Abdelhak Imoussaten 
  
Jacky Montmain 
  
Gilles Mauris 
email: gilles.mauris@univ-savoie.fr
  
A Multicriteria Decision Support System using a Possibility Representation for Managing Inconsistent Assessments of Experts Involved in Emergency Situations

Within an emergency unit, the head manager is required to make difficult decisions based on experts' assessments of many criteria, including personal injuries, environmental impacts, and economic and media consequences. Uncertainty in this collective assessment is related to the multiplicity of experts' points of view and imprecise assessments. We are proposing a decision support system derived from a situation-awareness model, generalized herein to the case of multiple actors. It is able of representing, merging, and aggregating expert assessments. Imprecise criteria assessments are first represented by intervals and then merged in the form of a possibility distribution that keeps track of all the information provided, that is, without any loss of information. Next, a Choquet integral based aggregation is carried out to consider the relative importance of criteria and interactions between criteria in the overall assessment of the foreseeable alternatives to get out of the crisis. Finally, a determination of the contributions of each criterion assessment uncertainty to the overall assessment uncertainty provides useful information to the head manager in controlling the decision deliberation by reducing the inconsistent points in the experts' assessments. The proposals are applied to the emergency issues resulting from a traffic accident occurring at a grade crossing.

INTRODUCTION

Emergency situations, regardless of their origin (e.g., natural hazard, infectious disease, industrial incident, and traffic accident, etc.), necessitate a coherent and effective emergency-management approach that involves complex decision making. [START_REF] Van De Walle | Handbook on decision support systems[END_REF] In such a context, one key issue is to provide the emergency team with a computerized framework 2 dedicated to: [START_REF] Endsley | Toward a theory of situation awareness in dynamic systems[END_REF] context. Section 3 will describe the article's main contributions relative to the representation, merging, and aggregation of experts' assessments and to the way the proposed uncertainty indicators are used to settle deliberation issues. A road traffic accident case study will highlight the interests of these proposals in Section 4.

SITUATION AWARENESS AND DECISION MAKING IN AN EMERGENCY MANAGEMENT CONTEXT: ISSUES AND SPECIFICITIES

Situation awareness involves becoming aware of all that is happening in the vicinity to understand how information, events, and one's own actions will alter goals and objectives, both immediately and in the near future. A lack of SA or an inadequate SA has been identified as one of the primary factors in accidents attributed to human error. [START_REF] Hartel | Defining aircrew coordination: Searching mishaps for meaning[END_REF] In fact, SA-related cognitive mechanisms (perception, comprehension, and projection into the future), decision making, and performance assessment are all embedded into a cognitive feedback loop [START_REF] Endsley | Toward a theory of situation awareness in dynamic systems[END_REF] (see Figure 1).

The perceptual level 1 involves the detection, recognition, and identification of elements that define a specific situation. Perceptual SA relies on the available sensory information (e.g., from sensors) as well as the operator's/decision maker's prior knowledge (e.g., object patterns/diagrams activated by memory) to identify individual situation elements and object groups. Comprehension level 2 reflects an understanding of the current state of affairs and involves making inferences about activities in the current situation. As such, the comprehension level maps perception products into object functions. Finally, projection level 3 consists of interpretations concerning the trajectory of the situation based on the output of comprehension SA and prior knowledge. [START_REF] Curiel | Developing Situation Awareness Metrics in a Synthetic Environment[END_REF] In emergency situations, decision making in the management unit features three main specificities: i. Multiple actors and multiple criteria: An initial significant characteristic of an emergency management unit pertains to the deep-rooted structural heterogeneity of its partners. Depending on the specificities of the emergency situation (geographical location, nature of the problem, stakes involved, and seriousness, etc.), the emergency unit may be composed, for example, of representatives wielding national authority, local stakeholders, different branches of the military, fire fighters, police officers, medical teams, public works departments, and nongovernmental organizations. All these actors may consider differently the SA situation, its consequences, stakes, and solution criteria. According to Ref. 21, even if actors seek to obtain a collective perception of the situation (through "sense-making"), they might also retain their own vision and assessments of the emergency situation (based on their particular field of business, culture, and ability to understand or contextualize information). Decisions involved in the emergency situation also include many viewpoints, all within an evolving social or environmental SA context, and are, therefore, essentially multicriteria in nature and dependent upon human, social, technical, regulatory, safety, and financial aspects. Comparing competing alternatives to relevantly correct the situation whose strengths or weaknesses relate to multiple objectives of interest to the decision maker is thus a key issue in reaching a final decision. ii. Uncertainty context: A specificity regarding the mental SA representation of an emergency situation is its development from very limited and informal material. While in other contexts, such a mental representation might be based on the actual subject itself (due to its accessibility), in an emergency context, the subject becomes extremely blurred and the mental image can only be drawn on the basis of fragmented information and not directly from the situation itself. Such an intermediate model (consisting of fragmented knowledge gathered from the emergency field and provided to the emergency unit) implies an additional level of abstraction along with all the associated cultural and business interpretations. iii. Expert assessments: Decision making in an emergency management unit implies taking into account experts' points of view in a relevant manner. Depending on the type of decision to be made (i.e., what are the possible options for resolving the crisis, which evaluation criteria are applicable to these options, etc.), only a few members of the management unit might actually be able to provide relevant assessments. [START_REF] Cheng | Evaluating naval tactical missile systems by fuzzy AHP based on the grade value of membership function[END_REF] The perception might neither be accurate nor objective, and even experts' assessments may prove to be controversial. The SA perception phase must therefore deal with imprecise, uncertain, and conflicting assessments. Furthermore, security, administrative, or military authorities entrust experts to perform the comprehension phase, in which case experts must debate and explain any observed disagreements. These conflicts in experts' judgment constitute an additional source of uncertainty in the SA assessment. No point of view can be ignored since any given expert may be alone in fully realizing the genuine consequences of the crisis.

