AUTOVATI C DETERM NATI ON OF SUCCESS COF USI NG A COVPUTERI ZED DECI SI ON
SUPPORT SYSTEM TECHNI CAL FI ELD [ 0001] The present invention generally
relates to the health nonitoring of conplex systens, and nore
particularly relates to systens and nethods that utilize inferred

i ndi cations of successful corrective actions as feedback concerning
the effi cAJTOMATICSPETHRMINAVEONGF SUCCESSAXERGING A @ORIPURERIZED
yet to invent a useful nachj hicle that can function

t hroughout its designed usebgzl%lgf‘?ﬁ s\ﬁﬁﬁﬁ)‘ﬁ? sé@?@hﬁi nd of mai ntenance
or repair being perfornmed. In fact, the | ack of reasonable routine
mai nt enance or repair wll shorrgoENICASEIELD! i fe of any asset,

particularly for conplex systens such as aircraft and manufacturing

syst ens. Q003],..When a ysefyl asset suffers a casualty.in the field,
there ar éﬂ‘iﬁ unb%‘rﬂ PRERRA PRYHOP: SPrerdliyarelates o e aiith apenitgring of complex

di sanbi gugdtend, Nendk aldré! ' RrtiEtRly( rdi¥Ed to aRstetbemdt SehRAE Qﬂﬁtrﬁﬂ%r inferred
options down to a finite group of corrective actions ("

conver selifdicafigneaf suscpssl ipeectiye @atigns| s feedbatk ﬁomqamurgvrhem crmf those
include ejther.an: jsolation procedure or a repair procedure. Each

i sol ati on procedure and each related repair procedure has an
estimated tinme cost and a material cost that are necessary to

conpl ete the procedure and al so BACHGRQIFTIMI ity that the procedure
wi Il indentify and/or correct the FM [0004] Wth conpl ex systens,

h ; . i al. .
EM s naf O0a] Fighpafyfids ik (b iRl of  ORBOTHIRE nltadih iR 1y
have a pdedigned hwaﬁn]p]nﬁbwﬁobt somekind of ngirtiérancarsepaf beihepatsmead.t In fads
byt e IS BT PR e g P e En G 5 PR SO OT AR PP i ot foset

board, opar&cuﬂﬁr,y foyc@rﬂplek mtesﬂyshelhasmﬁzm&mnmﬁfamﬁegaﬁt@mect ed or a
hi storical probability of causing that particul ar casualty. The

—

pr obabi I f cau rt| cul a be det ernm ned over
P o by (BhSPwGen gl e PR e Sy T Bel o SpumbE Ao
dat abasetttOfnal &k @bplgPio §iSREEu tHe@ilure inkoddl ¢ FbeJ 288 RE@Cloata@dwddspair
those of ordinary skill in the art that sone isolation procedures and

repai r pPBOBHEMER tonhiinitrereupabtosreetve agtions (G ANl @rcorparpditip Ayeblish that

mul ti pl e, i wiil M¥t BERNROYLYA @@%g&e&cﬂa@ eﬁ% & %ofa%ﬁ‘%ﬁﬂe&frc 3 ta repair
Therefore, each repair procedure 1 I solation pr cedure

pr obabi | ]pxpgredgte cBagheiseliation procedive and thlngrebirf@ wgpaimprasedure lhas en midnaied
BecauseFt'%gg cggt aﬁ %%atgrtr%l c% tattngt arg I%%cl:e Lﬂf po gomopqgtgi%gl%mr K %rfdiéi% é

set of 'S re erred to as an a
dat a thaprobe&;ﬂitpmagﬂrerpm&durémmﬁeﬁhﬂylaﬁﬂ/drcmfbetethaFNg t he correction of
an anbiguity group, the nore accurate wll be the correction

probabi | j .1 d the | ower the, maintenance sts ch, accurat
P ecdback PR RER e EERs R ar s § TR 4ee HRuD fES: p pusber of
accur acypodtianFiifsnthaiecotitd bé evanierlfiag lcausc@fane tasudtie EhvENTkh@aBave a
pressure and hu n nat u{?% often accurate nmintai ner feedback is not

avai | abl I@m[“%re@m REUiSY af Beging the payse ofdh pasmaly. 1 HS daniiaiting exgBpe, an
rel evantingiakAive 2Hi& ELbuigy hBfbe caused by three probable FMs: a lack of electric power, a

faulty circuit board, or a faulty squelch switch. Each FM may have an expected or a

a\-a

historical probability of causing that particular casualty. The probabilities of causing a
particular casualty may be determined over time by testing or by historical performance and

may be stored in a database for later use.

[0005} Further, it will be appreciated by those of ordinary skill in the art that some isolation
procedures and repair procedures may be capable of identifying or correcting multiple FMs

simultaneously, whether the FMs are related or not. Therefore, each repair procedure and
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correction of failure nodes in conplex systens that may be used to

i nprove the mai ntenance of those systens. In addition, it is
desirable to capture the relevant i nformati on despite any | ack of
repair feedback fromthe repair facility. Furthernore, other

desirabl e features and characteristics of the present invention wll
becone apipalatdoert prbeadoret Hae agudisbiiieof cotketting eddalEfing @ic mat fiilue: modes.
i nvention,and the pen l,ai,ns, taken in._conjupction w the

