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Abstract

In this article a new single sampling plan based on ranked data scheme is proposed. Two main
requirements are considered for the new plan: the lifetime of the test units is assumed to follow the
generalized exponential distribution; and the data are selected by using the median ranked set sampling
scheme from a large lot. The distribution function characterization under the median ranked set sampling
scheme is derived assuming that the set size is known; the minimum number of set cycle and consequently
the minimum sample size necessary to ensure the specified average life are obtained and the operating
characteristic values of the ranked sampling plans as well as the producer’s risk are presented. An
illustrative examples based on the results obtained are given.
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1. Introduction

Ranked set sampling (RSS) technique is a double stages sampling scheme suggested by
Mclintyre (1952). In the first stage, m independent simple random samples (SRS) each of
size m are drawn from a given lot, and then a free cost ranking mechanism is employed to
rank the units within each SRS. In the second stage, the items selected systematically;
such that the item with the first rank is selected from the first SRS, and then in the second
SRS the item with rank two is selected and so on till the unit with the maximum rank is
selected from the last SRS (Takahasi and Wakimoto, 1968; Sinha et al., 1996, Chen et al.,
2004). RSS can be used in many medical, agricultural and economical when the
measurement of the sampling units is difficult or expensive but the arrangement of these
units is possible without actual measurement. A good example of RSS is given by
Gulati (2004). Suppose it is of interest to count the number of specific bacterial cells per
unit volume in a cell suspension. A set of test tubes, containing the cell suspension, can
be ordered by concentration using an optical device without actual measurement on them.
Several advantage of using ranked data schemes can be obtained over the SRS, the most
important is that the fisher information based on RSS is more than the Fisher information
based on SRS. Stokes and Sager (1988) have shown that the empirical distribution
function based on RSS is unbiased estimate of the actual distribution and more accurate
than the empirical distribution function estimated based on a SRS of the same size. Other
advantages of the ranked data sampling schemes over the SRS are given in Samuh and
Qtait (2015).
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Several authors modified the RSS scheme, usually the modification on the ranked
sampling scheme based on a new criterion to assign the location of the selected item
within the second stage of the novel RSS scheme (Samawi et al., 1996; Muttlak, 1997;
Muttlak, 2003; Jemain and Al-Omari, 2006; Al-Nasser, 2007, Al-Nasser and Bani
Mustafa, 2009; and Al-Nasser and Al-Omari, 2015). Unlike of the modification of RSS,
the main aim of this article is to use the RSS in acceptance sampling research area rather
than improving the RSS scheme. Mainly, an interesting ranked data sampling schemes
proposed by Muttlak (1997) and known by the median ranked set sampling (MRSS) will
be considered and used in this article. The main advantages of MRSS are the ability of
error in ranking reduction and the ability of increasing the efficiency of the estimator.
The MRSS method as given by Muttlak (1997) can be summarized as follows:

Step.1  Select m random samples "sets" each of size m from a given population.
Step.2  Rank the items within each set with respect to a variable of interest by any cost
free method.
. . m+1 th
Step.3  If the set size m is odd, then select for measurement the (T) smallest rank
(the median) from each set for actual measurement.
Step.4 If the set size m is even, then select for measurement from the first m/2

th
samples the (?) smallest rank; and from the second m/2 samples select the

m+2\th
(T) smallest for actual measurement.

Step.5 The cycle may be repeated r times (i.e. r is number of cycles) to obtain the
desired sample size n = m *r.

Now, assume that X;, X5, ..., X,, be a SRS of size n having a probability density function
(pdf) f(x) and cumulative distribution (CDF) F(x) with finite mean u and finite variance
a?. Consequently, and based on the MRSS steps; the element of the desired MRSS
sample will be in the form:

J{{X mes i =12 m =12, r} m is odd
mlij

. m m . .
L{(X[%m]ij,X[an:m]kj);L =1,2, ? k= ?+ 1,...mj=12 ...,r}; mis even

th
where X[m_ﬂ_m]ij is the (mTH) judgment order statistics of the i** random sample of
>

size m in the j'™ cycle. It should be noted that all of X[m_-l-l:m]l.j 's are mutually

2

independent and identically distributed. Now, based on MRSS scheme the df, in general,
will be:

(ﬁ g iy x), if m is odd

()
furss(x) =

ﬁ j=1 H:i/lz (fx(%)i(x) + fx i(JC)) ,if mis even

(3%
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equivalently to:

( I fx (x), if m is odd
|

(s,
ﬁmﬂ@={ 1)

kﬂ?i/f (fx(%)i(x) + fx(mT“)i(x)> ,if m is even

David and Nagaraja (2003), showed that the pdf of the i** order statistic is given by:

! i-1 n—i

e = Gy (FE) T (1= F@)™ f(), —e0 <x <00

Therefore,
2m* + 1)! m* m*

fusss ) = TR ()™ (1= FG)™ £ )

where
mT_l,ifm is odd
m* =

5 1,if m is even

and the corresponding cdf will be Fygss(x) = f_xoofMRSS(t)dt; which equivalent to:
m*+1—j

2m*+1 [2m*+1 J 2
Furss () = 22042, (P 41) (F(0)' (1 - F(x)) @

The majority of research of ranked data has been concerned with estimating the
population mean. However, none of the previous research considered any of the RSS
concepts in the acceptance sampling context, this article could be consider as a new
contribution in this practical research area. Acceptance sampling is an important
application in the quality control field, which can be considered as a test procedure, the
first time this statistical procedure is used by the United State military to test bullets
before shipping during the World War I1l. Later, used in many fields such as medical and
manufacturing.

The procedure of the classical single acceptance sampling plan (ASP) based on SRS
consists of the following steps:

Step.1 Draw a SRS of size n items from a large lot

Step.2 Classify each item within the selected sample as defective or non-defective
item.

