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Abstract: The article offers the results of a study of various multi-

agent systems on the example of a number of models and multi-

agent implementations for risk assessment with fuzzy initial 

information. General construction methods and issues are related 

to their behavior, criteria for the quality of system performance 

that highlighted. The regularities, interrelations between the 

properties and parameters used when specifying a multi-agent 

intelligent system are defined. Developed approaches for 

processing complexly structured information. Algorithms for 

constructing a multi-agent intelligent risk assessment system 

have been developed. 
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1. INTRODUCTION 

 

ForTT complexTT processesTT areTT characterizedTT byTT 

uncertaintyTT (inaccuracy,TT non-stochasticity,TT 

incompleteness,TT vagueness)TT inTT theTT initialTT informationTT 

andTT situationsTT ofTT theTT externalTT andTT internalTT 

environment,TT itTT isTT usuallyTT notTT possibleTT toTT buildTT 

simpleTT adequateTT mathematicalTT models.TT InformationTT 

aboutTT theTT parametersTT ofTT suchTT processesTT isTT 

expressedTT byTT expertsTT inTT theTT formTT ofTT wordsTT andTT 

sentences,TT i.e.TT inTT linguisticTT form.TT InTT suchTT cases,TT itTT 

isTT advisableTT toTT useTT systemsTT ofTT modeling,TT decisionTT 

makingTT andTT managementTT usingTT theTT toolsTT ofTT softTT 

computingTT technologyTT (SoftTT Computing)TT [1,2]. 

AsTT theTT complexityTT ofTT theTT systemTT increases,TT thereTT 

arisesTT aTT difficultyTT inTT determiningTT theTT correctTT setTT 

ofTT rulesTT andTT membershipTT functionsTT toTT describeTT 

adequatelyTT theTT behaviorTT ofTT theTT system.TT FuzzyTT 

systemsTT sufferTT fromTT theTT drawbacksTT ofTT extractingTT 

additionalTT knowledgeTT fromTT theTT resultsTT ofTT theTT 

experimentTT andTT adjustingTT fuzzyTT rulesTT toTT improveTT 

theTT qualityTT ofTT theTT system.TT WhenTT evaluatingTT 

alternativeTT decisionTT makingTT optionsTT forTT riskTT 

assessmentTT underTT uncertainty,TT theTT problemTT arisesTT ofTT 

developingTT fuzzyTT modelsTT basedTT onTT fuzzyTT inferenceTT 

rules.TT  
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TheTT advantageTT ofTT fuzzyTT logicTT isTT theTT abilityTT toTT 

useTT expert’sTT knowledgeTT aboutTT thisTT objectTT inTT theTT 

formTT ofTT “if“TT inputsTT ”,TT then“TT outputsTT ””.TT  InTT theTT 

processTT ofTT developingTT aTT fuzzyTT riskTT assessmentTT 

modelTT isTT basedTT onTT theTT findingsTT ofTT fuzzyTT rules,TT 

researchersTT oftenTT faceTT theTT problemTT ofTT findingTT 

approximateTT solutionsTT toTT ill-posedTT problems.TT ItTT 

shouldTT beTT notedTT thatTT theTT methodsTT intendTT toTT solveTT 

incorrectTT problemsTT ofTT decision-makingTT supportTT 

systemsTT haveTT beenTT developedTT onlyTT forTT aTT numberTT 

ofTT specialTT casesTT ofTT modelsTT (forTT example,TT forTT 

modelsTT basedTT onTT classicalTT logic).TT AtTT theTT sameTT 

time,TT thereTT isTT noTT generalTT approachTT toTT solveTT fuzzyTT 

logicTT problemsTT forTT arbitraryTT fuzzyTT systems. 

Therefore,TT theTT analysisTT ofTT riskTT assessmentTT 

tasksTT inTT fuzzyTT conditions,TT asTT wellTT asTT modelingTT 

andTT algorithmicTT supportTT forTT solvingTT ill-posedTT 

problems,TT formalizedTT inTT theTT processTT ofTT thisTT 

analysis,TT areTT relevantTT forTT modernTT decisionTT supportTT 

systems. 

DecisionTT makingTT problemsTT inTT assessingTT theTT 

riskTT ofTT natural,TT man-madeTT andTT environmentalTT 

disastersTT areTT discussedTT inTT theTT worksTT ofTT V.I.TT 

NorkinTT andTT Yu.M.ErmolyevTT [3],TT V.S.TT MikhalevichTT 

andTT P.S.TT Knopov,TT I.V.TT SergienkoTT andTT V.M.TT 

YanenkoTT [4].TT FormationTT ofTT riskTT inTT economicTT termsTT 

isTT consideredTT inTT theTT worksTT ofTT A.O.TT NedosekinTT 

[5].TT ManagementTT issuesTT thatTT relatedTT toTT riskTT 

preventionTT measuresTT areTT discussedTT inTT theTT workTT ofTT 

Yu.M.TT ErmolyevaTT [3]. 

