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if instantiate{Some Cell) then |
{ Susp_ree = wvalue{Some_Cell),

repeat |

Next_record = (next{Susp_rec}), 1

Flag = flag{Susp_rec), I

if valueiFlag) == off then I

[ enqueve(goal rec{Sesp_reel), |

| value{Fiag) == on ), |
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Li—12 AwaLog1cAL REASONING AS PropaBILISTIC REASONING

TaxasHt  YOROMORI
TIAS-515, Fugrtsu Lro.
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1. Introduction

We note there are wvarious contexts in
which pecple say "one is analogous to the
other”. The expression "as like as two
peas", for example, comes from the analoogy of
appearance, while "similar story” and
"inherited temper" fall under another
category of expressicnz caorresponding to
another type of analogy., One may classify
amalogies as  follows:

syntactic araloqy (a)

[ [Eormappearance. symboliem]
semantic or functicnal amal
-dymamic or operation:l ana (k)
¢+ performance]
static analogy (z]
[situation, senselcolor, tasee}].

In the study on analogical reasoning, [H85a]
discusses and proposes one method for
realizing the analogical inference based on
its "theory of analogy” which only concerns
the analogy of tg[fpe tal. The key idea there
is to formalize the concept of analogy us
"inductive generalization” [P70].Provid
that amy obdest in analogical reasoning can
be expressed as a finfte set of ground
atoms in Horm logie, the anal between the
two clects S, and 5, 15 defi as follows:

54 and 5, satisf the partial identity
condition”if there exists a one-ta-onae
mapping f such  that £(Sgl~-3 z» where
S is the least generalization of and 5
for substitutions g9, and g4, L.e., g iz t
least general such S)at 57y 54 and 53.C 5.,

In the defimution ahove, F claims a strfet
ocne-to-0one correspondsnce between the two
nbjects, wnich causes some difficulties in
dealing wilh common cases of analogy. It
cannot handle analogies betwean the two
abjects having distinct domains, further,
even if in the same domain, a semantic ans-
logy of the kind (b} or {c) above neither.

In tha later paper [HBSB] Haragueohi estends
his formulation of analogy (partial ideatity
conditionito overcome some of its drawbacks
above and to deal with a kind of semantic
analogy to some extent. There still remain,
however, quite a few problems to be solved
in the extended version. For example, the
identification of a concept in differnt
formulaticns cannot be treated, and more
Eypically, o consideration has been given to
the problem of handling the "sveryday aral
used in daily life such as "like something'.

The gnal of this paper is to show that
talu'-.ql Dampstec's theory of probability as a
formal frameweork analogical reasoning is
regarded as probabilistis reascning, and to
au.rtf& on 4 possible way of handling semantic
analogy in that framework.

2.5emantic Analogy and Analogical Reasoning

As mentioned i the previous section, by
semantic analogy we mean the types (B) and
ic} of analeqy. However, our intension here
is mainly the tvpe (o), that is, static
analomy, In what follows, we simply refer to
semant:c analegy as analoagy, unless any
confusion arises. We also assume that the
oirjects in disseurse of analogy are descrilbed
in Hom logic formulas.

Congider the followings that give typical
examples of amalogy in daily life.

Let parent{x,Y) be a predicate meaning X is
a parent of ¥, and couple(X,Y) meaning X and
Y are a couple. In gereral, we have

grmﬂ-pn.rmt{ﬁ.‘fh-pﬂ.rmtt)hﬂ.pa.rintlzi‘fl

in=lawiR X Yie=RIX,Z) ,couple(Z,¥) --= (2}
where B 18 a relation name.| For example, in-
iawl parent, tom,mary) denctes “tom is a
parent-in-law of macy'”.) s il holds

transitive{R,X,Y)«=R(X,Z),R(Z,¥],

Then, firstly,.{1) is esaed as follows:

grand-parvent (X, Y) «-transitive|parent, X .r!'}

I :1. -

Thiz implies that we must btake the analogy(in
fact, identity) of this kind into account, It
is CoD numerous to count up instances of this
type.(The identities of “"ancestor” and
“trapsitive slesure of parent”, of "male™ and
"antonym of female", ete.)

