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ESTIMATING THE LIFETIME 
PERFORMANCE INDEX OF PRODUCTS FOR 

TWO-PARAMETER EXPONENTIAL 
DISTRIBUTION WITH THE PROGRESSIVE 

FIRST-FAILURE CENSORED SAMPLE 

 
Abstract: In practice, Process capability indices such as 
lifetime performance index CL indicate the relationships 
between the actual process performance and the 
manufacturing specifications, where L is the lower 
specification limit and it is known. Progressive first-failure 
censoring scheme is quite useful in many practical situations 
where lifetime of a product is quite high and test facilities are 
scarce but test material is relatively cheap. This study, under 
the assumption of two-parameter exponential distribution and 
by applying data transformation constructs a uniformly 
minimum variance unbiased estimator (UMVUE) of CL based 
on a progressive first-failure censored sample. Then the 
UMVUE of CL is utilized to develop the new hypothesis testing 
procedure. Finally, two illustrative examples are given to 
assess the behavior of this test statistic for testing null 
hypothesis under given significance level. 

Keywords: Lifetime performance index, Progressive first-
failure censored sample, Two-parameter exponential 
distribution, Uniformly minimum variance unbiased 
estimator 

 
1. Introduction1 
 
Effectively managing and assessing quality 
performance for products plays an important 
role in modern companies today. Process 
capability indices (PCIs) are simple numbers 
which ingeniously constructed and they are 
appropriate and practical tools for quality 
evaluation and it’s improvement. In the 
service (or manufacturing) industry, PCIs are 
utilized to assess whether products quality 
reach to the required level. In fact, PCIs 
compares the output of an in-control process 
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to the specification limits. There are several 
PCIs in literatures that can be used to 
measure the capability of a process. For 
instance, Cp, Cpk, Cpm and Cpmk indices 
(sometimes referred to as the traditional 
PICs) which designed and proposed for 
measure the target-the-better type quality 
characteristics with bilateral tolerance limits. 
Beside the PCIs of bilateral tolerance, 
Montgomery (1985) (or Kane, 1986) 
proposed indices Cpl and Cpu, where Cpl 
measure the larger-the-better type quality 
characteristics (such as lifetime) and Cpu 
measure the smaller-the-better type quality 
characteristics (such as time to treat a 
disease) with unilateral tolerance limit. All 
of the above PCIs are assumed that the 
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Table 3. C
m c = 0
3 0.86
4 0.78
5 0.73
6 0.69
7 0.65
8 0.62
9 0.60
10 0.58
11 0.56
12 0.55
13 0.53
14 0.52
15 0.51
16 0.50
17 0.49
18 0.48
19 0.47
20 0.47
21 0.46
22 0.45
23 0.45
24 0.44
25 0.43
26 0.43
27 0.42
28 0.42
29 0.41
30 0.41
31 0.40
32 0.40
33 0.40
34 0.39
35 0.39
36 0.39
37 0.38
38 0.38
39 0.38
40 0.37
41 0.37
42 0.37
43 0.37
44 0.36
45 0.36
46 0.36
47 0.35
48 0.35
49 0.35
50 0.35

ix: 

ritical value c0

0.1 c = 0.2 
4 0.879 
6 0.810 
1 0.761 
0 0.724 
7 0.695 
9 0.671 
6 0.650 
6 0.632 
9 0.617 
3 0.603 
9 0.591 
7 0.579 
5 0.569 
5 0.560 
5 0.551 
6 0.543 
8 0.536 
0 0.529 
3 0.523 
6 0.517 
0 0.511 
4 0.506 
8 0.501 
3 0.496 
8 0.491 
3 0.487 
8 0.483 
4 0.479 
9 0.475 
5 0.471 
1 0.468 
8 0.465 
4 0.461 
1 0.458 
7 0.455 
4 0.452 
1 0.450 
8 0.447 
5 0.444 
2 0.442 
0 0.440 
7 0.437 
4 0.435 
2 0.433 
9 0.431 
7 0.429 
5 0.427 
3 0.425 

