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ABSTRACT

Thisarticlepresentsanovelreal-time,collaborative,andinteractiveAIpaintingsystem,MappaMundi,
forartisticMindMapcreation.Thesystemconsistsofavoice-basedinputinterface,anautomatic
topicexpansionmodule,andanimageprojectionmodule.Imaginationisoneofthemostimportant
factorswhichmakesanartisticpaintinguniqueandimpressive.Withtherapiddevelopmentofartificial
intelligence,moreandmoreresearcherstrytocreatepaintingwithAItechnology.However,lacking
imaginationisstillamainproblemforAIpainting.Thisresearchproposesanovelapproachtoinject
richimaginationintoaspecialkindofpainting-MindMap.Lexicalandphonologicalsimilarities
ofrespectiveseedwordsarefirstconsidered,thenthesystemlearnsandinheritstheartist’soriginal
paintingstyle,andfurtherappliesDadaismandimpossibilityofimprovisationprinciplesintothe
process.Severalmetricsforimaginationevaluationarethendevelopedlaterinthearticle.Theresult
showthatthisproposedmethodcanincreasetheimaginationofpaintingandalsoimproveitsoverall
quality.
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INTRoDUCTIoN

Artandtechnologyhavebeeninterweavedinthecourseofhumanhistory.IntheRenaissance,the
advancementinanatomyledtorealisticandperspectivedepictionofhumanbody.Duringindustrial
revolution,thedevelopmentofphotographysteeredarthistoryawayfromrealismtoimpressionism
andexpressionismtocapturethebeautyofchangingnatureandinnerexpression.Nowadays,artificial
intelligence(AI)demonstratesstrongerpotentialforartcreation.Manyresearcheshavebeenconducted
toinvolveAIintopoemgeneration(Zhang&Lapata,2014;Chengetal.,2018),creationofclassical
orpopmusic(Thakkaretal.,2018;Hadjeresetal.,2017)andautomaticimagesgeneration(vanden
Oordetal.,2016;Yanetal.,2016;Xuetal.,2018).

Whereastherearefewerresearchesexploringthepossibilityofartificialimagination.Inthis
paper,wewanttoshedlightonifAIhasimagination,andwetackleamorechallengingtask:the
generationofMindMapwithagiventopicoranidea.Firmlyimplantedinascientificepistemology,
amapisviewedasarepresentationofknowledge.WhereasaMindMapisanartisticrepresentation
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tovisualizetheabstractinformationinafigurativeway(showninFigure1).Sharingthesameform
withconventionalmaps,MindMapisaspecialdiagramwhichconnectsandarrangesrelatedwords,
termsandideasaroundacentralkeywordoridea(Hopper,2012).Thus,thecoreissueforMindMap
creationistheinformationexpansion,thatis,givenakeywordoridea,howtoextenditwithmore
ideas,conceptsorontologies.Inthatcase,duringthisresearch,insteadofdiscussingthedrawing
techniquesforthevisualrepresentationofMindMap,wefocusontheAI-enabledimaginationfor
concepts,ideasandallformsofinformationexpansioninMindMap.

Currently,researchonwordexpansion,whichmainlyarebasedonwordembeddingtechniques
(Pennington et al., 2014), are a knowledge aggregation rather than imagination. To generate an
imaginativeandcreativeMindMap,wearefacingthefollowingchallenges.Firstofall,languageis
aninformativeandyetcomplexsystemforhumanmindexpression.Wordsandtheirrelationsshould
beextendedwithamyriadlevelofinformation,suchasthelexical,phonologically,psychological
features.Howtoexpandimaginationbeyondthesemanticboundaryisthefirstconcerninthisresearch.
Secondly,samewithotherartwork,MindMapneedstoreflectindividualartist’smind,understanding
andexperienceoftheworld.Theconceptofimitationalsolaidthehistoricalfoundationsinboth
ChineseandWesternart(Xie,n.d.;Coleridge,1984).ThesecondchallengeishowtoteachAIto
learnfromartist’smind,knowledge,andexperienceduringtheMindMapcreation.Lastbutnot
least,unlikecartographers,artistspaylessattentiononneitherfollowingtheconventionnordefining
accuraterelationbetweenconcepts.Instead,theyplanttheseedofartisticfreeplayofimaginations
when defining connections between objects or concepts. The imaginative connections between
literalrepresentationsandthemetaphoricalinterpretationscreatepossibilitytosemanticexpansion
whichflourishedartistically.Ourthirdchallengeishowwecantranscendfromsimplyfollowingthe
conventionrulestobreakingtherestrictionsofdomain,categoricalinformationandregularconvention.

Tosolveabovechallenges,weproposeanAI injectedMindMapgenerator,MappaMundi.
Specifically,tobetterimitateartist’sideaandknowledgeinAIcreation,weproposetoestablisha
knowledgegraphbyextractingauthor’sideasandthinking.Further,webreakdomainandrestrictions

Figure 1. An Example of mind map
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forwordexpansionand try to exploremorepossibilities forwordsconnectionbycreating rules
influencedbytheDadaism.

Thecontributionofthisresearchisinthree-fold:

• WeprovideaframeworktounderstandhowAIcanaidinartisticpractice.AIinarthasmore
implicationsthanawayofartisticcreation,anditenrichesthepossibilityofartisticpractice.
Further,wheninvolvedinartmakingwithotherartists,AIcanbeconsideredasco-author.

• WeproposeaneffectivewaytoinjectArtificialImaginationintomakingartworksintheform
ofMindMap,whichincludesconsideringsemanticsimilarity,integratinginformativelinguistic
features, inheritingauthor’smind,andinsertingDadaismandimpossibilityof improvisation
principles.

