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Abstract: In practice, effective management and assessment of yjpaliformance for products is important in modern enteegris
and the process capability analysis is utilized to measusinbss performance. Hence, lifetime performance ir@exs used to
measure the potential and performance of a process, Wherine lower specification limit. In the technology of datartsformation,
this study constructs a maximum likelihood estimator (MIGEXC, under the extreme value distribution (EVD) with the progies
type-Il censored sample. The MLE ©f is then utilized to develop the new hypothesis testing mtocein the condition of knowh.
Also we assuming the conjugate prior distribution and segi@rror loss function, this study constructs a Bayes egtind C; . The
Bayes estimator o, is then utilized to develop a credible interval in the coinditof knownL. Moreover, we propose a Bayesian test
to assess the lifetime performance of products. Finallygive example and the Monte Carlo simulation to assess thavimtof the
lifetime performance index.

Keywords: Performance index; Extreme value distribution; Progriessype-Il censoring; Maximum likelihood estimator; Bayes
estimator.

1 Introduction products  exhibits the larger-the-better  quality
characteristic of time orientation.

Lifetime performance assessment is important in service Recently, there have been many works on the
(or manufacturing) industries, process capability ingice statistical inference for lifetime perfqrmance index bhse
(PCls) are used to measure process potential andn the usual type-ll and progressive type-Il censoring
performance, process capability indices are utilized toSchemes with various lifetime distributions, see for
assess whether product quality meets the required levefX@mple Hong et al.78], Lee et al. p,10], Lee et al

For instance, Montgomeni] and Kane p] proposed the [11]. Also, Lee et al. 12] have constructed a credible
process capability indeg, (or CPL) for evaluating the interval forC,_ using a Bayesian approach and proposed a

lifetime performance of electronic components, where Bayesian test for evalyating the lifetime performance of
is the lower specification limit, since the lifetime of the products, Ahmadi et al.1§ have constructed a

electronic components exhibits the larger-the-betterconfidence interval and the maximum likelihood
quality characteristic of time orientation. All of the algoy €Stimator forC, based on the progressive first-failure

(PCls) have been developed or investigated under normaf€nsored - sample under Weibull distribution  and
lifetime model. Nevertheless, in many process whichMahmoud et al. 14] have constructed ML-estimator and

including manufacture process, service process and@ Bayes estimator di based on a progressively type-|l

business operation process, the assumption of normalitg€nsored sample under the assumption of Lomax
is common in process capability analysis, and is often nodistribution.

valid. Many researcher e.g.3,4,5,6] noted that the In this paper, we consider the case of the progressive
lifetime of products frequently possesses an exponentiatype-ll censoring. A progressive type-ll censoring is a

gamma or Weibull distribution, etc. Since the lifetime of useful scheme in which a specific fraction of individuals
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at risk may be removed from the experiment at each ofwith the EVD based on the progressively type-1l censored
several ordered failure times, see Cohd®,16], Sen  sample. Section 3 investigates the relationship between
[17], Balakrishnan and Cohen 1§, Viveros and C_ and the conforming rate of products. We propose the
Balakrishnan 19|, Balakrishnan and Sandhu2(), MLE of C_ and its statistical properties in Section 4.
Balakrishnan and Aggarwala2]], Balakrishnan et al. Section 5 then presents the Bayes estimator under the
[22], Balakrishnan and Lin 43], Fernandez 24, conjugate prior distribution and squared error loss
AsgharzadehZ5] and Wu et al. 26]. function of C. and its statistical properties. Section 6

