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Abstract
This paperproposesa new approachto style, arising
from ourwork oncomputationalmediausingstructural
blending, which enrichesthe conceptualblending of
cognitive linguisticswith structurebuilding operations
in order to encompasssyntaxandnarrative aswell as
metaphor. We have implementedboth conceptualand
structuralblending,andconductedinitial experiments
with poetrygeneration,althoughtheapproachgeneral-
izesto othermedia.Thecentralideais to analyzestyle
in termsof blendingprinciples,basedon our �nding
that different principlesfrom thoseof commonsense
blendingareneededfor somecreative metaphors.

1 Intr oduction & Background
JamesMeehan's 1976TALE-SPIN (Meehan1981)wasper-
hapsthe�rst computerstorygenerationsystem.It explored
the creative potentialof viewing narrative generationas a
planning problem, in which agentsselectappropriateac-
tions,solveproblemsin thesimulatedworld,andoutputlogs
of their actionsusingsyntactictemplates.Hereis a sample:

HenrySquirrelwasthirsty. Hewalkedover to theriver
bankwherehisgoodfriendBill Bird wassitting. Henry
slippedandfell in theriver. Gravity drowned.

Thelogic behindthisnon-sequituris impeccable:Gravity is
pulling Henry into theriver, andit hasno friends,arms,or
legsthatcansaveit from theriver; thereforeGravity drowns.
But weknow Gravity is notsomethingthatcandrown; there
is astartlingtypecheckerrorhere.Subsequentsystemswere
better, but still mainly followed “good old fashionedAI,”
which assumeshumancognitionis computationover logic-
baseddatastructures,and which largely ignores(or even
denies)the embodiedandsocially situatednatureof being
human.Suchsystemslack eleganceandstyle. But how can
we dobetter?And whatis styleanyway?

Whilebuilding ourpoetrygenerationsystem(Section3.3)
and the blendingalgorithmsat its core (Sections3.1 and
3.2), andin consideringblendsthatappearin recentpoetry
(Section3.4), we found that very differentprinciplesfrom
thoseproposedin (Fauconnier& Turner2002)for conven-
tional,commonsenseblendsareneeded.This ledusto ana-
lyze style in termsof theblendingprinciplesusedto gener-
atevariouskindsof work, asdiscussedin Section3.5. Fu-
ture projectsdiscussedin Section4 includeinteractive po-
ems,and computergamesthat generatenew plot as they
areplayed.Sometheoreticalbackgroundneededfor ourap-
proachis brie�y reviewedin thefollowing subsections,and
anapproachto cognitivegrammaris sketchedin Section3.2.
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1.1 Metaphor & Blending
Gilles FauconnierandMark Turnerhave developeda the-
orywithin cognitivelinguisticsknownasconceptualblend-
ing or conceptualintegration (Fauconnier& Turner2002).
In this theory, conceptualspacesarerelatively small, tran-
sientcollectionsof concepts,selectedfrom larger domains
for somepurposeat hand,suchasunderstandinga partic-
ular sentence;this basic notion builds upon Fauconnier's
earliernotion of mentalspaces,which areformally setsof
“elements”andrelationinstancesamongthem(Fauconnier
1985). George Lakoff, Mark Johnson,andothers(Lakoff
& Johnson1980;Lakoff 1987)have studiedmetaphorasa
mappingfrom oneconceptualspaceto another, andshown
that metaphorscome in families, called image schemas,
having a commontheme.Onesuchfamily is MORE IS UP,
asin “His salaryis higher thanmine,” or “That stockrose
quite suddenly.” The sourceUP is groundedin our experi-
enceof gravity, andtheschemaitself is groundedin every-
dayexperiences,suchasthathaving morebeerin aglass,or
morepeanutsin a pile, meansthe level goesup. Many im-
ageschemas,includingthis one,aregroundedin thehuman
body, andarecalledbasic imageschemas; thesegenerally
yield themostpersuasive metaphors,andarealsousefulin
otherareas,suchasuserinterfacedesign(Goguen1999).

Blendingtwo conceptualspacesyields a new spacethat
combinespartsof thegivenspaces,andmayalsohaveemer-
gentstructure(Fauconnier& Turner2002). Simpleexam-
ples in natural languageare words like “houseboat”and
“roadkill,” and phraseslike “arti�cial life” and “computer
virus.” Blendingis consideredabasichumancognitiveoper-
ation, invisible andeffortless,but pervasive andfundamen-
tal, for examplein grammarand reasoning. It also gives
a new way to understandmetaphor. For example,in “the
sunis a king,” blendingtheconceptualspacesfor “sun” and
“king” givesa new blend spacetogetherwith conceptual
mappingsto it from the“king” and“sun” spaces.Although
thereis no directmappingbetweenthetwo original spaces,
thereare “cross space”identi�cations, certainly including
the identi�cation of the “sun” and“king” elements,so that
they arethesameelementin theblendspace.Metaphoric
blends areasymmetric, in that the target of the metaphor
is understoodusingonly themostsalientconceptsfrom the
othersource space(Grady, Oakley, & Coulson1999). For
example,aspectsof “king” may be blocked from mapping
to theblendspace– usuallythesundoesnot weara crown
or chargetaxes.Additional informationneededto construct
a coherentblend may be recruitedfrom other spaces,as
well as from frames, which encodehighly conventional-
ized information. Conceptual integration networks are
networks of conceptualspacesand conceptualmappings,



usedin blendingthecomponentspacesfor situationsthatare
morecomplex thana singlemetaphor. Theseareof course
thenormin literary texts.

