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Specificities:

1 - Integrity constraints of the static (or dynamic) fusion problem in the modeling.
2 - Fusion of uncertain, high conflicting and imprecise sources with PCR5
3 - New probabilistic transformation of mass of belief into probability (DSmP).

A very short introduction to DSmT
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Abstract – This paper presents the solution about the
threat of a VBIED (Vehicle-Borne Improvised Explosive
Device) obtained with the DSmT (Dezert-Smarandache
Theory). This problem has been proposed recently to the
authors by Simon Maskell and John Lavery as a typi-
cal illustrative example to try to compare the di!erent
approaches for dealing with uncertainty for decision-
making support. The purpose of this paper is to show
in details how a solid justified solution can be obtained
from DSmT approach and its fusion rules thanks to a
proper modeling of the belief functions involved in this
problem.

Keywords: Information fusion, DSmT, Threat assess-
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1 The VBIED problem

• Concern: VBIED (Vehicle-Borne Improvised Ex-
plosive Device) attack on an administrative build-
ing B

• Prior information: We consider an Individual
A under surveillance due to previous unstable be-
havior who drives customized white Toyota (WT)
vehicle.

• Observation done at time t ! 10 min: From a
video sensor on road that leads to building B 10
min ago, one has observed a White Toyota 200m
from the building B traveling in normal tra!c flow
toward building B. We consider the following two
sources of information based on this video obser-
vation available at time t ! 10 min:

– Source 1: An Analyst 1 with 10 years expe-
rience analyses the video and concludes that
individual A is now probably near building B.

– Source 2: An Automatic Number Plate
Recognition (ANPR) system analyzing same
video outputs 30% probability that the vehi-
cle is individual A’s white Toyota.

• Observation done at time t ! 5 min: From a
video sensor on road 15km from building B 5 min
ago one gets a video that indicates a white Toy-
ota with some resemblance to individual A’s white
Toyota. We consider the following thrid source of
information based on this video observation avail-
able at time t ! 5 min:

– Source 3: An Analyst 2 (new in post) analy-
ses this video and concludes that it is improb-
able that individual A is near building B.

• Question 1: Should building B be evacuated?

• Question 2: Is experience (Analyst 1) more valu-
able than physics (the ANPR system) combined
with inexperience (Analyst 2)? How do we model
that?

NOTE: Deception (e.g., individual A using di"erent
car, false number plates, etc.) and biasing (on the part
of the analysts) are often a part of reality, but they are
not part of this example.

2 Modeling the VBIED problem
Before applying DSmT fusion techniques to solve this

VIEB problem it is important to model the problem in
the framework of belief functions.

2.1 Marginal frames with their models

The marginal frames involved in this problem are:

• Frame related with individuals:

#1 = {A = Suspicious person, Ā = not A}

• Frame related with the vehicle:

#2 = {V = White Toyota Vehicle, V̄ = not V }
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not part of this example.

2 Modeling the VBIED problem
Before applying DSmT fusion techniques to solve this

VIEB problem it is important to model the problem in
the framework of belief functions.

2.1 Marginal frames with their models

The marginal frames involved in this problem are:

• Frame related with individuals:

#1 = {A = Suspicious person, Ā = not A}

• Frame related with the vehicle:

#2 = {V = White Toyota Vehicle, V̄ = not V }
• Frame related with a position w.r.t the given build-

ing B:

!3 = {B = near building, B̄ = not B}

The underlying models of marginal frames are based on
the following very reasonable assumptions:

• Assumption 1: We assume naturally A ! Ā =
" there is no quantum living people (to avoid
Shrödinger cat paradox) !!! If working only with
the frame of people !P , the marginal bba’s must
be then be defined on the power-set

2!1 = {"1, A, Ā, A # Ā}

• Assumption 2: We assume also that V !V̄ = " so
that the marginal bba (if needed) must be defined
on the power-set

2!2 = {"2, V, V̄ , V # V̄ }

• Assumption 3: We assume also that L!L̄ = " so
that the marginal bba (if needed) must be defined
on the power-set

2!3 = {"3, L, L̄, L # L̄}

This modeling is disputable since the notion of
closeness/”near” is not clearly defined and we
could prefer to work on

D!3 = {"3, B ! B̄, B, B̄, B # B̄}

The emptyset elements have been indexed by the
index of the frame they are referring to for notation
convenience and avoiding confusion.

2.2 Joint frame and its model

Since we need to work with all aspects of available
information, we need to define a common joint frame
to express all what we have from di"erent sources of
information. The easiest way for defining the joint
frame, denoted !, is to consider the classical Carte-
sian (cross) product space and to work with propo-
sitions (a Lindenbaum-Tarski algebra of propositions)
since one has a correspondence between sets and propo-
sitions [5, 6], i.e.

! = !1 $ !2 $ !3

which consists of the following 8 triplets elements

! = {!1 = (Ā, V̄ , B̄), !2 = (A, V̄ , B̄),

!3 = (Ā, V, B̄), !4 = (A, V, B̄),

!5 = (Ā, V̄ , B), !6 = (A, V̄ , B),

!7 = (Ā, V, B), !8 = (A, V, B)}

We define the union # , intersection ! as componen-
twise operators in the following way:

(x1, x2, x3) # (y1, y2, y3) ! (x1 # y1, x2 # y2, x3 # y3)

(x1, x2, x3) ! (y1, y2, y3) ! (x1 ! y1, x2 ! y2, x3 ! y3)

The complement X̄ of X is defined in the usual way by

X̄ = (x1, x2, x3) ! It \ {X}

where It is the total ignorance (i.e. the whole space of
solutions) which corresponds to the maximal element
defined by It = (It1, It2, It3), where Iti is the maximal
(ignorance) of !i, i = 1, 2, 3. The minimum element
(absolute empty proposition) is "a = ("1, "2, "3), where
"i is the minimum element (empty proposition) of
!i. We also define a relative minimum element in
S!1!!2!!3 as follows: "r = (x, y, z), where at least
one of the components x, y, or z is a minimal element
in its respective frame !i. A general relative minimum
element "gr is defined as the union/join of all relative
minima (including the absolute minimum element).
Similarly to the relative and general relative minimum
we can define a relative maximum and a general
relative maximum, where the empty set in the above
definitions is replaced by the total ignorance. Whence
the super-power set (S!,!,#, ¯ , "a, It) is equivalent
to Lindenbaum-Tarski algebra of propositions.

For example, if we consider !1 = {x1, x2} and !2 =
{y1, y2} satisfying both Shafer’s model, then ! = !1 $
!2 = {(x1, y1), (x1, y2), (x2, y1), (x2, y2)}, and one has:

"a = ("1, "2)

"r1 = ("1, y1)

"r2 = ("1, y2)

"r3 = ("1, y1 # y2)

"r4 = (x1, "2)

"r5 = (x2, "2)

"r6 = (x1 # x2, "2)

and thus

"gr = "a # "r1 # "r2 # . . . # "r6

Based on definition of joint frame ! with operations
on its elements, we need to choose its underlying model
(Shafers, free or hybrid model) to define its fusion sapce
where the bba’s will be defined on. According to the
defintion of absolute and relative minimal elements, we
then assume for the given VIEB problem that ! satis-
fies Shafer’s model, i.e. all (triplets) elements !i % !
are exclusive, so that the bba’s of sources will be defined
on the classical power-set 2!.
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We also define a relative minimum element in S!1!!2!!3 as follows: $r = (x, y, z), where at least one of the
components x, y, or z is a minimal element in its respective frame !i. A general relative minimum element
$gr is defined as the union/join of all relative minima (including the absolute minimum element). Similarly to
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where the empty set in the above definitions is replaced by the total ignorance. Whence the super-power set
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$r4 = (x1, $2)
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and thus
$gr = $ " $r1 " $r2 " . . . " $r6

Based on definition of joint frame ! with operations on its elements, we need to choose its underlying model
(Shafer’s, free or hybrid model) to define its fusion space where the bba’s will be defined on. According to the
definition of absolute and relative minimal elements, we then assume for the given VIEB problem that ! satisfies
Shafer’s model, i.e. all (triplets) elements !i % ! are exclusive, so that the bba’s of sources will be defined on
the classical power-set 2!.

2.3 Supporting hypotheses for decision

In the VIEB problem the main question (Q1) is related with the security of people in the building B. The
potential danger related with this building is of course !8 = (A, V, B) i.e. the presence of A in his/her car V near
the building B. This is however and unfortunately not the only origin of the danger since the threat can also
come from the possible presence of V (possible A’s improvised explosive vehicle) parked near the building B even
if A has left his/her car and is not himself/herself near the building. This second origin of danger is represented
by !7 = (Ā, V, B). There exists also a third origin of the danger represented by !6 = (A, V̄ , B) which reflects the
possibility to have A near the building without V car. !6 is also dangerous for the building B since A can try to
commit a suicidal terrorism attack as human bomb against the building. Therefore based on these three sources
of potential danger, the most reasonable/prudent supporting hypothesis for decision-making is consider

!6 " !7 " !8 = (A, V̄ , B) " (Ā, V, B) " (A, V, B)
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Decision-support hypotheses of threats
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come from the possible presence of V (possible A’s improvised explosive vehicle) parked near the building B even
if A has left his/her car and is not himself/herself near the building. This second origin of danger is represented
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«Optimistic» point of view
«Cautious» point of view

«Very cautious» point of view

Other possible threats

which consists of the following 8 triplets elements

! = !1 ! !2 ! !3

= {!1 ! (Ā, V̄ , B̄), !2 ! (A, V̄ , B̄), !3 ! (Ā, V, B̄), !4 ! (A, V, B̄),

!5 ! (Ā, V̄ , B), !6 ! (A, V̄ , B), !7 ! (Ā, V, B), !8 ! (A, V, B)}

!6 ! (A, V̄ , B), !7 ! (Ā, V, B), and !8 ! (A, V, B)

Threat " !8 = (A, V, B)

Threat " !7 # !8 = (Ā, V, B) # (A, V, B)

Threat " !6 # !7 # !8 = (A, V̄ , B) # (Ā, V, B) # (A, V, B)

Threat " !6 # !7orThreat " !6 # !8

We define the union # , intersection $ as componentwise operators in the following way:

(x1, x2, x3) # (y1, y2, y3) ! (x1 # y1, x2 # y2, x3 # y3)

(x1, x2, x3) $ (y1, y2, y3) ! (x1 $ y1, x2 $ y2, x3 $ y3)

The complement X̄ of X is defined in the usual way by

X̄ = (x1, x2, x3) ! It \ {X}

where It is the total ignorance (i.e. the whole space of solutions) which corresponds to the maximal element
defined by It = (It1, It2, It3), where Iti is the maximal (ignorance) of !i, i = 1, 2, 3. The minimum element
(absolute empty proposition) is % = (%1, %2, %3), where %i is the minimum element (empty proposition) of !i.
We also define a relative minimum element in S!1!!2!!3 as follows: %r = (x, y, z), where at least one of the
components x, y, or z is a minimal element in its respective frame !i. A general relative minimum element
%gr is defined as the union/join of all relative minima (including the absolute minimum element). Similarly to
the relative and general relative minimum we can define a relative maximum and a general relative maximum,
where the empty set in the above definitions is replaced by the total ignorance. Whence the super-power set
(S!,$,#, ¯ , %, It) is equivalent to Lindenbaum-Tarski algebra of propositions.

For example, if we consider !1 = {x1, x2} and !2 = {y1, y2} satisfying both Shafer’s model, then ! = !1!!2 =
{(x1, y1), (x1, y2), (x2, y1), (x2, y2)}, and one has:

% = (%1, %2)

%r1 = (%1, y1)

%r2 = (%1, y2)

%r3 = (%1, y1 # y2)

%r4 = (x1, %2)

%r5 = (x2, %2)

%r6 = (x1 # x2, %2)

and thus

%gr = % # %r1 # %r2 # . . . # %r6

Based on definition of joint frame ! with operations on its elements, we need to choose its underlying model
(Shafer’s, free or hybrid model) to define its fusion space where the bba’s will be defined on. According to the
definition of absolute and relative minimal elements, we then assume for the given VIEB problem that ! satisfies
Shafer’s model, i.e. all (triplets) elements !i & ! are exclusive, so that the bba’s of sources will be defined on
the classical power-set 2!.
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X̄ = (x1, x2, x3) ! It \ {X}

where It is the total ignorance (i.e. the whole space of solutions) which corresponds to the maximal element
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where the empty set in the above definitions is replaced by the total ignorance. Whence the super-power set
(S!,$,#, ¯ , %, It) is equivalent to Lindenbaum-Tarski algebra of propositions.

For example, if we consider !1 = {x1, x2} and !2 = {y1, y2} satisfying both Shafer’s model, then ! = !1!!2 =
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and thus
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Based on definition of joint frame ! with operations on its elements, we need to choose its underlying model
(Shafer’s, free or hybrid model) to define its fusion space where the bba’s will be defined on. According to the
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Modeling the inputs (case 1)
Source 0 (prior information):   Suspect A drives a White Toyota

m0(θ4 ∪ θ8 = (A, V, B̄) ∪ (A, V, B)) = 1

Source 1 (Analyst 1, 10 years experience):   A is  probably near the building B

Source 2 (ANPR system):  30% probability that it is Aʼs white Toyota observed

Source 3 (Analyst 2, no experience):  It is  improbable that A is near the building B

m1(θ6 ∪ θ8 = (A, V̄ , B) ∪ (A, V, B)) = 0.75 m1(It) = 0.25

m3(It) = 0.75m3(θ6 ∪ θ8 = (A, V̄ , B) ∪ (A, V, B)) = 0.25

m2(θ4 ∪ θ8 = (A, V, B̄) ∪ (A, V, B)) = 0.30 m2(θ4 ∪ θ8) = 0.70

Numerical values for m1 and m3 are ad-hoc but reflect the trend of what is expressed 
by sources 1 and 3. They can be changed (see next slides) in a finer analysis.