Secondly, since

in-law{grand-pareat, X, ¥)<-

and-parent(X,Z}, couple(Z,¥),

we eventually have

in-law{grand-parent, X, ¥i¢-

ransitivelparent X, Y),couple(Z, ¥
131,

Comparing(1'lard (3) instead ef{1land (3},
it 15 suggestad that there is a similarity in
syntax between the two expressions which
emerges through the "analegy relation™ couple,
while the comparison of (1) with {3) can
never give us a chance to astect even a
synIacilc amalogy between the tweo.

tote that the second example provides an
interesting view of analogy in which cne may
say semantic analogy is transformed inta
symbactic one.

How, considering analogical reasnoning we
encounter in evoryday life, it can be, we
believe, characterized by :

{i}) detecting analogy mestly in terms of
sulrjective criteria,

{il] mon-monotonic roaseoning features,
ieading to

(iii) approximate reasoning based on
incomplete knowledoe base,

Thus, it seems quite reasonable to look at
analegical reasoning as non-monotonic
reasoning in which approximate reasoning
using subjective probakbility plawys the
central role,

's Probability Theory
In [EhTE] Shafer has discussed the way of
toeat uncertain krowledoe sush as "A Bipd
can £ly" er "Peasple can see", and given a
suggestive view that certainties of those are
better thought of not as specific wvalues but
45 ranass. He has refined Dempster's work
[D6B] on the theory of probability which
extends the classical Bayesian theorvy so as
to cope with a task of treating "ignorance"
and "dichelief", [For the details on Dempster
and Shafer's theory, see [I83] as well as the
twa above,}b
As mentioned above, if we take the position
to look at analogical reasoning as non-
monotonic reasoning, then the analogical
reasoning system we intend must have a

- &3 -



capability of inference based on "uncertain
knowledge" 1n addition to that of belicf
revizion As shown below, Dempster's rule has
many attractive properties in the sense

Here, we follow the notation in [GS4a) and
[GB4b]. The truth values T and F are thought
of as probabilities 1 and Q, respectively. A
prebability interml [a h] (where Dtashet] is
donoted b Ehe pair (a,bl, where b Stands for
1=b and arb:l. Intuitively,"a" means the
decree to which & given statement is  con-
firmedi gbe true) by the available evidence,
while "O" the degree to which it iz dise
conformedior doubted to ke falsel. Examples
are a true statement with the walue (1,00, a
false statement with the wvalue {0,1).

Incomplete infarmarion is represented as
follews. "B bird can £1v" might have truth
value (.9,.02), or "Humans are mammals” has
the value (1,0}, whila "Desk can see" which
is an example of extromely i lete infarma-
Cion might have the wvalue (0,01. Thus,
genarally, the completeress of information
represented by the wvalus (a,d) corresponds to
the sum a+d called Lhe mass of the tryth
value.

The zules are associated with their truth
values as follows:

0 <= fa,d] By,eaa,B .

For example, can-fly(X}?- (,9,.02) bicd(x).

To periorm one inference derivation us ing a
Tfule, assume =hat bird(x) has the truth walue
ta,d}. Then, can-fly(x) is drawn with the
truth value (.9a,.07a). Note that "&" does
not contribute e this value, becpuse the
rule cannot be used to draw any conclusion
from the fact that "x is not a bird". (In
case when a rule has multiple antecedents, a
product of their each value should be used
ag u'nj: truth value of the total certainty for

Suppase that

bi g P
can=£lyiX]<- {.9,.02) bird{x),
Then we have a conclusicn
can-Ely(peeka) {.2,.02) --—— (4).
On the other hand, if isa{pecks,penguin}
(1,00 is cbtained lacer, then using a rule
can-flyvi¥le- {0,1) isa{¥,pengunl,
wa eventually draw
can-flyipeaks] (0,1} -—- (5},
leading to a typical situation {a kind of
ocontmadiction) in non-monotonic rea 1.