• WesituateourworkbothinartsandArtificialIntelligence,andfurtherdevelopasetofmetrics
toevaluate thequalityofourproposedmethods,whichare relevance, linguisticconnection,
Dadaism,andoverallartisticimpression.

BACKGRoUND: ART, TECHoNoLoGy, AND MIND MAP

Technology in Arts
Artistshavea long traditionofembracingnew technology in theirpractice.With somuchhave
accomplished,recentlyartistshavebeenexpandingtheirgreatvision,tocultivateamoreandmore
diverseandelectrifiedarenaintheAI-enabledcreation.WiththeAItechnology,theartistsareable
todreamabouttheendlesspossibilitiesofartcreationinthefuture.

IntheRenaissance,therehasbeenoverwhelminglyscholarshiponcorrelationsofunderstanding
humanbodythroughanatomyandtheevolutionaryachievementsinpaintingsandsculptures.Theart
oftheRenaissanceislesscontentedindirectlyimitatingthemereappearanceofnudes,butcherished
withadedicationinanatomicaldissectiontoaccuratelyrepresentthehumanbodyinpaintingsand
sculptures.Theirfascinationofstudyinganatomytranscendedbeyondhumanbody’sexternalvisual
characteristicstoitsbiologicalsupportingstructures.

In modern times, industry revolution paved the way for artists to create with mechanical
reproductivemethods.WalterBenjamincontrastedartworksof thisperiodandonwardswith the
onescameearlierandcalledforadiminishofaura(Walter,1968),auniqueaestheticauthority,in
themechanicalreproducedartworks,suchasphotography.Sincethen,theappreciationofartshas
progressedfromtheauratoengagementinthesocialcontext,fromexhibitingintheprivateroom
ofnobilitiestopublicsphereforagreaternumberofaudiences.Inaddition,VilemFlusserwrote
intensivelyonphotography,themostpopularmechanicalreproductionmethod,thatitisnotonlya
reproductiveimagingmakingtechnology,butadominantculturaltechniquethroughwhichreality
isconstitutedandunderstood(Becker,2012).

Withtheinvolvementofnewtechnologies,especiallyasartistsandcreatorscontinuetointroduce
groundbreakingtechnologyintotheirpractice,wecanobserveaphenomenonthatthe“author”in
artisticcreationbecomessomewhatambiguous.Thedispersedofauthorshipunfoldsinasenseof
theimpossibilityofimprovisation,wherevariationarisesfromstandardizations.

Improvisationemphasizesanunpreparedperformancesorbehaviors.ThephilosopherJacques
Derridadiscussedtheactofimprovisationinhiswriting.Itneedstobeputintothecurrentsocial
andculturalcontextbeforeitcanbeinterpretedbyus.Hefurtherexplainedthatwemustrelyon
asetofpre-establishedmodelsorrules-thesystemofconventions-tounderstandimprovisation.
Inotherwords,thepossibilitycomesfromtherules(Derrida,1989).Thecreatorneedstopre-seta
rangeinwhichthepossibilityofimprovisationischanged.Inordertopursuevariations,wemustset
therules,thenrepeattherulesandexpectanunexpectedoutcome.
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Thisframeworkrootedinartsmadeourprojectseematquiteadistanceandseeminglyunrelated
toourimmediateresearchinAI.However,theinvestigationofAIinartcreationmoreimmediately
helpedtopavethewaytoamoreglobalperspectivebecause,despitethedifferencesinsoftwareand
programming,thereisauniversalizingbasetothedigitalflow.Moreimportantly,wefirmlybelieve,
intermsofcreativity,technologycontributestoartandtheviceversa.

Artistic Mind Map
MindMapisanindextomoreinformation,whichleavestracesandprovidesinsightstotangibleand
flourishinginformation.Itisasystemofpossibilityforknowledge(Philp,1985).However,weoften
neglecttoconfrontthatthemapismereareinterpretationoffacts,butnotfacts.Whenrepresenting
the terrainof themappedobject on flatmedia, there are alwaysgapsbetween themapand the
mappedobjects,wecompensatethatthroughdifferentmappingtechniquesbypreservingdifferent
metricproperties.Whenconstructingamindmap,throughconstantlyinterpretationandabstraction,
naturallyitisaprocessofsubjectdecisionmaking.Inaddition,Derrida’stheoryondeconstruction
provides us a framework on “how the supposedly literal level is intensively metaphorical (Hoy,
1985).”Thecartographicfactbecomesmetaphor.Inthisway,viewersareconstantlyhauntedbythe
factsbutneverbeingcaughtupbythefacts.Here,theirresistibletugmapsexertonartistsarises
fromthemap’smaskofneutralobjectivity,fromitsmaskofunauthoreddispassion(Wood,2006).
Inotherwords,thatgapcallsforandcreatesapotentialnarrativeofworkingwithrules,anotionof
impossibilityofimprovisation.

Inartworksderivingfrommaps,artistsoftenweaveideas,individuals,objects,things,andevents
together,providingaudiencewiththepossibilitytounderstandtheminrelationships.Theformof
mapscancarrymultiplefunctionsinartisticpractice:itcanbeself-awareness,framework,exhibition
plan,ideologicalexchange,politicaltopology,butalsothevehicleofhistoricalandculturalresearch.
Bydoingso,artistsoftenbreakthelinecartographershavetriedtodrawbetweenmapasaformof
graphiccommunicationandpaintingsanddrawings.However,itisexactlywheremapartssparkand
providevisionaryartistselectrifiedarena.Byrelinkingdetonationandcondonation,itcapturesthe
beautyofnon-linearbutsemanticthinking.Itisnotsomuchasortingandclassification,butrather
adepictionofchaos.Duringthisprocess,artistshaveaccesstoanddrawfromexistingfactsand
relationshipsamongfacts,butattentivelyintroducemanipulationstoformulateandreconstructthe
originaltableauxinordertospawnnewones.

