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Abstract: Product testing is a key ingredient in maintaining the quality of a pro-
duction process. The production process is considered an efficient process if it is
capable of quick identification of faulty products. The items produced by any pro-
duction process are usually packed and acceptance or rejection of the pack
depends upon its conformity to some specified quality level. Generally, the spe-
cified quality level is based upon the number of defective items found in the
inspected number of items. Such decisions are based upon some rules and usually
acceptance of the pack is based upon a fewer number of defective items in the
pack. Such questions can be answered by using acceptance sampling plans.
The acceptance sampling plans assume the fact that the quality level of the item
follows some probability distribution. The sampling plans based upon some clas-
sical probability distributions are available but often it happens that the quality
behavior of the product does not follow a simple probability model and hence
the available sampling plans fail. In this paper, we have developed acceptance
sampling plans when the product life follows a general Weibull distribution.
The sampling plans have been constructed by considering the crisp and fuzzy
behavior of the acceptance probability. These sampling plans have been con-
structed by assuming an infinite lot size. It has been found that the number of
items required for inspection decreases with an increase in some parameters.

Keywords: General Weibull distribution; sampling plans; acceptance probability;
fuzzy plan

1 Introduction

Product inspection is an important phase in the production process. It is always desired that the produced
product meet some specified characteristics. The quality control engineers are vigilant in monitoring the
process so that the items which do not meet certain quality level are not shipped to the customers.
Continuous monitoring of the lots of products at a production plant is therefore necessary. It is not
possible to inspect all the items in a lot and hence a sample of the produced items is inspected and the
decision about the lot is made if the number of defective items in sampled items is less than a pre-
specified value. The acceptance sampling plan is a useful statistical method that helps the quality control
engineer in making such decisions. The acceptance sampling plans have a long history in the field of

This work is licensed under a Creative Commons Attribution 4.0 International License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original
work is properly cited.

Computer Systems Science & Engineering
DOI:10.32604/csse.2022.018219

Article

echT PressScience

mailto:mkmohamad@kau.edu.sa
http://dx.doi.org/10.32604/csse.2022.018219
http://dx.doi.org/10.32604/csse.2022.018219


quality control. The classical use of acceptance sampling plan was introduced by Sobel et al. [1]. The
acceptance sampling plans have been extensively discussed by Feigenbaum [2] and Montgomery [3].

The acceptance sampling plans are constructed by specifying an acceptable level for the product. The
acceptance sampling plans have been studied by a number of authors assuming that the life length of the
product follows some specified probability distribution. Several authors have proposed the sampling plans
assuming that the life length of the product has a certain underlying probability distribution. The
sampling plans for gamma-distributed product life has been studied by Gupta et al. [4] for different
combinations of the parameters. The Weibull distribution has been an area of interest by several authors
in the context of acceptance sampling plans. Classical work on use of Weibull distribution in acceptance
sampling plans has been done by Goode et al. [5].

Several other authors have used Weibull distribution to develop the sampling plans under different
situations. The sampling plans for two parameter Weibull distribution have been discussed by Fertig et al.
[6] and another version of the Weibull sampling plans has been discussed by Jun et al. [7]. The repetitive
group acceptance sampling plan for Weibull distribution is given by Yan et al. [8]. The sampling plan
under progressive type I censoring for Weibull distribution has been discussed by Ding et al. [9], among
others. The sampling plan for power Lindley distribution, introduced by Ghitany et al. [10], has been
proposed by Hanif Shahbaz et al. [11]. The study of acceptance sampling plans is ever increasing and in
this paper we have discussed the acceptance sampling plans when the life length of the product follows
the Topp–Leone weighted Weibull distribution, proposed by Abbas et al. [12]. The plan of the paper follows.

In Section 2 we have given a brief about the Topp–Leone weighted Weibull distribution. An overview of
the acceptance sampling plans is given in Section 3. In Section 4 we have given the exact sampling plans for
Topp–Leone weighted Weibull distribution under infinite lot size followed by the fuzzy sampling plan in
Section 6. Section 6 contains some conclusions and recommendations.

