
Dimensions of Style in Computer Mediated TextJoseph A. Goguen and D. Fox HarrellDepartment of Computer Siene & Engineering, University of California, San DiegoAbstrat: This note explores ways that style manifests in omputer mediated texts, in a broadsense inluding inema, video games, and even living. Muh of our analysis relies on blending,enrihed from ognitive linguistis with struture building operations to get strutural blending,whih we show enompasses metaphor, syntax, and narrative. Initial results onern poetry, butthe approah generalizes to other media. One result is that optimality priniples very di�erentfrom those of ommon sense blending are needed for reative poeti blends.1 IntrodutionJames Meehan's 1976 tale-spin [13℄ was perhaps the �rst omputer story generation system. It explored thereative potential of viewing narrative generation as a planning problem, in whih agents selet appropriateations, solve problems in the simulated world, and output logs of their ations, using syntati templates.Here is a sample:Henry Squirrel was thirsty. He walked over to the river bank where his good friend Bill Bird wassitting. Henry slipped and fell in the river. Gravity drowned.The logi is impeable: Gravity is pulling Henry into the river, and it has no friends, arms, or legs that ansave it from the river; therefore Gravity drowns. But humans know Gravity is not subjet to drowning; thereis a startling type hek error here. Subsequent systems were better, but still mainly used templates andlogi, following the lines of \good old fashioned AI," whih assumed that human ognition is omputationover logi-based data strutures, and whih largely ignored (or even denied) the embodied and soiallysituated nature of being human. They laked elegane and style. But how an we do better? And what isstyle anyway?The deonstrutionists tell us there is no good answer to suh questions, and perhaps they are right. Butit seems easier to generate texts that \have a onsistent style" than than to de�ne what \style" is, and thispaper only aims to distinguish ertain useful dimentions of style, for the speial ase of omputer mediatedtexts (see 4.4). In partiular, it onsiders real-time generated poetry (see Setion 4.2), unonventional blends(Setion 4.3), and by way of future work, omputer games that generate new plots (see Setion 5). Somefoundations are briey reviewed in Setion 2.2 FoundationsThis setion briey reviews some topis that are foundational for the work reported in this paper.2.1 NarrativeNarrative provides the basis for a deeper and more satisfying involvement for most entertainment, and formany games and art works. Temporal and ausal suession are essential for narrative, but values also playa key role, by onneting events in the story to the soial worlds and personal experienes of users. Thesetwo aspets of narrative provide the sense that a work is \going somewhere" and that it \means something,"respetively. Soiolinguist William Labov and others have studied oral narratives of personal experiene,whih are told orally to a group of peers under natural onditions. The following briey summarizes theirstruture:1. There is an optional orientation setion, giving information about the time, plae, haraters, et.in what will follow.2. The main body of the narrative onsists of a sequene of narrative lauses desribing the events ofthe story; by a default onvention, alled the narrative presupposition, these are taken to our inthe same order that they appear in the story. The narrative lauses are usually in the past tense.



