42 $5140.86 $1999.77 $5102.09 
3 22 3.70 6.30 

4 36 14.40 15.60 

1 35 19.38 20.62 

2 0 45.74 54.26 
1. 00 4020.60 3867.01 4019.56 

OPT 3 26 3.90 6.10 

4 176 14.41 15.61 

CT 

$12243.14 

11908.17 

-...,] 

v.i 
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the same as the individually computed plans, also indicate 

that sampling should be conducted for all variables except 

variable 2. Again, as shown in Table 4-7, reduction in 

the total expected cost of quality control per inspection 

lot can be realized by implementing the optimum multi-

variate set of acceptance sampling plans rather than 

simply using the optimum individual plans. 

iv. Example 3 

The third example is also identical to the first 

example in all respects except one. Here the acceptance 

costs have been adjusted as shown in Table 4-3. The 

method of approaching the optimization of the problem in 

this case is the same as in the first and second examples. 

The optimum acceptance sampling plans computed for 

each variable, when the presence of the others is dis-

regarded, is presented in Tab le 4- 8. In this example, 

the individually computed plans indicate that two vari-

ables, variables 1 and 2, should be accepted without 

inspection. The optimum multivariate set of acceptance 

sampling plans in Table 4-9, however, indicates that 

inspection for variable 1 should be performed while vari-

able 2 remains to be accepted without inspection. A 

savings in the total expected cost of quality control per 

inspection lot can likewise be realized in this example 



TABLE 4-8. SINGLY OPTIMIZED ACCEPTANCE SAMPLING PLANS - EXAMPLE 3 

VAR SAMPLE LOWER UPPER 
POINT CONT ROI CONTROL CI CA CR cs 

NUMBER SIZE LIMIT LIMIT 

-· 
START 0 19.25 20.75 $0.00 $2280.26 $ 0,00 ]) 0.00 

1 
OPT 0 19.25 20.75 0.00 2280.26 0. 0 0 0.00 

-~ 

START 0 46.50 53.50 0.00 884.50 0.00 0.00 
2 

OPT 0 46.50 53.50 0.00 884.50 0.00 0.00 

START 0 3.50 6.50 0.00 5772.03 0.00 0.00 
3 

OPT 22 3.70 6.30 0.11 4573.38 861.95 0.00 

4 START 0 12.50 17.50 0.00 1639.23 0.00 0.00 

OPT 36 14.40 15.60 0.18 303.00 0.00 1292.69 

CT 

;; 2 2 80. 26 

2280.26 

884.50 

884.50 

5772.03 

5435.44 

1639.23 

1595.87 

-...J 
lJ1 



TABLE 4-9. 

VAR SAMPLE 
POINT 

NUMBER SIZE 

l 0 

2 0 

START 3 22 

4 36 

~ 17 

4 0 

OPT 
~ 26 

4 164 

MULTIVARIATE OPTIMIZATION OF THE MODEL - EXAMPLE 3 

LOWER UPPER 
CONTROI CONTROL CI CA CR cs 

LIMIT LIMIT 

19.25 20.75 

46.50 53.50 
$0.28 $4490.11 $ 862.00 $4634.88 

3.70 6.30 

14.40 15.60 

~-

19.06 20.94 

46.56 53.44 
0.95 4032.78 1895.61 3846.76 

3.86 6.14 

14.37 15.63 

CT 

$9987.27 

9776.10 

-...:a 
°' 



77 

by implementing the optimum multivariate set of acceptance 

sampling plans rather than by simply using the optimum 

individually computed plans. 

v. Comparison of the· examples 

The method of optimization, the parameters of the 

system, and the components of cost, with the exception 

of one category, are identical for all the examples and, 

in each case, as one might expect, the optimum set of 

multivariate acceptance sampling plans changes because 

of the change in this one cost category. The dependency 

of the model upon cost parameters is clearly demonstrated. 

A reduction in the total expected cost of quality control 

per inspection lot may be realized by implementing the 

optimum multivariate set of acceptance sampling plans 

rather than the optimum individually computed plans. There 

seems, then, to be an economic incentive to use the multi-

variate model rather than several single variable models, 

at least for the examples considered here. 

C. Sensi ti vi ty Analysis 

In order to illustrate the importance of sensitivity 

analysis, consider the following example. A manufacturer 

is confronted with the problem of designing an economic 

acceptance sampling system for the simultaneous control 
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of several variables. The accounting department has 

provided him with the necessary cost parameters and past 

information on the system has been used to accurately 

identify the distributions of the sample mean and the 

individual product dimensions of each of the variables. 

Data on the relative frequency with which values of the 

sample mean have occurred has been used to compute 

estimates of the mean and variance of the distributions 

of µi for each of the variables; but the shapes of 

these distributions remain unidentified. Since errors 

may be made in estimating the shapes of the distributions 

of µi' the manufacturer's main concern is that the 

total expected cost of quality control will be sig-

nificantly greater in this case than could be realized 

if these distributions were known. In conducting the 

sensitivity analysis, the manufacturer assigns various 

shapes to the process distributions and then computes 

the optimum set of acceptance sampling plans and the 

total expected cost of quality control per inspection lot 

which would be incurred in that particular quality control 

system. He then computes the total expected cost error 

incurred by virtue of implementing these plans in a 

quality control system in which the shapes of the dis-

tributions of µ. are other than the assumed shapes. In this 
1 

way, the relative importance or unimportance of accurately 
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identifying the shapes of the distributions of µi for 

this particular problem may be determined. 

The analysis here is presented in order to demon-

strate a method which can be used to determine the sen-

sitivity of the model to errors in estimating the shapes 

of the distributions of µi when the model is applied 

to a specific problem. In this section, previously 

defined notation is extended such that 

f(µi) = true distribution of µi' i - 1, 2, 3, 4. 

CT = the total expected cost of quality control per 

inspection lot incurred by virtue of implement-

ing the optimum set of acceptance sampling plans 

A 

based upon f(µ.); and 
1 

f(µi) = assumed distribution of µi' i = 1, 2, 3, 4. 

A 

CT = the total expected cost of quality control per 

inspection lot incurred by virtue of implement-

ing the optimum set of acceptance sampling plans 
A 

based upon f (µi) when f(µi) is the true process 

distribution. 
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The problem of interest in this analysis is that given in 

Example 1, with parameters in Tables 4-1, 2-4, and 4-3. 

Since any data which may be collected on the distri-

butions of µ. is usually in discrete form, the distribu-
i 

tion ofµ. ( i = 1, 2, 3, 4) in this analysis was allowed 
i 

to assume the shape of seven different discrete relative 

frequency functions. Using the various discrete.dis-

tributions should not adversely effect the validity of the 

analysis since increasing the number of points in the 

discrete function increases the accuracy with which it 

approximates a continuous counterpart, although the con-

tinuous density functions for µi' i = 1, 2, ... , k3), may 

also be used in the model where appropriate. Each of the 

relative frequency distributions is designed such that it 

has seven points, one at its desired mean value and three 

symmetrically placed to each side of the mean. The points 

are equally spaced about the mean and their positions 

determined such that the variance of the discrete approx-
+ imates ·the variance of the normal within - 0.003, with the 

mean of the discrete equal to the mean of the corresponding 

normal. The parameters for these discrete distributions, 

as well as for the normal, are contained in Appendix 

E. 
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The sensitivity analysis is conducted in two steps. 

First, let the distribution f(µ.), for i = 1, 2, 3, 4 
1 

be the discrete relative frequency function (b) in Figure 

4-1. The model must then be optimized in order to obtain 

the optimum multivariate set of acceptance sampling plans 

and the total expected cost of quality control per in-

spection lot, CT, incurred by virtue of implementing 

these plans. The results of this step of the analysis 

are summarized in Table 4-10. 

Second, assume the distribution ofµ. is normal, 
1 

A 

denoted f(µi). The optimum system of acceptance sampling 

plans obtained for this assumption is given as "Normal 

(a)" in Table 4-10, and is, of course, the same set ob-

tained in Example 1 of the chapter. The total expected 
A 

cost of quality control per inspection lot, CT, incurred 

by virtue of implementing this assumed optimum set of 

sampling plans when the true distribution of µ., f(µ.), is 
1 1 

the discrete function b given in.Table 4-11. The total 
A 

expected cost of quality control, CT, will be in error 

since the true distributions of the lot means are other 

than assumed normal. 

The final aspect of this step of the sensitivity 

analysis is to determine the cost error incurred by virtue 
A 

of making the assumption that f(µ.) is normal when, in 
1 

fact, f(µ.) is actually the relative frequency function b. 
1 
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TABLE 4-10. 

VAR. SAMPLE LOWER 
f (µi) CONTROL 

NO. SIZE LIMIT 
~ 

1 36 19.4200 

2 34 48.3430 
NORMAL 

(a) 3 28 3.9824 

4 214 14.3730 

1 36 19.3819 

2 36 48.2375 
DISCRETE 

(b) 3 35 3.9699 

4 184 14.2907 

SENSITIVITY ANALYSIS - f(µ.) KNOWN 
1 

UPPER 
CONTROL CI CA CR 

LIMIT 

20.5789 

51.6508 
t 1.13 $4127.35 $6846.35 

6.0174 

15.6335 

20.6179 

51.7653 
1. 09 5340.61 6464.01 

6.0300 

15.7143 

cs 

$3653.21 

2978.26 

CT 

$14628.04 

14783.97 

00 
V'1 



TABLE 4-10. 

VAR SAMPLE f ( µ.) 
l NO. SIZE 

1 46 

2 44 
DISCRETE 

(c) 3 37 

4 109 

1 9 

2 51 
DISCRETE 

(~) 
3 0 

4 166 

SENSITIVITY ANALYSIS - £(µ.) KNOWN (CONTINUED) 
l 

LOWER UPPER 
CONTROL CONTROL CI CA CR cs 

LIMIT LIMIT 

19.4736 20.5261 

48.5089 51.4914 
$ o. 8r $1458.42 $9558.24 $4005.99 

4.1124 5.8874 

14.6760 15.3737 

19.3224 20.6775 

48.6275 51. 3725 
0 . 8' 3884.84 6896.35 5599.86 

- -

14.4210 15.5749 

CT 

i;il5023.45 

16381.87 

00 
+:-



TABLE 4-10. 

VAR SAMPLE f (µi) NO. SIZE 

1 38 

2 38 
DISCRETE 

(e) 3 38 

4 105 

1 48 

2 46 
DISCRETE 

( f) 3 42 

4 136 

,,_-_ 

SENSITIVITY ANALYSIS - f(µ.) KNOWN (CONTINUED) 
1 

~ 

LOWER UPPER 
CONTROL CONTROL CI CA CR cs 

LIMIT LIMIT 

19.3933 20.6058 

48.2659 51.7331 
$0.86 $5514.62 $6337.79 $2984.16 

3.9775 6.0212 

14.2239 15.7840 

19.4097 20.5908 

48.3032 51.6952 
1. 09 5329.76 5833.25 4193.93 

4.0262 5.9737 

14.3115 15.6943 

CT 

D14837. 43 

15358.03 

00 
U1 



TABLE 4-10. 

VAR SAMPLE 
f (µi) 

NO. SIZE 

1 0 

2 0 
DISCRETE 

(g) 3 0 

4 234 

1 0 

DISCRETE 2 0 

(h) 3 0 

4 326 

SENSITIVITY ANALYSIS - f(µ.) KNOWN (CONTINUED) 
l 

LOWER UPPER 
CONTROL CONTROL CI CA CR cs 

LIMIT LIMIT . -
- -

- -
$1.17 $3069.44 $0.00 $12991.30 

- -

14.4332 15.5535 

- -

- -
1. 6, 5903.29 0.00 9834.96 

- -

14.2980 15.6996 

CT 

$16061.91 

15739.88 

00 

°' 



TABLE 4-11. 

f ( µ.) 
l CI 

NORMAL $1.13 (a) 

DISCRETE 1.10 (b) 

DISCRETE 1. 05 Cc) 
DISCRETE 1.15 (d) 

DISCRETE 1.12 (e) 

DISCRETE 1.18 (f) 

DISCRETE 1. 34 (g) 

DISCRETE 1. 4 7 (h) 

,., 

SENSITIVITY ANALYSIS - f(µ.) ASSUMED NORMAL 
l 

,., 
CR 

,., .er CA cs 

$4127.35 $6846.35 $3656.21 $14628.04 

4545.28 7407.87 2872.99 14827.24 
... -. .... -

2739.27 8153.85 4321.63 15215.80 

4158.82 6522.23 5859.17 16541.37 

4884.37 l 7027.39 2959.33 14872.21 

5144.40 1 6142.97 4113.61 15402.161 

I 2858.62 3463.61 9938.24 16261.81 

4337.26 1511.14 10466.50 16316.37 

PERCENT 
ERROR 

0.00 

0.29 

1. 28 

0.97 

0.23 

0.29 

1. 24 

3.66 

00 
-._J 
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The error for this particular example is then computed 

as 

Percent Error = 

= 

CT - C T. 

$14,827.24 - $14,781.97 

$14,783.97 

= 0.29% 

x 100 

The preceding analysis was conducted ~ith f (µi) 

assuming the shape of each of the remaining six discrete 
A 

distributions in Pigure 4-1, while f(µ.) was assumed 
1 

normal in all cases. The results of the analysis are 

summarized in Tables 4-10 and 4-11. In most of the 

cases considered, the cost error incurred by virtue of 

inaccurately identifying the shapes of the distri-

butions of µi was less than one percent. The largest 

cost error was incurred in the case of the U-shaped 

discrete relative frequency function and even in this 

case was a relatively small 3.66 percent. As might be 

expected, when the shape of f (µi) departs markedly from 

that of the assumed normal, the magnitude of the cost 

error incurred tends to increase. 

The results of this research seems to concur with 

thtise obtained by other authors who have considered cost-
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based quality control systems. Bennett and Mccaslin (4), 

as well as Schmidt and Bennett (30), have suggested that 

their respective cost models for the simultaneous control 

of several attributes are more sensitive to errors in 

the estimation of the parameters of the lot mean dis-

tributions than to errors in identifying the distribu-

tional forms. Pfanzagl (27) has reached similar con-

clusions for the single attribute cost model. 

The model presented herein has been applied to a 

single example in which an economic system of acceptance 

sampling plans is to be developed for the simultaneous 

control of four variables. Various discrete shapes of 

the lot mean distributions were analyzed with respect 

to the cost errors incurred by virtue of inaccurately 

identifying these shapes. Provided that the mean and 

variance of the distributions of µ. of interest can 
1 

be accurately specified, the model seems to be robust 

with respect to reasonable assumptions for the shapes 

of these distributions, at least for the example 

considered. 



CHAPTER V 

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

FOR FURTHER RESEARCH 

A. Summary and Conclusions 

The model presented in this thesis forms a basis 

for developing a set of acceptance sampling plans for the 

economic, simultaneous control of several variables. The 

decision variables in the model are the sample size and 

the lower and upper control limits for the sample mean of 

each of the variables being controlled. The sample mean 

for a variable is the criterion of lot acceptability for 

that variable. The optimum or near optimum quality con-

trol system is specified by using an iterative search 

technique, the pattern search, to identify the values of 

the decision variables such that the total expected cost 

of multivariate quality control per inspection lot is 

minimized. The model assumes that the variables being 

controlled are independently distributed, but does not 

restrict the number of variables that can be controlled 

simultaneously. The model also assumes that errors, if 

any, which occur during sampling or screening inspection 

are negligible. 

Three categories of variables are considered in the 

model. The first class, denoted Class A, is a destructable 

'90 
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category and inspection of a unit for a variable of this 

type destroys the product for its intended use as well as 

prohibits further sampling or screening inspection of that 

unit. Variable Class B is also a destructable category 

but inspection of a unit for a variable of this type 

simply destroys the product for its intended use. Vari-

able Class C is a nondestructable or "screenable" category. 

Inspection of a unit for a variable of this type does not 

impair the product in any way. The order of inspection is 

specified as Class A first, then B, and finally C. The 

order within a category is determined by the sample sizes 

of the optimum acceptance sampling plans, inspection being 

conducted first for the variable in a given class having 

the smallest sample size, then the variable having the 

next largest sample size, and so on. The model is devel-

oped under the assumption that this specific sampling 

discipline is incorporated and if any other order of 

sampling is to be used then the model must be modified 

accordingly. 

If the lot is rejected on a variable in Classes A 

or B during the sampling inspection procedure, the lot is 

scrapped and inspection immediately terminated. If the lot 

is accepted on all variables in Classes A and B and sub-

sequently rejected on one or more variables in Class C, 

the lot is screened for only those variables rejected 
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during the sampling inspection process. The model assumes 

that defective units in an accepted or screened lot are 

repaired, while units destroyed during sampling inspec-

tion may or may not be replaced, depending upon manage-

ment policy. 

The use of the model is demonstrated through the 

presentation of several applied examples. Optimization 

of these problems is achieved by first considering each 

of the variables separately and then using the indivi-

dual optima as the starting point in the optimization of 

the multivariate model. This approach to determining the 

optimum set of acceptance sampling plans seems to be 

computationally more efficient than considering all of 

the variables together in the multivariate model initially. 

As might be expected, economic benefits may be 

derived from multivariate computation of the acceptance 

sampling plans used to control product quality, depending, 

of course, on the specific problem of interest. In some 

of the examples cited, the optimal acceptance sampling 

plans indicated that one or more of the characteristics 

under consideration should be accepted without sampling. 

The results presented in this research lead the author to 

believe, based upon the examples considered, that the 

model is more sensitive to the parameters of the distribu-

tions of the lot mean of the variables than to the shapes 
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of these distributions. 

B. Recommendations for Further Research 

The results of this research indicate several areas 

worthy of further study. Analytic solutions for the opti-

mum quali~y control system for the model presented herein, 

and for other cost-based models, would remove the necessi-

ty to rely upon conventional search techniques in this 

respect. In addition, a more exact sensitivity analysis 

could be performed based upon these analytic solutions. 

In many products, both variables and attributes are 

present and require control. A model which forms the 

basis for developing an economic quality control system 

which incorporates both of these types of characteristics 

would be beneficial. Similarly, a model may also be 

considered which not only provides for the control of the 

quality of the outgoing product but also takes into account 

the control of the process producing the product. 

Consider a problem in which several screenable vari-

ables are to be simultaneously controlled. In some in-

stances, the quality of one or more of the variables has 

deteriorated to the extent that the lot should be scrapped 

rather than rectified for those variables. A multicharac-

teristic model which is designed with two sets of control 

limits for each of the variables may be effectively applied 
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in this case. As an example of this situation, let the 

lower control limits for the sample mean of the ith vari-

able be denoted as CLSi and CLRi and the upper control 

limits be denoted as CUSi and CURi' such that CLSi ~ CLSi 

~ CUSi s CURi' If the value of the sample mean for the 

ith variable, Xi, is such that CLSi s Xi~ CUSi then the 

lot is accepted on variable i. If CLRi ~ Xi< CLSi or 

CUSi < Xi ~ CURi' the lot is screened for variable i. If 

Xi < CLRi or Xi > CURi' then the lot is scrapped. A 

similar quality control system may be designed for the 

attributes case by considering dual acceptance numbers, 

rather than dual control limits. 

