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Abstract: This paperproposes new approacho style, arisingfrom our work on computationamedia
usingstructural blending which enrichegshe conceptuablendingof cognitive linguisticswith structure
building operationsin orderto encompassyntaxand narratve aswell as metaphor We have imple-

mentedbothconceptuahndstructuralblending,andconductednitial experimentswith poetry including
interactve multimediapoetry althoughthe approachgeneralizedo othermedia. The centralideais to

analyzestyle in termsof blendingprinciples,basedon our nding thatdifferentprinciplesfrom thoseof

commonsensélendingareoftenneededor somecontemporarypoeticmetaphors.

1 Intr oduction and Background

Jamedvieehans1976TALE-SPIN [27] wasperhapshe rst computerstorygeneratiorsystem.lt exploredthecreatve
potentialof viewing narrative generationas a planningproblem,in which agentsselectappropriateactions,solve
problemsin the simulatedworld, andoutputlogs of their actionsusingsyntactictcemplatesHereis a sample:

Henry Squirrelwasthirsty. He walkedover to theriver bankwherehis goodfriend Bill Bird wassitting.
Henryslippedandfell in theriver. Gravity drowned.

Thelogic behindthis non-sequituis 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. Subsequensystemswere better but still mainly followed “Good
Old FashionedAl” (GOFAI), which assume$iumancognitionis computationover logic-baseddatastructuresand
which largely ignores(or evendenies)}the embodiedandsocially situatednatureof beinghuman.Suchsystemdack
eleganceandstyle. But how canwe do better?And whatis styleanyway?

Theword “style” hasmary differentmeaningsn differentcontexts. This ambiguitycannotbedispelledby theuse
of computationatechnologyalone. Statisticalmethodsand/orformal descriptionof featureamustbe augmentedy
knowledgeof humancontext andexperienceto capturea more“true” notion of style thansubjectve humanopinion.
Still, we believe that computationatechniqguesanmake importantcontritutionsto the understandinganalysis,and
generatiorof style.

It is notgenerallyintuitiveto bothembracdechnologyandsomeof its methodsatthesamdime asstressingiuman
valuesandthe limitations (even technicallimitations) of the underlyingvaluesbehindmuch of currentcomputing.
This is our stancehowever. We proposeto analyzeand generatevorksin particularstylesby choosingappropriate
principlesfor blendingcomputationabtructuregepresentingonceptsandmorebroadly by consideringhe human
conceptuablendsthat might correspondo the computationaktructures.On its own this approachs opento some
of the samecriticismsasotherformal top down technicalapproachegasin GOFAI). But our claimsandtheoretical
underpinningsare quite different; the formalismsusedare not taken to exist explicitly in humancognitionandwe
recognizemeaningasembodiedsituated andcontextual. Our methodsaredifferentaswell, for formalizationis used
asatool only within the context of humansubjectvity, experienceandsocialinteraction.

This paperis especiallyconcernedvith how conceptsarecombined(blended) the principlesunderlyingthe dif-
ferentwaysthatconceptsanbeblended andhow a computationahccouniof blendingcanbeusedto implementand
analyzevariousstylesin interactve media.But we believe computelimplementationsuchasour GRIOT systemcan
alsocontribute to cognitive science as simulationsof precisemathematicatheories. Section2 reviews somebasic
linguistic researchusedin our approach.Section3 reviews our prior work on semioticspacessemioticmorphisms,
andstructuralblending;a ratherdetailedexampleis alsogiven. Section4.4 discusse®ur work on interactize poetry
generationandSectionst.2 and4.3 discusghe blendingalgorithmatiits core. Section4.5 considersomeinteresting
blendsthatappeain recentpoetry and nds thatverydifferentprinciplesfrom thoseproposedn [5] for corventional,
commonsenselendsareneededThis motivatesour analysisn Sectiord.6of stylein termsof theblendingprinciples
usedto generatevorksin variousmedia.



2 Linguistic Foundations

This sectionreviews somelinguistics researchthat senesas a foundationfor our work on style, including certain
topicsfrom cognitive linguistics, sociolinguisticsand narratology This researchs aimedat understandindiuman
cognition,ratherthanat computersimulationandmathematicaprecision,asis our own research.

2.1 Metaphor and Blending

Gilles FauconniemndMark Turnerhave developeda theorywithin cognitive linguisticsknown asconceptualblend-
ing or conceptualintegration [5]. Here conceptual spacesarerelatively small, transientcollectionsof concepts,
selectedrom largerdomainsfor somepurposeat hand,suchasunderstanding particularsentencethis basicnotion
builds uponFauconniers earliernotionof mentalspaceswhich areformally setsof “elements”andrelationinstances
amongthem[4], asin Figure3. Geoge Lakoff, Mark Johnsonandothers[24, 23] have studiedmetaphorsa map-
ping from oneconceptuaspaceo anotherandshovn thatmetaphorgomein families,calledimageschemashaving
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
experiencessuchasthathaving morebeerin a glass,or morepeanutsn apile, meanghelevel goesup. Many image
schemasincluding this one,aregroundedn the humanbody, andare calledbasicimage schemas thesegenerally
yield the most persuasie, and perhapsaven universal,metaphorsand are alsousefulin otherareas,suchas user
interfacedesign[9, 10, 11].

Blendingtwo conceptuabpaceyields a new spacethat combinespartsof the givenspacesandmay alsohave
emegentstructurel5]. Simpleexamplesin naturallanguagearewordslik e “houseboat’and“roadkill,” andphrases
like “arti cial life” and“computervirus” Blendingis consideredh basichumancognitive operation,invisible and
effortless, but penasive and fundamentalfor examplein grammarandreasoning5]. It alsogivesa nev way to
understandnetaphor For example,in “the sunis aking,” blendingthe conceptuaspacedor “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 spacesthereare crossspaceidenti cations, certainlyincluding the
identi cation of the “sun” and“king” elementsso thatthey arethe sameelementin the blendspace.Metaphoric
blendsareasymmetricin thatthetarget of themetaphoiis understoodisingonly the mostsalientconceptgrom the
othersource spacg19]. For example,aspect®of “king” may be blodked from mappingto the blendspace- usually
the sundoesnot weara crown or chagetaxes. Additional informationneededo constructa coherenblendmay be
recruitedfrom otherspacesaswell asfrom frames, which encodehighly corventionalizednformation. Conceptual
integration networks arenetworks of conceptuabpacesndconceptuamappingsusedin blendingthe component
spacedor situationghataremorecomplec thana singlemetaphorTheseareof coursethenormin literary texts, and
in agreatdealof everydaycorversationaswell ashumot

2.2 The ClassicalOptimality Principles

Below are ve of the 29 qoptimality principlesfrom the list in Chapterl5 of [5] anddiscussedn [19]; optimality
principlesareusedto determinevhich amongmary possibleblendsis mostappropriatdor a givensituation:

1. Integration: The scenaridn the blendspaceshouldbe a well-integratedscene.

2. \\eb: Tight Connectiondetweerthe blendandthe inputsshouldbe maintainedsothatan eventin oneof the
input spacesfor instancejs construedasimplying a correspondingventin theblend.

