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Abstract— We present and discuss a mixed conjunctive and and
disjunctive rule, a generalization of conflict repartition rules, and Z m(X)=1. 2)
a combination of these two rules. In the belief functions thery
one of the major problem is the conflict repartition enlightened
by the famous Zadeh’s example. To date, many combination rels The equation[{1) is the hypothesis of a closed world [6].

have been proposed in order to solve a solution to this probfe. \ve can define the belief function only with:
Moreover, it can be important to consider the specificity of he

responses of the experts. Since few year some unification ed are m(0) >0, (3)

proposed. We have shown in our previous works the interest of a

the proportional conflict redistribution rule. We propose here and the world is open [7]. In order to change an open world

redistribution rule modified by a discounting procedure. This space

rule generalizes many combination rules. pTh ’ imol diti . . ﬁ 1 rl]nl 2 .

Keywords: belief functions theory, conflict repartition, | ese S||mpfedC]9n. _|t|ons f'n heq%atll_of f( ) a ( )’h,g';]/e_ a

combination rules, proportional conflict redistribution arge panel of de Initions of the beliet functions, which 1S
one the difficulties of the theory. From these basic belief

rules. i . . X
assignments, other belief functions can be defined such as

I. INTRODUCTION the credibility and the plausibility. To keep a maximum of

Many fusion theories have been studied for the combinatidiformation, it is preferable to combine information givey
of the experts opinions such as voting rules [1], [2], poéhe basic belief ass_gnmentsmtoane_w basic pellef asgignm
sibility theory [3], [4], and belief functions theory [5]6]. and take_ _the deC|s_|0n on fthe obtame(_j l_JeI_lef fuqc_ﬂons. If
We can divide all these fusion approaches into four stef@® credibility function provides a pessimistic decisiahe
modelization parameters estimatiodepending on the model Plausibility function is often too optimistic. The pigrist
(not always necessaryypmbination and decision The most propablhty [7] is ger(;eral_ly considered as a compromise. It
difficult step is presumably the first one. However, it is onl{® 9iven for all.X € 2%, with X' 70 by:
at the combination step that we can add information such as I XNnY| m(Y)
the conflict between expert or the specificity of the expert's betP(X) = Z Y| 1-m(0)
response. Yee. v

The voting rules are not adapted to the modelization of The normalized conjunctive combination rule is the firserul
conflict between experts. If both possibility and probaypili proposed in the belief theory by [5]. In the belief functions
based theories can model imprecise and uncertain datatteiory one of the major problem is the conflict repartition
the same time, in a lot of applications experts can expresslightened by the famous Zadeh's example. To date, many
their certainty on their perception of the reality. As a tesucombination rules have been proposed, building a solution t
probabilities-based theory such as the belief functioe®th this problem [8]-[17]. Last years some unification ruleseéhav
is more adapted. been proposed [18]-[20].

The belief functions theory, also called evidence theory The remainder of the paper is organized as follows. Section
or Dempster-Shafer theory [5], [6] is based on the use thighlights the importance of the conflict in the classical
functions defined on the power ¥t (the set of all the subsetscombination rules. An historical point of view of the combi-
of ©), whereo© is the set of elements. Theseslief functions nation rules and the proportional conflict redistributiates
or basic belief assignments: are defined by the mapping ofare recalled. A general formulation for combination rulss i
the power se® onto [0, 1] with: presented in Sectidn]lll. First we propose a mixed rule betwe

the conjunctive and disjunctive rules in subseclla@nd
m(0) = 0, (1) a proportional conflict repartition rules with a discougtin

Xe2®

(4)



procedure in subsectiB. From these two new rules we; € [0,1] is the discounting factor of the expertthat is in
propose a more general rule in subsecII—C. SecEn itiis case the reliability of the expefteventually as a function
presents a discussion for a more general rule, and finally thieX < 2©.

