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Abstract

In this paper a conditional logic is defined and studied. This conditional logic,
DmBL, is constructed as close as possible to the Bayesian and is unrestricted, that is
one is able to use any operator without restriction. A notion of logical independence
is also defined within the logic itself. This logic is shown to be non trivial and is not
reduced to classical propositions. A model is constructed for the logic. Completeness
results are proved. It is shown that any unconditioned probability can be extended to
the whole logic DmBL. The Bayesian is then recovered from the probabilistic DmBL.
At last, it is shown why DmBL is compliant with Lewis triviality.

Keywords: Probability, Bayesian inference, Conditional Logic, Modal Logic, Probabilistic Logic

1 Introduction

This work originates from a contribution to the book of Dezert and Smarandache [ﬂl] about
the DSmT, a theory related to the Dempster-Shafer Theory of Evidence. Evidence Theory
[E] is a theoretical and practical tool for manipulating non deterministic informations. In
particular, it is used for fusing information. Among other non deterministic theories, Evi-
dence Theory is considered by some as a possible alternative to the Bayesian Probability.

A question then arises. Why using a theory instead another theory? This question implies
another sub-question: what is the logic behind a non deterministic theory? For example,
when is known the logic behind the DSmT or the Bayesian Probability, then it may be possi-
ble to make a comparison between these two theories. It has been shown in , ﬂ] that such a
logic can be found for the DSmT (it was a multi-Modal logic). This paper is the development
of a similar work about the Bayesian rule, which beginnings are found in [E] A future work
will be certainly a joint logical study of these theories.

There are several existing logical characterizations of the Bayesian Probability. First should
be mentioned Cox’s axiomatic derivation of the Bayesian probability ([[f] but also [f, ffJ). On
the other hand, the theory of Probabilistic Logic [ﬁ, E, E, E, @] explains how probabilities
and the probabilistic Bayesian rule could be an approach for reasoning with uncertain propo-
sitions. An orthogonal viewpoint consists in defining a logic or an algebra of conditionals,
and then consider their possible probabilistic extensions. This is the domain of conditional
logics[[Ld, [13, E] or of Conditional Event Algebras [, [id, [, [g; in particular, the CEAs
described in [[L5, E] make possible some enrichment of the Bayesian rules. By the way, it is
known that the construction of a conditional logic/algebra is strongly constrained by Lewis



result , which has shown some critical issues related to the notion of conditional probabil-
ity; refer also to [, @, . In particular, Lewis result implies strong hypotheses about the
nature of the conditionals. In most cases, the conditionals have to be constructed outside the
space of unconditioned propositions. Such constraints are apparent in the model constructed
in [@] . Whatever, an escape to Lewis, may be to restrict the construction of the conditionals
to unconditioned propositions only [E] . Closure of the conditionals are proposed for several
CEAs, but some undesired properties come out [@]

In this paper, a conditional logic is defined, with the purpose to be closely related to a
Bayesian reasoning (notice that ] gives an example of conditional algebra very close to the
Bayesian). Moreover this logic is constructed so as to be closed for the conditionals. This
closure makes possible the definition and use of the notion of logical independence within the
logic. It is shown that the logical independence have several logical consequences; indepen-
dence properties are derived. At last, the Bayesian probability is recovered from these logical
properties and the probabilistic extension of DmBL. As a final result, a theorem is proved
that guarantees the existence of an extension of any probability over classical proposition
onto DmBL (Lewis result is thus avoided).

As will be shown along the paper, DmBL does not add notable properties to the already
existing CEA , at the unconditioned level. But its main interest is to illustrate the logical
behavior of the conditional closure.

Section E is dedicated to the definition of the Deterministic modal Bayesian Logic. The
languages, axioms and rules are introduced, followed by an informal discussion of the defini-
tion.

In section H, several theorems of the logic are derived. A discussion about Lewis’ negative
result is opened here. A purely logical viewpoint is considered in this section.

A model for DmBL is constructed in section E A partial completeness theorem is derived.

The extension of probabilities over DmBL is investigated in section E The (probabilis-
tic) Bayesian rule is recovered from the probabilistic extension of the Deterministic modal
Bayesian Logic. It is explained why our construction avoids Lewis’ negative result.

The paper is then concluded.

Some comparisons of our model and logic with existing works are done after the definition,
the logical theorems, the model construction (in appendix) and the probability extension.

2 Definition of the logics

DmBL was first defined as DBL (Deterministic Bayesian Logic) without modality in a pre-
vious version of this document[R3]. The non modal definition is really harsh and uneasy
to handle/understand. For this new modal definition, I have been inspired by the seminal
work of Lewis @], and also by more recent works of Laura Giordano and al, which use the
modality for specifying the conditional behavior [B, @} In the following, the definition of
DmBL is also based on an interaction with the modality. As will be discussed later, the
modality is mainly instrumental and the interaction is implicit in DmBL.

The Deterministic modal Bayesian Logic is defined subsequently. It is an extension of the
modal logic T', alias System T, which definition is recalled. In the definition of DmBL, the
modal operator O plays the role of a logical tool, for discriminating a proposition from the
knowledge we have of it.

Language. Let © = {6;/i € I} be a set of atomic propositions.
The language L¢ of the classical logic related to © is the smallest set such that:



e ©OC Lpoand L, T € Lo,

e peLo,d—YveLo,pNp € Lo and ¢V p € Lo for any ¢, ¢ € L.
The language L7 of the modal logic T related to © is the smallest set such that:

e OC Lyrand L, T € Lr,

e ~¢p€ Lyp,0¢p€ Ly and Co € Ly for any ¢ € L,

e )= eLyp, pNY € Ly and ¢V ip € Ly for any ¢, € L.

The language £ of the Deterministic modal Bayesian Logic related to © is the smallest set
such that:

eOCLand L, T €L,
e ~pe L, 0¢pe L and O e L for any ¢ € L,
e p—vYelL, pNYeEL, pVYpeL, (Y|p) €L and ¢ x ¢ € L for any ¢, € L.

The operator x describes the logical independence between propositions. The operators
x and (]) are conjointly defined. In the sequel, the notation ¢ < 1 is an abreviation for

(¢p — ) A (¢ — ¢). Moreover ¢ = 1) means - ¢ < 1.

Rules and axioms. The classical Logic C is characterized by the Modus ponens and the
classical axioms cx described subsequently.

The modal Logic T is characterized by the Modus ponens, the classical axioms cx and the
modal rule/axioms m# described subsequently (c.f. also [24]).

The Deterministic modal Bayesian Logic , i.e. DmBL, is characterized by the Modus ponens,
the classical axioms cx*, the modal rule/axioms ms* and the Bayesian axioms b :

cl. - T,

c2. o — (v — ),

e3. E(n— (¢ =) = ((n—9¢) = (n—1)),
cd. (¢ — ) = (¢ = ¥) — ¢),

c5. L=-T,

c6. o =P =9V,

cT. pAY =(mpV 1)),

Modus ponens. + ¢ and b ¢ — ¢ implies F 1) ,
ml. F ¢ implies - 06,

m2. - 0(¢ — ) — (0¢ — OY),

m3. 06 — 6,

md. Op = —~0-¢),

bl. FO(¢ — ¢) — (O-¢ vV O(P|9)),

b2. = (¢ — nl¢) — ((¥]¢) — (nl9)) .

b3. = (¢|g) — (¢ — ¥),

bd. =(=|¢) = (Vl9)



b5 (definition of independence). ¢ x ¢ = O((¢[¢) < v),
b6. (x is symmetric) : Y X ¢ = ¢ X U,

Customized axioms. Axioms introduced for the specification of a particular sub-theory
of DmBL. In particular the customized axioms may be used to characterize the prop-
erties of the atomic propositions: axioms like - 6;, = —06; and - §; x 6; are possible.

Customized axioms will not be considered in this paper.

DmBL,, a weakened version of DmBL, is defined by replacing b6 by the alternative axioms:

b6.weak.A. ) X "p =1 X @,
b6.weak.B. F O(¢) < 1) — O((¢y) < (¢n)) -

The symbols ¢, Fr and F will be used to denote a proof in C, T or DmBL/DmBL,
respectively.

Discussion. First at all, let us discuss the role of the modality. Notice that the modality
is only instrumental for us: there exists a non modal definition of DmBL, called DBL,
defined in a previous version [R3]. This property will be confirmed in section E, when is
constructed a Kripke model of DmBL, complete for the non modal propositions (including
the conditionals). This Kripke model is based on a full accessibility relation (i.e. R = W?);
full accessibility indeed reduces the modality to something trivially contrasted .

Now, the role of O here is to infer a modal-like definition of the conditional (|). More
precisely, the fundamental axiom bl: F O(¢ — ) — (Dﬂd) \% D(1/)|¢)) , should be compared
to its non modal version in DBL [ , that is

bl.old.F ¢ — ¢ implies F —=¢ OR F (¢|¢),

which is clearly a modal-like definition. But bl.old is really uneasy to handle (what is a proof
with such multivalued rule?), while working at the modal level with bl is really quiet. Now,
it is interesting to compare our axiomatization with previously existing axiomatization of the
conditionals.

Typically, we will consider the axioms of VCU []E] , p-132. T guess that this comparison will
make apparent some specific differences of DmBL. Notice that this comparison will also rely
on logical theorems derived subsequently in section E, or from rather easy deductions:
(Ax.1) pO0— ¢ has a partial counterpart in DmBL, i.e. F O=¢ V O(¢|¢) (theorem).

(Ax.2) (m¢O0— ¢) — (YO— ¢) becomes F (p|=¢) — (¢|¢) (derived from theorem.)

(Ax.3) (¢O— =) V (((¢p ANp)O— &) < (¢0— (¢ — &))) has no obvious counterpart in DmBL.
(Ax.4) (¢pO— ) — (¢ — ) is related to b3

(Ax.5) (¢ Ap) — (¢O— 1)) becomes F (¢ A 1p) — (1|¢) which is a part of the inference theorem.
(Ax.6) (~¢0— ¢) = (~(=¢0— ¢)0— (=90 ¢)) becomes F ($=¢) — ((¢l0)|~(6]-¢)) (de-
rived from theorem.)

(CR) Counterfactual rule. This rule is a multiple-task rule! First, it allows the introduction of
tautologies inside a conditional, secondly, it implies some linearity of the conditional with A:

Being proved (§1A...A&) — 4, it is proved ((¢O— E1)A...A(¢pO— &,)) — (¢O— ).
This rule becomes in DmBL:

F (& A A&) — ¢ implies F ((§1]¢) Ao A (€nl9)) — (P9) .-

As a first conclusion, it happens that Ax.2, Ax.4, Ax.5, Ax.6 and CR are recovered in DmBL, Ax.1
is partially recovered, and Ax.3 is not derived from DmBL. In fact, the axiom Ax.3 is replaced in
DmBL by a strong axiom dedicated to the negation, i.e. b4. It will be seen that the weakening of
Ax.1 is forced by the axiom b4 of DmBL. Otherwise, some conflicts will focus on the empty propo-
sition L.

