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Abstract

The approach described here allows to use they f0bfect Based Representation of imprecise andrtaineknowledge.
This representation has a great practical intedest to the possibility to realize reasoning on sifation with a fuzzy
semantic network based system. For instance, 8iaction between necessary, possible and usesedaalows to take into
account exceptions that may appear on fuzzy knaygldzhse and facilitates integration of user's Qbjet the base. This
approach describes the theoretical aspects ofrthéecture of the whole experimental A.l. systembwiilt in order to provide
effective on-line assistance to users of new telciyical systems: the understanding of "how it wbred "how to complete
tasks" from queries in quite natural languagesaunmodel, procedural semantic networks are usesoribe the knowledge
of an "ideal" expert while fuzzy sets are used kothlescribe the approximative and uncertain kndgdeof novice users in
fuzzy semantic networks which intervene to matdzfuabels of a query with categories from our ailexpert.

1. Introduction

Users do not learn through written instructiobsarning how to use a new technological systemagly an exploratory
activity. Exploring learning has shown to improve tabilities constructing to successful error hewgdand discovering and
eventually constracting correct knowledge, but esgibry activity frequently leads to experiencentiiested states or not
reach the interested state goal. Users need as®stat only to avoid errors, but to understand hbe system interprets their
commands and How and Why to act in order to relein goal system (Tijus, Poitrenaud, Richard & lepx, in press).

In order to respond to a query, an executive asgishight know very precisely the goal the userihamind, which means an
object in a given state (the properties of the dhpeing transformed). Moreover, even when goadairly well defined, it is
often necessary to think about superordinate ghets.take (examplel) the query of a subject ugiMpcintosh Computer.

Example 1 :

Subject : "I can not understand why it can find Paint"

(Assistant’s Understanding : To find [Paint])

Assistant's :"What is [Paint]?

Subject : "Paint is a software to draw”

Assistant's diagnosis "as you are using a Text Editor you can onlyaeé#or text files. You must return to the finderda
search for the software. Only the finder gives asde softwares."But, why do you need to find Paint

Subject : Because | want to include a figure in the text.

Assistant’s Understanding To include [a figure, in the text]

Assistant's :"What is [a figure]?

This short verbal protocol shows that the assiste® mainly to understand goals and objects ofgthels as well as
superordinate goals. To diagnose the latter helpzdvide guidance ( do you know that the text@dybu are using makes
possible to draw?).



2. The Semantic Net of the "Ideal Expert"

Executing a procedure serves to reach a GoanoObject. The underlying psychological hypothésithese Goals are
Object properties, and as such, are generatorbjeicOcategories. Goals and procedures defineutiatibn of Objects and the
way to use them. As functional properties of Olgetitey enter into the construction of semantievogks in the same way as
structural properties. We define a procedure ajaence of operations whose execution serves ¢th @e&oal, and where the
elements of the sequence are either primitive astar subGoals which themselves call for associatededures.

We define the "Ideal" Expert knowledge of a syststhe knowledge that is sufficient to the systeohthat is described in a
semantic network (figure 2).

Construction of the Ideal Expert Knowledge staftgiven a set of Tasks that are executed using eiésnof one technical
device through procedures. The first step is thk thecomposition as a hierarchy of Goal decompmusitito subGoals from
the level of the Goal of the task to primitive acs. The second step consists in :

i - drawing up a list of possible Goals and the pdoces to reach these Goals,

il - constructing the Ideal Expert Net as a classiealamtic network.
But, instead of using structural properties of eyss interface Objects, Goals reachable with tHObgects are used as
properties. The ideal user's description uses \alidedures that have to be applied to the elenwdritee device in order to
successfully complete the task. Classes of Objaat$ relations between classes of Objects merge fimutines for
classification and routines for classes organimatithe above principle may be derived from an algiebentity: the Galois
lattice of a binary relation (Barbut and MonjardE2,70). Given a set of objects and a set of pra@snive can built the binary
relation composed by the set of all couples obpeaperty for which the object holds the propertyci$a binary relation may
be presented a in two way table with objects irdirand properties in columns, checking cells sirattproperties of
geometrical shapes are organised, we obtain ttaybialation shown by the (figure 2), called thessldiagram of the lattice.
Several algorithms have been proposed to builtGhkis lattice of a binary relation (Norris, 1978anter, 1984; Bordat,
1986). This kind of lattices, and the Hasse diagvemth is used to draw them, have severed to ifgadst categorization
problems (Guénoche & Van Mechelen, 1993; Storms) Machelen & De Bocck, 1994). Figure (2) shows hbe Galois
lattice is used to formalize the class inclusidatien underlying data in table 1 by the mean efdlouble partial orders over:

i - the set of objects,

ii - the set of properties.
The resulting structure is a two way lattices inahhwhen a set of objects A includes a set of cibj8, the set of properties of
the objects in A are included into the set of @mbies of the objects in B, and vice versa.
The nodes of such a graph are called formal coaceptWille (1982) because they clearly expressdissical duality
between the extension and the intension of concepts

