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Abstract

This paperpresents control structurebasedon the principle of balance This
principle mediateshetweenthe knovledgeof the cognitive agentCA andits cur-
rentsituation.CA'sknowledgeis representeth theform of concatenatedroposi-
tions. Theseareindividuatedinto recognition-action-recognitiofrac) sequences.
Eachracsequencés assigneda needvectorindicatingwhetherthe associate@c-
tion raised Jowered,or left unchangedssociateghysiologicalor socialneedpa-
rameters. Recognizinga certaincombinationof concepts,CA activatesrac se-
guencedayinning with thoseconceptschoosingthe rac sequencenostlikely to
maintainor regainequilibriumasits modelof actionin thatsituation.Thisgeneral
mechanisnfor keepingthe needparametersvithin normalrangemay be viewed
asa computationalmplementatiorof the notionof purposeor intention.

Overview

Currentapproacheto semanticgnay be divided into two basictypes: metalanguage-
basedandprocedural Metalanguage-basexdmanticsarein turn of two kinds,namely
truth-conditional(asin modeltheory)and use-conditional(asin speechacttheory).
Becausanetalanguagédefinitionsarenot designedor a viable proceduraimplemen-
tation, neithertruth- nor use-conditionakemanticsare suitablefor a computational
modelof naturallanguagecommunicatiort:

A procedurakemanticspn the otherhand,usesconceptsasedon the recognition
andactionprocedure®f cognitive agents'asits basicelements ExamplesareLakoff
& Johnsonl 980, Sava 1984, Lakoff 1987, Langacler 1987/1991 Fauconnierl997,
and Gardenfors2000. This methodof analyzingnatural- and modelingartificial —
cognitive agentgrovidesaviable alternatve to truth- anduse-conditionasemantics.

The advantage®f the procedurabpproactmay be endangeredhowever, by a lack
of generalityandformal rigor. This may resultin computationabystemswhich work
only for specialcasegthe problemof upscalingland/ordo not have a cleardeclaratve
specification(asin hacks),or in vaguedescriptionof ananecdotahature.

A procedurabpproactaimingata systematienodelof cognitionis databasseman-
tics. It usesa specialdatastructure calledaword bank,anda specialmotoralgorithm,
calledLA-grammar Thedatastructureandmotoralgorithminteractin away thatmay
be describednetaphoricallyasfollows: theword bankprovidesa railroadsystemand
time-linearLA-grammarthelocomotive for navigatingthroughit.

1SeeHausser2001afor a detailedamumentwith specialattentionto truth-conditionalsemantics. A
critique of use-conditionatemanticsnay befoundin Hausse1999,p. 83-86.



Thetaskof modelinga cognitive agentCA mayin generabe dividedinto two parts.
Oneis to constructthe CA's cognitive capabilities. The otheris to designa control
mechanisnfor activatingthesecapabilitiesselectvely to optimizethe CA's interaction
with its currentsituation. The questionis: how dothetwo partswork together?

In databasesemanticsthe CA's cognitive capabilitiesare modeledby meansof a
word bankin combinationwith LA-grammarsfor readingpropositionalcontentinto
andoutof theword bank,aswell asfor inferencing.Thereading-incomprisesxternal
andinternalrecognitionaswell astheinterpretatiorof naturallanguage Thereading-
out is basedon navigating throughthe propositionalcontentand comprisesexternal
andinternalactionaswell asnaturallanguagegproduction.

The word bank manageshesediversefunctionsby coding a propositionas a set
of proplets. Thesearefeaturestructureswhich specifythe functorargumentstructure
andthe relationsto otherpropositionsby meansof attributes. Propletseliminatethe
restrictionsof graphically-basedepresentationsllowing (i) atime-linearreading-in
of propositions(storage),(ii) an activation of propositionsby meansof time-linear
navigation,and(iii) anaccessin@f propositionsusingconceptsasthekey (retrieval).

In addition, a word bank supportsa control mechanisnbasedon relatingthe CA's
currentrecognitionandactionto physiologicalandsocialneedparametersCA's expe-
riencesarestoredin theword bankasconcatenategropositiongorming recognition-
action-recognitiorfrac) sequencedA racsequencelescribegi) aninternalor external
recognition(ii) thereactionto thisrecognitionand(iii) therecognitionof theresult.A
racsequencés evaluatedn termsof needvectorswhichindicatewhetherit increased,
decreasedyr left unchangedhe valuesof correspondingneedparameters.

Whena certainpropositionis readinto theword bankvia recognition it activatesall
storedrac sequencebegginning with this proposition. Of these,oneis chosenasthe
modelfor currentaction. Thechoiceis theracsequenc&ith aneedvectormostlik ely
to returnthe correspondingneedparametewvalue within normal range. The result
of this choiceis storedagainas a rac sequence.ln this sense the control structure
presentedhereis basecn the balanceprinciple.

But whataboutfixedstrategiesandbehavior patterncorrespondindo innatebehar-
ior? Thesemay beimplementecdoy meansof rac sequenceaswell. The maindiffer-
encebetweerinstinctive andlearnedbehaior is thattheformeris basedn predefined
racsequencewhile thelatteris basedn racsequenceresultingfrom experience.

Becausehe controlstructurepresentedn this paperis basedargely on storingand
activatingpropositionsmuchof this paperis concernedvith analyzingtheir build-up,
classifyingdifferenttypes,anddescribingtheir functions. This requiresan outline of
recognitionandaction(Sectionsl and2) andlanguage-basegferencgSection3).

Thenfollows a descriptionof episodic,absolute,and languagepropositions their
storagein the datastructureof a word bank, their activation in termsof navigation
(Sectionsi—7),andtheirinteractionin termsof partialandcompletematching(Section
8). This complex systemof propositionalcontentcommunicatesvith its environment
by meansof LA-grammarsfor recognition,action,andinference(Section9).

While the LA-grammarsfor recognitionare activatedby events,thereremainsthe
guestionof how to activate the LA-grammarsfor actionandinference. The answer
is LA-MOTOR. This LA-grammaris not a fixed componenbf the CA, but a mobile
enginefor navigating continuouslythroughthe concatenategropositionsof theword
bank. LA-MOTOR's choicesbetweenalternatve continuationsandwhento provide
the LA-grammarsfor actionandinferencewith input areguidedin partby needpa-
rametervalueswhich causea highlighting of certainpropositions. This ensureghe
selectionof racsequencesuitableto maintainoverall cognitive balancg(Sectionl10).



1 Recognition and action

A cognitiveagentwithoutlanguagenteractswith theworld in termsof recognitionand
action. Recognitionis the procesof transportingstructureof the externalworld into
the cognitive agent.Action is the procesf transportingstructuresoriginatinginside
the cognitive agentinto theworld.

The processesf recognitionandactionmay be describedat differentlevels of ab-
straction.Modelingvision, for example,is complicatedy suchproblemsasseparating
objectsfrom the backgroundcompletingoccludedportions,perceptiorof depth,han-
dling reflection,changesn lighting, perceptiorof motion, etc?