L opany P agU igiong SE I E NTLERY RO B LR DR PotdHh FVGH Eafereed
SUMVARY  [{8043 7dnAarEidighi®MetcupP ! Divd BReL Eficady it YiaDGar B8 dafRpddr 16thfthé Fela
of a repair action for a conplex systemusing inferred feedback. The
syst em coiPBeeBias the erarorBen of an ambighity group, the moue rerraie wilk be the waeetinn
| ocal co hRG: i figs o] i

dovi ce. 1 Srouificc 2K hie 180 T BRRARRKCe CMR, TP buch B TRk from
fai |l ure nodetainesns tinportarind encreags diagnastid abairdayaamsimiinirnize mantenanee owstle
data over,.the network..The second conputi device is configured to,
Cransm ¢ e St B vionchaf pPSRRE Sad R rplfe it 5uraP S0 ftbacs
net wor k, dobgvailgflai r action data and.the repair data being related to
the failure node data. The system al so i ncludes a reasoner in

communi cation with the first | aqc conputi ng deyi ce and,the second
ocal conbiitl ng 4Rsoradiety s CesEBlrefd SR % oM g{?fe@altt%facaw}céma%geﬁw
the oper abjré@iont ot YA rhdtRs CANBoRNeS YsHteik thiterfafPee fusd@C tth OhpeAleathe

and the repair data that is related to a specific failure node, and

t o updat enantenspeeeithesesyeems.i nadditiopbisdesizable ta centers thrasleyantinfraeation
in part : j ESiPL OV ' '
the' r epai f FLp ArE sk b ectbis il RSB ol YRR, IR
i nf er r ed ffabmeb avk . chahaeterststsend denpresen singentionnwillf deconec epparery om the

repair dat,a rel ated..t faul t e and .a ne for tracking repair.
ot on davaepiel (RIS Baoitt & IR Pt EE0 e HretBE Kl AR n
conpri sesofuiteian svithakie aeomeds/iigiiawings Adabis ddcloapad of fetihveatiand t he
repair data that is related to a fault code with the operating status
of the conplex system and a neans for updating a probability of
success of the repair action based at |east in part on the
correlation of he repair data, the repair action data and the
operating status of the conpl ex BRIEFSUMMAEY] A net hod i s provided
for inferentially validating a repair procedure for a fault code

generate a Ggo ex, syst. The net hod conpri.ses dawnl oadi

Jepa o plsHs  EONBIE HRUAR - et e PR ey P A ety o
pr obabi | tdpled st @siagfinferred fecdbickn gTh &y stealibdmirde a deepdk) a Fedt i164al
data that is assocjated Wé@ the fault code is input into to %he
conput i nEPTRRWINE AeXifs, Asseronde ksl SPRIPWENS: €3vice dndhi® FPABHIET-dotlin Hitderal

procedur gompling WeiBOR donaBuddid! sdifcPaRi@RARie! datayreRitedStd GCRtSre HodeHom
repair procedure in clearrng the fault code generated by the conpl ex

syst em bligecgmatex| system and to Heansoit et GilprmodRlatr opESBRAgtWoOGN Tire Ta9pnd

DRAW NGS : i ' i1 1_hereinaft ' i
con} unot TOnPuLig AR e LB Rkl AU BLER latriactll BBl Gt IERA et 0
denot e | thle@etslogiyehe epainadiohGALEREIG repait databging mlatai o thefilticanale data.

bl ock di agram of .a .mai npt enance conmuni cation syst . .
'?ge system also lﬁu €5 a reasoner 1n CoOnmumeation w1tl¥ &eeﬁrpst local computing device

and the second local computing device, the reasoner being configured to correlate the
operating status of the complex system, the repair action data and the repair data that is
related to a specific failure mode, and to update a success probability of the repair action

based at least in part on the correlation.

[0008] A system is provided for improving the repair efficacy of a comrective action for

a complex system using inferred feedback. The system comprises a means for receiving
2



[0012]FIG 2 is a functional block diagram of an inproved naintenance
comuni cati on system according to an enbodinent; [0013]FIG 3 is a
sinplified functional block diagramof an exenplary Core Service Base
Architecture according to an enbodi nent; and [0014]FIG 4 is a
sinplified flow di agram of an exenplary nethod for refining the

ef fi cacy mbaioniataorelatgl ® & dauliecddevandad iieanss fdr dfacking Qi dctivyi Sda@itaken in
DETAI LED DESCRI P‘I;ilq_\l hoo 5].The foll ow ng detail ed description is
merel y exiEmAnSs 1P thatamlicoie Hhysvstem Jgher HempRes @ mrans oy eorfalading Ahadrckesh
or the apppiifadtiod An@ e rbiufSdaf thhhiS rdl AUt d Bhlt cAR WiBLHe BEErfidY stdthiof the
word "exenplary" nmeans "sewi ng as an exanple, instance, or ~

i |1 ust r atosrplex sypige), angha/mesns dor updatingiepyebabilits ofhsicedss obidie tepriz apticarhased

is not ne [ 0, : r V. ver
ot hor - erBoghi et Bt ARI S ARbh Wt KRl AL BEFRY Spordly
exenpl ar ystendbaftheoemifeypsystemded t o enabl e persons skilled in the art
to make or use the invention and not to limt the scope of the
invention which is defined by the clains. Furthernore, there is no

i ntenti onobedibe RaHABoDI REVIdEK Rir SSRRAHAT i/dlﬁ!aﬁx%da tER Yodel @S G £ daulltn
the preceding technical field, backgrounc{ brief summary, or_ the i
f ol | owi ngodetasneratgd dys &r ¢omnlen syftan 1 6Tig @ethod; somgprises glowajoading a repair

function i A of 1.8 i : i.cat.i . 0
oy SroRuBito § AL ool 1k SRARCEroSRATR P bloBabiiny G Bl 1
net wor k Xofesdtmgtthe faaitmgds y Bepan aphien aetadhiiyis bisnegtied Mithithe dultatode isalnput