3. Narrative lauses are interwoven with evaluative material relating events to the narrator's valuesystem, whih is presumed shared with the audiene.4. There is an optional losing setion, summarizing the story, or perhaps giving a moral.The interpretation of narrative also employs the ausal presupposition, whih says that, other thingsbeing equal, given lauses in the order A, B we may assume that A auses B.These laims are thoroughly grounded in empirial researh and linguisti theory. Although stritlyspeaking, they only apply to oral narratives of personal experiene, they still yield insight into other forms,suh as novels and human omputer dialogues, beause oral narratives of personal experiene are founda-tional. It may be surprising that values are an integral part of the internal struture of stories, rather thanbeing on�ned to a \moral" at the end, but they our often and in many di�erent ways, inluding expliitjusti�ations for the narrator's hoie of what to tell, or a harater's hoie of what to do, and impliitlyvia emphati words, suh as \very" or \extremely." The default narrative presupposition an be overriddenby expliit markers of other temporal relations, suh as ashbaks and ashforwards. Moreover, narrativesmay involve multiple times, plaes or narrators, but still be omposed of subsequenes that onform to theabove struture.The strutural aspets of this theory an be formalized as a grammar, the instanes of whih orrespondto the legal strutures for narratives. The following uses so alled extended BNF notation,<Narr> ::= <Open> (<Cls> <Eval>*)* [<Coda>℄<Open> ::= ((<Abs> + <Ornt>) <Eval>*)*where [...℄ indiates either zero or one instane of whatever is enlosed * indiates one or more instanes,+ indiates exlusive or, and juxtaposition of subexpressions indiates onatenation. Here <Narr> is fornarratives, <Cls> is for narrative lauses, takeen to potentially inlude evaluation, <Eval> is for stand-aloneevaluative lauses, <Open> is for the opening setion, whih may inlude an orientation and/or abstrat, and<Coda> is for the losing setion.2.2 Metaphor and BlendingFauonnier and Turner have developed a theory known as oneptual blending, or oneptual integra-tion [2℄. Coneptual spaes are a basi notion of this theory, building on Fauonnier's earlier notion ofmental spaes. Coneptual spaes are relatively small, transient olletions of onepts, seleted from largerdomains for some purpose at hand, suh as understanding a partiular sentene. Coneptual spaes are setsof \elements" and relation instanes among them. George Lako�, Mark Johnson, and others [11, 10℄ havestudied metaphor as a mapping from one oneptual spae to another, and shown that metaphors ome infamilies, alled image shemas, having a ommon theme. One example is more is up, as in \His salaryis higher than mine," or \That stok rose quite suddenly." The soure up is grounded in our experiene ofgravity, and the shema itself is grounded in everyday experienes, suh as that when there is more beer in aglass, or more peanuts in a pile, the level goes up. Many image shemas, inluding this one, are grounded inthe human body, and are alled basi image shemas; they tend to yield the most persuasive metaphors,and an be useful, for example, in user interfae design [4℄.Fauonnier and Turner study the blending of oneptual spaes, to obtain new spaes that ombine partsof the input spaes [2℄. Blending is ommon in natural language, for example, in words like \houseboat"and \roadkill," and in phrases like \arti�ial life" and \omputer virus." blending is laimed to be abasi human ognitive operation, invisible and e�ortless, but pervasive and fundamental, for example ingrammar and reasoning. It also gives a new way to understand metaphor. For example, in \the sun is aking," we blend oneptual spaes for \sun" and \king," resulting in a new, blended spae, together withoneptual mappings to it from the \king" and \sun" spaes. Although there is no diret mappingbetween the two original spaes, there are \ross spae" identi�ations, ertainly inluding the identi�ationof the \sun" and \king" elements, so that they are the same element in the blended spae. Metaphoriblends are asymmetri, in that the target of the metaphor is understood using only ertain salient oneptsfrom the other \soure" spae [8℄. For example, aspets of \king" are \bloked" from mapping to theblend spae { usually the sun does not wear a rown or harge taxes. Additional information needed tounderstand a blend may be reruited from other spaes, as well as from frames, whih enode highlyonventionalized information. Coneptual integration networks are networks of oneptual spaes and2