sectiorﬂ' outlines the conclusions of the paper. An algarith Dubois and Prade [9] propose a mixed rule with a repartition
implementation is proposed in secti@ VI. of the partial conflict on the partial ignorance. Consediyent
the conflict is considered more precisely than previoudys T

Il. THE CLASSICAL COMBINATION RULES AND THE rule is given for two basic belief assignmemts andmy and

CONFLICT REPARTITION for all X € 29, X # 0 by:
A. An historical point of view
~ The first combination rule proposed by Dempster and Shafer ., | (x) = Z m1(A)ms(B)
is the normalized conjunctive combination rule given footw AMBex
basic belief assignments;; and m, and for all X € 2°, + Z m (A)my(B). (10)
X # 0 by:
AUB=X
1 -
mps(X) = 1—r Z ma(A)ma(B), () AnB=0
ANB=X The repartition of the conflict is important because of the
where b — Z m1(A)yms(B) is the global conflict of non-idempotency of the rules (except the rule of [17] that ca

ANt be applied when the dependency between experts is high) and
the combination. The problem enlightened by the famousie to the responses of the experts that can be conflicting.
Zadeh's example is the repartition of the global conflicHHence, we have define the auto-conflict [21] in order to
Indeed, conside® = {4, B,C} and two experts opinions quantify the intrinsic conflict of a mass and the distribatio
given by m;(4) = 0.9, m(C) = 0.1, andmz(B) = 0.9, of the conflict according to the number of experts.
m1(C) = 0.1, the mass given by the combinationiis(C') = . ) o
1. B. The proportional conflict redistribution rules

So as to resolve this problem Smets [10] proposes toDezert and Smarandache proposed a list of proportional
consider an open world, therefore the conjunctive rule is-noconflict redistribution PCR) methods [14], [22] to redistribute
normalized and we have for two basic belief assignments the partial conflict on the elements implied in the partial

andm, and for all X € 2° by: conflict.
The most efficient is th& CR rule given for two basic belief
Mconj(X) = Z ma(A)mz(B). (6)  assignmentsn, andm, and for all X € 29, X + () by:
ANB=X

Mconj() can be interpreted as a non-expected solution. In mpcr(X) = ”;(CO;J'(X%/J“ 2 (v
the Transferable Belief Model of Smets, the repartitionhe t m(X)"ma (V) ma(X)Pma )), 1
global conflict is done in the decision step by the pignisitic ves® my(X)+ma(Y) — ma(X)+mai(Y) (11)

probability (4). o
Yager [8] proposes to transfer the global conflict on the -
ignoranceo: wheremconj(.) iS the conjunctive rule given by the equation
. . e @). We have studied and formulated this rule for more than
my (X) B mconj (X), VA € 27\ {0, O} two experts in [16], [21]X € 2©, X # {):
my(©) = mconj(©) + mcon;(0) )
my(®) = 0.
M
These three based-conjunctive rules reduce the imprecisio mpcre(X) = mooni(X) + Zmi(X)Q
and uncertainty but can be used only if all the experts are P
reliable. In the other case a disjunctive combination rae c M-
be used [12] given for two basic belief assignments and H mai(j)(Yoi(j)) (12)
me and for all X € 2° by: Z j=1
M-1 ’
mpis(X) = > ma(A)ma(B). (8) Aﬁlyﬂ(mmxzw mi(X)+ > M, ;) (Yo, ()
AUB=X k=1 j=1

©\M-1
Of course with this rule we have a loss of specificity. (Yoi1)-Youu1))€(27)

When we can quantify the reliability of each expert, we cafhereY; € 2° is the response of the expeitm;(Y;) the

weaken the basic belief assignment before the combinasiondssociated belief function ang counts from 1 ta\/ avoiding
the discounting procedure: i

{ mf(X) = aym;(X), VX €29 < {0} oi(j) =17 if j <i, (13)

m}(0) = 1 - a(1—m,(O)). ®) { () =j+1 i j>i,



The idea is here to redistribute the masses of the fodal How to choose conjunctive and disjunctive rules?
elements giving a partial conflict proportionally to thetiial

We have seen that conjunctive rule reduces the imprecision
masses on these elements.

and uncertainty but can be used only if one of the experts is
reliable, whereas the disjunctive rule can be used when the
experts are not reliable, but allows a loss of specificity.