If one knows initially which characteristics should 

economically not be controlled, the optimum acceptance 

sampling plans for these variables can automatically be 

specified as acceptable without sampling and these vari-

ables given no further consideration. In general, the 

expected cost of accepting items defective with respect 

to a given variable must be balanced against the expected 

cost of controlling that variable. At some point, the 

expected cost of control may overshadow the expected 

acceptance cost to the extent that the variable should be 

given no further consideration. An analytic technique for 

identifying the variable or variables which should not be 

controlled would reduce the scope of the quality control 



95 

problem to only those variables which can and should be 

controlled. 

In some quality control systems, the characteristics 

are inspected in a predetermined order as in the case of 

the model developed here. It would be useful to consider 

the economic aspects of inspecting the variables in Class 

C first, then Class B, then Class A, and so on. Although 

analysis for the model presented herein was not conducted 

in this respect, information concerning the model's de-

pendency upon the sampling discipline would be helpful. 

Considering these topics, and more like them, the area of 

cost-based quality control systems is one in which much of 

the development and refinement is yet to come. 
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INSPECTION 1 

Draw n1 units from the lot; 

Inspect nl for Variable Type 1. 

COST: (Cil) (nl) 

I 

DECISION BLOCK 1 (A) 
I 

DECISION BLOCK 1 (B) 

RESULT: 

DECISION: 

ACTION: 

LCL 1 :<:: x1 ~ UCL 1 RESULT: Xl< LCL 1 or 

Accept lot on Xl> UCL 1 
Variable Type 
1. DECISION: Reject lot on 

Variable Tyue 
Continue 1. 
inspection. 

ACTION: Reject and scrap 
lot; stop 
insuection. 

COST: (L) (C + C 1) r P 

I 
INSPECTION 2 

Draw n 2 new units from the lot; 

Inspect n 2 for Variable Type 2. 

COST: (CI2) Cnz) 

1 



DECISION BLOCK 2 (A) 

RESULT: LCL 2 ~ x 2 ~ UCL 2 
DECISION: Accept lot on 

Vari ab le Type 2 

ACTION: Continue 
inspection. 
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I 

DECISION BLOCK 2 (B) 

RESULT: Xz< LCLz or 

Xz> UCLz 

DECISION: Reject lot on 
Variable Type 
2. 

ACTION: 

COST: 

Reject and scrap 
lot; stop 
inspection. 

(L) (C + C ) 
r Pl 

INSPECTION k1 

Draw nk new units from the lot. 
1 

Inspect nk for Variable Type k1 . 
. 1 

COST: (Cik ).(nk ) 
1 1 



DECISION BLOCK k1 (A) 

DECISION: Accept lot on 
. Variable Type 

kl. 

ACTION: Continue 
inspection. 
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DECISION BLOCK k1 (B) 

RESULT: xk < LCLk or 
1 1 

DECISION: Reject lot on 
Variable Type 

ACTION: 

COST: 

kl. . . 

Reject and scrap 
lot; stop 
inspection. 

(L)(C +C 1) r P 

I 
INSPECTION k1 + 1 

Draw nk1+l new units from the lot; 

Inspect nk +l for Variable Type k1+1. 
1 

COST: 

I 



DECISION BLOCK k1+1 (A) 

RESULT: LCLk +l~ Xk +l 
1 1 

DECISION: Accept lot on 
Variable Type 
kl+l. 

ACTION: Continue 
inspection. 
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DECISION BLOCK k1+1 (B) 

RESULT: Xkl+l< LCLkl+l 

or Xkl+l>UCLkl+l 

DECISION: Reject lot on 
Variable Type· 
kl+l. 

ACTION: Reject and scra~ 
lot; stop 
inspection. 

COST: (L)(C + C 1) 
r P 

I 
INSPECTION k1+2 

Draw (nk +2 - nk +l) new units from 
1 1 

the lot. 
Inspect nk +2 for Variable Type k1+2. 

1 
COST: (Cik1+2) (nK1+2) 



DECISION 

RESULT: 

DECISION: 

ACTION: 

105 

cp ~ 
BLOCK k1+2 (A) DECISION BLOCK k,+2 (B) 

LCLk +2 '.S xk +2 RESULT: Xk +2< LCLk +2 
1 1 1 1 

~ UCLk +2 or Xk1+2>UCLk 1+, 
1 

Accept lot on DECISION: Reject lot on 
Variable Type Variable Type 
kl+2. kl+2 

Continue ACTION: Reject and 
inspection. scrap lot; 

inspection. 

COST: (L) (C + C l) r P 

I 

INSPECTION k 2 

Draw (nk - nk _1 ) new units from the 
2 2 

lot. 

Inspect nk for Variable Type k 2 . 
2 

COST: ( Cikz) (nkz) 

stop 



DECISION BLOCK k 2 (A) 

DECISION: Accept lot on 
Variable Type 
k2. 

ACTION: Continue 
inspection. 

> 
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DECISION BLOCK k 2 (B) 

RESULT: Xk < LCLk or 
2 2 

Xk > UCLk 
2 2 

DECISION: Reject lot on 
Variable Type 
k2. 

ACTION: Reject and 
scrap lot; stop 
inspection. 



INSPECTION k2+1 

new Draw (nk 2+1- nk 2) 

units from the lot. 

Inspect nk +l for 
2 

Variable Type k2+1 

COST: (Cik +l)(nk +l) 
2 2 

I 
DECISION BLOCK k 2+1 (A) 

RESULT: LCLk +l~ Xk +l 
2 2 

~ UCLk +l 
2 

DECISION: Accept lot on 
Variable Type 
k 2+1. 

ACTION: Continue 
inspection. 
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11 

INSPECTION k?+l 

Inspect nk +l for 
2 

Variable Type k 2+1. 

COST: (Cik +l) (nk +l) 
2 2 

I 

DECISION BLOCK k 2+1 (B) 

RESULT: Xk +l< LCLk +l 
2 2 

or Xk +l>UCLk +l 
2 2 

DECISION: Reject lot on 
Variable Type 
k 2+1 

ACTION: Reject and scree: 
lot on Variable 
Type k 7+1; 
Continue 
inspection. 
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> < 

INSPECTION k 2+2 INSPECTION k +2 

Draw MIN (nk +2 - nk +l' 
2 2 

Inspect nk +2 for 
2 

nk 2+2 - nk 2) new units Variable Type k 2+2. 

from the lot: COST: (Cik +2)(nk +2) 
2 2 

Inspect nk +2 for 
2 

Variable Type k2+2. 



DECISION BLOCK k 2+2 (A) 

UCLk + 2 
2 

DECISION: Accept lot on 
Variable Type 

· k 2+2. 

ACTION: Continue 
inspection. 

> 
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DECISION BLOCK k 2+2 (B) 

RESULT: Xk +2 < LCLk +2 
2 2 

or Xk +2>UCLk +2 
2 2 

DECISION: Reject lot on 
Variable Type 
k2+2. 

ACTION: Reject and screen 
lot on Variable 
Type k +2; . . 2 . continue inspec-
t ion. 



INSPECTION k 3 

Draw MIN (n - nk -1' n -
k3 3 k3 

Ilk ) new units from the 
2 

lot. 

Inspect n· 
k3 

for Variable 

Type k3. 
COST: (C Ik ) (nk ) 

3 3 

' DECISION BLOCK k3 (A) 

RESULT: LCLk ~ Xk ~ UCLk 
3 3 3 

DECISION: Accept lot on 
Variable Type 
k3. 

ACTION: Inspection 
completed. 

110 

INSPECTION k3 

Inspect nk for Variable 
3 

Type k 3 . 

COST: (Cik ) (nk ) 
3 3 

I 

DECISION BLOCK k 3 (B) 

RESULT: Xk < LCLk or 
3 3 

Xk > UCLk 
3 3 

DECISION: Reject lot on 
Variable Type 
k3. 

ACTION: Reject and 
screen lot on 
Variable Type kj 
Inspection 
completed. 



POST-INSPECTION ALTERNATIVE 1 

Lot accepted on all 

variable types. 

POST-INSPECTION ALTERNATIVE 2 

Lot accepted on all des-
tructable variable types 
(1, ... ,k 2) and rejected 
on one or more non-
destructable types 
(k 2+1 ' ... 'k 3) . 
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17 

Cost of units destroyed or Cost of accepting defec-

rejected in sampling 

inspection.· 

19 

tives in the non-inspected 

nondestroyed portion of 

the sample. 

26 

Cost of accepting defectives in the 

non-inspected portion of the lot. 

kl kl 
N * = MAX ( l: n . + nk , l: n . + nk ) 

i=l 1 2 i=l 1 3 

(L - N*) P(unit defective 

on Variable 1 below lower spec) + 

P(unit defective on variable 1 

above upper spec)] 

18 
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(L - N*) P(unit defective 

on variable 2 below lower spec) + 

CaUZ P(unit defective on variable 2 

above upper spec)] 

(L - N*) [CaLk 3 
P(unit defective 

on variable k 3 below lower spec) + 

c aUk 3 
P(unit defective on variable 

above upper spec)] 

k3 
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Cost of units destroyed in sample. 

kl 
(E 
.i=l 

n. + nk ) 
1 2 

(C + C 1 ) r P 

No additional costs 
incurred by virtue of 

,_ __ CY_E_s __ ) __ ~ rejecting units on non-

(NO) 

DEFINE: N1 .=MIN(n.-n. l' 
1 1 1-

n. -nk ) 
1 2 

destructable variable 
types. 
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(YES) 

(NO) 

(YES) 

(NO) 

c r 

P (Unit defective on 
any of Variable 
Types k 2 + 1 , . . . , k 3) 

Nlk 2+1 

P (Unit defective on 
any of Variable 
Types k 2+2, ... ,k 3) 

Nlk 2+2 
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(YES) 

(YES) 

(YES) 

P (Unit defective on 
Variable Type k3) 

P(Unit defective on 
Variable Type k 2+1 below 
lower spec) + CoUkz+l 

P (Unit defective on 
Variable Type k 2+1 above 

upper snec)] 

P(Unit defective on 
Variable Type k 2+2 below 
lower spec) + CcrUkz+Z 

P(Unit defective on 
Variable Type k2+2 above 

upper spec)] 
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(YES) 

P(Unit defective on 
Variable Type k 3 below 

lower spec) + Ccr Uk 3 

P(Unit defective on 
Variable Type k 3 above 
upper spec)] 

If the replacement option is in 
effect, the following costs are also 
incurred. 

kl 
( I: n . + nk ) C P 2 i=l l 2 



118 

kl 
( l: n. + nk ) 
i=l 1 2 

kl 

( l: n. + nk ) 
i=l 1 2 

P(Unit defective on Variable Type 
kz+l below lower spec) + ccrukz+l 

P(Unit defective on Variable Type 
k2+1 above upper spec)] _ 
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kl 
( ~ n. + nk ) 
i=l 1 2 

P(Unit defective on Variable Type 
k2+2 below lower spec) + CcrUk 2+2 

.P(Unit defective on Variable Type 
k 2+2 above upper spec)] 

1. 

kl 
( ~ n. + nk ) 

i=l 1 3 
P(Unit defective on Variable Type 
k 3 below lower spec) + CcrUk 3 

P(Unit defective on Variable Type 
k 3 above upper spec)] 
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(YES) 

(NO) 

(YES) 

No additional costs 
incurred in this category. 

kz 
E [C L. 

i=l a 1 

P(Unit defective on 
Variable i below lower 
spec) + C u· P(Unit - a i 

defective on Variable i 
above upper spec)] 
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(YES) 

k -1 3 
L [C 1 . . 1 a i 

i= 

P(Unit defective on 
Variable i below lower 
spec) + C u· P(Unit -- a i 

defective on Variable i 
above upper spec)] 
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Cost of screening 
inspection. 

Cost of items destroyed 
or rejected in sampling 
and screening inspection. 

29 

Cost of accepting defec-
tives in the non-des-
troyed and uninspected 
portion of the sample 
and in the uninspected 
portion of the lot. 

36 

32 
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(L - N*) 

P(Lot rejected on Variable Type k 2+1)] 

(L - N*) 

P(Lot rejected on Variable Type k 2+2)] 

(L - N*) 

P(Lot rejected on Variable Type k 3)] 
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(YES) 

No additional costs 
incurred by virtue of 
screening inspection on >-----------:i the units in the sample. 

(NO) 

(nk - nk ) [Csk 2+1 
3 2 

P(Lot rejected on 
Variable Type k 2+1)] 

(YES) 

(nk3 - nk2+1) [Cskz+l 

P(Lot rejected on 
Variable Type k 2+1)] 
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(nk - nk -1) [Csk -1 
3 3 3 

(YES) 
>---------~P(Lot rejected on 

Variable Type k 3-l)] 

(NO) 

No additional costs. 
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Cost of units rejected in Cost of units destroyed 

screening inspection. or rejected in sampling 

inspection. 

(YES) 

No costs incurred in this 
>-_(_Y_E_S_) __ __. case since the nk 2+ 1 - nk 2 

nondestroyed units have 
been sampled for variable 
k +1. -
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defective on variable i 
>--(_Y_E_s_) ____ ~below lower spec) + CoUi 

P(unit defective on vari-
able i above upper spec)} 
P(lot rejected on variable 
i) 

k2+2 
E N1k2+ 3 {CoLi P(unit 

i=l 2+1 

defective on variable i 
>---(Y_E_S_) ____ ~below lower spec) + CoUi 

P(unit defective on vari-
able i above upper spec)} 
P(lot rejected on variable 
i) 



(L - N*) 

128 

k3-l 
E Nlk {CcrLi P(unit 

i=k2+1 3 

defective on variable i 
(YES) 

>------.'!below lower spec) + CcrUi 

k3 

P(unit defective on vari-
able i above upper spec)} 
P(lot rejected on variable 
i) 

E {C 1 . P(unit defective cr 1 i==k2+1 

on variable i below lower spec) + 

CcrUi P(unit defective on variable i 
above upper spec)} P(lot rejected on 
variable i) 
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(YES) 

{C L. P(unit defective a 1 

on variable i below lower spec and 

C u· P(unit defective on variable i a 1 

above upper spec)} 

(YES) 

No costs incurred in 
this case since all the 
nondestroyed units 
nk +l - nk have been in-

2 2 
spected for variable k 2+1 
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(YES) 

(YES) 

k 2+1 
L: 

i=k2+1 

P(unit defective on vari-
able i below lower spec) + 

Cu· P(unit defective on 
CJ 1 

variable i above upper 
spec)} 

k 2+2 
L: 

i=k 2+1 

P(unit defective on vari-
able i below lower spec) 
+ C u· P(unit defective o a 1 
variable i above upper 
spec)} 
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(YES) 

kz 

k3-l 
E Nlk {CcrLi P(unit 

i=k 2+1 3 

defective on variable i 
below lower spec) + c u· cr 1 

P(unit defective on 
variable i above upper 
spec)} 

(L - N*) E {C 1 . P(unit defective on 
i=l cr 1 

variable i below lower spec) + C u· a l 

P(unit defective on variable i above 
upper spec)} 



(L - N*) 

132 

40 

k3 
I · {C 1 . P(unit defective 

a 1 i=k 2+1 

on variable i below lower spec) + C u· a 1 

P(unit defective on variable i above 
upper spec)} 



APPENDIX B 

MATHEMATICAL SIMPLIFICATION OF THE MULTIPLE INTEGRALS 

oo UCL US 

1. K = J J J hCxlµ) g(xlµ) £(µ) dx dx dµ 

-oo LCL LS 

[B-1] 

where 

(x- µ) 2 

1 2 cr 2 

h(xlµ) = --e [B-2] 

(i- µ) 2 

rn 2cr 2 /n 
gCx!µ) = ---e [B-3] 

(µ-µo)2 

IL' 2cr 2 /L' 
f (µ) = ---e [B-4] 

Combining terms results in: 

n(x-µ) 2 + L' (µ-µo) 2 
00 UCL us 

IL'n 2 cr 2 
K = J J J e 

2n cr 3 /TiT 
- 00 LCL LS 

(x- µ) 2 
----- dx dx dµ [B-5] 

2cr 2 
e 

133 
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Collecting terms, completing the square ofµ in the 

exponent, and interchanging the order of integration 

yields: 
n 

ex - x)2 
n+L'+l 

UCL us 
lnL'/(n+L'+l) 2 CJ 2 

K = f f e 
2nCJ 2 

LCL LS 

LI nL' 
(x - µo)2 + ex - µo)2 

L'+n+l n+L'+l 

2cr 2 
e 

nx+L'µo+X 
(µ )2 

n+L'+l 
00 

/n+L'+1 2cr 2/L'+n+l 
f e dµ dx dx 

CJ 12-if 
- 00 

[B-6] 

Noting that µ is integrated over its entire range, the 

innermost integral reduces to unity. 

Collecting terms and completing the square with 

respect to x gives: 
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nL' 
(x-µo) 2 

n+L' 
UCL 

lnL'7(n+L') 2cr 2 
K = f e 

alZiT 
LCL 

n+L' nx-L'µo 
(x - ) 2 

n+L'+l n+L' 
us 

/(n+L')/(n+L'+l) 2cr 2 
J e 

al21f 
LS 

dx dx [ B- 7] 

00 UCL 

2. G = f f gCx!µ)f(µJ dx dµ [B-8] 

- 00 LCL 

where gCx!µ) and f (µ) are given by Equations B-3 and 

B-4, respectively. 

Combining terms in the exponent, 

n(x-µ) 2 + L' (µ-µo) 2 
00 UCL 

lnL' 2cr 2 
G = J f e ai dµ 

2 11cr 2 
- 00 LCL 

[B-9] 
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Collecting terms, completing the square ofµ in the 

exponent, and interchanging the order of integration 

yields: 

UCL 

G = !· 

LCL 

00 

f 

- 00 

nL' 

n+L' 

v'nL'/(n+L') 20 2 
-------e 

nx+L'µo 
(n+L') (µ - ) 

n+L' 
v'n + L' 20 2 

e dµ dx 

[B-10] 

Integrating with respect to µ is unity, which further 

reduces the integral to: 

UCL 

G = J 

LCL 

v'nL '/ (n + L') 

00 us 

nL' 

n+L' 

20 2 
e 

3. H = J f h(xiµ) f(µ) dx dµ 

- 00 LS 

dx [B-11] 

[B-12] 
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where h(x!µ) and f(µ) are given by Equations B-2 and 

B-4, respectively. 