Step.3 If the number of defective items exceed the acceptance number (c), then the
entire lot is rejected; otherwise it is accepted.

Therefore, in constructing any acceptance sampling plan we need to find out the

minimum sample size (n) to accept a lot and the acceptance number (c), accordingly we
may call the single acceptance sampling plans by ASP( n, ¢) (Kantam et al, 2001; Baklizi,
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2003; Baklizi and EI Masri, 2004; Balakrishnan, et al, 2007; Rao, 2009; Aslam et al,
2010; Al-Omari, 2014 and Al-Omari, 2015). Usually, with every ASP(n, c), the problem
is to find the unknown parameters n and c that satisfies:

PX<clnp)=1-a"

3)
P(X <c|n,py) =P

where a* is the Type | error; the probability a good lot is rejected (producer's risk) and S
is the Type Il error (consumer's risk) which is the probability that a bad lot is accepted.
Moreover, p, is the acceptable quality limit (AQL) and p, is the lot tolerance percent
defective (LTPD). Computing the probabilities in (3) depends on the lot size, when the
sampling from isolated lot size then the Hyper-geometric distribution is employed,
however, if the lot size is large enough, then Binomial distribution is employed.
Moreover, a lifetime distribution for the quality characteristic is assumed such as the
generalized exponential distribution; to obtain AQL and LTDP; then based on the given
distribution the minimum sample size (n) that needed to ensure a certain mean life for an
items in the lot is obtained under the assumption that the experiment should be terminated
a predetermined time, say t.

The problem that we are introducing in this article is to consider the MRSS in selecting
the items from a large lot assuming that the underling lifetime distribution is the
generalized exponential distribution. The main idea of using MRSS in acceptance
sampling context is to decrease the producer risk that rises when the items selected by the
typical ASP(n, c) based on a SRS techniques.

The remainder of the paper is organized as follows. In section 2, summarizes the
acceptance sampling assumptions and the notations that will be used through this article.
Section.3 illustrate the generalized exponential distribution characterizations under the
MRSS scheme. Section.4 introduces the proposed acceptance sampling plan and the
operating characteristic function. The results and a descriptive example are given in
section 5. A comparisons between acceptance sampling plan based on SRS and MRSS is
given in section.6. The article ends with concluding remarks and suggested future
research in section 7.

2. Notations and Acceptance Sampling Assumptions

The single acceptance sampling for attributes problems is developed with the following
notations and assumptions:

I The lifetime is following a generalized exponential distribution (GE(a, 1)), with
the following probability density function pdf and cumulative distribution
function cdf, respectively:

fl;a, 1) = %(1 — e‘x/’l)a_le‘x/’l, x>01>0,a>0 4)

F(x;a,1) = (1 - e‘x/’l)a, x>0 (5)
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ii. where a is the shape parameter and A is the scale parameter.
iii. The MRSS will be used to select a random samples from a lot.
iv. a* is the producer's risk

V. B is the consumer's risk

Vi. m is the set is in the ranked data scheme
Vii. r is the number of independent samples; or number of cycles in the ranked data
scheme
Viil. n is the sample size

IX. c is the acceptance number, if number of defective items is less than or equal to c
in a given time interval then the Lot has acceptable quality.

X. ASP, single acceptance sampling plan based on SRS.
Xi. ASPmed, single acceptance sampling plan based on MRSS.

Xii. U is the true mean life of a given product.

3. Characterization of the Generalized Exponential Distribution Under MRSS

The generalized exponential distribution (GED) given in (4) has been introduced by
Gupta and Kundu (1999). Recently, it is observed that the generalized exponential
distribution has been used quite effectively to analyze lifetime data. In many cases it is
observed that it provides a better fit than the Weibull, gamma, log-normal or generalized
Rayleigh distributions Aslam et al (2010). Accordingly, Aslam and Shajbaz (2007),
developed an economic reliability acceptance sampling plans when the lifetime follows a
generalized exponential distribution. In this section, the generalized exponential
distribution will be re characterized based on the MRSS. Consequently, the GE (a, 1) is
given in (4) and (5), and by using the pdf and cdf based on the MRSS as given in (1)
and (2), then the new characterization of the distribution will be:

* | . .
furss(x; @, 4) = %% (1- e‘x//l)a(m = 1(1 -(1- e—x/)l)“)m
2m*+1 . ' N
Fussa )= Y (zmj+ N-e )= (1 -emyy™
j=m*+1

The effect of the shape parameter on the distribution shape under MRSS scheme for a
sample of size 3 is illustrated in Figure 1 and Figure 2. It could be noted that as the shape
parameter increased the density function will be more likely symmetric.
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Figure. 2: The cdf of GE(a, A) based on MRSS withn = 3 and 4 = 2.

The mean lifetime based on MRSS is:

i a (Zm* + 1)! _ a(m*+1)-1 _ a\m’
M=]XIW(1-~M) (1-(1-e )" dx
0

*

Where H,) is the Harmonic Number (Ragab and Ahsanullah (2001)) which defined as:
u

Huy = Z 1/j;
=1

hence,
* sy a(m*+i+1)
m* + DI | (CDH™) ‘
=4 (m*1)02 Z m*+i-|il Z A7) = 4k (4)
i=0 j=1
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m* s a(m*+i+1)
@m* + DI [ D) .
(m1)? Z m +i+1 ; a7zp

where k =

4. Design of the Ranked Acceptance Sampling Plan

It is assumed that the truncated life test is conducted when the lifetime of the product
follows a generalized exponential distribution as defined in (4). The item from a large lot
will be selected using the MRSS scheme. The life test terminates at a pre-assigned time
to and the number of failures during this time interval [0, t] is recorded. The decision to
accept the lot occurs if and only if the recorded number of failures at the end of the time
point t, is less than or equal to the acceptance number c. The lot size is assumed
infinitely large enough so that the theory of the binomial distribution is applied. The
acceptance or rejection of the lot is equivalent to the acceptance or rejection of the
hypothesis Hy : u > po. For the sake of convenience, set the termination time as a
multiple of the specified mean lifetime; that is, t, = du,, where d is a positive constant.
The proposed acceptance sampling plan is characterized by ASPmed(r, m, ¢), which
consists of:

o Drawing r MRSS each of size m and put them on a test during time t,,.

