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B BE

= m (TR B G MR B4E) RERFEREEREZEFUT S AA
m:OMERE. Far. AR, REMMEFE.

> B mE e

Q T FE M (reliability)
Q #&M (maintainability)
© TH (availability)
o (ER=AFRATIEH)
Q Z& % (safety)
© REEE (supportability)

= GRS ThEEtE (functionality), AT S (reliability), S T
(usability), 242 (efficiency), Z4E{& M (maintainability), RIFB4EE (portability)
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A%, RNSHE

= AR FREMERNFETMERE 8 K SERRE NRERIEE S .
15 SN pE (Failure and Fault):

“ &L SERALE TIRERTHE NIFR AR
o SlERAMAIYIE. KFRHETIERAREIE.
“ JHFAME m, KAUETRABE.

= OARE: TEERRESREMESFET. IERERNTERIENRERIBEER.
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RAHE

= I8 (FE) SRZALIE (physical-failure mechanism)
1= B (BR) kRHNIE (degradation failure mechanism)
S BRRIE
1 EHRN

s THEERY — ZMERINE

s TERERN — ZMEKRHIE
I ORERN — BRMSUEANLE
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FEmRY KRR

1= @53y (hard failure) [t R AT LR (physical failure) T T METHE 2L
(catas;JrOPhic failure)]: FRAIINEERAH TP IETRATERI . WAIEM L
R[4 A

o B
o ERERIE
o RS H

¥S BRARAY (soft failure) EIRL KR FmAYIERERERT B ZELERIL, HEER (5
) FER L E— MR PR ER BAR AR KA
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B KR

= RIRLHIIE S A

“ WIBRAL (physical degradation): WIAF#IEIZAL. iR

# PBEIR{L (performance degradation): #NERR. H=ERI T
= RIR B KRS O

# 2R K (linear degradation)

# [UIR{K (concave degradation)

# B4k (convex degradation)

# S-BYIR{K (S-shape degradation)
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QS c3nt

i HEHRW: EENAT = RIS
- ERBESHRR = NEIR iR IE (ADT)
o EREEEGILE s [BER 1B iR (CS-ADT)
s REBEHEMINE “ R IR iRIE (SS-ADT)
= R FEF iR # FrdER RKIREE (PS-ADT)
A BEN A INEFGIRE (CS-ALT) o TR R KIRIE (VS-ADT)

4 RN IR (SS-ALT)

# FRgt N i inEFEaiRLE (PS-ALT)

4 TR AINEF IR (VS-ALT),
R ERIA INE H il I

w5 NN FHF iR/ mEFeIRE, WERE ALT
S S NEIKE (HALT)
o ERKRINEBLETL!
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A EEHRERE

A] SRR RS MG

w5 PFGHE B TIMERHERE T, WERMNHTERB AR TIERE
TR G, XFEIRA BT Sk + 5 FIXE;
w5 REEHaNEHE: XHRBERSFETHEGIRRETE LERATS.

] 5 PEELHE S AT R4

= HiEREREHERXERRY;

= RESYAERBIERAENBIZERN ST, EHST. BHRSE. MEs
. MHESHHHTER, MESHSHRVERER:

= iR ST E R SME;

= BBSH: ESHSH MBAMME. FOoBNI M. KUEXE.

~
-
-
v
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HiRkE (1) — Fadlis
| &y %éﬁﬁ el 9&;&%&?& Complete Data Type-| Censored Data Type-Il Censored Data
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& %%Xﬁﬁﬁ Multiple Censored Data
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R 1 FE M A TR BF IR

Failure Pattern of the Integrated Circuit Life Test
Data Where 28 Out of 4156 Units Failed in the 1370
Hour Test at 80°C and 80% RH (Meeker 1987)
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6 2: BB CS-ALT, JRIGHETE

Hours Versus Temperature Data from a<—
Temperature-Accelerated Life Test on Device-A

