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Abstract: This paperproposesa new approachto style,arisingfrom our work on computationalmedia
usingstructural blending, which enrichestheconceptualblendingof cognitive linguisticswith structure
building operationsin order to encompasssyntaxandnarrative as well asmetaphor. We have imple-
mentedbothconceptualandstructuralblending,andconductedinitial experimentswith poetry, including
interactive multimediapoetry, althoughthe approachgeneralizesto othermedia. The centralideais to
analyzestyle in termsof blendingprinciples,basedon our �nding thatdifferentprinciplesfrom thoseof
commonsenseblendingareoftenneededfor somecontemporarypoeticmetaphors.

1 Intr oduction and Background

JamesMeehan's1976TALE-SPIN [27] wasperhapsthe�rst computerstorygenerationsystem.It exploredthecreative
potentialof viewing narrative generationasa planningproblem,in which agentsselectappropriateactions,solve
problemsin thesimulatedworld, andoutputlogsof their actionsusingsyntactictemplates.Hereis a sample:

HenrySquirrelwasthirsty. He walkedover to theriverbankwherehis goodfriend Bill Bird wassitting.
Henryslippedandfell in theriver. Gravity drowned.

Thelogic behindthis non-sequituris impeccable:Gravity is pulling Henryinto theriver, andit hasno friends,arms,
or legs that cansave it from the river; thereforeGravity drowns. But we know Gravity is not somethingthat can
drown; thereis a startlingtype checkerror here. Subsequentsystemswerebetter, but still mainly followed “Good
Old FashionedAI” (GOFAI), which assumeshumancognitionis computationover logic-baseddatastructures,and
which largely ignores(or evendenies)theembodiedandsociallysituatednatureof beinghuman.Suchsystemslack
eleganceandstyle.But how canwedobetter?And whatis styleanyway?

Theword“style” hasmany differentmeaningsin differentcontexts. Thisambiguitycannotbedispelledby theuse
of computationaltechnologyalone.Statisticalmethodsand/orformal descriptionsof featuresmustbeaugmentedby
knowledgeof humancontext andexperienceto capturea more“true” notionof style thansubjective humanopinion.
Still, we believe thatcomputationaltechniquescanmake importantcontributionsto theunderstanding,analysis,and
generationof style.

It is notgenerallyintuitiveto bothembracetechnologyandsomeof its methodsatthesametimeasstressinghuman
valuesandthe limitations (even technicallimitations) of the underlyingvaluesbehindmuchof currentcomputing.
This is our stancehowever. We proposeto analyzeandgenerateworks in particularstylesby choosingappropriate
principlesfor blendingcomputationalstructuresrepresentingconcepts,andmorebroadlyby consideringthehuman
conceptualblendsthatmight correspondto thecomputationalstructures.On its own this approachis opento some
of thesamecriticismsasotherformal top down technicalapproaches(asin GOFAI). But our claimsandtheoretical
underpinningsarequite different; the formalismsusedarenot taken to exist explicitly in humancognitionandwe
recognizemeaningasembodied,situated,andcontextual. Ourmethodsaredifferentaswell, for formalizationis used
asa tool only within thecontext of humansubjectivity, experience,andsocialinteraction.

This paperis especiallyconcernedwith how conceptsarecombined(blended),theprinciplesunderlyingthedif-
ferentwaysthatconceptscanbeblended,andhow acomputationalaccountof blendingcanbeusedto implementand
analyzevariousstylesin interactivemedia.But we believe computerimplementationssuchasour GRIOT systemcan
alsocontribute to cognitive science,assimulationsof precisemathematicaltheories.Section2 reviews somebasic
linguistic researchusedin our approach.Section3 reviews our prior work on semioticspaces,semioticmorphisms,
andstructuralblending;a ratherdetailedexampleis alsogiven. Section4.4discussesour work on interactive poetry
generation,andSections4.2and4.3discusstheblendingalgorithmat its core.Section4.5considerssomeinteresting
blendsthatappearin recentpoetry, and�nds thatverydifferentprinciplesfrom thoseproposedin [5] for conventional,
commonsenseblendsareneeded.Thismotivatesouranalysisin Section4.6of stylein termsof theblendingprinciples
usedto generateworksin variousmedia.
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2 Linguistic Foundations

This sectionreviews somelinguistics researchthat servesasa foundationfor our work on style, including certain
topicsfrom cognitive linguistics,sociolinguistics,andnarratology. This researchis aimedat understandinghuman
cognition,ratherthanat computersimulationandmathematicalprecision,asis our own research.

2.1 Metaphor and Blending

GillesFauconnierandMark Turnerhavedevelopeda theorywithin cognitive linguisticsknown asconceptualblend-
ing or conceptual integration [5]. Hereconceptualspacesarerelatively small, transientcollectionsof concepts,
selectedfrom largerdomainsfor somepurposeat hand,suchasunderstandinga particularsentence;this basicnotion
buildsuponFauconnier'searliernotionof mentalspaces,whichareformally setsof “elements”andrelationinstances
amongthem[4], asin Figure3. GeorgeLakoff, Mark Johnson,andothers[24, 23] have studiedmetaphorasa map-
pingfrom oneconceptualspaceto another, andshown thatmetaphorscomein families,calledimageschemas, having
a commontheme.Onesuchfamily is MORE IS UP, asin “His salaryis higherthanmine,” or “That stockrosequite
suddenly.” The sourceUP is groundedin our experienceof gravity, andthe schemaitself is groundedin everyday
experiences,suchasthathaving morebeerin aglass,or morepeanutsin apile, meansthelevel goesup. Many image
schemas,including this one,aregroundedin thehumanbody, andarecalledbasic imageschemas; thesegenerally
yield the mostpersuasive, andperhapseven universal,metaphors,andarealsouseful in otherareas,suchasuser
interfacedesign[9, 10, 11].

Blendingtwo conceptualspacesyields a new spacethat combinespartsof the givenspaces,andmay alsohave
emergentstructure[5]. Simpleexamplesin naturallanguagearewordslike “houseboat”and“roadkill,” andphrases
like “arti�cial life” and“computervirus.” Blendingis considereda basichumancognitive operation,invisible and
effortless,but pervasive and fundamental,for examplein grammarandreasoning[5]. It also givesa new way to
understandmetaphor. For example,in “the sunis a king,” blendingtheconceptualspacesfor “sun” and“king” gives
a new blend spacetogetherwith conceptual mappings to it from the “king” and “sun” spaces.Although there
is no direct mappingbetweenthe two original spaces,therearecrossspaceidenti�cations, certainly including the
identi�cation of the “sun” and“king” elements,so that they arethe sameelementin the blendspace.Metaphoric
blendsareasymmetric, in thatthetargetof themetaphoris understoodusingonly themostsalientconceptsfrom the
othersourcespace[19]. For example,aspectsof “king” maybeblocked from mappingto theblendspace– usually
thesundoesnot weara crown or chargetaxes. Additional informationneededto constructa coherentblendmaybe
recruitedfrom otherspaces,aswell asfrom frames, whichencodehighly conventionalizedinformation.Conceptual
integration networks arenetworksof conceptualspacesandconceptualmappings,usedin blendingthecomponent
spacesfor situationsthataremorecomplex thana singlemetaphor. Theseareof coursethenormin literary texts,and
in a greatdealof everydayconversation,aswell ashumor.

