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Configuration of highly reliable communication  

networks，SuChasCCS（CommonChannelSignaling）  

networks，multimedia networks handling secunty  

data，and so on，Should be evaluated▲fi・om fbur  

aspects：reliability，eCOnOmy，Operation and GoS．  

Here we deal with the reliability part of the  

evaluation．In Sec．2，Wedefinetheclassofnetwork  

COnfigurations to be evaluatedhere．In Sec．3，We  

evaluatevariousconfigurationsintermsofend－tO－end  
unavailability．Analyticalexpressions of end－tO－end  

unavailability t左′ are eXPlicitly derived fbr each  

COnfiguration．In Sec．4，We discuss the efftct of  

dependent／simultaneouslink failure．In Sec．5，We  

evaluate configurations alsofrom the standpoint of  

SurVivability．Final1y，in Sec．6we recommend a  

quad－loop topology as a reg10nal－level and  
inter－reglOnalconfiguration・  

2。Ne庇WO『k c①m『五g岨㌻a仕五om   

Wefbcusona classoftwo－1evelnetworks，Where  

nodes consist of T－nOdes（Orlevel－2nodes）and  
L－nOdes Oevel－1nodes）．Anetworkis dividedinto  

reglOnSandtherecanbemorethanoneT－nOdeineach  

reglOn．L－nOdesinreglOnJCanaCCeSSOnlyT－nOdes  

OfreglOnj・Le巧bethenumberofT－nOdesinreglOn  
i・Whenち＝2and an L－nOdesin reg10nj are  
COnneCted（by A－1inks）to this T－nOde pair，this  

intra－reglOnalconfigurationbetweentheT－nOdes and  

L－nOdesiscalleddoublehomlng．HowtheT－nOdes  

areconnected within each region（by C－1inks）also  

dennes theintra－reglOnalconfiguration．How the  

T－nOdesinareglOnandtheT－nOdesinanotherreglOn  
areconnected（by B－1inks）defines theinter－regional  

COnfiguration・RegardingasetofT－nOdesinareglOn  
asasuper－nOde andasetofB－1inksconnectlngtWO  
regions（Or Super－nOdes）as a super－1ink，how  

Super－nOdesareconnectedbysuper－1inksdennes the  
reg10nal－1evelconfiguration．   

3。E皿d沌0－emd umava五n油壷掴伍y eva皿u如五om   

First，nOtationsaredefined．   

P。‥ A－1inkunavailability   

Pb：B－1inkunavailability   

Pc：C－1inkunavailability   

P‥linkunavailabilitywhenp”＝Pb＝Pc＝P   

ql‥ L－nOdeunavailability   

q，：T－nOdeunavailability 

q：nOdeunavailabilitywhenql＝q（＝q   

tt，：unaVailabilitybetweenL－nOdesandL・－nOdel   

End－tO－endunavailabilityと左t willbeevaluatedfbr  

fburreg10nal－1evelconfigurations，Mesh，Loop，Star  

andLine．LetthenumberofreglOnSbek．   

First，tt，fbrmulaeforthecaseofdouble－homlng  

A－1inks（q＝2forauj’s），quad B－1inks and no  

C－1inkswillbeevaluated．   

q，forMeshtopologyisgivenbyEq・（1）・   

ぴ∫′＝2ヴ′＋2ク三＋2ヴヌ＋4掴′（＋0）た≧3（1）   

Here，theworstcases－tnOdepalrisconsideredand  

Onlylstand2ndordertermsareshownand3rdorder  

tennsareshowninparentheses・Whenp。＝Pb＝Pr  

＝P，Eq．（1）reducestoEq．（2）．   

U∫′＝2吼＋2〆＋2年ア＋4抑（00），た≧3（2）   
rn－e reSult for the case p。＝Pb＝Pc ＝Pis  

SummahzedinTablel．  

【T8池口e 皿。Ⅳ‖紬『mⅧ且ae『0『伽心血且e・馳om五皿g  

A一旦孟mks，q旭ad迅白軋五m敗s amdmo CoMmks】  

Mesh‥U∫′＝2ヴ′＋2〆＋2q7＋4抑（州），た≧3  

Star：U∫′＝2吼・2〆・3か4抑（項j・8卯Z）．た≧3  

Line＝q，＝2qI＋2p2・kq：＋4pq，（Ap3・4（k岬1）q，P2），k≧1  

Loop‥U∫′＝2ヴ′＋2〆＋2ヴプ＋4閥（00），々≧3   

Next，U，t formulaeforthecaseofdouble－homlng  

A－1inks，quad B－1inks and C－1inksinserted are  

evaluatedandarelistedinTable2．  

【Ta心且e 2。Ⅳ∫′『0『mu且ae 紬『舶M恥且e一払om五mg  

A一皿五此s，卵旭d B8E孟mks a皿dC・軋志皿ks丘mse㌻紬d】  
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Mesh：Us，＝2q／＋2p2＋2q：＋4pq；（00），k≧3   