3. Unpading: It shouldbe easyto reconstructheinputsandthenetwork of connectionsgiventheblend.

4. Topolagy: Elementsin the blend should participatein the samekinds of relation astheir counterpartsn the
inputs.

5. GoodReasonif anelementappearsn theblend,it shouldhave meaning.

Theseprinciplesapplyto commonsenseblends,suchasaretypically foundin ordinarylanguagein adwertisements,
etc.;animportantinspirationwasusein literary criticism, asin [32]. But Section4.5will shav thatthey do notapply
to generatingsomelesscorventionallanguage suchas certainmetaphorsn Pablo Nerudapoems.All  ve of these
optimality principlesrequirehumanjudgementandso cannotbe implementedn ary obviousway. However, when
the relationsinvolved areidentities, the Topology Principle doesnot involve meaning,and so canbe implemented;



indeed,it is partof the blendingalgorithmdescribedn Section4.2. Lik ewise,the UnpackingPrincipleholdsfor the
mostoptimalblendedspacegeneratedby our algorithm.

2.3 Narrati ve

In mary gamesandart works, narrative providesa deeperand more satisfyingsenseof involvement. Temporaland
causalsuccessiomre essentiafor narratize, but valuesalsoplay a key role, by connectingeventsin the storyto the
socialworldsandpersonakxperience®f users.Thesewo aspect®f narrative provide thesensehatawork is “going
somavhere”and“meanssomethingd, respectrely. Sociolinguistsge.g.[22, 26], have doneextensve empiricalstudy
of narratvesof personakxperiencewhich aretold orally to agroupof peersundernaturalconditions.Thefollowing
brie y summarizeshisresearch:

1. Thereis anoptionalorientation section giving informationaboutthe setting(time, place,charactersetc.)for
whatwill follow.

2. Themainbodyis a sequenc®f narrati ve clausesdescribingthe eventsof the story; by a default corvention
calledthenarrati ve presupposition thesearetakento occurin the sameorderthatthey appeain the story.

3. Narratve clausesreinterwovenwith evaluative material relatingnarratve eventsto values.
4. An optionalclosingsectionsummarizeshe story, or perhapgjivesamoral.

The interpretationof narrative also employs the causal presupposition which saysthat, otherthings being equal,
givenclausesn theorderA, B we may assumehatA causesB. (For example,“Y ou touchthat, andyou die’) An
additionalprincipleis accountability, thatthe persortelling sucha story mustestablishto the audienceherelevance
of theactionsreported.Thisis accomplishedby the evaluatve material, which relatesnarrative eventsto socialvalues
sharedby the narratorandaudienceit providesawarrantfor inferring the valuesinvolved.

The above assertionsare thoroughlygroundedin empirical researcton contemporaryAmericansmall groups,
but appearto apply more broadlyto contemporaryesternlanguagel Although developedfor oral narratives of
personalexperience the theory also yields insight into mary other mediaand genres,suchas novels and human
computerialoguespecauseheir structurehasa basisin oral narratvesof personakxperience.

It may be surprisingthatvaluesareanintegral partof theinternalstructureof stories,ratherthanbeingcon ned
to a“moral” attheend;in fact,valuespenadenarrative, asjusti cations for the narrators choiceof whatto tell, or a
charactes choiceof whatto do, aswell asvia modi ers suchas“very” or “slightly.” Thedefault narratve presuppo-
sition canbe overriddenby explicit markersof othertemporalrelations,suchas ashbacksand ashforwards,sothat
evennarratvesthatinvolve multiple times,multiple placesor multiple narratorsarestill composedf subsequences
thatconformto theabove structure.

The purely structuralaspect®f this theorycanbe formalizedasa grammaytheinstance®f which correspondo
thelegal structuredor narratves.Thefollowing usesso calledEBNF (for extendedBackusNaurForm),

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

<Narr>
<Open> ::

where][...] indicateszero or oneinstanceof whatever is enclosed;* indicateszero or moreinstancesjn x +
indicatesexclusive or, superscript+ indicatesone or moreinstancesand juxtapositionof subepressionsndicates
concatenation.Here<Narr> is for narratves,<Cls> for narratve clauseswhich potentiallyinclude evaluation,
<Eval> for stand-alonevaluative clauses<Open> for theopeningsectionwhich mayincludeanorientationand/or
abstractand<Coda> for theclosingsection.

Of course EBNFis far from adequatdor describingmary otheraspectof narratve, e.g.,coherencef plot, de-
velopmenbf characteranddialogue. Theabore grammaralsofails to addresshevariety of waysin which evaluation
canoccur Somealternatvesto explicit evaluative clausesinclude repetitionof words or phrasegwhich senesto
emphasizéhem),noticeablyunusualexical choiceswhich maysene to emphasizede-emphasizeyr otherwisespin
something)andnoticeablyunusuakyntacticchoices(which alsomay seneto emphasizer de-emphasize).

IHowever, they do not necessarilyapply to non-Westernlangaugesand cultures;for example,Balinesenarratie doesnot follow the narratve
presuppositiorf3].



3 Algebraic Semiotics

Beforebrie y discussingalgebraicsemiotics,it may be helpful to be clearaboutits philosophicalorientation. The
reasorfor taking specialcasewith this is that, in Westernculture,mathematicaformalismsare often given a status
beyond what they desere. For example,Euclid wrote, “The laws of natureare but the mathematicathoughtsof
God” Similarly, “situations”in the situationsemanticof BarwiseandPerry which aresimilar to conceptuakpaces
(but moresophisticated- perhapgoo sophisticatedareconsideredo be actuallyexisting, ideal Platonicentities[2].
Somavhatlessgrandly onemight considerthat conceptuakpacesaredirectly instantiatedn the humanbrain. Our
point of view is different: we believe thatall suchformalismsareconstructecdy humanresearchers the courseof
particularinvestigationshaving theheuristicpurposeof facilitatingconsideratiormf certainissuesn thatinvestigation.
Underthisview, all theoriesaresituatedsocialentities,mathematicatheoriesno lessthanothers.Of coursethis does
not precludetheir beingaccurateepresentationsf reality.

3.1 SemioticSpaces

Whereasconceptualspacesare good for conceptsthey are inadequatedor structure,e.g., how a particularmeter
combineswith acertainrhymeschemen a x edpoeticform; musicraisessimilarissuesyhichagainrequireanability
to handlestructure[12]. Thus,to useblendingasa basisfor stylistic analysiswe mustgeneralizeconceptuakpaces
to includestructure Algebraicsemioticscapturessomemajorinsightsof the foundersof semiotics CharlesSaunders
Peirce[28] andFerdinandSaussurg30]. Peirceemphasizedamongotherthings)thatthe relationbetweena given
tokenandits objectis not justafunction (asin denotationakemantics)but a relationthatdepend®n the situationin
whichthetokenis interpretedwhile Saussuremphasizedamongotherthings)thatsignscomein systemsSemiotic
systemgaptureSaussurainsight,while the blendingof semioticsystemsapturegandextends)Peirces insight.

