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ABSTRACT

Artificialintelligenceandroboticsareveryrecenttechnologiesandrisksforourworld.Theyare
developing theircapacitydramaticallyandshifting theiroriginsofdeveloping intention toother
dimensions.WhenhumansseethepasthistoriesofAIandrobotics,humanbeingscanexamineand
understandtheobjectivesandintentionsofthemwhichtomakelifeeasyandassisthumanbeingswithin
differentcircumstancesandsituations.However,currentlyandinthenearfuture,duetochangingthe
attitudeofroboticandAIinventorsandexpertsaswellasbasedontheAInaturethattheircapacity
ofenvironmentalacquisitionandadaptation,theymaybecomepredatorsandputcreaturesatrisk.
Theymayalsoinheritthefullnatureofcreatures.Thus,finallytheywillcreatetheirnewuniverse
orthedestinyofouruniversewillbeindanger.
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1. INTRodUCTIoN

Artificial intelligence describes the work processes of machines that would require intelligence
ifperformedbyhumans(Wisskirchenetal.,2017).The term‘artificial intelligence’ thusmeans
‘investigatingintelligentproblem-solvingbehaviorandcreatingintelligentcomputersystems.

Therearetwokindsofartificialintelligence:

• Weak Artificial Intelligence:thecomputerismerelyaninstrumentforinvestigatingcognitive
processes–thecomputersimulatesintelligence.

• Strong Artificial Intelligence:Theprocesses in thecomputerare intellectual, self-learning
processes.Computerscan‘understand’bymeansoftherightsoftware/programmingandareable
tooptimizetheirownbehavioronthebasisoftheirformerbehaviorandtheirexperience.4This
includesautomaticnetworkingwithothermachines,whichleadstoadramaticscalingeffect.

According to the Robot Institute of America (1979) a robot is: “A reprogram able, multi-
functional manipulator designed to move material, parts, tools, or specialized devices through
variousprogrammedmotions for theperformanceofavarietyof tasks” (Bansaletal.,2017).A
moreinspiringdefinitioncanbefoundinWebster.AccordingtoWebsteraRobotis:“Anautomatic
devicethatperformsfunctionsnormallyascribedtohumansoramachineintheformofahuman.”
Arobotcanbedefinedasaprogrammable,self-controlleddeviceconsistingofelectronic,electrical,
ormechanicalunits.Moregenerally,itisamachinethatfunctionsinplaceofalivingagent.Robots
areespeciallydesirableforcertainworkfunctionsbecause,unlikehumans,theynevergettired;they
canendurephysicalconditionsthatareuncomfortableorevendangerous;theycanoperateinairless
conditions;theydonotgetboredbyrepetition;andtheycannotbedistractedfromthetaskathand.

Thisarticle,originallypublishedunderIGIGlobal’scopyrightonJune12,2020willproceedwithpublicationasanOpenAccessarticle
startingonJanuary18,2021inthegoldOpenAccessjournal,InternationalJournalofArtificialIntelligenceandMachineLearning(con-

vertedtogoldOpenAccessJanuary1,2021),andwillbedistributedunderthetermsoftheCreativeCommonsAttributionLicense(http://
creativecommons.org/licenses/by/4.0/)whichpermitsunrestricteduse,distribution,andproductioninanymedium,providedtheauthorof

theoriginalworkandoriginalpublicationsourceareproperlycredited.
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Roboticscanbedefinedasthefieldofknowledgeandtechniquesthatcanbeusedtocreate
robots.Roboticsisabranchofengineeringthatinvolvestheconception,design,manufacture,and
operationofrobots.Thisfieldoverlapswithelectronics,computerscience,artificialintelligence,
nanotechnology,andbio-engineering.Roboticsisthefieldofknowledgeandtechniquesthatpermit
theconstructionofrobots.Designedtocarryoutvarioustasksinplaceofhumans–forexample,
onafactoryassemblyline,oronamissiontoMarsorotherdangerousplace–robotsaremorethan
simplecomputers:theymustbeabletosenseandreacttochangesintheirenvironment.

TheroboticsintelligencecanbeefficientlyusedinwideIndustrialApplicationsthatisachieved
throughAutomationofRobotics tasks, and itskeyexpertise inhandlingutmost requirements in
variousarenasthatleadstocosteffectiveandsecuredoperationalprocessesby

• Reliable advancements of equipment functioning and its control in order to trigger varying
applicationsofautomationandtostrengthentherecycleofequipmentandtherebyincreasing
itscompetenceondemand.

• Inclineandcontrolledmechanizedlayoutstocurtailtransportationandtoefficientlycoalesce
physicalandcomputerizedwork-cells.

• ITenabledmanufacturingapparatusforsimultaneousartifactandfabricationindevelopment
anddesign,indoctrinationandservicingofthetools.

• Robotictestingofelectronicmachinery(computervision,electronictestequipment)forachieving
100%excellence.

• Advancedindustrializedprocesslikegluing,coating,joining,wiringetc;whicharekeytools
forrobottraversalandcontrolthesametimesuitableformassproductsandrobotguidanceand
control.Here,laserbasedprocesseswillplayanincreasingroleintermsofjoining,coating,
cutting,andfinishing.

Thepaperisorganizedinninesectionsfollowedbyrecommendation,conclusion,acknowledgement
and references.Section2describesabouthistoryof roboticsandAI indetail.Section3givesa
detailedexplanationaboutroboticsandAI.Section4and5talksabouttheseasonsofroboticsand
AI,andAItechnologies&disciplinesrespectively.Section6givesadetailedexplanationofAIand
roboticslimitations.Section7and8talksabouttheweakandstrongAIandrobotics,andtheimpact
ofgovernmentonAIandRobotics respectively.Finally,Section9,10and11dealsaboutmajor
technologicalfirmsAIandrobotics,programminglanguagesforAIandrobotics,andrisksandfears
ofAIandroboticsrespectively.

2. HISTRoy oF RoBoTICS ANd AI

Thebirthofthecomputertookplacewhenthefirstcalculatormachinesweredeveloped,fromthe
mechanicalcalculatorofBabbage,totheelector-mechanicalcalculatorofTorres-Quevedo(Perezet
al.,2017).ThedawnofautomatatheorycanbetracedbacktoWorldWarIIwithwhatwasknown
as the“codebreakers”.TheamountofoperationsrequiredtodecodetheGermantrigramsof the
Enigmamachine,withoutknowingtherotor’sposition,provedtobetoochallengingtobesolved
manually.Theinclusionofautomatatheoryincomputingconceivedthefirstlogicalmachinesto
accountforoperationssuchasgenerating,codifying,storingandusinginformation.Indeed,these
fourtasksarethebasicoperationsofinformationprocessingperformedbyhumans.Thepioneering
workbyRamónyCajalmarkedthebirthofneuroscience,althoughmanyneurologicalstructures
andstimulusresponseswerealreadyknownandstudiedbeforehim.Forthefirsttimeinhistorythe
conceptof“neuron”wasproposed.McClullochandPittsfurtherdevelopedaconnectionbetween
automatatheoryandneuroscience,proposingthefirstartificialneuronwhich,yearslater,gaverise
tothefirstcomputationalintelligencealgorithm,namely“theperceptron”.Thisideageneratedgreat
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interestamongprominent scientistsof the time, suchasVonNeumann,whowas thepioneerof
moderncomputersandsetthefoundationfortheconnectionismmovement.

