
 

   

10                                                          International Journal of Current Research and Review  www.ijcrr.com  

                                                        Vol. 03 issue 06 June 2011 

 

 

     

       ijcrr 

Vol 03 issue 06 

Category: Research 

Received on:07/04/11 

Revised on:15/04/11 

Accepted on:18/04/11 

____________________________________________________________________ 

 

ABSTRACT 

In this paper, a group acceptance sampling plan, based on the number of failures occurred from 

all groups, is proposed for Marshal-Olkin extended Lomax distribution percentiles under the 

truncated life test. The minimum number of groups needed for a given group size and 

acceptance number are determined by using the two-point approach, that meets the consumer‘s 

and producer‘s risks at the specified percentile quality levels, respectively. The advantages of 

the designed plan are discussed by comparing with original group acceptance plan proposed by 

Aslam and Jun (2009).  The tables are constructed and results are explained with examples. 
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1. INTRODUCTION 

Acceptance sampling scheme is concerned 

with inspecting the product and making the 

decision by using the sample information. 

Accepting sampling is one of the major 

techniques in SQC to assure the quality of 

the product. It is widely used in the field of 

industry and business to manage the 

product reliability and to make the decision 

of accepting or rejecting the product by the 

consumer. Today, products are designed to 

be with high reliability, and most of them 

suffer destructive life tests to collect life 

information. In contrast with 100% 

inspection, acceptance sampling plans have 

the advantage to reduce the cost and 

meanwhile to ensure that the product 

quality meets the standard of the consumer.  

The essential technique of acceptance 

sampling is to establish the minimum 

number of sample items for the test.  Due 

to the fact that it could be difficult to 

observe the complete lifetime of a high 

reliability item, the truncated life test 

would be combined with a sampling plan to 

save time, cost, efforts, manpower, 

electricity of experiment. Time truncated 

life test for a various distributions were 

discussed by Epstein (1954), Goode and 

Kao (1961), Kantam and Rosaiah 

(1998),Kantam et al. (2001), Balkizi 

(2003), Rosaiah et al. (2006), Rosaiah and 

Kantam (2005), Tsai and Wu (2006), 

Rosaiah et al. (2007),  Aslam and Kantam 

(2008),  Balakrishnan et al. (2007), Aslam 

and Jun (2010) and  Radhakrishnan and 

Vinotha (2011).  
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In many situations, putting a number of 

items in a tester for life test could save time 

and cost more.  In this life test, the tester is 

called the group and the number of items in 

each tester is called the group size. An 

acceptance sampling plan with these 

groups of items is called the group 

acceptance sampling plan. The testers had 

been used in the sudden death testing by 

Pascual and Meeker (1998) discussed how 

sudden death experiment could 

significantly reduce testing time and still 

yield the estimates of the Weibull 

percentiles that were as precise as when all 

sample lifetimes used.  Jun et al. (2006) 

also studied variable sampling plans for 

Weibull distribution under the sudden 

death testing.  More recently, Aslam and 

Jun (2009) proposed the group acceptance 

sampling plan for life test under the inverse 

Rayleigh or log-logistic distribution.  Rao 

(2010) developed the Marshal-Olkin 

extended Lomax distribution for a group 

acceptance sampling plan based on 

truncated life test. In these papers, using 

the single point approach to satisfy the 

consumer‘s risk, the producer‘s risk was 

not considered.  

Traditionally, acceptance plans are 

designed based on the mean lifetime of 

items for assuring the quality level of the 

product.  However, the sampling plans 

based on the population mean may not 

catch the specific percentile of lifetimes 

asked from the designed considerations of 

engineering. According to Lio et al. (2010) 

when the quality of interest is a low 

percentile, the sampling plans based on the 

population mean could pass the lot but the 

required low percentile is below the pre-

specified standard asked from the 

customer. Furthermore, a small decrease in 

the mean with a simultaneous small 

increase in variance can result in a 

significant downward shift in small 

percentiles of interest. This means that a lot 

of products could be accepted due to a 

small decrease in the mean lifetime after 

inspection. But the low percentile of 

lifetime for products in the accepted lot 

may not meet the consumer‘s expectation. 

