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INTRODUCTION.

1_ Imagine‘the foliéwing sitﬁatién: ~Two people, X and Y,
”,iookkat aﬁ aquariumjand get excited about the beautiful fish
:kiibéy see. They‘dod't knowjfheir names but they want - to
’péint' cut particulér"fish  individuals to'éne another. X
asks Y, “do you sée ﬁhis medium—sizéd round fish which locks
Llike a . v1SLt1ng professor’“ "You mean the dark one’“ "No

1Lthe one whlch is llght blue.

Y is not able to 1dent1fy thlS partlcular fish, but in
many cases compact object characterlzatlnns of thls klnd are
suff1c1ent to enable another person to identify  the

_referencé'pbjéct.,'
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<Fig. 1>

In this paper I will discuss some characteristics of
descriptions of that sort. I will present a computer model
for the interpretation of object descriptions which makes

use of those characteristics. .

CONTEXT SIMPLIFIES DESCRIPTIONS.

Observe that -X does not:specifiéally-say thétlthe,‘fiéh
he 1is refetringj to ‘is,'in'the aquarium whibh X and Y afe
léoking at. But,the.contevaofvthe situation restrict§ the
pqésibilitiesv which  Y is considering to the fishes in this
particular aquarium..’In the system which I vwill describe
the coﬁmunicétion betweéﬁ X and Y will be more efficiént if
the situation context ‘réStricts:;the séE  of -possibly
referenced objedts more severely. This is, becauééfx‘s
object deécription does not have‘ to convey  so much
infofmation that it would be pnssible ﬁo distiﬁguishbﬁhé
ytafget objéct from‘all other objects in the universe, but
only encugh information to distinguish the object from the -

other objects in the given situation context.

This means that a smaller number -of features or feature
values would be sufficient for an>object description in the

restricted context, as compared to the unrestricted

universe. ~ In other words, only a comparatively small

vocabulary would = be required if we were  williqg; ~£9

custom-tailor a vocabulary for each new context. How can we




‘.Page 3

take advantage of the restricted context without giving up

the idea of a general-purpose vocabulary?

CONTEXTéADAPTIVE VOCABULARY.

~Let us assume in the beginning that X and Y share a
fixed vocabulary, i.é.,vthey both use the same terms and thne

terms have the same meaning to both of them.
- <Fig. 2>

Let the termé descfibe féaturéé{’tﬁatzbbéth, X"and‘ff éan
perceive visuaily; for éxampievéQIOr,-heighﬁ,'length, shape,
locaticn,.etc{ If the meéning of the vocabulary was able to
‘adapt‘ to various gontexts, - the sizev_of .thé vrequired
vocabulary wouldldepéndfon the ‘éomplexity of the lcontext
‘réther thaﬁ Aéh' the complexity of thé 'universe; This
adaptation should follow general rules, such that X and ¥ dé
not have to agree éxplicitely'in every new si;uatidn about
':hqw-to adapt a giyenlterﬁ to the particularvcontext.

Considéf; for example, the nqtion of 'tallness’'. “This
‘QCOncept is cbntext-édéptive in t&o ways: - |

' <Fig. 3>

PFirst, 'tallness‘ describes drastically different scales :of

 ;?31ues, dépéndingvéh the .types of objects it refers to, for =
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example the height of a cup, the height of a person, cor the
height of - a building. I will call this type of adaptétion

‘global adaptation'.

Secend, fer any given type of object, a value on the
tallness scale may refer to different height, depending on

the height of other objects of the same type in the given

_context.  This  'local .adaptation' correspends to the.

fuzziness of a concept. .

REPRESENTATION OF ADAPTIVE CONCEPTS.

To model ’these’ twcﬁ ﬁypeé .of adaptétioh, I will
introduce the concept of a fUzzyupOSsibiiity distribution as
developed by Zadeh¥*. The concépt of 'tallnessi can:‘be'
reéresented' by' the wpossibilityb-distribution shown on the .

figure.
<Fig. 4>.
o The curve indicates a_deg;ée of possibility 4y to which some

object can be considered 'tall' given that it is perceived

to have a certainyhéight; _It shows by how much ‘a concept

must . be. ‘stretched' . to apply t¢ a particular situation. o

Global adaptation-of 'tall' to some context corresponds to a
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* L.A. Zadeh, Fuzzy sets as a basis for a
possibility, Fuzzy Sets and Systems.1l, 3-28, 1978.
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change of scale on the abscissa.