Inaword, these featuresof artisticMindMap, thenatureof impossibilityof improvisation
andtheflourishinginformationconnection,provideuslotsinspirationsonthedesignofArtificial
Imaginationmethods,whichwillbeshowninthefollowingpart.

RELATED woRK

Previous work on AI Painting
ManyresearcheshavebeencompletedinAIinjectedartcreationsuchaspoem(Zhang&Lapata,
2014;Chengetal.,2018),music(Thakkaretal.,2018;Hadjeresetal.,2017)aswellasartisticimage
generation(Xuetal.,2018).Amongthesestudies, theexplorationoffineartspaintingbecomes
popularwiththedevelopmentofneuralapproachessuchconvolutionalnetworks(CNN)andGenerative
AdversarialNetworks(GAN)(Krizhevskyetal.,2012,Simonyanetal.,2014,Goodfellowetal.,2014).

Recentstudiesdemonstratethepowerofneuralnetworksinthechallengingproblemofimage
generationofartisticpainting.Insteadofgeneratingpaintingsfromscratch,mostoftheseproposed
methodsgenerateimageswithstyletransferfromastandardcolorphotographintoeitherawestern
stylepaintingortraditionalChineseinkpainting.GatysintroducesA Neural Algorithm of Artistic Style
toperformimagestyletransferwithCNN(Gatysetal.,2016).Withthetexturetransferalgorithm,
naturalimagesaretransferredintosimilarstyletoThe Starry NightbyVanGoghortoThe Scream
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byMunch.Moreover,theimage-to-imagetranslationmethodspoweredbyvariousGANstructures
(Zhuetal.,2017,Yietal.,2017)enrichesthestylestransferofnaturalimagesintomorenumberof
artists’paintingssuchasMonet,Gezanne,Ukiyo-e.Apartfromwesternstyles,traditionalChinese
inkwashpaintingalsoattractsresearchersinterestswithneuralapproaches(Heetal.,2018)orstroke-
basedrenderingmethods(Liang,&Jin,2013).

ManyoftheresearchesmentionedaboveonlyfocusonWesternstylepaintingorChineseink
brushpainting,whereastherearefewstudiesontheartisticMindMapgeneration.Asaspecialtypeof
artisticwork,MindMapcannotonlyrevealartists’experienceandunderstandingtoworldconnections,
butalsopresent theirskills tocreateuniquevisualexperiencebycomposing theconnectionand
semanticmeaningofthethinkingworld.Besides,duringartisticworkcreation,thepreviousneural
approachesmainlyrelayonmodelperformance.Extractingcertainpatternsorfeaturesfromdifferent
paintingstyle,theimagesgeneratedfromthesemethodsareonlyanimitationoftheoriginalauthor,
whichisapasticheandgenre.Thereareafewstudiesexploringtheinteractionbetweentheartists
andAIduringartisticworkcreation.

Previous work on Imagination
Asillustratedinprevioussection,mindmapisaspecialtypeofdrawinginthefieldofart.Whereasthe
essentialideaaboutmindmapistheexpansionofconceptsorideasconcernedwithinakeyword.Thus,
inthisresearch,insteadofdiscussingthedrawingtechniquesofmindmap,wepayourattentionon
theAIimaginationformindmapexpansion.InthedomainofNaturalLanguageProcessing,semantic
expansionisrealizedbycalculatingsemanticsimilaritybetweenwords.Studiesonsemanticsimilarity
matchingor semantic expansion relyonknowledge-basedmethodsor corpusdrivenapproaches
(Leacock&Chodorow,1998;Dongetal.,2010).Knowledgebasedapproachesrelyheavilyonthe
existingontologyandusuallycan’tscaleup.Corpus-drivenmethodslearnvectorspacerepresentations
forwordsfromtextdata,whichcancapturethesemanticandsyntacticinformation.Recentstudies
forlearningvector-spacerepresentationsfocusesonthelocalcontextinformation.Thesemethods
havesucceededincapturingthesemanticandsyntacticinformationforwordvectorrepresentations
(Penningtonetal.,2014;Mikolov,2013).

However,therearestilllimitationsofapplyingcorpus-drivenmethodsintoMindMapcreation.
Themaindrawbacksofusingwordvectorsinsemanticexpansionforartcreationisthat,theseword
vectorsarelearnedonlywithincorporadistributioninformationandarelackofthecreativefeature.
Despitethesimilarsyntacticorsemanticinformationthatawordvectorcanrepresent,thecandidates
selectedarebarelyaggregationsofdiscretevectors.Derivationofthesameroot,nounsinthesame
categoryandwordswithsimilarmeaningareclusteredforthewordmappingexpansion.Whereas
theexpandedwordscanbarelysatisfythediverse,creative,andimaginativefeaturesformapping
artcreation.

SySTEM ARCHITECTURE oF MAPPA MUNDI

Mappa Mundi system includes four modules: Automatic Speech Recognition (ASR), keywords
extraction,topicexpansionandimageprojectionmodule.ThedetailofMappaMundiisillustrated
inFigure2below.

Automatic Speech Recognition
AutomaticSpeechRecognition(ASR)engineisdesignedforinteraction,whichconvertsthevoice
inputintotext,asvocalcommunicationisthemostnaturalwayforhuman-machineinteractionand
mayleadtomoreflourishingthoughtsforartist.

