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Introduction

General belief functions usually bear some intenal conflict, which
comes mainly from disjoint focal elements. Analogously there is often
someconflict between two (or more) belief functions (BFs). This
theoretical contribution nfroduces a new approach to conflcts of BFs.
between BFs are here considered independently of any
combination rule and of any distance measure.
The suggested b istsed on t £ BFs in
general; two important special cases based on consonant inverse pignis-
tic and consonant inverse pmmmm» transformations are discussed
Their dea is based on our previous study of conflicts of BFs

Probabilistic approximations of belief functions were used in several

previous approaches, e.g. pignistic probability in W. Liu's

Non-conflicting Parts of Belief Functions

Theorem 1 Any BF (a,5) on 2-clement frame of discernment 2, is Dempster's sum of its unique
non-c rmjln ting part (ayhy) € ,US, and of ts unique conflicting part (s € S, which does not

ey clement of 0, . @) = apby) @

It holds true that s =
similarly that 5

a0l and (a,b) = (0,

(s.5) fora <b.

@, : existence of the unique non-

“Theorem 2 () For any BF Bel definedon 0, thereexits unique (%
consonant BF Bel, such that, h(Bel, @ Bely) = h(Bel) for any B
Belgsuch that Bel, @ U, o

nal degree of conflct and in pignistic conflit and normalized plausibi-
lity of singletons in plausibiity conflict

Representation of Belief Functions by 2-2 tuples

2 basic belief masses:
m(o)

We can represent a BF by enumerantion of i
g (m, o (ab) = n(fo, mifos), e

g7 (dy, dy dy dys dy, dy) = (mlfer,f, mifey), mifer)),
m{,w, o e, o). whera mO)0. 545
Graphically, we can represent them by the triangle in the case of 2., by
3D simplex in the case of quasi-Bayesian BFs on 2, and by 6D
i the case of general BFs on

Conflicts of Belief Functions

Bely confctng s i, > 0 m,m > 0.for XY = 21
Soter (76 weigheot ofict beswesn BFs AT

Qi (o) = 106, mif)) = /36,1 56,

(to mimercally demtcl, b ndepentd BFs 1, 1)

but, both intuitively and racionally no conflict between them

Almond (95) mg(2) s hardly interpretable as a conflict between BFs
W Liu (06) be always interp t

New approach: Daniel IPMU'I0
total combinational conflict mgy(&) - nternal conflcts of nput BFs
conflit between input BFs
3 approaches to conflict; conflict x difference, distance
lausibility,

+conflict based on non-conflicting parts at BELIEF'14.

Plausibility Conflict

Definition 1 The internal plausibility conflict PI-IniC of a B Bel is de-
fined as PL-InC(Bel) = 1 - max,,_oPi({e), where Pl is the plausibility
corresponding to Bel.

Conflict between (based on preference/oppositon of element of frame):
indecisive BFs: PI_P(0) = I/n .. all o, same support (no preference)
in general

PLP(0) > I .. 0,

some elements PI_P(@,) < L/ ... @, is opposed
He: e st syportioppsc-+ same lemens with s PLP
value: no conflict betw
conflicting elements: supp«u ted/preferred by Bel, and opposed by Bel,
et of max PI_P elements (if disjoint sets)
D e (Bel, Bely) ...setof conflicting elements
Definition 2 Plausibility conflict between BFs Bel, and Bel, i defined
PEC(Bel Bely) = min PLCBel Bely), (m, @ m(0). where
PLGi(Bel,Bel) = 3 IPLAW)-PLA)
wenncua)

Combinational and Comparative Conflict

TotClm, m) = (.. wal comb mnnm Cim) internal conflicts
TotCm, m my) + IntClim) + C

Cmy.my ot confhe eween . s

12 TorClim,, my) < IniCmy) < TotCim,)

TGl - Il iGlmy) < Clm, m < TorClm, m)
Specification of (part) of belief mass(es) to less focal clement(s).
nflicting iffthey have common

my and m, are comparatively non-c
specialization.

Comparative conflict between BFs Bel, and Bel, is the least difference
of more specified bbms derived from the input bbims m, and ;.

Liu’s Degree of Conflict

cf(mu,my) = (mg (8), &if BetP)
difBetP! = maz agn(|BetP,(4) — BotPu, (4))

Lemma 1 éifBetPey = § e [BetFin, ()~ BetFo, (]|

existence of
Bel,of a BF Bel, such that Bel = Bely @ Bel,

—
p N
(o) fora>band |
ot
oun
»

Conflict between Belief Functions based of their Non-Conflicting Parts

Bel' @ Bel” = Bel'y @ Bel's @ Bel', @ Bel'

