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Predicted Failures vs Distance (Assumed Percentage=1)
Expected Number of Failures per Million
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FEATH, TA R Mathematica , il 1d & SCEUE RS E (4340 704 CDF DA IE Xt #ibl4% |, Biij5 Al Nelder -
Mead 75 ARG E] (B, n"). fERMETFIAER , ££ (B, n) MK LRk 2 26 S8, DS 3] 90% HE &
B4 5 B v T L 50000km I FR 7™ ity Al SEE . AR ANVERE I R B

Clear[f]; C*#IgL*)
rawFailures =

Join[ConstantArray[1, 5], {10, 100, 200, 400, 500}1; C*&XiAEEgE")
nTotalobserved = 1000000 ; (*5& S EdaH*)

By 138 R B AH 0 A B A R L (CDF) ,beta, eta NIRMHFISEL, d NATHIEEE*)
safeProb[beta_?NumericQ, eta_?NumericQ, d_?NumericQ] :=
Module[{ex}, If[d <= 0, Return[0.]];
ex = beta*(Log[d] - Log[etal]); C*#fuiiti*)
If[ex < -800, O.,
If[ex > 800, 1.,
1. - Exp[-Exp[
ex]1111;

4 BT HAIG A ZE NG XS RACFE AT ZHCAGB9 - MARCH 2026
eI R
Copyright © 2026 Texas Instruments Incorporated


https://www.ti.com.cn
https://www.ti.com.cn/cn/lit/pdf/ZHCAG69
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCAG69&partnum=

13 TEXAS
INSTRUMENTS

www.ti.com.cn BRA USRS 11

(5 X FERHL A, Fi\ AssumedPercent, iR [FI/E"RBIA 2 LEEHCH 2.3 1 h i AR £ e L AssumedPercent"ix
ANBTHE R FIAE SR ™)

f[AssumedPercent_?NumericQ] :=
Module[{failures, r, nCensored, logLik, resMLE, betaHat, etaHat,
TogLmax, chi2p90, threshold, betavals, etavals, jointCIpoints,
distances, pMLE, pLower, pUpper, plotObj, p50, expectedPerMillion,
predCI}, (*& XS #*)
failures = rawFailures;
r = Length[failures];
nCensored = nTotalObserved - r;
TogLik[beta_?NumericQ, eta_?NumericQ] := Module[{11F, T11cC},
11F =
Total[Log[beta/eta] + (beta - 1) Log[failures/eta] - (failures/eta)A betal; (FJAaSA:HINIEAALRT

11C = -459990*(10000*AssumedPercent/eta)Abeta -
540000* (4000*AssumedPercent/eta)Abeta; (A RA RIS HAUR A=)
TIF + 17T ; CExT R *)

CeBORUBRETE, itk TogLik*)
resMLE = NMaximizel[
{logLik[beta, eta], beta > 0 && eta > 0}, (*AESHAHIEIH beta>0,eta>0%)
{beta, eta},
Method -> "NelderMead",
MaxIterations -> 20000,
workingPrecision -> 16

] H
{betaHat, etaHat} = {beta, eta} /. Last[resMLE]; (*#2Hlf4i{4 betaHat, etaHat *)
TogLmax = First[resMLE]; (*XfMifJEk Tog-likelihood f&*)

(%90% Hr& BAE X M BIEIFHE*)
chi2p90 = Quantile[chiSquareDistribution[2], 0.9]1; (* R AAfEHMANSE, D47 A 90%*)
threshold = logLmax - 0.5%chi2p90; C*LhsR LLAG I B *)

(58 SRR M)
betavals = Subdivide[0.01, Max[2, 2*betaHat], 800];
etavals = Subdivide[Max[1l, 0.l*etaHat], 1lO*etaHat, 800];

CRENFLBS CT &S ES beta, eta®)

jointCIpoints = Select[
Flatten[Table[{b, e}, {b, betavals}, {e, etavals}], 1],
TogLik @@ # >= threshold &C*{##¥ TogLik KTZETRERIL*)

CHERBERFE 1)
distances = Range[0, 50000, 500];

(*H MLE SE0THE BN Lk *)
pMLE = Table[safeProb[betaHat, etaHat, d]*10A6, {d, distances}];

