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INTRODUCTION

From its beginnings in the early part of the eighteenth
century, the growth of mathematical statistics has proved to be a
powerful tool in the analysis of problems in the face of
uncertainty. Although statistics is primarily used for the
discriptive character and value that it imparts to a mass of
unmanageble data, the science of inferential statistics has given
character and definition to the theories of probability and

estimation.

Fundamental to this study is the immediate application of
probabilistic methods to two major areas —— those of Reliability

and Quality Control.

Quality Control deals primarily with the inspection of new
products, especially before they are put into service. It
frequently addresses questions like: what fraction of the product
is good; how much of the lot is to be inspected; and what

fraction of the lot is acceptable?

Reliability deals primarily with the behaviour of components
after they have becen put into service. It often addresses

problems like: how long can a component or unit be expected to
last; what is the probabilty that a 500 hour missiom, say, will

succeed?



Stated in simple terms "Reliability is the capability of an
equipment not to break down in operation and a measure of an
equipment's reliability is the frequency with which failures
occur in time". Reliability predicts mathematically the
equipment's behavionr under expected operating conditioms. It
expresses in numbers the chance of the equipment to operate
without failure for a given lenqgth of time in an enviromment for
which it was assigned. By its most primitive definition
"Reliability is the probability that no failure will occur in a
given time interval of operation". A more formal definition of
reliability states "Reliability is the probability of a device
performing its purpose adequately for the period of time intended

under the operating conditions encountered".

One of the prominent areas of reliability deals with life
testing. The primary goal in life testing is estimating the mean
life of a component, and a life test is usually conducted by
subjecting one or more identical components to a set of operating
conditions and noting the period of satisfactory performance,
that is, the time to failure of each component. Failure is
defined as the state in which the component fails to perform
satisfactorily. Most of the literature in this area is based on
CFR (constant failure rate) components, for reasons of

mathematical tractability.

0f prime importance in the study of life testing is the
exponential distribution, a continuous distribution with a

constant hazard rate which is independent of time. The hazard



rate is also called the instantaneous failure rate and its
constancy means that the probability of failure is independent of
age -— i.e. an old equipment that is still operating is just as
good as a3 new one. The exponential failure law is used to predict
the probability of. survival of a part as a function of time. Its
density function is of the form:

£(t) = re At t>0 (la)

where A is the constant called the chance failure rate and 't' is

the operating time. In its alternate form the model for component

1life "t' assumes the form :
£(t) = _% & -(t/8) t> 0 (2a)

_ 1
where X = 3+

The area of life testing has been intensively explored by
mathematical statisticians like Benjamin Epstein and Mark Sobel
and many of their papers address the question of whether in the
case of life-test data one is justified in assuming that tke
underlying distribuotion ofllife is exponential. In particular
Epstein presents several procedures for evaluating the validity
of the exponential assumption. His work canm be divided into three

major areas 3

{1} A graphkical procedure, one which is particularly useful

if there are huge amounts of data.

{2) A test for abnormally early first failures.



(3) L test for abnormally late first failures.

Saveral techniques have been used by Epstein in each of these
cases. However, the examples presented seen to be obviously
contrived to fit the rejection tests that he recommends. In most
of his examples it is obvious that a statistical test is not
required to categorize a particular set of data and that even a
relatively inexperienced observer can look at the data and come
to a conclusion about its nature without resort to amy of the
statistical tests provided. The purpose of this report has been
to investigate whether a visual examipation of a set of data can
reveal the nature of the distribution and aid the relatively
inexperienced observer to categorize the data under the types
mentioned without having to resort to any of these tests. In
addition, a special case will be considered wherein a sample
arising out of an expomential distribution with a certain mean
life is contaminated or overlayed by a sample arising out of
another exponential distribution havirg a different mean life.
Under each of these cases a minimum of 30 samples has been
generated, typical sample sizes being 5, 10, 20 amnd 50.
Altogether, about 200 sets of data and an equal number of plots
have been generated using simulation techniques. This report,
hovever, contains only a few representative cases for the
purposes of discussion and analysis. The intention has also been
to use the data and plots for demonstration purposes in a typical
reliability course wvhere the inexperienced student can acquire

the feel for the exponential distribution and the different

considerations involved. Whereas the data, the statistical tests



used and the plots will be described in the body of the report,
+he simulation programs themselves are presented in separate
appendices. Appropriate explanations for each of the prograams

has also been inciuded.
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MATHENATICAL BACEKGROUND

It is critical to the reliability practitioner to make the
corract ctoice of a failure law model for describing data. Amn
attempt is being made here to describe the various importar:
models and their relationships that apply to compoments subject

to failure ir a life-test, These are :

1) The Negative Exponential Distribution.
2) The Gamma Distribution

3) The Chi-Square Distribution and

4y Snedecor?s F-Distribution

The Negative-Exponential Distribution

Throughout its development the theory of reliability has been
based heavily on the assumption of the negative exporential
failure law. This is because of its mathematical tractability
more than anything else. Its density function is of the fornm

£(t) = A e'_" ¥ £>0 (1b)

where A is the constant called the chance failure rate and t is
the operating time. In its alternate form the model for component
life t assumes the form

£(t) = % e = [E/8) (2b)



vhere 6 is refered to as the mean life of the component. The

cunulative distribution is

t
F(e) = of Ae ™ ™% ax

(3b)

=1 - e'lt

Reliability is defined as the probability of failure after time

t, so that in the exponential case we have

R(t) = { £(w) dw (4b)
o At

or equivalently

R(t) = e /0,

The CPR(constant failure rate) law is ome of the most important
in reliability work. In this work it will be convenient to use
the notation

X~NGEX (A\)  or X~CFR (}) (5b)

to stand for a random variable which is distributed
exponentially. The mean and the variance of the exponential
distribution are

L=1/A and o? = 1/3%

The Gamma Distribution

The gamma distribution derives its name from the well known

gamma function defined by

T (@) = / &1 o™X gy a>0 (6b)
0



The gamma distribution is defined by the density function

-1 e-x/E

£(x) = K @,8>0, x>0 (7b)
where K= 1 is a rormalizing constant chosen to give unit area
NEOL .

under the curve. The special gamma distributior for which a is

called the Negative Exponential Distribution. .

The Chi-sguware Distripution-:

The chi-square distribution is a special case of the ganma

distribution. Let X~-G(a,B) so that

£(x) = [T(0)8%"1 &1 ¢ X/B (8b)
nov¥ let y=cx, so that %§==% « Then
) = @ 817 & e o
= [F@) @™ y* ! et (9b)

cB

The result therefore is that if X ~G(2,8) then ¥Y=CX-~G(a,cB)..
The chi-square distribution is obtained by letting @ = W2 and B=2
, Where Vv is a positive integer.

2X

X 6(0,2) ~ X’ (2

If X-G (o, B then Y =

The probability density so obtained is called the chi-square

distribution with Vv degrees of freedon.



The continuous random variable ¥ has a chi-square distribution

with vldegrees of freedom, if its density functior is given by

1 v/2-1 -x/2

f(x) = ;3751:237;; X (IOb)

wher2 V is a positive integer. The mean and the variance of the

chi-square distribution are given by

B =V and 02= 2v

Snedecoxr's F-Distribution-

One of the most important distributions in applied statistics
is the P-distribution. The statistic F is defined to be the ratio
of two independent chi-sguare random variables, each divided by

their degrees of freedom. Hence we can write

_u/vl
g - v/v,

where u, v are independent random variables with vy, and v,
degrees of freedom, respectively. The distribution of the random

variable

F = u/\)1
V?Uz

is given by
2 -
neg) = 1L+ Vp)/2] (“'1/"2)“1/2 £/ 1
chl/Z) F (v2/2) (1+v4 f/vz)

(11b)

(u1+v2)/2

0 elsewhere
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In life testing, whether using single or multiple socket
testing, the reliability engineer who is testing a good produact
pay have a very long wait before the test results are available
for analysis. This is because of the heavy tail of the
exponential distribution., The heaviness of the tail means that,
wvhen a fairly large number of items are put on a life test, a few
of them may last for a very long time and delay the test results
inordinately. One dare not leave them out of the calculations,
since to do so would bias the 6 estimate. What is needed is a
method of terminating testing before all elements have failed,
and of correctly incorporating the incomplete information. The

Type 2 censuring method is used with stopping rule :

" put n items on test at time t=0 in separate testing
stations(sockets). Record failure times. Terminate testing when

ir'(a predetermined number) of the items have failed."

Let %_ represent the ithrandom failure time generated by the
exponential distribution. Each ti is a realization (sample

observation) of a common random variable t for which we can

.th
either write t ~ NGEX or t~G(1,0). Let T; represent the 1

ordered failure time. Suppose that for the ease of notation the

symbols ;P 22,-- -,Zr are used for the ordered failaure

times T1sTys —==,T . As soon as Z,is observed,testing is

T
terminated and there are (n-r) unfailed items with an urknown

amount of residual life left in them. An estimate of mean life is
required and the.process is to form the joint density function of

the first r order statistics.

2 =R (£(2)) £(Z,) ---£Cr) ) [1-F(Z)"T

Zys = - ! ° (n-i)!

E(Zl,



Nl ger o[22, +- - -2+ (n-T)Z_1/8 az) 11

= (n-r)!

The expression assumes simpler form if we define T as
T = Z1 + Zz + - = - * Zr + (n-r)zr

Tht Rt s (erenz

so that

8(Zys Zys - - = Z) =T O e /g -
The variable T is seen to be the total life time of all items
on the test. The right hand terms of 13b, though written in
terms of T, is not in fact the density function of ; , but is
still the joint density of the order statistics Zys gy ===52,
Hovever, it can be regarded as a likelihood function for © im the

current testing situaation; so it can be writtem

n!

-r _-~r/H
(n-r)! ©

L(8) = 6 (14b)

Then the log likelihood function is

InL=1nn! - In(n-r)! - rlnd - T/6
i.e. SlnL =-r + T
50 8 B2

L

and vhen set equal to zero, this yields a maximum likelihood

estimator
8 = T
T (15b)
= Z1 + 22 + === ¢ Zr + (n—r)zr
T

It is of importance to find the density function for the random
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variable, and for this a change in variable is necessary, the old
variable set zl,zz,-----,zr being replaced by a new variable set

defined as follows

&
ct
=
n

nZl .
W, = (n-1)(22-zl)
W, = (n-Z)(Zr-sz
t ' ]

L
]
W

pep = (T2, - 2 _,) (16b)
w, = [n-r+1)(zf - zr-l)
Since Z; 2 22 A I - s the v's are all non-negative. They

can be seen to represent 'partial lives'. This is because all n
components were put on test and all lived until time Zl and so nZ,
is the accumulated group life until 21 . After the first failure,
only n-1 components were alive and they 1ived(22-zg hours until
the second failure. Hence the accumulated group life over the
second interval is npa)(zz-zl) « Similar reasoning obtains for

the rest of the set. If all the equations of 16b are added, the

right hand sides sum to

Zl+22+---+zr_1+(n-r+1)Zr=T (17b)
and thus
T = wl + wz + - = - + Wr (18b)

as could be expected. The inverse transformation must be obtained

from 1¢éb and this is done in a sequential manner, yielding

Z1 = w1/n

Z2 = wlfn + wzln-l

I

1

Zr = wlln + wzl(n-lj + = = = # wr/(n-r+1)
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the Jacobian of this transformation is

1/n )
1/n 1/(n-1)
1/n 1/(n-1) 1/(n-2)

[n(n-1)(@-2). . . (n-r+1)]7%

1/n 1/(n-1) 1/(n-2) - - - 1/(n-r+1)= (n-r)!
| n!
4

Now since the new density g* is developed from the relatiomnship

g* (Wls WZ’ = = oy wr) L g(zls 22: == ZI‘) lJl
it could be written

_ n! -T -(W, + W---+w_)
g Wy Wys = = =5 wr) "~ (n-1)! 8 e 1 2 o (n-1)!

n!
(21b)
= e-WI/e . e-WZ/e . .. i
] 8 8

Each Wy is a random variable whose lower bound is zero{whena Zi
occurs right after zi-l ) and with no upper bound since can
occur 'a long, long time' after Zi_1 . It can also be proved that
the w; are statistically independent. Then since "-"i" G(1,8)

the total life T = w1+w2+...+wrhas the distribution

T ~G(r,8)
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SECIION 2.

SAMPLES OF NEGATIVE EXPONENTIAL PLOTS OF
TIME VS LOG(B+1) /{N+1-I).

Graphical procedure 1

Saveral statistical tests could be conducted for
distinguishing effectively between hypotheses reqarding the

values of the intemsity A of tested systenms.

Epstein (1,2,3a,3b,4,5) considers a graphical procedure. With

a limited amount of initial data from reliability tests, each
specific statistical test can, with a high degree of confidence,
distinguish an exponential distribution from certain other
distributions. There would always be the possibility of
encountering distributions of the time of failure-free operation
that differ significantly from an exponential distribution. This
section demonstrates how a simulated set of life test data could
Teveal the nature of the underlying exponential distribution. The
following is the data of failure times provided by Epstein in
(3b) : |

1.2 13.7 38.9 72.4 102.8 151.6 203.0

2.2 15.t 47.9 73.€¢ 108.5 152.6 204.3

4.9 15.2 48.4 76.8 128.7 164.2 229.5

5.0 23.9 49.3 83.8 133.€ 1€€.8 253.1

6.8 24.3 53.2 95.1 144.1 178.8 304.1

7.0 25.1 55.€ 97.9 147.€ 185.2 341.7
12.1 35.8 62.7 99.6 150.6 187.1 354.4
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wherein the hypothesis tested is whether the underlying

distribution of life is exponential.

The cumulative distribution function (c.d.f) F(t) of the

exponential distribution is given by =

F(t) =0 t<0

= 1-¢ ~(t/0) t>0

hence

t/6 = -log (1-F(t) ),

the expected value of P(t) being Q;i IL The above formula yields

1
t/6 =10g (mpr) =Y

and when the values of y are plotted against t, a straight line

with a slope 1/6is obtained. If the exponential assumption holds,
then the plotted points can be fitted well by a straight line

passing through the origin.

This section contains several simulated sets of data obtained
by the process of generating random exponential deviates.

Appendix 1 contains a SAS program that gemnerates, sorts and plots

the required values; it also explains the program. Tables 2.1.1
to 2.1.20 contain the data generated while Pigures 2.1.1 to
2.1.20 display the plots. To test if sample size had any

noticeable effect on linear trends, samples of size 5, 10, 20 and
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50 were generated. At this point it is worth comparing Epstein's
data with the failure times (x values) gemnerated by the progran.
Figure 2.1a is the plot obtained using Epstein's data and this
coull be compared with the plots displayed in Fiqures 2.1.1 to

2. 1.20'

DISCUSSIOB

Table 2.1.1 provides a saople of 5 randomly generated
exponential deviates (X values), while Figure 2.1.1 plots these
values against y, the logarithm of the reciprocal reliability
function. It seems rather apparent that the trend is linear.
Tables 2.1.2 to 2.1.5 display several such samples of size 5
whils Pigures 2.1.2 to 2.1.5 plot values of x with the
corresponding values of y. FPigures 2.1.2 and 2.1.3 show that the
first few values are low and such low values are responsible for
obscuring the tendency towards linearity. Higher initial values
of x indicate the possibility of a better linear fit than smaller
initial values do. Tables 2.1.5 to 2.1.20 provide several such
sanples of varying sizes, while Figures 2.1.5 to 2.1.20 plot the
values. A comparison of the data with those used by Epstein
indicate a very close similarity. The scatter of values obviously
indicate the linear *rend highlighted in the plo*ts. It does seen
evident that one is able to recognize tke nature of a particular
sample by a close examirnatior of the respective data. The

conclusion that one draws is that the experienced analyst could



=Craph of y; = log{n 4+ 1)}/(n + 1 — () against r; .

Data from Example 1 (a = 49).

FIGURE 2.la Plot of Epstein's Data

Mo

17
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easily detect the exponential nature of a certain set of life
test data without having to resort to formal tests used by

Epstein.



Table 2.1.1

085S

NN

SAS
X

0.26453
0. 29462
0.36303
1.23092
l. 94155

Data Set 1 (sample size

Y

0.18232
0.%0547
0.69315
l.09861
1.79176

13
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LOCTINCLIZiMmet=100 VS FAILURE TIWS
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Figure 2.1.1 Plot of dataset 1 (sample size = 5)



Table 2.1.2 Data Set 2 (sample size = 5)

LOGIIN®L) Z7tHeL=T0) VS FAJLUPE TIMES

ass x1 Y
1 0.,25A73 0.18232
2 0,5635471 0e 40547
3 2.37601 0.69315
4 2.38712 1.09861
5 3. 80697 1.79176
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Figure 2.1.2 Plot of dataset 2 (sample size
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Table 2.1.3 Data Set 3 (sample size = 5)

LCGIIN®L) /UN+L-11) VS FALLURE TIHES

08s x2 Y
1 0.66796  0.18232
2 D.78674 0.40547
3 0.98154 0.69315
4 1.33133 1.09861
5 2.14873 L. 79176
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LAGeine 1/ INel -0 VS FAILUME TIRES

SYeAL USED 1%

MOT oF vexg

e s S G mgm s S ECL A P TR @ Ay e S ey § e anen s e S § S
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1

o.! LI ] () L0 lal 1.2 1s¥ ie4 1a8 Lef le? 1.8 1.7 2.0 2l

[ 0

=2

= 5)

Figure 2.1.3 Plot of dataset 3 (sample size



Table 2.1.4 Data Set 4 (sample size

LOGIIN®LI/ENsL=-10) VS FAILURE TIMES

nas

(VR RN

X3

0.42353
0.43274
0.51307
1. 79673
2.05447

Y

0.18232
0. 460547
V63315
1.09861
1.79176

5)
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Ca2

S § o P e § A - .