Lio et al. (2010a, 2010b) introduced 

acceptance sampling plans based on 

truncated life test for Birnbaum- Saunders 

percentiles and Burr Type XII percentiles, 

respectively 

Two risks in acceptance sampling plan play 

a vital role for assuring the quality of the 

product. Consumer‘s and producer‘s risks 

are fairly well defined in terms of good 

product rejected and bad product accepted. 

In this paper, the two-point approach, 

which had been used for designing variable 

acceptance sampling plans by Fertig and 

Mann (1998) and by Jun et al. (2006), is 

used to design the proposed group 

acceptance sampling plan toprotect  the 

consumer‘s and produce‘s risks. 

 

The main purpose of this paper is to 

develop the group acceptance sampling 

plan under the truncated life test for the 

percentile of product lifetimes which 

follow the Marshal-Olkin extended Lomax 

distribution by using the two-point 

approach. 

                           

2. Introduction of distribution 

Assume that the product lifetimes follow 

the Marshall-Olkin extended Lomax 

distribution, whose probability density 

function (pdf) and cumulative distribution 

function (cdf) are, respectively, given by:  
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where  is the scale parameter,  is the shape parameter and v  is the index parameter. 

The 100-qth percentile of Marshall-Olkin extended Lomax distribution is then obtained 

as:  

                                 1)1/(1
/1

qqvtq .                                                         (3)                                                       

      Particularly, the 50-th percentile of Marshall-Olkin extended Lomax distribution is: 

                                 ].1)1[( /1vm                                                                       (4)                                                            

Ghitany et. al. (2007) investigated 

properties of the Marshal-Olkin extended 

Lomax distribution and fitted the 

distribution to a randomly censored 

lifetimes. Since then, the Marshal-Olkin 

extended Lomax distribution has been 

applied to model the product lifetime and 

the acceptance sampling plans; for 

examples, Srinivasa Rao et al. (2008) and 

Srinivasa Rao et. al. (2009) studied single 

acceptance sampling plan for the mean of 

the Marshal-Olkin extended Lomax 

distribution. 

                           

3. Group Sampling Plan Based on 

Total Number of Failures 

Assume that the life test is terminated at 

time 0t .  A bad lot means that the true 

100q-th percentile, qt , is below the 

specified 100q-th percentile, 
0

qt  i.e., 

0

qq tt . The lot is declared to be a good 

one if the lifetime data supports the null 

hypothesis 
0

0 : qq ttH  against the 

alternative
0

1 : qq ttH . 

The consumer‘s risk, , is used as the 

significance level for this hypothesis 

testing and 1 is called the consumer‘s 

confidence level. The proposed group 

acceptance sampling plan under the total 

number of failures is stated below: 

1. Draw the random sample of size n  from 

a lot, allocate r  items to each of g  groups 

(or testers) so that n rg  and put them on 

test until the pre-determined time 0t .    

2. When the test is terminated at the pre-

determined time 0t , the lot is accepted if 

the number of failures from g  groups is 

smaller than or equal to c ; otherwise, the 

lot is rejected.  

3. The lot is rejected and the life test is 

truncated before 0t  as soon as the total 

number of failures from g  groups is larger 

than c  before 0t . 

Since the lot of products is accepted only if 

the number of failures from all groups is 

smaller than or equal to the specified 

acceptance number c, the lot acceptance 

probability can be calculated as, 



 

   

13                                                          International Journal of Current Research and Review  www.ijcrr.com  

                                                        Vol. 03 issue 06 June 2011 

 

 

,)1()(
0

c

i

irgi pp
i

rg
pL                       (5)                                  

where p is the probability that an item in 

any group fails before the termination time 

0t . It would be convenient to determine the 

termination time 0t as a multiple of the 

specified 100-qth percentile life 
0

qt . That 

is, we will consider 
0

0 qqtt as a 

constant q multiple of the specified 100-

qth percentile life 
0

qt . When the hypothesis 

test is for q-th percentile, the Marshal-

Olkin extended Lomax distribution at 

0t could be represented in terms of 

0/ qq ttd as follows:      

