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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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ˆĈ (1 k),

k

p

U SL
M in

S






ways, the mid
y not be the 
racteristic. In

ove drawbacks,
index Cpm and 

'6
C

1 (

m

p

U S L L

T












ere ' (XE  

iation of the qu
desired proc

guchi (1985) p
m as: 

'ˆ6

USL LSL




  

ere 
2(X T)i

n


   

d n is the 
cussion on the
arn et al. (199
ability indices 
died by many 
driguez, 1992; 
ce, 1993). Pea

process capa
mbine the meri
e index Cpmk,
cess variance 

 

denotes the sm
and Cpk indice
: 

 

M

LSL
. Usually 

they are typica
mean X  and 
ly. The estima

, )
3

X X LSL

S

 

dpoint of spe
best location

n order to ov
, Taguchi (198
is defined as: 

'

2

,

,

)

L S L

 

2 2T) (   

quality characte
cess target  
proposed the 

sample size. 
e index Cpm ca
92). The prop
 Cp, Cpk and C
authors (e.g., 
 Sullivan, 198

arn et al. (199
ability index 
its of three ea
alerts the us
increases and

maller value of 
es are directly 

neither μ nor 

ally estimated 
S (see Kane, 

ator of Cpk is 

),  

ecification M  
n for quality 
vercome the 

86) developed 

2T)  is the 

eristic around 
Hsiang and 
estimator of 

A detailed 
an be seen in 
perties of the 
Cpm have been 

Kane, 1986; 
84; Price and 
92) proposed 
Cpmk, which 

arlier indices. 
ser when the 
d the process 



mean devia
Cpmk is defi

2

3

(USL

3

pmk

d
C

E

Min








The index 
Third - G
index Cpmk 

Cpm as: 

1

(1

pmkC

M

d







 

Clearly, we
=Cpm  if 
inequalities

p m k

p m k

C C

C C





More relat
and Wesol
Kotz and 
estimator o

ˆ
3

pmk

d
C 

These four
measure t
bilateral o
many case
specificatio
specificatio
sided to
capability i

3plC







for process
and 

ates from its ta
ined as: 

2

2

,
(X T)

L , LSL)
.

( T)

M

E



 






 

 

 

Cpmk sometime
Generation cap

 can be written

2

,

( )

)C .

pk

pm

C

T

M







 

e have Cpmk  =C
μ=M. In gen
s are hold: 

p m p

p k p

C C

C C



  

tionships are 
owsky (1999),

Johnson (1
of Cpmk  is defin

2 2(X T)

d X M

S

 

 

r indices (Cp, 
the quality c
r two-sided to
s where only 

ons are us
on limit is calle
olerance. Th
indices are: 

LSL


 

ses with lower

arget value (or b

es referred to a
pability index.
n in terms of Cp

Cpk  if μ = T and
eral, the follo

discussed in P
, Boyles (1991
999). The n

ned as: 

.  

Cpk, Cpm, and 
characteristics 
olerances. Ther

the lower or 
sed. Using 
ed unilateral or
he correspo

r specification

both). 

as the 
. The 

Cpk and 

d Cpmk 

owing 

Parlar 
1) and 
natural 

Cpmk) 
with 

re are 
upper 

one 
r one-

onding 

n limit 

puC

for 
The
insi
Ofte

pkC

Cpl

by 
mor
Mo
enc
Kot
Yum
bibl
200
som
infe
base
inst
(200
indi
al. (
con
boo
 
3.

 
Sup
the 
with
as b

f X

whe
par
resp

Y=X
par
the 

fY

and

,
3u

USL 





processes with
e definitions o
ight into the f
en, the rela

(C ,Cpl puMin

and Cpu are ob
X  and S, re

re informati
ntgomery (198
yclopedic stud
tz (2006). Also
m and Kim (2
liographies of 

00-2009, resp
me researcher
erence about 
ed on bootstra
tance, Balamu
02) constructe
ices Cp, Cpk an
(2014) and Bal

nfidence interv
otstrap method.