1.2 The Classical Optimality Principles
Below are � ve optimality principlesfrom the most recent
versionof this list (Fauconnier& Turner 2002); they are
usedto determinewhich amongmany possibleblendsis
mostappropriatefor agivensituation:

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

2. Web:Tight Connectionsbetweentheblendandtheinputs
shouldbe maintained,so that an event in oneof the in-
put spaces,for instance,is construedasimplying a corre-
spondingeventin theblend.

3. Unpacking: It shouldbeeasyto reconstructtheinputsand
thenetwork of connections,giventheblend.

4. Topology: Elementsin theblendshouldparticipatein the
samekindsof relationastheir counterpartsin theinputs.

5. GoodReason:If anelementappearsin theblend,it should
havemeaning.

Theseprinciplesapplyto commonsenseblends,suchasare
typically foundin ordinarylanguage,in advertisements,etc.;
Section3.4 will show that they do not apply to generating
someunconventionallanguage,suchascertainmetaphorsin
PabloNerudapoems.All � ve of theseoptimality principles
requirehumanjudgement,andsocannotbeimplementedin
any obviousway. However, whentherelationsinvolvedare
identities,theTopologyPrincipledoesnot involvemeaning,
andsocanbeimplemented;indeed,it is partof theblending
algorithmdescribedin Section3.1.

1.3 Narrative
In many gamesandart works, narrative providesa deeper
and more satisfyingsenseof involvement. Temporaland
causalsuccessionareessentialfor narrative,but valuesalso
play a key role, by connectingeventsin thestory to theso-
cial worlds andpersonalexperiencesof users. Thesetwo
aspectsof narrative provide thesensethata work is “going
somewhere”and“meanssomething,” respectively. Sociolin-
guists,e.g.(Labov 1972;Linde 1993),have doneextensive
empiricalstudyof narrativesof personalexperience,which
aretold orally to a groupof peersundernaturalconditions.
Thefollowing brie�y summarizesthis research:

1. Thereis anoptionalorientation section, giving informa-
tion about the setting(time, place,characters,etc.) for
whatwill follow.

2. The main body is a sequenceof narrati ve clausesde-
scribingthe eventsof the story; by a default convention
called the narrati ve presupposition, theseare taken to
occurin thesameorderthatthey appearin thestory.

3. Narrative clausesare interwoven with evaluative mate-
rial relatingnarrativeeventsto values.

4. An optionalclosingsectionsummarizesthestory, or per-
hapsgivesamoral.

Theinterpretationof narrativealsoemploys thecausalpre-
supposition, whichsaysthat,otherthingsbeingequal,given

clausesin theorderA, B wemayassumethatA causesB. An
additionalprincipleis accountability, thatthepersontelling
sucha storymustestablishto theaudiencetherelevanceof
theactionsreported.Thisis accomplishedby evaluativema-
terial, which relatesnarrative eventsto socialvaluesshared
by thenarratorandaudience;it providesawarrantfor infer-
ring thevaluesinvolved.

The above assertionsarethoroughlygroundedin empir-
ical researchon contemporaryAmericansmall groups,but
appearto applymorebroadlyto contemporaryWesternlan-
guages1. Althoughdevelopedfor oral narrativesof personal
experience,the theory also yields insight into many other
mediaandgenres,suchasnovelsandhumancomputerdia-
logues,becausetheir structurehasa basisin oral narratives
of personalexperience.

It maybesurprisingthatvaluesareanintegral partof the
internalstructureof stories,ratherthanbeingcon�ned to a
“moral” at theend;in fact,valuespervadenarrative,asjus-
ti�cations for thenarrator'schoiceof whatto tell, or a char-
acter's choiceof what to do, aswell asvia modi�ers such
as“very” or “slightly.” Thedefault narrativepresupposition
canbeoverriddenby explicit markersof othertemporalre-
lations,suchas �ashbacksand �ashforwards,so that even
narratives that involve multiple times, multiple places,or
multiple narrators,arestill composedof subsequencesthat
conformto theabovestructure.

Thepurelystructuralaspectsof this theorycanbeformal-
izedasa grammar, theinstancesof whichcorrespondto the
legal structuresfor narratives.Thefollowing usessocalled
EBNFnotation,

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

where [...] indicates zero or one instanceof what-
ever is enclosed,* indicateszero or more instances,in-
�x + indicatesexclusive or, superscript+ indicatesoneor
more instances,and juxtapositionof subexpressionsindi-
catesconcatenation.Here<Narr> is for narratives,<Cls>
for narrative clauses,which potentially includeevaluation,
<Eval> for stand-aloneevaluativeclauses,<Open> for the
openingsection,which may include an orientationand/or
abstract,and<Coda> for theclosingsection.

Of course,BNF is far from adequatefor describingmany
otheraspectsof narrative, e.g.,coherenceof plot, develop-
mentof character, anddialogue. The above grammaralso
fails to addressthevarietyof waysin which evaluationcan
occur. Somealternatives to explicit evaluative clausesin-
cluderepetitionof wordsor phrases(whichservesto empha-
sizethem),noticeablyunusuallexical choices(which may
serve to emphasize,de-emphasize,or otherwisespinsome-
thing),andnoticeablyunusualsyntacticchoices(whichalso
mayserve to emphasizeor de-emphasize).