For purpose®f groundinga semanticprocedurallyhowever, arelatively highlevel
of abstractionis appropriate As anillustration considera robot without languageob-
servingits ervironmentby meansof a video camera.The robot’s recognitionbegins
with anunanalyzednternalimageof the objectin questiong.g.abluesquare.

1.1 INTERNAL BITMAP REPRESENTATION OF EXTERNAL OBJECT

robot

objectto berecanized

______

blue

Insidetherobot,the blue squards representedsa bitmapoutline andits color asthe
electromagnetifrequeny measuredi.e. 389nm. Justasan OCR systeni analyzes
bitmap structuresto recognizeletters,the robot recognizeshe form of objectsin its
taskervironmentby matchingtheir bitmapstructureswith correspondingatterns.

The recognitionof geometricforms may be viewed as a threestepprocess. First,
a suitableprogramapproximateghe bitmap outline with movablebarsresultingin a
reconstructegattern:

1.2 ANALYSIS OF AN INTERNAL BITMAP REPRESENTATION

389 movable‘bars’ of
frequengy : recaynition program
' for geometricpatterns

bitmapoutlin

2For a summaryof naturalvision, seeNakayamaetal. 1995.A classictreatmenbf artificial visionis D.
Marr 1982. For a summaryseeJ.R.Anderson199@, p. 36 ff. More recentadwvancesare describedn the
specialissueof Cognition, Vol. 67,1998,editedby M.J. Tarr & H.H.Bulthof .

3OCRor optical characterecognitionsystemsareusedwith scannerso recognizeprintedtext.



Secondthereconstructegbatternis logically analyzedn termsof the numberof cor-
ners,their angles,the length of the edges,etc. In our example,the logical analysis
resultsin anareaenclosedy four lines of equallengthforming four right angles.

Third, thelogical analysisis classifiedin termsof abstractonceptsto be discussed
in the following section. The classificationresultsin the recognitionof the objectin
question! The basicrecognitionprocedurellustratedabove with the examplesquae
may be extendedto othertypesof geometricobjects,to propertiedik e colors,andto
relationslike A beingcontainedn B.%

2 Concepts

Logical analysesik e 1.2 areclassifiedby conceptslefinedasabstractypes® A type
specifieghe necessarpropertiesof the structureto be classifiedasa constellationof
parametersndconstantsireatingaccidentapropertiesdy meansof variables.When
alogical analysisis recognizedy meansof a certainconcepttype, the analysisis (i)
classifiedby thattypeand(ii) instantiatedasa correspondingonceptoken.

A concepttypeis called an M-conceptbecausét canbe matdedwith arbitrarily
mary differentlogical analyse®f the samekind. Considerthe following example:

2.1 M-CONCEPT OF squake (TYPE)

[edgel: a cm 7
angle1/2: 9P
edge2: a cm
angle2/3: 9P
edge3: a cm
angle3/4: 90°
edged: a cm
langle4/1: 90" |

The accidentapropertyof this M-conceptis the edgelength,representedy the vari-

ablea.” All otherproperties suchasthe numberof edgesandanglesaswell asthe

degreeof the angles,are necessaryproperties. The variablesmale this M-concept
applicableto square®f ary size.

2.2 DEFINITION: M-CONCEPT

An M-conceptis the structuralrepresentatiorf a characteristidogical
analysiswvherebyaccidentapropertiesaredefinedasvariables.

Whenthe M-concept2.1is matchedntothelogical analysisof 1.2, thevariablesare
boundto a particularedgelength, here2cm, resultingin the instantiationof a token,
calledanl-concepiyc.

4For the sale of conceptuakimplicity, the reconstructeghattern the logical analysis andthe classifica-
tion aredescribechereasseparatg@hasesin practice thesethreeaspectsnay be closelyinterrelatedn an
incrementaprocedureFor example,theanalysissystemmay measuren angleassoonastwo edgesnter
sect,the counterfor cornersmay beincrementedachtime a new corneris found, a hypothesigegardinga
possiblematchingconcepimaybeformedearlysothattheremaindeof thelogical analysigs usedto verify
this hypothesisetc.

5SeealsoLangacler 1987, whoseanalysef abovevs. below p. 219,467 befoe, p. 222enter, p. 245
arrive, p. 247rise, p. 263dispese p. 268under, p. 280,2894go, p. 283 pole climber, p. 311,andhit, p.
317,mayberegardedaslogical analysesn our sense.



2.3 |-CONCEPT|oc OF A squae (TOKEN)

[edgel: 2cm
angle1/2: 9P
edge2: 2cm
angle2/3: 9P
edge3: 2cm
angle3/4: 9P
edged: 2cm
langle4/1: 90°

“loc

Thefeatureloc specifiesvhenandwherethetokenwasrecognized.

2.4 DEFINITION: |-CONCEPT|q¢

An I-conceptyc resultsfrom successfullymatchingan M-conceptonto a
correspondindogical analysisof a parameterconstellationat a certain
space-timédocation.

M-conceptsaareusuallydefinedfor subsetof theavailableparameterandtheir pos-
sible values. For example, the concept2.1 appliesonly to a certainconstellationof
visual parametewralues. Otherparameterse.g. color values,are disregardedby the
M-conceptsquae. It is possible however, to defineelementaryconceptavhich apply
to amultitude of differentparametersFor example,situationcould be definedasthe
elementaryM-conceptwhich matcheghetotality of currentparametewalues.

ElementaryM-conceptsmay be definedonly for thosenotionsfor which the corre-
spondingparameterfiave beenimplemented For example theconceptgor warmand
cold maybedefinedonly after (i) therobothasbeenequippedwith suitablesensordor
temperatureand (ii) the resultingmeasurementsave beenintegratedinto the robot’s
conceptuastructure.

The constellationof parametervalues,M-concepts,and I-conceptsg,. providesnot
only for anabstractharacterizatiof recognition but alsoof action. Therebyrecog-
nition andactiondiffer in thedirectionof therespectie procedures.

2.5 ABSTRACT CHARACTERIZATION OF RECOGNITION AND ACTION

recognition: parametervalues parametervalues
[M-concept] [M-concept]
[I-conceptod action: [l-conceptod

Recanition begins with the incoming parametewalueswhich arelogically analyzed
and classifiedby meansof a matchingM-concept. A successfumatchingbindsthe

"The type-tolen distinction was introducedby the American philosopherand logician C. S. PEIRCE
(1839-1914). An exampleof a token is the actualoccurrenceof a sign at a certaintime and place, for
examplethe now following capitalletter A. The associatedype, on the otherhand,is the abstracstructure
underlyingall actualand possibleoccurrencef this letter Realization-deperaht differencesbetween
correspondingokens,suchassize,font, placeof occurrenceetc.,arenot partof theassociatedype.

"Instance®f the samevariablein a conceptmustall take the samevalue. Strictly speaking2.1 would
thusrequireanoperator- for examplea quantifier— bindingthe variablesn its scope.



variablesto particularvaluesandresultsin a corresponding-concepfyc. In this way
constellation®f perceptiorparameterareindividuatedinto I-conceptsc.