LCGIINSLIZ7ENsL=1)) ¥vS FAILUPE TIMES

PLOY OF TeX3 SYRROL USED (3 ¢

3
®
[-]

n.8 1.0 1.2 Taw lae 1.8 7.0 2.2

n

Plot of dataset 4 (sample size = 5)



Table 2.1.5 Data Set 5 (sample size

LCGIIN+L)/TN+1=-11) VS FAILURE TIMES

nss

WS N -

x4

0.29147
0.59451
1.29709
1.55636
2.27238

Y

0.18232
0.40547
0.69315
1.09861
1. 79176

5)

27
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LOGIINSLS /Mol =100 VS TAILI®E T ES
T OF Yexs SYMBOL USFD 15 ¢

s - e —

De4 Db D ¥ le0 1e2 leb l.a 1.8 2.0 2.2 2.4

L L

Figure 2.1.5 Plot of dataset 5 (sample size = 5)



Table 2.1.€ Data Set 1 (sample size = 10)

SAS
oas X ¥

0.05573 0.09531
0.12237 0.20067
0,13881 0.31845
0.21527 Qe 55199
0,22063 0.60614
0.50563 0.7884%
0. 86081 L.01160
1.17202 1.,29929
1.57637 le TO&TS
2.52884 239790

O OB 0 NP

-
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173
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LOGIINGLD) 7ENoL~1)) VS FAILURE TIMES
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30

-
.
€

0.2 8 ] [ ] U8

Fiqure 2.1.6

Plot of dataset 1 (sample size

10)



LOGU{NeL) /IH+1=1)) ¥S FAILURE TIMES

nas

[

DL I NP AP~

Table 2.1.7 Data Set 2 (sample size

X1

0.0%475
0.23518
0.29197
0,39147
0. 40227
0.465576
0.61274
0.9548%5
1.89141
2411337

Y

0.03531
U 20067
0.31345
0.45199
0. 60614
0.78%46
1.0L1le0
1.29928
la 70473
2.139790

10)
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LOGIINGL D /EReL~{1) VS FAILURE TIMES
PLOY CF Yexi SYMROL USED IS ¢

-

P o e o o ¥ § e - ——— - —— = o =

2.2%

1.7%

t.2%

la00 L]
L]

C.T8

.
.50

L]

a
0.25
.
.
¢.00
0.0 0.2 T4 0.4 0.0 1.0 1.2 Lo 1.4 1.8 2.0 2.2 2.8

Figure 2.1.7 Plot of dataset 2 (sample size = 10)



LOGI{N+L) /IH+1=1)} VS FAILURE TIMES

o8s

Ve~V UEN-

Table 2.1.8 Data Set 3 (sample size

Xz

0.23721
De24346
0.33949%
0.57TT7
0.7029%0
0,79783
1.03134
1.086963
1.18988
2.77585

i 4

0.09%531
0.,200867
0.318493
0s45199
D.60614%
0. 78846
1.0L160
1.29928
L.TOATS
2.39790

10)

33
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Table 2.1.9 Data Set 4 (sample size

LOGUIN+L) /INeLl=T1) ¥S FAILURE TIMES

0Bs

-

(= 3V T R IRV IR N N

X3

Q.15921
0.30354
0.38203
Q.6B8658
d.71078
1. 19682
1.,2985%9
1.46325
1.51292
2.73611

h J

0, 09531
0. 20067
0.,31845
F.45199
0.60614
0.78844
1.01160
1.29928
Ll 70475
239790

10)

35
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Table 2.1.10 Data Set 5 (sample size = 10)

LCGIIN®L) /INe1=11] vs FAILURE TIMES

035 X4 Y
1 0.01158 0.09531
2 0.06277 0.20067
3 0.0789% 031845
4 0.14470 0.45199
5 0.63795 0.60614
6 0.76208 0.78846
7 l.11158 l.01160
8 lel2161 1.29928
9 l1.20767 L. 7047S
10 4.91842 2.39790
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Table 2.1. 11 Data Set 1 (sample size

08s

Do~ W& w N

SAS
X

0.07450
0.15679
0.1T648
0.18%559
0,33687
060145
0.68936
0.85R824
1.15500
1.1589%
1.2366%

1.42062°

1. 46787
l.56148
1.85983
1.87211
2.12075
2.29668
2.57600
3.27994

Y

0« 24RT9
Q. 10008
Oa15415
0.21131
0.27193
033547
Q.4054T7
0. 47957
0.55%2
Ue 54663
0.T4194
0.84T730
0. 96508
1.09961
1.25276
1l.43508
L.65823
1. 96591
2.35138
3.06452

20)
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Table 2.1.12 Data Set 2 (sample size = 20)

LOGIIN®L) /IN#L=T)) VS FAILURE TIMES

ORS x1 Y
1 0.C9T59 0.,04879
2 0.14978 0.10008
3 0.26262 Uel54Ll5
4 0. 25482 0.21131
5 0.30623 0.27193
] O0.42030 0.33547
T 0.43796 Qe 640547
9 Qahbesl 0.47957
9 0.41280 0.55962
10 0.70223 O.h4bb3
1L 0. 70274 0.7%194
12 0. 78791 0.84730
13 0.37805 0.96508
14 J.87811 1.09861
15 1. 17480 1.25278
16 1.53174 1.43508
17 1.73053 1.65823
18 1.75933 1.34591
19 1.82737 2.35138
20 2.4T7328 3. 04452
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Table 2.1.13

Data Set 3 (sample size

LCGIIN®LI/IN®L=T10) VS FAILURE TIMES

uas

e g e
FWN=O I®~NFG A

-
~ oA

L
Qom

12

0.00373
00,0467
0.12168
0.22960
0.40349
0.48447
0.51098
0. 70911
0.T1056
0.7T7185%
0. 87342
0.A970%
Je 50190
0.99498
l.01964
1.25267
1.22734
1.45699
l. %6850
314073

Y

0.04879
Q.10004
015415
0.,21131
2.27193
Qa2364T
Qe 6US4T
Qe 47957
0.59962
Da 54663
e 74194
Je 947130
0.76508
1.09861
l.25276
l.43508
1.65823
1.94591
2.35128
3.04452

20)

1
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Figure 2.1.13 Plot of dataset 3 (sanple size = 20)



Table 2.1. 14 Data Set 4 (sample size = 20)

LOGUIN®L) ZIN+1=101 VS FAILURE TIMES

085 X3 ¥
H 0.02963 n.04379
2 0.07923 0.10008
3 0.0928S 0.15415
4 0.18247 da21131
5 0.31156 27193
& De&71R2 0.3364T
7 0.43195 0.40547
a 0.71902 0.47957
9 0.8%633 0.55962
14 0.86134 Oebkbal
11 0.38718 0.74194
12 0.89024 0.84730
13 0.9%1802 0.96504
lé 0.92154 1.07881
15 0.97415 1.2527s
18 1.22978 1.43508
17 1.34009 l.65923
18 1. 15460 1.94591
19 2.55893 2.35138

20 2.60805 3.06452
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Table 2.1.15 Data Set 5 (sample size = 20)

LOGIIN®L) /IN+L=1)} ¥S FAILURE TIMES

OBS X4 Y
1 0.04097 0.043T73
2 0.05074 0.10008
k| D. 17808 0.15%15
4 0,18115 0.,21131
5 0.18625 U.27193
] 0.24255 0.33647
I 0s 40793 0e 40547
8 042037 0 nTIST
9 Q. aT640 0.5592

10 0.47209 0. h4643
11 0.56075 0. 74194
12 0. 82576 0. 34730
13 0.87677 0.76508

14 1.18562 109461
15 1.2233¢ 1.2527&
L& 1.37578 l.43508
17 1.49870 1.65323
18 1.49936 l.94591
19 1.54362 2.35118

20 le 63969 3. 04452
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Table 2.1.16 Data Set 1 (sample size = 50)

SAS
ues X Y

D,02113 Ja 01980
0.02409 0.04001
0.02688 0.06062
0.03368 0.08168
0.06400 0.10318
0.07837 0.12516
0.l1027 O.1476%
0.l1lb18 0.17063
0.12580 0.19415%
10 0.149T4 0.21825
1 0.19213 0.24295
12 0.23244 0.246826
13 0.24976 D.29424
14 0.27488 0.32091

LR - R R P

15 0.41976 0.34831
16 0.44003 0.37648
17 0.44324 0. 60547
18 0.52165 0.43532
19 0.55171 0.46609
20 0.57586  0.49784
21 0.71129 0.53063

22 0.71155% 0. 56453
23 0.83012 0.59962
24 99339 0.631599
25 0. 99474 0.67373
26 0.99596 0.71295

27 1.C3180 0.753717
2R 1.12924 0.79633
29 1.20422 0.84073
30 1le 22476 V. 88720
£ ] 1.24740 J.93609
32 lalllés 0.98739
13 lo 36626 1. 04145
34 1.47903 1.09A861
35 1.49978 l.15924
36 1.56238 1.22378
37 l. 57750 le 29277
L 1.67690 1.36088
39 1.89913 lo%4n92
a0 2e26144 1.53193
4l 2.43108 l.62924
“2 2452154 l. T3680
%3 2.72629 1.45234
44 2. 74447 1. 98592
45 J.15538 2.16007
46 3,.30853 2.32239
4t 1, 50445 2434553
4.t 3.7153¢ 2.13321
49 2,Co=T8 «23ibd

51) 4,371295 1,33143



1.%

L%

T 0

B s B e e B it e S e e o P A —

LCG ML) /iNeL=])) ¥S FAILURE TIMES
PLOT GF Yol SYRBOL USED IS o

T
b

59

o
.
o
>
e
L)
@
-
H
L")
-
M
-
e
L)
-
"
.
re
~
v
-
b
L)
~
-
L]
e
»
h
o

HOTE 1

8 MS NHVEH

Figure 2.1.16 Plot of dataset 1 {sample size

50)



Table 2.1.17 Data Set 2 (sample size = 50)

LOGI(N+1) /lNeLl=1)) VS FAILURE TIMES

DBS Xl Y
1 0.01852 0.01480
2 0.01902 0.0400Q1
3 0.92281 0. 06062
4 0.02327 0.08168
5 0. 02849 0.10318
] 0.15754 0.12516
7 0.16435 J. 14764
8 0. 17140 U 17063
9 0.22621 0,19416

10 0.23057 0.21925
1l 0, 26958 Oe 24295
12 0.32050 0.26826
13 0.,39907 0,29424%
14 0.,45751 0.32091
15 046537 0.34831
18 0. #7904 O.3T7648
17 0. 49944 0, 50547
18 0.53319 0.43532
13 0.53728 0. 86609
20 0.5%087 0.49784
21 0,&5173 0.53083
22 0.T%825 Q. 56453
23 0.8287S 0.599062
24 0. 83169 0. 63599
25 0.8T7043 0.6T73T73
26 0,92906 0.71295

27 1, 02647 0. 75377
28 1.08663 0.79633
29 1.12286 0,B84078
30 l.18616 0.88730
31 1.19689 093609
32 le 22043 0. 98739
33 1.29238 1.04145
3% 1.33868 1.09861
as l1.37051 1.15924
b3 -] 1.37197 1.22378
37 ladlés2 l.23277
3a 1.48298 1.366488
39 1.49245 1:.44692
40 1. 53748 1.53393
L3} 1.58167T La&292%
52 163671 1.73460
43 le 67498 l« 85238
44 1.98709 1.98592
45 2.16141 2.14007
LYY 2.53472 2.32219
47 3.32474 2454553
4R 3. T&999 2.93321

“9 %.,32203 3.23808
ELY] 4.R6960 J.93183
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Table 2.1.18 Data Set 3 (sample size = 50)

LOGIIM*1) /IN#1~1)) VS FAILURE ilHES

oBs x2 Y
1 0.02182 0.01980
2 0. 05353 0.04001
3 0.060286 0.06062
& 0.08104 O.08168
5 0.09522 0.103118
& 0.10538 0.12515%
T 0.11184 0. 14764
L} 0.11T66 0.17063
9 0.12080 0.19416

10 0. 16213 0.21825
11 0,169¢1 0.24295
12 0.19T741 0.26A26
13 0. 24590 0. 29424
14 0.2916¢& 0.32091
15 0.,313722 0.34831
18 0.35136 0.37648
17 0.39199 0.50547
13 0. 41594 0.43%32
19 0.43049 V. 46609
20 D.4T681 0.49784
21 D.49918 0. 5308613
22 0.53482 0.56453
23 0.53952 0.59962
26 0.55699 0. 63599
25 0.63400 0.67373
26 Q. 63641 0.71295
2T 0.69829 0.T75377

28 D.Tl638 079633
29 D AV 64 0. 84078
30 0.8227T0 0.88730
31 D. 82486 0.93609
32 Q. 84901 0.98739
33 0.85973 1.04145
14 Qs 90451 l. 09861
35 0.95816 1.15924
b6 0.95159 1.22378
7 1.C0248 Le29277
EY:) 1.11868 l. 360688
39 1.29177 l.44692
40 l.41691 1.53393
41 1.55573 1.62924%
42 1.40208 la 73460
%3 iL.614R8 1.35238
b4 1,64903 L.98592
45 1. 71609 2. 14007
LT 1.89214 2.322139
&7 1.92130 2.5455)
48 1.97827 2.133321
49 2.07728 3.23463

50 2055205 3.33183
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Table 2.1. 19

Data Set U4 (sanple size

LCGIIN®1) /INSL1-[}) VS FAILURE TIMES

aBs

D00y O Ly =

X3

0.00210
J.01023
0.02795
0. 04604
0.08457
0.08751
0.1033s
0.1529&
0,21063
0.2222%
0.29797
0. 34192
0.34703
0.35079
0. 15634
0. 45052
0.44028
0.51310
0.51511
0. 59966
0.60269
0.60326
0.75932
C.T6T28
0. 50802
0.81352
0.86330
0.89284
0.91031
0.96314
l.03832
119440
1.20142
134552
l.52984
1. 60801
1.80204
1.85579
la 88467
1.93825
1.96809
1.58569
2.41192
2+ 52613
2.54387
2.868461
3.117e9
322413
3.23058
649524613

Y

0.01980
0.04001
0.060862
0. 08168
0.10218
0.12516
Oe 16 764
0.17063
0.19416
0.21825
024295
0.26826
J0.29%24%
0.32091
0. 34831
J.3T648
0,%0547
0.43532
D.465609
O 49784
0.53063
0.56453
0.59962
0. 63599
0.67373
0.71295%
0.75377
Qe 79633
J.84078
0.89730
0. 23609
0.%8729
l.04145
1.05861
1.15924
l.22373
1.2927T
L.36488
la44692
1.53393
1.62924
1. 73460
1.95238
le 78592
2. 14007
2432239
2+ 54553
ca813321
3. 23864
3.v3l813

50)
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Table 2.1.20

LOGIIN+L) /THs1=1)]

aBs

DO ~NORF N

X4

0.00287
Q. 00688
0. 04405

Qe 05044

0.C7194
0.07280Q
0.08546
0.167ST
D.1487&
0.156%6
0.25896
0.26980
Q.,27810
0.33537
0. 40048
0e 41449
D.43765
0.44207
0. 46167
0.4TORO
0.49578
0.56190
0.56313
Q.573T6
0.6639%
0.46509
Q. 746964
Q.77879
0.83914
0.85240
0. 94414
0,55521
1.00163
1.09660
1o 14678
l.29058
1.46936
1.51610
1.73552
2. 16483
2.23380
2.45309
2. 50319
2.66732
2.85948
3.15164
3.31353
44 25355
b.12146
6281957

Data Set 5 (sample size

¥S FAILURE TIMES
Y

N.01980
0.04001
Qe 060462
0.78168
0.10318
0.1251s
QuléTée
0. 17083
0.19%18
0.21825
0.246295
Q.26826
0.29424%
0.32091
0.34831
0.3T7648
Ve 40547
0.43532
Os 26609
0.49784
0.53063
Q546453
0.59962
0. 63599
V.56T373
0.71295
O0e 715277
D.79633
0.84078
0.88730
0.93609
0.98739
1. 04145
1.09861
le 159246
1.22378
1.29277
l.36688
1.44692
151393
1.42924
L. 73460
1. 35234
198592
2.14007
2.322239
2+54553
233321
3.234963
3.93183

50)

57
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SECTION 3.

A TEST FOR ABNORMALLY EARLY OR LATE FIRST FAILURE.

In life testing it is possible that the underlying
distribution of life is exponential. However, it is of interest
to observe if the first few failures occur abnormally early or
late. Two situations are considered. ~let 'A' be a comstant, a
value by which a particular exponential distribution is shifted.

The tvwo situations involve the cases where :

1) A=0, the one parameter expomnential.

2) A>0, the twvwo parameter exponential.

In the first of these cases several simulated samples are studied
to study the occurence of abnormally early failures. An attempt
is made to compare and contrast them with referemce to the

theories propounded by Epstein.

Let t, represent the fjl random failure time generated by the
exponential distribution._Each t; is a realizatioun(sample
observation) of a common random variable t for which we can write
either t - NGEX(A) or t ~G(1,89). let T; represent the iﬂl ordered

failure time. Suppose that

< < - - =+ T
1 - T2—— n

T
are the first r ordered failure times and we wish to test ile is
abnormally small. The total test time is

T=T1, + Tyt - -+ T

1 n
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From {1) and (2) Mark Sobel and Benjamin Epstein prove that if
all the #i are drawn from a common expomential distribution, then
T(ty) (the total life in the interval (O,TQ) and T (r.~7;) (the
total remaining life of all the components after the first
failure), are distributed independently of each other . T has the

distribution
T~G(n,0)
and hence it can be proved that
2
2T - 6 (n,2) = x“(20)
8

It can also be proved that

() ~ X @
8

and 2T (Tr - Tl] ~ xz (2r-2)

)
The ratio of two xz distributions gives an F distribution and the

ratio
P = DT
2T (Tr - Tl)

is distributed as P(2,2r-2). It can therefore reasonably be
asserted that'ﬁ is abnormally small if this ratio is too small,
i.e. less than the critical point F** = rl_a(z,zr—z). Similarly,‘f1
can be judged abnormally large if F. exceeds the critical value

F* = Fa (2,2r-2). TIf the value of F_ is less than the critical
FP** yvalue then there is sufficient evidence to accept the

hypothesis tkat TliS abnormally small. Consequently smaller
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ratios tend to support the fact that L5 is indeed an early

failure.
DISCUSSION

Appendix 2 contains a program written in Fortran G that generates
random exponential deviates. These values, along with the
corresponding values for the log function, are passed into a SAS
program which plots their values. The F value comparisons based
on the above theory are incorporated in the Portran program aad
the p values(also called 1 - & ythat give the left hand tail area
of an P distribution with n1 and n2 degrees of freedom have also
been determined. The (1-p) value gives the critical level at
which the observation would be marginally significant. Tables
3-.1-1a to 3.9.2a provide samples of size 10, 20 and 50 that are

typical of the sitvwation discussed here.
CASE 1. A=0.