Local adaptation correséonds to Searching for an object
whose height indicates a telativeiy high possibility for
being,referred.to by ;tall'. .A'fuzzy'taiiness,value ihpéses
an elastic constraint on the height of an object. . If there

is no object with prototypical height for the inen tallness

' value, this fuzzy value is taken to refer to a less typlcal-ﬁ-?

value 1n the correspondlng domaln... The llmlts "~ for this

elastlcltyv‘are glven by the p0331b111ty dlstrlbutlon. For-

«.eexample, 1f X descrlbes a person as 'tall‘, but in the glVen.

situatiom context Y ‘cannot flnd .a person to which the
predicate 'tall'7app11es very well, Y will look for a person

to whom the predicate 'tall' applies more or less.

CONCEPTUAL DECOUPLING..

Besides the‘abilityvfor”global_ and. local adaptation,
thera 1ig another'advan*age to using fuzzy concepts:n if wa
»v1ew a fuzzy concept as a concept w1th elastic- constraints

FWe5 do not have to 1n31st any longer that the communlcatlon

partners X and Y agree completely on the deflnltlon of thelr:'t

concepts. | ThlS, Qf course, is very useful if communlcatlon
between two partners 1s ‘te occur enly - ccca31onally in. tne?'
sane context, because they do not- have to determlne a common
1nterpretat10n for thelr terms Flrst° They_ still will be'

able to understand one_another as long as the meaning of the

“feature deScriptorsffot.both,communication partners is close
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enough te have high compatibility with the target objectv
compared to other objects 1in the context domaih. In
particular, there should be ne "gap" between two features
denoted by the same term in the sense that a feature value
which «can be considered in between two typical values for
the two communication partners should comfortably be lébeled'

by the same term by both partners.

In effecﬁ, tnls means 'that- fuzzy  terms doscrlblng
values along the same feature dlmen51on should have the same
'vorderlng along vth;sv dimension fo;»j both . communication
partneﬁs.‘v For example, SOmé values along the ;tallneéé'

dimension could be ordered in the follbwihg way:v

<Fig. 5>

not tall < more or less tall < tall < very tall.

TRANSMISSION OF FUZZY CONCEPTS. -

i will béw ex§1ain thvfuézy"céncepts are _repfesenﬁed
and communicated _ih 'my.object identification_sysﬁém}, the -
input to the-syétem.ié é PRUF'repfesentation*:which. cénvéys
thé 1ntended meanlng of the correspondlng natural language

object descrlptlon.'i
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- *  L.A. Zadeh, PRUF - a meaning representation language for
natural 1anguages. Int. J. Man-Machine Studies- (1973) 10,
395-460. R o L SR
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For example, the PRUF representation of the English

object description

"The red fish which is quite small”

-is:

<Fig. 6>

(OBJECT (category FISH)
(r (color) .= RED)
 (r (size) = QUITE SMALL)
.g(determlne:v— definite))

'_ﬁémén'pgpéi de"Méﬁééfa§ aémonstrateé‘in_this~sympesiUm*. how
meaning . fhat is relé?ant:for the object.identifiCation task
 caﬁ be transléted fr0m~£he Bngliéh description into PRUF

In this‘PRﬁ;“descfiptioﬁ; Ehé descriptor "(category = FISH)"
is represented as a crlsp,‘i e. nohnfuzzy, descriptor’ and
:“(ﬁ' (color)- = RED)“ as a fuzzy descrlptor. The meaning of
'*ke 1atter de crlotor is cbaracterlzad Dy a- o§091hility
distribution over percnived colors of fish. The pOSSlblllty

{fvalue for a partlcular color corresponds to the degree of -

g compatlblllty of thlsi color w1th the concept “red color“‘

_ Only relative compatibillty values are relevant here. RS S

 g$hQu1dﬂfnqteﬁfthat'théSe:compatibility values are subjective ;gf f
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* R.~LOPEZ‘ de Mantaras,‘ Translatlon of natural language
descriptions of simple objects inte PRUF, XXIInd Intern.
Congr. of Psych., Leipzig, 1980. :
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measures which will vary froam pérson to person.

The size descriptor in the PRUF expression contains the
linguistic meodifier ‘quite' which medifies the possibility
distribution associated ~with the fuzzy 1linguistic value

>'small‘.

_The Vdetermiher' 'definite' . in.  the PRUF description
indicates that the issuer of the object description implies
that it refers to a particular object rather than to any of

a set of objects.

INTERPRETATION:OF DESCRIPTIONS. =

ch are these fuzzy descriptions‘ interpreted?_: The
context data base is‘ seatghed _fi;s?lvfor _objects»whéée_
featureé cortespond to the higheét possibility  vaiues
associated with the description.  The possibility
distributiéns-ﬁhich>are rele&ant-here are the ones which the.
‘iﬁtérpreter associates with the'déscriptors rather than.thé
distributioné of the describer. If no perfeét match betweeh
deséripﬁion‘ and.. object is found, objects with“léwer
compatibility;_betwéeh the intefpfeter‘s’ meaningl_off the‘

description and the actual featureS"are searched for.
<Fig. 7>

This figure depicts two differihg possibility distributions

associated with the. deséription_ “red fish which is»quite'i
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small" for the two communication partners. Y 1is .able‘ to
identify the  target object as long as it has some
compatibility with the descriptien for the ihterprete; and
there 1is no other object in the context which has a higher

~dagree of compatibility.