Combining terms 

(x-µ)2 + L' (µ-µo) 2 
00 us 

IL' 2cr 2 
H = f f e dx dµ 

2ncr 2 
00 LS 

[B-13] 

Collecting terms, completing the square ofµ in the 

exponent, and interchanging the order of integration: 

L' 
(x-µo) 2 

us L'+l 

J 
IL I I (LI+ 1) 2cr 2 

H = e 
cr ;z.;;:-

LS 

x+L' 0 

(µ- ) 2 
(LI+ 1) L'+l 

00 

IL'+l 2cr 2 
f e dµ dx 

cr /2-IT 
- 00 

[B-14) 
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Integrating overµ, which reduces to unity, the 

resulting integral becomes 

us 
H = J 

LS 

IL'/(L'+l) 

cr ;z.rr 
e 

L' 

L'+l 

2 cr 2 
dx 

[B-lSJ 



APPENDIX C 

APPROXIMATION TO THE NORMAL INTEGRAL 1 

2 
Function:tP (x) = 

Range: 0 '< x < co 

Approximation: 

tP* (x) = 1 -

x 

J 
0 

e-t 2 dt 

1 
-

(1 + a1x + a2x2 + a3x3 + a4x 4 + a5xs)a 

a 1 = 0.14112821 a 4 = -0.00039446 

a 2 = 0.08864027 a 5 = 0.00328975 

a 3 = 0.02743349 

1Taken from Approximations for Digital Computers by 
Cecil Hastings, Jr., Princeton, N.J.: Princeton 
University Press (1955). 
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APPENDIX D 

OPTIMIZATION OF THE COST MODEL 

This appendix to the research has been included in 

order to provide support and justification for using the 

individually optimum acceptance sampling plans as the 

starting point in the optimization of the multivariate 

model. The optimization times footnoted in Tables D-1, 

D-2, and D-3 are execution times for the IBM 370/155 

digital computer located at the Virginia Polytechnic In-

stitute and State University Computing Center. 

Table D-1 shows the acceptance sampling plans, con-

sidered individually, with each optimized from an initial 

starting point of acceptance without sampling. Table D-2 

then shows the optimization of the multivariate model 

starting from the optimum points in Table D-1. 

Table D-3 shows the optimization of the multivariate 

model with starting points for all variables as acceptance 

without sampling. It is important to note that although 

the optimum total expected costs of acceptance sampling 

in Tables D-2 and D-3 are not significantly different, a 

reduction of some 36 percent in the total execution time 

to reach these points can be realized by virtue of optimiz-

ing the cost model as outlined in Tables D-1 and D-2. This 

approach was, therefore, applied in all cases through this 

research. 
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TABLE D-1. SINGLY OPTIMIZED ACCEPTANCE SAMPLING PLANS * 

VAR SAMPLE LOWER UPPER 
POINT CONTROL CONTROL CI CA CR 

"NUMBER SIZE LIMIT LIMIT 

START 0 19.50 20.50 $0.00 $6367.62 $ 0.00 
1 

OPT 30 19.25 20.75 0.15 3879.90 1189.01 

-· 

START 0 48.50 51. so 0.00 6147.27 0.00 
2 

OPT 32 47.94 52.06 0.16 3905.91 1274.14 

START 0 3.50 6.50 0.00 5772.03 0.00 
3 

OPT 22 3.70 6.30 0.11 4573.38 861.95 

START 0 12.50 17.50 0.00 1639.23 0.00 
4 

OPT 36 14.40 15.60 0.18 303.0( 0.00 

* 1 Minute, 46.56 Seconds 

cs 

$ 0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

1292.69 

CT 

$6367.62 

5069.06 

6147.27 

5180.21 

5772.03 

5435.44 

1639.23 

1595.87 

f--1 
+::-
f--1 



TABLE D-2. MULTIVARIATE OPTIMIZATION OF THE MODEL* 

VAR SAMPLE LOWER UPPER 
POINT CONTROI CONTROL CI CA CR cs 

NUMBER SIZE LIMIT LIMIT 

1 30 19.25 20.75 

2 32 47.94 52.06 

START $0.55 $6344.28 $3146.50 $6016.18 
3 22 3.70 6.30 

4 36 14.40 15.60 

1 36 19.42 20.58 

2 34 48.34 51.66 

OPT 1.13 4127.35 6846.35 3653.21 
3 28 3.98 6.02 

4 214 14.37 15.63 

* 13 Minutes, 2.50 Seconds 

CT 

t15507.51 

14628.04 

....... 

.p.. 
N 



TABLE D-3. MULTIVARIATE OPTIMIZATION OF THE MODEL* 
" 

VAR SAMPLE LOWER UPPER 
POINT CONTROL CONTROL CI CA CR 

NUMBER SIZE LIMIT LIMIT 

1 0 19.50 20.50 

2 0 48.50 51. 50 
$0.00 ~19926.16 $ 0.00 $ 

START 3 0 3.50 6.50 

4 0 12.50 17.50 

1 36 19.43 20.57 

2 34 48.36 51. 63 

OPT 0.94 4014.48 6982.11 
3 28 3. 9 7 6.02 

4 158 14.38 15.62 

" 

*23 Minutes, 9.54 Seconds 

cs 

0.00 

3633.52 

CT 

$19926.H 

14631.05 

I-' 
~ 
VI 



APPENDIX E 

DISTRIBUTIONAL FORMS - f(µ.) 
1 

The distributional forms and parameters specified 

herein are used in the sensitivity analysis of the cost 

model presented in this research. 
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TABLE E-1. PARAMETERS OF NORMAL 
DISTRIBUTION A 

VARIABLE DESIRED STANDARD 
NUMBER MEAN DEVIATION 

1. 20.00 0.39 

2, 50.00 1. 08 

3 5.00 0.62 

4 15.00 0.77 
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TABLE E-2. 

VARIABLE 

NUMBER 
1 2 

1 19.205 19.470 

2 47.756 48.504 

3 3.722 4.148 

4 13.398 13.932 

POINT VALUES - DISCRETE DISTRIBUTION B 

POINT NUMBER 

3 4 I 5 6 

19.735 20.000 20.265 20.530 

49.252 50.000 50.748 51. 496 

4.574 5.000 5.426 5.852 

14.466 15.000 15.534 16.068 

7 

20.795 

52.244 

6.278 

16.602 

f-1 
+>-
00 



149 

I 
u 

0 

'° 
z 0 H

 
E-< 
:::i 
i:ci 
H

 
L

I) 
~
 

N
 

E-< 
C

f) 
0::: 

H
 

IJ-1 
i=l 

i:ci 
~
 

IJ-1 
0 

:::i 
E-< 

<:::!" 
z 

IJ-1 
0::: 

E-< 
u 

z 
VJ 

H
 

H
 

0 
i=l 

p.., 
L

I) 
N

 
I") 

t"i 
I 

µ.:i 

IJ-1 
0 

0::: 
N

 
::::i 
c..::l 
1-1 
i:.i.. 

0 0 
M

 



TABLE E-3. POINT VALUES - DISCRETE DISTRIBUTION C 

VARIABLE POINT NUMBER 

NUMBER I 1 2 3 4 5 6 

1 18.989 19.326 19.663 20.000 20.337 20.674 

2 47.150 48.100 49.050 50.000 50.950 51.900 

3 3.374 3.916 4.458 5.000 5.542 6.084 

4 12.966 13.644 14.322 15.000 15.678 16.356 

7 

21.011 

52.850 

6.626 

17.034 

I-' 
U"1 
0 



151 

tj-,!"""" _
_

_
_

_
_

_
_

_
_

_
_

_
_

 .....,. 
,....; 

Q
 

tj-

z 0 1--i 
~
 
~
 

~
 

>--i 
tj-

L/'l 
~
 

,....; 
~
 

~
 

~
 

>--i 
~
 

Q
 

~
 

~ 
~
 

ID
 

~
 

,....; 
tj-

z 
~
 
~
 

~
 

u 
z 

~
 

1--i 
>--i 

0 
Q

 
~
 

tj-
l"'l 

r-1 

"""" I ~ 
~
 

tj-
~
 

,....; 
('.l 

~
 

t..9 
1--i 
~
 

tj-
r-1 



TABLE E-4. POINT VALUES - DISCRETE DISTRIBUTION D 

VARIABLE POINT NUMBER 

NUMBER 
2 3 4 I 5 6 1 

. 

1 19.418 19.612 19.806 20.000 20.194 20.388 

2 48.356 48.904 49.452 50.000 50.548 51. 096 

3 4.064 4.376 4.688 5.000 5.312 5.624 

4 13.827 14.218 14.609 15.000 15.391 15.782 

I 7 

20.582 

51.644 

5.936 

16.173 

f-..1 
(J1 

N 
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TABLE E-5. POINT VALUES - DISCRETE DISTRIBUTION E 

VARIABLE ,POINT NUMBER 

NUMBER 1 2 3 4 l 5 6 

1 19.223 19.482 19.741 20.000 20.259 20.518 

2 47.807 48.538 49.269 50.000 50.731 51.462 

3 3.749 4.166 4.583 5.000 5.417 5.834 

4 13.437 13.958 14.479 15.000 15.521 16.042 

7 

20.777 

52.193 

6.251 

16.563 

f--1 
i:.n 
.j:::. 
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TABLE E-6. 

VARIABLE 

NUMBER 
1 2 

1 19.286 19.524 

2 47.984 48.656 

3 3.851 4.234 

4 13.560 14.040 
--

POINT VALUES - DISCRETE DISTRIBUTION F 

POINT NUMBER 

3 4 5 6 
; 

19.762 20.000 20.238 20.476 

49.328 50.000 50.672 51.344 

4.617 5.000 5.383 5.766 

14.520 15.000 15.480 15.960 

7 

20.714 

52.016 

6.149 

16.440 

r--a 
U1 

°' 
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TABLE E-7. POINT VALUES - DISCRETE DISTRIBUTION G 
-~ 

VARIABLE POINT NUMBER 

NUMBER 
1 2 3 4 5 6 

1 19.451 19.634 19.817 20.000 20.183 20.366 

2 48.449 48.966 49.483 50.000 50.517 51.034 

3 4.115 4.410 4.705 5.000 5.295 5.590 

4 13.893 14.262 14.631 15.000 15.369 15.738 
" 

7 

20.549 

51.551 

5.885 

16.107 

f-1 
Ul 
00 
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VARIABLE 

NUMBER 

1 

2 

3 

4 

. 
TABLE E-8. POINT VALUES - DISCRETE DISTRIBUTION H 

POINT NUMBER 

1 2 3 I 4 5 I 6 

19.553 19.702 19.851 20.000 20.149 20.298 

48.743 49.162 49.581 50.000 50.419 50.838 

4.283 4.522 4.761 5.000 5.239 5.478 

14.103 14.402 14.701 15.000 15.299 15.598 

7 -
20.447 

51. 257 

5.717 

15.897 

1--' 

°' 0 



APPENDIX F 

VALIDATION OF THE INDICATED OPTIMUM SOLUTION 

Optimization of the examples in Chapter IV was 

achieved by systematically applying the pattern search 

to the mod~l. In this appendix, the search procedure 

is initiated at several different sets of starting 

points. Tables F-1 through F-5 give the results of 

these procedures. Variation in the starting points for 

the multivariate search seems 

a. to produce no significant change in the 

indicated optimum value of the objective 

function; and 

b. to produce little change in the indicated 

optimum acceptance sampling plans for the 

destructable variables (numbers 1, 2, and 3). 

These results suggest that the model seems to be 

robust with respect to the screenable variable's sampling 

plan. 
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VAR. 
POINT 

NUMBER 

1 

2 
START 

3 

4 

1 

2 

OPT 
3 

4 

TABLE F-1. MULTIVARIATE OPTIMIZATION OF THE MODEL 

SAMPLE LOWER UPPER 
CONT ROI CONTROL CI CA CR SIZE LIMIT LIMIT 

0 19.50 20.50 

0 48.50 51. 50 

$0.00 $19926.16 $ 0.00 $ 
0 3.50 6.50 

0 12.50 17.50 -
36 19.43 20.57 

34 48.36 51. 63 

0.94 4014.48 6982.11 
28 3.97 6.02 

158 14.38 15.62 

cs 

0.00 

3633.52 

CT 

$19926.11 

. 

14631.05 

·I-' 

°' N 



VAR. 
POINT 

NUMBER 

1 

2 

START 
3 

4 

1 

2. 

OPT 
3 

4 

TABLE F-2. MULTIVARIATE OPTIMIZATION OF THE MODEL 
~ 

SAMPLE LOWER UPPER 
CONTROJ CONTROJ CI CA CR cs SIZE LIMIT LIMIT 

30 19.25 20.75 

32 47.94 52.06 

$0.55 $6344.28 $3146.50 $6016.18 
22 3.70 6.30 

36 14.40 15.60 
-

36 19.42 20.58 

34 48.34 51. 66 

1.13 4127.35 6846.35 3653.21 
28 3. 9 8 6.02 

214 14.37 15.63 

CT 

$15507.51 

14628.04 

>--' 

°' VI 



VAR. 
POINT 

NUMBER 

1 

2 

START 3 

4 

1 

2 

OPT 
3 

4 

TABLE F-3. MULTIVARIATE OPTIMIZATION OF THE MODEL 

SAMPLE LOWER UPPER 
CONTROl CONTROL CI CA CR SIZE LIMIT LIMIT 

75 19.95 20.05 

150 49.95 50.05 

$ .46 $ . 0 7 $19995.23 $ 
250 4.95 5.05 

750 14.95 15.05 

35 19.41 20.59 

34 48.35 51. 65 

1. 92 3999.16 6876.39 
28 3.99 6.01 

456 14.39 15.61 

cs 

1. 55 

3750.73 

CT 

H9997.31 

14629.20 

f--' 
0\ 
+:>-



VAR. 
]?OINT 

NUMBER 

l 

2 

~TART 3 

4 

l 

2 

OPT 
3 

4 

TABLE p..,4, MULTIVARIATE OPTIMIZATION OF THE MODEL 
-

SAMPLE LOWER UPPER 
CONTROl CONTROL CI CA CR cs SIZE LIMIT LIMIT 

25 19.5 20.5 

50 48.5 51. 5 

$1. 42 $3264.70 $7473.47 $4234.83 
so 3. 7 6.3 

300 14.5 15.5 
-· 

35 19.41 20.59 

34 48.35 51. 65 

. 91 '. 4019.94 6866.84 3740.48 
29 3.99 6.01 

146 14.41 15.64 
,. 

CT 

$14974.42 

14628.17 

~ 

°' V1 



VAR. 
POINT 

NUMBER 

1 

2 

START 
3 

4 

1 

2 

OPT 
3 

4 

TABLE F-5. MULTIVARIATE OPTIMIZATION OF THE MODEL 

SAMPLE LOWER UPPER 
CONTRO ~co?--JTROL CI CA CR SIZE LIMIT LIMIT 

75 18.5 22.5 

150 45.5 52.5 

$2.30 $17732.79 $1909.40 
250 1. 7 9.3 

10 10.5 19.5 
~ 

38 19.44 20.61 

35 48.34 51.58 

.46 7894.63 6752.76 
25 3.95 6.03 

9 12.17 17.75 

cs 

$ 0.00 

0.00 

CT 

$19644.49 

14647.85 

~ 

°' °' 



APPENDIX G 

COMPUTER PROGRAM FOR THE MULTIVARIATE COST MODEL 

A. Notation 

Variahle Definition 

Kl k2 
K2 kz - k 1 
K3 k3 - k 2 
KDESTR kl + kz 

KTOTAL kl + k2 + k3 
L L 

N(I) n. 
l 

DMEAN(I) Desired value of µ. 
l 

STD(I) 0 . 
l 

SPEC (I, 1) LS. 
l 

SPEC (I, 2) us. 
l 

CLIMIT(I, 1) LCL. 
l 

CLIMIT (I, 2) UCL. 
l 

UCR c r 
UCROl cpl 
UCR02 cp2 
UCAL(I) CL" a i 

167 
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Variable Definition 

UCAU (I) c u· a i 

UCRLOW(I) c crLi 
UCRUP(I) c u· cr l 

UC I (I) Cii 
UCSCR(I) c si 

CI CI 
CAI CAI 
CAZ CAZ 
CA3 CA3 
CA4 CA4 
CR CR 
CSl CSl 
CSZ csz 
CS3 CS3 
CS4 CS4 

NSTAR N* 

NlSTAR(I) Nli 
NZSTAR(I) NZi 
DELTAl(I) 01i 
DELTAZ oz 
DELTA3 03 
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NPROB = number of problems. 

!PRINT = ' { 
0 all iterations printed 

1, only improved iterations printed 

MX = number of decision variables 

NS = number of changes of step size 

BASE(!) = initial value of decision variable 

XMIN(I) = minimum value of decision variable 

XMAX (I) = maximum value of decision variable 

DELT(I) = initial value of the step size for 

variable i. 

DELTM(I) = minimum value of the step size for 

variable 

DELTU(I) = maximum value of the step size for 

variable 

NOTE: 

Decision Variable Corresponds 

Number 

1 

2 

3 

4 

5 

6 

To 

i 

i 

i 

decision 

decision 

decision 
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B. Major Program Limitation 

The total number of decision variables must be less 

than or equal to 45; i.e. the total number of variables 

to be controlled must be less than or equal to 15. 