TheDartmouthConferenceof1956wasorganizedbyMarvinMinsky,JohnMcCarthyandtwo
seniorscientists,ClaudeShannonandNathanRochesterofIBM.Atthisconference,theexpression
“ArtificialIntelligence”wasfirstcoinedasthetitleofthefield(Perezetal.,2017).TheDartmouth
conference triggeredaneweraofdiscoveryandunrestrainedconquestsofnewknowledge.The
computer programmesdeveloped at the time are consideredbymost as simply “extraordinary”;
computerssolvealgebraicproblems,demonstratetheoremsingeometryandlearnttospeakEnglish.At
thattime,manydidn’tbelievethatsuch“intelligent”behaviorwaspossibleinmachines.Researchers
displayedagreatdealofoptimismbothinprivateandinscientificpublications.Theypredictedthat
acompletelyintelligentmachinewouldbebuiltinthenext20years.Governmentagencies,suchas
theUSDefenceandResearchProjectAgency(DARPA),wereinvestingheavilyinthisnewarea.It
isworthmentioning,thatsomeoftheaforementionedscientists,aswellasmajorlaboratoriesofthe
time,suchasLosAlamos(NuevoMexico,USA),hadstrongconnectionswiththearmyandthislink
hadaprominentinfluence,astheworkatBletchleyPark(MiltonKeynes,UK)had,overthecourse
ofWWII,asdidpoliticalconflictsliketheColdWarinAIinnovation.

In1971,DARPAfundedaconsortiumofleadinglaboratoriesinthefieldofspeechrecognition.
Theprojecthadtheambitiousgoalofcreatingafullyfunctionalspeechrecognitionsystemwitha
largevocabulary.Inthemiddleofthe1970s,thefieldofAIenduredfiercecriticismandbudgetary
restrictions,asAIresearchdevelopmentdidnotmatchtheoverwhelmingexpectationsofresearchers..
Whenpromisedresultsdidnotmaterialize,investmentinAIeroded.Followingdisappointingresults,
DARPAwithdrewfunding inspeechrecognitionand this,coupledwithothereventssuchas the
failureofmachinetranslation,theabandonmentofconnectionismandtheLighthillreport,marked
thefirstwinterofAI(Lighthill,1973).Duringthisperiod,connectionismstagnatedforthenext10
yearsfollowingadevastatingcritiquebyMarvinMinksyonperceptrons(Minsky&Papert,1969).
From1980until1987,AIprogrammes,called“expertsystems”,wereadoptedbycompaniesand
knowledge acquisitionbecome the central focusofAI research.At the same time, the Japanese
governmentlaunchedamassivefundingprogramonAI,withitsfifth-generationcomputersinitiative.
ConnectionismwasalsorevivedbytheworkofJohnHopfield(1982)andDavidRumelhartetal.
(1985).AI researcherswhohadexperienced the firstbacklash in1974,werescepticalabout the
reignitedenthusiasmsofexpertsystemsandsadlytheirfearswerewellfounded.Thefirstsignofa
changingtidewaswiththecollapseoftheAIcomputerhardwaremarketin1987.AppleandIBM
desktopshadgraduallyimprovedtheirspeedandpowerandin1987theyweremorepowerfulthan
thebestLISPmachinesonthemarket.Overnighthowever,theindustrycollapsedandbillionsof
dollarswerelost.Thedifficultyofupdatingandreprogrammingtheexpertsystems,inadditiontothe
highmaintenancecosts,ledtothesecondAIwinter.InvestmentinAIdroppedandDARPAstopped
itsstrategiccomputinginitiative,claimingAIwasnolongerthe“latestmode.”Japanalsostopped
fundingitsfifth-generationcomputerprogramastheproposedgoalswerenotachieved.Inthe1990s,
thenewconceptof“intelligentagent”emerged(Wooldrige&Jennings,2009).Anagentisasystem
thatperceivesitsenvironmentandundertakesactionsthatmaximizeitschancesofbeingsuccessful.
Theconceptofagentsconveys,forthefirsttime,theideaofintelligentunitsworkingcollaboratively
withacommonobjective.Thisnewparadigmwasintendedtomimichowhumansworkcollectively
ingroups,organizationsand/orsocieties.Intelligentagentsprovedtobeamorepolyvalentconceptof
intelligence.Inthelate1990s,fieldssuchasstatisticallearningfromseveralperspectivesincluding
probabilistic,frequentistandpossibilistic(fuzzylogic)approaches,werelinkedtoAItodealwith
theuncertaintyofdecisions.Thisbroughtanewwaveofsuccessfulapplications forAI,beyond
whatexpertsystemshadachievedduringthe1980s.Thesenewwaysofreasoningweremoresuited
tocopewiththeuncertaintyofintelligentagentstatesandperceptionsandhaditsmajorimpactin
thefieldofcontrol.Duringthistime,high-speedtrainscontrolledbyfuzzylogic,weredeveloped
(Zadel,2015)asweremanyotherindustrialapplications(e.g.factoryvalves,gasandpetroltanks
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surveillance,automaticgeartransmissionsystemsandreactorcontrolinpowerplants)aswellas
householdapplianceswithadvancedlevelsofintelligence(e.g.air-conditioners,heatingsystems,
cookersandvacuum-cleaners).Theseweredifferenttotheexpertsystemsin1980s;themodelling
oftheinferencesystemforthetask,achievedthroughlearning,gaverisetothefieldofMachine
Learning.Nevertheless,althoughmachinereasoningexhibitedgoodperformance,therewasstillan
engineeringrequirementtodigesttheinputspaceintoanewsource,sothatintelligencecouldreason
moreeffectively.Since2000,athirdrenaissanceoftheconnectionismparadigmarrivedwiththe
dawnofBigData,propelledbytherapidadoptionoftheInternetandmobilecommunication.Neural
networkswereoncemoreconsidered,particularlyintheroletheyplayedinenhancingperceptual
intelligenceandeliminatingthenecessityoffeatureengineering.Greatadvanceswerealsomadein
computervision,improvingvisualperception,increasingthecapabilitiesofintelligentagentsand
robotsinperformingmorecomplextasks,combinedwithvisualpatternrecognition.Allthesepaved
thewaytonewAIchallengessuchas,speechrecognition,naturallanguageprocessing,andself-
drivingcars.AtimelineofkeyhighlightsinthehistoryofAIisshowninFigure1.

3. CURReNT STATe oF THe ART oF RoBoTICS ANd AI

Buildingontheadvancesmadeinmechatronics,electricalengineeringandcomputing,roboticsis
developingincreasinglysophisticatedsensorimotorfunctionsthatgivemachinestheabilitytoadapt
totheirever-changingenvironment.Untilnow,thesystemofindustrialproductionwasorganized
aroundthemachine;itiscalibratedaccordingtoitsenvironmentandtoleratedminimalvariations.

Today,itcanbeintegratedmoreeasilyintoanexistingenvironment.Theautonomyofarobotin
anenvironmentcanbesubdividedintoperceiving,planningandexecution(manipulating,navigating,

Figure 1. A timeline highlighting some of the most relevant events of AI since 1950. The blue boxes represent events that have 
had a positive impact on the development of AI. In contrast, those with a negative impact are shown in red and reflect the low 
points in the evolution of the field, i.e. the so-called ”winters” of AI (Perez et al., 2017).
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collaborating).ThemainideaofconvergingAIandRoboticsistotrytooptimizeitslevelofautonomy
throughlearning.Thislevelofintelligencecanbemeasuredasthecapacityofpredictingthefuture,
eitherinplanningatask,orininteracting(eitherbymanipulatingornavigating)withtheworld.
Robotswithintelligencehavebeenattemptedmanytimes.Althoughcreatingasystemexhibiting
human-likeintelligenceremainselusive,robotsthatcanperformspecializedautonomoustasks,such
asdrivingavehicle(Rogers,2015),flyinginnaturalandman-madeenvironments(Floreano&Wood,
2015),swimming(Chenetal.,2014),carryingboxesandmaterialindifferentterrains(Ohmura&
Kuniyoshi,2007),pickupobjects(Kappassonetal.,2015)andputthemdownArisumietal.,2010)
doexisttoday.