2.2 The ClassicalOptimality Principles

Below are� ve of the 29 qoptimality principlesfrom the list in Chapter15 of [5] anddiscussedin [19]; optimality
principlesareusedto determinewhichamongmany possibleblendsis mostappropriatefor a givensituation:

1. Integration: Thescenarioin theblendspaceshouldbea well-integratedscene.

2. Web: Tight Connectionsbetweentheblendandthe inputsshouldbemaintained,sothatanevent in oneof the
inputspaces,for instance,is construedasimplying acorrespondingeventin theblend.

3. Unpacking: It shouldbeeasyto reconstructtheinputsandthenetwork of connections,giventheblend.

4. Topology: Elementsin the blendshouldparticipatein the samekinds of relationas their counterpartsin the
inputs.

5. GoodReason:If anelementappearsin theblend,it shouldhavemeaning.

Theseprinciplesapplyto commonsenseblends,suchasaretypically foundin ordinarylanguage,in advertisements,
etc.;animportantinspirationwasusein literarycriticism,asin [32]. But Section4.5will show thatthey donotapply
to generatingsomelessconventionallanguage,suchascertainmetaphorsin PabloNerudapoems.All � ve of these
optimality principlesrequirehumanjudgement,andsocannotbe implementedin any obviousway. However, when
the relationsinvolvedareidentities,the TopologyPrincipledoesnot involve meaning,andso canbe implemented;
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indeed,it is partof theblendingalgorithmdescribedin Section4.2. Likewise,theUnpackingPrincipleholdsfor the
mostoptimalblendedspacesgeneratedby ouralgorithm.

2.3 Narrati ve

In many gamesandart works,narrative providesa deeperandmoresatisfyingsenseof involvement.Temporaland
causalsuccessionareessentialfor narrative, but valuesalsoplay a key role, by connectingeventsin thestory to the
socialworldsandpersonalexperiencesof users.Thesetwo aspectsof narrativeprovidethesensethatawork is “going
somewhere”and“meanssomething,” respectively. Sociolinguists,e.g.[22, 26], have doneextensive empiricalstudy
of narrativesof personalexperience,whicharetold orally to agroupof peersundernaturalconditions.Thefollowing
brie�y summarizesthis research:

1. Thereis anoptionalorientation section, giving informationaboutthesetting(time,place,characters,etc.)for
whatwill follow.

2. Themainbody is a sequenceof narrati ve clausesdescribingtheeventsof thestory; by a default convention
calledthenarrati vepresupposition, thesearetakento occurin thesameorderthatthey appearin thestory.

3. Narrativeclausesareinterwovenwith evaluativematerial relatingnarrativeeventsto values.

4. An optionalclosingsectionsummarizesthestory, or perhapsgivesa moral.

The interpretationof narrative alsoemploys the causalpresupposition, which saysthat, other thingsbeingequal,
givenclausesin theorderA, B we mayassumethatA causesB. (For example,“You touchthat,andyou die.”) An
additionalprincipleis accountability, thatthepersontelling suchastorymustestablishto theaudiencetherelevance
of theactionsreported.This is accomplishedby theevaluativematerial,which relatesnarrativeeventsto socialvalues
sharedby thenarratorandaudience;it providesawarrantfor inferring thevaluesinvolved.

The above assertionsare thoroughlygroundedin empirical researchon contemporaryAmericansmall groups,
but appearto apply morebroadly to contemporaryWesternlanguages1. Although developedfor oral narrativesof
personalexperience,the theory also yields insight into many other mediaand genres,suchas novels and human
computerdialogues,becausetheir structurehasa basisin oral narrativesof personalexperience.

It maybesurprisingthatvaluesarean integral partof the internalstructureof stories,ratherthanbeingcon�ned
to a “moral” at theend;in fact,valuespervadenarrative,asjusti�cations for thenarrator'schoiceof whatto tell, or a
character'schoiceof whatto do,aswell asvia modi�ers suchas“very” or “slightly.” Thedefaultnarrativepresuppo-
sition canbeoverriddenby explicit markersof othertemporalrelations,suchas�ashbacksand�ashforwards,sothat
evennarrativesthatinvolvemultiple times,multiple places,or multiple narrators,arestill composedof subsequences
thatconformto theabovestructure.

Thepurelystructuralaspectsof this theorycanbeformalizedasa grammar, theinstancesof which correspondto
thelegal structuresfor narratives.Thefollowing usessocalledEBNF(for extendedBackusNaurForm),

<Narr> ::= <Open> (<Cls> <Eval>*) + [<Coda>]
<Open> ::= ((<Abs> + <Ornt>) <Eval>*)*

where[...] indicateszero or one instanceof whatever is enclosed,* indicateszero or more instances,in�x +
indicatesexclusive or, superscript+ indicatesoneor more instances,andjuxtapositionof subexpressionsindicates
concatenation.Here<Narr> is for narratives,<Cls> for narrative clauses,which potentially includeevaluation,
<Eval> for stand-aloneevaluativeclauses,<Open> for theopeningsection,whichmayincludeanorientationand/or
abstract,and<Coda> for theclosingsection.

Of course,EBNF is far from adequatefor describingmany otheraspectsof narrative,e.g.,coherenceof plot, de-
velopmentof character, anddialogue.Theabovegrammaralsofails to addressthevarietyof waysin whichevaluation
canoccur. Somealternativesto explicit evaluative clausesincluderepetitionof wordsor phrases(which servesto
emphasizethem),noticeablyunusuallexical choices(whichmayserveto emphasize,de-emphasize,or otherwisespin
something),andnoticeablyunusualsyntacticchoices(whichalsomayserveto emphasizeor de-emphasize).

1However, they do not necessarilyapply to non-Westernlangaugesandcultures;for example,Balinesenarrative doesnot follow thenarrative
presupposition[3].
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3 Algebraic Semiotics

Beforebrie�y discussingalgebraicsemiotics,it may be helpful to be clearaboutits philosophicalorientation. The
reasonfor takingspecialcasewith this is that, in Westernculture,mathematicalformalismsareoftengivena status
beyond what they deserve. For example,Euclid wrote, “The laws of naturearebut the mathematicalthoughtsof
God.” Similarly, “situations” in thesituationsemanticsof BarwiseandPerry, which aresimilar to conceptualspaces
(but moresophisticated– perhapstoo sophisticated)areconsideredto beactuallyexisting, idealPlatonicentities[2].
Somewhat lessgrandly, onemight considerthatconceptualspacesaredirectly instantiatedin thehumanbrain. Our
point of view is different:we believe thatall suchformalismsareconstructedby humanresearchersin thecourseof
particularinvestigations,having theheuristicpurposeof facilitatingconsiderationof certainissuesin thatinvestigation.
Underthisview, all theoriesaresituatedsocialentities,mathematicaltheoriesno lessthanothers.Of course,thisdoes
notprecludetheir beingaccuraterepresentationsof reality.

3.1 SemioticSpaces

Whereasconceptualspacesare good for concepts,they are inadequatefor structure,e.g., how a particularmeter
combineswith acertainrhymeschemein a�x edpoeticform; musicraisessimilarissues,whichagainrequireanability
to handlestructure[12]. Thus,to useblendingasa basisfor stylistic analysis,we mustgeneralizeconceptualspaces
to includestructure.Algebraicsemioticscapturessomemajorinsightsof thefoundersof semiotics,CharlesSaunders
Peirce[28] andFerdinandSaussure[30]. Peirceemphasized(amongotherthings)that the relationbetweena given
tokenandits objectis not just a function(asin denotationalsemantics),but a relationthatdependson thesituationin
which thetokenis interpreted,while Saussureemphasized(amongotherthings)thatsignscomein systems.Semiotic
systemscaptureSaussure's insight,while theblendingof semioticsystemscaptures(andextends)Peirce's insight.

