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Abstract

Improvisation requires an understanding and ap-
plication of mechanical objects in broad contexts.
The capacity to interpret a situation in termsrof a
object's capabilities requires the integration of
functional and behavioral object representations.
A model is presented which describes the integra-
tion of causal interactions between these levels of
abstraction. The model maintains both intentional
and behavioral representations to allow in-
ferencing at each level, but integrates them by ap-
plying an inferencing mapping between the two.
This model is used to reason about simple me-
chanical objects in the domain of improvisational
mechanics.

INTRODUCTION

When people have to resolve problems involving me-
chanical objects in real-life situations, they mmstke
decisions based on conflicting goals and conssaint

both the functional and behavioral Iekel Even
though a problem-solver may recognize a behavioral
advantage of one object over another, their hi¢gher-

el personal goals may cause them to try objectsdbas
on functional capabilities. Consider the followiexr
ample of improvisation where these differences tead

a goal failure:

Broken Knife

A man wants to polish one of his silver can-
dlesticks. He must therefore pry open a can of
silver polish in the kitchen, but doesn't want to
brave winter weather to get a screwdriver from
the garage. He reasons that he can use a screw-
driver-like object and decides to try a carving-
knife. What he doesn't realize is the knife is not
strong enough in the dimension relevant for
prying. The knife blade breaks.

L Functional descriptions refer to the intended Use o
objects, as opposed to behavioral descriptions;hwhé-
scribe physical interactions between objects.

There are many representational issueBioken
Knife, spanning the situational, intentional, functional
and behavioral reasoning levels. Atthe situalima

el, planning choices are dictated by the relatigossh
between the man and such contextual elements as the
winter weather and objects available in the kitchen
On the intentional planning level, the man has ehos
the Polish-Metallic plan to preserve his candldstic
This plan requires that he have silver polish @rag,

a state which is blocked by the fact that the sip-

ish can is closed. Recognizing that the only resmt

is to pry the can open, he realizes that the tealsu-
ally uses for this function, a screwdriver, is liree tga-
rage. There is now a goal conflict: between hial gb
preserving the candlesticks and his goal to predis/
own comfort.

Here the functional level becomes significant. A
screwdriver works as a prying tool for the silvetigh
can because it fits into the slot between the cahlid
and is strong in relation to the force necessampryo
open the lid. A carving-knife will fit into thea and
was strong enough for the functions that it wasldse

in the past. The knife therefore apparently macthe
constraints for Pry-Object, so the man uses it.

Finally there is the behavioral level. The kniein-
deed strong, but only in the context of carving and
along the width of the knife’'s blade. Along théctk
ness of the knife’s blade, where the force of pyyirill

be borne, the knife is not strong - not in relatiorthe
friction force holding the lid onto the can. Theifie
blade therefore breaks.

We have been interested in modeling improvisation
situations likeBroken Knife in hopes of better un-
derstanding the creative process during problem-sol
ing. Improvisation is a kind of invention wheresth
problem-solver is constrained by circumstance. Im-
provisation thus encompasses the scope of Edison, a
on-going project to model the knowledge and reason-
ing of naive inventors, people whose knowledge and
planning is based on experience rather than teahnic
expertise [Dyer, Hodges & Flowers, 1986]. Ourrdlai

is that any approach to real-life problem-solvingl a
decision-making must integrate each of the abowe le
els of abstraction into a complete system. Presvais

ject models have emphasized object representation a
the functional or behavioral level, but none have-
grated the two into a single representation andges-

ing mechanism. Edison has been designed to achieve
this integration, and to support the associatedimul
level reasoning.

REPRESENTING OBJECT FUNCTION AND BEHAV-
IOR

Intentional representation models have traditignall
described objects with an emphasis toward their in-
tended uses, while behavioral models have empha-

*To appear in th€roceedings of the Eleventh Annual Conference of the Cognitive Science Society (CogSci-89), Ann

Arbor, Michigan, August, 1989.
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sized their behavioral capabilities. Each modekty
has been successful in its respective domain,itingre
could benefit from the capabilities of the other.

Intentional and Functional Object Models

Intentional object models, such as conceptual-depen
dency (CD) [Schank & Abelson, 1977], describe ob-
jects by an agent’s intentions and how an object’s
function affects the outcome of those intentions. (i
objects are black boxes). Using CD notation, ttte a
of throwing a ball in a game of catch is represeéiyg

the throwerPropeling the ball toward the catcher
while urGrasping it. The resulting state enables the
ball toPtrans from the thrower's location to the catch-
er's location. With this kind of model inferenazm

be made about the relationship between the people
playing (e.g. "John threw the ball to Bill." vs.ochh
threw the ball at Bill."), but not about the bai/blved
(e.g. what if the ball never reaches Bill). Thimita-

tion presents a problem for predicting and exptajni
how plans are affected by object function and behav
ior.