I . of MNorri J . 100171 A, MCN,10 | | ,
b oceas e a0 dh Tl AR R is kit d e KRN0 W BT bitpecure.

devi ces ]Ihemmh 'tmmdiéuﬂddpmb?wapent?cgﬁs osmsmﬁ@mewﬁrbhﬂéaleair%ag@faﬁk
system 10, ,such as _and airgraft, including engi nes ear boxes, drive
trains, rofogeretieddydhe ?fﬁ%’ﬁ?mﬂ@\?@at%ﬁ’gﬁ ?CWt%Bnrrent al

controls and ot her dynam ¢ conponents as well as nonitoring other on
board conputing systens and avionics. [0018]1t will be appreciated by
those of ordinary skill _in the art that aircraft _are but one

non-limting exanple ofBgIgo%ﬁgm@%%TﬁEwwssyst ens, as the
termis used herein, nmay apply to any multi-conponent system and nay
i ncl ude U19f actThel REsean Ghvehiesd &all Hekeditr®r béeddséitRa 1Al corluncliolP@8th the

conput er systens, conmmunication systens, conbat systens, and the
li ke. following drawing figures, wherein like numerals denote like elements, and

[0011] FI1G. 1 is a prior art functional block diagram of a maintenance communication

system,;

[0012] FIG.2 is a functional block diagram of an improved mainfenance communication

system according to an embodiment;

[0013] FIG.3 is a simplified functional block diagram of an exemplary Core Service

Base Architecture according to an embodiment; and

[0014] FIG. 4 is a simplified flow diagram of an exemplary method for refining the

efficacy of one or more corrective actions for a complex system.



[0019] Data fromthe conplex system 10 can be viewed in the field
within a test cell. This data is retained to allow a nore detail ed
anal ysis by any skilled technician 80 with-access to a personal
conmputing device 90. Non-limting exanples of personal computing
devices may be a. laptop conputer, a desk top conputer, a cell phone
or other type of suitable per OHTAILEDDESCRERTIONS devi ce. The
personal conputing device 90 may be a wired device or a wirel ess

Comnt o SRPE0) 108 J91Sule SRR Rl PoarRl BiFuTAR YR bk 16
routers Z@tenfAUbeinfitthe 26vefBonh Hetha Bypliitidnodildas€siTithinkefion MehBESh@éin,

wired router. The router 20 may also be a}gen_eral pur pose conput er
conf i gur €88 PTG (FFEMPIEY J8CaRS SETVIBE a5 gN SHIERIp Ingancs, erglivstiationyd Thyss, any
known i n doeaffdot dbRRBe HHAgn SO+ LBE R B gk
fromthe conpl ex sysgt em 10, Iltﬁe xplglkggyng?h@odgg%sts?%%ew ce&%eg%gk% a
Cor e Ser wir cdvBdagsdusipvdri atleart earbe din1eBBBAAJ! -G0the ierbadinentsaiekerded hisesinvarek

Non- 1 m R SRRt RPN IR e o e TR e Rkl it BE af e
pur pose iintehdnetand aopac Riedit 8w scopedftte ephotier RaidhOkkdefied o thé alaims.
(POTS) . FHELeETs (e BPorEgm et b Be JoRKLDY B mPBREA S ] Dt PP
appl i cat ijpine pRQEEI NENERBARSE, bRkbRRNESERCHnNarg blbe! foRBRIngLidsled

di agram of the Honeywel |l Zinn" system’infrastructure that recCeives,
processedescsighgiort s and provi des mai ntenance i nformation to

techni cians 80 operating in the field. The Zing Tmsystemis a

non- i m tgd1g) ex&T8! ¢ i04 pRorGrPANS bnal MbN GG LARY dr56RaiRfdRaRE cBRffnicati
conput i ntg[1 de!/i ces. [(1)025] The CgBAngo may 1be pr ot ec%leﬁ_ fror% rHcations
unaut hor ngtegrk 469 (SYIGN “bgs malyiheckmawn othe agt. ndyndndirkitiogwexémple lof saeht a

The CSBA . . 0 i . | e.or
more dat S 0sReLoh BeabEP S R e OO rSRBLT IRARGI A g B 088,
may cont &lew JersBypr mati on concerni ng an ongoi ng repair operation. On

t he ot her hand, data warehouse 70 may contain | onger terminformtion

such as iropr S epal ecords, technical- nual s

peci 11 clfEh" SEBFEN 1B Skl Rlcabr REcTree o5 G0 R £Rhdutgd by e
funct i onadridue eckmphutigy devioss 1 hassoeiped weilh CHBAnéls drivabsyisiemk wdtisn &Bomplex
automatic | earping system 200 ("ALS") that is_configured to infer
and/ or dSHIRER | PriEh FREPS ﬁlr%fsguiﬁmﬁh’élgeqﬂsaﬂe%cg&?fbwsgﬁi%‘tﬁq@mflﬁs dPIRT SYfenine
or more Sofday foWdrRgstans, icBMSorRehiaP bR IIART UOSIMIE SRR A0 wil 85
personal conputing device 90. The term"ground truth" neans the