Now, let discuss precisely about the specific axioms of DmBL.



In VCU, there is a rule, CR, for the introduction of tautologies inside a conditional. DmBL con-
tains this rule. But in DmBL, the introduction of “tautologies” (in fact O-ed propositions) in the
conditional is done more specifically by b1l.

e bl manages the “tautologies” more precisely. While CR (simplified) maps the tautology
& — 1 onto the tautology (¢0— &) — (¢0— 1), bl maps O(¢ — @) onto O(¢|@): i.e. the
proposition 9 could be considered within the range ¢,

e But the mapping of bl is always weakened by the output O-¢.

Axiom b3 is the same as Ax.4.

Axiom b2 has no equivalent in VCU. However, b2 could be deduced from b4 and (¥ A n|¢) =
(]p) A (n|¢) . Now, it is proved (¢pO0— (¢ A 7)) « ((¢O— ) A (pO0— 1)) in VCU. In other words,
b2 does not make a true difference with VCU. The crucial difference thus comes with b4.

Axioms like b4 does not exist in VCU. This axiom changes fundamentally the nature of the condi-
tional: the sub-universe associated to a conditional becomes classical. By classical, we mean that
(W Anlg) = (¥]|d) A (n|¢) and (—1|¢) = —(¢|¢) (these properties are proved in the next section).

Now, it is remembered that axioms like b4 have not been included in VCU, because it implied some
conflict with the other axioms/rule. This conflict is particularly focused over the empty propo-
sition L. More precisely, it is deduced LO— 1 by Ax.1. By CR and L — T, it is deduced
(LO— 1) — (LO— T), and finally (LO— 1) A (LO— T). If we apply a rule like b4, it is obtained
(LO— 1) = =(LO0— T) which contradicts (LO— L) A (LO—T).

In order to avoid such conflict in DmBL, the L is considered as an exception in the rule b1, which
results in the weakening of the mapping bl by the proposition O—¢.

Axiom b5 and b6 introduce quite new notions, in comparison with VCU. But I do not have elements
for comparison. It is possible that b5 and b6 do not imply fundamental differences with VCU.

Conclusion: in comparison with VCU, DmBL improves the manipulation of the negation
within the conditional, and thus implies a classical behavior of the sub-universes related to a
conditioning (c.f. Sub-universes are classical in next section). As a consequence, it is neces-
sary to introduce a relaxation in comparison with the rules of VCU, in particular around the
empty proposition: L should be considered as a singularity. By manipulating the negation
that way, DmBL is closer to “Bayesian” algebras (like for example the Conditional Events
Algebra defined in [L]; we will discuss this model later) than could be the VCU . Moreover,
DmBL is not restricted in the use of the conditionals (contrary to the CEA), and a notion of
logical independence is constructed within the logic. The following section studies the logical
consequences of such axiomatization.

3 Logical theorems

Notice first that DmBL/DmBL. contains the classical and the T-system tautologies. The
properties of classical logic and of the T-system will be assumed without proof subsequently.
Since we are studying both DmBL and DmBL,, it is indicated in bracket the possibly needed
axioms bGx.

The full universe + O¢ — (¢ X ¢). In particular (¢|T) =1).

Interpretation: a full proposition is independent with any other proposition and its sub-
universe is the whole universe.

Proof. From axiom b3, it comes b (¢|¢) — (¢ — ¢) and F (=)o) — (¢ — ).
Then - ¢ — ((¥]¢) — ¢) and - ¢ — ((=¢l¢) — ).
Applying b4 yields = ¢ — ((¢|¢) < ).
It follows - O¢ — O((1h|¢) < ) .



The remaining proof is obvious.

ooo

Axioms order. Axiom b6 implies b6.weak.A.

Proof. From b6, it is deduced ¢ X —¢ = —¢ X .

Now =¢ x ¢ = O((=¢[¢)) « =¢) = O(=(¢|y) < ~¢) = O((8])) < ¢) = ¢ x ¥ by bd.
By applying b6 again, it comes ¥ X = =Y X ¢.

ooo

The empty universe [b6.weak.A] F O-¢ — (¢ X ¢). In particular (¢)| L) = .
Proof. + O-¢ — (¢ x =¢) implies - O-¢ — (¢ X ¢) (b6.weak.A).
The remaining proof is obvious.

oono

Left equivalences. + O(¢) < 1) — (D_'¢> v O((¢]¢) < (77|¢))) .

Proof. From i (¢ — n) — (¢ — (1 — n)), it is deduced F O(x) — 1) — O(¢ — (¥ — n)).
By applying axiom bl, it comes - O(¢) — 1) — (O-¢ vV O(1) — 1|¢)).
Then axiom b2 implies - O(1) — 1) — (Dﬂaﬁ v B((le) — (nlsb)))-
Since 1 and 7 are exchangeable, the theorem is deduced.

ooo

Corollary [b6.weak.A]. - 0O(1) — n) — D((¢|¢) « (77|¢))

Proof. It has been proved - O-¢ — (¢ X ¢), or equivalently - O=¢ — O((1|¢) < ).
Of course, also holds - O-¢ — O((n|¢) < 7).

Then I (O-¢ A O(¢ < 1)) — O((¢]¢) < (7]9)).

The corollary is then deduced from the main proposition.

oono
Corollary 2 [b6.weak.A]. 1) = n implies (Y|@) = (n|¢).

Proof is immediate from corollary.

Sub-universes are classical [b6.weak.A].
(—l¢) = ~(4]9)
o (¥ Anlg) = (Yle) A (nle)
o (¥ Vnlo) = (l¢) v (nle),
(¥ = nlo) = (W]¢) — (nl¢) .

Proof. The first theorem is a consequence of axiom b4.

From axiom b2, it is deduced + (¢p — —n|¢p) — ((1/)|¢) - (_‘77|¢)) .
It is deduced b ((¥[@) A =(=n|@)) — —(¢p — —n|¢).
Applying b4, it comes = ((¢]@) A (n]¢)) — (¢ An|@).

Now b ¢ — ((¢ An) = ¢) and bl imply - O=¢ v O(() A1) — ¥|¢).
By b2 it is deduced F O=¢ v O((4) A n|é) — (¥]¢)).



It is similarly proved - O-¢ VvV O ((w An|e) — (n|e

At last = 06 v 3((6 A1lg) — ((16) A (1]6) )

Now it has been shown - O-¢ — D(( |¢) ~), and considering = =1, n or ¢ A1, it
is implied - 0= — 0((¥ Anlé) — ((16) A (1l6) ).

At last = 0( (1 Anlé) = ((¥16) A (n]¢)) ) and then b (¥ Anl6) = ((10) A (1]9)).

The second theorem is then proved.
Third theorem is a consequence of the first and second theorems.

Last theorem is a consequence of the first and third theorems.
oogd
Evaluating (T|-) and (L|-) [b6.weak.A]. Is proved - O¢ — O(¢|¢). In particular
(Tlg) =T and (L]¢) = L

Proof. From b Oy — O(¢ — 1) and bl, it comes - Oy — (O=¢ v O(|$)) -
Now F O—¢ — D((q/)|¢) — 1/)) , and consequently - Oy — O(v|9) .

ooo

Inference property. (Y|p)Adp=odA.

Proof. From b3 it comes - (—)|¢) — (¢ — =) .
Then = =(¢ — —) — =(—p|¢) and & (¢ Ap) — (¥]9).
At last F (¢ Aw) = ((¥]0) A9) -

Conversely - (1|¢) — (¢ — 1) implies = ((¥[¢) A ¢) — ((6 — ¥) A o).
Since (¢ — ) A ¢ = ¢ A1), the converse is proved.

oono

Introspection. + O-¢ Vv O(¢|0) .

Interpretation: a non empty proposition sees itself as ever true.
Notice that this property is compliant with (L|1) = 1.

Proof. Obvious from F ¢ — ¢ and bl.

oono

Inter-independence [b6.weak.A]. F (|¢) x ¢.

Interpretation: a proposition is independent of its sub-universe.

Proof. It is proved:

((@l9)]d) A (0l9) = ((¥16) A lo) = (6 Avld) = (¥|8) A (¢l9) -

As a consequence - (¢|¢) — (((1/1|¢)|¢) — (1/1|¢)) .

Then - O(¢]¢) — ((¥l¢) x ¢)
Now t O-¢ V O(¢|¢) and - O-¢ — ((1|¢) x ¢) from previous results.

At last F (¢]@) x &

oono



Independence invariance [b6.weak.A].

F(x¢)— (7 x¢),
F(Wx@)Anxe) = ((WAn)x ),
O < n) — (¥ x ¢) < (nx9)) .

Proof. First theorem comes from the deduction:

(¥ x ¢) = D((¢]9) < ¥) =D(=(l¢) = ~) =0O((~¢|¢) < ) = (—¢ x ¢) .

The second theorem is also derived from similar deductions:

-0 (((@le) < v) A (o) < n)) = O(((WI6) A (le) = (w Am)

and then b O(((¥16) < ¥) A ((1l6) = 1)) = D((W Anlg)) = (& Am).
Now, let prove the third theorem.
The Left equivalence property implies - O(¢p < n) — D(((1/)|¢)) (o) A (¥ < 77))
Since F ((a = B) A (y < 6)) — ((v = 7) < (B < 0)), it is deduced
0 < n) = 0(((@l6) < ¥) < ((1le) < n)).
At last = 0(p < n) = (O((¥16) = ) = O((nle) = n)).
ooad

Narcissistic independence. + (¢ x ¢) — (O0-¢ VvV Og) .

Interpretation: a propositions independent with itself is either full or empty.

Proof.
From - ¢ — ¢ it is deduced - O=¢ V O(|¢) .
From b5 it is derived - (¢ x ¢) — O((4|¢) — ¢) and then - (¢ x ¢) — (D(d|¢) — 0¢) .
It is thus deduced F (¢ x ¢) — (O—¢ V Og).

oono

Independence and proof [b6.weak.A]. + (¢ x ¢) — (O(¢ V) — (D¢ V O)).

Interpretation: when propositions are independent and their disjunctions are sure, then at
least one proposition is sure.
Proof. Combining I (¢ V ¢) — (=¢ — ¢) with bl implies - O(¢ V¢) — (O¢ V O(1h|-¢)) .
From b6.weak.A, it comes - (¢ x ¢) — O((1|=¢) < ).
As a consequence - (¢ x 1) — (O(¢ V) — (D¢ V O)).

oono

Independence and regularity [b6.weak.A].

F (@ xmA@xm) = (3@ An) = @A) = (B0 VEe—v)) .

Interpretation: unless it is empty, a proposition may be removed from a logical equation,
when it appears in the both sides and is independent with the equation components.

Proof. It is easy to prove (0 An) — (W An) =-nV (o — ).
Then = O((¢ An) — (Y An)) — O(-n V(¢ — ).
Now = ((¢xn)A(¥xn)) — ((¢ — ¥)x-n), by independence invariance and b6.weak.A.
The proof is achieved by means of the preceding property, independence and proof.



oono

Corollary. - o xn, Fi¢ xn,-Onpand ¢ An =1 Animplies ¢ = ).