Star：U∫′＝2吼十2〆＋3か4抑（＋8押ユ），た≧3   

Line‥U∫′＝2qL＋2p2＋kqf＋4pq，（A（k－1）q，P2），k≧l   

Loop：軋＝2吼＋2〆＋2ヴ7＋4堀（00），た≧3   

Similarly；tt，fbrmulae fbr othercases，SuCh as  

CaSeS With triple－homlng A－1inks，partia11y－homlng  

A－1inks，doubleB－1inks，partially－fumished B－1inks，  

and specific C－1ink topologies（ち＞2）can be  

explicitly evaluated・  

4． End－tO・end unavaiJability evaluation  

under dependent failure   

ForeachB－1inkquad，itisassumedinthissection  

thattherecanbetwopattemsofsimultaneous B－1ink  

failureas showninFig．1・InpattemI，1inkland  

link4failsimultaneously，i．e．，failure of onelink  

tnggersfailureoftheother．InpattemII，itislink2  

andlink3thatfailsimultaneously．ThisB－1inkfailure  

pattemisadirectconsequenceofsatisfyingtheB－1ink  

diversity requirement that at least three physically 

di）erselinksetsbeprovidedfbraB－1inkquad．   

Tables3and41ist Ui，fbmlulaeconsidering this  

ClassofdependentB－1inkfailurewithoutC－1inksand  

withC－1inks，reSpeCtively．  

【Table 3 Us，formulae for double－homing  

A・Iinks，quad B－1inks of dependent failure  

and no C－1inks】   

Mesh：U∫′＝2qI＋2p2＋2q：＋4pq，（州），k≧3   

Star：U∫′＝2ql・2p2・3q：・4pq，（dp3・8q，PZ），k≧3  

insertlngC－1inks．  

（iv）EfftctofdependentB－1inkfhilureisnegligibleas   

longasB－1inkdiver？ltyrequlrementismet．  

5．Survivability evaluation   

Tnereliabilitycriterion‖survivability‖isdefinedas  

thecapabilitythatawholenetworkremainsconnected  

inthe case autheT－nOdesinareglOn failed．Mesh  

and Loop topologleS Satisfy the survivability  

Criterion，While Star and Line topologleS do not．  

Therefore，itis concluded that Mesh and Loop  

topologleSarereCOmmendedfromtheviewpolntSOf  

end－tO－end availabilityand survivabilityagainst the  

breakdownofareglOnalT－nOdegroup．  

6．Conc）usion   

Wehavederivedexplicitapproximatefbrmulae fbr  

end－tO－end unavailability Lt， fbr varlOuS  

COnfigurations，COnSideringthecases ofindependent  

anddependentlinkfailures・In termsof reliability，  

We reCOmmend Mesh and Loop topologleS aS a  

reglOnal－1evelconfiguration．Taking other criteria  

SuCh as economy［1］，Operation flexibility，and  

end－tO－end time delay GoSinto consideration，We  

recommend use of Loop topology with quad  

B－1inks，aS a reglOnal－1evelandinter－reglOnal  

COnfiguration，OrQuad－Loop．Sincetheloopbelongs  

to aclass ofthe regulargraph，prOpOSedquad－loop  

StrategyCanbe generalizedintoregularity strategy  

［2］．  
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Fig・lExclusivepattemsofdependent／   
SimultaneousB－1inkfailureinaB－1inkquad．  
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〆＋（た－1）〆  

両（た一1）押2   

Line：U∫′＝2q／＋2p2＋kqf＋4pq  た≧1   

Loop：軋＝2吼＋2〆＋堀＋4閥（00），た≧3  

【Table 4 Us，formuIae for double・homing  

A・Iinks，quad B・1inks of dependent failure  

and C・1inksinserted】   

Mesh‥U．，′＝2ヴ′＋2〆＋2曾7十4抑（00），々≧3  

Star‥U∫′＝、2qI・2p2・3q：・4pq，（・2p3＋  「▲   つ
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＋（た－1）〆  

両（た－1）卯2   

Line：U”＝2q／＋2p2＋kq：＋4pq，  

Loop：U∫′＝2吼＋2〆＋2ヴヌ＋4閥（州），た≧3  

Companng the sixteen【左′fbrmulaein Tablesl  
through4，WereaChthefbllowlngCOnClusions under  

thecondition ofsu爪ciently smallp－and q－Values，  

suchasp≦10－4andq（，ql≦10－5：  

（i）EstimatedUi，Valuesareapproximatelythesame  

forthe16cases．  

（ii）nefirstterm2qIisdominant・  

（iii）End－tO－end availabilityislittleimproved by  

－155一   

© 日本オペレーションズ・リサーチ学会. 無断複写・複製・転載を禁ず.




