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Overview of Reliability Analysis in JMP 4.0

JMP Starter

[ File || Basic stats || modeling || Muttivariste | [Survival] | craphs || ac || ooe || tabies || index |

Fitting the distribution of a time-to-event response.

Survival Diztibution | Biological Lifetime or Engineeting Reliakility . Haw the time-to-evert is
distributed where the times may be censored. Kaplan Meier. Plots and
Eztimates for Weibwll, Loghormal, Exponential. Groups. Competing causes.

Parametric Begreszion | Survival Distribution scaled by & regression model (Accelerated
Failure-Time Model) Exponential, Weibull, and LogMormal distribtions.

Proportional Hazardz | The Cox Model. Where the survival distribution iz nonparametric, but the
zcaling is & regression model.

7

P ecumehce Recurrence. Repairable systems. How a recurring event is distributed over
i time, per system, until the system goes out of service. MCF. Event Plot.

JMP Starter Window



Univariate Survival Launch Dialog

Survival / Belability M=l E3
The distribution of the time until an event
—=elect Columns —zast Selected Columnz into Roles —Action
Wgibull 1 L Y Time ta Event || € Ohserved Time ak.
sl 2 R tvtireiivted e ; -
Chzerved Time lirouping apiianal Cancel
Censor 1 Censar aptional humeric
Mo Censoring
Freq aptiohal hkneric Hemaowve
By aptional Recal
Help
Cenzar=0 indicates censared time




Default Analysis

random data: Survival _ (O] x|
¥+ Product.Limit Survival Fit

¥ Survival Plot |
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Time to event: Okhzerved Time

v Summary
Eraup M Failed R Cenzored Mean =td Dey
Cambined 100 0 141926 1.84716
¥ Quantiles
Eraup Median Time  Lower35%  Upperds%  25% Failurez  75% Failures
Cambined B.o522 35855 11.742 1118 18.397
P Combined
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Default Analysis cont.

* Combined

Chzerved Time  Survival Failure SureStoBrr M Failed M Censored At Risk

0.0000  1.0000  0.0000 0.000a0 1] 0 100
0.0000 059300 00100 0.0093 1 0 100
00003 05300  0.0200 0.01 40 1 0 89
00013 05700  0.0300 0.01 71 1 0 85
00014 05800  0.0400 0.01 96 1 0 a7
00278 059300 0.0300 0.0218 1 0 96
0.0329 059400 0.0600 0.0237 1 0 95
00335 085300 0.0700 0.0235 1 0 94
00419 05200 0.0300 0.0271 1 0 83
00424 05100  0.0900 0.0256 1 0 92
00473 05000 01000 0.0300 1 0 a1
oo0/Ms  0.8900 01100 0.03513 1 0 a0
02052 0.8300 01200 003523 1 0 g4
02210 05700 01300 0.0336 1 0 88
024533 05600 01400 0.0347 1 0 87
02331 08300 01300 0.0357 1 0 86
03240 05400 01600 0.0367 1 0 g3
0gd432 0.5300 01700 00376 1 0 i
06529 0.5200 01300 0.0354 1 0 g3
0e37/0  0.8100 01300 0.0392 1 0 g
0./316 08000 02000 0.0400 1 0 81
0./633 0./900 02100 0.0407 1 0 80
1.0445 0./300 02200 0.0414 1 0 9



Options Menu Choice...

random data: Survival M=l E3
¥  Pradurctl imit Survival Fit |
v Survival Flat | |
Plat Options Show Paintz
E =porential Plat S how Combined
E xporential Fit Reverse Y fdis
Wweibull Plot Show Confid [nterval

wieibull Fit
LogMormal Plaot
LogMormal Fit
Competing Causes...
Save Estimates. ..