Lehnert’s object primitives [Lehnert, 1978] and Rie
er's common sense algorithm (CSA) [Rieger, 1985]
integrated object functionality into CD to describe
how and when objects are used. These models intro-
duced the idea of a functional representation |del
tween intentional and mechanical levels, which had
properties found in both. Unfortunately, both misde
had weak behavioral representations and blurred the
distinction between object function and behavior.
They were therefore unable to take full advantage o
their functional representations.

Behavioral Object Models

Behavioral object models describe objects’ physical
composition and interactions in lieu of their inded
purpose or context. Instead of action primitibased

on some form of agency, the primitives in behaviora
models are simple qualitative physical process de-
scriptions [Forbus, 1985] which describe objectd an
their interactions. The actor's Propel aasp ac-
tions (in a game ofatch) result inForce andCon-
straint states which enable the proceBsnsmit, of
force to the ball. The ball @rasping is paralleled by

a Constrain process, and the resultifgprce and
Constraint states enableMove process. Behavioral
models are useful for predicting, explaining amdisi
lating the ball's behavior (e.g. when the ball'sght
force and direction are known), but not for desogb
how or why it was thrown in the first place. Aneth
problem with behavioral models is that they dotit u
lize contextual and intentional information for
disambiguating, or predicting, object function dhgyi
problem-solving.

Representing Objects In Edison

Edison is an object-based representational model fo

reasoning about situations liBroken Knife by in-
tegrating object knowledge derived from intentional
and behavioral points of view. The intentionaltfr
Edison’s bi-level model considers the object agnan
strument to achieving specific goals in specifin-co
texts. The behavioral part of Edison considers the
object and its behavioral dependencies with other o
jects. This integration is achieved by considetimg
structural continuity which must be maintainedup-s
port inferences between these abstraction leval$, a
by considering a thirdunctional, part which overlaps
the intentional and behavioral abstraction leveld a
provides for a continuous inference path between
them.

The objects described in Edison are simple mechhnic
devices, such as screwdrivers, hammers, knives, can
openers, and nail clippers. In Edison, the repre-
sentational emphasis is on the physical qualities a
relations which support an object's functional dgsc
tion. Most of the reasoning in Edison is doneighér
levels, so the simulator is only used for diagnasid
explanation. This contrasts to detailed qualitatim-
ulators, such as [Doyle, 1988], designed for this p
pose. The Edison model represents all objects as
combinations of primitive devices (such as levers,
springs, and wheels) which effect the leverage mech
nism through the Transform process [Hodges, Dyer &
Flowers, 1987. All object behavior can thus be de-
scribed in terms of the transmission, translation,
maghnification of force and motion.

Objectfunctions refer to the tasks an object has been
or could be applied to in a particular context, hade
both intentional and behavioral qualities. Using a
knife to carve turkey, to threaten someone, tot¢igh
screws, or to pry can lids all describe knife fumrcs.

At the intentional level object functions describés
context sensitivity throughttributes, which are qual-
ities associated with an object's functional cafgbi
relative to other objects. For example, if we wamnt
carve a turkey, then we need an object which has a
sharp andlong blade relative to the turkey.

Awnbues

P/opé'/ﬂ

ecr-tse
Fy)

Figure 1: Knowledge structures and their causal rela-
tionships are isomorphic for intentional and medétein
representations.
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An object's attributes direct planning choices am-c
text by constraining applicable functions. At the
havioral level functions organize the processes (as
process-state sequences) which effect the obfest's
havior. Processes are constrained by an objduts p
ical properties and its relationships with othejeats.

Intentional-Behavioral Representational Continuity

The relationship that object function plays in inte
grating intentional and behavioral models is deguict

in figure 1. Whether viewed intentionally or behav-
iorally, the same object function is representea in
given situation. Each point of view provides diéfet
inferences about the object, so in Edison the ¢ausa
relationships are kept distinct. For example,ha t
game of catch we may want to make inferences about
the ballPtransing (such as why it was thrown), or its
Moving (such as how and where it will go), depending
on our goals. If we simply merge the representatio
levels one set of inferences is lost.