AnotherimportantapplicationofAIinroboticsisforthetaskofperception.Robotscansensethe
environmentbymeansofintegratedsensorsorcomputervision.Inthelastdecade,computersystems
haveimprovedthequalityofbothsensingandvision.Perceptionisnotonlyimportantforplanningbut
alsoforcreatinganartificialsenseofself-awarenessintherobot.Thispermitssupportinginteractions
withtherobotwithotherentitiesinthesameenvironment.Thisdisciplineisknownassocialrobotics.
Itcovers twobroaddomains:human-robot interactions (HCI)andcognitive robotics.Thevision
ofHCIittoimprovetheroboticperceptionofhumanssuchasinunderstandingactivities(Asada,
2015),emotions(Zhangetal.,2013),non-verbalcommunications(Mavridis,2015)andinbeingable
tonavigateanenvironmentalongwithhumans(Kruseetal.,2013).Thefieldofcognitiverobotics
focusesonprovidingrobotswiththeautonomouscapacityoflearningandacquiringknowledgefrom
sophisticatedlevelsofperceptionbasedonimitationandexperience.Itaimsatmimickingthehuman
cognitivesystem,whichregulatestheprocessofacquiringknowledgeandunderstanding,through
experienceandsensorisation(Mochizukietal.,2013).Incognitiverobotics,therearealsomodels
thatincorporatemotivationandcuriositytoimprovethequalityandspeedofknowledgeacquisition
throughlearning(Oudeyer,2014;Chanetal.,2015).

AIhascontinuedbeatingallrecordsandovercomingmanychallengesthatwereunthinkableless
thanadecadeago.Thecombinationoftheseadvanceswillcontinuetoreshapeourunderstanding
aboutroboticintelligenceinmanynewdomains.Figure2providesatimelineofthemilestonein
roboticsandAI.

Moreover,thecontemporaryofAIandRoboticshavedramaticallydevelopingtheirapplicationS
indiffernetdisciplines.Forinstance:

InMarch2019(MeettheWorld’sFirstFemaleAINewsAnchor,2019),theChineseGovernment-
controlledXinhuaNewsAgencyannouncedthattheyhavelunchedtheirlatestAInewspresenter,
afemale-genderedsystemnamesXinXiaomeng.TheyareworkingincollaborationwithChinese
searchenginecompanySoguotoproduceXin.Asaremembered,inNovember2018,thestatenews
agencyintroducedQiuHao,amale-genderedAIpresentermodelledonanactualXinhuanewsanchor
duringChina’sWorldInternetConference.XinhuaandSoguohavealsoannouncedthattheyhave
builtanimprovedmale-genderedAIsystemnamedXinXiaohao,whoisabletogesture,stand,and
movemorenaturallythanXinXiaomengorQiuHao.

Spaceexpeditionsanddiscoveries(AIApplications,2019)alwaysrequireanalyzingvastamounts
ofdata.ArtificialIntelligenceandMachinelearningisthebestwaytohandleandprocessdataonthis
scale.Afterrigorousresearch,astronomersusedArtificialIntelligencetosiftthroughyearsofdata
obtainedbytheKeplertelescopeinordertoidentifyadistanteight-planetsolarsystem.Artificial
IntelligenceisalsobeingusedforNASA’snextrovermissiontoMars,theMars2020Rover.The
AEGIS,whichisanAI-basedMarsroverisalreadyontheredplanet.Theroverisresponsiblefor
autonomoustargetingofcamerasinordertoperforminvestigationsonMars.

Forthelongesttime,self-drivingcars(AIApplications,2019)havebeenabuzzwordintheAI
industry.Thedevelopmentofautonomousvehicleswilldefinitelyrevolutionariesthetransportsystem.
CompanieslikeWaymoconductedseveraltestdrivesinPhoenixbeforedeployingtheirfirstAI-based
publicride-hailingservice.TheAIsystemcollectsdatafromthevehiclesradar,cameras,GPS,and
cloudservicestoproducecontrolsignalsthatoperatethevehicle.AdvancedDeepLearningalgorithms
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canaccuratelypredictwhatobjectsinthevehicle’svicinityarelikelytodo.ThismakesWaymocars
moreeffectiveandsafer.AnotherfamousexampleofanautonomousvehicleisTesla’sself-driving
car.ArtificialIntelligenceimplementscomputervision,imagedetectionanddeeplearningtobuild
carsthatcanautomaticallydetectobjectsanddrivearoundwithouthumanintervention.

ThesedaysVirtualassistants(AIApplications,2019)havebecomeaverycommontechnology.
Almosteveryhouseholdhasavirtualassistantthatcontrolstheappliancesathome.Afewexamples
includeSiri,Cortana,whicharegainingpopularitybecauseof theuserexperience theyprovide.
Amazon’sEchoisanexampleofhowArtificialIntelligencecanbeusedtotranslatehumanlanguage
intodesirableactions.ThisdeviceusesspeechrecognitionandNLPtoperformawiderangeof
tasksonyourcommand.Itcandomorethanjustplayyourfavoritesongs.Itcanbeusedtocontrol
thedevicesatyourhouse,bookcabs,makephonecalls,orderyourfavoritefood,checktheweather
conditionsandsoon.

AnotherexampleisthenewlyreleasedGoogle’svirtualassistantcalledGoogleDuplex,that
hasastonishedmillionsofpeople.Notonlycanitrespondtocallsandbookappointmentsforyou,
butitalsoaddsahumantouch.ThedeviceusesNaturallanguageprocessingandMachinelearning
algorithmstoprocesshumanlanguageandperformtaskssuchasmanageyourschedule,controlyour
smarthome,makeareservationandsoon.

Ever since social media has become our identity, we’ve been generating an immeasurable
amountofdatathroughchats,tweets,postsandsoon.Andwhereverthereisanabundanceofdata,
AIandMachineLearningarealwaysinvolved.InsocialmediaplatformslikeFacebook,AIisused
forfaceverificationwhereinmachinelearninganddeeplearningconceptsareusedtodetectfacial
featuresandtagyourfriends.DeepLearningisusedtoextracteveryminutedetailfromanimageby
usingabunchofdeepneuralnetworks.Ontheotherhand,Machinelearningalgorithmsareusedto
designyourfeedbasedonyourinterests.AnothersuchexampleisTwitter’sAI,whichisbeingused
toidentifyhatespeechandterroristiclanguageintweets.ItmakesuseofMachineLearning,Deep
Learning,andNaturallanguageprocessingtofilteroutoffensivecontent.Thecompanydiscovered
andbanned300,000terrorist-linkedaccounts,95%ofwhichwerefoundbynon-human,artificially
intelligentmachines.