    

                            ,
)1()//(1

1)//(1

00

00

vtt

tt
P

qqq

qqq
                                                         (6)                                              

where ]11/1[
/1

qqv .  When the hypothesis test is regarding to the median, 

the Marshal-Olkin extended Lomax distribution at 0t  could be in terms of 0/ mm as: 

 

                           ,
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where ]1)1[( /1vm , 00mta , 

m is the true median life and 0m is the 

specified median life. The true quality level 

of the product can be represented as the 

100-qth percentile ratio,
0/ qq ttd , of the 

true 100-qth percentile life qt  and the 

specified 100-qth percentile life 
0

qt . The 

probability of rejecting a good lot is called 

the producer‘s risk  and the probability 

of accepting a bad lot is called the 

consumer‘s risk .  Group acceptance 

sampling plan in this study is designed to 

control the consumer‘s and producer‘s risk 

simultaneously. More specifically, the 

number of groups,  g, and the acceptance 

number, c, are determined by solving the 

following two inequalities simultaneously 

based on two-point approach. 

  

                                    )/( 1

0 dttpL qq                                                                   (8)                                                            

                                    ,1)/|( 2

0 dttpL qq                                                            (9)                                                 

where 1d  and 2d  are the quality levels of 

percentile ratios that will be specified at the 

consumer‘s and producer‘s risks, 

respectively. Let 1p be the failure 

probability at the quality level of the 

consumer‘s risk and 2p be the failure 
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probability at the quality level of the 

producer‘s risk.  Hence, the required 

number of groups, g, and the acceptance 

number, c, can be determined through the 

following inequalities. 
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It can be seen that the solutions for g and 

c are independent of the scale parameter .   

It should be noticed that the failure 

probability, 1p , at the quality level of the 

consumer‘s risk is called the lot tolerance 

reliability level (LTRL) and the failure 

probability, 2p , at the quality level of the 

producer‘s risk is called the acceptable 

reliability level (ARL).  

 

4. Description of Tables and 

Examples 

   Given group size, 10or  ,5r , and the 

termination time multiplier 

1.0or  5.0q , the minium number of 

groups g and the acceptance numbers c  

required for the proposed group acceptance 

sampling plans to ensure the 100-qth 

percentile life, where 5.0 ,1.0q , have 

been obtained under various consumer‘s 

risk values )01.0,05.0,10.0,25.0(  
at 

the true 100-qth percentile equal to the 

specified life and the producer‘s risk value 

0.05 at the true 100-qth percentile ratios 

2d = (4,6,8,10,12). The results for 

population parameters 

),3,3(v )3,2(v and 

)4,3(v  are given in Tables 1-6.  

Tables 1-3 provide the group acceptance 

sampling plans for 10 percentile life and 

Tables 4-6 show the group acceptance 

sampling plans for median life. 

 

Let the product lifetimes have the Marshal-

Olkin extended Lomax distribution with 

parameters 3  and 3 . To protect 

the consumer‘s risk of 0.25 at the pre-

specified 10 percentile life 
0

qt and the 

producer‘s risk of 0.05 at the true 10 

percentile life equal to 4 times of 
0

qt , Table 

1 shows that the group sampling plan 

should use 21 testers with 5 items in each 

tester and the acceptance number 3c , if 

the life test would be terminated at 
05.0 qt . 

To protect the consumer‘s risk of 0.25 at 

the pre-specified median life 
0

qt and the 

producer‘s risk of 0.05 at the true median 

life equal to 4 times of 
0

qt , Table 4 shows 

that the group sampling plan must use 5 

testers with 5 items in each tester and the 

acceptance number 4c , if the life test 

would be terminated at 
05.0 qt . Similarly, 

given the same protections for consumer 

and producer as mentioned above, 

assuming the product lifetimes have the 

Marshal-Olkin extended Lomax 

distribution with parameters 2  and 

3 , Table 2 indicates that the group 

sampling plan needs 20 testers with 5 items 

in each tester and the acceptance number 

3c , if the life test would be terminated 
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at 0.5 multipliers of specified 10 percentile 

life 
0

qt .  