It is also important to remember that plans anafun
tions in a given situation both describe the same b
havior, but simply at different levels of abstracti In
Edison these relationships are maintained by a&-stru
tural isomorphism between intentional and behaviora
knowledge structures. For example, considepka
action-state relationship which describes causality at
the intentional level. This has a one-to-one Epoa-
dence with thefunction-process-state relationship at
the behavioral level.

Intentional / ’

Behavioral /

Figure 2: The bi-level representation for a game of catch
shows the continuous, albeit separate, inferentte lpa
tween intentional and mechanical abstraction levels

The bi-level model is designed to describe situntio
like the game of catch introduced above and degicte
in figure 2. The intentional representation is sham
the upper level and the behavioral representagon i
shown on the lower level. The intentional desaript
has a causal “gap” after the thrower'SSuasp action,
whereupon the baPtranses to the catcher. The be-

havioral representation overlaps at this pointhwlie
enabling and constraining conditions for thens-
port function, and continues to describe the ball's be-
havioral path (paralleling thetrans action) until the
Transport function terminates (i.e. the ball's motion
ceases). Th&ransport terminating state is identical
to theCatch plan's resulting state (arrival at the in-
tended location). By integrating intentional aret b
havioral representations this way inferences can be
made about object function and behavior not possibl
with either level alone.

Intentional-Behavioral Inference Continuity

There is a difference in generality between interdl

and behavioral reasoning levels which, despite the
structural continuity, obviates direct inferences b
tween the two levels. However, because the same ob
ject is considered at both inference levels, itefions
provide the necessary inference continuity throibgh
associated constraining attributes and properties.

At the intentional level, attributes describe fuocal
capabilities of an object learned through expegenc
and are specific to particular objects in particelan-
texts. Knowing the attribute enables high-levéin
ences about its functional capabilities if the eahis
reinstated. For example, knowing that a carvinifekn
was successful in transmitting force for carvingia
key, one might have concluded that the knife is a
strong object (w.r.t. the turkey). Tlsrong attribute

of the knife is a relative term between like praper
values of the knife and bird, and is only valid fois
situation. Other situations requirirgyong objects,
however, might remind the problem-solver of the
carving-knife. Attributes thus affect planningoypid-

ing grist between context and a problem-solver’s as
sociated interpretation. Figure 3 depicts the
relationship between different attributes, such as
strong andthin, and how they constraltnife-Use via

the knife function$ry-Object andSlice.



Hodges

Ame-tse

(Frcsory)

ﬂf{,g/rﬁ/ Swong ;
co.

wennons/ /

Bepaviora/

Figure 3: Functional attributes liketrong are causally relat-
ed to plan application through the constraints thiege
on object functionality. Likewise property valuesn-
strain the underlying processes. Different attebuwill
be associated with different situations, and déffeprop-
erty values will support the associated functions.

At the behavioral level thetrong attribute is associ-

ated with the knife’s value for the breaking-stririg
property, which directly constrains thHery-Object
function’s processes. Knowing the knife’s value fo
breaking-strength guarantees inferences aboutits ¢
pacity to pry. The correspondence betweerstitong
attribute and the breaking-strength property vaine
ables inferences between levels. The difference be
tween object functionality based on the attribute,
strong, and that based on the property, breaking-
strength, is that dimensionality (i.e. detail) astl If

the problem-solver retrieves the knife based on the
higher-level functionality (for example during ptan
ning), then the dimension of strength is unlikelybe
remembered. In Broken Knife this leads to failure.
However, the fact that a screwdriver vea®ng for its
intended function for tightening screws, leadsrtéma
ference that it will bestrong for other functions as
well, such as prying a varnish-can or punchingi&n o
can for which it is an effective tool. If the kei be-
havior is the basis for retrieval (for example dgri
problem-solving experimentation), then dimension is
remembered and predictions, inferences, or explana-
tions can be made with confidence.

Attribute-Property Relationships

The ability to make correspondences between at-
tributes and property values is important becadse o
the different inferences that can be made at the-fu
tional and behavioral levels, respectively. If thoe-
respondence is made, then the inferences can be
compared and behavior modified. Each attribute de-
fines arange in a property's quantity space. The two

L The equivalent force an object can withstand pgdor
failure.

attributeslight andheavy, which describe the weight
property of an object, illustrate a many-to-onea+el
tionship which is characteristic between attribieted
property values. Many attributes are associated wi
object function through a specific property, such a
strong to strength, otong to length. Attributes can
also be described by combinations of propertiesior
er attributes. The attributeetallic, for example, is de-
scribed by the attributeshiny, smooth, cold andhard.

