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DATA OPTIONS

RIGHT CENSORING:

Y; i
Observed | Cens. status
time 1: Lifetime
0: Censoring

ARBITRARY CENSORING:

Start variable | End variable

A; B;

1.7 1.7 Exact lifetime 1.7

2.0 * Right censoring at time 2.0,
i.e. lifetime is > 2.0

X 0.5 Left censoring at time 0.5,
i.e. lifetime is < 0.5

1.0 1.5 Interval censoring:
Lifetime between 1.0 and 1.5




LIKELIHOOD CONTRIBUTION

Obs. type Start variable | End variable | Likelihood contribution
Ai Bz’
Exact lifetime 1.7 1.7 f(1.7;0)
Right censoring 2.0 * 1— F(2.0;60)
Left censoring * 0.5 F(0.5;0)
Interval censoring 1.0 1.5 F(1.5;0) — F(1.0;0)
Left censoring
Interval censoring
° Right censoring

0.5 1.0 1.5
t

Figure 2.6. Likelihood contributions for different kinds of censoring,

2.0




LIKELIHOOD FOR MODEL f(¢;0) = (1/6)e %/’

L(@) — (%6—1.7/9) ) (6—2.0/9) . (1 _ 6—0.5/9) ) (6—1.0/0 _ 6—1.5/9)
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Maximum likelihood estimate: 6 = 1.725



EXAMPLE: RIGHT CENSORED DATA

Worksheet 1 ***




Distribution Analysis: Y
Variable: ¥
Censoring Information Coun

Uncensored wvalus
Right censored wvalue

k3 onoot

Censoring value: D = 0
Estimation Method: Maximum Likelihood

Distribution: Exponential

Parameter Estimates

Standard 95,0% Normal CI

Parameter E=stimate Errox Lowesxr Tppex
Mean 4,6 2,05718 1.,5%14e5 11,0516
Log-Likelihood = -12,630

Goodness—of-Fit
Znder=son-Darling (adjusted) = 3,767

Characteristics of Distribution

Standard

Estimate Error

Mean (MTTE) 4,6 2,057148

Standard Deviation 4.6 2. 05718

Median 2,188448 1,42583
First Quartile(Ql) I,32334 (0.581815 O

Third Quartile {23) &,.37695 2,8518%¢6

Interquartile Range (IQR) 2,05362 2,26005

95,0% Normal CI

Lower
1,.91465
1.971465
1,32713
F220810
2,65427
2.,1034¢6

Uppexr
11,0516
11,0516
7.66041
3,17936
15,3208
12,1415



Table of Percentiles

Percent
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Percentile
0,0462315
0,0525%325

0,140112
0,187781
0,235549
0,284627
0,333825
0,383355
0,43382%
0,484658
1,02646
1,64070
2,34580
3,18848
4,21454
203827
T,40341
10,-5818
11,0765
11,6184
12,2326
12,9417
13,7804
14, 8066
16,1302
17,9953
21,1838

Standard
Error
0,0206754
0,04153607
0,0e26601
0,083%783
0,105520
0,12728%5
0,1459291
0. ET1531
0,1%4014
0,21e746
0,43539047
0, 733745
1,0508¢6
1,425%3
1,884598
2.,47e75
2,31091

4 T3c84

4 95358
5, 19588
2,4705H
e
6, 1277
b,02182
T,213632
B,04775
8,4736H

5§5,0% Normal CI

Lower
0,0152425
0,0386811
0,05832187
0,D7TRB1597
0,0%B82086

0,118470
0,1328%947
0,15%646
O 180572
0,201728
0,427241
0, eB2907
0,978051
1,322713
1,754327
2,.,20518
3, 08151
4 40864
4 1037
£ HB3SHE
5,.05%155
5,38669
S5.T3I5FT
b, 16301
&,713282
T,49015
B,B1728

Upper
0,111073
0,223273
0,336624
0,451150
0,5366875
0,683825
0,802025
0,5921504

1,04225
1,16441
2,46610
3,94184
3,064546
T,66041
10, 1265
13,3009
17,7865
25,4473
26,6117
2T L3S
25,3892
31,0928
33,1078
30,5733
38,1232
43,2343
20,8547



LIKELIHOOD FUNCTION FOR MODEL f(¢;0) = (1/6)e~1/¢
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LOG-LIKELIHOOD FUNCTION
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Maximum likelihood estimate: 0 = 4.6
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LOG-LIKELIHOOD FUNCTION
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Percent

Probability Plot for Y
Exponential - 95% CI
Censoring Column in D - ML Estimates

99 -2
Table of Statistics
Mean 4,6
90+ StDev 46
80 | Median  3,18848
70+ IQR 5,05362
gg N Failure 5
40 b ° Censor 2
| AD* 3,767
30+
20—
10 ’
5 o=
3 =
2 =
1 T T I
0,01 0,10 1,00 10,00 100,00
Y
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Method — Probability Plot for Uncensored/Right Censored Data
= main topic

