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1. Introduction
The reliabilityfloefxidéroemngipnungihgydnbems t he uncertainti
directly influences overall ¢bdi n o apeée mnfd obfic)m aarchdde i dioi ynsenmasii t naai

stable operation through prejceat aidhutse meont high wsbpatlt onei
angl es. However, due to theantoonngp | rewxlittiypl ef f ahkure imdddecen
structheaeshaonger at i3fg ddrediet isgypstepnlsl y f ace considerabl e
often experience deviations béadeweemoinhe ne@at ualndr octoaltflepl m t:
and designed values of st at ofrhelrled e =,, Itehaedien gi sé oa ni awsrdd dpn
moti on accuracy. Over extended i gpkeirliiotdys, as seébs ndeenvti a tmie d i

significantdlyi aibmpacty tamed rs afuentcyerdfai a¢rn esnginmexc,orrel ati or

maki ng moti on accuracy fail urCusrrantplryedomehiaabi Iciotnyceamal
(*) Correspo
E-mai | addres H. ZHORLCOODDD O &BYz0hanghong_ 20098 DRCO OO BH HIB 58l k @ust b.
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approximate an8l5yti oamemetabasiafhlsatsi. onl n responseaapthie
appr oatl8les anld surrogat e9pbd e buibmrge-gtaeveshiniivgeu eksr-Al)i ngur(rAdsgat e
Among these, surrogate model imred hlbals dréien ecdo rpeo piudleaar iitsy tdau e
its effectiveness i n approxi mampheg sBhacéeruptoimulktisplag ec
(LSwW)th mathematical surrogat ed urooidned ss anppalritnigc url ed d ryd afnocry
simple structura222t el Aabi et peprobbgmyg. [ Gr iadtadvedsya usp lwe &
surrogate modeling techniques,ubwlkigdl ni tteor appn gl ¢ s sied elcyt ¢
samples based on specific | emodeélng p@Erreddiegdlay dcap/teu reinmegr gte
power fohchgpr for significantHuyrt hmpaond V¥ iafp @na &fudrivieuraed bnial liytsyi
model i ng S28c.urNaoctyabl2y, t he adé&mtmews rikkr iigs nestAaw) i shedAKby

met hod, integrating active | sarmioga@t et rmotdeed ise s swistthe nahtei ck
surrogat e model , has provenamand i cdulfdrelrye nta dvfaaitlawree u smo ¢
handling reliability probl emadvcahnatraagcetse rd fz-tdh ebe/p hsompaolsle e@f &

probwpp®3liMeanwhil e, the activéadrobeghnifogr KnNugeagesal abeénah
met hod i s al so wi deb s eadppde &g hiinc at e banhna b anéviodl gvaf ghignxei b it ie g ic
optimization for Merognpleéex3 4t sysBt2emes .val i dating its super
propostkals A&K r el i abi |l intdy deernveell yesfidsd cmeetnhcoyd sanad accwftdiaeyt c menph
them into uncertainty desi gn Copnpiamiedatwiotnh. t he exi sting n
However, t rrnads ¢ed omat h AKs ¢ opmboipmesde d wimtelt h o d e ma iarsIpyacdiaspet|i i
Mont e Carl o aMCBYl aafitoenn (SAKF f ®u b rfergoinonl odvecompositi on stra
computational efficiency, pricnaanrdiildyatdeuesdmpltédhe ERC d hei vperlc
number of candidate sampl es rmogwilr,ed hfuosr accalreart @t imoglet h @&
smaplrlobabi $d3MB6y .eTenmitigate thosntempndatint@aalci ng bdemputh&i
burden while preserving accursaaeyp, imes etaercchhneirqsu eh aevres uifriaei st otd
various-rgduchanor techniques, retchbati tynemoSlaempl bynwg consi d
(LS)-39[ 3 DirectionaldARPampbubgedati D&SH e nft failure modefsa.i | Ur
Simul atasirh,(2)d [| mport abd48e, Sampliabg!l (t8) andal ysi s framewo
i nt ob aAske d reliability analystemgutaateowstr &l.i +fi o mwlirteist anps een
Tong € ahhapded active | ear naisnsge srsenheinatb,i | amng mentph @dre sbyt h
combining AK model shawvidad ismpocetn oce eyl haxiobnge dcoupl ing syst