Action begins with a certainl-concepi,c which is to be realizedas a specificout-
going parameteconstellationby meansof a correspondindvi-concept. Considerfor
examplea robotequippedwith a gripping device wantingto pick up a glass.For this,
a certainl-concepiy is realizedasa gripping action (token) with the help of the M-
concept(generalproceduretype). Therebydistancesize,firmness.etc.,of the object
aredeterminedsia therobot’s recognitionandintegratedinto the plannedaction.

Thenaturalevolution of M-conceptsanbeanalyzedasanabstractioroverlogically
similar parameteconstellationswherebythe accidentalspectof constellationsare
representedly variables.Thusthetypesoriginateasthe formationof classesver sets
of similar raw dataof perceptionor unconsciousction. Only after the formation of
typescanindividual tokensbeinstantiaten the basisof thesetypes.

3 Internal matching

In the courseof evolution g the M-conceptsandl-concepts, of recognitionandaction
have acquiredadditionalfunctions: I-concepts, are usedfor storing contentin the
cognitive agents memory while M-conceptssene aslanguagemeanings.Consider
for example,arobotviewing ageometricobjectin its taskenvironmentandthewarden
sayingLook, a square. In this case,thereis a relation of referencebetweenthe
externalword square andthe externalgeometricobjectwhich mustbe reconstructed
cognitively insidetherobot.

3.1 ANALYSIS OF REFERENCE
robot

Look, a square! Look, a square!

e

_M-concept
(type)

internal
matching

[ M-concept | _I-conceptoc:|

L(type) J _(token)

refeent

80ur analysisof languageavolution, beginning with non-\erbal cognitionbasedon M-conceptsand -
conceptgy, is of alogical nature.Otherapproacheso humanlanguageevolution areconcernedvith quite
differentquestionsuchas

e Why do humanshave languagewvhile chimpanzeedo not?

e Did languagearisein ‘male’ situationssuchasLook out, a tiger!, in ‘female’ situationsof trust-
building duringgrooming,or out of chanting?

e Did languageevolve initially from handsignsor wasthe developmentof a larynx capableof articu-
lationa precondition?

For furtherdiscussiorof thesequestionswhich arenotaddressetiere,seeJ. Hurford et al. 1998.



Therobot's cognitive structureconsistof two levels,the (lower) context level andthe
(upper)languagdevel. At the contet level, the referentis recognizedby applying
the appropriateM-conceptto the incoming parametewnalues(herea bitmap outline)
andinstantiatingthe referentinternally asan I-concepio.. At the languagdevel, the
incomingsignis recognizedn asimilarway, i.e. anM-form is appliedto theparameter
valuesof the externalsign andinstantiatest asan I-form;,.. Via lexical look-up,the
I-form)q¢ (recognizedsurface)is assignedhe M-conceptsquae asits literal meaning.

Referencecomesaboutby matchingthe M-conceptof the languagdevel with the
I-conceptoc Of the context level. A languagemeaningdefinedasan M-concept(type)
maybematchedvith ary numberof correspondindrconceptsg, (tokens)atthecontext
level. Thus,theprincipleof internalmatchingmodelstheflexibility of referencevhich
distinguisheghe naturallanguage$rom thelogical andprogramminganguages.

For storing contentin memory I-conceptg,. are combinedinto propositions. The
combinatorialpropertiesof |-conceptg, are characterizetdy embeddingthem into
featurestructures. Similarly, the M-conceptsservingaslanguagemeaningsare em-
beddednto featurestructureswhich specify the associatedurfaceandthe syntactic
catgyory. Thesefeaturestructuresare generallycalled propletsand function as the
basicelementf concatenategropositions.

Beforewe turnto theconcatenationf propletsinto propositiononsidethematch-
ing relationbetweeralanguageanda context proplet(depictingreferenceasin 3.1).

3.2 MATCHING BETWEEN THE LANGUAGE AND THE CONTEXT LEVEL

rsur: square
syn:noun
rFUNC: look 7
id: 9
prn: 24
[edgel: a cm ]
angle1/2: 90°
sem: edge2: a cm
ang: angle2/3: 90°
" [edge3: a cm
angle3/4: 90°
edged: a cm
langle4/1: 9| 1]
" [edgel: 2cm ]
angle1/2: 90°
edge2: 2cm
ang: angle2/3: 90°
" |edge3: 2cm
angle3/4: 90°
edged: 2cm
|angle4/1: 90 |
. loc
FUNC: contain
MODR: small
id: 9
\_prn: 214

Dependingon the cognitive function, the matchingbetweernthe propletsof the upper
andthelower level may apply eitheronly to the conceptsnvolved (partial matching),
or to thefeaturestructuresasa whole (completematching).



4 Building propositions by means of completion

Propletsusing I-concepts, are called episodicproplets. Propletsusing M-concepts
are of two kinds: one are absolutepropletsfor expressinggeneralknowledgesuch
asA squae hasfour corners in thoughtratherthanlanguage the otherarelanguage
proplets.Thesekinds of propletsdiffer in their featurestructuresasillustratedbelow.
For simplicity, their respectie conceptarerepresentetty a name herearg:squae.

4.1 THREE KINDS OF PROPLETS

EPISODIC PROPLET ABSOLUTE PROPLET LANGUAGE PROPLET

) [sur: Quadrat T
amg:squae 28 ng.uhae syn: noun
FUNC: contain MODR.' ave FUNC: contain
MODR: small id: ' MODR: small
id: 9 Ia: y bs-3 sem: |id: 9
prn: 24 g:g gqj;ae prn: 24

' L arg: squae

For purpose®f matching episodicgpropletshave theattributecontainingthel-concepioc
in first position. Absolutepropletshave the attribute containingthe M-conceptin first
andlastposition.Languagepropletshave the attribute containingthe languagesurface
(heresur: Quadrat, whereQuadrat is the Germansurfacefor squae) in first position
andthe attribute containingthe M-conceptin lastposition. Becausehe threekinds of
propletshave differentfeaturestructuresthedistinctionbetweern-conceptsg,. andcor-
respondingVi-conceptanay beleft implicit in the attributescontainingthe concepts.
Propositiongouilt from episodicpropletsarecalledepisodicpropositionsandsimi-
larly for propositionsbuilt from absoluteandlanguageproplets.A propositionconsists
of afunctorwhichtakesa certainnumberof alguments Modifiersareoptionalandcan
applyto bothargumentsandfunctors. Functors agumentsandmodifiersaredefined
ascertainkindsof propletswhichoccurin theepisodic absoluteandlanguagevariety.
The constructionof propositionsfrom propletsis basedon a nev methodof com-
position basedon completingfeaturestructures. The resultis a(n unordered)set of
propletswhich arerelatedto eachothersolelyin termsof attributes.Thisis in contrast
to the usualmethodof constructingpropositionsby graphicalmeansge.g. treesasin
linguistics,symbolsequenceasin logic, or conceptuafraphsasin CG theory
Completionconsistsn copying attribute valuesbetweermpropletsin accordancevith
therelationsobsened. Assumefor example thattherobot’s recognitionhasproduced
the I-conceptg, contain,field, small,andsquae. Thesel-conceptsareinsertedinto
suitablepropletschemataasin thefollowing example:

