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ABSTRACT

Cognitive Informatics (CI) is a contemporary field of basic studies on the brain, computational
intelligencetheoriesandunderpinningdenotationalmathematics.Itsapplicationsincludecognitive
systems,cognitivecomputing,cognitivemachinelearningandcognitiverobotics.IEEEICCI*CC’17
onCognitiveInformaticsandCognitiveComputingwasfocusedonthethemeofneurocomputation,
cognitivemachinelearningandbrain-inspiredsystems.Thispaperreportstheplenarypanel(PartI)at
IEEEICCI*CC’17heldatOxfordUniversity.Thesummaryiscontributedbyinvitedkeynotespeakers
anddistinguishedpanelistswhoarepartoftheworld’srenownedscholarsinthetransdisciplinary
fieldofCIandcognitivecomputing.

KeywoRdS
Applications, Artificial Intelligence, Brain-Inspired Systems, Cognitive Computers, Cognitive Engineering, 
Cognitive Informatics, Cognitive Robotics, Cognitive Systems, Computational Intelligence, Deep Learning, 
Deep Reasoning, Denotational Mathematics, Knowledge Learning

1. INTRodUCTIoN

Cognitive Informatics (CI) is a transdisciplinary enquiry of the internal information processing
processesof thebrainandabstract intelligence towardsapplications incognitivecomputingand
cognitiveengineering(Wang,2002,2003,2007a,2009a,2009b,2009c,2011b,2012e,2013c,2015a,
2016a,2017a;Wanget al., 2009,2010,2016;Howardet al., 2017).CI is a contemporary field
spanningacrosscomputerscience,informationscience,cognitivescience,brainscience,neuroscience,
intelligencescience,knowledgescience,robotics,cognitivelinguistics,cognitivephilosophy,and
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cognitive engineering. Cognitive Computing (CC) is a novel paradigm of intelligent computing
platformsofcognitivemethodologiesandsystemsbasedonCI,whichembodyingcomputational
intelligencebycognitiveandautonomoussystemsmimickingthemechanismsofthebrain(Wang,
2002,2007a;Wangetal.,2002,2007a,2009a,2009b,2016a,2017a).

TheIEEEseriesofInternational Conferences on Cognitive Informatics and Cognitive Computing
(ICCI*CC)hasbeenestablishedsince2002(Wang,2002;Wangetal,2002).Sinceitsinception,the
ICCI*CCserieshasbeengrowingsteadilyinitssize,scope,anddepth.Ithasattractedworldwide
researchersfromacademia,governmentagencies,andindustrypractitioners.TheIEEEICCI*CC
seriesprovidesamainforumfortheexchangeandcross-fertilizationofideasinthenewresearchfield
ofCItowardrevealingthecognitivemechanismsandprocessesofhumaninformationprocessing
andtheapproachestomimicthemincognitivecomputing.Awiderangeofbreakthroughshavebeen
recognizedandawiderangeofapplicationshasbeendevelopedinCIandCCinthelastdecade.
Therepresentativeparadigmsandtechnologiesdevelopedincognitiveinformaticsincludecognitive
computers,abstractintelligence,cognitivelearningengines,cognitiveknowledgebases,denotational
mathematicsandappliedcognitivesystems.

CIstudiesthecognitiveobjectsrepresentedinthebraininthecategoriesofdata,information,
knowledge and intelligence by a hierarchical structure (Berkeley, 1954; Turing, 1950; Shannon,
1948; von Neumann, 1958; McCulloch, 1965; Debenham, 1989; Wang, 2009a, 2014a, 2015f).
The relationship between the four categories of cognitive objects in the hierarchical framework
ofhumancognitionisillustratedinFigure1(Wang,2016b).Itisperceivedthatdataareacquired
rawinformationwhichareusuallyaquantitativeabstractionofexternalentitiesandtheirrelations.
Informationismeaningfuldataoraninterpretationofdata.Knowledgeisconsumedinformation
relatedtoexistingknowledgeinthebrain.Intelligenceisacollectionofcognitiveabilitiesofhumans
orcognitivesystemsthattransformsinformationintobehaviors(Wang,2012c).Rigorousmodelsand
mathematicalmanipulationsonintelligence,knowledge,informationanddataareformallydescribed
in(Wang,2015f).