sampling. EBRarpd esentad d KIS pr alchtei craels t of this paper i s
framework for efficientlyy asdetsaiiling stshal It hfeai let iAeKa p mef tolar &
Similarly, 5Wanpgr optosat. i-hoepgriantcilnugdi mygl ttihe active Kriging

i mportance sampling wi t h ada@pdomeposKti ginngtntat eigmpr BSwee t |
computational ef fi GiPendwev el Yoapoegtitaiielt u rlail trye | firasbnme wo-AK $das e d
a concentric ring approxivmattimord edt r &Steecdy otho 4e Pptriemaetngd sr anrue
probwbidnd Yu®mB ec¢onabli.ned adamet heddsadperlf or manc e, foll owe
i mportance sampling with AK dmranefdaédrcdfenegxiinbeh erliagoiedp biomnm g d s

identification. Finally, c¢onctlsu saroen ss uammnta riinzsei
Despite t hese advancebrraesnetdsz,_ Théopeﬁcalfo?rﬁ%l'at%r%s'ofr}l\gAKAK

met hods have not fully addressed the computational challe
posed by comple-XaiInlmrndailmaie,TPmmeliftrzlik')icllietnyt/ly evaluate the -
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correlated failure modes, higwo.,d}é)n‘l'jE@eparc%ot‘_y, and smal l f

probwbithis section proposes t he detail ed theoretical
13 c

formul at iadap toifv et dsausberde ga otni ve Kri ging | gmmg_

met hod. -AKhei nARgrates t wo cor e i nnovations: @n

adaptive subregion decomposiwhemeaesnatag =glyhet opregttidieezer rate
sample distributidmseandKrdrgiasgtamaahealle & da itlgthieonwei ght con

to iteratively refi owartdh ea csauijraotgydamgeEnfxhtohle | j oi nt probabil
approximations of complex | imiAftsaratei demc¢ctiifgmnng t he m
2 Act Kv e gmondge | ( AK) x=ar gmax REI Ft2h(e tr aining dat
surrogawe® moedelefined as foll
Given an initial xsalx, ofx]tradyigg samples
their correspoym(xt)ii,ngtheesipmintsieaslugérdw%umu&wuwwwwU@$ o
surrogate model can be mathemgtg cagply expressed as follo
[54: This -lagai wvieng iterative p
Uueg £o UQ p enhances the surrogate model
whefrf@) f&x)[2X) , fdx).] n.d,i cthweeecso br associ ated with ysmall failure

regressi on b=ab{ b2s, fbd]n'dthieonl;ECtOE..AQdfaptthieve subregion strateg
unknown regresz®x)on heoeFafuiscsiieannt ;r andom

deviation with z&r o mean andT\Par‘?fafnicceiently ldentify cri
To efficiently select t he SmlbrsrtogiantfeorWﬁ%??k/iengsaﬁ'nﬁf:ggacayn'
enhance surrogate model accuPQ@)P,tié’r? ascutbir\)aegil()@arsntirnagteoqryit
namedmpr orveeldi dlaisleidt yexpect ed blenhpirno%eﬁnsenits to partition th
funcREOR®RK is adoptedschhietsdtMiys HUl i REe aeodmecndoatpping s
candi dat e, ampxl}e si.s{ generatedaldsoi\’vnidqgLaati”?wore targeted and
Hypercube Sampling. Thenxkishé‘ec?ﬂtitrﬁael Iciémotidsattaetesafnﬁjpnlcetio
selected by maximizing[6Bg fAYNEPHiINE HECERMPOFHE o, 1 s dex