act ual stgmieringrotiagr op Aparg sompuiEEFystens e sericsmy be reported or not
reported. The ALS 200 constructs a nodel of nmaxi mumrepair accuracy
gui ded byhghgff Or MERLAR aphREREHY FosdF BRERSy 6181 th mdalaRAIRAR A one
background repair information Stored in a ‘data warehouse (e.g. data
war ehouseorinitingleganplo ofis egnplax sxstam & g emplien siystemsc s thetelra ag wiied herkinpm

exanpl es I ' v .
o o cma 2y pi db Bhy RHELS BangRE RGP Pl SO MR Aok 8 hgpica
r esi di ngplais,orehivbisngf alintypesreompatat $yeems] tdmmiuiieationciystas GudadEstems,
Servi ces %iqo[j t he CSBA. However, one of ordinary skill in the art
will appt¥dPelke-that this depiction of the ALS 200 is nerely
exenplary. The ALS 200 nay be |located with or may conmmuni cate with

any ot hejoogd]i t apag froifiGhd nadledtRas 00 cidBe GIRAI RO MY AdrDWithRePREL daNT
fromthe _scope of the subject matter being disclosed herein.

Addi t i onkiis daigyig geipiged, to i mpere; detpiled aRgjy oy any skiledrischgpian 80 with
concer ni R Whi OOR -ggrgqo _-ﬁh& ' I a
descri be ‘iastrsl i&ﬁ%[r?gt %lc&%ﬂgg#g‘i’ Q%JlTec 'nlﬁagglg [ %ga\%grlésdjg{egsr?é# Jf%{]@f]gn‘%.
Wehenkel devikesiwery b adegior c@upbtes kedask (149 @8hputahiactelli shona aorgtieer ayed of
suitable personal communications device. The personal computing device 90 may be a

wired device or a wireless device.



[0026] FIG 3 is a functional block diagramdepicting the pertinent
nodul es of the CSBA 50. The reference nunbers therein refer to |ike
nunbers in the other figures. The CSBA 50 includes one or nore

nodul es 52, 53 that are configured to receive casualty codes fromthe
conpl ex system 10 and to anal yze the casualty codes (e.g. 52) or to
det er mi nefoaRelanbTheidity gemavatpd GbmFAM sardek ategstthebEthe omptex sySEm 10HEY

nodul es 54 of, th BA 50.are configured to downl oad repai
ool Bt T orbe et PR R LER SRaAAPE oM 2 CnEra), AF ey be HE swigbly

of an i d%lﬁ%&r@&luﬁf@ﬁ‘ss%&' WitedfoBieR - Tﬂ_é"l%ufe? D@hfayl&[s@%%ﬁeﬁéaﬂﬁﬁp&ﬁ cHBYuter
not be provided until requested by the technician using his personal

conput i ngcoaﬁwefétogﬁqn@mn@s Baprvel AWV, er v ass kqooomﬁ@ﬁet of
ordinary skill in the art will appreciate that the term "nodul e" as
used her qogpg) ef eff cBeel QL) p B SHBIA3 R BleAonBk SAERUAE e
purely har re conponents, ely software 1nstructions, frrnwaré or
a conbi ngtersonaltdempetiig dﬁ'iw:mﬁmblul aflprdrBermics Banaib A mhdechor{ HEIBA)0F0 ik a

may be a ofy an suita r su

may be a ns%llé\é qpqg(%\rn%r 50 b anys Rgﬁ%gﬁrgpg Vogﬁﬁr’j{@’éﬂy ﬁ%oag}céown que art.
[ 0028] ThQ\TcﬁiSBﬂmi@ eahmples Mlm@k%mmﬂé tRC Intafiet Re ap &didl Irpdidsbse Hhteanet, a
Repalr Acti.on Reiﬂ% r 250 IS%‘% tjl e that recelves re?alr action

i nf onnat iPBFKSf FBHA ??@Eﬂﬁw BE° U Srlgpbone aetyers 8 saFlliediehrartya plain
devi ce 9Q@apst ﬁéﬁaegys{eﬁp aana HOMEE L hiY shitgy ARMMRLSXnSNB G Jikiaingd
deduces and/or inférs t |cacy of one or nbre répalr actions.

[ 0029] Thélﬁmlwﬂﬁﬁmrepalr actl on" as used herein nmeans any repair
procedure, repair instruction, corrective action, technical manual,
isolatio ce t \-Hg,dg S
t he techg?ﬂg?gn gg{e\?\n: ?Asﬁggglr Il;(r gsegl{e?e glﬁ@%%&\??%ﬁ}g pé %ré:cg?ﬁrﬁ ﬁé@e‘%@ﬁ
pr obabi | Zing"Ofsystemsuijashyctarethet re@w@s PEIVESSES, Suppaats and| moedesRihistenancan
anbi gui t ct Mati on

nerern r SRty o iRiiRA S0 bk Hnd SRR el HAET LM R BTG
hi s per sexm:hple:aquﬂSBAgSOdwmcheoﬁﬁmse@bn@cbzhﬁd&re@aﬁpuﬁxgdevicbﬁt is in any
way related to a particular repair action for the conplex system 10.
As non-limting exanples, repair action information includes any and

al | keystgooBes/ MIHESESEBA 50 gﬂﬁq&ot@éted RemtuBGiRd:Sed MtRRioR b aFRESANAY, as
conmputing device, reguests for specific repair instructions and t he

order i nHPe KEQHER ﬂ?@?’é TegyueBfef mayriiore he o pergnent maiptenspeq deta in one
conpl ex gy slofiMiks HsesO8Y bp%aﬁrw&Eﬁoukésnﬁd p%ﬁgkmﬁvggua%ae@@o%% S5:ifh
in which they were inputted, web pages viewe e track