0 for m=3(1)65 
c = 0.3 c =
0.895 0.
0.833 0.
0.791 0.
0.759 0.
0.733 0.
0.712 0.
0.694 0.
0.678 0.
0.665 0.
0.653 0.
0.642 0.
0.632 0.
0.623 0.
0.615 0.
0.607 0.
0.600 0.
0.594 0.
0.588 0.
0.582 0.
0.577 0.
0.572 0.
0.567 0.
0.563 0.
0.559 0.
0.555 0.
0.551 0.
0.547 0.
0.544 0.
0.541 0.
0.537 0.
0.534 0.
0.532 0.
0.529 0.
0.526 0.
0.523 0.
0.521 0.
0.519 0.
0.516 0.
0.514 0.
0.512 0.
0.510 0.
0.508 0.
0.506 0.
0.504 0.
0.502 0.
0.500 0.
0.498 0.
0.497 0.

and c=0.1(0.1
= 0.4 c = 0.5

910 0.925
857 0.881
821 0.851
793 0.828
771 0.809
753 0.794
737 0.781
724 0.770
713 0.760
702 0.752
693 0.744
684 0.737
677 0.731
670 0.725
663 0.720
658 0.715
652 0.710
647 0.706
642 0.702
637 0.698
633 0.694
629 0.691
625 0.688
622 0.685
618 0.682
615 0.679
612 0.677
609 0.674
606 0.672
604 0.670
601 0.667
598 0.665
596 0.663
594 0.661
592 0.660
589 0.658
587 0.656
585 0.654
583 0.653
581 0.651
580 0.650
578 0.648
576 0.647
575 0.645
573 0.644
571 0.643
570 0.642
568 0.640

)0.9 at α=0.01
5 c = 0.6 c

0.940 
0.905 
0.881 
0.862 
0.847 
0.835 
0.825 
0.816 
0.808 
0.801 
0.795 
0.790 
0.785 
0.780 
0.776 
0.772 
0.768 
0.765 
0.761 
0.758 
0.755 
0.753 
0.750 
0.748 
0.746 
0.743 
0.741 
0.739 
0.737 
0.736 
0.734 
0.732 
0.731 
0.729 
0.728 
0.726 
0.725 
0.724 
0.722 
0.721 
0.720 
0.719 
0.717 
0.716 
0.715 
0.714 
0.713 
0.712 

. 
c = 0.7 c = 0
0.955 0.97
0.929 0.95
0.910 0.94
0.897 0.93
0.886 0.92
0.876 0.91
0.869 0.91
0.862 0.90
0.856 0.90
0.851 0.90
0.846 0.89
0.842 0.89
0.838 0.89
0.835 0.89
0.832 0.88
0.829 0.88
0.826 0.88
0.823 0.88
0.821 0.88
0.819 0.87
0.817 0.87
0.815 0.87
0.813 0.87
0.811 0.87
0.809 0.87
0.808 0.87
0.806 0.87
0.805 0.87
0.803 0.86
0.802 0.86
0.800 0.86
0.799 0.86
0.798 0.86
0.797 0.86
0.796 0.86
0.795 0.86
0.794 0.86
0.793 0.86
0.792 0.86
0.791 0.86
0.790 0.86
0.789 0.85
0.788 0.85
0.787 0.85
0.786 0.85
0.786 0.85
0.785 0.85
0.784 0.85
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0.8 c = 0.9 
70 0.985 
52 0.976 
40 0.970 
31 0.966 
24 0.962 
18 0.959 
12 0.956 
08 0.954 
04 0.952 
01 0.950 
98 0.949 
95 0.947 
92 0.946 
90 0.945 
88 0.944 
86 0.943 
84 0.942 
82 0.941 
81 0.940 
79 0.940 
78 0.939 
76 0.938 
75 0.938 
74 0.937 
73 0.936 
72 0.936 
71 0.935 
70 0.935 
69 0.934 
68 0.934 
67 0.933 
66 0.933 
65 0.933 
65 0.932 
64 0.932 
63 0.932 
62 0.931 
62 0.931 
61 0.931 
60 0.930 
60 0.930 
59 0.930 
59 0.929 
58 0.929 
58 0.929 
57 0.929 
57 0.928 
56 0.928 
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51 0.35
52 0.34
53 0.34
54 0.34
55 0.34
56 0.34
57 0.33
58 0.33
59 0.33
60 0.33
61 0.33
62 0.33
63 0.32
64 0.32
65 0.32
 
Table 4. C
m c = 0.