. Accept the lot, if there are no more than or equal to c failures; However, reject
the lot and terminated sampling immediately, if (c+1) defective items are
discovered in the first n =r x m; items.

The consumer risk is fixed such that it does not exceed 1 — P*;
C

rm . .
Y (T)ra-prmisi-p 5)
i=0
where p = F(t; A) considered as a function of A,.
2m*+1
2m* + 1 ; 2m*+1—j
p= FMRSS(t; AO) = z ( . ) (1 — e-t/lo)“](l _ (1 _ e—t/lo)a’) ,
j=m*+1 J

From equation (4), we get
2m*+1 2m*+1—j

= 3 () (- )

j=m*+1

The minimum values of n = rm satisfying inequality (5) are obtained for fixed set size
m = 3, 4,5 and 6 and given in Table.1 and Table.2. Also, we set p* = 0.75, 0.9, 0.95,

0.99, and ui = 0.628, 0.942, 1.257, 1.571, 2.356, 3.141, 3.927, 4.712. This choice is
0
consistent with that of Baklizi et al. (2005), Al-Nasser and Al-Omari (2013); and Kantam
and Rosaiah (1998, 2001). The operating characteristic values of the sampling plan (r,
m*,C ,Mi) gives the probability of accepting the lot. This probability is given by
0

C
*

= ("7 )pia—pym (©)

=0
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where p= F(t,a, /”t) considered as a function of A and a. Values of the operating

characteristic as a function of u/u, for some selected sampling plans are given in Table.3
and Table.4:

2m*+1
2m” +1 PN @ 2mH—)
p = Fygss(t;a, 4) = i )(1—6 t/l) (1—(1—3 t//’l) ) ’
j=m*+1
From equation (4), we get
2m*+1 zm* + 1 _kﬂ aj _kﬂ . 2m*+1—j
p= z ( . )(1—3 ##o) (1—(1—e ##o)) ,
Jj=m*+1 J
2m*+1 om* + 1 _kt/#o aj _kt/ﬂo a 2m*+1—j
= Z ( . )(1_9 ”/“0) (1—(1—6 H/ﬂo))
j=m*+1 J

The producer’s risk is the probability of rejecting the lot when w2 g,. Under the

sampling plan under consideration, and given a value for the producer’s risk, say 0.05,
one may be interested in knowing what value of u/p,will ensure the producer’s risk less
than or equal to 0.05. This value of u/uyis the smallest number u/u,for which
F((t/uo)/(1/ o)) satisfies the inequality

c

*

™m , * s
z( , )pl(1 _p)m'~i > 095 7
=
For a given sampling plan (r, m*,c,ui) at specified confidence level p* the minimum
0

values of u/u, satisfying inequality (7) are computed and presented in Table.5 and
Table.6.

5. Hlustrative Examples

For example, assume that an experimenter wants to establish the true mean life to be at
least o, = 1000 hours with confidence level p* = 0.95, and the experiment will be
stopped at t = 942 hours. when the acceptance number ¢ = 2, then by using MRSS
scheme there are several acceptance sampling plans obtained, hence, the required sample
size n from Table.1 and Table.2 depends on number of cycles:

Table 7: Minimum sample size for median ranked acceptance sampling plan

ASPmed(r, m* ,c) Minimum sample size
ASPmed(4, 3, 2) 12
ASPmed(3, 4, 2) 12
ASPmed(3, 5, 2) 15
ASPmed(2, 6, 2) 12
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Now, for any of the above sampling plans; the minimum number of items have to be
inspected during 1000 hours, if the producer couldn’t observe 2 defective items out of the
sample, then the experimenter can assert with confidence 0.95 that the mean life is at
least 1000 hours. For the suggested sampling plans given in Table.1 and Table.2, when
the specified mean life is 0.942; the operating characteristic values from Table.3 and
Table.4 are:

Table 8:  Selected operating characteristic values for median ranked acceptance
sampling plan
U/ o 2 4 6 8 10 12
ASPmed(4, 3,2) | 0.0387 0.6222 0.9004 | 0.9705 | 0.9897 | 0.9959
ASPmed(3, 4, 2) | 0.0387 0.6222 0.9004 | 0.9705 | 0.9897 | 0.9959
ASPmed(3, 5,2) | 0.0175 0.7359 0.9686 | 0.9954 | 0.9991 | 0.9998
ASPmed(2, 6, 2) | 0.0606 0.8342 0.9831 | 0.9977 | 0.9996 | 0.9999

This means that; for ASPmed(4,3,2); if the true mean life is twice the specified mean life
(u/ 1o = 2) then the producer's risk is about 1 — 0.0387 = 0.9613.

From Table 3, we can get the value of u/u, for several values of the other sampling plan
parameters such that the producer risk less than 0.05. Under the above example;
ASPmed(4, 3, 2) and p* = 0.95; the value of u/u, = 7.100. This means that the product
can have an average life of 7.100 times the specified average lifetime of 1000 hours in
order that the product be accepted with probability at least 0.95.