In viewing Tables 1-6, it could be noticed 

that when the ratio 
0/ qq tt increases, the 

number of groups and the acceptance 

numbers decrease at the same time. 

Example 1.  

Suppose that the lifetimes of products 

follow the Marshal-Olkin extended Lomax 

distribution with shape 

parameters 3,2v . It is desired to 

design a group acceptance sampling plan to 

test that the median life is greater than 2000 

hours and manufacturer wants to run an 

experiment for 1000 hours using testers 

equipped with 5 products each. Let us 

assume that the consumer‘s risk is 0.25 and 

the producer‘s risk is 5% when the true 

percentile is 12,000 hours. 

Since 3,2v ,

andr q ,5.0,5,25.0  6/ 0

qq tt  

for this example, the minimum number of 

groups and acceptance can be found as 

2,3 cg  from Table 5. This indicates 

that 15 products are needed for life testing 

and that 5 products are allocated to each of 

3 testers. We will accept the lot if no more 

than 2 failures observed before 1000 hours 

in 3 groups. 

Example 2. 

 In this example, the data set of successive 

failure intervals for the air conditioning 

system of jet plane 8044 reported by 

Proschan [21] is used. The data set contains 

12 observations, 487, 18, 100, 7, 98, 5, 85, 

91, 43, 230, 3, 130 (in hours). Fitting this 

data with the Marshal-Olkin extended 

Lomax distribution, Ramesh C. Gupta 

(2009) provided the shape parameter 

5750.3  and the index 

parameter 4476.1 . The number of 

groups and acceptance numbers for this 

case of Marshal-Olikin extended Lomax 

distribution are given in Table 7 for 

25.0 , 05.0  and 10-th percentile.  

 

 

5. Comparison 

          Figure 1 and Figure 2 present the 

comparison in terms of the number of 

groups needed between the proposed plan 

and the original group acceptance 

sampling plans proposed by Aslam and 

Jun (2009).  Both figures indicate that the 

proposed sampling plan is better than the 

original sampling plan proposed by Aslam 

and Jun (2009), since the number of 

groups needed for the proposed sampling 

plan is smaller than the number of groups 

needed for the sampling plan proposed by 

Aslam and Jun (2009), given a percentile 

ratio 
0/ qq tt . Figure 3 and Figure 4 present 

the comparison again in terms of the 

number of groups needed between 

Marshal-Olkin extended Lomax 

distribution and generalized log-logistic 

distribution. It can be noticed that Figure 3 

and Figure 4 show the proposed 

distribution is better than the generalized 

log-logistic distribution because the 

number of groups needed for the case of 

Marshal-Olkin extended Lomax 

distribution is smaller than the number of 

groups needed for the case of generalized 

log-logistic distribution, given a percentile 

ratio 
0/ qq tt . 
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5.1 Comparison of Total failure plan vs. original plan stated by Aslam and Jun (2009) 

when 5,3,3 rv  and 10th percentile.                                                                                                                                                                                               

                          

0

200

400

600

800

1000

1200

1400

4 6 8 10 12

percentile ratio

G
ro

u
p

s

proposed plan

original plan

                               

Figure1. Percentile ratio vs. Groups for the proposed plan and Original plan  25.0  

5.2 Comparison of Total failure plan vs. original plan stated by Aslam and Jun (2009) 

when 5,3,3 rv  and 50th percentile. 
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Figure2. Percentile ratio vs. Groups for the proposed plan and Original plan  10.0  

 

5.3  Comparison of Marshal-Olkin extended Lomax distribution vs. Generalized log-

logistic distribution  when 5,3,2 rv  and 10
th

 percentile 
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Figure3. Groups vs. percentile ratio for Marshal-Olkin extended Lomax distribution and the generalized 

log-logistic distribution    
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5.4 Comparison of Marshal-Olkin extended Lomax distribution vs. Generalized log-

logistic distribution when 5,3,2 rv  and 50-th percentile. 
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Figure4. Groups vs. percentile ratio for Marshal-Olkin extended Lomax distribution and the generalized 

log-logistic distribution  05.0  

 