Wefollowthepreviousworks(Cuietal.,2015)ofASRsystemswithanend-to-endtrainabledeep
learningapproachesoversequencesofsignalsasinputandrecognizedtextasoutput.Compartedwith
previousASRpipelines,whichconsistofvariouscomponentssuchasfeatureextraction,acoustic
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model and language model, the End-to-End (E2E) system with neural approaches enables the
realizationofspeechrecognitionwithinasinglemodel.Moreover,it’sfunctiontoprocessdifferent
languagessuchasMandarinChineseandEnglishwithalittlemodification.

ThearchitectureofE2EASR(Chorowskietal.,2015;Cuietal.,2015)systemincludesanencoder,
whichencodesasequenceofacousticframeofinputintoasequenceofhiddenrepresentation,anda
decoder,thatproducestheoutputtextwiththeprevioustimesteppredictionandcurrentinputcharacter.
Anattentionmechanismisalsoappliedinthesystem,anditallowtheencodertofocusoncertain
partoftheinputduringdecoding.Weuseabi-directionalLSTMmodelasencoderandcontent-
basedattentionmechanismmentionedin(Luong,Pham&Manning,2015).WhiletheLSTMbased
decodertakesinputofthelasthiddenstateofencoderconcatenatedwiththecontextvectorlearned
fromattentionlayer.Moreover,aLanguageModel(LM)methodisalsoappliedduringdecoding.
TheLMscoreareintegratedintocharacterpredictionduringeachtimestep.Theuseoflanguage
modelhelpstointegratemorelinguisticinformationfromagreatamountofexternalunlabeledtext.
Finally,theASRmodelistrainedwiththeConnectionistTemporalClassification(CTC)lossfunction
(Gravesetal.,2006).

Duringtraining,weusearound2000hoursdatasetforMandarinChineseandaround300hours
forEnglish.ToensuretheperformanceofASRsysteminartdomain,wepreparedaround300,000
vocabulariesthatcanbeincludedinMindMapcreationandtheirrelevanttext.Moreover,weadopt
thelanguagemodelwiththisdomain-specificdataset.

Information Extraction
TheASRsystemwillconvertsequenceofvoiceinputintotext.Astheconvertedtextiscontinuous,
itleadstochallengingwordexpansionsifallthewordsaretakenintoconsideration.Inthatcase,we
developedakeywordextractionfunctiontoextractmeaningfulwordsfromtheconvertedtextfor
furtherexpansion.

Toexcludelessmeaningfulwordsfromtheconvertedtext,wefirstlybuildaPart-of-Speech
(POS)taggingclassifier,aswebelievethat,wordswithspecificPOStaggers,suchasnouscontain
moresemanticinformation.Weadoptedopen-sourcesoftwareJiebaforChinesePOStagging,which
utilizeHidden-MarkoveModelwithViterbialgorithm.AsforEnglish,weemploytheStanfordparser

Figure 2. System architecture of Mappa Mundi
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forPOStagging.DifferentfromJieba,StanfordPOSparseradoptthemaximumentropyapproaches
forPOSclassification(Toutanova&Manning,2000).

Oncethewordsintheinputsentenceareparsed,onlynouns,verbsandadjectivesareselected
for further filtering, as those categories represents aremore informative thancategories suchas
adjectives,pronounsandarticles.

Tofurtherfiltermeaningfulinformation,wealsobuildanoff-lineTFIDFdictionary.Wedefined
thevocabularybythemostfrequentlyused300,000wordsofa10millionsentencestext.Taking
eachsentenceasadocument,wecalculatedthetermfrequencyandtheinversedocumentfrequency
scoreforeachwordinthevocabulary.OncetheinputtextisfilteredbyPOStagging,wesortthe
qualifiedwordsbytheirTFIDFscoresandonlythefirstlytwoorthreewordsinonesentenceare
keptforkeywordexpansion.

Topic Expansion
HowtobuildtheconnectionofgivenkeywordwithvariouscandidatesisthedominanttaskinMind
Mapgeneration.Inoursystem,wehaveexploredseveralfeaturestoincreaseinformationvariety
forkeywordexpansion.Thefirstlymethodwehaveemployedissemanticsimilaritymatchingbased
onewordsvectorspacerepresentations.Apartfromthat,wealsointegratelinguisticfeaturessuch
asmorphologicalandphonologicalinformationintoconsideration.AsanartisticstyleMindMap,
howtointegrateartists’experienceandunderstandingoftheworldintothewordsconnectionsis
oneofitsuniquefeatures.Bearingthisinmind,weproposeaKnowledgeGraph(KG)basedmethod
toextractthewordsandtheirconnectionsfromartist’soriginalmasterpieces.Onceatargetword
isincludedintheKG,itsrelationsaretheninheritedforthesystem.Further,MappaMundibreaks
therestrictionofdomainsandconventionsandexploresmorepossibilitiesforwords’connections
bycreatingrulesfollowingthefamousDadaismprincipleinartmovement.Finally,withallabove
mentionedmethods,MappaMundicancreateabranchofcreativeandinformativewordcandidates
foragivenkeyword.Asartificialimaginationisthemainfocusinthispaper,wewillintroducethe
detailedmethodsandtheirimpactsforMindMapgenerationinthefollowingsections.