Figure 2. A timeline of robotics and AI (Perez et al., 2017)
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4. THe SeASoNS oF RoBoTICS ANd AI

TheevolutionofAI todate,hasenduredseveralcyclesofoptimism(springs)andpessimismor
negativism(winters):

• Birth of AI (1952-1956): Before the term AI was coined, there were already advances in
cybernetics andneuralnetworks,which started to attract the attentionofboth the scientific
communitiesandthepublic.TheDartmouthConference(1956)wastheresultofthisincreasing
interestandgaverisetothefollowinggoldenyearsofAIwithhighlevelsofoptimisminthefield.

• First Spring (1956-1974):Computersofthetimecouldsolvealgebraandgeometricproblems,
aswell as speakEnglish.Advanceswerequalifiedas“impressive”and therewasageneral
atmosphereofoptimisminthefield.Researchersintheareaestimatedthatafullyintelligent
machinewouldbebuiltinthefollowing20years.

• First Winter (1974-1980): The winter started when the public and media questioned the
promisesofAI.Researcherswerecaughtinaspiralofexaggeratedclaimsandforecastsbutthe
limitationsthetechnologyposedatthetimewereinviolable.Anabruptendingoffundingby
majoragenciessuchasDARPA,theNationalResearchCouncilandtheBritishGovernment,
ledtothefirstwinterofAI.

• Second Spring (1980-1987):Expertsystemsweredevelopedtosolveproblemsofaspecific
domainbyusinglogicalrulesderivedfromexperts.Therewasalsoarevivalofconnectionism
andneuralnetworksforcharacterorspeechrecognition.Thisperiodisknownasthesecond
springofAI.

• Second Winter (1987-1993):Specializedmachinesforrunningexpertsystemsweredisplaced
bynewdesktopcomputers.Consequentlysomecompanies,thatproducedexpertsystems,went
intobankruptcy.Thisledtoanewwaveofpessimismendingthefundingprogramsinitiated
duringthepreviousspring.

• In the background (1997-2000):From1997to2000,thefieldofAIwasprogressingbehindthe
scenes,asnofurthermulti-millionprogramswereannounced.Despitethelackofmajorfunding
theareacontinuedtoprogress,asincreasedcomputerpowerandresourcesweredeveloped.New
applicationsinspecificareasweredevelopedandtheconceptof“machinelearning”startedto
becomethecornerstoneofAI.

• Third Spring (2000-Present):Since2000,withthesuccessoftheInternetandweb,theBig
DatarevolutionstartedtotakeoffalongwithnewlyemergedareassuchasDeepLearning.This
newperiodisknownasthethirdspringofAIandfortimebeing,itlookslikeitisheretostay.
Somehaveevenstartedtopredicttheimminentarrivalofsingularity-anintelligenceexplosion
resulting inapowerfulsuper-intelligence thatwilleventuallysurpasshuman intelligence. Is
thispossible?

5. AI TeCHNoLoGIeS ANd dISCIPLINeS

AIisadiversefieldofresearchandthefollowingsub-fieldsareessentialtoitsdevelopment.These
includeneuralnetworks,fuzzylogic,evolutionarycomputation,andprobabilisticmethods.

Neuralnetworksbuildontheareaofconnectionismwiththemainpurposeofmimickingthe
waythenervoussystemprocessesinformation.Artificialneuralnetworks(ANN)andvariantshave
allowedsignificantprogressofAItoperformtasksrelativeto“perception”.Whencombinedwith
thecurrentmulticoreparallelcomputinghardwareplatforms,manyneurallayerscanbestackedto
provideahigherlevelofperceptualabstractioninlearningitsownsetoffeatures,thusremovingthe
needforhandcraftedfeatures;aprocessknownasdeeplearning(LeCunetal.,2015).Limitations
ofusingdeeplayeredANNsinclude1)lowinterpretabilityoftheresultantlearnedmodel,2)large
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volumesoftrainingdataandconsiderablecomputationalpowerareoftenrequiredfortheeffective
applicationoftheseneuralmodels.

Deep learningispartofmachinelearningandisusuallylinkedtodeepneuralnetworksthat
consistofamulti-levellearningofdetailorrepresentationsofdata.Throughthesedifferentlayers,
information passes from low-level parameters to higher-level parameters. These different levels
correspondtodifferent levelsofdataabstraction, leadingto learningandrecognition.Anumber
ofdeeplearningarchitectures,suchasdeepneuralnetworks,deepconvolutionalneuralnetworks
anddeepbeliefnetworks,havebeenappliedtofieldssuchascomputervision,automaticspeech
recognition,andaudioandmusicsignalrecognitionandthesehavebeenshowntoproducecutting-
edgeresultsinvarioustasks.

Fuzzy logic focuses on the manipulation of information that is often imprecise. Most
computationalintelligenceprinciplesaccountforthefactthat,whilstobservationsarealwaysexact,
ourknowledgeof thecontext, canoftenbe incompleteor inaccurateas it is inmany real-world
situations.Fuzzy logicprovides a framework inwhich tooperatewithdata assuminga levelof
imprecisionoverasetofobservations,aswellasstructuralelementstoenhancetheinterpretability
ofalearnedmodel(Zadeh,1996).ItdoesprovideaframeworkforformalizingAImethods,aswell
asanaccessibletranslationofAImodelsintoelectroniccircuits.Nevertheless,fuzzylogicdoesnot
providelearningabilitiesperse,soitisoftencombinedwithotheraspectssuchaneuralnetworks,
evolutionarycomputingorstatisticallearning.

Evolutionary computing relies on the principle of natural selection, or natural patterns of
collectivebehavior(Fogel,2006).Thetwomostrelevantsubfieldsincludegeneticalgorithmsand
swarmintelligence.ItsmainimpactonAIisonmulti-objectiveoptimization,inwhichitcanproduce
veryrobustresults.Thelimitationsofthesemodelsarelikeneuralnetworksaboutinterpretability
andcomputingpower.

Statistical LearningisaimedatAIemployingamoreclassicallystatisticalperspective,e.g.,
Bayesianmodeling,addingthenotionofpriorknowledgetoAI.Thesemethodsbenefitfromawide
setofwell-proventechniquesandoperationsinheritedfromthefieldofclassicalstatistics,aswellas
aframeworktocreateformalmethodsforAI.Themaindrawbackisthat,probabilisticapproaches
expresstheirinferenceasacorrespondencetoapopulation(Breiman,2001)andtheprobabilityconcept
maynotbealwaysapplicable,forinstance,whenvaguenessorsubjectivityneedtobemeasuredand
addressed(Senn,2007).

Ensemble learning and meta-algorithmsisanareaofAIthataimstocreatemodelsthatcombine
severalweakbaselearnersinordertoincreaseaccuracy,whilereducingitsbiasandvariance.For
instance,ensemblescanshowahigherflexibilitywithrespecttosinglemodelapproachesonwhich
somecomplexpatternscanbemodeled.Somewell-knownmeta-algorithmsforbuildingensembles
arebaggingandboosting.Ensemblescantakeadvantageofsignificantcomputationalresourcesto
trainmanybaseclassifiersthereforeenhancingtheabilitytoaugmentresolutionofthepatternsearch
-althoughthisdoesnotalwaysassuretheattainmentofahigheraccuracy.

Logic-based artificial intelligence is an area of AI commonly used for task knowledge
representationandinference.Itcanrepresentpredicatedescriptions,factsandsemanticsofadomain
by means of formal logic, in structures known as logic programs. By means of inductive logic
programminghypothesescanbederivedovertheknownbackground.

