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Introduction

Improving the quality, compliance rate and product life is a priority in
manufacturing industries. If the performance of a process is evaluated by
the lifetime of a product, it is clear that a larger lifetime indicates better
product quality and higher process capability, and this process is accepted.
For instance, the lifetime of electronic components exhibits a larger-the-
better type of quality characteristic. The process capability index is one of
the indicators for evaluating the capability of a process. To measure the
larger-the-better quality characteristic, a process capability index has been
defined as C, = "T_L 0 <L <oowhere u and o are the mean and
standard deviation of the process, respectively, and L is the lower
specification limit.
In various manufacturing and service processes, the assumption of
normality is often not valid. The two-parameter exponential distribution
has many applications in engineering, biological studies, epidemiology,
and medical sciences.In engineering analysis, the location parameter is
called the threshold value or warranty time and the scale parameter is the
expected average as well as warranty life. If the lifetime of a manufactured
product follows a two-parameter exponential distribution with location
parameter 8 and scale parameter A, then the capability index becomes
C, = 1—%@—9).
Material and methods

Since the performance capability index has been used in industries,
point estimation, construction of confidence intervals, and testing the

hypothesis about this index have been considered. However, the classical
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inference cannot be applied to C,. Therefore, we utilized the concepts of
generalized pivotal quantity and generalized test variable for inference on
this parameter. Here, we suppose that different kinds of schemes such as
double type Il censoring, progressive censoring, record values, and k-
record values. In each case, the maximum likelihood and uniformly
minimum variance unbiased estimators are derived. Then, a generalized
confidence interval and a generalized p-value are suggested. The
generalized confidence interval is evaluated by Monte Carlo simulation,
and the presented approaches are illustrated using some real examples.
Results and discussion

We study the coverage probability and expected length of the proposed
generalized confidence interval for C, under a progressive censoring
scheme. We found that the coverage probability is close to the confidence
coefficient. Also, it does not depend on the values of parameters and
sample size. Besides, the expected length decreases when A decreases (or
the sample size increases). The shortest expected length of the generalized
confidence interval is when the value of L is close to the location
parameter 6.
Conclusion

The following conclusions were drawn from this research.

e  The minimum variance unbiased estimator for C, has a closed-
form under all considered schemes.

e The proposed generalized inference for C, is a satisfactory and
easy approach.

e This article contains all results in other papers such as Lee et al.
(2011) and Gunasekera, and Wijekularathna (2019).

e Different indicators have been introduced to evaluate the
process’s capability.Some of the most important ones that are
widely used in manufacturing industries have been introduced by
Wooluru et al. (2014).The methods introduced in this paper, can

be generalized and used for these process capability indicators.
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m =18 m=13 m =10

L [A=001 A=1 A=5]1=001 A=1 A=5]1=001 A=1 A=5

0.01| 0954 0954 0951 | 0.948 0949 0950 | 0.948 0946 0.947
0.1 0.949 0.947 0.948 | 0.947 0.952 0.950 | 0.945  0.953 0.947

0.5 0.952 0.947 0.950 0.951 0.952 0.951 0.946 0.950 0.948
1 0.950 0.952 0.950 0.948 0.946 0.948 0.950 0.954 0.948
2 0.952 0.950 0.956 0.953 0.955 0.946 0.947 0.946 0.950
5 0.951 0.951 0.949 0.954 0.949 0.952 0.948 0.946 0.948
10 0.954 0.950 0.952 0.950 0.950 0.952 0.945 0.949 0.948
oo Lassie
m=18 m =13 m =10

L |[A=001 A=1 A=5|1A=001 A=1 A=5|1=001 A=1 A=5

0.01 9949 106 0.33 122,10 130 0.38 143.03 153 043
0.1 9042 098 031 110.83 1.18 0.36 130.69 140 041