X: {on} ()} {en} fonen} {wnen) fwses}

- e, Oy @ (@ oI 0100 om0 020
ide B, Bel’y By el mon-<onficting wih any BE FIE T
internal conflicts of Bel’, Bel” in Bel's, Bel"s ;. (ovvﬂwl bewe vmr' Bel"  pm(X): 0100 0200 040 000 000 030

is between Bel', Bel",

PIP'= (0.45.0.20.0.35). PL_P" = (0.40,0.35,0.25), PL_P"" =

3 Let Bel’, Bel" be two belief functions on
discemment 9, = fo, - Let Bel'y and Bel” be their non-
conflicting parts and m', " the related basic belicf assignmens (bbas),
We define conflict between BFs Bel’ and Bel" as

nep-Conf(Bel', Bel”) = mpu,opay (8) = (moOmg)(©)-

ment frame of (040.0:450.15)

AWASODOISHS OIS, iy = (1B002800:50)
~ (LUSO2SAS D145, T
Bel") = 0 and ('mr/rkw"lx’. 1) = /45 - 5140~ 1772 3nd

o B~ 1045 545 5 545 - 1545 - 31

NEW: an Idea of a Conflict Based on a Consonant Approximation

P stic approximatons:
ma.m of some kind of conflicting information

- internal confliets of input belief are increased

- we do not know, what is their effect to conflict "between”

consonant inverse contour approximation;
iC: PLPGC(Bel)) = PLP(Bel)

consonant inverse pignistic approximation:
iBet: BetP(iBet(Bel)) = BetP(Bel)

Several advantages: no internal conflicts,
entire conflict of these appro. i ‘between'

0 addional information nor internal conflict

New Idea ™
- 10 use of inverse of probabilistic transformations
specially, consonant inverse approximations
s
- consonant, thus internally -
analogy to o

Inverse Contour and Inverse Pignistic Consonant Confli

Definition 4 Inverse contour conflctis defined by formula  Basic propert
iC-Conf(Bely, Bela) = Y som1(X)icma(Y),
where X.¥ c Q, xnv=a

Inverse pignistic conflict is analogously defined by

ConfiBel,Bel,) = 01 fo | PL(fw,) > PL{fs )0, | P
ConfBel, Bel,) = T ... (K. Ye)(Bel)(X) = | = Bely(¥) & XY=

(i) Symmetry: ConfiBel, Bel) - ConjiBel.

(i) ConfBel.Bel) = 0. ABF is not conflcting with telf.

—k uniquelly defined + probabilistic approx. kept

s (of both i

‘onf and iBet-Conf):

i) Non-negativity and boundary conditions: 0 < ConfiBel, Bel,) < I,

o) > Plifo) @

Bt Conf (Bt Bo) = s (KmamaY), (3 ConlBl V57 - . Viwows B s sronlein ity v
e.)

where XY @,

Non-conflictness of qBBFs:

(no distance used:; triangle inequality does not hold true

Theorem 3 (i) Let Bel,, Bel, be any quasi Bayesian BFs on general finite frame of
discernment €, given by bbas m, and m,
For both conflicts iC-Confand iBet-Conf betwaen Bel, and B, it holds that

Conf(Bely, Belg) < E (X)ma(Y).

Gi) Equality Conf(Bel, Bel. . 50y (0m3) holds i both BF Bel and Bel,are
consonant (even not qB

Jand iBet-Confe iC-Conflin,my) =23 = 0 = iBer-Confim, m),

my = (L0.0.0.0.0), my = (13.0.0.0.0.23), my = (0.0.12,12,00.,  iC-Confim,m) =0 < 1/4 = iBet-Conflmym,).

Comparison of Consonant Conflicts with Previous Approaches

Equivalence of inverse contour confli

iC-Conf o nep-Conf

‘Theorem 4 Consonant inverse contour conflict iC-Conf is equivalent to

conflict between belief functions based on their non-conflicting parts

nep-Conf, ie., for any pair of BFs Bel’ Bel” on general @, it holds that
iC-ConfiBel'Bel") = nep-ConfiBel’ Bel”)

Counter example against Theorem 2 from Belief 14 on 2,
mylfer, @)
There is P

=03
Sy om (Omo(1)=0 < 0.15=iBet-Conflm, m) < 0.30=1C-Conflim,m.),

Summary and Conclusions

A new definition of conflict between belief functions on a general frame of disc.
-+ comparison with previous approaches

simplification of PI-C while keeping its nature, conflict size produced in a way
ompatible with combinational conflict, thus improvement of both approaches

“This approach to conflicts increases general understanding of conflicts and BFs
in general; it enables better combination of conflicting BFs in real applications.
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Comparison with Plausibility Confli
Same on-onfctes e bth o 9
Same non-conflictness for BB

S nn-conlcien o o-Conon o,

For more detai se¢ (5]

ofBel , Bel ) =(0,0) implies iBet-Conf~0;
st st onf=
for more detail see [5].

Combinational approach: some kind of improvement,

but nun—Lump‘a\mlc in gcm’m‘ docs not hold Oenf S me(®)
rative appro:

o ooty St d pscalzaionofBF)

Comparison with/to Harmagee's conflict (scc LCSQARU'1S).