Algebraicsemioticsusesalgebraicsemantic$17] to describahestructureof complex signs,includingmultimedia
signs(e.g.,a musicvideo with subtitles),andto studythe blendingof suchstructures.lts basicnotionis a (loose
algebraic}heory, which consistsof type andoperationdeclarationspossiblywith subtypedeclarationandaxioms;
it is usualto usethe word sort insteadof “type” in this area. A (loosealgebraic)semiotic system (also calleda
semiotic spaceor sign systen) [9] is a (loosealgebraic)theory plusalevel 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 arerepresentetby termsof
thatsort,including but not limited to constantsAmongthe operationsareconstructors, which build new signsfrom
given sign partsasinputs. Levels expressthe whole-parthierarchyof comples signs,while priorities expressthe
relative importanceof constructorandtheir algumentssocialissuesplay a key role in determiningtheseorderings.
Conceptuaspacesrethespecialcasewith only constantandrelations,only onesort,andonly axiomsassertinghat
certainrelationshold on certaininstancesMany detailsomittedherearegivenin [9, 10, 11].

The grammarfor narrativesin Section2.3 canbe describedasa semioticsystem. Its top level sortis of course
<Narr> ; thesecondevel sortsare<Cls> , <Eval> , <Open>, and<Coda>, while <Ornt> and<Abs> arethird
level sorts. It shouldnot be thoughtthatthis semioticsystenwill be blendedwith conceptuakpacego give a story;
this would not be appropriatebecausenarrative structureis at a differentlevel of abstractiorfrom that of narrative
content.However, it would be appropriatdo blenda narrative structurespacewith anotherspacethatdescribedsome
otherstructure suchasthe scene/shot/etstructureof cinema.

Someotherexamplesof semioticsystemsare: dates;times; bibliographieqin oneor more x edformat); tables
of contentqe.g.,for books,againin x edformats);newspaperge.g.,the New York TimesArts Section);anda x ed
website suchasthe CNN homepagé€in someparticularinstanceof its graduallyevolving format). Note thateachof
thesehasa large spaceof possibleinstancegi.e., models) but all theseinstancediave the samestructure.

Semioticsystems]ik e the algebraictheoriesthat they build upon,areformal in the precisesensehat changing
the namesausedin themdoesnot changetheir spaceof models,but only the way that partsof the modelsarenamed.
Thus,theseformal descriptionglo not evenattemptto capturemeaningn ary realhumansensehowever, we do try
to choosenamesghatcanhelpthereadersintuition.

Semioticspaceslike conceptuakpacesare static. Thoughthey describeblendsasbeingdynamicandin some
examplescarefully describetemporalsequencesf blending, Fauconnierand Turnerdo not attemptto capturethe
behaior of dynamicentities,with changeabletate,in their theory However (giventhe necessarynathematics)it
is not so dif cult to extend semioticspacego include dynamicstructures;in fact, suchan extensionis neededor
applicationdo userinterfacedesign,andis carriedoutin detail,with examplesjn [11], usingsocalledhiddenalgebra



[18]. Also the conceptuablendingtheoryof Fauconnieand Turnerdoesnot assigntypesto elementsof conceptual
spacesthis makessensedueto thevery e xible way thatblendstreattypes,but it alsorepresents signi cant loss
of information, which in fact canbe exploited in someinterestingways, suchas being able to characterizesome
metaphorsas “personi cations” (seethe discussionin Section3.3 belon) andbeingableto generatamore striking
and unusualblendsby identifying sortsknown to be far apart(seethe discussionin Section4.5 below). Another
differencefrom classicakonceptuablendingis thatwe do not rst constructaminimalimagein theblendspaceand
then“project” it backto thetargetspaceput insteadwe build the entireresultin theblendspace.

Usingtheoriesfor semioticsystemss betterthanconcretenodel-base@dpproachegasin [7]) becausét is much
morenaturalto treatlevelsandprioritiesin thecontext of theoriesandbecausele ning space®f modelswith theories
malesit corvenientto useaxiomsto possibletheallowablemodels.

3.2 SemioticMor phismsand Structural Blending

Mappingsbetweensemiotic systemsare uniform representationfor signsin a sourcespaceby signsin a target

spaceandarecalledsemiotic morphisms userinterfacedesignis animportantapplicationareafor suchmappings
[9, 10, 11]. Becausssignsystemsareformalizedasalgebraictheorieswith additionalstructure semioticmorphisms
areformalizedastheorymorphismshatalsopresere this additionalstructure.A theorymorphismconsistsof map-

pingsfrom onetheoryto anotherthatpreseresthe basicconstituentswhich aresortdeclarationspperationdeclara-
tions, andaxioms;semioticmorphismsin additionpresere levels andpriorities. However, thesemappingsmay be

partial, becaussomesorts,constructorsetc.arenotpreseredin theintendedapplications For example the semiotic

morphismfrom the conceptuabkpacefor “king” into the blendspacefor the metaphorThe sunis aking” discussed
above doesnot presere thethrone,courtjester queenandcastle(unlesssomeadditionaltext forcesit to do so).
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Figurel: Blend Diagram

Semioticmorphismsareusedin structurablendingto establisiconnectiondetweersemioticspaceshatindicate
which elementsshouldbe identi ed. The simplestform? of blendis shovn in Figure 1, wherel; andl, arecalled
input spacesandG is calleda basespace. We call | 1;1,; G togetherwith themorphismsl; ! G andl, ! G
an input diagram. Given an input diagram,we usethe term blendoid for a spaceB togetherwith morphisms
I;! B,I,! B,andG! B, calledinjections, suchthatthediagramof Figurel commutes in thesensehatboth
compositionsG ! ;! BandG! 1,! B are“weakly equal’tothemorphismG ! B, inthesensehateach
elementin G getsmappedo the sameelementin B underthem,providedthatbothmorphismsarede ned onit. In
generalall four spacesnaybe semioticspacesthe specialcasewherethey areall conceptuaspacegivesconceptual
blends. Sincethereareoftenvery mary blendoids,someway is neededo distinguishthosethataredesirable.This
is whatoptimality principlesarefor, andablend is thende ned to be a blendoidthatsatis essomegivenoptimality
principlesto a signi cant degree. The blendingalgorithm of Section4.2 usesoptimality principlesbasedonly on
the structureof blends,ratherthantheir meaning;theseinclude degreesof commutatvity, of type casting,and of
preserationof constantandaxioms.

3.3 The House/BoatExample

We illustrate blendingwith the concepts‘house” and“boat” shovn in Figure2. Eachcircle enclosesa conceptual
spacerepresentedsa graph,the nodesof which represenentities,andthe edgesof which represenassertionshata
certainrelation,the nameof which labelsthe edge holdsbetweerthe entitiesonits nodes.As in Figurel, thebottom

2This diagramis “upsidedown” from thatof FauconnieandTurner in thatour arravs go up, with thegenericG onthebottom,andtheblendB
ontop;thisis consistentvith thebasicimageschemav oRE 1S up, aswell aswith corventionsfor suchdiagramsn mathematicsAlso, Fauconnier
andTurnerdo notincludethemorphismG ! B, andG playsadifferentrole.