Demnster has discussed this situation ip
detail and agiven a solution to this
difficulty. IF we denote by (a,Blsic,d] the
inference obtained by combining rather
sontyadictory two inferences la,b) and (c.d),
then Dempster's rule gives us

(2.1 tc,d) = (1o, 1ol ),
The operation + has many preferable
properties for gur purpose. Those are
1 ia,pieic,di=ic,di+ia b}
Vla,bl+lic,di+vie, ) )alla,bieiz,d)1+ie, £
F tarbb*{aru, E tﬂrh]
| (a,0)+{c,0} = (asc-ac, D)
I 01, 0sic,dbe(1,0) if (=,d1£00,1)
I 10, ) +(g,di=10,1) if (c,A)14(71,0]
] (7,00#10,1) is undefimed
| 1f we dencte by - the inverse of «, for
d) £ 0,1 or (7,00, we have

&l ad-be) S bc-ad)
(a:b)-te, =52 358, B betadd -
This allows us to retract specific inferences
without affecting others and provides many of
the same features as a truth mentainance
Systam,

4. Detection of Analeoy

We shall discuss how analogical reasoning
is incorporated in nen-monotonic reascnin
using Dempster's prombility thecry, Altheu
Dempeter's theory is suitable for dealing
with subjective prnbabilltg.e we feel the
detection of analoay should parformed by
the mechanism of some kind that iz based en
ochjective measures. Such a measure is used
for computing the degroe of ana lemy,

Let Alx) and Bix) be predicates having
their Herbrand domains DomihA) and Dom(B),
respectively. Assume that there is a ane-to-
o mappig? F from DomiA) to DomiB)l and all
elements DomiAler DomiBl) are enumerable
in scme fixed order. Given an Alx), defipe

LiA)={w zr Damid) | Alw) holds truej.
Further, let dp be ined as follows:

de-{A.Blm dist(FILIR)),LIB)),
whEre distiL“L I = norm{Ly & ‘I..E:I,

marm{Lls T Em. , and

[ £; = lG-th-eledent of the domain is in L)

i~ 0 ilutherwist}.

mi o= 27Hi1y, Tom =1,

@ enntes The symebric differance,

It is easily seen that 2 mapping dist
satisfies the metric axioms, i.e. it provides
a merric for measering the analogy of the twe
concepts. Note that de(A,Bl=0 iff A=B under

o dpld,Bl=1 1£f A and B are complementary,
ard 0¢30(A,B)¢1 holds.

Using a4 mefric de, analogical reasoning is
performed in che framework of preobabilistic
reascning as shown below.

e the Domains D, and D'Eabetwnm which
there eaxists a ocne-to-one pping F are
given. Further, let 5; be a set of Horn
clanses with Di[i-'l,El in whizh each fact ar
rule of 5; is"alreadvy assigned its truth
value {2,d).(If a clause iz confirmed true,
then (a,di=(1,0).) Then, consider the unien
S= S4% 54 as the whole system for performing
reasoring in 0w Da.

There exist tuweo types of rules to be
possibly added to S,

(1) If A is a md  atom In 5, then

FUAl ¢ (a,d) A is pessibly a rule,
whare the truth value {a,d) iz determined
from 7 subjective oriteria.
$2) If dplh,Bl= £, then B <- [1-t£,£) A is
possibly a ruiae.

Thus, the reascning system 5 with
additional rules works as a Eruha.bilistic
POASONIng Systam using Dempster’s rules.