C. Input Cards 

Card 

1 

2 

3 

4 

5 

6 

7 

8 

9 

VARIABLE NAME(s) 

NP ROB 

I PRINT 

Kl, K2, K3, L 

DELTA2, DELTA3 

N ( 1) , DMEAN ( 1) , STD ( 1) , 

CLIMIT (1, 1), CLIMIT (1, 2), 

SPEC(l, 1), SPEC(l, 2) 

(Same as above for any 

additional variables) 

UCI (1), UCAC (1), UCAL (1), 

UCRUP(l), UCRLOW(l), 

UCSCR(l) 

(Same as above for any 

additional variables) 

UCR, UCROl, UCR02 

MX, NS 

BASE(l), XMIN(l), XMAX(l), 

DELT(l), DELTM(l), DELTU(l) 

FORMAT 

lX, IS 

lX, I 5 

4Il0 

2Fl0.4 

IlO, 6Fl0.4 

6Fl0.4 

3Fl0.4 

lX, 2 I 5 

lX, 6F8.4 
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ea rd VARIABLE NAME(s) FORMAT 

10 BASE(2), XMIN(2), XMAX (2) lX, 6F8.4 

DELT(2), DELTM(2), DELTU(2) 

11 BASE(3), XMIN(3), XMAX(3) lX, 6F8.4 

DELT(3), DELTM(3), DELTU(3) 

(Above three card sequence 

repeats for additional 

variables) 

D. Program Listing 



c 
C*** PATTERN SEARCH 
c 

MAS 
MAS 
MAS 

c 

COMMON/BLK1/Kl,K2,K3,KDESTR,KTOTAL,Ll MAS 
REAL*8 INPROD,INTEXX,tNTGRL,NUMINT MAS 
COMMON/BLK4/INTGRL(l5), NUMINT(15,3), INPR00(15) MAS 
DIMENSION BASE(45),XMIN(45},XMAX(45J,DELT(45),RF(45),TB(45) MAS 
OIMENSION OELTMC45),DELTU(45J,PB{45) MAS 
COMMON/OPTU/ BEST(45J, YMAX MAS 
COMMON/COST/Ct,CA1,CA2,CA3,CA4,CR,CS1,CS2,CS3,CS4 MAS 
COMMON/PASS/N1STARC15), N2STAR(l5J, OELTA1(15), NSTAR MAS 
COMMON/NTRL/SAMPLE, OELTA2 MAS 
COMMON/BLOK/INTEXXC15,3) MAS 
COMMON/BLOKL/RF MAS 
COMMON/8LK2/CLIMIT(l5,2), L, N(l5), OMEAN(l5), SPECf 15,2), ST0(15)~AS 
COMMON/BlK3/UCR,UCRHO,UClf15),UCAU(l5),UCAL(l5),UCRUP(l5),UCRLOW(lMAS 

15J,UCSCR(l5),UCR01,UCR02,0ELTA3 MAS 
COMMON/CREF/CIREF,CACREF,CRJREF,CSCREF MAS 

C*** READ NUMBER OF PROBLEMS 
c 

MAS 
~AS 

MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 

c 

REA0(5,9090) NPROB 
WRITE(6,9090)NPROB 

C*** READ PRINT CONTROL VARIABLE (If= 1, WILL PRINT EACH FUNCTIONAL 
C*** EVALUATION; IF = O, WILL PRINT ONLY INPROVEO EVALUATIONS 
c 

REA0(5,9090J IPRINT 
WRITE(6,9090)1PRINT 
00 200 IJ=l,NPROB 
INO=O 
CALL SUBSYS(INO,YYJ 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 zq 
30 
31 
32 



IND=l 
c 
C*** READ THE NUMBER OF DECISION VARIABLES ANO THE MAXIMUM NUMBER OF 
C*** STEPS 
c 

c 

REA0(5,9000) MX,NS 
WRITE(6,9000JMX,NS 
NITER=O 
00 30 I=l,MX 

C*** READ STARTING VALUES OF DECISION VARIABLES, MINIMUM ANO MAXIMUM 
C*** VALUE THE DECISION VARIABLE CAN ASSUME, THE STARTING STEP SIZE 
C*** AND THE MAXIMUM ANO MINIMUM STEP SIZE 
c 

c 

REA0(5,9010) BASECJJ,XMIN(IJ,XMAX(I),OELT(l),OELTM(l),OELTU(I) 
WRITE(6,9010JBASE(I),XMIN(l),XMAX(l),DELT(J),DELTM(l),OELTUCIJ 
TB( I )=BASEi 1) 
RFC })::BASE( I) 
PB( I l=BASE (I J 

30 CONTINUE 

C*** PROCEED WITH SEARCH 
c 

310 IC=l 
YMAX=-10•**20 
JJ=l 

50 II=l 
00 60 l=l,MX 

60 RFC H=TB (I) 
CALL SUBSYSCINO,YY) 
YY=-YY 
IF(IPRINT.LE.0) GO TO 230 

MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 

33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 



WRITE(6,90001 IC MAS 65 
WRITE(6,9020) YY,(Rf{l2),l2=1,MX) MAS 66 

230 If(YY.LE.YMAXt GO TO 70 MAS 67 
IFlIPRINT.GT.OJ GO TO 240 MAS 68 
WRITEC6,9000) IC MAS 69 
WRITE(6,9020) YY,(Rfll2),L2=1,MX) MAS 70 
WRITE(6,99) CIREF,CACREf,CRJREF,CSCREf MAS 71 

240 NITER=O MAS 72 
DO 280 I=l,MX MAS 73 

280 BEST(lJ=RF(l) MAS 74 
YMAX=YY MAS 75 
If( JJ.NE. U II=2 ..,AS 76 

70 DO 90 I=l,MX MAS 11 
Rf(I)=TB(l)+DELT(I) MAS 78 
IF (RF (I ) •GT• XMAX ( I) ) RF(l)=XMAXIIJ MAS 79 
CALL SUBSYSCINO,VY) MAS 80 
YY=-YY MAS 81 ~ 

-.....J 

IFCIPRlNT .LE.OJ GO TO 250 MAS 82 .i::. 

WRITE(6,9000t IC MAS 83 
WRITE(6,9020) YY,(RFfl2ltl2=1,MX) MAS 84 

250 IFCYY.GT.YMAX) GO TO 80 MAS 85 
RF(l)=TB(l)-OELTCIJ MAS 86 
lf(Rf(l)elTeXMINCI)J RFCl)=XMIN(I) MAS 87 
CALL SUBSYSIINO,YY) MAS 88 
YY=-YY MAS 89 
IFllPRINT.LE.Ot GO TO 260 MAS 90 
WRITE(6,90dOJ IC MAS 91 
WRITEC6,9020) YY,(RF(L2),L2=1,MXJ MAS 92 

260 IF(YY.GT.YMAX) GO TO 80 MAS 93 
RF(l)=TBCI! MAS 94 
GO TO 90 MAS 95 

80 YHAX=YY MAS 96 



BEST( I )=Rf( I) 
IFlIPRINT.GT.0) GO TO 270 
WR1TEC6,9000) IC 
WRITE(6,9020) YY,(RF(l2),L2=1,MX) 
WRITEC6,99) CIREF,CACREF,CRJREF,CSCREF 

99 FORMAT(4Fl4.2) 
270 NITER=O 

11=2 
90 CONTINUE 

GO TO (120,lOOt,II 
100 JJ=2 

DO 110 I=l,MX 
PB{l)=8ASE(I) 
BASE< I J=RF (I l 
TBCIJ=2.*BASECil-PBCI) 
IFCTB(J).LT.XMINf I}) TB(IJ=XMIN(l) 
IFCTBCI).GT.XMAX(J)) TB(l)=XMAXCI> 

110 CONTINUE 
GO TO 50 

120 IF( IC.GT.NS} GO TO 180 
IC= IC+l 
00 170 I=l,MX 
OELT(l)=DELTCIJ/2. 
IFCOELTCIJ.LT.DELTM(I)} GO TO 210 
TB( I }=BASE (I l 
PB( U=BASE( IJ 
RFC Il=BASEC I) 

170 CONTINUE 
GO TO 70 

210 NITER=NITER+l 
IFCNITER.GT.l) GO TO 180 
00 220 l'=l, MX 

MAS 97 
MAS 98 
MAS 99 
MAS 100 
MAS 101 
MAS 102 
MAS 103 
MAS 104 
MAS 105 
MAS 106 
MAS 107 
MAS 108 
MAS 109 
MAS 110 
MAS 111 
MAS 112 
MAS 113 
MAS 114 
MAS 115 
MAS 116 
MAS 117 
MAS 118 
MAS 119 
MAS 120 
t.llAS 121 
MAS 122 
MAS 123 
MAS 124 
MAS 125 
MAS 126 
MAS 127 
MAS 128 



DEL T( t t=DEl TU( I) 
BASE ( I ) =TB ( I ) 

220 RF(l)=BASE(I) 
GO TO 50 

180 WRITEC6,9030t 
IC=IC-l 
WRtTE(6,9080) YMAX 
WRITEC6,9020) (BEST(l),I=l,MX) 
WRITE(6,9100) IC 
CALL OUTPT2 
DO 300 l=l,MX 

300 RF(ll=BESTCI) 
NNO=l 

200 CONTINUE 
CALL EXIT 

9000 FORMAT(lX,815) 
9010 FORMATC1X,8F8.4) 
9020 FORMAT(lX,7C3X,F14.4)) 
9030 FORMAT(lH0, 1 FINAl SOLUTION•,//) 
9040 FORMATClHO,'ACCELERATION STEP TO •,//) 
9080 FORMAT(1X, 1 0BJECTIVE FUNCTION= •,e14.7,1,1x, 1 DECISION VARIABLES 

1,//) 
9090 FORMAT(lX,15) 
9100 FORMATC1X, 1 ITERATIONS = •,15) 
9200 FORMAT(lX, 1 PERCENT SAVINGS = •,E14.7) 
9210 FORMAT(lXr'MOOEL INVALID FOR INPUT DATA') 

ENO 

MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
~AS 

MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 

'MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 

129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 



SUBROUTINE SUBSYS(INO,CT) MAS 156 
REAL*8 INPROO,tNTEXX,INTGRL,NUMINT MAS 157 
DIMENSION Rf (45} MAS 158 
COMMON/BLK1/Kl,K2,K3,KDESTR,KTOTAL,Ll MAS 159 
COMMON/BLK2/CLIMITtl5,2), L, NC15), OMEANU5>, SPEC(l5,2l, STD(l5P1AS 160 
COMMON/BLK3/UCR, UCRHO ,UC l( 15), UCAU( 15 l, UCAL ( 15), UCRUP ( 15), UCRLOW(l MAS 161 

l5),UCSCR(l5),UCR01,UCR02,0ELTA3 MAS 162 
COMMON/BLK4/INTGRL(l5), NUMINT(l5,3), INPR00(15) MAS 163 
COMMON/COST/CI,CA1,CA2,CA3,CA4,CR,CS1,CS2,CS3,CS4 MAS 164 
COMMON/PASS/NlSTARf 15), N2STAR(15), OELTA1(15), NSTAR MAS 165 
COMMON/NTRL/SAMPLE, DELTA2 MAS 166 
COMMON/BLOK/INTEXX Cl 5,3) MAS 16 7 
COMMON/BLCKL/RF MAS 168 
COMMON/REF/IREFPT MAS 169 
COMMON/HIST/NPTS(6), FREQ(6,10), SPREA0(6,10) MAS 170 
COMMON/CREF/CIREF,CACREF,CRJREF,CSCREF MAS 171 
COMMON/STEP/ KONTRC MAS 172 
INTEGER OELTAl MAS 173 
CTREF = O.OO MAS 174 
CIREF = O.OO MAS 175 
CACREF = OeOO MAS 176 
CRJREF = O.OO MAS 177 
CSCREF = O.OO MAS 178 
IF flNO .EQ. 0) CALL INPUT MAS 179 
lf (IND .EQ. OJ CALL OUTPTl MAS 180 
IF {IND .EQ. 0) CALL LOAD MAS 181 
IF (IND .EQ. 0) RETURN MAS 182 

C MAS 183 
C*** CHECK TO SEE IF CONTROL LIMITS HAVE CROSSED MAS 184 
C MAS 185 

00 20 I = 11KTOTAL MAS 186 
K = (I - 1) * 3 + 2 MAS 187 



c 

KK= (I - 1) * 3 + 3 
IF (Rf(KKJ eLE. RFCKtJ GO TO 10 
GO TO 20 

10 CT = 10. ** 30 
RETURN 

20 CONTINUE 
IF (Kl .LE. 1 .AND. K2 .LE. 1 .AND. K3 .LE. lJ GO TO 30 
CALL ORDER 
GO TO 70 

30 KVAR = 3 * KTOTAL 

C*** STORE SAMPLE SIZES ANO CONTROL LIMITS AS PASSED FROM SEARCH 
C*** ROUTINE 
c 

c 

J = 0 
00 40 I = ltKVAR,3 
J = J + 1 
N(JJ = RF(l) 

40 CONTINUE 
J = 0 
00 50 I = 2,KVAR,3 
J = J + 1 
CLIMIT(J,11 = RFCI) 

50 CONTINUE 
J = 0 
00 60 I = 3,KVAR,3 
J = J + 1 
CLIMIT(J,2J = RF(IJ 

60 CONTINUE 

C*** INITIALIZE All COMPONENTS OF COST 
c 

MAS 188 
MAS 189 
MAS 190 
MAS 191 
MAS 192 
MAS 193 
MAS 194 
MAS 195 
MAS 196 
MAS 197 
MAS 198 
MAS 199 
MAS 200 
MAS 201 
MAS 202 
MAS 203 
MAS 204 
MAS 205 
MAS 206 
MAS 207 
MAS 208 
MAS 209 
MAS 210 
MAS 211 
MAS 212 
MAS 213 
MAS 214 
MAS 215 
MAS 216 
MAS 217 
MAS 218 
HAS 219 



70 CONTINUE MAS 220 
CI = O.OO MAS 221 
CAl = o.oo MAS 222 
CA2 = O.OO MAS 223 
CA3 = O.OO MAS 224 
CA4 = O.OO MAS 225 
CR = O.OO MAS 226 
CSl = o.oo MAS 221 
CS2 = o.oo MAS 228 
CS3 = O.OO MAS 229 
CS4 = O.OO MAS 230 

c MAS 231 
C*** CALL COMPUTATIONAL ROUTINES MAS 232 
c MAS 233 f--1 CALL APROXl MAS 234 -....:i 

IF CIREFPT .EQ. 1, CALL INSPCT MAS 235 ID 

IF tlREFPT .EQ. 1) CALL SCRAP MAS 236 
IF (IREFPT .EQ. 1 , GO TO 100 MAS 237 
CALL APROX2 MAS 238 
CALL NUMER MAS 239 
CALL INSPCT MAS 240 
CALL ACCPTl MAS 241 
IF (0ELTA2 .EQ. 1.00) CALL ACCPT2 MAS 242 
CALL ACCPT3 MAS 243 
IF (KOESTR .NE. 0) GO TO 80 MAS 244 
CALL ACCPT4 MAS 245 
GO TO 90 MAS 246 

80 IF (N(KOESTRJ .LT. NIKTOTAL)) CALL ACCPT4 MAS 247 
90 IF (KDESTR .NE. 0) CALL SCRAP MAS 248 

IF (KONTRC .EQ. 1) GO TO 906 MAS 249 
IF (K3 eNE. 0) CALL SCRENl MAS 250 
IF (K3 .NE. 0) CALL SCREN2 MAS 251 



IF (K3 .NE. 0 •AND. KOES TR .NE. 0 .ANO. 
1 SCREN3 

IF ( K3 •NE. 0) CALL SCREN4 
906 cs = CSl + CS2 + CS3 + CS4 

CT = CI + CAI + CA2 + CA3 + CA4 + CR + 
100 If (IREFPT .EQ. l ) CT = CI + CR 

CIREF :: CI 
CACREF = CAl + CA2 + CA3 + CA4 
CRJREF = CR 
CSCREF = CSl + CS2 + CS3 + CS4 
RETURN 
ENO 

0ELTA2 .eo. 1.00) CALL MAS 
MAS 
MAS 
MAS 

cs MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 

252 
253 
254 
255 
256 
257 
258 zsq 
260 
261 
262 
263 

...... 
00 
0 



SUBROUTINE INPUT MAS 264 
REAL*8 INPROO,INTEXX,INTGRL,NUMINT MAS 265 
COMMON/BLK1/Kl,K2,K3,KDESTR,KTOTAL,ll MAS 266 
COMMON/BLK2/CLIMIT(l5,2), L, N(l5), OMEANC15), SPEC(15,2), ST0(15)MAS 267 
COMMON/BLK3/UCR,UCRHO,UCI(l5),UCAU(l5),UCAL(l5),UCRUP(l5),UCRLOW(lMAS 268 

15),UCSCR(l5),UCR01,UCR02,0ELTA3 MAS 269 
COMMON/BLK4/INTGRL(l5), NUMINT(l5,3), INPR00(15) MAS 270 
COMMON/COST/Cl,CA1,CA2,CA3,CA4,CR,CS1,CS2,CS3,CS4 MAS 271 
COMMON/PASS/NlSTAR(l5), N2STARC15), OELTA1(15), NSTAR MAS 272 
COMMON/NTRL/SAMPLE, OELTA2 MAS 273 
COMMON/HIST/NPTS(6), FREQ(6,10), SPREAD(6,l0) MAS 274 
INTEGER DELTA! MAS 275 

C ~AS 276 
C*** INPUT THE NUMBER OF DEFECTS IN EACH DEFECT CLASS ANO THE LOT SIZE MAS 277 
C MAS 278 

READf 5,10) Kl,K2,K3,L MAS 279 
10 FORMAT(4Il0) MAS 280 

C MAS 281 
C*** INPUT CONTROL PARAMETERS MAS 282 
C MAS 283 

READ(5,20) OELTA2,0ELTA3 MAS 284 
20 FORMAT(2Fl0.4) MAS 285 

C MAS 286 
C*** COMPUTE TOTAL NUMBER OF OESTRUCTABLE DEFECT TYPES ANO THE TOTAL MAS 287 
C*** NUMBER OF DEFECT TYPES MAS 288 
C MAS 289 

KOESTR = Kl + K2 MAS 290 
KTOTAL = Kl + K2 + K3 MAS 291 
Ll = KOESTR + 1 MAS 292 

C MAS 293 
C*** INPUT THE INITIAL SAMPLE SIZES ANO CONTROL LIMITS, ANO THE DESIRED MAS 294 
C*** PROCESS MEANS AND STANDARD DEVIATIONS FOR EACH DEFECT TYPE MAS 295 

...... 
00 ...... 



c MAS 296 
DO 40 I = l,KTOTAL MAS 297 
REA0(5,30t N(I), DMEAN(J), STD( lJ, (CLIMITf l,J), J = l, 2), (SPECllMAS 298 

i,J}, J = 1,2) MAS 299 
30 FORMAT(l5,6Fl0.4) MAS 300 
40 CONTINUE MAS 301 

c MAS 302 
C*** INPUT COST PARAMETERS MAS 303 
c MAS 304 

00 60 I = l ,KTOTAL MAS 305 
REA0(5,50J UCl(J), UCAU( I), UCAL(IJ, UCRUP(l), UCRLOW(l), UCSCR(l)MAS 3()6 

50 FORMAT(6f10.4) MAS 307 
60 CONTINUE MAS 308 

READ (5,70) UCR, UCR01,UCR02 MAS 309 
70 FORMAT(3F10.4) MAS 310 

RETURN MAS 311 
END MAS 312 1--' 

00 
N 



SUBROUTINE OUTPTl MAS 313 
COMHON/BLKl/Kl,K2,K3,KOESTR,KTOTAltll MAS 314 
COMMON/BLK2/CLIMIT(l5,2), L, N(l5), OMEAN(l5), SPEC(l5,2), ST0(15JMAS 315 
COMMON/BLK3/UCR,UCRHO,UCI(l5l,UCAU(l5),UCAlfl5),UCRUP(l5),UCRLOW(lMAS 316 

15J,UCSCR(l5),UCR01,UCR02,0ELTA3 MAS 317 
COMMON/NTRL/SAMPLE, OELTA2 MAS 318 
COMMON/HIST/NPT$(6), FREQ(6,10), SPREAD(6,10) MAS 319 

