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Abstract: In this paper, we define the notion of LIFE-I (Logic-
oriented Inferential Framework Extension:type I ) and sketch the logical
background as a Boolean-valued logic programming language scheme. Empha-
ses are put on the nature of both Lhe semantic reasoning and the approx-

imate reasoning on which the scheme is based.
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§0. Introduction

In [18], we proposed LIFE-Q (Logic-oriented Inferential Framework Ext
ensions: infinite series) as a Boolean-valued logic programming paradigm
and discussed some expected characteristics. The aim of our raising this
flag is to treat a variety of topics in AI within (or, at least, in the
neighborhood of) the kingdom of logic programming as many as possible.
The intention of the aim springs from our belief that any subjects cove-
red by Al should be managed not metaphisically but logically, because
they all have the destiny te be related to and so connected with a prog-

ram which runs on a machine at their final step by somehow or other. Of
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course, the word “logically” above must be understood inm its widest se-
nse.

In this aspect, however, Lhere is a bhig barrier laid down in front of
us. Even if our belief is right and sound, the logical method we can em-
ploy has the restriction in the sense that we can’'t utilize the full peo-
wer of the conventional mathematical logic because of the nature. Never-
theless, there still remains a lot of wonderful thoughts, technigques and
ideas in logic which we can modify and convert into a well-litted techn-
ology in the world of AI. Our strategy was Lo partly borrow the philoso-
ahy of Boolean-valued interpretation of the Forcing Method in sel theory
in order to enlarge the notion of logical inferences so far exist so th-
at the resulting inference methodology can embody so Lo speak common se-
nse reasoning, i.e., the sesantic reasoning, the approximate reasoning,
hypothetical reasoning and the non-momotonic reasoning etec. Thus, we bu-
ilt a completely new logical paradigm which is suitable for Al. (The pr-
ecise arguments can be seen in [16].)

Once the paradigm had been settled, the next task was to formalize a
series of language scheees based on the paradign. Considering the fashi-
on in that season, we started our show by defining LIFE-Q =pure Prolog
as a laguage scheme. The successive three entrees LIFE- 1, LIFE-1, LIFE
Il became straightforward extensions of LIFE-0Q in the sense that

LIFE-Q < LIFE-1 < LIFE-T < LIFE-II

where © is the inclusion among sets of logic programming languages cov-

ered by cach scheme.
Remark: LIFE-I was sometimes called “Boolean-valued Prolog”.

liere in this paper, we are going to briefly touch the logical property
of LIFE-II from a viewpoint of the extended inference methodology. Thro-
ughout this paper, we employ conventional terminologies in this field.
Thus, for example, P,Up,Bp are exclusively used Lo denote a definite
clause program, the Herbrand universe of P and the Herbrand base of P
respectively. T(Zp,V) and A(llp,V) stand for the set of all terms
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and the set of all atoms whose variables come from V respectively, etc.

§1. B-valued Deduction of LIFE-I

Definition I-1. Suppose P is arbitrary but fixed. Let B be a conmplete

Boolean algebra. Let [ J:Bp = B be a nap.

1. A reflexive, symmetric relation ~ over A (I[lp,V) is called “subst-

itution-monotonic”  iff

(v A,B€ A(TIp,V))(V 8 ‘substitution over T (Zp,V)JI({ A~0 = A6 ~B&).

9. Let ~ he a substitution-monotonic relation and A,B€ A(Ilp, V). A

&

substitution 8 over T(Zp,V) is called a B-valued unifier for A

and B w.r.t. [ ] and ~ 7 iff

L8 ~B8
and
L A8 o) = [ BO p] for any ground substitution @ over T(Xp, V).

On the ground of this definition, we can obtain a suitable notion of
B -ngu (maximally general B -valued unifier). The crucial property conc-
erning B -mgu is that, for any A,B€ A(Ilp,V) and for any B -valued un-
ifier 8 for A and B w.r.t. [ ] and ~,

{[6']1 0" is a B -ngu for A and B such that (3 p :substitution)
(6=06"p1) )

is finite and not empty, where [ ] is the equivalence class based on
renaming substitutions. ( See [17] for the precise arguments.) Using the
notion of B -mgu, we can define a deduction methodology of a logic prog-
ramming paradigm by following the SLD-resolutieon-like technique except
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1. enploy 1B -mgu
and
2. ecaleulate Boolean-value r:;thE A.0.p0]
at each unification step, where A is the selected atom and 0, is a B -
mgu for M -valuved unification.