TheTT analysisTT ofTT existingTT methodsTT forTT 

solvingTT problemsTT ofTT riskTT assessmentTT hasTT shownTT 

thatTT theyTT areTT basedTT onTT theTT insufficiencyTT ofTT 

computationalTT capabilitiesTT andTT theTT lackTT ofTT necessaryTT 

informationTT aboutTT theTT conditionsTT ofTT theTT problem.TT 

Therefore,TT inTT suchTT casesTT itTT isTT advisableTT toTT useTT 

fuzzyTT mathematicalTT methods. 

2.TT StatementTT ofTT theTT problem.TT LetTT aTT 

trainingTT sampleTT ofTT fuzzyTT experimentalTT dataTT thatTT 

given. ),( rr yX ,TT Mr ,1 ,TT whereTT 

),...,,( ,2,1, nrrrr xxxX  TT -TT fixedTT valuesTT ofTT theTT inputTT 

n-dimensionalTT vectorTT and ry -TT theTT correspondingTT 

valuesTT ofTT theTT outputTT vector. 

BasedTT onTT fuzzyTT inferenceTT rules,TT youTT needTT 

toTT buildTT aTT modelTT basedTT onTT fuzzyTT inferenceTT rules: 
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(1) 
In the process of building a model, you need to find 

such values of the coefficients of the rules

mjnibB ij ,1,,1),(  ,at which the minimum of the 

following expression is reached:   min
,1




f

rr

Mr

yy ,  

where - 
f

ry   - ( rX )  is the result of a fuzzy output in the 

row of the selection with the parameter B. 

We rewrite problem (2) in the following matrix 

form: find a vector B such that the condition 

min)()(  fTf YYYYE         (3) 

The solution of the problem (3) corresponds to the 

solution of the following equation: 

BAY       (4) 

 

 

2. MULTI-AGENT SYSTEMS 

 

Recently,TT multi-agentTT systemsTT (MAS)TT areTT 

oneTT ofTT theTT mostTT importantTT andTT promisingTT areasTT 

forTT theTT developmentTT ofTT informationTT andTT 

communicationTT technologies.TT ThisTT isTT dueTT toTT theTT 

ever-increasingTT complexity,TT spatialTT distributionTT ofTT 

modernTT informationTT systems,TT organizations,TT objectsTT 

underTT studyTT [6]. 

InTT parallelTT withTT theTT practicalTT 

implementationTT ofTT aTT theoreticalTT analysisTT ofTT theTT 

principlesTT ofTT multi-agentTT systems.TT SinceTT theTT MASTT 

areTT usedTT inTT manyTT differentTT areas,TT thereTT areTT 

differentTT approachesTT toTT theTT studyTT ofTT MASTT 

dependingTT onTT theTT issuesTT facingTT theTT researchers.TT 

TheTT logicalTT approachTT toTT theTT descriptionTT andTT 

researchTT ofTT MASTT isTT veryTT popular,TT whichTT consistsTT 

inTT describingTT theirTT workTT withTT theTT helpTT ofTT variousTT 

logicalTT structures,TT introducingTT specialTT operatorsTT toTT 

describeTT theTT workTT ofTT agents.TT ATT probabilisticTT 

approachTT isTT alsoTT used,TT inTT whichTT someTT elementaryTT 

stepsTT ofTT theTT system’sTT operationTT areTT consideredTT toTT 

beTT exposedTT toTT randomTT factorsTT (forTT example,TT aTT 

delayTT inTT theTT transferTT ofTT information,TT orTT individualTT 

decisionsTT ofTT agents)TT [7]. 

However,TT manyTT modelsTT builtTT usingTT theTT 

agent-basedTT approachTT areTT purelyTT imitative,TT andTT theTT 

algorithmsTT (ifTT weTT areTT talkingTT aboutTT AITT systems)TT 

areTT purelyTT heuristic.TT TheTT taskTT ofTT theoreticalTT 

substantiationTT ofTT theirTT effectivenessTT andTT evaluationTT 

ofTT theirTT behaviorTT remainsTT unsolved.TT AllTT thisTT makesTT 

itTT relevantTT forTT furtherTT theoreticalTT studyTT ofTT MAS,TT 

theTT creationTT ofTT newTT approaches,TT theTT allocationTT ofTT 

newTT families,TT asTT wellTT asTT theTT developmentTT ofTT toolsTT 

forTT theirTT description,TT researchTT andTT implementation,TT 

theTT deductionTT ofTT techniquesTT andTT methods,TT bothTT 

justifyingTT theTT useTT ofTT existingTT systemsTT andTT settingTT 

theTT directionTT forTT theirTT improvementTT andTT theTT 

creationTT ofTT newTT systems,TT havingTT certainTT propertiesTT 

[8,9]. 

TheTT basisTT ofTT aTT multi-agentTT approachTT isTT theTT 

conceptTT ofTT aTT mobileTT softwareTT agentTT thatTT isTT 

implementedTT andTT functionsTT asTT anTT independentTT 

specializedTT computerTT programTT orTT anTT elementTT ofTT 

artificialTT intelligence. 

