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Abstract

The purpose of this article is to present an opttdn model for designing an
acceptance sampling plan based on cumulative sumnofength of conforming items.
The objective is to minimize the total loss inchugliboth the producer and consumer
losses. The concept of minimum angle method isiegppio consider producer and
consumer risks in the optimization model. Also thgeerage number of inspection is
considered in the constraint of the model. A pcattcase study has been done and a
sensitivity analysis is performed for elaboratihg effect of some important parameters
on the objective function. The results of sendiinalysis showed that the performance
of the proposed model is logical, reliable in bk tases and also has better performance
in comparison with classical method in most of thses. A computational experiment is
done to compare the different sampling schemes. fdsalts of computational
experiment showed that the proposed model hasr ttéormance due to smaller ANI
value in all cases.

Keywords: Quality control, Conforming run length, AcceptancSampling Plan,
Minimum angle method, Taguchi loss function

1- Introduction

The purpose of this paper is to design an dpéition model to determine the optimal samplingipla
which minimizes the producer’s loss plus the cormtsnquality loss while considering the average
sample number along with the producer's and consgmisks. Acceptance sampling is a branch of
quality control which provides decision rules fepgucers and consumers to make a decision abott a |
of items. Different methods are available for desig economic acceptance sampling methods. The
proposed model is developed to consider some kegegts in production environments. The first
important concept is related to quality cost. Qyalbst has two parts. One part is the cost of tisfsad
consumer which is the result of the deviation oélijy characteristic from its target value which is
known as the consumer loss. The second part iguality cost for producer. It is obvious that rdijeg
an item has cost for producer which includes ttst obprocessing and reprocessing the item.
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Also inspecting the items has cost because /gy inspection equipment or employing inspecttirs
is obvious that total inspection cost is a functimihaverage number of conforming items that is
abbreviated a&\NI. Along with optimizing quantitative measures ofrgding method, some qualitative
properties of sampling plan should be optimizeduiameously.

Most important criterion for a sampling systesrthe risk to producer and the risk to consumeeséh
two risks can be considered in one objective fumctas performed in minimum angle method
(Fallahnezhad, 2012). Thus we tried to developreegg optimization model which considers all these
important criteria in one model. Thus all objectivare optimized simultaneously in contrast with
previous models where usually only one or two @sthobjectives have been optimized together. It is
clear that we may improve the performance of samgiystem in any production environments by taking
all important aspects of sampling plan into account

Ferrell and Chhoker (2002) presented an ecoradn@icceptance sampling plan. Their plan has 3
options: (1) they used continuous loss functioi.lf@pection error is considered in their sampfiten.

(3) Their model can be used for designing neammgdtsampling plan. They constructed graphs in order
to make their model more understandable for prantts. Moskowiz and Tang (1992) presented a new
acceptance sampling plan based on Taguchi losstidan@nd Bayesian approach. Aslam and
Fallahnezhad (2013) proposed an economical acaaptampling plan based on Bayesian analysis. Wu
et al. (2004) proposed an optimization design of conttwhrts based on Taguchi loss functions and
random process shifts and they minimized overathnmealue of Taguchi loss function by adjusting the
sample size and control chart limits. Elsayed ahdrnC(1994) proposed an economic design of control
chart. They used Taguchi continuous quadratic fimsstion. Their objectives were to minimize theatot
quality cost and to determine the optimal paransetdr control chart. Kobayasdti al (2003) used
Taguchi quadratic loss function for economical agien of (X,s) control chart. They considered

sampling cost and the loss function in order t@ivbtotal operation cost. Arizoret al. (1997) presented
variable sampling plan for normal distribution béhe® Taguchi loss function.

Since there is always a need to produce an dtertfarget thus Taguchi proposed that manufacturers
should consider loss to consumer. The consumes lopeality loss either in repairs or the purchasa of
new item but the manufacturer bears the costs alitguoss due to negative feedback from consumers.
Thus any item manufactured away from target valwaileh result in some loss to the manufacture
(Taguchiet al. 2005).

A new type of control chart that has been siwgfoélg applied in many quality control problems is
cumulative count of conforming control chart. Themulative counts of conforming (CCC) control charts
are very useful for controlling high-quality proses (Calvin,1983). In this research, a new model fo
designing economical sampling plan is proposedgu$aguchi quadratic loss function based on the run
length of conforming items.

In quality inspection methods, items are coragaagainst some standards and then classified as
conforming or nonconforming. The control of suchgaction processes is usually performed by at&ibut
control chart. The cumulative counts of conform{@&C) control chart is a type of attribute conttbart
for determining whether the nonconforming propartiof high yield processes fall within standards
(Calvin, 1983; Goh ,1987; Xie & Goh, 1992). The Cclaart is also named the conforming run length
(CRL) chart.Classical CCC charts detect the shiftmonconforming proportion based on cumulative
number of conforming items between two successireonforming items. The CCC chart is simple, but
it is relatively insensitive to process changes.otder to enhance the sensitivity of the CCC chart,
Kuralmaniet al. (2001) and Noorossaret al(2007) proposed the conditional chart which dstele
shifts of nonconforming proportion based on thevipgs data. Amiri and Khosravi (2012) presented
maximum likelihood estimator for the change poihtlee nonconforming proportion with a linear trend.
Then, they applied Monte Carlo simulation to evidufe performance of the proposed estimator. Also
they compared proposed estimator with the MLE efribnconforming proportion based on a single step
change. Zhangt al. (2014) analysed the performance of CCC chart wahable sampling intervals.
They obtained optimal parameters of CCC chart wéthable sampling intervals where nonconforming
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proportion is estimated with Bayesian estimatorartiet al. (2013) discussed standard deviation of the
average run length (SDARL) as a hew metric to aatite performance of CCC chart based on Bayesian
estimation. Zhangt al(2010) proposed a Generalized CRL chart (namely IGE€Rart) to control the
mean value of a quality characteristic under 1008péction. Chen (2013) applied the variable samgplin
interval (VSI) in order to increase the sensitivdfythe generalized CCC (GCCC) chart. He assumad th
data within each sample have correlation. Also drapared GCCC charts with VSI and fixed sampling
interval (FSI).Charet al. (2009) applied the concept of cumulative countofforming chart (CCC
chart) in inspection and maintenance planning f@tesns where minor inspection, major inspection,
minor maintenance and major maintenance are al&ilBlersimiset al(2013) applied a compound rule
based on the number of conforming units observedidsn two successive nonconforming items for
monitoring high quality processes.