Questions to answer:

which consists of the following 8 triplets elements

! = !1 ! !2 ! !3

= {!1 ! (Ā, V̄ , B̄), !2 ! (A, V̄ , B̄), !3 ! (Ā, V, B̄), !4 ! (A, V, B̄),

!5 ! (Ā, V̄ , B), !6 ! (A, V̄ , B), !7 ! (Ā, V, B), !8 ! (A, V, B)}

!6 ! (A, V̄ , B), !7 ! (Ā, V, B), and !8 ! (A, V, B)

Threat " !8 = (A, V, B)

Threat " !7 # !8 = (Ā, V, B) # (A, V, B)

Threat " !6 # !7 # !8 = (A, V̄ , B) # (Ā, V, B) # (A, V, B)

Threat " !6, !7, !6 # !7 or !6 # !8

It ! Total ignorance

We define the union # , intersection $ as componentwise operators in the following way:

(x1, x2, x3) # (y1, y2, y3) ! (x1 # y1, x2 # y2, x3 # y3)

(x1, x2, x3) $ (y1, y2, y3) ! (x1 $ y1, x2 $ y2, x3 $ y3)

The complement X̄ of X is defined in the usual way by

X̄ = (x1, x2, x3) ! It \ {X}

where It is the total ignorance (i.e. the whole space of solutions) which corresponds to the maximal element
defined by It = (It1, It2, It3), where Iti is the maximal (ignorance) of !i, i = 1, 2, 3. The minimum element
(absolute empty proposition) is % = (%1, %2, %3), where %i is the minimum element (empty proposition) of !i.
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Fusion results and answer to Q1

focal element mPCR5(.) mPCR6(.)
!1 ! !2 ! !3 ! !5 ! !6 ! !7 0.19740 0.16811
!8 0.24375 0.24375
!4 ! !8 0.33826 0.29641
!6 ! !8 0.11029 0.14587
It 0.11029 0.14587

Table 2: Results of m0 ! m1 ! m2 ! m3 for Table 1.

Singletons DSmP!,PCR5(.) DSmP!,PCR6(.)
!1 0.0333 0.0286
!2 0.0333 0.0286
!3 0.0333 0.0286
!4 0.0018 0.0018
!5 0.0333 0.0286
!6 0.0338 0.0292
!7 0.0333 0.0286
!8 0.7977 0.8260

Table 3: DSmP! of m0 ! m1 ! m2 ! m3 for Table 1.

From fusion result of Table 2, one gets when considering
!8 only

• with PCR5: !(!8) = !(!̄8) = 0.5588

P (!8) " [0.24375, 0.8026]

P (!̄8) " [0.1974, 0.7562]

• with PCR6: !(!8) = !(!̄8) = 0.5881

P (!8) " [0.24375, 0.8319]

P (!̄8) " [0.1681, 0.7562]

where !(X) = Pl(X) # Bel(X) is the imprecision
related to P (X).

If we are only interested by the fact that there is
potentially a dangerous White Toyota vehicle near the
building B, without regards to the presence or not of
the suspicious individual A (he/she may have left the
car parked with explosive in it near the building). Then
we are concerned only in the evaluation of the propo-
sition supporting B and V which is !7 $ !8. Therefore
from the fusion result of Table 2, one gets

• with PCR5: !(!7 $ !8) = !(!7 $ !8) = 0.7562

P (!7 $ !8) " [0.24375, 1]

P (!7 $ !8) " [0, 0.7562]

• with PCR6: !(!7 $ !8) = !(!7 $ !8) = 0.7562

P (!7 $ !8) " [0.24375, 1]

P (!7 $ !8) " [0, 0.7562]

If one approximates the bba’s into probabilistic mea-
sures with DSmP transformation2, one gets results with
" = 0.001 presented in Table 3, more specifically one
gets very high probabilities in !8 or in !7 $ !8 because

DSmP!,PCR5(!8) = 0.7977

DSmP!,PCR6(!8) = 0.8260

DSmP!,PCR5(!7 $ !8) = 0.8310

DSmP!,PCR6(!7 $ !8) = 0.8546

- Answer to Q1: One sees that the result provided
by PCR6 is less precise than with PCR5, but PCR6
provides higher upper bound on P (!8) than with
PCR5. Based on these very imprecise results, it
is very di"cult to take the right decision without
decision-making error because the sources of infor-
mation are highly uncertain and conflicting, but
the analysis of lower and upper bounds show that
the most reasonable answer to the question based
either on max of credibility or max of plausibility is
to evacuate the building B since Bel(!8) > Bel(!̄8)
and also Pl(!8) > Pl(!̄8). Same conclusion must
be drawn when considering the element theta7$!8.
The same conclusion also is drawn (more easier)
based on DSmP values. In summary, the answer
to Q1 is : Evacuation of the building B.

In order to answer to the second question (Q2), let’s
compute the fusion results of the fusion m0 ! m2 and
m0 ! m1 ! m3 using inputs given in Table 1. The fu-
sion results with corresponding DSmP are given in the
Tables 4-7.

focal element mPCR5(.) mPCR6(.)
!1 ! !2 ! !3 ! !5 ! !6 ! !7 0.28824 0.28824
!4 ! !8 0.71176 0.71176

Table 4: Result of m0 ! m2.

Singletons DSmP!,PCR5(.) DSmP!,PCR6(.)
!1 0.0480 0.0480
!2 0.0480 0.0480
!3 0.0480 0.0480
!4 0.3559 0.3559
!5 0.0480 0.0480
!6 0.0480 0.0480
!7 0.0480 0.0480
!8 0.3559 0.3559

Table 5: DSmP! of m0 ! m2.

2DSmP transformation has been introduced and justified in
details by the authors in the book [6] (Vol.3, Chap. 3) freely
downloadable from the web with many examples, and therefore
it will not be presented here.

focal element mPCR5(.) mPCR6(.)
!1 ! !2 ! !3 ! !5 ! !6 ! !7 0.19740 0.16811
!8 0.24375 0.24375
!4 ! !8 0.33826 0.29641
!6 ! !8 0.11029 0.14587
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Table 3: DSmP! of m0 ! m1 ! m2 ! m3 for Table 1.

From fusion result of Table 2, one gets when considering
!8 only

• with PCR5: !(!8) = !(!̄8) = 0.5588

P (!8) " [0.24375, 0.8026]

P (!̄8) " [0.1974, 0.7562]

• with PCR6: !(!8) = !(!̄8) = 0.5881

P (!8) " [0.24375, 0.8319]
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where !(X) = Pl(X) # Bel(X) is the imprecision
related to P (X).

If we are only interested by the fact that there is
potentially a dangerous White Toyota vehicle near the
building B, without regards to the presence or not of
the suspicious individual A (he/she may have left the
car parked with explosive in it near the building). Then
we are concerned only in the evaluation of the propo-
sition supporting B and V which is !7 $ !8. Therefore
from the fusion result of Table 2, one gets

• with PCR5: !(!7 $ !8) = !(!7 $ !8) = 0.7562

P (!7 $ !8) " [0.24375, 1]

P (!7 $ !8) " [0, 0.7562]

• with PCR6: !(!7 $ !8) = !(!7 $ !8) = 0.7562

P (!7 $ !8) " [0.24375, 1]

P (!7 $ !8) " [0, 0.7562]

If one approximates the bba’s into probabilistic mea-
sures with DSmP transformation2, one gets results with
" = 0.001 presented in Table 3, more specifically one
gets very high probabilities in !8 or in !7 $ !8 because

DSmP!,PCR5(!8) = 0.7977

DSmP!,PCR6(!8) = 0.8260

DSmP!,PCR5(!7 $ !8) = 0.8310

DSmP!,PCR6(!7 $ !8) = 0.8546

- Answer to Q1: One sees that the result provided
by PCR6 is less precise than with PCR5, but PCR6
provides higher upper bound on P (!8) than with
PCR5. Based on these very imprecise results, it
is very di"cult to take the right decision without
decision-making error because the sources of infor-
mation are highly uncertain and conflicting, but
the analysis of lower and upper bounds show that
the most reasonable answer to the question based
either on max of credibility or max of plausibility is
to evacuate the building B since Bel(!8) > Bel(!̄8)
and also Pl(!8) > Pl(!̄8). Same conclusion must
be drawn when considering the element theta7$!8.
The same conclusion also is drawn (more easier)
based on DSmP values. In summary, the answer
to Q1 is : Evacuation of the building B.

In order to answer to the second question (Q2), let’s
compute the fusion results of the fusion m0 ! m2 and
m0 ! m1 ! m3 using inputs given in Table 1. The fu-
sion results with corresponding DSmP are given in the
Tables 4-7.

focal element mPCR5(.) mPCR6(.)
!1 ! !2 ! !3 ! !5 ! !6 ! !7 0.28824 0.28824
!4 ! !8 0.71176 0.71176

Table 4: Result of m0 ! m2.

Singletons DSmP!,PCR5(.) DSmP!,PCR6(.)
!1 0.0480 0.0480
!2 0.0480 0.0480
!3 0.0480 0.0480
!4 0.3559 0.3559
!5 0.0480 0.0480
!6 0.0480 0.0480
!7 0.0480 0.0480
!8 0.3559 0.3559

Table 5: DSmP! of m0 ! m2.

2DSmP transformation has been introduced and justified in
details by the authors in the book [6] (Vol.3, Chap. 3) freely
downloadable from the web with many examples, and therefore
it will not be presented here.

• Reliability of source 1: One knows that Analyst
# 1 has 10 years experience, so we must consider
him/her having a good reliability (say greater than
75%) or to be less precise we can just assign to him
a qualitative reliability factor with minimal num-
ber of labels in {L1 = not good, L2 = good}. Here
we should choose !1 = L2. As first approximation,
we can consider !1 = 1.

• Reliability of source 2: No information about
the reliability of ANPR system is explicitly given.
We may consider that if such device is used it is
because it is also considered as a valuable tool and
thus we assume it has a good reliability too, that is
!2 = 1. If we are prudent we should consider the
reliability factor of this source as totally unknown
and thus we should take it as very imprecise with
!2 = [0, 1] (or qualitatively as !2 = [L0, L3]). If
we are more optimistic and consider ANPR system
as reliable enough, we could take !2 a bit more
precise with !2 = [0.75, 1] (i.e. !2 ! 0.75) or just
qualitatively as !2 = L2.

• Reliability of source 3: It is said explicitly that
Analyst 2 is new in post, which means that Ana-
lyst 2 has no great experience and it can be inferred
logically that it is less reliable than Analyst 1 so
that we must choose !3 < !1. But we can also
have a very young brillant analyst who perform
very well too with respect to the older Analyst 1.
So to be more cautious/prudent, we should also
consider the case of unknown reliability factor !3

by taking qualitatively !3 = [L0, L3] or quantita-
tively by taking !3 as a very imprecise value that
is !3 = [0, 1].

2.5 Importance of sources

Not that much is explicitly said about the importance of
the sources of information in the VIEB problem state-
ment, but the fact that Analyst 1 has ten years expe-
rience and Analyst 2 is new in post, so that it seems
logical to choose as importance factor "1 > "3. The
importances discounting factors have been introduced
and presented by the authors in [2, 7]. As a prudent
attitude we could choose also "0 = [0, 1] = [L0, L3]
and "2 = [0, 1] = [L0, L3] (vey imprecise values). If
we consider that the prior information and the source 2
(ANPR) have the same importance, we could just take
"0 = "1 = 1 to make derivations easier and adopt a
more optimistic point of view1.

3 Solution of VIEB problem
We apply PCR5 and PCR6 fusion rules developed

originally in the DSmT framework to get the solution

1Of course the importance discounting factors can also be cho-
sen arbitrarily from exogenous information upon the desiderata
of the fusion system designer. This question is out of the scope
of this paper.

of the VIEB problem. PCR5 has been developed by
the authors in [6], Vol.2, and PCR6 is a variant of
PCR5 proposed by Arnaud Martin and Christophe
Osswald in [3]. Several codes for using PCR5 and
PCR6 have been proposed in the literature for example
in [3, 1, 7] and are available to the authors upon request.

Two cases are explored depending on the taking into
account or not of the reliability and the importance of
sources in the fusion process. To simplify the presenta-
tion of the results we denote the focal elements involved
in this VIEB problem as:

f1 ! #4 " #8

f2 ! #6 " #8

f3 ! #1 " #2 " #3 " #5 " #6 " #7 = #4 " #8

f4 ! It = #1 " #2 " #3 " #4 " #5 " #6 " #7 " #8

Only these focal elements are involved in inputs of
the problem and we recall the two questions that we
must answer:

Question 1 (Q1): Should building B be evacuated?
The question 1 must be answered by analyzing

the level of belief and plausibility committed in the
propositions supporting B through the fusion process.

Question 2 (Q2): Is experience (Analyst 1) more
valuable than physics (the ANPR system) combined
with inexperience (Analyst 2)? How do we model that?

The question 2 must be answered by analyzing and
comparing the results of the fusion m1 # m3 (or even-
tually m0 # m1 # m3) with respect to m2 only (resp.
m0 # m2).

3.1 Without reliability and importance

We provide here the solutions of the VIEB problem
with direct PCR5 and PCR6 fusion of the sources
for di!erent qualitative inputs summarized in the
tables below. We also present the result of DSmP
probabilistic transformation [6] (Vol.3, Chap. 3) of
resulting bba’s to get and approximate probability
measure of elements of ". No importance and reliabil-
ity discounting has been applied since in this section,
we consider that all sources have same importances
and same reliabilities.

Example 1: We take the bba’s described in section
2.3, that is

focal element m0(.) m1(.) m2(.) m3(.)
!4 ! !8 1 0 0.3 0
!6 ! !8 0 0.75 0 0.25
!4 ! !8 0 0 0.7 0
It 0 0.25 0 0.75

Table 1: Quantitative inputs of VIEB problem.

Answer to Q1 : Evacuation of the building

Assumption:  All sources have same fiability and importance

3.1 Without reliability and importance

We provide here the solutions of the VIEB problem with direct PCR5 and PCR6 fusion of the sources for
di!erent qualitative inputs summarized in the tables below. We also present the result of DSmP probabilistic
transformation [6] (Vol.3, Chap. 3) of resulting bba’s to get and approximate probability measure of elements of
". No importance and reliability discounting has been applied since in this section, we consider that all sources
have same importances and same reliabilities.

Example 1: We take the bba’s described in section 2.3, that is

focal element m0(.) m1(.) m2(.) m3(.)
!4 ! !8 1 0 0.3 0
!6 ! !8 0 0.75 0 0.25
!4 ! !8 0 0 0.7 0
It 0 0.25 0 0.75

Table 1: Quantitative inputs of VIEB problem.

focal element mPCR5(.) mPCR6(.)
!1 ! !2 ! !3 ! !5 ! !6 ! !7 0.19741 0.16811
!8 0.24375 0.24375
!4 ! !8 0.33826 0.29641
!6 ! !8 0.11029 0.14587
It 0.11029 0.14587

Table 2: Results of m0 ! m1 ! m2 ! m3 for Table 1.

Singletons DSmP!,PCR5(.) DSmP!,PCR6(.)
!1 0.0333 0.0286
!2 0.0333 0.0286
!3 0.0333 0.0286
!4 0.0018 0.0018
!5 0.0333 0.0286
!6 0.0338 0.0292
!7 0.0333 0.0286
!8 0.7977 0.8260

Table 3: DSmP! of m0 ! m1 ! m2 ! m3 for Table 1.