A schematic illustration of progressively type-ll develops a 10 — a)% one-sided credible interval, a
censored sample can be described as follows, suppodgayesian test and a 10D— a)% one-sided confidence
that n independent items are put on a life test with interval forC_. Numerical example to illustrate the use of
continuous identically distributed failure times testing procedure based on the Bayes estimator and the
X1,X2,...,Xn. Suppose further that a censoring schemeMLE under the given significance level are given in
(R1,Ry,...,Rm) is previously fixed such that immediately Sections 7. A comparison between the MLE and Bayes
following the first failure X;, Ry surviving items are estimator is made through a Monte Carlo simulation
removed from the experiment at random, andstudy in Sections 8. Finally, concluding remarks are given
immediately following the second failud®, R, surviving  in Section 9.
items are removed from the experiment at random. This
process continues until, at the time of timeth observed
failure Xy, the remainindy surviving items are removed 2 The Lifetime Performance Index
from the test. Them ordered observed failure times
denoted bel(Ff{}, ,Xszﬁz’h”’ ),...,Xrﬂ?&{;ﬁ"w are called  Suppose that the lifetimeX of products has the
progressively type-Il right censored order statisticsibés two-parameter EVD with the PDF and CDF are given as
m from a sample of sizen with progressive censoring (1) and @). Clearly, a longer lifetime implies a better
scheme  (Ry,Ry,...,Rm). It is clear  that product quality. Hence, the lifetime is a larger-the-hette
n=m+Ri+ R+ ..+ Rn The special case when type quality characteristic. The lifetime is generally
Ry =Ry =...=Rn-1=0sothaR=n—misthe case of required to exceed unit times to be both financially
conventional type-Il right censored sampling. Also when profitable and satisfy customers whereis the known
Ri =R =..=Rn1=0, so thatm = n, the lower specification limit. Montgomery [1] developed a
progressively type-Il right censoring scheme reduces tacapability indexC, to measure the larger-the-better type
the case of no censoring (ordinary order statistics). quality characteristics. The is defined as follows:

In this paper, process capability analysis is utilized to
assess the non-normal quality data under a specific CL = p-L 3)
non-normal distribution. Hence, the lifetime performance o)
index (or larger-the-better process capability indéx)is
also utilized to measure product quality with the EVD.
The two parameters extreme value distribution
EVD(B,A), has the probability density function (PDF),
and cumulative distribution function (CDF), given
respectively, by

where u denotes the process meaa, represents the
process standard deviation, ahdis the known lower
specification limit. To assess the lifetime performance of
products,C. can be defines as the lifetime performance
index. UnderX has the EVD and the data transformation

Y = lexp(%) ,for —o < x <, A >0andB >0, the
1 distribution ofY is a exponential distribution. Hence, the

f(x)= EeXp{XT} X exp(—exp{xT}) , (D) PDF ofY is
f(y)=Aexp{—Ay}, y>0,A>0. 4)

F(x)=1—exp<—exp{ B })’ 2 Moreover, there are several important properties, as
follows:

for —oo < X< 00, —00 <A < 0 andf > 0. The aim of this

paper apply data transformation technology to constructs —The lifetime performance inde;, can be rewritten as
MLE of C_ under the EVD with the progressively type-II L

censored sample. The MLE df_ is then utilized to e

develop a new hypothesis testing procedure in the Cuy = o 1=Aly, Gy <1, ©)
condition of knowrL. Also we propose a Bayesian test to

assess the lifetime performance of products. The new Where the process meapy = E(Y) = 1/A, the
testing procedure can be employed by managers to assess process standard deviatiay = VVARY = 1/A and
whether the lifetime of products adheres to the required Ly is known lower specification limit.

level in the condition of knowi. —The CDF ofY is given by

The rest of this paper is organized as follows: Section
2 contains some properties 6f for lifetime of product F(y)=1—exp{-Ay}, y>0,A>0, (6)
(@© 2017 NSP
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Table 1: The lifetime performance index

The failure rate function(y) is defined by v.s. the conforming rate.