Script r
024
0.1
oo T T T T T T T T
0 10 20 30 40 a0 G0 0 an a0
Obzerved Time

Time to event: Obzerved Time

¥ Summa ry
Graup M Failed N Cenzored hean Std Dew
Combined 100 0 141926 154716

¥ Quantiles |

Graup Median Time Lowerd5s% Lpper3s:  25% Failures  ¥5% Failures
Combined 55822 3.5855 11.742 1118 18.397

¥ Combined I o




...and Results

random data: Survival M=l E3
¥  Product-Limit Survival Fit |

¥ Survival Plot |
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Time to event: Observed Time

v Summary
Graup M Failed M Cenzored Mean Std Dew
Combined 100 0 141926 184716
v Quantiles
Graup Median Time  Lower95%  Upperf53%  25% Failures  75% Failures
Combined 68322 3.5855 11.742 11158 18.397

¥ Combined | ]




Scripting Options Choice...

random data: Survival M=l E3

¥  Pradurt] imit Survival Fit |
v Survival Plot |

Plat Options r
E xponential Plot

E xponential Fit

Wwheibull Plot

Wieibull Fit

LogMormal Plot

LogMormal Fit
Competing Causes...
Save Estimates. .

Fedo Analyziz
Save Script to Datatable
Save Scrpt to Report ==

cript to Script Window
Sawe Scrpt for All Dbjects

Time to event: Observed Tin Data Table Window

v Summary I
Graup M Failed M Cenzared fean Std Dew
Combined 100 0 141926  1.847T16

¥ Quantiles |
Graup Median Time  Lower95%  Lpper35%%:  25% Failures  ¥5% Failures
Combined £.8322 3.5855 11.742 1118 18.397

» Combined I o




...and Results

Script Journal =]

Survival[Y] :0bserved Time], Show Confid Interval[1]]:

Submitting the script above reproduces the analysis.



A JMP Script - Competing Causes GUI

Competing Causes Survival Function

0 a0 100 130 200

b
Scale (Blue) Shape (Blus)
I I | I [ |
Scale (Red) Shape (Red)




Script

/I Competing Causes Interactive Survival Plot

x=1; y=1,
shapel = 2.4; scalel =10g10(46);
shape2 = 0.6; scale2 =10g10(60);

survival = expr((1-Weibull Distribution(x, shapel, 10”scalel, 0))*(1-Weibull Distribution(x, shape2, 10"scale2, 0)));

gBox = Graph Box(FrameSize(500,300),Double Buffer,
XScale(0,200),yScale(0,1),
pen color("green”);pen size(3);
YFunction(survival,x),
pen color("blue™);pen size(1);
YFunction(1-Weibull Distribution(x, shapel, 10”scalel, 0),x),
pen color("red");pen size(1);
YFunction(1-Weibull Distribution(x, shape2, 10"scale2, 0),x));

plot = gBox[FrameBox(1)];
NewWindow("Competing Causes Survival Function”,
v list box (gBox,
h list box (textbox(" Scale (Blue) "),
slider box (0,4, scalel,plot<<reshow()),
textbox(" Shape (Blue) "),
slider box (0.1,3, shapel,plot<<reshow())),
h list box (textbox(" Scale (Red) "),
slider box (0,4, scale2,plot<<reshow()),
textbox(" Shape (Red) "),
slider box (0.1,3, shape2,plot<<reshow()))



Analysis of some pseudo-data

random data |
* random data | 1 v Ohzerved Mo ﬂ
shape] o Wbl 1 Wieibull 2 Time Censor 1 Censoring
scaled &0l 1 223155051 | 744623742 | 22.3155051 0 0
shape? 0.5 2 747972305 | GEE356133 | 6.65356133 1 0
scale? 20 3 A5 FETI946 | 124615701 | 124615701 1 0 |
¥ Survival Analysis 4 106 637942 | 195713951 | 1.93713951 i 0
:ED’“FE“”G_CE'”SES | 5| 654554171 | 003548302 | 003545392 1 0
urvival with Censoring 5 357751211 | 11.9222539 | 11.9222539 1 0

7 34 4952115 | 491092064 | 34.4952115 0 0

7 47 SDR9ETS | 139357424 | 47 5059675 0 0
" Columns (510) g 54 3235526 | 14.0128334 | 140128334 1 0
() Weibull 1 1+ 10 552916865 | 139316213 | 13.8316213 1 0
B Wieibull 2 1+ 11 47 1946431 | 1 11802666 | 1.11802666 1 0
ClisEnitet] e G 12 501734895 | 158112368 | 158112388 1 0
Ezngsnrgm;g . 13 540477133 | 10905329 | 540477133 0 0