Image Projection
Tovisualizestheabstractconcepts,MappaMundiincludesaround3000pictorialelementswhich
areextractedfromtherepresentativeMindMappaintingsofQiuZhijie,aninfluentialartistinthe
global.TheseelementsarethenconvertedandtoenhancedtoamoretraditionalChineseShan-Shui
(Mountain-river)paintingstyle.Wethencategorizetheminto5typicalShan-Shuipaintingcategories
including:Architecture,Mountain,River,TreeandLake.Thereareafewsubcategoriesineachabove
todiversifyoverallimagevisualappearance.ToprojecteachwordrepresentationofMindMapinto
visualizedelements,MappaMundiclassifieseachwordintooneofthe6givencategoriesandthen
connectitwiththepictorialelementsinthatdomain.Moreover,anadditionaltypeofpaintingelement
Routeisillustratedtoconnectotherpictorialelements.ThelengthoftheRoute,thedistanceofthe
keywordanditscandidateiscalculatedwiththeirsimilarityscoreandthenconnectswithRoutein
MindMapimage.Themoresimilarthetwowordsis;thecloserthedistanceiswhenprojectedin
MappaMundi.

With integrationofartistic imagery,wewant toshowwhatdriveresearchersboth in theart
andAIcommunityambitiousanswerstothisquestion:expansivelearning,aswellasoururgeto
deconstructandreassembleideasforfurtherconsiderationanddiscussion.Here,weusethepictorial
conventionsofcartographyandlandscapepaintingtochartgeographiesthatencompasshistoryand
philosophy,artandAI.
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PRoPoSED METHoDS FoR ARTIFICIAL IMAGINATIoN

Inthisresearch,weaimtodevelopMappaMundiwhichcanexpandwordbasedonsemanticmeanings,
butalsoreflectthecreativeandimaginativenatureofartwork.Thecorpus-drivensemanticexpansion
mentioned in previous part is the basic source for Mappa Mundi. To increase the diversity and
creativity,wefirstlyconsiderinformativelinguisticfeatures,thenlearnandinheritartist’soriginal
mindandstyle,andfinallybringDadaismintotheprocess.Wewillshowthattheproposedmethods
canincreaseimaginationofAIpaintingsignificantly.

Integrate Informative Linguistic Features
Previousstudies show that linguistic feature isvery important inchildren’s languageacquisition
andisalsotheintrinsicconnectionofwords.Accordingto(Hockett&Hockett,1960)therearefive
designed featuresof language:arbitrariness,duality, creativityorproductivity,displacementand
culturaltrans-mission,wheredualityreferstotwolevelsoflanguagestructure(primarylevelfor
meaningfulwordunitsandthesecondarylevelformeaninglesssounds).Thisrevealsthatlexicaland
phoneticfeaturescontributetothediversemeaningexpressionforlanguage.

To address linguistic features in Mind Map, we adopt the morphological and phonological
informationintowordexpansion.Weproposearule-basedmethodofexaminingwordsthatshare
similarcharactersorhomophonoussyllablesofseedword.AsChineseisrichinambiguouswords,
itscharactersorwordsarefullofconnotationsandassociations.Exploringthepolysemypossibility
ofChinesecharacters/wordswiththelexicalitemswillalsoextendthesemanticdiversityforthe
seedwordandcanbringunexpectedimagination.Moreover,duetothelimitedphoneticinventory,
Chinesehasasignificantnumberofhomophonicsyllablesorwords,whicharefrequentlyusedin
Chinesepoetryorpuns.Theinvestigationofphoneticinformationinseedwordexpansionwilljump
thetraditionalsemanticboundaryinMindMap.

Forlexicalfeatures,weadoptthelongestsub-commonstringtoexaminethecandidateChinese
wordsfortheseedword.Whileforphonologicalinformation,wefirstlyconverteachseedwordinto
itsphoneticrepresentationandthengothroughthevocabularytofindthewordssharingthesame
phoneticsyllable.

Learn and Inherit Artist’s Mind
Duringcreatingartworks,botheasternandwesternthinkershavebothvastlyinvestedintheimportance
ofimitation.Inhistory,theChinesepainterlytraditionofimitation(Xie,n.d.)sharesthesimilarnotion.
TheShan-Shuipainterrepeatedlyimitatedthepaintingofthegenrebeforethemwhicheventually
introducedsubtlevariationsandledtoprogressinthelargetimescale.Basedonspiritualreflections
ofideas,artistsformtheirowndistinctimaginativemindsimperceptibly.Therefore,toimprovethe
imaginationofAIMindMapgeneration,weproposeamindadaptationmethodthattakesartist’s
paintingsasthesourceofcreativeinspirationtoproducespecificartworks.

Specifically,wedevelopaknowledgegraphtoimitateandreproducerespectiveartist’screative
andimaginativework.Consistingofwordsandrelationsamongthem,thetreestructuregraphtreats
wordsasvertexesandrelationsasedges.Notethatrelationsareeitherhyponymorhypernyminthis
structure.Toconstructtheknowledgegraph,firstly,weobtaininherentandrepresentativewords
extracteddirectlyfromartist’screations.Secondly,accordingtoinstructionsfromthesewords,we
definesometopicwordsthataremostrelevanttoprimitivewordsandpreparefurtherexpansion.
Finally,basedontheartist’sunderstandingofcertaintopicsanddomains,weconvertseemlydisorder
imaginationofartistsintoorderedwordexpansionrules.What’smore,weconstructrelationsbetween
wordstoimitatethinkingproceduresofartists.Thereasonwhyweemploythenon-linearthinkingof
theartistisbecausethesefeaturescanimitatehumancreationandimaginationtotheutmostextent.
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Integrate Dadaism Principle
Whenrepresentingtheterrainofthemappedobjectonflatmedia,therearealwaysgapsbetween
linkedobjectsshowninmap.Cartographerstrytocompensatethoseinaccuraciesviadifferentmapping
techniquesbypreservingdifferentmetricproperties.However,artistsoftenbreakthelinesbetween
theobjectsshowninamap,whichoffersanalternativeforartistswhencreatingandunderstanding
mapsofallkind.Theypaylessattentioninfollowingtheconventionandmakingthemapaccurately,
butplanttheseedoffreeplayofimaginationsinthosegaps.Inthatcase,anoutstandingfeaturefor
MindMapdevelopmentisbreakingrulesofconventionandexploringpossibilitiesforunexpected
connectionsbetweenontologies.