Fundamental theoriesofCIcover theMatter-Energy-Information-Intelligence (MEII)model
(Wang,2015g),theLayeredReferenceModeloftheBrain(LRMB)(Wangetal.,2006),theObject-
Attribute-Relation(OAR)modelofinternalinformationandknowledgerepresentation(Wang,2007c),
theCognitiveFunctionalModeloftheBrain(CFMB)(Wang&Wang,2006),AbstractIntelligence
(αI)(Wang,2009a,2012c),Neuroinformatics(Wang,2013a;WangandFariello,2012),Denotational
Mathematics(Wang,2008,2009d,2012a,b),CognitiveLinguistics(Wang&Berwick,2012,2013),
theSpikeFrequencyModulation(SFM)Theoryofneuralsignaling(Wang,2016h),theNeuralCircuit
Theories(Wang,2017;WangandFariello,2012),andcognitivesystems(Wangetal.,2017).Recent
studiesonLRMBinCIrevealanentiresetofcognitivefunctionsofthebrainandtheircognitive

Figure 1. The hierarchical framework of cognitive objects in CI
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processmodels,whichexplainthecognitivemechanismsandprocessesofthenaturalintelligence
with52cognitiveprocessesatseven layersknownas thesensation,action,memory,perception,
cognitive,inference,andintelligencelayers(Wangetal.,2006).

IEEE ICCI*CC’17 on Cognitive Informatics and Cognitive Computing has been held at
OxfordUniversityduringJuly26-28,2017(Howardetal.,2017).Thispaperisasummaryofthe
positionstatementsofinvitedpanellistspresentedinthePlenary PanelofIEEEICCI*CC2017on 
Neurocomputation, Cognitive Machine Learning and Brain-Inspired System(PartI).Itisnoteworthy
thattheindividualstatementsandopinionsincludedinthispapermaynotnecessarilybesharedby
allpanellists.

2. A BeTTeR ModeL FoR A CoMPLeX BRAIN

Thereisagrowingconundruminmodernmedicine;disordersneedtobehealedandpeopleneed
tofeelbetter,howevermostpractitionersdonotunderstandthephysiologyofthedisorderstheare
treatingorthetreatmenttheyareprescribing.Mostclinicianshaveabasicunderstanding;however,
thebrainistoocomplexfora“onesizefitsall”operatingmodelandeachperson’spolymorphisms
ofvariousreceptorsaredifferent.Thereisnoclear,standardizedpattern.Oneperson’sdepression
couldbeanother’sanxiety.Acasethatappearstobedepressioncouldinfactbeaserotoninissue,or
anorepinephrineissue,oraglutamateissue,oratransporterproblemoranautoreceptor,orsome
otherunknownmechanism,oranycombinationofthesecouldbethecause.Peopleresponddifferently
todifferentmedications.Alotoftrialanderrorandclinicalinstinctarerequiredtoreachalevelof
efficacy.Thereneedstobeabetterbrainmodelthattakesintoaccountthebrain’sfunctionandoutput
atseverallevelssimultaneously:fromelector-physiologytomolecularmechanismsofinformation
storageandsignaling,tothemulti-scaleneuralnetworkformationandtrends.

The fields of neuroinformatics and connectomics have made great strides in functional and
structuralbrainmapping.However,limitedvalueofthoseresultshasbeenclinicallyapplied,andit
largelyremainsamysteryhowrichfunctionalityemergesfromtheinvariantstructuralarchitecture
ofthebrain.Understandingbrainfunctionanddysfunctionrequiresamultidisciplinaryapproach
andvariousmethodologies ranging frombiology tomathematics.Oneof thebiggest challenges
isdecodinghowthebrainanditsneuronsarestructuredandhowtheyfunction.Thisinformation
iscrucialforbetterunderstandingnormalbrainfunctionandpossiblyuncoveringcausesofbrain
disorders.However,thisdecodingrequiresextractionandintegrationofmassiveamountsofdataof
differenttypes,acrossdifferentspatio-temporalscalesandacrossdifferentlevelsofbrainfunction,a
fieldcalledneuroinformatics.Specifically,neuroinformaticsisthestudyofunderstandingthecomplex
humanbrain,whichfunctionsatseveraldifferentlevels(i.e.genetics,cellular,electrophysiological,
behaviorial). Closely related, connectomics permits the opportunity to produce maps of neural
connectivity in and between different brain regions. Neuroinformatics and Connectomics both
encompassmappingfunctionalandstructuralinformationoftheentirebrain.