Corollary 2. Being given ¢ and ¢ such that F <@, the proposition (1|¢) is uniquely defined
as the solution of equation X A ¢ =1 A ¢ (with unknown X) which is independent of ¢.

This uniqueness is fake however, since the definition of x depends on (|).

Proof. Let hypothesize - X x ¢ and - <¢.
Since F (|¢) x ¢ and ¥ A ¢ = (Y|p) A ¢, it is deduced from X A ¢ = 1) A ¢ that

X = (¢l9).
Doo

Propositions equivalences [b6]. + O(y < 1) — O((¢[y) < (¢|n)) (proved with b6 but
without b6.weak.B).

Interpretation: equivalence is compliant with the conditioning.

Proof. First notice that all previous properties are obtained without b6.weak.B, and are
thus obtained from b6.

From (6[4) AY = 9 A, (9ln) A= 6 Anand b (¥ o m) = (9AY) = (@Am), it is
deduced i (1 = 1) = (((6]¥) A w) = ((4ln) An)).
Then F (6 <) = (((89) A¥) < ((@ln) A ) and finally;

-0 < n) = 0(((6l) Av) < (¢l Av)).

Now F (¢|¢)) x ¢ and F (¢|n) x n; since b O(¢) « n) —>((77 X (¢|77)) — (1/1 X (¢|77))),
it comes - O(¢ <> 1) — ((¢|n) x ¥) by bé.

Finally - O(p < ) — ((ww) x ) A ((8ln) x ) AD(((9le) Aw) < ((6ln) Aw))) .
Applying the regularity, it comes - O(y) < 1) — (D—‘l/} v O((¢ly) < (¢|77))) .

Now - O(¢p < 1) — (0—¢) < O-n) and + O-2 — O((¢|Z) < ¢) for Z =1 or 7.
It is deduced F (O-¢ A O(¥ < n)) — O((¢|)) < (¢|n)) , thus completing the proof.

ooo

Corollary. Axiom b6 implies b6.weak.B. In particular, DmBL, is weaker than DmBL.
Corollary of b6 or b6.weak.B. » = n implies (¢|Y) = (d|n).

Together with the properties of the system T and left equivalences, this last result implies
that the equivalence relation = is compliant with the logical operators of DmBL/DmBL,. In
particular, replacing a sub-proposition with an equivalent sub-proposition within a theorem
still makes a theorem.

Reduction rule [b6]. The axiom b6 implies (¢|(¢]¢))

0.

Proof. Since I (14¢) x ¢, b6 implies - ¢ x (14[¢) and + O( (¢](1)]¢)) < ¢) .

/N

oono



Markov Property [b6].

- ((:/\_j((mwt ! x¢T>A<></\ ¢>> <<¢t|¢t 1 <¢>t /\@)) .

Interpretation: the Markov property holds, when the conditioning is independent of the past
and the past is possible.

Proof. Since - (¢1/¢r—1)x -1, it comes = (A1 ((6ulér1) x 67) ) = (A ((@nlén-1) x 67) )
Then b (A3 ((@rléi1) x 6r) ) = (@) x (N2 or))
Now, (@rléi-1) A (A7 67) = Aoy 6r = (60 [N T3 60 ) A (AT 0r)
Since F ((bt AL ¢T) x (/\i;ll ¢T) , the proof is achieved by applying the regularity.

ooo

Link between ((n[¢)|¢) and (n|¢ A¢) [b6]
Is proved ((n|y)|¢) A (@A) = (nlo A) A (dAY).
Proof.

()|e) NoAY =) Ao A =AY A= (o A) A (D AD).
oogd
This is a quite limited result, and it is tempting to assume the additional but controversial
axiom * 77|z/1 ’¢) (g A w) (x)” . There is a really critical point here. A main argument
against Bayesmn propositions relies on Lewis’ negative result . This result will be explained
later, when speaking about probabilities. It will be shown that Lewis’ negative result does

not hold with DmBL. However this becomes false with (x), and actually axiom (x) implies a
strictly logical counterpart to Lewsis :

Let ((n|y) ‘gb) (n|d A1) () be assumed as an aziom.
Then t= O(¢ Ap) — (O(¢ < ¥) V (¢ x 1)) .

Interpretation: if ¢ and ¢ are not exclusive and not equivalent, then they are independent.
This is irrelevant and forbids the use of axiom ().

Proof. Since —(¢p — 1) = ¢ A —1p, it is equivalent to prove:
S (0 nw) A (O A GV O(e A1) = (6 x 1) .

Since x is symmetric, it is sufficient to prove (<>(¢ A) A O(=h A (;5)) — (¢ x ).
The introspection property implies = (¢ A ) — O(d A | A 1)), denoted (a), and
FO(Y A @) = B AP~ A ).
It is thus deduced - (¢ A ) — O ((¢|¢ A @) = (Wl A ) A (1 Al A ¢))), denoted
(b), and b= O (= A @) — O( (1= A 6) (6] A ) A (= A Bl 7 6) ).
From the deduction (¢|=¢) A @) A (—p A d|=p A @) = (L|- A @) = L, it is derived
O A ) — O((¥] A ¢) « L), denoted (c).

From the deduction ([ A ) A (¢ A dltb A @) = (¢ A Pl A ¢), (a) and (b), it comes
F (6 AY) = B((U[Y A @) < T), denoted (d).

Now (¥1¢) = ((¥10) ) v (¥10) Aw) = (((W10)|w) Aw) v (((4]6)] =) A=) and
by applying axiom (x), (¥16) = (616 A ¥) A ) V (16 A ) A=),

Then - (O(=1 A 6) A0 (6 A w)) = B((@16) = (T A%) V(L A=) by (c) and (d).
At last b (O(=0 A 6) A (6 A1) — B((¥16) = ¥).

oono
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Some comparisons with CEA. It is interesting to compare our logical results with what
is obtained in Conditional Event Algebra. There are different possible CEA, but we will
restrict our discussion to the DGNW and later to the Product Space CEA || @ In appendix D
it will also be discussed about the Product Space CEA . E |, by a comparison with the
conditional model of DmBL,.

The classical nature of the sub-universes are a common value for the CEAs and DmBL. Now,
DGNW introduces some new equivalences, which are not in DmBL:

e (alb) A(cld) = (aAbAcAd|(maAb)V (mcAd)V (bAd)),
e (ap) v (c|d) = ((anb)V(cAd)|(aAb)V(cAd)V(bAd)),

Owing to the free model constructed in next section, it is likely that these equivalences will
need some additional axioms in DmBL.

Another interesting difference is noticed for the conditioning. While DGNW provides:
(albAe) A (ble) = (aAble) and  (a]d) A (]Q2) = (a ADIQ),

DmBL implies (4]¢) A ¢ = ¢ A, but not (nlé A ) A (4]6) = (1 Anle)

Besides, DmBL allows the trivial conditioning to be removed, i.e. (¢|T) = ¢, while (a|?) = a

is not allowed in DGNW. About the Product Space CEA, the answer is less clear since [[L]

removes it, while [E] does not. In will be discussed more precisely about this question in
section ﬂ when considering Lewis’s triviality.

A last point is about the closure of DGNW. It is proposed in ]:
((alb)|(c|d)) = (a|(bA=an=d)V(bAcAd)) .
But this definition fails to satisfy the intuitive relation:
P((alt)|(cld)) = P((alb) A (cld)) /P(c|d) .

It is proved in section ﬂthat the probabilistic extension of DmBL verifies this property.

4 Models

4.1 Toward a Model

In this paragraph, it is discussed about the link between Kripke models for DmBL/DmBL,
and a more basic structure called conditional models.

Definition. A Kripke model for DmBL (respectively DmBL,.) is a quadruplet (W, R, H, f)
such that W is a set of worlds, R C W x W is the accessibility relation, H : L — P(W) is
an assignment function, f : H(L) x H(L) — P(W), and verifying:

o H(¢pAyp) =H(¢)NH(Y),

o H(=¢) =W \ H(¢),

e H(T)=

s H(pVy) = (¢)UH(1/J)andH(¢>—>¢):(W\H(¢))UH(1/J),

H(=
(T
(¢V
(O¢) ={teW/VueW, (t,u)e R=>uec H(¢p)},
(
(¢

=

o H((]9)) = f(H(v), H(¢)),

e H(¢p) =W for any ¢ such that - ¢ is an axiom of the form m3, bl, b2, b3, b4,
or b6 (respectively b6.weak.A and b6.weak.B).

Notice that the rules and axioms c*, modus ponens, ml and m2 and are compliant with the
model by construction. m4 and b5 are just definitions.
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Definition 2. A conditional model for DmBL (respectively DmBL,) is a quadruplet (W, M, h, f)
such that W is a set of worlds, M C P(W) is a set of admissible propositions, h : @ — M
is an assignment function, f : M x M — M, and verifying:

e M is a Boolean sub-algebra of P(W), i.e. ANB € M and W\ A € M forany A,B € M,
Bl. AC Band A # () imply f(B,A) =W, forany A,Be M,

B2. f(BUC,A) C f(B,A)Uf(C,A), for any A,B,C € M,

83. ANf(B,A) C B, forany A,B € M,

B4. fW\B,A) =W\ f(B,A), forany A,B € M,

36. f(B,A) = B implies f(A,B) = A
(respectively f6w. f(B,A) = B implies f(B,W \ A) = B), for any A, B € M .

Such model does not implement the modalities.

Remark: in both models, the function f is the representation of the conditional (]) .

Model transfer. Let (W, M, h, f) be a conditional model for DmBL (respectively DmBL,).
Let R=W x W and define H by:

o H(0) = h(6) for any 0 € O,

H(pNy) =H()NH(Y), H(=¢) =W\ H(¢), H(T) =W,
(pV
(¢

H ) =H(¢) UH(¢) and H(¢ — ) = (W \ H(¢)) U H(¢),
o H(¢p)=W = H(O¢) =W and H(¢) £ W = H(D¢) =0,
H((4]9)) = f(H(W), H(¢)) -

Then (W, R, H, f) is a Kripke model for DmBL (respectively DmBL,).

Proof. First notice that the above construction of H is possible for any proposition ¢ € L,
since it is always obtained H(¢) € M .
Now, R =W x W implies H(O¢) = {t € W /Vu € W, (t,u) € R = u € H(¢)}, so that
(W, R, H, f) is actually a Kripke model.
Let verify the compliance with m3, b1, b2, b3, b4 and b6 (resp. b6.weak.x).

Compliance with m3 is obtained from the fact that R is reflexive.

Proof of H(D(¢ ) = (O-¢V m(¢|¢))) — W, i.e. compliance with bl.
By definition, H(D(¢ ) = (06 V m(¢|¢))) _

H(O(4]6)) U H(O-6) U (W \ H(D(6 — v))).
Then H(0(6 — ) = 0 or H(0~¢) = W imply H(0(6 — ) — (96 v 0(1]6)) ) =

Otherwise H (O(¢ — v)) # 0 and H(O-¢) # W, thus implying H(¢ — ¢) = W and

H(=¢) #W.
It is deduced H(¢) N (W \ H(¢)) =0 and H(¢p) # 0.