There are no exact correspondences between an at-
tribute and its associated property value, since at
tributes are context-dependent. Nevertheless, some
comparisons can be made based on how properties and
attributes are represented. In Edison propertyesl

are defined as (property, dimension, value) tripdesl
attributes as (property, reference) doubles. Thalae
tionships are illustrated in figure 4 for the cagn
knife'sstrong attribute inBroken Knife.

Object Property
Reference Value

Breaking-Strength
Friction-Force

Quantity-Space

400 Ibs 800 Ibs 1200 Ibs

strong

Attribute-Space

Figure 4: The attributesveak andstrong illustrate the rela-
tive breaking-strengths (shown in pounds) of olsjectd
their context dependency.

The attributesveak andstrong map onto the material
property describing breaking-strength. The numthere
line segment in figure 4 represents a portion ofngqua
tity space describing breaking-strength valued it
central value being theriction-Force attribute refer-
ence. There are two ways that attributes areerted

to property values in quantity-space:
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1. To a known reference point or value (e.g. silvel-p
ish can-to-lid friction force).

2. To a boundary value (e.g. the full-open positiba o
water faucet).

The reference point defines the context which an at
tribute is directly applicable, and is always foumthe
situational context. For instance, Broken Knife
the reference can be the can's or screwdriveeskbr
ing-strength, or the friction force between thanlip
and theLidlip. Either way the knife is comparably
weak. The shaded bars in figure 4 represent atéihu
and show the variation of the termvsak andstrong
with respect td-riction-Force. The shading indicates
the generalized relationship between what the man i
Broken Knife knows about knife and can strength.

The attribute-property value relationship combined
with the bi-level structural isomorphism provides a
continuous inference path between intentional and b
havioral levels of abstraction. If a situation®giin
memory where a carving knife has successfully been
used as atrong object, say to cut meat, then Edison
will likely try to use it again when the need fasteong
object arises (e.g. iBroken Knife).

Reasoning About objects in context

The Open:varnish-can situation shown in figure 5
illustrates the effect that attributes have atithien-
tional level. The associated property value and be
havioral effects have also been depicted in figyre 5
but a detailed description can be found in [Hodges,
1989]. At the intentional level varnishing a cheir-
tails a number of preparatory steps, one of whidio i
get the varnish onto a paintbrushXaCont goal). In
figure 5 this step leads to a plan for opening the v
nish can by prying the lid with the tip of a screidr.

goal Preserve(chair)
plan  Varnish(chair) ...D-Cont(varnish)

Intentional

@a‘n Pry—Open—Conlainer(varnish—canD

constrains

screwdriver

P ~—handle
/ "leverage”

i shaft e = strong/long

center )
it
e [—tip -

narrow / thin

|

5 | size
g\ width
'*%9/ N, slot

% size
N
N curvature
= . slot

/euonauny

N
PN

/
?
L
/

lid lid lip )
can lip

- can
Behavioral I

Figure5: The attributes associated with "leverage" and "fit
ting" are instrumental in representing how a scréved is
used to pry a varnish-can lid @pen:varnish-can by
constraining its application. Attributes map buttobject
regions (such as handle, shaft and tip) and prppaftes,
which constrain functional interactions.

At the functional level th@ry-Object function is gov-
erned by two attribute groups, one for leveragearsa
for fit. The "leverage" requirement states thad th
screwdriver beong, so that sufficient mechanical ad-
vantage can be gained to overcome the frictionihgld
the can and lid together, amsttong so that it won't
break under this force. The "fit" requirement atat
that the tip of the screwdriver must thén andnarrow
compared to the slot between tamlip andlidlip, and
constrains th€ontact andMagnify processes iRry-
Object at the behavioral level. The leverage box in
Figure 5 states that any object with regions ofdap-
plication, pivot, and force reaction can be usedpgo
ply leverage. The screwdriver has these regionado
to itshandle, shaft, andtip. In terms of prying these
screwdriver regions are the only locations of ieser
There are similar regions associated with the can (
thelid, lidlip, can, andcanlip). The regions on both
objects are also used to define the attribute eafs
points for prying.

