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Abstract

This paperproposesa new approachto style, arising
from ourwork oncomputationamediausingstructusal
blending which enrichesthe conceptualblending of
cognitive linguisticswith structurebuilding operations
in orderto encompassyntaxand narratve aswell as
metaphar We have implementedboth conceptuabnd
structuralblending, and conductednitial experiments
with poetrygenerationalthoughthe approacltgeneral-
izesto othermedia. The centralideais to analyzestyle
in termsof blending principles, basedon our nding
that different principlesfrom thoseof commonsense
blendingareneededor somecreatize metaphors.

1 Intr oduction & Background

JamedVleehans 1976 TALE-SPIN (Meehan1981)wasper
hapsthe rst computerstorygeneratiorsystem.lt explored
the creatve potential of viewing narratve generationas a
planning problem, in which agentsselectappropriateac-
tions,solve problemdn thesimulatedwvorld, andoutputlogs
of their actionsusingsyntactictemplatesHereis a sample:

Henry Squirrelwasthirsty. He walked overto theriver
bankwherehisgoodfriendBill Bird wassitting. Henry
slippedandfell in theriver. Gravity drowned.

Thelogic behindthis non-sequiturs impeccableGravity is
pulling Henryinto theriver, andit hasno friends,arms,or
legsthatcansaveit fromtheriver; thereforeGravity drowns.
But we know Gravity is notsomethinghatcandrown; there
is astartlingtypecheckerrorhere.Subsequergystemsvere
better but still mainly followed “good old fashionedAl,”
which assume$iumancognitionis computatiorover logic-
baseddata structures,and which largely ignores(or even
denies)the embodiedand socially situatednatureof being
human.Suchsystemdack eleganceandstyle. But how can
we do better?And whatis stylearnyway?

While building our poetrygeneratiorsystem(Section3.3)
and the blending algorithmsat its core (Sections3.1 and
3.2),andin consideringolendsthatappealin recentpoetry
(Section3.4), we found that very differentprinciplesfrom
thoseproposedn (Fauconnier& Turner2002)for corven-
tional, commonsenselendsareneededThisled usto ana-
lyze stylein termsof the blendingprinciplesusedto gener
atevariouskinds of work, asdiscussedn Section3.5. Fu-
ture projectsdiscussedn Section4 include interactive po-
ems, and computergamesthat generatenew plot as they
areplayed.Sometheoreticabackgrouncheededor ourap-
proachis brie y reviewedin the following subsectionsand
anapproacho cognitivegrammaiis sketchedn Section3.2.
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1.1 Metaphor & Blending

Gilles Fauconnierand Mark Turner have developeda the-
ory within cognitive linguisticsknown asconceptualblend-
ing or conceptualintegration (Fauconnie& Turner2002).
In this theory conceptualspacesarerelatively small, tran-
sientcollectionsof conceptsselectedrom larger domains
for somepurposeat hand,suchas understanding partic-
ular sentencethis basic notion builds upon Fauconniers
earliernotion of mentalspaceswhich areformally setsof
“elements”andrelationinstancesamongthem (Fauconnier
1985). Geoge Lakoff, Mark Johnsonand others(Lakoff
& Johnsonl980; Lakoff 1987) have studiedmetaphorasa
mappingfrom one conceptuakpaceto anothey andshown
that metaphorscome in families, called image schemas
having a commontheme. Onesuchfamily is MORE 1S UP,
asin “His salaryis higherthanmine; or “That stockrose
quite suddenly The sourceup is groundedn our experi-
enceof gravity, andthe schemadtself is groundedn every-
dayexperiencessuchasthathaving morebeerin aglass,or
morepeanutsn a pile, meanghelevel goesup. Many im-
ageschemasincludingthis one,aregroundedn the human
body, andare calledbasicimage schemas thesegenerally
yield the mostpersuasie metaphorsandarealsousefulin
otherareassuchasuserinterfacedesign(Goguen1999).
Blendingtwo conceptuakpacesyields a new spacethat
combinegartsof thegivenspacesandmayalsohave emer
gentstructure(Fauconnier& Turner2002). Simple exam-
plesin naturallanguageare words like “houseboat”and
“roadkill,” and phrasedike “arti cial life” and“computer
virus! Blendingis considereébasichumancognitiveoper
ation, invisible andeffortless,but penasive andfundamen-
tal, for examplein grammarand reasoning. It also gives
a new way to understandnetaphor For example,in “the
sunis aking,” blendingthe conceptuaspacedor “sun” and
“king” givesa new blend spacetogetherwith conceptual
mappingsto it from the“king” and“sun” spacesAlthough
thereis no directmappingbetweerthe two original spaces,
thereare “cross space”identi cations, certainly including
theidenti cation of the “sun” and“king” elementsso that
they arethe sameelementin the blendspace.Metaphoric
blends are asymmetricin that the target of the metaphor
is understoodisingonly the mostsalientconceptdrom the
othersource space(Grady Oakley, & Coulson1999). For
example,aspectof “king” may be blocked from mapping
to the blendspace- usuallythe sundoesnot weara crowvn
or chagetaxes. Additional informationneededo construct
a coherentblend may be recruitedfrom other spaces,as
well as from frames, which encodehighly corventional-
ized information. Conceptual integration networks are
networks of conceptualspacesand conceptualmappings,



usedn blendingthecomponenspacegor situationghatare
more complex thana single metaphor Theseare of course
thenormin literary texts.