oneptual mappings, used in blending the omponent spaes for situations that are more omplex than asingle metaphor.2.3 Optimality PriniplesHere are six of the priniples that Fauonnier and Turner [2℄ give to haraterize optimal blends:1. Integration: The senario in the blend spae should be a well-integrated sene.2. Web: Tight Connetions between the blend and the inputs should be maintained, so that an event inone of the input spaes, for instane, is onstrued as implying a orresponding event in the blend.3. Unpaking: It should be easy to reonstrut the inputs and the network of onnetions, given the blend.4. Topology: Elements in the blend should partiipate in the same kinds of relation as their ounterpartsin the inputs.5. Good Reason: If an element appears in the blend, it should have meaning.All these require human judgement, and annot be implemented in any obvious way. However the TopologyPriniple, in the speial ase where the relations involved are identities does not involve meaning, and so anbe implemented; indeed, it is part of our blending algorithm.3 Algebrai Semiotis and Strutural BlendingIt may help to �rst larify our philosophial orientation, sine mathematial formalisms are often given astatus beyond what they deserve. For example, Eulid wrote, \The laws of nature are but the mathematialthoughts of God." However, our viewpoint is that formalisms are onstruted by researhers in the ourse ofpartiular investigations, having the heuristi purpose of failitating onsideration of ertain issues in thatinvestigation; theories are situated soial entities, mathematial theories no less than others.Whereas oneptual spaes are good for studying onepts, but are inadequate for struture, e.g., todesribe how a partiular meter ombines with a spei� rhyme sheme in a �xed poeti form; musi raisessimilar issues, whih again require an ability to handle struture. Thus, to use blending as a basis for stylistianalysis, we must generalize oneptual spaes to take aount of struture, whih requires onstrutors andaxioms; it also helps to have a hierarhial type system. Hene we distinguish oneptual blending fromstrutural blending, whih we may also all strutural integration, where the former is blending ofoneptual spaes and the latter is blending that in general involves non-trivial onstrutors.Algebrai semiotis uses algebrai semantis to desribe the struture of omplex signs (e.g., a musivideo with subtitles), and to study the blending of suh strutures. Algebrai semantis has its origin in themathematial foundations of abstrat data type theory [7℄. The basi notion is that of a theory, onsistingof sort and operation delarations, possibly with some subsort delarations.A semioti system (also alled a semioti theory or sign system) [4℄ onsists of a algebrai theory,plus a level ordering on sorts (having a maximum element alled the top sort) and a priority ordering onthe onstituents at eah level. Sorts lassify the parts of signs, while data sorts lassify the values of attributesof signs (e.g., olor and size). Signs of a ertain sort are represented by terms of that sort, inluding but notlimited to onstants. Among the operations, some are onstrutors, whih build new signs from given signparts as inputs. Levels express the whole-part hierarhy of omplex signs, whereas priorities express therelative importane of onstrutors and their arguments; soial issues play an important role in determiningthese orderings. Coneptual spaes are the speial ase with only onstants and relations, and one sort.Many details omitted here appear in [4, 5℄.Books provide a simple example of a semioti theory. Book is the top sort, Chapter is the seondary sort,Head and Content are tertiary sorts, and Title and PageNo are fourth level sorts. One onstrutor buildhapters from their head and ontent, and another builds heads from a title and page number. Among theonstituents of Head, Title has priority over PageNo, and among those for Chapter, Head has priority overContent. The grammar for narratives an also be desribed as a semioti system. The top level sort is ofourse <Narr>; the seond level sorts are <Cls>, <Eval>, <Open>, and <Coda>, while <Ornt> and <Abs> arethird level sorts. 3



