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TYmecomple詞tyofrecursivemethodsfbrcomputingthereliabnityof

strictconsecutiv←k-out-of〃:Fgystems
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Ａｂ写tmct

AmethodisgivenfbrcalculatingthefailureprObabiljtyfimctionfbrcimularconsecutiv←

k-out-of〃:Fsystemswhichoperateinsuchawaythatisolatedstringsoffai]urBsoflengthless

thanﾉﾋ（whichdonotcausesystemmurE)donotoccur;orareimmediatelyconccted;ie,when
systemfailureoccursitisbecauseallfailurespresentarBinstringsoflengthatleastノヒ､Thispaper

estjmatethetimecomple]dtyofPapagtavidigSrもcurBivefbrmulafbrcomputingthe】inearsystem

failurcpmbabilityandgivesarもcurslvemethodtocomputethecircularconsecutiv←ﾉﾋ毛ut-of〃:F

sWstems

Keywords:Strictcimularconsecutiv←k-out-of〃:Fsystem;SystemrEljabi]ity;RecurBivemethod・

LIntmduction

Somemethodsofcalculatingthe盆ilumpmbabilityfbrconsecutiv←k-out-of〃:Fsystems，

bothrBcurs]vemethodsI1,4-7]anddirEctmethods【81,donotruleoutthesituationthatthefajlurB

mode(atleastonestringofkormoreconsecutjve企iluresMsalsoaccompaniedbyanypossible
stringsofisolatedfailurBsoflengthlessthanA・Fbrexample,let〃＝７，ｋ＝２，Fdesignatea
failedcomponent,ａｎｄＧｄesignateaoperationalcomponent;thenthegtateFUF℃GFFisone

of8ystem色ilurBonlybecauseofthelasttwｏＦも,buttlmerB垂alsotwoisola力edfailurEstringsof

lengthlessthantwo・Itseemsreasonabletosuppose,however;thatinatleastsomeapplicationsof

these8ystems,asmightbethecasewithcommunicationrBlay8ystems,isolatedmurB8tringsof

lengthlessthank-whichmaydegradeperfbrmancebutdonotcausesystemmure-arE,orcan
be,detectedandcorrectedwithinanintervalshortenoughthatthenormaloperatingmodecanbe

considerEdtoｈａｖｅｎｏ色iledcomponents・mlatis,Bollingerassumeshercthatalthoughprevention

oflossofsystemcontinuityismportantenoughthataconsecutjv一ｋつut=ｏｆ〃:Fdesignisused

fbrprDtection,thedetectionandrEpajrorrGplacementofiBolatedfailedcomponentsoccurquickly

enoughthatthecontextisnotthatoftheordinaryconsecutjv←k-out-of〃:FsystemI21､Insucha
6ase,8ygtemfailurBwilloccurwhenanｄｏｍｙｗｈｅｎｋｏｒｍｏ唾consecutjvecomponentsfail，α"d
withoutanyisolated企ilurEstringsoffewerthanノヒconBecutivecomponents・Bollingercalledsuch

sWstemS〃jaconseculjy一ｋつut-of〃:FsWstems,andinwhaMbllowstheir企ilurBpmbability
wascalculated図．

Forexample,inaconsecutive-2-out-of-7:Fsystem;thenthefbllowingconstitutefajlurBsof

thelinearsystem：
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Whilethefbllowingconfguratjonswouldcausefailureofthelinearsystem,ｔｈｅｙａｒＢａｓｓｕｍｅｄ

〃α”OCC”becausetheycontainisolated企ilurBstringsoflengthlessthａｎ２：

ＦＵＦ測噸Ｆ

ＦｒＵＦｙ５ＵＦ，

Ｆｙ９ｙ５℃ＧＦ℃・

Thefbllowingrcp唾sentsasysteminworkingorder：

ＧＧＧＧＧＧＧ・

Ａｓｍｉｇｈｔｂｅａｎticilpated,thefailurcpmbabilityfbranordinarysystemisextrBmelyconser・

valjvecomparedtothatfbrastrictｓｙｓｔｅｍ,andWhenthestrictsWstemapplies,itmightbepossible

tousetheinfmnationthispmvidesindegigneconomies・Bollingerstudieslinear8ystemwithequal

componentprObabilities・Heprcsentsafbrmulafbrcalculatingthesystemf函ilurcpmbabilityI21・