Then H(¢) C H(¢) and H(¢) # 0, and f(H (), H(¢)) = W by using 1.
Finally H(D(¢[¢)) = W and H(D<¢ — ) = (06 V O($l)) =W

Proof of H (=(—|¢) < (¥]¢)) , i.e. compliance with b4.

It is deduced H ((—m)|¢)) = f(H (= ) H(¢)) = f(W\H(v), H(¢)) = W\ f(H(v), H(¢)) =
W\ H((w|¢)) , by using (4.
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Then (H((~010) 1 (W \ H{( (19) ) (W \ H (wlo) B ((w1o)) =
Then H (=(=¢|9) < (¥]¢)) =

Proof of H((z/J —n|¢) — ((¥|¢) — (n|¢)) ) , 1.e. compliance with b2.
It is deduced H (( — nl6) — ((416) = (nl6)) ) = H (=~ Vnlé) v (~(¥10) v (1ls) )
= (m\ (H(wvnw) H((w19)) ) U H(( n|¢)

Now H ((—¢Vn|¢)) = f(H(—Vn), H ) (H (—¢)UH (n), H(¢)) = f(H(~), H(¢))
Uf (H(n), H(9)) = H((~4]¢)) U W\H w|¢> ))UH((n])) , by B2.

Then H (4 — nl¢) — (<w|¢> <n|¢>)) ( ( ((wl9)) N H ((nle)) ) ) U H ((r]e)) =

Proof of H((7/J|¢ ) W, i.e. compliance with b3.

Immediate from 63 i.e. H( )N f(H(W),H(¢)) C H(¥).

Case DmBL. ProofofH(D((d;M)) =)« 0((olY) < ¢

) = W, i.e. compliance with b6.
) =H

) < 9)
By 36, f(H(v), H(¢)) = H(v) if and only if f(H(¢), H (¢ (@)

Then H ((1|¢) < 1) = W if and only if H((¢|¢)) < ¢) =W .
As a consequence, H(D((1/)|¢) — 1/))) = H(D((qﬁh/)) — (;5)) and the result.

Case DmBL..
Proof ofH(D((MqS) 1) « 0((]-9) < w)) = W, i.e. compliance with b6.weak.A.

By 6w, f(H (), H(¢)) = H(v) if and only if f(H(v), W\ H(¢)) = H(¥).
Then H ((1|¢) < 1) = W if and only if H ((¢|-¢) < ¢) = W.

As a consequence, H( (¥]¢) < ) ( (Y|=¢) ) and the result.

Proof of H(D(d) —n) — D ¢|1/) (o|m) ) , i.e. compliance with b6.weak.B.
Assume first H (1) # H(n).

It comes H (i) < n) # W and H (O 1/)<—>77):(Z)

Then H(D( < 1) = D((#[) < (/) )
Assume now H(¢) = H(n).
Then H((6[)) = H((6ln) and H(0((61) = (6l) ) = H((#hs) < (oln) =

At last H (D < n) = D((6l4) < (¢ln) ) =

oono

Conditional models are defined from the classical and conditional operators only. In fact,
they have been set first for a non modal construction of the Bayesian logic[@], and were
complete in this case. It appears that conditional models are translated into DmBL/DmBL,
Kripke models. The derived models are of course not complete for DmBL/DmBL,, but are
sufficient to prove that the conditional operator cannot be reduced to trivialities.

Moreover, the model transfer property also suggests that the conditional operator is not
constructed from the modal operator: it is even possible to construct (|) when O is trivial in
the model (R =W x W implies H(¢) = W or H(Og) =0).

In this paper a free conditional model is constructed for DmBL, , with some completeness
results. In section E a model for DmBL will be also derived but not constructed. This model
of DmBL will be non trivial, but no completeness result will be derived.
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4.2 Construction of a free conditional model for DmBL,

In the sequel, © is assumed to be finite. A free conditional model for DmBL, will be
constructed as a limit of partial models. These models are constructed recursively, based on
the iteration of (]) on any propositions.

4.2.1 Definition of partial models

In this section are constructed a sequence (2, My, b, fro, An)nen and a sequence of one-to-
one morphisms (g, )nenN such that:

e M, is a Boolean sub-algebra of P(Q,), hy, : © — M, and f, : M,, x M,, — M,,,
(f» will be partially defined)

® [y 1 My, — M,y is such that p, (AN B) = pn(A) N pn(B), pn(Qn\ A) = Q1 \ pn(A)
(i.e. pin is a Boolean morphism) and V0 € ©, hy,1(0) = i (hy(6))

e For any A, B € M, such that f,(B, A) is defined, then fyi1(pin(B), tin(A)) is defined
and fn+1 (,Un(B)v /Ln(A)) = Hn (fn(Bv A)) )

e A, is a list of elements of M,,, which is used as a task list of the construction (refer to
the subsequent paragraphs.).

Remark. The functions f, represent the partial construction of (|). The morphisms ,
characterize the “inclusion” of the partial models.

In a subsequent section, a conditional model (QOO, Moo, hoo, foo) will be defined as the limit
of (Qy, My, hany fr)new associated to (fn)nen -

Notations and definitions. For any A € M,,, it is defined ~ A =Q,, \ A.

Any singleton {w} may be denoted w if the context is not ambiguous.

For any m >n and A € M, , it is defined A, = pim—10...0 py(A).

The Cartesian product of sets A and B is denoted A x B ; the functions id and T" are defined

over pairs by id(z,y) = (z,y) and T'(z,y) = (y, z) .
Initialization. Define (20, Mo, ho, fo, Ao) by:
Qo ={0,1}°,

Moy = P(Qo),

ho(0) = {(67)rco € Q0 [/ 8p =1},

fo(A,0) = fo(A, Q) = A for any A € Mo,

Ao = (80, fo, Ao) is a list defined by s = 0, fo = card(My) — 2 and A is a one-to-one
mapping from [so, fo — 1] to Mo\ {0,Q0}, such that A\g(2t) =~ X\o(2t + 1), Vt.

Step n to step n + 1.
Let (%, My, hi, fr, Ak)o<k<n and the one-to-one morphisms (fi)o<k<n—1 be constructed.

Notice that A, (sn) =~ An(s, + 1) by construction of A,, .
Define b, = A\, (sn) -
Then, construct the set I, and the sequences T',,(4), 11, (i)];e1, according to the cases:
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Case 0. There is m < n such that {b,,n), ~ by} = {bn,~ bn} .
Then, notice that b,, = b,,[,) by construction of A .
Let v be the greatest of such m; then define I,, = 11, (b,)x ~ p,(b,),
I (w, ") = fr(w(y); ~ bn) Nwpp) and Ty (w,w") = fr(Win), be) Ny, for any (w,w’) € I g

fRemark: case 0 means that the construction of f(-,b,) and of f(-,~ b,) has already begun
over the propositions of M, 1.

Case 1. Case 0 does not hold;
Define I,, = {b,}, II,,(i) = ¢ and I',, (i) =~ i for any i € I, .

Remark: case 1 means that f(-,by,) and f(-,~ b,) are constructed for the first time.
Setting. (Qut1, Mpt1, Ant1, frr1, Ant1) and p, are defined by:
o n(4) = Ui, (((A AL, (7)) x I‘n(i)) U ((A AT, (1)) x nn(i))) for any A € M,

® Dnp1 = pin (),

o V0 €0, hi1(6) = pin (hn(8))

¢ Mpy1 =P Qnt1),

o Frit(A,0) = frr1(A Quir) = A for any A € My,

e For any A € M, \ {by,~ b,,0,Q,} and any B € M, such that f,(B,A) is defined,
then foi1(pn(B), pn(A)) is defined and foi1 (10 (B), n(A)) = pn (fn(B, A))

o Forany A€ My, set fup1(A, pn(bn)) = (dUT) (A N (Uieln (I, (i) x Fn(i)))>

and fus (A (0)) = (40T (40 Uiy, () % 1,9)) )

o Ani1 = (Snt1, frt1s Ant1) is such that:

— Spt1=8n+2=2n42, fo41 = Sny1 + card(M, 1) — 2,

— Ant1 is a one-to-one mapping from [s,41, fnr1 — 1] to My1 \ {0, i1},
A (t) = () for amy € [sner, fo— 1.

= Ant1(2t) =~ Ana (2t + 1), VE and Ay (fog1 — 2) = pin(bn) -

This definition ensures a cyclic and full construction of f(-,b,) and f(-,~ by).!

The first steps of the model construction are illustrated by a simple example in appendix @
Appendix [D| also compares this construction with the Product Space CEA of [EL this com-
parison involves a discussion about the logical independence.
4.2.2 Properties of (Q,, My, hey,y fr, Ap)new
It is proved recursively:

® (i, : M, — M, is a one-to-one Boolean morphism,

o If A, B € M, and f,(B, A) is defined, then fo1(ttn(B), tn(A)) = o (fu(B, A))

n regards to the mapping pu, the list A, 11 is the list A, plus any propositions of Myy1 \ {0, Qni1}
which are not/no more listed in A, .
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(1. Let A, B € M, such that fn(B, A) is defined.
Then A C B and A # () imply f,(B,A) = Q,,

32. Let A, B,C € M, such that f, (B, A), f,(C,A) and f,(BUC, A) are defined.
Then f,(BUC,A) = fu(B,A) U fn(C,A),

33. Let A, B € M, such that f,(B, A) is defined.
Then AN f,(B,A) =ANB,

B4. Let A, B € M, such that f,(B, A) and f,(~ B, A) are defined.
Then f,(~ B, A) =~ f,(B,A4),

B6w. Let A, B € M, such that f, (B, A) and f,(B,~ A) are defined.
Then f,,(B,A) = B implies f,(B,~ A) =B.

Proofs are given in appendix E

4.2.3 Limit
The limit (QOO, Moo, hoo, foo) is defined as follows:

e Set N = {(wn|n€m) € H Q, / Vn € N, wyy1 € un(wn)} ;

nelN
Useful definitions:

— Foranyn € Nand any A € M,,, A, = {(wk|k€m) € Qs /wn € A} . The subset
Ay is a mapping of A within Qs . It is noticed that this mapping is invariant
with p, i.e. (Apy))oe = Ace for m >n,

— Foranyn € IN, M., = {Aoo / A€ Mn} . The structure M.« is an isomorphic
mapping of the structure M, within Qo . It is noticed that (M,.colneN) s a
monotonic sequence, i.e. Mp.co C Myi1:00,

e Set Mo = U Moo
nelN

e Set hoo(0) = (ho(0))_ for any 0 € ©,

e Let A,B € M.,. Then there is n and a,b € M, such that A = a, B = by and
fn(b,a) is defined (subsequent proposition). Set foo (B, A) = (fn(b, a))oo.