Singletons BetPPCR5(.) BetPPCR6(.)
!1 0.0467 0.0463
!2 0.0467 0.0463
!3 0.0467 0.0463
!4 0.1829 0.1664
!5 0.0467 0.0463
!6 0.1018 0.1192
!7 0.0467 0.0463
!8 0.4818 0.4831

Table 4: BetP of m0 ! m1 ! m2 ! m3 for Table 1.

From fusion result of Table 2, one gets for the danger supporting hypothesis !6 "!7 "!8 (the worst scenario case)

• with PCR5: #(!6 " !7 " !8) = 0.64596

P (!6 " !7 " !8) # [0.35404, 1]

P (!6 " !7 " !8) # [0, 0.64596]
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• with PCR6: !(!6 ! !7 ! !8) = 0.61038

P (!6 ! !7 ! !8) " [0.38962, 1]

P (!6 ! !7 ! !8) " [0, 0.61038]

where !(X) = Pl(X) # Bel(X) is the imprecision related to P (X). It is worth to note that
!(X̄) = Pl(X̄) # Bel(X̄) = !(X) because Pl(X̄) = 1 # Bel(X) and Bel(X̄) = 1 # Pl(X).

If we consider only !7 ! !8 = (Ā, V, B)! (A, V, B) as danger supporting hypothesis then from the fusion result
of Table 2, one gets

• with PCR5: !(!7 ! !8) = 0.75625
P (!7 ! !8) " [0.24375, 1]

P (!7 ! !8) " [0, 0.75625]

• with PCR6: !(!7 ! !8) = 0.75625
P (!7 ! !8) " [0.24375, 1]

P (!7 ! !8) " [0, 0.75625]

If we are more optimistic and we consider only the danger supporting hypothesis !8, then one gets

• with PCR5: !(!8) = 0.55884
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• with PCR6: !(!8) = !(!̄8) = 0.58814

P (!8) " [0.24375, 0.83189]

P (!̄8) " [0.16811, 0.75625]

If one approximates the bba’s into probabilistic measures with DSmP transformation2, one gets results with
" = 0.001 presented in Table 3. One gets the higher probability on !8 with respect to other alternatives and also
DSmP (!6 ! !7 ! !8) = 0.8648. If one prefers to use the pignistic3 probability transformation [8], one gets the
results given in Table 4. One sees clearly that PIC4 of DSmP is higher that PIC of BetP which makes decision
easier to take with DSmP than with BetP in favor of !6 ! !7 ! !8, or !7 ! !8, or !8.

- Answer to Q1: One sees that the result provided by PCR6 and PCR5 are very close and do not change
fundamentally the final decision to take. Based on these very imprecise results, it is very di"cult to take
the right decision without decision-making error because the sources of information are highly uncertain
and conflicting, but the analysis of lower and upper bounds shows that the most reasonable answer to
the question based either on max of credibility or max of plausibility is to evacuate the building B since
Bel(!6 ! !7 ! !8) > Bel(!6 ! !7 ! !8) and also Pl(!6 ! !7 ! !8) > Pl(!6 ! !7 ! !8). The same conclusion is
drawn when considering the element !7 ! !8 or !8 alone. The same conclusion also is drawn (more easier)
based on DSmP or on BetP values. In summary, the answer to Q1 is: Evacuation of the building B.

In order to answer to the second question (Q2), let’s compute the fusion results of the fusion m0 $ m2 and
m0 $ m1 $ m3 using inputs given in Table 1. The fusion results with corresponding DSmP and BetP are given
in the Tables 5-6.

Based on m0$m2 fusion result, one gets a total imprecision !02(!6!!7!!8) = 1 when considering !6!!7!!8

or !7 ! !8 since
P (!6 ! !7 ! !8) " [0, 1]

2DSmP transformation has been introduced and justified in details by the authors in the book [6] (Vol.3, Chap. 3) freely
downloadable from the web with many examples, and therefore it will not be presented here.

3BetP is the most used transformation to approximate a mass of belief into a subjective probability measure. It has been proposed
by Philippe Smets in nineties.

4The PIC (probabilistic information content) criteria has been introduced by John Sudano in [9] and is noting but the dual of
normalized Shannon entropy. PIC is in [0, 1] and PIC = 1 if the probability measure assigns a probability one only on a particular
singleton of the frame, and PIC = 0 if all elements of the frame are equi-probable.
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P(.) is in [Bel(.),Pl(.)]

Inputs (case 1)

PCR6

PCR5

PCR5 PCR6

3.1 Without reliability and importance

We provide here the solutions of the VBIED problem with direct PCR5 and PCR6 fusion of the sources for
di!erent qualitative inputs summarized in the tables below. We also present the result of DSmP probabilistic
transformation [6] (Vol.3, Chap. 3) of resulting bba’s to get and approximate probability measure of elements of
". No importance and reliability discounting has been applied since in this section, we consider that all sources
have same importances and same reliabilities.

Example 1: We take the bba’s described in section 2.3, that is

focal element m0(.) m1(.) m2(.) m3(.)
!4 ! !8 1 0 0.3 0
!6 ! !8 0 0.75 0 0.25
!4 ! !8 0 0 0.7 0
It 0 0.25 0 0.75

Table 1: Quantitative inputs of VBIED problem.

focal element mPCR5(.) mPCR6(.)
!1 ! !2 ! !3 ! !5 ! !6 ! !7 0.19741 0.16811
!8 0.24375 0.24375
!4 ! !8 0.33826 0.29641
!6 ! !8 0.11029 0.14587
It 0.11029 0.14587

Table 2: Results of m0 ! m1 ! m2 ! m3 for Table 1.

Singletons DSmP!,PCR5(.) DSmP!,PCR6(.)
!1 0.0333 0.0286
!2 0.0333 0.0286
!3 0.0333 0.0286
!4 0.0018 0.0018
!5 0.0333 0.0286
!6 0.0338 0.0292
!7 0.0333 0.0286
!8 0.7977 0.8260

Table 3: DSmP! of m0 ! m1 ! m2 ! m3 for Table 1.

Singletons BetPPCR5(.) BetPPCR6(.)
!1 0.0467 0.0463
!2 0.0467 0.0463
!3 0.0467 0.0463
!4 0.1829 0.1664
!5 0.0467 0.0463
!6 0.1018 0.1192
!7 0.0467 0.0463
!8 0.4818 0.4831

Table 4: BetP of m0 ! m1 ! m2 ! m3 for Table 1.

From fusion result of Table 2, one gets for the danger supporting hypothesis !6 "!7 "!8 (the worst scenario case)

• with PCR5: #(!6 " !7 " !8) = 0.64596

P (!6 " !7 " !8) # [0.35404, 1]

P (!6 " !7 " !8) # [0, 0.64596]
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Fusion results and answer to Q2

Answer to Q2 : (Analyst1,Analyst2) is more specific and informative than APNR

Based on m0 !m2 fusion result, one gets a large im-
precision on P (!8) since !02(!8) = !02(!̄8) = 0.71176
with

P (!8) " [0, 0.71176]

P (!̄8) " [0.28824, 1]

and total imprecision when considering !7 # !8 since

P (!7 # !8) " [0, 1]

P (!7 # !8) " [0, 1]

Based on max of Bel or max of Pl criteria3 the deci-
sion using m0 ! m2 (i.e. with prior information m0

and ANPR system m2) should be to NOT evacuate the
building B. Same decision would be taken based on
DSmP values.

focal element mPCR5(.) mPCR6(.)
!8 0.8125 0.8125
!4 ! !8 0.1875 0.1875

Table 6: Result of m0 ! m1 ! m3.

Singletons DSmP!,PCR5(.) DSmP!,PCR6(.)
!1 0 0
!2 0 0
!3 0 0
!4 0.0002 0.0002
!5 0 0
!6 0 0
!7 0 0
!8 0.9998 0.9998

Table 7: DSmP! of m0 ! m1 ! m3.

Based on m0 ! m1 ! m3 fusion result, one gets
!013(!8) = !013(!̄8) = 0.1875 and

P (!8) " [0.8125, 1]

P (!̄8) " [0, 0.1875]

and also
P (!7 # !8) " [0.8125, 1]

P (!7 # !8) " [0, 0.1875]

Based on max of Bel or max of Pl criteria, the de-
cision using m0 ! m1 ! m3 (i.e. with prior informa-
tion m0 and both analysts) should be to evacuate the
building B. Same decision would be taken based on
DSmP values. It is worth to note that the precision on
the result obtained with m0 ! m1 ! m3 is much bet-
ter than with m0 ! m2 since !013(!8) < !02(!8), or
!013(!7 # !8) < !02(!7 # !8). Moreover it is easy to
verify that m0 ! m1 ! m3 fusion system is more infor-
mative than m0 ! m2 fusion system because Shannon
entropy of DSmP of m0!m2 is much bigger than Shan-
non entropy of DSmP of m0 ! m1 ! m3.

3We consider here only !8 for decision-making since it is not
possible to take any rational decision from !7 ! !8 because of the
full imprecision range of P (!7 ! !8).

- Answer to Q2: Since the information obtained
by the fusion m0 ! m2 is less informative and less
precise than the information obtained with the
fusion m0 ! m1 ! m3, it is better to choose and
to trust the fusion system m0 ! m1 ! m3 rather
than m0 ! m2. Based on this choice, the final
decision will be to evacuate the building B which
is consistent with answer to question Q1.

Example 2: Let’s modify a bit the previous Table 1
and take higher belief for sources 1 and 3 as

focal element m0(.) m1(.) m2(.) m3(.)
!4 ! !8 1 0 0.3 0
!6 ! !8 0 0.9 0 0.1
!4 ! !8 0 0 0.7 0
It 0 0.1 0 0.9

Table 8: Quantitative inputs of VIEB problem.

The results of the fusion m0 ! m1 ! m2 ! m3 using
PCR5 and PCR6 and the corresponding DSmP values
are given in tables 9-10.

focal element mPCR5(.) mPCR6(.)
!1 ! !2 ! !3 ! !5 ! !6 ! !7 0.16525 0.14865
!8 0.27300 0.27300
!4 ! !8 0.26308 0.23935
!6 ! !8 0.14934 0.16950
It 0.14934 0.16950

Table 9: Results of m0 ! m1 ! m2 ! m3 for Table 8.

Singletons DSmP!,PCR5(.) DSmP!,PCR6(.)
!1 0.0281 0.0254
!2 0.0281 0.0254
!3 0.0281 0.0254
!4 0.0015 0.0015
!5 0.0281 0.0254
!6 0.0286 0.0260
!7 0.0281 0.0254
!8 0.8295 0.8456

Table 10: DSmP! of m0 ! m1 ! m2 ! m3 for Table 8.

From fusion result of Table 9, one gets when considering
!8 only

• with PCR5: !(!8) = !(!̄8) = 0.5617

P (!8) " [0.27300, 0.8347]

P (!̄8) " [0.1653, 0.7270]

• with PCR6: !(!8) = !(!̄8) = 0.5784

P (!8) " [0.27300, 0.8514]

P (!̄8) " [0.1486, 0.7270]

Based on m0 !m2 fusion result, one gets a large im-
precision on P (!8) since !02(!8) = !02(!̄8) = 0.71176
with

P (!8) " [0, 0.71176]

P (!̄8) " [0.28824, 1]

and total imprecision when considering !7 # !8 since

P (!7 # !8) " [0, 1]

P (!7 # !8) " [0, 1]

Based on max of Bel or max of Pl criteria3 the deci-
sion using m0 ! m2 (i.e. with prior information m0

and ANPR system m2) should be to NOT evacuate the
building B. Same decision would be taken based on
DSmP values.

focal element mPCR5(.) mPCR6(.)
!8 0.8125 0.8125
!4 ! !8 0.1875 0.1875

Table 6: Result of m0 ! m1 ! m3.

Singletons DSmP!,PCR5(.) DSmP!,PCR6(.)
!1 0 0
!2 0 0
!3 0 0
!4 0.0002 0.0002
!5 0 0
!6 0 0
!7 0 0
!8 0.9998 0.9998

Table 7: DSmP! of m0 ! m1 ! m3.

Based on m0 ! m1 ! m3 fusion result, one gets
!013(!8) = !013(!̄8) = 0.1875 and

P (!8) " [0.8125, 1]

P (!̄8) " [0, 0.1875]

and also
P (!7 # !8) " [0.8125, 1]

P (!7 # !8) " [0, 0.1875]

Based on max of Bel or max of Pl criteria, the de-
cision using m0 ! m1 ! m3 (i.e. with prior informa-
tion m0 and both analysts) should be to evacuate the
building B. Same decision would be taken based on
DSmP values. It is worth to note that the precision on
the result obtained with m0 ! m1 ! m3 is much bet-
ter than with m0 ! m2 since !013(!8) < !02(!8), or
!013(!7 # !8) < !02(!7 # !8). Moreover it is easy to
verify that m0 ! m1 ! m3 fusion system is more infor-
mative than m0 ! m2 fusion system because Shannon
entropy of DSmP of m0!m2 is much bigger than Shan-
non entropy of DSmP of m0 ! m1 ! m3.

3We consider here only !8 for decision-making since it is not
possible to take any rational decision from !7 ! !8 because of the
full imprecision range of P (!7 ! !8).

- Answer to Q2: Since the information obtained
by the fusion m0 ! m2 is less informative and less
precise than the information obtained with the
fusion m0 ! m1 ! m3, it is better to choose and
to trust the fusion system m0 ! m1 ! m3 rather
than m0 ! m2. Based on this choice, the final
decision will be to evacuate the building B which
is consistent with answer to question Q1.

Example 2: Let’s modify a bit the previous Table 1
and take higher belief for sources 1 and 3 as

focal element m0(.) m1(.) m2(.) m3(.)
!4 ! !8 1 0 0.3 0
!6 ! !8 0 0.9 0 0.1
!4 ! !8 0 0 0.7 0
It 0 0.1 0 0.9

Table 8: Quantitative inputs of VIEB problem.

The results of the fusion m0 ! m1 ! m2 ! m3 using
PCR5 and PCR6 and the corresponding DSmP values
are given in tables 9-10.

focal element mPCR5(.) mPCR6(.)
!1 ! !2 ! !3 ! !5 ! !6 ! !7 0.16525 0.14865
!8 0.27300 0.27300
!4 ! !8 0.26308 0.23935
!6 ! !8 0.14934 0.16950
It 0.14934 0.16950

Table 9: Results of m0 ! m1 ! m2 ! m3 for Table 8.

