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Abstract 
It is well known that knowledge-based systems 
would be more robust and smarter if they can 
deal with the inconsistent, incomplete or 
imprecise knowledge, which has been referred 
to as common sense knowledge. In this paper, we 
discuss fuzzy implications in the sense of 
common sense reasoning. F i rs t ly , we analyse the 
ra t i ona l i t y of some exist ing fuzzy 
implications based on the discussion of 
implicational paradoxes. Secondly, we present a 
new fuzzy preferent ia l implication that is 
nonmonotonic, paraconsistent and without the 
general implicational paradoxes. Final ly, we 
propose sound and complete decision tableaux 
of such implications, which can be used as the 
inference engines of adaptive expert systems 
or frameworks for the fuzzy Prolog. 

1 Introduction 
Implication is the heart of logic. The truth value of 
the material implication A->B in classical logic is 
determined by the t ruth values of the antecedent A and 
the consequent B, i.e. A-*B is true i f f A is false or B 
is true. The t ruth value of the implication should be 
determined by the condit ional re lat ion between the 
antecedent and the consequent. Because the truth values 
of the antecedent A and the consequent B cannot 
determine the causal l ink between A and B, there are 
implicational paradoxes in classical logic, i. e. if one 
regards the material implication as the entailment and 
each logical theorem in the logic as a val id reasoning 
form, then some logical axioms or theorems in the logic, 

so on, present some paradoxical properties and 
therefore they have been referred to as ' impl icat ional 
paradoxes'[Anderson & Belnap, 1975]. For example, 
A)->B" means 'a contradict ion implies anything', "A-* 

' means 'a tautology is implied by anything'. 
In 1912, Lewis established modal logic in order to 

avoid implicational paradoxes.In 1955, Sugihara pointed 
out that a logic system is paradoxical if it has 
either a weakest formula ( WF for short) or a 
strongest formula (SF for short). Where A is a WF i f f 
B entai ls A for any formula B.Where A is a SF i f f A 
entai ls B for any formula B.We ca l l a logic system 
general- implicational- paradox-free (GIPF for short) if 
it contains neither WF nor SF. In 1966, Ackermann 
pointed out: ' Rigorous implication, which we write as 
A-»B, should express the fact that a logical connection 
holds between A and B, that the content of B is part of 
that of A. ..That has nothing to do with the truth or 
f a l s i t y of A or B. ' During the period from the 1950s 
to the 1970s, Anderson and Belnap [1975] extended the 
work of Ackermann and proposed variable-sharing as a 
necessary but not suf f ic ient formal conditon for the 
relevance between the antecedent and consequent of a 
va l id entailment, i. e. if A entai ls B then A and B share 
a variable. They introduced the concept of generic 
implication ( GI for short) which can be looked as the 
inference rule of the logic Bystem while the material 
implication can be looked as a logical connective. 
Their relevant logic has neither WF nor SF, but i ts 
semantic model is not clear and the de f in i t ion of GI 
in it needs several axioms. 
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It can be proved that for any formulas G and H, if 
G |= fp H holds true and G and H have no sharing atom, 
then G is unsatisf iable and H is val id, has 
neither WF nor SF, 1. e. |= rp is GIPF. 

Proper ty 8. The preferent ia l implication |=cp is 
ref lexive, paraconsistent and GIPF. 

Similar to = > P , l= rp is neither t rans i t ive nor 
mono tonic. 

The comparision among the above fuzzy Implications is 
l i s ted in Table 1: 

4 Decision Tab leaux 
The resolution procedure can be used as a decision 
procedure for => in Lee's system[1972]: suppose S is 
a Bet of clauses, H is a clause, S=>H i f f there is a 
resolution deduction of the empty clause from SU{~~H}, 

Both Mukaidono[1982] and Yager [1985] think that | = f 

is meaningful, Lee[1972] has proved that, if both the 
t ruth values of the parent clauses C1 and Ca are 
greater than 0.5 under an interpretat ion I, a resolvent 
clause R(C1(C3) derived by the resolution pr incip le is 
s igni f icant, i.e. Ti ( C . A C X T i GKCi.CJ). Mukaidono 
showed an interpretat ion that, even if the t ruth value 
of one parent clause is not greater than 0.5, a 
resolvent clause is meaningful in the sense of reducing 
ambiguity, i.e. Ti ( C A C A R i C , Ca))[>Jr, (dAC a ) under 
any interpretat ion I. Yager also found that in fuzzy 
logic the resolution law doeB not hold true in i ts 
usual form and presented some modified inference laws, 
but d idn ' t prove the completeness of these laws. Liu and 
Xiao [1986J proposed Operator Fuzzy Logic (OFD which can 
represent vague knowledge by fuzzy operators exp l i c i t l y 
and without resort ing to the use of intermediate truth 
values at the semantic level. In order to prove that 
>--resolution is a sound decision procedure for 
inconsistent clause set in OFL, Liu[1990] introduced 
the GI that is ^ > ' when the threshold is 0.5. [Liu etal, 
1991] chose the inference rule that is => when the 
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inconsistent, incomplete or imprecise knowledge without 
taking away any piece of knowledge[Benferhat eta l , 1993]. 
Thus it applies to the design of adaptive expert 
systems or very large knowledge bases where 
inconsistent information is often present. 
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