Algebraicsemioticsusesalgebraicsemantics[17] to describethestructureof complex signs,includingmultimedia
signs(e.g.,a musicvideo with subtitles),andto studythe blendingof suchstructures.Its basicnotion is a (loose
algebraic)theory, which consistsof typeandoperationdeclarations,possiblywith subtypedeclarationsandaxioms;
it is usualto usethe word sort insteadof “type” in this area. A (loosealgebraic)semiotic system(alsocalleda
semioticspaceor sign system) [9] is a (loosealgebraic)theory, plusa level ordering on sorts(having a maximum
elementcalled the top sort) anda priority ordering on the constituentsat eachlevel. Sortsclassify the partsof
signsandthe valuesof attributesof signs(e.g.,color andsize). Signsof a certainsort arerepresentedby termsof
thatsort,includingbut not limited to constants.Amongtheoperationsareconstructors, which build new signsfrom
given sign partsas inputs. Levels expressthe whole-parthierarchyof complex signs,while priorities expressthe
relative importanceof constructorsandtheir arguments;socialissuesplay a key role in determiningtheseorderings.
Conceptualspacesarethespecialcasewith only constantsandrelations,only onesort,andonly axiomsassertingthat
certainrelationshold oncertaininstances.Many detailsomittedherearegivenin [9, 10, 11].

The grammarfor narrativesin Section2.3 canbe describedasa semioticsystem.Its top level sort is of course
<Narr> ; thesecondlevel sortsare<Cls> , <Eval> , <Open>, and<Coda>, while <Ornt> and<Abs> arethird
level sorts.It shouldnot bethoughtthat this semioticsystemwill beblendedwith conceptualspacesto give a story;
this would not be appropriatebecausenarrative structureis at a differentlevel of abstractionfrom that of narrative
content.However, it wouldbeappropriateto blendanarrativestructurespacewith anotherspacethatdescribedsome
otherstructure,suchasthescene/shot/etc.structureof cinema.

Someotherexamplesof semioticsystemsare: dates;times;bibliographies(in oneor more�x edformat); tables
of contents(e.g.,for books,againin �x edformats);newspapers(e.g.,theNew York TimesArts Section);anda �x ed
website,suchastheCNN homepage(in someparticularinstanceof its graduallyevolving format). Notethateachof
thesehasa largespaceof possibleinstances(i.e.,models),but all theseinstanceshavethesamestructure.

Semioticsystems,like the algebraictheoriesthat they build upon,areformal in theprecisesensethat changing
thenamesusedin themdoesnot changetheir spaceof models,but only theway thatpartsof themodelsarenamed.
Thus,theseformal descriptionsdo not evenattemptto capturemeaningin any realhumansense;however, we do try
to choosenamesthatcanhelpthereader's intuition.

Semioticspaces,like conceptualspaces,arestatic. Thoughthey describeblendsasbeingdynamicandin some
examplescarefully describetemporalsequencesof blending,FauconnierandTurnerdo not attemptto capturethe
behavior of dynamicentities,with changeablestate,in their theory. However (given the necessarymathematics),it
is not so dif�cult to extendsemioticspacesto includedynamicstructures;in fact, suchan extensionis neededfor
applicationsto userinterfacedesign,andis carriedout in detail,with examples,in [11], usingsocalledhiddenalgebra
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[18]. Also theconceptualblendingtheoryof FauconnierandTurnerdoesnot assigntypesto elementsof conceptual
spaces;this makessense,dueto thevery �e xible way thatblendstreattypes,but it alsorepresentsa signi�cant loss
of information, which in fact can be exploited in someinterestingways, suchas being able to characterizesome
metaphorsas“personi�cations” (seethe discussionin Section3.3 below) andbeingableto generatemorestriking
andunusualblendsby identifying sortsknown to be far apart(seethe discussionin Section4.5 below). Another
differencefrom classicalconceptualblendingis thatwedonot �rst constructaminimal imagein theblendspace,and
then“project” it backto thetargetspace,but instead,webuild theentireresultin theblendspace.

Usingtheoriesfor semioticsystemsis betterthanconcretemodel-basedapproaches(asin [7]) becauseit is much
morenaturalto treatlevelsandprioritiesin thecontext of theories,andbecausede�ning spacesof modelswith theories
makesit convenientto useaxiomsto possibletheallowablemodels.

3.2 SemioticMor phismsand Structural Blending

Mappingsbetweensemioticsystemsare uniform representationsfor signs in a sourcespaceby signs in a target
space,andarecalledsemioticmorphisms; userinterfacedesignis an importantapplicationareafor suchmappings
[9, 10, 11]. Becausesignsystemsareformalizedasalgebraictheorieswith additionalstructure,semioticmorphisms
areformalizedastheorymorphismsthatalsopreserve this additionalstructure.A theorymorphismconsistsof map-
pingsfrom onetheoryto anotherthatpreservesthebasicconstituents,which aresortdeclarations,operationdeclara-
tions,andaxioms;semioticmorphismsin additionpreserve levelsandpriorities. However, thesemappingsmay be
partial, becausesomesorts,constructors,etc.arenotpreservedin theintendedapplications.For example,thesemiotic
morphismfrom theconceptualspacefor “king” into theblendspacefor themetaphor“The sunis a king” discussed
abovedoesnotpreservethethrone,courtjester, queen,andcastle(unlesssomeadditionaltext forcesit to doso).
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Figure1: BlendDiagram

Semioticmorphismsareusedin structuralblendingto establishconnectionsbetweensemioticspacesthatindicate
which elementsshouldbe identi�ed. Thesimplestform2 of blendis shown in Figure1, whereI 1 andI 2 arecalled
input spaces, andG is calleda basespace3. We call I 1; I 2; G togetherwith themorphismsI 1 ! G andI 2 ! G
an input diagram. Given an input diagram,we usethe term blendoid for a spaceB togetherwith morphisms
I 1 ! B , I 2 ! B , andG ! B , calledinjections, suchthatthediagramof Figure1 commutes, in thesensethatboth
compositionsG ! I 1 ! B andG ! I 2 ! B are“weakly equal” to themorphismG ! B , in thesensethateach
elementin G getsmappedto thesameelementin B underthem,providedthatbothmorphismsarede�ned on it. In
general,all four spacesmaybesemioticspaces;thespecialcasewherethey areall conceptualspacesgivesconceptual
blends.Sincethereareoftenvery many blendoids,someway is neededto distinguishthosethataredesirable.This
is whatoptimality principlesarefor, anda blend is thende�ned to bea blendoidthatsatis�essomegivenoptimality
principlesto a signi�cant degree. The blendingalgorithmof Section4.2 usesoptimality principlesbasedonly on
the structureof blends,ratherthan their meaning;theseincludedegreesof commutativity, of type casting,andof
preservationof constantsandaxioms.