4.2 [INSERTION OF |-CONCEPTS|gc INTO PROPLET SCHEMATA

func: contain] [arg: fiel amg: squae

modr: smal
ARG: FUNC: FUNC: MODD:
MODR: MODR: MODR: .
- . . id:
cnj: id: id: .
. . . prn:
prn: prn: prn:

Suchpropletsin which only thefirst attribute hasa valuearecalledisolatedproplets.
Isolatedpropletsare combinedinto a propositionby copying the algumentnames
into the ARG slotof thefunctor, thefunctornameinto the FUNC slot of thearguments,



the modifiernameinto the MODR slot of the modified,andthe nameof the modified
into the MODD slot of the modifier. Also, the propletsare provided with a common
propositionnumberprn, andextrapropositionatelationsare establishedy providing
the cnj andid slotswith suitablevalues.Considerthefollowing completionof 4.2:

4.3 EPISODIC PROPOSITION Field containssmallsquae

func: contain arg: field arg: squae modr: small
ARG field square FUNC: contain FUNC: contain MODb' square
MODR: MODR: MODR: small id 9 '

cnj: 23and24 id: 7 id: 9 .

prn: 24 prn: 24 prn: 24 prn: 24

This setof propletsis held togetherby a commonpropositionnumberprn (here24).
Thefirst attribute characterizea propletasafunctor(e.g.func: contair), anargument
(e.g.am: field), or amodifier (e.g. modr: small).

The uppercaseattributes,calledintra-propositionatontinuationpredicatesspecify
the functorargumentstructureof the proposition. For example,the proplet contain
specifiesthe agumentsfield andsquare, the agumentdfield and squae specifythe
functor contain, the agumentsquake specifiesthe modifier small, andthe modifier
small specifiesthe modifiedfield. This attribute structureconstitutesa bidirectional
pointeringbetweerthe propletsof a proposition.

Theintrapropositionatontinuatiorpredicatesrefollowedby theextrapropositional
continuationpredicateswhich areconjunctionsn functorsandidentity in arguments.
For example thefunctor propletcontainhasthe extrapropositionatontinuationpred-
icate[cnj: 23 and24], which meanghatthe proposition24 representeth 4.3 is pre-
cededby aproposition23 andconnectedo this precedingpropositionby the conjunc-
tion and. Furthermoretheargumentpropletfield hasthe extrapropositionatontinua-
tion predicatdid: 7], characterizingt asidenticalto otherargumentsn the database
with the sameidentity number The modifier proplet small finally, sharesthe ex-
trapropositionatontinuationpredicatewith the modified.

The propositionrepresentedn 4.3 is activatedby meansof navigating from one
propletto the next basedon therespectie continuationpredicates:

4.4 ACTIVATING AN EPISODIC PROPOSITION BY NAVIGATION

[epi: contain]=> [epi: field] = [epi: square}= [epi: small]

For simplicity, the episodicpropletsof 4.3 arerepresentedn 4.4 as[epi: contain],
etc., leaving the continuationpredicatesmplicit. Sucha navigationis driven by the
LA-grammardefinedin 9.2.

5 Why is Database Semantics different?

Thereareatleastthreereasonsvhy the codingof propositionatontentin termsof pro-
pletsis not equivalentto formalismsbasedon graphicalrepresentationd=irst, graphi-
cal representationiik e one-dimensiondormulasandtwo-dimensionatreestructures
or conceptuafraphshave restrictionswhich do not hold for the non-graphicatepre-
sentation®f databasesemantics.Second graphicalrepresentationare motivatedby
intuitionswhich databassemantichasno causeto replicate. Third, the bidirectional



pointering betweenthe distributed propletsof databasesemanticsoffers descriptve
possibilitiesnot opento graphicalmeans.

For example , mostlinguistic analysesarebasedn treeswhich aresupposedo cap-
ture the intuitions of constituentstructure. In the well-known caseof discontinuous
elements,however, theseintuitions cannotbe expressedby two-dimensionaltrees,
leadingto the constituentstructureparadox] The coding of concatenategroposi-
tionsin termsof propletsis basedon the morelimited intuitions of characterizindi)
the functorargumentstructureof elementarypropositionsand (ii) the natureof their
concatenationThustheconstituenstructurgparadoxs avoidedin databaseemantics.

Similarly, analyse®f propositionsn predicatecalculususequantifiersbindingvari-
ablesto establishintrapropositionalidentity relations. Therebydifferent ordersof
guantifiersexpressdifferent meanings. This commitmentto one-dimensionabrder
producegproblemsof (i) creatingartificial scopeambiguitiesand(ii) failing to express
readingdgntuitively required.As anexampleof the secondind considerthe sentences

Every man who loves a woman is happy.
Every man who loves a woman loses her.

andthefollowing attemptto representheir dominantreadingin predicatecalculus:

VX [[man(x) & Jy [woman(y)& love (x, ¥)]] — [happy (X)]]
V¥x [[man(x) & Iy [woman(y)& love (X, y)]] — [lose(x, y)]]

Theseparallelformulasareintendedo reproduceahe subordinatestructureof therela-

tive clause . Thesecondormula,however, hasthe problemthatthe scopeof thequanti-
fier 3y doesnotreachthey in lose(x,y). An alternatve formulawith the quantifier3y

atthetop level would solve the scopeproblem,but cannotbe derived compositionally
by translatingthe wordsof the sentencénto suitablelambdaexpressions- asrequired
in Montaguegrammar This problemdoesnot arisewithin databassemanticsyhich

assertghe identity betweernpropletsbothintra- and extrapropositionallyby meansof

attributesratherthanby meansof quantifierswhich bind variablest°

Thenew descriptie possibilitiesofferedby databassemanticarebasedon a strict
separatiorbetweerthe representationf content,on the onehand,andits activation,
ontheother Therepresentatioof contentis basedn codingall intra-andextrapropo-
sitional relationsbetweenpropletsin a distributed, bidirectionalmannerby meansof
attributes. This allows storageandretrieval of propletsin accordancevith the princi-
plesof a suitabledatabaseysingthe conceptsasthe primarykey.

The activation of contentis basedon the principle of navigation. Therebythe con-
tent’s representatiomprovidesa railroad systemfor navigating througha proposition
andfrom onepropositionto the next.1! For example giventhe propletfieldin 4.3,the
systemmay usethe continuationpredicateFUNC: contain to proceedto the proplet
containwith the samepropositionnumber Fromtherethe navigation may continueto
squae, etc. This procedureis basedon the retrieval mechanisnof the databasend
doesnotdependn any way on whereandhow the two propletsarestored.