2 A General Weibull Distribution

Amethod of generating weighted distributions has been proposed by Azzalini et al. [13] and is named as
the weighted class of distributions. The method has been used by Refs. [14–16] to propose some weighted
Weibull distributions. The Topp–Leone family of distributions has been proposed by Al-Shomrani et al. [17]
as an alternative to the Beta family of distributions, proposed by Eugene et al. [18]. The Topp–Leone
Weighted Weibull, TLWW for short, distribution has been recently proposed by Abbas et al. [12] by
using the weighted Weibull distribution in the Topp–Leone family of distributions. The density and
distribution functions of the TLWW distribution are

f x; b; a; c; �ð Þ ¼ 2bac 1þ �cð Þxc�1e�2axc 1þ�cð Þ 1� e�2axc 1þ�cð Þ
h ib�1

; x; b; a; c; � > 0 (1)

and

F x; b; a; c; �ð Þ ¼ 1� e�2axc 1þ�cð Þ
h ib

: (2)

For the sake of simplicity, we will assume that a ¼ 1 and hence the distribution function becomes

F x; b; a; c; �ð Þ ¼ 1� e�2xc 1þ�cð Þ
h ib

: (3)
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The expressions of moment and quantile function for TLWW distribution are

l=r ¼
X1
j¼0

�1ð Þj � bþ 1ð Þ
j!� b� jð Þ

1

jþ 1

� �r=cþ1

2�r=c 1þ �cð Þ�r=c
h i

(4)

and

Q pð Þ ¼ � ln 1� p1=b
� �
2 1þ �cð Þ

" #1=c

; b; c; � > 0 ; 0 < p < 1: (5)

The mean of the distribution is immediately written from Eq. (4) and is

l ¼ P1
j¼0

�1ð Þj � bþ 1ð Þ
j!� b� jð Þ

1

jþ 1

� �1=cþ1

2�1=c 1þ �cð Þ�1=c
h i

.

The mean and quantile function provide the basis for the construction of the sampling plans. In this
paper, we have constructed the acceptance sampling plans when the life of a component follows the
TLWW distribution.

In the following section, we will briefly discuss the simple and fuzzy acceptance sampling plans.

3 Acceptance Sampling Plan

Acceptance sampling plans have widespread applications in quality control, see for example [3]. These
plans are used to accept or reject the lot on the basis of a random sample. The acceptance sampling plans are
categorized by the number of items inspected (n) and the maximum allowed number of the defective items (c)
for acceptance of the lot. The probability of acceptance of an infinite size lot is given as

L pð Þ ¼
Xc

i¼0

n
i

� �
pi 1� pð Þn�i; (6)

where c is the maximum number of allowed defectives in a lot and p is a pre–assigned probability.

The acceptance sampling plans are based on continuing an experiment until a pre–specified time point,
t0, and terminating the experiment after that. The plan suggests accepting the lot if fewer than c defective
items are inspected within the interval [0,t0]. The acceptance or rejection of the lot is equivalent to testing
the hypothesis H0 : l > l0 where l is the average life of the component and l0 is some pre–specified
value. The sampling plans are also based upon two probabilities, namely consumer risk, b, and producer
risk, a. The acceptance sampling plan is based upon solving the following two inequalities for n and c

Xc

i¼0

n
i

� �
AQLð Þi 1� AQLð Þn�i � 1� a (7)

and

Xc

i¼0

n
i

� �
LTPDð Þi 1� LTPDð Þn�i � b (8)

where AQL is the acceptable quality level, and LTPD is the lot tolerance percent defective. Inequalities
Eqs. (7) and (8) use binomial distribution since it is assumed that the lot size is infinite or when
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N >> c � n; where N is the lot size and c is a sufficiently large number, say 500 or more. When the lot size is
finite, then the binomial distribution is replaced with the hypergeometric distribution.

Often the probabilities are fuzzy and in such cases, we have to adjust the computation of the values of the
plan parameters by considering this fuzziness. The suitable change that has to be made is to adjust Eqs. (7)
and (8) by replacing the conventional binomial distribution with the neutrosophic binomial distribution
which is given by Buckley et al. [19] as

�P xð Þ d½ � ¼ n
x

� �
px 1� pð Þn�x

����S
� �

(9)

for 0 � d � 1 and S is the statement “p 2 �p d½ � & q 2 �q d½ �”. It is well known that for a specific fuzzy set
�P xð Þ d½ � ¼ Px1 dð Þ;Px2 dð Þ½ � is such that Px1 dð Þ ¼ min �P xð Þ d½ �f g and Px2 dð Þ ¼ max �P xð Þ d½ �f g.

