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ABSTRACT

Hierarchicalfuzzylogicsystemsareincreasinglyappliedtosolvecomplexproblems.Thereisaneed
forastructuredandmethodologicalapproachforthedesignanddevelopmentofhierarchicalfuzzy
logicsystems.Inthispaperareviewofamethoddevelopedbytheauthorfordesignanddevelopment
ofhierarchicalfuzzylogicsystemsisconsidered.Theproposedmethodisbasedontheintegration
ofgeneticalgorithmsandfuzzylogictoprovideanintegratedknowledgebaseformodelling,control
andprediction. Issues related to thedesignandconstructionofhierarchical fuzzy logic systems
usingseveralapplicationsareconsideredandmethodsforthedecompositionofcomplexsystems
intohierarchicalfuzzylogicsystemsareproposed.Decompositionandconversionofsystemsinto
hierarchicalfuzzylogicsystemsreducesthenumberoffuzzyrulesandimprovesthelearningspeed
forsuchsystems.Applicationareasconsideredare:thepredictionofinterestrateandhierarchical
roboticcontrol.Theaimofthismanuscriptistoreviewandhighlighttheresearchworkcompletedin
theareaofhierarchicalfuzzylogicsystembytheauthor.Thepapercanbenefitresearchersinterested
intheapplicationofhierarchicalfuzzylogicsystemsinmodelling,controlandprediction.
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INTRoDUCTIoN

Theproblemofcontrollinguncertaindynamicsystemswhicharesubjecttoexternaldisturbances,
uncertaintyandsheercomplexity isofconsiderable interest.Conventionalmodellingapproaches
employmathematicalmodelsandexaminethesystem’sevolutionanditscontrol.Suchapproaches
arenotcompletelysuccessfulwhenappliedtolargenon-linearcomplexsystems.Thesemodelswork
wellprovidedthesystemmeettherequirementandassumptionofsynthesistechniques.Howeverdue
touncertaintyandsheercomplexityoftheactualdynamicsystem,itisverydifficulttoensurethat
themathematicalmodeldoesnotbreakdown(Mohammadian&Stonier,1995).

Progressinsolvingtheseproblemshasbeenwiththeaidofnewadvancedhigh-speedcomputers
and theapplicationofartificial intelligenceparadigms,particularlyneuralnetworks, fuzzy logic
systemsandevolutionaryalgorithms.Fuzzylogicsystemshavebeensuccessfullyappliedintheplace
ofthecomplexmathematicalsystemsandtheyhavenumerouspracticalapplicationsinmodelling,
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control,predictionandautomation.Theyhavebeenfoundusefulwhenthesystemiseitherdifficult
topredictandordifficulttomodelbyconventionalmethods.

Fuzzysettheory(Zadeh,1965)providesameanforrepresentinguncertainties.Theunderlying
poweroffuzzylogicisitsabilitytorepresentimprecisevaluesinanunderstandableform.Fuzzy
logicsystemshaveafuzzyknowledgebase(FKB)consistingofasetoffuzzyrulesoftheform:

If( x1 is A1
 and x2 is A2

 and and xn is An
 ’)

Then( z1 isB1
 else z2 isB2

 else else zm isBm
 )

whereA k nk
� �, , ,=1 arenormalisedfuzzysetsforn inputvariables x k nk , , ,=1 ,andwhere

B k mk
� �, , ,=1 arenormalisedfuzzysetsform outputvariables z k mk , , ,=1 .Theinference

engineoffuzzylogicsystemappliesthefuzzyrulestooutputaction/sfrominputs.Therearemany
typesofinferenceenginesintheliterature,includingthepopularMamdaniinferenceengine.

GivenafuzzyknowledgebasewithM rulesandn antecedentvariables,afuzzylogicsystem
asgiven inEquation1uses a singleton fuzzifier,Mamdaniproduct inferenceengineandcentre
averagedefuzzifiertodetermineoutputvariables,hasthegeneralformforasingleoutputvariable,
say zk :
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where yk
 arecentresoftheoutputsetsBk

 andmembershipfunctionµ definesforeachfuzzyset
Ai
 thevalueof xi inthefuzzyset,namely,µ
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( ) .
Commonshapesofthemembershipfunctionaretriangular,trapezoidalandGaussianmembership

functions.
Fuzzylogicapplicationstoindustrialproblemshasoftenproducedresultssuperiortoclassical

control(Zadeh,1965;Welstead,1994;Mohammadian&Stonier,1995;Cox,1993;Hagras,Callaghan,
Colley&Carr-West,2002;Zeng,Zhang,&Xu,2000).However,thedesignproceduresoffuzzy
logicsystemsarelimitedbytheheuristicrulesofthesystem.Itissimplyassumedthattherulesfor
thesystemarereadilyavailableorcanbeobtained.Thisimplicitassumptionlimitstheapplication
offuzzylogictothecasesofthesystemwithafewparameters.

Thenumberofinputparametersofasystemcouldbelarge.Thenumberofrulesofafuzzylogic
systemisdirectlydependantontheseparameters.Asthenumberofinputparametersincrease,the
numberoffuzzyrulesofthefuzzylogicsystemgrowsexponentially(Raju&Zhou,1993;Kingham,
Mohammadian&Stonier,1998).

In fuzzy logic systems (Zadeh, 1965) there is a direct relationship between the number of
inputparametersanditsfuzzysetsofthesystemwiththenumberofrulesandthesizeoftheFuzzy
KnowledgeBase(FKB).KoskoandIsaka(Kosko,1992)callthisthe“CurseofDimensionality.”
The“curse”inthisinstanceisthatthereisexponentialgrowthinthesizeofthefuzzyknowledge
baseasshowninEquation2:

k mn=  (2)
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