In [18], [20] we can find two propositions of a general Hence, Florea [15] proposes a weighted sum of these two
formulation of the combination rules. In the first one, Smetsiles according to the global confliét= mconj(?) given for
considers the combination rules from a matrix notation and € 2°, X # () by:
find the shape of this matrix according to some assumptions

IIl. A GENERAL FORMULATION FOR COMBINATION RULES

on the rule, such as linearity, commutativity, associgtj\étc. mio(X) = Br(k)mpis(X) + Ba(k)mconi (X), (15)
In the second one, a generic operator is defined from the ] 1 ] )
plausibility functions. where3; and 3, can admitk = 3 as symmetric weight:
A general formulation of the global conflict repartition leav I
been proposed in [11], [19] for alk € 2€ by: Gi(k) = ——,
1k k2 (16)
mc(X) = MConj (X) + w(X)mConj (@), (14) 62(/€) = m
where > w(X) = 1. The problem is the choice of theconsequently, if the global conflict is high fiear 1) the be-
. Xe20 havior of this rule will give more importance to the disjuinet
weightsw(X).

. rule. Thus, this rule considers the global conflict comirapfr
We have proposed also a parametrif&dR to decrease or . non-reliability of the experts.

increase the influence of many small values toward one largq, o der to take into account the weights more precisely

one. The fir:st way is. givgn bj?’CR()’f, applying a function j, gach partial combination, we propose the following new
on each belief value implied in the partial conflict. Any NON: 1o Eor two basic belief assignments, andm, and for all

decreasing positive functiofi defined on0, 1] can be used. € 29 we have:
M mmix(X) = Z d1mq (A)ma(B)
mpcret (X ) = Mcoon;i (X) + m; (X)) f(m; (X ALB=X (17)
porsr(X) = meony(X) + 3 i (X) (o (X) e S s (Ama(B).
M-1 ANB=X
H Mo, () You () Of course, if6; = Bi(k) and 6o = B2(k) we obtain the
Z =1 fYa Florea’s rule. In the same mannerjif= 1—4§, = 0 we obtain
M1 _ — the conjunctive rule and if; = 1—4, = 1 the disjunctive rule.
O Yo nX=0 f(ml(X))"‘Z Mo, () f Yo (5)) If 61(A, B) = 1—382(A, B) = 14459 We retrieve the Dubois
(Yo (1) seens Yoy (a11) ) E€(29) M1 =1 and Prade’s rule and the partial conflict can be considered,

whereas the ruld (5).

The second way, given by CR6g is to apply a similar  The choice ofs; = 1 — §, can be done by a dissimilarity
function g on the sum of belief functions given to a focakych as:

element.
|AN B
§(A,B)=1— ——— 18
mpcRreg( X ) =MConj (X)+Z m;(X) Z where|A| is the_ cgro_lina_lliw ofA. Note that is not a di_stance
i—1 Mt nor a proper dissimilaritye.g. §(A4, B) = 0 does not imply
1 Yo X =0 A = B). We can also take fof,, the Jaccard distance given
Yoy 1) Yoy (aa-1) ) E(29) M7 by:
i g 1 |AN B
[Ime On)| 5] g {mi QO Tme, ) (Yo, () (A B) = 0B (19)
j=1 Yo, () =X Yo,()=X
used by [23] on the belief functions. Thus, if we have a phrtia
Z g Z M) Yo () + mi(X)1x_,|  conflict betweend and B, |[AN B| = 0 and the rule transfers
Yo, (=2 the mass ond U B. In the caseA - B (or the contrary),
ZE{X, Yy, (1)s Yo, (-1} ANB = Aand AU B = B, so withJ the rule transfers

the mass oA and withd on A and B according to the rate
where 1 is the characteristic functionyd, is 1 if X = Z |A|/|B] of the cardinalities. In the casén B # A, B and({),
and O elsewhere). Nevertheless, here also the problem is tive rule transfers the mass ohn B and A U B according to
choice of the functiong andg. 0 andd.