The fuzzy acceptance sampling plan is therefore based upon obtaining a pair of values n; cð Þ for the
fuzzy probability �P d½ �. The sampling plan parameters are therefore obtained by solving

Xc

i¼0

n
i

� �
AQLð Þi 1� AQLð Þn�i

�����S
( )

� 1� a (10)

and

Xc

i¼0

n
i

� �
LTPDð Þi 1� LTPDð Þn�i

�����S
( )

� b; (11)

where AQL is now fuzzy acceptable quality level and LTPD is fuzzy lot tolerance percent defective.

We will now discuss the exact and fuzzy sampling plans in the following.

4 Exact Sampling Plan under Topp–Leone Weighted Weibull Distribution

In this section we have discussed the exact sampling plans when the product life follows the TLWW
distribution.

4.1 The Sampling Plans

This section contains the exact sampling plan when lot size is infinite and life length of the product
follows TLWW distribution. The sampling plan is based upon obtaining the values of n and c which
satisfies Eqs. (7) and (8). The quantities AQL and LTPD are obtained from the distribution and quantile
function of TLWW distribution given in Eqs. (3) and (5).

Now assuming that the life length of the product is t0 ¼ a0l0, where l0 is the average life of the product,
and using x ¼ a0l0 ¼ al l=l0ð Þ�1 and further using l ¼ Q uð Þ, we can write Eq. (3) as

p ¼ 1� exp �2a�0Q
� uð Þ l

l0

� ���

1þ �cð Þ
( )" #b

(12)

The acceptance sampling plans are constructed for various ratios of l=l0 ; c ; � and b . The values of n
and c which satisfy inequalities Eqs. (7) and (8), for different values of a, are given in Table A.1 and
Table A.2, respectively, in Appendix A. These values are obtained by assuming l=l0 ¼ 1 for LTPD. The
values of n and c in these tables provide information about the number of items to be put on the test and
the number of defective items observed for rejection of the lot. For example, in Table A.1, the values of n
and c for c ¼ 2:5; � ¼ 0:5; b ¼ 2:0; a0 ¼ 0:75; p ¼ 0:75; a ¼ 0:05; b ¼ 0:05 and l=l0 ¼ 3 are 12 and 6,
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respectively. These values indicate that if the quality control engineer is interested in testing the hypothesis
that the life length of a component is 1000 hours and the true average life is thrice this value, then the
engineer can test 12 items and if fewer than 6 items fail in 750 hours then the engineer can conclude with
95% confidence that the life is more than 3000 hours.

4.2 Operating Characteristic Curve

The operating characteristic (OC) curve is a useful way to decide the performance of an acceptance
sampling plan. The OC values for a sampling plan give the probability of acceptance of the lot under a
specific sampling plan when the actual lot contains a specified percentage of defective items. The
operating characteristic values can be computed by using Eq. (6). The OC values for the given sampling
plan under Topp–Leone weighted Weibull distribution with specific values of the parameters are given in
Table A.3 in Appendix A. We can see that the probability of acceptance decreases as the value of “a0”
increases for the fixed ratio l=l0. Additionally, we can see that for a fixed value of “a0”, the acceptance
probability increases with an increase in l=l0.

