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ABSTRACT

Cognitive radio is a form ofwireless communication thatmakesdecisions about allocating and
managingradioresourcesafterdetectingitsenvironmentandanalyzingtheparametersofitsradio
frequencyenvironment.Decisionmakingincognitiveradiocanbebasedonoptimizationtechniques.
Inthiscontext,machinelearningandartificialintelligencearetobeusedincognitiveradionetworks
inordertoreducecomplexity,obtainresourceallocationinareasonabletimeandimprovetheuser’s
qualityofservice.Thisarticlepresentsrecentadvancesonartificialintelligenceincognitiveradio
networks.Thearticlealsocategorizesthetechniquespresentedaccordingtothetypeoflearning—
supervisedorunsupervised—andpresentstheirapplicationsandchallengesaccordingtothetasks
ofthecognitiveradio.
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1. INTRodUCTIoN

Themainmotivationforthedevelopmentofcognitiveradioistoovercometheconflictsbetween
spectrumdemandgrowthandspectrumunderutilizationarisingfromlegacystaticspectrumallocation
policies(López-Benítez,2018).

ACRmustbe intelligentandable to learn fromitsexperienceby interactingwith its radio
frequency(RF)environment.Asaresult,learningisanindispensablepartoftheCRthatcanbe
providedusingartificial intelligenceandmachinelearningtechniques.Indeed, theapplicationof
artificialintelligenceandespeciallymachinelearningincognitiveradionetworks(CRNs)hasrecently
arousedgreatinterestintheliterature.

Learningaimstomakemachinesperformtaskssimilartothoseofanexpert.Theintelligent
machinewillperceiveitsenvironmentandmakedecisionstomaximizeitsownutility.Accordingto
Woods(1986),artificialintelligencefocusesondeduction,reasoning,problemsolving,knowledge
representationandlearning.

AccordingtoAbbasetal.(2015),thelearningprocessinCRNsisillustratedinFigure1and
canbepresentedasfollows:

• Sensingofradiofrequencyparameters
• Observationoftheenvironmentandanalysisofitsreactions
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• Learning
• Retentionofdecisionsandobservationsforupdatingthemodelandfinally
• Decide on resource management issues and adjustment of transmission errors accordingly

(Bkassinyetal.,2013;Russeletal.,2016)

Intheliterature,thereissomeworkthathasfocusedontheapplicationofartificialintelligencetechniques
inCRNs.InZhaoetal.(2012),theauthorsintroducedtheuseofartificialintelligenceandmachinelearning
techniquesintheCR.TheyalsopresentedthepossibleapplicationsandfundamentalideasaroundtheCR.

AsurveyondifferenttechniquesofartificialintelligencehasbeenpresentedinBkassinyetal.(2013).
ThedifficultiesencounteredintheapplicationofthesetechniquesinCR,theiradvantagesand

disadvantageswerealsodiscussedinthepaper.
In Gavrilovska et al. (2013), the authors studied game theory, reinforcement learning, and

reasoningapproachessuchasBayesiannetworks,fuzzylogic,andcase-basedreasoninginCRNs.
In2015,thesurveypresentedinAbbasetal.(2015)wasdevotedtofuzzylogic,geneticalgorithms,

neuralnetworks,gametheory,reinforcementlearning,supportvectormachines,case-basedreasoning,
Bayesiannetworks,Markovmodels,multiagentsystemsandartificialbeecolonyalgorithms.

However,wenoticedthatthepaperpreviouslymentioned,didnotdiscusstheapplicationof
theparticleswarmoptimization(PSO),ametaheuristicwidelyusedinCRNs.Othermetaheuristics,
morerecentandusedinCRNs,arenotmentionedinAbbasetal.(2015),likefireflyalgorithm(FA),
cuckoosearch(CS),gravitationalsearchalgorithm(GSA),invasiveweedoptimization(IWO)and
flowerpollinationalgorithm(FPA).

As,thestateoftheartofapartoftechniqueshasbeenpresentedinthepaperpublishedin2015.
Inthispaper,weareinterestedinmostartificialintelligencetechniquesthathavebeenusedonlyin
thelastthreeyearsinCRNs(between2016and2019).

Themainobjectivesofthissurveyareasfollows:

• Presents a comprehensive study on artificial intelligence techniques, their definitions, their
applicationsinCRNs,theirevaluations,theirstrengthsandtheirchallenges.Sometechniques
wereneverdiscussedbeforeintheprevioussurvey.

• PresentsthemaintasksofCRandtheircorrespondingchallenges.

Figure 1. Learning process in CRNs (Abbas et al. (2015))
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