Consider the following example for two experts orB. A discounting proportional conflict repartition rule

©={4,B,C}: The PCR6 redistributes the masses of the conflicting focal

0 A B |AUBlAUC ]| © elements proportionally to the initial masses on these etes
Expert1]| 0 031 0 0.4 0 0.3 For instance, consider three experts expressing theiriapin
Expert2| 0 | 0 | 02| O 05 | 03| OnO©={ADBC D}
MConj 0.06| 0.44| 0.14| 0.12 0.15 | 0.09 Al BlAUuC ]| ©
Accordingly, we obtain for; = §: Expert1] 0.7] O 0 0.3
Expert2| 0 | 0.5 0 0.5
0 |A]AUB|© Expert3| 0 | 0 | 06 |04
B 1 0 0 o
A0UC 10 172 0 The global conflict is given here by 0.21+0.14+0.09=0.44,
a) 0 0 0 coming fromA, B and AU C for 0.21, A, B and®© for 0.14

and©, B and A U C for 0.09. With the generalizeBBCR6
where the columns are the focal elements of the basic bekgfe (1) we obtain:

assignment given by the expert 1 and the lines are the focal
elements of the basic belief assignment given by expert 2. Thm
mass 0.06 o is transfered oM U B and the mass 0.2 on
A given by the responsed4 U B and A U C' is transfered on
A with a value of 0.1 and o® with the same value. For

7 7
pons(4) = 01440214021 72 +0.14 7 =~ 0.493,

5 5 5
mpors(B) = 0.06 +0.21 75 +0.14 7 +0.09 = =~ 0.194,

0 =1-dwe have: mpcrs(AUC) = 0.09 4 0.21 > 10,09 2 ~ 0.199,
1-d| AJAUB] © , B
AUuC | 1/2 2/3 1/3
© 28] 13 |0 First of all, the repartition is only on the elements given

Note thatd can be used when the experts are considered réfi€ partial conflict. We can apply a discounting procedure
able. In this case we consider the more precise responge. Wt the combination rule in order to transfer a part of the
d, we have the conjunctive rule only when the experts give tiRg"tial conflict on the partial ignorance. This new discangnt
same response, else we consider the doubtful responses ahi§f (noted DPCR) can be expressed Gf)or two basic belief
we transfer the masses in proportion of the imprecision ef t@SSignmentsn, andm, and for all. X € 2°, X # () by:
responses (given by the cardinalit_y qf the responses) on thr%DpCR(X) = Mconj(X)
part in agreement and on the pgrtlal |gnorancg. . Z ( m1(X)2ma(Y) ma(X)2my (Y))

For more than two experts, if the intersection of the re- mi(X)+ma(Y) | ma(X)+mi(Y)
sponses of the experts is not empty, we can still transfer on v e2°,

the intersection and the union, and the equafioh (18) besome  xnv=o (23)
(Yl’""YM)_l_TDﬂ' (20) YiUYy=X
1<i<M YinYa=0
From the equation[(19), we can defifiey: with a € [0, 1], the discounting factor.
V1N ...N Yyl In a general case fol experts, we could write this rule
oYy,..Yy)=1—- ————. 21 .
( 1y -eey M) |Y1U...UYM| ( ) as.
Finally, the rule is given by: M
inally, the rule is given by: mopor(X) = Meonj(X) + Zmz(X)g
M =1
—1
mmix(X) = Z 5(Y1,---,Y1\4)Hmj(yj) M, () You (7))
YiU..UYy=X 7j=1 ] i\J i(J
M (22) Z a Jj=1
+ > (=6, V) [ my (V) vt M
Yin..nYn=X j=1 kﬂlyﬁimmxzw mi(X)+Z Mo, (5) (Ym(j)) (24)
= =
This formulation can be interesting according to the cohét=:): Yo, (1)) €(27)*™