InordertointegratethesefeaturesintoArtificialImagination,weseektofollowabovetheories
inartworkcreation.Dadaismisanimportantartmovementinhistorywhichrejectsthelogic,reason,
andencouragestoexpressirrationalityandanti-bourgeoisintheartwork.Oneofthemosttypical
DadaistworksfromMarcelDuchampis theFountain, inwhichhebrokethesemanticboundary
betweenplumbingandfountainandofferedasurprisingmetaphor.Followingtheinternalfeature
ofDadaPoemGeneratorandDadaistartworks,wehavedevelopedthreeprinciplesforseedword
expansioninMindMap(althoughtheonlyruleforDadaisNeverfollowanyknownrules):

• Jumpingthedomainboundariesforwordexpansionbyexploringcross-domainvocabularies;
• Enrichingsemanticdiversitiesbyexploringdifferentpart-of-speechtaggingwordsfromseed

word;
• Breakingthelinguisticrestrictionsbyinvestigatingrandomcandidatesbeyondsemantic,lexical

orphoneticconnections.

EXPERIMENT

Baseline Method
Inthisexperiment,wewillusesemanticsimilarbasedmethodsasthebaselinemethodsforsemantic
wordexpansion.Thewordscosinesimilaritiesarecalculatedbasedonthevectorspacerepresentations
(Penningtonetal.,2014,Mikolov,2013).

Experiment Setup
Insteadof trainingourownwordembedding from largecorpus,weuse theopen resourceword
embedding for Chinese words and phrases (Song et al., 2018). The available corpus provides
200-dimensionvectorsrepresentationsandcovers8millionChinesewordsandphrases3.Thebaseline
methodsforsemanticwordexpansionisbasedonwordvectorsandcalculatedwithcosinesimilarity.

TofacilitatethedevelopmentofMindMap,wecollecttenMindMapartworksfromoneofthe
famousartistsinthisfield(thesameartistfromwhomweextractthepaintingelements).Eachof
theselectedmapiscreatedwithinacertaindomainortopic,includingfood,occupations,clothes,
AI,body,storiesandfairytales,sports,spiritualfeelingsandreligiousetc.

Wethenextractedaround5,000uniquewordsorexpressionsfromthesemaps.Wefilteredthe
irregularexpressionforthosemorethaneightChinesecharactersandthosecannotbefoundinthe
wordembeddings.Laterwetookthesewordsasseedword,andextendedthenumberintoaround300,
000candidateswiththecosinesimilaritymethod.Tomaintainthehighqualityofwordexpansion,
wealsoinvitedtenuniversitystudentsmajoredinExperimentalArttomanuallyexaminethesewords
andfiltertheirrelevantonesforcertaindomains.Aftermanualexamination,around15,500words
areusedforcandidatesinMindMapgeneration.

Moreover,withtheadditionalknowledgeexpansionprovidedbytheartist,wecreatedaknowledge
networkincluding1754relationsand12,000entities.Thisknowledgenetworkislaterintegratedinto
MindMapdevelopmentasmentionedinprevioussection.
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Forhumanevaluation,weextracted130wordsfromthecorpusandthenextendthemwithbaseline
andtheproposedmethods.Foreachseedword,weremainatmost7candidatesforcomparisonand
furtheranalysis.

Evaluation Metrics
Theevaluationofextendedwordsorexpressionsisgenerallyachallengingtaskandthereareno
establishedmetricsinpreviousworks,notmentioningthewordsgeneratedforartworkcreation.To
betteraddresstheperformanceoftheproposedmethod,weconductextensivestudiesinthreeways:
manualevaluation,quantitativeanalysisandqualitativeanalysismethods.

We invited 8 experts to participate in the experiment for human evaluation, who have rich
experienceforartcreation.Wealsodesignfourmetricsforhumanevaluationasfollows:

Relevance:itmeasureswhethertheexpandedwordsarerelatedtotheseedword.Wordsthatare
moresimilartotheseedwordwillgainhigherscores.

• Linguistics Connection: it reflects the lexical and phonological information of words when
comparedwiththeseedword.Forwordsinthesamesub-commonstringorsharingmoresimilar
phoneticsyllablewiththeseedword,theygainahigherscore;

• Dadaism:itrepresentsacriterionforDadaismoftheexpansionresults.ThestrongerDadaism
wordshave,thehigherscoretheyobtain;

• OverallImpression:itreflectsthegeneralimpression,creativityandimaginationofwords.A
higherscoremeansthatitleavesamorestrikingimpressionontheviewers.

Inadditiontohumanevaluation,wealsoinvitethreeoftheexpertstomanuallyannotatethe
methodusedforeachwordgenerationandacceptedtheirannotationwhentwoormorepeopleshare
thesameopinion.Intotal,fourtypesofexpansionmethodareinvolved:1)semanticsimilarity,2)
linguisticfeature,3)authorstyleand4)Dadaistmethod.Thedetailanalysisondistributionofused
methodsaredemonstratedinthesectionbelow.