3Theterm“genericspace’is usedin cognitive linguistics[5], but theterm“basespace’betterdescribesherole of this spacen our approactio
interfaceandactive multimediadesign.



spaceis the genericor basespacethetop is the blendspace andthe othertwo arethe input spacesin this casefor
“house”and“boat” Thearrowsbetweercirclesindicatesemioticmorphisms.n this simpleexample,all four spaces
have graphswith the same‘V” shapeandthe ve morphismssimply preserethatshapej.e., eachmapsthe bottom
nodeof the“vee”in its sourcespaceto the bottomnodein its target. To avoid clutter, typesarenot shovn, but in this
casejt happenghatthetypescorrespondo the entity namesdn the genericspace.

For this blend, the two trianglescommutefor all threesortsin the basespace;similarly, the two baseconstants
object andperson arepresered. Thuswe have commutatvity for this blend, so that correspondinglements
of theinput spacesreidenti ed in theblend;e.g.,house andboat areidenti ed in “houseboat”andthe merged
elements namedhouse/boat . Similarly, thetwo relationsin the basespacemapto the samerelationin the blend
via thethreepaths,sothatthe relationslive-in andride areidenti ed. Finally, for eachpair of elementsn the
basespacdor whicharelationholds,thecorrespondinglementsn theblendspacesatisfythecorrespondingelation,
which meanghatall threepathspresere the axiomin the sameway.

Figure2: HouseboaBlendDiagram

Figure3: Boathouselend Space

Figure3 shavs a secondblendof the sametwo conceptswhich in Englishis calleda “boathousé. In it, theboat
endsup in thehouse.Noticethatmappingresident  to boat doesnottypecheckunlesshoat is “cast” to be of
typeperson ; otherwisetheboatcouldnotlivein theboathouseThisis thekind of metaphoicalledpersoni cation
in literary theory in which an objectis consideredh person.For this blend, neithertrianglecommuteshecausehe
baseelementobject is mappedo boat in the blendby the right morphism,andto house by theleft morphism,
but is not mappedo boat’/house in theblend. Similarly, the centralmorphismcannotpresere the baseelement
person , andthe samegoesfor the baseuse operation.On the otherhand,the baserelationon goesto the same
placeunderall threemaps. A third blendis similar to (in fact, symmetricalwith) the above “boathouseblend;in



it, ahouse/passenger  endsupriding in theboat. (Therearereal examplesof this, e.g.,wherea boatis usedto
transportrefabricatechousesacrossa bayfor ahousingdevelopmenton anearbyisland.)

A fourth blendis lessfamiliar thanthe rst three,but hasvery good preseration andcommutatvity properties,
andhenceis very pure,eventhoughits physicalexistenceis doubtful. Thisis anamphibiousRV (recreationaVvehicle)
thatyou canlive in, andcanride onlandandwater A fth blendhasan evenlessfamiliar meaning:alivableboat
for transportindivableboats;perhapsonly analgorithmcould have discoveredthis counterintuitive blend. Finally, a
sixth blendgivesa boatusedonlandfor ahousejt omitsaxiomsthata house/boabe on wateranda passengetide a
house/boat(Thereare48 blendswhereall preserationpropertieshold, andalso736lessperspicuoudlendoids.)

We canseein this examplethatthe extentto which a blendpreseresthe structureof aninput spacecorresponds
verywell with ourintuitie sensef how closelytheblendresembleshatinputspace Quantativepreserationmeasures
includethenumberof trianglesthatcommutefor the elementf aspacethenumberfor its relations,andthe number
of type castsrequired,but qualitative measuresvhich are partial ordershasedon thesefactorsseemsavencloserto
ourintuitions[9, 15, 11]. Thisis averyencoragingesultwith regardto our planto usethesepurelyformal optimality
criteriain our blendingalgorithm,thoughwe do not expectit to work aswell ait did herein all possiblesituations.

It maybeaninterestingexercisefor readergo considemlendsof “ice” and“house”;thisis similar to the“house”
and“boat” example,but a bit simpler

4 Blending and Style

As mentionedin the introduction, mosttext generationsystemsare basedon approachesn GOFAI, which focus
on logic andplanning. They arein line with a tradition inspiredby the Russianformalismof Vladimir Propp[29],
implementinga discoursdevel syntaxwith a x edsetof textual templategplusrulesfor combiningandinstantiating
thosetemplatesalthoughtherearecertainlydifferencesn thetheoreticafoundationghey proposefor templatesand
rules,in the generalizabilityandsoundnessf thosefoundationsandin the succes®f the experienceshey generate.
In contrastcognitive linguisticsdoesnot focuson syntax,but on mentalspacesprototypesplending,metaphoretc.

The subsectiondelonv shav how sucha cognitive view of languagecanbe implementedand appliedto various
kinds of text; in particular we reportsomeinitial experimentson poetry Initially we clarify our claimsby discussing
the relationshipbetweerthe technicalaspectof our work andhumannotionsof stylein Section4.1. A signi cant
nding is that the optimality principlesproposedn [5] do not work for generatingsomepoetic metaphors.As a
result,we suggesta muchbroaderview of blendingprinciplesin Section4.6, underwhich differentworks may be
controlledby differentprinciples;for example,the choiceof domainsfor themes,jmagery local knowledge,etc. is
considered blendingprinciple, becausehesedomainscontribute to both the conceptuabnd structuralblendsthat
constitutehework. We thenexploretheideathatstyle maybedeterminedy suchprinciples.Beforethis, Sectiord.2
describe®ur conceptuablendingalgorithm; Section4.3 describestructuralblendingfor syntax;Section4.4 reports
on anexperimentin poetrygeneratiorusingthosealgorithm,and Section4.5 givesexampleswhereprinciplesquite
differentfrom thoseof [5] areneeded.

4.1 Technical Style VersusHuman Style

For clarity it is importantto expressspeci cally whatwe have beenableto accomplishtechnicallywith our approach
sofar. At the coreof our work is the generatiorand analysisof contentusing partial compositionof sign systems
(representedsingalgebraicsemiotics).Secondarilywe combinetemplategpre-structuredontent)accordingto for-
malizednarratize structuresThestrengthof our approachs thatconceptuablending(thegeneratiorcomponentand
structuralblending(the mediacompositioncomponenttanbe accountedor by the sametheoreticalunderpinnings
(algebraicsemiotics)andthat the work is in sympathywith, andinspiredby, recentinsightsfrom cognitive science
in metaphotheory embodiedcognition,conceptuablendingtheory andsituatedcognition. Finally, the approachs
usefulfor both analyzingmedia(e.g. userinterfacesyandgeneratingnedia(e.g. in multimediaartwork or computer
games).
Somespeci ¢ technicalcontributionsof this work are:

1. Datastructuredor signsystemsandsemioticmophismgmappingbetweersignsystems);
2. An algorithmfor conceptuablendingthatis ef cient andexhaustve;
3. Threeformal optimality principlesfor conceptuablending;



4. Media morphismsto map conceptuabatastructureso outputin a particularmedium(e.g. text or graphical
images);

5. Datastructuredfor templateqartist createdcontentresourcesjhat include variablesthat can be replacedby
generatedgontent.