Probability plots are based on a scheme that plots the ohserved failure times (or a transformation of the failure times) on the x-axis vs.
the estimated cumulative probahilities (p) on the y-axis. The cumulative probabilities are transformed. Transformations of bath the x and
y data are needed to ensure that the plotted v values are a linear function of the plotted x values. To help assess the linearity of the
plotted data, a fitted line is also drawn on the probability plots. The table below shows how the actual x and y plot points are
constructed:

Distribution x coordinate y coordinate
Weibull In{failure time) [n{-In{1 - p}}
Extreme value failure time In{-In{1 - pl
Exponential failure time (1)
Marmal failure time .:1:--1@)
Lognormal basee In{failure time) -:1:-1@)
Lognormal base10 log10{failure time) &l
Logistic failure time ]n{%}
Loglogistic In{failure time) ]11{%}
where

& 1(8) = value of standard normal distribution. Z, such that prob (£ ==&l =p)
In (%) = natural log of x
log10Qix) = log base 10 of x

Minitab estimates the cumulative probabilities {p) using the Default, Modified Kaplan-Meier, Herd-Johnson, or Kaplan-Meier method. The
Default method is the normal score for uncensored data; the modified Kaplan-Meier method for censored data. Each of these methods
generates nonparametric estimates of F{t). the cumulative distribution function for the random variable T, which is time to failure

Note  If the largest observation is uncensored, the Kaplan-Meier method results in p=1 for the largest uncensored observation. In this
case, the Kaplan-Meier estimate for the largest obsemvation results in a number that cannot be used in the plot. This problem
is corrected by recalculating the largest p as 90% of the distance between the prior p and 1.

This table displays the differences among the methods. For a sample of n obsemvations, let %(1), ®(2),... x({n) be the order statistics, or
the data ordered from smallest to largest. Then i is the rank of the ith ordered observation x(i). The formulas are as follows:
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For uncensored data...

This methed . . . Uses this equation
Mormal score {default) i—348
n+ 14
Modified Kaplan-Meier i—1/2
n
Herd-lohnson i
n+l
Kaplan-Meier i
n
For censored data...
This method... Uses this equation
Modified Kaplan-Meier (default) (l-pp+{l-p;_
Bi= 1 - T
where P'i is the Pi from the Kaplan-Meier estimate and Fo = Y
Herd-Johnson estimate m—j+1)
pp=l-T —— %
Jalad e iy P
K.aplan-Meier product limit estimate fm—jo

e
j=li {n—j+ 1y’
where
& = 0 if the th ohservation is censored

1 if the jth obsemation 1s uncensored

If there are tied failure times in the data, either all points (default), the average (median), or the maximum of the tied points is plotted. If
the tie involves failures and suspensions, the failures are considered to occur before the suspensions
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Row C1 C2
1 0,35 1
2 0,50 0
3 0,75 0
4 1,00 1
5 1,30 1
6 1,80 1
7 3,00 0
8 3,15 0
9 4,85 0
10 5,50 1
11 5,50 0
12 6,25 0

Variable: C1

Censoring Information Count Uncensored value

5 Right censored value
7 Censoring value: C2 =0

Estimation Method: Maximum Likelihood Distribution: Exponential

Parameter Estimates
Standard 95,0% Normal CI
Parameter  Estimate Error Lower Upper

Shape 1,00000
15



Scale 6,790 3,037 2,826 16,313

Log-Likelihood = -14,577



Percent

Probability Plot for C1

Exponential Distribution - ML Estimates - 95,0% Cl
Censoring Column in C2

99 —

97 —

96 —
98

93 —
90

80 —

70 —
60 —
50 —
30
10

Shape
Scale

MTTF
StDev

Median
IQR

Failure
Censor

AD*

T T T T T T T T
10 20 30 40 50 60 70 80
Time to Failure

16

1,000
6,7900

6,7900
6,7900

4,7065
7,4596

33,367



Variable: Ci1

Censoring Information Count Uncensored value
5 Right censored value 7 Censoring value: C2 =0

Estimation Method: Maximum Likelihood
Distribution: Weibull

Parameter Estimates

Standard 95,0% Normal CI
Parameter  Estimate Error Lower Upper
Shape 0,9780 0,3694 0,4665 2,0504
Scale 6,880
3,517 2,526 18,740

Log-Likelihood = -14,576
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Percent

Probability Plot for C1

Weibull Distribution - ML Estimates - 95,0% CI
Censoring Column in C2

Shape
99 Scale
95 — MTTF
90 — StDev
80
70 Median
60 — QR
50 — Failure
40 — Censor
30

AD*
20
10 —
5 _|
3 o
2 ]
1 ==

1 ? \ —e—| : —&1 ' | E o]
0,001 0,010 0,100 1,000 10,000 100,000

Time to Failure

18

0,9780
6,8803

6,9472
7,1040

4,7299
7,6839

33,366