As anotherexampleconsiderthetwo propositiondeavePeter houseandcrossPeter

9Haussefl989,p.24f.,1999,p. 157f.
10For a detailedanalysisseeHausse2001c.
1n contrastio Fodor's Mentales g.g. Fodor 1998, neitherthe representationf contentnor its activation
constitutea language. Instead the representatioris like the wheelsof a mechanicakalculator while the
actvationis like a calculationbasedon thesewheels.



street concatenatedia the conjunctionthenandthe identity betweenthe respectie
names.Thecorrespondingropletconnectionsnayberepresentedsfollows:

5.1 ‘RAILROAD SYSTEM’ PROVIDED BY TWO PROPOSITIONS

functor argumentl  argument2

leave Peter house
conjunction identity
cross—— Peter street

functor amumentl argument2

The contentexpressedy this railroad systemmay be activatedby a multitude of dif-
ferentnavigationtypes.The mostbasicdistinctionsarebetweerintra- andextrapropo-
sitional forward and backward navigation, and betweenparatactiqcoordinating)and
hypotactic(subordinatinghavigation,renderingsuchrealizationsasthe following:1?

5.2 DIFFERENT REALIZATIONS BASED ON DIFFERENT NAVIGATIONS

extrapropositionaforward navigation:
Peter leaves the house. Then Peter crosses the street.

extrapropositionabackward navigation:
Peter crosses the street. Before that Peter leaves the house.

intrapropositionabackward navigation:
The street is crossed by Peter.

subordinatingdentity-basedavigation:
Peter who leaves the house crosses the street.

subordinatingconjunction-basetbrward navigation:
Peter, after leaving the house, crosses the street.

subordinatingconjunction-basetlackward navigation:
Peter, before crossing the street, leaves the house.

Theserealizationsin English reflect different navigationsthroughthe propositional
content.1. Thedescriptvetaskof databaseemanticsegardings.1and5.2is twofold.
Oneis the codinganddecodingtask: in the hearermode,the differentsurfacesof 5.2
mustbe mappednto the representatio®.1, andin the spealer mode,the representa-
tion 5.1 mustbe mappednto oneof the surfacesof 5.2. The otheris the controltask:
the spealer mustchoosethe navigation mostappropriateo therhetoricaltaskat hand
andthe hearemustinterpretthis choiceby analyzingtheresultingsurface.

This paperconcentratesnthesecondask. Thegoalis to find agenerabrinciplefor
modelinganagents actionsandreactionswhile interactingwith thetaskenvironment.
Thus, the above examplesrelatingto languageinterpretationand productionmerely

1250nva 1984,2000seemgo comeclosewhenhe presents ‘linear form’ (LF) in additionto a graphical
‘displayform’ (DF). However, hislinearform is justaconvenientASCII recodingof thegraphicaform, and
thereis nodistinctionbetweercontentrepresentatioandactvation, no navigation,andno motoralgorithm.



sene to illustratewhy databasesemanticds not equivalentto otherapproachesThe
main focus hereis on controlling the navigationin general,including non-language-
basedecognitionandaction.

6 Absolute propositions

Besidesepisodicpropositionghereareabsolutepropositionshuilt from absolutepro-
plets(cf. 4.1) asin thefollowing example:

6.1 ABSOLUTE PROPOSITION A squae hasfour corners

func: have arg: corner arg: squae modr: four
ARG:square corners FUNC: have FUNC: has MODb' corner
MODR: MODR: four MODR: id: x '
cnj: abs-3andabs-4 id: x id: y o

. . . prn: abs-3
prn: abs-3 prn: abs-3 prn: abs-3 .

modr: four

func: have arg: corner am: squae

Absolute propositionsare lik ewise representeds an unorderedset of propletsheld
togetherby a commonpropositionnumber(hereprn: abs-3). For input, this format
is suitablefor storingabsolutepropositionalcontentby distributing the propletsin the
word bank,usingthe conceptsasthe primarykey. For output,the contentis activated
by navigatingin accordancevith theintra- andextrapropositionatontinuations.

6.2 ACTIVATING AN ABSOLUTE PROPOSITION BY NAVIGATION

[abs:have] = [abs:squarel=- [abs: corner]= [abs:four]

As in episodicpropositions,the navigation senes asthe basis(i) of thoughtin the
basicsenseof reliving the propositionalcontentin memory (ii) of inference and(iii)
of languageproduction(conceptualizatiomndserialization).

In databasesemanticsabsolutepropositionsare not limited to mathematicatruth,
but representary kind of knowledgenot boundto a particularevent. For example,
if therobotrecognizeghreeor four timesin sequencé’ostmancomesat 11am then
theseepisodicpropositionamay bereplacediy a correspondingbsoluteproposition.

6.3 GENERALIZATION FROM EPISODIC PROPOSITIONS

absoluteproposition Postman comes_at 1lam

ft ft ft

episodicpropositions 4. Postman=s- comes_at- 11am
3. Postman=- comes_at> 11am
2. Postman=- comes_at>- 11am
1. Postman=- comes_at> 11am

The generalizatioris basedon matchingabsolutepropletswith episodicones. This
type of matchingis calledcompletematchingbecause whole episodicpropositionis
matchedby a correspondingbsoluteone. Thereby not only the conceptsut alsothe
featurestructureof the propletsinvolvedmustbe compatible.

Onefunction of absolutepropositionsis episodicinferencing,i.e. inferencingover
episodicpropositionausingabsolutepropositions Considerthe following example:



6.4 EPISODIC INFERENCE

2. [abs:bread]= [abs:is]= [abs:food]
g
1. [epi: John]= [epi: has]=- [epi: bread] 3. [epi: John]= [epi: has]= [epi: food]

Episodicpropositionl is the premise,absoluteproposition2 senesasa rule of in-
ference!® and episodicproposition3 is the consequent.The inferenceis basedon
matchingthe M-conceptbread of the absoluteproposition2 with the corresponding
I-concepiyc of the episodicpropositionl. Using the absoluteproposition2 asa kind
of bridge,the episodicproposition3 is derivedasthe conclusion.

A secondfunction of absolutepropositionds absoluteinferencing,i.e. inferencing
over absolutepropositions Considerthe following example:

6.5 ABSOLUTE INFERENCE

2. [abs:drink] = [abs:is] = [abs:liquid]

fr U
1. [abs:milk] = [abs:is] < [abs:drink] U

3. [abs:milk] = [abs:is] = [abs:liquid]

The matchingin episodicaswell asabsoluteinferencingis called partial matching
becauseonly part of the premiseis matchedby the inferencepropositionand only
partof inferencepropositionis matchecdby the consequentTherebythe compatibility
betweerthe propletsinvolvedis limited to their respectie concepts.