6. Comparison Between ASPmed(r, m, c) and ASP(n, c)

In order to between the proposed sampling plan ASPmed(r, m, ¢) based on MRSS and the
classical sampling plan ASP(n, c). Now, for ASP(n, c¢); assume that an experimenter
wants to establish the true mean life to be at least y, = 1000 hours with confidence level
p* = 0.95, the experiment will be stopped at t = 942 hours and the acceptance number
¢ = 2. Then the optimal parameter values are 12 and 2 i.e., ASP(12, 2). Also, the
operating characteristic values (Figure.3) indicate that; if the true mean life is twice the
specified mean life (u/u, = 2) the producer's risk is about 0.6692 using ASP(12, 2)
while it is less than that by using ASPmed(3, 4,2) or ASPmed( 2,6, 2) based on the
minimum same sample size. Which means, using the MRSS in acceptance sampling
design will minimize the producer's risk, this is could be consider as an advantage of
MRSS over SRS in acceptance sampling plan applications.
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1.2
1 /;//‘/__i —Y
0.8
0.6 / /
0-4 /
0.2
4
O _}
2 4 6 8 10 12
= ASP(12,2) 0.5837 | 0.9641 | 0.9948 | 0.9988 | 0.9997 | 0.9999

=—ASPmed(3,4,2)| 0.0387 | 0.6222 | 0.9004 | 0.9705 | 0.9897 | 0.9959
ASPmed(2,6,2) | 0.0606 | 0.8342 | 0.9831 | 0.9977 | 0.9996 | 0.9999

Figure 3: Operating Characteristic Values Comparisons between SRS
and MRSS Sampling Plans

7. Concluding Remarks

In this paper, we have proposed a ranked data single sampling plan. Tables have been
constructed for the easy selection of the optimal plan parameters when the lifetime of the
product follows the generalized distribution. The proposed plan performs better than the
reference plan in terms of sample size. The proposed plan can be extended by using
different sampling scheme such as ranked set sampling. extreme ranked set sampling as
future research.
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Necessary number of cycles ( r ) in MRSS sampling scheme need to
ensure the mean life exceeds a given value u, with probability P* and the

corresponding acceptance number ¢ with m

Table 1:
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Necessary number of cycles ( r ) in MRSS sampling scheme need to
ensure the mean life exceeds a given value u, with probability P* and the

corresponding acceptance number ¢ with m

Table 2:
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Table 3: Operating characteristic values for the ASPmed (r, 3, 2) and
ASPmed(r,4,2) with a given probability P*
[ 10
p* g m 3 4 3 4 3 4 3 4 3 4 3 4

0.628 0.1738 0.1405 0.8330 0.8082 0.9682 0.9622 0.9920 0.9904 0.9975 0.9969 0.9990 0.9988

0.942 0.1414 0.2103 0.7843 0.8349 0.9529 0.9662 0.9872 0.9910 0.9957 0.9971 0.9983 0.9989

1.257 0.1695 0.0455 0.7875 0.6131 0.9509 0.8911 0.9860 0.9661 0.9952 0.9878 0.9981 0.9950

1.571 0.0535 0.3075 0.6091 0.8550 0.8843 0.9674 0.9624 0.9907 0.9860 0.9968 0.9941 0.9987

o 2.356 0.2896 0.0600 0.8124 0.5717 0.9499 0.8551 0.9840 0.9479 0.9939 0.9791 0.9974 0.9907
3.141 0.1146 0.0090 0.6219 0.3078 0.8673 0.6722 0.9500 0.8551 0.9790 0.9335 0.9903 0.9675

3.927 0.0421 0.0012 0.4370 0.1427 0.7514 0.4746 0.8916 0.7215 0.9499 0.8550 0.9752 0.9226

4.712 0.0150 0.0002 0.2896 0.0600 0.6218 0.3077 0.8124 0.5717 0.9052 0.7504 0.9499 0.8551

0.628 0.0451 0.0571 0.6753 0.7025 0.9247 0.9332 0.9794 0.9820 0.9932 0.9941 0.9974 0.9977

0.942 0.1414 0.0387 0.7843 0.6222 0.9529 0.9004 0.9872 0.9705 0.9957 0.9897 0.9983 0.9959

1.257 0.1695 0.0455 0.7875 0.6131 0.9509 0.8911 0.9860 0.9661 0.9952 0.9878 0.9981 0.9950

1.571 0.0535 0.3075 0.6091 0.8550 0.8843 0.9674 0.9624 0.9907 0.9860 0.9968 0.9941 0.9987

o 2.356 0.2896 0.0600 0.8124 0.5717 0.9499 0.8551 0.9840 0.9479 0.9939 0.9791 0.9974 0.9907
3.141 0.1146 0.0090 0.6219 0.3078 0.8673 0.6722 0.9500 0.8551 0.9790 0.9335 0.9903 0.9675

3.927 0.0421 0.0012 0.4370 0.1427 0.7514 0.4746 0.8916 0.7215 0.9499 0.8550 0.9752 0.9226

4.712 0.0150 0.0002 0.2896 0.0600 0.6218 0.3077 0.8124 0.5717 0.9052 0.7504 0.9499 0.8551

0.628 0.0218 0.0218 0.5944 0.5944 0.8966 0.8966 0.9706 0.9706 0.9901 0.9901 0.9961 0.9961

0.942 0.0387 0.0387 0.6222 0.6222 0.9004 0.9004 0.9705 0.9705 0.9897 0.9897 0.9959 0.9959

1.257 0.1695 0.0455 0.7875 0.6131 0.9509 0.8911 0.9860 0.9661 0.9952 0.9878 0.9981 0.9950

1.571 0.0535 0.0073 0.6091 0.3841 0.8843 0.7672 0.9624 0.9149 0.9860 0.9661 0.9941 0.9852

o 2.356 0.0017 0.0600 0.2194 0.5717 0.6093 0.8551 0.8270 0.9479 0.9217 0.9791 0.9625 0.9907
3.141 0.1146 0.0090 0.6219 0.3078 0.8673 0.6722 0.9500 0.8551 0.9790 0.9335 0.9903 0.9675