= i - r RED £
Rﬁ{;: Wéléeés part of the msaejcom Ec‘;&rﬂe
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On SEMANTICS OF Locic PROGRAMS WITH UNCERTAINTIES

YASUBUMI SAKAKIBARA
11AS-5iS. Fuurtsy LD,

1. Introductionm

A mechaniss for dealing with uncertainties plays a cencral rale in knowledge systems like
expert systems. Especially, imcorporacing uncertainfies into logic programs (e.g. Fuzzy-Proleg
[21,03]1}) is a current study. On the other hand, there are few semantiz considerations for it.
In this paper, we will first arrempe ro give a semanties for logic pregrams with uncerrainties.
Thiz is & further work of [£] which is the only paper dealing with & Semantics so Tar. Our
basic definitions of logic programs with uncertainties follow it Zecondly, we will define a
proat procedure for logic programs with uncertainties which correspends to an interpreter for
it and present a sufficient cemndition for certainty functiens of clauses Lo achieve the

completeness of the proof procedure,

2. Logic programs with upeertainties
A definire clause is a clause of the form A<-B, where A 18 an atom and B 15 a conjunction

of zers or mare atoms. A cerrafnzy factor c is a real number between O and 1. & eereainty

functiom f is a functiom from mulrisets of certainty factors to certaincy factors. A 'Iugii:.

program with uncercainties P iz a finite se: of pairs {A<-B,f), where A<-B is a definite clause

and f 15 & certainty function,

The ﬂEr.HiﬂC:f function computes the certainty of the conclusion of & clause frem the
multiset of certainties of selutions to goals im the condition of the clause. Two requiremencs
of § in [&] are that for every muirisars S, E(SU1}¥=£(5), and that [ be monotonic ipcreasing,
which means that 545" isplivs F{5)ef(5"), where % is the parcial order over multisets, defined
2s follows. Let 5 and X={xy,eauyx ] (020) be two multisers, Then X¢5 iff thers is a multiser
T={¥y4veery | such that 3¢V and x £y, for Oci<n.

3. Semantica for logic programs with nneertainties

An interpretation I of a logic prograz with uncertainries P is & ser of pairs (A,c), where
A ig a2 ground atem and c is & cercaincy facter. An I eontains at most one pair (A.c) for any
atom A. A& ground atem & iz true in I with certaincy c iff there is a pair (A,e'} in I such that
ede’. An atem A is srue in I with sertainty o {6 for every ground instance A' of A, &' is crue
in T with Tertainty c. Let A-:-El.“..li-n (n»0) be & ground definite clause, f be a3 cértainty
function and 5 be the multiser of cerraintiess {:1,..-.::“} such that (Bi.cij iz in I for l<ign,
Then E(—E] e
clawse Ad=B is true in I w.r.t, F iff any ground instance A'<-8' of it is true in T w,r.c. £. A

..jn is true in T wor.c. £ £ff A is true in [ with cercainty £{S). A definite

logic program with uncertainties P is crue in M iff for any pair (&<-B,f} in P, A<=B is true in
Hw.r.t. f. Sueh an interpretacion M is ealled 2 model for P.

A partial erderd, intersection™ and urionl on interpretarions arc defined in the natural
way as follows. Ler T and I' be interpretations. Then I¢I' 4iff for any pair (A,c) in I there is
a pair (A,c') such that cic's (A,ci) din INI' Liff for two pairs (A.c) in I and (4,2} in I
ei=min{c,c'). (A,cu) in IUL' 4£f for twe pairs (A,c) in I and (A,e") in 1" cy=max(e,c'}.

Lemma 3.1 {model intersection property) Let M be any nonempty set of madels for ©. Then MM is
also p model for P,



By the abave lemma, the least model MMIP) for P which is the intersection of all medels
for F existcs,

We define a transformation T:P associated with P in the same way as srandard logie
programs. Let I be an incterpretatien. {A,c) in Tep(I) iff c=sup{£(5}{A<~B},....B is a ground
instance and f iz the certainty function of a clowse in P such that fﬁi“t} in I for lgi<n and
5-{c1,....:n}!.

Lemma 3,2 Let I be an incerprecotion. Then I is o model for P Oiff TEPfI)SI-
Lemma 3.3 Tcp is a monotonic mapping.

By the above lemmas and the Fnascer-Tarski fixpoint theorem [1], we have the following
thecren.

Theores 3.4 The least madel MNP} for P is equal to the least fixpoint of T:P [lfprcP} far
short).