This definition is justified by the following propositions:

Proposition 1. For any n € IN, m >n and A € M, (Aj))e0 = Aco -

Proof. By definition of Q. and since the pg|gen are one-to-one Boolean morphism:
(A oo = {(Wilren) € Qoo / wim € Apmy} = {(Wklren) € Qoo [ wn € A} = Ass .
oogd

Corollary My.oco C Mpi1.00 -

Proposition 2. M, is a Boolean subalgebra of P({2s,) and is isomorph to M, by the
morphism A — A.

Proof is obvious from the definition of Mp.oo .

From now on, M,, will be considered as a subalgebra of P(Qx).
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Proposition 3. Let A,B € M., . Then there is n and a,b € M, such that A = a,
B =by and f,,(b,a) is defined.

Proof. Since (M}.o0|ren) is @ monotonic sequence , there is m € IN such that A, B € M. -
Let a,b € M, be such that A = ao, and B = b .
By definition of the list A,,, there is p € [sp,, fm — 1] such that A, = a.
As a consequence, fp11(bpt1], apt1)) exists.
But then hold A = (a[p+1])00 and B = (b[p+1])00 .
Finally n = p + 1 answers to the proposition.

oono

Proposition 4. The definition of f., does not depend on the choice of n.

Proof. Let n, m >n, a,b € M,, and ¢,d € M,, such that A = asc = ¢oo and B = by, = d .
Assume also that f,,(b,a) and f,,,(d, c) exist.

Then (afm])oo = Coo and (bn))oo = doo-
Since M,, and M. are isomorph, it follows a(,,,) = ¢ and by,,) = d.
But it has been shown in a previous section that fu(byn), @) = fr(b, )m) -

Finally (fu(b,a))_ = (fm(d,c))_

oono

Proposition 5. (QOO,MOO,hOO, foo) verifies 41, £2, 83, 4 and [6w.

The properties G« are inherited from M,,, f,|new , by means of the properties .

Conclusion. (QOO, Moo, hoo, foo) is a conditional model for DmBL...

4.2.4 Implied Kripke model for DmBL,

By means of the Model transfer property, a Kripke model for DmBL, is derived from
(Qoo, Moo, hoo, foo). This Kripke model is denoted B = (QOO, Rp, Hp, foo) .

4.2.5 Partial Completeness
It is above the scope of this work to construct a complete model for DmBL,. However, it is

shown here that B is sufficiently complete to characterize the operator (|) in DmBL..

Proposition 1. By construction, (s, Hg) is a complete model for the classical logic C,
when Hp is restricted to the propositions of L¢.

Proposition 2. Let ¢ € £ be a proposition constructed without O or &. Then F ¢ in
DmBL, if and only if Hg(¢) = Qu .

Proof is done in appendix B .

4.3 Coherence properties

The model B clearly shows that DmBL, is coherent. It also demonstrates that the conditional
operator (|) is not trivial. Since (Qoo, Hg) is a complete model for C';, DmBL, is also an
extension of the classical logic: F ¢ implies F¢ ¢. But a stronger property holds:
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Non distortion. Let ¢ be a classical proposition. Assume that - O¢ V O-¢ in DmBL,.
Then F¢ ¢ or Fo —¢.

Interpretation: DmBL, does not “distort” the classical propositions. More precisely, a prop-
erty like - O¢ V O=¢ would add some knowledge about ¢, since it says that either ¢ or —¢
is “sure”. But the non distortion just tells that such property is impossible unless there is a
trivial knowledge about ¢ within the classical logic.

Proof. Assume F O¢ VvV O-¢.
Since B is a model for DmBL,, it comes Hp(Og V O-¢) = Q.
Then HB(D¢) @] HB(Dﬁ(b) =0 .
Since Hg(O) = 0 or Qs for any ¢ € L, it comes Hg(Og) = Qo or Hg(O¢) = Qo -
At last, Hg(¢) = Qo or Hp(—¢) = Qs .
But (Q, Hg) is a complete Boolean model for C', which implies ¢ ¢ or Fo —¢.

ooo

Another non distortion property will be derived subsequently, by the probabilistic extension.

5 Probabilistic extension

5.1 Probability over propositions,

a minimal® definition.
1 This definition is related to finite probabilities and excludes any Bayesian consideration.

Probabilities are classically defined over measurable sets. However, this is only a manner to
model the notion of probability, which is essentially an additive measure of the belief of logical
propositions [@] Probability could be defined without reference to the measure theory, at
least when the propositions are countable. The notion of probability is explained now within
a strict propositional formalism. Conditional probabilities are excluded from this definition,
but the notion of independence is considered.

Intuitively, a probability over a set of logical propositions is a measure of belief which is
additive (disjoint propositions are adding their chances) and increasing with the proposi-
tions. This measure should be zeroed for the ever-false propositions and full for the ever-true
propositions. Moreover, a probability is a multiplicative measure for independent propositions.
These intuitions are now formalized.

Definition for classical propositions. A probability 7 over C' is a IR" valued function
such that for any proposition ¢ and ¢ of L¢ :

Equivalence. ¢ =¢ v implies 7(¢) = 7(v),
Additivity. (¢ A1) + (o V) = n(p) + n(¥),
Coherence. w(L) =0,

Finiteness. w(T)=1.

Property. The coherence and additivity implies the increase of m:

Increase. w(p ANY) < (o).
Proof. Since ¢ =¢ (¢ AY)V (6 A ) and (¢ A1) A (oA ) =¢ L, the additivity implies:
(@) + (L) =m(oAY) + (A —Y) .

From the coherence 7(L) = 0, it is deduced 7 (¢) = w(p A ) + 7(dp A =) .
Since 7 is non negatively valued, 7(¢) > 7(¢d A ).

18



oono

Definition for DmBL/DmBL,. In this case, we have to deal with independence notions.

A probability P over DmBL/DmBL, is a IR valued function, which verifies (replace =¢ by
= and 7 by P) equivalence, additivity, coherence, finiteness and:

Multiplicativity. b ¢ x 1 implies P(¢p A1) = P(¢)P(v).

for any proposition ¢ and ) of L.

5.2 Probability extension over DmBL,

Property. Let m be a probability defined over C', the classical logic, such that w(¢) > 0
for any ¢ #c L. Then, there is a (multiplicative) probability P defined over DmBL, such
that P(¢) = m(¢) for any classical proposition ¢ € L .

Remark: this is another non distortion property, since the construction of DmBL, puts no
constraint over probabilistic classical propositions.

Proof is done in appendix .

Corollary. Let m be a probability defined over C'. Then, there is a probability P defined
over DmBL, such that P(¢) = m(¢) for any ¢ € L.

Proof. Let ¥ = { Ayco €0 / € € [Ipeo{b, 70}}.
For any real number e > 0, define then 7. the probability over L& such that:

Vo ex, (o) = carde(E) +(1-e)r(o).

Let P. be the probability over DmBL, constructed from m, as defined in appendix .
By [C.2.3, there is a rational function Ry such that P.(¢) = Rg(e) for any ¢ € L.
Now 0 < Ry(e) < 1; since Ry(e) is rational and bounded, lim._.o+ Ry(e) exists.
Define P(¢) = lim._.o4+ Ry(e), for any ¢ € L.

The additivity, coherence, finiteness and multiplicativity are obviously inherited by P.
At last, it is clear that P(c) = m(o) for any o € .

ooo

5.3 Model and probability extension for DmBL

Let K be the set of all (multiplicative) probabilities P over DmBL, such that P(¢) > 0 for
any ¢ Z L, and define the sequences K(¢) = (P(¢))pei for any ¢ € L.

Then set Lx = K(£) = {K(¢) / ¢ € L} , a subset of R

The operators =, A and (|) are canonically implied over L :2

~K(9) = K(=¢), K(¢) NK(¥) =K(¢Ay) and (K(®)|K(9)) = K((%]9)) -

Since any P € K verifies the equivalence property, it comes K(¢) = K(¢) when ¢ = ¢ in
DmBL.. As a direct consequence, (Lic,, A, (])) is a conditional-like model of DmBL, (the
structure is a Boolean algebra but not derived from set operators. that is the only difference
with conditional models).

2The operators V and — are derived from A and — as usually; modalities are not considered.
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Property. (Lx,—,A,(])) is a conditional-like model of DmBL.

Proof. Let P € K; P is multiplicative.
Since - (1|¢) x ¢ and (¢|¢) Ad = 1) A¢ in DmBL,, it comes P((¢[¢)) P(¢) = P(¥A ).
Now assume (K(¢)|K(¢)) = K(¢), with ¢ # L.
Then K((4|¢)) = K(¥), and P((¢|¢)) = P(¢) for any P € K.

Then P(6) = sy = 55y = P((#h) for any P € K,

and (K(¢)| (1)) = K((¢lv)) = K(¢).
Since moreover (¢| 1) = ¢ and (L|¢) = L in DmBL,, the model verifies 36 .

ooo

Notice that it was only needed the equivalence and multiplicative properties for the elements
of IC. Tt is thus possible to construct a more general model by relaxing /C.

Probability extension. For any K(¢) € Lx and any P € K, define the IR "-valued map-
ping P(IC(¢)) = P(¢) (this mapping, a projection, is indeed well defined).

By construction, P is naturally a multiplicative probability over Lx. Moreover, the prob-
abilistic extensions defined in appendix [ are also elements of K. As a consequence, the
deductions of section @ are still working for Lx . The extension property is thus derived:

Let m be a probability defined over C'. Then, there is a probability P defined
over DmBL such that P(¢) = 7(¢) for any ¢ € L¢ .

Non distortion. Let ¢ be a classical proposition. Assume that - O¢ V O-¢ in DmBL.
Then F¢ ¢ or Fo —¢.

Proof. Consider the Kripke model for DmBL derived from the conditional model (Lx, =, A, (])) -
In this model, the value of H(Og) is either (L) or K(T).
Then, H(Og V O—¢) = K(T) implies H(O¢) = K(T) or H(O-¢) = K(T).
Then H(¢p) = K(T) or H(—¢) = K(T).
It follows VP € K, P(¢) =1 or VP € K, P(—¢) = 1, and by the probabilistic exten-
sion: Vrr, w(¢) =1 or Vi, w(—¢) = 1, where 7 is any probability over C'.
At last, Fo ¢ or F¢ —¢.

oono

5.4 Properties of the conditional

Bayes inference. Assume a probability P defined over DmBL/DmBL,. Define P(¢|¢) as
an abbreviation for P((1|¢)) . Then:

P(lo)P(¢) = P(¢ A1) .
Proof. A consequence of (¢|¢) Ad =@ A and = (P|d) X &.
ooo

As a corollary, it is also deduced P((¥[¢)|(1|¢)) P(n|¢) = P((¢|¢) A (n]¢)) - It is recalled that
the closure of DGNW fails on this relation.