3 0.810 
4 0.714 
5 0.652 
6 0.607 
7 0.572 
8 0.544 
9 0.521 
10 0.501 
11 0.484 
12 0.469 
13 0.456 
14 0.445 
15 0.434 
16 0.424 
17 0.416 
18 0.407 
19 0.400 
20 0.393 
21 0.387 
22 0.381 
23 0.375 
24 0.370 
25 0.365 
26 0.360 
27 0.356 
28 0.351 
29 0.347 
30 0.344 
31 0.340 
32 0.336 
33 0.333 
34 0.330 
35 0.327 

                       

1 0.423 
8 0.421 
6 0.419 
4 0.417 
3 0.416 
1 0.414 
9 0.412 
7 0.411 
5 0.409 
4 0.408 
2 0.406 
0 0.405 
9 0.403 
7 0.402 
6 0.400 

ritical value c0

.1 c = 0.2 

0.831 
0.746 
0.690 
0.650 
0.620 
0.595 
0.574 
0.557 
0.542 
0.528 
0.517 
0.506 
0.497 
0.488 
0.480 
0.473 
0.467 
0.461 
0.455 
0.449 
0.444 
0.440 
0.435 
0.431 
0.427 
0.423 
0.420 
0.416 
0.413 
0.410 
0.407 
0.404 
0.402 

                A.A

0.495 0.
0.493 0.
0.492 0.
0.490 0.
0.489 0.
0.487 0.
0.486 0.
0.484 0.
0.483 0.
0.482 0.
0.480 0.
0.479 0.
0.478 0.
0.477 0.
0.475 0.

0 for m=3(1)65 
c = 0.3 

0.852 
0.778 
0.729 
0.694 
0.667 
0.645 
0.627 
0.612 
0.599 
0.587 
0.577 
0.568 
0.560 
0.552 
0.545 
0.539 
0.533 
0.528 
0.523 
0.518 
0.514 
0.510 
0.506 
0.502 
0.499 
0.496 
0.492 
0.489 
0.487 
0.484 
0.481 
0.479 
0.476 
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567 0.639
566 0.638
564 0.637
563 0.636
562 0.635
560 0.634
559 0.633
558 0.632
557 0.631
556 0.630
555 0.629
553 0.628
552 0.627
551 0.626
550 0.625

and c=0.1(0.1
c = 
0.4 

c 
0.5 

0.874 0.895
0.809 0.841
0.768 0.807
0.738 0.782
0.715 0.762
0.696 0.747
0.681 0.734
0.667 0.723
0.656 0.713
0.646 0.705
0.638 0.698
0.630 0.691
0.623 0.686
0.616 0.680
0.610 0.675
0.605 0.671
0.600 0.667
0.595 0.663
0.591 0.659
0.587 0.656
0.583 0.653
0.580 0.650
0.576 0.647
0.573 0.644
0.570 0.642
0.568 0.640
0.565 0.637
0.562 0.635
0.560 0.633
0.558 0.631
0.555 0.630
0.553 0.628
0.551 0.626

ildeh 

0.711 
0.710 
0.710 
0.709 
0.708 
0.707 
0.706 
0.705 
0.705 
0.704 
0.703 
0.702 
0.702 
0.701 
0.700 

)0.9 at α=0.05
= c = 0.6 

5 0.916 
1 0.873 
7 0.845 
2 0.825 
2 0.810 
7 0.797 
4 0.787 
3 0.778 
3 0.771 
5 0.764 
8 0.758 
1 0.753 
6 0.748 
0 0.744 
5 0.740 
1 0.737 
7 0.733 
3 0.730 
9 0.727 
6 0.725 
3 0.722 
0 0.720 
7 0.718 
4 0.716 
2 0.714 
0 0.712 
7 0.710 
5 0.708 
3 0.707 
1 0.705 
0 0.704 
8 0.702 
6 0.701 

 

0.784 0.85
0.783 0.85
0.782 0.85
0.781 0.85
0.781 0.85
0.780 0.85
0.780 0.85
0.779 0.85
0.778 0.85
0.778 0.85
0.777 0.85
0.777 0.85
0.776 0.85
0.776 0.85
0.775 0.85

. 
c = 
0.7 

c 
0.8

0.937 0.9
0.905 0.9
0.884 0.9
0.869 0.9
0.857 0.9
0.848 0.8
0.840 0.8
0.834 0.8
0.828 0.8
0.823 0.8
0.819 0.8
0.815 0.8
0.811 0.8
0.808 0.8
0.805 0.8
0.802 0.8
0.800 0.8
0.798 0.8
0.796 0.8
0.794 0.8
0.792 0.8
0.790 0.8
0.788 0.8
0.787 0.8
0.785 0.8
0.784 0.8
0.782 0.8
0.781 0.8
0.780 0.8
0.779 0.8
0.778 0.8
0.777 0.8
0.776 0.8