14 359512974 | 53969673 | 35.9812974 0 0

15 3341840651 | 356681479 | 33.4154061 0 0
— | 16 A5 F135264 | 155049005 | 56.6135264 0 0

17 308565057 | 653995424 | 30.8565057 0 0
All Roves 10 18 203676807 | 073163429 | 0.73163429 1 0
Seledisn L 19 47 DR02404 | 218163575 | 47 OR02404 y 0
Excluded 1]
it ] 20 102799769 | 407989556 | 4 07959686 1 0 r
Labelled of 4] b - | e




weibull 2 M =] E3

Table Caolumnz: &

Column Formulae

Wbl 1
Wieibull 2
Ob=served Time
Cenzar 1

Mo Cenzoring

Functions (grouped) &

Obszerved Time

-
+—_-""\-|.
x|+ &
|| S
=

Row ;I
Humeric
Transcendental
Trigonomedtric
Character
Comparison
Conditional
Probability
Statistical ha

-
Ok, Table Columns & Functions (grouped) &
Cancel Wit 1 Row =]
—— Wit 2 x| =52 Humeric
Apply Observed Time wils Transcendental
Censar 1 =] Trigonometric
Mo Cenzoring Character
Llear Comparison
Help Conditional
Probability
Statistical hd

Apply

P[] 3
ok

Cancel

Clear

Help

Min| Weibull 1, Weibull 2 |




random data

b

rancom data
shape 2.2
scalel G0
shape2 0.5
scale? 20

Survival Analysis
¥ Competing Causes
¥ Survival with Censoring

Fitted Hazard
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random data: Survival

¥ ~ Product-Limit Survival Fit

M=l E3

¥ Survival Plot
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v - Competing Causes

Wieibill Parameter Estimates
Mo Censzoring Alpha
0 9.849671 731

Beta M Failed M Censored

03761583490 100 0

logLikelibood
-219.12917 ]




random data

* random dats |

Competing Ca 3
¥ Survival with Censoring

Fitted Hazard
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| random data: Survival
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¥ Weibull Plot

lagC-logisury)
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> Summary |

¥ Quantiles |

¥ Combined I
v * Competing Causes

Weibull Parameter Estimates

Cenzor 1 Alpha Beta M Failed BN Cenzored loglikelinood

1] 49 43716520 217633 N 22 75 -26.376237

1 1474045359 045545560 Fits] 22 -M5892035



Analysis of Process data

failure mode _ O x|
¥ tailure made I ¢ 0ok T Censor =1
¥ Survival Analysis - Up Time Failure Mode 209 =
¥ Survival for Fid 209 13418167 803 1
Competing Causes 2 2. 1366EET a0a 1
3 0 A05 1
4| 31951665 711 1
* Columns (4107 I 5| 33471668 104 1
Up Time o J s "
Failure Mode i 0.0317 104 1
Censor 209 a8 0 104 1
Fero & g 0.07 104 1
10 0.0733 104 1
11 0.05583 104 1
* o I 12 0.0755 104 1
&1l Rovwys 2764 Iz L 104 1
Selected 1 15 0 104 1
e 0 15 0.0733 S0E 1
Hiclcen I 16 0182 104 1 hd
Labelzd of4] | L.




Top Failure Modes

k.l

cause model

w

Columns (400
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Failure Mode
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M Failed

k.l

Rovws
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Hiclden
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05
S04
209
B05
406
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06
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B0a
405

Alpha
2095 55539
1672 63641
Sd40 662451
257 559559
BOS0. 50221
T 941571
J385390. .49
536139395
B95 017697
14264 7619
6479 30576
16575014 6

Beta
041802564
055103421
061528135
1 05035605
0 69328967
081241961

03135513
0.31297185
089973746
045370601
055011775
0 25365867

cause model _ (O] x|
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Competing Causes Fitted Survival
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Omitting Causes
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* Survival Plot
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