For instance, in the particular case where X is a par-
tition of S (see example 1), the ambiguity reducing
structure is more informative if and only if the parti-
tion is finer.

6 Concluding remarks

As emphasized in the introduction, in this paper we
confine ourselves to initial imprecise probabilities sit-
uations described by belief functions, assuming more-
over that ex ante the decision maker is merely in-
formed of the set X of possible focal events of a future
compatible belief function. This allows us to derive in
an easy way a simple characterization of such a com-
patible ambiguity reducing process (see proposition
6). Furthermore this leads, in the framework of the
multiple-priors model, both to confirm the intuition of
the positiveness of ambiguity reduction (see theorem
11), and to obtain a neat and meaningful characteriza-
tion of the partial ordering ”more informative than”,
in terms of fineness of ”information ¥”.

Assuming that ex-ante information consists of a set
Y. of possible focal elements may appear as a limita-
tion, as can be shown by examining for instance some
practical examples of opinion surveys. It will be the
object of a future paper to relax this assumption, the
same will apply to the belief function hypothesis.
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5 Comparing Ambiguity Reducing
Structure

It is interesting to be able to compare ambiguity re-
ducing structures in terms of informativeness. One
way to do that, is to compare their respective values
of information. Let us adapt the classical definition

of [1].

Definition 11 f %X is more informative than f+X*
if for all AJVI(A, f,5) > VI(A, f,X%).

Our purpose is to find some equivalent comparative
properties of the ambiguity reducing structures. Let
us introduce the two following definitions.

Definition 12 f « X is finer than f + X* if for all
g € BFE(X, f) it exists a ¢ € BF(X*, f) such that
F(f.9)C F(f,9%)

Definition 13 X is ®(f)<finer than the set X* if for
Wl E € ®(f), for all F € X(FE), there exists a G €
Y*(E) such that FF C G.

The following result gives the complete characteriza-
tion of the partial ordering for the ambiguity reducing
structures.

Theorem 14 The three proposition are equivalent:
(?) f*X is more informative than f* X*

(#8) f X is finer than fX*

(#i1) X is O(f)<finer than the set T*

Proof. (i) = (i) Let us show that if (iii) does not
hold, then it is also the case for (i). Then, there exists
E € ®(f) and F' € ¥ such that VG € &%, ENFis
not included in £ NG. First,we show that there exists
a g € BF(X, fysuch that Vg* € BF (X", f), F(f,9)
is not included in F(f, g*). There exists a function
¢ :®(f) ©— TsuchthatVH € ®(f), HNp(H) #
0, o(H) = FifH N(EF NF) # 0. Defineg €
BF(X, f)by¥G €X

m, (G) = >
Hed(f)) o(H)=G
check that gis compatible with f).Consider ¢* €
BF(X*, f). According to lemma 2, there exists
a mapping g* 25 x 2° — RT verifying the
lemma 2 condition (é7). There exists a G € X*
such that F*(EF,G) > 0 and a s € Ssuch that
s € (ENnFO\NE NFNG).Then define a p €
F(f,g)such that p({s}) = mg(H). (in-
Hex/H 2{s}
deed, such a p exists). By definition of g, we have

also p({s}) = my(H).Let us check
He®(f)/ H 2{s}

my(H). (Indeed, one can

that p & F(f,¢").1f pwere in F(f,g¢"), we should

have p({s}) < B*(H,L) <
(HL)e®(f)x B*/ HnLD{s}

( 2 g (H, L) | & B°(E,G) =

(HL)e ®(f)x Z+/ H 2{s}

& [*(F,G) which entails
Heo(f)/ H 2{s}
a contradiction.

Thus Vg* € BF(XZ* f), there exists a p €
F(f,g)withp & F(f,g*). Let (o, 3) € R? such that
a < (3.Since F(f,¢%)is a closed convex set there ex-
ists (Minkowski lemma) an hyperplan H* in R"™ going
through p and with F(f, g*) above H*. Let u be anor-

B —«a
Inf u.p*—u.p) u

»* € F(f,9*)

mf(H))

mal to H*. Consider v’ =

<oz. Inf u.p*> — B.(u.p)
»* € F(f,9%)

Inf U.p*— u.p
»* € F(f,9%)

.e where e 1s the unit

vector of R” . Since we consider probability distribu-
tions, we have that u'.p = o« < Inf u'.p* =
p*€F(f,9*)

3. We admit we can find an act a(¢*) such that
U(a(g*)) = u'. So v'.p = E,U(a(y*)) = « and
Ving+(a(g*)) = f.Let us consider such a a(g*) for all
J € BP(S, fyand A = {alyg")/ ¢* € BF(S", 1)),
Then V(A, f,X) < V(A, fNyg) < awhileVg* €
BF(S, £, VALF 0 ) > Vinplaly) =
and thus V(A, f,¥*) > . Since VI(4, £, %) &
VIA, [, = V(A £L,D)eVA LE) < aef <
0, we have exhibit a decision problem where it is bet-
ter to be informed according to f * X*.