Today’s technologies to collect multi-level data exist across spatial scales, from electron
microscopytowhole-brainimaging,andtimescalesrangingfrommicrosecondstoyears.Itisnot
exactlyclearhowtoefficientlyintegratethesediversedata.Giventhevolumeofdatafromthese
undertakings,itisimportanttoanalyzeandintegrateallthedatainacommonplatformatdifferent
spatio-temporalscalesandvariousneurallevels.Oneofthebiggestchallengesinneuroinformatics
isanalyzingimagingdataacrossdifferentspatial-scalesandintegratingallofthemulti-levelspatial
informationintooneframework.

TheFundamentalCodeUnit(FCU)(Howard,2012;Howard,2013b)attemptstodescribean
analyticalframeworkthatservesasamedicalaggregationplatformformultiplelevelsofneuraldata.
TheFCUdescribesarchitectureofspatiotemporalintegrationacrossalllevelsofbrainstructureand
function.TheFCUisananalyticalmodelthatusessequenceandcodingtoexplainandpredictbrain
structureandfunction.TheFCUframeworknotonlymapsbrainstructure,butalsothecognitive
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andbehavioraloutputthatisproduced,italsoattemptstomapstructuralandfunctionalnetworks
toatheoreticalsystemthatbridgesthegapbetweenthemindthebehavior(orconsciousnessand/or
thought)andthebrain.Thebrainbeingthebiological,chemicalandphysicalbasisofthemind.The
FundamentalCodeUnit(FCU)assumesanabstractcodethatallowsforahigherorderofabstractions
thatinformscorticalcomputingunderlyinginformationexchangesatthecellularandgeneticlevels.

Regardlessof thetoolsusedtocollectdata, theFCUplatformshouldbeabletoextractand
integrate multiple types, levels and timescales of data in order to find statistically interesting
functionalandstructuralpatternsthatlinktohighercognitivefunctionsandbehavioralobservable
ataclinicallevel.Whereasmostmodelsofbrainfunctionacknowledgeneurons,ortheinteraction
betweenthemasthemostbasicunit,theFCUsuggestsametaphysicalschemaofbasicoperating
principles.Inthisregard,theFCUcouldserveasablueprintofcognition,similartohowDNAisthe
blueprintforproteinsthatdrivebiologicalprocesses.OnepotentialclinicalapplicationoftheFCU
frameworkistodetermineobjectivemeasuresofpsychiatricandneurologicaldisorderbyintegrating
anddecodingdataacrossspatiotemporalscalesandacrossmultiplelevelsofbrainfunction.(This 
section is contributed by Prof. Newton Howard.)

3. THe PoweR oF CoGNITIVe CoMPUTING: AN eXAMPLe oF 
CoGNITIVe dyNAMIC ReGIoNAL deVeLoPMeNT ModeLING

Thispresentationconcernssomeideaofwhatcouldbedone, intheauthor’sview,tohelpmake
Wang’scognitiveinformaticsapowerfulandviablesourceoftoolsandtechniquesforsolvingvarious
real-lifeproblems.First,wegiveabriefaccountofcognitiveinformaticsmeantasamultidisciplinary
fieldwithininformatics,orcomputerscience,thatisbasedonresultsofcognitiveandinformation
sciences,andwhichdealswithhumaninformationprocessingmechanismsandprocessesandtheir
decisiontheoretic,engineering,etc.applicationsinbroadlyperceivedcomputing.Wefocusonits
purpose,i.e.todevelopandimplementtechnologiestofacilitateandextendtheinformationacquisition,
comprehensionandprocessingcapacityofhumans.Emphasisisonunderlyingprocessesinthebrain.

However,weadvocateanextendedapproachinwhichthoughtheverycognitiveinformaticsisthe
foundation,asthoseprocessesinthebrainarecrucial,somesortofan“outer”cognitiveinformatics
isneededwhichexplicitlymakesreferencenotwhatproceeds“internally”inthebrain,becausewe
donot“see”this,but“externally”,i.e.whatpeoplecansee,judge,evaluate,etc.,andwhatisclearly
aresultofcognitiveinformationspecificprocessesinthebrain.