Singletons DSmP!,PCR5(.) DSmP!,PCR6(.)
!1 0.0281 0.0254
!2 0.0281 0.0254
!3 0.0281 0.0254
!4 0.0015 0.0015
!5 0.0281 0.0254
!6 0.0286 0.0260
!7 0.0281 0.0254
!8 0.8295 0.8456

Table 10: DSmP! of m0 ! m1 ! m2 ! m3 for Table 8.

From fusion result of Table 9, one gets when considering
!8 only

• with PCR5: !(!8) = !(!̄8) = 0.5617

P (!8) " [0.27300, 0.8347]

P (!̄8) " [0.1653, 0.7270]

• with PCR6: !(!8) = !(!̄8) = 0.5784

P (!8) " [0.27300, 0.8514]

P (!̄8) " [0.1486, 0.7270]

m0 ⊕m1 ⊕m3

focal element mPCR5(.) mPCR6(.)
!1 ! !2 ! !3 ! !5 ! !6 ! !7 0.19740 0.16811
!8 0.24375 0.24375
!4 ! !8 0.33826 0.29641
!6 ! !8 0.11029 0.14587
It 0.11029 0.14587

Table 2: Results of m0 ! m1 ! m2 ! m3 for Table 1.

Singletons DSmP!,PCR5(.) DSmP!,PCR6(.)
!1 0.0333 0.0286
!2 0.0333 0.0286
!3 0.0333 0.0286
!4 0.0018 0.0018
!5 0.0333 0.0286
!6 0.0338 0.0292
!7 0.0333 0.0286
!8 0.7977 0.8260

Table 3: DSmP! of m0 ! m1 ! m2 ! m3 for Table 1.

From fusion result of Table 2, one gets when considering
!8 only

• with PCR5: !(!8) = !(!̄8) = 0.5588

P (!8) " [0.24375, 0.8026]

P (!̄8) " [0.1974, 0.7562]

• with PCR6: !(!8) = !(!̄8) = 0.5881

P (!8) " [0.24375, 0.8319]

P (!̄8) " [0.1681, 0.7562]

where !(X) = Pl(X) # Bel(X) is the imprecision
related to P (X).

If we are only interested by the fact that there is
potentially a dangerous White Toyota vehicle near the
building B, without regards to the presence or not of
the suspicious individual A (he/she may have left the
car parked with explosive in it near the building). Then
we are concerned only in the evaluation of the propo-
sition supporting B and V which is !7 $ !8. Therefore
from the fusion result of Table 2, one gets

• with PCR5: !(!7 $ !8) = !(!7 $ !8) = 0.7562

P (!7 $ !8) " [0.24375, 1]

P (!7 $ !8) " [0, 0.7562]

• with PCR6: !(!7 $ !8) = !(!7 $ !8) = 0.7562

P (!7 $ !8) " [0.24375, 1]

P (!7 $ !8) " [0, 0.7562]

If one approximates the bba’s into probabilistic mea-
sures with DSmP transformation2, one gets results with
" = 0.001 presented in Table 3, more specifically one
gets very high probabilities in !8 or in !7 $ !8 because

DSmP!,PCR5(!8) = 0.7977

DSmP!,PCR6(!8) = 0.8260

DSmP!,PCR5(!7 $ !8) = 0.8310

DSmP!,PCR6(!7 $ !8) = 0.8546

- Answer to Q1: One sees that the result provided
by PCR6 is less precise than with PCR5, but PCR6
provides higher upper bound on P (!8) than with
PCR5. Based on these very imprecise results, it
is very di"cult to take the right decision without
decision-making error because the sources of infor-
mation are highly uncertain and conflicting, but
the analysis of lower and upper bounds show that
the most reasonable answer to the question based
either on max of credibility or max of plausibility is
to evacuate the building B since Bel(!8) > Bel(!̄8)
and also Pl(!8) > Pl(!̄8). Same conclusion must
be drawn when considering the element theta7$!8.
The same conclusion also is drawn (more easier)
based on DSmP values. In summary, the answer
to Q1 is : Evacuation of the building B.

In order to answer to the second question (Q2), let’s
compute the fusion results of the fusion m0 ! m2 and
m0 ! m1 ! m3 using inputs given in Table 1. The fu-
sion results with corresponding DSmP are given in the
Tables 4-7.

focal element mPCR5(.) mPCR6(.)
!1 ! !2 ! !3 ! !5 ! !6 ! !7 0.28824 0.28824
!4 ! !8 0.71176 0.71176

Table 4: Result of m0 ! m2.

Singletons DSmP!,PCR5(.) DSmP!,PCR6(.)
!1 0.0480 0.0480
!2 0.0480 0.0480
!3 0.0480 0.0480
!4 0.3559 0.3559
!5 0.0480 0.0480
!6 0.0480 0.0480
!7 0.0480 0.0480
!8 0.3559 0.3559

Table 5: DSmP! of m0 ! m2.

2DSmP transformation has been introduced and justified in
details by the authors in the book [6] (Vol.3, Chap. 3) freely
downloadable from the web with many examples, and therefore
it will not be presented here.

focal element mPCR5(.) mPCR6(.)
!1 ! !2 ! !3 ! !5 ! !6 ! !7 0.19740 0.16811
!8 0.24375 0.24375
!4 ! !8 0.33826 0.29641
!6 ! !8 0.11029 0.14587
It 0.11029 0.14587

Table 2: Results of m0 ! m1 ! m2 ! m3 for Table 1.

Singletons DSmP!,PCR5(.) DSmP!,PCR6(.)
!1 0.0333 0.0286
!2 0.0333 0.0286
!3 0.0333 0.0286
!4 0.0018 0.0018
!5 0.0333 0.0286
!6 0.0338 0.0292
!7 0.0333 0.0286
!8 0.7977 0.8260

Table 3: DSmP! of m0 ! m1 ! m2 ! m3 for Table 1.

From fusion result of Table 2, one gets when considering
!8 only

• with PCR5: !(!8) = !(!̄8) = 0.5588

P (!8) " [0.24375, 0.8026]

P (!̄8) " [0.1974, 0.7562]

• with PCR6: !(!8) = !(!̄8) = 0.5881

P (!8) " [0.24375, 0.8319]

P (!̄8) " [0.1681, 0.7562]

where !(X) = Pl(X) # Bel(X) is the imprecision
related to P (X).

If we are only interested by the fact that there is
potentially a dangerous White Toyota vehicle near the
building B, without regards to the presence or not of
the suspicious individual A (he/she may have left the
car parked with explosive in it near the building). Then
we are concerned only in the evaluation of the propo-
sition supporting B and V which is !7 $ !8. Therefore
from the fusion result of Table 2, one gets

• with PCR5: !(!7 $ !8) = !(!7 $ !8) = 0.7562

P (!7 $ !8) " [0.24375, 1]

P (!7 $ !8) " [0, 0.7562]

• with PCR6: !(!7 $ !8) = !(!7 $ !8) = 0.7562

P (!7 $ !8) " [0.24375, 1]

P (!7 $ !8) " [0, 0.7562]

If one approximates the bba’s into probabilistic mea-
sures with DSmP transformation2, one gets results with
" = 0.001 presented in Table 3, more specifically one
gets very high probabilities in !8 or in !7 $ !8 because

DSmP!,PCR5(!8) = 0.7977

DSmP!,PCR6(!8) = 0.8260

DSmP!,PCR5(!7 $ !8) = 0.8310

DSmP!,PCR6(!7 $ !8) = 0.8546

- Answer to Q1: One sees that the result provided
by PCR6 is less precise than with PCR5, but PCR6
provides higher upper bound on P (!8) than with
PCR5. Based on these very imprecise results, it
is very di"cult to take the right decision without
decision-making error because the sources of infor-
mation are highly uncertain and conflicting, but
the analysis of lower and upper bounds show that
the most reasonable answer to the question based
either on max of credibility or max of plausibility is
to evacuate the building B since Bel(!8) > Bel(!̄8)
and also Pl(!8) > Pl(!̄8). Same conclusion must
be drawn when considering the element theta7$!8.
The same conclusion also is drawn (more easier)
based on DSmP values. In summary, the answer
to Q1 is : Evacuation of the building B.

In order to answer to the second question (Q2), let’s
compute the fusion results of the fusion m0 ! m2 and
m0 ! m1 ! m3 using inputs given in Table 1. The fu-
sion results with corresponding DSmP are given in the
Tables 4-7.

focal element mPCR5(.) mPCR6(.)
!1 ! !2 ! !3 ! !5 ! !6 ! !7 0.28824 0.28824
!4 ! !8 0.71176 0.71176

Table 4: Result of m0 ! m2.

Singletons DSmP!,PCR5(.) DSmP!,PCR6(.)
!1 0.0480 0.0480
!2 0.0480 0.0480
!3 0.0480 0.0480
!4 0.3559 0.3559
!5 0.0480 0.0480
!6 0.0480 0.0480
!7 0.0480 0.0480
!8 0.3559 0.3559

Table 5: DSmP! of m0 ! m2.

2DSmP transformation has been introduced and justified in
details by the authors in the book [6] (Vol.3, Chap. 3) freely
downloadable from the web with many examples, and therefore
it will not be presented here.

m0 ⊕m2

• Reliability of source 1: One knows that Analyst
# 1 has 10 years experience, so we must consider
him/her having a good reliability (say greater than
75%) or to be less precise we can just assign to him
a qualitative reliability factor with minimal num-
ber of labels in {L1 = not good, L2 = good}. Here
we should choose !1 = L2. As first approximation,
we can consider !1 = 1.

• Reliability of source 2: No information about
the reliability of ANPR system is explicitly given.
We may consider that if such device is used it is
because it is also considered as a valuable tool and
thus we assume it has a good reliability too, that is
!2 = 1. If we are prudent we should consider the
reliability factor of this source as totally unknown
and thus we should take it as very imprecise with
!2 = [0, 1] (or qualitatively as !2 = [L0, L3]). If
we are more optimistic and consider ANPR system
as reliable enough, we could take !2 a bit more
precise with !2 = [0.75, 1] (i.e. !2 ! 0.75) or just
qualitatively as !2 = L2.

• Reliability of source 3: It is said explicitly that
Analyst 2 is new in post, which means that Ana-
lyst 2 has no great experience and it can be inferred
logically that it is less reliable than Analyst 1 so
that we must choose !3 < !1. But we can also
have a very young brillant analyst who perform
very well too with respect to the older Analyst 1.
So to be more cautious/prudent, we should also
consider the case of unknown reliability factor !3

by taking qualitatively !3 = [L0, L3] or quantita-
tively by taking !3 as a very imprecise value that
is !3 = [0, 1].

2.5 Importance of sources

Not that much is explicitly said about the importance of
the sources of information in the VIEB problem state-
ment, but the fact that Analyst 1 has ten years expe-
rience and Analyst 2 is new in post, so that it seems
logical to choose as importance factor "1 > "3. The
importances discounting factors have been introduced
and presented by the authors in [2, 7]. As a prudent
attitude we could choose also "0 = [0, 1] = [L0, L3]
and "2 = [0, 1] = [L0, L3] (vey imprecise values). If
we consider that the prior information and the source 2
(ANPR) have the same importance, we could just take
"0 = "1 = 1 to make derivations easier and adopt a
more optimistic point of view1.

3 Solution of VIEB problem
We apply PCR5 and PCR6 fusion rules developed

originally in the DSmT framework to get the solution

1Of course the importance discounting factors can also be cho-
sen arbitrarily from exogenous information upon the desiderata
of the fusion system designer. This question is out of the scope
of this paper.

of the VIEB problem. PCR5 has been developed by
the authors in [6], Vol.2, and PCR6 is a variant of
PCR5 proposed by Arnaud Martin and Christophe
Osswald in [3]. Several codes for using PCR5 and
PCR6 have been proposed in the literature for example
in [3, 1, 7] and are available to the authors upon request.

Two cases are explored depending on the taking into
account or not of the reliability and the importance of
sources in the fusion process. To simplify the presenta-
tion of the results we denote the focal elements involved
in this VIEB problem as:

f1 ! #4 " #8

f2 ! #6 " #8

f3 ! #1 " #2 " #3 " #5 " #6 " #7 = #4 " #8

f4 ! It = #1 " #2 " #3 " #4 " #5 " #6 " #7 " #8

Only these focal elements are involved in inputs of
the problem and we recall the two questions that we
must answer:

Question 1 (Q1): Should building B be evacuated?
The question 1 must be answered by analyzing

the level of belief and plausibility committed in the
propositions supporting B through the fusion process.

Question 2 (Q2): Is experience (Analyst 1) more
valuable than physics (the ANPR system) combined
with inexperience (Analyst 2)? How do we model that?

The question 2 must be answered by analyzing and
comparing the results of the fusion m1 # m3 (or even-
tually m0 # m1 # m3) with respect to m2 only (resp.
m0 # m2).

3.1 Without reliability and importance

We provide here the solutions of the VIEB problem
with direct PCR5 and PCR6 fusion of the sources
for di!erent qualitative inputs summarized in the
tables below. We also present the result of DSmP
probabilistic transformation [6] (Vol.3, Chap. 3) of
resulting bba’s to get and approximate probability
measure of elements of ". No importance and reliabil-
ity discounting has been applied since in this section,
we consider that all sources have same importances
and same reliabilities.

Example 1: We take the bba’s described in section
2.3, that is

focal element m0(.) m1(.) m2(.) m3(.)
!4 ! !8 1 0 0.3 0
!6 ! !8 0 0.75 0 0.25
!4 ! !8 0 0 0.7 0
It 0 0.25 0 0.75

Table 1: Quantitative inputs of VIEB problem.

Inputs (case 1)

APNR system (Analyst1, Analyst2) subsystem
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Fusion results with different inputs

Based on m0 !m2 fusion result, one gets a large im-
precision on P (!8) since !02(!8) = !02(!̄8) = 0.71176
with

P (!8) " [0, 0.71176]

P (!̄8) " [0.28824, 1]

and total imprecision when considering !7 # !8 since

P (!7 # !8) " [0, 1]

P (!7 # !8) " [0, 1]

Based on max of Bel or max of Pl criteria3 the deci-
sion using m0 ! m2 (i.e. with prior information m0

and ANPR system m2) should be to NOT evacuate the
building B. Same decision would be taken based on
DSmP values.

focal element mPCR5(.) mPCR6(.)
!8 0.8125 0.8125
!4 ! !8 0.1875 0.1875

Table 6: Result of m0 ! m1 ! m3.

Singletons DSmP!,PCR5(.) DSmP!,PCR6(.)
!1 0 0
!2 0 0
!3 0 0
!4 0.0002 0.0002
!5 0 0
!6 0 0
!7 0 0
!8 0.9998 0.9998

Table 7: DSmP! of m0 ! m1 ! m3.