4ll deviates were generated from an exponential distribution
with 6=100. Considering the first data set that was generated
(Tables 3.1.1a and 3.1.2a}), the ?c value of . 1668 is much less
than F* = 3.55. The value at which F would be marginally
significant would be at the (1-p)=(1-0.1523)=0.8467 percent
level. The first failure time of 1.2899 does not provide enough
evidence that an abnormally a late failure has occurred. The P**
value is (1/3.55)=0.282. Tkhe . value is also less than the P**
value which provides sufficient evidence to accept the hypothesis

that 7, is abnormally small. We conclude that an abnormally early

1
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failure has indeed occurred. Consider data set 2 with sample
size 10 (Table 3.2.1a). An examination of the first failure time
of 53.3 and the corresponding values beyond it gives rise to the
suspicion that an abmormally late first failure has occurred.

The ratio Pc is 4.2190. This P. value is greater than F*=3,55
though not very much so. Clearly the hypothesis of an abnormally
early failure must be rejected. The associated p value is 0.9686
and the value of P would be marginally significant at
(1-p)=(1-0.9€686)=0.0314 percent level. A visual examination of
the data indicates however that the first failure time of 53.265
was seemingly very late and any inexperienced observer could look
at it and in comparison with the rest of the data pronounce that
a late failure has indeed occurred. It seems to be rather
obvious that a rejection by the P test proposed by Epstein could
be brought about only by virtue of the first failure time being
extremely large. Such a situation could be easily recognized by a
fairly experienced analyst without resort to the test that
Epstein recommends. Several more samples indicate a similar
situation. Varying the sample size using 20 and then 50 did not

prove to be any different from the situations cited above.

CASE 2. A>0.

In the second of the cases discussed in this section letting A
be greater than zero gives rise to the two parameter expomential
whose density function is of the form =

£(t,A) = 1/8 ¢ (t-A)/B t>A>0

1]

=0 elsewhere
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and the associated cumulative distribution function is
F(t;A) =0 t<0

= l-8 (c-A)/0 t>0

It follows that

1 _(t-A)
log GrFmem? = %

Using the same reasoning as in section 2, the values of the

individual 1 are plotted agaimnst

y = log[ (n+l)/(n+l-i) ]

Por the two parameter exponential a straiqght line shifted A units

to the right on the abscissa is obtained.

As mentioned in section 2 Epstein goes on to show that the

ratio
(r-1) T (Tl)
ZT(Tr - Tl)

is distributed as F (2,2r-2) and it can reasonably be asserted
that 3 is abnormally large if this ratio is too large. More
precisely if o« is the significance level, the computed ratio Fc
coull be compared with an F* =F, (2,2r-2). If the value of the
ratio is greater than F* then the hypothesis (that T, is
abpormally large) is supported. Sﬁaller values of the P. ratio
is an indication that an abnormally large first failure is not

present.
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ISCUSSION-

hppendix 3 contains the program that generates random exponential
deviates with © = 100. The first value is incremented by the
constant A for purposes of simulating an abnormally late first
failure. The value of A ranges from 20 to 60, although only values
from 20 to 40 have heen displayed here for the purpose of
convenience. Here again sanples of 10, 20 anéd 50 were cornsidered.
Appendix 3 also has a SAS program that prints and plots these
valuss against the loqg function y. Table 3.1.1b is the Fortran
output that displays a sample of size 10. The first failure tinme
is 21.2899 and the ratio of the first partial life to the total
remaining life suitably weighted gives an ?. value of 2.7524.
This value is lower than the P* value of 3.55 with 2 and (2r-2)
degrees of freedom and so there is ro reason to believe that an
abnormally late first failure has occurred. It is also larger
than the F** value of 0.282 which does not give us enough
evidence to accept the hypothesis that T4 is an abnormally early
failure. O©On the other hand consider Table 3.2.1b. On
examination one is bound to notice the first failure time of
83.2651 and to feel that an abnormally long first failure has
occurred. The calculated F, value is £.5952 which is far above
the P* value of 3.55. The hypothesis that a late first failure
has occurred is very teneble. The p value is 0.9929 and so F
wouli be margimnally significant at (1-p)=(1-0.9929)=0.0071
percent level. A visual examination of the data indicates that

the first failure time of 83.2€651 in comparison with the rest of
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the data is rather large and even a relatively inexperienced
observer could conclude that an abnormally late failure bhas
occurred without much statistical reasoning. It seems obvious
that the acceptance of an abnormally long first failure can only
be brought about by an extremely large value for the first
failure. Such large values can easily be detected by visual
examination and the F test of the kind used by Epstein may be
superflous. Tables and graphs contained in the rest of this

section corroborate thkis fact.



Table 3.1.1a Data Set 1 (sample size = 10)

YTHE SORTED FAILURE TIMES LOGIN+LJ/ (NI~}
l.289% D.0953
34364 0. 2007
10.9396 D.3185%
le.8e621 0.4520
26.56231 Qs 6061
50.8577 0.7885
56.3283 1.0l1e
96,5339 1. 2993

134.4343 la 7047
311.7827 2.3979

FIRST PARTIAL TOTAL LIFE 1 12,8988
TOTAL REMAINING LIFE 1 698,1587
YALUE OF F : 0.1668

P VALUE : 041523
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Figure 3.1.1a Plot of dataset 1 (sample size = 10)



Table

THE SORTED FAILURE TIMES

FIRST PARTIAL TOTAL LIFE @

3.2.1a

53.2651

71.5935

92.8933
106.1330
154.6098
162.3727
177.7564
195.1102
241.3404
413.6375

LOGIN®L)/ (NeL=1])

532. 8514

TOTAL REMAINING LIFE @ 1138.2398

VALUE OF F @ 4.2190

P VALUE :

0.9688

Data Set 2 (sample size

0.09%3
0.2007
0.3185
0.4520
Oe 6061
0.7885
l.0116
1.2993
l. TO&T
2. 3979

10)

68
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PLOT OF FAILURE VALUES VS LOGINeL}/(Nel=11
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fiqure 3.2.1a Plot of dataset 2 (sample size = 10)



Table 3.3.1a

THE SORTED FAILURE TIMES

10.6750
10.7218
11.9¢6584
L3.5444
34,3169
56.9252
123.9955
148.8099 .
307.T061
342 .3479

Data Set 3 ({sample size

LOGIN+11/(N*1=][)

FIRST PARTIAL TOTAL LIFE : 106.750%

TOTAL REMAINING LIFE @

VALUE OF F 2 l.0068

P VALUE =

06149

954.2581

0.0953
0. 2007
0.318%
0.4520
D. 6061
0.7885
le 0118
1le2993
1. 7047
2.3979

10)

70
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Figure 3.3.1a Plot of dataset 3 (sample size = 10)



Table 3.4.1a Data Set 1 (sample size = 20)

THE SORTED FAILURE TIMES LOGINe1 1/ {Ne1=1])
1.2899 0. 0448
3.4364 0.1001

10.9298% 0.1542
16.8621 0.2113
2646231 0.2719
50,8577 . D.3165
53.2651 0.4055
$6.3283 0.479
T1.5933 0.3%9%
92,8933 0. 5466
9645339 . 0.7419
106.1330 0 B473
124.4383 0.9651
154.6098 1.0988
182,5727 1.2528
1777564 1. 4351
195.1102 1. 6582
241 .3404 1. 9459
317927 2.3514
413,8378 3.0445

FIRST PARTIAL TOTAL LIFE : 25.7977
TOTAL REMAINING LIFE 3 2352,1707
YALUE OF F : 0.2084

? VALUE 3 0.1872
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Figure 3.4.1a Plot of dataset 1 (sample size = 20)
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Table 3.5.1a Data Set 2 (sample size = 20)

THE SORTED FAILURE TIMES LOGLNALIZ{HeL=T1)
10.6750 0.0488
10.7219 0s 1001
11.9664 Cal542
13,5464 0.2113
19.0%593 0.2719
20.7202 0.334%
34,3169 0, 4055
38.0696 0. 4796
41.6007 0.559%
41.6669 0.6466
48,4087 0.T419
56,9252 0. 8473
48.8148 0.9651
73.653% 1.0986
77.3869 1.2528

123.9955 * 14351
148.8099 1.6582
177.5T04 1.9459
307.7T061 23514
342.3479 3.0445

FIRST PARTIAL TOTAL LIFE ¢ 213.5010
TOTAL lElllNlNF LIFE 1 1454,4561
VALUE OF F @ 2.7890

P VALUE 3 0.9259
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Table 3.€6.1a

THE SORTED FAILURE TINMES

FIRST PARTIAL TOVAL LIFE 3

2.3725

64,6707

4.9013

8.5276
29,2094
31.8289
341526
38.4104
54,2916
63.7366
T2.3403
73,5133
110.7111
124,.4890
174,994 6
192.5572
225.1587
260.5881
296 .9680
3l4.8708

Data Set 3 (sample size

47,4494

TOTAL REMAINING LIFE 1 2047.7200

VALUE OF F @

P YALUE

0.4403

0.3329

LOGIN®LI/{N¢L=])

0.0488
0.1001
0.1542
0.2113
0.2719
0.3365
0.4035
D.4T9%
0.5%96
Du b466
Oa T419
0.8473
09651
1.0988
l.2%28
1. 4351
1. 46582
l. 9439
2.3514
30445

20)

76
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Fiqure 3.6.1a Plot of dataset 3 (sample size = 20)



Table 3.7.1a Data Set 1 (sample size

THE SORTED FAILURE TIMES

2.1432

223725

4.9013

8.9276
12.4412
12.8290
13,3276
15.4369
16,2734
17.3833
17.485%
22,8405
25.2894
¢7.8629
37.4231
46,8214
49,2453
53.4600
57.5969
61,2964
&l . 5988
73.5133
T7.700%
91.0238
9T7.0180
98,6029
106.20899
110.T111
123.9681
132.3256
1386.3790
145.3964
1456,3358
152.,1931
166.9521
168.1229
174.9948
183.2989
192.5572
194.6810
203,2502
221.1299
225.7567
227.8092
240.5881
242.8024
263.9922
2b6.1216
329.2297
373.0393

FIRST PARTIAL TOTAL LIFE : 107.1399
TOTAL REMAINING LIFE : 5626.9180

VALUE OF F : 0.9332

LOGIN®#11/IN+Ll=1}

0.0198
0. 0400
0. 0606
0.0817
0.1032
D.L252
0.1478
0. 1706
0. 1942
0.2183
0.2429
0. 2683
0e 2942
0. 1209
0. 3483
0.3765
0. %095
04353
0. 4661
0.4978
0.5308
0. 3645
0.5996
0. 63860
0.6737
0.7129
0.7538
0.7963
0.8408
0.8873
0 9351
0.9874&
1.0415
1.098&
l. 1592
1. 2238
1.2928
13669
1.44869
1.5339
1. 6292
le 7346
1, 8524
l.9859
21401
23224
225455
2.8332
3, 2387
3.9318

P VALUE

50)

0.56032

78
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Figure 3.7.1a Plot of dataset 1 (sample size = 50)



Table 3.8.%a Data Set 2 (sample size = 50)

THE SOATED FAILURE TIMES LOGIN®L )}/ IN*L=-1)
1.2899 0.0198
3.4364 0.0400
4.6707 0.0606

10.56750 0.0817
10.7218 0.1032
10.9398 0. 1252
11.9664 0. 1476
13.5664 0. L T06
lé.B8621 O 1942
19.0593 0.2183
20.7202 0.2429
26.6231 O.2683
Jl.8289 0. 2942
36,1526 0. 3209
34,3169 0.3483
38.0496 0.376%
38,6106 0.4033
41,6007 0.4353
4l.6669 D. 061
$8.4067 0. 4978
50.8877 0.5308
53,2651 0.5645
54.2916 0.5996
56.3283 0. 6340
$8.9252 0.6T3T7
53,7386 0. 7129
68,8148 0.7538
71.5935 0. 7963
72,3403 0.8408
73.653% 0, 8873
TT.3869 0. 9361
32.8933 0. 9874
96.5339 1.041S
106.1330 1.0986
123.9955 l.1592
124, 4890 1.2238
134.4343 1.2928
148,.8099 1. 3689
154.56098 la4469
162.5727 1.5339
1773704 1.6292
177. 7564 le 7346
195.1102 l.8524
241 ,3404 1.9859
296,.9680 ) 2.1401
307.7061 2.,322%
3Ll.7527 225455
3l4.8708 2,8332
342, 3479 3.2387
413,6375 3.9318

FIRST PARTIAL TOTAL LIFE : 64,4942
TOTAL REMAINING LIFE 1 5017,3711 P VALUE 1 0.6652

VALUE OF F : 0.6299
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Pigure 3.8.1a Plot of dataset 2 (sanple size = 50)



Table 3.9.1a Data Set 3 (sample size =

THE SORTED FAILURE TIMES

1.3198
1.8175
2.7019
3.6798
4,1330
5.2891 -
6.5166
8.68340
9.707&
10.8286
14,3622
15.0787
18.7584
21.41T71
21.8972
23,8281
25.2010
26.1662
33.2189
36.1799
3T7.9151
39.3690
40,3130
40,9823
44,0797
50,4448
55.%0%9
6l.48561
63,7433
64,2689
73.69%8
86.9809
89.9077
90,7809
93,1424
97.3529
105.7253
113.4026
120.7522
135,4202
145, 1620
156,4495
157.9022
162.2135%
184,2194
201.115%
221 .0051
2T1.4558
12%.2720
3196.9349

FIRST PARTIAL TOTAL LIFE @ 65,9812
TOTAL REMAINING LIFE : 3951,3464

VALUE OF F 3 0.8182

LOGIN+LI/INe¢1-1)

0. 0198
0.0400
0.0606
0.0817
0. 1032
0, 1252
Q. 1476
0. 1706
0. 1942
0.2183
0. 2429
0.2683
0. 2942
0.3209
0.3483
0.3745%
0. €055
0s 4353
04661
0.4978
0.5306
0. 5645
0. 3996
0= 6360
O &6TAT
0.7129
0.7538
0.T796)
0. 8408
0. 8873
0. 7361
0.9874
l.0%15
1.0984
1l. 1592
1l.2238
l.2928
1.3669
14469
1. 5339
la6292
1a 7346
1.8524
1.9859
2.1401
23224
2. 5455
2.8332
3.2387
3.9318

P VALUE

50)

.
:

0.5558

82
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Pigure 3.9.1a Plot of dataset 3 (sample size = 50)



Table 3.1.1b Data Set 1 (sample size = 10)

THE SORTED FAILURE TIMES LOGIN+L )/ IN®L =]
21.2899 0.0953
23.43646 Q0.2007
33.9396 0.3185
Je.d621 0. 520
46,6231 O. 0061
70.8577 C. 7885
76,2283 l.011s
116.5339 le 2993
154.4343 Lo TO&T
331.7527 2.3979
FIRST PARTIAL TOTAL LIFE : 212.8987

TOTAL REMAIMING LIFE : ¢£96.1587
VALUE OF F : 227524

P VALUE : 0.9094
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Table 3.2.1b Data Set 2 (sample size = 10)

THE SORTED § ALLUFE TIMES LUGIN®LIZIN®L=-1)
83,2051 0. 0953
101 .54925 Q0. 2007
122.8933 0.31485
136.1330 0.4520
184.,6098 O.b061
192.57217 0.7885
2U7. 7564 la0Qlls
225.1102 1l.2993
2T1.2403 1.7047
443 ,.63T5 2.3979

FIRKST PARTIAL TOTAL LIFE : B832.6514
TUTAL RERAINING LIFE 3 113b.2598
VALUE OF F : 645952

P VALLE : 0.9929
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Table 3.3.1b Data Set 3 (sample size = 10)

THE SORTED FA(LURE TIMES * LOGIN*LIZIN®L-T)
50.6750 0.0953
50,7218 0.2007
51.9664 0.3185
51,5443 Q.4520
T4.3109 0. 6061
99,9252 0.7885

163,9955 1.0116
188.8u99 1.2993
347.7061 L. T047
382.3479 2.3979

FIRST PARTIAL TOTAL LIFE & 506.T7505
TUTAL REMAINING LIFE @ 954,2581
VALUE UF F : 4.779%

P VALUE : 0.9784
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Figure 3.3.1b Plot of dataset 3 (sample size = 10)



Table 3.4.1b Data Set 1 (sample size = 20)

THE SORTED FAILURE TIMES LOGIN#®L )/ (Hel=1)
22,3725 0. 0%88
24,9013 0.1001
28.52Te 0s 1542
32.4411 0.2113
32.8290 0.2719
33.32T76 Je 3365
35,4369 C.4055
36.2734 0.47%
37.4455 0.5596
45,2894 0. 6466
47,8629 0. 7419
49,2653 0.84173
93,5133 0. 9651
111.0238 1.098s
130.7111 1.2528

194.9946 1. 4351
212.5572 1.6582
223.2502 1. 9459
245.7567T 2.351e
260.5879 3.0445

FIRST PARTIAL TOTAL LIFE : 447.4492
TOTAL REMAINING LIFE : 14T70.9570
VALUE OF F 3 5.7798

P VALUE : 0.9936
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Piqure 3.4.1b Plo* of dataset 1 (sample size = 20)



Table 3.5.1b Data Set 2 (sample size = 20)

THE SORTED FAILURE TIMES LOGIN#L)/INeL=1)
32.1432 0.0488
47.3833 0,1001
52 .4405 0.1542
6T .4231 0.2113
Ta.8214 0.2719
87.5969 0. 3345
31,2964 0.%055
10T . 7005 0. %796

62,3258 0,559
175.596% 0. b4db
182.,1531 0.T4%19
196. 5521 0.8473
198.1229 0. 98651
213.2989 1.0986
22%.46810 l.29%28
272.8022 1.%35]
293.9922 lab582
296,.,1218 19459
359.2297 2.3514
03,0393 Ja 0445

FIRST PARTIAL TOTAL LIFE ¢ 642.8638
TOTAL REMAINING LIFE : 2898.2549
VALUE OF F 1 4a2l4k

P VALUE @ 0.9778
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Pigure 3.5.1b Plot of dataset 2 (sample size = 20)



Table 3.€.1b Data Set 3 (sample size = 20)