ence of the responses of the experts. However, this forroalat
does not allow the repartition of the partial conflict in aheat + Z (1-a) H m;(Y),
way than the Dubois and Prade’s rule. In the Iafte} (31) il (32 viu..uym=X =1
equations, we will simply write) instead ofé(Y1, ..., Yar). Yin...nYar=0



whereY; € 2° is a response of the expejt m;(Y;) its Thus the provided mass by th#PCR is:
assigned mass ang is given by ).

Hence, if we chooser = 0.9 in the previous example, we mppcr(A4) = 0.14 4+ 0.21 4+ 0.21 71 +0.14 72 ~ (.418,
obtain: 18 3 16 3
5 1 5 2 5 2
7 7 mDpCR(B) 2006+021— = +O.14— = +009— -
mppcr(A) = 01440214021 20.9+ 014709 18 3 16 3 14 3
~0.130,
~ 0.479,
6 1 6 2
5 5 mDpCR(A @] C) =0.094+0.21 — = +0.09 — = ~ 0.139,
mppcr(B) = 0.06 + 0.21 5 09+0.14 209 ) 18 3 14 3
5 mDpCR(A UBU C) =0.21 - = 0.140,
+0.09— 0.9 ~ 0.181, 3
1 (@)—006+01442+00932+0141
MDPCRLE) = T R VI

6 6
mppcer(AUC) = 0.09 + 0.21 ' 0.9+ 0.09 7 0.9 ~0.187,

1
+0.09 = ~ 0.173.
mppcr(AUBUC) =0.21 x 0.1 = 0.021, 3

4 3 We want to take account of the degree of conflict (or
mppcr () = 0.06 +0.14 16 0.9+0.09 14 0.9+0.14x 0.1 non-conflict) within each pair of expert differently for éac
element. We can consider the non-conflict function given for
each expert by the number of experts not in conflict with

Hence, we can choosg (Y1, ..., Yas) defined by the mappin
However, in this example, the partial conflict due to the M M) Y PpPing

1 .
experts 1, 2 and 3 saying respectively B, and A U C, the ©f (2°)" onto {0, 27 | With:
conflict is 0.21; nonetheless only the experts 1 and 2 and the

+0.09 x 0.1 >~ 0.132.

1

expert 2 and 3 are in conflict. The experts 1 and 3 are not a;(Yh,..Yy) = — — fi(Y1,...,Yn)

in conflict. Now, consider another case where the experts 1, M

2 and 3 say respectivelyt, B, andC with the same conflict Z Ly, nv,20) (27)
0.21. In these both cases, th&CR rule transfers the masses j=1,j#i o

with the same weightv. Although, we could prefer transfer = MM —1)

more mass or® in the second than in the first case. _ _ ) _
Consequently, the transfer of mass can depend on théhe discounting PCR rule (equatioh [24)) can be written
existence of conflict between each pair of experts. We defifff M experts as:

the conflict function giving the number of experts in conflict M
two by two for each responsg € 2° of the experti as the  mppcr(X) = Mconj(X) + Zmi(X)Q
number of responses of the other experts in conflict with i=1
1 M-1
ion f. i 1 i ey\M il
function f; is defined by the mapping ¢2°)** onto {O, M] H Mo, () Yor (7))
with: j=1
o Z il M-1
M—-1
> Ly, vy KRS S CUC R DECADILAE] Bt
1 = ) j=1
fi(Ye, oY) =2 (25) (Yo (1) sYor, (a1 E(29) M7
M(M —-1) M M
Hence, we can choose depending on the response of the + Z (1- Zai) H m;(Y;),
experts such as: YiU...UYay =X =1 j=1
M YiN...nYy =0
Yi,.,Yy)=1-— S(Y1, .. Yar). 26 .
V1, Vo) ;f( ! ) (26) where (X, Y5, 1), .., Yo,(m—1)) IS noted «; for