In summary, a basic Ideal Expert Net (figure 13 isierarchy of abstract and concrete classes @qmagh as a single directed
graph [G: (N, G, R)] which is defined to consistaoket of nodes N (representing classes of Objextset of attributes G
(representing Goals) and a set of relations Rréssmting classes inclusion) between nodes.

Finally, the structural properties of Objects adeled focusing on those that justify the applicatibithe Procedures attached
to the object in hand. Note that, by answeringigseof the users while they try to perform a gigeral, the Expert Assistant
delivers not only planning information, but alsg@al structure and the knowledge of what justiffesprocedure by providing

the knowledge that is included in the Ideal Expésat.

If the Assistance System does not understand tlaminmg of an instruction, it discusses with the usil it is able to interpret
the query in its own language. With the learningne#v words in natural language as the interpretgiimduced in agreement
with the user, the system improves its represemascheme at each experiment with a new user andddition, takes
advantage of previous discussions with users :

i - the standard Objects and recognized by the sadtwae described in a semantic network where gadafsd sfor
properties of Objects,

ii - as the queries of an user are expressed in ndangliage and as they correspond more or less se ttandard
denominations, the system establishes fuzzy coimscbetween its primary knowledge and the newlsabé Objects or
procedures expressed by the user.

For instance, since a new attribute (new verb)lmaidentified with more than one primary attribute found convenient to
use degrees of appropriateness of each such idatith. For this purpose, we used the framewortunty set theory and we
describe fuzzy characterizations of classes of @bj&ith Goals as properties. Possibility and/ataiety measures enable us



to quantify the opinion of users regarding the degof similarity or convenience of associationsMeein descriptions of both
Objects and procedures.

In the next section, we present the proposed sydealing with degrees of membership of an Objeet procedure formulated
in the user's language to one of the classes dtitzy semantic network. It takes into account dbgree of inclusion between
fuzzy classes and the grade of membership of danos to one or several classes. Rossazza (90)uted the concept of
fuzzy Objects and Dubois and Prade (1989) addiesseproblem of typicality of class hierarchy, lvery few works have

been proposed in this direction, specially as a @fgfanning actions.

3. The Fuzzy Semantic Net of Novice Users

However given the polysemic aspects of naturajuage (verbs and nouns which express goals andedebjects), with
the necessity of a man-machine interface that ievqueries of users, the problem that is undersiigation is how to match
the content of a query (the label of an Object tedlabel of a Goal applied to this Object, as exped by a novice user) to
their corresponding items (class of Objects and I&Goaas properties) in  the Ideal Expert Net.

Procedure Pi (Properties) Y Z (propertigs Procedure Pj

el

Procedure Pk X (properties
—3» Inclusion relation (X is a kind oY)

Figurel: Procedural Semantic Net representation with inausielations. Procedural and declarative semantiéghe device
merges in regard of applied procedures. Clasgesnd Z inherit of procedures of superordinate classesckss X inherits of
procedures of botlY andZ classes (multiple inheritance).

Key | Forward-Word| Backward-Worg Forward-Char Backiva Char | Word | Uni | Direction
Char t
Direction X X X X X
(Forward)
Direction X X X X X
(Backward)
Choose X X X X X X X
Select X X X X X X X
Press X
Table 1.
BackWardWord
Word / [direction(Backwarfl)]
choose
\ ForWardWord
Unit [direction(Forward)]
[direction(Direction
select*
BackWardChar
[direction(Backward)
Char
choose*
Key ForWardChar
press [direci{Borward)]
ckward
chobse
Direction
\> Forward
choose?

Figure 2. Fuzzy Semantic Network

The example of the technical system we considee fis a Word Processor software, with Objects saschchain-of-
characters”, and procedures such as "cut" or "cdpyt’ a novice user of the software, the list ahdard denominations is not
obvious and he often would like to ask an expeérafor about how to execute an action such as thoub letters".