The lifetim
and the con

ppose that the
two-paramete

h the probabili
below: 

  ex
1

,;x 




ere θ ≥ 0 and
rameter and 
pectively. By 

X−θ, the dis
rameter expon
p.d.f. and failu

  exp
1

;





y

d 

h upper specif
of Cpl and Cpu 
formulation of
ations 

p

C
C 

)  are used. E

btained by repla
espectively. F
ion about 
85), Kane (198
dy about PCIs s
o, Spiring et a
2011) provide
f PCIs for 19
pectively. Als
rs worked o
above mentio

ap re-sampling
urali and Kaly
ed confidence 

and Cpm and Sa
lamurali (2012

val for index C
. 

me performa
nforming ra

lifetime X of 
er exponential
ity density fun

 1
xp Ix







 
 


d λ > 0 are t
the scale 

using the tra

stribution of 
nential distrib

ure rate functio

   ,,0




 


yI
y

 

395 

fication limit. 
also provide 

f Cp and Cpk. 

2
pl puC C  and 

Estimators of 

acing μ and σ 
For providing 

PCIs, see 
86) or for an 
see Pearn and 

al. (2003) and 
d two useful 

990-2002 and 
so, recently, 
on statistical 
oned indices 

g method. For 
yanasundaram 
 interval for 
adeghpour et 

2) constructed 
Cpmk based on 

ance index 
ate 

products has 
l distribution 
nction (p.d.f.) 

   ,, xI 

    (1)
 

the threshold 
parameter, 

ansformation 

Y is a one-
bution with 
ons as: 

,0
         (2)

 



396           

  1
; 


yr

Therefore, 

is the pro
sample wi
..., Rm) fro
distribution

lifetimes 

where 

 1 Rnn

progressive
censoring 

 RRR ,1

the one-pa
with the p.
and (3), re
use one-pa
instead o
distributio

 
Table 2. Th

CL 
−∞ 

−9.00 
−8.00 
−7.00 
−6.00 
−5.00 
−4.50 
−4.00 
−3.50 

 
From (3) a
direct rela
relationshi
λ, the sma
the lifetim
inversely. 
performanc
accurately
performanc
paper, if Y>
the conform
Therefore, 
 

                       

.0, 
     

if R
knm XX :::1 

ogressive firs
ith censoring s
om the two-pa
n with p.d.f. 

::1:
R

knmi XY 


,1   iRR ii

11  ,can be 

e first-failure ce

 m RR...,, 12  

arameter expon
.d.f. and failur
espectively. So
arameter expo
of two-param
on. The lifetim

he lifetime per
Pr 

0.00000 
0.00004 
0.00012 
0.00033 
0.00091 
0.00248 
0.00409 
0.00673 
0.01111 

and (6), one ca
ationship with
ip with failure

aller the failure
me performanc

Therefore,
ce index CL

y represents
ce of products

Y>(<)L, then t
ming (non-con
the ratio of con

                A.A

                       
R
m

R
knm XX :::2 ...

st-failure cen
scheme R= (R

arameter expon
(1), then the

:1:::1
R
m

R
knmi XX 

1...,,2,1 m

treated as

ensored sample
sc
mRRR ,...,, 32

nential distrib
e rate function
o, in this pape
nential distrib
meter expon
me of products

rformance inde
CL 

−3.00 
−2.50 
−2.00 
−1.50 
−1.00 
−.50 
0.00 
0.05 
0.10 

an see that λ h
h CL and in
 rate. The larg
e rate and the 
ce index CL

, the lif

L reasonably 
s the lif
s. Throughou
the product is c
nforming) pro
nforming prod

.Nadi, B.S.Gi

    (3)
 

R
knmm :::  

nsored 
R1, R2, 

nential 
e new 

,:: knm

and 

 the 

e with 
cheme 

from 

bution 
ns (2) 
er we 

bution 
nential 
s is a 

larg
cha
prop
lifet
com

CL

whi
repr
and
To 
pro
perf
of o
with
dev
give

YE

LC

ex CL v.s the c
Pr C

0.01832 0
0.03019 0
0.04979 0
0.08208 0
0.13534 0
0.22313 0
0.36788 0
0.38647 0
0.40657 0

have a 
nverse 
ger the 
larger 

L and 
fetime 

and 
fetime 
ut this 
called 
oduct. 
ducts  

 
is k
defi

rP

Tab
corr
CL 
the 
calc
con
prod
rela
rate

ildeh 

ger-the-better
aracteristic. 
posed capabil
time perfor

mponents. CL i

,


 L


        

ich µ denote
resents the pro

d L is the know
assess the 

oducts, CL can
formance inde
one-paramete
h p.d.f. (2), 

viation of the n
en by: 