We cansider MM(T) and 1EprtP] ag the semanrics for a logic pragram with uncertainties F.

4, Proof procedure for logic programs with nncertainties.

A (P, Fi-derivation is a sequence of guadruples (Gi.cifgirFi}r i=0,1,... such thac (1) Gi

is of the form <~(H1,....Hﬂ} where zp0 apd B, is an atonm {lijﬁm} and ?i ig of the form
[11,..‘.Em}. (2% Ci is a list of n clauvses {h‘ljc—bilj....,ﬂﬁi}. E{I)},‘-..fafnj<—
ng}.....ﬂi:j, f{"}}. {3 Gi is a most general unifier of fEl,....Bm] and Ehcl}.....ﬁct}}. and

- - (1) (11 (=) {m} . £1) (1) {m) (m}
fﬁ} U'_i+1 15 {-{Dl ...--..,I‘I“l ......l}: ,1++1nnm }pl anci Fi+1 15 [Tl lil-ii-lrn |||||Y1 1---1-1-{“ ]
(1}

whers Il-f ([T{lj,.“,filj}}...., xm-ELmJ([Yimj,...,THEE}]]. & {P,Fi-derivation is successfiul

if it is finite and its last goal (some Gi} is empty. The certainty of a successful (P,Fl-
derivation is Fﬂ in it. Then we have the follpwing theorem which means the soundness ef a

suscessial (P,Fl—derivation.
Theorem 4.1 For a ground atom A, if & has a successful (F,Fl-derivation with the certainty ¢,
then A fs true in MM(P) with <. .
However we do not generally have che completeness of a successful (P,F)-derivacion. With
the restrictiom an a certainty funccion f that ff{clp---.chJEMiﬂ(cl.---.cmj- the compleceness
can now be achieved.
Lesma &,2 Assume that for each cerrainty function f, f{[cl.....:m]}Emin{cl.....cm}- Ther for
(A,c) in ?T:P1(¢:. there exists some N such that (A.c) in TcPH(¢}.
Theorem 4.3 Assune thet for each certainty function f, E{Ecli...,:m}ﬁgmin{cl...,,cmj, For a
groeund atom A, 4f A is true im OM{P) with ¢, then A has a successful (P,Fl-derivarion with
eertainty ¢’ such that cdc'.
We believe this condition {i.e. t{[cl.....cm]}gminfcli.-..cm}} will play an essential role
in the validity of gquantitarive reasening.

This work is part of the majer RAD of the FOCP, conducted under pregram sat up by MITI.
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On SEMANTIC AmaLOBY IN OBJECT-ORIENTED REPRESENTATION
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L. Introduction

Analogy s the very powerful and basic
human information processieg in reasoning and
learning. Therefore, various analogics have ever
been discussed, but mest of them did not have
flexibilicies ar logical validities. In this paper,
we discuss o study of anaiogy in an object-
oriented language bHased on 2 logic programming
language like PROLOG, and show some
Mexibllizy and validity of this analogy.

In such languages, each object represents an
axiom set, For knowledge representation and
processing, one of characters of a legic
programing language provides some validicles,
while that of object-oriented language does
some flexibilities. Here, we discuss analogies
from twa different viewpoints. One concorns
logical semantice, taht is, the one-to-ane
correspondence between modeis. The ather
concerns more structural relationships berween
abjects,

2. Object-oricnted Representation
In this paper, the objects in discourse of
analogy are represented in an object-orienced
lanzuage llke KORE/KR [X35] ar ESP [C54]
hased on 2 legic programming language.
Class is defined as follows :
class <class names has

53 «is-a definitions @]
part «part definition» ;]

[slat «slot defjr].il:ium-'d
i

smachod definitions |
end.

