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Abstract. Defeasible logic (DL) promotes enthymemic, argumen- Literals in X must be defeasibly derivable froffi. Preemption
tative reasoning on incomplete set of premisses retracted on the preglaxes that defeasible rules to defeat competing contrary rules are
ence of contrary information. Defeasible Prolog (d-Prolog) is a Pro-always superior to every other competing rule. When pre-emption
log metainterpreter to implement DL. We give proof conditions for is on, once defeasible rule is defeated it loses its capacity to defeat

theeven-ifclauses of DL with the pre-emption of defeaters to preventothers. We extend d-Prolog wigven-ifrules andeven-if proof con-

rules from rebutting more specific rules, implemented in d-Prolog.

1 INTRODUCTION

The goal ofdefeasible logi¢DL) [4, 5, 6] is to formalise nonmono-
tonic inferences (‘typicallyy’s ares)’, ‘reasonable grounds for hold-
ing ¢ warrant reasonable grounds for holditd. Such inferences

hold only if a defeasible theory contains no rules representing con

trary information.Defeasible Prologd-Prolog) is a Prolog metain-
terpreter [6] to implement defeasible inferences. Therelafeasible
implications(y ;= @, ‘typically, ®'s arey’) anddefeater{y ;" @,
‘if @, it might be that)’). New two-place operators " and “:" "

ditions enabling pre-emption.

2 RULES FOR THE ‘EVEN-IF' CONDITION

Defeasible even-if ruleig := Z| & ('if @, then (typically)) even
if = holds’), permitting superiority by more specific antecedent:

Example 2.1 A beneficiary is suspect:

i suspect(X) := beneficiary(X)

With an alibi a person usually is not suspect even if he is a beneficiary:
neg suspect(X) := beneficiary(X) | alibi(X)

Tom has an alibi:alibi(tom) . He must not be a suspect. In both cases

it can be concluded tentatively thaeg suspect(tom) is a derivation

are added to Prolog. A defeater does not support conclusions, as ft®em 7. Let us then add the defeater, according to which a person with an
purpose is to interfere with the derivations from defeasible rulesalibi who has not provided reliable documents may well be suspect:

Rule heads are literals and bodies are conjunctions of atomic sen-

tences. Literals and so the rule heads may be negaéeg) (

Defeasible theory is (K, R) of a finite set of literals and rules.
A proof of a literaly is defined as a proof treeq a root oft andt a
finite labelled tree: for every nodeof ¢, a7 exists and some literal
is flagged positivép™) or negative(¢ ). Noden with ¢+ means
that the literal is defeasibly derivable froff with respect to proof
conditionsX (7 Fx ). Noden with ¢~ indicates that the literal is
demonstrably not derivabl& by the conditions irE (7 ts ).

DL is X on everyn of ¢ such that notT s ¥ and7 /s ). To

(suspect(X) :~ (alibi(X), neg rel _doc(X))

If Tom has not provided reliable documentseg rel _doc(tom) ), it is
difficult to conclude, with this amount of information, whether Tom is sus-
pect or not. In extended d-Prolog (App.), bateg suspect(tom) and
suspect(tom)  are demonstrably not derivable from tffg since the rule

suspect(X) " (alibi(X), neg rel _doc(X))
is not an acceptable rule to pre-empt an inferior rule
neg suspect(X) := beneficiary(X) | alibi(X) ,
because pre-emption is possible only if a rule is defeated with a superior rule.

Let n be arbitrary int, and let@Qy denote wheny is a tentative

solve which defeasible rules defeat others, a partial order (superioritgonclusion derived fron? . ConditionsP™ and P~ hold for all

relation) is defined for defeasible rulesrif is superior torz (r1 O
r2), the former defeats the latter.

the former for literals defeasibly derivable and the latter for literals
demonstrably not derivable:

We extract .|n.format|on. apout partial order by more specific an-p+. Nodenis labelled( K, R, @y+) if eithern has child(K, R, neg ¢—)
tecedent. Defining superiority as antecedent specificity, antecedents or there exists := =| ® € R such that 1, 2 and 3 hold:

of one rule are derivable from antecedents of another rule. However,

some derivations may be based on just a subtheof¥.dfhus, la-

bellings may vary on their admissible set of literals and rules upon 5
which the proofs of literals in rules defined by more specific an-

tecedents depend.