C MAS 320 
C*** GO TO NEW PAGE MAS 321 
C MAS 322 

WR1TE(6,10) MAS 323 
10 FORMATClHlt MAS 324 

C MAS 325 
C*** OUTPUT TITLE MAS 326 
C MAS 327 

WRITE{6,20) MAS 328 
20 FORMAT(33X, 1 MASTERS THESIS 1 ,///,20X,'A MULTIVARIABLE QUALITY CONTRMAS 329 

lOL COST MOOEL 1 1 ///) MAS 330 
C MAS 331 
C*** OUTPUT PROGRAM CONTROL PARAMETERS MAS 332 
C MAS 333 

WRITEf 6,30) MAS 334 
30 FORMAT(lX,• CONTROL PARAMETERS•,//) MAS 335 

IF (0ELTA2 .EQ. l.l WRITEf6,40) MAS 336 
40 FORMAT(l5X, 1 REPLACEMENT OPTION IS IN EFFECT',///) MAS 337 

IF (0ELTA2 .eo. o.J WRITE(6,50t MAS 338 
50 FORMAT(l5X, 1 REPLACEMENT OPTION NOT IN EFFECT 1 ,///J MAS 339 

IF CDELTA3 .eo. 1.) WRITE(6,601 MAS 340 
60 FORMAT05X, 1 REPLACEMENT UNITS SCREENED FOR All VARIABLES',///) MAS 341 

IF (0ELTA3 .eo. O.) WRITE(6,70) MAS 342 
10 FORMATC15X, 1 REPLACEMENT UNITS NOT SCREENED',///) MAS 343 

C MAS 344 



C*** OUTPUT NUMBER OF DEFECT TYPES IN EACH DEFECT CLASS MAS 345 
C MAS 346 

WRITE(6,80) Kl, K2, K3 MAS 347 
80 FORMAT(lX, 1 NUMBER OF DEFECT TVPES 1 ,//,15X, 1 0EFECT CLASS A= MAS 348 

l 1 ,I3,/,15X, 1 0EFECT CLASS B = •,I3,/,15X,'DEFECT CLASS c = •,13,///MAS 349 
1) MAS 350 

C MAS 351 
C*** OUTPUT LOT SIZE MAS 352 
C MAS 353 

WRITEC6,90J L MAS 354 
90 FORMAT(lX,• LOT SIZE ANO INITIAL SAMPLE s1zes•,//,l5X,•LOT SIMAS 355 

lZE = •,Il0,//,15X, 1 0EFECT N0.•,1ox, 1 SAMPLE SIZE•,/) MAS 356 
C MAS 357 
C*** OUTPUT INITIAL SAMPLE SIZES FOR EACH DEFECT TYPE MAS 358 
C MAS 359 

00 110 I = ltKTOTAL MAS 360 
WRITE(6,100) 1, NCI) MAS 361 

100 FORMAT(21X,12,4X1 1 ••••••••',2X,I6,/) MAS 362 
110 CONTINUE MAS 363 

C MAS 364 
C*** OUTPUT DEFECT DIMENSIONAL PARAMETERS MAS 365 
C MAS 366 

WRITEC6,120) MAS 367 
120 FORMAT(//,lX,• DEFECT DIMENSIONAL PARAMETERS•,11,2sx,•oes1REOMAS 368 

1'13X,'PROCESS1 ,ex, 1 LOWER 1 ,11x,•UPPER 1 ,1,2ax, 1 PROCESS•,3x,•sTANDAROMAS 369 
1'13X, 1 SPECIFICATION'13X, 1 SPECIFICATION•,/,15X,'0EFECT No.•,sx,•MEAMAS 370 
lN 1 ,4X1 1 0EVIATION 1 ,6X, 1 llMIT',llX,'LIMIT 1 ,/) MAS 371 

DO 140 I = l,KTOTAL MAS 372 
WRITEl6,130) I, OMEANCIJ, STOCIJ, CSPECCJ,J), J = 1,2) MAS 373 

130 FORMATC15X,Il0 1 FlOe4t2X,Fl0.4,3X1Fl0.4,6X1Fl0.4,/) MAS 374 
140 CONTINUE MAS 375 

C MAS 376 



C*** OUTPUT INITIAL VALUES OF CONTROL LIMITS FOR EACH DEFECT TYPE MAS 377 
C MAS 378 

WRITE(6,150) MAS 379 
150 FORMAT(/// 1 7X 1 'INITIAL VALUES OF LOWER AND UPPER CONTROL LIMITSMAS 380 

1•,//115X, 1 DEFECT No.•,sx, 1 LOWER 1 ,5x, 1 UPPER 1 ,/) MAS 381 
00 170 I = l,KTOTAL MAS 382 
WRITE(6,l60) I, (CLIMIT(l,J), J = 112) MAS 383 

160 FORMAT(l5X,Il0,2Fl0.4 1 /l MAS 384 
170 CONTINUE MAS 385 

C MAS 386 
C*** OUTPUT COST PARAMETERS MAS 387 
C MAS 388 

WRITEf61180) UCROl, UCR02, UCR MAS 389 
180 FORMAT(///,7X, 1 COST PARAMETERS 1 ,//,15X, 1 UNIT COST OF SCRAPPING =MAS 390 

1' 1Fll.4,//,15X, 1 UNIT COST OF REPLACEMENT = '1fl0.41//,lSX1 1 UNIT COMAS 391 
2ST OF MATERIALS HANDLING= •,Fl0.4,///) MAS 392 

WRITEC6,l90) MAS 393 
190 FORMATC15X, 1 UNIT COST OF INSPECTION'1//1ZOX1'0EFECT N0.•,1ox, 1 SAMPMAS 394 

lLING•,1ox,•scREENING 1 ,/) HAS 395 
DO 210 I = l 1 KTOTAL MAS 396 
WRITE(6,200) J, UCI(IJ, UCSCR(J) MAS 397 

200 FORMAT(26X,I2,lOX,Fl0.4,9X,Fl0.4,/) MAS 398 
210 CONTINUE MAS 399 

WRITEf 6 1 220) MAS 400 
220 FORMATC///,15X, 1 UNIT COST OF ACCEPTING DEFECTIVES OUTSIDE SPECIFICMAS 401 

lATION LIMITS1 ,//,2ox, 1 0EFECT No.•,1ox, 1 < LOWER 1 ,1ox,• > UPPER 1 ,/MAS 402 
2) MAS 403 

DO 240 I = l 1 KTOTAL MAS 404 
WRITE(6,230) I 1 UCALCIJ, UCAU(I) MAS 405 

230 FORMAT(26X,I2,lOX,Fl0.4,9X,Fl0.4,/) MAS 406 
240 CONTINUE MAS 407 

WRITE(6,250) MAS 408 



250 FORMAT(l5X, 1 UNIT COST OF REPAIRING DEFECTIVES OUTSIDE 
lN LIMITS 1 ,11,2ox,•0EFECT No.•,1ox,• < LOWER•,1ox,• > 

00 270 I = 1,KTOTAL 
WRITE(6,260J I, UCRLOWCI), UCRUP(l) 

260 FORMATC26X,12,1ox,Fl0.4,9X,Fl0.4,/) 
270 CONTINUE . 

WRITE(6,10) 
RETURN 
ENO 

SPECIFICATIOMAS 
UPPER',/) MAS 

MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 

409 
410 
411 
412 
413 
414 
415 
416 
417 



SUBROUTINE LOAD MAS 418 
COHMON/BLK1/Kl,K2,K3,KOESTR,KTOTAL,Ll MAS 419 
COMMON/BLK2/CLIMITC15,2), L, N(l51, OMEAN(l5), SPEC(l5,2t, STD(l5)MAS 420 
COMHON/BLK3/UCR,UCRHO,UCl(l5J,UCAU(l5),UCALC15J,UCRUP(l5)rUCRLOW{lMAS 421 

15),UCSCR(l5),UCR01,UCR02,DELTA3 MAS 422 
COMMON/HIST/NPTS(6), FREQ(6,lOJ, SPREAD(6,10) MAS 423 
COMMON/BLK9/DUMVAL(l5,30) MAS 424 

c MAS 425 
C*** STORE PARAMETER VALUES IN TEMPORARY STORAGE MAS 426 
c MAS 427 

00 10 I = l,KTOTAL MAS 428 
OUMVAU I tl) = UCAU(I) MAS 429 
OUMVAUl,2) = UCAL(J) MAS 430 
OUMVAL(I,3) = UCRUPCI) MAS 431 I-' 
DUMVAL(l,4) = UCRLOW( I) MAS 432 00 

OUM VA l( I , 5 ) SPEC(l,U MAS 433 
-.....) = 

OUM VAL <I ,6) = SPEC(l,21 MAS 434 
DUMVALC I, 7) = UCI fl) MAS 435 
DUMVAL(J,8) = UCSCR CI) MAS 436 
DUMVAU I ,9) = DMEAN (I) MAS 437 
OUMVAL(l,10) = STO(J) MAS 438 

10 CONTINUE MAS 439 
RETURN MAS 440 
END MAS 441 



SUBROUTINE ORDER MAS 442 
DIMENSION Rf (45} MAS 443 
DIMENSION ADUMPC15), 10(15) MAS 444 
COMMON/BLOKL/RF MAS 445 
COMMON/BLKl/Kl,K2,K3,KOESTR,KTOTAL,Ll MAS 446 
COHMON/BLK2/CLIMITC15,2), Lt NC15), OMEAN(l5), SPECf 15,2), STD(l5JMAS 447 
COMMON/BLK3/UCR, UCRHO,UC H 15), UCAU( 15), UCAL ( 15), UCRUP ( 15), UCRLOW ( l MAS 448 

15),UCSCR(l5),UCR01,UCR02,0ELTA3 MAS 449 
COMMON/BLK9/0UMVAl(l5,30) MAS 450 
COMMON/HIST/NPTS(6), FREQC6,lOJ, SPREA0(6,10J MAS 451 
DO 10 I = l,KTOTAL MAS 452 
K = (3 * 1) - 2 MAS 453 
AOUMP(I) = Rf(K) MAS 454 

10 CONTINUE MAS 455 
IF (Kl .EQ. OJ GO TO 60 MAS 456 
IF (Kl .GT. 1) GO TO 20 MAS 457 
10(1) = 1 MAS 458 
GO TO 60 MAS 459 

C MAS 460 
C*** PUT SAMPLE SIZES OF DEFECT CLASS A INTO ASCENDING ORDER MAS 461 
C MAS 462 

20 DO 50 1 = l,Kl MAS 463 
BEST = 10•**30 MAS 464 
00 40 J = ltKl MAS 465 
IF CADUMP(J) .GT. 10•**20) GO TO 40 MAS 466 
IF (AOUMP(J) .LE. BEST) GO TO 30 MAS 467 
GO TO 40 MAS 468 

30 BEST = AOUMP(J) MAS 469 
ISAVE = J MAS 470 

40 CONTINUE MAS 471 
10(1) = ISAVE MAS 472 
AOUMP(ISAVE) = 10•**30 MAS 473 

fo-' 
00 
00 



c 

50 CONTINUE 
60 IF (K2 .EQ. 0) GO TO 110 

IF (K2 .GT. 1) GO TO 70 
INEXT = Kl + 1 
IOf INEXT) = INEXT 
GO TO 110 

70 INEXT = Kl + 1 
KENO = INEXT + K2 - 1 

C*** PUT SAMPLE SIZES OF DEFECT CLASS 8 INTO ASCENDING ORDER 
c 

c 

DO 100 I = INEXT,KEND 
BEST = 10•**30 
00 90 J = INEXT,KENO 
IF (AOUMP(J} .GT. 10•**20) GO TO 90 
IF (AOUMP(J) .LE. BEST) GO TO BO 
GO TO 90 

80 BEST = AOUMP(J) 
I SAVE = J 

90 CONTINUE 
10(1) = ISAVE 
ADUMPCISAVE) = 10•**30 

100 CONTINUE 
110 IF (K3 .EQ. OJ GO TO 160 

IF (K3 .GT. 1) GO TO 120 
ILAST = Kl + Kl + l 
ID(ILAST) = ILAST 
GO TO 160 

120 ILAST = Kl + K2 + 1 
IEND = ILAST + K3 - 1 

C*** PUT SAMPLE SIZES OF DEFECT CLASS C INTO ASCENDING ORDER 

MAS 474 
MAS 475 
MAS 476 
MAS 477 
MAS 478 
MAS 479 
MAS 480 
MAS 481 
MAS 482 
MAS 483 
MAS 484 
MAS 485 
MAS 486 
MAS 487 
MAS 488 
MAS 489 
MAS 490 
MAS 491 
MAS 492 
MAS 493 
MAS 494 
MAS 495 
MAS 496 
MAS 497 
MAS 498 
MAS 499 
MAS 500 
MAS 501 
MAS 502 
MAS 50 3 
MAS 504 
MAS 505 



c 

c 

DO 150 I = ILAST,1ENO 
BEST = 10•**30 
DO 140 J = ILAST,IEND 
IF (ADUMP(J) .GT. 10•**2~) GO TO 140 
IF (ADUMP(J) .LE. BEST) GO TO 130 
GO TO 140 

130 BEST = ADUMPCJJ 
ISAVE = J 

140 CONTINUE 
IO( I) = I SAVE 
AOUMP(ISAVE) = 10•**30 

150 CONTINUE 

C*** ARRANGE OTHER PARAMETERS ACCORDING TO ORDER OF SAMPLE SIZES 
C*** WITHIN EACH DEFECT CLASS 
c 

160 DO 170 I = lrKTOTAL 
KORO = 10(1) 
KREFl = (KORO - 1) * 3 + 1 
KREF2 = (KORD - 1) * 3 + 2 
KREF3 = (KORD - 1) * 3 + 3 
NCI) = RF(KREFl) 
CLIMIT(I,ll = RF(KREF2) 
CLIMIT(J,2) = RF(KREF3) 
UCAU(I) = OUMVAL(KORO,l) 
UCAL(I) = OUMVAL(KORD,2) 
UCRUP(I) = DUMVAL(KOR0,3) 
UCRLOW(IJ = DUMVAL(KOR0,4) 
SPEC(!,l) = DUMVAL(KOR0,5) 
SPEC(I,2> = DUMVAL(KORD,6) 
UCl(I) = DUMVAL(KOR0,7) 

MAS 5C6 
M.~S 507 
~AS 50 8 
MAS 509 
MAS 510 
MAS 511 
M.6S 512 
MAS 513 
MAS 514 
MAS 515 
MAS 516 
MAS 517 
MAS 518 
MAS 51 q 
MAS 520 
MAS 521 
MAS 522 
MAS 523 
'-1A S 52 4 
MAS 52 5 
~AS 526 
MAS 527 
MAS 52 8 
MAS 52Q 
MAS 530 
MAS 531 
'-1AS 532 
MAS 53'3 
MAS 534 
MAS 535 
MAS '536 
MAS 537 

~ 
\.0 
0 



UCSCR( I) = OUMVAL(KOR0,8) MAS 538 
. OME AN (I) = OUMVAL(KOR0,9) MAS 539 

STOCI) = OUMVAU KORO, 10) MAS 540 
170 CONTINUE MAS 541 

RETURN MAS 542 
END MAS 543 



SUBROUTINE INSPCT MAS 544 
REAL*8 INPROO,JNTEXX,INTGRL,NUMINT MAS 545 
COMMON/BLKl/Kl,K2,K3,KOESTR,KTOTAl,Ll MAS 546 
COMMON/8LK2/CLIMITC15,2), L, N(l5), DMEAN(l5l, SPECC15,2), ST0(15lMAS 547 
COMMON/BLK3/UCR,UCRHO,UCIC15),UCAU(l5),UCAL(l5),UCRUP(l5),UCRLOW(lMAS 548 

15),UCSCR(l5),UCR01,UCR02,DELTA3 MAS 549 
COMMON/BLK4/INTGRL(l5), NUMINTC15,3), INPR00(15) MAS 550 
COMMON/COST/CI,CA1,CA2,CA3,CA4,CR,CSl,CS2rCS3,CS4 MAS 551 
COMMON/PASS/NlSTARC15), N2STAR(15t, OELTA1Cl5), NSTAR MAS 552 
INTEGER OELTAl MAS 553 

C MAS 554 
C*** INITIALIZE COST OF INSPECTION TO ZERO MAS 555 
C ~AS 556 

CI = O.OO MAS 557 
C MAS 558 
C*** CHECK FOR ABSENCE OF OESTRUCTABLE DEFECT TYPES MAS 559 
C MAS 560 

IF (KDESTR .eo. 01 GO TO 40 MAS 561 
C MAS 562 
C*** COMPUTE FIRST COMPONENT OF INSPECTION COST MAS 563 
C MAS 564 

CI = UCI(l) *FLOAT( N(l) ) MAS 565 
IF (KOESTR .eo. 1) GO TO 20 MAS 566 

C MAS 567 
C*** COMPUTE ADDITIONAL COMPONENTS OF INSPECTION COST MAS 568 
C MAS 569 

00 10 l = 2,KOESTR MAS 570 
K = I - 1 MAS 571 
Cl =CI + UCl(I) *FLOAT( N(I) ) * INPROO(K) MAS 572 

lO'CONTINUE MAS 573 
C MAS 574 
C*** CHECK FOR ABSENCE OF NON-DESTRUCTABLE DEFECT TYPES MAS 575 



c MAS 576 
20 IF (K3 .Ee. 0) RETURN MAS 577 

c MAS 578 
C*** COMPUTE FINAL COMPONENTS OF INSPECTION COST MAS 579 
c MAS 580 

00 30 I = Ll, KTOTAL MAS 581 
Cl = CI + UCl(I) *FLOAT( N(l) ) * INPROD(KDESTR) MAS 582 

30 CONTINUE MAS 583 
RETURN MAS 584 

c MAS 585 
C*** IF NO OESTRUCTABLE DEFECT TYPES ARE PRESENT, INSPECTION COST IS MAS 586 
C*** SIMPLY THE UNIT COSTS OF INSPECTION TIMES THE SAMPLE SIZES MAS 587 
c MAS 588 

40 00 50 I = 1,K3 MAS 589 ..... CI = CI + UCl(lt * FLOAT( N(l) ) MAS 590 "° 50 CONTINUE MAS 591 VI 

RETURN MAS 592 
END MAS 593 



SUBROUTINE ACCPTl MAS 594 
REAL*8 INPROO, INTEXX, INTGRL, NUMINT MAS 595 
COMMON/BLK1/Kl,K2,K3,KDESTR,KTOTAL,Ll MAS 596 
COMMON/BLK2/CLIMIT(l5,2), Lt N(l5), OMEAN(l5), SPEC(l5,2), STDC15JMAS 597 
COMMON/BLK3/UCR,UCRHO,UC I( 15) t UCAU ( 15), UCAL ( 15 l ,UCRUP ( 15), UCRLOrH lMAS 598 

15),UCSCR(l5),UCR01,UCR02,0ELTA3 MAS 599 
COMMON/8LK4/INTGRL(l5), NUMINT(l5,3), INPR00(15) MAS 600 
COMMON/COST /CI, CAl ,CA2, CA3 ,CA4 ,CR,C Sl ,c S2 ,CS3, CS4 MAS 601 
COMMON/PASS/NlSTAR(l5), N2STAR(l5), DElTAH15), NSTAR MAS 602 
COMMON/BLOC/NSUM MAS 603 
INTEGER OELTAl MAS 604 

C MAS 605 
C*** INITIALIZE COST OF UNITS DESTROYED OR REJECTED IN SAMPLING MAS 606 
C*** INSPECTION MAS 607 
C MAS 608 

CAl = O.OO MAS 609 
NSUM = 0 MAS 610 

C MAS 611 
C*** CHECK FOR ABSENCE OF DESTRUCTABLE DEFECT TYPES MAS 612 
C MAS 613 

IF (KOESTR .EQ. 0) GO TO 40 MAS 614 
C MAS 615 
C*** CHECK FOR ABSENCE OF OESTRUCTABLE DEFECT TYPES IN DEFECT CLASS A MAS 616 
C MAS 617 