Based on m0 ! m1 ! m3 fusion result, one gets
!013(!8) = !013(!̄8) = 0.1875 and

P (!8) " [0.8125, 1]

P (!̄8) " [0, 0.1875]

and also
P (!7 # !8) " [0.8125, 1]

P (!7 # !8) " [0, 0.1875]

Based on max of Bel or max of Pl criteria, the de-
cision using m0 ! m1 ! m3 (i.e. with prior informa-
tion m0 and both analysts) should be to evacuate the
building B. Same decision would be taken based on
DSmP values. It is worth to note that the precision on
the result obtained with m0 ! m1 ! m3 is much bet-
ter than with m0 ! m2 since !013(!8) < !02(!8), or
!013(!7 # !8) < !02(!7 # !8). Moreover it is easy to
verify that m0 ! m1 ! m3 fusion system is more infor-
mative than m0 ! m2 fusion system because Shannon
entropy of DSmP of m0!m2 is much bigger than Shan-
non entropy of DSmP of m0 ! m1 ! m3.

3We consider here only !8 for decision-making since it is not
possible to take any rational decision from !7 ! !8 because of the
full imprecision range of P (!7 ! !8).

- Answer to Q2: Since the information obtained
by the fusion m0 ! m2 is less informative and less
precise than the information obtained with the
fusion m0 ! m1 ! m3, it is better to choose and
to trust the fusion system m0 ! m1 ! m3 rather
than m0 ! m2. Based on this choice, the final
decision will be to evacuate the building B which
is consistent with answer to question Q1.

Example 2: Let’s modify a bit the previous Table 1
and take higher belief for sources 1 and 3 as

focal element m0(.) m1(.) m2(.) m3(.)
!4 ! !8 1 0 0.3 0
!6 ! !8 0 0.9 0 0.1
!4 ! !8 0 0 0.7 0
It 0 0.1 0 0.9

Table 8: Quantitative inputs of VIEB problem.

The results of the fusion m0 ! m1 ! m2 ! m3 using
PCR5 and PCR6 and the corresponding DSmP values
are given in tables 9-10.

focal element mPCR5(.) mPCR6(.)
!1 ! !2 ! !3 ! !5 ! !6 ! !7 0.16525 0.14865
!8 0.27300 0.27300
!4 ! !8 0.26308 0.23935
!6 ! !8 0.14934 0.16950
It 0.14934 0.16950

Table 9: Results of m0 ! m1 ! m2 ! m3 for Table 8.

Singletons DSmP!,PCR5(.) DSmP!,PCR6(.)
!1 0.0281 0.0254
!2 0.0281 0.0254
!3 0.0281 0.0254
!4 0.0015 0.0015
!5 0.0281 0.0254
!6 0.0286 0.0260
!7 0.0281 0.0254
!8 0.8295 0.8456

Table 10: DSmP! of m0 ! m1 ! m2 ! m3 for Table 8.

From fusion result of Table 9, one gets when considering
!8 only

• with PCR5: !(!8) = !(!̄8) = 0.5617

P (!8) " [0.27300, 0.8347]

P (!̄8) " [0.1653, 0.7270]

• with PCR6: !(!8) = !(!̄8) = 0.5784

P (!8) " [0.27300, 0.8514]

P (!̄8) " [0.1486, 0.7270]

Case 2 : We change the inputs for sources 1 and 3

The analysis yields same conclusions as for case 1

Answer to Q1 : Evacuation of the building

Answer to Q2 : (Analyst1,Analyst2) is more specific and informative than APNR

focal element mPCR5(.) mPCR6(.)
!1 ! !2 ! !3 ! !5 ! !6 ! !7 0.16525 0.14865
!8 0.27300 0.27300
!4 ! !8 0.26307 0.23935
!6 ! !8 0.14934 0.16950
It 0.14934 0.16950

Table 12: Results of m0 ! m1 ! m2 ! m3 for Table 11.

Singletons DSmP!,PCR5(.) DSmP!,PCR6(.)
!1 0.0281 0.0254
!2 0.0281 0.0254
!3 0.0281 0.0254
!4 0.0015 0.0015
!5 0.0281 0.0254
!6 0.0286 0.0260
!7 0.0281 0.0254
!8 0.8294 0.8455

Table 13: DSmP! of m0 ! m1 ! m2 ! m3 for Table 11.

Singletons BetPPCR5(.) BetPPCR6(.)
!1 0.0462 0.0460
!2 0.0462 0.0460
!3 0.0462 0.0460
!4 0.1502 0.1409
!5 0.0462 0.0460
!6 0.1209 0.1307
!7 0.0462 0.0460
!8 0.4979 0.4986

Table 14: BetP of m0 ! m1 ! m2 ! m3 for Table 11.

• with PCR6: !(!7 " !8) = 0.5575
P (!6 " !7 " !8) # [0.4425, 1]

P (!6 " !7 " !8) # [0, 0.5575]

and when considering !7 " !8

• with PCR5: !(!7 " !8) = 0.7270

P (!7 " !8) # [0.27300, 1], P (!7 " !8) # [0, 0.7270]

• with PCR6: !(!7 " !8) = 0.7270

P (!7 " !8) # [0.27300, 1], P (!7 " !8) # [0, 0.7270]

and when considering !8 only

• with PCR5 or PCR6: !(!8) = 0.56175

P (!8) # [0.27300, 0.83475]

P (!̄8) # [0.16525, 0.7270]

• with PCR6: !(!8) = 0.57835
P (!8) # [0.27300, 0.85135]

P (!̄8) # [0.14865, 0.7270]
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Fusion results

• Reliability of source 1: One knows that Analyst
# 1 has 10 years experience, so we must consider
him/her having a good reliability (say greater than
75%) or to be less precise we can just assign to him
a qualitative reliability factor with minimal num-
ber of labels in {L1 = not good, L2 = good}. Here
we should choose !1 = L2. As first approximation,
we can consider !1 = 1.

• Reliability of source 2: No information about
the reliability of ANPR system is explicitly given.
We may consider that if such device is used it is
because it is also considered as a valuable tool and
thus we assume it has a good reliability too, that is
!2 = 1. If we are prudent we should consider the
reliability factor of this source as totally unknown
and thus we should take it as very imprecise with
!2 = [0, 1] (or qualitatively as !2 = [L0, L3]). If
we are more optimistic and consider ANPR system
as reliable enough, we could take !2 a bit more
precise with !2 = [0.75, 1] (i.e. !2 ! 0.75) or just
qualitatively as !2 = L2.

• Reliability of source 3: It is said explicitly that
Analyst 2 is new in post, which means that Ana-
lyst 2 has no great experience and it can be inferred
logically that it is less reliable than Analyst 1 so
that we must choose !3 < !1. But we can also
have a very young brillant analyst who perform
very well too with respect to the older Analyst 1.
So to be more cautious/prudent, we should also
consider the case of unknown reliability factor !3

by taking qualitatively !3 = [L0, L3] or quantita-
tively by taking !3 as a very imprecise value that
is !3 = [0, 1].

2.5 Importance of sources

Not that much is explicitly said about the importance of
the sources of information in the VIEB problem state-
ment, but the fact that Analyst 1 has ten years expe-
rience and Analyst 2 is new in post, so that it seems
logical to choose as importance factor "1 > "3. The
importances discounting factors have been introduced
and presented by the authors in [2, 7]. As a prudent
attitude we could choose also "0 = [0, 1] = [L0, L3]
and "2 = [0, 1] = [L0, L3] (vey imprecise values). If
we consider that the prior information and the source 2
(ANPR) have the same importance, we could just take
"0 = "1 = 1 to make derivations easier and adopt a
more optimistic point of view1.

3 Solution of VIEB problem
We apply PCR5 and PCR6 fusion rules developed

originally in the DSmT framework to get the solution

1Of course the importance discounting factors can also be cho-
sen arbitrarily from exogenous information upon the desiderata
of the fusion system designer. This question is out of the scope
of this paper.

of the VIEB problem. PCR5 has been developed by
the authors in [6], Vol.2, and PCR6 is a variant of
PCR5 proposed by Arnaud Martin and Christophe
Osswald in [3]. Several codes for using PCR5 and
PCR6 have been proposed in the literature for example
in [3, 1, 7] and are available to the authors upon request.

Two cases are explored depending on the taking into
account or not of the reliability and the importance of
sources in the fusion process. To simplify the presenta-
tion of the results we denote the focal elements involved
in this VIEB problem as:

f1 ! #4 " #8

f2 ! #6 " #8

f3 ! #1 " #2 " #3 " #5 " #6 " #7 = #4 " #8

f4 ! It = #1 " #2 " #3 " #4 " #5 " #6 " #7 " #8

Only these focal elements are involved in inputs of
the problem and we recall the two questions that we
must answer:

Question 1 (Q1): Should building B be evacuated?
The question 1 must be answered by analyzing

the level of belief and plausibility committed in the
propositions supporting B through the fusion process.

Question 2 (Q2): Is experience (Analyst 1) more
valuable than physics (the ANPR system) combined
with inexperience (Analyst 2)? How do we model that?

The question 2 must be answered by analyzing and
comparing the results of the fusion m1 # m3 (or even-
tually m0 # m1 # m3) with respect to m2 only (resp.
m0 # m2).

3.1 Without reliability and importance

We provide here the solutions of the VIEB problem
with direct PCR5 and PCR6 fusion of the sources
for di!erent qualitative inputs summarized in the
tables below. We also present the result of DSmP
probabilistic transformation [6] (Vol.3, Chap. 3) of
resulting bba’s to get and approximate probability
measure of elements of ". No importance and reliabil-
ity discounting has been applied since in this section,
we consider that all sources have same importances
and same reliabilities.

Example 1: We take the bba’s described in section
2.3, that is

focal element m0(.) m1(.) m2(.) m3(.)
!4 ! !8 1 0 0.3 0
!6 ! !8 0 0.75 0 0.25
!4 ! !8 0 0 0.7 0
It 0 0.25 0 0.75

Table 1: Quantitative inputs of VIEB problem.
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Impact of the quality of prior information

Answer to Q1 : It depends on decision-support hypotheses one chooses !!!

and when considering !7 ! !8

• with PCR5: !(!7 ! !8) = !(!7 ! !8) = 0.7270

P (!7 ! !8) " [0.27300, 1]

P (!7 ! !8) " [0, 0.7270]

• with PCR6: !(!7 ! !8) = !(!7 ! !8) = 0.7270

P (!7 ! !8) " [0.27300, 1]

P (!7 ! !8) " [0, 0.7270]

One gets also the following DSmP values

DSmP!,PCR5(!8) = 0.8295

DSmP!,PCR6(!8) = 0.8456

DSmP!,PCR5(!7 ! !8) = 0.8576

DSmP!,PCR6(!7 ! !8) = 0.8710

- Answer to Q1: Using an analysis similar to the
one done for Example 1, based on max of credibil-
ity or max of plausibility criteria, or by considering
the DSmP values of !8 or !7 ! !8, the decision to
take is : Evacuate the building B.

In order to answer to the second question (Q2) for
this Example 2, let’s compute the fusion results of the
fusion m0 # m2 and m0 # m1 # m3 using inputs given
in Table 8. Since the inputs m0 and m2 are the same
as those in Example 1, the m0 #m2 fusion results with
corresponding DSmP are those already given in Tables
4-5. Only the fusion m0 # m1 # m3 must be derived
with the new bba’s m1 and m3 chosen for this Example
2. The m0 # m1 # m3 fusion results obtained with
PCR5 and PCR6, and the corresponding DSmP values
are shown in Tables 11-12. According to these results,
one gets !013(!8) = !013(!̄8) = 0.09 and

P (!8) " [0.91, 1], P (!̄8) " [0, 0.09]

and also

P (!7 ! !8) " [0.91, 1], P (!7 ! !8) " [0, 0.09]

focal element mPCR5(.) mPCR6(.)
!8 0.91 0.91
!4 ! !8 0.09 0.09

Table 11: Result of m0 # m1 # m3.

Based on max of Bel or max of Pl criteria, the de-
cision using m0 # m1 # m3 (i.e. with prior informa-
tion m0 and both analysts) should be to evacuate the
building B. Same decision would be taken based on
DSmP values. It is worth to note that the precision on

Singletons DSmP!,PCR5(.) DSmP!,PCR6(.)
!1 0 0
!2 0 0
!3 0 0
!4 0.0001 0.0001
!5 0 0
!6 0 0
!7 0 0
!8 0.9999 0.9999

Table 12: DSmP! of m0 # m1 # m3.

the result obtained with m0 # m1 # m3 is much bet-
ter than with m0 # m2 since !013(!8) < !02(!8), or
!013(!7 ! !8) < !02(!7 ! !8). Moreover it is easy to
verify that m0 # m1 # m3 fusion system is more infor-
mative than m0 # m2 fusion system because Shannon
entropy of DSmP of m0#m2 is much bigger than Shan-
non entropy of DSmP of m0 # m1 # m3.

- Answer to Q2: Since the information obtained
by the fusion m0 # m2 is less informative and less
precise than the information obtained with the fu-
sion m0 # m1 # m3, it is better to choose and to
trust the fusion system m0 #m1 #m3 rather than
m0 # m2. Based on this choice, the final decision
will be to evacuate the building B which is consis-
tent with answer to question Q1.

3.2 Impact of prior information

To see the impact of the quality/reliability of prior
information on the result, let’s modify the input m0(.)
in previous Tables 1 and 8 and consider now a very
uncertain prior source.

Example 3: We consider the very uncertain
prior source of information m0(!4 ! !8) = 0.1
and m0(It) = 0.9. The results for the modified inputs
Table 13 ate given in Tables 14 and 15.

focal element m0(.) m1(.) m2(.) m3(.)
!4 ! !8 0.1 0 0.3 0
!6 ! !8 0 0.75 0 0.25
!4 ! !8 0 0 0.7 0
It 0.9 0.25 0 0.75

Table 13: Quantitative inputs of VIEB problem.

From the fusion result of Table 14, one gets when con-
sidering !8 only

• with PCR5: !(!8) = !(!̄8) = 0.0934

P (!8) " [0.24375, 0.33710]

P (!̄8) " [0.66290, 0.75620]

Very uncertain prior

• Reliability of source 1: One knows that Analyst
# 1 has 10 years experience, so we must consider
him/her having a good reliability (say greater than
75%) or to be less precise we can just assign to him
a qualitative reliability factor with minimal num-
ber of labels in {L1 = not good, L2 = good}. Here
we should choose !1 = L2. As first approximation,
we can consider !1 = 1.