CLy Pr CLy Pr
_ f(y) “w 0.00000 0.15 0.42741
'¥) =1y -9.00 0.00004 020 0.44933
-8.00 0.00012 0.25 0.47237
__AewiAy @) 7.00 0.00033 0.30 0.49659
1-(1-exp{-Ay}) -6.00 0.00091 0.35 0.52205
-5.00 0.00248 0.40 0.54881
Hence, the data transformatidin= %exp(%) ,A>0 -450 0.00409 0.45 0.57695
and 3 > 0 for —o < x < » is one-to-one and strictly -4.00  0.00673 0.50 0.60653
increasing, so data set ¥fand transformed data set 6f -3.50 0.01111 0.55 0.63763
have the same effect in assessing the lifetime performance -3.00 0.01832 0.60 0.67032
of products. Moreover, the data transformation ggg 8828%8 85753 8;%23
Y= %EXP(%) , for —eo <x< e, A>0andp >0, 150 0.08208 0.75 0.77880
enables the calculation of important properties to be easy, -1.00 0.13534 0.80 0.81873
when the mean A (> Ly) then the lifetime performance -0.50 0.22313 0.85 0.86071
indexCpy > 0. From 6) and (7), we can see that the larger 0.00 0.36788 0.90 0.90484
the mean A the smaller the failure rate and the larger 0.05 0.38674 0.95 0.95123
the lifetime performance indexCy. Therefore, the 0.10 0.40657 1.00 1.00000

lifetime performance indeK,y reasonably and accurately
represents the lifetime performance of new product.

4 MLE of Ciy

. LetY denote the lifetime of such a product avichas the
3 Conforming Rate one-parameter exponential distribution with the PDF as
(4). With progressive type-ll censoring, products (or
o , 1 A items) are placed on test. Consider that
If the lifetime of a produciX whichY = Xexp(T), Yimn, Y2mn, .-, Ymmn 1S the corresponding progressive
for —o < x< o, A >0 andfB > 0 exceeds the lower type-ll censored sample, with censoring scheme
specification limitLy, then the product is defined as a R= (R(,Ry,...,Rm). The joint PDF of allm progressive
conforming product. The ratio of conforming products is type-Il censored order statistic is given by (see
known as the conforming raf, and can be defined as Balakrishnan and Aggarwalaq])

Po=P(r2Ly)= [ Aexp(-Ay)dy L(ylA) = cﬁwyi,m,nm 1-Fma AR, ()

= exp{-ALy} = exp{Cy—1}, ®)  where C =
. . o nn-1-R)(N-2-RL—Ry)---(n— MR + 1)),
where —o < Cy < 1. Obviously, a strictly positive f(yimn|?) is the PDF ofY Eq. @) andF()}i,mmV\) is the

relationship exists betwee andCy. Thus, the larger P A
the index valueyy, the larger conforming raté. Table 1 CDF of Y Eg. (6). So, the likelihood function is given by

lists variousCyy values and the correspondiRg For the m

Cry values which are not listed ifable 1, the conforming L(y]A)=CA mexp{ —A Xi(Ri + 1)yi} . (10)
rate R can be easily calculated. The conforming rate can i=

be calculated by dividing the number of conforming
products by the total number of products sampled. To
accurately estimatg, Montgomery [l] suggests to use a — m

large sample size. However, a large sample size is usually ML= ST(R+1)y;
not practical from the perspective of cost, since collegtin . . .

the lifetime data of new products involves damaging theBY Using the invariance of MLE see Zehr7], the MLE

products which may prove to be cost prohibitive if not Of Cly can be written as

It is easy to obtain that the MLE af is given by

(11)

practically in feasibility. In addition, a complete sample éLy = 1—;\MLLy
is, as mentioned earlier, not practical. Since a one-to-one ' m
mathematical relationship exists betwe&n and Ciy, =1- ?Ly, (12)

utilizing the one-to-one relationship betweBnandCyy,
lifetime performance index can be a flexible and effective
tool, not only for evaluating product quality, but also for T
estimatingP,.

where

3

(R +Dyi. (13)
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5 Bayes Estimator ofCyy 6 Testing procedure forCyy