1.2 TheClassical Optimality Principles

Below are ve optimality principlesfrom the mostrecent
versionof this list (Fauconnier& Turner 2002); they are
usedto determinewhich amongmary possibleblendsis
mostappropriatdor a givensituation:

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

2. Web: Tight Connectiondbetweertheblendandtheinputs
shouldbe maintained so that an eventin oneof thein-
putspacesfor instancejs construedasimplying a corre-
spondingeventin theblend.

3. Unpading: It shouldbeeasyto reconstructheinputsand
thenetwork of connectionsgiventheblend.

4. Topolagy: Elementdn the blendshouldparticipatein the
samekinds of relationastheir counterpartin theinputs.

5. GoodReasonif anelementppearsn theblend, it should
have meaning.

Theseprinciplesapplyto commonsenseblends suchasare
typically foundin ordinarylanguagein adwertisementsetc.;
Section3.4 will shav thatthey do not apply to generating
someuncorventionalanguagesuchascertainmetaphorsn
PabloNerudapoems.All  ve of theseoptimality principles
requirechumanjudgementandsocannotbeimplementedn
ary obviousway. However, whentherelationsinvolvedare
identities,the TopologyPrincipledoesnotinvolve meaning,
andsocanbeimplementedindeed,it is partof theblending
algorithmdescribedn Section3.1.

1.3 Narrative

In mary gamesand art works, narrative providesa deeper
and more satisfying senseof involvement. Temporaland

causakuccessiom@areessentiafor narrative, but valuesalso

play a key role, by connectingeventsin the storyto the so-

cial worlds and personalexperiencesof users. Thesetwo

aspectof narrative provide the sensehata work is “going

somavhere’and“meanssomethind, respectrely. Sociolin-

guists,e.g.(Labov 1972;Linde 1993),have doneextensve

empiricalstudyof narratvesof personakxperiencewhich

aretold orally to a groupof peersundernaturalconditions.
Thefollowing brie y summarizeshisresearch:

1. Thereis anoptionalorientation section giving informa-
tion aboutthe setting (time, place, charactersgetc.) for
whatwill follow.

2. The main body is a sequenceof narrati ve clausesde-
scribingthe eventsof the story; by a default corvention
calledthe narrati ve presupposition theseare taken to
occurin thesameorderthatthey appeaiin the story.

3. Narrative clausesareinterwoven with evaluative mate-
rial relatingnarrative eventsto values.

4. An optionalclosingsectionsummarizeshestory, or per
hapsgivesamoral.

Theinterpretatiorof narratve alsoemploys the causalpre-
supposition, whichsaysthat,otherthingsbeingequal given

clausesn theorderA, B we mayassuméhatA causes. An
additionalprincipleis accountability, thatthepersortelling
sucha story mustestablishto the audiencehe relevanceof
theactionsreported.Thisis accomplishedby evaluativema-
terial, which relatesnarrative eventsto socialvaluesshared
by the narratorandaudienceit providesa warrantfor infer-
ring thevaluesinvolved.

The above assertionarethoroughlygroundedn empir
ical researchon contemporaryAmericansmall groups,but
appeato apply morebroadlyto contemporaryVesternan-
guages$. Althoughdevelopedfor oral narratvesof personal
experience the theory alsoyields insight into mary other
mediaandgenressuchasnovelsandhumancomputerdia-
logues,becauséheir structurehasa basisin oral narratives
of personakxperience.

It maybesurprisingthatvaluesareanintegral partof the
internalstructureof stories,ratherthanbeingcon nedto a
“moral” atthe end;in fact,valuespenadenarrative, asjus-
ti cations for thenarrators choiceof whatto tell, or achar
acters choiceof whatto do, aswell asvia modi ers such
as“very” or “slightly.” Thedefault narrative presupposition
canbeoverriddenby explicit markersof othertemporalre-
lations, suchas ashbacksand ashforwards,so thateven
narratves that involve multiple times, multiple places,or
multiple narratorsare still composedf subsequencebat
conformto theabove structure.

Thepurelystructuralaspect®f thistheorycanbeformal-
izedasa grammartheinstance®f which correspondo the
legal structuredor narratives. The following usesso called
EBNF notation,

<Narr> 1= <Open> (<Cls> <Eval>*) T [<Coda>]
<Open> = ((<Abs> + <Ornt>) <Eval>*)*
where [...] indicates zero or one instanceof what-

ever is enclosed,* indicateszero or more instances,in-
X + indicatesexclusive or, superscript+ indicatesone or
more instances,and juxtapositionof subepressionsndi-
cateconcatenationHere<Narr> is for narratves,<Cls>
for narrative clauseswhich potentially include evaluation,
<Eval> for stand-alonevaluatie clausesgOpen> for the
openingsection,which may include an orientationand/or
abstractand<Coda> for theclosingsection.