Initially,TT beforeTT theTT adventTT ofTT relevantTT 

informationTT technologies,TT theTT “agent”TT wasTT aTT personTT 

whoTT wasTT delegatedTT someTT ofTT hisTT authority,TT bothTT inTT 

theTT performanceTT ofTT specificTT functionsTT andTT inTT 

decision-making.TT InTT theTT firstTT (non-computer)TT multi-

agentTT systems,TT agentsTT representedTT employeesTT ofTT 

companiesTT onTT whoseTT behalfTT andTT onTT behalfTT ofTT 

whomTT theyTT interactedTT withTT eachTT otherTT whenTT 

performingTT aTT specificTT taskTT -TT forTT example,TT 

representativesTT ofTT theTT buyerTT andTT sellerTT inTT theTT 

tradingTT networkTT orTT inTT otherTT typesTT ofTT business.TT 

SuchTT systemsTT inheritedTT manyTT ofTT theTT featuresTT ofTT aTT 

"bureaucratic"TT organization,TT includingTT centralizedTT 

management,TT aTT staticTT structure,TT andTT highlyTT 

specializedTT agentTT functionality.TT SuchTT systems,TT whichTT 

replicateTT theTT centralizedTT hierarchy,TT wereTT quicklyTT 

replacedTT byTT distributedTT systemsTT inTT whichTT 

knowledgeTT andTT resourcesTT wereTT distributedTT amongTT 

sufficientlyTT “independent”TT agents,TT butTT theTT generalTT 

commandTT bodyTT ofTT managementTT wasTT maintained,TT 

makingTT decisionsTT inTT criticalTT orTT conflictTT situations.TT 

ATT furtherTT stepTT inTT thisTT directionTT wasTT theTT paradigmTT 

ofTT fullyTT decentralizedTT systems,TT inTT whichTT 

managementTT occursTT onlyTT throughTT localTT interactionsTT 

betweenTT agents.TT AtTT theTT sameTT time,TT theTT narrowTT 

functionalTT orientationTT ofTT theTT agentTT toTT theTT solutionTT 

ofTT anyTT oneTT separateTT partTT ofTT theTT generalTT taskTT 

graduallyTT beganTT toTT giveTT wayTT toTT universalTT integrityTT 

(autonomy).TT ExamplesTT ofTT suchTT decentralizedTT 

organizationsTT include,TT inTT part,TT coloniesTT ofTT insects,TT 

forTT example,TT beesTT orTT antsTT [10–12]. 

TheTT essenceTT ofTT multi-agentTT technologyTT isTT aTT 

fundamentallyTT newTT methodTT ofTT solvingTT problems.TT InTT 

contrastTT toTT theTT classicalTT method,TT whenTT someTT well-

definedTT (deterministic)TT algorithmTT isTT searched,TT whichTT 

allowsTT findingTT theTT bestTT solutionTT toTT aTT problem,TT inTT 

multi-agentTT technologies,TT theTT solutionTT isTT automatically 

obtained as a result of the interaction of many independent 

targeted software modules - so-called software agents. 

IntellectTT isTT inherentTT inTT manTT -TT itTT 

distinguishesTT himTT fromTT 

aTT computerTT actingTT 

strictlyTT accordingTT toTT 
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theTT programTT embeddedTT inTT it.TT AndTT thisTT isTT whatTT 

allowsTT aTT personTT toTT navigateTT inTT aTT difficultTT 

situation,TT dealTT withTT unclearTT tasks,TT adaptTT toTT 

changingTT conditions.TT UncertaintyTT isTT mostTT oftenTT 

presentTT whenTT thereTT isTT aTT setTT ofTT alternatives,TT andTT itTT 

isTT impossibleTT toTT predictTT whichTT ofTT theTT optionsTT willTT 

turnTT outTT toTT beTT theTT bestTT afterTT aTT sufficientlyTT longTT 

time. 

EveryTT singleTT antTT orTT beeTT isTT obviouslyTT notTT 

intelligent.TT OnTT theTT otherTT hand,TT theTT colonyTT asTT aTT 

wholeTT showsTT amazingTT patternsTT ofTT behavior,TT whichTT 

inTT manyTT waysTT canTT beTT consideredTT intellectual.TT SuchTT 

situationsTT areTT calledTT aTT manifestationTT ofTT anTT 

emergentTT intelligence,TT orTT unexpectedTT propertiesTT thatTT 

theTT systemTT possesses,TT butTT noTT singleTT elementTT withinTT 

itTT has.TT TheTT effectTT ofTT “intellectualTT resonance”TT 

arisingTT inTT thisTT caseTT isTT oftenTT calledTT “swarmTT 

intelligence”.TT Indeed,TT theTT intelligenceTT andTT physicalTT 

strengthTT ofTT aTT singleTT beeTT areTT notTT soTT great,TT butTT aTT 

swarmTT ofTT bees,TT actingTT inTT concert,TT canTT defeatTT aTT 

bearTT andTT evenTT aTT personTT [13]. 

TheseTT scriptsTT areTT generatedTT andTT executedTT 

byTT theTT agentsTT themselves. 

Let the state of a weakly formalized process that  

described by specifying a sample of fuzzy experimental data

),(
rr

yX , Mr ,1 . 

Here ),...,,( 21 rnrrr xxxX 
- the input is a 

dimensional fuzzy vector, which is defined with its 

membership functions, and is the corresponding output 

vector. 