Thislineofreasoningisinlinewiththeveryessenceofcomprehension,memorizing,learning,
choiceanddecisionmaking,satisfactionwithpartialtruth,allowingfornotperfectsolutions,etc.
dealtwithusingtoolsandtechniquesderivedfrommanyareaslikepsychology,behavioralscience,
neuroscience,artificialintelligence,linguistics,neuroeconomicsetc.Inourcase,wewillconcentrate
on somecognitive informatics type elements thatmostlyhavebeen inspiredbypsychologyand
behavioralsciences,asourproblemisinherentlyrelatedtohumanjudgmentsandperceptions,but
wewillmentionsomeinspirationsfromneuroscience,notablyalongthelinesofneuroeconomics.

Cognitive informaticsconstitutesa foundationof its relatednewfield,cognitivecomputing,
which is basically a new direction in broadly perceived intelligent computing and systems that
synergisticallycombinesresultsfrommanyareas,e.g.,informationscience,computationalsciences,
computerscience,artificialandcomputationalintelligence,cybernetics,systemsscience,cognitive
science,(neuro)psychology,brainscience,linguistics,etc.tojustmentionafew.

We try to show on an example of a dynamic systems modeling, more specifically scenario
basedregionaldevelopmentplanning, thatcognitivecomputingcanprovidenewconceptualand
implementationvistas.Basically,weconsideraregionthatischaracterizedby7lifequalityindicators
relatedtoeconomic,social,environmental,etc.qualities,whichevolveoversomeplanninghorizon
duetosomeinvestments,mostlybysomeregionalorgovernmentalagencies.Therearesomescenarios
of investment levels over theplanninghorizon,meant for thedevelopmentof theparticular life
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qualityindexes,andsomedesiredlevelsoftheseindexes,bothobjective,i.e.setbyauthorities,and
subjective,i.e.perceivedbytheinhabitantgroups.Asaresultofaparticularinvestmentscenario,
thelifequalityindexesevolveovertheplanninghorizon,andtheirtemporalevolutionisevaluated
bytheauthoritiesandinhabitants.Thisevaluationhasbothanobjective,i.e.againstthe“officially”
setthresholds,andsubjective,i.e.asperceivedbyvarioushumansandtheirgroups.

Basically,weemployKacprzyk’sfuzzydynamicprogrammingbasedapproachtothemodeling
andplanning/programmingofsustainableregionaldevelopment,withsoftconstraintsandgoals,but
weadvocatedamoresophisticatedassessmentofvariability,stability,balancednessofconsecutive
investments. In this process we try to develop evaluation measures, and then the optimization
typemodelusingconceptsthatcanbeeffectivelyandefficientlyhandledbycognitivecomputing,
notablytheinclusionoftheso-calleddecisionmakingandbehavioralbiases,biasesinprobability
andbelief,socialbiases,memoryerrors,etc.Moreover,westronglyreflecttheso-calledstatusquo
andminimalchangebiases.Byusingmany results fromsocial sciences,psychology,behavioral
economics,neuroeconomics,etc.onhumanjudgmentsandhumancentricevaluations,weaugment
atraditionalpurelyeffectivenessandefficiencyorientedanalysisbyamoresophisticatedanalysisof
effectsofvariabilityoftemporalevolutionofsomelifequalityindicatorsonthehumanperception
ofitsgoodness.

Themodelpresented,whichhasbeenemployedforyearsaspartoflargemathematicalmodeling
projectsforsustainableregionaldevelopmentinmanyregionsinAsiaandEurope,isillustratedon
anexamplewithscenarioanalysisforaruralregionplaguedbysocialandeconomicdifficultiesin
whichsubsidiesshouldproperlybedistributedovertimetoobtainabestoverallsocio-economic
effect.Inthistalkwepresentthemodelinadifferentperspective,basedfirstonthebasicWang’s
cognitiveinformaticsanditsWangandRuhe’sdecisionmakingapplication,andthenbasedonnew,
morecomprehensivecognitivecomputing.Weshowthatthisprovidesanovelinsight.(This section 
is contributed by Prof. Janusz Kacprzyk.)