To describe common sense knowledge, differentskinfdrelationships must be used. They are necessaificient and
possible for Torasso and Console [Rossazza, 96gssary and typical for Padgham [Padgham, 88].tAearetical level, the
first organisation, as defined by Torasso and Clensppears to be powerful. However, it is diffictid define the sufficient
linguistic value in practical applications and we nbt use this concept [Tijus & Poitrenaud, 199&]our present work, we
distinguish necessary properties from possible aneéswe do not consider sufficient conditionsoltdws that each Object or
procedure is described by three fuzzy areas (n@gegsossible and user areas), which describeriygepties of the attributes
A

3.1.Fuzzy areas

Necessary area The necessary ared" (P, A) of a linguistic value P of an attribute Atige set of couples (necessary
linguistic value, necessity degree) admissibleAaelatively to P. This area is fuzzy because soalaes are less admissible
than others.

Example 2 : Attribute : procedure
domain[EraseMenu,EraseWithkey, Select, CutWithMenu]
value :Erase
Necessary-ared(EraseWithMenu, 1) (EraseWithKey, 0.9) (CutWithie 0.6)]

The value onN(Erase, Procedure) is obtained from a necess#trildlition. The latter is given by one expert using
EraseWithMenu, EraseWithKey and CutWithMenu to gieshe system linguistic value Erase.

Possible area:The possible areiP(P, A) of a linguistic value P of an attribute Atise set of couples (possible
linguistic value, possibility degree) admissible fo relatively to P. This area is also obtainedrira possibility distribution
given by a system expert.

Example 3 : attribute :procedure
domain :[EraseWithMenu, EraseWithKey, Select, CutWithMgnu
value :Erase
Possible-ared(EraseWithMenu, 1) (EraseWithKey, 1) (CutWithMeud)]

User area: The user arezZU(P, A) of a linguistic value P of an attribute Atige set of couples (user linguistic value,
possibility degree) admissible for A relativelyRo This set is obtained from the user reasoning.

The necessary, the possible and the user aréas taldefine attributes of Objects classes.
3.2.Fuzzy attributes

a) System's fuzzy attributes :The structure of System attributes A is as follows:

Al(r(z.2)-(=(2. 2)) ®
Where
P, is the i-th linguistic variable of A,ZiN is the fuzzy necessary area associated Wjth ZP is the fuzzy possible area
associated wittP, .
Example 4 :

System goals[
(Erase (Necessary-ared(EraseWithMenu,1) (EraseWithKey, 0.9) (CutWithme 0.6)}
possible-areg(EraseWithMenu, 1) (EraseWithKey, 1) (CutWithMertu8)}))
(Select( Necessary-ared(SelectToGoThrough, 1)(SelectTo Delimit, 0.8)}
possible-areg(SelectToGoThrough, 1)(SelectTo Delimit, 1)}))]

b) User's fuzzy attributes: The structure of the user's attribute has twal&kiof descriptions. The first one is a set of yuzz
areas and the second one is a set of couplesidiigpossible value, possibility degree). Theystiewn as follows:



AfA(ZD)-- A 2))] (2)

Where
A are user's linguistic variables of the attribute A,

u .
Z~ the user's area fuzzy values.

For a couple (possible linguistic value, assodigree), this structure becomes:

ALA{(Pa da). o (P B b A{(Pr ) R 0] 3
Where
A linguistic variables associated with A,

P, possible linguistic variables associated with .
d,. possible linguistic variables associated wij.

The definition of the user's attribute is as foldow

Definition 1: Let P, , iU [1, n], a set of user's linguistic variables. Wil a user's attributé.” by:

A’ =2 (P)xZ"(P,)x..xZ" (P,) (4)
Example 5 :

attribute : procedure

domain : [EraseWithMenu, EraseWithKey, Select, CutWithide

value :Gum

User's area: [(EraseWithMenu, 1) (EraseWithKey, 0.7) (Cutkitenu, 0.5)]

Three kinds of attributes can therefore be deforetlie object O: necessary attribuge’ , possible attributeA” and user
attribute A”. These attributes are fuzzy as results of theeGmn products of fuzzy areas. The set of attridiescribes

classes and instances. PropertiesAéJf are user properties which can't be used in therétieal definition of classes and
instances.