7 Language propositions
Thethird type of propositionis languageropositions They arealsodefinedasanun-

orderedsetof propletsrelatedby intra- andextrapropositionatontinuationpredicates
andheldtogethetby a commonpropositionnumber

7.1 LANGUAGE PROPOSITION Feld enthalt kleines Quadrat

sur: enthalten sur: Feld
syn:verb syn:noun
ARG field square FUNC: contain?
MODR: MODR:
sem: | cnj: 23and24 sem: |id: 7
prn: 24 prn: 24
func: contain amy: field
sur: Quadrat sur: klein
syn:noun syn:adn
FUNC: contain ' MODD: square
MODR: o q
sem: |id: 9 sem:;| 7
K prn: 24
prn: 24 .
. modr: small
amg: squae

This languagepropositionexpresseshe contentof the episodicproposition4.3. The
surattributescontainthe Germanword surfaces enthalten Feld Quadrat klein }.

137 formalizedexampleof suchaninferencebasedon anLA-grammaris givenin Haussefl999,p. 494.



Naturallanguageproduction(spealer mode)is basedn navigatingthroughepisodic
or absolutepropositions.Thereby the propletstraversedare matchedwith the corre-
spondingsem-attrilutesof languageproplets.

7.2 SCHEMA OF LANGUAGE PRODUCTION

language proposition blue truck belongs_to milkman.
fr fr fr f
episodicor absoluteproposition blue= truck=- belongs_te=- milkman.

For communicatinghe propositionalcontent,only the resultingsequencef surfaces
is used. It mustbe adaptedo the word order propertiesof the naturallanguagen

guestion,equippedwith properinflection for tense number andagreementprovided
with functionwords,etc.

Naturallanguagenterpretation(hearemode)is basedn supplyingthe sequencef
incoming surfaceswith languagepropletschematavia lexical look up. The analysis
of their syntacticcompositionis interpretedsemanticallyby filling the attributesof the
propletschematavith appropriatevalues(analogougo thetransitionfrom 4.2to 4.3).

7.3 SCHEMA OF LANGUAGE INTERPRETATION

language proposition blue= truck= belongs_tc= milkman.
U Y U Y
episodicor absoluteproposition blue truck belongs_to milkman.

For communicationpnly the sem-attrilutesof the languagepropletsareused. They
arestoredin theword bankusingthe conceptsasthekeys.

8 Proplet matching
Matchingbetweerpropletsis alwaysbasedn anupperandalowerlevel (cf. 3.1,3.2,

6.3,6.4,6.5,7.2,7.3). Thedifferenttypesof matchingmay be combined,however,
into thefollowing four level structure:

8.1 MATCHING RELATIONS IN DATABASE SEMANTICS

level 4 languageproposition languageproposition
A A
level 3: absoluteproposition (d): (e):
/ © \ :
v
level 2:  absolutgproposition absoluteproposition
(b)
@] / :
level 1:  episodicproposition  episodicproposition episodicproposition

episodicproposition
episodicproposition

Episodicpropositionsappeamatlevel 1, absolutgropositiongesultingfrom (a) gener
alizationandusedfor (b) episodicinferenceat level 2, absolutepropositionsusedfor



(c) absolutenferenceatlevel 3, andlanguagepropositionausedfor codingor decoding
(d) absoluteor (e) episodicpropositionsatlevel 4.

The five matchingrelationsare basedon the four correlationsbetween(i) absolute
andepisodicproplets(a, b), (ii) absoluteandabsoluteproplets(c), (iii) languageand
absoluteproplets(d), and(iv) languageandepisodicproplets(e):

8.2 FOUR CORRELATION TYPES BETWEEN PROPLETS

(i) absoluteproplet/  (ii) absoluteproplet/ (iii) language proplet/ (iv) languagye proplet/

episodicproplet absoluteproplet episodicproplet absoluteproplet
I I sur: Quadrat sur: Quadrat
arg: squae arg: squae SV noun SV noun
FUNC: have FUNC: have yn: N . . yn: ) .
MODR: MODR: FUNC: contain FUNC: contain
S : S : MODR: small MODR: small
id: y id: y b B
8 4 sem: |id: 9 sem: |id: 9
prn: abs-3 prn: abs-3 X X
. . prn: 24 prn: 24
Larg: squae Larg: squae . .
lag: squae | amg: squae
I ramg: squae I _ ag: squae
amg: sq.uae . FUNC: contain an: sq.uae . FUNC: have
FUNC: contain MODR: FUNC: contain MODR:
MODR: small L ’ MODR: small L ’
L id: y L id:y
id: 9 rn: abs-3 id: 9 rn: abs-3
Lprn: 24 p ; Lprn: 24 J P ;
Larg: squae amg: squae

Correlation(i) betweenan absoluteand an episodicproplet constitutesa complete
matchingin generalizatiorand a partial one in episodicinference. Correlation(ii)
betweentwo absolutepropletsis limited to absoluteinference whereit constitutesa
partial matching. Correlations(iii) and (iv) betweenthe sem-attrilute of a language
propletandanepisodicor absolutepropletconstitutea completematching.

Partial and completematchingequally requirethat the conceptsinvolved mustbe
compatible. Thereareonly two basicconstellations:

8.3 MATCHING BETWEEN M-CONCEPTS AND |-CONCEPTS|gc

loc

1) M-CONCEPT/|-CONCEPT|q¢ 2) M-CONCEPT/M-CONCEPT
[edgel: a cm ] [edgel: a cm ]
angle1/2: 90° angle1/2: 9¢°
edge2: a cm edge2: o cm
angle2/3: 90° angle2/3: 9¢°
edge3: a cm edge3: o cm
angle3/4: 90° angle3/4: 9¢°
edged: a cm edged: o cm
|angle4/1: 90 | |angle4/1: 90 |
[edgel: 2cm ] [edgel: a cm ]
angle1/2: 90° angle1/2: 9¢°
edge2: 2cm edge2: o cm
angle2/3: 90° angle2/3: 9¢°
edge3: 2cm edge3: o cm
angle3/4: 90° angle3/4: 9¢°
edged: 2cm edged: o cm
|angle4/1: 90 | |angle4/1: 90 |

Thematchingkinds(i) and(iii) in 8.2arebasedn constellatiorl betweerM-concepts
andl-conceptg,.. Thematchingkinds(ii) and(iv) arebasedn constellatior? between
M-conceptsandM-concepts.



Thel-conceptg,c andM-conceptsn constellationl have their origin in basicrecog-
nition andaction(cf. 2.5). In cognitive agentsvithoutlanguagegonstellationl comes
aboutasgeneralizatior(e.g. 6.3), resultingin absolutepropositionsusedfor episodic
inference(e.g. 6.4). In cognitive agentswith language constellationl acquiresan
additionalfunctionin communicatingpisodicpropositionakontent(e.g.7.2,7.3).

Constellation2 comesaboutas an abstractionover constellationl. In cognitive
agentswithout languagethis constellationis usedfor absoluteinference(eg. 6.5). In
cognitive agentswith languageconstellation?2 acquiresan additionalfunctionin the
communicatiorof absolutepropositionalcontent(eg. 7.2,7.3).