6. LIMITATIoN oF AI ANd RoBoTICS

CurrentAIandroboticstechnologiesarelimitedtoveryspecificapplications(Perezetal.,2017).
OnelimitationofAI,forexample,isthelackof“CommonSense”;theabilitytojudgeinformation
beyonditsacquiredknowledge.ArecentexampleisthatoftheAIrobotToydevelopedbyMicrosoft
anddesignedformakingconversationsonsocialnetworks.Ithadtobedisconnectedshortlyafter
itslaunchbecauseitwasnotabletodistinguishbetweenpositiveandnegativehumaninteraction.



International Journal of Artificial Intelligence and Machine Learning
Volume 10 • Issue 2 • July-December 2020

65

AIisalsolimitedintermsofemotionalintelligence.AIcanonlydetectbasichumanemotional
statessuchasanger,joy,sadness,fear,pain,stressandneutrality.Emotionalintelligenceisoneof
thenextfrontiersofhigherlevelsofpersonalisation.TrueandcompleteAIdoesnotyetexist.At
thislevel,AIwillmimichumancognitiontoapointthatitwillenabletheabilitytodream,think,
feelemotionsandhaveowngoals.AlthoughthereisnoevidenceyetthiskindoftrueAIcouldexist
before2050,neverthelessthecomputerscienceprinciplesdrivingAIforward,arerapidlyadvancing
anditisimportanttoassessitsimpact,notonlyfromatechnologicalstandpoint,butalsofroma
social,ethical,andlegalperspective.

7. weAK ANd STRoNG AI & RoBoTICS

WhendefiningthecapacityofAI,thisisfrequentlycategorizedintermsofweakorstrongAI(Perez
etal.,2017).WeakAI(narrowAI)isoneintendedtoreproduceanobservedbehaviorasaccurately
aspossible.Itcancarryoutataskforwhichtheyhavebeenprecision-trained.SuchAIsystemscan
becomeextremelyefficientintheirownfieldbutlackgeneralizationability.Mostexistingintelligent
systemsthatusemachinelearning,patternrecognition,dataminingornaturallanguageprocessing
areexamplesofweakAI.Intelligentsystems,poweredwithweakAIincluderecommendersystems,
spamfilters,self-drivingcars,andindustrialrobots.

StrongAIisusuallydescribedasanintelligentsystemendowedwithrealconsciousnessand
isabletothinkandreasoninthesamewayasahumanbeing.AstrongAIcan,notonlyassimilate
informationlikeaweakAI,butalsomodifyitsownfunctioning,i.e.isabletoautonomouslyreprogram
theAItoperformgeneralintelligenttasks.Theseprocessesareregulatedbyhuman-likecognitive
abilitiesincludingconsciousness,sentience,sapienceandself-awareness.Effortsintendingtogenerate
astrongAIhavefocusedonwholebrainsimulations,howeverthisapproachhasreceivedcriticism,as
intelligencecannotbesimplyexplainedasabiologicalprocessemanatingfromasingleorganbutis
acomplexcoalescenceofeffectsandinteractionsbetweentheintelligentbeinganditsenvironment,
encompassingaseriesofdiversewaysviainterlinkedbiologicalprocess.

8. THe IMPACT oF GoVeRNMeNT oN AI & RoBoTICS

Governmentorganizationsandthepublicsectorareinvestingmillionstoboostartificialintelligence
research.Forexample, theNationalResearchFoundationofSingapore is investing$150million
intoanewnationalprogrammeinAI.IntheUKalone,£270millionisbeinginvestedfrom2017to
2018toboostscience,researchandinnovation,viatheGovernment’snewindustrialstrategyanda
furtherfundingof£4.7billionisplannedby2021(Yang,2017).ThistimelyinvestmentwillputUK
inthetechnologicalleadamongthebestintheworldandensurethatUKtechnologicalinnovations
cancompete.RecentAIdevelopmentshavetriggeredmajorinvestmentacrossallsectorsincluding
financialservices,banking,marketingandadvertising,inhospitalsandgovernmentadministration.

In fact softwareand information technology serviceshavemore thana30%share in allAI
investmentsworldwideasof2016,whereasInternetandtelecommunicationcompaniesfollowwith
9%and4%,respectively(Inc,2016).

ItisalsoimportanttonotethatthefundinginAIsafety,ethicsandstrategy/policyhasalmost
doubledinthelastthreeyears(Farquhar,2017).Apartfromnon-profitorganizations,suchasthe
FutureofLifeInstitute(FLI)andtheMachineIntelligenceResearchInstitute(MIRI),othercenters,
suchastheCentreforHuman-CompatibleAIandCentrefortheFutureofIntelligence,haveemerged
andthey,alongwithkeytechnologicalfirms,investedatotalof$6.6millionin2016.
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9. MAJoR TeCHNoLoGICAL FIRMS AI & RoBoTICS

Majortechnologicalfirmsareinvestingintoapplicationsforspeechrecognition,naturallanguage
processingandcomputervision.Asignificantleapintheperformanceofmachinelearningalgorithms
resultingfromdeeplearning,exploitedtheimprovedhardwareandsensortechnologytotrainartificial
networkswithlargeamountsofinformationderivedfrom‘bigdata’(Andreu-Perezetal.,2015;Ravi
etal.,2017).Currentstate-of-the-artAIallowsfor theautomationofvariousprocessesandnew
applicationsareemergingwiththepotential tochangetheentireworkingsof thebusinessworld
(Figures3,4,&5).Asaresult,thereishugepotentialforeconomicgrowth,whichisdemonstrated
inthefact thatbetween2014and2015alone,Google,Microsoft,Apple,Amazon,IBM,Yahoo,
Facebook, and Twitter, made at least 26 acquisitions of start-ups and companies developing AI
technology,totalingover$5billionincost.

In2014,GoogleacquiredDeepMind,aLondon-basedstart-upcompanyspecializingindeep
learning,formorethan$500MandsetarecordofcompanyinvestmentofAIresearchtoacademic
standard.Infact,DeepMindhasproducedover140journalandconferencepapersandhashadfour
articlespublishedinNaturesince2012.OneoftheachievementsofDeepMindwasindeveloping
AItechnologyabletocreategeneral-purposesoftwareagentsthatadjusttheiractionsbasedonly
onacumulativereward.Thisreinforcementlearningapproachexceedshumanlevelperformancein
manyaspectsandhasbeendemonstratedwiththedefeatoftheworldGogamechampion;markinga
historicallandmarkinAIprogress.IBMhasdevelopedasupercomputerplatform,Watson,whichhas
thecapabilitytoperformtextminingandextractcomplexanalyticsfromlargevolumesofunstructured
data.Todemonstrateitsabilities,IBMWatson,in2011,beattwotopplayerson‘Jeopardy!’,apopular
quizshow,thatrequiresparticipantstoguessquestionsfromspecificanswers.Although,information
retrievalistrivialforcomputersystems,comprehensionofnaturallanguageisstillachallenge.This
achievementhashadasignificantimpactontheperformanceofwebsearchesandtheoverallability
ofAIsystemstointeractwithhumans.In2015,IBMboughtAlchemyAPItoincorporateitstextand
imageanalysiscapabilitiesinthecognitivecomputingplatformoftheIBMWatson.Thesystemhas
alreadybeenusedtoprocesslegaldocumentsandprovidesupporttolegalduties.Expertsbelieve

Figure 3. A conservative estimate of venture capital investment in AI technology worldwide according to data presented in (Chen 
et al., 2016)
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Figure 4. Total estimated equity investments in ai start-ups, by start-up location 2011-17 and First Semester 2018 (OECD, 2018)

Figure 5. Number of private equity investments in AI start-ups, by start-up location 2011-17 and First Semester 2018 (OECD, 2018)
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thatthesecapabilitiescantransformcurrenthealthcaresystemsandmedicalresearch.Researchin
topAIfirmsiscenteredonthedevelopmentofsystemsthatareabletoreliablyinteractwithpeople.
Interactiontakesmorenaturalformsthroughreal-timespeechrecognitionandtranslationcapabilities.
Robo-advisorapplicationsareatthetopoftheAImarketwithagloballyestimated255billioninUS
dollarsby2020(Inc,2016).Therearealreadyseveralvirtualassistantsofferedbymajorcompanies.
Forexample,AppleoffersSiriandAmazonAlexa,MicrosoftoffersCortana,andGooglehasthe
GoogleAssistant.