True LSF \( Failure samples

m=Rm1+qR Safe samples
(a) Sample space dec (b) Sample point dics
FigSchematic diagram of t.he adaptive subr e
As shokming,i niln the standard n®»rwmé& space, the T
candi dat e B=Rmpd eadcdpmtcievel y de cQIP o%iQdQ i nt o v
several coscemad i shrdrriEnagt b nsubr ©gi &N AZE  Yhoy O [0)
Dei s defined byRmand ionunmtedRp rraaddei®ss0 and the Radi asapequehy
satisfying: by the sample distribution ar
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To generate candi date B,anphleesrwhtehi emxpantsi omnbrodgitchre sam
foll owing sampling formula i suadomtadd: model approximati o

N Note that with the continuou
® Y Y oY N X . S
A when the failure probability

wheddenotes the dimensionalityoPfeddeéEndadr dBYyughr emRdmte amy,
¥is a random number unifor ml g ia$tiheeldbeupbtye de nbseutrwenegn th aand h.

By independently controlling atptha o3 mthit kat e sample size in
subregi on, t he proposed AS strategy eff i educe

Bdap vV e subeeagswecbﬁhAs )ateg
redundant sampling, thereby significantly i mproving t h
model i ng efftfeirci ammlyyi Mg t he adaSphSitvemadigrddiyod everage th
decomposition, the omecraanl | bPBaPFULFE SAMPY LhiSIGleyect i on and
expressed as for efficient candi dat e s am,

adaptsiveegpasadi ve Kriging sur
met hod is proposed. T he -AfKI o w
whexies the input fyx)antdhoem jvoairn ta bperedbpadb iilsi tyr esented in Fig.
density funxtxoni £ PDiF¢ iohdi ca@tudd i newlctaisod obf ows:

0 "DPZQZQ0 B . '08QBQxn Y

the failure domain, which can ®%tegxgr eslsneidt iaasl sur r.olgnaittei :
ph @~ O training sampl es &y peg&umpd a tne
Oow VA‘ 'A (V] .
mh I O (LHB)8]dame corresponding resfg
wheFreepresenting whertaiher ¢ isdngniaiart Aaba or cmlilningi alheKnrieg
funcgx o000 . model i s established based or

Considering the advantages sft epmpor paapei vsea mPd b Megg$ o
enhancing sampling efficiencynhandniatcicgll epat am@gt €ron VEfr gem

the failure probability withdtnr actaecghy, sulhceé aido mgcane bieniftu
esti mab6§gd and the candidate sample si ze
5 00— o Step 3: Active surrGCgatedan

sampl e points are generated

Eg — p surrogate model is iterative

informative sample from t hi s

wh e h(e i s t he i mportance samlgéllpé; a{)ct Vaeb |ea n| gnSicF}/ter
functionhX)Tyips cah d gyen accord'snugtqs}eonttlhye |Vn0c|ourporoafted into
t he -dimmensi onal hypers\pnhca:re,refg,lventhebySu rogate model a
(™R)YGW2+1) ,Gwietpr esenting the ggtmma funl_p I|Iure probability

on

anRlt he radius of Ththe asdanptl i wng %wlgrk%%'gng t he updat ed surr

decomposition strategy comblned W|th the im o.rtan?e %ampl

mportance “sa m|gI|ng echniqu
met hod ensures that more candldate samples surround the |
state function, which great!| yPTroebgabcielsi tiVhe EVedalrUant rihe i '

opti mal training sradmpdleisnganajqq')Lng%cgyvgﬁ {Hg estimated fail.

of the surrogate model . achievedf i lse.betbew a predef.
During t he iterative proctec§33terphej_ SO‘trHé)rg\ﬁitsee,m%Q?)land
convergence i s monitored us'”ugtwah'% fPSéiQHVHnﬂe[Fé)weVpetrkgeensce
criterien 1 . Once this critPer%CnSSis | ®ROFEANEY Y, previo

retained to ensure computatio
EksploatacjaiMaiNnteemande oShl, Rol.BHERi | ity Vol




simul ations. failure probability as the fi
Step b5: Out put final resultermhndatdh&Ermh@adA®t mhgor it hm.