act i ons, infigrpation edtsemingoateangoing rermitt apermtidn. nBudhé ether hahé,tdaWewaehrmaeﬂ@d
and thos t Se d
the | ke RtEin e R odna R s L bk pR0ABREE ref BigungSy oA
i ncl ude maﬁmmecﬁhmﬂslﬁetbldmwingmdtthm eby the technician 80
intentionally and clearly communi cates feedback concerning the repair
actions conpleted, the specific cause(s) of the failure node and/or

what spegipbdic rPI@'.’I1saéiﬁjn@f'oﬂaﬁﬁ@dk\/(ﬁﬁ'grﬁn5cﬁ%ﬁ'an?ov%&/'OSBKJ‘S@’Etﬁ'le'ihcludes an
t her eof . [0031] FIG 4 is aflo gramo an exenpl ary nethod for

det er m ndYieatife learming oyytey Zﬁﬂe(“éﬂfsnbr@tcb‘r cefigupad detipfnsandiy deduce
casual tyy, gcﬁ-m%]&?% the %ﬁitc%%%tdrt s Yidd 1 BE, 819 B{mﬁ‘&} Aed s tﬁtla?r?ﬁ% Of ctions

ordi nary Te art 1 st eps’ rocesses I n
met hod nlm;fobaed: byrithentedhnibiam ke mndnmpemmiab cmnjmtmg@es:s &9, Tlﬂz—taim étgg»eﬁiil

d ot her funct || | bst |
Govi ot o Gt SR eyl s e SRR 3S RO b Y Coabs RPoped OBt

410, ONerePbrtddPr Ghe ems r208C tdriRfiSct laemd QN O AR Rk ik Qe@am@c&ﬁeﬁ 20y
t he personal conputing device of the technician 80." The repair

act i on( sipferBaftTodered imugatehase (6.8 daplense 60 and adigaeintirepairdgivantionystared
techni cign 805 waln¥iNeqR oL WalSoh&HHES LATBYod 00SR alibth Ge@Bs RN A RLEN S|

learning from examples and neural networks, among other techniques to solve problems of

interest.



i nfoi mati on associated with a repair action(s) that has been entered
by the technician 80 into his personal conputing device 90. One of
ordinary skill in the art will appreciate that the receipt of a
repair action and the technician's response thereto may be an
iterative process in ternms of trial and error, which is represented
by the da@bes] ar Tewahe0e édepicadas FES. 242 Qesidifig thld} befhig s conthiitihiOgioh Riith
process both repair action_ informtion and repair actions nay_ be
gener at edPf becigion Spppart Seryipsa P AT fiedcdRA. Agveven ane ahendmag by the art
reasoner wlhphRfak! thhtafis YepicAS5F thd ALSSRDIiE mfdy L ‘gﬁ% At%ﬁ?ob may

action inforfmation associated with the repair_ dction(s
oper at i ortwllogatest wh of may comowpicetr vathsany il stitablrefusetitnalkareds dffilee CSBA

conpl ex a i ed. and f er.ne whj.ch. r.epai.r . acti.on.
esol v ngth HATRe Rt FEREL SoRR0 L B 0%, MR Yl ) e
Reasoner Adftiophl. ehanpfh§, 200-linifing-dacetmésinfoifatsic cosmidg thee corefaing
action(s)_ based aj | t.ln, part the correlation for progess, 430
and dat a 2o ?ﬁ?ft ﬁﬁd%@a%saagré %QY dgseepe THAvAmRAS RETUEE Feghmigyg in
detai | s FeA@PTEyEERENHoSECA, WgHiakd] OfK1Rkerd ALMEL1iO PidlisheRe Y ), t RRich is
scope of this disclosure and wll not be discussed herein. tails on
t he exempn@mpraphbhctin gy refereatr ipigen@etyear ni ng systens and the

exenpl ary reasoning al gorithnms involved therein are known in the art
and nore y d88CRI Red aiddtio st d; | ks P

Syst ens” [‘?)ﬂfﬁiléhenkel ,IJ@Wniﬁ%:h 1%1%2 beqndlisgrf%g?%gircg?%ﬁg%@%ﬁ%ﬁdﬁee eﬂﬁ%e
in its efiSBletd). THeopRainae npmbers dherdis oefer tovlikeenimhars insthe ptheh figites.t The

are det erqgne e e, ' ucecess. brohahi litjes

fep ace REA oA P afelOmoadier BY P RRESES B Rl Bodes
dat a war éonutke c@fipleAsysiem d Ranlieanaliab ltlee dasyrligedess(efg 92 @xe dplemiiyie an
failure nodes. FM - F Lncl uded in an anfi guit ro for, a I cul ar
Fo thar PRORAICE BP g FABSHAIPN (e B By o ke st o4 2 st B A e
10. Each &ffightdl-tbMowiRMd Bepai 98 GioddtRd prédeBurds/fceiRidal ndghdl9 halare rl8ydnhg

one of the associated success probabilities listed in Table 1. The
real i zedtostheddd's of e pdgstifipd pebiggiy giupnhi $heFapaisirqcedieeray Remay Jotba s

pr obabi | jt; At : Rd: 0 i .
PLobebt | Rt st av SR BBFy Fentid bl s st b
available computer.

[0027] One of ordinary skill in the art will appreciate that the term “module” as used
herein refers to a computer system/subsystem that may include purely hardware
components, purely software instructions, firmware or a combination thereof. A module
may be a standalone component or it may be a subcomponent of any suitable system or

subsystem. A module may be a special purpose module or a general purpose module.