Papagtawidisstudies1inearsystemwithun･eqUalcomponentpmbabilities[31.Hepruvidesa
rEcurBivefbrmulafbrcompuijngthesystem企jlurGpmbability8Fh』rthermore,hegaveasmpleexact

fbrmulaibrthefailurEpmbabilityofthesystemwithcomponentsofeqUalpmbabiljty;ie,thei.i､d・
ｃａｓｅ･

WedistjnguishlinearandcimularfbxmsofstⅡictconsecutiye-ﾉﾋーout-of〃:F8ystemsthatare

ana]ogoustoconsecutjv←k-out-of〃源Systems．

、血gpaperhastwopmposes､Oneistoestjmatethetimecomple】dtyofPapastavidisMBrEcur‐

sivefbrmulafbrcompu位ngthelinearsWstem企ilurBpmbability8Anotheristointmduceamethodto

generateacompuｶerenumemtionfbrtherBliabilitｙｆｉｍｃはonofthestrictcimular

consecuti刃←ﾉt-out-of":Fsystem・nemethodcompuｶesthereljabilityinO("ｋ２）付me,fbrthe

generalcaseofun･equalcomponentpmbabilities．

2.ＮOta位ｏｎ＆A8Sump位０，８

Ｍ，fgfjb”

〃numberofcomponentsinthesystem・

ｊｔｎ皿numnumberofoonBecutiyecomponentswhichcause8ystemfhilurも，２≦ﾉt≦〃

PjoPerationalpmbabilityofjthcomponent、
9ｉ三１．０－Ｐｉ，ｆ白ilurepmbabilityofithcomponent．
／Ｅｴstoperationaloomponent・
rlastoperationalcomponent・

凡(j;ｊ）
failuxEpmbability(unrdiability)ofthelineargystemwithcomponenｔｓｊ,j＋1,…,ノ．

凡("）
failurcpmbability(unrdiabili句)ofthecimularsystemwith〃components．

』“z"叩"o郷

AEachcomPonentandsystem鱈eitheroPemtionalorfajled;thepmbabilitjesofcomponent盆ilurB
arBknown．
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B､For2‘venkand",ancomponentsarBmutuallystatisticaⅡyindependentwithunequal
pmbabi】ities．

C・ｍｅsystem企jlsifandomyifatleastkconsecutivecomponents麺l,andwithoutanyisolated

色jlumstringsoflength1essthan上．

3.Ijnear8yBtem

PapastavridisstudiedtherBliabilityofstrictljnearconsecutiv←k-out-of〃:F8ystemwherE

a]lthecomponentshaveunequalfailurBpmbabilities・HehasprBsentedanequationtoevaluate

the色i】umprObability(Unrcliability)ofthestrictconsecutive-ﾉﾋーCuトｏｆ〃:Fsystemasfbnows[2]・

ＩｅｔＲ(1;〃:”）ａｎｄ凡(1;〃:"F）zcprBsentthe色ilurEprObabilityofthesystemwith
component〃beingopera付onalorfhilum,rCspecljvelyHence

凡(l;")＝凡(1;〃:妬)＋凡(l;〃:"F）fbrall〃＞ﾉﾋ．（１）

The8ystem色ilswiththelastcomponenMcomponenｔ〃)beingopemtionalifandonlyifthesys。

temmsat（"－１）stages;hence

凡(1;〃:”)＝ｐ,凡(1;"－１）

Deno州(1;j)=、.,伽且(1;i),fbzalli≧1,and剛0;0)=Ⅲ
nesameargumentrBsultsin：

〃

凡(';":"F)=9"凡(';"-1:"－１F)+p'’一A．Ⅱ慨(';"-ﾉt-1）
ｊ="一k＋l

TY1erccurs】veequations(1)-(3)give：

凡(l;")＝凡(1;〃:”)＋凡(l;〃:"F）

〃

=zﾙ,凡(';"－１)+帆(';"-1:"-'F)+p'’一’1~１９州';"-ﾉt-1）
．ｊ="－Jt＋Ｉ

(2)