2016,Apple Inc.purchasedEmotient Inc., a start-upusingartificial-intelligence technology
toreadpeople’semotionsbyanalyzingfacialexpressions.DeepMindcreatedWaveNet,whichisa
generativemodelthatmimicshumanvoices.Accordingtothecompany’swebsite,thissoundsmore
naturalthanthebestexistingText-to-Speechsystems.Facebookisalsoconsideringmachine-human
interactioncapabilitiesasaprerequisitetogeneralizedAI.Recently,OpenAI,anon-profitorganization,
hasbeenfundedaspartofastrategicplantomitigatetherisksofmonopolizingstrongAI.OpenAI
hasre-designedevolutionalalgorithmsthatcanworktogetherwithdeepneuralnetworkstooffer
state-of-the-artperformance.ItisconsideredtorivalDeepMindsinceitofferssimilaropen-source
machinelearninglibrariestoTensorFlow,adeeplearninglibrarydistributedbyGoogleDeepMind.
Nevertheless,thebigdifferencebetweenthetechnologydevelopedatOpenAIandtheotherprivate
techcompanies,isthatthecreatedIntellectualPropertyisaccessiblebyeveryone.Althoughseveral
companiesandorganizations,includingDeepMindandOpenAI,envisionthesolutiontothecreation
ofintelligenceandtheso-calledStrongAI,developingmachineswithself-sustainedlong-termgoals
iswellbeyondcurrenttechnology.Furthermore,thereisvigorousdebateonwhetherornotweare
goingthroughanAIbubble,whichencompassestheparadoxthatproductivitygrowthinUSA,during
thelastdecade,hasdeclinedregardlessofanexplosionoftechnologicalprogressandinnovation.It
isdifficulttounderstandwhetherthisreflectsastatisticalshortcomingorthatcurrentinnovations
arenottransformativeenough.Thisdeclinecanbealsoattributedtothelackofconsistentpolicy
frameworksandsecuritystandardsthatcanenabletheapplicationofAIinprojectsofsignificant
impact(Table1).

10. PRoGRAMMING LANGUAGeS FoR AI & RoBoTICS

ProgramminglanguagesplayedamajorroleintheevolutionofAIsincethelate1950sandseveral
teamscarriedout important researchprojects inAI; e.g. automaticdemonstrationprogramsand
gameprograms(Chess,Ladies)(McCarthy,1959).Duringtheseperiodsresearchersfoundthatone
ofthespecialrequirementsforAIistheabilitytoeasilymanipulatesymbolsandlistsofsymbols
ratherthanprocessingnumbersorstringsofcharacters.Sincethelanguagesofthetimedidnotoffer
suchfacilities,aresearcherfromMIT,JohnMacCarthy,developed,during1956-58,thedefinition
ofanad-hoclanguageforlogicprogramming,calledLISP(LIStProcessinglanguage).Sincethen,
severalhundredderivativelanguages,so-called“Lispdialects”,haveemerged(Scheme,Common
Lisp,Clojure);Indeed,writingaLISPinterpreterisnotahardtaskforaLispprogrammer(itinvolves
onlyafewthousandinstructions)comparedtothedevelopmentofacompilerforaclassicallanguage
(whichrequiresseveraltensofthousandsofinstructions).Becauseofitsexpressivenessandflexibility,
LISPwasverysuccessfulintheartificialintelligencecommunityuntilthe1990s.

AnotherimportanteventatthebeginningofAIwasthecreationofalanguagewiththemain
purposeofexpressinglogicrulesandaxioms.Around1972anewlanguagewascreatedbyAlain
ColmerauerandPhilippeRousselnamedProlog(PROgramminginLogic).Theirgoalwastocreatea
programminglanguagewheretheexpectedlogicalrulesofasolutioncanbedefinedandthecompiler
automaticallytransformsitintoasequenceofinstructions.

PrologisusedinAIandinnaturallanguageprocessing.Itsrulesofsyntaxanditssemanticsare
simpleandconsideredaccessibletonon-programmers.Oneoftheobjectiveswastoprovideatoolfor
linguisticsthatwascompatiblewithcomputerscience.Since2008,thePythoncommunityhasbeen
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tryingtocatchupwithspecificlanguagesforscientificcomputing,suchasMatlabandR.Duetoits
versatility,PythonisnowusedfrequentlyforresearchinAI.However,althoughpythonhassome
oftheadvantagesoffunctionalprogramming,run-timespeedsarestillfarbehindotherfunctional
languages,suchasLisporHaskell,andevenmoresofromC/C++.Inaddition,itlacksofefficiency