5. CONCLUSION 

In this paper, we proposed the Group 

acceptance sampling plan based on the 

number of failures from all groups for 

Marshal-Olkin extended Lomax 

distribution percentile lifetime. The two 

point approach was adopted to determine 

the required minimum number of groups 

and acceptance numbers. This paper only 

deals with the Marshal-Olkin extended 

Lomax distribution to check the multiple 

numbers of items simultaneously by saving 

cost and time. This paper indicate that the 

proposed plan is better than the original 

plan (stated by Aslam and Jun (2009)) 

because the number of groups is smaller as 

compared to the original plan proposed by 

Aslam and Jun (2009). This paper also 

indicates that the Marshal-Olkin extended 

Lomax distribution is better than the 

generalized log-logistic distribution 

because the number of groups is smaller for 

the case of Marshal-Olkin extended Lomax 

distribution. The present plan can be used 

to inspect the many electronic things 

including for example air conditioning 

system of jet plane.  
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Table 1: Minimum number of groups for Marshal-Olkin extended Lomax distribution 

using      3,3v   and 1.0q .    

 

 

 

 

0

q

q

t

t
 

                           r=5                             r=10 

            5.0q            0.1q        5.0q          0.1q  

g c L(P2) g c L(P2) g c L(P2) g c L(P2) 

 

 

0.25 

4 21 3 0.9559 11 3 0.9504 13 4 0.9752 7 4 0.9683 

6 16 2 0.9699 8 2 0.9706 8 2 0.9699 4 2 0.9706 

8 11 1 0.9528 8 2 0.9861 8 2 0.9857 4 2 0.9861 

10 11 1 0.9684 6 1 0.9634 6 1 0.9630 3 1 0.9634 

12 11 1 0.9775 6 1 0.9738 6 1 0.9735 3 1 0.9738 

 

 

0.10 

4 37 5 0.9695 19 5 0.9669 19 5 0.9659 10 5 0.9591 

6 27 3 0.9724 13 3 0.9762 14 3 0.9691 7 3 0.9697 

8 21 2 0.9709 11 2 0.9678 11 2 0.9674 6 2 0.9599 

10 21 2 0.9837 11 2 0.9818 11 2 0.9815 6 2 0.9772 

12 16 1 0.9552 8 1 0.9555 8 1 0.9552 4 1 0.9555 

 

 

0.05 

4 - - - 21 5 0.9502 24 6 0.9665 12 6 0.9675 

6 31 3 0.9576 16 3 0.9541 16 3 0.9534 8 3 0.9541 

8 25 2 0.9551 13 2 0.9511 13 2 0.9506 8 3 0.9814 

10 25 2 0.9743 13 2 0.9719 13 2 0.9716 7 2 0.9661 

12 25 2 0.9839 13 2 0.9825 13 2 0.9822 7 2 0.9787 

 

 

0.01 

4 - - - - - - 35 8 0.9651 17 8 0.9711 

6 46 4 0.9543 23 4 0.9550 23 4 0.9543 13 5 0.9771 

8 40 3 0.9615 20 3 0.9620 20 3 0.9615 10 3 0.9620 

10 40 3 0.9809 20 3 0.9812 20 3 0.9809 10 3 0.9812 

12 33 2 0.9672 17 2 0.9649 17 2 0.9646 9 2 0.9596 

Note: (-) shows that parametric values do not exist.  
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Table 2: Minimum number of groups for Marshal-Olkin extended Lomax distribution 

using      3,2v   and .1.0q .    