Run length of conforming items has been apdtediecision making about quality of received ldts.
this type of sampling plans, sample size is nadiand average sample number is determined based on
the quality of process. Thus, in contrast with silea sampling method where the sample size isifixe
the sample size in the proposed approach is oz minimizing the total cost of the system. Baur
(2002),(2003) proposed a continuous sampling ptangusums of run-lengths of conforming items. The
cost analysis of sampling method based run-length€onforming items has been discussed by
Fallahnezhad and Niaki (2013).The concept of coritreeshold policy has been applied for decision
making in this study. Fallahnezhaat al. (2014) presented an optimal iterative decisiore rfdr
minimizing total cost in designing a sampling pfan machine replacement problem using the approach
of dynamic programming. They applied the controlegihold policy. Aslam et al.(2013) proposed a
decision making procedure for the Weibull distribotbased on run lengths of conforming items using
control threshold policy. Fallahnezhad and Nas&i82 proposed a hew acceptance sampling method for
lot sentencing problem when inspection is imperfétiey assumed that every defective item cannot be
detected with complete certainty. First they deteet the probability distribution function of thember
of defective items in the batch through Bayesidarénce then the probabilities of correct decisaom
evaluated. Fallahnezhad and Ahmadi Yazdi (2015)gsed a new sampling plan based on the run length
of inspected items and Taguchi loss function.

Markov chain can be efficiently implemented practical quality control problems (Bowlingt
al.(2004), Fallahnezhad and Ahmadi(2014)).Mirabi drallahnezhad (2012) presented the Markov
analysis of an acceptance sampling plan in a siagtk two stages model. Fallahnezledal(2012)
proposed a decision tree approach to accept atr@jbatch based on Bayesian modeling. Fallahnezhad
et al(2011) proposed a novel acceptance-sampling platetide whether to accept or reject a batch of
items. In their plan, the items in the batch argpétted until two nonconforming items are found.
Fallahnezhad and Nasab (2011) proposed a new tgulioy for the acceptance sampling problem.
Decision in their study is made based on the nunabedefective items in an inspected batch. The
objective of their model is to find a constant ¢ohthreshold that minimizes the total costs, idahg the
cost of rejecting the batch, the cost of inspecéind the cost of defective items.

Bushet al. (1953) analyzed the sampling systems by comparpegation characteristic (OC) curve
against the ideal OC curve. Their study was a ratitm for constructing the concept of minimum angle
method. Soundararajan and Christina (1997) propaseéthod for the selection of optimal single stage
sampling plans based on the minimum angle methbdy Tvere the first to use minimum angle method
for designing an acceptance sampling plan. Butdieidies have been done on designing a sampling plan
based on minimum angle method. Ahmadi Yazdi andakiatzhad (2014) proposed a new sampling
optimization model based on run length of confogmitems. They used minimum angle model as
objective function. Also, they considered averageber of inspection (ANI), first and second type of
error and first derivation of ANI as constraint.tBhey did not consider consumer or producer’s loss
their model while these losses have an importamiaghon the sampling plans. In this research, we
considered and calculated total loss in proposetpkag plan. To design a statistically optimal séingp
plan, minimum angle method is considered in coimgBaTo optimize the number of inspections in
sampling plan, the first derivation of ANI is codsred as model constraint. Briefly, the main idEthis
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research is to optimize the sampling cost andiriskiding external costs, internal costs, consurisir
and producer risk in an optimization model simutausly. This subject was not considered in the
previous relevant studies like (2013), (2015), @0&and (2014).

In designing economic model of acceptance saggilan, three important types of cost should be
considered. First cost is the consumer loss whighinturred due to deviation between quality
characteristic and its target level. The second isothe producer loss which is incurred due teatig
the item and not selling the item in market anddthtiost is the inspection cost. The consumer Isss i
usually represented by quadratic function betwd®n dpecifications limits and the producer loss is
represented by a constant value. It is usuallyreéeéd$o determine standard limits for quality chéegstic
in the product design in order to check the conforoe of the product with quality tolerance limits.
These quality tolerance limits are applied in thepection process. The objective of any producigdes
model is to determine a tolerance limit for the lgpaharacterises so that if its value was witthese
tolerances then the item would be conforming otisit would be nonconforming (Fallahnezhad and
Fakhrzad (2012).In general two important factoristeix each production system. First one is thd.cos
Cost of any production system can be categorizégadrtypes. 1) External cost 2) Internal cost. Exdaé
cost is resulted from unsatisfied consumers. Méagtinis cost is a challenging problem but Taguts
suggested the concept of loss function for modeliig type of cost that is known as consumer loss
function. Internal cost has two categories. Onegmly is incurred due to scrapped items. Eachtegjec
item in the inspection process leads to a cosst fiyipie of cost is known as the producer loss. Sttgre
of internal cost can be evaluated based on nunfleErdorming items which is the total inspectiorsto
The second important factor in production environtmis risk. Risk has two types. First one is the
consumer risk that means selling bad lots to theswmer. The second one is producer risk that means
rejecting good lots. We can use the minimum angkthod for optimizing these types of risks
simultaneously. We apply an objective function whiconsiders both of these risks together. The
summary of key factors in the proposed approadei®ted in table 1.

Table 1Key factors in the proposed approach

Key factor Cost Risk
Type: External cos Internal cos Consumer ris | Producer ris
Consumer los | Producel| Inspectior | Selling bad lo Rejecting
Definition loss cost to consumer | good lot by
producer
Taguchiloss | Costof | Average | Probability of | Probability of
function rejecting| Number | accepting bad rejecting good
Measurement criteria each item| Inspected lot v lot

Minimum Angle Metho

The well-known Dodge-Romig sampling plans onbnsider LTPD or risk to consumer thus this
sampling method may be impractical in some commitandustrial environment where many other
considerations exists. It may lead to additionailt @nd risk for the producer and it results in ficafnt
inspection process. Proposed model considers thereenents of both sides of contract. It means tdss
producer and consumer, risk to producer and consuilso inspection cost has been explicitly
considered in the model.

The idea behind this paper is to consider a leirmpmpling problem as an optimization problem with
different objectives and constraints. This facte# a generalized sampling method which consialérs
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criteria of both sides of contract along with teichh constraints in practical applications. Every
constraint in optimization model reflects one intpat characteristic of sampling problem.
Thus the contributions of proposed approach afellasvs:

» Proposing a general optimization model based orength of conforming items;

» Considering some important factors in an acceptaaoepling plan like costs and producer and
consumer loss and risk together in proposed opditioiz model;

* Using minimum angle method based on run lengthaoffarming items into an optimization
model;

» Markov modelling of acceptance sampling plan isellgyed based on run length of conforming
items;

» Comparison of proposed sampling system with clatsiingle stage sampling plan and showing
its advantages over classical methods.