Bi-Level Representation and Situation In-
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terpretation

The primary reason for describing object use ag-var
ing abstraction levels is to support different abje-
terpretations depending on context. We want a
representation model which describes how a screw-
driver or knife is used as a utensil in one circtamnse,

a weapon in another, and a paperweight in a third.
Each of these situations calls upon the same object
property (weight), but with different required pesty
values. Models that are context independent bar be
havioral descriptions from addressing an actorts pe
spective in the same way that models that are gbnte
sensitive bar a functional description from makbne-
dictions about behavior. However, even when an ob-
ject has only been used in a single context (sisch a
using a carving knife for slicing), the attributghkich
enabled its functionality might enable its use theo
contexts.

Knife breaking-strength provides a good example of
this. Objects used to cut must $ieong enough that
they do not bend or break before the cut is coraglet
Of course, knife strength is only meaningful in the
mension of the intended cut. However, a person who
naively uses a knife might generalize the extent of
strength to all of its dimensions.

Figure 6 illustrates hoBroken Knife is represented

at the situational level. The upper window illasés
the information given. The lower window illustrate
number of situations where simple devices have been
used in standard ways, and the attributes which con
strain their functionality. Th®-Cont goal to get sil-
ver polish onto a rag leads to @pen-Container
plan. This information is provided to memory aga
trieval cue. Th®pen:varnish-can situation, where

a screwdriver is used for prying, is the best figmal
match but conflicts with the manRB-Comfort goal.
The result is that screwdriver-use, and screwdhiger
lated experiences, are unavailable for planningh(ei
screwdriver). This is shown with circle-ended ddtt
lines. The screwdriver attributes which are pertin

to prying are shared (situationally) with other ideg
(e.g. carving knife irSlice:turkey) which can be ap-
plied to the Pry-Object function. The Flip:pan-
cakes situation is inappropriate because the spatula
has attributébroad, which conflicts with thenarrow
attribute instrumental t&@ry-Object. The carving-
knife is also applicable based on availability csithe
carving-knife resides in the kitchen settind3sbken
Knife. The end result is a plan combining #Pey-
Object function with the carving-knife object.

e BROKEN KNIFE h

I Find (polish) + D-Prox(loc(polish)) + D-Cont(polish) + I-Prep(polish) + DO I

T
@an-lype: Pry-Open-Container(S-P-CanD

function  Pry-Container /

pryobject carving-knife 4—

|
|
|
|
attributes strong, long, | R - p-
thin, sharp | goal-type: P-Comfort
|
|
T
1
|

g [V

Slice:turkey

Open:varnish-can
cutobject carving-knife i
attributes strong, long,

thin, sharp
function ~ Slice

pryobject screwdriver ©
_-—Oattributes strong, long,
narrow, thin

Pry-Container

/== function

Flip:pancakes
$Unscrew:carburetor

scoopobj spatula

attributes flexible, long, 4
thin, broad o--~~

function  Flip

/
driveobj screwdriver O-f=<{
attributes strong, long,

narrow, thin
function  $Unscrew

Open:oilcan

punchobj screwdriver o - JJoe-ocooo--- &
attributes  strong, pointed
function  Punch

ﬂ MEMORY i

Figure6: TheBroken Knife situation illustrates situational
interpretation of a carving knife based on dtiong at-
tribute. TheOpen-Container(S-P-Can) plan is indexed
in memory to situations where objects have beed fae
opening. Open:varnish-can is strongly associated but
cannot be applied directly because of a goal atnflThe
screwdriver and carving knife share attributesrumaen-
tal to prying, so that an alterna®ey-Object plan using
the carving knife can be applied to the situation.

a detailed example

The representation for the functional and behaliora
inference paths iBroken Knife in figure 6 is fleshed
out in figure 7. The behavioral description shown i
figure 7 represents the process interactions supgort
the Pry-Object function with the knife instantiated as
thePry-Object. The representation is shown instanti-
ated with the carving knife after retrieval from mme-

ry and combination into thiery-Object function. The
attribute/property-value relationship is showntees-
fects the functional/behavioral description undes t
heading Attribute-Property Mapping. Tfierequire-
ment affectsPry-Object in two dimensions, so the
comparison to size is made in two dimensions. The
size values constrain the procesddagnify and
Transmit-Force. The darkened two-way arrows be-
tween attributes and property values (states) septe

a “many-to-one” link. The dashed and darkened two-
way arrow betweeRry-Object andOpen-Container
illustrates the inference cross-over between tine-fu
tional and behavioral level.
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Attribute-Property Mapping

attribute narrow
j ect [Tip Knife]
Properiy: Size
Ref er ence: S\ ot-Length
Val ue:

state size-object state size-object
j ect [ ip Knife] bj ect [Slot Can]
T Property: Si ze Property: Size
o (al ong-wi dt h) Dimr (al ong-1 engt h)
Val ue 0.1825 in Val ue 05 in

constrains

attribute thin
j ect [np Kni fe]
Property
Ref er ence: S\ Dt W dt h
Val ue

an pry open conlaln
B0, | -———

e &
Thstrument: Kni fe

function pry-object
Pry-object: Knife

[CanLip S-P-Can]