THE SORTED FAILURE TIMES LOGIN#L}/ {NeL=1)
a6.5166 0.0488
55,0757 0.1001
6l.4171 0. 1542
61.8972 0.2113
63,4281 0.2719
7i.2185 0.3365
79 3690 0. 4055
0. 4448 0.4796
95. 4600 0.5598
95,5059 Qs 64b6
lul .5988 0.T&19
137.0180 0.8473
137.3529 0.9651
138, 6029 1.0986
146,2859 1.2528
l63.9¢81 l.4351
176.,37%0 l.e582
186 .3258 1.9459
261.1299 2.351%

267.8091 31.0445

11FST PARTIAL TOTAL LIFE : 930.3323
10TAL REMAINING LIFE & 1508.8792
VALUE OF F : 11.7149

P VALUE : Q.94999
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Table 3.7.1b Data Set | (sample size = 50)

THE SORTED FAILURE TIMES LOGIN®#L )/ Hel=1])
21la7290 0.,0198
22.909¢6 0. U400
2B.0350 0. 0606
283641 0.081T
29.5639 0.1032
333063 0. 1252
33.7101 0. 1476
331.Ted3 0. 1706
17.3031 0.1942
38.2519 0.2183
40,2145 0.2429
&l .1013 0.2683
42,3200 0, 2942
83,0089 0.3209
Gba24l9 0.3483
48.04l6 0.3765
50. 0uds 0.2085
51.9600 0. 4353
55,2493 Oe 5661
57.3970 0.4978
58.2365 0.51306
59,0719 D.5645
60.7523 0. 599&
bl.w787 - Q.863860
45.46818 0.6T737
67 .4823 0.7129
69.92%3 0.7538
18.0801 0.7963
803975 0.8408
88. 7170 0. 8873
9l 1403 0.9361
31,2204 0.9874
93.43148 1.0415
103,258% 1.098s

1)5.40698 1.1592
llu.TBe8 l.2238
115.393¢6 l.2928
117.1772 1.3669
142.,2274 l.4469
152,0408 1.5339
179. 7837 1.6292
182,3114 1. 7346
194,3257 l.8524
195,58313 1.9859
214.8207 2.1401
234, 48413 2.3224
259,5554 2. 5455
283, 2014 2.8332
03,1289 3, 2387
30,3632 3.9318

FIFST PARTIAL TOTAL LIFE : 108b6.4814

TUTAL REMAINING LIFE : 4088.6250 P VALUE : 1.0000

VALUE OF F : 13,0209
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Table 3.8.1b Data Set 2 (sample size = 50)

THE SOPTED FAILURE TIMES LOGIN+LI/INeL=1)
32,0776 0.019%
33.0719 d.0400
35.0826 d. 06086
37.08512 0.0317
43.8292 0. 1032
55,7822 0e1252
45.9269 Qe 1276
56.5153 2.17086
§8.78621 Qa 1942
59,4197 0.2183
60.3581 02429
62,0037 Qe 2683
636267 0.2942
63,.56607 0.3209
647851 0.3483
bo.b313 Q.3765
T2.5108 0. 4055
Téal2bil Da%4333
Te.8334 Q. 4661
Bl.5862 0.4978
B4.,675% 0.5306
37.8786 Da5645
90.1051 0.5996
90.9822 Q. 6360
92,5997 0.6737
596.0506 0. 7129
100.1339 0.7538
107.7891 07963
1UB. 4090 C. 8408
113.2875 08873
114.3021 0. 9361

127.6920 0.9874
129, 3954 10415
12,0139 1. 09886
14%,3872 l-1592
146,2663 1.2238
158 .,4921 1.2928
178.6637 le 3689
170.£220 le 4469
191.2206 1.5339
191.,5503 le&292
195.,9030 1.7246
205,849 1.852%
2%50.2849 1.3859
269.8003 2.1%01
294,3164 2,3224
118.7268 245455
362 .0047 2.8332
&l1.8210 3,2387
423.13215% 3.9318

FTIFST PARTIAL TOTAL LIFE : 14A02,3637
TUTAL FEMALMING LIFE @ @947.2070 P OVALUE 1.0000

VALUE DF F : 15,3856
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Table 3.9.1b Data Set 3 (sample size = 50)

THE SDRTED FA[LURE TI4ES LOGIN®]1)/{N®1-1)
40.451¢ 0.0198
426535 0, 0400
45.0784 J. 0608
2T.8880 0.0817
48 .086% 0.1032
*9. 9960 0.1252
50,8953 0. 1478
51.7558 Qe L7086
56,5774 Oe 1942
S&.THL) 0.2183
62eb1L5 0.2429
b4 ,8396 0.20683
65.1385 0.2942
b9,1414 0. 3209
Tdads3d2 0.3%813
12.870& 0.3765
T4.0221 0.4055
T4.6021 D.4353
77,0434 Je 4661
Bl. 6468 0.4978
84,2706 Q. 5306
46 .9002 Ue5645
87,5278 0.5996
91,7741 0.6360
1u0.0979 0.6737

104.67%3 0.7129
104 .84l 4% 0.7538
105.6433 0.7963
117.1845 0.8408
118.6195 0.8873
121.1020 0. 9361
17,3255 0.9874
154.7951 1. 0415
156.,8154 L.098¢
170.6563 1.1592
195.16810 1.2223
198. 4023 1.2928
206.9637 l. 3649
226.9960 la4469
236 .0165 ) 1.5339
252.3070 l.s292
252.7328 1.7340
257.5%04 l.8524
264 ., T3b6 1.9859
232 4084 2.1401
04,9395 2.3224
309, 6929 2.5455
339.1934 2,8332
440.3555 3,2387
%53.0977 3.9318

TIFST PARTIAL TUTAL LIFE : 2022.558&
TOTAL REMAINING LIFE ¢ 5lac.26i7 P VALUE : 1.0000

VALUE OF F : 19.1432
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SECTION 4.

THE EFFECT OF CONTAHMIRATION.

It is of frequent interest to study the situation that arises
when samples from a particular exponential distribution are
doctored, contaminated or seeded by using either superior or
inferior values generated from another exponential distribution.
The result is a mixed distribution the result of which this

section wishes to study by simulation.

Consider the following distributions where exponential
populations 1 and 2 are mixed together in the ratio c! amnd c2

{c14c2=1). The resulting population density is

f(t) = clfl(t) + czfz[t)
where fl(t) = l_g'(t/el) and fz(t) =1 e*(t/82]
61 82
t
then F(t) = é £(x)dx = C F, (t) + C,F,(t)
R(t) = CjR () + C,R, (1)
i.e. 1 - F(t) = cle‘(tfel) ¥ cze‘(t/BzJ
- o t/8,5(Cy + Cle—t(l/el i} 1]82)]
1 = e-t/ez = e‘t/ez
1 - F(t) C, + Cle-t(l/‘e1 =178 .
In 1 = t/e2 - 1In(D)
1 - F(t)
Where D =C,+C e_t(l/el = 148,)

2 1
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Nowv assume that 62>>81 and C2>>C1 - This means that f£(1) is the

*dud' population and f(2) is the good population. If 82> elthen -

o
1 2
This means that e't(lél'l/ez) is a small positive number (<1), Hence
we expect the plot of the pseudo-sample of failure times vs. the

value of y obtained from the log function to be displaced by 4

units along the y axis.

This section is discussed under two cases. Case 1 deals with
the actual contamination where the assumption is that a few
values of the original superior sample are replaced by
members (duds) from another inferior exponential distribution. The
contamination level is less than half the original sample, i.e.

the factor of contamination is < 0.5.

Case 2 deals with the case of pseudo contamination where
members of an inferior sample ( 8=50 )are sprinkled or seeded
with a fevw members arising out of a superior sample(2 =100). This
is accomplished by using the same program with G greater than 0.5
instead of less than 0.5. This is what we call pseudo-

contamination or reverse contamination.

DISCUSSION.

Several samples of size 10, 20 and 50 were gererated. The

original sample had a mean of 100 while the cortamination or
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seeding was brought about by overlaying the oriqinal values by
values from an exponential distribution with mean 50. The level
of contamination was varied from 10% to 90% of the origimal
saumple and those under 50% and those over 50% are distinquished
as the cases mentioned earlier. Appendix 5 is the program that
performs the overlay of values creating the mixed sample. The
valuas are passed on to the SAS proqram outlined in Appendix 5
and the corresponding plots are generated. We consider only two
sitvations under each caée. 20% and 40% contamination situatioas
are considered under the first case while 60% and 90% seeding

conditions are considered under the second case.
CASE 1.

Table 4.1.1a displays a sample size of 10 contaminated by two
values. The F and the p values are determined for comparisons.
Pigure 4.1.1a plots the failure values against y, the logarithm
of the reciprocal reliability function. The plot does indicate a
linear trend although a cluster of the last few x values tends to
curve the graph upwards in the upper tail. The randomness of the
X values gives the graph this unpredictable characteristic. Table
4.2.1a depicts a second sample. Figure #4.2.1a, which plots these
values shows a linear fit. As theorized earlier, it was expected
that the plots would be shifted by an increment along the y axis.
Such an increrent is noticed in Pigure #4.2.1a with the first few
values tending to align themselves a certain increment above the
zero point. The effect of the offset is rather clear in Fiqure

4,3.1a where a sample of 20 with contamination level of 4 is
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considered. The first few values seem to be setting a linear
trend which is offset from the rest of the values which have a
different linear trend. Next, samples of 50 are considered where
10 and 20 values were replaced to create the level of
contamination. A definite linear trend is noticed in the case
where sample size is 50. The values tend to be bunched together
giving the notion that they have come from the same distribution.
In Piqure 4.6.1a it is again fairly evident that the first 20
values that serve as the contamination couont are setting a

di fferent linear trend from the rest. The fact that these 20
values lie on a line above the rest indicate the possibility of
intersecting the y axis at a point well above that which the line
connecting values from an uncontaminated sample would have. The

theory is again borme out by this exanmple.

CASE 2.

It was also neccessary to consider the situation that may
arise vhen a population containing so called bad items are
sprinkled with a few good values. In light of this situation the
samples generated by the exponential distribution with g = 50 was
considered the 'defective' sample while the sample with 8 =100
was considered 'good'. In Table 4.7.1b a sample of 10 with
contamination level of &6 was considered. Fiqure 4.7.1b indicates
a straightforward linear trend. The same is evident in PFiqure
4.8.1b. There is also a definite offset with the imaginary line
joining the points tending to intersect the y axis with a

positive intercept. Examples with sanmple size 20 and 50 give
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very similar results (Tables 4.3.1b to 4.6.2b).
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Table 4.1.1a Data Set 1 (sample size = 10)

NUMBER OF VALUES OVERLAYED 3 2
THE SAMPLE SIZE * 10
THETA] VALUE :100.00

THETAZ VALUE : 50.00

FAILURE YALUES Y YALUES
B8.881¢6 0.0953
14,6716 0.2007
16,2337 0.3185
35.2208 0.4520
40, 8486 0.6061
56.9211 0.7885
ST.TTT3 l.0116
61,0787 1.2993
42,7604 la 7047
67.5314 2.3979

FIRST PARTIAL TOTAL LIFE : 88.8144
TOTAL REMAINING LIFE : 333.0903
VALUE OF F @ 2.3997

P YALUE : 0.3808
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Table 4.2.1la Data Set 2 (sample size = 10)

HUMBER OF VALUES OVERLAYED ¢ 4
THE SANPLE SILE 3 10
THETAL VALUE :100.00

THETA2 VALUE 1 50.00

FAILURE VALUES Y VALUES
2.77Te 0.0953
6.0569 0. 2007
11.5541 0.3185
20,1893 0.4520
32.9350 06061
51.9329 0.788%
60.1901 l1.0118
96.9115 1.2993
193.9680 17047
236.8900 2.3979

FIRST PARTIAL TOTAL LIFE : 27,7759

TOTAL REMAINING LIFE : &85.6289
VALUE OF F @ Q.3646

P YALUE 3 0.,3005
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Table 4.3.1a Data Set 1 (sample size = 20)

HUMBER OF VALUES OVERLAYED ¢t 4
THE SAMPLE SIZE : 20
THETA]l VALUE :100.00

THETA2 VALUE : 50.00

FAILURE VALUES Y VALUES
0.0793 0.0488
0.7289 0.1001
&.BH15 0.1542
5.5841 0.2113

11,4961 0.2719
22.1081 0.3365
44,8755 004055
51,9010 0.4796
61.6016 0.559
6l.9660 0.64866
63,1937 0.7419
82.1780 0.8673
103.4732 0.,9651
113.7945 1.0986
13,0978 1.2528
13642845 1.4351
162.9979 1.6582
178.0940 1.9459
249,1390 2,3514
287.T517 31,0645
FIAST PART1AL TOTAL LIFE : lo 5867

TOTAL REMAINING LIFE : 1774.6385
VALWUE OF F 3 2.01T70

P VALUE @ U.01068
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Table 4.4.1a Data Set 2 (sample size = 20)

NUMBER OF VALUES OVERLAYED : B
THE SAMPLE SIIE ¢ 20
THETAl VALUE :100.00

THETAZ VALUE t 50.D0

FAILURE VALUES Y VALUES
11.0872 0.0488
1627595 D.1001
17.0030 0.1542
27.1503 0.2113
32,4364 0.2719
42,0389 0.3365
44,1955 0 .4055
4beb4s] 0.47%6
67,66%6 0.5596
60,1025 Q6606
72,2987 0.7419
75.9129 08473
80.9809 0.9651
33.8709 1.0986

109.3181 1.2528
139.78T0 1.4351
144.7603 1.6582
186.3335 1.9459
212.1520 2+3514
313.2422 3.0445

FIRST PARTIAL TOTAL LIFE : 221.T440

TOTAL REMAINING LIFE : 1551.9944
VALUE OF F : 2. T14T

P VALUE : 0.9209
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Table 4.5.1a Data Set 1 (sample size = 50)

NUMBER UF VALUES OVERLAYED = 10
THE SAMPLE SIZE * 50
THETA] VALUE :100.00

THETAZ VALUE : 50.00

FAILURE YALUES Y VALUES
0.5700 0.0198
2.2135% 0.0400
&y 0544 0.,06086
4.144T 0.0817
7.8109 0.,1032
B.3861 0.1252
9.5992 0.l476
10,4842 0.1706

10,5033 0.1942
12.1726 0.2183
15.1661 Q.2429
17.1240 0.2683
22.T629 0.,2942
25.0957 0.3209
25.2879 0.3483
26,6558 0.3765
36,0455 0.4055
39,3718 0.435%3
41,3207 0. 4661
43,0625 0.4978
45,0697 0.5306
bb.,0678 0.5645
60,6718 0.5996
608.1448 0.46360
T4.0796 0.6737
T4.3609% 0.7129
T4.8390 0. 7538
Téa 6982 0.79613
84,2120 0.8408
84.530% 0.8873
86,6575 0.93061
94,4023 0.9874
99,5795 1.0415
100.195%6 1.0988
102.4823 1.1592
103.1877 l.2238
103.4405 1.2928
110.0394% le3669
119.59¢66 1.4469
125.049] 1.5339
137.8167 1.6292
138,6122 lT48
156.9678 1.8524
167.9348 1.9859
266, 4990 2.1401
278.3672 2.322%
280.0320 245455
328.8071 2.9332
332.5474 3.2387
S516.4559 3.9318
FIRST PARTIAL TUTAL LIFE : 28,4997

TOTAL REMAINING LIFE : 4668.4219
VALUE OF F : 2.2991

P VALUE 0.2579
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Table 4.6.1a Data Set 2 (sample size = 50)

NUMBER OF VALUES OVEPRLAYED ¢ 20
THE SAMPLE S51ZE : 50
THETA ]l VALUE :100.00

THETAZ VALUE : 50.00

FAILURE VALUES Y VALUES
2.2741 0.0198
1.1103 0 .0400
3, 4849 0.0606
3.8620 Qa.C817
4, 1265 0.1032
babb6b] 0.1252
1. 7005 D.l478
R.311% 0.1T06

lg,1222 0.1942
14,9911 0.,2183
16,1337 0. 2429
l6.38069 0,2683
17,1139 0,2942
17.5618 0.3209
1T.4554 D.3483
17,9345 0.3T6S
25,1745 0,.405%5
32.5736 0.4353
33.7341 0. 4681
34,2237 0.,4978
37.5%21 0.5308
JB.6411 0.5645
42,1867 0.5998
4T.3379 0.6360
29,7748 0.6T3T7
52.2986 0.7129
52.9976 0.7538
53.511% 0.7963
56,3198 0.8408
TO.34865 0.8873
95,5845 0.9361
98. 1009 Q.98T4
99.0140 1.0415
110.1698 1.0986
114.2343 1.1592
119.0824 l.2238
123. 2688 1.2928
132.7077 1.3689
l41,0222 1.44069
166,3156 1.%339
l48,0611 1.6292
148.4611 L.7346
151.3232 1.85%24
155.3198 1.9859
160, 4533 2.14501
161.298% 243224
218,51370. 2.5455
25443703 2.8332
255.T6060 3,23ar7
353,4915 33,9318

FIRST PARTIAL TOTAL LIFE : 113,706
TOTAL REMAINING LIFE : 286%.7617
VALUE OF F : l.4418

P VALUE : 0.7585
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Table 4.1.1b Data Set 1 (sample size = 10)

MUMBER OF VALUES QVERLAYED @ &
THE SAMPLE SILE = 10
THETALl VALUE :100.00

THETA2 YALUE : S0.00Q

FAILURE VALUES Y VALUES
18.2714 0.0953
18.3281 @.2007
23,6487 0.3185
40,6767 0.4520
53.73234 Q.b061
65,0953 0.7885
T6.3532 l-01lis

107.16235 12993
152.1412 1.7047
209.9460 2.3979

FIRST PARTIAL TOTAL LIFE 3 182.713é6
TOTAL REMALNING LIFE : 582.6399
VALUE OF F : 2.8224

P VALUE : 09141
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Table 4.2.1b Data Set 2 (sample size = 10)
NUMBER OF VALUES OVERLAYED : 9
THE SANPLE SIZE : 10
THETAl VALUE :100.00
THETA2 VALUE : 50.00
FAILURE VALUES Y YALUES

4,7821 Q.0953
T.9898 0.2007
16,1267 0.3185
58,4250 0.4520
66.2398 044061
67.7996 0.7885
90.2284 1.0116
166.1073 1.2993
1694813 1.7047
188.9646 2.3979
FIRST PARTIAL TOTAL LIFE 3 47,8208
TOTAL REMAINING LIFE ¢ 78643228
VALUE OF F :  0.5673
P VALUE : Da%l22