We obtained the mathematical formulations of mampling model in section 2. A real case study is
presented for illustrating the application of thmwanmodel in section 3. A sensitivity analysis ofreo
important parameters is performed in section 4ok putational experiment is presented in sectioa 5 t
compare the performance of proposed model withsidaksingle sampling method. The discussion came
in section 6 and we concluded the paper in theskstion.

2- Proposed sampling model

Following notations are used in the rest of theepap
N : The number of items in the lot
O : The optimal value of tolerance limit

U : The upper control threshold for run length of fooming items
L : The lower control threshold for run length of famming items

C: Cost of an inspection

c,(x): Producer loss that is defined as:
c,(x)=B. (1)
C.(X) : The consumer loss that follows a quadratic fosstion,

c. (%)= A x-u)’. 2

AL : The cost of accepting the lot

RL: The cost of rejecting the lot

Whereld is the target value for the quality characteristiwd x is the quality characteristic variable.
Assume that the lot is inspected unijl non-conforming item is detected. ¥t denotes the number of
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conforming items. ThuY is defined as the cumulative run length of conforgnitems. In this sampling

system, ifY = U then the lot is accepted andYf< Lthen the lot is rejected. ) >Y > L then the
inspection continues. We define State 1 as the stainspecting more items and State 2 as the efate

accepting the lot and State 3 as the state oftiegethe lot. Let B, denotes the probability of going from
statekto statd in a single step, we have,

p.=P{U>Y> 1}, p,, = P{Y = U}, p,=P{Y< L}. 3)
WhereYfollows negative binomial distribution with parareetr,p.

i —

r =
conforming items in the lot and parametedenotes the number of detected non-conformingsitenthe
inspected sample. It is obvious that state 2 amek Zbsorbing states.

: 1 -
P(Y:||r,p):( :J(l— p)" P fori=r,r +1,... The parametepdenotes the proportion of non-

Letm,, denote the expected number of visiting the tearisstate 1 before absorption occurs, given that
the initial state is 1.It can be obtained as foldBowlinget al[29]):

I @
" 1-p, 1-P{U>Y> 1’
The long-run absorption probabilities are as foldBowling et al.[29]):
__ P _ P
f,=—22— f =—8 5
Y1 Pus vo1- Pus ©

wheref ,,f,denote the probability of accepting and rejectimg Iot respectively. Sina®,, denotes the
expected number visiting the transient state 1o alseach visit to this state, the average numlfer o

inspections is— (The mean value of negative binomial distributioithwparameterd',P), consequently
P

the expected inspection loss is given by (Feamdl Choker [2])

E(1)=(c [ Bt () a7 Aen) (3 o, B X c)xm;). (6)

wherec is the inspection cost and the total loss for eaxiforming items is the summation of inspection

U+o 2
cost plus the consumer lc(%.i—aA(X —,u) f (X) dX) for each conforming item plus producer loss
oY (x)dx +J'°° Bf ( X) dX.
—00 /1+5
r
The total loss consists of the producer loss, amesdoss and inspection cost. Singg (—) denotes the
p
r
average number inspected therefore the expredSierm, — denotes the number of items in the lot that
p
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have not been inspected and the expresﬁ)m(x —/J)Zf (x) dx ibskeof each item that has

been accepted without inspection (consumer log®refore the consumer loss is obtained as follows:
_ rre 2
AL =| N- mlB j_w A xp)” f( ) d (7)

The expected consumer IéB(AL)) is the consumer losiphima by the probability of the lot being

accepted (i.d.;, ). If the lot is rejected then ahis should be inspected therefore the producerigoss
obtained as follows:

RL:[ N- ml(;)][ o[ B ko A o] B)x g ®)

Thus the expected producer Io(sE(RL)) is the produesr fwultiplied by the probability of the lot
being rejected (i.é., ).

Consequently, the total expected loss is deternasddllows:
=(10)= &)+ A & RY=|[ e ][ Bl €t

N e B oo a0, e ©
M- )(c+j () o] foenf (Kax]" B x (3;<

Substituting forf ,, anth;, , the expected loss equatambe rewritten as follows:

E(TC)=[ N- )[ JJJ A(x—,u ))d% [ N-(- )(1 H]]
[c‘+ OB (Y e Aoep) A ax] ) Bf Kk dxi- P2 ]
[c‘+ “OBH(xX) dw+ ;’;’ A xu) 1 X dxj:ﬂy Bf K d}(L)(l_ pﬂ].

wherep = Pr{ Reject the itefn is obtained as follows:

(10)

1-p = Pq{ Accept the itejr= j:::f (x)dx,
p =Pr{ Reject the itefr= 4 Pr Accept the iel

(11)

wheredis the coefficient of specification limit (toleramdimit). According to theANI graph, when the
nonconforming proportion of lot is equal to its ided value then the first order derivation of tiAéNI
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function at this point should be equal to zeroinothe other words, it is minimized. We try to cioles
this concept as a constraint in the optimizatiordeh@nd examine its impact on the optimal solubén

the model. The first order derivative &I function is written as follows (Chen, 2013).

AN =M S s W ) KD (12)
9 r _—k,(p)
ANI
(P o n ” e(n -
where,
k(p)={L{ RU-1| r, p- KL T, Pl
k,(P)=1- F(U-1|r,pr FLIrp} C-Df C-1F pYUF U  p 14

whereF is cumulative distribution function of negativenbmial distribution. Upper and lower limits for
the first derivative of ANl function have been considered in the optimizatioodel in order to
guaranteethat its value is sufficiently close tmz&ince desired value of nonconforming proportjois
an important parameter in decision making abouptieess thus this value is selected as referezioe v
in constraint of ANI derivative. It is obvious that the lower limit iegative and the upper limit is
positive. When the interval of these limits would tighter then it will be closer to zero which i
favorable. This constraint is obtained as follows,

A < ANI (p) £ 4,.(15)

Whered,, A, are lower and upper limits respectively.

We apply concept of producer risk and consumer inskrder to construct the second constraint of
optimization model. The purpose is to maximizehkie of{ P, (AQL) - Pa( LQL)} WhereF;( LQL),
F;(AQL) are the probabilities of accepting the lot when tioeconforming proportion is respectively
limiting quality level(LQL) and acceptable quality limitAQL). It is obvious thatl— P, (AQL)is the
producer risk and Pa(LQL) is the consumer risk. The method of maximizing therm

P.(AQL) - R(LQLis known as minimum angle method (Soundararajan @hdstina[36]). The
values ofPa(LQL), F;( AQL) are determined as follows,

p=AQL- R(AQY= £ AQL)=1_§{{5>SYY‘}> T
e |
p=LQL - R(LQY= f,(LQY=; {{5 J};L} a7)
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It has been tried to reach the ideal OC curve inifTmim angle method (MAM). Soundararajan and
Christina[36]proposed equation (18) for guarantytimat OC curve is closer to the ideal OC curve.