4. ReTHINK ANd ReUSe: woRKING oUTSIde 
oNe’S doMAIN oF UNdeRSTANdING

Somuchabout intelligence isunknownthatcapitalizingonwhatonealreadyknows,potentially
viewingpreviousknowledgeinadifferentlight,isopportunisticandadvantageous.Inthatvein,we
brieflyhighlightthreeapplicationssolvedusingcomputationaltoolsdesignedforvastlydifferent
domains:radiologicalreadingsdiscrepanciesdetection;diseaseoutbreakforecasting;andurinary
tractinfectiontreatment.

Using machine language translation techniques, we describe automated means to detect
radiological readings inconsistencies. By translating initial to final readings, inconsistencies are
flaggedandevaluatedintermsoftheirdifferences.Then,socialmediatrenddetectionisusedto
detectandforewarndiseaseoutbreakindiseasesusceptiblepopulation.Finally,usingconventional
dataminingtechniquesanunconventionalurinarytractinfectiontreatmentapproachwasdeveloped.
(This section is contributed by Prof. Ophir Frieder.)

5. SeMANTIC CoMPUTING ANd CoGNITIVe CoMPUTING/INFoRMATICS

SemanticComputing(SC)addressesthederivation,description,integration,anduseofsemantics
(“meaning”,“context”,“intention”)foralltypesofresourceincludingdata,document,tool,device,
processandpeople.AbroaderdefinitionofSemanticComputingincludesthecomputingtechnologies
(e.g.,artificialintelligence,naturallanguage,softwareengineering,dataandknowledgeengineering,
computer systems, signalprocessing,etc.), and their interactions, thatmaybeused toextractor
processcomputationalcontent.
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ThisconnectionbetweencontentandtheuserismadeviaSemanticAnalysis,whichanalyzes
contentwiththegoalofconvertingit tomachineprocessabledescriptions(semantics);Semantic
Integration,whichintegratescontentandsemanticsfrommultiplesources;SemanticApplications,
whichutilizecontentanddescriptionstosolveproblems;andSemanticInterface,whichinterprets
users’intentionsexpressedinnaturallanguageorothercommunicativeforms.Thereverseconnection
converts the intentionsofusers to create contentvia analysis and synthesis techniques.My talk
introducesSemanticComputingbasedonitsbroaderandnarrowerdefinitions,itsrelationshipwith
ArtificialIntelligence,CognitiveComputingandInformatics,andotherbranchesofComputerScience.
Italsodiscussesseveralcasestudiesshowinghowitcanbeusedtosolvemorecomplexproblems.
(This section is contributed by Prof. Phillip Sheu.)

6. BRAIN-INSPIRed SySTeMS ANd CoGNITIVe BoLdNeSS

Inhisepoch-makingworkoncommunicationtheory,Shannondefinedinformationintermsof
entropy.Shannon’sentropyisafaststochasticmeasureofprobabilisticinformationuncertainty
in every communication processing system. It is the average unpredictability of a random
variable (Shannon, 1948). Entropy-based definitions of information relate to quantity of
information,butnottoitsmeaning.Subsequentattemptstointroducesemanticsintoinformation
theoryhavemadesomeprogressbutfellshortofhavingacapabilitytodealwithinformation
describedinnatural language.AccordingtoL.A.Zadeh,a theoryofsemanticinformation
(TSI)iscenteredonaconceptwhichplaysakeyroleinhumanintelligence.Aconceptwhose
basicimportancehaslongbeenandcontinuestobeunrecognized.Theconceptofarestriction
ispervasiveinhumancognition(Zadeh,2008).Restrictionsunderlietheremarkablehuman
abilitytoreasonandmakerationaldecisionsinanenvironmentofimprecision,uncertainty
andincompletenessofinformation.Suchenvironmentsarethenorminthereal-world.Such
environmentshavethetraditionallogicalsystemsthatbecomedysfunctionalbythecurrent
systemicapproachbasedontheusualpredicativeandnarrativeperspective.Afundamental
issueinTSIiscomputationwithrestrictionstoachieveaclearmeaning.TSIopensthedoor
to modes of computation in which approximation is accepted. Acceptance of approximate
computations takes thecalculusofrestrictions(CR) intouncharted territory(Zadeh,1965,
1975,1997,2004,2008,2016).Infact,approximationcanbeoftwofundamentaldifferent
types. Either approximated approximation or exact approximation. They immediately give
birthtotwolargeareasofstructuredlanguagesystems,i.e.arbitraryentropyrepresentation
languagesandminimumentropyrepresentationlanguages.Thisisthedifferencethatmakes
thedifference(Bateson,1972)atsemanticlevel!