About Lewis’ negative result.
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The theorem. Lewis triviality may be expressed as follows:

Let My be the set of measurable subsets of Qg, and let A, B € My with ) C B C

A C Qp. Then, it is impossible to construct a proposition (B|A) € M such that
7((B|A)) = m(B|A) £ ZU08) for any 7 € P(Mp) with 0 < w(B) < m(4) < 1

™

Proof. For any propositions C, D, define n¢(D) = 7(D|C) = w(ﬂcgg)D) , when 7(C) > 0.

The proof of Lewis’s result relies of the following calculus:

7(CNDNE)
mc(DNE) —=@  7w(CNDNE)
T((E|D)|C) = WC(D) = Tx(Dncy W(DQC) =m(E|ICND). (1)
7(C)

Then, it is inferred (with the notation ~ B = Qg \ B):
(AN B)
m(A)

=n(B|BNA)n(B)+n(B] ~BNA)w(~B)=1x7n(B)+0xn(~B)=mn(B).

= m(BJ|A) = 7((B|A)|B)n(B) + n((B|A)| ~ B)n(~ B)

As a consequence, A and B are probabilistically independent for any possible choice of
7 such that 0 < 7(B) < w(A) < 1. This is impossible.

ooo

Discussion. What is refuted by Lewis is the hypothesis (B|A) € My, with® C B C A C
Q0. On the contrary, the hypotheses (0|A) € My, (Q|A4) € My, (B|Q) € My, (B|0) € M
and (C|A) € My for A C C, are not refuted by Lewis result itself, and may be used in the
construction of conditional. This is an argument for removing trivial conditionings.

Now, assume a model of DmBL to be constructed, and let My be the Boolean algebra
associated to the classical propositions (i.e. the unconditioned propositions). Our model
should be compatible with any probability defined over the unconditioned propositions (this
is a minimal requirement!) Lewis’s triviality then make necessary the following hypothesis in
the model construction: (B|A) & My for any A, B € My such that § € B C A C Q. Since

DmBL implies (¢|¢) A ¢ = ¢ A, it is inferred (¥]|¢) = (¢ AY) V (—¢ A (¢|)) and:
(B|A) € My if and only if (20 \ A) N (B|A) € My, for any A, B € M.

At last, a model of DmBL have to conform to: (2o \ 4) N (B|A) ¢ My, for any A, B € M,
such that 0 € B C A C Q. A thorough look at case 1 of the model construction in section |,
clearly shows that our model is compliant with such condition. But it is noteworthy that the
Product Space CEA is also compliant with it (refer to [@] or to appendix E) This condition
is probably one of the keys for constructing a model for Bayesian.

And DmBL. .. The previous extension theorems has shown that for any probability 7
defined over C', it is possible to construct a probability P over DmBL which extends 7. This
result by itself shows that DmBL avoids Lewis triviality. The question is why? In fact the
coexistence of Lewis and the extension theorem infers necessarily the following conditions:

e Define Q4 by Qq(v) = P((¢)|¢)). Then Qg is additive, coherent and finite, which
makes it a probability in the classical meaning. But ()4 is not necessarily multiplicative .

e Let ¢, € Lo besuchthat Fy — ¢, v ZE L, ZEpand ¢ £ T.
Then Vn € Lo, =g A (¥[6) £ 1.
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Conversely, both conditions are sufficient for the coexistence of Lewis and the extension.

The last condition is the necessary construction condition, implied by the discussion.

The first condition expresses a limitation of DmBL. This limitation is unavoidable: otherwise
the derivation () is possible, even if (¥|¢) is not equivalent to a classical proposition.

Besides, assume ¢ € Lo and define the probability m, over C' by m4(¢)) = w(¢p A ) /7 ().
Let Py be the extension of 74 over DmBL. Then Py # Q4.

Logical independence and probabilistic independence. The logical independence is
a property stronger than the probabilistic independence. The independence F 1 X ¢ is
equivalent to (¢|¢) = . It is independent of the choice of a probability. In the probabilist
paradigm, ¢ and ¢ are said to be independent when P(v|¢) = P(¢)). It is dependent of
P. In particular, the condition o = + implies P(c) = P(¢) but the converse is false. The
independence is a special case, where o = (¢|¢) .

The regularity property is a particular illustration of this difference:

F@An) — (WA, Foxn Fixnand - Onimply - ¢ — .

Now, considering ¢,,n as measurable sets, the probabilistic independences P(¢ N'n) =
P(¢)P(n), P(xp Nn) = P(¢)P(n) and the inclusion ¢ N C 1» Ny do not yield the inclusion
¢ C 1 in general, even when 7 # ().

6 Conclusion

In this contribution, a conditional logic, DmBL, has been defined and studied. This Logic
is essentially different to the VCU of Lewis, since it implies a classical nature to the sub-
universe. By the way, it shares common properties with notable Conditional Event Algebras.
This logic has been proved to be coherent. A complete model has been defined for the propo-
sitions and the conditionals (not the modalities), in the case of the weakened logic DmBL,.
It has been shown that any probability over the classical propositions could be extended
to DmBL/DmBL,, in compliance with the independence relation. Then, the probabilistic
Bayesian rule has been recovered from DmBL/DmBL,.

There are still many open questions. For example, it is certainly possible to bring some
enrichment to the conditional of DmBL, by means of additional axioms. Is it possible to
recover some specific equivalences of DGNW, or other CEA?

From a strictly logical viewpoint, the Deterministic modal Bayesian Logic has also some in-
teresting properties. For example, the notion of independence in DmBL have some surprising
logical consequences in the deductions (e.g. regularity with an inference). Is there a possible
application in the constructions of theories?

At last it is recalled our first motivation, and this work will be applied in a next future to
the logical comparison of the Bayesian with other theories of uncertain informations.

References

[1] Dezert J., Smarandache F., Advances and Applications of DSmT for Information Fusion, Amer-
ican Research Press, Rehoboth, 2004.

Shafer G., A Mathematical Theory of Evidence, Princeton Univ. Press, Princeton, NJ, 1976.

OO

Dambreville F., Chapter 8 in Advances and Applications of DSmT for Information Fusion,
Dezert & Smarandache editors, American Research Press, Rehoboth, 2004.

[4] Cox R.T., The Algebra of Probable Inference, Johns Hopkins Press, Baltimore, Maryland, USA,
1961.

22



[5] De Brucq D., Colot O., Sombo A., Identical Foundation of Probability Theory and Fuzzy Set
Theory, IF 2002, 5th International Conference on Information, Annapolis, Maryland, pp. 1442—
1449, July 2002.

[6] De Brucq D., Chapter 11 in Advances and Applications of DSmT for Information Fusion, Dezert
& Smarandache editors, American Research Press, Rehoboth, 2004.

Adams E.W., The Logic of Conditionals, D. Reidel Co., Dordrecht, Holland, 1975.

Nilsson N.J., Probabilistic logic, Artificial Intelligence, Vol. 28, pp. 71-87, 1986.

Paass G., Chapter 8 in Non-Standard Logics for Automated Reasoning, Smets & Mamdani &
Dubois & Prade editors, Academic Press, 1988.

[11] K.A. Andersen, J.N. Hooker, Probabilistic Logic for Belief Nets, International Congress of Cy-
bernetics and Systems, New York City, 1990.

[12] Lewis D., Counterfactuals, Blackwell Publishing, 1973, reissued 2001.

[13] Laura Giordano, Valentina Gliozzi, Nicola Olivetti, A Conditional Logic for Iterated Belief
Revision, European Conference on Artificial Conference, 2000, Berlin.

]
| Pearl J., Probabilistic Reasoning in Intelligent Systems, Morgan-Kaufman, San Mateo, 1988.
]
]

[14] Laura Giordano, Camilla Schwing, Conditional Logic of Actions and Causation, Artificial In-
telligence, Vol. 157, 2004

[15] Goodman L.R., Mahler R., Nguyen H.T., Mathematics of Data Fusion, Kluwer Academic Pub-
lishers, 1997.

[16] Goodman I.R., Mahler R., Nguyen H.T., What is conditional algebra and why should you care?,
SPIE Conference on Signal Processing, Florida, April 1999.

[17] Dubois D., Goodman I.R., Calabrese P.G. editors, Special Issue on Conditional Event Algebra,
IEEE Transactions on Systems, Man and Cybernetics, Vol. 24, 1994.

[18] Calabrese P.G., An algebraic synthesis of the foundations of logic and probability, Information
Sciences, Vol. 42, pp. 187-237, 1987.

[19] Lewis D., Probabilities of Conditionals and Conditional Probabilities, Philosophical Review, Vol.
85, Maryland, USA, 1961.

[20] Hajek A., Pettit P., Desire Beyond Belief, Australian Journal of Philosophy, Vol. 82, March
2004.

[21] Hajek A., What Conditional Probability Could Not Be, Syntheses, Vol. 137, No. 3, pp. 273-323,
December 2003.

[22] Van Fraassen B., Probabilities of Conditionals, in Foundations of Probability Theory, Statistical
Inference and Statistical Theories of Science, Harper & Hooker editors, Vol. I, Reidel, pp. 261—
301, 1976.

[23] Dambreville F., Definition of a Deterministic Bayesian Logic, unpublished,
http://hal.ccsd.cnrs.fr/ccsd-00003388

[24] Blackburn P., De Rijke M., Venema Y., Modal Logic (Cambridge Tracts in Theoretical Computer
Science), Cambridge University Press, 2002.

A Proof: properties of (Q,, M,,, hy, fu, Ap)nen

To be proved:
o, fn: M, — Myi1 is a one-to-one Boolean morphism ,
Jr1 (i (B), () = in (f(B. 1))
Bl. AC B and A+ 0 imply fn(B,A) = Q,,
B2. fu(BUC,A) = fu(B,A)U fa(C, A),
(3. AN fu(B,A)=ANB,
Bd. fu(~ B, A) =~ fu(B, A),

[y
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B6w. fn(B,A) = B implies fn(B,~ A) =
being assumed A, B,C € My, and fn(-,-) defined for the considered cases.

The proof is recursive and needs to consider the three cases in the definition of (un, fn) .

The properties 3% are obvious for n = 0, since fo is only defined by J(A,0) = fo(A, Qo) = A. From
now on, it is assumed that $* hold true for k£ < n, and that e, and ey hold true for k <n —1. The
subsequent paragraphs establish the proof of 8 for n + 1 and the proof of e, and e, for n.

Preliminary remark. It is noticed that 32 and 84 imply:

BT: fa(BNC,A) = fu(B,A)N fu(C, A).

A.1 Lemma.
Uier, Tn(i) = bn and U;¢;, Tn(i) =~ by ; in particular, II,,(i) N T, (j) = 0 for any 4, j € In .
Moreover 11,,() N I1,,(j) = I'n (i) NTn(j) = 0 for any ¢, j € I,, such that i # j .

Proof. The proof is obvious for case 1.
Now, let consider case 0.
By definition U, ITn(i) = (Uweuu(bu) w[n]> n (Uw’eww(bu) Fr(Winps ~ bn)> :
By recursion hypothesw over Bl it comes frn(~ bp,~bn) = Q.

