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Introduction 

Whileѝ designingѝ controlѝ ofѝ theѝ communicationѝ networks,ѝ itѝ isѝ sup-

posed,ѝthatѝstaticѝcharacteristicsѝofѝanѝentranceѝsignalѝareѝsetѝ[1].ѝTheѝtaskѝ

consistsѝofѝsearchingѝofѝsystemѝstrategyѝwhichѝisѝpromotedѝbyѝanѝextremeѝ

criterionѝofѝoptimality.ѝ

Theѝdesignѝproblemѝofѝoptimalѝsystemѝshouldѝbeѝconsidered.ѝѝ

Main part 

InѝTelecommunicationѝManagementѝNetworkѝ (TMN)ѝ controlѝ system,ѝ

duringѝ exchangeѝ ofѝ informationѝ betweenѝ inputѝ parametersѝ ofѝ controlledѝ

objectsѝandѝtheѝSecurityѝManagementѝoperatingѝSystemѝ(SMS),ѝitѝisѝexpe-

dientѝtoѝreviewѝtwoѝmainѝmodes.ѝTheѝfirstѝ isѝtheѝstationaryѝmodeѝduringѝ

whichѝcontrolѝparametersѝofѝtheѝoperatedѝnetworkѝisѝexercised.ѝTheѝsecondѝ

isѝanѝemergencyѝmodeѝinѝwhichѝitѝisѝpossibleѝtoѝdefineѝprobabilitiesѝofѝtheѝ

possibleѝsignalsѝwhichѝareѝreceivedѝbyѝSMSѝandѝareѝgeneratedѝbyѝparame-

tersѝofѝobjects.ѝInѝsuchѝconflictѝsituationsѝitѝisѝexpedientѝtoѝdesignѝaѝcon-

trolѝsystemѝunderѝadverseѝsignals’ѝvalues.ѝ

Twoѝtasks,ѝwhichѝareѝarisingѝduringѝdesignѝofѝtheѝsystem,ѝareѝformu-

latedѝbelow.ѝ

Miniminѝoptimalѝsystem 

Theѝrateѝ 1( ) ѝofѝsignalѝandѝinterferenceѝcharacteristicѝareѝknown.ѝ

Itѝ isѝnecessaryѝtoѝfindѝfromѝaѝsignalѝrateѝ  1( ) ѝandѝaѝfunctionsѝrateѝ

 2( ) ѝ signalѝvaluesѝ   * ѝ andѝ functionѝvaluesѝ   * ѝ thatѝprovideѝmini-

mumѝofѝrisk.ѝ
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Analytically this task is described by the formula: 

     
     

2 1

* *

( ) ( )
( , ) min min ( , ).r r  (1) 

Weѝdefineѝthisѝtaskѝasѝminimin,ѝandѝtheѝsystemѝwhichѝisѝpossessedѝbyѝ

aѝminimumѝofѝriskѝ (1)ѝasѝminiminѝoptimalѝsystem.ѝMiniminѝoptimalѝsys-

temѝ isѝtheѝbestѝofѝallѝsystemsѝwhichѝworksѝ inѝtheѝconditionsѝofѝtheѝgivenѝ

interferencesѝ inѝ admissibleѝ areaѝ  1( ). ѝ Theѝ expressionsѝ forѝ theѝ systemѝ

riskѝisѝdescribedѝbelow.ѝTheѝsystemѝentranceѝsignalѝrepresentsѝtheѝsumѝofѝaѝ

usefulѝsignalѝ ѝandѝinterferenceѝN:ѝ

.X N    (2) 

Theѝ interferenceѝNѝ isѝaccidentalѝandѝhasѝprobabilityѝdensityѝ .nf ѝTheѝ

usefulѝsignalѝ ѝisѝchosenѝinѝadmissibleѝareaѝ 1( ).  ѝ

Sinceѝinѝthisѝtaskѝaѝusefulѝsignalѝisѝnonrandom,ѝthenѝinѝaѝformulaѝofѝ

theѝaverageѝriskѝ itѝ isѝnecessaryѝtoѝacceptѝusefulѝsignalѝ  1( ) ѝprobabilityѝ

densityѝasѝ-functions:ѝ

    *
1( ) ( ).f ѝ

Thusѝconditionalѝriskѝlawѝ

 