To determine whether the lifetime of products meets the
Bayesian approach provides the methodology forrequirements, a credible (or confidence) interval is needed
incorporation of previous information with the current to objectively assess whether the lifetime performance
data, and\ is considered a random variable having somejndex adheres to the required level. Assuming that the
specified distribution. In this paper, we consider that therequired index value of lifetime performanCg is larger
conjugate prior distribution is gamma distribution with thanc*, wherec* denotes the lower bound 6ty, the null
PDF hypothesisHp : Ciy < ¢* (the product is unreliable) and
b the alternative hypothesid; : Cy > c* (the product is
mAla,b) = — A% Lexp{—bA},A > 0. (14)  reliable) are constructed. o
I (a) In Bayesian approach, given the specified significance
level a, a 1001 — a)% one-sided credible interval for
Here all the hyperparameteasandb are assumed to be C, can be derived as follows:

known @ e}ndb are obtained from the past histqry) and Based on the pivotal quantityAd* ~ X22(m+a) and the
non-negative. From10) and (4), we can obtain the lower (1— a) percentile denoted by?2 (1—a), we
posterior distribution oA is given by . 2(m+-a) ’
obtain:
b+T)2™M aim-
71*()\ |Yl:m:n;~-7Ym:m:n) = Q e
r(a+m) P(Z/\T* < X22(m+a)(1_ a)|x) =1l-a
xexp{—A(b+T)}, (15)
2 —
for A > 0, zero elsewhere. Under a squared error loss _. p( A < XZ(LM y|=1-a,
function and usingX5), then the Bayes estimator fis - 2T
- a+m X2 1-a
)\BS—E[)\ |Yl:m:nam7Ym:m:n] - b—I——T (16) :>P<1_)\Ly21—|—y< 2(m+;z|'(* ) |x> zl_a,
Hence, the Bayes estima@ygs of C_ can be written as 2
B Xo(miay(1—0) o
- - =P|Cy>1-Ly| ———|l¥|=1-aq,
Cuss = 1—Agsly 2T
(a+mLy
=1-— 17 L
T an ¢P<0Ly>1+ —1+1—%>
where . . X22(m+a)(1_ a) 1
T =b+ Z(R +1)yi=b+T. (18) 2(a+m) ’
i=
: . X3mia)(1— Q)
Next, given the observed valu€4 -, ..., Ymmn) and Eq. =P(Cy>1-(1-Ciyps)
(15, then we shall show thatAZ* ~ Xz .. The 2(a+m)
derivation of processes is as follows: =1-aqa,

Suppose thaZz = 2AT*, by using the change of A . , . (20)
variables see Casella and Berg2g][ pp. 184-185, then WhereCiyss andT* are defined 'g‘ 17) and (8). From
we obtain that the PDF & is given by (20), we obtain that a 100 — a)% one-sided credible

interval forCyy is
z
fZ(Z) =T (—*|Y1:m:n7---,Ym:m:n> ||Jz||, ~ X2 (1— a)
2T Cy>1- (1—CLyBS) % . (21)
(2T tzma z Z
= W(ﬁ) texp 5[ Thus, the level 100 — )% lower credible bound faBy
can be written as
2(m+a)
7(2%%)-1 { Z} o (B (1—@)
== expd —Z 4. (19) LB=1—(1-Cuee) [ A" "7} (22)
L(52) (2mi2) 2 (1=Coes) | “oaim
Similarly, in the non-Bayesian approach, by using the
HenceZ =2AT* ~ x22(m+a>. pivotal quantity AT ~ x<22m), whereT =y (R + 1)y,
(@© 2017 NSP
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we obtain that a 10 — a)% one-sided confidence
interval foiCyy is

CLy >1- (1_CLyML)

whereC,y,, is as in the above definition of EqL%), hence
the level 1001 — a)% lower confidence bound f@j, can
be written as

The proposed testing procedure ab@yj in Bayesian
approach can be organized as follows:

X22m(1_ G)

om (24)

LBw =1- (1_éLYML) (

Step 1.Let the transformation of = )\lexp(%) , for

—0 <X<o, A>0B>0,i=12..,mand the
progressive type-II censored sample
Xl:m:naXZ:m:nwnaxm:m:n-

Step 2.Determine the lower lifetime limit, for products
and performance index valuwg, then the testing null
hypothesidp : Cy < ¢* and the alternative hypothesis
Hi : Cy > c* is constructed.