3.3 The House/BoatExample

We illustrateblendingwith the concepts“house” and“boat” shown in Figure2. Eachcircle enclosesa conceptual
space,representedasa graph,thenodesof which represententities,andtheedgesof which representassertionsthata
certainrelation,thenameof which labelstheedge,holdsbetweentheentitieson its nodes.As in Figure1, thebottom

2Thisdiagramis “upsidedown” from thatof FauconnierandTurner, in thatourarrowsgoup,with thegenericG onthebottom,andtheblendB
ontop; this is consistentwith thebasicimageschemaMORE IS UP, aswell aswith conventionsfor suchdiagramsin mathematics.Also,Fauconnier
andTurnerdonot includethemorphismG ! B , andG playsadifferentrole.

3Theterm“genericspace”is usedin cognitive linguistics[5], but theterm“basespace”betterdescribestheroleof thisspacein ourapproachto
interfaceandactive multimediadesign.
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spaceis thegenericor basespace,the top is theblendspace,andtheothertwo arethe input spaces,in this casefor
“house”and“boat.” Thearrowsbetweencirclesindicatesemioticmorphisms.In this simpleexample,all four spaces
have graphswith thesame“V” shape,andthe� ve morphismssimply preserve thatshape,i.e., eachmapsthebottom
nodeof the“vee” in its sourcespaceto thebottomnodein its target.To avoid clutter, typesarenot shown, but in this
case,it happensthatthetypescorrespondto theentitynamesin thegenericspace.

For this blend,the two trianglescommutefor all threesortsin thebasespace;similarly, the two baseconstants
object andperson arepreserved. Thuswe have commutativity for this blend,so that correspondingelements
of the input spacesareidenti�ed in theblend;e.g.,house andboat areidenti�ed in “houseboat”,andthemerged
elementis namedhouse/boat . Similarly, thetwo relationsin thebasespacemapto thesamerelationin theblend
via thethreepaths,sothat therelationslive-in andride areidenti�ed. Finally, for eachpair of elementsin the
basespacefor whicharelationholds,thecorrespondingelementsin theblendspacesatisfythecorrespondingrelation,
whichmeansthatall threepathspreservetheaxiomin thesameway.

Figure2: HouseboatBlendDiagram

Figure3: BoathouseBlendSpace

Figure3 shows a secondblendof thesametwo concepts,which in Englishis calleda “boathouse.” In it, theboat
endsup in thehouse.Noticethatmappingresident to boat doesnot typecheckunlessboat is “cast” to beof
typeperson ; otherwise,theboatcouldnot live in theboathouse.This is thekind of metaphorcalledpersoni�cation
in literary theory, in which anobjectis considereda person.For this blend,neithertrianglecommutes,becausethe
baseelementobject is mappedto boat in theblendby theright morphism,andto house by the left morphism,
but is not mappedto boat/house in theblend. Similarly, thecentralmorphismcannotpreserve thebaseelement
person , andthe samegoesfor thebaseuse operation.On theotherhand,thebaserelationon goesto thesame
placeunderall threemaps. A third blendis similar to (in fact, symmetricalwith) the above “boathouse”blend; in
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it, a house/passenger endsup riding in theboat. (Therearerealexamplesof this, e.g.,wherea boatis usedto
transportprefabricatedhousesacrossabayfor ahousingdevelopmentona nearbyisland.)

A fourth blendis lessfamiliar thanthe �rst three,but hasvery goodpreservationandcommutativity properties,
andhenceis verypure,eventhoughits physicalexistenceis doubtful.This is anamphibiousRV (recreationalvehicle)
thatyou canlive in, andcanride on landandwater. A �fth blendhasan evenlessfamiliar meaning:a livableboat
for transportinglivableboats;perhapsonly analgorithmcouldhavediscoveredthis counter-intuitiveblend.Finally, a
sixthblendgivesaboatusedon landfor ahouse;it omitsaxiomsthatahouse/boatbeonwaterandapassengerridea
house/boat.(Thereare48blendswhereall preservationpropertieshold,andalso736lessperspicuousblendoids.)

We canseein this examplethattheextentto which a blendpreservesthestructureof aninput spacecorresponds
verywell with ourintuitie senseof how closelytheblendresemblesthatinputspace.Quantativepreservationmeasures
includethenumberof trianglesthatcommutefor theelementsof aspace,thenumberfor its relations,andthenumber
of typecastsrequired,but qualitativemeasureswhich arepartialordersbasedon thesefactorsseemsevencloserto
our intuitions[9, 15, 11]. This is averyencoragingresultwith regardto ourplanto usethesepurelyformaloptimality
criteriain our blendingalgorithm,thoughwedonotexpectit to work aswell a it did herein all possiblesituations.

It maybeaninterestingexercisefor readersto considerblendsof “ice” and“house”;this is similar to the“house”
and“boat” example,but abit simpler.

4 Blending and Style

As mentionedin the introduction,most text generationsystemsare basedon approachesin GOFAI, which focus
on logic andplanning. They arein line with a tradition inspiredby the Russianformalismof Vladimir Propp[29],
implementinga discourselevel syntaxwith a �x edsetof textual templatesplusrulesfor combiningandinstantiating
thosetemplates,althoughtherearecertainlydifferencesin thetheoreticalfoundationsthey proposefor templatesand
rules,in thegeneralizabilityandsoundnessof thosefoundations,andin thesuccessof theexperiencesthey generate.
In contrast,cognitive linguisticsdoesnot focusonsyntax,but onmentalspaces,prototypes,blending,metaphor, etc.

Thesubsectionsbelow show how sucha cognitive view of languagecanbe implementedandappliedto various
kindsof text; in particular, we reportsomeinitial experimentsonpoetry. Initially we clarify our claimsby discussing
the relationshipbetweenthe technicalaspectsof our work andhumannotionsof style in Section4.1. A signi�cant
�nding is that the optimality principlesproposedin [5] do not work for generatingsomepoeticmetaphors.As a
result,we suggesta muchbroaderview of blendingprinciplesin Section4.6, underwhich differentworks may be
controlledby differentprinciples;for example,thechoiceof domainsfor themes,imagery, local knowledge,etc. is
considereda blendingprinciple,becausethesedomainscontribute to both the conceptualandstructuralblendsthat
constitutethework. Wethenexploretheideathatstylemaybedeterminedby suchprinciples.Beforethis,Section4.2
describesour conceptualblendingalgorithm;Section4.3describesstructuralblendingfor syntax;Section4.4reports
on anexperimentin poetrygenerationusingthosealgorithm,andSection4.5 givesexampleswhereprinciplesquite
differentfrom thoseof [5] areneeded.

4.1 TechnicalStyleVersusHuman Style

For clarity it is importantto expressspeci�cally whatwe havebeenableto accomplishtechnicallywith our approach
so far. At the coreof our work is the generationandanalysisof contentusingpartial compositionof sign systems
(representedusingalgebraicsemiotics).Secondarily, wecombinetemplates(pre-structuredcontent)accordingto for-
malizednarrativestructures.Thestrengthof ourapproachis thatconceptualblending(thegenerationcomponent)and
structuralblending(themediacompositioncomponent)canbeaccountedfor by thesametheoreticalunderpinnings
(algebraicsemiotics)andthat thework is in sympathywith, andinspiredby, recentinsightsfrom cognitive science
in metaphortheory, embodiedcognition,conceptualblendingtheory, andsituatedcognition.Finally, theapproachis
usefulfor bothanalyzingmedia(e.g. user-interfaces)andgeneratingmedia(e.g. in multimediaartwork or computer
games).