Of course BNF is far from adequatdor describingmary
otheraspectf narrative, e.g.,coherencef plot, develop-
mentof characteranddialogue. The abore grammaralso
fails to addresghe variety of waysin which evaluationcan
occur Somealternativesto explicit evaluative clausesn-
cluderepetitionof wordsor phrasegwhich senesto empha-
sizethem), noticeablyunusuallexical choices(which may
sene to emphasizede-emphasizegr otherwisespin some-
thing), andnoticeablyunusuakyntacticchoicegwhich also
may sene to emphasizer de-emphasize).

2 Algebraic Semiotics& Structural Blending

It may help to rst clarify our philosophicalorientation,
sincemathematicaformalismsare often given a statusbe-

'However, they do not necessarilyapply to non-Westernlan-
gaugesandcultures;for example,Balinesenarratve doesnot fol-
low the narrative presuppositiorfBecler 1979).



yond whatthey desere. For example,Euclid wrote, “The
laws of natureare but the mathematicathoughtsof God”
However, our viewpoint is that formalismsare constructed
by researcherm thecourseof particularinvestigationshav-
ing the heuristicpurposeof facilitatingconsideratiorof cer
tain issuedn thatinvestigation;jtheoriesare situatedsocial
entities,mathematicalheoriesno lessthanothers.
Section2.1 below describeghe semioticspacegeneral-
izationof conceptuaspacesndits origin in algebraicsemi-
otics, Section2.2 describessemioticmorphismsandstruc-
tural blending,and Section2.3 givesa detailedillustration
of theseideasfor the specialcaseof conceptuakpacesthe
generalcaseof structuralblendingis illustratedin Section
3.2with text generatiorfor Labov narrative structure.

2.1 Semiotic Spaces

Whereasconceptuakpacesregoodfor conceptsthey are
inadequatdor structure,e.g.,how a particularmetercom-
bineswith a certainrhyme schemein a x ed poetic form;
musicraisessimilarissueswhich againrequireanability to
handlestructure Thus,to useblendingasabasisfor stylistic
analysis,we mustgeneralizeconceptuakpacedo include
structure;we do this by enrichingconceptualkpaceswith
structurebuilding operationsgalledconstructors, andwith
axiomsto describehow thesebehae; we alsoallow hierar
chicaltype systems.Thusconceptuablendingdiffersfrom
structural blending or structural integration, in allowing
spaceshathave non-trivial constructors.

Structural blending comes from algebraic semiotics
(Goguenl1999),which usesalgebraicsemanticgo describe
thestructureof complex signs(e.g.,a musicvideowith sub-
tittes) andthe blendsof suchstructures.Algebraic seman-
tics hasits origin in the mathematicof abstractdatatypes
(Goguen& Malcolm 1996); its basicnotion is a theory,
which consistsof type and operationdeclarationspossibly
with subtypedeclarationsandaxioms. It is usualto usethe
word sort insteadof “type” in this area.

A semiotic system(or semiotic theory or sign systen)
is analgebraictheory 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 containsvaluesandoperationdor data
sorts.Signsof a certainsortarerepresentetly termsof that
sort,includingbut notlimited to constantsAmongtheoper
ationsareconstructors, which build new signsfrom given
sign partsasinputs. Levels expressthe whole-parthierar
chy of comple< signs,whereagriorities expressthe rela-
tive importanceof constructorsandtheir alguments;social
issuesplay a key role in determiningtheseorderings.Con-
ceptualspacesarethe specialcasewith only constantsand
relations,only onesort,andonly axiomsassertinghatcer
tain relationshold on certaininstances See(Goguenl1999;
2003)for moredetail.

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

contentandanotheibuilds headfrom atitle andpagenum-
ber Among the constituentof Head, Title  hasprior-
ity over PageNo, and amongthosefor Chapter , Head
has priority over Content . The grammarfor narratves
canalsobe consideredh semioticsystem.lts top sortis of
course<Narr> ;itssecondevel sortsare<Cls> , <Eval> ,
<Open>, and <Coda>, while <Ornt> and <Abs> are
third level sorts. Amongthe secondevel sorts,<Cls> has
highestpriority and<Eval> next highest.

Semioticspaceslike conceptuabpacesare static. Fau-
connierand Turnerdo not attemptto capturethe behaior
of dynamicentities,with changeablestate,in their theory
However (given the necessarynathematics)it is not very
dif cult to extendsemioticspacedgo includedynamicstruc-
tures;in fact, suchan extensionis neededor applications
to userinterfacedesign,andis carriedoutin detail, with ex-
amples,in (Goguen2003), usingso calledhiddenalgebra.
The conceptuablendingtheory of Fauconnierand Turner
alsodoesnot assigntypesto elementof conceptuaspaces;
this makes sensedueto the very e xible way that blends
treattypes,but it alsorepresents signi cant lossof infor-
mation, which in fact canbe exploited in someinteresting
ways,suchasbeingableto characteriza&omemetaphorsas
“personi cations” (seethediscussiorbelow) andbeingable
to generatamorestriking andunusuablendsby identifying
sortsknown to be far apart. Anotherdifferencefrom clas-
sical conceptuablendingis thatwe do not rst constructa
minimalimagein theblendspaceandthen“project” it back
to the targetspace put instead we build the entireresultin
theblendspace.