Thecurrentscientificinabilitytodiscriminatethisdifferencemakesabigdifferenceinthefinal
formulationofthelogicalrelationshipbetweenhumanexperienceandknowledgeextraction.This
incompetencehasbeenidentifiedandunderlinedbytheformulationoftheinformationdouble-bind
(IDB)problemincurrentsciencein2013.Ithasbeenpresentedrecursivelytothescientificcommunity
byR.A.Fiorini(Fiorini,2014a,2014b,2016a,2016b,2018;Wangetal.,2016b),butnobodyin
thetraditionalscientificarenalikestotalkaboutitseriously.Therefore,cognitiveambiguitystill
emphasizesthismajorIDBprobleminmostcurrent,advancedresearchlaboratoryandinstrumentation
system,justattheinnercoreofhumanknowledgeextractionbyexperimentationinscience(Fiorini,
2014a,2014b).Thisisthemainreasonwhytraditionalcomputationalresourcesandsystemshavestill
tolearnalotfromhumanbrain-inspiredcomputationandreasoning.Ifwe,asCognitiveInformatics
andCognitiveComputingSociety,doreallywanttocreatetheright,vitalenvironmenttodevelopa
real,solidTSI,we,asascientificcommunity,mustfindthecognitiveboldnesstoembrace,toface
andsolvethisproblemsuccessfully.Theneverythingelsewillbeagentlebreeze.(This section is 
contributed by Prof. Rodolfo A. Fiorini.)
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7. BRAIN INSPIRed BIoMeTRIC SySTeMS

Machinelearningandcognitivesystemscanbeusedasapowerfultoolforunderstandingbehavioral
patternsexpressedovertime.Theyalsocanbeusedfortrainingthebrain-inspiredsystemstorecognize
thosetraitsinrealtimeandtousethisknowledgenotonlyforuseridentification,butalsotobetter
understanduserpreferences,habits,healthstatus,andevenemotionalstate.Traitsforanalysiscanbe
visual,signal-basedandevenaestheticbased.Therearenumerousapplicationsofthesocialbehavioral
biometrics aside from the person authentication, which may include virtual world simulators,
augmented reality, virtual human research, customer profiling, e-education, situation awareness,
recommendersystems,gamesandconsumerelectronics.BiometricTechnologiesLaboratoryatthe
UniversityofCalgarypioneeredtheresearchintheSocialBehaviouralBiometrics,whereonline
networkusers’socialtraitsarestudiedwiththegoalofunderstandingdiscriminativetraits,which
canbeusedforuserrecognition.

Combinedwithnewimageandsignalprocessingmethods,andpowerfulcognitivearchitectures
basedonfuzzylogic,informationfusion,deeplearning,localandglobalfeatureextractionsmethods,
andpowerfulbrain-inspiredarchitectures,thesocialbehaviouralresearchgoesfurtherthaneverbefore.
Itiswellknownthatemotionalresponses,adaptivebehaviour,complexdecisionmaking,contextual
informationprocessingandemotionalassociationsplayasignificantroleinhowhumanrecognize
eachother.Thisinturn,pavedthewayforthenextgenerationbiometricsystemsthatcanadaptively
expandbehaviouralpatterncollectionaswellaslearnnewknowledgebyanalysingmulti-dimensional
informationovertime.(This section is contributed by Prof. Marina Gavrilova.)

8. THe TReNd oF CoMPUTATIoNAL INTeLLIGeNCe wITH IoT

CommercializationofComputationalIntelligence(CI)withInternetofThings(IoT)hasalready
beingrapidlyadvancingnowadays.ForComputationalIntelligence,themostimportanttaskof
IoTisactuallydatacollection,whereIoTconnectsalargenumberofdifferentdevices,including
homeappliancesandwearabledevices.Thesensorsembeddedineachdeviceconstantlyupload
newdatatothecloud.Thedatacanbeprocessedandanalyzedbycomputationalintelligenceto
generate the required informationandcontinue toaccumulateknowledge.Thedevelopmentof
computationalintelligenceisinseparablefrommassivedatatraining.Atpresent,deeplearning
ismainlybasedonbigdatafor traininganddeducingtheknowledgeorrules thatcanbeused
bycomputers.Fromnowon,bigdatawouldbe thecornerstoneofcomputational intelligence.
Therefore,itcanbesaidthatIoTtechniquesmakecomputationalintelligencemorepowerful.On
theotherhand,IoTwithoutcomputationalintelligencecannotservehumanitybetter.(This section 
is contributed by Prof. Jun Peng.)