Somespeci�c technicalcontributionsof this work are:

1. Datastructuresfor signsystemsandsemioticmophisms(mappingbetweensignsystems);

2. An algorithmfor conceptualblendingthatis ef�cient andexhaustive;

3. Threeformaloptimalityprinciplesfor conceptualblending;
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4. Media morphismsto mapconceptualdatastructuresto output in a particularmedium(e.g. text or graphical
images);

5. Datastructuresfor templates(artist createdcontentresources)that includevariablesthat canbe replacedby
generated;content.

6. An automatonuseful for implementingrecursive structuralistnarrative models(it arrangestemplatesinto a
particulardiscoursestructure);

7. An interpreterthatreadsuserinputandoutputsgeneratedcontent;

8. A scriptingformatthatallowsanauthorto create“improvisational”media.

But canthesetechnicalcontributionstell us muchaboutstyle? Have we accountedfor style in a structuralway
thatavoidsthepitfallsof top-down arti�cial intelligence,structuralistculturaltheory, andcognitivist psychology?We
believe so. Thoughwe areinspiredtechnicallyby someof theapproachesabove, our approachincludesbeingvery
forthrightaboutthelimitationsof computationaltechniquesandto introducehumanjudgment,subjectivity, andsocial
context at appropriatepointsin thedesign,development,andoutputprocesses.Thus,for us:

� Styleis understoodin theinterpretationof signsystemsvia dialogicinteractionwith media.

� Styleis determinedby theparticularexecutionsof humanconceptsin media.

� Styleis createdby developingsignsystemsandartifactsfor bothof theabove.

� Styleexistsin thecontext of interpretingsignsystems.

� Styleexistsin thecontext of useof artifacts.

� Styleis inherentin any knowledgeencodedin a signsystemby a human.

Implementationsbasedon theoriesof conceptualblendingandsemioticrepresentationareusefulfor expressing
andanalyzingstyle,but arenotsuf�cient. Technically, wesystematicallyexaminehow humanscomposesignsystems
with particularattentionto regularitiessuchashierarchies,preservationbetweenmappings,informationlostor gained,
changesof classi�cationof symbols(typecasting),andothersimilar structuralfeatures.Computationalmethodsare
very goodfor thesepurposes.At the sametime we pay closeheedto the way that humansencodeknowledgethat
is not amenableto computationalanalysisor manipulation,andwe explicitly requirehumaninput andjudgmentin
designprocesses.Our approachis a combinationof formal methods,awarenessof their limitations,andstrategiesto
partiallysurmountthoselimitations.

4.2 ConceptualBlending Algorithm

Our blendingalgorithmALLOY is programmedin LISP, andgivenaninput diagram,it cancomputeonegoodblend,
or elsecomputeall blendoidsover thediagram.It doesa depth�rst traversalover two binary trees,which describe
possiblewaysto identify relationsandto identify constants.Differentelementsfrom thesameinput spacearenever
identi�ed. Datasortsanddataconstantsarenever identi�ed. Non-datasortsareidenti�ed only if requiredby being
mappedto from a commonsort in thebasespace.Elementsof theinput spacesthatarenot mappedto from thebase
spaceareincludedin theblendspace.Whenconstantsof differentsortsareidenti�ed, bothchoicesfor thesortof the
blendedconstantareconsideredacceptable.[16] givesmoredetailon theimplementation.

Evenfor simpleinputs,thenumberof blendoidsis so large that it is dif�cult for humansto �nd themall. Since
for the houseboatexample,the algorithmcomputes48 blendswhereevery axiom is preserved,and736 that fail to
preserve someaxioms,it follows that ef�cient techniquesfor computinghigh quality blendsarenecessaryfor the
algorithmto beusefulfor contentgenerationandanalysis.Therearethreedistinctwaysthatonecango aboutthis;
all areneeded.The�rst is just to optimizea givenprocedure,e.g.,by usingmoreef�cient datarepresentations.The
secondis to improvetheprocedureto reducethesearchspace,sothatlow qualityblendoidsareneithergeneratednor
examined(asopposedto �nding andthenrankingall blendoids).Thethird is to usemorediscriminatingmeasuresof
quality, whichwe hereafteralsocall optimalityprinciples.

Theoptimalityprinciplesof [5] arepowerful, but notcomputationallyeffective. Ourblendingalgorithmcurrently
usesdegreeof commutativity, degreeof constantpreservation, degreeof axiom preservation, andamountof type
castingfor constants,asits optimality principles. A typecastmeansthat a constantin the blendoidhasbeengiven
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an unnaturaltype; without type casting,blendeditemsmusthave compatibletypes(i.e., the sametype, or elseone
a subtypeof the other). In ALLOY, eachoptimality principle is measuredon a numericalscaleandgiven a weight
(possiblynegative),to yield a singleweightedsum.Thresholdscanbesetfor componentmeasureandfor thesum,to
avoid processinglow quality blendoids.Thoughcurrentlywe have implementedpoetryonly usingoptimalblends,in
futurework this maychangebaseduponthestyleof poeticmetaphorwe wish to achieve. A fascinatingresultis that
somemetaphorsin theNerudapoemin Section4.5 requirevaluing typecastspositively ratherthannegatively; this
seemsalsoto happenin othercontemporaryart forms.

4.3 SyntaxasBlending

Thissubsectiondevelopsanapproachto text generationinspiredby cognitivegrammarandbasedonstructuralblend-
ing; it is illustratedby theLabov narrativesyntaxof Section2.3.ThismaterialdoesnotapplytheALLOY algorithmof
Section4.2,which is for conceptualblending.Also, issuesof saliency discussedherehave not yet beenimplemented
in GRIOT. Theapproachassumesa context freegrammar, sowe �rst convert thetwo EBNF Labov rulesto this form;
this yieldsmany rules,oneof which (dependingonhow it is done)is:

<Narr> ! <Open> <Cls> <Eval> <Coda>

Next, convert theright sidesof rulesto termsthatdenotelistsof strings(assumingthesedatastructuresarein thedata
algebra);thenconstructanaxiomassertingthis termhassort<Narr> andsaliency4 1,

[<Open> <Cls> <Eval> <Coda> :: <Narr>, 1]

where[_::_,_] is a 3-placerelationconstructorinterpretaedasabove. Termsin suchaxiomsarecalledtemplates.
Thesetof all suchaxiomsis theLabov space,call it L .

To getanactualnarrative,we needa domainspaceD for phrasesto instantiatethebottomlevel non-terminalsin
L . Theseareassertedasaxioms,justasabove,e.g.,

[Once upon a time, :: <Ont>, 1]

A more sophisticatedapproach,taken by the systemof Section4.4, usesmore cognitively orienteddomainswith
axiomsfor relationships,which arethenconvertedto syntactictemplatesfor instantiation.Note that templatesmay
containvariablesthat call for a conceptualblendproducedby the algorithmof Section4.2, drawing on conceptual
domainsdifferent from thoseusedfor syntax. Next, the genericspaceG contains:a constantof sort NT for each
non-terminalin thegrammar;variablesymbolsof sort Var ; theabove relationconstructor[_::_,_] ; andanother
relationconstructor[_:_] thatis explainedbelow.