It is required to construct fuzzy-correct models of 

decision-making tasks for estimating and

 
Mr

yyyy ,...,,
21


 predicting the state of a poorly 

formalized process, described in general terms by a set of 

fuzzy production rules (linguistic statements). 
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Here: - linguistic term, which is estimated variable 

in the line with the number p in the rules i: 

  - weight coefficient for lines p in rules i; 

  - the output of model (1), described by rule i. 

It is required to find such values of the unknown 

coefficientsTT (,)TT inTT theTT processTT ofTT constructingTT aTT 

fuzzyTT modelTT (1)TT thatTT provideTT aTT minimumTT ofTT theTT 

residual. 

TheTT proposedTT approachTT wasTT testedTT whenTT 

solvingTT theTT problemTT ofTT estimatingTT andTT forecastingTT 

usingTT realTT data. 

TT TheTT modelTT ofTT theTT processTT underTT studyTT inTT 

theTT describedTT algorithmTT isTT representedTT asTT aTT fuzzy-

neuralTT networkTT (thatTT is,TT approximatedTT byTT aTT neuralTT 

networkTT withTT fuzzyTT parameters). 

ToTT solveTT decision-makingTT problems,TT modelsTT 

ofTT whichTT areTT describedTT byTT fuzzyTT predicateTT rulesTT 

(logicalTT equations)TT withTT theTT correspondingTT 

membershipTT functionsTT ofTT fuzzyTT terms,TT theTT followingTT 

algorithmTT isTT proposedTT [8,49]. 

1. TheTT valuesTT ofTT theTT objectTT stateTT 

parametersTT areTT recorded: 

2.  **

2

*

1

* ,...,,
n

xxxX  . 

TheTT valuesTT ofTT theTT membershipTT functionsTT 

areTT determinedTT atTT fixedTT valuesTT ofTT theTT parameters. 

3.TT UsingTT logicalTT equations,TT theTT valuesTT ofTT 

theTT membershipTT functionsTT areTT calculatedTT forTT theTT 

stateTT vector. 

4.TT FindTT aTT solutionTT forTT whichTT theTT 

membershipTT functionTT isTT definedTT as: 

TheTT essenceTT ofTT learningTT consistsTT ofTT 

selectingTT parametersTT suchTT theTT membershipTT functionsTT 

thatTT minimizeTT theTT differenceTT betweenTT theTT resultsTT ofTT 

fuzzy-neuralTT approximationTT andTT theTT actualTT behaviorTT 

ofTT theTT object. 

TheTT fuzzy-neuralTT networkTT learningTT algorithmTT 

consistsTT ofTT twoTT phases.TT InTT theTT firstTT phase,TT theTT 

modelTT valueTT ofTT theTT objectTT outputTT ()TT correspondingTT 

toTT theTT specifiedTT networkTT architectureTT isTT calculated.TT 

InTT theTT secondTT phase,TT theTT valueTT ofTT theTT residualTT isTT 

calculatedTT ()TT andTT theTT parametersTT ofTT theTT 

membershipTT functionsTT areTT recalculated. 

6.TT ComputationalTT experiment.TT TheTT taskTT ofTT 

theTT computationalTT experimentTT wasTT toTT implementTT 

andTT analyzeTT theTT correctnessTT ofTT theTT proposedTT 

algorithmTT forTT solvingTT theTT problemTT ofTT makingTT aTT 

decisionTT onTT assessingTT theTT stateTT ofTT poorlyTT 

formalizedTT processesTT describedTT byTT aTT fuzzy-neuralTT 

network.TT AtTT theTT sameTT time,TT theTT inputTT dataTT ofTT theTT 
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modelTT wereTT representedTT byTT unmanagedTT parameters. 

TheTT fuzzyTT rulesTT ofTT theTT knowledgeTT baseTT ofTT eachTT agentTT followTT as: 

ForTT theTT firstTT agent: 

IF                                                            

1 0 1 1 2 2 3 3 4 4

2 2 2 2

5 1 6 2 7 3 8 4

3 3 3 3

9 1 10 2 11 3 12 4

1

(16,0.98) (47,0.97) (669,0.99) (374,0.99) (28,0.98)

(35,0.97) (510,0.95) (44,0.97) (5,0.97)

(73,0.99) (12,0.97) (5,0.98) (72,0.99)

y v v x v x v x v x

v x v x v x v x

v x v x v x v x

v

     

    

    

 4 4 4 4

3 1 14 2 15 3 16 4(43,0.96) (5570.99) (73,0.98) (2,0.95)x v x v x v x  
 

IF                                                            

THAT

2 0 1 1 2 2 3 3 4 4

2 2 2 2

5 1 6 2 7 3 8 4

3 3 3 3

9 1 10 2 11 3 12 4

(16,0.98) (304,0.98) (717,0.99) (521,0.99) (7,0.98)

(571,0.97) (92,0.98) (73,0.97) (29,0.97)

(74,0.98) (433,0.99) (21,0.97) (35,0.99)

y v v x v x v x v x

v x v x v x v x

v x v x v x v x

     

    

    