2 Algebraic Semiotics& Structural Blending
It may help to �rst clarify our philosophicalorientation,
sincemathematicalformalismsareoften givena statusbe-

1However, they do not necessarilyapply to non-Westernlan-
gaugesandcultures;for example,Balinesenarrative doesnot fol-
low thenarrative presupposition(Becker 1979).



yond what they deserve. For example,Euclid wrote, “The
laws of naturearebut the mathematicalthoughtsof God.”
However, our viewpoint is that formalismsareconstructed
by researchersin thecourseof particularinvestigations,hav-
ing theheuristicpurposeof facilitatingconsiderationof cer-
tain issuesin that investigation;theoriesaresituatedsocial
entities,mathematicaltheoriesno lessthanothers.

Section2.1 below describesthe semioticspacegeneral-
izationof conceptualspacesandits origin in algebraicsemi-
otics, Section2.2 describessemioticmorphismsandstruc-
tural blending,andSection2.3 givesa detailedillustration
of theseideasfor thespecialcaseof conceptualspaces;the
generalcaseof structuralblendingis illustratedin Section
3.2with text generationfor Labov narrativestructure.

2.1 Semiotic Spaces
Whereasconceptualspacesaregoodfor concepts,they are
inadequatefor structure,e.g.,how a particularmetercom-
bineswith a certainrhymeschemein a �x ed poetic form;
musicraisessimilar issues,whichagainrequireanability to
handlestructure.Thus,to useblendingasabasisfor stylistic
analysis,we must generalizeconceptualspacesto include
structure;we do this by enrichingconceptualspaceswith
structurebuilding operations,calledconstructors, andwith
axiomsto describehow thesebehave; we alsoallow hierar-
chical typesystems.Thusconceptualblendingdiffersfrom
structural blending or structural integration, in allowing
spacesthathavenon-trivial constructors.

Structural blending comes from algebraic semiotics
(Goguen1999),which usesalgebraicsemanticsto describe
thestructureof complex signs(e.g.,amusicvideowith sub-
titles) andthe blendsof suchstructures.Algebraicseman-
tics hasits origin in the mathematicsof abstractdatatypes
(Goguen& Malcolm 1996); its basicnotion is a theory,
which consistsof typeandoperationdeclarations,possibly
with subtypedeclarationsandaxioms.It is usualto usethe
word sort insteadof “type” in this area.

A semiotic system(or semiotic theory or sign system)
is an algebraictheory, plus a level ordering on sorts(hav-
ing a maximumelementcalledthetop sort) anda priority
ordering on the constituentsat eachlevel (Goguen1999).
Ordinarysortsclassifythe partsof signs,while data sorts
classifythevaluesof attributesof signs(e.g.,colorandsize),
anda data algebra containsvaluesandoperationsfor data
sorts.Signsof acertainsortarerepresentedby termsof that
sort,includingbut not limited to constants.Amongtheoper-
ationsareconstructors, which build new signsfrom given
sign partsas inputs. Levels expressthe whole-parthierar-
chy of complex signs,whereaspriorities expressthe rela-
tive importanceof constructorsandtheir arguments;social
issuesplay a key role in determiningtheseorderings.Con-
ceptualspacesarethespecialcasewith only constantsand
relations,only onesort,andonly axiomsassertingthatcer-
tain relationshold on certaininstances.See(Goguen1999;
2003)for moredetail.

Hereis a simplesemiotictheoryfor books: Book is the
top sort, Chapter the secondarysort, Head and Con-
tent tertiary sorts,andTitle andPageNo fourth level
sorts. Oneconstructorbuild chaptersfrom their headand

content,andanotherbuildsheadsfrom atitle andpagenum-
ber. Among the constituentsof Head, Title hasprior-
ity over PageNo, andamongthosefor Chapter , Head
haspriority over Content . The grammarfor narratives
canalsobe considereda semioticsystem.Its top sort is of
course<Narr> ; itssecondlevel sortsare<Cls> , <Eval> ,
<Open>, and <Coda>, while <Ornt> and <Abs> are
third level sorts.Amongthesecondlevel sorts,<Cls> has
highestpriority and<Eval> next highest.

Semioticspaces,like conceptualspaces,arestatic. Fau-
connierandTurnerdo not attemptto capturethe behavior
of dynamicentities,with changeablestate,in their theory.
However (given the necessarymathematics),it is not very
dif�cult to extendsemioticspacesto includedynamicstruc-
tures; in fact, suchan extensionis neededfor applications
to userinterfacedesign,andis carriedout in detail,with ex-
amples,in (Goguen2003),usingso calledhiddenalgebra.
The conceptualblendingtheoryof FauconnierandTurner
alsodoesnotassigntypesto elementsof conceptualspaces;
this makessense,due to the very �e xible way that blends
treattypes,but it alsorepresentsa signi�cant lossof infor-
mation,which in fact canbe exploited in someinteresting
ways,suchasbeingableto characterizesomemetaphorsas
“personi�cations”(seethediscussionbelow) andbeingable
to generatemorestriking andunusualblendsby identifying
sortsknown to be far apart. Anotherdifferencefrom clas-
sical conceptualblendingis thatwe do not �rst constructa
minimal imagein theblendspace,andthen“project” it back
to thetargetspace,but instead,we build theentireresultin
theblendspace.

