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ABSTRACT

Inordertodealwithboththe“curseofdimensionality”andthe“sparserulebase”simultaneously,
aninitialideaofhierarchicalbidirectionalfuzzyinterpolationispresentedinthisarticle,combining
hierarchicalfuzzysystemsandforward/backwardfuzzyruleinterpolation.Inparticular,backward
fuzzyinterpolationcanbeemployedtoallowinterpolationtobecarriedoutwhencertainantecedents
of observation variables are absent, whereas conventional methods do not work. Hierarchical
bidirectionalfuzzyinterpolationisapplicabletosituationswhereamultiplemulti-antecedentrules
systemneedstobereconstructedtoamulti-layerfuzzysystemandanysub-layerrulebaseissparse.
Theimplementationofthisapproachisbasedonfuzzyruleinterpolativereasoningthatutilitiesscale
andmovetransformation.Anillustrativeexampleandapplicationscenarioareprovidedtodemonstrate
theefficacyofthisproposedapproach.
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1. INTRodUCTIoN

“Curseofdimensionality”isacommonprobleminbigdataandotherrealapplications(Rajuand
Zhou,1993;RajuandZhou,1993;Jinetal.,2018).ProvidedthateachvariablehasMmembership
functions for K input variables, and needs rules to build a system of the domain covering the
substantiveissuesentirely,therule-explosionproblemcanbeaddressedintwoways.Thefirstoption
istoreducethenumberoffuzzypartitions,whichusuallyresultsinsignificantreductionofmodel
accuracy(SugenoandKang,1986;Sugenoetal.,1995;Environmental,2012).Besides,formany
practicalapplications,theremaynotbesufficienthistoricaldatatosupportthecreationoftheneeded
rulesthatwouldcovertheentireproblemspace,butonlyasparserulebase.Fortunately,fuzzyrule
interpolationcanbeemployedfordealingwiththeabove-mentionedproblems.Theotherwayisto
reducethedimensionalityofthesub-rulebasessingmeta-levelsorhierarchicalfuzzyrulebases.A
potentiallymorepowerfulcaseisthecombinationofboth,whichcouldimprovethecomputational
complexitydramatically(Kóczyetal.,2000;LayebandSaidouni,2010;Wibig,2010).Insucha
combinedhierarchicalinterpolationsystem,however,situationsmaybecomeevenmorecomplicated
wherecertaincrucialantecedentsmaybeabsentfromgivenobservations.Thisisbecausemissing
antecedentsmaywellbeinvolvedinthesubsequent(sub-system)inferenceprocess,causingthefinal
conclusionisnotdeductible.

Toaddresstheunderlyingproblemofperforminginterpolationforcertainantecedentvariables,
anoriginaltechniqueforbackwardfuzzyruleinterpolation(B-FRI)hasbeenproposed(Jinetal.,
2014).ThistechniqueisabranchofFRIandanextensionoftheexistingFRItechniques.B-FRI
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canbeemployedtoallowinterpolationtobecarriedoutwhencertainantecedentsofobservation
variablesareabsent,whereasconventionalmethodsdonotwork.Themissingantecedentsmaybe
inferredorinterpolatedusingtheknownantecedentsandgivenconclusionduringtheinterpolative
reasoningprocess.B-FRIcanalsobeemployedtocalculatecertainantecedentsfortestingpurposes,
nomatterwhethertheantecedentsareknownornot.Itsupportsbothinterpolationandextrapolation
whichinvolvemultipleintertwinedfuzzyrules,witheachhavingmultipleantecedents.Thisallows
missingobservationsthataredirectlyrelatedtotheconclusiontobeinferredorinterpolatedfrom
theotherknownantecedentsandthegivenconclusion.Inaddressingreal-worldproblems,therules
adoptedaretypicallyirregularinnature(i.e.,theymaynotalwaysaddressthesameantecedents).
Indeed,rulesmaybearrangedinaninter-connectedmesh,whereobservationsandconclusionsin
differentsubsetsofrulesmayoverlap,andyetmaynotbedirectlyrelatedthroughouttheentirerule
base.Forsuchcomplexsystems,anymissingvaluesinagivensetofobservationsmayleadtofailure
ifonlyunidirectionalinterpolationisemployed.

Inthispaper,theinitialtheoreticalworkofhierarchicalbidirectionalfuzzyruleinterpolation
(HB-FRI)isproposedtomeettheaforementionedchallenges.Basedonpreviousresearchwork(Jinet
al.,2014;Jinetal.,2013;Jinetal.,2012),hierarchicalbidirectionalfuzzyruleinterpolationbasedon
T-FRIcanbeproposedasoutlinedintheflowchartgiveninFigure1.HB-FRIishereinimplemented
usingscaleandmovetransformation-basedfuzzyinterpolativereasoning(T-FRI)(HuangandShen,
2006;Huang&Shen,2008),owingtotheirpopularityandavailability(althoughotherFRImethods
maybeadaptedtoserveasthealternativeifpreferred).Inparticular,T-FRIoffersaflexiblemeans
tohandlebothinterpolationandextrapolationinvolvingmultiple,multi-antecedentfuzzyrules.It

Figure 1. Structure of hierarchical bidirectional fuzzy rule interpolation
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