56 0.928 
55 0.928 
55 0.927 
54 0.927 
54 0.927 
53 0.927 
53 0.927 
53 0.926 
52 0.926 
52 0.926 
52 0.926 
51 0.926 
51 0.925 
50 0.925 
50 0.925 

= 
8 

c = 
0.9 

958 0.979 
936 0.968 
923 0.961 
913 0.956 
905 0.952 

99 0.949 
94 0.947 
89 0.945 
85 0.943 
82 0.941 
79 0.940 
77 0.938 
74 0.937 
72 0.936 
70 0.935 
68 0.934 
67 0.933 
65 0.933 
64 0.932 
62 0.931 
61 0.931 
60 0.930 
59 0.929 
58 0.929 
57 0.928 
56 0.928 
55 0.927 
54 0.927 
53 0.927 
53 0.926 
52 0.926 
51 0.926 
50 0.925 



36 0.324 
37 0.321 
38 0.318 
39 0.316 
40 0.313 
41 0.311 
42 0.309 
43 0.306 
44 0.304 
45 0.302 
46 0.300 
47 0.298 
48 0.296 
49 0.294 
50 0.292 
51 0.291 
52 0.289 
53 0.287 
54 0.286 
55 0.284 
56 0.283 
57 0.281 
58 0.280 
59 0.278 
60 0.277 
61 0.275 
62 0.274 
63 0.273 
64 0.272 
65 0.270 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0.399 
0.397 
0.394 
0.392 
0.390 
0.388 
0.385 
0.383 
0.381 
0.380 
0.378 
0.376 
0.374 
0.373 
0.371 
0.369 
0.368 
0.366 
0.365 
0.364 
0.362 
0.361 
0.360 
0.358 
0.357 
0.356 
0.355 
0.354 
0.352 
0.351 

0.474 
0.472 
0.470 
0.468 
0.466 
0.464 
0.462 
0.461 
0.459 
0.457 
0.456 
0.454 
0.453 
0.451 
0.450 
0.448 
0.447 
0.446 
0.444 
0.443 
0.442 
0.441 
0.440 
0.439 
0.437 
0.436 
0.435 
0.434 
0.433 
0.432 

0.549 0.624
0.547 0.623
0.546 0.621
0.544 0.620
0.542 0.619
0.541 0.617
0.539 0.616
0.538 0.615
0.536 0.613
0.535 0.612
0.533 0.611
0.532 0.610
0.531 0.609
0.529 0.608
0.528 0.607
0.527 0.606
0.526 0.605
0.525 0.604
0.524 0.603
0.523 0.602
0.522 0.601
0.521 0.601
0.520 0.600
0.519 0.599
0.518 0.598
0.517 0.597
0.516 0.597
0.515 0.596
0.514 0.595
0.514 0.595

4 0.700 
3 0.698 
1 0.697 
0 0.696 
9 0.695 
7 0.694 
6 0.693 
5 0.692 
3 0.691 
2 0.690 
1 0.689 
0 0.688 
9 0.687 
8 0.686 
7 0.686 
6 0.685 
5 0.684 
4 0.683 
3 0.683 
2 0.682 
1 0.681 
1 0.680 
0 0.680 
9 0.679 
8 0.679 
7 0.678 
7 0.677 
6 0.677 
5 0.676 
5 0.676 

0.775 0.8
0.774 0.8
0.773 0.8
0.772 0.8
0.771 0.8
0.770 0.8
0.770 0.8
0.769 0.8
0.768 0.8
0.767 0.8
0.767 0.8
0.766 0.8
0.765 0.8
0.765 0.8
0.764 0.8
0.764 0.8
0.763 0.8
0.762 0.8
0.762 0.8
0.761 0.8
0.761 0.8
0.760 0.8
0.760 0.8
0.759 0.8
0.759 0.8
0.758 0.8
0.758 0.8
0.758 0.8
0.757 0.8
0.757 0.8
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50 0.925 
49 0.925 
49 0.924 
48 0.924 
47 0.924 
47 0.923 
46 0.923 
46 0.923 
45 0.923 
45 0.922 
44 0.922 
44 0.922 
44 0.922 
43 0.922 
43 0.921 
42 0.921 
42 0.921 
42 0.921 
41 0.921 
41 0.920 
41 0.920 
40 0.920 
40 0.920 
40 0.920 
39 0.920 
39 0.919 
39 0.919 
38 0.919 
38 0.919 
38 0.919 
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