121
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Table 4.3.1b Data Set 1 (sample size = 20)

NUMBER UF VALUES OVERLAYED : 12
THE SAMPLE SILE 1 20
THETAL VALUE :100.00

THETAZ VALUE : 50.00

FAILURE VALUES Y VALUES
S.7087 Q.,0488
6.,5019 0.1001
b.5168 0.1542
T.1929 0.2113

25.5154 0.2719
29.2225 0.3365
38,.805% Q. 4055
38,8721 0.4T796
50.799s 0.5596
54,8679 Qobabs
56.3284 D.7T419
59.T311 De 8473
89.9870 0.9651
92.2048 1.098s%
119.8158 l.2528
137.2579 1a%351
150. 1005 l1.6582
215.3425 1.9459
22T.4684 2:3514
209, 4424 3. 0445

FIRST PARTIAL TOTAL LIFE 3 114.1T746
TOTAL REMAINING LIFE @ 1587.5039
VALUE OF F : 1.3665

P VALUE : 0.7328
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Table 4.4.1b Data Set 2 (sample size = 20)

NUMBER UF VALUES OVERLAYED : 18
THE SAMPLE SIZE = 20
THETAL VALUE :100.00

THETAZ VALUE : 50.00¢

FAILURE VALUES Y VALUES
1. 4229 0.0488
2.8006 Oe.1001
3. 56159 0.1542
T.6896 f.2113

11,3403 0.2719
33,6037 Ue 3385
. 35.2077 0.4085
16.6417 0.8796
18,3683 0.5996
39,2477 O.b4b6
0,239 0.7419
48,3635 0.8473
51 . 00ss 0.9651
57.401% 1.0986
60,6488 1.2528
65.320% 1.4351
Th, 94T 1.6582
B81.9165 1.945%
89,3893 2.351%
99,1853 3.0445
FIRST PAATIAL TOTAL LIFE : 28.4570

TOTAL REMAINING LIFE : B849.7134
VALUE CF F : 0.6363

P YALUE @ 0.4652
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Table 4.5.1b Data Set t (sample size = 50)

NUMBER UF YALUES OVERLAYED : 30
THE S AMPLE SIIE : 50
THETAL YALUE :100.40

THETAZ VALUE : 50.00

FAILURE VALUES Y VALUES
2.1506 0.0198
2.2929 0.2400
2.8617 0.0606
31,9362 0.0817
5.6889 0.1032

. 5.8525 0.12%52
8.0843 01476
8.6660 0. L7086

11.9973 0.1942
14. 7759 0.2183
16.2506 0.2429
17.7935 0.2683
19.1284 0,2942
19,3577 0.3209
21.7553 0.3483
23.0185 0.3T765
23.817s 0.5055%
25,3602 0.4353
28.2803 Da.o661
32.9239 D.4978
33,5629 0.5306
33,7299 0.564%
34,6773 0.5996
35,4040 De 63860
35,6280 Q.6737
318.2151 Q.7129
38,7758 . 0.7538
4607540 0.7963
46,9218 0.3%08
42,2411 0.8473
55,8919 0.9361
70.537% 0.9876
78.324) 1.0415
83.016& 1.C988
88,7932 11592
91,4881 1.2238
96.4554 1.2928
97.3703 1.3669
98,4129 l.44569
99.2T19 1.5319
106.5970 1.6292
112.3747 1.T34¢
125.2829 1.8524
126.9490 1.9859
148,0810 2.1401
151.4960 2.322¢
171.9721 2.5455
178.,0238 2.8332
202.9797 3.2387
203.T360 3.9318

FIRST PARTIAL TOTAL LIFE : 107.5249
TOTAL REMAINING LIFE : 2966.58%0
YALUE QF F : 1.7761

P YALUE : 0.8253
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MUl OF FALLURE TTRES Y3 LOGINCL)/iRel-10
SAMPLE 31/E = 30
COMT 4MINAT IUN COUNT = 30

PLOT OF Yeu IyMeoL USED I3 =

0

1.3
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Figure 4.5.1b Plot of dataset 1 (sample size = 50)



Table 4.£.1b Data Set 2 (sample size = 50) 123

NUMBER OF VALUES OVERLAYED : 45
THE SAMPLE  SIZE : 50
THETAL VALUE :100.00

THETAZ2 VALUE : 50.00

FAILURE VALUES Y VALUES
0. 7622 0.0198
1.,3958 0.0400
1.8252 G.0606
2.0755 0.0817
4.0571 0.1032
5.1049 0.1252
b.6102 0.1476

10.3578 0.l706
13,2920 0.1942
14.7632 0.2183
14,9236 0.2429
16,1201 0.2683
17.4100 0.2942
17.9323 0.3209
20,8343 C.3483
20,8404 0.3765
21,4093 0.4055
21 .9363 024353
22.7222 0.4661
24.6107 0.4978
26,8132 0.5306
28L1LTT 0.5645
31.4135 0.5996
. 36,4061 Q.6360
44,4073 0.6737
44,6077 0.7129
45,1189 0.,7538
45.2890 0. 7963
45,8211 0.8408
46,6563 C.8873
51.0918 0.9361
56.0914% 0.7874%
55,6717 1.0415
57.1099 1.0986
58.5573 l.1592
60.8899 1.2228
52.6T64 1.2928
64,9420 1.3669
91l.3608 ls 4469
93.531s 1.5339
98.7514 l.6292
100.0353 1.7346
103.0399 1.8524
107.8437 1.9859
109.5312 2.1401
113.23865 2.3224
123.2966 2. 5455
158.379% 2.8332
173.9402 3.2387
207 .0641 3.2318

FIRST PARTIAL TOTAL LIFE : 38.11%8
TOTAL REMAINIMNG LIFE : 2560.3552
YALUE QOF F 0.7295

P VALUE : 0.5152
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PLOUT OF FALLURE TIRES VS LOGINeL I/ Iel-1)
SULE SIIE = 50
CUMTARINATION COUMT = 45

PLOI OF Yex SrABMA USED IS ®
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Pigure 4.6.1b Plot of dataset 2 (sample size = 50)
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CONCLUSIOHNS.

From the various studies conduocted the following conclusions were

drawvn :

{1) Graphical procednres indicate a strong linear trend
in the plot of failure times vs the logarithm of the

reciprocal reliability function.

(2) It is fairly evident from the various examples cited
that abnormally early or late failures in the case of
samples arising from exponential distributions can be
recognized by fairly inexperienced observers rather than
by having to be subjected to statistical acceptance or

rejection by the test proposed by Epstein.

(3) Samples often indicate that the shifted exponential
can be recognized by the naked eye and it seemrs rather
evident that rejection by Epstein's test can be brought
about only in the case of samples that clearly appear

pathological.
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Appendix 1
SIMULATION PROGRAN - PLOTTING EXPONENTIAL DEVIATES

This explanation precedes the SAS program that simulates the
generation of ramndom exponential deviates. The step DATA RANDOH
creates the data set of the same name. The cumulative

distribution of an exponential distribution with intensity Ai=1

is given by

F(t) =1-¢e " o0
. 1-F(t) =eT
t = -log[l - F(t)]

The reason for generating five sets is to obtain several samples
in a single run without kaving to compile the program repeatedly.
Line 2 is the DO loop that generates a sanple of 10 (5, 10, 20
&50 were also used) exponential deviates using the principle
above, The values assumed@ by the DO loop irdex also controls the

sample size.

PROC SORT OUT=FAILTINMI: BY X; gives the name failtim1 to the
data set rearranged by the sort routine. Values are sorted by

x(failure times). This is seen in line 1E.

DATA PLOTSET;

SET FAILTIHNY;

Y=LOG(11/11=R) ;
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Lines 21, 22 & 23 create a dataset named plotset containing
variables and values previously created by the OUT=FAILTINt
statement. The SET statement brings these observations and places
them within a new dataset with the name of plotset. The statement
¥Y=1L0G (N+1) /{N+ 1-I) creates another variable Y ir the dataset. 1In
line 24 the PROC PRINT statement prints out the data and the VAR
statement that follows controls the printcocut of the variables x
and y. Line 25 PROC PLOT; PLOT Y *# X ='#'; plots a graph with

values along the y—axis and values of x along the x axis.
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Simulation Program - Pliotting Exponential deviates

4 S AS L J3s 0S5 545 82,290 05/360 MVT JnB Y110e328 STEP S4§ PRCC
MOTE: THF JOR VH10&4725 HAS HEEN PUNM UNCEP RESLZASE 32.28 NF SA5 AT KANSAS STATE UMIVERSITY

NCTE: S5a5 QPT{CIMS SPECIF[EQ APSS
ROTHCLYNE HUGRAPHILS 5JRT=6

DATA PAMDGM;

ot 1al TO S5
F=N[FIRM(31392) ¢
FlaUNTFCOMIZ4R39):
F2eUNITORM(&T7 1451
F2eUNIFDAM (4] 75461 ;
FaasUNIFCPMI{36576]);
Xa=L0G I L=~F);
Xl==L)GIl=F11};
A23=-LAGI1-F2);
123=-L0G{1l=F31;
Xea=t1G1L~Fal);
UUTPUT §

EMD

DRQP [ F 1 F2 F1 F4:

Ll Rl E e Rt e RE R N B Y Y o

LA Bl nbra )

NCTE: DATA S$ET JORK.PANDOM HAS 8§ UJBSERYATINNS AMD S VAPIABLES., <22 DBS/TRK,
HOTE: THE DATA STATEMEMT USED 0.2% SECCHNNS AND 202r.

1é PR0C SCRT UUT=FALILTIMLiDY X;

NMOTE: DATA SET wlOKFAILTIML HAS S JBSERVAT[ONS AND 5 VARIABLES. %23 UBS/TRK,
HOTE: THE PRCCINUAE SNOT UYSED C.74 SECAMNS AND 254K,

17 PPOC 5S0RT NUT=aFAILTIMZIBY X113

MCTE: DATA SET WOARKLFAILTIMZ mAS 5 OBSZRAVATICONS ANMD 5§ VAR [ABLES. 432 JAS/TPX,
HCTE: THE PRNCIDURE SORT USED C.A3 SECCMNCS AMD 264K,

18 PRAC SORT QUT=FAILTIMI;AY X2;

MOTF: LATA SET wOHK.FAILTIMI HAS 5 QB8SEPVATIONS AND 5 waP LA3LES. »33 D@S/TRX,
RGTF! THE PROCELURE SORT USED Q.72 SECCHOS ANT 264K,

18 PROC SORT QUT =FA LT [M&BY X3;

HOTE: DATA SET WOFR FA[LTIMS HAS S CHBSERVATIOMS 40 5 YAP [AALES, «32 CRS/TRK.
NCTE: THE PRCUCECURE SJRT USED 0.T3 SECCHDT AND 264K,

20 PPOC SCRT QUT=FAILTIMS:BY Xx&;

MOTE: DATA SET wDORF,FAILTIMS pAS § CNSERVATIINS AMD 5 VAP [ABLES. %33 11AS/TRK,.
HCTE: THE PROCEDURE SNAT USEN 0,73 SECCHNDS aND 2hak,

21 OATA PLQOTSET;
22 SET FAILTIML:
23 YaLUGl &/ la=_N_) )

MOTE: DATA SET «NRKLPLOTSET HAZ S CASERVATICHS AMD & VYAP[AULES. 366 LNS/TEK,
MCTE: THE 0ATA STATEMEMT USZO Q.15 3ECCHMQS ARD 202K,

24 PRIC PRINT ;YARP X Y



2
HOTE:
25

HCTE:

LU
C RN

NCTE:
HOTE:

NCT

im

g

HETE:

34
HNUTE:
R
MCTE:
24
37
EL

MOTF:
MOTE!:

MRTF:

al
42
%3

DT E:
MCTE:

S A5 LCG CS SA5 BZ.28 0S/260 MYT JOB YMLl04225 STEP 345 PRUC
THE PFOCEDURE PRINT USED nN,23 SECUMDS AND 202% AND PP INTED PAGE l.
PRUC PLUT;PLNT yox= *st: TITLE LOGE(Mel}/IN®L=0}) VS FAILURE TINMES:
THE PRACECURE PLYT USED 0.30 SFCONDS AMD 204K AND PRINTED PAGE 2.
DaATA PLDISETZ;
SET FAILTIMZ;
Y=LCGl&/lea~_N_)1}3

DATA SET WNRKPLDTSET2 HAS 5 OBSERVATICGNS AND 6 VAR LABLES. 366 NBS/TRY,
THE DATA STATEMENT USED 0O.l4 SECCNDS AND 202K,

PPNC PRINT : VAR X1 Yi -
THE PPOCFEDURC PRINT USED (.26 SECUNDS AMD 202K AND PFINTED PAGFE 3.

PROC PLOT;PLDT YeXl= ter; TITLE LNG{{MNsL)/(NsL=])) v§ FAILURE TIvES;
THE PROCEDIIFE PLUT USED O34 SECONDS AND 208K AHD PRINTED PAGE 4.

DATA PLOTSETI;

SET FAILTIMG;

YaLCGI6/ lo=_"1_11;

DATA SET HWORKPLOTSETI HAS S URSERYATIONS AND 6 VARIABLES. 268 DRS/TRK,
THE NATA STATEMENT yYSED 0.1 SECONDS ahD 202K.

PEQC PRIMT; VAR X2 Y3
THE PROCEMIRE PRINT USED 0.24 SECOMDS AND 202K AND PRIMTED PAGE 5.

PROUC PLOT:PLDT Yex2= ver; TITLE LOGOIN#LI/(N®L=11) v§ FAILURE TIMES:
THE PROCEDURE PLLT USED 0022 SECCMDS 44D 208K AND PRINTED PAGE 6.

JATA PLOTSETH:

SET FAILTIM4;

Y=LUGl &/ i6=_N_]);

PATA SET WIPKPLNTSET4 HAS 5 ORSERVATIUMS AND &6 VARJABLES. 266 UBS/TRK,
THE DATA STATCAENT USED 0el13 SFCONDS AND 2N2K.

PPuUC PRINT: VAR X3 Y3
THE PPINCENURE PR INT USED 0.23 SECUNDS ANy 202K AMD PP INTED PAGE 7.

PROC PLGT: PLOT Yexi= *s¢; TITLE LOG{IN&11/(Hel=[1]) ¥3 TALLURF TIMES:
THE PRQCICUPE PLUT USED 0«32 SECCUDS Ak 278K ARD PPINTEC PAGE 4.

NATA PLUTSETS

3FT FALLTIMGG

Y=LoGl&Fta=_"1_)1):

DATA SET WORKPLWLTSETS HAS

& LASERVATICHS AMD 6 VARTABLFS. 306 MHS/TRK,
THE QATA STATZAEYMT US:IA 0.3

SECTMDS Dy 307K,

1
-
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S AS LCG 0S5 SAs azZ.zp 0S/360 MVT JOB VYM104325 STEP SAS PROC
r4 PPUC PRINTI VAR X& Y3
{0TE: THE PROCECURE PRINT USED 0.21 SECOMDS AND 202X AND PRINTED PAGE 3.
»5 PFOC PLAT; PLOT Ysxe= '3t TITLE LOG((N+Ll}/IN+1=1)) V5 FAILURE TIMES;

IOTE: THE PROCEDUPE PLOT USED O.31 SECONDS AND 208K AND PRINTED PAGE 10.
ICTE: SAS USED 264K MEMNRY,

IOTE: SAS INSTITUTE INC.
SAS CIRCLE
PC AOX 3000
CARY, M.L. 27%11-80Q00
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Appendix 2
SIMULATION PROGRAX

TEST FOR ABNORMALLY EARLY OR LATE FAILURES

This explanation precedes the FORTRAN/SAS progranm that
simulates the test for abnormally early or late failures. Line 1
{denoted 0001 in the program) and 2 make the appropriate
declarations for the variables used in the program. In addition
line 2 also declares a few arrays and they are appropriately
dimensioned. Line 5 begins a DO loop the index values of which
controls the number of samples of a particular size generated.
The valus of XM in line € corresponds to the mean of the
exponential distribution from which the deviates are

generated.The value of NR in line 6 indicates tke sample size.

Line 13 commences a DO loop whick generates the y values. Line
18 within the loop writes the values of the failure times and ¥y
values to disk to enable it to be passed into a SAS program which
plots these values later. lLine 23 commences a DO loop that
accumnulates the (NR-1) failure times suitably weiqghted and writes
them into TOTBAL which gives the total life for the periods
remaining after the first failure has oceured. Line 31 calculates
the F value which is to be compared to an F* value with 2 aznd

2r-2 degrees of freedon.