05 50.41 0.59 0.26 61.66 0.71 0.28 72.80 0.83 0.32
1 0.20 0.20 0.20 0.21 0.21 0.21 0.23 0.23 0.23
2 100.14 0.98 0.26 123.37 1.19 0.27 145.10 1.40 0.31
5 401.58 3.94 0.78 490.00 4.89 0.95 577.07 5.73 1.12
10 901.07 9.01 1.78 | 111054 11.02 2.17 | 130556 12.94 2.55
n =30 l’CL Lgl).g MLW Ol;.:.o..lo‘ alols J5.|a .la...;5.';.o 9 g Jla=1 Y JS“‘?
m =18 m=13 m =10
L A=001 A=1 A= A=001 A=1 A= A=001 A=1 A=

0.01 0.948 0.952 0.948 0.950 0.953 0.951 0.954 0.949 0.950
0.1 0.946 0.949 0.955 0.951 0.947 0.948 0.954 0.951 0.953

0.5 0.952 0.951 0.952 0.951 0.950 0.952 0.953 0.953 0.951
1 0.952 0.953 0.950 0.949 0.945 0.948 0.950 0.953 0.950
2 0.951 0.952 0.947 0.954 0.950 0.952 0.955 0.954 0.949
5 0.946 0.951 0.943 0.952 0.952 0.951 0.951 0.953 0.954
10 0.949 0.951 0.954 0.954 0.951 0.950 0.952 0.955 0.954
o Lawsie
m =18 m =13 m =10
L A=001 A= A= A=001 A= A= A=001 A= A=

0.01 9983 1.04 0.28 12260 127 032 14525 150 0.37
0.1 91.14 095 0.26 11114 116 0.30 132.08 138 0.34
50.26 056 0.20 6182 0.67 0.22 7408 079 0.24

0.13 013 013 0.14 014 014 014 014 014

10066 098 0.21 12331 120 0.25 146.86 142 0.28

403.35 398 0.79 493.74 491 0.95 589.32 585 114
908.06 9.07 178 | 111241 1111 219 | 1326.60 13.16  2.59
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1.0131.034 1.109 1.169 1.266 1.509 1.533 1.563 1.716 1.929
1.965 2.061 2.344 2.546 2.626 2.778 2.951 3.413 4.118 5.136

OFSES T =2 Bi> Lo g9 allgd jomdls b SO (V0VY) ) 5 Sz 5 (V4 V) 99
£ Al g0 b0l jguile Sladlie ulul ol p a8 3l o Slaslise p 25,50 5 =5 5 olwlis
L g D)o 4 pgd
(X3, ..., X15) = (1.109,1.169, 1.266, 1.509, 1.533, 1.563,
1.716,1.929,1.965, 2.061, 2.344, 2.546, 2.626)
0,0 blasiwl guls . o VYV g VYWY Coigad 40 Gl olein,s paSh C;La)fo)ﬂﬁ
Obaebl alols Job a5 048 0 canlice a5 45elan .iloals ob)j—‘ VS 0 L sl g cllls asll
Lol Job oy oS slls ekl alold sl (0 olosciw )0
Slaalie ¢ bl cpl el (11,72, 73, .0, T13) = (1,1,0,...,0,5) & a0 4 jgudls (5o aS 0d 5
M 5 D90 A gl Gl
(X4, ..., X13) = (1.013,1.034,1.109, 1.266, 1.509, 1.533,
1.563,1.929,1.965, 2.061, 2.344, 2.546, 2.626)
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1.34 0.14 0.33 1.68 1.86 1.31 0.83 0.33 2.20 0.62

3.20 1.38 0.96 0.28 0.44 0.59 0.25 0.51 1.61 1.85

0.47 0.41 1.46 0.09 2.18 0.07 0.02 0.64 0.28 0.68

1.07 3.25 0.59 2.39 0.27 0.34 2.18 0.41 1.08 0.57

0.35 0.69 0.25 0.57 1.90 0.56 0.09 0.28
Sygo 4 polie ol aid S Lo o 1) 1) Slaslive cpl oYL 8,65, polie (¥ 1) ol Sen g 00l a0l
W )
(Ry, ..., Re) = (1.34,1.68,1.86, 2.20,3.20, 3.25)
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