R.(AQD - R(LQD 2 w (18)

Wherew is the threshold that denotes the degree of giityilaith ideal OC curve. Now the optimization
problem can be defined as follows,

Min Z

orLy

ST.

A <ANI (p)<4,
P.(AQL)- B(LQL z w.

(19)

where objective function is as follows,
_ _ 1 © B
Z=ETO=|| N-O)|-—— ¥ L dx P2 4
(T9 [[ <p>{1_pu]]jﬂ4 e %

i e e A oL, ey
(C'J'I:éBf(x) dﬁjﬁ: Aoxp) A X d*j:;; Bf X %Xlro )[1_1%}

The objective is to find the optimal value &fU,r,0 in order to design an optimal acceptance

sampling policy along with tolerance limits for pecting product.
One of the meritsof proposed economic model foigmésy sampling system is to obtain the optimal
value of tolerance limit for inspecting one spexijroduct and optimal parameter of acceptance $agnpl
plan, simultaneously.

After constructing proposed method optimizationdel, it is very beneficial to compare this new
model with classical single stage sampling methidte optimization model forclassical single stage
sampling method is as follows,

Min Z'
J,n.c

St.
P.(AQL) - R(LQD 2w

where the objective function of this model is dtofes.
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Z'=E(TC)= [ (N- r‘)j A x=p)” f( Y d%P(p)+
(N —n)(c‘+J‘: dx+j A( x—,u fl 3 d)d-j Bf X d}(l— P )))+
(c+ (x) ax+[2"7 A x-pa)” (4 o B X d%{n.

P, (p) denotes the probability of accepting the lot whiclobtained by cumulative function of binomial
distribution.

F;(p):i@ml— P

If the lot is accepted the(‘N —n)items would be sent to the consumers thus thedbsensumer is

multiplied by the probability of accepting the kntd if the lot is rejected then all items must fgpiected
thus its corresponding loss is multiplied by prabigbof rejecting the lot. At the end, the average
inspected number should be multiplied with its esponding loss function in order to consider the
inspection cost.

It is obvious that the constraint regardingtfitsrivation of AN| function has not been considered in
the optimization model becaugeN| in classical single stage sampling methodis congdNI=n
The objective in this method is to find the optimalues of,c,0. The comparison between proposed

methodology and classical single stage samplingp@aetomes in the next sections

3- Case study

For illustrating the application of proposed rahda case study in a juice production industry is
presented and solved by visual basic programmimgignosoft Excel 2013 using grid search procedure.
A juice production factory has produced a lothdf 100 items. Amount of vitamit€ in juice is inspected

by experimenters. The cost of inspecting a juie s 1$. The quality characteristic (amount of vitamin
C in juice),x is assumed to follow a uniform disttilmm between -6 and 6 and has a target of zero (
M =0). It is obvious that amount of vitami@ in juice cannot be negative and its value is st&dethis
interval (Ferrellet al. 2002).

1
x =U[-6,6] - f (x)= >
The producer loss function is defined as a constadithe consumer loss function is defined as @iadr
(Ferrellet al. 2002).

c,(x) =25%,c,( ¥=0.0<

limit (AQL) is equal to 0.04 and limiting The values f(X) and ¢, (x) were defined based on

Ferrell et al. (2002). Because the paramettwas not used and specified in the literature \ilae of
this parameter was defined randomly in a logictdrival. Then in the computational experiment sectio
different values ofl is considered in the model and the effect of thisameter on the objective function
is analyzed. Now the subject is to decide abougptong or rejecting this incoming lot when accefgab
quality quality limit (LQL) is equal to 0.2. Designers would like toadjust 0.9 in order to guarantee
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sufficient similarity with ideal OC curve according minimum angle method. The parameters
A, =-400,4, = 40(have been determined as lower and upper limitfirkirderivation ofANI ,

(ANI ) respectively in order to control its value atides level. We solved this problem with proposed
methodology and classical single sampling planrdeoto compare the results. We used a grid search
method for solving this problem and searched thdéimgh value of L,U,r,0 in intervals
L=11,2,3,& 10], U=[2,3,4,&,70], r=[12, 3Jandd= [1 to 6 step 0.z. We solved classical model
using a grid search method in intervads [5,6,7,&, 50] and c=[1, 2,3,&,1.First we restricted our

grid search space using the desirable intervatgder to reach optimal value of L and U and r. 8stF
the feasible values of r and L and U will be detiead and the optimal solution which minimizes the
objective function will be selected among them. Témults have been shown in table 2.

Table 2 Optimal solution of two methodologies

Proposed Method Classical single stage sampling
Ll U/|Tr O | MAM | ANI E(TC) ni c| o | MAM E(TC)

Optimal | 5 | 26 2| 4.8 0.9 35| 826% | 45| 5| 4.8 0.9 828 %
values

According to table 2, proposed model has bgieformance in comparison with classical singlgeta
sampling method because its cost objective fundidess. In this case, the values of MAM constrain
are equal for both methods but it is obvious thatvalue of ANI in proposed method is much less tha
sample size of single stage sampling. It is intargdo know the tolerance limits for both methais
identical.

4- Sensitivity analysis

We performed sensitivity analysis for illustragithe effect of each parameter on optimal solufidre
model has been solved for three different valuesagh parameter in order to elaborate the effeeach
parameter on optimal values of decision variabldso proposed method and classical method are
compared in each case. The results have been shdalvies (3-10).