(#it) = (4i) Consider g € BF(X, f).There exists a
mapping © :
I ={FEF) ed(f)x S/ENF#0} < X* such
that V(E, F) € T, ENF C ENg(E,F). According
to lemma 2, there exists a mapping 3 : 2° x 2% —
RY verifying the lemma 2 condition (i¢). Define the

mapping 5" 2° x 2° — Rt by g (E,G) =
> B(E,F) and consider g* defined by

Fe S/ o(E,F)=G

mg(G) = > B*(E,G). By definition of ¢ and

Eed(f)

lemma 2, we have that ¢* € BF(X*, f). One can
check using lemma 1 that F(f,g) C F(f,g*) show-
ing (#).

(4) = (i)Let us note that VI(A f,X) <
VIA },X%) = V(A [,E2) V(A f,X%).Since Vg €
BF(X,f),3 g € BF(X", f) such that F(f,g) C
F(f,g"),then Va € A, pe]\l{l(?,g) E,U(a) Zp e]\g(lfég*)
E,U(a),soV(A f N g) > V(A f 0 gx) >
V(A, f,X%)and finally V(A, £,2) > V(A £,2%). I



We will say that there is a positive value of infor-
mation for the structure f X if the anticipated value
V(A, f, X) is greater than the value VI(A, f) he would

get by ignoring his information possibilities.

Definition 9 The information value is equal to
VI(A f,X) = V(A [, 3) V(A S)

Since VE € ®(f), L(E) # {0}, hence BF(X,f) #
¢ and the information value is well defined.

The next results confirm the intuition that the reduc-
tion of ambiguity is positive for the decision maker,
i.e, the information value is always positive®.

Theorem 11 For all A, f and X, VI(A, f,¥) > 0.

Proof. Vg € BF(X,f), F(fg9) C F(f) =
YVa € A V(A F N g) I]\fe%l‘ Vingla) >

Vi(a). So, V(A,f N g) > V(4,f). Consequently,
V(A f,X)= Min V(A fng) >V(4,[) B
g€ BF(%,f)

4 Consistent Ambiguity Reducing
Structure

We noted that proposition 7 was about some logical
consistency between the anticipation and the initial
knowledge. An other way to introduce this idea of
consistency between the anticipation and the initial
knowledge is to consider the following notion of Neu-
trality with respect to initial knowledge.

Definition 10 f * X satisfies Neutrality with respect
to the initial knowledge F(f) of F(f) =

F(f.9)

U
gEBF(Z,f)

Thus, we can complete proposition 7.

Proposition 12 The three propositions are equiva-
lent

(i) For allp € F(f), BF(X,p)# 0

2 U E = 5Su

(i) B € X(Supp(f)) wp(f)

(#i1) f+X satisfies Neutrality with respect to the initial
knowledge F(f).

Proof. Proposition 7 stated the equivalence between

(7) and (i1).

®This positive result does not contradict the well known
result that standard ” focusing” information might have a
negative-value in non-Bayesian models.

(i) = (iii) Since V p € F(f), 3g € BF(X, f) such
that p € F(f,9), F(S)= U F(f.9)
g€ BF(X,f)

(#it) = () Y p € F(f),3g € BF(X, f) such that p
€ F(fg). N

Neutrality with respect to the initial knowledge cap-
tures the idea that the anticipation in an ambiguity
reducing structure should not allow the decision maker
to improve ex ante his knowledge.

Let us take now a decision theoretic point of view.
A positive value of information captures the decision
theorists intuition that information is always valuable
because it permits to adapt more accurately one’s
choice. Yet if the choice set is reduced to a unique act,
there is no possibility of adjusting more accurately
one’s choice and there should be a null value of infor-
mation whatever is the information structure. If on
the contrary, we find a positive value of information,
it 1s the kind of ”pure” value of information that indi-
cates that the initial knowledge does not capture all
the information already available in the information
structure. Which is the condition that ensures that
we will not find a ”pure” value of information? The
following theorem shows that the consistency condi-
tions examined above are the right conditions.