2.2 Semiotic Morphisms & Structural Blending

Mappingsbetweensemioticsystemsareuniform represen-
tationsfor signsin asourcespaceby signsin a targetspace,
andare calledsemiotic morphisms; userinterfacedesign
is animportantapplicationareafor suchmappings(Goguen
1999). Becausesign systemsare formalizedas algebraic
theorieswith additionalstructure,semioticmorphismsare
formalizedastheorymorphismsthat alsopreserve this ad-
ditional structure. A theorymorphismconsistsof a setof
mappingsfrom onetheoryto anotherthatpreservesthebasic
constituents,which aresortdeclarations,operationdeclara-
tions,andaxioms;semioticmorphismsin additionpreserve
levelsandpriorities.However, thesemappingsmustbepar-
tial, becausesomesorts,constructors,etc.arenotpreserved
in theintendedapplications.For example,thesemioticmor-
phismfrom the conceptualspacefor “king” into the blend
spacefor themetaphor“The sunis a king” discussedabove
doesnot preserve thethrone,court jester, queen,andcastle
(unlesssomeadditionaltext forcesit).
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Figure1: BlendDiagram



Semiotic morphismsare usedin structuralblending to
establishconnectionsbetweensemioticspacesto indicate
which elementsshouldbeidenti�ed. Thesimplestform2 of
blendis shown in Figure1, where
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, in thesensethateachelementin
�

getsmappedto thesameelementin
�

underthem,provided
that both morphismsarede�ned on it. In general,all four
spacesmaybesemioticspaces;thespecialcasewherethey
areall conceptualspacesgivesconceptualblends. We call
thecompositionof thetwo morphismson the left of Figure
1 its left morphism, thecompositionof the two morphism
ontheright its right morphism, to themiddleupwardmor-
phism its center morphism, to the triangleon the left its
left triangle, and the triangleon the right its right trian-
gle. Sincethereareoftenverymany blendoids,someway is
neededto distinguishthosethataredesirable.This is what
optimality principlesarefor, anda blend is thende�ned to
bea blendoidthatsatis�essomegivenoptimalityprinciples
to a signi�cant degree. The blendingalgorithmof Section
3.1usesoptimality principlesbasedonly on thestructureof
blends,ratherthantheir meaning;theseincludedegreesof
commutativity andof typecasting.

2.3 An Example

Weillustrateconceptualblendingwith theconcepts“house”
and“boat” shown in Figure2. Eachcircle enclosesa con-
ceptualspace,representedasa graph,the nodesof which
represententities,and the edgesof which representasser-
tions that a certainrelation, the nameof which labelsthe
edge,holdsbetweentheentitieson its nodes.As in Figure
1, thebottomspaceis thegenericor basespace,thetopis the
blendspace,andthe othertwo arethe input spaces,in this
casefor “house”and“boat.” Thearrowsbetweencirclesin-
dicatesemioticmorphisms.In this simpleexample,all four
spaceshave graphswith thesame“vee” shape,andthe� ve
morphismssimply preserve that shape,i.e., eachmapsthe
bottomnodeof the “vee” in its sourcespaceto thebottom
nodein its target. To avoid clutter, typesarenot shown, but
in thiscase,it happensthatthetypescorrespondto theentity
namesin thegenericspace.

For this blend, the two trianglescommutefor all three
sorts in the basespace;similarly, the two baseconstants
object andperson arepreserved. Thuswe have com-
mutativity for this blend,sothatcorrespondingelementsof
theinputspacesareidenti�ed in theblend;e.g.,house and

2This diagramis “upsidedown” from that of Fauconnierand
Turner, in thatourarrowsgoup,with thegeneric� on thebottom,
and the blend � on top; this is consistentwith the basic image
schemaMORE IS UP, aswell aswith conventionsfor suchdiagrams
in mathematics.Also, FauconnierandTurnerdo not includethe
morphism���	� , and � playsa differentrole.

boat areidenti�ed in “houseboat”,andthemergedelement
is namedhouse/boat . Similarly, thetwo relationsin the
basespacemapto thesamerelationin theblendvia thethree
paths,so that therelationslive-in andride areidenti-
�ed. Finally, for eachpair of elementsin thebasespacefor
which a relation holds, the correspondingelementsin the
blendspacesatisfythecorrespondingrelation,whichmeans
thatall threepathspreservetheaxiomin thesameway.

Figure2: HouseboatBlendDiagram

Figure3: BoathouseBlendSpace

Figure 3 shows a secondblend of the sametwo con-
cepts,which in English is calleda “boathouse.” In it, the
boatendsup in thehouse.Noticethatmappingresident
to boat doesnot type checkunlessboat is “cast” to be
of type person ; otherwise,the boatcould not live in the
boathouse.This is the kind of metaphorcalledpersoni�-
cation in literary theory, in which anobjectis considereda
person.For this blend,neithertrianglecommutes,because
thebaseelementobject is mappedto boat in theblend
by theright morphism,andto house by theleft morphism,
but is not mappedto boat/house in the blend. Simi-
larly, thecentralmorphismcannotpreservethebaseelement
person , and the samegoesfor the baseuse operation.
On the other hand,the baserelation on goesto the same
placeunderall threemaps. A third blend is similar to (in
fact,symmetricalwith) theabove“boathouse”blend;in it, a
house/passenger endsupriding in theboat.(Thereare
realexamplesof this, e.g.,wherea boatis usedto transport



prefabricatedhousesacrossabayfor ahousingdevelopment
onanearbyisland.)