                  
2

( , )
( , ) , ,

x y

x y
r H y f d

x
 (3) 

whereѝ  H ѝisѝtheѝusefulѝsignalѝtransformationѝarea.ѝ

Inѝ theѝ case,ѝ whenѝ strategyѝ ofѝ systemѝ isѝ determinedѝ [2]ѝ asѝ

    *( / ) ( )y x y y ѝandѝwithѝ takingѝ intoѝaccountѝpropertiesѝofѝ -functionsѝ

formulaѝ(3)ѝbecomes:ѝ


     2
( )

( , ) [ { }, { }] ( / ) ,
x

r A H A x f x dx  (4) 

whereѝAѝ–ѝtheѝdeterminedѝoperatorѝofѝsystem.ѝ

Theѝ taskѝ ofѝminiminѝ systemѝ optimizationѝ consistsѝ inѝ findingѝ suchѝ

values,ѝ forѝwhichѝ theѝ riskѝ (4)ѝ isѝminimal,ѝ amongѝ allѝ signalsѝ fromѝ  1( ) ѝ

andѝfunctionsѝfrom 2( ) :ѝ

   
2 1

* *
( ) ( ) ( )

( , ) min min , ( / ) .
A A x

r A H A x f x dx
   

        ѝ

Theѝ distributionѝ ofѝ aѝ signalѝ conditionalѝ densityѝ 2( / )f x ѝ relativeѝ toѝ

theѝusefulѝsignalѝXѝisѝonѝdensityѝofѝprobabilityѝofѝaѝinterferenceѝNѝandѝaѝ

wayѝofѝaѝsignalsѝandѝinterferencesѝcombinationѝ(2)ѝ[3].ѝ
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Whenѝ theѝ operatorѝ Aѝ isѝ setѝ andѝ expressionѝ ofѝ aѝ signalѝ isѝ givenѝ asѝ

( , ),a t   ѝwhereѝparameterѝaѝisѝsubjectѝtoѝdefinition,ѝtheѝsolutionѝofѝaѝtaskѝ

isѝreduceѝtoѝfindѝtheѝminimumѝofѝfunctionѝ(4)ѝbyѝtheѝparametera.ѝ

Fromѝaѝminimizationѝconditionѝofѝfunctionѝ





0
r

a
ѝtheѝvalueѝ  *a a ѝisѝ

found.ѝTheѝriskѝisѝminimalѝbyѝthisѝvalue.ѝ

Itѝisѝpossibleѝtoѝassume,ѝthatѝminiminѝoptimalѝsystem,ѝduringѝdistri-

butionѝofѝ signalѝ  *
1 1f f ѝandѝ solutionѝ functionѝ    *

1 1 ѝ isѝ locatedѝ inѝareasѝ

1 1( )f ѝandѝ 2( ),ѝwhichѝprovideѝaѝminimumѝofѝaverageѝrisk:ѝ

2 1 1 1

* *
1 1

( ) ( )
( , ) min min ( , ).

p p f f
R f p R f p

 
  (5)ѝ

Inѝsuchѝway,ѝminiminѝoptimalѝsystemѝinѝconditionѝ(5)ѝisѝtheѝbestѝofѝallѝ

systems,ѝwhichѝworksѝinѝtheѝinterferencesѝconditionsѝandѝatѝtheѝfavorableѝ

lawѝofѝdistributionѝofѝanѝentranceѝsignalѝfromѝtheѝadmissibleѝareaѝofѝdis-

tributionsѝ 1 1( ).f ѝ

Minimax optimal system 

Theѝareaѝ 1( )  ѝofѝsignalѝandѝtheѝinterferenceѝcharacteristicѝvaluesѝisѝ

known.ѝItѝisѝnecessaryѝtoѝfindѝfromѝaѝsetѝofѝfunctionsѝ 1( ) ѝnext:ѝ

1 2 1

*
( ) ( ) ( )