The strutures desribed by semioti spaes, like those of oneptual spaes, are stati. Fauonnier andTurner do not attempt to apture the behavior of dynami entities, with hangeable state, in their theory.However (given the neessary mathematis), it is not very diÆult to extend semioti spaes to inludedynami strutures; in fat, suh an extension is needed for appliations to user interfae design, and isarried out in detail, with examples, in [5℄. The oneptual blending theory of Fauonnier and Turner alsodoes not assign types to elements of oneptual spaes; this makes sense, due to the very exible way thatblends treat types, but it also represents a signi�ant loss of information, whih in fat an be exploited insome interesting ways, suh as being able to haraterize some metaphors as \personi�ations," and beingable to generate more striking and unusual blends by identifying sorts that are far apart. Another di�erenefrom ognitive linguistis is that we do not �rst onstrut a minimal image in the blend spae, and then\projet" it bak to the target spae, but instead, we build the entire result in the blend spae.Mappings between sign systems in semiotis are uniform representations for signs in a soure spae bysigns in a target spae, and user interfae design is an important appliation area for suh mappings [4℄.Sine we formalize sign systems as algebrai theories with additional struture, we should formalize semiotimorphisms as theory morphisms; however, these must be partial, beause in general, not all of the sorts,onstrutors, et. are preserved in the intended appliations. For example, the semioti morphism fromthe oneptual spae for \king" into the blended spae for the metaphor \The sun is a king" disussedabove (most likely) bloks the throne, ourt jester, queen, and astle. In addition to the formal struture ofalgebrai theories, semioti morphisms should also (partially) preserve the priorities and levels of the sourespae. The extent to whih a morphism preserves the features of semioti theories helps to determine itsquality [4, 6, 5℄.The simplest form1 of blend is shown in Figure 1, where I1 and I2 are alled input spaes, and Gis alled a base spae. We all I1; I2; G together with the morphisms I1 ! G and I2 ! G an inputdiagram. Given an input diagram, we use the term blendoid for a spae B together with morphismsI1 ! B, I2 ! B, and G ! B, alled injetions, suh that the diagram of Figure 1 ommutes, in thesense that both ompositions G ! I1 ! B and G ! I2 ! B are \weakly equal" to the morphism G ! B,in the sense that eah element in G gets mapped to the same element in B under them, provided that bothmorphisms are de�ned on it. In general, all four spaes may be semioti spaes; the speial ase where theyare all oneptual spaes gives oneptual blends. We all the omposition of the two morphisms on the leftof Figure 1 as its left morphism, the omposition of the two morphism on its right as its right morphism,to the middle upward morphism as its enter morphism, to the triangle on its left as its left triangle, andthe triangle on its right as its right triangle. A more preise, but mathematially diÆult de�nition is givenin Appendix B of [7℄. Sine there are often very many blendoids, some way is needed to distinguish thosethat are desirable. This is what optimality priniples are for, and a blend is then de�ned to be a blendoidthat satis�es some given optimality priniples to a signi�ant degree. Setion 4.1 gives optimality priniplesbased only on the struture of blends, rather than their meaning, suh as the degrees of ommutativity andof type asting. �������I �������I6I1 I2G
B

Figure 1: Blending DiagramWe an illustrate oneptual blending with the onepts \boat" and \house," as shown on the left ofFigure 2. For this blend, the two triangles ommute for all three sorts in the base spae; similarly, thetwo base onstants objet and person are preserved. Thus we have ommutativity for this blend, so thatorresponding elements of the input spaes are identi�ed in the blend; e.g., house and boat are identi�edin HOUSEBOAT, and the merged element is named house/boat. Similarly, the two relations in the base spaemap to the same relation in the blend via the three paths, so that the relations live-in and ride are1This diagram is \upside down" from that used by Fauonnier and Turner, in that our arrows go up, with the generi G onthe bottom, and the blend B on the top; this is onsistent with the basi image shema more is up, as well as with onventionsfor suh diagrams in mathematis. Also, Fauonnier and Turner do not inlude the map G! B.4



identi�ed. Finally, for eah pair of elements in the base spae for whih a relation holds, the orrespondingelements in the blend spae satisfy the orresponding relation, whih means that all three paths preserve theaxiom in the same way.