3.927 0.0421 0.0012 0.4370 0.1427 0.7514 0.4746 0.8916 0.7215 0.9499 0.8550 0.9752 0.9226

4.712 0.0150 0.0002 0.2896 0.0600 0.6218 0.3077 0.8124 0.5717 0.9052 0.7504 0.9499 0.8551

0.628 0.0022 0.0028 0.3778 0.3991 0.7944 0.8067 0.9341 0.9389 0.9763 0.9782 0.9904 0.9912

0.942 0.0095 0.0058 0.4680 0.4215 0.8330 0.8082 0.9464 0.9368 0.9805 0.9767 0.9920 0.9904

1.257 0.0225 0.0455 0.5283 0.6131 0.8545 0.8911 0.9527 0.9661 0.9825 0.9878 0.9927 0.9950

1.571 0.0535 0.0073 0.6091 0.3841 0.8843 0.7672 0.9624 0.9149 0.9860 0.9661 0.9941 0.9852

oo 2.356 0.0017 0.0600 0.2194 0.5717 0.6093 0.8551 0.8270 0.9479 0.9217 0.9791 0.9625 0.9907
3.141 0.1146 0.0090 0.6219 0.3078 0.8673 0.6722 0.9500 0.8551 0.9790 0.9335 0.9903 0.9675

3.927 0.0421 0.0012 0.4370 0.1427 0.7514 0.4746 0.8916 0.7215 0.9499 0.8550 0.9752 0.9226

4.712 0.0150 0.0002 0.2896 0.0600 0.6218 0.3077 0.8124 0.5717 0.9052 0.7504 0.9499 0.8551
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Table 4: Operating characteristic values for the ASPmed (r,5, 2) and
ASPmed(r,6,2) with a given probability P*
1/ o 10 12
p* d m 5 6 5) 6 5) 6 5) 6 5) 6 5) 6

0.628 0.0723 0.0858 0.8876 0.8976 0.9914 0.9923 0.9990 0.9991 0.9998 0.9998 1.0000 1.0000

0.942 0.1313 0.0606 0.8920 0.8342 0.9901 0.9831 0.9987 0.9977 0.9998 0.9996 0.9999 0.9999

1.257 0.2981 0.1640 0.9301 0.8822 0.9931 0.9872 0.9990 0.9981 0.9998 0.9996 1.0000 0.9999

1.571 0.1020 0.0368 0.8100 0.7072 0.9736 0.9530 0.9955 0.9915 0.9990 0.9981 0.9997 0.9995

o 2.356 0.0031 0.0003 0.3733 0.2257 0.8102 0.7074 0.9498 0.9136 0.9857 0.9740 0.9955 0.9915
3.141 0.0001 0.0000 0.1021 0.0369 0.5167 0.3606 0.8103 0.7075 0.9303 0.8824 0.9736 0.9531

3.927 0.0000 0.0000 0.0197 0.0039 0.2544 0.1311 0.5932 0.4416 0.8101 0.7073 0.9148 0.8584

4.712 0.0000 0.0000 0.0031 0.0003 0.1021 0.0369 0.3733 0.2257 0.6394 0.4936 0.8102 0.7074

0.628 0.0298 0.0298 0.8324 0.8324 0.9857 0.9857 0.9983 0.9983 0.9997 0.9997 0.9999 0.9999

0.942 0.1313 0.0606 0.8920 0.8342 0.9901 0.9831 0.9987 0.9977 0.9998 0.9996 0.9999 0.9999

1.257 0.2981 0.1640 0.9301 0.8822 0.9931 0.9872 0.9990 0.9981 0.9998 0.9996 1.0000 0.9999

1.571 0.1020 0.0368 0.8100 0.7072 0.9736 0.9530 0.9955 0.9915 0.9990 0.9981 0.9997 0.9995

o 2.356 0.0031 0.0003 0.3733 0.2257 0.8102 0.7074 0.9498 0.9136 0.9857 0.9740 0.9955 0.9915
3.141 0.0001 0.0000 0.1021 0.0369 0.5167 0.3606 0.8103 0.7075 0.9303 0.8824 0.9736 0.9531

3.927 0.0000 0.0000 0.0197 0.0039 0.2544 0.1311 0.5932 0.4416 0.8101 0.7073 0.9148 0.8584

4.712 0.0000 0.0000 0.0031 0.0003 0.1021 0.0369 0.3733 0.2257 0.6394 0.4936 0.8102 0.7074

0.628 0.0118 0.0097 0.7711 0.7584 0.9784 0.9767 0.9973 0.9970 0.9995 0.9995 0.9999 0.9999

0.942 0.0175 0.0606 0.7359 0.8342 0.9686 0.9831 0.9954 0.9977 0.9991 0.9996 0.9998 0.9999

1.257 0.0101 0.1640 0.6329 0.8822 0.9419 0.9872 0.9901 0.9981 0.9979 0.9996 0.9995 0.9999

1571 0.1020 0.0368 0.8100 0.7072 0.9736 0.9530 0.9955 0.9915 0.9990 0.9981 0.9997 0.9995

o 2.356 0.0031 0.0003 0.3733 0.2257 0.8102 0.7074 0.9498 0.9136 0.9857 0.9740 0.9955 0.9915
3.141 0.0001 0.0000 0.1021 0.0369 0.5167 0.3606 0.8103 0.7075 0.9303 0.8824 0.9736 0.9531

3.927 0.0000 0.0000 0.0197 0.0039 0.2544 0.1311 0.5932 0.4416 0.8101 0.7073 0.9148 0.8584

