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Rezumat: Notd asupra logicllor nemonotone. Raplonamentul aproximauv e deosebit de

interesant pentru cd modelcazd may exact representarea §i tmtarea cunosiinjelor in cazul

mforinagiilor incomplete Aceastd lucrare tntroduce o modalitate de a objine teoreme pormind

de la astfel de cunostin{e (knowledge) incomplete, stnutlar cu deductlife in cazul clasic al logtcii

de ordinul intdl Pentru cazul tconilor normale, se demonstreasit ch problema e complet

reductbild la cazul clasic

1. Introduction The classical logics are inadequate to capture the tentative nature of
human reasoning Since people’s knowledge about the world 1s necessarily incomplete, there
will be tmes when we could be forced to draw conclusions based on an incomplete
specification of pertinent details of the situations Under such circumstances, assumptions are
made (implicitly or exphicitly) about the state of the unknown factors Because these
assumptions are not trrefutable, they may have to be withdrawn at some later time if new
evidence prove them invalid If this happens, the new evidence will prevent some assumptions
from being made, hence all conclusions which can be arrived at only 1n conjuncthion with
those assumptions will no longer be denvable

In common-sense reasoning, assumptions are often based on both supporting evidence and

the absence of contradictory evidence Traditional logics cannot emulate this form of
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reasoning, because they lack any tools for considering the absence o knowledge

o - '

Non-monotonic logic‘ lllas be;enl developed to deal with reasoning about incomplete
informations There are four major formahzations of ﬁon~moqotonm reasoning
. * McCarty’s cireumscription 1]
» Moore’s autoeplétemic logic,[4]
* Retter’s default logic [5]
* McDermott and Doyle non-monotontc logic [2],{3]
Reiter’s default logic [5] i3 one of the tost proeminent-formalizations ‘of non-
monotonic r‘easoningJ One of the reasons for its ‘anféétivenesg is the snmphcit'y. and naturalness
of 1ts underlying idea j‘hié l(;glc repr;senis defaults as certain type of in‘fgre-nqe‘ mle; whose
appllcabi!ity does not only depend on the dénvabxhty, but also on the ;xnderival_)ility of some
fonnul‘as ‘ . \ X N |
Classtcal logic deals with the formalization of abso:lute!y correct forms of
reasoning The aim of this note 1s to prove that,
in the normal context, the problem 1s completely ;edqcnble to c!éssncal case The deductive
systems of logic allow us.to formahze reasonmgyo,f rigurous proof of theorem and to infer
conclustons from premises It defines a deduction relation between, formulas; de;loted by |-
This relation has the following properties [6] Co
« reflextvity |
U,Up ULV =V
* monotonicity o, oo Con . .

c1f ULU,, U, Vithen UU,, UZ |-V

110



A NOTE ON N{)N-MONOi ONIC LOGICS

¢ transitivity
if ULU, U, —Vand UU, UV FZ
then uU, U, H—Z

where U,,U,, ,U,V,Z are the formulas tn first-order logic

2. Default logic The property of monotonicity tell us that a derived result cannot be
invalidated by further results Also, the inference rules in deductive systems of classical logic
are permussive They are always of the fom U,,U,, U, }—r. V' with the significance "If
U, U,, ,U, are theorems, then by rule r, (of anty k) 1t results that V 1s a theorem " _

A system which should be able to model non-monotonic resoning should also contain
restrctive rules, of the form

"V 1s a theorem if U,U,, ,U, are not theorems "

Default logic allows formalizing default reasoning by means of particular inference rules,

called defaults A default has the form < :jjﬂ and 18 interpreted as follows "if one belives
« and if s conststent to belive B, then one can also belives y"

A default theory will compnse, besides the default rules, a set of closed formulas of
predlcatfa logtc which represent the basic knowledge and are treated as axioms
Defimton 1 A default theory 7'1s a patr (D, F) where