CHBE CI MISHUTR BT R4
If[jointCIpoints === {},

CeuB R BEES €I &, &[0 Indeterminate®)

pLower = ConstantArray[Indeterminate, Length[distances]];
pUpper ConstantArray[Indeterminate, Length[distances]],

CGBMIFEBA CT FHFRRALEY)

pLower =

TabTle[Min[
safeProb[#[[1]], #[[2]], d]*10A6 & /@ jointCIpoints], {d,
distances}];

pUpper =

TabTe[Max[
safeProb[#[[1]], #[[2]], d]*10A6 & /@ jointCIpoints], {d,
distances}];]1;

(*#% 10000, 20000, 30000, 40000, 50000km Hsf = 2% Tl il £& 1 i) 2 35080+
highlightDistances = {10000, 20000, 30000, 40000, 50000};
highlightMLE =

Table[{d, safeProb[betaHat, etaHat, d]*10A6}, {d,

highlightDistances}];
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highlightLower =
Table[{d,
Min[safeProb[#[[1]], #[[2]], d]*10A6 & /@ jointCIpoints]}, {d,
highlightDistances}];
highlightUpper =
Table[{d,
Max[safeProb[#[[1]], #[[2]], d]*10A6 & /@ jointCIpoints]}, {d,
highlightDistances}];
)
plotobj =
ListLinePlot[{Transpose[{distances, pMLE}],
Transpose[{distances, pLower}], Transpose[{distances, pUpper}]},
Plotstyle -> {Directive[Red, Thick], Directive[Blue, Dashed],
Directive[Blue, Dashed]}, PlotRange -> All,
AxesLabel -> {"Distance (km)",
"Expected Number of Failures per Million"},
PlotLabel ->
StringForm[
"Predicted Failures vs Distance (Assumed Percent="1%)",
100 AssumedPercent], GridLines -> Automatic,
ImageSize -> {500, 400},
Epilog -> (Flatten[{(*MLE HiZkkriE™)

Table[{Red, PointSize[Medium], Point[pt], Black,
Text[NumberForm[pt[[2]], {6, 2}]1, pt, {1, -1}1}, {pt,
highTlightMLE}], C*BAE B FERFRE*)

Table[{Blue, PointSize[Medium], Point[pt], Black,
Text[NumberForm[pt[[2]], {6, 2}]1, pt, {1, -1}1}, {pt,
highlightLower}], (¥Ik& BAF R LR bRAE*)

Table[{Blue, PointSize[Medium], Point[pt], Black,
Text[NumberForm[pt[[2]1], {6, 2}1, pt, {1, -1}1}, {pt,
highTightupper}]1}1)1;

p50 = safeProb[betaHat, etaHat, 50000]; (*50000km [T =)
expectedPermMillion = 10A6*p50; (¥ %R G & IR0

(*50,000 km (A B AS G E*)
predCI =
If[jointCIpoints === {},

"NotFound", {Min[

safeProb[#[[1]], #[[2]], 50000]*10A6 & /@ jointCIpoints],

Max[safepProb[#[[1]], #[[2]], 50000]*10A6 & /@ jointCIpoints]}];

(REIEER, Hh Tc %) AssumedPercent (RIS BN, RMEEBEINMER CEIT T O 5/
*0.05*30%AssumedPercent FK;

betaHat Fsil SLH IR M0 5 15 (¥ beta 18 ;
etaHat £l H RN IFHAS Al eta (H;
jointCIpointsCount 38 % M H 7D & B St 1 s X B
expectedpPermillion_at50000_MLE Jyfdi F s FRMITT 5211 50000km B} [ 5 R 45 ;
expectedPerMillion_at50000_JointCI ATE 90%EE B AT X[ T ) 50000km B i) 26 %508 .

<|"Tc" -> AssumedPercent, "betaHat" -> N[betaHat, 10],
"etaHat" -> N[etaHat, 10],
"jointCIpointsCount”" -> Length[jointCIpoints],
"expectedPerMillion_at50000_MLE" -> N[expectedPerMillion, 8],
"expectedPerMillion_at50000_JointCI" -> predCI,
"PredictionPlot" -> plotobj|>]
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