Figure 2: Houseboat Blend Diagram & Boathouse Blend SpaeThe right part of Figure 2 shows a seond blend of the same two onepts, whih in English is alleda \boathouse." In it, the boat ends up in the house. Notie that mapping resident to boat would nottype hek, where it does if we \ast" boat to be of type person. Without this, the boat ould not livein the boathouse; it is a kind of metaphor, alled personi�ation in literary theory, in whih an objet isonsidered a person. For this blend, neither triangle ommutes, beause the base element objet is mappedto boat in the blend by the right morphism, and to house by the left morphism, but is not mapped toboat/house in the blend. Similarly, the entral morphism annot preserve the base element person, and thesome goes for the base use operation. On the other hand, the base relation on goes to the same plae underall three maps. There is a third blend whih is similar to (in fat, symmetrial with) the above BOATHOUSEblend, in whih a house/passenger ends up riding in the boat. (There are real examples of this, e.g., wherea boat is used to transport prefabriated houses aross a bay for a housing development on a nearby island.)There is a fourth blend, the meaning of whih is less familiar than the �rst three, but the preservationand ommutativity properties of whih are very good, so that it is a very pure blend of its input, even thoughits physial existene is doubtful. This is an amphibious RV (rereational vehile), a vehile that you anlive in, and that you an ride in on land and on water. In addition, there is a �fth blend, the meaning ofwhih is even less familiar: a livable boat for transporting livable boats. Perhaps only a blending algorithmould have disovered it, sine it seems rather ounter-intuitive for humans. Finally, a sixth blend gives aboat used on land for a house; it arises omitting the axioms that require a house/boat to be on water and apassenger to ride a house/boat.It is enouraging that our intuitive sense of the relative purity of these blends, and the degree to whihthey seem \boat-like" and \house-like," orresponds to priniples suh as degree of ommutativity, andpreservation of axioms in input spaes. This suggests that measuring the quality of blends by preservationis reasonable.Narrative onstrution provides a nie example of strutural blending. We �rst de�ne a \narrative spae"for the rules in Setion 2.1, seen as onstrutors by reversing their diretion and expanding the *s; in thisontext, suh onstrutors are onventionally alled \templates." The narrative spae also needs additionalrules to supply lauses to instantiate the arguments of the Labov onstrutors. Some arguments would beblended with elements from other spaes to provide partiular persons (e.g., a protagonist), plaes, objets,et.; this ross-spae sharing is indiated by shared generi onstants from a generi spae. All these spaesvary from one narrative to another; it is a major task of the artist to hoose them appropriately.
5



4 Computational StylistisEspen Aarseth's extended analysis [1℄ of text generation systems onsiders relationships among programmer,system, and reader, as a basis for ritial analysis. This fous is useful, beause readers' authorial modelsa�et their interpretation of works, ausing the approahes of traditional literary ritiism to fail. Althoughthere are di�erenes in the theoretial foundations for the templates and rules, the generalizability andsoundness of those foundations, and the suess of the experiene generated, all these systems ultimatelyamount to some set of preomposed textual templates plus rules for ombining and instantiating them,inspired by work like that of Vladimir Propp, in the tradition of Russian formalism. In ontrast, ognitivelinguistis does not onsider meaning to reside in the language forms themselves, but to be generated byoperations involving metaphor, mental spaes, prototypes, blending, et.4.1 Algorithmi BlendingThe blending algorithm is programmed in lisp, and given an input diagram, either omputes one goodblend, or else all blendoids over that diagram. It is a depth �rst traversal over the binary trees desribingthe ways to identify relations and the the ways to identify onstants. The algorithm urrently uses degree ofommutativity as its only optimality priniple, but we are onsidering other optimality priniples that areeasy to implement, suh as the amount of type asting for onstants, beause the more of these a blendoidhas, the more onstants get unnatural sorts. Another is axiom preservation. A running program is valuable,beause even for relatively simple inputs, the number of blendoids is so large that it is diÆult for a humanto disover them all. In the houseboat example, the algorithm omputes 48 primary blendoids (in whihevery possible axiom is preserved), and 736 if it also omputes those that fail to preserve some axioms. Animportant onlusion is that eÆient tehniques for omputing high quality blends are neessary for thetheory to be useful for ontent generation and analysis.4.2 Ative PoetryThis setion desribes an experiment with improvisational poetry. Suh experiments are not intended toprodue omprehensive models of the human mind. Instead, the motivation is to improve the algorithm,the theory, and our understanding of blending. Fox Harrell