Once the convergence criterion is satisfied, output the e
| 1
1
: Generate initialamples by Latin | 1 .| Estimate the failure probability che
: hypercube sampling : "1 currentKriging model
| 1
! v ! v
: Compute the corresponding responsq
1 by calling the real LSF ]
| 1
: v :
: Create the initial Kriging moddlased : Expand the sampling subregibp
1 initial samples andtorresponding | 1 r»  through subegiondecomposition
: responsealues ; strategy
gy g _1
ez s = l
o 1
: :jnltlallze th.?. sample sp?ce : Continue taupdate theKriging model
: €CompOosition parameters | based on the learning function
: GeneratéMICS candidate sampien :
: theinitial subregion : Recalculate the failure probabiliby
1 J 1 currentupdated surrogataodel
1
: Search the interest sample pointén :
1 the subregiomased on the RE#F :
! learning function I NO
1
i v !
: Update the Kriging model by adding : Yes
! the interested samples into training— . .
i sample set : Outputfailure probability

FigFl owchapt oplSAKHE enet hod

Compared t o c-ME B e mteit chroadls , Adtehceo mb e g e a <€fampluex Pylstiem
advantage of -AKReappoepaclkdi ASitnhdei va dlauatl i vfeai | ur e mo d e sAKa n d
partitioning of the candi datsaur samplt e m®pdekhditnreo d amhk aga d
subregions. By separately managihmg qulee [ 6814 diidsa tues esda-inpd le @ &
wi thin each s-AIKr eagviooind,s tthhee AuBnldieashiirlaibtlye model by c¢dmprl ablr

concentration of sampl es i ncoceebhmbngnadiefafser exit ghfi d it Ehieme
enhancing both |l ocal appr oxipmeatsiecin ed c cao laicayiblomenari vreea li ima lic
failure boundaries and gl obalfraorewsrigetanticae -ahe glhr @ ic & fafnidc ihe g
3. Collaborative multi-failure reliability framework with deal i ngnewhftaih | ure system reli.
AS-AK Consider a syptemrebapedefla
wheYPelenotes theptlkshpainlsery@f mae
To efficiently handle reliability assessment qof compl ex s
o | | | 4 rlepresenés |ts[23.8]ITohwaabII|em|tthfrse
wi t mul ti e correlate ali ure modes,  this section u
P (L'SF) pktonr ftahelgSPp(X)e, moamre,be for
proposes a co-fhaburetirveelimbll..btég anal.ysis
0 (&)

framework by integratingasreud ti pl e adaptd)ive;E@uTbregionp

activegKsiugrogate model . Specifically,oéhg ppgoposed
framewor k |l everages a hierarchical coll aborative model i

strat/69y R51inkage $&Ppl iangd &K fifjud ¢ Qo represent
ASAK surrogate modeling approracdr d s isyrstemaffiicail ¢yt addeces
the couplingsamdioogrdelf Aeirente draddsuireen mpoadke ss. f unctiim nt-h ean
The key idea behind the pr oAKossewr rfolgameptanokd eli $ aft @t miekEdres,t
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indicates the unit column vedtomrt.e sSCaulnatwiot Asdrmdiloedopt ed
For a systelmocoert atrdng SFshentchhanaoker al |

system failRcenpbebabpltesyed %S tasa lh:i ghly bivariate func

0 lTJZ Q g Tt -B 00Q PO | n t his

first exampl e, a hig
wheNies the total number of sadmpiedi Mhd dSHeaddey;isngr e g gf @ d§
funcli(k)os defined by: variables is considered. The

pﬁd}%ﬁQ & - is defined as:

0D 1 o o . .
" tath 04i O P Owhh p& — o 1T ® p [ Qow P X
The variance and coefficienthe#mefywddiogw iioodependewnt) sdfn
estimated failure probabilityusXeaN Opel)conet dc@ids6Giboxdognad !
The distributions of candi ¢
®wo — -B 0@ O pu .
MCS and t he-AKkropotsed ABFRI gp.r el
S Clearly, the candi dfaK emestahmpd
#9 &80 S P®  yniformy distributed across
Generally, when the C. O. V. dVe%'oLh%tir%ttiﬁ@’eéfﬁih@i”erﬁt%aantdhe
estimated failure probabilitymoidse|qq1rgsiaqthrQ,q)d%l#f,fnigcipe@,tcle)és
and stable. I f the C. O. V. emg@@d,ﬁettbhoiﬁq|t@§rtg%mc@{@g,m,i,emq)q%ist
candidate samples are adfaKptiwegd & gﬁ[]enbg}edo,pf,a@;ginésheennAStE
surrogatepcadeld iteratively Fyrndb'a{bmhietyconvergence
criterion (C.O0.V. < 5% is sativgplis€®dimari zes the reliabili
I'n summary, t he proposed fco@ml abepfatb¥e nlealhioasiglainyd c

