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Consistent regions in
probabilistic logic when
using different norms 28
D. Bouchaftra

INTRODUCTION

Ordinary losic i, very often used when dealing with certainty, but in many 6elds when

we have to treat m.ertainty or 'fizrness' boolem logic appears a very poor concept.

Several artificial htefligence (AI)or linguistic applications require the abitty to reason

with uncertain infomation. The sd tic Seneralization of losic jn whi.h the truth
values of sentences are p.obability values beh{een o and 1 seens to be necessary,

assigment of probability values could be consistent or inconsistent.

A lot of ruthemtical work on probabilistjc inferen e alr€ady eists (Suppet 1966;

Zadeh, 1975). For instd.e the MYCIN expert system handled mcedain knowledge,

md the PROSPECTOR systd used a method bas€d on Bayes's f,ile (Duda el al, 1976)

In this chapter ou inter€st is in providing a new way of €xftnding Nilsson's (1966)

probabilistic logi. by exploring different meiric. W€ adopt a geometric approach and

distuss the relative nouon of an extreme vector.
The se.ond fction defines the notion of.onsistency d the probability concept

Th€ third s{tion presents the algebraic dd geomelric interyretalion. The next fou
s(tions present severalways of obtainin8 the consistent region according to metric!.
We explore the infinite nom, the t1 nom, the Euclidem nom, and also their
.oresponding isometries. The interpretation of Bayes's theorm wh€n sing lhe rr
norm is discussed in the eighth *ction.

CONSISTTNCY AND PROBABILITY

We define these concepts by m exmpl€. Let us consider the set of sentenc6
y = {P, l P v O Q}, $ that we exp€ct to obtain amons all possible worlds (23) jusr

2'!@nsistmt posrible worlds; other possible worlds are inconsistent.

Many methods exist for deteminina the sets of consistent truth values, given a st
of sentences. A basic method is that called the binaly senmti. tree (Kleene, 1984
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Flgure 28.1 The binary lree

We create nodes by bnnching left or ri8ht, depending on whether or not we assisn
one senten.e a value of TRUE or FALSE resp€ctively.

Al ea.h node, we brmch left or risht, d€p€ndins on whetha or nor we assign on€
of the senten es in J, a vaiue of TRUX or FALSE, respecuvely. Just below rhe rool, we
b.ach the truth value of the next senten.es of ou set y, and the procedue conhnues
mhl the last mt€nc€ of y. We obtain at the €nd a set of paths cor€spondinS ro unique
arsiSments dd we.lose off those paths codesponding to inconsistent valuations, as
illustrated in lig. 28.1. The black circles corespond to the closed paths (inconsistent
evaluation) the nurnbeF '1'md 'o' at the nght of each senrenc€ .orespond, respectilely,
to the evaluation TRUE md FAISE of the sentmc€. Thus we .r write the mahx
conespondin8 to the diasrm, whi.h consistent mtrix we wi denore C

o(r) -o o(1) - o{0)

l0 1,01I0.1. rl

We can chooe the probability of dy senten.e 5 a, p(s) : t,p(v,).ry'v,(t where RV)
is the probability that the actul world v, is €qul to V,, rhe cha.acrerisric inction ly'

Vr de the colllm vectoB of the mtrix C and i belongs io the ser {L2,.1,a}. This
definition of the probabjlity associated with a sentence gives a mathemati.al and
geometri. interpretation of the .onsistent ea n the spa.e of rhe rh.ee senr{.€s.

THE ALGIBRAIC AND GEOMETRIC INTERPRDTATION

Let us consider the following mappins betw€en the space of possible world, and the
one of smtences. This mapping is the homomorphism asso.iated with rhe .onsisrenr
mahix C called Y. Let X and Y denote, respectively, the spa.e of possible words dd
that of sentenc€s. We .d plot the following diagrd coresponding to our exdplel
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