Table 3 Sensitivity analysis foAQL

Proposed Method Classical single sampling
AQL L|U/|Tr O | MAM | ANI | E(TC | n | ¢ | § | MAM E(TC,
0.0z 8 |22 | 2| 4¢ 0.€ 18 81¢ |19 | 1 |4.€| 0.C 821
0.07 10| 36 | 3 | 4.€ 0.€ 29.¢ 89¢ Infeasible
0.1 5|46 | 3 | 3.€ ¢ 31 113¢ Infeasible
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Table 4 Sensitivity analysis for LQL

Proposed Method

Classical single sampling

LQL L U|Tr O | MAM | ANI | E(TC | n | ¢ | § | MAM E(TC
0.1t 6 | 39| 2| 4.¢ 0.€ 28 844 Infeasible
0.2 5126 | 2| 4.¢ 0.€ 35 82€ |45 |5 |4.€]0.¢ 82¢
0.2 8 |19 | 3 | 4. 0.€ 34 715 |37 |7 |4.€|0.¢C 722
Table 5Sensitivity analysis for inspection cost
Proposed Method Classical single sampling
c LI U|T O | MAM | ANI | E(TC | n | ¢ | § | MAM E(TC,
0.1 5126 | 2| 4.E ¢ 35 741 45 |5 | 4€| 0. 742
10 5126 | 2| 4.¢ 0.€ 35 168(C |45 |5 |4.6| 0. 168:
10C 5126 | 2| 4.E c 35 | 1021¢ |45 |5 |4.€| O.€ 1023¢
Table 6 Sensitivity analysis for lot size
Proposed Methoc Classica single sampling
N Ll U/|Tr O | MAM | ANI | E(TC | n | c | 0 | MAM E(TC,
50 7125] 2| 4A¢€ 0.€ 22 41€ 40 | 4 | 4.€| 0.€ 42C
15C 5126)| 2] 4.¢€ 0.€ 35 123: | 45| 5| 4.€] 0. 123t
20C 5126 | 2| 4.¢€ 0.€ 35 164C | 45| 5 | 4.6] 0.€ 164:
Table 7 Sensitivity analysis foA
Proposed Methoc Classica single sampling
A Ll U |Tr o | MAM | ANI E(TC nj|c| o |MAM E(TC)
0.7 5126 | 2| 4.¢ 0.€ 35 | 1020.2° | 45| 5 | 4.€| 0. 1020.6¢
10 10| 70 | 3 | 1.6 | 0.9¢ 5 216( 45| 5 | 1.€ | 0.91 216(
40 10| 70 | 3 1 0.9¢ 4 240t 49| 5| 1 | 0.9 240t
Table 8 Sensitivity analysis foB
Proposed Method Classical single sampling
B LU |Tr O | MAM | ANI | E(TC | n | ¢ | § | MAM E(TC
10 5126 | 2| 4.€ 0.€ 35 | 542.3¢ | 45| 5 | 4.€| O.€ 542.4¢
30 5126 | 2| 4.€ 0.€ 35 921.7: | 45| 5 | 4.€| O.€ 922.6¢
50 51 26| 2| 4.¢ .C 35 1301 | 45| 5 | 4.6 | 0.¢ 130:
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Table 9Sensitivity analysis ford, & A,

A A, Proposed Method Classical single sampling
LU |r| 0 |MAM| ANl | E(TC;| n | c| § | MA | E(TC
M
-3 3 91472 1 0.¢ 3 218t | 45 | 5| 4| 0. 82¢
-10C 10C | 10| 29 | 2| 4.€ .C 12 897 | 45| 5| 4.6 | 0. 82¢
-60C 60C 5126 |2 4.€ 0.¢ 35 82¢ | 45| 5| 4.6 | 0.¢ 82¢
-100C | 100C | 5 | 26 | 2| 4.€ ¢ 35 82€ | 45| 5| 4.6 | 0. 82¢
Table 10Sensitivity analysis fofu
Proposed Method Classical single sampling

w LIU][r| d MAM|]ANI| E(TC | n|c]| o | MAM| E(TC

0.4 6 | 9 | 2| 4E 0.4 13 66€ 12| 2 |4€] 04 66€
0.€ 8 |12 | 2 | 4.¢€ 0.€ 13 73t l6 | 2 |4€| 0. 73€
0.€ 7119 ] 2| 4E€ 0.€ 20 79€ 33| 4 |4€| 0.t 801

Table 3 shows that objective function increaseicreasing the value of AQL. Also results inléaB
shows that proposed model performs better thassickdssingle sampling method because it has smaller
value for cost objective function in different vatuof AQL. Also proposed model has feasible satuitip
all cases but classical method doesn’t have feasitlution for AQL =0.07 and AQL =0.1. The valuds o
MAM constraints for both methods are equal in akes. Table 4 shows that objective function inegas
by increasing the value of LQL. Also it is conclddthat the proposed method performs better than
classical method in all scenarios Table 5 showsdhpective function increases by increasing thieeva
of inspection cost. The results confirm the befterformance of proposed method in comparison with
classical method based on the measures like cdstarage number inspected. Table 6 shows that the
objective function increases by increasing thesiae. The classical method has larger value of cost
objective function in the cases N=150 and 200. Nibtgt proposed method has smaller ANI in
comparison with classical method in all the ca3able 7 shows that the objective function incredses
increasing the value A& also it is seen that even though proposed metinodclassical method both
have equal value of objective function but proposerthodology performs better than classical method
based on the MAM and ANI criteria. Table 8 showat thbjective function increases by increasing the
value ofB. proposed method has smaller value of objectimetfan andANI in comparison with classical
method in all scenarios.

Table 9 denotes that the objective functiopmfposed method decreases by widening the cortstrain
limits of first derivation for ANI function and gets closer to objective function of classical methThis
result is logical because the cost objective fumcincreases by adding new constraints and assuming
tighter limits for the constraints. Since proposeddel has two constraints and classical methodhas
constraint thus the second constraint of proposedeincan play an important role in determining the
optimal solution of proposed method. But we havengbat proposed method performsbetterthanclassical
method based on the measures like MAM and ANI arsl io spite of having more constraints.

Table 10 shows that cost objective function éases by increasing the value @fas was expected
because of having tighter interval for constrafiso proposed method has smaller value of ANI for
w=0.6 and 0..Also it is seen that in most of analyzed cases/@bthe tolerance limit of proposed
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method and classical method are the same thatakidt can confirm the validity of results. Another
merit of proposed method is to generate feasibllgieas for all analyzed cases

5- Computational experiment

In this section we are going to compare theltesdi proposed method with classical single sangpin
100 different scenarios of input parameters. 1@f@mint scenarios of parameters are randomly gestera
by uniform distribution. The results are summarizethble “A” in appendix.
According to Table “A”, ANI values of proposed methis less than their corresponding values in
classical single sampling plan)(for all of the cases. Also it is seen that clealsimethod does not have
any infeasible solution in 12% of cases while psggbmethod has feasible solution in all of the £ase
Also proposed method has better objective funciinf% of cases but proposed model is worse than
classical method in 4% of cases and for the reitetases, the objective function of these twchous
are equal. Also the optimal values of in proposed method and classical method are équ@8% of
cases.

