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Abstract

A particular class of belief spaces is introduced, as an illustratiem

of uneertain kmewledge precessing withia multi-expert systems.

Under the basic assumptiom that the ceatext gemerating a belief space
is heteregemeus, containing beth evidemces with kmewm prebability amd hype -
theses, with kmewn credibility amd plausadility, three maim ecomsequences are
amalysed: (a) the splitting of the bhelief space imto three eategories of facts,
aceording to their heterogemeus derivatiomal suppert;(b) the eemstructien eof
adequate prededility and mass distridutien funetiems;(e) the cemstructien eof
speeific eredibility amd plausability fumetiemns that "reveal" the cemseasat
eredibility structure, laner te the belief space,

1.Intreduetion

A speeial appreseh te credibility fumetiems cencerns their preperty ef
consenance, namely the pessibility te determime mested levels of evelving
belief within a univerase of diseourse, ceasidered as a frame of diseermment,

The cemsenanee primeiples vwere imtreduced by Shafer /7/ amd represent a
specific aspeet withim the Dempster-Shafer delief theory/1,7/. They vere lar-
gely debated im /2,3/.

A credibility strusture is ealled econsonant if its fecal elements are
nested, mamely they can be imdexed sush that An D ... D A1, for m(Al)%Im(An)
whers m(Ai) is the mass attached te Ai. An importamnt preperty /7/ states that

a belief fumetien derives frem a cemsenant credibility strueture iff

P1(AU B) = max (P1(A), PA(B)) (1.1)
or, equivgleatly,
Cr(AN'B) = mia (Cr(a), C2(B)) (1.2)

We reeall that im the framewerk of belisf spases theery /5/ a dasie
ceneept iz that of centext, seen as a set &= {HY,;.;Rn} of hypetheses,
As vell, a belief space is astually & cemtext, alemg with all the faets
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The elements used te derive a fact are called the erigin ict(os) of that
fact. A fact is ealled supperted if (S ¢ ,P(C').

2, Cemsemant eredibility withim heteregeneus belief spaces
in the present appreach we use the basic assumptiens ef /6/. The kmew-
ledge that an expert system deals with is assimilated te a helief spase HB,
where the eemtext is heteregemeus. Namely C = EUH, where ¢ & § are evidea-
ees with kmewn predability p(e), while h c H are hypetheses with a giwen ere-
disility Or(h) amnd plausability P1(h). The sets ef rules are expressed hy a
aultivalued mapping Mi: HB —-> _©(HB). Thus, the same cemclusiea P c HB may
be supperted by several erigin sets(sets ef premises) 03 = i u....u},ncn.
A fact is ealled: (i) cempletely supperted, whem HE(F)cC XC);(ii) par-
tially hypethetieal, when HR(F)C P (HB); (iii) cempletely hypethetical, vham
HE(P) = 4 . The three classes will be deneted by C3, PH, and CH, respectively.
Twe prebability type distributiens are defimed en C:

~ a lever ene, ered: C -—-->[0.1], with ered(e) .{.’(‘)' ech (2.1)
D({e%), ecE
~-a higher eme, plaus: C --> {0,1], with plaus(e) -{ p(e), eck (2.,2)
Pl{{e}), s ek
Twe mass type distributiens are further asseciated te F € (CS:
- lms 2“-—-9{0,1]. la(F) = nis o Z. 6 s ored(s) (2.3)
- am: 2H2B . 0,1, ma(®) = max o Z. c s plaus(e) (2.4)

Gredibility amd plawsabdility are defined, for fasts e¢f C3 amd PH, at the
level of a simgle erigin set 08, Wy:

CR-3(F) = Y.Zue:as er(Ai) x de-i x m(!'lu)-]x s
PL-S(F) = Ezuees PL(A3) x de-1 xTURIAL) [x 8

where dc-i is the degree ef ceatridmtien of Ai in eemeluding F, s is the eser-
tainty degree attashed te F, due te 03, and:

im{ai), AleCs am(Ai), AL€CS
er(al) = CR~C(AL), ALEPH PL(AL) = { PI~C{AL), ALEPH
CR(AL), ALECH PL(AL), Al€CH

At the level of the whele belief spaee we define:

GR-C(P) = min o, ~ pp(p) CR-SL(P) 5 PI~C(F) = max ., . py(p)

CR and PL fer facts of CH are taken frem these fasts of HE that are mest
similar te them, and alse eredible and plausible te a highest degree. The preo-
eodure used te detest these"reliahle" similarities is a spesifiec adaptatien of
seme fuszy pattern-matehiag nd fuszy deeision-making metheds deserided in
/4/ sad /8/. The semeept of multi-expert system is fsup)ortlkol by the asceptance
of several HBL, with {083} J, leeated ia U, P(#Bi). Uader the abeve eir-

sunstances, ths fellewing prepesitiens held.

PI-S4(F)
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m(f) = 0 (2.1.1.) and A cup mA) =1 (2.1.2,)
Indeod, 1n(f) = { p(f) =0, E = ¢ ~ Thus, (2.1.1,)
cred(ff) =Cr(f) =0 , H= f

is satisfied.
Por (2.1.2.), we have;

Z;cm m(A) = ZLC’.HB “‘osgs.unu) 2:01 cos P(ei), 0SCR (2a)
dcis s mn) et ecs {1} mcm (20)
In the ease (2a), we have:

> nds >N cog Mlod) = miny D) 2 eos Pled)

ACHB S HR(A) el el
Simee p is a predadbility, ia the ease ci&(0S=R we have cié‘l’““""

Therefere, ‘*‘ose.?(na).osglzeiece plei) = 1,

In the case (2b), we have:

2,

acHs ™hogcmi) Seres o)) = mingg o D) Ze:l.e-m ar(fei})
Simee Or is a coredibility fumetiea, ch.:.';) = -({ci}). Heneo,
for ci €038 = HB, we have Zi‘”ik B m({u}) = Z{OJ-SC.IIQ l({ci}) -1,

Thns, mia cr({ei}) = 1 and (2,1,2,) is satistied.

—{ei]CHB
Similarly, it ean bhe shewa that hm in (2,.4) is a mass distrimutien.
In this case, for 03 = HB, we have:

Z Pl(ci)az Z

Prepesitiem 2.2, The plausability PL-C derives frem the censemant credibility
Preef. Ve have te shevw that fer any P,& < HB,
PL-C(PU@) = max (PI~C(P), PI-C(@))
Indeed, using the adequate defimitien-based substitutiem, ve ebtain:

= BaX [“‘esxen(?)z:uema pPL(AJ) x de-3 x TT(PWAJ) x o,
“"oaien(e) A} €084 Pl(A]) x de=§ x ﬂ(G\Aj) x e] .
lismes, aceerding te (1,1), HB waderlies a sensenant credibility

strusture, with respect te hm. The eredibility censemance withia HB, with
respest te 1m, results in a similar mammer frem (1.2), satisfied By CR-C.

3. Comelusiens
An apprepriate set of credibility fumetieas was cemstruested, fer a hetere-

geneus spase of umeortaia facts, im erder te illustrate the cemvergemce of
Belief levels tewaris a cemsenant sredibility stirueture,
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