Theorem 13 The two propositions are equivalent

(?) f*X satisfies Neutrality with respect to the initial
knowledge F(f)

(#8) For any singleton A, VI(A, f,X) = 0.

Proof. (%) = (it) Since A =
at, V(A, f,X) = Min M E,U(a)| =
ta}, V(4. £, %) F(lg)ers |per(fe) " ()]
Min E,U(a) = Min F,Ula =
pE U F(f.9) (@) pEF(F) pUla)
F(f.9) € /*S
V(A f)

(4i) = (i) Let us show that if (i) does not stand,
then it is also the case for (ii). By proposition 12, we
know that it exists a

s € Supp(f)\ U E) . Consider A =
E € Z(Supp(f))

{a} with asuch that U(a(s)) = o«and VYsx +#

sUla(sx)) = f,a < [.(We assume the non-

degeneracy of X such that it is always pos-

sible to construct such an act a.)Then, since

Y € U F(f,9), p(s) = 01t implies
Po€ Ny P9, p6) p

that E,U(a) = V(4, f, £) = 8 .On the other hand,
since 3p € F(f)suchthat p(s) > 0, V(A,f) <
fand thusVI(A, f,3) > 0. A



pu(sy) = my(E) & Maz(0,m;(F) &

my(F))+ my(P),
Pe®(fINEF}/ (P)=sx

pu(sL) = me(F) 4+ Maz(0,me(E) &

my(F))+ my(P),
Pe®(fINEF}/ (P)=sx

pa(sx) = my (L) + my(P),

Pe®(fINEF}/ (P)=sx

pa(sH) = my(P),
Pe®(fINEF}/ (P)=sx

pa(sc) = mp(F)+ my(P),

Pe(FHNMEF}/ ¢(P)=sx

and the belief functions Ji, for
i = H G by mg,(M) = my(P).

Pe®(f)/Ni(P)=M
We can check that pe € F(f,9a) N F(f,9¢), po €
F(f,gm) and pg & F(f, 9¢) which means that f+%
is not a partition. W

This partitional case is similar to the usual informa-
tion structures conceived as partitions of S?. Example
2.1 was a case were condition (¢if) is satisfied. This
result shows that in general, f * X is not a partition
of F(f) and that the ambiguity reduction process can
be itself quite fuzzy.

3 The Information Value of an
Ambiguity Reducing Structure

We consider the Max min EU with multi-priors model
of [8]in order to analyse the value of information. Let
us introduce this model of preference formally. The
decision maker is choosing between acts a which are
mappings from S into a set of outcomes X. We sup-
pose that the decision maker has a utility function
U defined on X and that his preference on the set of
acts relies on a family F(f) of probability distribu-
tions on S, with f his initial belief function, through
the functional:

Vi(a) = Min E,U(a
7@ per(f) " (a)
Without access to supplementary statistical data, the

timing of decision and resolution of uncertainty is
shown on figure 1.

Let denote ax the optimal choice of the decision-maker

when he has to choose in an opportunity set A and

note V(A, f) :Mci‘a: Vi(a) = Vi(a*) the optimal
a€

value he can get.

However, after he receives a g € BF(Z, f), the deci-
sion maker chooses accordingly to his “ revised” pref-

*We conjecture that (ii7) is also a sufficient condition
to have a partition.

Resolution of uncertainty

Choice

|

ol

Figure 1: No information.

Receive information )
) Final resolution
Choice

Figure 2: With information.

erence Vin4(.). The timing of decision and resolution
of uncertainty is shown on figure 2.

Let denote @ * (g) his optimal choice after he re-
ceives the belief function g and V(A, f N g) :Maf
a€

Ving(a) = Viag(a*(g)) the optimal value he get
conditionaly on g. How does the decision maker value
ex ante the whole process of choosing in A after get-
ting new statistical data? For that, we have to de-
termine how the decision-maker evaluates ex ante
the fact of getting V(A, f N g¢) conditionaly on g.
Since the decision maker’s anticipations about the
¢ € BF(X, f) he may receive are totally uncertain,
it seems natural to consider the following anticipated
value

V(A, £, )= Min

V(A f N
JL £l (A, fnyg)



0, # Fandsx € E N For U
B € X(Supp(f))

Supp(f) and in this case, according to 7, there ex-
ists a p € F(f)such that BF(X(Supp(f)),p) =
. Let us consider the first case. Then, there
exists two functions ¢gandpp Supp(f) <—
Y(Supp(f)) such that Vs € Supp(f),s € ¢gr(s)
ands € p(s) with pp(sx) = FE, ep(sx) =
F and ¢g(s) = ¢r(s) otherwise. Define g,, €
F(X(Supp(f))) by my, (H) =

s € Supp(f) [ ¢i(s)=H

p(s)for i = E F. Then one can check that g,, #

Jor and{gyy, 9or } C BF(E(Supp(f), p).