4.712 0.0000 0.0000 0.0031 0.0003 0.1021 0.0369 0.3733 0.2257 0.6394 0.4936 0.8102 0.7074

0.628 0.0017 0.0009 0.6411 0.6021 0.9586 0.9513 0.9944 0.9933 0.9990 0.9988 0.9998 0.9997

0.942 0.0175 0.0047 0.7359 0.6326 0.9686 0.9493 0.9954 0.9922 0.9991 0.9985 0.9998 0.9996

1.257 0.0101 0.0022 0.6329 0.5066 0.9419 0.9073 0.9901 0.9830 0.9979 0.9963 0.9995 0.9990

1571 0.1020 0.0368 0.8100 0.7072 0.9736 0.9530 0.9955 0.9915 0.9990 0.9981 0.9997 0.9995

oo 2.356 0.0031 0.0003 0.3733 0.2257 0.8102 0.7074 0.9498 0.9136 0.9857 0.9740 0.9955 0.9915
3.141 0.0001 0.0000 0.1021 0.0369 0.5167 0.3606 0.8103 0.7075 0.9303 0.8824 0.9736 0.9531

3.927 0.0000 0.0000 0.0197 0.0039 0.2544 0.1311 0.5932 0.4416 0.8101 0.7073 0.9148 0.8584

4.712 0.0000 0.0000 0.0031 0.0003 0.1021 0.0369 0.3733 0.2257 0.6394 0.4936 0.8102 0.7074
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Table5: Minimum value of the true mean life to specified mean life p/p, for the
acceptability of a lot with producer’s risk of 0.05 for ASPmed(r, 3, c) and
ASPmed(r, 4, c).

0.628 0.942 1.257 1.571 2.356 3.141 3.927 4.712
p* Cm 3 4 3 4 3 4 3 4 3 4 3 4 3 4 3 4
0 15.198 17.652 | 15.832 18.432 | 21.126 24.596 | 26.404 30.740 | 39.597 46.100 | 52.790 61.459 | 66.000 76.839 | 79.194 92.199
1 7.684 7.684 7.674 9.123 6.463 7.902 8.078 9.876 | 12114 14.811 | 16.150 19.746 | 20.191 24.687 | 24.227 29.621
2 5.420 5.632 5.917 5.474 5.975 7.305 7.468 5.391 6.003 8.084 8.003 10.777 | 10.005 13.474 | 12.005 16.167
3 4.896 4.753 4.206 5.146 4.050 5.137 5.062 6.421 7.590 4.837 | 10.119 6.449 | 12.651 8.062 | 15180 9.674
4 4.262 4.262 4.016 4.016 4.279 3.864 3.600 4.829 5.398 7.242 7.197 9.655 8.998 12.070 | 10.796 14.483
0.75 5 4.121 4.290 3.878 4.065 3.376 4.354 4.220 3.737 3.750 5.604 5.000 7.471 6.251 9.340 7.500  11.207
6 3.799 4.013 3.278 3.449 3.621 3.621 3.372 4.526 5.057 4.339 6.742 5.785 8.429 7.233 10.114  8.678
7 3.748 3.809 3.276 3.554 3.051 3.051 3.812 3.812 4.013 3.218 5.350 4.290 6.688 5.363 8.025 6.435
8 3.543 3.650 3.266 3.142 3.266 3.468 3.227 3.227 3.038 4.839 4.051 6.451 5.064 8.065 6.076 9.678
9 3.524 3.524 2.922 3.253 2.855 3.050 2.721 2721 4.081 4.081 5.440 5.440 6.802 6.802 8.161 8.161
10 3.379 3.421 2.948 2.948 3.042 2.692 3.124 3.364 3.385 3.385 4.513 4.513 5.642 5.642 6.769 6.769
0 18.763  17.652 | 22.797 18.432 | 21.126 24.596 | 26.404 30.740 | 39.597 46.100 | 52.790 61.459 | 66.000 76.839 | 79.194 92.199
1 8.708 9.025 7.674 9.123 | 10.240  7.902 8.078 9.876 | 12114 14.811 | 16.150 19.746 | 20.191 24.687 | 24.227 29.621
2 6.600 6.417 5.917 7.100 5.975 7.305 7.468 5.391 6.003 8.084 8.003 10.777 | 10.005 13.474 | 12.005 16.167
3 5.687 5.810 5.146 5.146 5.612 5.137 5.062 6.421 7.590 4.837 | 10.119 6.449 | 12.651 8.062 | 15.180 9.674
4 4.886 5.079 4.706 4.918 4.279 5.359 5.348 4.829 5.398 7.242 7.197 9.655 8.998 12.070 | 10.796 14.483
0.9 5 4.611 4.611 4.419 4.065 4.354 4.354 4.220 3.737 6.328 5.604 5.000 7.471 6.251 9.340 7.500  11.207
6 4.415 4.285 3.771 4.072 3.621 3.621 4.526 4.526 5.057 4.339 6.742 5.785 8.429 7.233 10.114  8.678
7 4.100 4.267 3.686 3.554 3.760 3.972 3.812 3.812 4.013 5.717 5.350 4.290 6.688 5.363 8.025 6.435
8 4.006 4.055 3.617 3.617 3.266 3.468 3.227 3.227 4.839 4.839 4.051 6.451 5.064 8.065 6.076 9.678
9 3.799 3.886 3.253 3.253 3.410 3.050 3.568 3.811 4.081 4.081 5.440 5.440 6.802 6.802 8.161 8.161
10 3.749 3.749 3.239 3.331 3.042 3.361 3.124 3.364 3.385 3.385 4.513 4.513 5.642 5.642 6.769 6.769
0 21.770 21.770 | 22.797 26.478 | 21.126 24.596 | 26.404 30.740 | 39.597 46.100 | 52.790 61.459 | 66.000 76.839 | 79.194 92.199
1 9.630  10.202 | 9.774 9.123 | 10.240 12.173 | 8.078 9.876 | 12114 14.811 | 16.150 19.746 | 20.191 24.687 | 24.227 29.621
2 7.123 7.123 7.100 7.100 5.975 7.305 7.468 9.129 11.199 8.084 8.003 10.777 | 10.005 13.474 | 12.005 16.167
3 6.048 6.278 5.957 6.207 5.612 5.137 5.062 6.421 7.590 9.629 | 10.119 6.449 | 12.651 8.062 | 15.180 9.674
4 5.446 5.446 4.706 4.918 5.359 5.359 5.348 4.829 5.398 7.242 7.197 9.655 8.998  12.070 | 10.796 14.483
0.95 5 5.059 4913 4.419 4.751 4.354 4.354 4.220 5.442 6.328 5.604 5.000 7.471 6.251 9.340 7.500 11.207
6 4.604 4.787 4.215 4.072 4.374 4.602 4.526 4.526 5.057 4.339 6.742 5.785 8.429 7.233 10.114  8.678
7 4.428 4.481 4.062 4.062 3.760 3.972 3.812 3.812 4.013 5.717 5.350 4.290 6.688 5.363 8.025 6.435
8 4.291 4.245 3.617 3.617 3.845 3.468 4.082 4.334 4.839 4.839 4.051 6.451 5.064 8.065 6.076 9.678
9 4.057 4.057 3.559 3.656 3.410 3.742 3.568 3.811 4.081 4.081 5.440 5.440 6.802 6.802 8.161 8.161
10 3.979 4.053 3.510 3.681 3.511 3.361 3.124 3.364 3.385 3.385 4513 4513 5.642 5.642 6.769 6.769
0 26.815 25243 | 28.145 26.478 | 30.419 24.596 | 26.404 30.740 | 39.597 46.100 | 52.790 61.459 | 66.000 76.839 | 79.194 92.199
1 11263 11.263 | 11.526 11.526 | 10.240 12.173 | 12.798 9.876 | 12.114 14.811 | 16.150 19.746 | 20.191 24.687 | 24.227 29.621
2 8.516 8.372 8.129 8.447 7.896 7.305 7.468 9.129 11.199 8.084 8.003 10.777 | 10.005 13.474 | 12.005 16.167
3 7.029 7.131 6.682 6.207 6.867 6.867 7.014 6.421 7.590 9.629 | 10.119 6.449 | 12.651 8.062 | 15.180 9.674
4 6.201 6.122 5.320 5.697 5.359 5.359 5.348 6.698 5.398 7.242 7.197 9.655 8.998  12.070 | 10.796 14.483
0.99 5 5.671 5.736 4910 5.363 5.174 5.424 5.442 5.442 6.328 5.604 8.436 7.471 6.251 9.340 7.500 11.207
6 5.135 5.246 4.624 4.624 4.374 4.602 4.526 4.526 5.057 4.339 6.742 5.785 8.429 7.233 10.114  8.678
7 4.884 4.884 4.411 4522 4371 3.972 4.699 4.965 5.717 5.717 5.350 7.622 6.688 5.363 8.025 6.435
8 4.690 4.774 4.246 4.045 3.845 4.193 4.082 4.334 4.839 4.839 6.451 6.451 5.064 8.065 6.076 9.678
9 4.535 4.535 4.114 4.026 3.898 3.742 3.568 3.811 4.081 4.081 5.440 5.440 6.802 6.802 8.161 8.161
10 4.408 4.339 3.764 4.006 3.511 3.933 3.802 4.200 4.685 5.044 4513 4513 5.642 5.642 6.769 6.769
Pak.j.stat.oper.res. Vol.XIIl No.4 2017 pp757-774 773