[LidLip S-P-Can]

results-in

has-act

constrains

process constrain-pivot
ject1: [Body Knife]
Gject2 [Canlip S P-Can]

Slate size-object state size- object
j ect [Tip Knife] Gbj ect [Siot can)
Pr ?"per\ y (S‘a\ g chre Froperty: Sz
Val ue: 0.3 Va\ ue: Kﬂ‘ W‘g dept)

result-enables

process magnify
Qject: Knife
| [Handi e Knife]

attribute strong
@) ect [ Body Knife]
Property breaki ng- st engt
Reference: Friction-Force
Val ue >

state streng(h object state fnctlon force
j e [ Body Kni fe] j ec [Lidip Can]
Pmpen y:  Breaki ng: st engt h Pr Dpev ty: Force
(al ong-t hi ckness)| | Di (al ong- dept )
\/al ue foo Ibs Val ue: baz | bs

‘action propel pry -object state forced-object \
Actor bj ect [FHand\e Kni fe]
or ce

Body Kni fe]

Tip Knife]

results-in

i
b ect [Hanme Kni fe] Property; enables
o m a-h ne
to: (al ong- thi ckness neg) fogoin\ DM (ah neq)

‘ enables

Process move- oh]ect
] ect [u dllp Ccan]
ong- !mckr\ess pos)

results-in

‘ results-in

@j ect dl
Property:  Posi
Reference: [Can Can)

L onelt i Chess pos)

enables

process unconstrain-parts
ol [Ldlip S b-Can)

m.ec\z Ganlip S-P-Can]
al ong- t hi ckness)

‘resulls—m
/state constraint- Db]ect
ect Li 5 P-can
slate contamer R R Dlects | LLid 1
equivalence 3 klung tmckr\ess)

I ve:

Figure 7: Functional-behavioral representation Bioken Knife.

State magmfled -force
@] ec [Tip Knife]
Pl oper\ y Force
(al \nng thi ckness pos)
Val've val ue

1 specialization-of

process constrain-react
jectl: [Tip Knife]
Goject2: [Lidlip S P-Can]

state force

j e [Tip Knife]
result-enables Froperiy: Forbe
(al ong thickness pos)

o
Val ue:

process transmit-force
pl [Tip Knife]
React

[Lidlip SP-Can]
results-in

state forced object
[FL\ dlip S-P-Can]

Pruperty

enables I nng thi ckness pos)

hlle

process constrain-by-interferenye
jectl: [Lidlip S P-Can]
disables | Gbject2 [Canlip S P-Can)

The attribute-property relationships constramRry-Object

function and the processes which comprise it. i\ites are associated with an object in contexhsacarving knifestrong,
narrow andthin attributes are associated with a retrieved sitna8lice:turkey. Some of the fillers illustrated (e.g. [Lidlip S-

P-Can]) are simplifications of the actual represtona

The planning and interpretation involvedBmoken
Knife and the other situations illustrated in figure 6
are currently being implemented in Robin, a lotalis
spreading-activation model of high-level inferemgin
[Lange & Dyer, 1989], which uses the Descartes con-
nectionist simulator [Lange, Hodges, Fuenmayor, &
Belyaev 1989]. In this implementation there wid b
equivalent inference paths for other devices which
could be used as the Pry-Object filler, such aséme
dlestick itself. These inferences compete withube

of the knife through the spread of activation. €thev-

ing knife inference path will win out and be chosen
the plan for prying open the container, howevercei

its strength andfit attributes match the constraints on
thePry-Object role better than the other available ob-
jects.

Conclusions

Designing a knowledge representation model which
supports the invention process requires an integrat
between intentional and behavioral object descrip-
tions. The model must address how the environment
and people’s higher-level goals and intentionscaffe
object choice during problem-solving, and how ob-
jects' properties support that functionality at thee
havioral level. The bi-level representation usethie

Edison model provides the necessary integration and
maintains the inferences from each abstractionl.leve
The concept of attributes is introduced, and theda-

tion to property values is discussed with respehbiv
they affect inferences between intentional and seha
ioral levels of abstraction.
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