Line 1 of the SAS LOG creates a data set by the name of

COMPLEX. Line 2 indicates that a file stored on disk has to be
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read in from the appropriate columns. lines 4 and 5 create 10
diffarent data set samples each of size 10 having the names
samplel, sample2, sample3 etc.. Line 17 PROC PRINT DATA =
SAMPLE1; prints only the data contained in data set samplel. The
PROC PLOT feature in line 27 plots the values of x vs y using

values from samplel.
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Simulation Program - Test for abnormally early or late failures

FORTRAN

0ool
o002
0003
0004
Q005
0006
0007
ogo8

" 0009

0010
ooll

go12
0013
0014
gols
0018
0017
ao1ls
0019
0020
0021

0022
0023
0024

IV G LEVEL 21 MAIN DATE = 83196 00/53/21
[
c THIS PROGRAM TESTS FOR ABNORMALLY EARLY OR LATE FIRST FAILURE.
c
INTEGER MNR,ML,M1,N2,1ER
REAL TBALISO) ,RISO) XM, TOTBAL ;FeP,Y(50)
DOUBLE PRECISIDN DSEED
DSEED=123457,000
DO 100 K=1,10
XM=100.
NR=10
CALL GGEXN (DSEED,XM,NR,R)
c
Cc GGEXN IS AN [MSL SUBROUTINE THAT GENERATES RANDOM EXPONENTIAL
C DEVIATES. A CERTAIN SEED IS SPECIFIED AND 'MR' SPECIFIES THE
c NUMBER OF DEVIATES GENERATED. *XR* [S THE VALUE OF THETA, THE
c MEAM LIFE IN THE EXPONENTIAL DISTRIBUTION. 'R*' IS THE VECTOR
C OF VALUES GENERATED CORRESPONDING TO 'NRY,
c
CALL VYSRTA (R,NR)
c ’
c YSRTA IS AN IMSL SUBROUTINE THAT SORTS THE DATA.*R' CORRESPONDS
c TO THE [NPUT VECTOR OF VALUES TO BE SORTED WHILE °*NR* CORRESPONDS
c TO THE NUMBER OF VALUES GENERATED.
[
WRITE(6,6)
[ FORMAT(®1°,10X,"*THE SQRTED FAILURE TIMES® 10X, 'LOGIN+*LI/{N#1=1)"
$/71
X=]
DO 9% I=],NR ;
TI1)=ALOGIINR#1) / INR#]=X))
X=Xel
WRITELG, TIRCID.YLI)
7 FORMAT(18XsF10.%,20X,F10.4)
WRITE(1O:BIRII)o Y1) XN
] FORMAT (3R, Fl0a% ;39X Fl10.4,5K,F10.5)
95 CONTINUE
TBALLL1)=R(1 I*NR
<
14 TBALC1) GIYES THE TOTAL LIFE TILL THE FIRST FAILURE.
c
TOTBAL=0,
DO 10 [=2,NR
TBAL(I)={RE1)=REI=1})=INR+L~I]
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FORTRAN IV G LEVEL 21 MAIN DATE = 383196 ~ - 00/53/21
c
c TBALLI) GIVES THE TOTAL LIFE FOR INDIVIDUAL FAILURES.
c
0025 TOTBAL=TOTBAL + TBALIIL
c
c TOTBAL GIVES THE TOTAL LIFE FOR THE PERIQDS REMAINING AFTEP
c THE FIRST FAILURE HAS OCCURED.
c
0oze 10 CONTIMNUE
oozT MRITEi6.11) TBALIL)
oo2e 11 FORMAT (*0°, 10X, "FIRST PARTIAL TOTAL LIFE :',Fl0.4)
0029 WRETE(4,12) TOTBAL
0030 12 FORMATI('0°,10X, TOTAL REMAINING LIFE 1°,Fl0.%)
0031 F=TBAL{1)/TOTBAL® (NR=1)
Q032 Ni=2
0033 NZ2=2#INR-1])
Q034 CALL WOFD (F.NL.N2.P,IER}
c
c MDFO IS AN IMSL SUBROUTINE THAT GIVES THE RIGHT HAMD AREA
c *@? CORRESPONDING TO A GIVEN COMPUTED F WITH NL AND N2, THE
c NUMERATOR AND DEMOMINATOR DEGREES OF FREEDOM RESPECTIVELY.
C *IER* IS THE ERROR VALUE
c
003s WRITE(&,131 F
0038 13 FORMAT{ 0%, 10X, *VALUE OF F 2°,F10.4)
0037 WRITE(&o14} PoLER
0038 14 FORMAT(*0°; 10X+ *P YALUE 1°;F10+4//11X, *ERROR YALUE :*,I[5)
0039 100 CONTINUE
0040 sTOP
0041 EnD



NOTE:

NOTE:

w A

NOTE:

SAS

LOG 0S SAS 82.28

THE JOB YMOOS3l4 MAS BEEN RUN UNDER RELEASE 82.28 OF 3SAS
AT KANSAS STATE UMIVERSLITY {03010001).

SAS OPTIDNS SPECIFIED ARE:
NOINCLUOE NOGRAPHICS LIMESIZE=[13,PAGES{IZE=55 SORT=4

DAT
INF
INP

A COMPLEX:
ILE DATASET:
UT X &=15 Y 21-30 THETA 36-45;

INFILE DATASET [5:
DSNAME=5Y583196.T004 849.RV000. YHOO0S531 4, TENP,
UN]T=SYSOA, VOL=SER=KSCCSA,0I5P=0L0,

OCB= (BLKS IZE= 6160, LRECL=80,RECFM=FB |

100 LINES WERE READ FROM INFILE DATASET.

DATA SET WORK.COMPLEX HAS 100 QBSERVATIONS AND 3 YARIABLES.

THE DATA STATEMENT USED 0.28 SECONDS AND 202K.

DATA
DATA
DATA
DATA
DATA
DATA
DATA
CATA
DATA
DATA

DATA SAMPLE] SAMPLE2 SAMPLE3 SAMPLE4 SAMPLES

S5an
SET
IF
IF
IF
1F
IF
IF
IF
IF
1F
tF

SET
SET
SET
SET
SET
SET
SET
SET
SET
SET

THE DATA

PLES SAMPLE9 SAMPLELO:
COMPLEX;

M. 210
N_ >20
=M_ >30
_N_ >40
>50

_N_ >60
=N_ >T0
N_ >80

390

THEN
THEN
THEN
THEN
THEN
THEN
THEN

ouTPUT
QuTPuUT
OuTPuUT
ouTPUT
ouTPuUT
ouTPUT
ouTPUT
<=80 THEN OUTPUT
<=90 THEN OUTPUT
<=100 THEM CUTPUT

10
10
10
10
10
10
10

-N_<=10
N_ <=20
<=30
<= 40
<= 50
<=60
<=T70

AND
AND
AND
AND
AND
AND
AND
AND
AND

=N

WORK .SAMPLEL
WORK .SAMPLE2
WORK.SAMPLE3
WORK .SAMPLES
WORK«SAMPLES
WORK SAMPLES
WORK.SAMPLET

HAS
HAS
HAS
HAS
HAS
HAS
HAS

OBSERVATIONS
OBSERVATIONS
OBSERVATIONS
OBSERVATIONS
DBSERVAT IONS
OBSERVAT IONS
OBSERVAT [ONS
WORK.SAMPLES HAS 10 OBSERYATIONS AND
WORK,SAMPLEY HAS 10 DBSERVATIONS AND
WORK.SAMPLELD HAS 10 OBSERVATIONS AND
STATEMENT USED 0.42 SECONDS AND 324k,

AND
AND
ANO
AND
AND
AND
AND

PROC PRINT DATA = SAMPLEL:ITITLE SAMPLE OF

THE PROCEDURE PRINT USED 0,22 SECONDS AND 202K

PRO

C PRINT DATA = SANPLEZ2:

THE PROCEDURE PRINT USED 0.25 SECCNOS AND 202K

W G A ) A

SAMPLEL;
SAMPLE2;
SAMPLE3:
SAMPLES:
SAMPLES :
SAMPLES §
SAMPLET;
SAMPLES;
SAMPLEY :
SAMPLELO:

VAR {ABLES.
VAR [ABLES.
VAR [ABLES.
VAR [ABLES.
YARIABLES.
VAR [ABLES.
VAR [ABLES,
YAR [ABLES.
YARIABLES.
3 VAR]ABLES,

SI1ZE l0;
AND PRINTED

AND PRINTED

0S/360 MYT JOB VMOOS53l4 STEP S4AS

680 OBS/TRK,

SAMPLES SAMPLET

680
580
680
680
680
680
680

085/ TRK,
DBS/TRK,
0BS/TRK,
OBS/TRK.
0BS/TRK.
0BS/TRK,
OBS/TRK.
&80 0BS/TRK,
680 OBS/TRK.
680 0BS/TRK.

PAGE 1.

PAGE 2.

PROC
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19
NOTE:
20
NOTE:
21
NOTE:
22
NOTE!
23
NOTE:
24
NOTE:
25
NOTE:
26
NOTE:
27
28
29
MOTE:
30
NOTE?®
31
NOTE:
32
NOTE:
33

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

AS LOG

PROC PRINT DATA = SAMPLE3;
PROCEDURE PRINT USED 0.23 SECONDS
PROC PRINT DATA = SAMPLE&;
PROCEDURE PRINT USED 0.23 SECONOS
PROC PRINT DATA = SAMPLES;
PROCEDURE PRINT USED 0.22 SECDNDS
PROC PRINT DATA = SAMPLEGS
PROCEDURE PRINT USED 0.23 SECONDS
PROC PRINT DATA = SAMPLET}
PROCEDURE PRINT USED 0.24 SECONDS
PROC PRINT DATA = SAMPLEA;
PROCEDURE PRINT USED 0.25 SECDNOS
PROC PRINT DATA = SAMPLEY:
PROCEDURE PRINT USED 0.21 SECONOS

PROC PRINT DATA = SAMPLELO:

0S5 SAS 82.2B 0s/380

AND

AND

AND

AND

AND

AND

MYT JOB VMOO53 14

202K

202K

202K

202K

202K

202K

202K

AND

AND

AND

AND

AND

ANO

AND

PRINTED

PRINTED

PR INTED

PR INTED

PRINTED

PRINTED

PRINTED

PROCEDURE PRINT USED 0.25 SECONDS AND 202K AND PRINTED

PROC PLOT DATA = SAMPLEL1: PLOT Ysx=‘ed;
TITLE PLOT OF FAILURE VALUES VS LOGIN®Ll)/IN#L-1);

TITLE2 SAMPLE SIZIE = 103

STEP

PAGE

PAGE

PAGE

PAGE

PAGE

PAGE

PAGE

PAGE

PROCEDURE PLOT USED 0.3 SECONDS AND 208K AMD PRINTED PAGE

PROC PLOT DATA = SAMPLE2: PLOT VeX=‘er;

PROCEDURE PLOT USED 0.29 SECONDS AND 208K AND PRINTED PAGE

PROC PLOT DATA = SAMPLE3: PLOT YeX='ter;

PROCEDURE PLOT USED 0.34 SECONDS AND 208K AND PRINTED PAGE

PROC PLOT DATA = SAMPLE4: PLOT Ysx=‘®r®g;

PROCEDURE PLOT USED Q.34 SECONDS AND 208K AND PRINTED PAGE

PROC PLOT DATA = SAMPLES; PLOT Yex='m¢;

SAS

4.

5.

ba

Te

9.

10.

l1.

12.

13.

14,
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PROC



NOTE:
34
NQTE:
35
NOTE:
38
NOTE:
37
NOTE:
38

NOTE:
NOTE:

NOTE:

SAS5 LOG DS SAS B2.28 05/360 WYY

THE PROCEDURE PLOT USED 0433 SECONDS AND 208K
PROC PLOT DATA = SAMPLES; PLOT Ysxated;

TME PROCEDURE PLOT USED Q.31 SECONDS AND 208K
PROC PLOT DATA = SAMPLET: PLOT Ywsx=r»d;

THE PROCEDURE PLOT USED 0.33 SECONDS AND 208K
PROC PLOT OATA = SAMPLEB: PLOT Yex='si;

THE PROCEDURE PLOT USED 0.32 SECONDS AND 208K
PROC PLOT DATA = SAMPLE9; PLOT YexX=la®;

THE PROCEDURE PLOT USED 0.29 SECONDS AND 208K
PROC PLOT DATA = SAMPLELO: PLOT YexX=ted;

THE PROCEDURE PLOT USED 0.33 SECONDS AND 208K
SAS USED 324K MEMORY.

SAS INSTITUTE INC.
SAS CIRCLE

PO BOX 4000

CARY, No.C. 27511-2000

J28

AND

AND

AND

AND

AND

AND

VMO05314 STEP SAS

PRINTED PAGE 15.

PRINTED PAGE 16e

PRINTED PAGE 17.

PRINTED PAGE l8.

PRINTED PAGE 19.

PRINTED PAGE 20.
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Appendix 3
SIMULATION PROGRAHN

TEST FOR ABNORHALLY LATE FIRST FPAILURES

This explanation precedes the FORTRAN/SAS program that
simulates the test for abnormally early first failures. This
program is very similar to the program shown in Appendix 2.
However, this program generates 5 samples of size 10, 20 and 50
each in one single run. Line 5 initializes the value of the
intercept 2 to 20, the value by which each of the failure tines
are incremented. lLine 8 features tke only other difference where
the DO loop generates samples of varying size. The rest of the

program is almost identical to the program shown in Appendix 2.
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21 ) MA LN DATE = 83197 14/55/40

THIS PROGRAM TESTS FUR ABHURMALLY LATE FIRST FAILURE.

IMTEGER MNRsHL ML, N2, [ER
REAL TBALI50),R(500) XM, TOTBAL,F.PyY (501}
ULUBLE PRECISION DSEED
DSEED=12345T7,000

A=20,

NR=10

XM= 100,

00 110 L=1,3

IFIL.EQa3] NR=50

30 100 K=1,5

CALL GGEXN [DSEED.XM.NR,R)

GGEXN [S5 AN [MSL SUBRGUTINE THAT GENERATES RANDOM EXPOMENTIAL
DEYIATES. A4 CERTAIN SEED IS SPECIFIED AND 'NR' SPECIFIES THE

NUMBER OF DEVIATES GENERATED. 'XR' IS THE VALUE QOF THETA, THE
MCAM LIFE IM THE EXPONENTIAL OISTRIBUTION. 'R* IS THE YECTOR

UF VALUES GEMERATED CLRRESPONDING TO °NR'.

CALL VSRTA (R,MR)

¥SRTA IS AN [MSL SUBROUTINE THAT SORTS THE DATA.*'R' CORRESPONDS
TO THE [HPUT VECTCR OF VALUES T3 BE SORTED WHILE *NR' CORRESPONDS
TO THE NUMBER OF VALUES GENERATED.

WRITElG.6])

FURMAT(*1?,10X."'THE SORTED FAILURE TIMES',10X, '"LOG(N®L)/(Ne]l=])"
$/71

X=2]

DO 95 1=l NR

RIL)=RiIT)+a
YI1)=ALOGIINR*LI/INR+Ll=-X)]}

X=x*l

WRITE(G.TIRIL) YL I)

FURMATILBX F10.4920X,F1l0.41
WRITE(LO,8IRLIN,YIL)eA

FORMAT(SX FlO0e%ySXsFlOe4i5X,Fl0a%)
CCNTINUE

TBALIL)=R{1l}=NR

TUHALIL) GIVES THE TOTAL LIFE TILL THE FIRST FAILURE.
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vl le
gaz7
Qu2s

vua9

VIV TT]
0031l
Qquiz
Go 23
QU4
Gu3s
oule
Q0137
0038

oua9
P ERT)
STeL 38
Juez
0043
Q044
GQ%5
Q046
QU&7
QU4d
QG=9

C

=00 n DooOn

12

sl alalnls

le
100

110

21 MA N DATE = 33197 14/55/40
TOTBEAL =0Q.
D 10 Is2,MR

TUALI D) =(RII}I=-R{I-1)}®(NR+L=-]) #

ToalL(1) GIVES THE TUTAL LIFE FCR INDIVIDUAL FAILURES.
TOTBAL=TUTBAL » TBAL(IL)

TOUTBAL GIVES THE TOTAL LIFE FGR THE PERIODS REMAINING AFTER
THE FIRST FAILURE HAS OCCURED,

CONTINUE

WRITE{6+11) TBAL{L)

FORMAT {°'0°,10X,'FIRST PARTIAL TOQTAL LIFE :'.Fl0.4)
WRITEl®,12) TOTHAL

FORMAT(°0",l0X,'TOTAL REHAINING LIFE :',Fl0.%)
F=TUAL{ 1) /TOTBAL®{NR~-11]

Nl=2

N2=2% [NR-1}

CALL MDFD (F,MN1,N2,P,LlER)

MOFD IS AN IMSL SUBROUTINE THAT GIVES THE RIGHT HAND AREA
*P* CDRRESPONDING TO A4 GIVEN COMPUTED F wWITH Nl AND N2, THE
NUMERATOUR AND DEMONINATCR DEGREES QF FREEDOM RESPECTIVELY.
"IER® |S THE ERROR VALUE

WRITE(6.13) F

FURMAT[ 0", 10X, "VALUE OF F :',FlQ. %Il
WRITEl6,14) P,IER

FURMAT{'Q*, 10X, "P VALUE :°,Fl0.¢//11X,'ERRCA VALUE :',[5)
A=A+lD.

CONTINUE

A=20,

HR=NR* 10

CUNTINUE

STOP

END
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NGTE:
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5 U

05 S5AS 82.28

AT KAHSAS STATE UNIVERSITY {030100Gli.

NOTE &

SAS DPTICNS SPECIFIED ARE:

THE JOB VML4553% HAS DEEN RUN UNDER RELEASE 82.28 OF SAS

HOINCLUDE NOGPAPMILS LIMESIZE=1LS.,PAGES]LE=55 50RT=4

sl oy g

NOTE:

DATA CUMPLEX;
INFILE DATASET;

INPUT X &=15 ¥ 21-30

INFILE DATASET [3:

INT_CEPT lo=45;

DSNAME=sSYS83197,T145248.,RV000.,VML45534,TEHP
UNIT=SYSDA, YOL=5CR=KSCCS5A,015P=0LD,
UCB={BLKSILIE=6lE0,LRECL=30,RECFH=FB)

NOTE &
4OTE:
NOTE:

DAT A
LATA
UATA
paTa
DATA
DATA
DATA
LATA
DATA
0aTa
DATA
CATA
DaTA

NOTE:
NOTE:
MLTE:®
NOTE:
NOTE:
MGTE:
MOTE :
HOTE:
NGTE:
NUTE ;
HOTE:
NOTE:
HOTE:

DATA SAMPLE]l SAMPLE2 SAMPLE} SAMPLE4 SAMPLES SAMPLES SAMPLET SAMPLES

«00 LINES WERE READ FRUM JNFILE DATASET,
DATA SET WORK.,CUMPLEX HAS 400 OBSERVATIUMS AND
THE DATA STATEMENT USED 0.51 SECCHNDS AND 202K,

3 VARIABLES.

147

0S/360 HMVT JOB VMla5534 STEP SAS

680 0BS/TRK.

SAMPLZ9 SAMPLELO SAMPLELL SAMPLEL2 SAMPLELI SAMPLELlS SAMPLELS:

SET COMPLEX:

IF _N_<=10 THEN QUTPUT SAMPLEL;

IF _N_ >10 AND _N_ <320 THEN OUTPUT SAMPLE2:

IF _N. 220 AND _N_ <=30 THEN QUTPYT SAMPLE3;

IF _N_ >30 AND _N_ <340 THEN OUTPUT SAMPLES;

IF _N_ >40 aND _N_ <=50 THEN OQUTPUT SAMPLES:

ITF _N. 250 AND _N_ <=70 THEN OUTPUT SAMPLES;

IF _N_ D70 AND _N_ <=90 THEN DUTPUT SAMPLET;

[F _N_ >90 AND _N_ <=110 THEN CUTPUT SAMPLESZ;

1F _N_ >110 AND _N_ <=130 THEN OUTPUT SAMPLEY;

IF _N_ 2132 anD _MN_ <2150 THEN OUTPUT SAMPLELOD;

IF _N_ >150 AND _N_ <=200 THEN OQUTPUT SAMPLELL;

IF _N_. 2200 AND _M_ <=250 THEMN QJQUTPUT SAMPLEL2;

IF _M_ >250 AND _N_ <=303 THEN GUTPUT SAMPLELl3;

IF _HM_ 2300 AnD _N_ <=350 THEN QUTPUT SAMPLEL%;

IF _N_ >353 AND _N_ <2400 THEN OUTPUT SAMPLELS;

SEYT WORKWSAMPLEL HAS 10 OBSERVATIONS AND 3 VAR[ABLES.