• Reliability of source 2: No information about
the reliability of ANPR system is explicitly given.
We may consider that if such device is used it is
because it is also considered as a valuable tool and
thus we assume it has a good reliability too, that is
!2 = 1. If we are prudent we should consider the
reliability factor of this source as totally unknown
and thus we should take it as very imprecise with
!2 = [0, 1] (or qualitatively as !2 = [L0, L3]). If
we are more optimistic and consider ANPR system
as reliable enough, we could take !2 a bit more
precise with !2 = [0.75, 1] (i.e. !2 ! 0.75) or just
qualitatively as !2 = L2.

• Reliability of source 3: It is said explicitly that
Analyst 2 is new in post, which means that Ana-
lyst 2 has no great experience and it can be inferred
logically that it is less reliable than Analyst 1 so
that we must choose !3 < !1. But we can also
have a very young brillant analyst who perform
very well too with respect to the older Analyst 1.
So to be more cautious/prudent, we should also
consider the case of unknown reliability factor !3

by taking qualitatively !3 = [L0, L3] or quantita-
tively by taking !3 as a very imprecise value that
is !3 = [0, 1].

2.5 Importance of sources

Not that much is explicitly said about the importance of
the sources of information in the VIEB problem state-
ment, but the fact that Analyst 1 has ten years expe-
rience and Analyst 2 is new in post, so that it seems
logical to choose as importance factor "1 > "3. The
importances discounting factors have been introduced
and presented by the authors in [2, 7]. As a prudent
attitude we could choose also "0 = [0, 1] = [L0, L3]
and "2 = [0, 1] = [L0, L3] (vey imprecise values). If
we consider that the prior information and the source 2
(ANPR) have the same importance, we could just take
"0 = "1 = 1 to make derivations easier and adopt a
more optimistic point of view1.

3 Solution of VIEB problem
We apply PCR5 and PCR6 fusion rules developed

originally in the DSmT framework to get the solution

1Of course the importance discounting factors can also be cho-
sen arbitrarily from exogenous information upon the desiderata
of the fusion system designer. This question is out of the scope
of this paper.

of the VIEB problem. PCR5 has been developed by
the authors in [6], Vol.2, and PCR6 is a variant of
PCR5 proposed by Arnaud Martin and Christophe
Osswald in [3]. Several codes for using PCR5 and
PCR6 have been proposed in the literature for example
in [3, 1, 7] and are available to the authors upon request.

Two cases are explored depending on the taking into
account or not of the reliability and the importance of
sources in the fusion process. To simplify the presenta-
tion of the results we denote the focal elements involved
in this VIEB problem as:

f1 ! #4 " #8

f2 ! #6 " #8

f3 ! #1 " #2 " #3 " #5 " #6 " #7 = #4 " #8

f4 ! It = #1 " #2 " #3 " #4 " #5 " #6 " #7 " #8

Only these focal elements are involved in inputs of
the problem and we recall the two questions that we
must answer:

Question 1 (Q1): Should building B be evacuated?
The question 1 must be answered by analyzing

the level of belief and plausibility committed in the
propositions supporting B through the fusion process.

Question 2 (Q2): Is experience (Analyst 1) more
valuable than physics (the ANPR system) combined
with inexperience (Analyst 2)? How do we model that?

The question 2 must be answered by analyzing and
comparing the results of the fusion m1 # m3 (or even-
tually m0 # m1 # m3) with respect to m2 only (resp.
m0 # m2).

3.1 Without reliability and importance

We provide here the solutions of the VIEB problem
with direct PCR5 and PCR6 fusion of the sources
for di!erent qualitative inputs summarized in the
tables below. We also present the result of DSmP
probabilistic transformation [6] (Vol.3, Chap. 3) of
resulting bba’s to get and approximate probability
measure of elements of ". No importance and reliabil-
ity discounting has been applied since in this section,
we consider that all sources have same importances
and same reliabilities.

Example 1: We take the bba’s described in section
2.3, that is

focal element m0(.) m1(.) m2(.) m3(.)
!4 ! !8 1 0 0.3 0
!6 ! !8 0 0.75 0 0.25
!4 ! !8 0 0 0.7 0
It 0 0.25 0 0.75

Table 1: Quantitative inputs of VIEB problem. focal element mPCR5(.) mPCR6(.)
!6 0.511870 0.511870
!1 ! !2 ! !3 ! !5 ! !6 ! !7 0.151070 0.142670
!8 0.243750 0.243750
!4 ! !8 0.060957 0.059757
!6 ! !8 0.016173 0.020973
It 0.016173 0.020973

Table 14: Result of m0 ! m1 ! m2 ! m3 for Table 13.

Singletons DSmP!,PCR5(.) DSmP!,PCR6(.)
!1 0.0003 0.0003
!2 0.0003 0.0003
!3 0.0003 0.0003
!4 0.0003 0.0003
!5 0.0003 0.0003
!6 0.6833 0.6815
!7 0.0003 0.0003
!8 0.3149 0.3168

Table 15: DSmP! of m0 !m1 !m2 !m3 for Table 13.

• with PCR6: !(!8) = !(!̄8) = 0.1017

P (!8) " [0.24375, 0.34550]

P (!̄8) " [0.65450, 0.75620]

and when considering !7 # !8

• with PCR5: !(!7 # !8) = !(!7 # !8) = 0.2443

P (!7 # !8) " [0.24375, 0.48810]

P (!7 # !8) " [0.51190, 0.75620]

• with PCR6: !(!7 # !8) = !(!7 # !8) = 0.2443

P (!7 # !8) " [0.24375, 0.48810]

P (!7 # !8) " [0.51190, 0.75620]

Using DSmP transformation, one gets a low proba-
bility in !8 or in !7 # !8 because

DSmP!,PCR5(!8) = 0.3149

DSmP!,PCR6(!8) = 0.3168

DSmP!,PCR5(!7 # !8) = 0.3152

DSmP!,PCR6(!7 # !8) = 0.3171

- Answer to Q1: Based on these results, one sees
that the decision to take is to NOT evacuate the
building B since one gets a low probability in !8 or
in !7#!8. So there is a strong impact of prior infor-
mation on the final decision since without strong
prior information supporting !4 # !8 we have to
conclude to the non evacuation of building B based
either on the max of credibility, the max of plausi-
bility or the max of DSmP considering both cases
!8 or !7 # !8 for decision-making. The decision
to take in this case is to: NOT Evacuate the
building B.

Let’s examine the results of fusion systems m0 ! m2

and m0 ! m1 ! m3 given in Tables 16-12.

focal element mPCR5(.) mPCR6(.)
!1 ! !2 ! !3 ! !5 ! !6 ! !7 0.69125 0.69125
!4 ! !8 0.30875 0.30875

Table 16: Result of m0 ! m2.

Singletons DSmP!,PCR5(.) DSmP!,PCR6(.)
!1 0.1152 0.1152
!2 0.1152 0.1152
!3 0.1152 0.1152
!4 0.1544 0.1544
!5 0.1152 0.1152
!6 0.1152 0.1152
!7 0.1152 0.1152
!8 0.1544 0.1544

Table 17: DSmP! of m0 ! m2.

focal element mPCR5(.) mPCR6(.)
!8 0.08125 0.08125
!4 ! !8 0.01875 0.01875
!6 ! !8 0.73125 0.73125
It 0.16875 0.16875

Table 18: Result of m0 ! m1 ! m3.

Singletons DSmP!,PCR5(.) DSmP!,PCR6(.)
!1 0.0019 0.0019
!2 0.0019 0.0019
!3 0.0019 0.0019
!4 0.0021 0.0021
!5 0.0019 0.0019
!6 0.0107 0.0107
!7 0.0019 0.0019
!8 0.9778 0.9778

Table 19: DSmP! of m0 ! m1 ! m3.

Based on m0 ! m2 fusion result, one gets a substan-
tial imprecision on P (!8) since !02(!8) = !02(!̄8) =
0.30875 with

P (!8) " [0, 0.30875]

P (!̄8) " [0.6912, 1]

and total imprecision when considering !7 # !8 since

P (!7 # !8) " [0, 1]

P (!7 # !8) " [0, 1]

Based on max of Bel or max of Pl criteria on !8 the
decision using m0 !m2 (i.e. with uncertain prior infor-
mation m0 and ANPR system m2) should be to NOT
evacuate the building B. Same conclusion can be drawn
using DSmP, since DSmP (!̄8) = 0.8456 is much bigger

Fusion of all sources 
with PCR5 or PCR6

Using the very cautious point of view, Decision = Evacuate the building B 

Singletons BetPPCR5(.) BetPPCR6(.)
!1 0.0272 0.0264
!2 0.0272 0.0264
!3 0.0272 0.0264
!4 0.0325 0.0325
!5 0.0272 0.0264
!6 0.5472 0.5488
!7 0.0272 0.0264
!8 0.2843 0.2867

Table 21: BetP of m0 ! m1 ! m2 ! m3 for Table 18.

• with PCR6: !(!6 " !7 " !8) = 0.21465

P (!6 " !7 " !8) # [0.78535, 1]

P (!6 " !7 " !8) # [0, 0.21465]

and when considering !7 " !8

• with PCR5: !(!7 " !8) = 0.24438
P (!7 " !8) # [0.24375, 0.48813]

P (!7 " !8) # [0.51187, 0.75625]

• with PCR6: !(!7 " !8) = 0.24438
P (!7 " !8) # [0.24375, 0.48813]

P (!7 " !8) # [0.51187, 0.75625]

and when considering !8 only, one has

• with PCR5: !(!8) = 0.09331
P (!8) # [0.24375, 0.33706]

P (!̄8) # [0.66294, 0.75625]

• with PCR6: !(!8) = 0.10171
P (!8) # [0.24375, 0.34546]

P (!̄8) # [0.65454, 0.75625]

Using DSmP transformation, one gets a low probability in !8 or in !7 " !8 because

DSmP!,PCR5(!6 " !7 " !8) = 0.9985

DSmP!,PCR6(!6 " !7 " !8) = 0.9986

DSmP!,PCR5(!7 " !8) = 0.3152

DSmP!,PCR6(!7 " !8) = 0.3171

DSmP!,PCR5(!8) = 0.3149

DSmP!,PCR6(!8) = 0.3168

- Answer to Q1: The analysis of these results are very interesting since one sees that the element of the
frame " having the highest DSmP (or BetP) is !6 = (A, V̄ , B) and it has a very strong impact on the
final decision. Because if one considers only !8 or !7 " !8 has decision-support hypotheses, one sees that
the decision to take is to NOT evacuate the building B since one gets a low probability in !8 or in !7 " !8.
Whereas if we include also !6 in the decision-support hypothesis, then the final decision will be the opposite
since DSmP (!6"!7"!8) is very close to one with PCR5 or with PCR6. The same behavior occurs with BetP.
So there is a strong impact of prior information on the final decision since without strong prior information
supporting !4 " !8 we have to conclude either to the non evacuation of building B based on the max of
credibility, the max of plausibility or the max of DSmP using !8 or !7 " !8 for decision-making, or to the
evacuation of the building if a more prudent strategy is used based on !6"!7"!8 decision-support hypothesis.
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focal element mPCR5(.) mPCR6(.)
!6 0.511870 0.511870
!1 ! !2 ! !3 ! !5 ! !6 ! !7 0.151070 0.142670
!8 0.243750 0.243750
!4 ! !8 0.060957 0.059757
!6 ! !8 0.016173 0.020973
It 0.016173 0.020973

Table 14: Result of m0 ! m1 ! m2 ! m3 for Table 13.

Singletons DSmP!,PCR5(.) DSmP!,PCR6(.)
!1 0.0003 0.0003
!2 0.0003 0.0003
!3 0.0003 0.0003
!4 0.0003 0.0003
!5 0.0003 0.0003
!6 0.6833 0.6815
!7 0.0003 0.0003
!8 0.3149 0.3168

Table 15: DSmP! of m0 !m1 !m2 !m3 for Table 13.

• with PCR6: !(!8) = !(!̄8) = 0.1017

P (!8) " [0.24375, 0.34550]

P (!̄8) " [0.65450, 0.75620]

and when considering !7 # !8

• with PCR5: !(!7 # !8) = !(!7 # !8) = 0.2443

P (!7 # !8) " [0.24375, 0.48810]

P (!7 # !8) " [0.51190, 0.75620]

• with PCR6: !(!7 # !8) = !(!7 # !8) = 0.2443

P (!7 # !8) " [0.24375, 0.48810]

P (!7 # !8) " [0.51190, 0.75620]

Using DSmP transformation, one gets a low proba-
bility in !8 or in !7 # !8 because

DSmP!,PCR5(!8) = 0.3149

DSmP!,PCR6(!8) = 0.3168

DSmP!,PCR5(!7 # !8) = 0.3152

DSmP!,PCR6(!7 # !8) = 0.3171

- Answer to Q1: Based on these results, one sees
that the decision to take is to NOT evacuate the
building B since one gets a low probability in !8 or
in !7#!8. So there is a strong impact of prior infor-
mation on the final decision since without strong
prior information supporting !4 # !8 we have to
conclude to the non evacuation of building B based
either on the max of credibility, the max of plausi-
bility or the max of DSmP considering both cases
!8 or !7 # !8 for decision-making. The decision
to take in this case is to: NOT Evacuate the
building B.

Let’s examine the results of fusion systems m0 ! m2

and m0 ! m1 ! m3 given in Tables 16-12.

focal element mPCR5(.) mPCR6(.)
!1 ! !2 ! !3 ! !5 ! !6 ! !7 0.69125 0.69125
!4 ! !8 0.30875 0.30875

Table 16: Result of m0 ! m2.

Singletons DSmP!,PCR5(.) DSmP!,PCR6(.)
!1 0.1152 0.1152
!2 0.1152 0.1152
!3 0.1152 0.1152
!4 0.1544 0.1544
!5 0.1152 0.1152
!6 0.1152 0.1152
!7 0.1152 0.1152
!8 0.1544 0.1544

Table 17: DSmP! of m0 ! m2.

focal element mPCR5(.) mPCR6(.)
!8 0.08125 0.08125
!4 ! !8 0.01875 0.01875
!6 ! !8 0.73125 0.73125
It 0.16875 0.16875

Table 18: Result of m0 ! m1 ! m3.

Singletons DSmP!,PCR5(.) DSmP!,PCR6(.)
!1 0.0019 0.0019
!2 0.0019 0.0019
!3 0.0019 0.0019
!4 0.0021 0.0021
!5 0.0019 0.0019
!6 0.0107 0.0107
!7 0.0019 0.0019
!8 0.9778 0.9778

Table 19: DSmP! of m0 ! m1 ! m3.