Definition 2 : Let A, i O [1, n] be a set of attributes. We define clasa<C

C=AxAx.xA (5)
Definition 3 : Leta,, i [ [1, n] be a set of attributed, , i O [1, n]. We define an instance | , with analogytolass, as :

| =a xa,x...xa, (6)

4. Hierarchical relation

The integration of fuzzy properties; as ‘ftaee’, in the Object’'s description implies the wation of relations in [0, 1]
(Omri, 1993; Omri 1994, Omri & Tijus 98). There awmo kinds of relationships: the relation ‘kind-obetween two classes
and the relation ‘is-a’ between a class and arait&. One class may be a kind-of an other claissidlrsome extend. Each
kind of relationship is described by a membershailue obtained from the inclusion between areastwéden attributes.

We define degrees of inclusion in the followingtgens for variables, attributes, classes and itsts.



(0.5, 1)

(0.75, 1)

The letters

Figure 3.a. :valued "is-a" link

(0.25, 1)

(05,1)

Figure 3.b. :valued "is-kind-of" link.

In figure 3.a, ‘The letters’ appears as a ‘kind-Bfommand’ with the couple of values (0.75, 1), firat number is the
necessity coefficient and the second is the pdigiboefficient. It is also a ‘kind-of’ ‘Object’ vth (.5, 1) as a couple of values.
In figure 3.b, ‘the number’ is-a ‘Character’ witlecessity coefficient 0.25, possibility coefficiehtand is-a ‘Word’ with 0.5
and 1 as necessity and possibility coefficientpeetvely.

4.1.Inclusion between fuzzy linguistic variables
Let Y be a universe linguistic values, T and Stame linguistic variables defined on Y. = {(tl,dl),__, (t,.d, } and
S= {(Sldl) '(vad'm )} wheret, and S i 0 [1, n], jO [1, m], respectively the different linguistic vasiof T and S.d,

and d; degree associated withand S;-

Definition 4 : Let f;m s be the membership function which results fromititersection of linguistic variables T and S defin
on the same universe Y. We define inclusion degféein S by:

zyDY f'lfn S( y)

Deg*(TO 9=+ 7

ZyDY fT (y)
f; is the membership function of the linguistic vateaT.

It can be applied for necessary and possible afesanding for N or P.

a) Case of system attribute

Definition 5 : Let Deg" (T O S) and Deg”(T O S) be the necessary and possible inclusion degred@siof S. The
resulting degree is obtained as follows:

Deg(TO § = Deg"(TO s); De§( T B ®

In the particular case where T=S, we hddeg(TO S) =1

b) Case of user's attribute

Definition 6 : Let fT and f . be respectively the membership functions assatieieh T andT n S. We define the
inclusion degree of T in S by:



2o fras(y)

De TO 9= (9)

Zym fr (y)

4.1.1. Inclusion between fuzzy attributes

Definition 7 : Let T ,T,,...,T,, i linguistic variables for an attribute &, S,,... S, i linguistic variables for an attribute B
whereT .S, T,S,,...,T,§ respectively defined on the same universe. Wendéficlusion degree of An B by:

Deg( AD B =min( Deg 7O §)) (10

1<p<i
4.1.2. Inclusion between fuzzy classes

Definition 8 : Let A, A,, ... A, be n attributes which defines the fuzzy cl@sand B, B, ,...,B , n attributes which define
the fuzzy clasC,. We define inclusion degree @&, in C, by :

Deg G O G)=min( Deg A0 B) (11)

1<i<n
4.2. Instances and classes

In the case of a class and instance, we deal détirees of membership degrees. These degrees mehsyphysical
representation of the class by the instances. @neybtained from inclusion degrees between fuzipates. We define the
membership of an instance | in class C by :

Deg( 1 0C) = min Ded a0 A) (12)

1<i<n
5. Conclusion

Inspired by concepts produced in the framé&wdiObject oriented programming tools, from resbas in problem solving
(Tauber, 1988) and from analysing tasks like tektiry and the use of a sophisticated telephoneh@d J.F., Poitrenaud S.
Tijus C., 1993), we implement the know-how (nhamkdotvledge of an ideal expert") one needs to pdyfeise any technical
system with semantics networks focusing on clas$&3bjects and their categorisation via class isicl from the point of
view of the applied Goals they share: Goals aramiggd in a semantic network whose nodes are Obg@etories and whose
arcs indicate the class inclusion relation (Poéreh) 94).
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