Number  Temperature In Subexperiment
Hours Status of Devices °C Units Failures

5000 Censored 30 10 30 0/30
1298 Failed 1 40 100 10/100
1390 Failed 1 40
5000 Censored %0 40
581 Failed 60 20 9/20
925 Failed 60
1432 Failed 60
5000 Censored 11 60
283 Failed 1 80 15 14/15
361 Failed 1 80
515 Failed 1 80
638 Failed 1 80
5000 Censored 1 80

% N = | 43

1.3: J8E CS-ALT, [RIa4HE
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6 2: imE CS-ALT, &R E

Device-A Hours Versus Temperature
(Hooper and Amster 1990)
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1.4: 3B CS-ALT, #iEE
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#RER (2) — BLEUHE (degradation data)

5 BEMHRWEHE (repeated degradation data)
15—t (SR tE) IR AR (destructive degradation data)
s HERWHE NempsREamidE
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T 3 IR IS, REEHIK /)N

. e
Failure Level Y/

Crack Size (inches)

0.0 0.02 0.04 0.06 0.08 0.10 0.12
Millions of Cycles

1.5: iRk, REMK/N
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4 =AM A TRYEE CS-ADT, R UEBZE
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B BHRES KRR R R

Degradation value

25

PDF of Lifetime

Threshold

ARA

HRE (EFIMEKRE, i
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A EEFRITHITER

e HFaikie: EENAT R EENAT
4 R34y %a: 10 Weibull 4378, JHEIE A REHIE: aE ), Bz
. = InER L iREE (ADT)
= iR E AR « RILHE:
SIS kit ° f@%@r? ek tEE A
s IESE: 585N ANEER o #YNITE
A el o BEMITE: HABITE
o Arrhenius 8 (GBEE), ™ X ° MEEEE: IR
Arrhenius $& 8 o FEEY EIEEE
o Eyring 48 (RESERE), "X A IEFRE RUESNANXR
Eyring #58Y o IEBGIE: KErEEE, M
o Coffin-Manson & (GRETEER) CEf&RY.
& IEBGIE: REFEER, W
CE, TFR, TRV$EHY.
R, RRE (ERMEAZ, MIIRASZ)
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RS RE: HiEmE

= EHE/ 2RSS AHENME

w LREHRSIIAHERS

= HailREBESRUKERENRME (REHE)
s REE S E ISR S

= NIRESKREERE

= AT EMHIES A PITABIRNRE

= BMHEERSRAEHERNES (ERES)

FRA, BHRE (RFWEAE. HIIEXE) MG 2024-11-10

24/86



RS RE: TERmE

= YRS SEIES RS

= URATTES MM E T ERRE

= G AESNREIAENRE

I RS AR ERE

A ESIEOA ENRE

S SR
s R, EBE (performance) B3R (scalability)
“ FHRS IHET
- BRE5NA
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iS5 EBE: £4aRAPNEE

W RS
= FUSERELE (PHV)
o MELRETS SRS

FRA, BHRE (RFWEAE. HIIEXE) MG

2024-11-10

26 /86



e

Q it A EE N

FRA, BHRE (RFWEAFE. HIIEXE) CIES 35 2024-11-10 27 /86



—KERFIR

= GHES: FIASIE
o R (REGE, REMET, IR MRS IR
o SRR TI(E E/ )
“ T
= GTETKEFIR
o BREITE REER): AHBRESHAER, NBAMAGT
4 U (Bayes): FUR—YITLLFIMAER. @EIMHHifsit

R = BMAMER + #AER + £RER (2.1)

o SRKEGE, BESRESEE, RILLESE.
= ZRETHER METAE FEAIARE $%.
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Likelihood Inference

Model for
Data
g
Likelihood ( Inference
e L 4
Data

B 2.1: fOLPRHERT
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B AR AT

IR yy, .y, F(y]0),0 € OF, % 0= (0,,...,0,). K MLE({2

HIFTERA:
O 5 H{BAFA R SN A ER %
0) = [ f(v:l0)
=1
1(6) = In L(6)
Q KIEMAFTIRAE (BREFERER)