framework strategicaAKysumnegand s 4y itdpersSEfKASmbi ned  wi t |
model s via hierarchical col Ijagbaorrnajtnigdet hdHY i & h 0 K a o fy pSearmtPul
techniques. It effectively adgfmgisis®g Ehmpf @PYtoatcionnsaly yccht

of noudmpiomemnte,l act ed fail ure mosdueolsienqgueanntq yefiftiecriaetnit\,IMy sel
approxi mates t he highly nonltihneeasrurlrior@iattesﬁ]@a@|_fuwictthi 0S|
complex engineering systems.AskRNaeAVEOEHY.a tRHEI PresSEnNd 8.
col |l aborAaKt i fvrea mfeSvo r k achieveﬁ)r@cihsiegmy Im@eYnechei r%dolturte' orne foebrt
accuracy and compuktiantg ointals wifftatclses @fpd¥fpa Ma@8d to ot her | earr
practical engineering reIiabEﬂ:#)t,y apal YISk 21 mv&ér\/,i,inrgg my |
correlated failure modes. computational effi Compayedan
4. Case studies conventional Kriging -AKndneM®S
] ) significantly reduced comput
I n this section, four representative numerical exampl es
) whil e maintai niTnhge hciognhv ed @ @ u«
selected to veri fy t he effectiveness and computationa
curves of the failure probab
advantages of-AKhmephogos8peaiSfically, these )
) ) showriigmubt her verify the st
examples include a highbl5gfnonlinear” bivariate function |
] ] met hdar eover, the adaptive s
a ternary nonlinear funcHtilon, a nonlinear oscillator syst
~sufficient sampl e coverage r
65, and a -bomptbhx6s8yptieto [obj ectively ) _
further confirmin the high
evaluate the accuracy and eff|C|enc|<\; of the proposed met
o pr oposkhe mMeSt hod.
the referenceyofbaialiureed pifroobnada | bhitut e
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4

-6 : : ‘ ‘ : -6 : : : . :

-6 -4 -2 0 2 4 6 -6 -4 -2 0 2 4 6
X, *
o Safety samples e Failure samples — TrueLSF
()a MC8)o ( b)-AKSHO

FigCaBdi date pool s Mg Kerf arecCawietth MCS,

-6 : : : : : -6 : - ; : :
-6 -4 2 0 2 4 6 -6 -4 2 0 2 4 6
X, *
o Initial samples B Add samples o Safety samples
e Failure samples — TrueLSF — Fitted LSF
(a) Fitted LSF (b) Sampling distri
Fi gModel ing process for Case |
x107 : : :
) ! ! .05 brercarasarasanansnsnmasararnsasanssnasasarasasanansnsnsas
104} A initial _samples | o Reference A initial samples
o
é’ | m updating samples § 0.04 - m updating samples
Z st 1 >
! s
2 2 0.03¢
> ! 8
ERl 1 2
= G
< \ 5} =% [P p——
&5 3 P By o By e v B B g S 0.02f g rae B8 8 05 g 00 g 50
4t J
Reference 4
: : : 0.01 : : :
14 20 26 32 38 14 20 26 32 38
Number of samples Number of samples
(a) Failure probab (b) Coefficient of
FigTh® convergence procefser ofadaill ure analys
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TablReslults of failure probablhes§ Fesulchs ef yrAkK earp pradad adhat