The power of the matchingrelationsin 8.3 is strengthenethy the factthatthe com-
patibility betweerthe upperandthelowerlevel is notlimited to correlatingconceptof
the samekind. For example,a familiar objectrecognizedasa tablemay be classified
spontaneoushas a platform to betterreacha banana(constellationl). This insight
may be turnedinto a generalrule accordingto which the cognitive agentusestables
routinely asplatformsandeven stacksthemup on top of eachotherfor this purpose
(constellatior2). In this way, databassemanticsnirrors the widely held view!* that
metaphoiis notlimited to languagebut penadescognitionin general.

9 Motor-algorithm for powering the navigation

CA'sword bankinteractswith theinternalandexternalervironmentby meansof LA-
grammarsTheseareof threebasictypes:(a) recognition,(b) action,and(c) inference.
The LA-grammarsfor (1) external, (2) internal,and (3) languagerecognitionread
propositionalcontentinto the word bank. The LA-grammarsfor actionrealizecertain
propositionsas(4) external,(5) internal,and(6) languageactions.Theinferencel A-
grammarsarefor (7) generalizatiomswell as(8) episodicand(9) absoluténference!®

9.1 LA-GRAMMARS FOR RECOGNITION, ACTION, AND INFERENCE

cognitive agent

languageecognition—— | -
languagesyntheside— anguagepropositions language
A " 3 languagenterpretation level

6 languageproduction

—
_ 4 absolutepropositions
externalaction : -

2. .
—— internalrecognition

© 7,8,9,10 context
O level
1 )

5 . .
externalrecognition episodicpropositionst > Interalaction

word bank

14Expressedor exampleby Lakoff & Johnsorl980. For anovervien seelndurkhyal992.

15Haussen 999presentsormally definedLA-grammarsfor the (3) interpretatiorand(6) productionof a
certainsentenceandthe (8) derivation of anepisodicinference LA-Q1 andLA-Q2 for answeringjuestion
(op. cit, p. 492f.) shouldbetreatedasextensionsof LA-MOTOR definedbelaw.



The recognition,action, andinferenceLA-grammarsare fixed componentsand start
runningwhenthey receve input. In recognition theinputis providedby eventsin the
externalandinternalernvironment.But whatprovidesinputfor actionandinference?

The answelis atenthLA-grammar calledLA-MOTOR (cf. 10in 9.1). It is special
in thatis is mobile—like alocomotive. It movescontinuouslythroughtheword bank’s
propositionalkcontent,choosingcontinuationsitherat random(freeassociationpr by
following a highlighting of continuationpropletsprovidedby a control structure.LA-
MOTORs like a greyhoundracingafteranartificial rabbit providedby highlighting.

LA-MOTOR’snavigationmaybeone-lesel or two-level. In one-level navigation,the
propletsare simply traversed.In two-level navigationthe episodicpropletstraversed
arematchedy correspondingbsoluteor languageproplets.Dependingon their con-
tent, thesematchingpropletsare passedn to the LA-grammars(4—6) for actionand
for (7-9) inference activatingthemby providing themwith input.

9.2 DEFINITION OF LA-MOTOR

STs: {([func: a] {1 F+A=F, 2 F+A=A})}
[func: a ag: B
F+A=F: ARG:xBy| [FUNC:a| = [func:ia ] {3 F+A=F 4 F+A=A, 5F+cnj=F}
L prn:m prn: m
[func: a ag: B
F+A=A: ARG:xBy| |[FUNC:a| = [am: B] {6 A+id=F}
Lprn:m prn: m
[amg: a ag: a func:y
A+id=F: FUNC:B| |FUNC:y ARG:XAY| 17 £y A=F 8 F+A=A}
id: m id: m prn:|
Lprn: K prn:|
[func: a func: B
Frcnjzr:  |ARGIX | |ARG:Y r“”C: B} {9 F+A=F, 10 F+A=A}
cnpmCn| |cnimCn
Lprn: m prn:n
STe: { ([func: x] 1p AP}

The rules of LA-Motor specify patternswhich are appliedto episodicproplets. The
first propletprovidesthe continuatiorpredicatefor moving to the next.1®

Therule F+A=Fis for intrapropositionahavigation;it movesfrom afunctorproplet
to an argumentpropletandbackto the functor, usingthe intrapropositionakontinu-
ation predicateof the functorto find the agument. F+A=A initiatesan extraproposi-
tional navigation basedon identity. A+id=F continueshis extrapropositionahaviga-
tion, asindicatedby thefollowing continuationstructure:

9.3 EXTRAPROPOSITIONAL id-NAVIGATION

FUNC1 FUNC?2
A F+A=A FrA=F/ | AN\ F+A=A
ARG1 ARG2 ARG3 ARG1' ARG2' ARG3!

N~ 7 N~ 7

A+id=F A+id=F



Thefourthrule F+cnj=Fcontinuesanintrapropositionahavigationby moving to the
next propositionbasedn the conjunctionof the functor, asindicatedbelow:

9.4 EXTRAPROPOSITIONAL CNj-NAVIGATION

. FtA=F F+A=
ARG1 ARG2 ARG3 ARG1' ARG2' ARG3'

As analgorithm,LA-MO TOR executedegaltransitionsrom oneepisodicpropletto
thenext. However, giventhateachpropletmay provide severalpossiblecontinuations,
thereis the questionof how to provide the highlightingto guidethe navigation.

The first obvious stepis to connectLA-MOTOR to the cognitive agents recogni-
tion procedures Whenan episodicpropositionis readinto the word bank by means
of LA-grammarsfor external, internal, or languagé’ recognition,the new proplets
arehighlighted,causingLA-MO TOR to jump to thefirst propletandto follow thein-
coming propositionsfrom there. LA-MOTOR’s tracing of incoming propositionsis
importantbecausét positionsthefocuspointin preparatiorfor subsequerdction.

10 Autonomous control structure

In orderto guide LA-MOTOR’s navigation from recognitionto action, the concate-
natedpropositionsn aword bankareindividuatedinto recognition-action-recogtion
(rac)sequencesThesestorepastexperienceselatingto, for example feelinghungry
WheninternalrecognitionreadsCA feelshungryinto the word bankoncemore, this
propositionis usedto retrieve andhighlightall earlierracsequencebeginningwith it:

10.1 RECOGNITION HIGHLIGHTING ASSOCIATED RAC SEQUENCES

CAfeelshungry

|
CAfeelshungry—CAsearchesat place X—CAfindsnofood

CAfeelshungry—CAsearchesat place Y-CAfindsa little food

CAfeelshungry—CAseachesat placeZ—CAfindslots of food

The retrieval of rac sequencebeginning with CA feelshungryis basedon the word
bank's datastructure,usingthe conceptsasthe key. LA-MOTOR navigatesthrough
theserac sequencesjumping throughoutthe word bank from propletto proplet by
following their continuationpredicatesignoring thosewhich arenot highlighted!8

18For simplicity, the treatmenbf modifiersis omittedin LA-MOTOR.

I"While absolutepropositionsare normally processedy LA-grammarsfor inference episodicproposi-
tionsarenormally processety LA-MO TOR. However, asa specialcaseof naturallanguagenterpretation
and production,absolutepropositionsmay also be readinto and out of the word bank. This requiresa
straightforvard extensionof LA-MOTOR.