9. CoGNITIVe FoUNdATIoNS oF KNowLedGe SCIeNCe ANd 
deeP KNowLedGe LeARNING By CoGNITIVe RoBoTS

RecentbasicstudiesrevealthatnovelsolutionstofundamentalAIproblemsaredeeplyrootedin
boththeunderstandingofthenaturalintelligenceandthematurityofsuitablemathematicalmeans
forrigorouslymodelingthebraininmachineunderstandableforms.Learningisacognitiveprocess
ofknowledgeandbehavioracquisition.Learningcanbeclassifiedintosixcategoriesknownas:
object identification, cluster classification, pattern recognition, functional regression, behavior
generation(gameplaying),andknowledgeacquisition.Thelatestdiscoveryinknowledgescience
byWangrevealedthatthebasicunitofknowledgeisabinaryrelation(bir)(Wang,2016b)asthat
ofbit for informationanddata.Afundamentalchallengetoknowledgelearningdifferentfrom
thoseofdeepandrecurringneuralnetworktechnologieshasledtotheemergenceofthefieldof
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cognitivemachinelearningonthebasisofrecentbreakthroughsindenotationalmathematicsand
mathematicalengineering.

Thelatestadvancesinformalbrainstudiesandcognitivesystemsrevealthatkeytechnologies
enabling cognitive robotsmimicking thebrain relynot onlyondeep learning, but alsoondeep
reasoningandthinkingtowardsmachinablethoughtsandcognitiveknowledgebasesbuiltbycognitive
systems.Fundamentaltheoriesandnoveltechnologiesforimplementingdeepthinkingrobotsare
demonstratedbasedonconceptalgebra,semanticsalgebraandinferencealgebra,becausethedomain
ofproblemsinthisfieldhasnaturalgrownbeyondtheclassicmathematicaldomainofpurenumbers,
whichisidentifiedashyperstructures(Wang,2015a,2016c)suchassystems,knowledge,concepts,
semantics,inferencethreads,relationsandintelligence.

Towardsexploringthecognitivefoundationsofknowledgescience,asetofformalmodelsof
knowledgehasbeencreated.Themathematicaltheoriesofknowledgehaveenabledarigorousstudy
onformalprinciplesandrulesofknowledgeinthefacetsofthehierarchical,compositional,cognitive,
andsociologicalpropertiesofknowledge.Ithasbeenrevealedthatthebasiccognitivestructureof
knowledgeisaformalconceptandthebasicunitofknowledgeisabinaryrelation(bir).Thebasic
studieshaveledtoasetoffundamentaltheoriestowardsknowledgescienceandawiderangeof
applications inknowledgeengineeringsuchascognitiveknowledgebaseandcognitivemachine
learning.(This section is contributed by Prof. Yingxu Wang and Prof. Shushma Patel.)

10. CoNCLUSIoN

Thispaperhassummarizedasetofpositionstatementspresentedintheplenarypanel(PartI)of
IEEEICCI*CC’17onneurocomputation,cognitivemachinelearningandbrain-inspiredsystems,
whichwerecontributedbyrenownedpanelistsinthecontemporaryfieldofcognitiveinformaticsand
cognitivecomputing.Ithasbeenelaboratedthatthetheoreticalfoundationsunderpinningcognitive
computingarecognitiveinformatics,thescienceofcognitiveinformationandknowledgeprocessing,
aswellasdenotationalmathematics.Awiderangeoftheoreticalbreakthroughsandnovelengineering
applicationshasbeenreported.Theformerisrepresentedbysuchascognitiveinformaticstheories
ofthebrain,theabstractintelligence(αI)theory,thesixthcategoryofmachineknowledgelearning,
cognitiveknowledgebases,anddenotationalmathematicsformathematicalengineering.Thelatter
aredemonstratedbycognitivecomputingmethodologies,cognitiverobots,deeplearningmachines,
cognitivelearningengines,cognitivesystems,autonomousontologygeneration,andcognitiveself-
drivingcars.
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