Met hods Neal | =3 Computi suitable for efficiently and
MC S 174¢0 0. 00¢4 i} assessment problems invol ving
Kriging 70 0.004 4.35% nonlinearity.
REI F2 31. 7 0.00¢4 2.17% Tab2adResults of failulre probab
MCMC 33 0.00¢ 2.17% Met hods Neail P Comput.i
AKMCS 37 0. 004 2.17% MCS 1T4%0 0. 11¢C -
ASAK+ U 6 2 0. 004 0 Kriging 106 0.111 0.27%
ASAK+H 58 0. 004 0 AKMCS 120 0.11¢C 0. 09%
ASAK+ EF 6 5 0.004 0 ASAK+ U 60 0.10¢ 2. 17%
ASAK+ RE 36 0.004 0 ASAK+H 81 0. 111 0.72%
Note htePasPritndi cdtaé | uhe @fr o PSBKIFEFY 99 0.10& 2.08%
MCS method and surrogate moRRAK+REt hoW3s, rMOeslpdcti@ely.

Computing error of each surrog4at(3%srgoq?ll.m%tlﬁ%g”ii%e%rfllgglcg
by IPchﬁsT( Frfl Pﬂﬁcé T 100 %.
In this example, the reliabi

4.Qase tlelr:neamraymp | e subjected to rectangul ar pul

To further illustrate theKefflembonstenase bhethbéE&fipcioposcyeda
met hod i n handneinegd ohabhearonl iAlKe ame theldi aibni I¢ampl ex dynami
probl emsdi nae ntsh roeme | nonlinearschiemiat é stt ateiporé sifctti m@ nonl i
(LSF) is examined in this caskl 8¢ uRdigg.e daniakn erxprd meali tdif 9tr mi t
LSF iesn diyv consi dheer ecdor r esponding statis

O ooy @ xi Q& i @ oY six independent randomTamlreé a:
whewi,®xsare independent randomThearicapléesiwiiBmsitdasdade asd uhc
normal distributi ondefainn@(, hbey f ai |l utre domain, |s _ —

0O "YWOh hQhQ oY —i Q&e— h — P W

X2, X3) < 0.

Tablsummari zes the computati ohth8 fTreswlitts obtaeheabblity
di fferent reliabili t-fKcamnmbiynsd®e tiotdnso das'.e Fspprhngaffd rzaeddh @ -AKr o p

with REI F2 | enertrhiordg f2uln cisthitohn @Q Mbsighfpd ewi th  REI M2t hedr niamg
X, X, Xa~N( 0 ,geln)er at eky pkey sdurdpdiamdg surrogatiex ommosdterluct ed hysp enrgc ud
corresponding responsesuscead ctadnPd € Sby ftone orwegd Dbyspt lhg eada
construct the initial Kriging'iddreradgastaenPhédelVi asadpkieytel
only 34 additioama#&daptiitvieclayl Oséealrfefti@eestit i 9i nal complex nonl
through the active learning ce@ddkeqgy, tOesughijenge i aNn aa¢egd
evaluations of the true per fPoP@BIPEOY QHBGNR& edrhavi BBt i i
failure probat#kKkiREIymeébywod hel tASBFyions (ihies, r&sulH, &EIFdyel
matches the benchmark sHdbuctieBRNERMaK kRI=® kB3P Q)h ed ey (i yvfegdr cler
MCS wit’samples. MCS approacts auspilnegs .11 10

Compared with the trandtAknaln KOINGITPFEtmet REdt radand- oAk
MCS met hwohdi ch required signi MCSanmetyeafld rendy5pesé §r mgnce
achieve comparabl e a-A&urmedh,oMhalel agr PPoss etd0 aAasc hi Bw @. Ockadndp a
demonstrates superior comput &F Q®®Q% 1 eestprejcethieu®lfyd kKaenmpe tahcecd A8
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demonstrates superior computpaipbhnaull aerflfy csencghbl si §or fiso
reducing the required numberproofbl feunrsc tci hoanr aecuv aelr u azteido ntsy wdy
maintaining high reliabilitybeédstviimatsiion accuracy. Thi s
further confirms +HAKatappheacophr opessed AS

el
K —— Z() Fi
ko M — F(t)
tn
Fi®@A nonlinear oscill ator

Tab3d Rar ameter di stri Cwtdieoln characteristics of

Vari abl Distribution Me a n Standard de-
S Nor mal distrib 0.5 0.1
F1 Nor mal distrib 0. 8 0.15
M Nor mal distrib 1 0.05
t1 Nor mal distrib 1 0.15
k1 Nor mal distrib 1 0.1
ko Nor mal distrib 0.1 0.1