[0028]  The CSBA 50 also includes a Repair Action Reasoner250. The Repair Action
Reasoner 250 is a module that receives repair action information from the technician 80
through his personal computer device 90 and other repair data concerning the complex

system 10 and deduces and/or infers the efficacy of one or more repair actions.

[0029] The term “repair action” as used herein means any repair procedure, repair
instruction, corrective action, techrical manual, isolation procedure or the like provided by
the CSBA 50 that provides the technician 80 with specific direction having a predetermined
probability of remedying a particular FM or set of related FM’s in an ambiguity group.
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Initial

Probability 10% 20% 20% 30% 20% Repair Action AB CDE

Successful Repair Actions NO NO

[0030] The term “repair action information” as used herein refers to any information
inputted by the technician 80 into his personal computing device 90, or other computer, that
is in any way related to a particular repair action for the complex system 10. As non-
limiting examples, repair action information includes any and all keystrokes/mouse clicks
made by the technician on his personal computing device, requests for specific repair
instructions and the order in which they were requested, the operating status of the complex
system (e.g. online or off line), test results and the order in which they were inputted, web
pages viewed, website tracked actions, hyperlinks clicked on, parts and materials that were
ordered and those parts and materials that were not ordered, e-mail sent, and the like. The
term repair action information is not intended to include a formal repair action report
whereby the technician 80 intentionally and clearly communicates feedback concerning the
repair actions completed, the specific cause(s) of the failure mode and/or what specific

repair action resolved a specific FM or a group thereof.

[0031] FIG. 41is a flow diagram of an exemplary method for determining the efficacy of
one or more corrective actions for a casualty in a complex system. It will be appreciated by
those of ordinary skill in the art that the steps in the processes in the method may be
combined, broken down into sub-processes, re-arranged and other functionally similar

processes substituted without deviating from the scope of the disclosure herein.

[0032] At process 410, one or more repair actions are downloaded from the CSBA 50 to
the personal computing device of the technician 80, The repair action(s) downloaded may
be in response to a specific request by the technician 80, in which case the request may

constitute an example of repair action information.

[0033] At process 420, the CSBA 50 receives and analyzes any repair action
information associated with a repair action(s) that has been entered by the technician 80 into
his personal computing device 90. One of ordinary skill in the art will appreciate that the
receipt of a repair action and the technician’s response thereto may be an iterative process in
terms of trial and error, which is represented by the dashed arrow between processes 420
and 410. Thus, during this process both repair action information and repair actions may be

generated for analysis.

[0034) At process 430, the repair action reasoner 250 correlates at least the repair

action(s), the repair action information associated with the repair action(s) and the

7



YES NO YES . Revised Probability 5% 15% 30% 20% 30% Table 1

[ 0037] After the conplex system 10 had been restored to service, the
ALS 200 may inferentially determne fromthe record of the
technician's conputer activity that repair actions C and E resol ved
the conpl ex system casualty. The ALS 200 then recal cul ates the

hi st ori ca¢pesaJmoelsﬁafpsr @ﬁ@biwmleassystgmi Irﬁ)cﬂOLd:I:&rmime if teemtnplexpgystem has been
resul ts. y, dte mP‘ %%gi litie ucc%};}s of FI\/Il and FM2 may be
adj ust ed 38\/% 8 PO 0 an e lor?reeg e ecla§}1 Xd the probability
of success maybe adjusted upward for 20%to 30% Simlarly, the
success pi063Fbi | At prooéssAMB, thaRepair Adfiors R eadonk @30 fof dia 809200 ind@¥dedides
t hat of F ad ust e ward.fagrm 20% to 30% The revi sed syccess

pr obabi | | tﬁ“eFFp PAR oo 255 dosh L past 2 fregorrgiaten farimecernitd

gui dance d‘n@rda& £OBB i€ ¥heS¥atd Bibe ldnaind R 8RN FeHoli S FRTFNE ASHA ﬁééoﬁﬂﬁﬂﬁx%
[ 0038] Al t hough_ a detai]| ed review of the nmathematics of probability |s
beyond ttﬁéclse@fbve‘hm of Hiedugtiogcare sheyend ithe sngpe of this @Wommtvgllm@rl@

the nunbeg é%fed QTR et aUHnGHB odm rﬁ*ﬁ t%ﬁsoftaﬂfé'irp‘ﬁ[: Qe S,Js&ms an

suff|C|ent y large nunbers to acc te nmeani n tIcs
corr el at iesempletynemsorkidg slgnﬁ;lmtseinwhedeﬁlmdnme émokemmtthe)rarrf ardmmare fully

e T L % Sy 255l 1 Sy Bk S

al ready peas@bbrpoiatederspbiefdriite iltobiteaghi p:

[0036] At process 450, revised success probabilities are determined by the ALS 200.
The revised success probabilities replace the previous probabilities stored in the database 60
and/or data warchouse 70. As an example, Table 1 presents five exemplary failure modes
FM1-FMS35 included in an ambiguity group for a particular FM that is presenting specific
casualty codes from the complex system 10. Each of FMI-FMS may be associated with a
repair action A-E having one of the associated success probabilities listed in Table 1. The
realized success probabilities adjust historically determined success probabilities by the new

data conceming the efficacy of the current repair actions.