. . . notations and A depending on(X,Y; ),..., Yy (vr—1)),
In this casea € [0, 1], likewise we do not transfer the massg  chosen to obtain the normalization given by

on elements that can be written as the union of the responges equation EZ) A is given when a £ 0
. 1 L

of the experts. Vie {1,..., M} by:
Therefore, if we take again our previous example we obtain: T

oz(A,B,AUC’):l—%: oz(A,B,@):l—l*2

l - M
3’ 3 3 Zo‘i
i=1

1 2

C<a,y >



where< a,~ > is the scalar product ofe = (;)ieq1,.... 0} « can be given by the equatioE[ZG) afdby the equation
andy = (i)ieq1,..,ay With: [@0) or (21). The weights are taken to get a kind of continuity

between the mixed and DPCR rules. Actually, when the
(30) intersection of the responses is almost empty but not empty

we use the mixed rule and when this intersection is empty
mi(X)+me(7)(Y ) we chose théDPCR rule. In the first case all the mass is
transfered on the union and in the second one it will be the
wherev; (X, Y,, (1), .-, Yo,(m—1)) is Notedr; for notations.  same according to the partial conflict. Indeed= 0 if the

With this last version of the rule, fory; given by the intersection is notempty and= 1 if the intersection is empty.

equation [(2]7), we obtain on our illustrative example= 3% We can also introduce; given by the equatior{ (27), and this
when the experts 1, 2 and 3 say respectivéyB, andAUuC  continuity is conserved.

(the conflict is 0.21)\ = 18 when the conflict is 0.14 and This rule is given in a general case fof experts, for all
A= when the conflict i |s 0.09. Thus, the masses are giveéa € 2°, X # () by:
by: M
7136 ;11 Morer(X) = 3 S[[mi()
mDPCR(A) —014+021+021E6E+0 Egg YiU...UYy =X, =1
Yin.. ﬂYM#@
~ (.420,
+ m;
5 116 5 156 Z H i(
mDPCR(B)_006+014E6€+009_46ﬁ20101’ Yin...AYm=X,
6 136 6 156 Yin...nYa#£0
mpper (AU C) = 0.09+ 0.21 — = 0 40,09 — - > N
18 6 13 14 6 17 )
+ Z mi(X)
~0.143, Pt (32)
9 M-1
mpper(AUBUC) = 0.21 g —0.14 I 7o) Vo)
j=1
4116 3 156 s
mDPCR(e) =0.06+0.14 E g ? + 0.09 ﬂ g ﬁ M1 Z @ M—1
1 1 kﬂlYgi(k)mX:Q) ml(X)—i_Z mo'i(j) (YG'T(J))
= - = i j=1
+0.14 3 + 0.09 3~ 0.196. (Yo 1y Yorsgary €29 M1 J
This last version allows to consider a kind of degree of confli Z (1- H ‘
(a degree of pair of non-conflict), but this degree is not syea @ M
to introduce in the combination rule. YiU..UY =X

YiNn..NYy =0

C. A mixed discounting conflict repartition rule o
whereY; € 2% is the response of the expejt m;(Y;) the

From both new rules, the mixed rul¢ {22) and the dissssociated belief function and is given by [1B). This formula

countingPCR (@) we propose a combination of these rulegy |4 seem difficult to understand, but we can implement it
given for two basic belief assignments, andms and for all easily as shown in appenVI.