(1) D s a set of defaults (d) M
Y

, and o,f3,, B,y are closed formulas in
first-order logic

(1) /s a set of closed formulas 1n first-order logic

- w15 called the prerequisite of default
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- y1s called the consc;quent of default
We denote by Pre(d) the prerequisite o of the default d € D,and by Cons(d) the
consequent y of the same d Simutlary,we introduce Pre=}€JDPf e(d)

Definition 2 An extension of default theery 7'1s any set of all formulas that can be infered
by means of the classical inference rules or by means of the defaults We will
denote this set by 7h(D,F) and we will call them the set of theorems of
T=(D,F)

A default theory can have an empty extension However, it can be proved {5] that a non-

empty extension exists for so called normal default theones, which all defaults have the form

o Mp
p

By analogy with the definition of a deduction for a formula U, and 1n accordance with
definition 1 and definition 2, we can tntroduce the

Definition 3 Let 7=(D),F) be a default theory, and U and V two set of formulas in the first-

order logic We denote U + V (and we call this V 1s non-monotonic deductible

from U) if V is obtained from U etther by .application of a classical inference

rule (like modus ponens, foi example) or by a default rule In this last case, U

contains « and V contatns B, if the normal default applied 1s. (d) o Mp

We can specify that the default o 1s applied by denoting -
Ur,Vorl -P— V by rule 4 Now, we are ready to define the concept of a proof for
a formula U according to a default theory 1=(D,F)

Definition 4 A formula U 1s a theorem in a default theory T=(D,F) (or, UETh(D, £)) 1f 1t

exists a fimte sequence of set of formulas U,U,, ,U,, such that
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Up=F, U =FJ{a},a € Pre, UE U, and
a) U +U, ,1=12 0l
b) U, is consistent,i=1,2, n (therefore U, does not contain a formula V and his
logical negation —V)
Observation: The sequence U,U;, .U, has the property

Lau e QU

3. The main result Example Let 7=(D,F) be the normal default theory having the
following set of premises
® F=(C>D,AAB>E,EvD,D->G} and

(ii) D=( d,, d,, d, d, } as
EVG M(AAG)

)

ANG
) 4 BMB
@ ANE M AR MC
Wy —rE

According to definstion 4,a proof for U=D may be the following
DU, =F,
U =FU{EvG}

NU,=U,U{AAG} ,U +U,bynle d,
AANG

»

S5)U,=U,U {B) , Uy - U, by rule d,,

HU,=U,U{A,G) ,U,+ U,by rule
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AB
6)U;=U,U{AAB} ,U4kUﬁbymleW,A ‘
7HU,=UgU{E) ,U,k—UﬁbymleA_l%_ti:)_li,

AE
8)U,=UsU{AAE} ,U6I~U7byrulem,
NUy=U,U{C} , Uy - Ug by rule d;,

C,C—=D

10U, =0, U {D} , Uy + Uy by rule
AsDe Uy, U,U,, ,U,i1s a proof for D
The following theorem emphasizes a conection between the relation + and the
classical relation [— of deductibility 1n the first-order logic
Theorem, If 7=(D,¥) 1s a normal default theory then UETh(D,F) 1ff F,P }—U where P 1s the

set of formulas defined as

14>B € P iff BMﬁ € D"
Proof: The direct implication results by induction about the number k of utilised defaults
If k=0, then we have F |— U and thus /P }— U
Let U € Th(D,F7) such that for U are apphed k+1 defau’lts If the last default 18

a M s

@ . then U=B) € U,,

U, +a U, and «€U, , By induction hypotesss, as for a are applied k defaults, #,P7 |—

ol
a As o->f§ € P, we obtain

£P = B(=U)

By analogy,the converse implication can be proved
Observation: If a default theory 13 noimal, then a deduction 1n this theory can be simulated
as usual way n first-order theory

A similar theorem can be proved for the semunormal default theories [5]
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