(79) = (i) Let us consider p € F(f). Consider g, de-

fined by m,, (E) = ;E p(s)if E € X(Supp(f)), =

0 otherwise. (i1) implies that g, is a be-

lief function in BF(XZ(Supp(f)),p). Take a g €

F(X(Supp(f),p). Suppose that ¢ # gyso that

there exists a E € X(Supp(f))such that m,(E) #

my, (E).Suppose for instance m,(E) < my,_(E). By

definition of BF(X(Supp(f))) > mg(F) =
Fe D(Supp(f))

my, (F') = 1.Then with (i1) and

I € X(Supp(f))

by definition of g,, this implies that ¢(E) =
my(E) < go(E) = my(E) = p(E)and
g(S\E) = my(F) = 1&my(E) >

F e X(Supp(F)NE}

9o (S\E) =lem,, (£)=p(S\E) = 1<p(£)which
contradicts the fact that p € core(g).If my(E) <
my,, (£) the contradiction comes directly from g(E£) =

my(E) > go(E) =my, (F) = p(£). &

Condition (i) is quite strong and corresponds to the
particular case we have examined in examples 1 and
2.2. The next proposition shows that it exists some
weaker condition that still give some interesting prop-
erty for the Ambiguity Reducing Structures.

Proposition 10 The first two propositions are equiv-
alent and they imply the third one.

(i) For all p in F(f), BF(X,p) # 0

and
p, v in F(f)either BF(Z,p) NBF(Z,p)
BF(X,p) = BF(Z,p)).

(ii) f* X is a partition of F(f)

(iii) For any E € ®(f), B(F) is a partition of ' and
forall H G inX, foradl E, F € ®(f) HNE=GNE
and EN F # 0 implies HN F =GN F.

f all

or

Proof. (/) = (i) Since Vp, BF(Z,p) #
¢, then U

F(f,g) = F(f). Consider

F(fg)€ f+X
two distinet g and grin BF (X, f)such that F(f,g) N
F(f,9") # 0 (however, if two such gand g/ do not ex-
ist, then f+X is necessarily a partition of F(f)). Then
dp er(f,9) 0 F(Lg) VY € F(fi9),9 €

BF(X,p) N BF(Z,p) and (i)implies that ¢’ €
BF(X,p) and p' € F(f,¢"). Thus F(f,9)
F(f,¢') which means that f * X is a partition.

11) = (i) Since U F(f, = F(f),Vp €
(i) = @) Sinee | U F(fg) = FUL
F(f)3gsuch that p €  F(f,¢)showing that
BF(X,p) # 0.1fg € BF(X,p) N BF(X,p')and ¢’ €
BF(X,p),then p € F(f,9) N F(f,¢') so F(f,9) =
F(f,g9') and p" € F(f,9) = »' € F(f,¢
means that ¢' € BF(X,p').

(#i) = (i4i) Let us show that if (¢4¢) does not hold,
then it is also the case for (é¢). If (¢%) does not
hold then we are in one of the following situations:

) which

Y(F)is not a partition of E for all ' and

a) either 3F € &(F)such that U H C
HeS(E)

H C Supp(f)and by

F(f.9)C

E which implies U

H € Z(Supp(f))

proposition 7we know then that U
F(fg)€ f+2

F(f) which contradicts (é¢).