Thelastingredientis a setof deductionrulesto enableinstantiation,alsogivenasaxioms,oneof which is:

[X : s'] & [t(X) :: s,v] & [t' :: s',v'] ) [t(t') :: s,vv']

where[X : s'] indicatesthatvariableX hassorts' , t(t') indicatessubstitutionof t' for X in t , andwherevv'
indicatesmultiplicationof realnumbersv andv' . Intuitively, theaxiomsaysthatif X hassorts' , andif t hassorts
andcontainsX, andif t' hassorts' , thenthesubstitutionof t' into t for eachinstanceof X hassorts (andsaliency
vv' ). Thegenericspace(andhenceall input spaces)shouldalsocontainversionsof this rule for templatest(X,Y)
with two variables,for templateswith threevariables,etc.,up to themaximumarity in any domain(alternatively, an
inferencespacecouldbe de�ned andimportedinto every space).The dataalgebrashouldincludetheoperationfor
substitutinglists into lists.

Finally, weblendtheinputspacesL andD overG, with theevidentmorphisms,andconsiderthedeductiveclosure
of theblendspaceB , which containsall axiomsthatcanbededucedfrom thegivenones.Thoseaxiomswith terms
of sort<Narr> containingno variablesarethenarratives.Whenseveral templatesareavailable,a randomchoiceis
made;salienciescanbeusedto computeprobabilities,andthesaliency of a templatecanbereducedafterit is used,to
helpavoid repetitions.All this is easilycodedin Prolog,to bothproduceandparsenarratives(but declarativecoding
will requiresettingall salienciesto 1, sincePrologcannotreasonwith real numbers).A practicalsystemlike that
describedin Section4.4canjust take theabove asa semanticspeci�cationandimplementit usingstandardtricks of
thetrade.A differentformalizationalsoseemspossible,in which rulesareconstructorsandprocessingis doneat the
basiclevel, insteadof thoughaxiomatizationat themeta-level.

4For suchrules,our saliency is similar to entrenchmentin thesenseof [25]; we assumesaliency valuesarein theunit interval 0 � v � 1, and
thatthey follow thefuzzy logic of [8].
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Morecomplex blendingthaninstantiationcanuseconstraintsasaxioms,e.g.,for tenseandnumberagreement,or
to handleanaphoriccoreferenceof a nounphraseandpronoun. This seemsa new approach,consideringsyntaxas
emergentfrom real-timeprocessingandintegratedwith conceptualprocessing.It is technicallysimilar to uni�cation
grammar([31] givesa goodintroduction)andcanbemadeevencloserwithout mucheffort, andit is philosophically
similar to thecognitivegrammarof [25]. Of course,this formalismcannotdo everythingonemight like (seethe�rst
pragraphof Section3), but it seemsmorethanadequatefor our projectof generatinginterestingnew mediaobjects.

4.4 Interacti ve Poetry

This sectiondescribestechnologyfor implementinginteractiveandgenerativenarratives,with anemphasison its use
in creatinginteractivepoetrysystems.Wehavecoinedthephrases“polymorphicpoems”and“polypoems”to describe
suchworks. This researchis not intendedaspartof a projectproducinga comprehensivemodelof thehumanmind
or thehumanprocessof poetrygeneration.Instead,our motivationis to improve thealgorithms,thetheory, andour
understandingof blending,aswell asto produceinterestingtexts; but this doesnot just meanthatonecannotdraw
inferencesabouthumanpoetrybasedonthesuccessesandfailuresof variousapproaches.TheGRIOT implementation
hasthefollowing components(seeFigure4):

1. ThemeDomains:Themesarerepresentedasontologiesconsistingof setsof axiomsexpressingpropertiesspe-
ci�c to a particularpolypoemtheme.Associatedwith eachthemedomainis a list of keywordsthataccessthat
themedomain.

2. ALLOY ConceptualBlendingAlgorithm: This generatesnew conceptsandmetaphorsfrom input spacesse-
lectedfrom thethemedomains.ALLOY usesstructuraloptimality principlesinspiredby thosefrom conceptual
blendingtheory[5]. Theseprinciplesusea measurethatquanti�esoptimality accordingto: (1) commutativity
of mappingsfrom elementsin theinput spacesto theblendedspace,(2) typecoercionsin theinput spaces,and
(3) thenumberof elementsfrom theinputspacesthatarepreservedin theblendedspace.

3. MediaMorphisms:Thesemapconceptualblendsto representationsin particularmedia,suchasnaturallanguage
andgraphics. grammar morphisms area specialcaseof mediamorphismsthat provide a mappingfrom a
conceptualspaceto a representationin naturallanguagetext.

4. PhraseTemplates:Thesearesetsof text fragmentsorganizedby clausetypeandfeaturingwildcards thatwill
bereplacedby generatedcontentuponeachexecutionof thepolypoem.

5. Narrative(or Event)Structure:Thisde�neshow phrasetemplatescanbecomposed.A polypoemauthorinputs
her or his choiceof narrative structure;initial experimentsuseda versionof the Labov narrative structureof
personalexperience. The templatesare selectedusing a new type of automatonthat we invented,called a
“probabilistic boundedtransitionstackmachine,” or moresimply a “Narrative StructureEngine,” or “Event
StructureEngine”in thegeneralcase.

Usingthesecomponents,theoutputof executingapolypoemis generatedaccordingto therulesandthemesde�ned
by a polypoemauthor. Many poetic texts canbe output that featuresystematicthematicandstructuralconstraints,
while at the sametime exhibiting greatvariety in their actualphrasesandmetaphoricalandaestheticcontent. This
is illustratedin Fox Harrell's polypoem“The Girl with Skin of HaintsandSeraphs”[20], which draws upona setof
themedomainssuchasskin, angels,demons,Europe,andAfrica5. After processinga user-input keyword suchas
“europe,” enteredaftera “ ! ” prompt,the�rst line couldbe:

hertalebeganwhenshewasinfectedwith white female-itis
or

shebeganherdayslooking in themirror atherown pale-skinneddeath-�gureface

or any of a numberof alternatephrases(therearefourteentemplatesfor suchopeningphrases).As an exampleof
variationwithin a particularphrasedueto wildcard replacement,amongmany otherpossibilitiesthe �rst example
abovecouldhavealsobeeneither:

hertalebeganwhenshewasinfectedwith tribal-warriorspectre-itis

5This work is a commentaryon racial politics andthe limitations of simplistic binary views of social identity. The dynamicnatureof social
identity is alsore�ected in theway theprogramproducesdifferentpoemswith differentnovel metaphorseachtime it is run (thoughit is unlikely
thatany oneuserwould reada largenumberof these).
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or

hertalebeganwhenshewasinfectedwith blackdemon-itis

dependingonhow thephrasetemplatewasinstantiated.
Thediscussionof templateinstantiationin thetext grammarof Section4.3givesa theoreticalbasisfor describing

wildcardreplacementin GRIOT. In theexampleabove, onesetof phrasetemplatescontains“ (her tale began
when she was infected with (* g-singular-noun)-itis) ” in theLISP syntaxof theimplementa-
tion, wheretheinnerparenthesisis a wildcardvariablethatgetsreplacedwith a nounclusteror a nounpairedwith a
modi�er. Exactlyhow thewildcard is replacedis determinedby a combinationof userinput andthecontentof the
wildcarditself. A wildcardconsistsof two or morepartsincludinga “*” marker that indicatesit is a wildcard,anda
variablethatdetermineswhetherit is to bereplacedby anotherphrase(denotedby thepre�x “p- ” attachedto aclause
typename)or by contentgeneratedusingtheALLOY algorithm(denotedby thepre�x “g- ” attachedto agrammatical
form namesuchas“singular-noun”). Optionalvariablescanbeusedadditionallyto constraindomainsor axiomsse-
lectedasinput to theALLOY blendingalgorithm(denotedby “d- ” and“a- ” pre�xesrespectively, thoughin practice
wehavenothadto useaxiomdeterminingvariables).Optionalvariablescanalsobeusedfor structuraleffectssuchas
forcingrepeatsof wildcardreplacementtext from earlierin thepoem.Userinputplaysarole in wildcardreplacement,
sincetheuserenteredkeywordsdetermineoneof thedomainsto beusedin constructingtheblendsthatwill beused
in templateinstantiation.