0
00,

= KfEF % Newton-Raphson F7i%k; (fniE) EM &k,

0)=0,i=1,2,...,k

EFERME—)

(2.4)
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DU Hir e

Bayesian Inference

Model for
Data
Likelihood [—
Data o .
Bayes’ i R
\/Thegrem J——| Posterior *'/ Inference )
\x\%_ _7/,/ \\\_7”7 i
A
Prior
Information

B 2.2: TUHEREHR
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DA Hr T

= SHEREHLAY
= ERAERUSMNIEIMER

LESEISS

= XTEHW (k) R
= XTHHH (X)) B2

= S E SR ARS
15 MCMC Fi%:

# Gibbs ke

# MH i
i MHEREL: ABC, INLA
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N irES
s EREHIE v HETERNT 7(0) #HTHE
s — B85 THIR v, ARENH AR BT RRA TN

m(6)L(6)
7(0)L(0)d0

m(0|y) = T o< 7(0)L(0)

©

RS 5T « SELa 5T (PR R A

= M ARIR T ARIFE SR

<

1

1(6) = 70| ) = 7(8 | 4y, 55) .
(0 | Y1, Ys)
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TERAYEEY
& AW 7

e ML BETSUSERNENE R EHE
i HRApSELE;
= RER (B Kk

# LIS 7(0) o« 1.

# Jeffreys SE08: m(0) o< \/1(0).

# reference 5c3E

# BEER U E 508
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R Bt

1. STt

= FIRIME: 0= E(©0 | y) = [, 0m(0 | y)do
= FRAGE 0=PO<0]y) =05
s RRAK: 0= maxm(d|y).

nu
& ¥\
a )
&

2. X[af&it

= EEAEXE
= ReitE (HPD) AM{EX

| A\
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AL g ol

= R

= X FE Hy BRREE:

o*=P(0 € Oyly) = [ 7(ly)db
SH)

s B/ a” BB (< 0.05), sIELE H,.
“ of AEdE H, IRHEIRAGE.
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DU HrFoual

= BilE v = (Y1, Y2, Yn) i ~ Py | 6).
5y, RSREFHIUMIE

"5 % Y1 T Y1 Yos - Yy, JBIL

=y, RTINS 7

P(Yn+1lY) Zé’ P(Yp1110)7(0]y)do.
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RUEGSBR 2%

BARIR) SRR R B A 3.1 R Zk, FRASAdhE: .

v BHASAHE: FFiaRt, A(t) R TFEEHTEMNEE EERETIRITHEIR. HliE6R
b, TZuRfa. EEAEZRER, 0 m ARt FE— LB ERRE

a X AT LB FER AR, 152 R H ™ m AR
= ERKNE: 3 —KREERE, A() BEETFER XM L) BEXER—E
= BHRAHE: S mERREER, BTRR. 2UFRR KBERGRE LA
“ XER: SEFEHREIR M R R4S . EMEFR.
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b 2 5517 SR
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AT

s ARES BETEESTRAEE R ONE {, RATTEES R RS,
B p 7572
R(t@m) =R (3.1)

k5
¥ 4 R =0.5 MEIRESW {5 HRAPUES.
= Y R=c ' RNTEFGHRABESS.
5" R =0.9,0.95 H2 TR AKX R EHF0.
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= RIS

E(T) = /0 i tdF(t) = /0 . R(t)dt. (3.2)

= T RAEERKHEFHEFERITH MTTF.

= X FAE~ MR, BERT ZEE SRR TR E, EERRFHTHETE
EtiEl (324 MTBF).
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FIgHR T an
= ERETIEHNL t PAESHEET EHRREGAHH

Ft(x):P[T—tgx\Tn]:{(%’ jiig (3.3)
= HHNR T EE R
ng:Rggw,gxzo (3.4)
i FRF@AT F(r) HBHERAFHHEES, HTEAXWT:

m@:z‘mn@:l &@mzﬁ%
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=3 ﬁﬁ%T()

= RHATE (Fi) T 2— 1M EAMIEE, BE &SN
= T H’J*ﬂiiﬁ?ﬁ_ﬂlﬁﬁ'l'ﬁﬁ'c B ZIE.