2.2 Semiotic Morphisms & Structural Blending

Mappingsbetweensemioticsystemsare uniform represen-
tationsfor signsin a sourcespaceby signsin atargetspace,
and are called semiotic morphisms userinterfacedesign
is animportantapplicationareafor suchmappinggGoguen
1999). Becausesign systemsare formalized as algebraic
theorieswith additionalstructure,semiotic morphismsare
formalizedastheory morphismsthat also presere this ad-
ditional structure. A theory morphismconsistsof a setof
mappingsrom onetheoryto anothethatpreseresthebasic
constituentswhich aresortdeclarationspperationdeclara-
tions,andaxioms;semioticmorphismsn additionpresere
levelsandpriorities. However, thesemappingsmustbe par-
tial, becaussomesorts,constructorsetc.arenot presered
in theintendedapplications For example the semioticmor-
phismfrom the conceptuabkpacefor “king” into the blend
spacdor themetaphofThe sunis aking” discussedbove
doesnot presere thethrone,courtjester queenandcastle
(unlesssomeadditionaltext forcesit).

Figurel: BlendDiagram



Semiotic morphismsare usedin structuralblending to
establishconnectiondhetweensemiotic spacego indicate
which elementsshouldbeidenti ed. The simplestform? of
blendis shavn in Figurel, wherel; andl; arecalledinput
spacesandd is calleda basespace We call I, I, G to-
getherwith the morphismsl; — G andl, — G aninput
diagram. Givenaninputdiagramwe usethetermblendoid
for a spaceB togetherwith morphismsl; — B, I, — B,
andG — B, calledinjections, suchthat the diagramof
Figure 1 commutes in the sensethat both compositions
G —» I, - BandG — I, — B are“weakly equal’to
themorphismG — B, in the sensahateachelementn G
getsmappedo thesameelemenin B underthem,provided
that both morphismsarede ned oniit. In general,all four
spacesnay be semioticspacesthe specialcasewherethey
areall conceptuakpacegivesconceptuablends. We call
the compositionof the two morphismson the left of Figure
1 its left morphism, the compositionof the two morphism
ontheright its right morphism, to the middle upward mor-
phismits center morphism, to the triangle on the left its
left triangle, andthe triangle on the right its right trian-
gle. Sincethereareoftenvery mary blendoidssomeway is
neededo distinguishthosethataredesirable.This is what
optimality principlesarefor, anda blend is thende ned to
be ablendoidthatsatis essomegivenoptimality principles
to a signi cant degree. The blendingalgorithm of Section
3.1usesoptimality principlesbasecdbnly on the structureof
blends,ratherthantheir meaning;theseinclude degreesof
commutatvity andof type casting.

2.3 AnExample

We illustrateconceptuablendingwith theconceptshouse”
and“boat” shavn in Figure2. Eachcircle encloses con-
ceptualspace representeds a graph, the nodesof which
represenentities, and the edgesof which representaisser
tions that a certainrelation, the nameof which labelsthe
edge,holdsbetweenthe entitieson its nodes.As in Figure
1,thebottomspaces thegenericor basespacethetopis the
blendspace andthe othertwo arethe input spacesin this
casefor “house”and“boat” Thearrows betweercirclesin-
dicatesemioticmorphisms.In this simpleexample,all four
spacehave graphswith the same'‘vee” shapeandthe ve
morphismssimply presere that shape,.e., eachmapsthe
bottomnodeof the “vee”in its sourcespaceto the bottom
nodein its target. To avoid clutter, typesarenot shavn, but
in thiscasejt happenshatthetypescorrespondo theentity
namesn thegenericspace.

For this blend, the two trianglescommutefor all three
sortsin the basespace;similarly, the two baseconstants
object andperson arepresered. Thuswe have com-
mutatiity for this blend,sothatcorrespondinglementf
theinputspacesreidenti ed in theblend;e.g.,house and

2This diagramis “upside down” from that of Fauconnierand
Turnet in thatour arrovs go up, with thegenericG onthe bottom,
andthe blend B on top; this is consistentwith the basicimage
schemavoRE 1S UP, aswell aswith corventionsfor suchdiagrams
in mathematics.Also, Fauconnierand Turnerdo not include the
morphismG — B, andG playsadifferentrole.

boat areidenti ed in “houseboat” andthe mergedelement
is namedhouse/boat . Similarly, thetwo relationsin the
basespacemapto thesamerelationin theblendvia thethree
paths,sothattherelationslive-in andride areidenti-

ed. Finally, for eachpair of elementdn the basespaceor

which a relation holds, the correspondingelementsin the
blendspacesatisfythe correspondingelation,which means
thatall threepathspresere theaxiomin the sameway.

resident/
passenger  water
. »

\
live infridex,  /on

L]
house/boat

resident passenger water
L] [ ]
/ N\ /
ride, Jon

\
\ /
live m\\ J/on
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house boat

person medium

live in

Jand  water)

Figure3: Boathousdlend Space

Figure 3 shavs a secondblend of the sametwo con-
cepts,which in Englishis called a “boathousé. In it, the
boatendsup in the house Notice thatmappingresident
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 metaphorcalled personi -
cation in literary theory in which anobjectis considereda
person.For this blend, neithertriangle commutespecause
thebaseelementobject is mappedo boat in theblend
by theright morphismandto house by theleft morphism,
but is not mappedto boat/house in the blend. Simi-
larly, thecentralmorphismcannotpresere thebaseslement
person , andthe samegoesfor the baseuse operation.
On the other hand, the baserelationon goesto the same
placeunderall threemaps. A third blendis similar to (in
fact,symmetricalwith) theabove “boathouse’blend;in it, a
house/passenger  endsupridingin theboat.(Thereare
realexamplesof this, e.g.,wherea boatis usedto transport



prefabricatechousescrossabayfor ahousingdevelopment
onanearbyisland.)