where underiine indicares a resarved ward and
L] indigaces "..." is optional. «isea definitions
comorises a sequence of class names, which
form seper elasses for multiole inhericance
mechanism, while «<zlot definitions a sequence
of slot names, <part definitions comprises a
seguence of relations of the form P, where
Fis a variable called part and < is a class
name, meaning that the value of P is an
instance belonging to a class O Inscanciating P,
together with an instance beloging to the olass
«clags names, provides o PART_OF relationshin.
«methad definitions is a collection af merhods,
Method M. {isl.....n) iz defined as follows :

MF‘i == F'mi]"""*'mimtili [ mii}=0 )
where MP. 45 a "term" in first-order langunge.
-‘-!C1 is eafled "method call" and denoted by [<-
m, ‘.Lhere m a message, | a variable supposed to
be instantiated with an instance, We ecall the
richt side af == body.

Suppose an object represents an axiom sec,
Then a method call l<-m implies that m is

interpreted in the axiom set |. The
incerpretation of method M, depends on all
instances sppearing in method calls of MC”&.
therefore o does the mterpretation of an object
with M.. Hence, it is possible to take that
FART_dF explicitly represents a dependency of
medels hetween objects.

L Definition of analogy as renaming

Analogy n this paper 15 based on renaming,
which gurancees one-Lg-one correspondence
hetween models. We take mutual recursively
defimtions in the [ollowing.

Deflimtion [ For given two terms t, and
1o, Tenaming F is a non-empry ser of pairs
recursively defined as follows :

Iy 11 hoth ¢ and Are Cconstants
exclusively or vanaiu]us. then Fhfitl,lzr]‘

) I t!'“ul’""un} andg tz-g{vl,.,.,vn] then
for each i=1,..,n there exists renaming Fi for u,
and Vis ancd F'-{-:!,gw}uli';"]!-"j is ane-to-ane.

Delinition 2 Given  two classes O and
C., let 53, he the sec of all slot names in C,
fi=1,2}, Then, we say ‘:1 and Cz are analogous
on slots if S-Slﬁs 15 non-cmoty. Renaming
Fs-{-ts,ssfsé 5) is :ailjed slot-analogy.

Delinition X Let mechod call MZ, be
!j‘-ml. ang suppose an imstance denoted by [
belangs to CE (1=1,2}, Then, we say ‘.EC] an
L‘.Cz are anzlogous on method call iff :

I} Classes C, and CZ ara analogous in the
manner below. Let F_ be a repaming for CI
and C,. {See definition 3)

24 There sxists a renaming Frr. for messages

m, and .

ki Fm:'F WF s 3 renaming.

com
We cal! ch analogy on method call.

We say two methods M, and M, are
comparable if{f both %P and MF‘2 have the
same arity amd mi1)=m(2],

Definition 4 For two comparable
methods 3 and M,, let &Icsl-{.'dic [j=1,.ec,n],
where MMC, 5 a method call in the illmd'_r af M
li=1,2]. ’IJlLen, Hli and ’~.—12 are analogous on
method (11 2

1} There exists a renaming Fmp for .'-’IF'I

and MP ¢

20 If n=0, then there existsy a one-to-ons
correspondence R oon MCSLKMCEE, where there
exists an analogy on method eall F, for each

L

|
pair in J, and F'b=j':rlFi must be a renaming. In



Tthe case when n={, i.c. both ‘1C'Sl andg T.{':EE
are smoty, l"-'H is emprv.
3 F_=F F is a renaming.
m mp b
Wi call l",!1I & method-analogy.
Mefimition 5 Given cwo classes C. and

Co, ler F_oa slor analogy far their slots, T, a
ufitan of some of the method=analagies for their
methods, Then, we say C, and £, are analogous
if there exists a renaming F=F T, We call F
class-analogy, or merely analogy.

Semantically, for analogous slots, anly
correspondence between their models is the
predicate since detections of slot-anulosy
cencern Ao slot-values. while [or analogous
methods, there exists a strict one-to-one
correspondence hetwesn their modeis. Thus, the
analogies here have varipus semanilcs, which
may correspond te those of conditions for
anaiogles like PIC and SPIC in [HA5).