b) or there exists two distinct Fand G in X(E)such
that FF N G # 0.Suppose F\G # 0.(If F\G =
#, then mnecessarily G\F # 0 and we can adapt
the proof). Then there exists functions ¢p, Yrag :
O(f) ©— Supp(f)and functions Ly, Lg : ®(f) o—
Ysuch that VH € ®(f), op(H) € H N Lp(H),
gDan(H) € HnN Lg(H), VH 75 E, LF(H) =
La(H), or(H) = ¢rac(H) and pp(E) € F\
G, prag(F) € F N G. Define the probability
distributions p;, for ¢ = F, F NG by pi(s) =
my(H) and the belief functions
He2(f)/ pi(H)=>s
gi, for i = F, G by myg (L) =
Heao(f)/ LiH)=L
mys(H) .We can check that pprg € F(f,9r) N
F(f,9¢), pr € F(f,gr)and pr & F(f,9G) which

means that f * X is not a partition.
Or X(F)is a partition of Efor all £ but

)AH, GinX, E, Fin®(f)such that H N E = G N
Fand HNF # GNF Then HN (ENF) =
GNn(ENF) = @smce the partition’s condi-
tion. Suppose H N F' # (. Then, there exists a L €

Ysuch that L N (E NF) # 0. Then there exists
a function ¢ : ®(FHN{E, F} <= Supp(f), func-
tions Npg , NG : ®(f) ©— Zsuch that VM €

S(NE FY, Na(M) = Ne(M)and Na(E) =
H, N¢(F) = G, Ng(F) = Ng(F) = L,and states
s* € HNE,spg € HNF,sp € LN(ENF). Define
the probability distributions p;, for ¢ = H, G by
Vs € S\{s*, s, sr}, pi(s) =

Pe®(f)\{EF}/ ¢(P)=s
m;(P), pr(s) = m;(P),

Pe®(fIN{EF}H/ ¢(P)=sx



0. Define g, € BF(X) by my_ (F) =
E€®(f)/p(B)=F
my(E). One can check that g, € BF(X, f). 1

Since in this paper we assume that BF(X, f) is non
empty, the above condition (i) holds throughout the

paper .

The following proposition shows an important consis-
tency condition about the decision-maker’s anticipa-
tions.

Proposition 7 The two propositions are equivalent
(i) For allp € F(f), BF(X,p)# 0

i U E = Su .
(%) E € Z(Supp(f)) retf)

Proof. (i) = (ii) Let us show that if (i¢) does not
stand, then it is also the case for (é). Suppose Is €

Su such that s U E. Then dp €
rp(f) §2EE € S(Supp(f)) b

F(f)such that p(s) > 0. BF(X,p) = 0l since Vg €
BF(X), s ¢ Supp(g).

(4) = (i) Letustake a p € F(f).Consider

a function ¢ Supp(f) <~ X such that

Vs € Supp(f), s € ¢(s).Define g, € BF(X) by

my, (E) = p(s). We obtain ¢, €
s € Supp(f) / p(s)=E

BF(X,p). R

We can expect(ii) to be an important consistency con-
dition. For instance, consider on the contrary that
(ii) does not hold. Then there exists a p such that
BF(X,p) = 0and,according to proposition b, this
means that the decision maker already knows that
whatever ¢ he will receive, he will not consider p as
possible any more. Logically, he could eliminate ex
ante p in his initial knowledge core(f).

One may wonder what role X plays. The following
results show that we can restrict our attention to

S(Supp(f))-

Proposition 8 For all belief functions f and seis
Y, fxX = f+X(Supp(f))

Proof. First let us prove that f *
Y(Supp(f)) C f =+ X. For that purpose, let us con-
sider ¢ belonging to BF(X(Supp(f)), f),and define
a new belief function g, € BF(X,f) such that
F(f,9,) = F(f,g). Thus, let ¢ be a mapping F €
E(Supp(f)) ©— ¢(F) € X such that ¢(F) N
Supp(f) = E, the existence of such a mapping is
trivial from the definition of X(Supp(f). Furthermore,
it is straightforward that ¢ is injective. Hence let g,
be the set-function on (S, 2°) whose Mobius inverse
is defined by my, (F) = my(e~'(F)),VF € 25,
That g, is a belief function with support contained

in X, can be readily checked. It remains to prove that

F(f.90) =F(f,9).

First prove F(f,9,) C F(f,9). Let p € core(f) N
core(yg,). That p will also belong to core(g) will result
through (7i¢) of the lemma 1 from the fact that Vs €
Supp(p), VF € X, one obtains F' D {s}is equivalent
to e~ (F) 2 {s}.

The converse inclusion F(f,9,) 2 F(f,g), will be
similarly obtained through the lemma 1, taking into
account the fact that if p € F(f,¢) then Vs €
Supp(p), VE € S(Supp(f)), one obtains F D {s} is
equivalent to ¢(£) DO {s} hence my, (¢(£)) =
mg(E) will allow to conclude.