4 4 4 4

13 1 14 2 15 3 16 4(83,0.98) (84,0.97) (291,0.99) (2,0.98)v x v x v x v x   
 

IF                                                            

THAT

3 0 1 1 2 2 3 3 4 4

2 2 2 2

5 1 6 2 7 3 8 4

3 3 3

9 1 10 2 11 3 12

(20,0.99) (3925,0.98) (345,0.99) (128,0.99) (47,0.98)

(231,0.99) (1923,0.98) (1978,0.95) (588,0.98)

(748,0.98) (2483,0.98) (2979,0.95) (5

y v v x v x v x v x

v x v x v x v x

v x v x v x v

     

    

    3

4

4 4 4 4

13 1 14 2 15 3 16 4

52,0.98)

(321,0.97) (955,0.99) (543,0.97) (81,0.99)

x

v x v x v x v x



   
 

IF                                                            

THAT

4 0 1 1 2 2 3 3 4 4

2 2 2 2

5 1 6 2 7 3 8 4

3 3 3

9 1 10 2 11 3 12

(3,0.99) (3925,0.97) (3545,0.98) (128,0.97) (47,0.98)

(352,0.97) (74,0.98) (398,0.97) (84,0.95)

(298,0.98) (375,0.98) (95,0.99) (395,0.97

y v v x v x v x v x

v x v x v x v x

v x v x v x v

     

    

    3

4

4 4 4 4

13 1 14 2 15 3 16 4

)

(289,0.98) (751,0.99) (1357,0.97) (78,0.99)

x

v x v x v x v x



   
 

IF                                                            

THAT

5 0 1 1 2 2 3 3 4 4

2 2 2 2

5 1 6 2 7 3 8 4

3 3 3

9 1 10 2 11 3 12 4

(32,0.98) (135,0.98) (354,0.99) (99,0.99) (20,0.98)

(352,0.97) (95,0.98) (92,0.97) (31,0.97)

(43,0.98) (284,0.99) (172,0.97) (49,0.99)

y v v x v x v x x

v x v x v x v x

v x v x v x v x

      

    

    3

4 4 4 4

13 1 14 2 15 3 16 4(52,0.98) (75,0.97) (332,0.99) (33,0.98) .v x v x v x v x



   
 

IF                                                            

THAT

6 0 1 1 3 3 4 4

2 2 2 2

5 1 6 2 7 3 8 4

3 3 3 3

9 1 10 2 11 3 12 4

4

13 1

(12,0.99) (31,0.99) (11,0.99) (6,0.98)

(571,0.97) (92,0.98) (673,0.97) (29,0.97)

(14,0.95) (23,0.97) (11,0.98) (23,0.97)

(22,0.97)

y v v x v x v x

v x v x v x v x

v x v x v x v x

v x

    

    

    

  4 4 4

14 2 15 3 16 4(15,0.99) (8,0.97) (13,0.99) .v x v x v x 
 

IF                                                            
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THAT

7 0 1 1 2 2 3 3 4 4

2 2 2 2

5 1 6 2 7 3 8 4

3 3 3 3

9 1 10 2 11 3 12 4

1

(21,0.99) (287,0.98) (561,0.99) (1,0.99) (87,0.98)

(31,0.97) (83,0.98) (54,0.97) (143.97)

(32,0.98) (89,0.99) (133,0.97) (42,0.99)

y v x v x v x v x

v x v x v x v x

v x v x v x v x

v

     

    

    

 4 4 4 4

3 1 14 2 15 3 16 4(15,0.98) (73,0.97) (51,0.99) (5,0.98) .x v x v x v x  
 

IF                                                            

THAT

8 0 1 1 2 2 3 3 4 4

2 2 2 2

5 1 6 2 7 3 8 4

3 3 3 3

9 1 10 2 11 3 12 4

1

(8,0.98) (289,0.98) (20,0.99) (102,0.99) (12,0.98)

(81,0.95) (65,0.97) (29,0.99) (74,0.97)

(85,0.99) (39,0.99) (15,0.97) (24,0.98)

y v x v x v x v x

v x v x v x v x

v x v x v x v x

v

     

    

    

 4 4 4 4

3 1 14 2 15 3 16 4(83,0.97) (84,0.95) (291,0.94) (2,0.99) .x v x v x v x  

TTT IF     

             2=             3=             4=  

THAT

9 0 1 1 2 2 3 3 4 4

2 2 2 2

5 1 6 2 7 3 8 4

3 3 3 3

9 1 10 2 11 3 12 4

13

(55,0.98) (64,0.97) (106,0.99) (34,0.99) (7,0.98)

(39,0.97) (32,0.98) (171,0.97) (32,0.97)

(91,0.98) (56,0.99) (19,0.97) (110.99)

y v v x v x v x v x

v x v x v x v x

v x v x v x v x

v

     

    

    

 4 4 4 4

1 14 2 15 3 16 4(83,0.98) (384,0.97) (291,0.99) (2,0.98) .x v x v x v x  

 

ForTTT theTTT secondTTT agent: 