A fourth blend is less familiar than the �rst three, but
hasvery good preservation and commutativity properties,
andhenceis very pure,even thoughits physicalexistence
is doubtful. This is an amphibiousRV (recreationalvehi-
cle) that you can live in, and can ride on land and water.
A �fth blendhasan even lessfamiliar meaning:a livable
boat for transportinglivable boats;perhapsonly an algo-
rithm couldhavediscoveredthiscounter-intuitiveblend.Fi-
nally, a sixth blendgivesa boatusedon land for a house;
it omitsaxiomsthata house/boatbeon wateranda passen-
gerrideahouse/boat.(Therearealsomany lessperspicuous
blendoids.)

The extent to which a semiotic morphism preserves
sourcespacefeatureshelpsto determineits quality (Goguen
1999;Goguen& Harrell 2004b;Goguen2003). It is there-
fore encouragingthatour intuitive senseof the relative pu-
rity of theblendsdiscussedabove, andthedegreeto which
they seemboat-like andhouse-like, correspondsto the de-
greeto which theappropriatemorphismspreserve commu-
tativity andaxiomsin the input spaces.This supportsour
useof preservationmeasuresfor thequalityof blends.

3 Blending & Style
Most text generationsystemshave followed a tradition in-
spiredby theRussianformalismof Vladimir Propp(Propp
1928),implementingadiscourselevelsyntaxwith a�x edset
of textual templatesplusrulesfor combiningandinstantiat-
ing thosetemplates,althoughtherearecertainlydifferences
in thetheoreticalfoundationsthey proposefor templatesand
rules,in thegeneralizabilityandsoundnessof thosefounda-
tions, and in the successof the experiencesthey generate.
In contrast,cognitive linguisticsdoesnot focuson syntax,
but on mentalspaces,prototypes,blending,metaphor, etc.;
cognitive linguisticsis cognitive in this sense.

Thesubsectionsbelow show how suchacognitiveview of
languagecanbe implementedandappliedto variouskinds
of text; in particular, we reportsomeinitial experimentson
poetry. A signi�cant �nding is that the optimality princi-
plesproposedin (Fauconnier& Turner2002)do not work
for generatingsomepoeticmetaphors.As a result,we sug-
gest a much broaderview of blending principles in Sec-
tion 3.5, under which different works may be controlled
by differentprinciples;for example,thechoiceof domains
for themes,imagery, local knowledge,etc. is considereda
blendingprinciple,becausethesedomainscontributeto both
theconceptualandstructuralblendsthatconstitutethework.
We thenexplore the idea that style may be determinedby
suchprinciples.Beforethis, Section3.1describesour con-
ceptualblendingalgorithm;Section3.2describesstructural
blendingfor syntax;Section3.3 reportson an experiment
in poetrygenerationusingthosealgorithm,andSection3.4
givesexampleswhereprinciplesquite differentfrom those
of (Fauconnier& Turner2002)areneeded.

3.1 Conceptual Blending Algorithm
Our blendingalgorithmis programmedin LISP, andgiven
an input diagram,it can computeonegood blend,or else

computeall blendoidsover the diagram. It doesa depth
�rst traversalover two binary trees,which describepossi-
blewaysto identify relationsandto identify constants.Dif-
ferentelementsfrom thesameinput spacearenever identi-
�ed. Datasortsanddataconstantsareneveridenti�ed. Non-
datasortsareidenti�ed only if requiredby beingmappedto
from a commonsort in thebasespace.Elementsin the in-
put spacesnot mappedto from thebasespaceareincluded
in the blend space. When constantsof different sortsare
identi�ed, bothchoicesfor thesort of theblendedconstant
areconsideredacceptable.(Goguen& Harrell 2004a)gives
moredetailon theimplementation.

Even for simple inputs, the numberof blendoidsis so
large that it is dif�cult for humansto �nd them all. In
thehouseboatexample,thealgorithmcomputes48 primary
blendoids(in whicheverypossibleaxiomis preserved),and
736includingthosethatfail to preserve someaxioms.This
impliesthatef�cient techniquesfor computinghigh quality
blendsarenecessaryfor thealgorithmto beusefulfor con-
tent generationandanalysis.Therearethreedistinct ways
that onecango aboutthis; all areneeded.The �rst is just
to optimizea givenprocedure,e.g.,by usingmoreef�cient
datarepresentations.Thesecondis to improvetheprocedure
to reducethesearchspace,sothatlow qualityblendoidsare
neithergeneratednor examined(asopposedto �nding and
then rankingall blendoids). The third is to usemoredis-
criminatingmeasuresof quality, whichwehereafteralsocall
optimalityprinciples.