6. An automatonuseful for implementingrecursve structuralistnarrative models(it arrangegemplatesinto a
particulardiscoursestructure);

7. An interpretetthatreadsuserinputandoutputsgenerateadontent;
8. A scriptingformatthatallows anauthorto create‘improvisational’media.

But canthesetechnicalcontributionstell us muchaboutstyle? Have we accountedor stylein a structuralway
thatavoidsthe pitfalls of top-down arti cial intelligence structuralisiculturaltheory andcognitivist psychologyaVe
believe so. Thoughwe areinspiredtechnicallyby someof the approacheabove, our approachncludesbeingvery
forthrightaboutthelimitations of computationatechniquesndto introducehumanjudgment subjectvity, andsocial
contet at appropriatepointsin thedesign,developmentandoutputprocessesThus,for us:

Styleis understoodn theinterpretatiorof sign systemsvia dialogicinteractionwith media.
Styleis determinedy the particularexecutionsof humanconceptsn media.

Styleis createdby developingsignsystemsandartifactsfor bothof theabove.
Styleexistsin the contet of interpretingsignsystems.

Styleexistsin the contet of useof artifacts.

Styleis inherentin ary knowledgeencodedn a signsystemby a human.

Implementationdasedon theoriesof conceptuablendingand semioticrepresentatiomre usefulfor expressing
andanalyzingstyle,but arenotsufcient. Technically we systematicallyexaminehow humansomposesignsystems
with particularattentiorto regularitiessuchashierarchiespreserationbetweemmappingsinformationlostor gained,
changef classi cationof symbols(type casting),andothersimilar structuralfeatures.Computationamethodsare
very goodfor thesepurposes.At the sametime we pay closeheedto the way that humansencodeknowledgethat
is not amenablgo computationabknalysisor manipulation,andwe explicitly requirehumaninput andjudgmentin
designprocessesOur approachs a combinationof formal methods awarenes®f their limitations, andstratgiesto
partially surmounthoselimitations.

4.2 ConceptualBlending Algorithm

Our blendingalgorithmALLoOY is programmedn LISP, andgivenaninput diagram,it cancomputeonegoodblend,
or elsecomputeall blendoidsover the diagram. It doesa depth rst traversalover two binary trees,which describe
possiblewaysto identify relationsandto identify constants Differentelementdrom the sameinput spacearenever
identi ed. Datasortsanddataconstantsareneveridenti ed. Non-datasortsareidenti ed only if requiredby being
mappedo from a commonsortin the basespace Elementsof theinput spaceshatarenot mappedo from thebase
spaceareincludedin the blendspace Whenconstant®f differentsortsareidenti ed, both choicesfor the sortof the
blendedconstantaireconsideredicceptable[16] givesmoredetailontheimplementation.

Evenfor simpleinputs,the numberof blendoidsis solarge thatit is dif cult for humansto nd themall. Since
for the houseboatxample,the algorithm computes48 blendswhereevery axiomis presered, and 736 that fail to
presere someaxioms, it follows that ef cient techniquesor computinghigh quality blendsare necessaryor the
algorithmto be usefulfor contentgeneratiorandanalysis. Therearethreedistinct waysthat one cango aboutthis;
all areneeded.The rst is justto optimizea givenprocedurege.g.,by usingmoreef cient datarepresentationsThe
seconds to improve the procedurego reducethe searchspace sothatlow quality blendoidsareneithergeneratechor
examined(asopposedo nding andthenrankingall blendoids).Thethird is to usemorediscriminatingmeasuresf
quality, which we hereaftemlsocall optimality principles

The optimality principlesof [5] arepowerful, but not computationallyeffective. Our blendingalgorithmcurrently
usesdegreeof commutatvity, degree of constantpreseration, degreeof axiom preseration, and amountof type
castingfor constantsasits optimality principles. A type castmeanghata constanin the blendoidhasbeengiven



an unnaturaltype; without type casting,blendeditems musthave compatibletypes(i.e., the sametype, or elseone
a subtypeof the other). In ALLOY, eachoptimality principle is measuredn a numericalscaleand given a weight
(possiblynegative), to yield a singleweightedsum. Thresholdsanbe setfor componentmeasurendfor thesum,to
avoid processingow quality blendoids.Thoughcurrentlywe have implementecpoetryonly usingoptimalblends,in
future work this may changebaseduponthe style of poeticmetaphome wish to achieve. A fascinatingesultis that
somemetaphorsn the Nerudapoemin Section4.5 requirevaluing type castspositively ratherthannegatively; this
seemalsoto happerin othercontemporanartforms.

4.3 SyntaxasBlending

This subsectiordevelopsanapproacho text generatiorinspiredby cognitive grammarandbasedn structuralblend-
ing; it is illustratedby the Labov narrative syntaxof Section2.3. This materialdoesnot applythe ALL oy algorithmof
Section4.2,whichis for conceptuablending.Also, issuesf salieny discussedherehave notyet beenimplemented
in GRIOT. Theapproachtassumes contet freegrammaysowe rst corvertthetwo EBNF Labov rulesto this form;
thisyieldsmary rules,oneof which (dependingn how it is done)is:

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

Next, corverttheright sidesof rulesto termsthatdenotdists of strings(assuminghesedatastructuresrein thedata
algebra)thenconstrucianaxiomassertinghis termhassort<Narr> andsalieng* 1,

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

where[ ::_, 1 isa3-placerelationconstructolinterpretaedaisabove. Termsin suchaxiomsarecalledtemplates
Thesetof all suchaxiomsis the Labov spacecallit L.

To getanactualnarrative, we needa domainspaceD for phrasego instantiatethe bottomlevel non-terminalsn
L. Theseareasserteésaxioms,justasabove,e.g.,

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

A more sophisticatecapproach taken by the systemof Section4.4, usesmore cognitively orienteddomainswith
axiomsfor relationshipswhich arethencorvertedto syntactictemplatedor instantiation. Note thattemplateamay
containvariablesthat call for a conceptuablend producedby the algorithmof Section4.2, drawing on conceptual
domainsdifferentfrom thoseusedfor syntax. Next, the genericspaceG contains:a constantof sort NT for each
non-terminalin the grammar;variablesymbolsof sortVar ; the above relationconstructof :: , 1 ; andanother
relationconstructorl_:_] thatis explainedbelow.