5 Fuzzy Sampling Plans under General Weibull Distribution

The fuzzy sampling plans are an extension of conventional sampling plans and are based upon the fuzzy
binomial distribution. In this section we have studied the fuzzy sampling plan when the product life follows
the TLWW distribution. The plan parameters are computed by using the fuzzy inequalities given in Eqs. (10)
and (11). In the case of a fuzzy sampling plan, the plan parameters are pair of values nL; cLð Þ and nH ; cHð Þ.
These values are computed by assuming the fuzziness of the parameter a0, which controls the average life of
the product. We have used fuzzy values of a0 around 0.75 and 1.0 to obtain the plan parameters. These values
are given in Table A.4 in Appendix A. The fuzzy plan parameters now provide an interval for both n and c.
For example the plan parameters for c ¼ 1:5; � ¼ 0:5; b ¼ 1:5; a0 ¼ 0:75ð Þ; p ¼ 0:75; a ¼ 0:05; b ¼ 0:05
and l=l0 ¼ 4 are 8; 10ð Þ and 3; 4ð Þ. These values indicate that if the quality control engineer is interested
in testing the hypothesis that the life length of a component is 1000 hours and the true average life is
four-time of this value, then the engineer can test between (8,10) items and if between (3,4) items fail in
(750) hours then the engineer can conclude with 95% confidence that the life is more than 4000 hours.

6 Conclusions

In this paper, we have developed exact and fuzzy sampling plans when the product life follows Topp–
Leone weighted Weibull distribution. The sampling plans have been constructed for various choices of the
parameters and for various ratios of l=l0. These sampling plans have been constructed for infinite lot sizes.
We have observed for the exact sampling plan that the number of items required for inspection decreases with
an increase in certain parameters.

We have further observed that for the fuzzy sampling plan we have pair of (n,c) as the probability falls
within an interval. We have seen that the plan parameters are dependent upon l=l0 and that the number of
items required for inspection decreases with an increase in l=l0. This is also true for the values of c. We have
also observed that parameter b of Topp–Leone weighted Weibull distribution has a significant effect on the
plan parameters. We have observed that the plan parameters and b are inversely related.
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Appendix A

Table A.1: Values of ( n,c) for various choices of the parameters at α = 0.05

c; �; bð Þ a0 p b l=l0

1.5 2 3 4 5

1:5; 0:25; 1:5ð Þ 0.75 0.75 0.01 109,68 42,23 18,8 13,5 12,4

0.05 77,49 30,17 13,6 10,4 6,2

0.10 62,40 24,14 12,6 7,3 6,2

0.25 39,26 16,10 8,4 6,3 5,2

0.95 0.01 110,89 38,28 16,10 11,6 8,4

0.05 78,64 25,19 12,8 7,4 6,3

0.10 64,53 22,17 9,6 5,3 5,3

0.25 44,37 15,12 7,5 5,3 5,3

1.0 0.75 0.01 108,81 37,25 16,9 12,6 9,4

0.05 75,57 26,18 12,7 8,4 7,3

0.10 61,47 24,17 10,6 7,4 6,3

0.25 38,30 15,11 6,4 5,3 4,2

0.95 0.01 130,117 39,33 16,12 9,6 8,5

0.05 96,87 29,25 13,10 7,5 6,4

0.10 79,72 23,20 9,7 7,5 6,4

0.25 51,47 17,15 6,5 4,3 3,2

2:5; 0:5; 2:0ð Þ 0.75 0.75 0.01 87,52 32,16 15,6 10,3 8,2

0.05 62,32 23,12 10,4 8,3 7,2

0.10 48,30 20,11 9,4 6,2 6,2

0.25 31,20 12,7 6,3 5,2 3,1

0.95 0.01 85,61 30,19 12,6 10,4 6,2

0.05 60,44 20,13 11,6 7,3 5,2

0.10 47,35 18,12 9,5 6,3 5,2

0.25 33,25 10,7 5,3 4,2 4,2

1.0 0.75 0.01 85,63 29,19 13,7 9,4 8,3

0.05 57,43 21,14 9,5 7,3 5,2

0.10 50,38 16,11 7,4 6,3 5,2

0.25 32,25 11,8 5,3 4,2 4,2

0.95 0.01 95,80 30,23 11,7 9,5 6,3

0.05 68,58 23,18 9,6 7,4 4,2

0.10 56,48 19,15 9,6 5,3 4,2

0.25 39,34 12,10 7,5 3,2 3,2
(Continued)
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Table A.1 (continued).