Theoptimality principlesof (Fauconnier& Turner2002)
arepowerful, but not computationallyeffective. Our blend-
ing algorithmcurrentlyusesdegreeof commutativity asits
only optimality principle, but we will addother computa-
tionally feasibleoptimality principles,including degreeof
axiom preservation, and amountof type castingfor con-
stants.A typecastmeansthataconstantin theblendoidhas
beengivenanunnaturaltype;without typecasting,blended
items must have compatibletypes(i.e., the sametype, or
elseonea subtypeof theother).Futurework will make op-
timality principlesauser-setparameter, with eachoptimality
principlemeasuredona numericalscaleandgivena weight
(possiblynegative),to yield a singleweightedsum.Thresh-
oldscanbesetfor componentmeasureandfor thesum,to
avoid processinglow qualityblendoids.A fascinatingresult
is that somemetaphorsin the Nerudapoemin Section3.4
requirevaluingtypecastspositively.

3.2 Syntax as Blending
This subsectiondevelopsanapproachto text generationin-
spiredby cognitivegrammarandbasedon structuralblend-
ing; it is illustratedby theLabov narrativesyntaxof Section
1.3. This materialdoesnot apply to the algorithmof Sec-
tion 3.1, which is for conceptualblending. The approach
assumesa context freegrammar, sowe �rst convert thetwo
EBNF Labov rulesto this form; this yieldsmany rules,one
of which (dependingonhow it is done)is:

<Narr> � <Open> <Cls> <Eval> <Coda>
Next, convert the right sides of rules to terms that de-
note lists of strings(assumingthesedatastructuresare in
the dataalgebra)wherein�x period denotesappend,e.g.,



<Open>.<Cls>.<Eval>.<Coda> ; thenconstructanaxiom
assertingthis termhassort<Narr> andsaliency3 1,

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

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

To getanactualnarrative,we needa domainspace� for
phrasesto instantiatethe bottomlevel non-terminalsin � .
Theseareassertedasaxioms,justasabove,e.g.,

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

A moresophisticatedapproach,takenby thesystemof Sec-
tion 3.3, usesmore cognitively orienteddomainswith ax-
iomsfor relationships,whicharethenconvertedto syntactic
templatesfor instantiation.Notethattemplatesmaycontain
variablesthat call for a conceptualblend producedby the
algorithm of Section3.1, drawing on conceptualdomains
differentfrom thoseusedfor syntax.

Next, thegenericspace
�

contains:a constantof sortNT
for eachnon-terminalin thegrammar;variablesymbolsof
sortVar ; theaboverelationconstructor[_::_,_] ; andan-
otherrelationconstructor[_:_] thatis explainedbelow.

The last ingredientis a setof deductionrules to enable
instantiation,alsogivenasaxioms,oneof which is

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

where [X : s'] indicates that variable X has sort s' ,
t(t') indicatessubstitutionof t' for X in t , andwhere
vv' indicatesmultiplicationof realnumbersv andv' . In-
tuitively, the axiom saysthat if X has sort s' , and if t
hassort s andcontainsX, andif t' hassort s' , thenthe
substitutionof t' into t for eachinstanceof X hassort
s (and saliency vv' ). The genericspace(and henceall
input spaces)shouldalso containversionsof this rule for
templatest(X,Y) with two variables,for templateswith
threevariables,etc.,up to themaximumarity in any domain
(alternatively, an inferencespacecould be de�ned andim-
portedinto every space).The dataalgebrashouldinclude
theoperationfor substitutinglists into lists.

Finally, we blendthe input spaces� and � over
�

, with
the evident morphisms,andconsiderthe deductive closure
of the blend space

�
, which containsall axiomsthat can

be deducedfrom thegivenones.Thoseaxiomswith terms
of sort <Narr> containingno variablesarethe narratives.
When several templatesare available, a randomchoiceis
made;salienciescanbe usedto computeprobabilities,and
the saliency of a templatecan be reducedafter it is used,
to helpavoid repetitions.All this is easilycodedin Prolog,
to bothproduceandparsenarratives(but declarativecoding
will requiresettingall salienciesto 1, sincePrologcannot
reasonwith realnumbers).A practicalsystemlike thatde-
scribedin Section3.3 canjust take the above asa seman-
tic speci�cation and implementit using standardtricks of
the trade. A differentformalizationalsoseemspossible,in
which rulesareconstructorsandprocessingis doneat the

3For suchrules,our saliency is similar to entrenchmentin the
senseof (Langacker 1999); we assumesaliency valuesarein the
unit interval �������
	 , sothey follow thefuzzy logic of (Goguen
1969).

basiclevel, insteadof thoughaxiomatizationat the meta-
level.

More complex blendingthan instantiationcan usecon-
straintsas axioms,e.g., for tenseand numberagreement,
or to handleanaphoriccoreferenceof a noun phraseand
pronoun. This seemsa new approach,consideringsyntax
asemergentfrom real-timeprocessingandintegratedwith
conceptualprocessing.It is technicallysimilar to uni�ca-
tiongrammar((Shieber1986)givesagoodintroduction)and
canbemadeevencloserwithoutmucheffort, andit is philo-
sophicallysimilar to the cognitive grammarof (Langacker
1999). Of course,this formalismcannotdo everythingone
might like (seethe�rst pragraphof Section2), but it seems
morethanadequatefor our projectof generatinginteresting
new mediaobjects.