To successfully distinguish the referenced object from
other objeets to which the eha:aeterization may apply, the
Edescrip*ion'must céﬁt;in at 1eaet bﬁe feature which does not
apply conparably well to other candldate objects, - accnrdlng

o to the 90331b111ty dlstrlbutlon nf ‘the 1nterpreter.

B Thus,ﬂit eesily;cen be eeen_éhet the_pﬁecision required
.fort an. objeét‘desegibtionideéends directlj on the.preseece
of similar objecfs in tﬁe context;vand Xhand Y can determine
1ndependently,' how much preelslon is 'required to avoid
ambiguity. Furthermore, our deflnltlon .of HfuzZy featere
Values makes it';uqnecessary‘Vfor X to tell Y the level of
pfecisioe offthe desc;iptieﬁgl In.faet; eaeh deseriptor in ae

description may have different precision in a given centext.

FUZZY REFERENCE CONTEXT .

Up to thlS p01nt we have assumed that X and Y refer “to-~'

exactly the same context. This assumptlow may be acceptable I

“if they _communlcate-[about objects that  are wlthlnev'p

well-defined bounaaries, for example in an aquarium. But if

we want to adm1t that7they communlcate about what _they see

when they go lelng at the sea, thls requ1rement is too
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strong. As little as we want X and Y to have to agree on
~the precise meaning of their vocabulary we want them to have

te agree on the precise context.

Context‘plays é two-fold role in this system:A' first,
it corresponds to‘.the set of objects which contains the:
cbject of communication; second, it serves to determine the

" scale by which features are 'ﬁeasqred;f For example, the
“tallness scale for houses is normaliied»by’the héight"of. a -
small house and 'tﬁe height Vof.a tall house in the given
,conﬁext, If X and f‘how,consider ¢s;ightly _different}l but

1argely overlappingkcontexts, several things can happen:

<Fig. 8>

First, the features of the objects which belong to only . one -
of the partner's context can be in the same range'as in the

common context; then the feature scales are not affected,

Second, some features may be slightly outside that . range;
this has the same effect as if X and Y associate slightly
different possibility distributions with their ~ feature

labels.

Third, some‘features;may be off drastically; . then ,we tcan
expect a communication problem. But there is a good'chahcé o
that ¥ will detect'thisifact,'because'he'hay"not find ‘any

object to which the description fits. -
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In case there is a relatively strong disagreement
between some concepts or between the reference contexts of
the issuer and the interpreter of a description, successful
communication can be enhanced .at the expense of a mnore
elaborate desc:iption.  Redundant descripticons nelp oFffset
bdth,'disagreement'in'use of vocabulary and uncertainty with

respect to reference context.
. COMPUTER IMPLEMENTATION.

Thé coﬁﬁuﬁiéétidh ,médel I héve 'described is  being
implemented in the AI-language L-FOZZY*, a dialect of the
LISP«baééd‘ianguage:FUZZ?, fL—FUZZ¥_§an directly represent
fuzzf. séfé. with ' igﬁguistic mpdifiérs; .Fuzé? sets are
intérprétéd as stéibility distributions‘andvthe linguistic
modifierév~a£e ’repiééentea by procedures which medify these_

- distributions.
CONCLUSION.
Let;he'conclude by_éummarizing features of my system:

1. the context of a situation allows a description to

be rélatively simplé;.
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'* C. Freksa, L-FUZZY - an Al lahguége. with linguistic
- modification of patterns, ERL Memo M80/10, Berkeley, 1980.
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2. only a small vocabulary isArequired to communicate
in a multitude of situations taken from a large
universe, because the same term may correspond to

many different instances, if it is adaptive;

3. linguistic modifiers serve  to augment the

vocabulary;

4, fuzziness is exploited to avoid the necessity.‘for;
precise agreement on the language, to have
context—-adaptable degree of precision, and to be

flexible with respect to the reference context;

5. the message that is transmitted from the describer
to the interpréter is a "skeleton" that is filled

with meaning by the context and by the interpreter;

6. all these features taken together make it possible
that descriptions of complex situations. may be

rather compact.
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Compatibility of 'tall' with height (object)
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concept
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English description:

“The red fish which is quite small”

PRUF translation:
(OBJECT (catagory =FISH)
{w (color) =RED)

(r (size) =QUITE SMALL)
(determiner = definite))

subjective possibility distribution for "red"

effect of the linguistic modifier ‘quite"
on the possibility distribution for “small®

quite small

size (fish)
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