X €29 X #0 by: If we take again the previous example wittgiven by the
equation @O), there is no difference with tRPCR. If § is
muppcr(X) = Z 5my (Y1)ma(Ya) calculated by the equatioﬂZl), the only difference pestéd
the mass 0.09 coming from the responses of the three experts:
=X, ©, ® andAUC. This mass is transfered ohiu C' (0.06) and
YinYa#0 on © (0.03).
1-9 Y Y:
+ Z ( Jma (Yi)ma(Y2) IV. DISCUSSION TOWARD A MORE GENERAL RULE

YiNYo=X,

The rules presented in the previous section, propose a
YlﬂYQ;éw

9 9 (31) repartition of the masses giving a partial conflict only (whe
+ Z @ ( m (X)) ma(Y) ma(X) ml(Y)), at most two experts are in discord) and do not take heed
ves® mi(X)+ma(Y)  ma(X)+mi(Y) of the level of imprecision of the responses of the experts

’ (the nonspecificity of the responses). The imprecision ef th

XNy =0 ) . .

: responses of each expert is only considered by the mixed and
+ Z (1 = a)mi(Y1)mz(Yz). MDPCR rules when there is no conflict between the experts.
Y1UY2=X In the mixed rule, if the intersection of the responses of the

YiNYa=0 experts is empty, the best way is not necessarily to tratiséer



mass on the union. For example, if three experts 4ay B,

AU C, D, two experts agree od. So, it could be better to

transfer the mass od andAuU BUC U D.

Consider M experts, we define the set of subsets of the

responses of the experts that are not in conflict:

Ek(Yl, ,YM) = {{Y;],...,}/ik},ij el:
Ic{l,...M}|I|= kaﬂ?zlyij # 0},

where Y; is the response of the expeirt Additionally, we
definek = argmax; {e # 0}. In the previous example; =
es={{AUB,AUC, AU D}}.

In the M case experts, we defin€2) for all Z € <;; with

(33)

Z={Y;,...,.Y; } as:
|k, Vi,
5(2)y=1—- —2L=— 3 | 34
(2) ] (34)
je{1,....k}

An extended mixed rule foM experts can be written:

M
meMix(X) = Z Z 5(Z)Hmj(yj)
YiU..UYy=X Zeeg(Yi,..,Yar) J=1
(1-3(2) 1 (35)
* 2 |aE(Y1,...,YM)|J1;[1mj(Yj)'

{Yi, -,---1Yi§}:Z€5§(Y1-,---1YM)
Yi;N..nYi-=X,

This rule keep the spirit of the mixed rule. Nevertheles

Fig. 1. Two conflicting focal elements sets

in the focal elemenB U E, but only through its presence in
the disjunction of all the focal elementd&:U BUC U D UE.

V. CONCLUSIONS

In this paper, we propose some solutions to deal with the
conflict and to weigh the imprecision of the responses of
the experts, from the classical combination rules. Thus, we
first consider a mixed rule provided by a weighted sum of
the conjunctive and disjunctive rules. The weights are @efin
from a measure of nonspecifity calculated by the cardinality
of the responses of the experts. This rule transfers théapart
conflict on partial ignorance. Again, the proportional cimfl
distribution rule redistributes the partial conflict on #lement
implied in this conflict. We propose an extension of this e
a discounting procedure, thereby, a part of the partial @infl
is also redistributed on the partial ignorance. So as to tifyan
this part, we introduce a measure of conflict between pair

imagine a very high mass of compared to the masses orPf experts and another measure of non-conflict between pair

AUB and AUC in the previous example. Therefore, we woul
prefer transfer the mass proportionally énand on the other

connected elementd U B and A U C' in the spirit of DPCR.

For the mass allocated on these connected elements, we

&f experts. In order to take heed of the nonspecifity and to

redistributed the partial conflict, we propose a fused rifle o
these two new rules. This new rule is made in such way that we
refgin a kind of continuity of the mass on the partial ign@en
between both cases with and without partial conflict. Fipall

apply the extended mixed rulEMix. Consequently, in the

case of conflict between all the experts, we must find whidlf® Propose to discuss a more general rule that can deal with
experts are in conflict togethee,g. the connected responseéhe nonspecifity of each response of the expert also in ttee cas