Based on m0 ! m2 fusion result, one gets a substan-
tial imprecision on P (!8) since !02(!8) = !02(!̄8) =
0.30875 with

P (!8) " [0, 0.30875]

P (!̄8) " [0.6912, 1]

and total imprecision when considering !7 # !8 since

P (!7 # !8) " [0, 1]

P (!7 # !8) " [0, 1]

Based on max of Bel or max of Pl criteria on !8 the
decision using m0 !m2 (i.e. with uncertain prior infor-
mation m0 and ANPR system m2) should be to NOT
evacuate the building B. Same conclusion can be drawn
using DSmP, since DSmP (!̄8) = 0.8456 is much bigger

(A, V̄ , B)

(A, V, B)
(Ā, V, B)

Answer to Q2 : Using very cautious point of view, we will choose the most 
precise system which is (Analyst1, Analyst2).
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Working with imprecise sources

Answer to Q1: Evacuation of the building B

focal element m0(.) m1(.) m2(.) m3(.)
f1 = !4 ! !8 1 0 0.3 0
f2 = !6 ! !8 0 [0.75,0.9] 0 [0.10,0.25]
f3 = !4 ! !8 0 0 0.7 0
It 0 [0.1,0.25] 0 [0.75,0.9]

Table 45: Imprecise quantitative inputs for VIEB prob-
lem.

• Product !1 = 1 ! [0.75, 0.90] ! 0.3 ! [0.10, 0.25].
Using operators on sets defined in [6], Vol.1, Chap.
6, one gets !1 = [0.75, 0.90] ! [0.03, 0.075] =
[0.0225, 0.0675] which is committed to f1"f2 = "8.

• Product !2 = 1 ! [0.75, 0.90] ! 0.3 ! [0.75, 0.90]
is equal to [0.75, 0.90] ! [0.225, 0.27] =
[0.16875, 0.243] which is also committed to
f1 " f2 = "8.

• Product !3 = 1 ! [0.75, 0.90]! 0.7 ! [0.10, 0.25] =
[0.0525, 0.1575] corresponds to the imprecise mass
of f1"f2 "f3 = # which will be redistributed back
to f1, f2 and f3 according to PCR6.

• Product !4 = 1 ! [0.75, 0.90]! 0.7 ! [0.75, 0.90] =
[0.39375, 0.567] corresponds to the imprecise mass
of f1 " f2 " f3 " It = # which will be redistributed
back to f1, f2, f3 and It according to PCR6.

• Product !5 = 1 ! [0.10, 0.25]! 0.3 ! [0.10, 0.25] =
[0.003, 0.01875] is committed to f1 " f2 = "8.

• Product !6 = 1 ! [0.10, 0.25]! 0.3 ! [0.75, 0.90] =
[0.0225, 0.0675] is committed to f1.

• Product !7 = 1 ! [0.10, 0.25]! 0.7 ! [0.10, 0.25] =
[0.007, 0.04375] corresponds to the imprecise mass
of f1 " It " f3 " f2 = # which will be redistributed
back to f1, f2, f3 and It according to PCR6.

• Product !8 = 1 ! [0.10, 0.25]! 0.7 ! [0.75, 0.90] =
[0.0525, 0.1575] corresponds to the imprecise mass
of f1 " It " f3 " It = # which will be redistributed
back to f1, f3 and It according to PCR6.

We now redistribute the imprecise masses !3, !4, !7

and !8 associated with the empty set using PCR6 prin-
ciple. Lets’ compute the proportions of !3, !4, !7 and
!8 committed to each focal element involved in the con-
flict they are associated with.

• The product !3 = [0.0525, 0.1575] is distributed to

f1, f2 and f3 according to PCR6 as follows

xf1,!3

1
=

yf2,!3

[0.75, 0.90] + [0.10, 0.25]
=

zf3,!3

0.7

=
!3

1 + [0.75, 0.90] + [0.10, 0.25] + 0.7

=
[0.0525, 0.1575]

1.7 + [0.85, 1.15]
=

[0.0525, 0.1575]

[2.55, 2.85]

= [
0.0525

2.85
,
0.1575

2.55
]

= [0.018421, 0.061765]

whence

xf1,!3 = 1 ! [0.018421, 0.061765]

= [0.018421, 0.061765]

yf2,!3 = [0.85, 1.15]! [0.018421, 0.061765]

= [0.015658, 0.071029]

zf3,!3 = 0.7 ! [0.018421, 0.061765]

= [0.012895, 0.043236]

• The product !4 = [0.39375, 0.567] is distributed to
f1, f2, f3 and It according to PCR6 as follows

xf1,!4

1
=

yf2,!4

[0.75, 0.90]
=

zf3,!4

0.7
=

wIt,!4

[0.75, 0.90]

=
!4

1 + [0.75, 0.90] + 0.7 + [0.75, 0.90]

=
[0.39375, 0.567]

[3.2, 3.5]

= [0.1125, 0.177188]

whence

xf1,!4 = 1 ! [0.1125, 0.177188]

= [0.1125, 0.177188]

yf2,!4 = [0.75, 0.90]! [0.1125, 0.177188]

= [0.084375, 0.159469]

zf3,!4 = 0.7 ! [0.1125, 0.177188]

= [0.07875, 0.124031]

wIt,!4 = [0.75, 0.90]! [0.1125, 0.177188]

= [0.084375, 0.159469]

• The product !7 = [0.007, 0.04375] is distributed to
f1, f2, f3 and It according to PCR6 as follows

xf1,!7

1
=

yf2,!7

[0.10, 0.25]
=

zf3,!7

0.7
=

wIt,!7

[0.10, 0.25]

=
!7

1 + [0.10, 0.25] + 0.7 + [0.10, 0.25]

=
[0.007, 0.04375]

[1.9, 2.2]

= [0.003182, 0.023026]

Exact calculus Using bounds of 
cases 1 & 2

whence

xf1,!7 = 1 ! [0.003182, 0.023026]

= [0.003182, 0.023026]

yf2,!7
= [0.10, 0.25]! [0.003182, 0.023026]

= [0.000318, 0.005757]

zf3,!7 = 0.7 ! [0.003182, 0.023026]

= [0.002227, 0.016118]

wIt,!7 = [0.10, 0.25]! [0.003182, 0.023026]

= [0.000318, 0.005757]

• The product !8 = [0.0525, 0.1575] is distributed to
f1, f3 and It according to PCR6 as follows

xf1,!8

1
=

zf3,!8

0.7
=

wIt,!8

[0.10, 0.25] + [0.75, 0.90]

=
!8

1 + 0.7 + [0.10, 0.25] + [0.75, 0.90]

=
[0.0525, 0.1575]

[2.55, 2.85]

= [0.018421, 0.061765]

whence

xf1,!8 = 1 ! [0.018421, 0.061765]

= [0.018421, 0.061765]

zf3,!8 = 0.7 ! [0.018421, 0.061765]

= [0.012895, 0.043235]

wIt,!8 = [0.85, 1.15]! [0.018421, 0.061765]

= [0.015658, 0.071029]

Summing the results, we get for m0 "m1 "m2 "m3

with PCR6 the following imprecise mPCR6 bba:

mPCR6("8) = !1 + !2 + !5

= [0.19425, 0.32925]

mPCR6(f1) = xf1,!3 + xf1,!4 + xf1,!7 + xf1,!8

= [0.152524, 0.323743]

mPCR6(f2) = yf2,!3 + yf2,!4 + yf2,!7

= [0.100351, 0.236255]

mPCR6(f3) = zf3,!3 + zf3,!4 + zf3,!7 + zf3,!8

= [0.106767, 0.226620]

mPCR6(It) = wIt,!4 + wIt,!7 + wIt,!8

= [0.100351, 0.236255]

We have summarized the results in Table 46. The left
column of this table corresponds to the imprecise val-
ues of mP CR6 based on exact operations on sets (i.e.
the exact calculus with imprecision). The right of this
table (mP CR6approx) corresponds to the approximated

imprecise values of mP CR6 based on results obyained
in Examples 1 and 2 and given in right columns of Ta-
bles 2 and 9. One shows an important di!erences be-
tween results in left and right columns which can make
an impact on final decision process when working with
imprecise bba’s and we suggest to always use exact im-
precise calculus (more complicated) instead of approx-
imate calculus (more easier) in order to get the real
imprecision on bba values. Same approach can be done
for combining imprecise bba’s with PCR5 (not reported
in this paper).

focal element mPCR6(.) mapprox
PCR6

(.)
!8 [0.194250,0.329250] [0.24375,0.27300]
f1 = !4 ! !8 [0.152524,0.323743] [0.23935,0.29641]
f2 = !6 ! !8 [0.100351,0.236255] [0.14587, 0.16950]
f3 = !4 ! !8 [0.106767,0.226620] [0.14865,0.16811]
It [0.100351,0.236255] [0.14587, 0.16950]

Table 46: Results of m0 " m1 " m2 " m3 for Table 45.

Based on results on left column of Table 46, one can
easily compute the imprecise Bel and Pl values also
which are

Bel("8) = [0.194250, 0.329250]

Pl("8) = [0.547476, 1.125502]# [0.547476, 1]

and

Bel("7 $ "8) = [0.194250, 0.329250]

Pl("7 $ "8) = [0.654243, 1.352123]# [0.654243, 1]

If we consider the minimal range of imprecision (op-
timistic point of view) one will get

Pmin("8) % [0.329250, 0.547476]

Pmin("̄8) % [0.452524, 0.670750]

and
Pmin("7 $ "8) % [0.329250, 0.654243]

Pmin("7 $ "8) % [0.345757, 0.670750]

Based on max of Bel or max of Pl criteria, one sees
that the decision will be to NOT evacuate the building
B when considering the minimal range of imprecision.

If we consider the maximal range of imprecision (pes-
simistic point of view), one will get

Pmax("8) % [0.194250, 1]

Pmax("̄8) % [0, 0.805750]

and
Pmax("7 $ "8) % [0.194250, 1]

Pmax("7 $ "8) % [0, 0.805750]

Based on max of Bel or max of Pl criteria, one sees
that the decision will be to evacuate the building B
when considering the maximal range of imprecision.

Summing the results, we get for m0 ! m1 ! m2 ! m3 with PCR6 the following imprecise mPCR6 bba:

mPCR6(!8) = "1 ! "2 ! "5

= [0.19425, 0.32925]

mPCR6(f1) = xf1,!3 ! xf1,!4 ! xf1,!7 ! xf1,!8

= [0.152524, 0.323743]

mPCR6(f2) = yf2,!3 ! yf2,!4 ! yf2,!7

= [0.100351, 0.236255]

mPCR6(f3) = zf3,!3 ! zf3,!4 ! zf3,!7 ! zf3,!8

= [0.106767, 0.226620]

mPCR6(It) = wIt,!4 ! wIt,!7 ! wIt,!8

= [0.100351, 0.236255]

where !, ! and " operators (i.e. the addition, multiplication and division of imprecise values), and other
operators on sets, were defined in [6], Vol. 1, p127–130 by

S1 ! S2 = {x|x = s1 + s2, s1 " S1, s2 " S2}

S1 ! S2 = {x|x = s1 · s2, s1 " S1, s2 " S2}

S1 " S2 = {x|x = s1/s2, s1 " S1, s2 " S2}

with

inf(S1 ! S2) = inf(S1) + inf(S2)

sup(S1 ! S2) = sup(S1) + sup(S2)

and

inf(S1 ! S2) = inf(S1) · inf(S2)

sup(S1 ! S2) = sup(S1) · sup(S2)

and

inf(S1 " S2) = inf(S1)/ sup(S2)

sup(S1 " S2) = sup(S1)/ inf sup(S2)

We have summarized the results in Table 60. The left column of this table corresponds to the imprecise values
of mPCR6 based on exact calculus with operators on sets (i.e. the exact calculus with imprecision). The right
column of this table (mapprox

PCR6 ) corresponds to the result obtained with non exact calculus based on results given
in Examples 1 and 2 in right columns of Tables 2 and 12. This is what we call approximate results since they
are not based on exact calculus with operators on sets. One shows an important di!erences between results in
left and right columns which can make an impact on final decision process when working with imprecise bba’s
and we suggest to always use exact calculus (more complicated) instead of approximate calculus (more easier)
in order to get the real imprecision on bba’s values. Same approach can be done for combining imprecise bba’s
with PCR5 (not reported in this paper).

focal element mPCR6(.) mapprox
PCR6

(.)
!8 [0.194250,0.329250] [0.24375,0.27300]
f1 = !4 ! !8 [0.152524,0.323743] [0.23935,0.29641]
f2 = !6 ! !8 [0.100351,0.236255] [0.14587, 0.16950]
f3 = !4 ! !8 [0.106767,0.226620] [0.14865,0.16811]
It [0.100351,0.236255] [0.14587, 0.16950]

Table 60: Results of m0 ! m1 ! m2 ! m3 for Table 59.
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Operators for exact calculus 
with imprecision

Imprecise inputs for sources 1 & 3

Based on results on left column of Table 60, one can easily compute the imprecise Bel and Pl values also of
decision-support hypotheses which are

Bel(!6 ! !7 ! !8) = [0.294601, 0.565505]

Pl(!6 ! !7 ! !8) = [0.654243, 1.352123] " [0.654243, 1]

Bel(!7 ! !8) = [0.194250, 0.329250]

Pl(!7 ! !8) = [0.654243, 1.352123] " [0.654243, 1]

Bel(!8) = [0.194250, 0.329250]

Pl(!8) = [0.547476, 1.125502] " [0.547476, 1]

Therefore, one gets the following imprecision ranges for probabilities

P (!6 ! !7 ! !8) # [0.294601, 1]

P (!6 ! !7 ! !8) # [0, 0.705399]

P (!7 ! !8) # [0.194250, 1]

P (!7 ! !8) # [0, 0.805750]

P (!8) # [0.194250, 1]

P (!̄8) # [0, 0.805750]

Based on max of Bel or max of Pl criteria, one sees that the decision will be to evacuate the building B
whatever the decision-support hypothesis we prefer !6 ! !7 ! !8, !7 ! !8 or !8.