A fourth blend is lessfamiliar than the rst three, but
hasvery good preseration and commutatvity properties,
andhenceis very pure, even thoughits physicalexistence
is doubtful. This is an amphibiousRV (recreationalehi-
cle) that you canlive in, and canride on land and watet
A fth blendhasan evenlessfamiliar meaning:a livable
boat for transportinglivable boats; perhapsonly an algo-
rithm could have discoveredthis counterintuitive blend. Fi-
nally, a sixth blend givesa boatusedon land for a house;
it omitsaxiomsthata house/boabe on wateranda passen-
gerrideahouse/boat(Therearealsomary lessperspicuous
blendoids.)

The extent to which a semiotic morphism preseres
sourcespaceeatureshelpsto determinets quality (Goguen
1999;Goguen& Harrell 2004b;Goguen2003). It is there-
fore encouraginghat our intuitive senseof the relative pu-
rity of theblendsdiscussedbove, andthe degreeto which
they seemboat-like and house-lile, correspondso the de-
greeto which the appropriatenorphismspresere commu-
tativity and axiomsin the input spaces.This supportsour
useof preserationmeasure$or the quality of blends.

3 Blending & Style

Most text generatiorsystemshave followed a tradition in-
spiredby the Russianformalismof Vladimir Propp(Propp
1928),implementingadiscoursédevel syntaxwith a x edset
of textualtemplateplusrulesfor combiningandinstantiat-
ing thosetemplatesalthoughtherearecertainlydifferences
in thetheoreticafoundationghey proposeor templatesand
rules,in thegeneralizabilityandsoundnessf thosefounda-
tions, andin the succes®f the experienceghey generate.
In contrast,cognitive linguistics doesnot focus on syntax,
but on mentalspacesprototypesblending,metaphoretc.;
cognitive linguisticsis cognitive in this sense.

Thesubsectionbelow shav how suchacognitiveview of
languagecanbe implementedand appliedto variouskinds
of text; in particular we reportsomeinitial experimentson
poetry A signi cant nding is that the optimality princi-
plesproposedn (Fauconnier& Turner2002)do not work
for generatingsomepoeticmetaphors As aresult,we sug-
gesta much broaderview of blending principlesin Sec-
tion 3.5, underwhich different works may be controlled
by differentprinciples;for example,the choiceof domains
for themes,imagery local knowledge,etc. is considerech
blendingprinciple,becaus¢hesedomainscontributeto both
theconceptuaandstructurablendsthatconstitutehework.
We thenexplore the ideathat style may be determinedby
suchprinciples. Beforethis, Section3.1 describesur con-
ceptualblendingalgorithm; Section3.2 describestructural
blendingfor syntax; Section3.3 reportson an experiment
in poetrygeneratiorusingthosealgorithm,and Section3.4
gives exampleswhereprinciplesquite differentfrom those
of (Fauconnie®& Turner2002)areneeded.

3.1 Conceptual Blending Algorithm

Our blendingalgorithmis programmedn LISP, and given
an input diagram,it can computeone good blend, or else

computeall blendoidsover the diagram. It doesa depth
rst traversalover two binary trees,which describepossi-
ble waysto identify relationsandto identify constantsDif-
ferentelementdrom the sameinput spaceareneveridenti-
ed. Datasortsanddataconstantsreneveridenti ed. Non-
datasortsareidenti ed only if requiredby beingmappedo
from a commonsortin the basespace.Elementsn thein-
put spacesiot mappedo from the basespaceareincluded
in the blend space. When constantf different sortsare
identi ed, both choicesfor the sort of the blendedconstant
areconsideredcceptable(Goguen& Harrell 2004a)gives
moredetailon theimplementation.

Even for simple inputs, the numberof blendoidsis so
large that it is dif cult for humansto nd themall. In
the houseboaéxample,the algorithmcomputest8 primary
blendoidg(in which every possibleaxiomis presered),and
736includingthosethatfail to presere someaxioms. This
impliesthatef cient techniquedor computinghigh quality
blendsarenecessaryor the algorithmto be usefulfor con-
tentgeneratiorandanalysis. Therearethreedistinct ways
thatone cango aboutthis; all areneeded.The rst is just
to optimizea givenprocedureg.g.,by usingmoreef cient
datarepresentationslheseconds to improvetheprocedure
to reducethe searchspacesothatlow quality blendoidsare
neithergeneratedor examined(asopposedo nding and
thenrankingall blendoids). The third is to usemore dis-
criminatingmeasuresf quality, whichwe hereaftealsocall
optimalityprinciples

The optimality principlesof (Fauconnie& Turner2002)
arepowerful, but not computationallyeffective. Our blend-
ing algorithmcurrentlyusesdegreeof commutatvity asits
only optimality principle, but we will add other computa-
tionally feasibleoptimality principles,including degree of
axiom preseration, and amountof type castingfor con-
stants A typecastmeanghata constanin theblendoidhas
beengivenanunnaturalype; without type casting blended
items must have compatibletypes(i.e., the sametype, or
elseonea subtypeof the other). Futurework will make op-
timality principlesausersetparametemith eachoptimality
principlemeasure@n a numericalscaleandgivenaweight
(possiblynegative),to yield a singleweightedsum. Thresh-
olds canbe setfor componenmeasureandfor the sum,to
avoid processindgow quality blendoids.A fascinatingesult
is that somemetaphorsn the Nerudapoemin Section3.4
requirevaluingtype castspositively.