of the experts. This partial conflict is more precise than ti¥th partial conflict between some partition of the experts..
partial conflict provided considering all the responseshaf t "€ comments of these new rules show that the classical

experts. Thus, we obtain an extendédPCR. combination rules in the belief functions theory cannotetak
To computes;. taking into accound/ focal classes having at prec_isely int_o account the nonspecifity of the experts aed th
most a sizd©| = n, we have to read all the focal classes, ang2rtial conflict of the experts. We can introduce more and
count how often each singleton appears in the focal classBore artificial -or not- measures of imperfections (conflict
O(nM) operations. For each of these singletons, we mighPnspecificity, and so on) in the conjunctive and disjurectiv
have to distribute a part of the local conflict overfocal Ccombination rules. Another point to treat in a futur work is
classes. Each/-uple of focal elements can request a treatmefPW these rules perform in pratical applications.
of O(n?M?) operations, as < M and |e;| < n. If each
belief function hasp focal elements, global complexity is
bounded byO(n2M?2p). Formula [3P), like most of the formula of this article, seems
Figureﬂ shows two sets of four focal elements with asimpler when expressed through an algorithm instead of a
empty intersection. In the left situation, each singletsrain direct expression ofrn(X). We list all the M-uples of focal
intersection of two focal elements, and every intersectbn elements of thel/ belief functions.
three focal elements i#. Sok is 2, andes is {{AU B,BU An input belief functione is an association of a list of
c}H{BuC,CuD},{CuD,AUD},{AUB,AUD}}. focal elements and their masses. We wgite(e) the number
In the right situationA appears in three focal elemenisjn  of its focal elements. The focal classes afe], e[2], ...,
two, and the other singletons appear only in one focal elémetysize(e)]. The mass associated to a classs e(c), written
Sok is 3, andes is {{AU B, AUC AU D}}. The singleton with parenthesis. The cardinality of a focal elemeff is
E does not receive any part of the conflict due to its presenakso writtensize(e[i]).

VI. APPENDIX— MDPCR ALGORITHM



to

The principle of the algorithrﬂ 1 is to use the variabtel
build all the n-uples of focal elements of the input

[4] D. Dubois and H. PradeRossibility Theory: An Approach to Computer-
ized Processing of Uncertainty Location: Plenum Press, New York,
1988.

belief functions. Then, if the intersection of these is flot [5] A.P. Dempster, “Upper and Lower probabilities inducgdeébmultivalued

or equivalent tof), the corresponding conjunctive mass (the

product of all the masses of the focal elements instheple)

is

put on the intersection; otherwise, it is distributed rotree

input focal elements and their disjunction.

Algorithm 1: Fusion by the MDPCR combination rule

Data: M expertsex: ex[1]...ex[M]
Result Fusion ofex by MDPCR rule :ep

for = 1to M do
L foreach c in ex[i] do

| Appendc to cl[i];

foreach ind in [1, size(cl[1])] x [1, size(cl[2])] X ...
[1, size(cl[M])] do
0 = 1 -size(s) I miny ;< pr(size(cl[i][ind[i]]));
s « ©; lprod « 1; Isum « O; lu + 0;
for i = 1to M do

s «— sNdli][ind[i]];

Iprod « lprod x ex[i](cl[i][ind[i]]);

lsum « lsum + ex[i](cl[i][ind][i]]);
| lu — luUclfi];
s = () then

nc «— 0;

for i =1 to M do

for j=1to M, j#ido

| if clli] N ellj] = 0 then nc — nc+ 1;

if

a—1-ne/(M(M-1));
for i =1to M do
ep(exlillindlil]) — a.ep(ex[i][ind[i]]) +
| ex[i](cl[i][ind[i]]) * Iprod /Isum;
| ep(lu) — ep(lu) 4+ (1 — a) * Iprod,;
else
ep(s) — ep(s) + (1 — §) = Iprod,;
| ep(lu) — ep(lu) + § *Iprod;

the French state (FNADT), the Brittany region and the Fren%]
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