 

 

 Note: (-) shows that parametric values do not exist.  
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q

q
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t
 

                           r=5                             r=10 

         5.0q             0.1q            5.0q         0.1q  

g c L(P2) g c L(P2) g c L(P2) g c L(P2) 

 

 

0.25 

4 20 3 0.9588 13 4 0.9741 10 3 0.9588 7 4 0.9656 

6 16 2 0.9678 8 2 0.9687 8 2 0.9677 4 2 0.9687 

8 11 1 0.9504 8 2 0.9851 8 2 0.9846 4 2 0.9851 

10 11 1 0.9667 6 1 0.9616 6 1 0.9611 3 1 0.9616 

12 11 1 0.9762 6 1 0.9724 6 1 0.9720 3 1 0.9724 

 

 

0.10 

4 36 5 0.9696 19 5 0.9638 18 5 0.9696 10 5 0.9553 

6 26 3 0.9733 13 3 0.9742 13 3 0.9733 7 3 0.9673 

8 21 2 0.9688 11 2 0.9656 11 2 0.9649 6 2 0.9572 

10 21 2 0.9824 11 2 0.9805 11 2 0.9802 6 2 0.9755 

12 15 1 0.9579 8 1 0.9533 8 1 0.9528 4 1 0.9533 

 

 

0.05 

4 - - - - - - 23 6 0.9689 12 6 0.9641 

6 30 3 0.9583 16 3 0.9505 15 3 0.9583 8 3 0.9505 

8 25 2 0.9518 16 3 0.9797 15 3 0.9831 8 3 0.9797 

10 25 2 0.9724 13 2 0.9699 13 2 0.9694 7 2 0.9637 

12 25 2 0.9827 13 2 0.9812 13 2 0.9808 7 2 0.9771 

 

 

0.01 

4 - - - - - - 34 8 0.9655 17 8 0.9674 

6 45 4 0.9534 23 4 0.9509 26 5 0.9736 13 5 0.9746 

8 39 3 0.9612 20 3 0.9588 20 3 0.9580 10 3 0.9588 

10 39 3 0.9807 20 3 0.9795 20 3 0.9791 10 3 0.9795 

12 33 2 0.9647 17 2 0.9625 17 2 0.9619 9 2 0.9567 
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Table 3: Minimum number of groups for Marshal-Olkin extended Lomax distribution 

using      4,3v   and 1.0q .    
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q

q
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t
 

                           r=5                             r=10 

           5.0q             0.1q             5.0q              0.1q  

g c L(P2) g c L(P2) g c L(P2) g c L(P2) 

 

 

0.25 

4 21 3 0.9573 11 3 0.9517 11 3 0.9508 7 4 0.9694 

6 16 2 0.9707 8 2 0.9714 8 2 0.9707 4 2 0.9714 

8 11 1 0.9538 8 2 0.9865 8 2 0.9862 4 2 0.9865 

10 11 1 0.9691 6 1 0.9642 6 1 0.9638 3 1 0.9642 

12 11 1 0.9779 6 1 0.9743 6 1 0.9741 3 1 0.9743 

 

 

0.10 

4 37 5 0.9707 16 4 0.9502 19 5 0.9674 8 4 0.9502 

6 27 3 0.9734 13 3 0.9769 14 3 0.9701 7 3 0.9707 

8 21 2 0.9718 11 2 0.9687 11 2 0.9683 6 2 0.9609 

10 21 2 0.9842 11 2 0.9824 11 2 0.9821 6 2 0.9778 

12 16 1 0.9562 8 1 0.9564 8 1 0.9562 4 1 0.9564 

 

 

0.05 

4 42 5 0.9511 21 5 0.9519 21 5 0.9511 12 6 0.9688 

6 31 3 0.9590 16 3 0.9555 16 3 0.9548 8 3 0.9555 

8 25 2 0.9563 13 2 0.9524 13 2 0.9519 8 3 0.9820 

10 25 2 0.9750 13 2 0.9727 13 2 0.9724 7 2 0.9670 

12 25 2 0.9844 11 2 0.9891 13 2 0.9827 7 2 0.9793 

 

 

0.01 

4 - - - - - - 32 7 0.9509 16 7 0.9518 

6 46 4 0.9560 23 4 0.9566 23 4 0.9560 13 5 0.9781 

8 40 3 0.9628 20 3 0.9632 20 3 0.9628 10 3 0.9632 

10 40 3 0.9816 20 3 0.9819 20 3 0.9816 10 3 0.9819 

12 34 2 0.9656 17 2 0.9659 17 2 0.9656 9 2 0.9606 

    