s RIRSWmRE (CDF)

4 BEZERE (pdf)

o EFERE/FTRERH ()

“ RWERE (hf).
= [ 4.1 T — R RAT (8] Sy AR R IO A B
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EaomERT (2

= BERDWEE F():
FO)=P(T <t), t=0, (4.1)
KR RIERE ¢ ZBIRAAIBEER (thGl). ER RSP, SmEE F(t) ERA
REDHEREAESGIHER (HRREPHAEFGHH).
= BEERZERE f(1): -
f(t) = #

e b S & S R IR PO B TR
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FwahRT (3)

= AEERY R(): FRERENFET, EIERIEIE ¢ FSERHLE RERIER
R, ERETRE.

R(t) = P(X > 1) = /f (4.2)

TR T =R ¢ IR (5E) IR
e KB h(1): DIEBIRR ¢ M=, R R ¢ IR IR A S
WESRRR P BT 18] ¢ ORI, (AR

F(t+At)—F@) _ f(t)

o) = i ROAt  R@) (43)
KRR RTME (| ZAIEREBHIEET, ET MR EELZEX
RH .
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Tl FEES T

EEHERRYAEER

15 BRSHEL F(t) =1 — exp(—t7)

= BRBERE: f(t) = F'(t) = 1.7t% exp(—t>7)
= AIEERE: R(t) =1— F(t) = exp(—t"7)

SN S ESTE () ft)/R(t) = 1.7 x t°7

WA 4.1 (a)—(d) Fr
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Tl AT
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4.1: 5e3qEtE cdf pdf,sf #0 hf

FRA, BHRE (RFWEAE. HIIEXE)

By TR
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©
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NE-ZESHS T

F(y;u,0)=¢<ygﬂ), (4.4)

Heh &) MMKBFEMEKIMSE, —oc0 < i < 0o AMBESHE, 0 > 0 HRESHL

= A E-ZESHATERIT AP LET IEFEEZRYHAL.

S <t E i)

I WHIESS T < EXSH

S BMRS T < RESH

5 Iy logistic /3% < loggistic 4370
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WSkt bl

> g T RN Z_SHIEHSH, i T ~ EXP(0,7), H cdf, pdf #0 hf 53314

F<t7 67 7) =1 — €Xp <_t_Try) )

ft;0,7) = %exp (_t—Tv) ,
1

h(t;0,7) = 5, t>7,

97
Hoh 0 >0 AZIESH, v AMIESEH, XFRAIRSEL

i oy =0 B, WRHTARSEIER S, 188 T ~ EXP(0).

i B 428 TSE =0, 60=0.5,1.0,2.0 REES R cdf, pdf #A hf.
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158094 RY cdf, pdf FA hf.

o
=
o]
S i
= = ©
1T ) E &N
o B N
o Q,\
o o T T T T T T T
00 10 20 30
t t
o
=Py
n
= < 8 v
TG R, - — 05 ©
5 L, 0
w0 | E 0
o T T T T T T T

4.2: IS THY cdf, pdf F0 hf.
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PO NS i
i 56 T A (SB4) MHESAH, 124 T ~ LOGNOR(1,0), # cdf & pdf

S RA s
F(y;p,0) = @, (%) :

fly pm,0) = i%r <M> 0

g

HA ¢, (1) #1 2, (1) 2R AFREIEZS SRR pdf #0 cdf.