Step 3.Specify a significance lewel

Step 4.Calculate the level 10D- a)% one-sided credible
interval[LB, ) for C.y, whereLB is given in the above
Eq. 22).

presents the results of a life-test experiment in which

specimens of a type of electrical insulating fluid were

subject to a constant voltage stress ( 34 KV/minutes). In
analyzing the complete data, Nelson assumed a Weibull
distribution for the times to breakdown. The 19 log-times

to breakdown are

—1.66073, —0.248461, —0.040822, 0.270027,
1.02245, 1.15057, 1.42311, 1.54116,
1.57898, 1.8718, 1.9947, 2.08069,
2.11263, 2.48989, 3.45789, 3.48186,
3.52371, 3.60305, 4.28895

In the numerical example, a progressively type-lI|
censored sample of siz@ = 9 is generated randomly
from the n = 19 observations recorded at 34 k.v. The
observed failure times and the progressive censoring
scheme are given imable 2.

By using the graphical method introduced by
Balakrishnan and KaterBfl], we obtained the estimation
of the parameters as = 2.2866 and3 = 1.021. Then the
transformed progressive type-ll censored sample with

transformationY; = )\lexp(x‘ﬁ%’\), for A = 2.2866
B=1021i=12,.,9 andXy919 X2:9:19 -, X9:9:19 IS
given inTable 3.

In the Bayesian approach, we assumed ¢hatl and

b= 1. Under the transformed progressive type-Il censored
sample and removed numbers are also reportédhie 3,

Step 5.The decision rule of statistical test is provided aghe proposed testing procedure @y can be stated as the

follows:

If the performance index value* ¢ [LB, ), it is
concluded that the lifetime performance index of the
product meets the required level.

In the non-Bayesian approach, the managers can also

employ the level 10 — )% one-sided confidence
interval [LBy_,») to determine whether the product
performance adheres to the required level, WiBy. as

in the definition of Eq. 24). Therefore, the decision rule
of the statistical test is provided as follows:

If the performance index value* ¢ [LByi,®), it is
concluded that the lifetime performance index of the
product meets the required level.

Based on the proposed testing procedure, the lifetime
performance of products is easy to assess. Numerical
example of the proposed testing procedure given in

following algorithm

Step 1.The lower lifetime limiky is assumed to be.021.

To deal with the product purchasers’ concerns
regarding operational performance, the conforming
rate B of products is required to exceed 80%.
Referring to Table 1, th&, value is required to
exceed BO. Thus, the performance index value is set
atc* = 0.80. The testing hypotheslisp : Cy < 0.80
vs.H; : Cy > 0.80 is constructed.

Step 2.Specify a significance lewel= 0.05.

Step 3.Calculate the 95% one-sided credible interval

[LB, ) for Cry by (22), where
= 0.9332

LB=1—(1—0.9575 (

Section 7, and these numerical example illustrate the use

of the testing procedure.

7 Numerical Example

A new hypothesis testing procedure is proposed to allo

the application of the above testing procedure to a
practical data set. Example 1 considered is the failure data

of n=19, m= 9 electrical insulating fluids from Nelson
[29]. Also used by Al-Aboud30Q].
Example 1 [Real Life Data). Nelson [R9], p. 105]

X22(9+1)(1 —0.05)
29+1)
Step 4.Because of the performance index value
c* = 0.80¢ [0.9332 ), we reject the null hypothesis
Ho : CLy < 0.80.