As mentioned, minimum angle methddAM) is an important characteristic of any samplingtem
thus it's necessary to compare the results of twthods regarding this important criterion

(P.(AQD - P(LQL). According to Table “A”, the proposed model hasger value oMAM measure

in 77% of cases and two methods have the samerpenfice in the 4 % of cases thus the proposed
method performs better than traditional methodppraximately 80% of cases. This is another advantag
and merit of proposed methodology.

6- Discussion

Since the proposed model has three integesidecparameters thus optimization method for sglvin
proposed sampling model is simple and just by gpleinsearch method we can easily determine the
optimal solution but the main focus of proposed eldsl to optimize different aspects of quality aoht
simultaneously. First idea is to use conforming length as a measure for decision making abouitgual
of items. This idea has been successfully apphemiany quality problems but applying this measure i
an optimization model is not addressed before. I8kcontribution is to consider qualitative criteaiad
guantitative criteria of sampling model in an optiation model. The model considers all types oft cos
and risk functions which may occur in a samplingtegn. Even though there are some optimization
models for sampling system in literature but mdsthem applied classical approach in a very limited
model. Their approach includes specifying two poioh OC curve or designing economically optimal
sampling system. These models cannot determineptimal solution for decision maker who consider
risk and cost together along with inspection pread loss for both sides of contract.
The main contribution of this research is to corepavo different methods of acceptance sampling in
quality control. We have shown that sampling basadCRL performed better tham,§) classical
sampling system. The comparison of these two sampdiystems has been performed in several
researches but we have shown that if all imporésptects of an acceptance sampling problem were
considered in an optimization model then sampliageldl on CRL would perform better than classical
(n,c) design in most of the conditions. The resutiptimization model is not just obtained by coesiiglg
some important key factors of sampling problemsinomplex optimization model. The hidden and
important idea is to propose a conceptual modeldfsigning economically and statistically optimal
acceptance sampling plan. As explained, CCC clmated on CRL has been widely used in process
control but using this concept in acceptance samgptiethods is not widely addressed and it is nacgss
to illustrate its advantages and disadvantage®, Alte criterion MAM is not widely applied in quili
control problem while it is an important factor fdesigning statistically optimal sampling systenthed
factors like risk and cost and loss have been densd in the model that helps the decision maker to
select a proper decision by considering all impurfactors. All acceptance sampling models are Emp
optimization problems. The objective of these optation problems is to minimize number of inspected
items regarding LTPD or AOQ constraints. Acceptaseenpling based on CRL can be a suitable
alternative for classic | Dodge-Romig,§) sampling system (Fallahnezhad and Ahmadi YaZall52 .
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The optimization model of classical,§) sampling systems is very limited with one objetfunction
and one constraint. In this research a generakoethomical optimization model based on CRL was
developed for sampling system. The objective fuumciind constraints are designed in order to conside
most important characteristic of acceptance sammlinblems.

Fallahnezhad and Niaki (2013) have compareskidal (0,0 design with CRL method based on cost
objective function. They have shown that these m&ihods do not have identical performance and the
CRL method performs better than classical methosbme cases. Aslast al[26] have compared CRL
method and classical sampling system based on ARéctive function. They have shown that CRL
method performs better than classical sampling atkith most of the cases.

As for the best of author’'s knowledge, there hat been a general comparison study between these
two sampling systems so that we cannot compareiske the cost and the sample size of these two
methods. Thus, we have developed a generalizethiaation problem considering these key factors to
analyse and compare the performance of these twlooate in order to identify the merits of them based
on some simulated case studies. The results of @esom study are summarized in table 11. Second
column denotes the percentage of simulated casdestwhere proposed method performs better than
classical sampling systems and the results in tbildmn denotes the percentage of cases which the
classical sampling systems has the better perfarenah is observed that the results are in favdur o
applying CRL sampling systems based on all impowteteria of a sampling system.

Table 11.The results of comparing classical model and pregesethod

Comparison Proposed classical method Equal performance
I ndexes method
Existing feasible 100% 87% -
solution
E(TC) 6% 4% 90%
MAM T7% 19% 4%
ANI 100% 0% 0%

The proposed model can be applied as a new taplafity control environment where classical models
cannot provide guarantee for both producer anduroas also adding other constraints or objective to
the optimization model and solving this model ispsmple.

7- Conclusion

In this paper, a nonlinear optimization modeldeveloped for obtaining the optimal threshold for
tolerance design of products along with decisionapeeters of sampling method. The concept of
cumulative run length of conforming items is em@dyfor decision making in many cases. It is tried t
optimize several objectives like the total losserage number inspection, producer risk and consumer
risk in one model where some objective are indiidethe constraints of the model by defining debir
thresholds. It is observed thaNI values of proposed method are less than theiesponding values in
classical single sampling plan for all of the siatatl cases. Also it is seen that proposed methed ha
better objective function in 6% of cases but preglosiodel is worse than classical method in 4% sésa
and for the rest of the cases, the objective fonctf these two methods are equal. Also the optimal
values of tolerance threshold in proposed methadctassical method are equal in 96% of cases. if\lso
is seen that proposed model has larger valldAi measure in 77% of cases and two methods have the
same performance in the 4 % of cases thus we w@ntlsat proposed method can perform better that
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purposed method in approximately 80% of cases. Alsoseen that classical method does not have any
infeasible solution in 12% of cases while proposedhod has feasible solution in all of the cases.
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Appendix:

Table “A”. Proposed method VS. Classical single sampling

I nput Parameters Proposed Method Classical single sampling
Scenarios AQL | LQL | G N A B | A w L U [r[g5 [MAM [ANI [ECTC) [ n | c |5 [MAM | E(C)

1 002 | 021 | 77| 63| 442 28 6 o8y 10 0 [3 1 .990 |4 2093 50/ 6| 1 0.92 2093
2 004 | 015 | 881 81| 225 1p 539 09 8 #8 |2 109 3 8553 Infeasible

3 003 | 016 | 11.8] 64| 171 4P 498 079 10 |70 [ B6 | 0.99 4 3274 48] 5] 14 0.79 3274
4 0.1 023 | 911 196 189 3p 588 052 [0 |58 [ B4 | 051 4 23876 | 500 1d 14 0.58 23876
5 009 | 025 | 157 200 1684 54 530 078 B 34 |86 | 081 5 10489 | 50, 6| 1.8 0.83 11812
6 002 | 027 | 628 91 98| 4p 29 065 10 P4 | 32 R0.99 5 9032 45| 2| 22 093 9032
7 005 | 024 | 823] 8| 62| 20 38L 064 § L1 |22 20.64 3 8836 11] 1| 22 0.66 8836
8 008 [ 022 | 235 60] 112 30 59 075 b [B6 | 28 10.74 3 3251 50, 7| 18 084 3251
9 0.06 | 0.2 4 70 [ 29 52 107 072 10 39 |2 14720 [3 3343 45] 6 | 1.4] o081 3343
10 0.07 [ 013 | 905/ 14 52| 2p 359 056 p [33 ] 22 P0.6 3 16068 Infeasible