Now, suppose C4,*,C, be the input elauses and 8 ,,, 8, be the B-
mgus used in a Boolean-valued refutation A of PU {G) . Then, the ab-

ove condition 2 can compute both the resulting “refutation value”

iR = A [Cibipl ) Awn [F.f\ dEcnﬂan]}

P.'!I’lﬁh B L

and the “answer value”

Fr’a?,ft‘rf:'::__‘{ Lhibol AA L Atpl)
in addition to the answer substitution 8= 8, 8,, where G = «4A,,--,
Aw. This implicitly means we may obtain different refutation values v/ %)
and v( R ') for the same goal G ( and possibly even for the same answer
substitution @ | G ) by passing the different branches of a refutation
tree.

On the basis of the above defined deduction methodology, we can define
a procedural semantics of the leogic programming paradige by fixing conc-

rete ~ and [ J. Especially, we obtain the notion of
Pefinilion [-2.

Sp(Ll,~) = {o¢Bpl PU{+ 0} has a refutation based on B -
valued unifieation w.r.t. [ 1 and ~ }
Sp (L 3,~) is the “ B-valued success set " of P in the sense of B -

valued unification w.r.t. [ J and ~.

LIFE-M is the logic programming scheme, each element of which has thus
defined procedural semantics in a pure logic programming level. This me-

ans, by suitably defining and combining ~ and [ J, we can obtain a var-
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iety of techniques of the inference which has never been appeared before
in the following sense.
Tt not only embodies am approximate reasoning in a wider sense such

that

where = is not necessarily an equivalence relation, but also realizes a
gemantic reasoning in its real sense that it emploies the map [ 1 which
is a Boolean-valued interpretation of the program P . Considering the
fact that two main topiecs in Al are to embody the approximate reasoning
and to represent semantics of the target, the merit of our scheme should
he obvious. ( Precise argument concerning this aspect of our Boolean-
valued deduction can be seen in [24],[25].)

§2. B-valued F-model

Since Boolean-valued deduction methodology employed by LIFE-Il is far
more general than the usual inference rules considered in the comventio-
nal mathematical logic (especially, in proof theory), we can not utilize
the famous and convenient result of the completeness of the first order
predicate calculas as the logical background of LIFE-II directly. As the
matter of fact, to tell the truth, the program (P, ~, [ 1) is no mere
the first order theory as far as the domain of P concerns because of

the existance of the map L J.

Remark?: We ought to take the essentially different viewpoint
whenever we consider the whole program (P, ~, [ J) . As a set of ax-
ioms, similar to the case of Boolean-valued interpretation in set theory,
it might be seen to be the first order at a first glance. However, as a
theory, it is neither the first order nor the nmere second order because

ve employ the extended inference rule as above. It has, in a semse, the
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“semantic order”, the terminology of which may unveil the originality
and the novelty of our concept of Boolean-valued deduction.

If the matter is so, then it may be natural for us to worry about the
recursiveness of the realization of (P, ~, [ 1 ) . In this respect,
sinee we already have the plan to put fuzzy reasoning and/or even neural
network inte use to embody =, our main concern is pointed not to the
recursiveness but Lo Lhe Lractability of each conerete reaization. This

is our official answer to the above gquestion.

Nevertheless, by enlarging the notion of logical consequence to the
notion of Boolean-valued F-model, we can obtain the declarative semant-
ics of LIFE-Il as the logic programming language scheme and, Lo our sur-
prise, we can even show the generalized completeness result which claims
the coincidence of the procedural semantics based on Boolean-valued ded-
uction defined in Lhe previous seection and the declarative semantics de-
fined bhelow.

Let F be a complete filter over B. Qur intention is that # determi-
nes the boundary inside B so that any value k belonging te / is taken
to be true to the extent of b in the sense of B . Thus, the dual ideal f
determines the area of false values. So, there might be some values in B
which is neither true nor false in the above sense. This is the crucial
difference between usual (2 -valued) interpretation and our B -valued
interpretation. With this difference in mind, we can carefully generali-
ze Lhe notion of usual Herbrand model so that, for any [ J:Bp = B,

Jefinilion £-1.

(Up,[L 1) is a Herbrand F-model of P
iff
{H(IEfﬂipghdftﬂ+ﬂIF[C'PI}Eﬁ'L
L Aiod A=A L Akpl , if C has the form
Crehy, =y Ax.
where [C p] =

& s if € is an unit clause.
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Now, for any Herbrand ~-model (Up, [) of P, ve can define the
following subsel of Bp.

pefinition 2-2. Let (Up, f) be a Herbrand # -model of P . Then,

Be[f]= {a €Bpl f(o)E ¥} .