In the non-Bayesian approach, we also obtain that the

W95% one-sided confidence interjaByy, ) for Cy by

(24
X3.4)(1-0.05)

LByL = 1— (1—0.9520) 575

()

= 0.9230

(@© 2017 NSP
Natural Sciences Publishing Cor.


www.naturalspublishing.com/Journals.asp

284 NS 2 R. M. EL-Sagheer: Assessing the lifetime performance index

Table 4: MSEs of the MLEs and Bayes

Because of the performance index valde= 0.80 ¢ estimates witla=b =1 forCy
[0.923Q ), we reject the null hypotheskdy : Cry < 0.80. n m CS MLE Bayes
Hence, we can conclude that the lifetime performance a=b=1
index of insulating fluids does meet the required level for 20 15 1 0.000219 0.000118
Bayesian and non-Bayesian approach. I 0.000227 0.000119
I 0.000231 0.000123
Table 2: The observed failure times and 30 20 | 0.000155 0.000099
progressive censoring scheme at 34 k.v. I 0.000159 0.000103
i 1 2 3 I 0.000162 0.000112
X; -1.66073 -0.248461 -0.040822 30 25 | 0.000109 0.000087
R; 0 0 0 I 0.000112 0.000096
i 4 5 6 Il 0.000118 0.000104
X;i  0.270027 1.02245 1.15057 50 30 | 0.000097 0.000070
R; 0 1 1 I 0.000103 0.000085
i 7 8 9 Il 0.000107 0.000092
Xi 1.54116 1.57898 1.8718 50 40 I 0.000073 0.000051
R 1 1 6 I 0.000092 0.000063
Il 0.000101 0.000087
. 70 50 | 0.000050 0.000041
Table 3: The transformed progressive type-l| Il 0.000055 0.000045
censored sample. Il 0.000060 0.000052
! 1 2 3 4 S 90 60 | 0.000039 0.000034
Vi 0.01 0.04 0.0491 0.0665 0.139 Il 0.000047 0.000040
R 0 0 0 0 1 Il 0.000056 0.000049
' 6 ’ 8 9 90 70 | 0.000036 0.000032
yi 0.1576 0.231 0.2397 0.3194 Il 0.000038 0.000035
R 1 1 1 6 Il 0.000043 0.000039

8 Simulation Study Table 5: MSEs of the MLEs and Bayes

estimates witla=b = 2 forCyy

In order to compare the MLEs and Bayes estimates of the

lifetime performance indeg,y, Monte Carlo simulations nm CS MLE aiagisz
were performed utilizing 1000 progressively type-Il 50 15 T 0.000051 0.000108

censored samples for each simulations. The mean square
error (MSE) is used to compare the estimators. The
samples were generated by using the algorithm described
in  Balakrishnan and  Sandhu 2(Q] using
(A,B) = (2.5111.3045, with different sample of sizes

(n), different effective sample of sizesm), different
hyperparameters(a,b), and different of sampling
schemes (i.e., differenR values) we consider the
following scheme (CS):

(I 0.000226 0.000115
[l 0.000230 0.000120
30 20 | 0.000157 0.000088
(I 0.000159 0.000091
[ 0.000161 0.000107
30 25 | 0.000110 0.000075
(I 0.000113 0.000083
[l 0.000116 0.000102
50 30 | 0.000094 0.000062
(I 0.000104 0.000081
[l 0.000109 0.000091
50 40 | 0.000067 0.000050
I 0.000095 0.000058

CSIRi=n—-m R =0fori#1.
CS IR m1)2=n—m R =0fori # (m+1)/2if modd;
Ry2=n—m R =0 fori #m/2if meven.