Amjad D. Al-Nasser, Fatima S. Abdullah

Table 6:

Minimum value of the true mean life to specified mean life u/p, for the
acceptability of a lot with producer's risk of 0.05 for ASPmed(r, 5, c¢) and

ASPmed(r, 6, ).

0.628 0.942 1.257 1571 2.356 3.141 3.927 4712
[ (D 5 6 5 6 5 6 5 6 5 6 5 6 5 6 B 6

0 9.407 10.050 10.935 11.701 14.592 15.613 18.237 19.514 27.349 29.264 36.462 39.014 45.586 48.777 54.698 58.527

& 5.237 5.632 4.895 5.326 6.531 7.106 8.163 8.882 12.241 13.319 16.320 17.757 20.404 22.200 24.482 26.638

2 4.604 4.527 4.618 5.028 4.272 4.747 5.339 5.932 8.006 8.897 10.673 11.861 13.344 14.828 16.011 17.793

3 4,016 4.016 3.593 3.952 4,795 3.521 3.835 4.401 5.750 6.600 7.666 8.798 9.585 11.000 11.500 13.199

4 3.673 3.718 3.694 3.274 3.927 4.369 4.907 3.369 4,118 5.052 5.490 6.735 6.864 8.421 8.236 10.104

0 9 3.446 3.521 3.187 3.522 3.301 3.725 4,125 4.655 6.186 3.774 8.247 5.031 10.311 6.290 12.372 7.547
6 3.442 3.380 3.309 3.120 2.809 3.228 3.510 4.034 5.264 6.049 7.018 8.064 8.774 10.082 10.528 12.097

v 3.300 3.273 2.981 2.800 3.324 2.821 2.992 3.525 4.487 5.287 5.982 7.048 7.478 8.811 8.973 10.573

8 3.189 3.189 2711 3.022 2977 3.382 2.521 3.088 3.780 4.631 5.040 6.174 6.301 7.719 7.560 9.262

9 3.100 3.122 2.854 2.785 2.677 3.079 3.345 2.694 3.053 4.040 4.070 5.386 5.089 6.734 6.106 8.080