Ruley := @ is defeatedby n := X orn:- X, if nis either
a negation ofy) or some literal that is explicitly incompatible with
¥ (n is contrary to+). Rulev = & is undercutby n ~ X, if n
is contrary toy) andi ;= @ is not superior tay .~ X. 1 := ® or
¥ ®ispre-emptegwhenever (i) literah is contrary tay derivable
from the theory or ordinary Prolog ruke:- X with contrary head
exists, or (ii) fory := @ there is a rulep := X whose head; is
contrary toy and which is superior, e.g. {f; ;= X) O (¢ := ®).
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1. for everyp € @, n has child(K, R, @pT) (=every literal in main
body is derivable)

for everyneg ¢ := H € R there existsy € H and child ofn
(K, R,@n~) (=every contrary rule must have nonderivable literal in
the body)

3. foreveryneg ¢ := A| © € Rorneg ¢~ © € Reitheraorhb:

(a) there exist§ € © and child ofn (K, R, @9~ ) (=every contrary rule

must have nonderivable literal in main body; subsumes clause 2.)

(b) i, ii and iii hold:

i there existsp € ® U = and child ofn (0, R, Qp~) (=specificity:
some literal in antecedents not derivable from antecedents of con-
traries)

i foreveryd € © there exists child of (P UZ), R, @91) (=speci-
ficity: every literal in main condition of contrary is derivable from
antecedents of main rule)

iii for every ¢ € ® U = there exists child of (K, R, Qp™T) (=pre-
emption: every literal in body of main rule is defeasibly derivable).



P~: Noden is labelled{K, R, @i)~), if eithern has child(K, R, QyT)
or both 1 and 2:
1. foreveryy ;= ® € R, eithera or b holds:
(a) there existe € ® and child ofn (K, R, Qp~) (=literal in the body
demonstrably not derivable)

(b) there exists)p := H € R such that for every) € H, n has child
(K, R,@n1) (=some other rule with same head has derivable body)

2. foreveryy) ;= E| ® € R, eithera, borc:

(a) there existgp € ® and child ofn (K, R, @Qp~) (=literal in head
demonstrably not derivable; subsumes clause 1.(a))

(b) there existsieg ¢ := X € R s.t. for everyx € X, n has child
(K, R,@xT) (=some contrary rule has derivable body)

(c) there existieg ¢p := A| © € Rorneg ¢ " © € Rs.t. for
everyd € ©, n has child(K, R, @971) and either i, ii or iii:

i there exist® € © and child ofn ((® UZE), R, @91) (=specificity:
some literal in main body is derivable from body of original rule)

i foreveryp € ® UZ, n has child(Z, R, @QpT) (=specificity: ev-
ery literal in body of original rule is derivable from main body of
contrary rule)

i there existsp € U= and child ofn (K, R, @9~ ) (=pre-emption:
some literal in body of original rule is demonstrably not derivable).

Derivation of incompatible clauses and prevention of cycles de-
pends on programmer. To prevent cyclic dependencies, westraty
ificate predicates to see which rules to be used to derive conclusion.
Prior to referring to a negation of a fact, the fact itself needs to be
defined: stratified program partitions its clauses into hierarchical sets
in which negative goals are defined in lower-level predicates. If some
programs cannot be stratified,well-founded semanticsome facts
areundefined and in bivalensstable model semantiecn-stratified
programs may have several models or none. It is also possible to
consider different grades of stratification in the sense that only cer-
tain kinds of rules, such as defeasibe rules, strict rules or defeaters,
are subject to stratification, amounting to semistratified progfams.

Another development intergrates defeasible rules aigfumenta-
tive structuresand defeasibility among arguments [3] in legal, eco-
nomic and decision-making systems [Answer-set programming
performs nonmonotonic reasoning [1, 2], including defeasible rules.