Table 1. Major companies in AI (Perez et al., 2017)
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whenmanaginglargeamountsofmemoryandhighly-concurrentsystems.Inthe1990s,themachine
languageswithC/C++andFortrangainedpopularityandeclipsedtheuseofLISPandProlog.
Greateremphasiswasplacedoncreatingfunctionsandlibrariesforscientificcomputationonthese
platformsandwereusedforintensivedataanalysistasksorartificialintelligencewithearlyrobots.
Inthemiddleofthe1990s,thecompanySunMicrosystems,startedaprojecttocreatealanguage
thatsolvedsecurityflaws,distributedprogrammingandmulti-threadingofC++.Inaddition,they
wantedaplatformthatcouldbeportedtoanytypeofdeviceorplatform.In1995,theypresented
Java,whichtooktheconceptofobjectorientationmuchfurtherthanC++.Equally,oneofthemost
importantadditionstoJavawastheJavaVM(JVM)whichenabledthecapabilityofrunningthesame
codeinanydeviceregardlessoftheirinternaltechnologyandwithouttheneedofpre-compilingfor
everyplatform.ThisaddednewadvantagestothefieldofAIthatwerebeintroducedindevicessuch
ascloudserversandembeddedcomputers.AnotherimportantfeatureofJavawasthatitalsooffered
oneofthefirstframeworks,withspecifictoolsfortheinternet,bringingthepossibilityofrunning
applicationsintheformofjavaappletsandjavascripts(i.e.self-executingprograms)withoutthe
needofinstallation.ThishadanenormousimpactinthefieldofAIandasetthefoundationinthe
fieldsofweb2.0/3.0andtheinternetofthings(IoT).From2010andmostlydrivenbythenecessity
oftranslatingAIintocommercialproducts,(thatcouldbeusedbythousandsandmillionsofusers
inrealtime),ITcorporationslookedforalternativesbycreatinghybridlanguages,thatcombined
thebestfromallparadigmswithoutcompromisingspeed,capacityandconcurrency.Inrecentyears,
newlanguagessuchasScalaandGo,aswellasErlangorClojure,havebeenusedforapplications
withveryhighconcurrencyandparallelization,mostlyontheserverside.Well-knownexamplesare
FacebookwithErlangorGooglewithGo.Newlanguagesforscientificcomputationhavealsoemerged
suchasJuliaandLua.However,thedevelopmentofAIusingpurelyprocedurallanguageswascostly,
time-consuminganderrorprone.Consequently,thisturnedtheattentionintoothermulti-paradigm
languagesthatcouldcombinefeaturesfromfunctionalandproceduralobject-orientedlanguages.
Python,althoughfirstpublishedin1991,startedtogainpopularityasanalternativetoC/C++with
Python2.2by2001.ThePythonconceptwastohavealanguagethatcouldbeaspowerfulasC/C++
butalsoexpressiveandpragmaticforexecuting“scripts”likeShellScript.Itwasin2008,withthe
publicationofPython3.0,whichsolvedseveralinitialflaws,whenthelanguagestartedtobeconsidered
aseriouscontenderforC++,javaandotherscriptinglanguagessuchasPerl.Althoughfunctional
programminghasbeenpopularinacademia,itsuseinindustrialsettingshasbeenmarginalandmainly
duringthetimeswhen“expertsystems”wereattheirpeak,predominantlyduringthe1980s.Afterthe
fallofexpertsystems,functionalprogramminghas,formanyyears,beenconsideredafailingrelic
fromthatperiod.However,asmultiprocessorsandparallelcomputingarebecomingmoreavailable,
functionalprogrammingisprovingtobeachoiceofmanyprogrammerstomaximizefunctionality
fromtheirmulticoreprocessors.Thesehighlyexpensivecomputationsareusuallyneededforheavy
mathematicaloperationsorpatternmatching,whichconstituteafundamentalpartofrunninganAI
system.Inthefuture,wewillseenewlanguagesthatbringsimplificationsonexistingfunctional
languagessuchasHaskellandErlangandmakethisprogrammingparadigmmoreaccessible.In
addition,theadventoftheinternet-of-things(IoT)hasdrawntheattentiontotheprogrammingof
embeddedsystems.Thus,efficiency,safetyandperformanceareagainmattersfordiscussion.New
languagesthatcanreplaceC/C++incorporatingtipsfromfunctionalprogramming(e.g.Elixir)will
becomeincreasinglypopular.Also,newlanguagesthatincorporatesimplificationsaswellasaset
offunctionsfrommodernimperativeprogramming,whilemaintainingaperformancelikeC/C++
(e.g.Rust),willbeanotherfuturedevelopment(Table2).

11. RISKS ANd FeARS oF AI ANd RoBoTICS

GiventheexponentialriseofinterestinAI,expertshavecalledformajorstudiesontheimpactof
AIonoursociety,notonlyintechnologicalbutalsoinlegal,ethicalandsocio-economicareas.This
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responsealso includes thespeculation thatautonomoussuperartificial intelligencemayoneday
supersedethecognitivecapabilitiesofhumans.ThisfuturescenarioisusuallyknowninAIforums
as the“AIsingularity” (Spinrad,2017).This iscommonlydefinedas theabilityofmachines to
buildbettermachinesbythemselves.Thisfuturisticscenariohasbeenquestionedandisreceived

Table 2. Lists of AI and robotics programming language (Perez et al., 2017).
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withscepticismbymanyexperts.Today’sAIresearchersaremorefocusedondevelopingsystems
thatareverygoodattasksinanarrowrangeofapplications.Thisfocusisatoddswiththeideaof
thepursuitofasupergenericAIsystemthatcouldmimicalldifferentcognitiveabilitiesrelatedto
humanintelligencesuchasself-awarenessandemotionalknowledge.Inadditiontothisdebate,about
AIdevelopmentandthestatusofourhegemonyasthemostintelligentspeciesontheplanet,further
societalconcernshavebeenraised.Forexample,theAI100(OneHundredYearStudyonArtificial
Intelligence)acommitteeledbyStanfordUniversity,defined18topicsofimportanceforAI(Horvitz,
2014).Althoughthesearenotexhaustivenordefinitive,itsetsforththerangeoftopicsthatneed
tobestudied,forthepotentialimpactofAIandstressesthatthereareanumberofconcernstobe
addressed.Manysimilarassessmentshavebeenperformedandtheyeachoutlinesimilarconcerns
relatedtothewideradoptionofAItechnology.

11.1 The 18 Topics Covered by the AI100 (Horvitz, 2014)
11.1.1. Technical Trends and Surprises
ThistopicaimsatforecastingthefutureadvancesandcompetenciesofAItechnologiesinthenear
future.ObservatoriesofthetrendandimpactofAIshouldbecreated,helpingtoplanthesettingof
AIinspecificsectors,andpreparingthenecessaryregulationtosmoothitsintroduction.

11.1.2. Key Opportunities for AI
HowadvancesinAIcanhelptotransformthequalityofsocietalservicessuchashealth,education,
managementandgovernment,coveringnotjusttheeconomicbenefitsbutalsothesocialadvantages
andimpact.

11.1.3. Delays With Translating AI Advances into Real-World Values
ThepaceoftranslatingAIintorealworldapplicationsiscurrentlydrivenbypotentialeconomic
prospects(Lohr,2012).Itisnecessarytotakemeasurestofosterarapidtranslationofthosepotential
applicationsofAIthatcanimproveorsolveacriticalneedofoursociety,suchasthosethatcansave
livesorgreatlyimprovetheorganizationofsocialservices,eventhoughtheireconomicexploitation
isnotyetassured.

11.1.4. Privacy and Machine Intelligence
Personaldataandprivacyisamajorissuetoconsideranditisimportanttoenvisageandprepare
theregulatory,legalandpolicyframeworksrelatedtothesharingofpersonaldataindevelopingAI
systems.

11.1.5. Democracy and Freedom
In addition to privacy, ethical questions with respect to the stealth use of AI for unscrupulous
applicationsmustbeconsidered.TheuseofAIshouldnotbeattheexpenseoflimitingorinfluencing
thedemocracyandthefreedomofpeople.

11.1.6. Law
Thisconsiderstheimplicationsofrelevantlawsandregulations.First,toidentifywhichaspectsof
AIrequirelegalassessmentandwhatactionsshouldbeundertakentoensurelawenforcementfor
AIservices.Itshouldalsoprovideframeworksandguidelinesabouthowtoadheretotheapproved
lawsandpolicies.



International Journal of Artificial Intelligence and Machine Learning
Volume 10 • Issue 2 • July-December 2020

73

11.1.7. Ethics
BythetimeAIisdeployedintorealworldapplicationsthereareethicalconcernsreferringtotheir
interactionwiththeworld.WhatusesofAIshouldbeconsideredunethical?Howshouldthisbe
disclosed?

11.1.8. Economics
TheeconomicimplicationsofAIonjobsshouldbemonitoredandforecastedsuchthatpoliciescanbe
implementedtodirectourfuturegenerationintojobsthatwillnotbesoonovertakenbymachines.The
useofsophisticatedAIinthefinancialmarketscouldpotentiallycausevolatilitiesanditisnecessary
toassesstheinfluenceAIsystemsmayhaveonfinancialmarkets.SafetyandAutonomy:Forthesafe
operationofintelligent,autonomoussystems,formalverificationtoolsshouldbedevelopedtoassess
theirsafetyoperation.Validationcanbefocusedonthereasoningprocessandverifyingwhetherthe
knowledgebaseofanintelligentsystemiscorrect(Gonzalez&Barr,2000)andalsomakingsurethat
theformulationoftheintelligentbehaviourwillbewithinsafetyboundaries(Ratschan&She,2007).