used the blending algorithm in a system alled\The Girl with Skin of Haints and Seraphs" [9℄. The lisp program draws on a set of theme domains suh asskin, angels, demons, Europe, and Afria, given as sets of axioms. It onstruts input spaes by extratingaxioms from two di�erent domains, and then infers relations, sorts, and onstants from these axioms. A basespae is generated by instantiating shared struture between the spaes. Morphisms from the base spae tothe input spaes are generated, and the input spaes, base spae, and morphisms are passed to the blendingalgorithm. The generated blends are then plaed in poeti phrase templates, and larger grain templates forLabov narrative struture. Only blends with the highest possible ommutativity are given as output. Asample poem generated by the system is given below, edited lightly for grammar and format:her tale began when she was infeted with smugnessloveitis.she began her days looking in the mirrorat her own ithy entitled fae.her failure was ignoring her tormented angel nature.life was an astounding mirale.nordi-beauty death-�gure vapor steamed from her poreswhen she rode her biyle. that was nothing lovely.when 21 she was a homely woman. she deided to persevere;in the rain, she fears only epidermis imperialists.she believes that evil pride devours and alternates with pride of hope.it was no laughing matter.she snuggles in angel skin sheets and sleeps.inside she was resolved to never �nda smug or paranoid love. 6



This poem is a ommentary on raial politis and the limitations of simplisti binary views of soial identity.The dynami nature of soial identity is a entral theme of this poeti system, as reeted in the way theprogram dynamially generates many poems based upon �xed theme domains. The program an be runany number of times, and will produe di�erent poems with di�erent novel metaphors, though reading largenumbers of these ould beome tiresome.4.3 Unonventional BlendsThe poem \Walking around" by Pablo Neruda has narrative form. Its �rst stanza serves as an orientation,introduing the protagonist, the plae, and the time (the latter two in a ondensed poeti form); the loationis perhaps a small ity in Chile. Eah subsequent stanza explores aspets of some area within that ity,using metaphors that are often quite striking. The general theme of the poem is weariness indued byonsumerism. Here are its �rst two stanzas (out of ten, from [3℄):It so happens that I am tired of being a man.It so happens, going into tailorshops and movies,I am withered, impervious, like a swan of feltnavigating a water of beginning and ashes.The smell of barbershops makes me weep aloud.All I want is a rest from stones or wool,all I want is to see no establishments or gardens,no merhandise or goggles or elevators.Neruda draws on rih domains of imagery, allusion, multi-sensory experiene, objets, and ultural ontext,whih an be represented as a set of domains. For example, a Town-loation is a plae suh as a tailorshop,movie theater, or barbershop, and would ontain town-objets, suh as goggles, elevators, wool, and stones,where attributes of wool might be heavy and impervious. Neruda's metaphors often blend onepts inunusual, reative ways (suh as \swan of felt" and \water of beginning and ashes"). This requires optimalitypriniples very di�erent from those that produe onventional blends, for example, type asts to very di�erentsorts may be preferred. To blend knowledge domains with theme domains requires seleting appropriateoneptual spaes from these domains. Seleting by priority of sorts and relations gives one approah.Knowledge domains provide bakground ontext.4.4 Twelve Dimensions of StyleWe have proposed using blending at three di�erent levels2: large grain narrative (or other) struture (e.g.,Labov), where strutural blending ombines lausal units, whih in turn result from strutural blending ofphrasal elements, whih the.selves result from oneptual blending. Di�erent hoies of onstrutors at thetop two levels an produe very di�erent styles, for example, a linear narrative vs. a random \post-modern"exposition vs. deeply embedded narrative struture (as in A Thousand and One Nights); onstrutors atthese levels an also be used to ontrol transitions among suh styles. Other stylisti parameters at theseond level inlude syntati omplexity, and tense and mood of verbs. Domains an also play a role, withdi�erent hoies are ativated at di�erent times. The phrasal level has noun lusters, verb phrases, et.,again potentially from di�erent domains at di�erent times. At eah level, di�erent optimality prinipleswill be appropriate, and these too an hange with time. Thus there are at least 12 dimensions of style inthis approah, 4 at eah level: hoie of domain, ontent of domain, optimality priniples for blending, andontrols for hanging domains. Note that the ontent of a domain may inlude not just onstrutors andelements, but also relations and axioms; if these are ounted as dimensions, the we get 20 altogether. All ofthis would need to be �nely tuned to ahieve reasonable approximations to existing styles, but we expet itwould still be far from the genius of a great poet like Neruda.2Howeover, the division into levels is somewhat arbitrary, and more or less ould be used if there were any good reason todo so.