SET WORK.SAMPLEZ HAS 12 OBSERVATICNS AND 3 VAN IABLES.

SCT WIRK,SAMPLE] HAS |0 OBSERVATIONS AND 3 VARIABLES.

SET WORKSAMPLE4 HAS 10 CBSERVATICNS AKD 3 VARIABLES.

SET WORK.SAMPLES MAS 10 CASERVATIONS AND 3 VARIABLES.

SET WORK,SAMPLES HAS 20 OBSERVATIDNS AND 3 VARIABLES.

SET WURK.SAIMPLET HAS 20 CBSERVATIONS AND 3 VARIABLES.

SET WOKK,SAMPLE® HAS 20 GBSERVATIONS ANDO 3 VARIABLES.

SET WORK.SAMPLE9 HAS 20 GBSERVATIONS AND 3 YARIABLES.

SET W4ORK.SAMPLELU HAS 20 CBSERVATIONS AND 3 VARIABLES.
SET wCGHKSAMPLELL HAS 50 OBSEAVATIONS AND 3 VAR[ABLES.
SET WORK.SAHPLEL2 HAS 50 OBSERVATIONS ANO 3 VARJABLES.
SET WORK.SAMPLEL3 HAS 50 CBSERVATIONS AND 3 VAR[ABLES.

680
680
£80
580
680
680
&8a

0BS/TRK.
J8S/TRK,
0BS/TRK.
085/ TRK,
Q8S5/TRK,
OBS5/ TRKa
085S/ TRK.
680 0BS/TRK.
680 3BS/TRK.
680 0BS/TRK,
480 OBS/TRK.
480 0B5/TRK.
680 0BS5S/ TRK.

PRUC



NODTE:
NOTE:
NOTE:

22
23

HOTE:

HOTE:
29
NOTE:
30
HOTEs
KD

NOTE:

w
ra

33
YGTE:
26

NOTE:

5A S L ua

DATA SET WURKSAMPLEL4 HAS 50 OBSERYAT [UNS AND 3 VARIABLES.

05 SASs 82,28

US/360 MVT J0B VYML+5534 STEP

680

ODATA SET WOFK.SAMPLELS HAS SO UBSERVATIUNS AND 3 VARIAOLES. 680

THE DATA STATEMENT USED 0.82 SECONDS AND

THE

THE

1HE

THE

THE

THE

THE

THE

THE

THE

THE

PHr.OC PRINT DATA = SAMPLEL;TITLEL
TITLEZ SAMPLE OF SI1IE =103

PROCEDJFE PRINT USED 0.31 SECCNDS
PFOC PRINT DATA = SAMPLE2;
PRUCEUJKE PRINT USED 0.24 SECUNDS
PROC PRINT DATA = SAMPLER;
PROCEDJRE PRINT USED 0.28 SECONDS
PRUC PRINT DATA = SAMPLE4;
PROUCCDURE PRINT USED 0.26 SECONOS
PROC PRINT DATA = SAMPLES;
PRCCEDURE PRINT ULSED Q.27 SECONDS
PROC PRINT DATA = SAMPLES;TITLEZ2
PROCEDJRE PRINT USED 0.29 SECONDS
PROC PRINT DATA = SAMPLET:
PRUCEDURE PRINT USED 0.30 SECONDS
PROC PRINT DATA = SAMPLES;
PROCEDURE PRINT USED 0.29 SECCHDS
PRCC PRINT DATA = SAMPLE9:
PROCEDURE PRINT USED 0.31 SECONDS
PROC PRINT DATA = SAMPLELQ;

PRUCZDURE PRINT USED Q.27 SECONOS

432K .

THETA VALUE = 100;

AND 202K AND PR INTED

AND 202K AND PRINTED

AND 202K AND PRINTED

AND 202K AND PR INTED

AND 202X AND PRINTED
SAMPLE OF SIZE 20;

AND 202K AND PR INTED
AND 202K AND PRINTED
AMD 202X AND PRINTED
AND

202K AND PRINTED

AND 202K AND PR [NTEOD

PROC PRINT DATA = SAWMPLELL:TITLE2 SAMPLE OF SIZE 50:

PRCCEDJRE PRINT USED Q.35 SECONDS
PHCC PRINT DATA = SANMPLELZ2;

PRUCEDURE PRINT USED 0.32 SECONDS

AND 202K AND PRINTED

AND 202K AND PRINTED

PAGE

PAGE

PAGE

PAGE

PAGE

PAGE

PAGE

PAGE

PAGE

PAGE

PAGE

PAGE

148

SAS PROC

0BS/TRK.
OuS/TRK.
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A S L UG U5 5AS 82.28 US/ 360U MVT JOB VM145%34 STEP

PFOC PRINT DATA = SAMPLEL3;

PROCEDJRE PRINT USED Q.32 SECONDS AND 202K AND PRINTED PAGE
PROC PRINT DATA = SAMPLEl4;
PHOCEDURE PRINT USED 0.32 SECONDS AND 202X AND PRINTED PAGE
PROC PRINT DATA = SAMPLELS;

PRCCEDURE PRINT USED 0,35 SECOMDS AND 202K AND PRINTED PAGE
PEOC PLOT DATA = SAMPLEL;PLOT Y®X='e®/HIERO:

TITLEL PLOT OF FAILURE TIMES VS LOGINel)/IN+L=1};

TITLE2 SAMPLE SILE = 10;
PROCEDURE PLUT USED 0.39 StCONDS AND 208K AND PRINTED PAGE
PROC PLOT DATA = SAMPLE2;PLOT Y®X='®¢/HIERD;

PROCEDUKE PLOT USED 0.37 SECONDS AND 208K AMD PRINTED PAGE
PHOC PLOT DATA = SAMPLEI;PLOT yeX=®s!/HIERO;

PRUC EDURE PLOT USED 0,38 SECGNDS AND ZOBK AND PRINTED PAGE
PROC PLOT DATA = SAMPLE4;PLLUT Y®X=*®!/HIERD;

PROCEDJHE PLOT USED 0.35 SECONDS AND 208K AND PRINVED PAGE
PRIC PLUT DATA = SAMPLES;PLOT veXxa*e?! /HIERO;

PROCEDURE PLUT WSED 0,33 SECUNUS AND 208K ANO PRINTED PAGE

SAS

13,

14,

15.

lé.

17.

18.

19.

20.
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PROC

PROC PLUT DATA = SAMPLES;PLUT YSX='®'/HIERD;TITLE2 SAMPLE SIIE = 203

PRUCEDJRE PLDT WSED U.33 SECONDS AND 208K AND PRINTED PAGE
PROC PLOT DATA = SAMPLET;PLOT vex='®!/HZERU:

PROCEDURE PLAT USED 0,35 SECONUS AND 208K AND PRINTED PAGE
PROC PLUT DATA = SAMPLES:PLOT YeXa'®'/HIERD;

PRUCEDUFE PLUT USED 0.34 SECONDS AND 208K ANO PRIMNTED PAGE
PRUC PLUT DATA = SAMPLE9;PLOT Y®X='®¢/HIERO;

PRGCEODJRE PLOT USED 0.32 SECONDS AND 208K AND PRINTED PAGE

PROC PLUT OATA = SAMPLELO;PLOT Y=X=*a!/HIERD;

21,

22.

23.

240
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S A S L U3 0S SAS 82.28 057360 MVT JDB VML45534 STEP SAS PROC
THE PROCCOURE PLUT USED 0.37 SECOMDS AND 208K AND PRINTED PAGE 25.
PROC PLUT DATA = SAMPLEL];PLUT yex=?e /JERD;TITLE2 SAMPLE SIZE = 503
THE PROCEDJRE PLOT JSED 0038 SECUNDS AND Z20BK ANU PRINTED PAGE 2é.
PROC PLUT DATA = SAMPLEL2:PLOT Yexa®s!/HZERD;
THE PRUCEDURL PLUT USED 0. 36 SECUNDS AND 208K ANU PRINTED PAGE 27.
PRCC PLUT DATA = SAMPLL13;PLOT Yex='®! /HIERG;
THE PRUCEDJRE PLOT USED 0.38 SECONDS AND 208K AND PRINTED PAGE 28.
PRUL PLUT DATA = SAMPLEL4iPLOT Yexste!/HIERD;
THF PROCEDURE PLOT USED 0.43 SECUNDS AND 208K AND PRINTED PAGE 29.
PROC PLUT DATA = SAMPLELS:PLOT Yexa's'!/HIERO;
THE PRGCEDUFE PLOT USED O.4%2 SECONDS AND 208K AND PRINTED PAGE 30.
SA5 USED 432K MEMIRY.
545 IHSTITUTE INC.
SAS CIRCLE
PO BGX BJOQ

CARY, MoCo 27511-8000
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Appendix 4
SINULATION PROGBAHN

GENERATION OF CONTAMINATED SAHPLES

This explanation precedes the FORTRAN/SAS proqram that
simulates the generation of contaminated samples. Line 5 of the
program initializes the mean value of the parent exponential
distribution to 100 while line € initializes the mean value of
the distribution used to overlay the original values to 50. Line
7 initializes the value of the variable used to control the

sanple size.

In line 9 the DO loop generates samples of different sizes.
Sizes of 10, 20 and 50 are generated. lLine 14 is the outer DO
loop that controls the level of contamination from 10% to 90%.
Line 15 in the inner DO loop actually performs the overlay of

values generated on the second passage through the loop.

Statement 10 initializes the value of G to 0.101. Since a
value slightly greater thanm 0.1 is required for the accuracy of
the INT function, this value was chosen. Line 20 stores the real
value of G times the sample size in TENP. N (2) in line 21 is the
integer value of TEMP which on the first pass is seen to be 1| for
a sample size of 10. The values obtained are then sorted in
ascending order using line 27. A DO loop in line 33 generates the
y values and these together witk the sample of failure values

X(I) are written to disk and then passed on to a SAS progran
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which prints and plots these values. The SAS layout is very
similar to the situations previounsly discussed in Appendix 3 and

4 and is rather self explanatory-
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Q0oL
ooo2
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0004
0005
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0020
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0023
0024
0025
0026
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0028
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21 MATN " DATE = 83199 23/01/04

THI{S PROGRAM TESTS FOR THE EFFECTS OF CONTAMIMATION BY QUDS.
A AANDOM SAMPLE OF EXPONENTIAL DEVIATES ARE GENERATED USING
A PARTICULAR SEED AND A CERTAIN VALUE OF THETA., THE MEAN LIFE
OF THE EXPONENTIAL DISTRIBUTION. A PROPORTION QOF THESE WALUES
ARE OV-ERLAYED BY ANOTHER SET OF RANOOM EXPONENTIAL DEVIATES
GENERATED 1SING ANOTHER SEED AND A DIFFERENT YALUE OF THETA,
THESE VALUES ARE THEN INCORPORATED IN A SAS PROGRAM AND THEIR
EFFECT ON LOG (IN#1)/(N+1-1) [S STUDIED USING PLOTS GENERATED.

INTEGER NR, IER:N{2)eMLloN2
REAL R(15Q) ,TOTBAL,XM,F,P,Y{150),THETA(2).TBAL(150)
DOUBLE PRECISION DSEED
DSEED=123457.000
THETA(Ll)=100.
THETAI 2)=50,
Nil)=0
XMs THETA(L]
DO LOOP FOR DIFFERENT SAMPLE SIZES BEGINS HERE
DO 120 M=),3

G=0, 101
NilIsN(11+10
IF (M.EQ.3) NI(1)=50
NRaN(1)

DO LOOP FOR VAR [OUS COMTAMINATION LEVELS BEGINS HERE
DU 115 L=1,9

DO LOOP FCR CONTAMINATING A SINGLE SAMPLE BEGIMS HERE
DO 100 K=1,2

CALL GGEXN{DSEED, XMsNR,R)
DSEED=0SEED ¢ 3457,000
XM=THETALZ)

IFIK.EQ.2) GO TO l00
TEMP=G2N{ 1)
NI2}=INTITEMP)

NR=N{ 21

CONT INUE

NR=M(1)

XM=THETALL)

J=N(2)

CALL VSRTA{R,NR}
WRITE(S6:1)4sNRTHETALL). THET AL2)



Simulation Program - Generation of Contaminated samples

FORTRAN IV G LEVEL

0029

0030
0031
0032

¢o33
0034
0035
0036
Q03T
0038
0039
0040
0041
0042
0043
0044
Q045
0046
00467
0048

0049
Qoso
0051
gos2
0053
0054

0055
Q058
0057
0058
0ose

1

19

20

21 MAIN DATE = B3195 23701704

FURMAT(*1', "NUMBER OF VALUES QVERLAYED t‘.[SIIil.'THE SAMPLE
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$SIZE 'y IS//1X,"THETAL VALUE :°,F6.2//1X,'THETA2 VALUE :'.F6.2//)

WRITE(&.+2)
FORMATL® ' ,"FAJLURE VALUES®,8X.'Y VALUES ' »3X» *DEFECTIVES '/}
Xel,

DO LOOP FOR GENERATING THE LOG FUNCTIUM AMD

PRINTING THEIR VALUES TOGETHER WITH FAILURE TIMES.

DO 110 I=1,NR

YiI}=aALOGUINR+L)/INRSL=X))

X=X+1l.

WRITE(SL9IRITDY (1) od
FURMAT(SX,Fl0.45XeF1l0:4,5%,15)
WRITECLO,20)RET R, Y1), d ,THETALL),THETALZ)
FﬂRHl?|5x.F10-§|5x'Floo‘-sl'ls-squrua‘-SloFIO-"

110 CONTINUE

111
112

113

120

TBAL(1}=RILISNR

TOTaAL=0

00 111 1=2,MR
TBALII)s(RtIN=R{I=-1}1®(NReL=1)
TOTBAL=TOTBAL ¢ TBAL[I)
CCNTINUE

WPITE(&6,112) TBAL(L),TOTBAL
FORMAT('0°,*FIRST PARTIAL TOTAL LIFE :'.F1l0.4//1K,
$*TOTAL REMAINING LIFE :',FlOe%)
FaTaalil1/TQraaL®(NR=-1])

Nl=2

N2=2¢ (NR-11

CALL MOFDIF N1 ,N2Z.P.[ER}
MRITE(8,1131F,P,[ER

FORMAT (0%, "YALUE OF F :',FL0.A//1X, 'P VALUE :°,FLl0.4//
$1Xs "ERROR VALUE :2'+15)

G=G#0.l

CONTINUE

CONTINUE

sTgP

END



NOTE:

NOTE:

SAS L OG DS SAS 82.28 D5/7360 MVT JOB VM230058 STEP SAS

THE JDB VM230058 HAS BEEN RUN UNDER RELEASE 82.28 OF SAS
AT KAMSAS STATE UNIVERSITY (03010001).

SAS CPTIONS SPECIFIED ARE:
NOINCLUDE NOGRAPHICTS LINESIZE=115,PAGESIZE=55 SIRT=4

DATA COMPLEX;
INFILE DATASET;
INPUT X & 15 ¥ 21-30 NUM_DEF 36-40 THETAL 46-55 THETAZ »1-70i

INFILE DATASET IS:

DSNAME= 5YS83195,7225919.RV000.YM230058, TEMP,
UN|T=SYSDA, VOL=SER=KSCC5A,DISP=0LD,
DCB=[BLKSIZE=6160: LRECL=80,RECFM=FB)

720 LINES WERE READ FROM INFILE DATASET.

155

PROC

DATA SET WORK.CUMPLEX HAS 720 OBSEPVATIONS AND 5 VARIABLES. 433 0BS/TRK.

THE DATA STATEMENT USED 1.01 SECONDS AND 202R.