In mostof thepolypoemsimplementedsofar, phrasetemplateshavebeenmostcommonlyinstantiatedby replacing
thewildcardwith anEnglishlanguagemappingfrom conceptualblendproducedby thealgorithmof Section4.2.After
userinput and/oroptionalwildcardvariableshave beenusedto selectthemedomains,conceptualspacesareselected
from thechosendomainsasfollows:

1. Axiomsarechosenfrom the�rst domain.An axiomis a relationrepresentedasa list suchas:

(axiom ``devours'' ((constant ``evil'' ``emotion'' demons-space 0)
(constant ``hope'' ``emotion'' demons-space 0))

The“0”s areinitial valuesof theblendoptimality measure,which is updatedasexecutionproceeds;notethat
usersdonot seethis internalrepresentation.

2. A subdomainis formedfrom the seconddomainthat consistsonly of axiomsof sortsthat matchthe chosen
axioms,axiomsareselectedrandomlyfrom thesubdomain.

3. Thesespacesareusedto createan input diagram(a genericspace,two input spaces,andmorphismsbetween
thespaces).

4. Theinputdiagramis passedto theALLOY algorithm,whichreturnsaconceptualblendwith thetwo morphisms
to it.

After theblendis generated,a grammarmorphism(thesetof grammarmorphismsis implementedasa hashtableof
Lisp closures)is consultedandusedto generatetheEnglishtext usedto instantiatethetemplate.

Figure4: GRIOT Architecture
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Theabovediscussionsummarizesmaterialintroducedin [21]. A completesamplepoemgeneratedby oneuser's
interactionwith “The Girl with Skin of HaintsandSeraphs”polypoemis given below, where“ ! ” is the prompt,
which is followedby theuserinput:

! evil
everynightshewakescoveredwith hate,awe sweat
! europe
imperialistandgirl thoughtstauntedherasa teen
serioustimeswerehere
! africa
drumspiked-tailvaporsteamedfrom herporeswhensherodeherbicycle
in therain
! angel
whentwenty-oneshewasa homelywoman
thatwasnothinglovely
! skin
tearsranrelayracesbetweenhergirl andeuropeaneyesandherignorance,longingearlobesandback
shecouldlaugh
! angel
herdreamswereof cupidepidermis
life wasa sightgag
! demon
sosheresolvedto �nd bat-wingsandpointed-nosepassionandbehappy

Theselectionof particularphrasetemplates,i.e.,structuringthenarrativeprogressionof thepolypoem,is accom-
plishedby the Event StructureEngine. The Event StructureEnginehasthe following format (in a modi�ed BNF
notationin whichsimplephrases(without< >) indicateinformaldescriptionsof atomicelements):

<Event Structure Engine> ::= ``('' structure <clauses> ``)''
<clauses> ::= <clause> <clauses>
<clause> ::= ``('' <name> <number> <subclause> <exit-to-clause> <read-flag> ``)''
<name> ::= an atomic clause name
<number> ::= ``('' <minimum-number> <maximum-number> ``)''
<subclause> ::= ``('' an atomic clause name ``)'' | ``()''
<exit-to-clause> ::= ``('' an atomic clause name ``)'' | ``()''
<minimum-number> ::= a positive integer
<maximum-number> ::= a positive integer
<read-flag> ::= read | n

Thefunctionalityof theEventStructureEnginecanbedescribedusingtheexampleof thepolypoem“The Griot
SingsHaibun,” developedby bothauthorsandbasedon a poementitled“NovemberQualia” by JosephGoguen[13].
It extendsthesystemby allowing thepassingof userinput to thesystemvia a graphicalor game-like interface(future
examplescouldbenavigatingagamemapor selectingobjectsin avirtual environment).In “The Griot SingsHaibun”
thesystemwasusedwith agraphicalinterface(seeFigure5) to generate“(neo)haibun,” acombinationof prose,haiku,
andbeatpoetryusedto narratepersonaleverydayexperiencesin a live performancewith freejazzmusicians[14]. A
simplehaibunpoemcanbede�ned with thefollowing structure:

(structure
(orient (2 2) () (poem) n) (poem (3 5) (intro) () n)
(intro (1 1) (topic1) () n)
(topic1 (2 2) (eval1) (topic2) n)
(eval1 (1 1) () () n)
(topic2 (1 2) (eval2) () n)
(eval2 (1 1) () () ) n))

Onepossiblepoemoutputby suchanautomatonwould have the following structure(with clausenamesstandingin
for actualclauses):
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orient
orient
poem,

intro,
topic1,

eval1,
topic1,

eval1,
topic2,

eval2
poem,

intro,
topic1,

eval1,
topic1,

eval1,
topic2,

eval2,
topic2,

eval2
poem,

intro,
topic1,

eval1,
topic1,

eval1,
topic2,

eval2

This consistsof 3 short poems,preceededby two orientationclauses,whereeachpoemhastopic and evaluation
clauses;Figure5 showspartof onepoemfrom anactualperformance[14].

Figure5: HaibunPolypoemScreenshot

Themostimportantstructurein thedescriptionof this formatis the<clause> , andthefunctioningof theEvent
StructureEnginecanbe understoodby examiningthesecomponents.A clauseconsistsof a name,pair of integers,
subclausename,exit-to clausename,anda read-�ag. A clauseis processedasfollows:

1. The numberof times the clausewill be repeatedis determined. The �rst of the pair of numbersindicates
theminimum numberof repetitionsandthesecondnumberrepresentsthe maximum,hencethe automatonis
“bounded.” A number, calledthe“repeatnumber,” betweentheminimumandmaximumis chosenatwith some
user-de�nedprobability(thedefault is equalprobabilityfor eachintegerin theinterval), hencetheautomatonis
“probabilistic.”
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2. If theread-�agis on (i.e. it is theatom“read”) a promptis givenanduserinput is accepted.

3. A phrasetemplateof thetypeindicatedby theclausenameis selectedandoutput.

4. If thesubclauseis not theemptylist thentheclausewith thesamenameasthesubclausenameis processed.

5. If the exit-to clauseis not the empty list then the clausewith the samenameas the exit-to clausenameis
processed.

6. If the currentclausehasnot beenprocesseda numberof timesequalto the repeatnumberthenthe clauseis
processedagain.

An interestingphilosophicalissueis raisedby this program:humaninput might beconsideredcheatingby tradi-
tional AI practitioners,sincemostAI text generationprojectsareorientedtowardstotal automationandTuring test
competence.But our quitedifferentgoal is to usetheblendingalgorithmin a humandesignedsystemthatgenerates
poetrycontainingnovel metaphorsin real-time;justaswith computergames,it is desirableandnecessaryfor humans
to providerich content.For suchprojects,artisticfreedomtakesprecedenceoverdogmaticTuring testreductionism.