IF                                                            

ТHAT

10 0 1 1 2 2 3 3 4 4

2 2 2 2

5 1 6 2 7 3 8 4

3 3 3 3

9 1 10 2 11 3 12 4

(27,0.98) (644,0.98) (19,0.99) (66,0.99) (79,0.98)

(571,0.97) (92,0.98) (73,0.97) (429,0.97)

(3,0.98) (8,0.99) (41,0.97) (57,0.99)

y v v x v x v x v x

v x v x v x v x

v x v x v x v x

v

     

    

    

 4 4 4 4

13 1 14 2 15 3 16 4(2,0.98) (8,0.97) (12,0.99) (7,0.98) .x v x v x v x  
 

IF                                                            

ТHAT

11 0 1 1 2 2 3 3 4 4

2 2 2 2

5 1 6 2 7 3 8 4

3 3 3 3

9 1 10 2 11 3 12 4

13

(8,0.99) (289,0.98) (20,0.99) (102,0.99) (12,0.98)

(24,0.97) (31,0.98) (27,0.97) (9,0.97)

(17,0.98) (74,0.99) (34,0.97) (4,0.99)

y v v x v x v x v x

v x v x v x v x

v x v x v x v x

v

     

    

    

 4 4 4 4

1 14 2 15 3 16 4(23,0.98) (85,0.97) (154,0.99) (83,0.98)x v x v x v x  

TTT IF     

             2=             3=             4=  

ТHAT

12 0 1 1 2 2 3 3 4 4

2 2 2 2

5 1 6 2 7 3 8 4

3 3 3 3

9 1 10 2 11 3 12 4

(55,0.98) (38,0.98) (74,0.99) (20,0.99) (11,0.98)

(76,0.97) (38,0.98) (21,0.97) (89,0.97)

(72,0.98) (292,0.97) (187,0.99) (63,0.97)

y v v x v x v x v x

v x v x v x v x

v x v x v x v x

     

    

    

 4 4 4 4

13 1 14 2 15 3 16 4(25,0.98) (54,0.97) (81,0.98) (17,0.98)v x v x v x v x  
 

IF                                                            
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ТHAT

13 0 1 1 2 2 3 3 4 4

2 2 2 2

5 1 6 2 7 3 8 4

3 3 3

9 1 10 2 11 3 12

(15,0.98) (1583,0.99) (16,0.99) (16,0.99) (162,0.98)

(571,0.97) (92,0.98) (573,0.97) (29,0.97)

(44,0.98) (75,0.99) (19,0.97) (64,0.99)

y v v x v x v x v x

v x v x v x v x

v x v x v x v x

      

    

    3

4

4 4 4 4

13 1 14 2 15 3 16 4(49,0.98) (84,0.97) (125,0.99) (9,0.98)v x v x v x v x



   

TTT 

IF                                                            

ТHAT

14 0 1 1 2 2 3 3 4 4

2 2 2 2

5 1 6 2 7 3 8 4

3 3 3 3

9 1 10 2 11 3 12 4

(25,0.98) (997,0.99) (88,0.99) (2,0.99) (94, 0.98)

(79,0.97) (33,0.99) (42,0.97) (265,0.97)

(33,0.98) (106,0.99) (45,0.99) (47,0.97)

y v v x v x v x x

v x v x v x v x

v x v x v x v x

      

    

    

4 4 4 4

13 1 14 2 15 3 16 4(53,0.97) (47,0.99) (241,0.98) (93,0.98) .v x v x v x v x   
 

IF                                                            

THAT

15 0 1 1 2 2 3 3 4 4

2 2 2 2

5 1 6 2 7 3 8 4

3 3 3 3

9 1 10 2 11 3 12 4

1

(63,0.98) (7,0.97) (12,0.99) (179,0.99) (16, 0.98)

(45,0.97) (35,0.98) (42,0.97) (74,0.97)

(71,0.98) (64,0.99) (85,0.97) (45,0.99)

y v v x v x v x v x

v x v x v x v x

v x v x v x v x

v

     

    

    

 4 4 4 4

3 1 14 2 15 3 16 4(24,0.98) (71,0.97) (132,0.99) (93,0.98) .x v x v x v x  
 

IF                                                            

ТHAT

16 0 1 1 2 2 3 3 4 4

2 2 2 2

5 1 6 2 7 3 8 4

3 3 3 3

9 1 10 2 11 3 12 4

(16,0.98) (1240,0.97) (3,0.99) (7,0.99) (120,0.98)

(71,0.97) (92,0.98) (73,0.97) (59,0.97)

(43,0.98) (102,0.99) (10,0.97) (35,0.99)

y v v x v x v x v x

v x v x v x v x

v x v x v x v x

     

    

    

 4 4 4 4

13 1 14 2 15 3 16 4(83,0.98) (84,0.97) (291,0.99) (2,0.98) .v x v x v x v x  
 

IF                                                            

THAT

17 0 1 1 2 2 3 3 4 4

2 2 2 2

5 1 6 2 7 3 8 4

3 3 3 3

9 1 10 2 11 3 12 4

(35,0.98) (317,0.97) (19,0.99) (4,0.99) (28,0.98)

(33,0.97) (72,0.98) (93,0.97) (28,0.97)