DATA SAMPLEL SAMPLEZ SAMPLE3} SAMPLE4 SAMPLES SAMPLES SAMPLET SAMPLES

SAMPLEQ SAMPLEIQ SAMPLEL] SAMPLELZ SAMPLEL3 SAMPLEL4 SAMPLELS
SAMPLE 16 SAMPLE]T SAMPLELS SAMPLEL9 SAMPLEZ20 SAMPLE2]l SAMPLE22
SAMPLE2] SAMPLEZ24 SAMPLE2S SAMPLE26 SAMPLE2T:

SET COMPLEX;

IF _N_<=10 THEN DUTPUT SAMPLEL;

IF _N_ 312 AMD _N_ <=20 THEN DUTPUT SAMPLE2;

IF _N_ >20 AND _N_ <=30 THEN UUTPUT SAMPLE3;

IF _N_ >30 AND _N_ <=40 THEN DUTPUT SAMPLES;

1F _M_ >40 AND _N_ <=50 THEN OUTPUT SAMPLES;

IF _N_ >50 ANU _N_ <=80 THEN OUTPUT SAMPLES:

IF _M_ >60 AND _N_ <=70 THEN OUTPUT SAMPLET7;

[F _N_ >70 AND _MN_ <=B0 THEN QUTPUT SAMPLES;

IF _N_ >80 ANMD _N_ <=90 THEN DUTPUT SAMPLE9:

IF _N_ >90 AND _N_ <=110 THEN UUTPUT SAMPLELO:

IF _M_ >110 AND _N_ <=*130 THEN DUTPUT SAMPLEILL;
IF _MN_ >130 AND _N_ <=150 THEN OUTPUT SAMPLELZ;
IF _N_ >150 AND _N_ <=1T70 THEN OUTPUT SAMPLEI3;
IF _N_ >170 AMD _N_ <=190 THEN OUTPUT SAMPLEL4:
IF _N_ >190 ANUD _N_ <=210 THEN QUTPUT SAMPLELS;
IF _N_ 2210 AND _M_ <=230 THEN DUTPUT SAMPLELs;
IF _N_ >230 AND _N_ <=2%0 THEM OUTPUT SAMPLELT;
[F _N_ >250 AND _N_ <=2T70 THEN OUTPUT SAMPLELS:
IF _N_ >270 AND _N_ <=320 THEN OUTPUT SAMPLEL9;
IF _N_ >320 AND _N_ <=370 THEN OUTPUT SAMPLE20:;
IF _N_ >370 AND _N_ <=420 THEN QUTPUT SAMPLEZ];
IF _N_ >420 ARD _N_ <=670 THEN QUTPUT SAMPLE22Z;
IF _N_ >&70 AND _N_ <=520 THCN OQUTPUT SAMPLE23;
IF _N_ >520 AND _N_ <=5T70 THEN DUTPUT SAMPLZ24;
IF _N_ >570 AND _M_ <3620 THEN DUTPUT SAMPLE2S;
IF _N_ >620 AND _N_ <=670 THEN DUTPUT SAMPLEZ26;
IF _N_ >670 AMD _N_ <=720 THEN QUTPUT SAMPLE27:
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2 S AS LucgG 05 SAS 82,28 0S/360 MVT JJB vM230058 STEP SAS PROC

NOTE: DATA SET WOkK,SAMPLElL HAS 10 UBSERVATICNS AND
NOTE: DATA SET WIRK,SAMPLE2 11AS 10 UBSERVATIUNS AND
NOTE: DATA SET WORK.SAMPLEI HAS 10 OBSERVATIONS AMND
NOTE: DATA SET WORK.SAMPLES HAS 10 OBSERVATIONS AND
NOTE: DATA SET WORK.SAMPLES HAS 10 OBSERVATIONS AND
NOTE: DATA SET WORK.SAMPLES HAS L0 UODSERVATICNS AND
NOTE: DATA SET WORK.SAMPLE7 HAS 10 OBSERVATIUNS AND
NOTE: DATA SLT WOKK.SAMPLES HAS 10 OBSERVAT ILNS AND
MOTE: DATA SET WORK.SAMPLES HAS 10 OBSERVATIONS AND
NOTE: DATA SET WORK.SAMPLELO HAS 20 OBSERVATIONS AKD
NOTE: DATA SET WOURK.SAMPLEL]l HAS 20 UBSERVATIOMS AMND
NOTE: DATA SET WORK.SAMPLELZ2 HAS 20 OBSERVATIONS AND
NOTE: DATA SET WORK.SAMPLEL3 HAS 20 DBSEAYATIUNS AND
NOTE: DATA SETV WORK.SAMPLELl4 HAS 20 OBSERVATIONS AMND
NOTE: DATA SET WORK,SAMPLELS HAS 20 CBSERVATIONS AND
NOTE: DATA SET WURK.SAMPLELS HAS 20 OBSERVATIUNS AND
NOTE: DATA SET WORK.SAMPLEL7 HAS 20 OBSERVATIONS AND
NOTE: DATA SET WORK,.SAMPLELS HAS 20 OBSERVATIONS ANMD
NOTE: DATA SET WORK.SAMPLELY9 HAS SO OBSERVATIONS AND
NOTE: DATA SET wOKK.SAMPLE20 HAS 5O UBSERAVATIONS AND
NOTE: DATA SET WORK ,SAMPLE21 HAS S50 DBSERYATIUNS AND
NOTE: DATA SET WORK.SAMPLE22 HAS 50 DBSERVATIONS AND
NOTE: DATA SET WORK.SAMPLE23 HAS 50 OBSERVATIUNS AND
NOTE: DATA SET WURK.SAMPLEZ24 HAS 50 OBSERVATIONS AND
NOTE: DATA SET WURK.SAMPLEZ25 HAS 50 OBSERVATIONS AND
NOTE: DATA SET wWORK.SAMPLE26 HAS 50 OBSERVATIONS AND
NOTE: DATA SET WORK,SAMPLEZT nAS S0 UBSERVYATICNS AND
NOTE: THE DATA STATEMENT USED 1.70 SECONDS AND 892K.

VAP TABLES. %33 0OBS/TRK,
VAR [ABLES. %33 OBS/TRK.
VAR [ABLES., 433 DBS/TRK.
VAR [ABLES. 433 O0BS/TRX,
VARIABLES. 433 0BS/TRK.
VAR IABLES. 433 0BS/TRK.
VAR [ABLES. 433 0BS/TRK.
VAR [ABLES. %33 0BS/TRK.
VAR [ABLES. 433 OBS/TRK.
VAR[ABLES. 433 08S/TRK.
YARLIABLES. #33 0BS/TRK.
VARIABLES., 433 0BS/TRK.
VAR[ABLES. 433 0B8S/TRK.
VARIABLES. 433 QBS/TRK,
VAR [ABLES. 433 08S5/TRK.
VAR]ABLES, 433 UBS/TRK,
VARTABLES, 433 GBS/TRK.
VARIABLES. 433 08S/TRK.
VAR[ABLES. %33 Q0BS/TRK.
VARIABLES. %33 0BS/TRK.
VARLABLES. 433 UBS/TAK.
VAR] ABLES., 433 CBS/TRK.
VARIABLES. 433 0BS/Tak,
VARIABLES, 433 DBS/TRK.
VARIABLES, %33 CBS/TRK,.
VARIABLES. %33 QBS/TRK,
VARIABLES. 433 OBS/TRK.

LRV KV LT R RV T NV ]

[CRC RV RV U ETRU RV ST IV ET RV IT WV RURY RV Y ]

38 PROC PRINT DATA = SAMPLEL:TITLE CONTAMIMATED SAMPLE OF SIZE 10;
NOTE: THE PRCCEDURE PRINT USED Q.29 SECCNOS ANDO 202K AND PRINTED PAGE 1.
37 PRUC PRINT DATA = SAMPLEZ2;

MOTE: THE PRCCEDUKE PRINT USED 0,28 SECONDS AND 202K AND PRINTED PAGE 2.
38 PROC PRINT DATA = SAMPLE];

HOTE: THE PRCCEDJRE PRINT USED 0.31 SECONDS AND 202K AND PRINTED PAGE 3.
9 PRAOC PRINT DATA = SAMPLEe;

NMOTE: THE PRUCEDURE PRINT USED 0.28 SECONDS AND 202K AMD PRINTED PAGE 4.
«0 PRCC PRINT DATA = SAMPLES:

NOTE: THE PRUCEDURE PRINT USED 0.29 SECONOS ANDO 202K AND PRINTED PAGE 5.

41 PROUC PRINT DATA = SAMPLES:



NOTE:
&2
NOTE:
43
NOTE:
ok
NOTE:
45
NOTE:
&b
NOTE:
o7
NQTE:
48
NOTE:
%9
NOTE:
5a
KOTE:
51
NOTE:
L ¥
NOTE:
53
NOTE:
54

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

A S L OG 05 545 82.28 05/360 MVT JUB VM230058 STEP $54S

PRUCEDURE PRINT USED 0.27 SECCNDS AND 202K AND PRINTED PAGE 6.

PROC PRINT DATA = SAMPLET;
PROCCDJAE PRINT USED 0.28 SECONDS
PROL PRINT DATA = SAMPLER;
PROCEDURE PRINT USED 0.25 SECONDS
PROC PRINT DATA = SAMPLEY;
PRUCEDURE PRINT USED 0.25 SECONDS
PROC PRINT DATA = SAMPLELO:TITLE
PROCEDJRE PRINT USED 0.32 SECONDS
PROC PRINT UDATA = SAMPLELL:
PROCEDURE PRINT USED 0,32 SECONDS
PROC PRINT DATA = SAMPLEL2:
PROCEDURE PRINT USED 0.31 SECONDS
PROC PRINT DATA = SAMPLEL3:
PROCEDURE PRINT USED 0.30 S5ECUNDS
PROC PRINT DATA = SAMPLEl4:
PROCEDURE PRINT USED 0.29 SECONDS
PROC PRINT OATA = SAMPLELSS
PROCEDURE PRINT USED 0.30 SECONDS
PROC PRIMT DATA = SAMPLELS;
PROCEDURE PRINT USED 0.23 SECONDS
PROC PRINF DATA = SAMPLELT:
PRUCEDURE PRINT USED 0.31 SECONDS
PROC PRINT OATA = SAMPLELS:
PROCEDURE PRINT USED 0.31 SECONDS

PROC PRINT DATA = SAMPLEL9;TITLE

AND 202K

AND 202K

AND 202K

AND

AND

AND

CONTAM [NATED

AND 202K AND

AND 202%

AND 202K

AND 202K

AND 202K

AND 202K

AND 202K

AND 202K

AND 202k

AND

AND

AND

AND

AND

ANHD

AND

AND

CONTAMIMNATED

PRINTED PAGE

PRINTED PAGE

PR INTED PAGE

SAMPLE OF SIZE 20;

PR INTED PAGE

PRINTED PAGE

PR INTED PAGE

PR INTED PAGE

PRINTED PAGE

PRINTED PAGE

PRINTED PAGE

PR INTED PAGE

PR [NTED PAGE

SAMPLE OF SILE 50;

Te

8.

‘u‘.

11=

lz.

13‘

14,

15,

16+

7.

18.
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PROC



NOTE:
55
NOTE:
Sé
NOTE:
57
NOTE:
58
HOTE :
59
NOTE:
&0
NQTE:
6l
MOTE:
62
NOTE:
613
&4
65
66
NOTE:
67
HOTE:
683
NOTE:
65

NCTE:

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

AS LUG 0S SAS 82.20

PROCEDURE PRINT USED 0.40 SECONDS
PRUC PRINT DATA =. SAMPLEZO;
PROCCDUHE PRINT USED 0.37 SECONOS
PROC PRINT DATA = SAMPLEZL:
PRUCEDURE PRINT USED 0.40 SECONOS
PROC PRINT DATA = SAMPLEZ2Z;
PRULCEDJRE PRINT USED Q.41 SECONOS
PFOC PRINT DATA = SAMPLE23;
PROCEDURE PRINT USED 0,0 SECUNDS
PROC PRINT DATA = SAMPLEZ2%:
PROCEDURE PRINT USED 0.38 SECONDS
PROC PRINT DATA = SAMPLE2S:
PROCEDURE PRINT USED 0.39 SECCNDS
PROC PHRINT DATA = SAMPLE26;
PROCEDURE PRINT USED Q.39 SeCONDS

PROC PRINT DATA = SAMPLEZT:

PROCEDURE PRINT USED 0,40 SECONDS AND 202K AND PRINTED

057344

AND

AND

AND

AND

ANU

AND

AND

AND

158

MVT JUG VM2300S4 STEP SAS

202K AND PRINTED PAGE 19.

202K AND PRINTED PAGE 20.

202K AND PRINTED PAGE 2l.

202K AND PRINTED PAGE 22.

202K AND PRINTED PAGE 213.

202K AND PRINTED PAGE 24,

202K AND PRINTED PAGE 25.

202K AND PRINTED PAGE 2b.

PAGE 27.

PROC PLOT DATA = SAMPLEL:PLOT Ysxm='s?;

TITLEL
TITLEZ SAMPLE SIZE = 103
TITLEZ CONT AMINATICN COUNT = 13

PROGCEDURE PLOT USED 0,37 SECOMDS AND 208K AMD
PROC PLOT OATA = SAMPLEZ;PLOT Yex=s'!®i TITLE]
PRCCEDURE PLOT USED 0.3& SECONDS AND 203K AND
PROC PLGT DATA = SAMPLE3;PLUT YeXa's®;TITLE3
PRCCCDUFE PLOUT USED 0.39 SECONDS AND 208K AND
PPOC PLOT DATA = SAMPLE&;PLUT Yexat®s¢ ;TITLE3

PROCEDURE PLCT USED u.40 SECONDOS AND 208K AMND

PLOT OF FAILURE TIMES ¥5S LOGINeLl)/tN+l-1};

PRINTED PAGE 28.
CONTARINATION COUNT = 2
PRINTED PAGE 29
CONTAMINATIGN COUNT = 3;
PRINTED PAGE 30.
COUMTAMIMATION CCUNT = 4;

PRINTED PAGE 31,

PROC



T0
NOTE!
71
NOTE:
72
NOTE:
13
NOTE:
T4
MOTE:

15
T8

NOTE:
17
NOTE:
78
NOTE:
79
NOTE:
80
NOTE:
a1
MOTE?:
82
MOTE:

83

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE
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PROC PLOT DATA = SAMPLES;PLOT YeXa®#¢;TITLE3 CONTAMINATION COUNT
PROCEOURE PLUT USED C.3& SECONDS AND 208K AND PRINTED PAGE 32.
PRUC PLOT DATA = SAMPLEG;PLOT Y®Xa'e?';TITLES CUNTAMINATION COUNT
PRCCEDURE PLOT USED 0.50 SECONDS AND 208K AND PRINTED PAGE 33.
PROC PLOT DATA = SAMPLET;PLOT YeXa*e¢;TITLE3 CONTAMINAT[ON COUNT
PROCECURE PLOT USED Q.40 SECONDS AND 208K AND PRINTED PAGE 34.
PROC PLOT DATA = SAMPLEB;PLOT Yexs*=°;TITLE3 COUNTAMIMNATION COUNT
PROCEDURE PLUT USED 0.33 SECONDS AND 208K AND PRINTED PAGE 35.
PRUC PLUT DATA = SAMPLEG;PLOT Yexs®ed T[TLE3 CCNTAMINATION COUNT
PROCEDURE PLOT USED 0.38 SECONDS AND 208K AND PRINTED PAGE 3é.

PROC PLCT DATA = SAMPLELO;PLOT Yox='®¢ ;TITLE2 SAMPLE SIZE = 203
TITLE3 CONTAMINATION COUNT = 2;

PROCEDJRE PLOT USED 0.329 SECONDS AND 208K AND PRINTED PAGE 37.
PROC PLOT DATA = SAMPLELL:PLOT Yex=s'es ;TITLE3 CONTAMINATION COUNT
PROCEDURE PLUT USED 0.37 SECONDS AND 208K AND PRINTED PAGE 38.
PROC PLOT OATA = SAMPLEL2:PLAT Ysx='®¢ ;TITLE3 CONTAMINATION COUNT
PROCEDURE PLOT USED 0.36 SECONDS AND 208K AND PRINTED PAGE 39.
PROC PLOT DATA = SAMPLELI;PLOT Y#xX=?sd;TITLE3 CONTAMINATION COUNT
PRCCEDURE PLOT USED 0.34 SECONDS AND 208K AND PRINTED PAGE 40.
PROC PLOT DATA = SAMPLEL4iPLOT Y#®Xa'®®? ;TITLE3I CONTAMINATION COUNT
PROCEDURE PLUT WSED 0037 SECONDS AND 208K AND PRINTED PAGE 4l.
PROC PLOT DATA = SAMPLELSiPLOT Y®X='s® TITLE3 CONTAMINATICH CGUNT
PRUCEDURE PLUT USED 0,37 SECONDS AND 208k AND PRINTED PAGE 42.
PROC PLUT DATA = SAMPLELG;PLAT Yex='e ¢ ;TITLE3 CONTAMINATION CCUNT
PROCEDURE PLOT USED 0.36 SECDONOS AND 208K AND PRINTED PAGE 43.

PROC PLUT DATA a SAAPLELT;PLAOT Yex=*s* TITLE3S CONTAMINATIGN COUNT
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14;
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NOTE:
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NOTE:
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NOTE:
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NOTE:
89
NOTE:
90
MOTE:
91
NOTE:
92
MOTE:
913
NOTE:
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NOTE:
NOTE:

NOTE:
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PROCEDURE PLOT WUSED O.3b SECONDS AND 208K AND PRINTED PAGE 4.
PROC PLOT DATA = SAMPLELB:PLOT YexX='a? [TITLEA CONTAMINATICN COUNT
PRCLEDURE PLUT USED 0.33 SECONDS AND 20BK AND PRINTED PAGE 45.

PROC PLOT DATA = SAMPLEL9:PLOT YexX=®sf/TITLE2 SAHMPLE SILE = 50
TITLE3 CONTAMINATION COUNT = §;

PRUCEDURE PLOT USED 0.35 SECONDS AND 208K AND PRINTED PAGE wbe
PROC PLOT DATA = SAMPLEZO;PLOT vaX='#* ;TITLE] CONTAMINATION COUNT
PRUCEDURE PLOT USED 0.35 SECUNDS AND 208K AND PRINTED PAGE 47.
PRPOC PLUY DATA = SAMPLEZ21:PLOT YexX=zfe?  T|TLEI CONTAMINAT ION COUNT
PRUCEDURE PLOT USED Q.36 SECONDS AND 208K AND PRINTED PAGE 48.
PROC PLOT DATA = SAMPLE22:PLOT Y®Xa'®0 TITLE3 CONTAMINATICN COUNT
PRCGCEDURE PLUT USED 0.38 SECUONDS AND 208K AND PRINTED PAGE 49.
PROC PLOT DATA = SAMPLE23I;PLOT vex=tee ;TITLEY CONTAMINATION COUNT
PROCEDURE PLGT USED 0433 SECONDS AND 208K AND PRINTED PAGE 50.
PROC PLUT DATA = SAMPLEZ24:PLOT Yex='95 TITLEI CONTAMINATION COUNT
PRUCEDURE PLOT USED 0.36 SECONDS AND 208K AND PRINTED PAGE Sl.
PROC PLOT DATA = SAMPLE2S{PLOT Ys)s'®®  TITLE3 CONTAMINATION CLUUNT
PRCCEDURE PLOT USED 0.35 SECONDS AND 208K AND PRINTED PAGE 52.
PKOC PLOT DATA = SAMPLE26;PLOT yex='s=¢;TITLE3 CONTAMINATICN COUNT
PROCEDURE PLOUT USED 0.%1 SECONDS AND 208K AND PRINTED PAGE 51.
PROC PLOT DATA = SAMPLE2T:PLOT Yoex='st ;TITLE3 CUNTAMINATION CUUNT

PROCEOJRE PLOT USED 0.35 SECONDS AND 208K AND PRINTED PAGE S4.
USED &92K MEMORY.

INSTITUTE [NC.
CIRCLE

PO BOX 8000
CARY; N.C. 2751l1-8000
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he objective of this report is to demonstrate, with the aid

f simulation, how the underlying distribution of component

ife may be recognized as exponential, without resort to the
tatistical maneuvers used by Benjamin Epstein in the series

f articles he wrote in the 1960's. Specifically, the report
eals with graphical procedures, abnormally early or late first
‘ailures and the effects of contamination. Contamination invol-
‘ed overlaying values from a parent exponential distribution
i1th values arising out of a different exponential distribution.
rograms are written in FORTRAN and SAS and are presented with
Xplanations in the appendices.