A relatedpoint is raisedby EspenAarseth's analysis[1] of text generationsystems,which takes relationships
amongprogrammer, system,andreaderasabasisfor critical analysis.Thehypotheisis thatreaders'authorialmodels
affect their interpretationsof works,causingtheapproachesof traditionalliterarycriticismto fail whencomputersare
putativeauthors.Ourview is thataninstantiationof thepoetrygenerationsystemwith domainsshouldbeviewedasa
work of art,producedby thedesigner, programmerandinstantiatorof thesystem,andjudgedby thecorpusof poems
producedby thatinstance;weconsiderit entirelywrongto view anindividualpoemasproducedby “the computer.”

4.5 Unconventional Blends

The poem“Walking around”by Pablo Nerudahasthe form of a narrative. Its �rst stanzaservesasan orientation,
introducingtheprotagonist,theplace,andthetime(thelattertwo in acondensedpoeticform); thelocationis perhaps
a small city in Chile. Eachsubsequentstanzaexploresaspectsof someareawithin that city, usingmetaphorsthat
areoftenquitestriking. Thegeneralthemeof thepoemis wearinessinducedby consumerism.Hereareits �rst two
stanzas(outof ten,from [6]):

It sohappensthatI amtiredof beinga man.
It sohappens,goinginto tailorshopsandmovies,
I amwithered,impervious,like aswanof felt
navigatinga waterof beginningandashes.

Thesmellof barbershopsmakesmeweepaloud.
All I wantis a restfrom stonesor wool,
all I wantis to seeno establishmentsor gardens,
nomerchandiseor gogglesor elevators.

Neruda's metaphorsoften blendconceptsin unconventionalways that requireoptimality principlesquite different
from thoseof [5]. For example,the phrase“waterof beginning andashes”violatesthe �rst threeprinciples(and
thusrequiresmucheffort to satisfythefourth and�fth) of Section2.2,by combiningthingsof enormouslydifferent
type, so that castingto very remotetypesis required. It follows that to generatesuchmetaphors,type castswould
have to bevaluedpositively ratherthannegatively. A lessdrasticexamplein thesametext is “swanof felt.” Similar
reversalsof optimalityprinciplesareneededto generatesomeimagesin Rilke'sDuinoelegies, e.g.,“cheapwinterhats
of fate” in the�fth elegy. Neruda's imagery, objects,andculturalcontextscanbeimplementedusingdomains,e.g.,a
Town-location is a placesuchasa tailorshop,movie theater, or barbershop,whichhastown-object s,suchas
goggles,elevators,wool, andstones,whereattributesof wool might beheavy andimpervious.For us,blendingis a
multi-level andmulti-factedprocess,sincefor example,evidencefrom poetrysuggeststhatunconventionalprinciples
arealsonecessaryat thestructuralaswell astheconceptuallevels.

4.6 StyleasBlending Principle Choice

Ourpoetrygenerationsystemusesblendingatthreedifferentlevels: largegrainstructure(e.g.,Labov narrative),where
structuralblendingcombinesclausalunits, which are in turn producedby structuralblendingof phrasalelements,
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someof which resultfrom conceptualblending. Differentchoicesof constructorsat the top two levelscanproduce
very different styles,suchas a randomized“postmodern”ordering,or a deeplyembeddednarrative structure(as
in A Thousandand OneNights), or a sonnet;constructorsat theselevels could alsobe usedto control transitions
amongsuchstyles(thesewouldcorrespondto conditionalrules).Otherstylisticparametersat thesecondlevel include
syntacticcomplexity, andtenseandmoodof verbs;differentdomainsfor themes,places,etc.canalsobeselectedat
differenttimes. In additionto blendedmetaphors,thephrasallevel includesnounclusters,verbphrases,etc.,again
potentiallytakenfrom differentdomainsat differenttimes. At eachlevel, differentoptimality principlescanbeused
for makingchoices,andthesetoocanbedifferentatdifferenttimes(notethatrandomizationis anoptimalityprinciple
in our broadsenseof thatphrase).

Thisgivesriseto 12parametersfor controllingstyle:eachof thethreelevelshasasetof availabledomains,items
in thosedomains,optimality principlesfor choosingamongblends,andcontrolsfor changingdomains. Sincethe
contentof domainsmay includenot just constructorsandrelationinstances,but alsoaxiomsfor templatesandfor
semanticrelationships,if we counttheseasparameters,thenwe get18parameters.Of course,we couldcut this cake
more�nely or morecoarselyto getdifferentnumbers,andwe maylater�nd otherparametersthatarealsoimportant
for style. Every parametercanbe considereda principle that controlsblending,but by far the mostinterestingand
leastexploredarenon-classicaloptimality principles.Thenarrative, causal,andaccountabilityprinciplesof Section
2.3 are also interestingto consider. It is clear that all principlesmust be carefully tunedto achieve a reasonable
approximationto anexisting style,but it is alsoclearthat theresultsareunlikely to becloseto thegeniusof a great
poetlikeNeruda.(Thesituationfor comprehensionis presumablyroughlydualto thatfor generation,in thathereone
seeksto understandwhatprinciple Nerudamay (unconsciously)have usedto obtainsometypical classesof remote
typecastsfor his blends.)

5 Conclusionsand Futur eWork

A surprisingresultof our experimentsis thata combinationof conceptualandstructuralblendingcanproduceinter-
estingpoetry, which somecritics have evenconsideredsuperiorto prior computergeneratedworks. Anotheris that
bothlargegrainstructureandsyntaxcanbehandledby blendingin waysthatarecloseto, but extend,whathasbeen
donein prior text generationprograms;this useof blendingalsogivesrise to a somewhat novel view of grammar
asemergentfrom processesof blending,ratherthan�x ed in advance.A third result is that it is easyto extendthis
approachto interaction,to mediaotherthantext, andto formsotherthannarrative. We werealsosurprisedthat the
optimality principlesproposedby [5] for conventional,commonsenseblendslike “houseboat”oftenfail for generat-
ing poetry;on thecontrary, whatmight becalleddisoptimizationprinciplesareneededto generatesomemetaphors
in the Nerudapoemin Section4.5. This led us to considera rangeof differentprinciples,and to analyzestyle in
termsof theprinciplesusedfor blendingtexts, where“text” is understoodin a broadsenseto includecinema,video
games,andeven living. The resultingview of style differs radically from views basedon estimatingparametersin
statisticalmodelsof mediaobjects.Our theoryof styleasblendingprincipleswill befurtherdevelopedin futurework,
andhasthepotentialto beappliedto a varietyof mediaandgenres,rangingfrom magazinedesign,�lm, musicand
architecture,to new interactive multimedianarrative forms,e.g.,videogameswith nuancesandpowerful expressive
dimensions.In fact,onemajorapplicationareafor thiswork is developingnarrativecomputergames.Many computer
gamesarebasedin narrative, but despitethe fact thatusersact dynamicallywithin thegameworlds, thestoriesare
eitherstatic,or elsefeaturesimplisticbranchingnarrative structure.Providing gameswith thepotentialto generate
storyelementson the�y , constrainedstylistically andthematicallyby thegamedeveloper'snarrativemodel,canadd
valueto games,in theformsof greatersaliencefor theusers'actions,andgreaterreplayability.
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