Ambiguity FM1 FM2 FM3 EM4 FM5

Group
Initial 10% 20% 20% 30% 20%
Probability
Repair A B C D E
Action
Successful NO NO YES NO YES
Repair
Actions
Revised 5% 15% 30% 20% 30%
Probability

Table 1~



INFM 1) A FM 21) = 02thinsvstem P(FM 1) P(FM2)nt 112 Where %temis

t he nunber of systens in the population nl h the nunber of Failure
Mode 1 that has occurred n2 is the nunber of Failure Mbde 2 that has
occurred [0039] Wil e at | east one exenplary enbodi nent has been
presented in the foregoing detailed description of the invention, it
shoul d be appreciated that a vast nunber of variations exist. It
shoul d al so be appreci at ed that the exerrpl ary enbodi nent or exenplary

enbodi ne exanmpl es i ntended to m

ccope. ot Aan; RRpy R BIBER SRR F i Bk bR Re e 1F ARG Haymey
Rat her, tlhﬁrefnﬁﬁlejgaetagmdetfmrﬂ gtk fhesdr dafpﬂlleqechﬂididn Peahie Ao tﬁdﬂr’ej;aeﬂ
in the art wth a,conv n|e road ma I.mpl ement i ng an exenpl a
enbodi merfetiens ¢ Aed g cqnﬁpl%mgmu%é% 1§t 0B 4%%00%@51 mfélcéhéﬁﬁé]éfs

may be Maggoddal hlegesk l;sfuuabmﬂesa{aqnaﬁaémgwam p% rShRTE sucHeRe H]o%ﬁnhéh

an exenpl ary enbodi ment w t hout departing ffomthe scope of
i nvent i opfaucosestoffidvit land iM2hwayn bp edivetdd dpaivwerd ﬁm&ﬁ%lmdcﬂo%,meqztsmly

1. A syst 0 s n
For " bort B brob i) B8 RebERbe oI kit B Bo ¥ o' ¥ 6
devi ce cmn&aegupmﬂaﬁzhtyrdpmu gy bpedptied gloshafan 308 tdmO%omdl Mt SE/BMSm

and to tr t failure de ta_presented b | ex

over the? aﬁft\r‘f&ﬂ"ﬂwar& f%‘@?:%% 8@2 g@ﬁﬁ?}’f‘?eﬂ 5%%%&@@%‘%? nt “Used to
transm t piepaddurabdly pANidéahanteRands uil BRifea é&ﬂﬁéﬂsy@@ﬁﬁh&‘ﬁéseﬁt@ €he same
network, the repair action information and the repair data being

rel at ed €&uglecddss| ure node; and a reasoner in operable conmmication
with first local conputing device and the second |ocal conputing

devi ce, :IIWQS]" easnnRuePs H&%l%zb@%% thftherSRick 6F l?rB@abEm? RGO/ ih@gco e

status of the conplex system the repair action infornmation and

repair daf 8is dsrdosuprd it ¢ata Aeh eniranmens Gihats the nymbsrs @mnr;é@rasystemtor gmb
based at s}s?e%%st tthéoP@Jc‘iJr Ws&fﬁ&elﬁﬁf fa?éear}dnﬁ)%rs to accommodate meaningful statistics,

the correlation between FM’s may be expressed as a deviation form an independent

condition where the FM’s are not related. In a simplified example, the probability that an
FM(1) will occur when FM(2) is already presents is given by the relationship:

P(EM(1) "FM(2)) = (n12) (Meystem)
P(EM(1) P(FM2) n Ny

Where ngyem 1S the number of systems in the population
11 js the number of Failure Mode 1 that has occurred
ny is the number of Failure Mode 2 that has occurred

[0039]  While at least one exemplary embodiment has been presented in the foregoing
detailed description of the invention, it should be appreciated that a vast number of
variations exist. It should also be appreciated that the exemplary embodiment or exemplary
embodiments are only examples, and are not intended to limit the scope, applicability, or
configuration of the invention in any way. Rather, the foregoing detailed description will
provide those skilled in the art with a convenient road map for implementing an exemplary
embodiment of the invention. It being understood that various changes may be made in the
function and arrangement of elements described in an exemplary embodiment without

departing from the scope of the invention as set forth in the appended claims.
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2. The systemof claim11l, wherein the network is the Internet. 3.
The systemof claim 1, wherein the repair data conprises a _
probability wei ghted anbiguity group conprising one or nore possible
failure nodes. 4. The systemof claim3, wherein the repair data
conprises repair instrWhhiiotlaidedris:one or nmore failure nodes. S. The
system of claim1, whel @isysithdof@fihidp e rdfaitorétabiitgOMyohsegecasual ty
codes. 6. The systﬁmoﬁffmcd @nip]égsy@ta@{ ebiipidi@y:r epai r action

i nformation conprises LOr@v&k; nore acconpl i shed mai nt enance acti ons.