(64,20.98) (21,0.99) (32,0.97) (55,0.99)

y v v x v x v x v x

v x v x v x v x

v x v x v x v x

v

     

    

    

 4 4 4 4

13 1 14 2 15 3 16 4(9,0.98) (34,0.97) (36,0.99) (81,0.98) .x v x v x v x  
 

IF                                                            

ТHAT

18 0 1 1 2 2 3 3 4 4

2 2 2 2

5 1 6 2 7 3 8 4

3 3 3 3

9 1 10 2 11 3 12 4

(85,0.98) (223,0.97) (55,0.99) (36,0.99) (26,0.98)

(32,0.97) (72,0.98) (45,0.97) (89,0.97)

(82,0.98) (171,0.97) (81,0.97) (11,0.399)

y v v x v x v x v x

v x v x v x v x

v x v x v x v x

     

    

    

4 4 4 4

13 1 14 2 15 3 16 4(21,0.97) (33,0.99) (92,0.99) (45,0.98) .v x v x v x v x   

 

ForTTT theTTT thirdTTT agent: 

IF                                                            
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ТHAT

19 0 1 1 2 2 3 3 4 4

2 2 2 2

5 1 6 2 7 3 8 4

3 3 3 3

9 1 10 2 11 3 12 4

(5,0.99) (655,0.97) (25,0.99) (700,0.99) (53,0.98)

(7,0.97) (12,0.98) (33,0.97) (349,0.97)

(54,0.98) (79,0.99) (34,0.97) (12,0.99)

y v v x v x v x v x

v x v x v x v x

v x v x v x v x

      

    

    

 4 4 4 4

13 1 14 2 15 3 16 4(24,0.98) (23,0.97) (52,0.99) (11,0.98) .v x v x v x v x  
 

IF                                                            

ТHAT

20 0 1 1 2 2 3 3 4 4

2 2 2 2

5 1 6 2 7 3 8 4

3 3 3

9 1 10 2 11 3 12

(104,0.98) (20,0.98) (227,0.99) (37,0.99) (53,0.98)

(271,0.97) (54,0.98) (91,0.97) (182,0.97)

(133,0.98) (31,0.99) (53,0.97) (97,0.99)

y v v x v x v x v x

v x v x v x v x

v x v x v x v x

      

    

    3

4

4 4 4 4

13 1 14 2 15 3 16 4(24,0.98) (75,0.97) (61,0.99) (23,0.98) .v x v x v x v x



   
 

IF                                                            

ТHAT

21 0 1 1 2 2 3 3 4 4

2 2 2 2

5 1 6 2 7 3 8 4

3 3 3

9 1 10 2 11 3 12

(240,0.98) (236,0.98) (350,0.99) (146,0.99) (47,0.98)

(41,0.97) (90,0.98) (83,0.97) (129,0.97)

(21,0.98) (32,0.99) (47,0.97) (29,0.99)

y v v x v x v x v x

v x v x v x v x

v x v x v x v x

      

    

    3

4

4 4 4 4

13 1 14 2 15 3 16 4(83,0.98) (84,0.97) (291,0.99) (2,0.98) .v x v x v x v x



   
 

IF                                                            

ТHAT

22 0 1 1 2 2 3 3 4 4

2 2 2 2

5 1 6 2 7 3 8 4

3 3 3

9 1 10 2 11 3 12

(226,0.98) (132,0.98) (159,0.99) (59,0.99) (27,0.98)

(421,0.97) (57,0.98) (212,0.97) (221,0.97)

(81,0.98) (121,0.99) (92,0.97) (55,0.99)

y v v x v x v x v x

v x v x v x v x

v x v x v x v

     

    

    3

4

4 4 4 4

13 1 14 2 15 3 16 4(83,0.98) (84,0.97) (291,0.99) (2,0.98) .

x

v x v x v x v x



   

 

THAT

23 0 1 1 2 2 3 3 4 4

2 2 2 2

5 1 6 2 7 3 8 4

3 3 3 3

9 1 10 2 11 3 12 4

(43,0.98) (35,0.99) (7,0.99) (42,0.99) (6,0.99)

(81,0.97) (49,0.98) (273,0.97) (129,0.97)

(221,0.98) (92,0.99) (31,0.97) (235,0.99)

y v v x v x v x v x

v x v x v x v x

v x v x v x v x

     

    

    

 4 4 4 4

13 1 14 2 15 3 16 4(31,0.98) (23,0.97) (67,0.99) (33,0.98) .v x v x v x v x  
 

IF                                                            

ТHAT

24 0 1 1 2 2 3 3 4 4

2 2 2 2

5 1 6 2 7 3 8 4

3 3 3 3

9 1 10 2 11 3 12 4

13

(11,0.99) (1,0.98) (5,0.99) (12,0.98) (1,0.99)

(12,0.97) (21,0.97) (3,0.97) (42,0.97)

(14,0.99) (7,0.99) (31,0.97) (42,0.98)

(23,

y v v x v x v x v x

v x v x v x v x

v x v x v x v x

v

     

    

    