Thelastingredientis a setof deductiorrulesto enableinstantiation alsogivenasaxioms,oneof whichis:

X s &[tX) = sv] &t = sWV] ) [t(t) Doos,wW

where[X : s indicateghatvariableX hassorts' , t(t) indicatessubstitutionof t'  for Xint , andwherevv'
indicatesmultiplicationof realnumberss andv' . Intuitively, theaxiomsaysthatif X hassorts' , andif t hassorts
andcontainsX, andif t' hassorts' , thenthesubstitutioroft' intot for eachinstanceof X hassorts (andsalieny
w' ). Thegenericspacgandhenceall input spacesyhouldalsocontainversionsof this rule for templated(X,Y)
with two variablesfor templateswith threevariablesetc.,up to the maximumarity in ary domain(alternatvely, an
inferencespacecould be de ned andimportedinto every space).The dataalgebrashouldincludethe operationfor
substitutingists into lists.

Finally, we blendtheinputspaced andD overG, with theevidentmorphismsandconsidethedeductveclosure
of the blendspaceB , which containsall axiomsthatcanbe deducedrom the givenones. Thoseaxiomswith terms
of sort<Narr> containingno variablesarethe narratves. Whenseveraltemplatesare available,arandomchoiceis
made;salienciesanbeusedto computeprobabilities,andthe salieng of atemplatecanbereducedafterit is usedto
helpavoid repetitions.All thisis easilycodedin Prolog,to both produceandparsenarratives(but declaratve coding
will requiresettingall salienciego 1, since Prolog cannotreasonwith real numbers).A practicalsystemlike that
describedn Section4.4 canjust take the above asa semanticspeci cationandimplementit usingstandardricks of
thetrade.A differentformalizationalsoseemgpossiblejn which rulesare constructorandprocessings doneat the
basiclevel, insteadof thoughaxiomatizatiorat the meta-level.

4For suchrules,our salieng is similar to entrenchmenin the senseof [25]; we assumesalieng valuesarein theunitintenal 0 v 1, and
thatthey follow thefuzzy logic of [8].



More comple blendingthaninstantiationcanuseconstraintsasaxioms,e.g.,for tenseandnumberagreementor
to handleanaphoriccoreferencenf a nounphraseand pronoun. This seemsa new approachgonsideringsyntaxas
emegentfrom real-timeprocessingndintegratedwith conceptuaprocessinglt is technicallysimilar to uni cation
grammar([31] givesa goodintroduction)andcanbe madeeven closerwithout mucheffort, andit is philosophically
similar to the cognitive grammarof [25]. Of course this formalismcannotdo everythingonemightlike (seethe rst
pragraphof Section3), but it seemanorethanadequatdor our projectof generatingnterestingnen mediaobjects.

4.4 Interactive Poetry

This sectiondescribegechnologyfor implementingnteractve andgeneratie narratves,with anemphasion its use
in creatinginteractive poetrysystemsWe have coinedthephrase$polymorphicpoems”and“polypoems”to describe
suchworks. This researchis notintendedaspartof a projectproducinga comprehensie modelof the humanmind
or the humanprocesof poetrygeneration.Instead,our motivationis to improve the algorithms the theory andour
understandin@f blending,aswell asto produceinterestingtexts; but this doesnot just meanthat one cannotdraw
inferencesabouthumanpoetrybasednthe successeandfailuresof variousapproachesThe GRIOT implementation
hasthefollowing componentgseeFigure4):

1. ThemeDomains:Themesarerepresentedsontologiesconsistingof setsof axiomsexpressingpropertiespe-
ci ¢ to aparticularpolypoemtheme.Associatedvith eachthemedomainis a list of keywordsthataccesghat
themedomain.

2. ALLOY ConceptuaBlending Algorithm: This generate:en conceptsand metaphorsrom input spacesse-
lectedfrom thethemedomains.ALLOY usesstructuraloptimality principlesinspiredby thosefrom conceptual
blendingtheory[5]. Theseprinciplesusea measurahatquanti esoptimality accordingto: (1) commutatvity
of mappingsrom elementsn theinput spacego theblendedspace(2) type coercionsn theinput spacesand
(3) thenumberof elementsrom theinput spaceshatarepreseredin theblendedspace.

3. MediaMorphisms:Thesemapconceptuablendsto representatioris particularmedia,suchasnaturallanguage
andgraphics. grammar morphisms are a specialcaseof mediamorphismsthat provide a mappingfrom a
conceptuaspaceo arepresentatiom naturallanguageext.

4. PhraseTemplatesThesearesetsof text fragmentsorganizedby clausetype andfeaturingwildcards thatwill
bereplacedy generateadontentuponeachexecutionof the polypoem.

5. Narratve (or Event) Structure:This de neshow phrasgaemplatecanbe composedA 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,calleda
“probabilistic boundedtransition stackmachinég, or more simply a “Narrative StructureEngine’; or “Event
StructureEngine”in thegenerakase.

Usingthesecomponentsheoutputof executingapolypoemis generate@ccordingo therulesandthemesie ned
by a polypoemauthor Many poetictexts canbe outputthat featuresystematichematicand structuralconstraints,
while at the sametime exhibiting greatvariety in their actualphrasesand metaphoricabnd aestheticcontent. This
is illustratedin Fox Harrell's polypoem“The Girl with Skin of Haintsand Seraphs’20], which draws upona setof
themedomainssuchas skin, angels,demons Europe,and Africa®. After processinga userinput keyword suchas
“europe’ enteredaftera“! ” prompt,the rst line couldbe:

hertale beganwhenshewasinfectedwith white female-itis
or

shebeganherdayslookingin themirror atherown pale-skinnedleath- gureface

or ary of a numberof alternatephrasegtherearefourteentemplatesor suchopeningphrases).As an exampleof
variationwithin a particularphrasedue to wildcard replacementamongmary other possibilitiesthe rst example
above couldhave alsobeeneither:

hertale beganwhenshewasinfectedwith tribal-warrior spectre-itis

5This work is a commentaryon racial politics andthe limitations of simplistic binary views of socialidentity The dynamicnatureof social
identity is alsore ected in theway the programproducedifferentpoemswith differentnovel metaphoreachtime it is run (thoughit is unlikely
thatary oneuserwould readalarge numberof these).
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or

hertale beganwhenshewasinfectedwith blackdemon-itis

dependingn how the phraseemplatewasinstantiated.