Note: (-) shows that parametric values do not exist.  
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Table 4: Minimum number of groups for Marshal-Olkin extended Lomax 

distribution using      3,3v   and 5.0q .    
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q
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                           r=5                             r=10 

            5.0q             0.1q            5.0q              0.1q  

g c L(P2) g c L(P2) g c L(P2) g c L(P2) 

 

 

0.25 

4 5 4 0.9675 2 3 0.9553 3 5 0.9802 1 3 0.9553 

6 3 2 0.9658 2 3 0.9884 2 3 0.9853 1 3 0.9884 

8 2 1 0.9502 1 1 0.9538 1 1 0.9503 1 2 0.9682 

10 2 1 0.9668 1 1 0.9695 1 1 0.9668 1 2 0.9823 

12 2 1 0.9764 1 1 0.9784 1 1 0.9764 1 2 0.9892 

 

 

0.10 

4 7 5 0.9603 - - - 4 6 0.9753 2 6 0.9816 

6 5 3 0.9683 3 4 0.9886 3 4 0.9857 2 4 0.9609 

8 4 2 0.9647 2 2 0.9682 2 2 0.9647 1 2 0.9682 

10 4 2 0.9802 2 2 0.9823 2 2 0.9802 1 2 0.9823 

12 4 2 0.9877 2 2 0.9892 2 2 0.9877 1 2 0.9892 

 

 

0.05 

4 7 5 0.9603 - - - 4 6 0.9753 3 8 0.9774 

6 6 4 0.9857 4 4 0.9609 3 4 0.9857 2 4 0.9609 

8 6 3 0.9768 3 3 0.9796 3 3 0.9768 2 4 0.9872 

10 5 2 0.9641 3 3 0.9905 3 3 0.9889 2 3 0.9731 

12 5 2 0.9775 3 2 0.9658 3 2 0.9636 2 3 0.9853 

 

 

0.01 

4 - - - - - - 6 8 0.9703 3 8 0.9774 

6 8 4 0.9557 4 4 0.9609 4 4 0.9557 2 4 0.9609 

8 7 3 0.9616 4 4 0.9872 4 4 0.9849 2 4 0.9872 

10 7 3 0.9812 4 3 0.9731 4 3 0.9707 2 3 0.9731 

12 6 2 0.9636 3 2 0.9658 3 2 0.9636 2 3 0.9853 

 Note: (-) shows that parametric values do not exist.  
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Table 5: Minimum number of groups for Marshal-Olkin extended Lomax distribution 

using      3,2v   and 5.0q .    
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                           r=5                             r=10 

            5.0q             0.1q             5.0q              0.1q  

g c L(P2) g c L(P2) g c L(P2) g c L(P2) 

 

 

0.25 

4 5 4 0.9537 3 5 0.9797 3 5 0.9698 2 6 0.9733 

6 3 2 0.9555 2 3 0.9842 2 3 0.9792 1 3 0.9842 

8 3 2 0.9785 2 2 0.9592 2 2 0.9537 1 2 0.9592 

10 2 1 0.9594 1 1 0.9632 1 1 0.9594 1 2 0.9768 

12 2 1 0.9708 1 1 0.9736 1 1 0.9708 1 2 0.9856 

 

 

0.10 

4 6 5 0.9698 - - - 3 5 0.9698 2 6 0.9733 

6 5 3 0.9561 3 4 0.9837 3 4 0.9785 2 5 0.9850 

8 4 2 0.9537 2 2 0.9592 2 2 0.9537 1 2 0.9592 

10 4 2 0.9735 2 2 0.9768 2 2 0.9735 1 2 0.9768 

12 4 2 0.9835 2 2 0.9856 2 2 0.9835 1 2 0.9856 

 

 