Let’s compute now the imprecise DSmP values for " = 0.001. The focal element f1 = !4 ! !8 is redistributed
back to !4 and !8 directly proportionally to their corresponding masses and cardinalities

x!4

0 ! 0.001
=

y!
!8

[0.194250, 0.329250]! 0.001

=
mPCR6(!4 ! !8)

0.002 ! [0.194250, 0.329250]

=
[0.152524, 0.323743]

[0.196250, 0.331250]

= [
0.152524

0.331250
,
0.323743

0.196250
]

= [0.46045, 1.64965]

whence

x!4 = 0.001 ! [0.46045, 1.64965]

= [0.000460, 0.001650]

y!
!8

= [0.195250, 0.330250]! [0.46045, 1.64965]

= [0.089903, 0.544797]

The focal element f2 = !6 ! !8 is redistributed back to !6 and !8 directly proportionally to their corresponding
masses and cardinalities

z!6

0 ! 0.001
=

y!!
!8

[0.194250, 0.329250]! 0.001

=
mPCR6(!6 ! !8)

0.002 ! [0.194250, 0.329250]

=
[0.100351, 0.236255]

[0.196250, 0.331250]

= [0.302943, 1.20385]
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The imprecise DSmP probabilities are computed by

DSmP!,PCR6(!1) = w"1 ! v"1

DSmP!,PCR6(!2) = w"2 ! v"2

DSmP!,PCR6(!3) = w"3 ! v"3

DSmP!,PCR6(!4) = x"4 ! v"4

DSmP!,PCR6(!5) = w"5 ! v"5

DSmP!,PCR6(!6) = z"6 ! w"6 ! v"6

DSmP!,PCR6(!7) = w"7 ! v"7

DSmP!,PCR6(!8) = y!
"8

! y!!
"8

! v"8

which are summarized9 in Table 61 below.

Singletons DSmP!,PCR6(.)
!1 [0.0181,0.0389]
!2 [0.0181,0.0389]
!3 [0.0181,0.0389]
!4 [0.0008,0.0028]
!5 [0.0181,0.0389]
!6 [0.0184 0.0402]
!7 [0.0181,0.0389]
!8 [0.2072,1]

Table 61: Imprecise DSmP! of m0 ! m1 ! m2 ! m3 for Table 59.

- Answer to Q1: As we have shown, it is possible to fuse imprecise bba’s with PCR6, and PCR5 too (see
[6], Vol. 2) to get an imprecise result for decision-making support under uncertainty and imprecision. It is
also possible to compute the exact imprecise values of DSmP if necessary. According to our analysis and
our results, and using either the max of Bel, the max of Pl of the max of DSmP criterion, the decision will
be to evacuate the building B. Of course, a similar analysis can be done to answer to the question Q2 when
working with imprecise bba’s, and for for computing imprecise BetP values as well.

4 Qualitative approach
In this section we just show how the fusion and decision-making can be done using qualitative information
expressed with labels. In our previous examples the quantitative baa’s have been defined ad-hoc in satisfying
some reasonable modeling and using minimal assumption compatible with what is given in the statement of the
VBIED problem. The numerical values can be slightly changed (as we have shown in Examples 1 and 2, or in
Examples 3 or 4) or they can even be taken as imprecise as in Example 9, but they still need to be kept coherent
with sources reports in order to obtain what we consider as pertinent and motivated and fully justified answers
to questions Q1 and Q2.

In this section we show how to solve the problem using qualitative information using labels. We investigate
the possibility to work either with a minimal set of labels {L1 = Low, L2 = High} (i.e. with m = 2 labels) or
a more refined set consisting in 3 labels {L1 = Low, L2 = Medium, L3 = High} (i.e. with m = 3 labels). Each
set is extended with minimal L0 and maximal Lm+1 labels as follows (see [6], Vol.3, Chap. 2 for examples and
details)

L2 = {L0 " 0, L1 = Low, L2 = High, L3 " 1}

and

L3 = {L0 " 0, L1 = Low, L2 = Medium,

L3 = High, L4 " 1}

To simplify the presentation, we only present the results when combining directly the sources altogether and
considering that they have all the same maximal reliability and importance in the fusion process. In other words,
we just consider the qualitative counterpart of Example 1 only.

9Actually for !8, one gets with exact calculus of imprecision DSmP!,PCR6(!8) = [0.2072, 1.3281], but since a probability cannot
be greater than 1, the upper bound of imprecision interval has been set to 1.
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Concluding remarks

Reliability and importance of sources can be easily included 
in the fusion process.

We can work with imprecise information as well.

J. Dezert, F. Smarandache, Threat assessment of a possible Vehicle-
Born Improvised Explosive Device using DSmT.

Prior information and the choice of decision-support hypotheses 
have a strong impact on final decision.

DmT allows to provide a solution to VBIED problem and to answer 
to question 1 & 2.

Paper available soon on HAL & ArXiv system:
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What we need for solving VBIED problem

2. calculate the total or partial conflicting masses ;

3. redistribute the conflicting mass (total or partial) proportionally on non-empty sets involved in the model according
to all integrity constraints.

The way the conflicting mass is redistributed yields actually to several versions of PCR rules [11]. These PCR fusion
rules work for any degree of conflict in [0, 1], for any DSm models (Shafer’s model, free DSm model or any hybrid DSm
model) and both in DST and DSmT frameworks for static or dynamical fusion problems. We just now present only the
most sophisticated proportional conflict redistribution rule no. 5 (PCR5) since this rule is what we feel the most efficient
PCR fusion rule proposed8 so far.

The PCR5 combination rule for only two sources9 is defined by [11]: mPCR5(∅) = 0 and ∀X ∈ GΘ \ {∅}

mPCR5(X) = m12(X) +
�

Y ∈GΘ\{X}
X∩Y =∅

[
m1(X)2m2(Y )

m1(X) + m2(Y )
+

m2(X)2m1(Y )
m2(X) + m1(Y )

] (6)

where m12(X) corresponds to the conjunctive consensus on X between the two sources and where all denominators are
different from zero and c(X) is the canonical form10 of X , i.e. its simplest form (for example if X = (A∩B)∩(A∪B∪C),
c(X) = A ∩B). If a denominator is zero, that fraction is discarded.

In our opinion, PCR5 does a better redistribution of the conflicting mass than Dempster’s rule since PCR5 goes
backwards on the tracks of the conjunctive rule and redistributes the partial conflicting masses only to the sets involved in
the conflict and proportionally to their masses put in the conflict, considering the conjunctive normal form of the partial
conflict. PCR5 is quasi-associative and preserves the neutral impact of the vacuous belief assignment.

In short summary, the main differences between DST and DSmT are (1) the model on which one works with, and (2)
the choice of the combination rule.

3 The Target Type Tracking Problem

3.1 Formulation of the problem

The Target Type Tracking Problem can be simply stated as follows:

• Let k = 1, 2, ..., kmax be the time index and consider M possible target types Ti ∈ Θ = {θ1, . . . , θM} in the envi-
ronment; for example Θ = {Fighter, Cargo} and T1 � Fighter, T2 � Cargo; or Θ = {Friend, Foe, Neutral},
etc.

• at each instant k, a target of true type T (k) ∈ Θ (not necessarily the same target) is observed by an attribute-sensor
(we assume a perfect target detection probability here).

• the attribute measurement of the sensor (say noisy Radar Cross Section for example) is then processed through a
classifier which provides a decision Td(k) on the type of the observed target at each instant k.

• The sensor is in general not totally reliable and is characterized by a M ×M confusion matrix

C = [cij = P (Td = Tj |TrueTargetType = Ti)]

Question: How to estimate T (k) from the sequence of declarations done by the unreliable classifier up to time k, i.e.
how to build an estimator T̂ (k) = f(Td(1), Td(2), . . . , Td(k)) of T (k) ?

8A new PCR6 rule has been developed very recently by Martin and Osswald [6] but will not be presented and discussed here since
it coincides with PCR5 for the two-source case in our application.

9A general expression of PCR5 for an arbitrary number (s > 2) of sources can be found in [4].
10The canonical form is introduced here explicitly in order to improve the original formula given in [9] for preserving the neutral

impact of the vacuous belief mass m(Θ) = 1 within complex hybrid models. Actually all propositions involved in formulas are
expressed in their canonical form, i.e. conjunctive normal form, also known as conjunction of disjunctions in Boolean algebra, which
is unique.

mPCR5(∅) = 0

A simpler rule (PCR6) was proposed by Martin & Osswald in [DSmT Book, Vol. 2]. 

PCR5 transfers the partial conflicting masses only to the elements involved in 
the partial conflict and proportionally to mass m1(.) and m2(.) of elements involved 
in the partial conflict. It preserves the specificity of information in the fusion.

 A good modeling of inputs, an efficient rule of fusion, and 
proper choice of decision-support hypotheses to evaluate.

Fusion rule:  Proportional Conflict Redistribution rule #5 (PCR5)

DSmP versus BetP transformation 
!A " D!

Bel(A) # P{A} # Pl(A)

2.4 The DSm cardinality CM(A)

2.4.1 Definition

One important notion involved in the definition of the generalized pignistic transformation (GPT) is the DSm cardinality

[3]. The DSm cardinality of any element A " D!, denoted CM(A), corresponds to the number of parts of A in the

Venn diagram of the problem (modelM) taking into account the set of integrity constraints (if any), i.e. all the possible

intersections due to the nature of the elements !i. This intrinsic cardinality depends on the model M (free, hybrid or

Shafer’s model). M is the model that contains A, which depends both on the dimension n = |!| and on the number of
parts of non-empty intersections present in its associated Venn diagram. One has 1 # CM(A) # 2n $ 1. CM(A) must
not be confused with the classical cardinality |A| of a given set A (i.e. the number of its distinct elements) - that’s why a

new notation is necessary here.

It can be shown, see [3], that CM(A), is exactly equal to the sum of the elements of the row of Dn corresponding

to proposition A in the un basis (see section 2.1.1). Actually CM(A) is very easy to compute by programming from the
algorithm of generation ofD! given in [4].

If one imposes a constraint that a set B from D! is empty (i.e. we choose a hybrid model), then one suppresses the

columns corresponding to the parts which compose B in the matrixDn and the row of B and the rows of all elements of

D! which are subsets of B, getting a new matrix D!
n which represents a new hybrid modelM!. In the un basis, one

similarly suppresses the parts that form B, and now this basis has the dimension 2n $ 1 $ CM(B).

2.4.2 A 3D example with the free DSm modelMf

Consider the 3D case ! = {!1, !2, !3} with the free DSm model Mf corresponding to the following Venn diagram

(where< i > denotes the part which belongs to !i only,< ij > denotes the part which belongs to !i and !j only, etc; this

is the Smarandache’s codification [4]).

!"
#$

!"
#$

!"
#$!"

!1
#$

!2

!%!3

<12>

<123>

<3>

<13> <23>

<2><1>

IV. CUZZOLIN’S INTERSECTION PROBABILITY

In 2007, a new transformation has been proposed in [1] by Cuzzolin in the framework of DST. From a geometric interpretation

of Dempster’s rule, an Intersection Probability measure was proposed from the proportional repartition of the Total Non Specific

Mass
5

(TNSM) by each contribution of the non-specific masses involved in it. For notation convenience, we will denote it

CuzzP in the sequel. CuzzP (.) is defined on any finite and discrete frame Θ = {θ1, . . . , θn}, n ≥ 2, satisfying Shafer’s

model, by

CuzzP (θi) = m(θi) +
∆(θi)�n

j=1 ∆(θj)
× TNSM (9)

with ∆(θi) � Pl(θi)−m(θi) and

TNSM = 1−
n�

j=1

m(θj) =
�

A∈2Θ,|A|>1

m(A) (10)

CuzzP is however not appealing for the following reasons:

1) Although (9) does not include explicitly Dempster’s rule, its geometrical justification [1], [2] is strongly conditioned

by the acceptance of Dempster’s rule as the fusion operator for belief functions. This is a dogmatic point of view we

disagree with since it has been recognized since many years by different experts of AI community, that other fusion

rules can offer better performances, especially for cases where high conflicting sources are involved.

2) Some parts of the masses of partial ignorance, say A, involved in the TNSM, are also transferred to singletons, say

θi ∈ Θ which are not included in A (i.e. such that {θi}∩A = ∅). Such transfer is not good and does not make sense in

our point of view. To be more clear, let’s take Θ = {A, B,C} and m(.) defined on its power set with all masses strictly

positive. In that case, m(A ∪ B) > 0 does count in TNSM and thus it is a bit redistributed back to C with the ratio
∆(C)

∆(A)+∆(B)+∆(C) through TNSM > 0. There is no solid reason for committing partially m(A∪B) to C since, only A
and B are involved in that partial ignorance. Similar remark holds for the partial redistribution of m(A ∪ C) > 0.

3) CuzzP is not defined when m(.) is a probabilistic mass because one gets 0/0 indetermination. This remark is important

only from the mathematical point of view.

V. A NEW GENERALIZED PIGNISTIC TRANSFORMATION

Our new mapping, denoted DSmP is straight, different from Sudano’s and Cuzzolin’s mappings which are more refined

but less interesting in our opinions than what we present here. The basic idea of DSmP consists in a new way of

proportionalizations of the mass of each partial ignorance such as A1 ∪A2 or A1 ∪ (A2 ∩A3) or (A1 ∩A2)∪ (A3 ∩A4), etc.

and the mass of the total ignorance A1 ∪A2 ∪ . . . ∪An, to the elements involved in the ignorances. This new transformation

takes into account both the values of the masses and the cardinality of elements in the proportional redistribution process. We

first present the general formula for this new transformation and the numerical examples and comparisons with respect to other

transformations are given in next sections.

A. The DSmP formula
Let’s consider a discrete frame Θ with a given model (free DSm model, hybrid DSm model or Shafer’s model), the DSmP

mapping is defined by
6 DSmP�(∅) = 0 and ∀X ∈ GΘ \ {∅} by

DSmP�(X) =
�

Y ∈GΘ

�

Z⊆X∩Y
C(Z)=1

m(Z) + � · C(X ∩ Y )

�

Z⊆Y
C(Z)=1

m(Z) + � · C(Y )
m(Y ) (11)

where � ≥ 0 is a tuning parameter and GΘ
corresponds to the hyper-power set including eventually all the integrity constraints

(if any) of the model M; C(X∩Y ) and C(Y ) denote the DSm cardinals
7

of the sets X∩Y and Y respectively. � allows to reach

the maximum PIC value of the approximation of m(.) into a subjective probability measure. The smaller �, the better/bigger

PIC value. In some particular degenerate cases however, the DSmP�=0 values cannot be derived, but the DSmP�>0 values

can however always be derived by choosing � as a very small positive number, say � = 1/1000 for example in order to be as

close as we want to the maximum of the PIC (see next sections for details and examples). When � = 1 and when the masses

of all elements Z having C(Z) = 1 are zero, (11) reduces to (3), i.e. DSmP�=1 = BetP . The passage from a free DSm model

to a Shafer’s model involves the passage from a structure to another one, and the cardinals change as well in the formula (11).

5
i.e. the mass committed to partial and total ignorances, i.e. to disjunctions of elements of the frame.

6
The formulation of (11) for the case of singletons θi of Θ is given in [8].

7
We have omitted the index of the modelM for notation convenience.

BetP (X) =
�

Y ∈2Θ
|Y ∩X|

|Y | m(Y )
???

DSmP(.) reduces 
Shannon’s entropy of P(.) w.r.t BetP(.)
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