Thediscussiorof templatenstantiationin the text grammarof Sectiond.3 givesatheoreticabasisfor describing
wildcard replacemenin GRIOT. In the exampleabove, onesetof phraseemplatesontains‘(her tale began
when she was infected with  (* g-singular-noun)-itis) " in the LIsP syntaxof theimplementa-
tion, wherethe innerparenthesiss a wildcard variablethat getsreplacedwith a nounclusteror a nounpairedwith a
modi er. Exactly how the wildcard is replaceds determinedby a combinationof userinput andthe contentof the
wildcarditself. A wildcard consistsof two or morepartsincludinga“*” marker thatindicatesit is awildcard,anda
variablethatdeterminesvhetheiit is to bereplacediy anothemphrasgdenotedy thepre x “p- ” attachedo aclause
typename)or by contentgeneratedisingthe ALLOY algorithm(denotedoy thepre x “g- " attachedo agrammatical
form namesuchas*“singularnoun”). Optionalvariablescanbe usedadditionallyto constraindomainsor axiomsse-
lectedasinputto the ALLOY blendingalgorithm(denotedby “d- " and“a- " pre x esrespectiely, thoughin practice
we have nothadto useaxiomdeterminingvariables) Optionalvariablescanalsobe usedfor structuraleffectssuchas
forcingrepeat®of wildcardreplacementext from earlierin the poem.Userinputplaysarolein wildcardreplacement,
sincethe userenteredkeywordsdetermineoneof the domainsto be usedin constructinghe blendsthatwill beused
in templateinstantiation.

In mostof thepolypoemsmplementedofar, phraseaemplatehave beenmostcommonlyinstantiatedy replacing
thewildcardwith anEnglishlanguaganappingfrom conceptuablendproducedy thealgorithmof Sectiord.2. After
userinput and/oroptionalwildcard variableshave beenusedto selectthemedomainsconceptuakpacesareselected
from the choserdomainsasfollows:

1. Axiomsarechoserfrom the rst domain.An axiomis arelationrepresentedsallist suchas:

(axiom ““devours" ((constant evil" ““emotion" demons-space 0)
(constant “hope" ““emotion" demons-space 0))

The“0"s areinitial valuesof the blendoptimality measurewhich is updatedasexecutionproceedsnotethat
usersdo not seethisinternalrepresentation.

2. A subdomains formedfrom the seconddomainthat consistsonly of axiomsof sortsthat matchthe chosen
axioms,axiomsareselectedandomlyfrom the subdomain.

3. Thesespacesreusedto createaninput diagram(a genericspace two input spacesandmorphismsbetween
thespaces).

4. Theinputdiagramis passedo the ALLOY algorithm,whichreturnsaconceptuablendwith thetwo morphisms
toit.

After the blendis generateda grammammorphism(the setof grammamorphismss implementedasa hashtable of
Lisp closures)s consultedandusedto generatehe Englishtext usedto instantiatehetemplate.

Figure4: GRIOT Architecture
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The above discussiorsummarizesnaterialintroducedn [21]. A completesamplepoemgeneratedby oneusers
interactionwith “The Girl with Skin of Haintsand Seraphs™polypoemis given below, where“! ” is the prompt,
whichis followedby the userinput:

I evil

every night shewakescoveredwith hate,awe sweat

I europe

imperialistandgirl thoughtsauntedherasateen
seriougimeswerehere

! africa

drumspiked-tailvaporsteamedrom herporeswhensherodeherbicycle
in therain

1 angel

whentwenty-oneshewasa homelywoman

thatwasnothinglovely

I skin

tearsranrelayracesbetweerhergirl andeuropeareyesandherignorancelongingearlobesandback
shecouldlaugh

I angel

herdreamswereof cupidepidermis

life wasasightgag

! demon

sosheresohedto nd bat-wingsandpointed-nosgassiorandbe happy

Theselectionof particularphraseemplatesi.e., structuringthe narrative progressiorof the polypoem,is accom-
plishedby the Event StructureEngine. The Event StructureEnginehasthe following format (in a modi ed BNF
notationin which simplephrasegwithout< >) indicateinformal description®f 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 )" | 0"

<exit-to-clause> =t an atomic clause name )" | 0"
<minimum-number> = a positive integer

<maximum-number> := a positive integer

<read-flag> m= read | n

The functionality of the Event StructureEnginecanbe describedusingthe exampleof the polypoem“The Griot
SingsHaibun," developedby bothauthorsandbasedon a poementitled“NovemberQualia” by JosephGoguen13].
It extendsthe systenmby allowing the passingf userinput to the systemvia a graphicalor game-lile interface(future
examplescouldbenavigatinga gamemapor selectingobjectsin avirtual environment).In “The Griot SingsHaibun”
thesystemwasusedwith agraphicainterface(seeFigure5) to generaté(neo)hailun; acombinatiorof prose haiku,
andbeatpoetryusedto narratepersonakverydayexperiencesn alive performanceavith freejazzmusiciang14]. A
simplehaibun poemcanbe de ned with thefollowing structure:

(structure
(orient 2 2) () (poem) n) (poem (3 5) (intro) 0 n)
(intro (A 1) (topicl) 0 n)
(topicl (2 2) (evall) (topic2) n)
(evall (1 1) O O n
(topic2 @ 2) (eval2) () n)
(evalz (1 1) O O ) nm)

Onepossiblepoemoutputby suchan automatonwould have the following structure(with clausenamesstandingin
for actualclauses):
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orient

orient
poem,
intro,
topicl,
evall,
topicl,
evall,
topic2,
eval2
poem,
intro,
topicl,
evall,
topicl,
evall,
topic2,
eval2,
topic2,
eval2
poem,
intro,
topicl,
evall,
topicl,
evall,
topic2,
eval2

This consistsof 3 shortpoems,preceededy two orientationclauseswhere eachpoemhastopic and evaluation
clausesfFigure5 shaws partof onepoemfrom anactualperformancgl14].

Figure5: Haibun PolypoemScreenshot

Themostimportantstructurein the descriptionof this formatis the<clause> , andthefunctioningof the Event
StructureEnginecanbe understoody examiningthesecomponents A clauseconsistof a name,pair of integers,
subclaus@mame exit-to clausename,andaread- ag. A clauses processedsfollows:

1. The numberof timesthe clausewill be repeateds determined. The rst of the pair of numbersindicates
the minimum numberof repetitionsandthe secondnumberrepresentshe maximum,hencethe automatoris
“bounded. A number calledthe“repeatnumbef’ betweertheminimumandmaximumis choseratwith some
userde ned probability (the defaultis equalprobabilityfor eachintegerin theinterval), hencethe automatoris
“probabilistic”
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. If theread- agison(i.e. it istheatom“read”) apromptis givenanduserinputis accepted.
. A phrasdgemplateof thetypeindicatedby the clausenameis selectedandoutput.

. If thesubclausés nottheemptylist thenthe clausewith the samenameasthe subclaus@ameis processed.

a A W DN

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

6. If the currentclausehasnot beenprocessed numberof timesequalto the repeatnumberthenthe clauseis
processe@gain.

An interestingphilosophicalissueis raisedby this program:humaninput might be consideredheatingoy tradi-
tional Al practitionerssincemostAl text generatiorprojectsare orientedtowardstotal automationand Turing test
competenceBut our quite differentgoalis to usethe blendingalgorithmin a humandesignedsystemthatgenerates
poetrycontainingnovel metaphorsn real-time;justaswith computergamesit is desirableandnecessarfor humans
to provide rich content.For suchprojects artisticfreedomtakesprecedencever dogmaticTuring testreductionism.