10 3.123 3.066 2.647 2.953 3.044 2.815 3.010 3.518 4.514 3.472 6.017 4.629 7.523 5.787 9.027 6.943

0 10.891 10.050 10.935 11.701 14.592 15.613 18.237 19.514 27.349 29.264 36.462 39.014 45.586 48.777 54.698 58.527

1 6.402 6.302 6.652 7.175 6.531 7.106 8.163 8.882 12.241 13.319 16.320 17.757 20.404 22.200 24.482 26.638

2 4.959 4.959 4.618 5.028 4.272 4.747 5.339 5.932 8.006 8.897 10.673 11.861 13.344 14.828 16.011 17.793

3 4.530 4.337 4411 3.952 4.795 5.273 3.835 4.401 5.750 6.600 7.666 8.798 9.585 11.000 11.500 13.199

4 4.091 4.203 3.694 4.052 3.927 4.369 4.907 5.460 4.118 5.052 5.490 6.735 6.864 8.421 8.236 10.104

09 9 3.799 3.926 3721 3.522 3.301 3.725 4125 4.655 6.186 3.774 8.247 5.031 10.311 6.290 12.372 7.547
6 3.727 3.727 3.309 3.645 3.738 3.228 3.510 4.034 5.264 6.049 7.018 8.064 8.774 10.082 10.528 12.097

v 3.553 3.577 3.376 3.303 3.324 3.736 2.992 3.525 4.487 5.287 5.982 7.048 7.478 8.811 8.973 10.573

8 3.417 3.460 3.093 3.022 2977 3.382 3.720 3.088 3.780 4.631 5.040 6.174 6.301 7.719 7.560 9.262

9 3.403 3.365 3.167 3.167 3.311 3.079 3.345 2.694 3.053 4.040 4.070 5.386 5.089 6.734 6.106 8.080

10 3.304 3.287 2.953 2.953 3.044 2.815 3.010 3.518 4.514 3.472 6.017 4.629 7.523 5.787 9.027 6.943

0 12.073 11.627 10.935 11.701 14.592 15.613 18.237 19.514 27.349 29.264 36.462 39.014 45.586 48.777 54.698 58.527

1 6.402 6.865 6.652 7.175 6.531 7.106 8.163 8.882 12.241 13.319 16.320 17.757 20.404 22.200 24.482 26.638

2 5.276 5.336 5.557 5.028 6.162 4.747 5.339 5.932 8.006 8.897 10.673 11.861 13.344 14.828 16.011 17.793

3 4.754 4.622 4.411 4.806 4.795 5.273 5.992 4.401 5.750 6.600 7.666 8.798 9.585 11.000 11.500 13.199

4 4.276 4.203 4.266 4.052 3.927 4.369 4.907 5.460 4118 5.052 5.490 6.735 6.864 8.421 8.236 10.104

0.95 S 4.105 4.105 3721 3.522 4.253 3.725 4.125 4.655 6.186 3.774 8.247 5.031 10.311 6.290 12.372 7.547
® 3.857 3.882 3.722 3.645 3.738 3.228 3.510 4.034 5.264 6.049 7.018 8.064 8.774 10.082 10.528 12.097

v 3.670 3.715 3.376 3.303 3.324 3.736 4.154 3.525 4.487 5.287 5.982 7.048 7.478 8.811 8.973 10.573

® 3.622 3.583 3.416 3.416 2977 3.382 3.720 3.088 3.780 4.631 5.040 6.174 6.301 7.719 7.560 9.262

g 3.495 3477 3.167 3.167 3311 3.079 3.345 3.848 5.016 4.040 4.070 5.386 5.089 6.734 6.106 8.080

10 3.470 3.486 2.953 2.953 3.044 2.815 3.010 3.518 4.514 3.472 6.017 4.629 7.523 5.787 9.027 6.943

0 13.071 12.882 14.110 15.074 14.592 15.613 18.237 19.514 27.349 29.264 36.462 39.014 45.586 48.777 54.698 58.527

1 7.279 7.357 7.855 7.175 8.876 7.106 8.163 8.882 12.241 13.319 16.320 17.757 20.404 22.200 24.482 26.638

2 5.827 5.975 5.557 6.015 6.162 6.709 5.339 5.932 8.006 8.897 10.673 11.861 13.344 14.828 16.011 17.793

3 5.155 5.117 5.043 4.806 4.795 5.273 5.992 6.591 5.750 6.600 7.666 8.798 9.585 11.000 11.500 13.199

4 4762 4792 4.266 4.650 4.929 4.369 4.907 5.460 7.359 5.052 5.490 6.735 6.864 8.421 8.236 10.104

0.99 5 4.377 4.428 4.159 4.077 4.253 4.699 4.125 4.655 6.186 6.981 8.247 5.031 10.311 6.290 12.372 7.547
6 4.210 4.166 3.722 4.076 3.738 4,163 4,671 4,034 5.264 6.049 7.018 8.064 8.774 10.082 10.528 12.097

v 3.987 3.967 3.713 3.713 3.978 3.736 4.154 3.525 4.487 5.287 5.982 7.048 7.478 8.811 8.973 10.573

® 3.899 3.917 3.416 3.416 3.617 3.382 3.720 4.226 3.780 4,631 5.040 6.174 6.301 7.719 7.560 9.262

9 3.749 3.781 3.440 3.492 3.311 3.716 3.345 3.848 5.016 4.040 4.070 5.386 5.089 6.734 6.106 8.080

o 3.698 3.669 3.218 3.268 3.044 3.442 3.010 3.518 4.514 3.472 6.017 4.629 7.523 5.787 9.027 6.943

774 Pak.j.stat.oper.res. Vol.XIIl No.4 2017 pp757-774