Qualitatively Analysis
Wefirstlycomparedthepercentageofdifferenttypesofwordexpansionbetweenbaselineandproposed
approach.Tocalculatethis,weclassifyeachextendedwordcandidateinto4categories.Semantic
Similaritymeansthecandidatewordisfromwordvectorsimilarity.LinguisticFeaturemeansitis
expandedbasedoneitherlexicalorphoneticrule.Dadaismrepresentsthewordisgeneratedbasedon
Dadaismprinciple.AndAuthorStylemeansthewordexistsinartist’soriginalartworks.Asshown
inTable1,ourproposedmethod

outperformsbaselineinmeasurementsincludingLinguisticinformation,DadaandAuthormind.
Forthelattertwocriteria,ourmethodobtainsfarmoredistributionsofwordsthanbaseline,which
denotesthattheproposedmethodcouldgeneratemoreunexpected(Dadaism)andspecificstylized
(Authormind)words.

Higher distribution inSemantic similarity is because all of candidatewords inbaseline are
extendedbasedonwordvectors,whileproposedmethodhasmoreexpansionoptions.Furthermore,
wordvectorscanalsocatchlinguisticfeaturessometimes,that’swhypercentagesofLinguisticfeature
areveryclosebetweenbaselineandproposedapproach.

Human Evaluation Results
ThecomparisonofhumanevaluationresultsisshowninFigure3.Itindicatestheaveragescoreon
thefourcriteriamentionedinprevioussubsection.Theproposedmethodoutperformsthebaseline
inthethreemetricsincludingLinguisticConnection,DadaismandOverallImpression.Asobserved
fromthefirstcriteriaofsemanticrelevance,thebaselinemethodgetshigherscorethantheproposed
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methods.Thisisbecauseonlysemanticsimilaritiesareconcernedinbaseline.Forthesecondcriteria,
weobservethat,theexpertshavealittlebithigherpreferenceontheinformativelinguisticfeatures
involvedinwordexpansionbytheproposedmethods.However,forDadaism,theproposedmethods
generatedmanymoreunexpectedandimaginativecandidatewords.Finally,thelinguisticinformative
featuresandDadaismfromtheproposedmethodscontributetogethertotheoverallexpressionof
MindMapgeneration,whichwonexpert’spreferencefortheoverallimpression.

Case Analysis and Discussion
Table2showstheexamplesofwordsgeneratedfromthebaselinemethodandtheproposedmethod
giventhesameseedword.Ingeneral,ourproposedmethodscoverallkindsofexpansionstrategies
andmoreimaginative.

Inthebaselinemodel,WildSwan,afamousfairytaleofAndersen,isexpandedtosixwords:A
fairytale;Andersen’sfairytale,Swan,Thumbelina,SwanPrincess,andWillowwoodWind,which
theyareallcloselyconnectedtofairytale,WillowwoodWindisclearlyreferencingBritishwriter
KennethGrahame’sTheWindintheWillows.Infact,Grahame’sfairytaleistranslatedas“柳林风声”
showninthetable.WhereasfortheresultsgeneratedfromMundiMappa,wecanseethatMadnessis
extendedfromWildswan,however,itishardtofindexplicitrelationshipbetweenthesetwowords.
Butwhenthesetwowordsareconnectedtogether,itdescribesapictureofhowtheelegantswan
aredisturbedbyhuntersandflyawayinamadway.So,thisistheresultofconsideringDadaism.

InHypnotherapy,thesixexpandedwordsfrombaselinemodelentirelyderivedfrommedical
therapy,orsomewhatdistantpsychoanalysis.Itisfarmoreintriguingwhatourproposedmethods
provides. Panic Disorder can be treated medically by Hypnotherapy, however, for some people,
Hypnotherapy sounds scaryorpanic (Chineseword “惊恐” can eitherbe translated as scaryor
panic.).Anotherexpandedword“千与千寻”(SpiritedAway)isaJapaneseanimatedfilmofthelead

Table 1. Word expansion distributions

Semantic Similarity Linguistic Feature Dadaism Author Style

Baseline 67.36% 25.82% 4.40% 2.42%

ProposedMethod 35.16% 26.37% 22.86% 15.61%

Note that baseline method gains higher distribution of words in Semantic similarity and basically the same percentage in Linguistic feature.

Figure 3. Human evaluation results
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characterexploringawonderland,aworldruledbygods,witches,andspirits,andwherehumansare
changedintobeasts.AlthoughHypnotherapyisacarefullyplannedmedicalprocedure,itoftenrelies
alluringthesubjecttoanotherrealityofillusion.Here,theanimatedfilmmeetswithHypnotherapy
poetically.ThispoeticinterpretationisexactlyasmentionedinSectionIIthatKantian’s“FreePlay
ofImagination.”Assuch,hereisparallelnotonlytoanimatedwonderlandfilmandHypnotherapy,
buttothepoemofartmeetsscience.

Moreinteresting,fortheproposedmethods,“监狱”prisonisextendedfrom“医院”hospitaltoo,
whichactuallyinheritsfromartist’soriginalmind.Theartistbelievesthathospitalisprisonwhere
patientslosetheirfreedomofhealthinside.Alltheseexamplesshowthatourproposedapproach
bringsmoreimaginationintowordexpansion.

Inaddition,theMindMapimagesgeneratedfromourproposedmethodscanalsoincreasethe
diversityofgraphicsandenrichtheaestheticpleasurefortheaudience.Figure4andFigure5aretwo
screenshotsofoursystemwithtopicofimaginationandneuralsemiotics,respectively.Wecansee
thattheyaregeneratedwithChineseShan-Shuipaintingstyle,andtheoriginalimagesareincolor.