11 002 | 024 779] 91| 25 20 40p 087 10 [70 | 3 10.99 4 8695 43] 6] 1| 092 | 8695
12 005 [ 014 | 31 1290 331 56 546 078 B [70 [ 32 10.95 4 10196 Infeasible

13 002 | 024 6.6 | 190 4371 1P 465 0.7 10 [70 |3 [0.99 4 3656 50 9 1 0.77 3656
14 002 [ 019 826] 18§ 115 183 18§ 072 [0 [70 B | 0.99 4 17584 | 37] 4] 1 0.84 17584
15 0.08 | 0.2 734| 166 198 30 360 0.9 8 b2 |34 109 4 17640 Infeasible

16 005 | 026 | 122| 150 95| 3p 505 064 B [34 | 36 no.88 5 3241 50, 4] 2 0.9 6083
17 0.06 | 0.2 82 | 102 294 1B 558 057 10 [70 [ 3 [0.9 4 2134 50] 8| 1 0.67 2134
18 0.04 [ 021 3 104 3 29 7 0.9 9 47 |2 26 09 4] 2683 50 | 4 | 32| 0.93 2639
19 001 [ 021 | 116 121 144 60 402 076 b [70|2 [0.86 2 6993 46| 3] 2 0.98 6993
20 0.08 | 023 ]| 419] 196 444 60 391 089 B |49 B2 |09 4 18464 Infeasible

21 0.1 024 | 26.7] 121 14 38 73] oe6r 8 o |3 1696 10 6544 49 7| 16 084 6531
22 003 [ 025 07| 1110 144 56 87 059 [0 [0 | 3 P0.99 5 4932 50 4| 22| 0.98 4932
23 0.04 [ 019 | 759] 127 457 49 193 089 P [0 |B [0.98 4 15148 | 50 5| 1 0.9 15148
24 003 [ 024 | 623] 119 22| 38 577 073 {10 [18 |88 | 0.74 25 7528 290 5| 48 0.73 7593
25 007 [ 023 44| 99| 77| 3L 146 o072 ¥ [0 |3 » 890 |5 2800 50] 5] 2 0.82 2800
26 002 [ 016 | 114] 1259 157 57 39 057 [0 [70 | [0.99 5 7091 49| 4] 2 0.91 7091
27 002 [ 026 | 31 132] 45| 23 198 091 10 [70 [ 32 20.99 5 6328 471 3| 22 0.99 6328
28 003 [ 028 | 783| 13§ 159 44 518 059 [10 [70 | B6 | 0.99 4 15521 | 49 8| 1.4 0.95 15521
29 0.08 | 0.2 83.2] 103 239 41 209 051 10 [70 [ B4 [ 0.67 4 22801 | 500 9| 14 o054 22801
30 0.09 | 019 | 826] 67| 19 5p 488 087 3 [0 |3 1897 10 8321 Infeasible
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31 004 | 014 285] 81 91| 34 220 o077 10 [0 [ 3 Pp0.97 5 4480 50] 4] 2 0.79 4480

32 005 | 023 488 93| 404 1 155 o077 kK [70 |3 10.99 4 6018 500 8| 1 0.85 6018

33 004 | 017 943 76| 351 3p 145 073 10 [70 |[B ]0.98 4 9590 50, 6] 1 0.77 9590

34 005 | 026 481] 197 251 3 576 082 10 |70 | B2 [ 0.97 4 14929 | 49 1d 12 0.75 1492¢
35 0.08 | 017 | 36 62| 319 55 225 0.65 10 [70 | 34 [L0.66 4 5112 49| 5] 14 065 5112

36 0.04 | 023 13.8] 192 15 1B 74 o087 © [0 [3 1 .980 |4 4916 49 7] 1 0.91 4916

37 0.08 | 0.2 387 85| 371 4p 188 o051 8 70 [ 32 107 4 6956 47 8] 1.2[ 06 6956

38 009 [ 015| 919| 65| 312 4p 51 052 [0 |60 | B2 | 0.53 4 8506 Infeasi

39 0.03 | 014 90 135 468 1B 143 068 10 [70 | 3 10.97 4 13943 | 50] 5] 1 0.69 13943
40 007 | 027 483] 15§ 411 55 210 0.84 [ [70 | B2 [ 0.94 4 14871 | 47] 9] 14 085 14871
41 0.1 017 | 879] 62| 217 28 384 052 B B3 [ 32 1057 4 6907 50, 7] 121 054 6907

42 0.06 | 024 589 192 43| 5p 227 0§ 5 P3| 38 #4079 45 15878 | 42| 7| 44 08 15953
43 004 | 025 262 169 196 10 214 079 B8 [70 B [0.99 4 6056 47] 8] 1 0.85 6056

44 006 | 028 837 19§ 55| 3p 174 053 Pk [15]| 38 4055 30 16531 | 32 8| 48 054 16384
45 0.04 | 024 826 13§ 14 47 34 o8l F o [3 1899 5 16507 | 50| 7] 1.8 0.94 16507
46 0.1 023 ] 723] 187 305 30 33 053 10 58 [ 3 10.53 4 18579 | 49| 10 1 0.59 18579
47 0.07 | 03 90.3] 200 9.7 2L 424 0.63 10 [70 | 34 10.74 4 21565 | 43 7| 14 095 21565
48 004 | 029 874 102 418 56 400 0.89 10 |70 | 12 [ 0.99 4 13947 | 47] 9] 12 092 13947
49 0.07 | 022 ] 57 133 421 58 540 084 10 [70 | 32 10.85 4 13778 | 41 5| 12 086 13778
50 003 | 014 | 724 124 85| 56 422 063 B 15| 16 p0.64 2 13897 | 19 1| 24 0.63 13897
51 0.06 | 015 833] 130 48| 47 435 072 B P9 | 22 B0.72 5 14756 | 49 4| 32 072 14756
52 002 | 016 | 403] 166 182 24 39 086 5 [70 ]| 22 10.98 3 10221 [ s0[ 4] 124 0.9 10221
53 005 | 016 | 669 150 383 27 202 055 10 [70| 1B [0.96 4 13763 | 45 6| 1 0.56 13763
54 005 | 018 | 439 123 182 22 469 052 10 [70| 1B [0.94 4 7744 500 8] 1 0.52 7744