Conversely let us prove that f « X C f %
E(Supp(f)). For that purpose, let us consider g be-
longing to BF(X, f),and define a new belief func-
tion ¢ € BF(X(Supp(f)), f) such that F(f,¢") =
F(f,9). Thus let ¢’ be the set-function on (S, 2°)
whose Mobius inverse myris defined bymy (E) =
mgy(F), VE € 25 First it is easy
FeX FnSupp(f)=E
to show that ¢ € BF(Z,f) entails that Vp €
F(f,g9) and YF € ®(g), F N Supp(p) # 0 hence
F 0 Supp(f) # 0, and therefore : F N Supp(f) #
0,VF € &(g). This will entail that mg(0) =
0,and that ¢’ is actually a belief function whose sup-
port is contained in L(Supp(f)). It remains to prove

that F(f,9) = F(f.¢).

We just confine to sketch the proof of F(f,¢') C
F(f,g), the converse being similar.

Let p € F(f,¢'). The lemma 1 states that there ex-

ists o such that Vs € S : p({s}) = >
G'€25,G' D {s}
o'(5,G").my (G'). Tt follows that Vs € S : p({s}) =
> '(s,G N Supp(f)).my(G). Then for
Ge25,GD{s}
a given G € 29 defining a(s,G) = o(s,G N
Supp(f)) if sbelongs to G N Supp(f), a(s,G) = 0if
s €, s ¢ Supp(f), will entail through the lemma 1
that p > g¢,which achieves the proof. W

The decision maker is sure that there is a zero prob-
ability that the real state of the world lies outside of
Supp(f), so he does not bother about these states.

Proposition 9 The two propositions are equivalent

(i) For allp € F(f), BF(X(Supp(f)),p) is a single-

ton
(ii) (Supp(f)) is a partition of Supp(f).

Proof. (1) = (4i) Let us show that if (ii) does
not hold, then it is also the case for (i). If (ii) does
not hold, then either there exists a sx € Supp(f),a
p € F(f), F and FinX(Supp(f)) such that p(s*) >



This definition also stands for probability distribu-
tions. In that case, we have BF(X,p) = {g¢ €
BF(X)/p € core(g)}.

As pointed out in the introduction, the following
lemma, a central result of DEMPSTER [5] (see also
a generalization in [3] to general capacities), will be
of great help in several proofs below.

Lemma 1 Let f be a belief function on (S, 2°) with
Mobius inverse my and ®(f) as set of focal elements,
and let p be a probability measure on (S, 2°). Then,
the following propositions are equivalent:

(Dyp > f

11) There exrists a mapping « :
that

a) a(s,A) >0 =>s€ A
by > a(s,A) = 1,¥Ae2°
c =

S x 25 = Ret such

sEA

) p({s}) a(s, A).my(A), Vs € S

A€2%, A2 {s}
(#i1) The same proposition as (ii) with ®(f) instead of
27,
It is also the case for the following lemma due to [4].
Lemma 2 Let f and g be two belief functions, then
the following two assertions are equivalent:
(?) The belief functions f and g are compatible

(ii) There exists a mapping B : 2° x 25 — R¥ such
that :

a) B(E,F) > 0 = E x F € ®(f) x ®(g) and

EQF =0= 3(EF) =0

by my(E) = > B(E,F) and my(F) =
Fea(y) Ec(f)

B(E, F)

Let us add that, due to space constraints, we have
only tried to emphasize the main points of the proofs
of the results below, without always developping all
details.

Proposition 3 For all belief functions f and seis

S, BF(S,f)= U BF(X,p).
pEcore(f)

Proof. Obvious (remind that ¢ € BF (X, f) iff
dp € core(f) N core(g) and ¢ € BF(X)) M

In terms of anticipations, this means that the belief
functions ¢ the decision maker believe possible given
f and X are the belief functions that he believes possi-
ble to receive given 3 and a possible underlying prob-
ability distribution p.

Proposition 4 For all belief functions f, sets ¥ and

g € BF(Z, f), core(f)N core(g) = {p € core(f)/ g €
BF(X,p)}.

Proof. Obvious (this result is a mere restatement

of definitions 1 and 5). W

Let us study now the decision-maker’s anticipations
about how he will revise his knowledge.

Definition 6 We note respectively F(f) and F(f,9)
the family of probability distributions in core(f) and

core(f) N core(g).