A relatedpoint is raisedby EspenAarseths analysis[1] of text generationsystemswhich takesrelationships
amongprogrammeysystemandreaderasa basisfor critical analysis.The hypotheids thatreadersauthorialmodels
affecttheirinterpretation®f works, causingheapproachesf traditionalliterary criticismto fail whencomputersare
putative authors.Our view is thataninstantiationof the poetrygeneratiorsystemwith domainsshouldbeviewedasa
work of art, producedy thedesignerprogrammerndinstantiatorof the systemandjudgedby the corpusof poems
producedoy thatinstancewe considerit entirelywrongto view anindividual poemasproduceddy “the computef

4.5 Uncorventional Blends

The poem*“Walking around” by Pablo Nerudahasthe form of a narratve. Its rst stanzaservesasan orientation,
introducingthe protagonistthe place,andthetime (thelattertwo in acondensegoeticform); thelocationis perhaps
a smallcity in Chile. Eachsubsequenstanzaexploresaspectf someareawithin that city, using metaphorghat
areoftenquite striking. The generalthemeof the poemis wearinessnducedby consumerismHereareits rst two
stanzagout of ten,from [6]):

It sohappenghatl amtired of beingaman.

It sohappensgoinginto tailorshopsandmavies,
I amwithered,impervious Jike a swan of felt
navigatingawaterof beginningandashes.

Thesmellof barbershopmakesmeweepaloud.
All | wantis arestfrom stonesor wool,
all I wantis to seeno establishmenter gardens,
no merchandiser gogglesor elevators.

Nerudas metaphorsften blend conceptsin uncorventionalways that require optimality principlesquite different
from thoseof [5]. For example,the phrase“water of beginning and ashes’violatesthe rst threeprinciples(and
thusrequiresmucheffort to satisfythe fourth and fth) of Section2.2, by combiningthingsof enormouslydifferent
type, so that castingto very remotetypesis required. It follows thatto generatesuchmetaphorstype castswould
have to bevaluedpositively ratherthannegatively. A lessdrasticexamplein the sametext is “swan of felt” Similar
reversalof optimality principlesareneededo generatssomeimagesn Rilke's Duinoelegies e.g.,“cheapwinter hats
of fate”in the fth elegy. NerudaSimagery objects,andcultural contets canbeimplementedisingdomainse.g.,a
Town-location is aplacesuchasatailorshop,movie theateyor barbershopwhich hastown-object  s,suchas
goggles.elevators,wool, and stoneswhereattributesof wool might be heary andimpervious. For us, blendingis a
multi-level andmulti-factedprocesssincefor example,evidencefrom poetrysuggestshatuncorventionalprinciples
arealsonecessargt the structuralaswell asthe conceptualevels.

4.6 Style asBlending Principle Choice

Ourpoetrygeneratiorsystermuseshlendingatthreedifferentlevels: largegrainstructurge.g.,Labov narrative),where
structuralblendingcombinesclausalunits, which arein turn producedby structuralblendingof phrasalelements,
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someof which resultfrom conceptuablending. Differentchoicesof constructorsat the top two levels canproduce
very differentstyles, suchas a randomized‘postmodern”ordering, or a deeply embeddecharrative structure(as
in A Thousandand One Nightg, or a sonnet;constructorsat theselevels could also be usedto control transitions
amongsuchstyles(thesewvould correspondo conditionalrules). Otherstylistic parameteratthesecondevel include
syntacticcompleity, andtenseandmoodof verbs;differentdomainsfor themesplaces etc.canalsobe selectedat
differenttimes. In additionto blendedmetaphorsthe phrasallevel includesnounclusters verb phrasesetc., again
potentiallytakenfrom differentdomainsat differenttimes. At eachlevel, differentoptimality principlescanbe used
for makingchoicesandthesetoo canbedifferentatdifferenttimes(notethatrandomizations anoptimality principle
in our broadsenseof thatphrase).

This givesriseto 12 parameterfor controllingstyle: eachof thethreelevelshasa setof availabledomainsjtems
in thosedomains,optimality principlesfor choosingamongblends,and controlsfor changingdomains. Sincethe
contentof domainsmay include not just constructorsandrelationinstanceshut also axiomsfor templatesand for
semantiaelationshipsif we counttheseasparametershenwe get18 parametersOf coursewe could cut this cake
more nely or morecoarselyto getdifferentnumbersandwe maylater nd otherparameterghatarealsoimportant
for style. Every parameteccanbe considereda principle that controlsblending,but by far the mostinterestingand
leastexploredarenon-classicabptimality principles. The narrative, causal andaccountabilityprinciplesof Section
2.3 are alsointerestingto consider It is clearthat all principlesmustbe carefully tunedto achiese a reasonable
approximatiorto an existing style, but it is alsoclearthatthe resultsareunlikely to be closeto the geniusof a great
poetlike Neruda.(Thesituationfor comprehensiois presumablyoughlydualto thatfor generationin thathereone
seekgto understandvhat principle Nerudamay (unconsciouslyhave usedto obtainsometypical classeof remote
type castdfor hisblends.)

5 Conclusionsand Future Work

A surprisingresultof our experimentds thata combinationof conceptuabndstructuralblendingcanproduceinter-
estingpoetry which somecritics have even consideredsuperiorto prior computergeneratedvorks. Anotheris that
bothlarge grain structureandsyntaxcanbe handledby blendingin waysthatarecloseto, but extend,whathasheen
donein prior text generatiorprograms;this useof blendingalso givesrise to a somevhat novel view of grammar
asemegentfrom processesf blending,ratherthan x edin adwance. A third resultis thatit is easyto extendthis
approachto interaction,to mediaotherthantext, andto forms otherthannarrative. We werealsosurprisedhatthe
optimality principlesproposedy [5] for conventional,commonsenseblendslik e “houseboat’oftenfail for generat-
ing poetry;on the contrary what might be called disoptimizationprinciplesareneededo generatessomemetaphors
in the Nerudapoemin Section4.5. This led usto considera rangeof differentprinciples,andto analyzestyle in
termsof the principlesusedfor blendingtexts, where“text” is understoodn a broadsenseo includecinema,video
gamesandevenliving. Theresultingview of style differsradically from views basedon estimatingparametersn
statisticaimodelsof mediaobjects.Our theoryof styleasblendingprincipleswill befurtherdevelopedn futurework,
andhasthe potentialto be appliedto a variety of mediaandgenresyangingfrom magazinedesign, Im, musicand
architectureto new interactve multimedianarrative forms, e.g.,video gameswith nuancesaind powerful expressie
dimensionsin fact,onemajorapplicationareafor thiswork is developingnarratve computeigamesMany computer
gamesarebasedn narratve, but despitethe fact that usersact dynamicallywithin the gameworlds, the storiesare
eitherstatic, or elsefeaturesimplistic branchingnarrative structure. Providing gameswith the potentialto generate
storyelementnthe y, constrainedtylistically andthematicallyby the gamedevelopers narrative model,canadd
valueto gamesjn the formsof greatersalienceor theusers'actions andgreatereplayability
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