InFigure4,thekeywordforthisscreenshotMindMapisimagination.Manyoftheconnected
words shown in the picture, such as curiosity, instinct, genius, are expanded according to their
semanticsimilaritywithimagination.Whilewords/phraselikePurelandthought,thoughtpreparation
aregeneratedaccordingtothesimilarlexicalfeaturestheysharedwiththetopicword.InChinese,
allthreeofthephrases/wordsrefertotheabilitytothink.WhereassurrealresultsfromtheDadaism
principleasitliterallyhasnomeaningconnectionwithimagination.Theclusterofwordsrelated
todicearegeneratedaccordingtotheKGfromtheartist.Hethinksthatbothimaginationanddice
willbringpeopleunexpectedresultsandjustlikedice,imaginationwillbeanimportantpartinlife
as“nogamenolife.”

Table 2. Examples of word expansion from baseline and proposed methods

Keyword Words extended from baseline Words extended from proposed methods

野天鹅
Wildswan

一篇童话(Afairytale),安徒生童话 
(Andersen’sfairytale),天鹅(Swan), 拇指姑娘 
(Thumbelina),天鹅公主 (SwanPrincess),柳林
风声 (WillowwoodWind)

柳林风声 (Willowwoodwind), 疯癫 
(Madness),极乐鸟 (Birdofparadise), 琵嘴鸭 
(Pickbillduck),野生大象 (Wildelephant),拇
指姑娘 (Thumbelina)

医院
Hospital

急诊 (Emergency), 手术(Surgery), 医生
(Doctors),病人 (Patients),护士 (Nurses),放疗 
(Radiotherapy), 诊所(Clinics), 放化疗(Radio
TherapyandChemotherapy)

疯人院(CrazyHome),诊所(Clinic),监狱
(Prison), 疗养院(Sanatorium), 海绵宝宝
(SpongeBob), 住院 (Hospitalization), 毅力
(Perseverance),手术 (Surgery)

催眠疗法
Hypnotherapy

心理治疗 (Psychotherapy),心理疗法 
(Psychotherapy),认识疗法 (Cognitive
Therapy),行为疗法(BehavioralTherapy), 
精神治疗 (Psychotherapy), 精神分析
(Psychoanalysis)

惊恐障碍 (PanicDisorder),腹腔镜
(Laparoscopy),心理医师(Psychologist),镇定剂
(Tranquillizer),行为疗法(Behaviortherapy),千
与千寻(Spiritedaway)

保守党 
Conservative
party

下议院 (HouseofCommons),上议院 (House
ofLords),苏格兰议会 (ScottishParliament), 
英国国会(BritishParliament),反对党领
袖 (OppositionLeader),议会下院 (Houseof
Commons)

杜勒斯机场(DullesAirport),下议院(Houseof
Commons),苏格兰议会(ScottishParliament),
英国国会(BritishParliament),五子棋
(Gobang),保守派(Conservatives)

指纹学 
Fingerprint
Science

工具痕迹学(InstrumentalTraceology),刑事
化验(CriminalTesting),足迹检验(Footprint
Testing),足迹学 (Footprint),文件检验 
(DocumentTesting), 现代遗传学 (Modern
Genetics)

布灵尔(Bringer),诺斯替教(Gnosticism),青鱼
(BlueFish),复杂性理论(ComplexityTheory),
刑事化验(CriminalTest),脚趾头(Toes)
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Figure5isaMindMaprelatedtoNeuralSemiotics.Manyofthewords/phrasessurrounditare
sharingsimilarsemanticmeanings.Forexample,bothneuralsemiotics,neuronmodelanddecision
treelearningaretermsrelatedtoAI.EventhoughMoralphilosophy“道德哲学”andevolutionary
biology“生物信息学”arenotinthefieldofAI,theyareallsharingthesamephonologicalandlexical
element“学”withneuralsemiotics“神经符号学”.Here“学”referstoanacademicdisciplinethat
isusuallyinvolvedinhighereducation.Whereasthebranchofwordsrelatedtowarsareexpanded
byDadaism.Thoughthereisnosemanticconnectionorlinguistsimilaritybetweenwarandneural
semiotics,whenthesewordsshowtogether,ittellsastoryofhowdangerousitmightbeifAIisout
ofcontrol,justlikewhatisdescribedinfictionmovies.

FromthetwoscreenshotsshowninFigure4andFigure5,webelieveourprogramsurprisingly
pairedalakewiththeinputwordimagination,whichpoeticallygivestheviewerasenseofthoughts
springingoutofit.ThisindicatesthatbyinjectingimaginationintoAIpainting,theartisticquality
ofpaintingscanbeimprovedtoo.

CoNCLUSIoN

Inthisarticle,weproposeaMindMapgenerator,MappaMundi,thatcaninjectArtificialImagination
togetherwithhumaninteractionintoanartwork.AsthefrontierworkofAIsupportedimagination
exploration,wealsoproposeanovel approach to increase thecreativity, linguisticdiversityand
irregularityinMindMapcreation.Bycombiningsemanticsimilarity,linguisticconnection,artist’s
originalmindandDadaism,weimprovetheimaginationofAIpaintingsignificantly.Wealsodesigned
fournovelevaluationmetricstomeasureimagination.Experimentalresultsandextensiveanalysis

Figure 4. Screenshot of generated Mind Map (Input: Imagination)
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showtheeffectivenessourproposedmethodswithrespecttoArtificialImagination.Inthefuture,
weplantoinjectimaginationintothevisualizationprocessofMindMapcreation,andexploremore
paintingcategoriestoo.ThepresentationofMappaMundiaswellastheAIimaginationapproaches
arepresentedtounderstandhowAIcanaidartisticpractice.ItsdevelopmentalsoindicatesAIhasmore
implicationsinartthanawayofartisticcreation,anditenrichesthepossibilityofartisticpractice.
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