Thenbyﬂ2 UZE[ n(1) = bp N Qy = by

For any w1, w2 € uy(by) such that wi # we, it comes B7 by 32, 34, and:
fn(wl[n]7 bn) N fn(w2 bn) fn(wl[n] N W2[n], ) fn(@ bn) = 0

Finally ', (i) N Tn(j) = 0 for any i, j € I,, such that i # j .

The results are similarly proved for I, .
ood
Corollary 1.

pn(bn) = T(~ (b)) = |J (@) x Tu(i) and  ~ pa(bn) = T(pa(ba)) = |J Tu(d) x (i) -
i€l i€l
Corollary 2.
Faer (Copn () = (€ N paba) ) U (T(CIN ~ 10 (b1))
and
frr (O i (6a)) = (T(C) M pn (b)) U (€N ~ pra (b)) -

Both corollary are obvious from the definition.

A.2 Proofofe,

The following properties (whose proofs are immediate) will be useful:

1. (AUB)xC=(AxC)U(BxC)and Ax (BUC)=(AxB)U(AxC(C), for any A, B,C,
022. (ANB)xC=(AxC)N(BxC)and Ax (BNC)=(AxB)N(AxC), for any A, B,C,
¢3. CND =0 implies (C x A)N(D x B)=(AxC)N(Bx D) =0, forany A,B,C,D,

4. (AUB)N(CUD) =0 implies (ANB)U(CND)=(AUC)N(BUD), for any A, B,C,D.
5. (AUB)N(CUD)=0and AUC =BUD imply A= B and C =D, for any A,B,C,D.

6. C'N D = 0 implies (CuD)\((AmC)u(BmD)) = (C\ A)U(D\ B), for any A,B,C,D.

Proof of 11,(2,) = Q11 and p,(0) = 0. Immediate from the definitions.
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Proof of 11,(AN B) = pn(A) Ny (B) . By applying €2, it is deduced:
pn(ANB) =U,e,, (((A n Hn(i)) x Fn(i)) n ((B n Hn(i)) x Fn(i)))
U User, (((A n Fn(i)> x Hn(i)) n ((B n Fn(i)) x Hn(i))> .

By lemma Ell, and applying ¢3 and ¢4, it is deduced:

pn(ANB) =U,e,, (((A n Hn(i)) % T (i)) U (((A n Fn(i)) x Hn(i))

N User, ((B N Hn(i)> x I“n(i)>> U ((B N Fn(i)) x H,@))) = fin(A) N i (B) .

Proof of 11, (AU B) = pin(A) U i (B) . Obviously deduced from £1.

Ly is one-to-one. Assume p,(A) = pn(B); then:

Uicr, (((A n Hn(i)) x Fn(z’)) U (((A n Fn(z’)> x Hn(i))
~User, ((B 1L (7)) Fn(z’))> U ((B NTa(i)) x Hn(i)>> :

By lemma EI, and applying £2, ¢3 and /5, it is deduced for any i € I, :

(A N Hn(i)) X Tn(i) = (B N Hn(i)) % Tp(i) and (A N I“n(i)> T (i) = (B N Fn(i)> % 1L, (i) .

Finally ANIL, (i) = BN1I,(i) and ANT,(:) = BNy (4) for any ¢ € [,,, and:
AmU(Hn()an ) BmU( i) U, ( )).
i€l i€l

A = B is deduced by applying the lemma.

Conclusion. The previous results imply that p., is a one-to-one Boolean morphism.

A.3 Proof of e;

By definition, the result holds true for any A € M, \ {0, 2n,bn,~ b,}. It is also true for A = 0
or A = Q,, since fni1 (un(B)7un((0)>= frt1 (un(B)ﬂ)): wn(B) = pn (fn(B7(0)> and similarly
foott (1 (B), (@) )= fot (4n (B), 2usr )= pn(B) = i (fu(B, ) ) -

The true difficulties come from the cases A = b,, or A =~ b,, .
Subsequently, it is assumed A = b, ; the case A =~ b,, is quite similar.
It comes:

fn+1<un(B),un(bn)> = (idUT) (un(B)ﬂ( U (Hn(i)xrn(i)))> - (idUT)( U (BﬂHn(i)>><Fn(i)) .

i€lp i€1y

The existence of f,(B,bn) necessary implies the case 0, and there is C' € M, 41 such that B = C’[n] .
By recursion hypotheses o, it comes BNwp,) = (CNWw)p =wp ifweC, =0ifweC.
Moreover, fn(Wn],bn) N fru(B,bn) = frn(wpm) N B, bn) = fn(wm), 7L) ifueC,=0ifweC.

ier, (BOTLG)) X Tai) = Use, Tn(i) x (fa(B,ba) N Fn(z’)> :
By B37 BNuwpy = BNbyNwpyy = frn(B,bn) Nby Nwiy) = fn(B,bn) Nwiy for any w € o (by) .

As a consequence | J
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As a consequence (J;c; (B N Hn(z)) x Tn(i) = Uicr, (fn(B, bn) N Hn(z)) x Iy (4) .
By applying the both results, it comes:

s (B @)) = (U (8.0 0 1@0) %700 0 (U (58,00 0700) x 1.9

i€l i€y

And by definition, fni1 (pn(B), un(bn)> = in (an(B, bn)) .

A.4 Proof of 51

For A & {ptn(bn),~ tn(bn), 0, Qn+1}, the propriety is inherited from n by applying e .
The property is also obvious for A € {0, Q,+1} .
The difficulty comes from A = pn(by) or A =~ p,(by); then notice that A # () by construction.

It is now hypothesized A = pin(bn) and pn(bn) C B; the case A =~ uy(by) is quite similar.
Then T(,un(bn)) C T(B) and by lemma, corollary 1&2:

S (Bopn(bn) = (B O (b)) U (TN ~ b)) = pn(ba)U ~ pan(bn) = Qs

A.5 Proof of 32

For A & {n(bn),~ tin(bn), D, Qn+1}, the propriety is inherited from n by applying e .

The property is also obvious for A € {0, 241} .

The property is then immediate for A € {pin(bn), ~ pn(bn)}, since T(B1 U B2) = T'(B1) UT(B2).
A.6 Proof of 33

For A & {pn(bn), ~ pin(bn), 0, Qny1}, the propriety is inherited from n by applying ey . The property
is also obvious for A € {0, Qp41}.
The difficulty comes from A € {fin(byn), ~ pn(bn)}

It is now hypothesized A = pin (br); the case A =~ pun(by) is quite similar.
The result is immediate from corollary 2 of lemma.

A.7 Proof of 34

For A & {1n(bn),~ pin(bn), D, Qni1}, the propriety is inherited from n by applying ey . The property
is also obvious for A € {0, Qp41}.
The difficulty comes from A € {1 (bn), ~ pin(bn)}.

It is now hypothesized A = i, (by); the case A =~ pu,(by) is quite similar.
By corollary 2 of lemma, fr11 (N B7un(bn)) = (un(bn) \ B) U (N tn (bn) \ T(B)) .

By £6. fuir (~ Bupa(bi)) =~ ( (B un (b)) U (T(B)N ~ un(bn))) e far (Bopn(b)

A.8 Lemma 2.
Let C' € My41. Then:

Jata (fn+1 (Com(dn). un(bn)) = fats (fn+1 (Con(a)).~ un(bn)) = fos1 (Copn b))

and

fn+1 (fn+1 <C7 ~ Nn(bn))vﬂn(bn)> = fat+1 <f7l+1 <C7 ~ Nn(bn))ﬁ" Mn(bn)) = fat+1 <C7 ~ Mn(bn)> :
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Proof. The result is derived for fpn4+1 (C, s (bn)> ; it is quite similar for f,41 (C, ~ ,un(bn)) .

By corollary 2 of lemma, f+1 <C, pn(bn)) = <C n ,un(bn)) U (T(C)ﬂ ~ ,un(bn)) .

Since T(an (6’7 un(bn))) = fnt1 (07 p,n(bn)> by definition, the proof is done by corollary 2.
Oo0oo
Corollary. As a direct consequence, fr41 (an(B, A),A) = fo+1 (an(B,A), ~ A) = fatr1(B,A),
whenever fn41(B, A) exists.

A.9 Proof of f6w
Assume fn41(B, A) and fr11(B,~ A) exist and fny1(B,A) = B.
By lemma 2, fos1(B,~ A) = fas1 (fas1 (B, A),~ A) = fus1 (B, A) = B.

B Proof: partial completeness

To be proved:
Let ¢ € L be constructed without O or ¢. Then F ¢ in DmBL, if and only if Hz(¢) = Qs .

From now on, let £, = {¢ € L /¢ is constructed without O or <>} .
In fact, it will be proved:

(Hg)= is a Boolean isomorphism between (Lp)= and M, (2)
where (Lp)= is the set of equivalence classes of £, and (Hp)= is inferred from Hp .

The proof is based on a recursive construction of £; similar to the definition of M .

Construction. Assume the sequence (2, My, hn, fn, An)nen being constructed.
The sequence (Ln)new is defined by:
e Lo=CLc,
e L,y1 C Ly is the set generated by L., the classical operators, the conditionals (-|¢) where
¢ € Ly, and Hp(d) = by, .
The set X, C (Ln)= is defined as the generating partition of L,
that is V¢ € (Ln)=, 35 C Xn, V,cg50 =¢ and 0 Ao’ = L for any 0,0" € X, such that o # o’

The following property is proved in next paragraph:
card(X,) < card(£,) . (3)

Since (Hg)= is by construction an onto morphism from (Ly)= to M., (E) implies that (Hg)= is
a Boolean isomorphism between (Ly)= and M.«

These isomorphisms and the cyclic definition of A, then imply £y = Unen(Ln) .
As a conclusion, @) is deduced.

Proof of (E) for n = 0. Tt is obvious, since (Mo.oo, Hp) is a complete model for L¢ .

True for n implies true for n + 1.
The recursion hypothesis implies that (Hg)= is an isomorphism between (Ly)= and Mp.s

Define then (3, € (Ln)= such that (Hg)=(8n) = bn .
It is known that ((-|ﬂn)‘—|ﬂn) = (|8a) and ((-mn) ﬁn) = (]=B).
Then, since sub-universes are classical, 3p41 = {O’ A (0'|Bn) A (0" |7Bn) | 0,0",0" € Zn} \ {L}.

Now,denoteBn:{JGZn/JABn:J} andgn:{oezn/o/\ﬁﬁnza}.

It comes that (0/|8,) = (¢”|=Bn) = L for o’ € B, and 0" € B,, .
Moreover o A (0”|8,) A (0" |=8n) = L for o € {0’,0"}; in particular o A (0|8,) = o for 0 € By, and
oA (o]=fn) =0 for o € By.