  , YVarY







LL







onforming rate
CL Pr

0.15 0.4274
0.20 0.449
0.25 0.472
0.30 0.496
0.35 0.522
0.40 0.548
0.45 0.576
0.50 0.606
0.55 0.637

known as the 
ined as: 

  
L

eLYP 

ble 2 lists va
responding con
values which
conforming 

culated by d
nforming produ
ducts. Obviou

ationship exist
e Pr and the l

 

r type 
Montgomer

lity index CL

rmance of 
is defined as fo

                       

es the proce
ocess standar

wn lower specif
lifetime perf

n be defined a
ex. Under the 
er exponential 

the mean an
new lifetime o

 ,Y
             

,1 
L



e Pr. 
CL 

41 0.60 
33 0.65 
37 0.70 
59 0.75 
05 0.80 
81 0.85 
95 0.90 
53 0.95 
63 1.00 

conforming r

,1  C
L

e L

arious CL val
nforming rates

h are not listed
rate Pr can

dividing the 
ucts by the tot
usly, a strictl
ts between the
lifetime perfor

quality 
ry (1985) 

L to measure 
electronic 

ollows: 

                (4)
 

ess mean, σ 
rd deviation, 
fication limit. 
formance of 
s the lifetime 
assumption 
distribution 

nd standard 
of product are 

               (5)
 

.1 LC
  (6)

 

Pr 
0.67032 
0.70469 
0.74082 
0.77880 
0.81873 
0.86071 
0.90484 
0.95123 
1.00000 

rate which is 

.1 LC (7) 

lues and the 
s Pr. For the 
d in Table 2, 
n be easily 

number of 
tal number of 
ly increasing 
e conforming 
rmance index 



CL. By uti
CL, lifetim
flexible an
assessing t
estimating 
 
4. UMV

index
 
In lifetime 
the experim
position to
items on te
other restr
study, w
progressive

R
knm XX :::1 

progressive
with censo
from a 
distributio

lifetimes 

Where R

 1 Rnn

progressive
with censo

 RR ,., 32
exponentia
failure rate
to Wu an
likelihood 
(y1, y2,...,ym

  1 mCkL 

11 





 mCk


where 0< y
 

  RnnC

 
So 

lizing relations
me performanc
nd effective 
the products q
the conformin

VUE of lifetim
x 

testing experi
menter may n

o observe the 
est due to time
ictions on dat

we consider 
e first-failure 

R
knm XX :::2 ...

e first-failure 
ored scheme R

two-param
on with p.d.f. 

::1:
R

knmi XY 


,1   iRR ii

11  , can b

e first-failure 
oring scheme 

mR..,  from 

al distribution
e functions (2) 
nd Kus (200
function of th

m−1) as: 

    
1

1

1




m

i
ii yFyf

1
exp

1

1

1









 





 m

i

m

k


y1< y2< …< ym

 ...1
1

1 











 





m

i

nR

ship between P
ce index can 
tool, not only

quality, but als
g rate Pr. 

me perform

iments of prod
not always be
lifetimes of a

e limitation an
ta collection. I
the case of
censoring plan

R
knmmX :::  be 

censored sa
R= (R1, R2,..
eter ex-pon
(1), then the

:1:::1
R
m

R
knmi XX 

1...,,2,1 m

be treated as

censored sa
 21 ,...,,  RRR

the one-param

n with the p.d.f
and (3). Acco

09), the asso
e observed dat

  
,

11 Rk i  

  ,1






 ii yRk      

m-1< ∞ and 

  .2
2

1












 i mR  

Pr and 
be a 

y for 
so for 

mance 

ducts, 
e in a 
all the 
nd/or 
In this 
f the 
n. Let 

the 

ample 
.,Rm) 

nential 
e new 

,:: knm

and 

s the 

ample 
1mR  

meter 

f. and 
ording 
ciated 
ta y = 

    (8) 

 





d

dl

l






 
whe

Fro

is a
In a
Cor
obt

ther

inv
CL

ĈL
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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 

.Nadi, B.S.Gi

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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