c; �; bð Þ a0 p b l=l0

1.5 2 3 4 5

2:0; 0:75; 3:0ð Þ 0.75 0.75 0.01 66,51 21,14 8,4 7,3 6,2

0.05 47,37 16,11 7,4 5,2 3,1

0.10 39,31 14,10 7,4 4,2 3,1

0.25 27,22 8,6 5,3 2,1 2,1

0.95 0.01 80,71 26,21 9,6 7,4 5,2

0.05 58,52 17,14 7,5 5,3 4,2

0.10 51,46 17,14 7,5 5,3 2,1

0.25 35,32 13,11 4,3 3,2 2,1

1.0 0.75 0.01 85,76 27,22 9,6 7,4 4,2

0.05 62,56 18,15 7,5 5,3 4,2

0.10 54,49 18,15 7,5 5,3 2,1

0.25 37,34 14,12 4,3 3,2 2,1

0.95 0.01 146,140 35,32 10,8 7,5 5,3

0.05 107,103 26,24 10,8 4,3 3,2

0.10 87,84 26,24 6,5 4,3 3,2

0.25 65,63 16,15 6,5 4,3 3,2

Table A.2: Values of (n,c) for various choices of the parameters at α = 0.01

c; �; bð Þ a0 p b l=l0

1.5 2 3 4 5

1:5; 0:25; 1:5ð Þ 0.75 0.75 0.01 150,96 54,31 25,12 18,8 13,5

0.05 110,72 40,24 19,10 13,6 11,5

0.10 95,63 36,22 15,8 12,6 9,4

0.25 67,46 25,16 12,7 9,5 6,3

0.95 0.01 153,126 51,39 22,15 13,8 11,6

0.05 114,95 41,32 17,12 11,7 8,5

0.10 95,80 34,27 14,10 9,6 8,5

0.25 69,59 23,19 12,9 7,5 6,4

1.0 0.75 0.01 148,113 53,37 23,14 15,8 12,6

0.05 108,84 40,29 17,11 12,7 9,5

0.10 93,73 34,25 15,10 10,6 7,4

0.25 66,53 25,19 10,7 6,4 5,3

0.95 0.01 178,162 59,51 23,18 14,10 10,7

0.05 134,123 42,37 16,13 12,9 7,5

0.10 115,106 36,32 16,13 9,7 7,5

0.25 86,80 30,27 13,11 6,5 5,4
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Table A.2 (continued).

c; �; bð Þ a0 p b l=l0

1.5 2 3 4 5

2:5; 0:5; 2:0ð Þ 0.75 0.75 0.01 117,72 45,24 20,9 14,5 12,4

0.05 87,55 32,18 15,7 10,4 8,3

0.10 73,47 29,17 12,6 9,4 8,3

0.25 51,34 21,13 9,5 6,3 5,2

0.95 0.01 117,86 41,27 18,10 12,6 10,4

0.05 88,66 32,22 14,8 10,5 8,4

0.10 71,54 27,19 13,8 9,5 6,3

0.25 54,42 19,14 9,6 5,3 5,3

1.0 0.75 0.01 116,88 41,28 17,10 12,6 9,4

0.05 88,68 31,22 13,8 9,5 8,4

0.10 73,57 26,19 11,7 7,4 6,3

0.25 54,43 20,15 9,6 5,3 5,3

0.95 0.01 131,112 43,34 16,11 11,7 9,5

0.05 97,84 32,26 14,10 9,6 7,4

0.10 86,75 28,23 12,9 9,6 6,4

0.25 62,55 20,17 9,7 7,5 6,4

2:0; 0:75; 3:0ð Þ 0.75 0.75 0.01 91,72 31,22 12,7 8,4 7,3

0.05 67,54 23,17 10,6 6,3 6,3

0.10 59,48 20,15 8,5 6,3 4,2

0.25 42,35 14,11 6,4 5,3 4,2

0.95 0.01 119,107 36,30 14,10 8,5 7,4

0.05 88,80 27,23 11,8 6,4 5,3

0.10 80,73 23,20 9,7 6,4 5,3

0.25 55,51 18,16 6,5 4,3 3,2

1.0 0.75 0.01 118,107 38,32 14,10 8,5 7,4

0.05 93,85 29,25 12,9 6,4 5,3

0.10 76,70 24,21 9,7 6,4 5,3

0.25 58,54 19,17 6,5 4,3 3,2

0.95 0.01 201,194 55,51 18,15 9,7 7,5

0.05 160,155 46,43 14,12 9,7 4,3

0.10 138,134 36,34 14,12 6,5 4,3

0.25 116,113 25,24 10,9 6,5 4,3

CSSE, 2022, vol.40, no.1 295



Table A.3: OC Values for the Topp–Leone Weighted Weibull Sampling Plan

c ¼ 2:5; � ¼ 0:5; b ¼ 1:5; p ¼ 0:85; c ¼ 2 c ¼ 2:5; � ¼ 0:5; b ¼ 1:5; p ¼ 0:90; c ¼ 2