( Be[f] is the set of F-true ground atoms under the interpretation
(Up, £) .)

Since f represents B -valued interpretation of P, the above notion
B.[f] represents “ B-valued F-declarative semantics " of the whole

progran (P, ~, )

Remark: As stated above, since (P, ~, f) has the semantic-
order, we ought to newly define what (P, ~, f) neans as a formal
theory. The meaning becomes B -valued F-declarative semantics when
(Up, f) is a Hebrand F-model of P . Here, an interesting faet is
that the notion of Be[f ] does not directly depend on ~. The reason is
that the chice of f itself implicitly depends on both P and ~. 3o,
we had better denote fp(—~) instead of £ in Be[f ], though we use the

abbreviation in the following.

So far, we have gained two subsets of Bp, that is, Sp (C J,~) and
Be[f]1. As for the first relation between Lhese two,

Theorem #-3. Let (Up, f) be an arbitrary Herbrand /5 -model of P and
~ he an arhitrary substitution-monotonic relation over A (Ilp,V). Then,

SF [ffﬁ'} = BP[f]-

( Soundness of LIFE-IN. See [17].) O



Here, the important faect is that the above f need not depend on ~. Ho-
wever, Lhe converse direction Sp (f,~)} =2 Br[f] does not always ho-
1d. As stated above, usually, there should be some connection of f with

~ in order to held the direction.

§3. B-valued F-completeness
Are there any ~ and f such that
Sp(f,~) = Belf] - 1>

where (Up, f) is a Herbrand F -model of P 7 The answer is positive.
The method of our proving the existence of such ~ and f is similar te
the original technique in the manner that we use the fixedpoint semanti-
¢s. The rough idea is that, instead of starting from the whole conmplete
lattice B®*/ F, we begin our argument with a complete sublattice Np
of B**/ F and obtain Lhe least element [un] of Np, a representative
#n of which is expected Lo become the answer of {1 .

Remark:: Note that we can use the equivalence classes B®",/ F no-
dule F instead of B®", by the definitien of F-model. Thus, we obtain
the flexibility of the chice of the representatives of the answer class.

The merit of this phenominon is discussed in [18].

Since we should clear the requirement of the fixedpoint semantics, not
all complete sublattices of B®*/ F provide the answer. ( The map
Tp(Np): Np - Np vhich is used to show the fixedpoint semantics de-
pends on ~, too. ) However, there are many useful complete sublattices
of B®*/ F which pass the test. In [17], ve employ a systematic approa-
ch to find many sublattices, each of which gives the different answer
class. Among them are those which are abstracted by the terminelogy *.J
-faithfulness "of [f1€ B®*/ F, where J : Bp=2 Bp is an idempotent
funetion. In [17], we showed that any J -faithful least Herbrand F-mod-
el (Up, m:) becomes the answer of {1 , where J should satisfy a
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certain condition concerning ~ . The point is that J can vary from one

exanple to another if only it satisfies the initial condition.

§4. Conclusion

There is no necessity of fixing our attention only Lo the syntactical
or even an universal ( which is based on an equatiomal Lheory ) unifica-
tion over a given logic program P . There ought to exislL many other rich
and fruitful derivation techniques over Lhe sape PP, and hov to realize
this kind of extended inference in the form of a program has beem a main
topic in Al for a long time. In this paper, we have briefly sketched the
deduction power of Boolean-valued logic programming language scheme LIFE
-M from a viewpoint of boLh Lhe approximate reasoning and the semantic
reasoning. Since the inference methodology is genuinly enlarged, it is
no wonder of our doubting the legitimaey of Boolean-valued deduction em-
ployed by LIFE-M . It is the new notion of Boolean-valued /-completene-
ss based on the generalized notion of Boolean-valued F-model that assu-
res the legitimacy.

Sone groups in AT may stand for the position that, during the investi-
galion of a practiecal Al, it is impossible to preserve, or more weakly
we need not stick to, such a logically rigid conceplL like completeness
or even consistency of the program. However, if we can assure the consi-
stency or the completeness of the same knowledge through a different and
more natural programming methodology, we should move to this new side.
In this sense, it is better for us to logically cover any topics in Al
as wide as possible by employing more and more newly-appeared logical
technologies. This is the background philosophy of our proposing Boolean
-valued logic programming paradigm LIFE-Q. Do in Al as neo-logics do !
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