③

〃

=凡(';"-1)-9i,(凡(';"-1)‐凡(';"-1;"-1F)+p',-&Ⅱ州(';"-ﾉt-l）
ｊ="一A＋１

〃

=凡(';"-')-〃1帆(';"-2)+ルルⅡ帆(';"-ﾉﾋ-1）
ｊ="一A+１

FbrExedk≧２ａｎｄｆｂｒ〃≧ｋ＋１，therEcurBivefbrmulaお：
〃

凡(';")=凡(';"-1)-脚'帆(';"-2)+p',一昨Ⅱ9'･凡(';"-ﾉﾋ-1）
ｊ="一A+１

〃一Aｒ〃

＋Ⅱp'．Ⅱ9』．
ｊ=１ノー"-k+１

Theinitialmnditionga垂：

凡(1:j)＝0.0,ｆｂｒｉ＝0,1,2,…,ﾉｔ－１ａｎｄ凡(1;k)＝9192…9k．
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⑤
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mtheequatjon⑤伽computeg(i)=皿‘-k.仏伽i=21t,21t+1,…,"・
nlisrequiｴＢＳＯ("＋A)＝Ｏ("）ｔｉｍｅｂｙ位8tcomputingO(ｋ）andthencomputing
Q(j＋1)＝Ｑ(j)伽/9i-k.1fbreachi＝2ﾉt’2ｋ＋1,…,"－１.Oncethisisdone,theneach凡(1;"）
canbecomputedinoonstanttime・Sincethexeam〃ｓｕｃｈ凡(1;")もtocompute,weneedanother
O("）ｔｉｍｅ.、ﾕerBfbrEthetotaltimercquiｴＥｄｉｓＯ(")．

4.CHmulargy8tem

Considerthatthe〃componentslieonacycle・Supposethatthe〃componentsamlabeled

bytheset｛1,2,…,"｝inaclockwisemtation(ComponentMbl1owedbycomponentl)．′

Thecomponent〃hastwostates,operationalor企iled・Sowehave2eventsthatthesWstem
isoperationalasfbnows：

AIfthecomponent〃isoperational，theumEliabilityfimctionisEdvenby：

Ｆｂ‘(")＝ｐ"･凡(1;"－１） ⑥

B，Iftheノ(ｋ≦ﾉ≦"）consecutjxﾉecomponentscontajningofthecomponent〃azefhiled,these
componentscausethe8Wstemfajlum・

Fbr〃≧ﾉﾋ＋1,suchapair(/,r）mugte〕dstfbrthe8ystemto金i1.Thentheum巳liabilityfmction
isgivenby：

ノー１〃

肋(")＝Ｚ（p′I~I印)･(p,n
Ａ≦ﾉｰl+"-『動ｊ=１ノー『+１

酌)･{1.0-F〃.＋l;r－１)｝

『ノー１〃

＋ＺＩ~Ip",｡I~I仏･I~19ノ
ル≦ノーl+"一画、=ノｊ=Ｉノゴ+l

Theinitialconditionsaｴe:Ｒｃ面(ﾉﾋ)＝9,92…9ルａｎｄＲｍ(j)＝0.0,ｆｂｒｊ＝0,1,…,ルー1．

FurthermorB,equation(7)isrEwrittenasfblloWB：

州=崩伽伽、,,、'{LO-恥十2;"-s+’－１)｝
ｓ=Ａｊ=０ノー１ノー"-3+j+１

+量量rij,"伽、’
３=Ａｊ=０ｍ=j+１ノー１ノー"一J+j+Ｉ

⑦

⑧

Theevents,AandB,aｴEdiSjointeaChothemnlenthe8ystemunrもliabi]ity;凡("),canbewritten
as：

凡(")＝肋(")＋Fb8("） ⑨

Nextconsiderthetjmecomple】dtyofequation⑨､nleequation⑥iscomputedinO("）time，
Inequatjon(8),therE…atmostk2distinctprDducts：

量量p,割…,Ⅱ伽II，
』〃

ｓ=たｊ=Ｏ ノー１ノー"－３+j+l

whichcanbecomputedinO(ﾉt2).Fh1rthermorE,thelinearsystemcanbecomputedinO("）ｔｉｍｅ
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asshownbefbrB.SmcethercarBatmostjtzvaluesoflinearsystemtocompute,thetotaltimerB-

quiｴＥｄｉｓＯ(ﾉﾋ2)＋Ｏ("ﾉt2)＝Ｏ(城2)．

5.COnCInn息k、

nlispaperestimatedthetimecomplexityofPapastavidisもrecursivefbrmulafbrcomputing

thelinearsystemfajlureprObabilityanddescribedamethodtogenerateacomputerenumeration

fbrthe唾liabi]jtyfimctionofthestrictcimularconsecutive-A-out-of〃:Fsystem､Thepmposed

methodcomputesthereliabilityinO(城2）time,fbrthegeneralcaseofunequalcomponentprOb・
Rbilitiea
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