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5 Conlusions and Future WorkOne surprising result of our researh is that a ombination of oneptual and strutural blending an produeinteresting poetry, whih some ritis have even onsidered superior to prior omputer generated e�orts.Another is that both large grain struture and syntax an be handled by blending in ways that are lose to,but somewhat extend, what has been done in prior text generation programs; this use of blending also givesrise to a somewhat novel view of grammar as emergent from proesses of blending, rather than �xed. Athird result is that it is easy to extend the approah to interation, to media other than text, and to formsother than narrative. The result that was most surprising to us is that the optimization priniples proposedby Fauonnier and Turner [2℄, though good for ommon sense blends like \house boat," do not work well forreative poetry, where it seems that some kind of disoptimization priniples are more appropriate, at leastfor language like that in the Neruda poem.Future work will extend ideas disussed in this paper to interative systems, for example, an interativeversion of the Neruda poem, whih produes di�erent output depending on user navigation through a mapof the small Chilean town, or a omputer game that produes di�erent story lines depending on the priorhistory of interation. We also wish to re�ne our ideas on the relation of blending and stylistis.Referenes[1℄ Espen J. Aarseth. Cybertext: Perspetives on Ergodi Literature. Johns Hopkins, 1997.[2℄ Gilles Fauonnier and Mark Turner. The Way We Think. Basi, 2002.[3℄ Dudley Fitts, editor. Anthology of Contemporary Latin-Amerian Poetry. New Diretions, 1941.[4℄ Joseph Goguen. An introdution to algebrai semiotis, with appliations to user interfae design.In Chrystopher Nehaniv, editor, Computation for Metaphors, Analogy and Agents, pages 242{291.Springer, 1999. Leture Notes in Arti�ial Intelligene, Volume 1562.[5℄ Joseph Goguen. Semioti morphisms, representations, and blending for interfae design. In Proeedings,AMAST Workshop on Algebrai Methods in Language Proessing, pages 1{15. AMAST Press, 2003.Conferene held in Verona, Italy, 25{27 August, 2003.[6℄ Joseph Goguen and Fox Harrell. Information visualization and semioti morphisms. In Grant Malolm,editor, Visual Representations and Interpretations. Elsevier, 2003. Proeedings of a workshop held inLiverpool, UK.[7℄ Joseph Goguen and Grant Malolm. Algebrai Semantis of Imperative Programs. MIT, 1996.[8℄ Joseph Grady, Todd Oakley, and Seanna Coulson. Blending and metaphor. In Raymond Gibbs andGerard Steen, editors, Metaphor in Cognitive Linguistis. Benjamins, 1999.[9℄ D. Fox Harrell. Algebra of identity: Skin of wind, skin of streams, skin of shadows, skin of vapor. 2004.Performed at Powering Up/Powering Down, a Festival of Radial Media Arts, organized by TeknikaRadia, 30 January.[10℄ George Lako�. Women, Fire and Other Dangerous Things: What ategories reveal about the mind.Chiago, 1987.[11℄ George Lako� and Mark Johnson. Metaphors We Live By. Chiago, 1980.[12℄ George Lako� and Mark Turner. More than Cool Reason. Chiago, 1989.[13℄ James Meehan. tale-spin. In Roger Shank and Christopher Riesbek, editors, Inside Computer Un-derstanding: Five Programs Plus Miniatures, pages 197{226. Erlbaum, 1981.
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