¥ Y =log(T') ~ NOR(p,0).
= B 43BHTEE =0, 0=0.3,0.50.8 Bt XFEIELSS I cdf, pdf F hf.
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JHELIER 5 H] cdf, pdf A hf

o
-]
Z o | \\
= 84 3
=
o T T T T T T T
0.0 1.0 2.0 3.0

o K
— 03 0
--- 05 0

08 0

N

4.3: FHIESHHY cdf, pdf F0 hf.
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B /RS

w5 e T RIS HCH 8, WESHh n 1y (2
T ~ WEIB, (1, 3)), H cdf, pdf #1 hdf 4> Bl

ran) =1-em |- (2)]].

f(t;n, B) = BﬁeXp[ (%)B]

e

#) B RST (IEA

o

Hep 5> 0 ARRSE, n > 0 AAESH.
= B 44 BHTSH =1 5=08,10,15 BEHRIFHH cdf, pdf F0 hf.
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B /R FalY cdf, pdf A hf.
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§<t7 gok\
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t t
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-
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Syl
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= 15 1
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0:0 0.5 110885 N2a)
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E 4.4: B /RO EHY cdf, pdf F0 hf.
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B RO SRESTHXRER

= RS EERIR L E IR RS MRS
x:- J=-|ﬁ<1H‘J H hf ZiBIRRY;
s 5 B> 16, H hf 2iEHAT
s Y B =10, BAERITERZIESHA 0 = n KBS
w5 R T ~ WEIB, (n, 8), W log(T) ~ SEV(p, o) (S/MEES ), HF
o=1/8F p=1log(n) ARNESMESE, ieA T ~ WEIB, (i, 0), HHE
cdf, pdf 1 hf ATy FIRT A

i

F(y;p,0) = @, (%) :
fly;p,0) = %%ev (@) :
1 " 1/0—1
hf(y; p,o) = p——r" [expw)] g’ 0l
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&y Logistic 47 #p
= AL E T BRI Logistic 975, i2 A T ~ LOGIS(u, o), H cdf, pdf FI hf
537 A
log(t) — u)

F<t7 L, J) » q)logis ( o

f(thuv J) T é(blogis <w> 5

1 log(t
hf<t7:ua U) > E(I)logis (%) 5 Loty

Hip @, (2) T dogis(2) 53 RIAFRAE Logistic 34 LOGIS(0,1) B cdf FA pdf,
SHRHSH 1 o B log(T) AHHLESHNXESH, EA
Y =log(T') ~ LOGIS(y, o).

= B 45 AHTEH 1 =0, 0= 0.2,0.4,0.6 Bt Xt Logistic 4375 cdf, pdf, hf.
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4] Logistic 57 HY cdf, pdf FA hf
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FESHGIT T ERE (Meeker, 2022)

= EfhitiE
5 F(t) MIESHX E G
s B ERX EEE
4 BIE EREFRAREE
s REHIES S EHELRE
# FERRRIEE
= AREERE R() MIESHXEMGIT (EREERS):
# Peto/Turnbull {1t
= BRREERS A() = —log(R(t)) RIESHK @&t

# Nelson-Aalen {1t
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= B EREN A SRS T TENNEN, REEGAHHANIRE. T
B, HMEHERNERHT.

w BEETERAAVE-XESHERRG, GFEEANERST. BHRSHH
MHIESTHE.

= Bl{hIHERIMER (Meeker, 2022)
Q TEHFm o MRE RS E
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= RERFEGS S F(1), Bt (¢ F() NEMEEERERFLREXR, I
HIEIES (1, F(t;)) SRR LR E—REEL.
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F(t) = F, (TM>
=g ) < Ty < - < 3y, ARE F(t) BEEHA n WRFSHITE.
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WS RS HRIBEERE

= H

p=E(t:8,v) = 1 —exp l—

t>y

=

1§ t,=7—0log(l—p).
5 (t,, —log(1—p)) BE—FEEL L.
oy 2VER (B4 ERYEERE
“ 0 BRE (—log(l —p) EHF—1 R
I3t Rz EY1E)
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Plot with Exponential Distribution Probability Scales
Showing Exponential cdfs as Straight Lines for

Combinations of Parameters ¢ = 100,300 and v = 0,200
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= EE Plot with Normal Distribution Probability Scales
Showing Normal distribution cdfs as Straight Lines for
Combinations of Parameters ;= 40,80 and ¢ = 5,10
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= Hﬂ Plot with Lognormal Distribution Probability Scales
Showing Lognormal Distribution cdfs as Straight Lines
for Combinations of exp(u) = 50,500 and o = 1,2
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= H