3.3 Active Poetry
This sectiondescribesa poetrygenerationsystem.It is not
intendedas part of a project producinga comprehensive
modelof thehumanmind. Instead,our motivationis to im-
prove the algorithms,the theory, andour understandingof
blending,aswell asto produceinterestingtexts. Fox Har-
rell createdaninstanceof this systemcalled“The Girl with
Skin of HaintsandSeraphs”(Harrell 2004).This LISP pro-
gramdrawson a setof themedomainssuchasskin,angels,
demons,Europe,andAfrica, givenassetsof axioms.It con-
structsinputspacesby extractingaxiomsfrom two different
domains,andtheninfersrelations,sorts,andconstantsfrom
theseaxioms. A basespaceis generatedby instantiating
sharedstructurebetweenthe spaces.Morphismsfrom the
basespaceto the input spacesaregenerated,andthe input
spaces,basespace,andmorphismsarepassedto theblend-
ing algorithm.Blendingknowledgedomainswith themedo-
mainsrequiresselectingappropriateconceptualspacesfrom
them4. Knowledgedomainsprovidebackground.

In generatinga metaphor, one input spaceis chosenas
target,andattributesfrom theotherinputspaceareblocked,
which cangreatly reducethe searchspace.The generated
blendsare then placedin poetic phrasetemplates,which
arethenplacedin largergraintemplatesfor Labov narrative
structure.Only conceptualblendswith maximalcommuta-
tivity areoutput.A samplepoemgeneratedby thesystemis
givenbelow (with parenthesesremovedfrom the LISP out-
putandcorrespondingpunctuationadded):

hertalebeganwhenshewasinfectedwith smugnessloveitis.
shebeganherdayslooking in themirror atherown

itchy entitledface.
herfailurewasignoringhertormentedangelnature.
life wasanastoundingmiracle.
nordic-beautydeath-�gurevaporsteamedfrom herpores

whensherodeherbicycle.
thatwasnothinglovely.
when21shewasa homelywoman.
shedecidedto persevere;
in therain,shefearsonly epidermisimperialists.
shebelievesthatevil pridedevoursandalternateswith

prideof hope.

4Selectingby priority of sortsandrelationsis a promisingidea
for futureimplementation.



it wasno laughingmatter.
shesnugglesin angelskinsheetsandsleeps.
insideshewasresolvedto never �nd
a smugor paranoidlove.

This poemis a commentaryon racial politics andthe lim-
itations of simplistic binary views of social identity. The
dynamicnatureof socialidentity is alsore�ectedin theway
the programproducesdifferentpoemswith differentnovel
metaphorseachtime it is run (thoughreadinga largenum-
berof thesecouldbetiresome).

The text grammarof Section3.2 givesa basisfor ratio-
nally reconstructingandenhancingthe poetrysystem(the
current implementationwas not conceived this way when
built, and is less general). The Labov spaceof Section
3.2 givestop level structurefor poems.Onepoeticdomain
containsthetemplate(her tale began when *r*) ,
in the LISP syntaxof the implementation,where*r* is a
variablethat getsinstantiatedwith a noun phrasecontain-
ing a pasttensetransitive verb,suchas(was infected
with *s*) where*s* is a variablethatgetsinstantiated
with a conceptualblendproducedby thealgorithmof Sec-
tion 3.1.Theaxiomaticform of the�rst templateis

[her tale began when X. :: <Ont>, .9]
whereweassignsaliency .9(althoughthecurrentimplemen-
tation doesnot have saliencies).Argumentsof other tem-
platesareinstantiatedwith elementsfrom domainsfor per-
sons(e.g.,a protagonist),places,objects,etc.; it is a major
taskof theartistto choosesuchmaterialappropriately.

An interestingphilosophicalissueis raisedby this pro-
gram: humaninput might be consideredcheatingby tradi-
tional AI practitioners,sincemost text generationprojects
areorientedtowardstotal automationandTuring testcom-
petence.But our quitedifferentgoal is to usetheblending
algorithmin ahumandesignedsystemthatgeneratespoetry
containingnovel metaphorsin real-time;just aswith com-
putergames,it is desirableandnecessaryfor humansto pro-
vide rich content. For suchprojects,artistic freedommust
takeprecedenceoverdogmaticTuring testreductionism.

A related point is raised by EspenAarseth's analysis
(Aarseth1997)of text generationsystems,whichtakesrela-
tionshipsamongprogrammer, system,andreaderasa basis
for critical analysis.This is usefulbecausereaders'autho-
rial modelsaffect their interpretationsof works,causingthe
approachesof traditionalliterarycriticismto fail whencom-
putersare putative authors. Our view is that an instantia-
tion of the poetry generationsystemwith domainsshould
be viewed asa work of art, producedby thedesigner, pro-
grammerandinstantiatorof the system,andjudgedby the
corpusof poemsproducedby that instance;we considerit
entirely wrong to view an individual poemasproducedby
“the computer.”