IF (Kl .EQ. 0) GO TO 20 MAS 618 
C MAS 6lq 
C*** COMPUTE NUMBER Of UNITS DESTROYED BY VIRTUE OF SAMPLING FOR DEFECT MAS 620 
C*** CLASS A DEFECT TYPES MAS 621 
C MAS 622 

00 10 I = l,Kl MAS 623 
NSUM = NSUM +NCI) MAS 624 

10 CONTINUE MAS 625 



C MAS 626 
C*** CHECK FOR ABSENCE OF DEFECT TYPES IN DEFECT CLASS B MAS 627 
C MAS 628 

20 IF (K2 .EQ. OJ GO TO 30 MAS 629 
C MAS 630 
C*** CONTINUE TO COMPUTE TOTAL NUMBER OF UNITS DESTROYED IN SAMPLING MAS 631 
C*** INSPECTION MAS 632 
C MAS 633 

NSUM = NSUM + NCKOESTR) MAS 634 
C MAS 635 
C*** COMPUTE COST ASSOCIATED WITH UNITS DESTROYED IN SAMPLING INSPECTIONMAS 636 
C MAS 637 

30 CAl = CAl + (UCR + UCROl) * FLOATCNSUM) * INPROO IKTOTAL) MAS 638 
C MAS 639 
C*** CHECK TO SEE IF THERE ARE ANY UNITS REMAINING IN THE TOTAL SAMPLE MAS 640 
C*** WHICH HAVE NOT BEEN DESTROYED IN SAMPLING INSPECTION MAS 641 
C MAS 642 

If (K3 .EQ. 0 .OR. N(KOESTR) .GE. NCKTOTAL)) RETURN MAS 643 
GO TO 70 MAS 644 

C MAS 645 
C*** COMPUTE NUMBER OF UNITS REJECTED IN SAMPLING INSPECTION MAS 646 
C MAS 64 7 

40 00 60 I = l,KTOTAL MAS 648 
OELTAl(l) = 1 MAS 649 
If CI .EQ. 1) NlSTARCl) = N(lt MAS 650 
K = I - 1 MAS 651 
IF (1 .NE. 1) NlSTARCIJ - NCI) - N(K) MAS 652 
N2STARCIJ = NCI) MAS 653 

60 CONTINUE MAS 654 
GO TO 90 MAS 655 

70 00 80 I = ll,KTOTAL MAS 656 
N2STARCIJ = 0 MAS 657 



c 

K = I - 1 
DEL TA 1 C I ) = l 
IFCNlI) .LE. NCKDESTRl) OELTAl(l) = 0 
IF(N(I) .LE. N(KDESTRll GO TO 80 
NlSTAR(I) = N(J) - N(KDESTR) 
IF (NlSTAR(l} eGTe (NCI> - N(K)lt NlSTAR(I) = N(I) - NCKJ 
N2STAR(l) = N(I} - N(KOESTR) 

80 CONTINUE 

C*** COMPUTE COST ASSOCIATED WITH UNITS REJECTED IN SAMPLING INSPECTION 
c 

c 

90 00 130 I = Ll,KTOTAL 
IF (OELTAlCit .EQ. 0) GO TO 130 
OUMl = leOO 
OUM2 ::: 1.00 
DO 100 J = I,KTOTAL 
OUMl = OUMl * INTGRl(J) 
DUM2 = DUM2 * NUMINT(J,2) 

100 CONTINUE 
OUM3 = CDUMl - OUM2) * NlSTARCil 
IF (I .EQ. 1) GO TO 110 
K = I - l 
CAl = CAl + UCR * OUM3 * INPROO(K) 
GO TO 120 

110 CAl = CAI + UCR * OUM3 

C*** COMPUTE COST OF REPAIRING UNITS REJECTED IN SAMPLING INSPECTION 
c 

120 If (N2STARCIJ .LE. 0) GO TO 130 
CAl = CAl + (UCRUPCI) * NUMINTCI,3) + UCRLOW(l) * NUMINT(J,l)) * 

1 (INPROO(KTOTAL) I INTGRL(J)) * FLOAT(N2STAR(I)) 
130 CONTINUE 

MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS. 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 

658 
659 
660 
661 
662 
663 
664 
665 
666 
667 
668 
66g 
670 
671 
672 
673 
674 
675 
676 
677 
678 
679 
680 
681 
682 
683 
684 
685 
686 
687 
688 
689 



RETURN 
ENO 

MAS 690 
MAS 691 



SUBROUTINE ACCPT2 MAS 692 
REAL*B INPROO, INTEXX,INTGRL, NUMINT MAS 693 
COMMON/BLK1/Kl,K2,K3,KOESTR,KTOTAL,Ll MAS 694 
COMMON/BLK2/CLIMITC15,2), L, N(l5>, OMEAN(l5), SPEC(l5,2), ST0(15lMAS 695 
COMMON/BLK3/UCR,UCRHO,UC I (15), UCAU( 15 >, UCAL C 15), UCRUP ( 15), UCRLOW (1 MAS 696 

15),UCSCR(l5),UCR01,UCR02,0ELTA3 MAS 697 
COMHON/BLK4/INTGRL(l5), NUMINT(l5,3J, INPR00(15) MAS 698 
COMMON/COST/CI,CA1,CA2,CA3,CA4,CR,CS1,CS2,cs3,cs4 MAS 699 
COHMON/PASS/NlSTARC15), N2STARC15), OELTA1C15), NSTAR MAS 700 
COMMON/BLOC/NSUM MAS 701 
INTEGER OELTAl MAS 702 

C MAS 703 
C*** COMPUTE PER UNIT COST OF ACTUALLY REPLACING DESTROYED UNITS MAS 704 
C MAS 705 

CA2 = UCR02 * INPROD(KTOTAL) MAS 706 
OUMl = O.OO MAS 707 

C MAS 708 
C*** COMPUTE PER UNIT COST OF ACCEPTING DEFECTS IN CLASSES A AND B MAS 709 
C*** AMONG REPLACEMENT UNITS MAS 710 

KKENO = DELTA3*FLOAT(KTOTAL}+(l.O-DELTA3)*FLOATCKDESTR) MAS 711 
DO 10 I = l,KKEND MAS 712 
DUMl = DUMl + (UCAU(J) * NUMINT(l,3) + UCALCI) * NUMINT(I,l)) * (IMAS 713 

%NPROOtKOESTRJ I INTGRLll)) MAS 714 
10 CONTINUE MAS 715 

C MAS 716 
C*** CHECK FOR ABSENCE OF CLASS C DEFECT TYPES MAS 717 
C MAS 718 

IF (K3 .EQ. 0 .OR. DELTA3 .EQ. 0.00) GO TO 30 MAS 719 
C MAS 720 
C*** COMPLETE REMOVAL OF CONDITIONALITY MAS 721 
C MAS 722 

DO 20 I = Ll,KTOTAL MAS 723 

1--' 
l.O 
00 



c 

DUMl = OUMl * INTGRl(IJ 
20 CONTINUE 
30 CA2 = CA2 + DUMl 

C*** CHECK FOR ABSENCE OF CLASS C DEFECT TYPES 
c 

c 
IF (K3 .EQ. 0 .oR. OELTA3 .EQ. o.OO) GO TO 50 
OUM2 = O.OO 

C*** COMPUTE PER UNIT COST OF SCREENING REPLACEMENT UNITS FOR CLASS C 
C*** DEFECT TYPES ANO REPAIRING DEFECTIVES ACCORDINGLY 
c 

c 

DO 40 I = Ll,KTOTAL 
DUM2 = DUM2 + UCSCR(l) 
CA2 = CA2 + (UCRUP(l) * NUMINT(l,3) + UCRLOW(l) * NUMINT(J,l)) * 

tlNPROOfKTOTAL) I INTGRL(I)) 
40 CONTINUE 

C*** COMPUTE UNCONDITIONAL PER UNIT COST OF SCREENING REPLACEMENT UNITS 
c 

CA2 = CA2 + DUM2 * INPROO(KTOTAL) 
c 
C*** COMPUTE TOTAL COST FOR REPLACING DESTROYED UNITS WHEN THE 
C*** INSPECTION LOT IS ACCPTEO 
c 

50 CA2 = CA2 * FLOAT(NSUM) 
RETURN 
END 

MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 

(MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 

724 
725 
726 
727 
728 
729 
730 
731 
732 
733 
734 
735 
736 
737 
738 
739 
740 
741 
742 
743 
744 
745 
746 
747 
748 
749 
750 
751 



SUBROUTINE ACCPT3 MAS 752 
REAL*8 INPROD,INTEXX,INTGRL,NUMINT MAS 753 
COMMON/BLK1/Kl,K2,K3,KOESTR,KTOTAL,Ll MAS 754 
COMMON/BLK2/CLIMITC15,2), L, N(l5), DMEAN(l5), SPEC(l5,2), STD(l5)MAS 755 
COMMON/BLK3/UC R,UCRHO ,uc I( 15) ,ucAu ( 15) 'UCAL (15, 'UCRUP ( 15, 'UCRLOW (1 MAS 756 

15),UCSCR(l5),UCR01,UCR02,0ELTA3 MAS 757 
COMMON/BLK4/INTGRLC15), NUMINTf 15,3), INPR00(15) MAS 758 
COMMON/COST/CJ,CA1,CA2,CA3,CA4,CR,CS1,CS2,CS3,CS4 MAS 759 
COMMON/PASS/NlSTAR(l5), N2STAR(l5,, DELTA1(15), NSTAR MAS 760 
INTEGER DELTA! MAS 761 

C MAS 762 
C*** CHECK FOR ABSENCE OF DESTRUCTABLE DEFECT TYPES MAS 763 
C MAS 764 

10 IF fKDESTR .NE.Ot GO TO 20 MAS 765 
C MAS 766 
C*** COMPUTE THE TOTAL NUMBER OF UNITS REMOVED FROM THE INSPECTION LOT MAS 767 
C*** FOR THE PURPOSE OF SAMPLING INSPECTION MAS 768 
C MAS 769 

NSTAR = NIKTOTAL) MAS 770 
GO TO 60 MAS 771 

20 IOUM = 0 MAS 772 
IF (Kl .EQ. Ol GO TO 40 MAS 773 
DO 30 I = l,Kl MAS 774 
IOUM = IDUM +NCI) MAS 775 

30 CONTINUE ~AS 776 
NSTAR = IOUM MAS 777 
IF IK2 .EQ. 0) GO TO 50 MAS 778 

40 NSTAR = NIKDESTR) + IDUM MAS 779 
50 IF (K3 .EQ. Ol GO TO 60 MAS 780 

NOUM = N(KTOTAL) + IOUM MAS 781 
IF (NSTAR .LT. NDUMJ NSTAR = NDUM MAS 782 

C ~AS 783 

N 
0 
0 



60 SUM = O.OO 
c 
C*** COMPUTE THE PER UNIT COST OF ACCEPTING DEFECTIVES AMONG THE 
C*** NON-INSPECTED REMAINDER OF THE INSPECTION LOT 
c 

c 

00 70 I = l,KTOTAL 
SUM= SUM+ (UCAUII) * NUMINTll.3) + UCAL(I) * NUMINT(J,l)) * 

%ROO(KTOTAL) I INTGRL(l)) 
70 CONTINUE 

C*** COMPUTE THE TOTAL COST FOR All UNITS 
c 

CA3 = (FLOAT( l) - FLOAT (NSTAR t) * SUM 
RETURN 
ENO 

MAS 
MAS 
MAS 
MAS 
MAS 
MAS 

(J.NPMAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 

784 
785 
786 
787 
788 
789 
790 
791 
792 
793 
794 
795 
796 
797 
798 

N 
0 
1--' 



SUBROUTINE ACCPT4 MAS 799 
REAL*8 INPROO,INTEXX,INTGRL,NUMINT MAS 800 
COMMON/8LK1/Kl,K2 1 K3,KDESTR,KTOTAL,Ll MAS 801 
COMMON/6LK2/CLIMIT(l5,2), Lt N(l5), DMEANl15J, SPEC(15,2), STOC15)MAS 802 
COMMON/BLK3/UCR, UCRHO,UC IC 15) ,UCAU( 15), UCAL ( 15), UCRUP ( 15), UCRLOW (1 MAS 803 

15J,UCSCR(l5),UCR01,UCR02,0ELTA3 MAS 804 
COMMON/BLK4/INTGRL(l5), NUHINTC15,3), INPR00(15) MAS 805 
COMMON/COST/CI,CA1,CA2,CA3,CA4,CR,CS1,CS2,CS3,CS4 MAS 806 
COMMON/PASS/N1STAR(l5), N2STAR(l5), DELTA1(15), NSTAR MAS 807 
INTEGER DELTAl MAS 808 

C MAS 809 
C*** INITIALIZE COST OF ACCEPTING DEFECTIVES AMONG THE NON-DESTROYED MAS 810 
C*** NON-INSPECTED REMAINDER OF THE SAMPLE MAS 811 
C MAS 812 

CA4 = O.OO MAS 813 
C MAS 814 
C*** CONSIDER ONLY CLASS C DEFECT TYPES MAS 815 
C MAS 816 

DO 20 I= Ll,KTOTAL MAS 817 
C MAS 818 
C*** CHECK TO SEE IF THE SAMPLE SIZE Of THE DEFECT UNDER CONSIDERATION MAS 819 
C*** IS GREATER THAN THE LARGEST DEFECT CLASS B SAMPLE SIZE MAS 820 
C MAS 821 

IF (OELTAl(l) .eo. 0) GO TO 20 MAS 822 
K = I - l MAS 823 

C MAS 824 
C*** COMPUTE ABOVE COST FOR All DEFECT TYPES PRIOR TO THE DEFECT TYPE MAS 825 
C*** UNDER CONSIDERATION MAS 826 
C MAS 827 

00 10 J = ltK ~AS 828 
CA4 = CA4 + ((FLOAT(NlSTAR(IJ) * CUCAU(J) * NUMINT(J,3) + UCAL(J) MAS 829 

i * NUMINT(J,l)•) * <INPROD(KTOTAl) I INTGRL(J))) MAS 830 

N 
0 
N 



10 CONTINUE 
20 CONTINUE 

RETURN 
END 

MAS 831 
MAS 832 
MAS 83 3 
MAS 834 

N 
0 
t"'1 



SUBROUTINE SCRAP MAS 835 
REAL*B INPROO,INTEXX,INTGRL,NUMINT MAS 836 
COMMON/BLK1/Kl,K2,K3,KDESTR,KTOTAL,Ll MAS 837 
COMMON/BLK2/CLIMITC15,2), L, N(l5), OMEAN(l5J, SPECll5,2), STO(l5>MAS 838 
COMMON/BLK3/UCR,UCRH0 1 UCI(l5),UCAU(l5),UCAl(l5),UCRUP(l5),UCRLOW(lMAS 839 

15J,UCSCR(15J,UCR01,UCR02,0ELTA3 MAS 840 
COHMON/BLK4/I NTGRL U 5), NUM INT( 15, 3), I NPROO( 15) MAS 841 
COMMON/COST/CitCAl,CA2,CA3,CA4,CR,cs1,cs2,cs3,cs4 MAS 842 

C MAS 843 
C*** COMPUTE THE COST OF SCRAPPING THE LOT MAS 844 
C ~AS 845 

CR= FLOAT (LI *(UCR + UCROl) * (l.OO - INPRODCKOESTR)) MAS 846 
RETURN MAS 847 
ENO MAS 848 

N 
0 

"""' 



SUBROUTINE SCRENl MAS 849 
REAL*8 INPROO,tNTEXX,INTGRL,NUMINT MAS 850 
COMMON/BLK1/Kl,K2,K3,KDESTR,KTOTAL,ll MAS 851 
COMMON/BLK2/CLIMIT(l5,2J, L, N(l5), OMEAN(l5), SPEC(l5,2), ST0(15)MAS 852 
COMMON/BLK3/UCR,UCRHO,UCl(l5),UCAUC15),UCAL(15l,UCRUP(l5),UCRLOW(lMAS 853 

15),UCSCR(15J,UCROl,UCR02tOELTA3 MAS 854 
COMMON/BLK4/INTGRL(15), NUMINT(l5,3), INPR00(15) MAS 855 
COMMON/COST/CJ,CA1,CA2,CA3,CA4,CR,cs1,cs2,cs3,cs4 MAS 856 
COMMON/PASS/NlSTAR(l5), N2STAR(l5t, DELTA1(15,, NSTAR MAS 857 
COMMON/BLOK/INTEXX(l5,3) MAS 858 
INTEGER DELTA! MAS 859 
OUM = O.OO MAS 860 

C MAS 861 
C*** COMPUTE PER UNIT COST Of SCREENING INSPECTION MAS 862 
C MAS 863 

DO 10 I = Ll,KTOTAL MAS 864 
OUM= OUM+ UCSCR(I) * 11.00 - INTGRL(llt MAS 865 

10 CONTINUE MAS 866 
C MAS 867 
C*** COMPUTE TOTAL COST OF SCREENING REMAINDER OF INSPECTION LOT MAS 868 
C MAS 869 

CSl = (flOAT(l) - FLOAT(NSTAR)J * OUM MAS 870 
C MAS 871 
C*** CHECK FOR ABSENCE OF OESTRUCTABLE DEFECT TYPES MAS 872 
C MAS 873 

IF (KOESTR .EQ. 0) GO TO 20 MAS 874 
C MAS 875 
C*** REMOVE CONDITIONALITY MAS 876 
C MAS 877 

CSl = CSl * INPROD(KOESTR) MAS 878 
C MAS 879 
C*** CHECK FOR ABSENCE OF CLASS B DEFECT TYPES MAS 880 



C MAS 881 
IF (K2 .EQ. 0) GO TO 20 MAS 882 

C MAS 883 
C*** CHECK TO SEE IF THE LARGEST SAMPLE SIZE OF A CLASS DEFECT TYPE MAS 884 
C*** IS GREATER THAN OR EQUAL TO THE LARGEST SAMPLE SIZE OF A CLASS C MAS 885 
C*** DEFECT TYPE MAS 886 
C MAS 887 