4. The role of F&RT_GF on ana.lug’_f

On the basis of those analogles mentioned
above, there exists another type of analogy,
anzlogy on parts, where PART_OF relationships
rley the central roie. This 1ype of analogy
conerns maore structures of knowledge, rather
than lomical validities.

Definitien & Let P be the sec of all
parts in C. {i=1,2} and ler B¢ P]X P.,. Then, we
say classes C1 antd CE are analogous on parts
iff -

1) For anv q--epl.;:-.z:f_—'.'-“, there exists an
analegy rq for classes Cpl and sz whach Py

and 1;|E belong rto, respecrively,
2 P is one-to-one,
)| ;‘-p:qﬁi-',l__,Fq is a renaming.
F_ iz called part-analogy.

MNow, taking the part-analegy into account,
we sxtend the definition of analagy for classes
30 a8 Fef WF,,F 1o be a renaming. Suppose

% M n
PART _OF relationship explicicly represents a
dependency betwees shjects. Then the part-
analogy caoncern: the aziom sets an object
depends om, rather than its own ane,

PART_OF relationships and pert-analogies
nrovide some flexibilities, In learning, objects
may often have no slot or method but parts In
such cazes, FART_OF and part-analogies provide
heuristic guides for acguisitions of not enly
new slots or methods but new classes. Tor
example, Consider Exaomple-1 in which water-
pipe and eleciric-chord, woater and elesctricity
are analogous. Then pipe-law and ohms-law,
which would he acquired frem the pressure
method (i.c. voitage method] v transformung
pipe-law's one, are part-amalogy. Similariy,
part-analonie: nrovide the same puides in
analogical reasoning.

Moreaver, in acguiring merthods, each of

¢ which has oniv analogous parts in ite mechod

oM

calls, there exists a semantic validity in the
sense of merhod-analogy, that is, the acquired
method in onre class should be precisely
method-analogous ta the method in the ather
part-anzlofous one. Thercfore, PART_OF
reiationship and part-anatogy provide suides for
acquisitions with thar semantic validity,

5. Discussion

Consider an object in this language as the
unit af knowledge representation, l.e, the
schema like frame. Then, we may take that
various semantic levels of analory like slot- or
method-analogy wouid be due to various
qualities of koowledgze. Actually, since
knowledge has declarative or procedural
properties, this fact supgests that it Is possible
te take slot-analogy as declararive analogy and
method-analofy as procedural znalaogy.

Mareover, lor ressoning and learning Sy
analogy, part-analany mav provide some lagical
validities ns well as flexibilities, hecause
FART_OF relurionshin concerns not only the
knowledse structures bur dependencies of
semantics belween objoces.

Hence, we helieve that the appraanch
discussed here is more fruicful, and developing
a theory and & svstem based am iL for
analogical reasoning in this knowledge
FERFESENLAlion 15 our current work,

This work is part of the majar R&2D of the
FGCP, conducted under program set up by MITL
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* Example-1

Hote : ®"self is a psecudo-variable,

oetslotl) i1y bualt-in mechod coll which gess
a slot value.

0
=

oL

by
wn

——
-
rE=

AT

Zead

Ralketsu Sien
S3L-10, in this

=lass pipe-law has
part  pewater-pipe,
pressure({R*T) =
pi-resistancelR), we-Flow{I);

Wikater:

= .

class water-pipe has
slot langth, aresa;
resistance(rho*{L/581) =
*sell e-getsloc{length, L),
*selic=getsloc{aren,s5);:
end.
class water has
slot volume, time:
flew(V/T) =3
"selfs-getslotivelume,¥],
*sell<=gatslot{time,T);
entd,

class eshme-law has
nd:art ctelectric-chord, rcielectricivy;
and,
claas alectric-~chord nas
slot langth, area;
resistance(ohi*{L/5]) =3
*self<—getsloti{length,L},
*selfc—qgetslot{area,s):
end,
zlass electricity has
alot guantity, timer
current(Q/T] =3
"selit=geralet{guantity,0),
*sali«=getnlot{time,T);
end .
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