55 0.09 [ 016 | 428 184 122 30 482 058 [10 [65| B6 | 0.57 4 12369 Infeasi

56 008 | 024 45| 130 397 56 308 076 B [70]| 32 10.82 4 6844 500 9] 1.7 o0.77 6844

57 004 | 028 513 92 263 24 59 073 10 [70 B [0.97 4 6681 50/ 10 1 0.85 6681

58 0.04 | 015 46 174 388 1B 282 0.5 y 70 [3 1L 980 |4 10961 | 41] 5[ 1 0.61 10961
59 001 | 012 152] 18§ 181 55 398 047 B [70 | B8 [ 0.94 4 11044 | 50| 3| 14 087 11044
60 003 | 021 20 1720 57| 11 34f 058 B3 [0 |2 1@99 3 5075 32 2| 14 o088 5075

61 006 | 026 27| 8| 162 3p 360 068 O [70 |36 10.92 4 3017 50/ 7] 1.6 0.95 3017

62 004 | 022 115/ 72| 468 4 520 082 Pk [70 |3 10.99 4 3676 46 7] 1 0.82 3676

63 008 | 021 | 201] 135 459 36 241 09 7 B0 |3 0.9 4 7121 Infeasi

64 006 | 021 229] 104 103 35 163 0.9 10 |70 | 138 [ 0.93 4 5491 500 6] 1.4 0.9 5491

65 007 | 021 769 137 494 59 440 063 9 [70|B [0.79 4 17682 | 50[ 8] 1 0.73 17682
66 002 | 017 | 305] 178 127 21 125 0.2 10 70 | B2 [ 0.99 4 8693 500 6] 14 0.75 8693
67 007 [ 013 621] 130 248 18 288 0681 [ [70|B 085 4 10184 Infeasible

68 001 | 016 | 238 72| 253 59 144 059 B [0 | 36 091 10 5253 500 6| 1.8 0.73 | 5253
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|

69 0.09 0.29 19.9] 109 16 28 471 0.69 10 49 | 34 10.7 4 4749 50| 9 1.4 0.92 4749
70 0.03 0.27 84.6| 163 32.7 26 290 0.89 0 70 | 3 10.99 4 17680 50 9 1 0.9 17680
71 0.03 0.26 91.3] 17§ 45.7 41 265 0.87 0 70 | 3 10.99 4 22742 50| 8 1 0.93 22742
72 0.02 0.28 38.2| 73 6.8 58 44 0.97 b b2 | 2 28.99 4 5484 50| 1 2.8 0.79 5484
73 0.06 0.17 37.6| 12§ 34.] 14 512 0.76 4 70 | 3 10.98 4 6519 50| 5 1 0.8 6519
74 0.04 0.18 46.7| 187 14.3 21 25 0.83 0 70 | 32 10.98 4 12193 48| 5 1.2 0.87 12193
75 0.03 0.29 66.4| 189 18 50 388 0.92 3 70 | 3 1899 10 20466 49| 7 1.4 0.98 20464
76 0.05 0.24 9.9 167] 6.9 1 332 0.75 3 70 | 3 1699 10 3911 40| 4 16 0.9 3911
77 0.01 0.25 90.3| 12§ 23.§ 45 287 0.74 10 |70 [ 134 | 0.99 4 16461 500 10 14 0.75 16461
78 0.05 0.26 11.8] 199 464 43 120 0.68 10 |70 | 1B 0.97 4 9961 45| 9 1 0.78 9961
79 0.06 0.29 23.5| 89 9.6 58 471 092 10 [70 | 34 R0.93 5 5552 50/ 5 24 0.93 5552
80 0.06 0.16 16.2] 149 42.4 20 352 059 10 |70 | 13 0.91 4 5203 50| 6 1 0.65 5203
81 0.07 0.22 37.6] 141 4.6 38 348 0.597 0 11 | 2 B0.56 4 8931 15| 2 3 0.59 8934
82 0.03 0.27 75.4| 136 289 24 445 0.7 10 |70 | 13 0.99 4 13174 44| 8 1 0.88 13174
83 0.09 0.22 3.8 198  20.7 28 283 0.68 8 70 | 32 1.0.69 4 5520 50 9 1.2 0.68 5520
84 0.06 0.16 98.1] 73 47.3 50 11 0.54 l 63 | 2 [10.55 3 10451 50| 6 1 0.63 10451
85 0.02 0.14 11.7] 170 1.7 56 7 058 6 B 1 3.6540 3 6499 14| 1 4.8/ 0.56 5307
86 0.03 0.3 25 162 384 283 108 0.7 D 0 |3 1 990. |4 7504 50| 10| 1 0.91 7504
87 0.04 0.13 434 179 321 29 411 0.8 10 |70 | 3 100.95 4 11796 Infeasible

88 0.07 0.25 4.4 173 4.4 3y 56p 0.58 10 [70 | 3 B0.77 6 5096 50| 4 3 0.69 5096
89 0.04 0.21 48.5| 76 47.4 13 524 0.57 6 70 | 3 [10.99 4 4730 43| 8 1 0.56 4730
90 0.03 0.15 58.7] 139 7.1 1p 68 0.86 D 70 | 2 18.95 3 10300 50| 4 1.6/ 0.87 10300
91 0.08 0.25 775 72 40 26 21y 0.88 10 A5 |3 1 .880 |4 7293 50| 8 1 0.89 7293
92 0.09 0.28 88.7| 165 414 3¢ 52 0.54 10 60| 3 [10.54 4 19441 50| 10 1 0.85 19441
93 0.04 0.28 549| 108§ 21 12 564 0.72 4 12 | 28 40.72 22 5191 25 5 48 0.72 5224
94 0.04 0.13 99 145 42 50 256 052 4 70 |2 12950 | 3 21811 36| 3 12| 0.64 21811
95 0.02 0.16 63.6] 116 38.4 41 526 0.7 10 |70 | 13 0.99 4 11585 29| 3 1 0.72 11585
96 0.01 0.17 56.1] 100 434 4 58 0.76 0 70 | 3 [10.99 4 9307 50| 6 1 0.78 9307
97 0.07 0.16 37.3] 100 33.6 26 233 0.4 10 |70 | 13 0.8 4 5970 50| 6 1 0.65 5970
98 0.08 0.24 15.2] 55 9.2 15 11p 0.9 D 49 |3 129 4 1536 Infeasible

99 0.04 0.26 75.1] 66 36.9 20 451 0.8 v 70 | 3 1 .990 4 6213 50| 10 1 0.8 6213
100 0.01 0.14 91.2] 187 411 34 461 0683 9 70 | 3 10.98 4 22777 50| 5 1 0.74 22777
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