Necessarily F(f,g) C F(f) which can be interpreted
as a reduction of ambiguity. !

Given f and X, a decision maker can anticipate how
his beliefs may evolve after he will get new data.

Definition 7 We call the set f+X = {F(f,9)/g €
BF(XZ, f)} an Ambiguity Reducing Structure.

By definition, any F(f,g) in f* X is not 0.

Proposition 5 Let p be given in F (f), then there ex-
ists at least a F(f,g9) € f*X such thatp € F(f,g) if
and only if BF(X,p) # 0.

Proof. Obvious since for any p € F(f),p €
F(f,9) ©g € BF(X,p) A

If there is no such F(f,g) € f#* X, this means that
the decision maker anticipates that he will no longer
consider p as possible whatever the data he receives.

Definition 8 For any £ C 2° and E € 2°
Y(E)={Fe€2°)F=HnNFEuwithH € ¥}

, we note

The next proposition gives the condition which en-
sures that the decision-maker can make some antici-
pations.

Proposition 6 The two propositions are equivalent
(i) BE(X, f) # 0
(1)VE € ®(f), B(E) # {0}.

Proof. (1) = (ii) We show the implication by
proving that if (ii) does not stand, then it is also
the case for (i). Thus take a £ € ®(f) such that
Y(E) = {0}.1t implies that Vg € BF(X),Vp €
core(g), p(F) = 0 while Vp € F(f), p(E) >
my(E) > 0.S0 BF(X, f) =0

(#d) = (i) If (ii), then there exists a function ¢ :
O(f) ©— X such that YE € ®(f), E N o(F) #

1F(f, g) is what corresponds to the ”revising message”
considered in [2].



Then institute 1 faces a kind of situation investigated
i this paper, since it only knows the possible focal el-
ements (here B or B) of the future belief function g,
and clearly the assumption of representative samples
guarantees the compatibility of f and g.

In example 2 below we consider a more general situ-
ation in the sense that the future possible focal ele-
ments will no longer form a partition of the set S of
states of nature.

Example 2 (Adapted from [9]) Assume that two
tests 11 and 15 allow to conclude about the pres-

ence or absence of deseases Dy or/and Do through

the following DEMPSTER [5]scheme cx = 25,

whereX = At Tty T T2 I} and

{D D, ,D D2 , D D, ,D } are respec-
tzvely the message space and the set of states of
nature, and where the multivalued mappmg , 18
defined by ,(T+T+) = D\D,,, (I;'Ty) =
Dy, (T Ty = Dz,,(T T,7) = D D . Note
that for instance , (I77 T, ) = —E expresses that
a negative test for both T1 and Ty gquarantees the ab-
sence of both disease Dy and D5, and so on.

Then in view of the results of the tests for a high risk
group representative sample, a deciston-maker can de-
duce some knowledge about the joint distribution of
diseases Dy and D4y via the induced belief function f.

Assume now that the decision-maker intends to per-
form in the near future only partial tests for a simai-
lar representative sample. Clearly, the decision maker
faces a situation that falls into the category studied in
this paper, since he only knows the possible focal ele-
ments of the future compatible belief function g. Fur-
thermore, as shown by the two particular cases below,
m general the future possible focal elements will not
consist of a partition of S.

Example 2.1 Suppose test Ty will be first per-
formed, and then T5 only in case of a positive
test T1+. It is easy to check that one obtains
the following set of possible focal elements for g :
(DD, .D,,D, UD, Dy}

Example 2.2 Suppose that furthermore in case of
T1+T2_, the patient will be followed in order to con-
clude to the breakout (D) or not (D, ) of disease
D, . Hence the set of possible future focal elements:
{DlD2 , DD, , Dy U WE} which again will not
form a partition of S, but nevertheless a partition of
Supp(f), the support of f, a more tractable situation
than the previous one.

Let us mention that dealing here only with belief func-
tions (instead of, say, with convex capacities) presents
several advantages. First it fits with numerous prac-

tical situations of imprecise but exact data. Second
it considerably facilitates the derivation of clear-cut
results essentially through the non-negativity of the
Mobius inverse and the resulting simple description of
the core of such capacities, a well-known result since
DEMPSTER [5] seminal paper.

The paper 1s organized as follows. In section 2, we set
the framework of the process we consider. In section
3 we define the value of information. In section 4 we
study the consistency requirement for these ” Ambig-
ity Reducing Structures’. In section b, we compare
structures in terms of informativeness.