St il

p=F(tp,0) =P, [%]

Bt,=expu+oP(p)] =
n[—log(1 — )]W: Hrh
n=exp(p),f=1/c.
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Fraction failing

Plot with Weibull Distribution Probability Scales
Showing Weibull cdfs as Straight Lines for
Combinations of n = 50,500 and =1,2
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T BREZHHSI[SREGBE (Meeker, 2022)

Bleed Failure Data
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i (85): R EEHEEHIRER) Weibull 53 i E

Weibull Probability Plot
All Bases
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R () FIZEMBIRS T Weibull 471

Weibull Probability Plot
Separate Estimatess for Base D and Other Bases
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Weibull 3 BIR KR RS AEELE

5> CDF

WY

Pr(T < t) = F(t; py 0) = Byer {[log(t) — il /0 }-

L(ua J) — L, (,M,O'; datai)
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F (i p1,0)]" [1 = F (b 1,00

EY (_10g<ti>—u>rx = (bg(ti)—ﬂ)}”i
e O'ti sev o sev o y

Hrh 5, = 1 RR t;, ARETRKRY 6, = 0 TR t, AEBEME, oo, (2) F0
Dy, (2) AFRAER/IMESFHI pdf F0 CDF.
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MEIESS MRIRKIUARE: AEERE

1= CDF

Pr(T <t) = F(t;p,0) = @ {[log(t) — pl/c}.
S {UASREREL

L.
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Il
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[f (338, 0] [1 = F (£33, 0)]'

: ot; o o

HA by (2) 1 @y (2) AFRAERR/IMES 50T pdf F0 CDF.
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Example: J&E S 2HE

Distance (km)  Failure Mode Distance (km)  Failure Mode
6,700 Model 17,520 Mode
6.950 None 17,540 None
7.820 None 17,890 None
8,790 None 18,450 None
9.120 Mode2 18,960 None
9,660 None 18,980 None
9.820 None 19,410 None
11,310 None 20,100 Mode2
11,690 None 20,100 None
11,850 None 20,150 None
11.880 None 20,320 None
12,140 None 20,900 Mode2
12,200 Model 22,700 Model
12,870 None 23,490 None
13,150 Mode2 26,510 Mode
333 None 27,410 None
13,470 None 27,490 Model
14,040 None 27,890 None
14,300 Model 28,100 None

Data from O’Connor (1985, page 85).
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HEXHA— = 4

15 R(u,log(o)) = Ly, log(0)) /L, 1og(5)), fi = 10.23, & = 0.3164

1

Relative Likelihood
0 0.2 04 06 08

6.1: HXMUAR—=4E
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F(t) R (Wald) & = B S X (8]
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Seﬁ o

Cpr o = e R 1/2
[Var(fi) + 22.Cov(ii, 5) + £2Var(5)| .

o
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I (Wald) BREEXIE: BERERE

Weibull
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Weibull 5% 5 XSS HRIELE:: B E 22 511E
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Lognormal
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Ba B

5" R(p,0) > exp [—X(Qlﬂm)/Q] — o
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pRIBEREXE: R(x) FEEIAA
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o EEXIE: R(o) BIEIEASA

15" R(0) = max, [L<“’U)
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JIINSAEEHEXK RIZEFE

LS KT ok oas Tk

QO EWGoF: 2BXIFEHEHIHBE _SHBHR RS HHKRES &It
Q weibullness: B9 HHIELE

S SRS /ARK MR T

O fitdistr/MASS: —JT 53 HIAR KL FA TR

Q mle/statsd: — T HIR KA (G

© lifetime.mle/SPREDA: FH#r 4Btk K {AA{H it

Q lifedata. MLE/SPREDA: {i E-ZIE S T AIEE

© summary.Lifedata. MLE/SPREDA: L2 45t & IR KMUSA T

= BMEARRE

# weibullR: Weibull 43#7, £ 18 NE#EL
# weibulltools: FHREIRFEIT A AE SREEMIT. ESEHITRSEGIT
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Thank you!
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