3.2 Syntax as Blending

This subsectiordevelopsanapproactto text generationin-
spiredby cognitive grammarandbasedon structuralblend-
ing; it is illustratedby the Labov narrative syntaxof Section
1.3. This materialdoesnot apply to the algorithmof Sec-
tion 3.1, which is for conceptuablending. The approach
assumes context freegrammaysowe rst corvertthetwo
EBNF Labov rulesto this form; this yields mary rules,one
of which (dependingn how it is done)is:
<Narr> — <Open> <Cls> <Eval> <Coda>

Next, corvert 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
assertinghis termhassort<Narr> andsalieng® 1,

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

where[ ::_, ] is a 3-placerelation constructorinterpre-
taedasabove. Termsin suchaxiomsarecalledtemplates
Thesetof all suchaxiomsis the Labov spacecall it L.

To getanactualnarratve, we needa domainspaceD for
phrasedo instantiatethe bottomlevel non-terminalsn L.
Theseareassertedsaxioms,justasabove,e.g.,

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

A moresophisticate@pproachtakenby the systemof Sec-
tion 3.3, usesmore cognitively orienteddomainswith ax-
iomsfor relationshipsyhich arethencorvertedto syntactic
templatedor instantiation.Notethattemplatesnay contain
variablesthat call for a conceptuablend producedby the
algorithm of Section3.1, drawing on conceptualdomains
differentfrom thoseusedfor syntax.

Next, the genericspace contains:a constanof sortNT
for eachnon-terminalin the grammar;variablesymbolsof
sortVar ; theaboverelationconstructof :: , ] ;andan-
otherrelationconstructoff_:_] thatis explainedbelow.

The last ingredientis a setof deductionrulesto enable
instantiationalsogivenasaxioms,oneof whichis

X @ sT &[MX) = sy &' = sV
= [t(t") Doos,w
where [X : s indicatesthat variable X has sort s'
t(t") indicatessubstitutionof t'  for X in t , andwhere

v' indicatesmultiplication of realnumbersy andv' . In-
tuitively, the axiom saysthat if X hassorts' , andif t
hassorts andcontainsX, andif t' hassorts' , thenthe
substitutionof t' into t for eachinstanceof X hassort
s (and salieny vv' ). The genericspace(and henceall
input spaces)xhouldalso containversionsof this rule for
templatest(X,Y) with two variables,for templateswith
threevariablesgtc.,up to the maximumarity in any domain
(alternatvely, an inferencespacecould be de ned andim-
portedinto every space). The dataalgebrashouldinclude
theoperationfor substitutindists into lists.

Finally, we blendtheinput spaced andD over G, with
the evident morphisms,and considerthe deductve closure
of the blend spaceB, which containsall axiomsthat can
be deducedrom the givenones. Thoseaxiomswith terms
of sort<Narr> containingno variablesarethe narratives.
When several templatesare available, a randomchoiceis
made;salienciescanbe usedto computeprobabilities,and
the saliengy of a templatecan be reducedafter it is used,
to help avoid repetitions.All this is easilycodedin Prolog,
to bothproduceandparsenarratives(but declaratve coding
will requiresettingall saliencieso 1, sinceProlog cannot
reasorwith realnumbers).A practicalsystemlike thatde-
scribedin Section3.3 canjust take the above asa seman-
tic speci cation and implementit using standardtricks of
thetrade. A differentformalizationalsoseemgossible,in
which rules are constructorsand processings doneat the

3For suchrules,our salieng is similar to entrenchmenin the
senseof (Langacler 1999); we assumesalieng valuesarein the
unitinterval 0 < v < 1, sothey follow thefuzzylogic of (Goguen
1969).

basiclevel, insteadof though axiomatizationat the meta-
level.

More complex blendingthan instantiationcan use con-
straintsas axioms, e.g., for tenseand numberagreement,
or to handleanaphoriccoreferenceof a noun phraseand
pronoun. This seemsa new approach consideringsyntax
asemepgentfrom real-timeprocessingand integratedwith
conceptuaprocessing.lt is technicallysimilar to uni ca-
tion grammai((Shieberl986)givesagoodintroduction)and
canbemadeevencloserwithoutmucheffort, andit is philo-
sophicallysimilar to the cognitve grammarof (Langacler
1999). Of course this formalismcannotdo everythingone
mightlike (seethe rst pragraphof Section2), but it seems
morethanadequatdor our projectof generatingnteresting
new mediaobjects.