CSI:Rm=n-m R =0fori#m. Il 0.000100 0.000079

Under X has EVD and the data transformation 7050 ”I 00600000005563 0060000000:'30

1 ~A : :

Y= xeXP(XT) , for —eo <x <0, A>0,5>0and Il 0.000061 0.000049
i =1,2,...,m, such that distribution oY is a exponential 90 60 | 0.000038 0.000034
distribution. Based on the lower lifetime limit I 0.000044 0.000038
Ly = 0.0195 the results of MSEs of the MLEs and Bayes 1 0.000057 0.000045
estimates foCy, and coverage probabilities (CPs) of the 90 70 | 0.000035 0.000031
95% credible interval (CRI) and confidence interval (Cl) Il 0.000037 0.000033

for Cy are reported imable 4, 5 6 and7. [l 0.000044 0.000036

(@© 2017 NSP
Natural Sciences Publishing Cor.



Math. Sci. Lett6, No. 3, 279-286 (2017)www.naturalspublishing.com/Journals.asp NS = 285

Table 6: CPs of 95% Cl and CRI
witha=b=1forCy.

n m SC MLE Bayes
20 15 | 0.957 0.958
Il 0.958 0.961
I 0.951 0.953
30 20 | 0941 0.963
Il 0.952 0.967
Il 0.960 0.964
30 25 | 0947 0.952
Il 0.961 0.963
Il 0.948 0.957
50 30 | 0.955 0.959
Il 0.944 0.962
Il 0.948 0.957
50 40 | 0.957 0.947
Il 0.953 0.955
I 0.958 0.948
70 50 | 0.955 0.940
Il 0.966 0.967
I 0.948 0.951
90 60 I 0.952 0.949
Il 0.944 0.966
I 0.965 0.967
90 70 | 0.956 0.958
Il 0.946 0.956
I 0.947 0.953

Table 6: CPs of 95% Cl and CRI
with a=b =2 forCyy.

n m SC MLE Bayes
20 15 | 0.958 0.959
Il 0.946 0.966
(I 0.959 0.960
30 20 | 0.955 0.962
Il 0.968 0.971
(I 0.949 0.959
30 25 | 0959 0.969
Il 0.950 0.952
Il 0.951 0.954
50 30 | 0.946 0.966
Il 0.947 0.954
Il 0.950 0.959
50 40 | 0.954 0.957
Il 0.947 0.961
Il 0.948 0.953
70 50 | 0943 0.958
Il 0.956 0.971
(I 0.951 0.957
90 60 I 0.952 0.963
Il 0.954 0.975
I 0.958 0.959
90 70 | 0.940 0.967
Il 0.954 0.956
I 0.951 0.948

9 Conclusions

This paper purposes to utilize the lifetime performance
index Cy in assessing the lifetime performance of
businesses and products more generally and accurately.
Under the assumption of the extreme value distribution,
this paper constructs a MLEs and Bayes estimatdz pf
with the progressively type-1l censored sample. The
MLEs and Bayes estimator dfy is then utilized to
develop the new hypothesis testing procedure in the
condition of knowrlLy. The proposed testing procedure is
easily applied and can effectively evaluate whether the
lifetime of products meets requirements. A simulation
study was conducted to examine the performance of the
different estimators. From the results, we observe the
following:

(hFrom Table 4, when the effective sample proportion
m/n increases, the MSE of different MLEs and Bayes
estimators are reduced, also the censoring scheme
R=(n—m,0,...,0) is most efficient for all choices, it
usually provides the smallest MSE for all estimators.

(ilFrom Table 4, the Bayes estimates are generally
smaller than their corresponding MLEs, for the
considered different, m (n > m), censoring scheme
R= (R1,Ry,...,Rm) and hyperparameteas b. So, the
Bayes estimates are better than their corresponding
MLEs for the considered cases. Hence, these results
from simulation studies illustrate that the performance
of our proposed Bayesian method is acceptable.

(iFrom Table 5, it is observed that the coverage
probabilities of one-sided credible interval and
one-sided confidence interval for lifetime
performance indeX,y close to the desired level of
0.95.
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