0.05 

4 - - - - - - 4 6 0.9612 3 8 0.9652 

6 5 3 0.9561 4 5 0.9850 3 4 0.9785 2 5 0.9850 

8 4 2 0.9537 3 3 0.9721 2 2 0.9537 2 4 0.9812 

10 4 2 0.9735 3 3 0.9865 2 2 0.9735 2 3 0.9629 

12 4 2 0.9835 3 2 0.9555 2 2 0.9835 2 3 0.9792 

 

 

0.01 

4 - - - - - - 6 8 0.9500 3 8 0.9652 

6 9 5 0.9663 5 5 0.9567 5 6 0.9823 3 6 0.9654 

8 8 4 0.9772 4 4 0.9812 4 4 0.9772 2 4 0.9812 

10 7 3 0.9730 4 3 0.9629 4 3 0.9586 2 3 0.9629 

12 6 2 0.9519 3 2 0.9555 3 2 0.9519 2 3 0.9792 

    

Note: (-) shows that parametric values do not exist.  
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Table 6: Minimum number of groups for Marshal-Olkin extended Lomax distribution 

using      4,3v   and 5.0q .    
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                           r=5                             r=10 

            5.0q             0.1q             5.0q              0.1q  

g c L(P2) g c L(P2) g c L(P2) g c L(P2) 

 

 

0.25 

4 4 3 0.9541 2 3 0.9612 2 3 0.9541 1 3 0.9612 

6 3 2 0.9704 2 3 0.9902 2 3 0.9878 1 3 0.9902 

8 2 1 0.9551 1 1 0.9582 1 1 0.9551 1 2 0.9723 

10 2 1 0.9703 1 1 0.9725 1 1 0.9703 1 2 0.9847 

12 2 1 0.9788 1 1 0.9805 1 1 0.9788 1 2 0.9907 

 

 

0.10 

4 7 5 0.9682 3 4 0.9538 4 6 0.9809 2 5 0.9513 

6 5 3 0.9735 3 3 0.9563 3 3 0.9520 2 4 0.9676 

8 4 2 0.9695 2 2 0.9723 2 2 0.9695 1 2 0.9723 

10 4 2 0.9829 2 2 0.9847 2 2 0.9829 1 2 0.9847 

12 3 1 0.9542 2 2 0.9907 2 2 0.9895 1 2 0.9907 

 

 

0.05 

4 - - - 4 5 0.9513 5 7 0.9789 2 5 0.9513 

6 6 3 0.9520 3 3 0.9563 3 3 0.9520 2 4 0.9676 

8 6 3 0.9808 3 3 0.9829 3 3 0.9808 2 3 0.9541 

10 5 2 0.9689 3 2 0.9529 3 2 0.9505 2 3 0.9775 

12 5 2 0.9807 3 2 0.9704 3 2 0.9686 2 3 0.9878 

 

 

0.01 

4 - - - - - - 6 8 0.9779 3 7 0.9526 

6 8 4 0.9638 4 4 0.9676 4 4 0.9638 2 4 0.9676 

8 7 3 0.9679 4 3 0.9541 4 3 0.9511 2 3 0.9541 

10 6 2 0.9505 3 2 0.9529 3 2 0.9505 2 3 0.9775 

12 6 2 0.9686 3 2 0.9704 3 2 0.9686 2 3 0.9878 

    

Note: (-) shows that parametric values do not exist.  
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Table 7: Minimum number of groups for Marshal-Olkin extended Lomax distribution 

using      5750.3,4476.1v   and 1.0q .    
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                           r=5                             r=10 

            5.0q             0.1q             5.0q             0.1q   

g c L(P2) g c L(P2) g c L(P2) g c L(P2) 

 

 

0.25 

4 20 3 0.9573 13 4 0.9730 10 3 0.9573 7 4 0.9644 

6 16 2 0.9667 8 2 0.9678 8 2 0.9667 4 2 0.9678 

8 16 2 0.9841 8 2 0.9846 8 2 0.9841 4 2 0.9846 

10 11 1 0.9659 6 1 0.9607 6 1 0.9601 3 1 0.9607 

12 11 1 0.9756 6 1 0.9718 6 1 0.9713 3 1 0.9718 