3.4 Unconventional Blends
Thepoem“Walking around”by PabloNerudahastheform
of a narrative. Its �rst stanzaservesasan orientation,in-
troducingtheprotagonist,theplace,andthetime (thelatter
two in a condensedpoetic form); the locationis perhapsa
smallcity in Chile. Eachsubsequentstanzaexploresaspects
of someareawithin thatcity, usingmetaphorsthatareoften

quitestriking. Thegeneralthemeof thepoemis weariness
inducedby consumerism.Hereareits �rst two stanzas(out
of ten,from (Fitts1941)):

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

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

Neruda'smetaphorsoftenblendconceptsin unconventional
waysthat requireoptimality principlesquitedifferentfrom
thoseof (Fauconnier& Turner 2002). For example, the
phrase“waterof beginningandashes”violatesthe�rst three
principles(andthusrequiresmucheffort to satisfythefourth
and�fth) of Section1.2,by combiningthingsof enormously
different type, so that castingto very remotetypes is re-
quired. It follows that to generatesuch metaphors,type
castswould have to be valuedpositively ratherthannega-
tively. A lessdrasticexamplein the sametext is “swan of
felt.” Similarreversalsof optimalityprinciplesareneededto
generatesomeimagesin Rilke'sDuino elegies, e.g.,“cheap
winter hatsof fate” in the �fth elegy. Neruda's imagery,
objects,andculturalcontextscanbeimplementedusingdo-
mains,e.g., a Town-location is a placesuchasa tai-
lorshop,movie theater, or barbershop,which has town-
object s, such as goggles,elevators, wool, and stones,
whereattributesof wool might be heavy and impervious.
For us,blendingis amulti-grainprocess,andevidencefrom
poetrysuggeststhatunconventionalprinciplesarealsonec-
essaryat thestructuralaswell asconceptuallevels.

3.5 Style as Blending Principle Choice
Our poetry generationsystemusesblending at three dif-
ferent levels: large grain structure(e.g., Labov narrative),
wherestructuralblendingcombinesclausalunits,whichare
in turn producedby structuralblendingof phrasalelements,
someof which result from conceptualblending. Different
choicesof constructorsat the top two levels can produce
very different styles,suchas a randomized“postmodern”
ordering,or a deeplyembeddednarrative structure(as in
A Thousandand OneNights), or a sonnet;constructorsat
theselevelscouldalsobeusedto control transitionsamong
suchstyles(thesewould correspondto conditionalrules).
Otherstylistic parametersat the secondlevel includesyn-
tactic complexity, and tenseand mood of verbs; different
domainsfor themes,places,etc.canalsobeselectedat dif-
ferenttimes. In additionto blendedmetaphors,thephrasal
level includesnounclusters,verbphrases,etc.,againpoten-
tially taken from different domainsat different times. At
eachlevel, different optimality principlescan be usedfor
makingchoices,andthesetoo canbe differentat different
times(notethat randomizationis anoptimality principle in
ourbroadsenseof thatphrase).

Thisgivesriseto 12parametersfor controllingstyle:each
of the threelevels hasa setof availabledomains,itemsin
thosedomains,optimality principles for choosingamong



blends,andcontrolsfor changingdomains.Sincethe con-
tent of domainsmay include not just constructorsand re-
lation instances,but alsoaxiomsfor templatesand for se-
manticrelationships,if we counttheseasparameters,then
we get 18 parameters.Of course,we could cut this cake
more�nely or morecoarselyto getdifferentnumbers,and
we may later �nd otherparametersthat arealso important
for style.Everyparametercanbeconsideredaprinciplethat
controlsblending,but by far the mostinterestingandleast
exploredarenon-classicaloptimality principles.Thenarra-
tive,causal,andaccountabilityprinciplesof Section1.3are
alsointerestingto consider. It is clearthatall principlesmust
becarefullytunedto achievea reasonableapproximationto
an existing style,but it is alsoclearthat the resultsareun-
likely to becloseto thegeniusof agreatpoetlikeNeruda.

4 Conclusions& Future Work
A surprisingresultof our experimentsis thata combination
of conceptualandstructuralblendingcanproduceinterest-
ing poetry, which somecritics have even consideredsupe-
rior to prior computergeneratedworks.Anotheris thatboth
large grain structureandsyntaxcan be handledby blend-
ing in ways that are close to, but extend, what has been
donein prior text generationprograms;this useof blend-
ing also gives rise to a somewhat novel view of grammar
asemergentfrom processesof blending,ratherthan�x edin
advance. A third result is that it is easyto extendthis ap-
proachto interaction,to mediaotherthantext, andto forms
other thannarrative. We werealsosurprisedthat the opti-
mality principlesproposedby (Fauconnier& Turner2002)
for conventional,commonsenseblendslike“houseboat”of-
ten fail for generatingpoetry; on the contrary, what might
be calleddisoptimizationprinciplesareneededto generate
somemetaphorsin the Nerudapoemin Section3.4. This
ledusto considerarangeof differentprinciples,andto ana-
lyze style in termsof theprinciplesusedfor blendingtexts,
where“text” is understoodin a broadsenseto includecin-
ema,video games,andeven living. The resultingview of
style differs radically from views basedon estimatingpa-
rametersin statisticalmodelsof mediaobjects.

Futurework will build aversionof theNerudapoemwith
output dependingon user navigation through a computer
map of a small Chilean town, and build computergames
with story lines dependingon interactionhistory. Our the-
ory of styleasblendingprincipleswill befurtherdeveloped
andappledto a varietyof mediaandgenres,suchasvideo
games,�lm music,architecture,andmagazinedesign.
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