 4 4 4 4

1 14 2 15 3 16 40.98) (12,0.97) (31,0.99) (4,0.98) .x v x v x v x  
 

IF                                                            

ТHAT

25 0 1 1 2 2 3 3 4 4

2 2 2 2

5 1 6 2 7 3 8 4

3 3 3 3

9 1 10 2 11 3 12 4

13

(15,0.98) (13,0.99) (4,0.99) (15,0.99) (3,0.99)

(12,0.97) (23,0.98) (31,0.97) (4,0.97)

(21,0.98) (54,0.99) (42,0.97) (9,0.99)

(23

y v v x v x v x v x

v x v x v x v x

v x v x v x v x

v

     

    

    

 4 4 4 4

1 14 2 15 3 16 4,0.98) (18,0.97) (32,0.99) (5,0.98) .x v x v x v x  
 

IF                                                            
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ТHATTTT 

26 0 1 1 2 2 3 3 4 4

2 2 2 2

5 1 6 2 7 3 8 4

3 3 3 3

9 1 10 2 11 3 12 4

13

(97,0.99) (34,0.98) (84,0.99) (43,0.99) (5,0.99)

(81,0.97) (31,0.97) (29,0.97) (18,0.97)

(11,0.98) (32,0.97) (22,0.99) (4,0.98)

(

y v v x v x v x v x

v x v x v x v x

v x v x v x v x

v

     

    

    

 4 4 4 4

1 14 2 15 3 16 435,0.98) (24,0.98) (61,0.97) (7,0.99) .x v x v x v x  
 

IF                                                            

ТHATTTT 

27 0 1 1 2 2 3 3 4 4

2 2 2 2

5 1 6 2 7 3 8 4

3 3 3 3

9 1 10 2 11 3 12 4

13

(52,0.98) (27,0.98) (2,0.99) (1,0.99) (1,0.99)

(41,0.97) (14,0.98) (64,0.97) (12,0.97)

(23,0.98) (51,0.99) (32,0.97) (7,0.99)

(39

y v v x v x v x v x

v x v x v x v x

v x v x v x v x

v

     

    

    

 4 4 4 4

1 14 2 15 3 16 4,0.98) (41,0.97) (31,0.99) (28,0.98) .x v x v x v x  

TheTT resultsTT obtainedTT showedTT theTT highTT efficiencyTT ofTT 

theTT proposedTT algorithmTT forTT solvingTT theTT problemTT ofTT 

decisionTT makingTT inTT forecasting,TT classifyingTT andTT 

evaluatingTT poorlyTT formalizedTT processesTT describedTT byTT 

fuzzyTT models. 

 

3.TT CONCLUSION 

AnTT analysisTT ofTT theTT researchTT hasTT shownTT thatTT theTT 

alternativeTT conceptTT ofTT multi-agentTT distributedTT 

intelligentTT systemsTT withTT interactionTT andTT competitionTT 

amongTT agentsTT differsTT fromTT theTT classicalTT approachTT 

asTT follows:TT eachTT intelligentTT agentTT operatesTT 

completelyTT autonomously;TT eachTT intelligentTT agentTT 

offersTT aTT solutionTT toTT aTT commonTT problem,TT eachTT 

agentTT hasTT fullTT accessTT toTT allTT availableTT information;TT 

ATT commonTT solutionTT toTT aTT problemTT isTT definedTT asTT 

theTT proposalTT ofTT oneTT ofTT theTT parallel-functioningTT 

agentsTT onTT theTT basisTT ofTT competition,TT whileTT theTT 

cooperationTT ofTT agentsTT formsTT theTT necessaryTT behaviorTT 

ofTT theTT entireTT system;TT actionsTT thatTT relatedTT toTT 

cooperationTT andTT competitionTT inTT theTT systemTT areTT 

carriedTT outTT simultaneouslyTT (notTT consistently).TT TheTT 

essenceTT ofTT multi-agentTT modelingTT canTT generallyTT beTT 

dividedTT intoTT twoTT classes:TT ordinary,TT traditionalTT 

objectsTT ofTT theTT environment,TT whichTT canTT beTT 

consideredTT passive,TT sinceTT theyTT areTT waitingTT forTT aTT 

messageTT beforeTT performingTT theTT operation.TT AfterTT theTT 

objectsTT areTT initiated,TT theyTT performTT theirTT functionsTT 

andTT “fallTT asleep”TT untilTT theyTT receiveTT theTT nextTT task.TT 

TheTT useTT ofTT fuzzyTT inferenceTT inTT theTT reasoningTT ofTT 

theTT IATT allowsTT youTT toTT avoidTT theTT cumbersomeTT 

rules,TT comparedTT withTT theTT productionTT approach,TT toTT 

increaseTT theTT speedTT ofTT calculatingTT theTT resultTT andTT 

expandTT itsTT spectrumTT byTT increasingTT theTT powerTT ofTT 

theTT term-sets,TT whichTT bringsTT theTT reasoningTT ofTT theTT 

AITT toTT theTT humanTT ones.TT TheTT useTT ofTT theTT MamdaniTT 

methodTT isTT explainedTT byTT theTT simplicityTT ofTT theTT 

softwareTT implementationTT andTT theTT naturalnessTT ofTT theTT 

resultsTT obtained. 
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