Thequestiorraisedby this simplifiedexampleis: within whichracsequenceaction
propositionshouldLA-MO TOR switch from one-level to two-level navigation, thus
activating a suitableLA-grammarfor action? The solution requiresthat the actions
initiated by LA-MO TOR have a purpos€or the cognitive agent.

For theimplementatiorof purposeit is usefulto distinguishbetweendong andshort
termpurposesBecauseCA's survival from onesituationto the next is a primary con-
cern,theremaindeiof this papemwill be devotedto shorttermpurposes.

In databassemanticsshortterm purposesredrivenby needparameterin combi-
nationwith thebalanceprinciple. Examplesof needparameterareenegy supplyand
temperatureThe currentvalueof the former may leave normalrangebecausef con-
sumption,of the latterbecausef externalchangesOthershorttermneedparameters
arerest,sleepfear, but alsoshelter socialacceptancentellectualstimulation,etc.

Accordingto the balanceprinciple, CA strivesto maintainthe valuesof the need
parametersvithin normalrange.For this, racsequencesriginatingasarealactionare
evaluatedasto whetherthey resultin raisingor lowering ary of the needparameters,
or leaving themunchanged.The evaluationis expressedy meansof needvectors,
pointingup or down at variousdegreeswhereby— expressesno change.

Whena storedrac sequenceés activatedlater by anincomingrecognition,its need
vectoris relatedto the currentparametewalues. If one of the parameterss out of
normalrange,the rac sequencevith a needvectormostlikely to regain balancefor
that parametetis highlightedmost. In this way, LA-motor is enticedto (i) choose
the rac sequencemost appropriateto regain balance,and (ii) to switch to two-level
navigationwhentraversingthe actionpropositionof thatracsequence.

For example,if CA's needparametefor enegy supply hasdroppeda little out of
range the propositionCA feelshungryis readinto theword bank. Becausehe stateof
theenegy parametecorrespond$estto the secondacsequencén 10.1,it would be
highlightedmost,causingCA to searchat placeY. Thefirst andthethird racsequence
in 10.1would comeinto play only if CA's searchatplaceY is unsuccessful.

Similarly, if CA'sneedparametefor temperaturdasrisenoutof rangealot, CAfeels
hot is readinto the word bank. This resultsin highlighting rac sequencebeginning
with that proposition,e.g. (1) CA feelshot-CAmovesinto shade—CAcoolsdowna
little, (2) CA feelshot—CAmovesinto the basement—CA&oolsdowna lot, and(3) CA
feelshot—-CAmovesinto the sun—CAfeelshotter. Herethe needvectorof the second
racsequencés suitedbestto regainbalanceresultingin the correspondingction.

But what aboutsituationsin which thereare no rac sequences the word bankto
be activatedby the currentrecognition? In this case,predefined‘innate’) openrac
sequenceprovide optionsfor action. Considerthefollowing example:

10.2 OPEN RAC SEQUENCES FOR UNKNOWN SITUATIONS

CAmeetaunknownanimal

unknownsituation—CAappmoaces—?

unknownsituation—CAwaits—?

unknowrsituation—CAflees—?

18In memory the propositionof aracsequencarenaturallyconnectedy subsequentropositionsyum-
bers,e.g.54,55, 56, reflectingthetemporalorderof their occurrencécf. Hausse2001b).This allows their
traversalby meanof LA-MOTOR basedn the cjn-valuesof therespectie functorproplets.



Theserac sequenceareopenbecausealueto lack of experiencetheresultproposition
is representeadsunknownn (‘?’). However, they have predefinecheedvectorsrelating
to thefearparameterthefirst beinglow, the secondnedium,andthethird high.

Appearancef theunknovn animalassmallandcuddlywill lower thefearparame-
ter, resultingin agreementvith thefirst racsequenceAppearancasbig andferocious,
ontheotherhand will increasahefearparameterresultingin agreemeniith thethird
rac sequenceAnd accordinglyif the animals appearances uncertain.Provided that
CA survivesthe encountera new completerac sequencevaluatingCA's actionto-
wardsthis particularanimalwill bestoredin CA's word bank.

An indirectway to mediatebetweerknown (cf. 10.1)andunknawn (cf. 10.2)situ-
ationsis inference.The LA-grammarsfor generalizatior(cf. 6.3), episodicinference
(cf. 6.4),andabsoluteinference(cf. 6.5) areactivatedby incomingabsoluteproplets
resultingfrom two-level navigation of LA-MO TOR. Thereby the propletsfor gener
alizationarebasedon completematching while thosefor episodicandabsolutanfer-
encearebasedon partial matching.The crucial questionis whenLA-MO TOR should
switchto which kind of two-level navigationto activatean LA-grammarfor inference.

Finally, thereis languageproduction(cf. 7.2). It is alsoactvatedby LA-MOTOR
switchingto two-level navigation,thoughthe propletsusedto matchthe pathtraversed
arelanguageatherthanabsoluteproplets.As in non-werbalaction,the controlof lan-
guageproductionis basedn racsequenceandneedparametersThe maindifference
to the norverbal examplesdescribedabove is that the needparametergor language
interactionareof a socialratherthana physiologicalnature.

As an example, considerthe social rac sequence¢l) CA meetscolleaguein the
morning—CAgreetscolleague—Colleague greetsCA and (2) CA meetscolleaguein
themorning—CAlooksthe otherway—Colleguedoesnt greetCA. Theneedvectorsof
theseracsequencerelateto theneedparameteof socialacceptanceyherebythefirst
needvectorincreaseghe currentvalue of that parameterwhile the secondone does
theopposite.

Conclusion

Thecontrolstructurepresentedhn this paperis drivenby physiologicalandsocialneed
parametersThey areusedto evaluaterecognition-action-recogtion (rac) sequences
in termsof needvectorsrelatedto thoseparametersA detailedcomputationamech-
anismfor selectingactionsto maintainthe cognitive agents needparametersvithin
normalrangeis described.

This treatmentof control resembleghe treatmentof coherencgHausser1999, p.
473f.) andspatio-temporaindexing (Hausse2001a)in databassemanticsAll three
aredrivenby the structureof theexternalworld. However, while coherencandspatio-
temporalindexing are merely reflectedin the cognitive agents memory the control
structureusessuchmemoriesasmodelsfor actionsto continuouslymaintainbalance.

The propermodelingof rac sequence relationto physiologicaland socialneed
parameterss an empirical matterof considerablénterest. In combinationwith the
balanceprinciple,it providesa computationalmplementatiorof intentionor purpose.

WhetherCA'sautomatia@assignmentf needvectorsto racsequencekasbeenmple-
mentedcorrectlyor notmaybeverifiedobjectively by testingCA's behaior. Thesame
holdsfor the derivation of inferencesandthe implementatiorof long term purposes.
For this methodologyto becomereality, however, roboticsand proceduralsemantics
have to work togethermuchmorecloselythanis currentlythe case.
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