max ( , ) min min ( , ).
p p

r p r p
    

   ѝ

Inѝthisѝcaseѝthereѝisѝtalkѝofѝsomeѝvectorѝsynthesisѝ[4,ѝ5],ѝwhenѝthroughѝ

estimationsѝitѝisѝpossibleѝtoѝchooseѝqualityѝindicators.ѝThusѝasѝoptimal,ѝweѝ

realizeѝsystemѝ ,MS ѝforѝwhichѝtheѝinequalityѝ(6)ѝisѝcarriedѝoutѝasѝ




max max' ( ) ' ( ),

, ,
M

M SD

K S K S

S S М
ѝ (6)ѝ

whereѝ SDМ -ѝaѝsetѝofѝadmissibleѝsystems,ѝѝ

max 1' max( ' ,..., ' ,..., ' )i m
i

K K K K -theѝ greatestѝ indicatorѝ ofѝ qualityѝ

1( ' , ..., ' , ..., ' )i mK K K .ѝ

Theѝminimaxѝcriteriaѝprovideѝtheѝbestѝvalueѝfromѝtheѝgreatestѝofѝqual-

ityѝindicators.ѝ

Fromѝ(6)ѝfollows,ѝthatѝtheѝminimaxѝdecisionѝisѝfoundѝforѝamongѝaѝsetѝ

SDМ ofѝadmissibleѝdecisions.ѝTheѝ requiredѝdecisionѝdoesѝnotѝ changeѝwhenѝ

searchѝprocedureѝisѝbrokenѝintoѝtwoѝstages.ѝ
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Atѝ theѝ firstѝ stageѝ theѝminimaxѝdecisionѝ MS ѝ isѝ foundѝ forѝamongѝad-

missibleѝ systemsѝ ,DМ ѝ inѝ (6)ѝ insteadѝ ofѝ  SDS М ѝwhenѝ  .DS М ѝAtѝ thisѝ

stageѝrestrictionsѝ kO ѝonѝvaluesѝofѝindicatorsѝofѝqualityѝ 1, ..., mK K ѝareѝnotѝ

consider.ѝ

Atѝtheѝsecondѝstageѝperformanceѝofѝaѝconditionѝareѝcheckedѝ

max' ( ) 1.MK S   (7)ѝ

Ifѝthisѝconditionѝisѝsatisfied,ѝalsoѝnextѝconditionѝisѝsatisfiedѝ

  ' / 1, 1,i i imK K K i m .ѝ

Therefore,ѝtheѝsearchѝofѝminimaxѝsystemѝisѝadmissibleѝandѝbelongsѝtoѝ

aѝset.ѝ

Ifѝitѝappearsѝthatѝtheѝinequalityѝ(7)ѝisѝnotѝcarriedѝout,ѝitѝmeans,ѝthatѝ

conflictingѝdataѝareѝchosen,ѝasѝminimizationѝofѝtheѝgreatestѝofѝqualityѝin-

dicatorsѝ /i imK K ѝdoesn'tѝallowѝreceivingѝitsѝadmissibleѝvalue.ѝ

Ifѝ necessary,ѝ dataѝ correctionѝ (mitigationѝ ofѝ restrictionsѝ ,KO ѝ SO ѝ orѝ

workingѝ conditionsѝ Y)ѝ inѝ aѝ taskѝ (6)ѝ replacementѝ ofѝ SDМ ѝ onѝ DМ ѝ takesѝ

place,ѝandѝafterѝfindingѝofѝminimaxѝsystemѝ MS ѝcheckѝofѝanѝinequalityѝ(7)ѝisѝ

carriedѝout.ѝ

Inѝsuchѝway,ѝatѝoptimalѝdesignѝofѝaѝcommunicationѝnetworkѝcontrolѝ

systemѝinѝtwoѝmainѝmodesѝofѝitsѝfunctioningѝitѝisѝexpedientѝtoѝapplyѝaѝmin-

iminѝmethodѝwhenѝtoѝfindѝtheѝsolutionѝinѝtheѝanalyticalѝwayѝandѝminimax,ѝ

whenѝtheѝsolutionѝisѝfoundѝbyѝmethodѝofѝiterations.ѝ
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