3.3 Active Poetry

This sectiondescribes poetrygeneratiorsystem.It is not
intendedas part of a project producinga comprehensie
modelof the humanmind. Insteadour motivationis to im-
prove the algorithms,the theory and our understandingf
blending,aswell asto produceinterestingtexts. Fox Har
rell createdaninstanceof this systemcalled“The Girl with
Skin of HaintsandSeraphs’{Harrell 2004). This L1SP pro-
gramdraws on a setof themedomainssuchasskin, angels,
demonsEuropeandAfrica, givenassetsof axioms.It con-
structsinput spacedy extractingaxiomsfrom two different
domainsandtheninfersrelations sorts,andconstantgrom
theseaxioms. A basespaceis generatedy instantiating
sharedstructurebetweenthe spaces.Morphismsfrom the
basespaceto the input spacesare generatedandthe input
spacesbasespace andmorphismsare passedo the blend-
ing algorithm.Blendingknowledgedomainswith themedo-
mainsrequiresselectingappropriateeonceptuaspacegrom
thent. Knowledgedomainsprovide background.

In generatinga metaphor one input spaceis chosenas
target,andattributesfrom the otherinput spaceareblocked,
which cangreatly reducethe searchspace. The generated
blendsare then placedin poetic phrasetemplates,which
arethenplacedin largergraintemplategor Labov narrative
structure.Only conceptuablendswith maximalcommuta-
tivity areoutput. A samplepoemgeneratedby the systemis
givenbelow (with parentheseseemovedfrom the LISP out-
putandcorrespondingunctuatioradded):

hertale beganwhenshewasinfectedwith smugnesskeeitis.

shebeganherdayslooking in the mirror atherown
itchy entitledface.

herfailurewasignoring hertormentedangelnature.

life wasanastoundingniracle.

nordic-beautyeath- gurevaporsteamedrom herpores
whensherodeherbicycle.

thatwasnothinglovely.

when21 shewasa homelywoman.

shedecidedo perseere;

in therain, shefearsonly epidermismperialists.

shebelievesthatevil pridedevoursandalternatesvith
prideof hope.

4Selectingby priority of sortsandrelationsis a promisingidea
for futureimplementation.



it wasno laughingmatter

shesnugglesn angelskin sheetsandsleeps.

insideshewasresohedto never nd

asmugor paranoidove.

This poemis a commentaryon racial politics andthe lim-
itations of simplistic binary views of socialidentity. The
dynamicnatureof socialidentityis alsore ectedin theway
the programproducedifferentpoemswith differentnovel
metaphorseachtime it is run (thoughreadinga large num-
berof thesecouldbetiresome).

The text grammarof Section3.2 givesa basisfor ratio-
nally reconstructingand enhancinghe poetry system(the
currentimplementationwas not conceved this way when
built, and is less general). The Labov spaceof Section
3.2 givestop level structurefor poems.Onepoeticdomain
containghetemplate(her tale began when *r*) |
in the LI1sP syntaxof the implementationwhere*r* is a
variablethat getsinstantiatedwith a noun phrasecontain-
ing a pasttensetransitve verb, suchas(was infected
with  *s*) where*s* is avariablethatgetsinstantiated
with a conceptuablendproducedby the algorithmof Sec-
tion 3.1. Theaxiomaticform of the rst templateis

[her tale began when X. <Ont>, .9]

wherewe assigrsalieny .9 (althoughthecurrentimplemen-
tation doesnot have saliencies). Argumentsof othertem-
platesareinstantiatedvith elementfrom 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 considereccheatingby tradi-
tional Al practitioners,sincemosttext generationprojects
are orientedtowardstotal automationand Turing testcom-
petence.But our quite differentgoal is to usethe blending
algorithmin ahumandesignedystemhatgeneratepoetry
containingnovel metaphorsn real-time;just aswith com-
putergamesit is desirableandnecessarfor humango pro-
vide rich content. For suchprojects,artistic freedommust
take precedenceverdogmaticTuring testreductionism.

A related point is raised by EspenAarseths analysis
(Aarseth1997)of text generatiorsystemsyhich takesrela-
tionshipsamongprogrammersystemandreaderasa basis
for critical analysis. This is usefulbecauseeaders'autho-
rial modelsaffect theirinterpretation®f works, causingthe
approachesf traditionalliterary criticismto fail whencom-
putersare putative authors. Our view is that an instantia-
tion of the poetry generationsystemwith domainsshould
be viewed asa work of art, producedby the designerpro-
grammerand instantiatorof the system,andjudgedby the
corpusof poemsproducedby that instance;we considerit
entirely wrong to view an individual poemas producedby
“the computer

3.4 Unconventional Blends

The poem“Walking around”by PabloNerudahasthe form
of a narrative. Its rst stanzasenesasan orientation,in-
troducingthe protagonistthe place,andthetime (the latter
two in a condensegoeticform); the locationis perhapsa
smallcity in Chile. Eachsubsequerdtanzasxploresaspects
of someareawithin thatcity, usingmetaphorsghatareoften

quite striking. The generalthemeof the poemis weariness
inducedby consumerismHereareits rst two stanzagout
of ten,from (Fitts 1941)):

It sohappenghat| amtired of beingaman.