2 Definition of the Ambiguity
Reducing Structures

We consider S a finite set of states of the world and
2% the algebra of events of S. The decision maker has
an initial statistical knowledge core(f) with f a belief
function defined on 2° and my its Mobius transform.

Definition 1 Two belief functions f and g on 2° are
said to be compatible if core(f) N core(g) # 0.

Since the decision maker is concerned with the real un-
derlying probability distribution and since we suppose
that the statistical data he receives is only imprecise
but never wrong (i.e the real underlying statistical sit-
uation always belong to the family of probability dis-
tribution that sums up the knowledge of the decision
maker), we only restrict our attention to belief func-
tions which are compatible. (For an extensive study
of the combination of two compatible belief functions

see [4])

Definition 2 We call Supp(f) the smallest (for set
inclusion) . C S such that f(F) = 1.

For a belief function, there is no problem of existence
and unicity of such an event.

Definition 3 We note ®(f) = {E C S/ ms(E) >0}
the set of focal events for the belief function f.

Obviously we have that Supp(f) :EUq>E(f)
€

Let us consider & C 27

Definition 4 We note BF(X) the set of belief func-
tions g such that ®(g) C X.

From now on we assume that the decision-maker
knows that the focal events of the belief function ¢
he will receive will all belong to X.

Definition 5 We note BF(X, f) the set of belief
functions in BF(X) which are compatible with f.
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Ambiguity reduction through new statistical data
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Abstract

We provide some objective foundations for a belief
revision process in a situation where i)the decision
maker’s initial probabilistic knowledge is imprecise
and characterized by the core of a belief function;
ii)expected new data are themselves consistent with a
belief function with known focal sets and iii) is based
on belief function combination. We study the proper-
ties of the information value for such revising in the

GILBOA - SCHMEIDLER multi-prior model.

Keywords: revising, information value, belief func-
tion

1 Introduction

In this paper, we consider a decision maker who knows
that he will improve his imprecise statistical knowl-
edge by getting some new data. This improvement
will enable him to reduce the ambiguity he faces. In
other words if his initial knowledge consists of a fam-
ily of probability distributions, then the new data will
drive him to revise his belief and replace this family
by a smaller one. This work is closely linked to [2]
where a notion of information structure based on the
idea of ambiguity being reduced 1s defined, and where
the information value of such a process is obtained
by considering the GILBOA-SCHMEIDLER [8] Max
Min Expected Utility Model. However, while in [2]
the consistency of the subjective anticipations of the
decision-maker about the future reduction in ambi-
guity was studied, no objective foundations for this
process was proposed. The purpose of the present
paper is to offer such an objective explanation.

The idea is the following. Initially, the decision-maker
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is endowed with a belief function f and considers as
possible the family of probability distributions which
lie in the core of f. The new statistical data he
is going to receive is a belief function ¢ compati-
ble with f. Given this new belief function g, the
decision-maker will combine his initial family core(f)
with the new family core(g) and restrict his atten-
tion to core(f) N core(g) since the statistical reality,
1.e, the true probability distribution, necessarily be-
longs to the two families. The decision-maker does
not know in advance which belief function he will re-
Indeed, were we to assume the contrary, he
could already revise his knowledge. Yet, throughout
this paper, we make the central assumption that the
decision-maker knows the possible focal events of the
future belief function. Thus he anticipates that he
can receive any belief function ¢ with focal events in
a given set, which is compatible with f i.e such that
core(f) N core(g) # 0. The two following examples
aim at illustrating our purpose.

celve.

Example 1 (Adapted from [13]) Assume that a poll
institute 1 organizes a study on how a representative
sample will vote for a next election in two months.
Let S = {a, b, ¢, d, e} be the set of candidates. Vol-
ers opinions, today, are not firmly established, so vot-
ers are authorized to point only a subset A of S that
contains the name of the candidate they will vote for.
(In order to avoid unecessary technical complications,
we assume that A must be non empty). Therefore
institute 1 will get a belief function f, with the help
of the induced objective proportions m(A) for any A
belonging to2°.

Suppose now that institute 1 learns that a few days
before the actual vote, the results of a new survey per-
formed on a similar representative sample by a poll
wstitute 2 will be published, where the voters will be
asked whether they will vote for a candidate in a given
non empty coalition B € 2% or in the opposite non
empty coalition B. (For the same reasons as above,
we assume that the choice of B or B is compulsory).