11.1.9. AI and Warfare
AIhasbeenemployedformilitaryapplicationsformorethanadecade.Robotsnipersandturretshave
beendevelopedformilitarypurposes(Alston,2011).Intelligentweaponshaveincreasinglevelsof
autonomyandthereisaneedfordevelopingnewconventionsandinternationalagreementstodefine
asetofsecureboundariesoftheuseofAIinweaponryandwarfare.

11.1.10. Loss of Control of AI Systems
ThepotentialofAIbeingindependentfromhumancontrolisamajorconcern.Studiesshouldbe
promotedtoaddressthisconcernbothfromthetechnologicalstandpointandtherelevantframework
forgoverningtheresponsibledevelopmentofAI.

11.1.11. Criminal Uses of AI
ImplementationsofAIintomalwarearebecomingmoresophisticatedthusthechancesofstealing
personal information from infecteddevicesaregettinghigher.Malwarecanbemoredifficult to
detectasevasiontechniquesbycomputervirusesandwormsmayleveragehighlysophisticatedAI
techniques(Young&Yung,1997;Kiratetal,2014).Anotherexampleistheuseofdronesandtheir
potentialtofallintothehandsofterroriststheconsequenceofwhichwouldbedevastating.

11.1.12. Collaboration With Machines
Humans and robots need to work together and it is pertinent to envisage in which scenarios
collaborationiscriticalandhowtoperformthiscollaborationsafely.Accidentsbyrobotsworking
sidebysidewithpeoplehadhappenedbefore(Bryant&Waters,2015)androboticandautonomous
systemsdevelopmentshouldfocusonnotonlyenhancedtaskprecisionbut inalsobeingable to
understandtheenvironmentandhumanintention.

11.1.13. AI and Human Cognition
AIhasthepotentialforenhancinghumancognitiveabilities.Somerelevantresearchdisciplineswith
thisobjectiveare sensor informaticsandhuman-computer interfaces.Apart fromapplications to
rehabilitationandassistedliving,theyarealsousedinsurgery(Andreu-Perez,2016)andairtraffic
control(Harrisonetal.,2014).Corticalimplantsareincreasinglyusedforcontrollingprosthesis,our
memoryandreasoningareincreasinglyrelyingonmachinesandtheassociatedhealth,safetyand
ethicalimpactsmustbeaddressed.
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11.1.14. Safety and Autonomy
For the safe operation of intelligent, autonomous systems, formal verification tools should be
developedtoassesstheirsafetyoperation.Validationcanbefocusedonthereasoningprocessand
verifyingwhethertheknowledgebaseofanintelligentsystemiscorrect(Gonzalez&Bar,2000)
andalsomakingsurethattheformulationoftheintelligentbehaviorwillbewithinsafetyboundaries
(ratschan&She,2007).

11.1.15. Psychology of People and Smart Machines
Moreresearchshouldbeundertakentoobtaindetailedknowledgeabouttheopinionsandconcerns
peoplehave,inthewiderusageofsmartmachinesinsocieties.Additionally,inthedesignofintelligent
systems,understandingpeople’spreferencesisimportantforimprovingtheiracceptability(Broadbent
etal.,2009;Smarretal.,2012).

11.1.16. Communication, Understanding and Outreach
CommunicationandeducationalstrategiesmustbedevelopedtoembraceAItechnologiesinour
society.Thesestrategiesmustbeformulatedinwaysthatareunderstandableandaccessiblebynon-
expertsandthegeneralpublic.

11.1.17. Neuroscience and AI
NeuroscienceandAIcandeveloptogether.Neuroscienceplaysanimportantroleforguidingresearch
inAIandwithnewadvancesinhighperformancecomputing,therearealsonewopportunitiesto
studythebrainthroughcomputationalmodelsandsimulationsinordertoinvestigatenewhypotheses
(O’Reilly&Munakata,2002).

11.1.18. AI and Philosophy of Mind
WhenAIcanexperiencealevelofconsciousnessandself-awareness,therewillbeaneedtounderstand
theinnerworldofthepsychologyofmachinesandtheirsubjectivityofconsciousness.

Moreover,duetotheabovepremisesandothers,asIhavestatedontheabstract,currentlyand
maybeonthecomingfewdecades,roboticsandAIbecomethepredatorandriskofworlds’creatures
andtheymayinheritfullnatureofcreaturesaswellastheymightbeconvergedwithothernatural
creatures.Thus,finallytheywillcreatetheirnewuniverseorthedestinyofouruniversewillbein
danger.

12. CoNCLUSIoN

TherearemanylessonsthatcanbelearntfromthepastsuccessesandfailuresofAI.Tosustainthe
progressofAI,arationalandharmonicinteractionisrequiredbetweenapplicationspecificprojects
andvisionaryresearchideas.AlongwiththeunprecedentedenthusiasmofAI,therearealsofearsabout
theimpactofthetechnologyonoursociety.Aclearstrategyisrequiredtoconsidertheassociated
ethicalandlegalchallengestoensurethatthesocietyasawholewillbenefitfromtheevolutionof
AIanditspotentialadverseeffectsaremitigatedfromearlyon.Suchfearsshouldnothinderthe
progressofAIbutmotivatethedevelopmentofasystematicframeworkonwhichfutureAIwill
flourish.Mostcriticalofall,itisimportanttounderstandsciencefictionfrompracticalreality.With
sustainedfundingandresponsibleinvestment,AIissettotransformthefutureofoursociety-our
life,ourlivingenvironmentandoureconomy.
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13. ReCoMMeNdATIoNS

Thefollowingrecommendationsarerelevanttotheworld’sresearchcommunity,industry,government
agenciesandpolicymakers:

Robotics and AI are playing an increasingly important role in the world’s economy and its
futuregrowth.Weneedtobeopenandfullypreparedforthechangesthattheybringtooursociety
andtheir impactontheworkforcestructureandashift in theskillsbase.Strongernational level
engagementisessentialtoensurethegeneralpublichasaclearandfactualviewofthecurrentand
futuredevelopmentofroboticsandAI.

AstrongresearchanddevelopmentbaseforroboticsandAIisfundamentaltothecountries,
particularly in areas in which we already have a critical mass and international lead. Sustained
investmentinroboticsandAIwouldensurethefuturegrowthofthecountriesresearchbaseand
fundingneeds tosupportkeyClusters/CentersofExcellence thatare internationally leadingand
weightedtowardsprojectswithgreatersocial-economicbenefit.

It is important to address legal, regulatory and ethical issues for practical deployment and
responsible innovation of robotics and AI; greater effort needs to be invested on assessing the
economic impact and understanding how to maximize the benefits of these technologies while
mitigatingadverseeffects.

Thegovernmentneedstotangiblysupporttheworkforcebyadjustingtheirskillsandbusiness
increatingopportunitiesbasedonnewtechnologies.Trainingindigitalskillsandre-educatingthe
existingworkforceisessentialtomaintainthecompetitivenessofthecountries.

SustainedinvestmentinroboticsandAIiscriticaltoensurethefuturegrowthofthecountries
research base and its international lead. It is also critical to invest in and develop the younger
generationtoberoboticsandAIsavvywithastrongSTEMfoundationbymakingeffectiveuseof
newtechnicalskills.
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