Then, the two cases are considered:

27



Case 1. Y11 =U,cp, Uses, {0 A(c'|=Bn), 0" A (0|ﬂn)} , owing to above discussion; then:
card(Z,41) < 2card(By)card(By,) = 2card(by, )card(~ by,) = card(Qn+1) -

Case 0. In this case, 3, = 3 . .
Define Cy, = {oc € Zv41/oABy =0} and Cp, ={0 € Xpt1/c A=p, =0}
Define also D[¢]| = {oc € /o A¢p = 0o} for any ¢ € (Lyt1)=.

From previously, it is know that ¥,41 contains elements of the form o A (¢/|=3,) or o’ A (0|3,) with
(0,0") € By, X By ; but construction at step v + 1 implies additional constraints, to be specified.

Let consider especially the case o A (0'|=8,); case o’ A (0|3n) is quite similar. o
Noticed that there is (7o, 75) € C, x C\, such that o € D[7,]ND[(7,|=5.)], and (0,+,6.,) € C, x C,,
such that o € D[0,.] N D[(0..|8.)] .

Now, 75 A (T2]=8,) A (9[,/ A ;,,wu)]ﬂﬁu) = (TU A (eg,wu)) A (Th AGor|=B,) = L unless 7o = 6.,
and 7, = 0,/ .

Finally, 3(,0) € C, x Cy,, (0,0) € (D[T] N D[(emu)]) x (D[e] N D[(T|ﬂy)]) : similarly the case
o' A (0|Bn) implies 3(8,7) € T, x Cy, (0,0") € (D[H] n D[(ijy)]) x (D[T] n D[(Ohﬁu)]) .

At last card(Xn41) < Z(r,e)ecuxﬁy 2card(D[7'] N D[(9|—|ﬂy)])card (D[H] N D[(T|ﬁ,,)])
= ey, 2card (Hn(i))card <Fn(z)> = card(Qn+1) -

C Probability construction

To be proved:

Let m be a probability defined over C', such that w(¢) > 0 for any ¢ Zc L. Then, there is a
(multiplicative) probability P defined over DmBL. such that V¢ € Lo, P(¢) = 7(¢).

The construction is a recursion based on the definition of B.

C.1 Construction

The probabilities Py |new are defined over Mpy.oo by:

Po(Ax) = Z P, ({w}oo) for any A € M,

w€eA

and:

Initialization.
For w = <5g|ge@) €Qoand 7€ O, definer, =7ifd, =1and 7, = -7 if 6, = 0.

Then set Py (woo> =7 (/\069 9“,) for any w € Qo ,

From n to n+1. For any (w,w’) € I1,,(3) x Ty (i), set:

P (weo) Pr(whs)

Pa(w)Pa(ete)
Pa (rn (i)oo>

Poi1 ((Wywl)m) = P, <Hn(l)0<>)

and  Ppny1 ((w',w)oo) =

An example of construction is given in appendix E

Notation. For m <n and A € M,,, the probability P,(A) is denoted P,(A) for simplicity.
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C.2 Properties.
C.2.1 Proposition 1
P, C Pyy1, i.e. Poy1(A) = Py(A) for any A € My, .

Proof. For A € My, pin(A) = U,e;, (((Aﬂﬂn(i)> X Fn(z)> U ((Aﬂfn(i)) X Hn(z)>> and then:

Pn+1(A): Z ( Z ( Z M + Z ( Z P”(W)Pn(wl) )
w’ €Ly (1)

i€l \weANI, (i) \w €l (i) Pn(Fn(i)) wEANT, (4) Pn(Hn(i)>

=Y PN A Pn(w)) =" Pu(w) =Pa(A).

i€l \wEANTIL, (i) WEANT (i) wEA
0oo
Corollary. Pn(Qs) = 1.
Derived from Py(Q2s) = 7(T) = 1 which is obvious.
Corollary of the corollary. P, is indeed a probability in the classical meaning.

Additivity, coherence are obtained by construction. Finiteness comes from the corollary.

C.2.2 Proposition 2

1. P, (Hn(i)> + P, (Fn(i)) - P"JEH(Z(;)) _ PP?((FN”Z))) for any i € I, ,

2. Ppy1 (un(bn) N A) = Pht1(bn) Pt (an (A7un(bn))) , for any A € My11,

3. Pn+1 (N M'n(bn) N A) = P7L+1(N bn)Pn+1 (fnJrl (A7 ~ M'rL(bn))) 5 for any A€ Mn+1 .

These propositions are proved recursively.
Proof of 1. Obvious in case 1; the difficulty arises for case 0.

Assume now case 0, and let (w,w’) € I, , i.e. w € py(by) and w’' €~ py (by).

Py (fu+1 (“’lv"’l»"u(bu)) ﬁw)

Then o) =P, (qu (qu (w'7 ~ (bl,)> Nw, uu(b,,))> , by the recur-
Py, | I, (3)
sion hypothesis over 2, and finally 5 = P, (fy+] (w', ~ [y (bl,)) N fot1 (w,,ul, (by))) .

Similarly, it is derived By = P, (fy+1 <w’7 ~ p,l,(b,,)> N fot1 <w7 oy (by)>) .

Pn (H’Vl (7’)> P’Vl (F’Vl (7’)>
Prnbn)  Pn(~bn)

Then

and the result is deduced from Py, (bn) + Pn(~ bn) = 1.

Proof of 2. Since P41 (T(w)) = Pn+1(w)M for w € U (Hn(z) X Fn(z)> , it comes:

P, (Hn(l)> i€ln

) P, (Hn(z)) P, (Fn (i))
Py (fn+1 (A, Hn(bn)>) = 1ezjn (WEANHHZ(“XF”(“) Ppii(w) P (Hn(i)> )
P (A0 (1D X 1)) Py (ja(0) 1 4)
P, (bn) - P, (by) :

i€1y

Proof of 3. Similar to 2.
ooo
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C.2.3 Conclusion.
Define Py, = UnEIN P, , that is VA € My.eo, Pso(A) = Pr(A).
By inheritance from P,, P is a probability over M, which verifies the property:

Poo(AN B) = Pao(A)Ps (foo(B,A)) . for any A € Ma

Define P(¢) = Pao (HB(QS))
Since B is a model of DmBL, it is clear that the additivity, coherence and finiteness are inherited
from P .

Now, it is noticed that F ¢ X 9 is equivalent to (¢|¢) = ¢
It is then implied:

PonD) = P (Hs(O)Ho()) = P (60)) Poc (1o (Hs(0), F(0)) ) = P (Ho(0) P (5(4))

Finally, P verifies the multiplicativity.
P is a probability over DmBL, .

Rational structure of P. Let X = { A, g€ / € € [[ycof{f,~0}}. For any ¢ € L, there is a
rational function Ry : R - R such that P(¢) =Ry <7T(U)|gez)

The proof is obvious from the construction.

D Conditional model: construction and comparison

First step construction (examples). In this paragraph, the objects Qu, fi, Ak, fr—1|k=0,1
i.e. one iteration, are explicitly constructed, as well as the associated probability extensions Py, P
(c.f. appendix E) It is assumed that Qo = {a,b,c}. This hypothesis cannot hold actually, but the
case is sufficiently simple to be handled, and sufficiently complex to be illustrative. By the way, only
the case 1 of the construction is considered. Case 0 is intractable in a true example.

In the sequel, the list A, is represented by the sequence A, (k) £1;1

will be identified.

. For simplicity, px(A) and A

k=0. By definition, the list Ag contains the elements of P(€0) \ {0, 0} . In this example, it
is chosen Ag = {a, b}, ¢, {b, c},a,{c,a},b and Py(a) = 0.2, Py(b) = 0.3, Po(c) =0.5.

k=1. Case 1 holds with by = {a,b}. It comes ; = {(a, ¢), (b, c), (¢,a), (e, b)} ,

po(@) = (@) po(®) = (1,6), o) = {(c,0), (e,
Pi(a) = Pi((a,0)) = RERS = 2595 = 0.2, Pi(b) = Pi((b,c)) = 259> = 0.3,

Py(a)Py(c . .
(c,0) = RS — 8202 — 0.2, Pi((c,b)) = 32583 = 03,

(
( 0
£ (a.{a, }) (iduT)((a,0)) = {(a, c) (c 0}, £i(bAab}) = (auT)((,0)) = {0, (e0)},
(( (dUT) ( ) { } f1<( b), c) = (1duT)((c,b)) = {(b,c),(c,b)},
file,e) = (1d uT) ({( a),(¢,b)}) =Q1, (other cases are obvious)
and Ay = {b,c},a,{c,a},b + P(Q1)\ P(Q0) + {a,b},c.

/-\\_/

Comparison with the Product Space CEA. The conditional of PSCEA [@] is defined by:
(S|X) = ((SmX) xe...) u(XCX(SmX)xe...)u(XCxXCx(SmX) xe...)u... :
where X and S are unconditioned propositions and U is the universe.

As a consequence, (S|X) = ((SI’TX) x U x ) U (XC X (S|X)) .
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By identifying X with X x U x U ..., as suggested by [@], the PSCEA appears as a fix point for
the equation (S|X) = (SN X)U (XC x (S|X)) .

Let compare this result with the case 1 of the model construction of DmBL, (the case 0 is just a
constrained version of case 1, accordingly to the logical rules of DmBL.).

Assuming A € M, it comes fpi1 (un(A),un(bn)> = (un(A) N un(bn)> U (N bn X (AN bn)> and
~ i (B0) 0 st (1 (A), pon (b)) =~ b X (A1b) .
Finally, it is deduced fr+1 (un(A),un(bn)> = (un(A)ﬂun(bn))U(N i (b)) frag1 (un(A),un(bn)>) .

By the way, it is recognized in both cases the logical fix point (¢|¢) = (¢ A ) V (ﬁd) N (z/)|¢)) .

Nevertheless, the similitude is limited. In the case of PSCEA, the fix point is defined globally for
any X simultaneously. In the case of DmBL., the iterations are individual (i.e. related to b, and
~ by); moreover, the conditional of DmBL, is defined for any propositions.

Then although a true comparison of PSCEA with DmBL needs a dedicated work, it seems possible to
state that PSCEA is somewhat more constrained than DmBL. (i.e. DmBL, is likely to specify the
unconditioned level less than PSCEA). In particular, the logical independence, specific to DmBL.,
will not infer significant consequences over the unconditioned level, as it is shown subsequently.

Logical independence and unconditional propositions. A thorough examination of
the definition (S]X) shows that (S|X) = S is equivalent to S=@ or S=U or X =U .

Now, let consider A and B two unconditioned propositions in the model of DmBL.. The model
construction implies that (B|A) is an unconditioned proposition if and only if A =0 or A = Q4 or
B=0{or AC B (cf also Lewis result discussed in section E) . Then (B|A) = B if and only if A =0
or A=QorB=0or B=Q.

It is seen that there is a slight difference, since DmBL. considers the case of empty conditioning:
whatever, it has been seen that the behavior of DmBL. was quite specific regarding to (-|L). But
essentially, both theories reduces the logical independence between unconditioned propositions to
trivial cases.

As a conclusion, the notion of logical independence does not change the status of the unconditioned
propositions: there is not a significant difference between DmBL, and PSCEA at the unconditioned
level about this notion.
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