n a l=l0 n a l=l0
3 4 5 6 3 4 5 6

16 0.4 0.6195 0.8130 0.9037 0.9472 16 0.4 0.5631 0.7759 0.8814 0.9338

12 0.6 0.4668 0.7027 0.8334 0.9032 12 0.6 0.4067 0.6534 0.7997 0.8811

10 0.8 0.3471 0.5971 0.7577 0.8518 10 0.8 0.2907 0.5410 0.7145 0.8212

9 1.0 0.2402 0.4836 0.6664 0.7850 9 1.0 0.1921 0.4247 0.6150 0.7453

7 1.2 0.1866 0.4149 0.6045 0.7361 7 1.2 0.1451 0.3571 0.5497 0.6913

6 1.4 0.2751 0.5132 0.6859 0.7967 6 1.4 0.2258 0.4568 0.6376 0.7597

5 1.6 0.3200 0.5550 0.7170 0.8184 5 1.6 0.2689 0.5008 0.6723 0.7847

c ¼ 2:5; � ¼ 0:5; b ¼ 1:5; p ¼ 0:95; c ¼ 2 c ¼ 2:5; � ¼ 0:5; b ¼ 1:5; p ¼ 0:99; c ¼ 2

n a l=l0 n a l=l0
3 4 5 6 3 4 5 6

12 0.4 0.6724 0.8438 0.9209 0.9570 12 0.4 0.5462 0.7617 0.8717 0.9274

10 0.6 0.4599 0.6950 0.8273 0.8987 10 0.6 0.3233 0.5742 0.7403 0.8396

9 0.8 0.2901 0.5385 0.7115 0.8184 9 0.8 0.1752 0.4024 0.5946 0.7291

7 1.0 0.2955 0.5389 0.7089 0.8150 7 1.0 0.1820 0.4056 0.5939 0.7264

6 1.2 0.2709 0.5086 0.6820 0.7938 6 1.2 0.1642 0.3770 0.5640 0.7002

5 1.4 0.2997 0.5340 0.7000 0.8057 5 1.4 0.1898 0.4056 0.5874 0.7172

4 1.6 0.4005 0.6241 0.7668 0.8525 4 1.6 0.2814 0.5055 0.6712 0.7810

c ¼ 1:5; � ¼ 0:75; b ¼ 2:0; p ¼ 0:85; c ¼ 2 c ¼ 1:5; � ¼ 0:75; b ¼ 2:0; p ¼ 0:90; c ¼ 2

n a l=l0 n a l=l0
3 4 5 6 3 4 5 6

16 0.4 0.8067 0.9358 0.9762 0.9901 16 0.4 0.7312 0.9028 0.9621 0.9837

12 0.6 0.6233 0.8446 0.9340 0.9700 12 0.6 0.5194 0.7810 0.9010 0.9530

10 0.8 0.4551 0.7320 0.8719 0.9367 10 0.8 0.3483 0.6442 0.8174 0.9053

9 1.0 0.3037 0.5985 0.7851 0.8849 9 1.0 0.2112 0.4957 0.7086 0.8352

7 1.2 0.3161 0.6017 0.7831 0.8818 7 1.2 0.2250 0.5024 0.7084 0.8324

6 1.4 0.2929 0.5717 0.7583 0.8643 6 1.4 0.2071 0.4730 0.6804 0.8107

5 1.6 0.3222 0.5928 0.7695 0.8697 5 1.6 0.2355 0.4982 0.6959 0.8190

c ¼ 1:5; � ¼ 0:75; b ¼ 2:0; p ¼ 0:95; c ¼ 2 c ¼ 1:5; � ¼ 0:75; b ¼ 2:0; p ¼ 0:99; c ¼ 2