TabdResults of failukl probabVYahiikgblkes. chail yG&l @otain is
Met hods Neal | PP Computi Figcompares the distributi
generated by thhedt rtaicki tpAoknpaol:

MCS 1T %0 0.05¢ -

Kriging 256 0. 065 ¢ 0. 68 % met hod. As cHietar canshodanei sar
AKMCS 165 0. 06¢ 3. 759% ASAK met hod exhibit a mor e
ASAK+ U 159 0.06: 5. 79 % distribution near t he crit
ASAK+ H 202 0. 0517 11.58 demonstrating the method's c:
ASAK+EFF 175 0. 06: 6. 98 % and accurate approxi mat ivoenl yi
ASAK+ RE | 122 0. 05¢ 0. 17 % fewer damplllesstrates the iter

and updating proceaAK anapgAsmye
4.@ase | V: a four branches Sryes\}eeéané@,.i184 samples are wuse
The fourth numerical exampl e Kirnvgalnvge smoad ecl o, mpelxetxr ap elr5f osranmapnl

function <characterized by f aonordedi stAifricetr n209nl i eelar L BF a ncc

representing typical chal | enagpepr oxn an@au retsleartbeh deu ndbm ade nAgebdhn . et ehre
system reliabil ibtryanamtley iap.t alotathyassi sf oruersul t s obtained usi
expression of this | imit st atte ef uprrcotpisosre cibdAsgeidv emi tahs :REI F 2
W T O © = met hod achieves a highly acc
. ya ®o o - (4.84%H7T Wwsing only 29 calls to
O why rp N Cm resulting in an erxrtoore mefl y ol
— W W
A compared with the benchmafk
UoE w w
“n sampl es) .
whexle ax@dd are independent standard_ Gaussi.an random
In "contrast, ot her compar at
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KrigingMamRIiEdWF 2¢ hai nMOW(h,t ea fCca r st Hod, particularly suitabl
MCS equire significantly moresfyasbhemsomwi ¢ halhid agthil érrsa otoch i ahcehan
comparabl e accuracy. Thi s fbohberonvsal i dat es t he super.i

computational efficiencyAKand high accuracy of the AS
8

H{“l ot

4t

-8

o Safety samples e Failure samples — TrueLSF

(a MCS$sI%91 0 (b)-AKS2. 61 10
FigCandi date pool s AgAKef atredCawiet h VMCS,

o Initial samples B Add samples o Safety samples
e Failure samples — TrueLSF — Fitted LSF
(a) Fitted LSF (b) Sampling distri

FiggModel ing process for Case |V

TabSiResults of failuY.e probabilgngineerihg@dpplicitiénsriid-tlexible coupling system
Met hods Neaii Pi Comput.i

— I n aeroenfgliexi bregiadoupling
MCS 11t0 4,804 - . . .
adjustment and synchronizati
Kriging 160 4.14rd 7.92% . .
ar e cruci al for ensuring st
REI F2 68.8 5.]11¢ 6. 46 % .
operation. However, due to
MCMC 56.3 5.]11¢ 6. 46 % . S . . . .
variabilitly pirnopenateesa di me
MRI S 55. 4 5.100 6. 25% . oL
l oading conditions, and the
AKMCS 59 5.100¢ 6. 04 %
components (e.g., rocker ar m
ASAK+ U 43 4.18B0 1. 88% .
g rotation angles of stator bl
+ o . 9 : . L. .
ASAK+H 68 4.8 1. 25% design targetss §hegesief i deawnitad
ASAK+EFF 6 6 4 .18170 1. 46% . .
motion accuracy, posing subsi
ASAK+ REI 29 4 .1810 0. 21% .
safety of aeroengines. To verl
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