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

Thesmellof barbershopmakesmeweepaloud.
All 1 wantis arestfrom stonesor wool,
all I wantis to seeno establishmenter gardens,
no merchandiser gogglesor elevators.

Nerudas metaphoroftenblendconceptsn uncorventional
waysthatrequireoptimality principlesquite differentfrom
thoseof (Fauconnier& Turner 2002). For example, the
phrasé'w aterof beginningandashes'iolatesthe rst three
principles(andthusrequiresmucheffort to satisfythefourth
and fth) of Sectionl.2,by combiningthingsof enormously
differenttype, so that castingto very remotetypesis re-
quired. It follows that to generatesuch metaphorstype
castswould have to be valuedpositively ratherthan nega-
tively. A lessdrasticexamplein the sametext is “swan of
felt.” Similarreversalsof optimality principlesareneededo
generatssomeimagesin Rilke's Duino elgyies e.g.,“cheap
winter hatsof fate” in the fth elegy. Nerudas imagery
objects,andculturalcontexts canbeimplementedisingdo-
mains, e.g.,a Town-location is a placesuchasa tai-
lorshop, movie theater or barbershopwhich hastown-
object s, suchas goggles,elevators, wool, and stones,
where attributes of wool might be heary and impervious.
For us,blendingis a multi-grainprocessandevidencefrom
poetrysuggestshatuncorventionalprinciplesarealsonec-
essaryatthe structuralaswell asconceptualevels.

3.5 StyleasBlending Principle Choice

Our poetry generationsystemusesblending at three dif-
ferentlevels: large grain structure(e.g., Labov narratve),
wherestructurablendingcombinesclausalunits, which are
in turn producedby structuralblendingof phrasaklements,
someof which resultfrom conceptuablending. Different
choicesof constructorsat the top two levels can produce
very different styles, suchas a randomized‘postmodern”
ordering, or a deeply embeddecharrative structure(asin
A Thousandand One Nightg, or a sonnet;constructorsat
theselevels couldalsobe usedto controltransitionsamong
suchstyles (thesewould correspondo conditionalrules).
Other stylistic parametersat the secondevel include syn-
tactic compleity, andtenseand mood of verbs; different
domainsfor themesplaces etc.canalsobe selectedat dif-
ferenttimes. In additionto blendedmetaphorsthe phrasal
level includesnounclustersyerbphrasesetc.,againpoten-
tially taken from differentdomainsat differenttimes. At
eachlevel, different optimality principlescan be usedfor
makingchoices,andthesetoo canbe differentat different
times(notethatrandomizatioris an optimality principlein
our broadsensef thatphrase).

Thisgivesriseto 12 parameterfor controllingstyle: each
of the threelevels hasa setof available domains,itemsin
thosedomains,optimality principlesfor choosingamong



blends,andcontrolsfor changingdomains. Sincethe con-
tent of domainsmay include not just constructorsand re-
lation instanceshut also axiomsfor templatesand for se-
manticrelationshipsjf we counttheseas parametersthen
we get 18 parameters.Of course,we could cut this cake
more nely or morecoarselyto getdifferentnumbersand
we may later nd other parametershat are alsoimportant
for style. Every parametecanbeconsidered principlethat
controlsblending,but by far the mostinterestingandleast
exploredarenon-classicabptimality principles. The narra-
tive, causalandaccountabilityprinciplesof Sectionl.3are
alsointerestingo consider It is clearthatall principlesmust
be carefullytunedto achiere areasonabl@pproximatiorto
an existing style, but it is alsoclearthatthe resultsare un-
likely to be closeto thegeniusof agreatpoetlike Neruda.

4 Conclusions& Future Work

A surprisingresultof our experimentds thata combination
of conceptuakndstructuralblendingcanproduceinterest-
ing poetry which somecritics have even consideredsupe-
rior to prior computemgeneratedavorks. Anotheris thatboth
large grain structureand syntaxcan be handledby blend-
ing in ways that are closeto, but extend, what has been
donein prior text generationprograms;this useof blend-
ing also givesrise to a somavhat novel view of grammar
asemepentfrom processesf blending,ratherthan x edin
adwance. A third resultis thatit is easyto extendthis ap-
proachto interaction to mediaotherthantext, andto forms
otherthannarratve. We were also surprisedthat the opti-
mality principlesproposeddy (Fauconnier& Turner2002)
for corventional,commonsenselenddik e “houseboat’of-
ten fail for generatingpoetry; on the contrary what might
be calleddisoptimizationprinciplesare neededo generate
somemetaphorsn the Nerudapoemin Section3.4. This
led usto considerarangeof differentprinciples,andto ana-
lyze stylein termsof the principlesusedfor blendingtexts,
where“text” is understoodn a broadsenseo includecin-
ema,video gamesandevenliving. The resultingview of
style differs radically from views basedon estimatingpa-
rametersn statisticalmodelsof mediaobjects.
Futurework will build aversionof the Nerudapoemwith
output dependingon user navigation througha computer
map of a small Chileantown, and build computergames
with story lines dependingon interactionhistory. Our the-
ory of styleasblendingprincipleswill befurtherdeveloped
andappledto a variety of mediaandgenressuchasvideo
games,Im music,architectureandmagazinelesign.
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