n a l=l0 n a l=l0
3 4 5 6 3 4 5 6

12 0.4 0.7632 0.9154 0.9671 0.9858 12 0.4 0.5404 0.7947 0.9083 0.9569

10 0.6 0.5017 0.7654 0.8911 0.9473 10 0.6 0.2523 0.5478 0.7504 0.8637

9 0.8 0.2839 0.5782 0.7708 0.8760 9 0.8 0.0991 0.3272 0.5580 0.7247

7 1.0 0.2594 0.5424 0.7396 0.8535 7 1.0 0.0904 0.2999 0.5223 0.6913

6 1.2 0.2165 0.4847 0.6902 0.8177 6 1.2 0.0711 0.2530 0.4647 0.6382

5 1.4 0.2286 0.4899 0.6890 0.8141 5 1.4 0.0813 0.2646 0.4705 0.6385

4 1.6 0.3115 0.5685 0.7445 0.8495 4 1.6 0.1383 0.3496 0.5507 0.7010
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Table A.4: Fuzzy values of (n,c) for various choices of the parameters α = 0.05

c; �; bð Þ a0ð Þ p b l=l0

3 4 5

nL; cLð Þ nH ; cHð Þ nL; cLð Þ nH ; cHð Þ nL; cLð Þ nH ; cHð Þ
1:5; 0:5; 1:5ð Þ (0.75) 0.75 0.01 16,8 19,9 12,6 13,6 9,3 11,4

0.05 12,7 15,7 8,3 10,4 7,2 9,3

0.10 10,6 12,6 7,3 10,4 6,2 8,3

0.95 0.01 16,11 18,12 9,5 11,6 8,4 11,5

0.05 13,9 16,10 7,5 10,5 6,3 8,4

0.10 9,8 12,7 7,5 10,5 6,3 8,4

(1.0) 0.75 0.01 16,10 17,11 10,6 12,6 9,5 11,5

0.05 11,8 14,8 8,5 10,5 5,3 8,3

0.10 10,8 12,8 6,4 9,4 5,3 7,3

0.95 0.01 19,13 21,14 9,6 12,7 7,5 8,5

0.05 14,10 17,12 9,6 11,7 7,5 8,5

0.10 14,8 16,11 6,4 9,5 4,3 5,3

2:5; 0:75; 2:0ð Þ (0.75) 0.75 0.01 12,8 15,8 7,4 9,2 6,3 9,2

0.05 10,7 13,6 5,3 7,4 4,2 8,1

0.10 7,5 10,3 5,3 8,3 4,2 6,1

0.95 0.01 13,10 17,10 9,6 11,5 5,3 9,4

0.05 10,8 13,8 7,5 9,6 5,3 9,4

0.10 10,8 13,7 4,3 8,2 3,2 6,1

(1.0) 0.75 0.01 11,7 15,8 7,3 11,5 6,3 9,3

0.05 10,7 12,6 6,3 9,1 4,2 8,2

0.10 8,4 10,6 6,3 8,3 4,2 8,2

0.95 0.01 13,9 16,9 9,5 11,5 5,3 9,1

0.05 10,6 14,9 8,4 10,6 5,3 7,1

0.10 9,5 12,9 4,3 6,1 3,2 7,1

2:0; 0:25; 3:0ð Þ (0.75) 0.75 0.01 14,3 17,2 12,2 14,1 9,1 12,2

0.05 9,2 12,2 7,1 9,2 7,1 9,2

0.10 8,2 11,0 6,1 10,2 6,1 8,0

0.95 0.01 12,4 16,3 8,2 10,0 6,1 10,2

0.05 8,3 12,4 7,2 10,3 5,1 7,–1

0.10 6,2 10,1 4,1 7,1 4,1 7,2

(1.0) 0.75 0.01 11,4 15,2 8,2 11,1 6,1 8,2

0.05 8,3 10,2 6,2 9,2 5,1 8,1

0.10 7,3 10,2 4,1 8,2 4,1 8,2

0.95 0.01 10,5 12,6 7,3 9,2 4,1 7,1

0.05 6,3 10,3 5,2 8,2 3,1 6,1

0.10 6,3 10,2 4,2 6,3 3,1 6,2
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