IF (N(KDESTR) .GE. N(KTOTAL)) RETURN MAS 888 
20 ADUM = O.OO MAS 889 

OUM = O.OO MAS 890 
IF IK2 .NE. 0) OUM = FLOAT(N(KOESTRtl MAS 891 

C MAS 892 
C*** COMPUTE COST OF SCREENING NON-DESTROYED UNITS REMAINING IN SAMPLE MAS 893 
C MAS 894 

DO 30 I = ll,KTOTAL MAS 895 
AOUM = AOUM + UCSCR(J) * (FLOAT( DELTAl(I) ) * (FLOAT( N(KTOTAL) )MAS 896 

1 - FLOAT( N(J) J) + (1.00 - FLOAT( DELTA!(!) )) *(FLOAT( N(KTOTAMAS 897 
ll) ) - OUM)) * (1.00 - INTGRL(I)t MAS 898 

30 CONTINUE MAS 899 
C MAS 900 
C*** CHECK FOR ABSENCE OF OESTRUCTABLE DEFECT TYPES MAS 901 
C MAS 902 

IF (KOESTR .EQ. 0) GO TO 40 MAS 903 
C MAS 904 
C*** REMOVE CONDITIONALITY MAS 905 
C MAS 906 

CSl = CSl + AOUM * INPROO(KOESTR) MAS 907 
RETURN MAS 908 

40 CSl = CSl + AOUH MAS 909 
RETURN MAS 910 
ENO MAS 911 



SUBROUTINE SCREN2 MAS 912 
REAL*B INPROO,INTEXX,INTGRL,NUMINT MAS 913 
COMMON/BLK1/Kl,K2,K3,KDESTR,KTOTAL,Ll MAS 914 
COMMON/BLK2/CLIMIT(l5,2), Lt N(l5), OMEAN(l5), SPECU5,2), ST0(15lMAS 915 
COMMON/BLK3/UCR,UCRHO,UCl(l5J,UCAUC15J,UCAL(l5),UCRUP(15),UCRLOW(lMAS 916 

15),UCSCR(l5),UCR01,UCR02,0ELTA3 MAS 917 
COMMON/BLK4/INTGRL(l5), NUMINTf 15,3), INPR00(15) MAS 918 
COMMON/COST/CI,CA1,CA2,CA3,CA4,CR,CSI,CS2,CS3,CS4 MAS 919 
COMMON/PASS/N1STARC15), N2STAR(l5), DELTA1(15), NSTAR MAS 920 
COMMON/NTRL/SAMPL E, DEL TA2 MAS 921 
COMMON/BLOK/INTEXXC15,3) MAS 922 
COMMON/BLOM/OUM MAS 923 
COMMON/BLOC/NSUM MAS 924 
INTEGER DELTA! MAS 925 
CS2 = O.OO MAS 926 
OUM = 1.00 MAS 927 
DO 10 I = Ll,KTOTAL MAS 928 
OUM= OUM * INTGRL(I) MAS 929 

10 CONTINUE MAS 930 
If (KOESTR .EO. OJ GO TO 20 MAS 931 

C MAS 932 
C*** COMPUTE COST OF UNITS DESTROYED IN SAMPLING INSPECTION MAS 933 
C MAS 934 

CS2 = FLOAT(NSUM) * (UCR + UCROl) * INPROO(KDESTR) * (1.00 - OUM) MAS 935 
IF (K2 .EQ. O> GO TO 20 MAS 936 
IF (N(KDESTRl .GE. N(KTOTAL)) GO TO 190 MAS 937 

20 SUM = O.OO MAS 938 
DO 60 I = Ll,KTOTAL MAS 939 
IF (OELTAlCI) .EQ. 0) GO TO 70 MAS 940 
DUMl = i.oo MAS 941 
OUM2 = 1.00 MAS 942 
00 30 J = I,KTOTAL MAS 943 

N 
0 
-..:a 



OUMl = OUMl * INTEXXIJ,2t MAS 944 
OUM2 = OUM2 * NUMINT(J,2) MAS 945 

30 CONTINUE MAS 946 
If (1 .EQ. Ll) GO TO 50 MAS 947 
KK = I - 1 MAS 948 
DO 40 K = ll , KK MAS 949 
OUM2 = OUM2 * INTGRL(K) MAS 950 

40 CONTINUE MAS 951 
C MAS 952 
C*** COMPUTE COST OF UNITS REJECTED IN SAMPLING INSPECTION MAS qs3 
C MAS 954 

50 SUM= SUM+ (UCR * flOAT(NlSTARCI)) * (1.00 - DUMl - OUM+ OUM2)) MAS 955 
60 CONTINUE MAS 956 

IF (KOESTR .eo. 0) GO TO 70 MAS 957 
CS2 = CS2 + SUM* INPROO(KOESTR) MAS 958 
GO TO 80 MAS 959 

10 CS2 = CS2 + SUM MAS 960 
80 SUM = OeOO MAS 961 

00 100 I = ll,KTOTAL MAS 962 
DUMNUM = tl.00 - INTEXX(J,2) - INTGRLCIJ + NUMINT(l,2)) MAS 963 
If (OELTAl(I) .eo. 0) GO TO 90 MAS 964 

C MAS 965 
C*** COMPUTE COST OF UNITS REJECTED IN SCREENING INSPECTION Of THE MAS 966 
C*** NON-DESTROYED PORTION OF THE SAMPLE MAS 967 
C MAS 968 

SUM= SUM+ CUCR * CFLOATCNCKTOTAL)) - FLOAT(N(I))) * DUMNUM) MAS 969 
C MAS 970 
C*** COMPUTE COST Of UNITS REJECTED IN SCREENING INSPECTION Of THE MAS 971 
C*** REMAINDER OF THE INSPECTION LOT MAS 972 
C MAS 973 

90 SUH= SUM + UCR * (flOATCLJ - FLOATCNSTAR)) * OUMNUM MAS 974 
100 CONTINUE MAS 975 

N 
0 
00 



c 

110 
120 

130 

IF (KDESTR eEQ. 0) GO TO 110 
CS2 = CS2 + SUM * INPROO(KDESTR) 
GO TO 120 
CS2 = CS2 + SUM 
SUM = O.OO 
DO 140 I = Ll,KTOTAL 
IF (N2STAR(J) .LE. 0) GO TO 140 
OUM3 = 1.00 
DO 130 J = ll,KTOTAL 
IF (J .EQ. l) GO TO 130 
DUM3 = OUM3 * INTGRL(J) 
CONTINUE 

C*** COMPUTE COST OF REPAIRING NON-DESTROYED UNITS REJECTED IN 
C*** SAMPLING INSPECTION OF SAMPLE 
c 

c 

SUM= SUM+ N2STARCIJ * (UCRUP(I) * (INTEXX{I,3) - DUM3 * 
1 ,3Jt + UCRLOWCIJ * (INTEXX(J,1) - OUM3 * NUMINT(l,l))) 

140 CONTINUE 
IF (KOESTR .eo. OJ GO TO 150 
CS2 = CS2 + SUM * INPROO(KDESTR) 
GO TO 160 

150 CS2 = CS2 + SUM 
160 SUM = O.OO 

00 170 I = Ll,KTOTAL 
OUM4 = O.OO 
IF (K2 .NE. 0) OUM4 = FLOAT(N(KDESTRJ) 

C*** COMPUTE COST OF REPAIRING NON-DESTROYED UNITS REJECTED IN 
C*** SCREENING INSPECTION OF SAMPLE 
c 

MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 

NUMINT(IMAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 

SUH= SUM+ ((flOAT(OELTAl(I)J * (fLOAT(N(KTOTAL)t - FLOAT(N(ll)))MAS 

976 
977 
978 
979 
980 
981 
982 
983 
984 
985 
986 
987 
988 
989 
990 
991 
992 
993 
994 
995 
996 
997 
998 
999 

1000 
1001 
1002 
1003 
1004 
1005 
1006 
1007 

N 
0 
\0 



c 

1 + ((1.00 - FLOAT(OELTAl(I))) * FLOAT(NCKTOTAllt - DUM4)t *CUCRUP(MAS 
21) * CINTEXXCI,3) - NUMINT(I,3)) 
3NT(J,l)IJ 

170 CONTINUE 
IF (KOESTR .eo. OJ GO TO 180 
CS2 = CS2 + SUM * INPROO(KOEStRJ 
GO TO 190 

180 CS2 = CS2 + SUM 
190 SUM = o.oo 

00 200 I = Ll,KTOTAL 

+ UCRLOW(I) * <INTEXXCl,l) - NUMIMAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 

C*** COMPUTE COST OF REPAIRING UNITS REJECTED IN SCREENING INSPECTION 
C*** OF THE REMAINDER OF THE LOT 

MAS 
MAS 
MAS 

c MAS 
SUM= SUM+ UCRUPCJJ * (JNTEXX(J,3) 

l INTEXXCl,l) - NUMINT(J,1)) 
- NUMINT(l,3)) + UCRLOWCI) *(MAS 

MAS 
200 CONTINUE 

IF (KOESTR .eo. 0) GO TO 210 
CS2 = CS2 + SUM* (FLOATIL) - FLOATCNSTAR)) * INPROO(KDESTRJ 
RETURN 

210 CS2 = CS2 + SUM* CFLOATCLJ - FLOATCNSTARJ) 
RETURN 
ENO 

MAS 
MAS 
MAS 
MAS 
MA.S 
MAS 
MAS 

1008 
1009 
1010 
1011 
1012 
1013 
1014 
1015 
1016 
1017 
1018 
1019 
1020 
1021 
1022 
1023 
1024 
1025 
1026 
1027 
1028 
1029 
1030 

N 
....... 
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c 

SUBROUTINE SCREN3 MAS 
REAL*8 INPROO,INTEXX,INTGRL,NUMINT MAS 
COMMON/BLK1/Kl,K2,K3,KOESTR,KTOTAL,Ll MAS 
COMMON/BLK2/CLIMITC15,2), L, N(l5), OMEAN(l5), SPECC15,2), STDll5lMAS 
COMMON/BLK3/UCR,UCRHO ,UC I( 15) .,UCAU ( 15 ),UCAL ( 15), UCRUP ( 15), UCRLOW (1 MAS 

15),UCSCR(l5t,UCR01,UCR02,0ELTA3 ·MAS 
COMMON/BLK4/INTGRL(l5), NUMINT(15,3), INPR00(15) MAS 
COMMON/COST/CI,CA1,CA2,CA3,CA4,CR.,CS1,CS2,CS3,CS4 MAS 
COMMON/PASS/NlSTAR(l5), N2STARC15), DELTAU15), NSTAR MAS 
COMMON/NTRL/SAMPLE, OELTA2 MAS 
COMMON/BLOC/NSUM MAS 
COMMON/BLOM/OUM MAS 
COMMON/BLOK/INTEXX (15,3) MAS 
INTEGER OELTAl MAS 
SUH = O.OO MAS 
DO 10 I = Ll,KTOTAL MAS 
SUM= SUM+ UCSCRCIJ * OELTA3 MAS 

10 CONTINUE MAS 
SUM = SUM + UCROZ MAS 

C*** COMPUTE COST OF SCREENING REPLACEMENT UNITS FOR UNITS DESTROYED 
C*** IN SAMPLING INSPECTION 

MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 

C· 

c 

CS3 = SUM * FlOATCNSUM) 
SUM = O.OO 
00 30 I = Ll,KTOTAL 
DUMl = i.oo 
00 20 J = ll,KTOTAL 
IF (J .EQ. I) GO TO 20 
OUMl = DUMl * INTGRLCJ) 

20 CONTINUE 

* INPROO(KOESTR) * Cl.00 - OUM) 

1031 
1032 
1033 
1034 
1035 
1036 
1037 
1038 
1039 
1040 
1041 
1042 
1043 
1044 
1045 
1046 
1047 
1048 
1049 
1050 
1051 
1052 
1053 
1054 
1055 
1056 
1057 
1058 
1059 
1060 
1061 
1062 



C*** COMPUTE COST OF REPAIRING DEFECTIVES FOUND AMONG REPLACEMENT 
C*** UNITS' 

MAS 
MAS 
MAS c 

c 

SUM= SUM+ UCRUP(I) * lINTEXXCJ,3) - CNUMINTCI,3) * DUMU) 
1 OW(I) * lINTEXXCI,l) - NUMINTCJ,l) * DUMll 

30 CONTINUE 
CS3 = CS3 + SUM * FLOATCNSUM) * INPROO(KOESTR> 

C*** COMPUTE COST OF ACCEPTING OESTRUCTABLE DEFECT TYPES AMONG 
C*** REPLACEMENT UNITS 

+ UCRLMAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 

KKENO = DELTA3*FLOAT(KTOTALJ+Cl.O-DELTA3J*FLOAT(KOESTR) 
SUM = O.OO 
DO 40 I = l,KKENO 
SUM= SUM+ IUCAUCIJ * NUMlNTCJ,3) + UCALCI) 

1 OOCKOESTR) I lNTGRLCll 
40 CONTINUE 

CS3 = CS3 + SUM * c1.oo - OUM) * FLOATCNSUM) 
RETURN 
END 

MAS * NUMlNT(J,l)) * INPRMAS 
~AS 
MAS 
MAS 
MAS 
MAS 

1063 
1064 
1065 
1066 
1067 
1068 
1069 
1070 
1071 
1072 
1073 
1074 
1075 
1076 
1077 
1078 
1079 
1080 
1081 

N ...... 
N 



c 

SUBROUTINE SCREN4 MAS 
REAL*B INPROO,INTEXX,INTGRL,NUMINT MAS 
COMMON/BLK1/Kl,K2,K3,KOESTR,KTOTAL,Ll MAS 
COMMON/BLK2/CLIMIT(15,2), L, N(l5), OMEAN(l5), SPEC(l5,2), STO(l5)MAS 
COMMON/BLK3/UCR,UCRHO,UCI(l5),UCAUC15),UCAL(15},UCRUP(15t,ucRLOW(lMAS 

15),UCSCR(l5),UCR01,UCR02,0ELTA3 MAS 
COMMON/Bl1<4/I NTGRL (15), NUMJ NT ( 15 ,3), I NPROO( 15) MAS 
COMMON/COST/CI,cA1,cA2,cA3,CA4,CR,CSl,CS2,CS3,CS4 MAS 
COMMON/PASS/NlSTAR(l5), N2STAR(l5), DELTAU15t, NSTAR MAS 
COMMON/NTRL/SAMPLE, OELTA2 MAS 
COMMON/BLOC/NSUM MAS 
COMMON/BLOK/INTEXX(l5,3) MAS 
COMMON/BLOM/OUM MAS 
INTEGER OELTAl MAS 
CS4 = O.OO MAS 
IF (KOESTR .EQ. 0) GO TO 20 MAS 
SUM = O.OO MAS 
00 10 I = lrKOESTR MAS 
SUM= SUM+ (UCAUCit * NUMINT(J,3) + UCAL(l) * NUMINTCl,l)t * (JNPMAS 

1 ROO(KDESTR) I INTGRLCI>t MAS 
10 CONTINUE MAS 

C*** COMPUTE COST OF ACCEPTING OESTRUCTABLE DEFECT TYPES AMONG THE 
C*** REMAINDER OF THE INSPECTION LOT 

MAS 
MAS 
MAS 

c 
CS4 = CS4 + SUM* <FLOATflt - FLOATCNSTAR)) * <1.00 - OUM) 

MAS 
MAS 
MAS 
MAS 
MAS 

20 SUM = OeOO 
IF (K3 .EQ. 11 GO TO 50 
DO 30 I = ll,KTOTAL 
SUM= SUM + (UCAU(l) * NUMINTCI,3) + 

1 Rl(IJ * (1.00 - (OUM I INTGRL(I))) 
30 CONTINUE 

UCALCl) * NUMINT(I,llt * INTGMAS 
MAS 
MAS 

1082 
1083 
1084 
1085 
1086 
1087 
1088 
1089 
1090 
1091 
1092 
1093 
1094 
1095 
1096 
1097 
1098 
1099 
1100. 
1101 
1102 
1103 
1104 
1105 
1106 
1107 
1108 
1109 
1110 
1111 
1112 
1113 



IF (KOESTR .EQ. OJ GO TO 40 
c 
C*** COMPUTE COST OF ACCEPTING SCREENABLE DEFECT TYPES AMONG THE 
C*** REMAINDER OF THE INSPECTION LOT 

MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 

c 

c 

CS4 = CS4 + 
GO TO 50 

SUM* INPROD (KOESTRJ * (FLOATllt - FLOAT(NSTAR)) 

40 CS4 = CS4 + SUM* (fLOATCL) - FLOATfNSTAR)J 
50 IF f K2 .eo. 0) GO TO 60 

IF (N(K2J .GE. N(KTOTAL)) RETURN 
60 IF (KOESTR .EQ. 0) GO TO 90 

DO 80 I = Ll,KTOTAL 
IF (OELTAl(l) .EQ. OJ GO TO 80 
00 70 J = ltKDESTR 

C*** COMPUTE THE COST OF ACCEPTING OESTRUCTABLE DEFECT TYPES AMONG 
C*** THE NON-DESTROYED, NON-INSPECTED PORTION OF THE SAMPLE 
c 

CS4: CS4 + (FLOAT(NlSTAR(l)) * (UCAU(J) * NUMINT(J,3) + UCAL(J) *MAS 
1 NUMINT(J,l))) * (INPROOCKDESTR) I INTGRLCJ)) * (1.00 - OUM) MAS 

70 CONTINUE MAS 
80 CONTINUE MAS 
90 SUM = O.OO MAS 

IF (K3 .EQ. l) RETURN MAS 
00 100 I = Ll,KTOTAL MAS 
OUM5 = C.OO MAS 
IF (K2 .NE. OJ OUMS = FLOAT(N(KDESTR)J MAS 
SUM= SUM+ (UCAUCIJ * NUMINTCI,3) + UCAL(l) * NUMINT(I,ll) * INTGMAS 

1 RL(I) * (1.00 - (OUM I INTGRL(l)J) * (DELTAl(l) *CFLOAT(N(KTOTAL)MAS 
2 ) - FLOAT(N(l)JJ + c1.oo - DELTAl(l)) * (FLOAT(N(KTOTAL)) - DUM5JMAS 
3 ) MAS 

100 CONTINUE MAS 

1114 
1115 
1116 
1117 
1118 
1119 
1120 
1121 
1122 
1123 
1124 
112 5 
1126 
1127 
1128 
1129 
1130 
1131 
1132 
1133 
1134 
1135 
1136 
1137 
1138 
1139 
1140 
1141 
1142 
1143 
1144 
1145 



IF (KOESTR .eo. OJ GO TO 110 MAS 1146 
c MAS 1147 
C*** COMPUTE THE COST OF ACCEPTING SCREENABLE DEFECT TYPES AMONG MAS 1148 
C*** THE NON-OESTROVEO, NON-INSPECTED PORTION OF THE SAMPLE MAS 1149 
c MAS 1150 

CS4 = CS4 + SUM * INPROO(KDESTR) MAS 1151 
RETURN MAS 1152 

110 CS4 = CS4 + SUM MAS 1153 
RETURN MAS 1154 
ENO MAS 1155 



c 

SUBROUTINE APROXl 
REAL*8 INPRQO,INTEXX,INTGRL,NUMINT 
DIMENSION A(5), X(l5,2) 
COMMON/BLK1/Kl,K2,K3,KOESTR,KTOTAL,ll 
COMMON/BLK2/CLIMIT(15,2), Lt N(l5), OMEAN{l5), SPEC(l5,2J, 
COMMON/BLK4/INTGRLf 15), NUMINTf 15,3), INPR00ll5) 
COMMON/REF/IREFPT 
COMMON/STEP/ KONTRC 
REAL INT(2) 
IREFPT = 0 