4 CONCLUSIONS

We have given proof conditions for theven-if clauses of DL with
the pre-emption of defeaters to prevent rules from rebutting more
specific rules. The extension has been implemented in d-Prolog.

Let M be monotonic core of four basic conditions, a888™ is a
semi-strictness condition. Thei:- ® may defeaheg v :- U if
the anteceden? is only defeasibly derivable. On the depth toit
can be shown that no theofy and+) exists such thaf +p v and

T t/p 1. ThusP = M U {SS*, PT P~ }isaDL. REFERENCES
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3. ¢ 1= E| © is undercut (ndercut/2 ) if a defeatery :"
whose head is contrary t, © is defeasibly derivable, angd :=
is not superior to it.

© exists
Z| e

A EXTENSION OF D-PROLOG

op(1100,fx,@), % defeasible conclusion
0p(900 fx,neg), % negation
op(1100,xfy,:=), % defeasible implication
op(1100,xfy,”), % defeater
op(1100,xfy. % even-if

dynamic((neg)/1, (:=)/2, ()2, (#)2).
multifile((neg)/1, (:=)2, ()2, #)/2).

Preemption greempted/2 ) is similar to defeating (App.). Two
new definitions for the defeasible derivabilitydef _der/2 ),
three for defining superiority relation with defeasible specificity
(sup _rule/2 ) and some others for syntax and occurrences of the;
even-if rules also exist (App.). def_der(KE.Goal) - preemption, B

Enabling preemption of defeaters increases size of proof trees CoN- o aaisen conanty. St do o Coaryt), def_der(KB.Conditon),
siderably. These are the sizes without/with the defeater of Ex.2.1:  * “oaicicontana.cord

clause(ContraryZ,CondiiionZ), Condition2 \== true, def_der(KB,Condition2)),
\+ (contrary(Goal,Contrary3),

init -

pre-emption| @ suspect(tom) @ neg suspect(tom) 32&3‘2'?(%&%?{3?%,: (Condition4 # Condition3))),
+ 23/23 90/138 §+ (preempleé!(K:Sc(Contrars)G c‘j:f(C(Imcliigoné # Cogdiliorg)))l)j), s
+ t ) it = iti s
= 53/53 987270 el (k. Contltiona), de-rute(<B(Conuarys = Concliions)

\+ (preempted(KB,(Contrary5 := Condition5)))),
\+ (contrary(Goal,Contrary6), (Contrary6 :" Condition6),
def_der(KB,Condition6),
Condition6)))).

To limit the complexity of defeasible reasoning one may (i) restrict
\+ (preempted(KB,(Contrary6 :*

the depth of by generating paths only up to a certain limit, and after
reaching the limit, proofs backtrack to earlier (i) restrict branch-
ing factor oft by keeping the size ok and maximum number of

conjunctions small. The former has a side effect: as argumentatlv”é“éi'n??é%éiiagoﬁlrg(r??”<<1:oﬁn§r°yd ) anciion). de e, Condiion),
inference uses depth-first search, constraining it may cause the ho,rjr;;m:ut:d::lj((::j : ::ijyll : :zjj;) fcmaw B
zon effect. Limiting maximal depth amounts to cheap loop checking. o G onnany . SeL-ule(kB.{Contrary = (Condiion2 # Coniton)
The latter reflects defeasible argumentation as only the most perti-sup-ruie((Contrary :=
nent arguments should be used.

defeated(KB,(Head := (Bodyl # Body))) :
contrary(Head,Contrary), def_rule(KB, (Contrary = (Condition2 # Condition))),
def_der(KB,Condition),
\+ sup_rule((Head := (Bodyl # Body)), (Contrary := (Condition2 # Condition))),!.

(Condition2 # Condition)), (Head := (Bodyl # Body))),!.

3 As far as semantics is concerned, models of DLaateris paribussitua-

2 In conversations it is often necessary to lay size restrictions to the set of tions insensitive to vagueness. We believe firatotype theorgoncerning
assertions. Usually one or two defeaters is enough to render opposite viewsnew information in pre-existing structures of knowledge by relaxing strict
unwarranted. category membership is a good candidate for a defeasible model theory.