7. The system of cl ai mffst IAESRUtinp BevaBEcoRtiodTRl & Bk Oiilskahed

mai nt enance actions is paGhdigk cﬁ‘tlfe%@lh&??eks s‘?éméxﬁﬂ@'trﬁnﬁﬂ iﬁﬂlﬁx%r a
particular failure nmodeyde @ ata??@seﬁﬁé& Otk ngrg}, em WOES §lon the one
or more acconplished majg e actlo SIS0 of a connunlcgtlon
sent fromthe local c N uting device
and a | og of specifi %”J%E&rti Q’ iec;(:? %hﬁt?d n? v&ﬁ{@h? qm]ﬁg“]ni cati on.
9. The systemof claim fﬁ Sner are in

communi cation via a rendt&° éo 0“ ffpf"(‘ir

inferentially validatin %bef“ %.‘1 aul t code

generat ed by a conpl eﬁr?fr%‘%eéﬁ’\ol’é’@ @Emﬁﬁlcaﬂw}fbﬁﬁih’@alﬁomepalr
procedure to a conputi ng—‘“@é\ﬁeblée apdh gher sepaiid loptl covguting Bewitang a .
probability of success reagoier being penfigheeditaul t code; tracking repair
action information i anHorxtetatettheopammgts'tam@ccfﬁxeioﬁmplebchﬁstéiﬁnﬁer dat a

bei ng associ ated with theegaitktiorcipdt@imatio® uiceihakdpaf dafaeaiownl oaded
repai r procedure and t hediteamkephifRoRibilia6t hoRphi hQldiMhiaR: and
adjusting a probability @fsSHS&®8R 1R coi Fan"oﬁpa' r procedure in
clearing the fault Coﬁie[hg%?ﬁ%;gbﬁﬂal?xh ?er&ﬂp}%&%?%mﬁ% based at

| east on the correl don e nethod o urther

conprising: receivi ng3 ‘?[‘he g}vsltem ot%?a?mflr\% erein %he re;rgar Fita & %n%gsl

a probability weighted ambiguity group comprising one or
more possible failure modes.

4. The system of clajm 3, wherein the repair data comprises
repair instructions for one or more failure modes.

S. The system of claim 1, wherein the failure mode data
comprises casualty codes.

6. The system of claim 1, wherein the repair action infor-
mation comprises one or more accomplished maintenance
actions.

7. The system of claim 6, wherein the one or more accom-
plished maintenance actions is placing a request for repair
data for a particular failure mode.

8. The system of claim 6, wherein the one or more accom-
plished maintenance actions is one of a communication sent
from the local computing device to the remote computing,
device and a log of specific keystrokes required to form the
communicalion.

9. The system of claim 1, wherein the network and the
reasoner are in communication via a remote computing
device.

10. A method forinferentially validating a repair procedure
for a fault code generated by a complex system. comprising:

downloading a repair procedure to a computing device, the

repair procedure having a probability of success for
correcting the fault code;

tracking repair action information input to the computing

device, the repair data being associated with the fault
code;
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12. The method of claim 11, further conprising: receiving a request
for repair data fromthe conputing device. 13. The method of claim
11, wherein the tracked repair action information is an electronic
keystroke | og created on the conputing device relevant to failure
node. 14. The method of claim 11, wherein the tracked repair
action information is one of a list of repair actions perforned and a
list of repair actions pertf or r t e failure
node. 15. The et ho??%{ﬁ%gézl% qﬂ& ggéﬁ ﬁi;ﬁ%&%?g%kzel(?ortﬁe%air

. . . . I I BII- o1 1Tat1010; . )
action information is qne’o OF_ lepal materi al s, ordered and a

|
list of repair materi &°65H%2 PE%EQHO Frgeess pPHbe Py BIeeqUEE ilhe £ aj | ure
nmode. 16. The net hod SI57riRg 18¢ favk $ode graprated by ke qompleksestr@pai r
action information is aPpyedet est g hesegalatignspl ayed on the conmputing
devi ce that are rel evaddt Thomethad phelpim b darthas gompasiag:der i n which t he
web pages were di spl ayeiving 3 faulk cedasfremtheopomplpt &6ieny t he repair
efficacy of a correct ildelbcmpthpd plglaim b dpitlee cemprising:usi ng i nferred
f eedback, conpri sing: regsanRg f gequesicir vepair daipdiom dhet compitiaged to a
fault code; neans for tfdabdd ng repair action information taken in
response to the fault 1§odbe methedoffcbimcld; wdiesdin g trdvked repeiced repair
action and the repaiactidafrdotniedibn isar @batonit kaysttolfedog tregtedlenwi t h t he
operating status of théeomputpigelevisy sfleemt tadgilwreaindef or updating a
probability of succesd4oThd methodpdiciaiackl, ovhefrdis @@ dcké®ashiri n part on
the correlation of tdeo pifi@nfaticiaisane bivelist@PRiphir aQidndperfotned mat i on and
t he operating stat usandfa lishef lepatphctonsytpeformediBat AbRlsNStitem f or
i mprovi ng the repai rhefdfilvaaeydof a repair action for a conplex system
of claim17, wherein tbeThepeihbd J¢tiadh 1NHBERABY RNrdckedrepBy St I Oke | 0g
contai ning the keystipkemférigoPR e BPh NHRTR G SRR Shekg! ated to
the corrective acti Qfd alist of repair materials not ordered that are relevant to the
failure mode.
16. The method of claim 11, wherein the tracked repair
action information is a list of web pages displayed on the
computing device that are relevant to the fault code and the
order in which the web pages were displayed.
17. A sysiem for improving the repair efficacy of a correc-
tive action for a complex system using inferred feedback,
comprising:
means for receiving repair data related to a fault code;
means for tracking repair action information taken in
response to the fault code;
means for correlating the tracked repair action and the
repair dala that is relaled to a fault code with the oper-
ating status of the complex system, and
means for updating a probability of success of the repair
action based at least in part on the correlation of the
repair data, the repair action information and the oper-
ating status of the complex system.
18. The system for improving the repair efficacy of a repair
action for a complex system of claim 17, wherein the repair
action information is a keystroke log containing the key-
sirokes made on a maintenance computer related to the cor-
rective action.
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