C***INITIALIZE APPROXIMATING CONSTANTS 
c 

c 
c 

A(l) 
A(2) 
A(3) 
A(4) 
A(5) 

= 0.14112821 
= 0.08864027 
= 0.0214339 
= -0.00039446 
= 0.00328975 

C***COMPUTE APPROXIMATING INTEGRAL FOR All VARIABLES 
c 

c 

DO 30 K = l,KTOTAL 
IF (N(KJ.NE. 0) GO 
INTGRL(K) = 1.00 
GO TO 25 

21 CONTINUE 

TO 21 

MAS 
MAS 
MAS 
MAS 

ST0(15)MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
~AS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 

C***COMPUTE TRANSFORMATION FOR LOWER AND UPPER LIMITS OF INTEGRATION 
c 

MAS 
MAS 
MAS 

R = FLOAT(l) I 6000.0000 
DO 20 I = 1,2 

MAS 
MAS 

1156 
1157 
1158 
1159 
1160 
1161 
1162 
1163 
1164 
1165 
1166 
1167 
1168 
1169 
1170 
1171 
1172 
1173 
1174 
1175 
1176 
1177 
1178 
1179 
1180 
1181 
1182 
1183 
1184 
1185 
1186 
1187 



c 

X(K,J) = (SQRTCFLOAT(N(K)J * R I CR + FLOAT(N(K)J)) 
i * CCLIMITCK,I) - OMEAN(Kttt/ CSTO(K) * SQRT(Z.000)) 

SUM = O.O 
DO 10 J = 1,5 
SUM= SUM+ ACJJ *ABS( XCK,IJ ) ** J 

10 CONTINUE 
OENOM =(l.O + SUMt ** 8 
PHISTR = 1.0 - (l.O I OENOM) 

C***COMPUTE APPROXIMATE INTEGRAL FROM MINUS (-) INFINITY TO LIMITS OF 
C***INTEGRATION 
c 

c 

IF (X(K,J) .Eo. o.oot GO TO 11 
GO TO 12 

11 INTCIJ = 0.500 
GO TO 20 

12 INTCI) = 0.500 + CC X(K,IJ I ABSCXCK,IJJJ * 0.500 * PHISTRJ 
20 CONTINUE 

C***COMPUTE APPROXIMATE INTEGRAL BETWEEN llMITS OF INTEGRATION 
c 

INTGRL(KJ = INTCZI - INT(l) 
IF (INTGRL(K) .eo. o.ooJ IREFPT = 1 

c 
C***COMPUTE PRODUCTS OF SUCCESSIVE INTEGRALS 
c 

25 IF CK .EQ. 1) INPROOCKJ = INTGRLCKJ 
KOUM = K - 1 
IF CK .GT. lt INPROO(K} = INPROD(KOUMt * INTGRL(K) 

30 CONTINUE 
IF (K3 .EQ. OJ RETURN 
KONTRC = l 

MAS 1188 
MAS 1189 
MAS 1190 
MAS llql 
MAS 1192 
MAS 1193 
MAS 1194 
MAS 1195 
MAS 1196 
MAS 1197 
MAS 1198 
MAS 1199 
MAS 1200 
MAS 1201 
MAS 1202 
MAS 1203 
MAS 1204 
MAS 1205 
MAS 1206 
MAS 1207 
MAS 1208 
MAS 1209 
MAS 1210 
MAS 1211 
MAS 1212 
MAS 1213 
MAS 1214 
MAS 1215 
MAS 1216 
MAS 1217 
MAS 1218 
MAS 1219 



00 906 I = Ll.KTOTAl 
IF (INTGRLllJ .LT. 0.99901 KONTRC = 0 

906 CONTINUE 
RETURN 
ENO 

MAS 1220 
MAS 1221 
MAS 1222 
MAS 1223 
MAS 1224 

N ... 
00 



c 
SUBROUTINE APROX2 
REAL*8 INPROO,JNTEXX,INTGRL,NUMINT 

DIMENSION A(5), xc1s,2> 
COMMON/BLK1/Kl,K2,K31KOESTR,KTOTAL1Ll 
COMMON/BLK2/CLIMIT(15,2), L, N(l5t, OMEANC15), SPEC115,2) 1 
COMMON/BLK4/INTGRL(l5), NUMINTf 15,3), INPROO(l5) 
COMMON/BLOK/INTEXXC15,3) 
REAL INTl2) 

C***INITIALIZE APPROXIMATING CONSTANTS 
c 

c 
c 

A( 1) 
A(2) 
Al3) 
AC4) 
AC5) 

= 0.14112821 = o.oaa64027 = 0.0214339 
= -0.00039446 = 0.00329975 

C***COMPUTE APPROXIMATING INTEGRAL FOR All VARIABLES 
c 

DO 30 K = l,KTOTAL 
c 

MAS 
MAS 
MAS 
MAS 
MAS 

ST0(15)MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 

C***COMPUTE TRANSFORMATION FOR LOWER ANO UPPER LIMITS OF INTEGRATION 
c 

MAS 
MAS 
MAS 

R = FLOATCLJ I 6000.0000 
DO 20 I = 1,2 
X(K,J) = SQRT(R I CR 

1 J) I (STO(K) * SQRTC2.000)) 
SUM = O.O 
00 10 J = 1,5 

+ 1.00)) * <SPECCK,1) -

SUM= SUM+ A(JJ * ABSC X(K,IJ ) ** J 
10 CONTINUE 

MAS 
MAS 

OMEAN(KMAS 
MAS 
MAS 
MAS 
MAS 
MAS 

1225 
1226 
1227 
1228 
1229 
1230 
1231 
1232 
1233 
1234 
1235 
1236 
1237 
1238 
1239 
1240 
1241 
1242 
1243 
1244 
1245 
1246 
1247 
1248 
1249 
1250 
1251 
1252 
1253 
1254 
1255 
1256 



OENOM =(l.O + SUM) ** 8 MAS 1257 
PHISTR = 1.0 - c1.o I OENOM) MAS 1258 

c MAS 1259 
C***COMPUTE APPROXIMATE INTEGRAL FROM MINUS (-) INFINITY TO LIMITS OF MAS 1260 
C***INTEGRATION MAS 1261 
c MAS 1262 

INTCIJ = 0.50 + ((XfK,IJ I ABS( X(K,I) )} * o.so * PHISTR) MAS 1263 
20 CONTINUE MAS 1264 

c MAS 1265 
C***COMPUTE APPROXIMATE INTEGRAL BETWEEN LIMITS OF INTEGRATION MAS 1266 
c MAS 1267 

INTEXX(K,l, = INTf 11 MAS 1268 
INTEXXf K,2) = INTC2) - tNT(l) MAS 1269 
INTEXX(K,3) = i.oo - INT(2) MAS 1270 

30 CONTINUE MAS 1271 
RETURN MAS 1272 
ENO MAS 1273 N 

N 
0 



SUBROUTINE NUMER 
REAL*8 INPROO,INTEXX,INTGRL,NUMINT 
COMMON/BLK1/Kl,K2,K3,KDESTR,KTOTAL,ll 
COMMON/BLK2/CLIMIT(l5,2t, L, N(l5), OMEANl15), SPEC(l5,2), 
COMMON/BLK4/INTGRL(l5t, NUMINT(l5,3), INPR00(15) 
COMMON/KEEP/KDUMMY 
COMMON/LAST/JWAY 
COMHON/BLOK/INTEXX(15,3) 
TOL = 0.001 
ITFIN = 10 
DO 30 JWAY = 1,3 

10 DO 20 I = l,KTOTAL 
IF(N(I) .EQ. 0) GO TO 15 
KOUMMY = I 
Al= CLIMIT(l,l) 
Bl = CLIMITU,2) 
NUMINT(I,JWAY) = GAUSS(AL,Bl,TOL,ITFIN) 
GO TO 20 

15 NUMINT(J,JWAY) = lNTEXX(l,JWAY) 
20 CONTINUE 
30 CONTINUE 

RETURN 
ENO 

MAS 1274 
MAS 1275 
MAS 1276 

ST0(15lMAS 1277 
MAS 1278 
MAS 1279 
MAS 1280 
MAS 1281 
MAS 1282 
MAS 1283 
MAS 1284 
MAS 1285 
MAS 1286 
MAS 1287 
MAS 1288 
MAS 1289 
MAS 1290 
MAS 1291 
MAS 1292 
MAS 1293 
MAS 1294 
MAS 1295 
MAS 1296 

N 
N 
~ 



c 

FUNCTION GAUSSIAL,SL,TOL,ITFIN) 
REAL*8 INPROO,INTEXX,INTGRL,NUMINT 
DOUBLE PRECISION V, R 

C*** GAUSSIAN QUADRATURE ••• 11 POINTS PER SUBINTERVAL 
C*** INTEGRATES FOUM FROM Al TO Bl 
c 

c 

DIMENSION V(ll), R(ll) 
COMMON/KEEP/KOUMMY 
COMMON/LAST/JWAY 
DATA V,R /-.97822865814605700, -.88706259976809500, 

1 -.73015200557404900,-.51909612920681200, 
2 -.26954315595234500, o.ooo, .26954315595234500, 
3 .51909612920681200, .73015200557404900, 
4 .88706259976809500, .97822865814605700, 
5 .0556685f711617400, .12558036946490500, 
6 .18629021092773400, .23319376459199000, 
7 .26280454451024700, .27292508677790100, 
8 .26280454451024700, .23319376459199000, 
9 .18629021092773400, .12558036946490500, .05566856711617400 I 

NINT = 1 
IT = 0 

10 IT = IT + l 
DEL = (Bl - Al) I CFLOATlNINT)) 
SS = o.o 
DO 30 I = l,NINT 
B =Al+ DEL* (flOATtl)) 
A = B - DEL 
s = o.o 
DO 20 J = ltll 
Xl= ( CB+A) + CB-At*V(J) ) * 0.5 

MAS 1297 
MAS 1298 
MAS 1299 
MAS 1300 
MAS 1301 
MAS 1302 
MAS 1303 
MAS 1304 
MAS 1305 
MAS 1306 
MAS 1307 
MAS 1308 
MAS 1309 
MAS 1310 
MAS 1311 
MAS 1312 
MAS 1313 
MAS 1314 
MAS 1315 
MAS 1316 
MAS 1317 
MAS 1318 
MAS 1319 
MAS 1320 
MAS 1321 
MAS 1322 
MAS 1323 
MAS 1324 
MAS 1325 
MAS 1326 
MAS 1327 
MAS 1328 

N 
N 
N 



F = FOUM(Xl) MAS 1329 
S = S + R(J) * F MAS 1330 

20 CONTINUE MAS 1331 
S = CB-AJ * s * o.s MAS 1332 
SS = SS + S MAS 1333 

30 CONTINUE MAS 1334 
IFiil.GT. UGO TO 50 MAS 1335 

40 SAVE = SS MAS 1336 
NINT = 2 * NINT MAS 1337 
GO TO 10 MAS 1338 

50 IF f ABSCSAVE) - TOL ) 60,60,70 MAS 1339 
60 Xl= ABSISAVE - SSI MAS 1340 

GO TO 80 MAS 1341 
70 Xl= ABSC CSAVE - SS) I SAVE ) MAS 1342 N 
80 IF IXl.GT. TOL .AND. IT .LE. ITF IN) GO TO 40 MAS 1343 N 

IF (Xl.GT. TOLJ GO TO 100 MAS 1344 VI 

GAUSS = SS "4AS 1345 
90 RETURN MAS 1346 

100 WRITEC6,ll0) IT, ITFIN, Xl, SS MAS 1347 
CALL EXIT MAS 1348 

110 FORMATUHO, 'GAUSS IT,ITFIN,OIFF,FINAL 1 ,2I4,2E20.8) MAS 1349 
ENO MAS 1350 



c 
FUNCTION AMULT(ALIM) 
REAL*8 INPROO,INTEXX,INTGRL,NUMINT 

DIMENSION A(5), X(l5,2) 
COMMON/BLKl/Kl,K2tK3,KDESTR,KTOTAL,ll 
COMMON/BLK2/CLIMIT(l5,2), L, N(l5), DMEANl15), SPEC(l5,2), 
COMMON/BLK4/INTGRL(15), NUMINTC15,3), INPRODC15) 
COHMON/KEEP/KOUMMY 
COMMON/LAST /JWAY 
REAL INTC2) 

C***INITIALIZE APPROXIMATING CONSTANTS 
c 

c 

A( U 
A(2) 
AC3) 
AC41 
A(5) 

= o.11t-112s21 
= 0.08864027 = 0.0274339 
= -0.00039446 = 0.00328975 

MAS 
MAS 
MAS 
MAS 
MAS 

STD(l5)MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 

C***COMPUTE TRANSFORMATION FOR LOWER AND UPPER LIMITS OF INTEGRATION 
c 

MAS 
MAS 
MAS 
MAS 
MAS 
MAS 

K = KDUMMY 
R = FLOATCL) I 6000.0000 
DO 20 I = 1,2 
X(K,J) = SQRT((FLOAT(N(K)) + R ) I (FLOAT(N(K)) + R 

1 l.OOOJ) * (SPEC(K,JI - ((FLOAT(N(K)J * ALIM+ R * 
2 ) I (FLOAT(N(K)) + R ))) I CSTD(K) * SQRT(2.000)) 

SUH = O.O 
00 10 J = 1,5 
SUH= SUM+ ACJ) *ABS( XCK,lt ) ** J 

10 CONTINUE 
OENOM =Cl.O + SUMJ ** 8 
PHISTR : 1.0 - ll.O I DENOMl 

+MAS 
DMEAN(K)MAS 

MAS 
MAS 
MAS 
MAS 
MAS 
MAS 
MAS 

1351 
1352 
1353 
1354 
1355 
1356 
1357 
1358 
1359 
1360 
1361 
1362 
1363 
1364 
1365 
1366 
1367 
1368 
1369 
1370 
1371 
1372 
1373 
1374 
1375 
1376 
1377 
1378 
1379 
1380 
1381 
1382 

N 
N 
.i::.. 



c MAS 1383 
C***COMPUTE APPROXIMATE INTEGRAL FROM MINUS (-) INFINITY TO LIMITS OF MAS 1384 
C***INTEGRATION MAS 1385 
c MAS 1386 

INT(It = 0.50 + ((X(K,I) I ABS( )((1(,1) )) * 0.50 * PH I STR) MAS 1387 
20 CONTINUE MAS 1388 

c MAS 1389 
C***COMPUTE APPROXIMATE INTEGRAL BETWEEN LIMITS OF INTEGRATION MAS 1390 
c MAS 1391 

IF (JWAY .EQ. 1) AMULT = INT( U MAS 1392 
IF (JWAY .EQ. 2) AMULT = INT(2) - INT(l) MAS 1393 
IF (JWAY .EQ. 3) AMULT = 1.000 - INTC2) MAS 1394 
RETURN MAS 1395 
END MAS 1396 N 

N 
V1 



FUNCTION FOUM(ALIM) 
REAL*8 INPROO,INTEXX,INTGRL,NUMINT 
COMMON/BLK1/Kl,K2,K3,KDESTR,KTOTAL,Ll 
COMMON/BLK2/CLIMIT(15,2), Lt N(l5), DMEAN(l5), SPEC(l5,2}, 
COMMON/KEEP/KOUMMY 
COMMON/LAST/JWAY 
I = KDUMMY 
R = FLOAT(l) I 6000.0000 
BMULT = SQRT((FLOAT(N(J)) * R ) I CFLOAT(N(I)) + R 

1 I (STD(I) * SQRT(6.2832)) 
CMULT = ((flOAT(N(J)) * R ) I (FLOAT(N(I)) + R 

1 (CALIM - DMEAN(I)) ** 2) I C2e000 * STO(I} **2) 
CMUlT = - CMULT 
OMULT = BMULT * EXPCCMULTJ 
FDUM = DMULT * AMULT(ALIM) 
RETURN 
ENO 

MAS 1397 
MAS 1398 
MAS 1399 

ST0(15)MAS 1400 
MAS 1401 
MAS 1402 
MAS 1403 
MAS 1404 

ti MAS 1405 
MAS 1406 

)) * MAS 1407 
MAS 1408 
MAS 1409 
MAS 1410 
MAS 1411 
MAS 1412 
MAS 1413 N 

N 

°' 



SUBROUTINE OUTPT2 MAS 1414 
COMMON/BLK1/Kl,K2,K3,KOESTR,KTOTAL,Ll MAS 1415 
COMMON/OPTU/ BEST(45), YMAX MAS 1416 
WRITE(6,l0) MAS 1417 

10 FORMAT(lHltlX,•OPTIMUM MULTIVARIATE ACCEPTANCE SAMPLING PARAMETERSMAS 1418 
i•,///,43X, 1 LOWER 1 ,12x, 1 UPPER•,/,26X, 1 SAMPLE•,1ox,•coNTROL',lOX, MAS 1419 
2 'CONTROL•,1,1x,•0EFECT No.•,11x,•s1ze•,12x,•LIMIT•,12x,•LIMIT',/ MAS 1420 
3 /t MAS 1421 

00 30 I = l,KTOTAL MAS 1422 
J =(I - 1) * 3 + 1 MAS 1423 
Jl= CI - 1) * 3 + 2 MAS 1424 
J2= (I - 1) * 3 + 3 MAS 1425 
NSAMPL = BEST(J) MAS 1426 
WRITEC6,20) J, NSAMPL, BEST(Jl), BEST(J2) MAS 1427 

20 FORMATC7X,J6,12X,I6,lOX,F7.4,lOX,F1.4,/) MAS 1428 
30 CONTINUE MAS 1429 

TECOST = - YMAX MAS 1430 
WRITEC6,40) TECOST MAS 1431 

40 FORMATC///,7X, 1 TOTAL EXPECTED COST= $ 1 ,Fl4.2J MAS 1432 
WRITE(6,50) MAS 1433 

50 FORMAT(lHU MAS 1434 
RETURN MAS 1435 
ENO MAS 1436 

N 
N 
-....) 
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THE ECONOMIC DESIGN OF MULTIVARIATE 

ACCEPTANCE SAMPLING PLANS 

by 

Stephen Clay Chapman 

(ABSTRACT) 

A total expected cost model for multivariate 

acceptance sampling is developed. The components of 

cost included in the model are presented in two phases: 

the cost of making the quality control decision (sampling 

inspection) and the cost of implementing the quality 

control decision (accept the inspection lot, scrap the 

lot, or screen the lot). Several variables are to be 

controlled within their given specification limits, 

where the sample mean for each of the variables in the 

criterion by which lot acceptance for that variable is 

determined. The decision variables are the sample size 

and the lower and upper control limits for each of the 

characteristics subjected to the control. The pattern 

search is used to determine the values of the decision 

variables which minimize the total expected cost of 

quality control per inspection lot submitted for control. 

The lot mean, sample mean, and individual unit 

measurements for each of the quality characteristics are 

considered to be random variables. Sensitivity analysis 



is performed to determine the robustness of the model 

to changes in the form of the distributions on the lot 

means given that the desired mean and variance of these 

distributions has been accurately estimated. 
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