In summary, due to (1) the large cultural heterogeneity of emergency management unit actors, (2) the extremely limited level of knowledge available within the emergency management unit, and (3) the need to consider various experts' assessments in a nondemocratic (or nonsmoothing) approach, the decision-making domain in emergency management comprises some very specific components. Accordingly, this paper proposes a mathematical model for managing the SA assessment and option selection phases when the assessment is being performed by a group of experts. Endsley's model will thus be completed herein using an internal cognitive feedback loop, whose control variable is the level of uncertainty in experts' assessments and whose aim is to efficiently manage the experts' debate in emergency situations (see the internal loop on the SA activity in Figure 1). The experts are indeed required to debate and explain their assessments to clarify the situation for the management unit's head manager; hence, the collective decision-making process must keep the full array of expert assessments along with their uncertainties so as to identify areas of dispute in the experts' debate and then efficiently control them relative to these uncertainties. Finally, the cognitive feedback loop of our model must be based on an easily understandable model of uncertainty management for interactive and comprehension purposes by the emergency unit.

REPRESENTING, MERGING, AGGREGATING, AND COMPARING EXPERT ASSESSMENTS

In an emergency management unit, the role of an expert in collective decision making is to provide a priori reliable assessments for those criteria lying within his area of expertise. The resulting questions are: (1) how to merge assessments on one criterion without a loss of relevant information and without neglecting anyone's point of view? (2) how to aggregate experts' assessments when forecasts are to be produced with multiple criteria? (3) and how to organize the deliberation process to resolve the most highly disputed points among experts? According to this view, the DSS proposed here aims to support the emergency unit's head to select the most efficient alternative to get out of the crisis in merging and aggregating the experts' assessments without losing any indications regarding possible dispute issues among experts. Then, the choice of the aggregation operator and the way uncertainty is handled in the merging process are crucial. As the aggregated assessment of experts' collective views must keep track of all experts' assessments, similarity aggregation method (SAM) [START_REF] Hsu | Aggregation of fuzzy opinions under group decision making[END_REF][START_REF] Lu | Aggregation of fuzzy opinions under decision-making based on similarity and distance[END_REF] must be dismissed here because in the SAM approach the weight of an expert's assessment should depend on this expert's level of agreement with respect to other experts. Indeed, in our framework, to make a reliable decision, the head manager of the crisis unit must verify the origin of all discrepancies (incorrect, imprecise, or uncertain data, and misinterpretations of experts' assessments, etc.) and then attempt to minimize them by reorienting the debate on the competing points. Uncertainties in the experts' assessments must therefore be explicitly represented and propagated into the merging and aggregation processes. With this aim, it will now be shown that the possibility theory provides some relevant tools. [START_REF] Dubois | Decision-making process[END_REF] Afterwards, a quantification of the influence of criteria assessment uncertainties on the overall assessment uncertainty will be proposed to provide the head manager with a means to efficiently guide the debate and converge on the most consensual decision as quickly as possible. An efficient support will thus be provided to control both the SA assessment step, and the points experts must focus on first to quickly reach a decision-making situation.

Framework of the Proposed DSS and Associated Notations

To assist the emergency unit head manager in selecting an alternative from several decision criteria, a global evaluation is conducted with an adequate aggregation of all expert assessments. The proposed merging process that combines imprecise assessments relative to a given criterion is based on possibility theory, [START_REF] Dubois | Possibility theory: An approach to computerized processing of uncertainty[END_REF] and moreover, merges these assessments without any loss of information; it computes the group assessment for each criterion. The aggregation process that combines these group assessments relative to each criterion is performed by the head manager: experts provide all necessary information or evidence to support the emergency management unit head manager, even though this manager is the only one to decide. The aggregation model represents the decision maker's decision strategy and, as such, must be clear enough to be easily understood; it is expected to be used to explain or justify any emergency unit decision. From this perspective, the CI-based aggregation, which accounts for interactions between criteria while maintaining the compromise aspect of the conventional average, offers an interesting tool that has already been used by several authors. [START_REF] Grabisch | A decade of application of the Choquet and Sugeno integrals in multi-criteria decision aid[END_REF] In dealing with uncertainty due to all actors involved in the emergency unit, [START_REF] Motro | Sources of uncertainty in information systems[END_REF] it is proposed to use possibility distributions to gather and merge all expert assessments with respect to a criterion. This procedure is motivated by the nature as well as the availability of the data: the evaluations of alternatives stemming from our application in essence correspond to imprecise human assessments by experts and are far from being precise numerical assessments. Moreover, few expert evaluations are available, which further complicates any reliable identification of probability distributions. [START_REF] Dubois | Possibility theory and statistical reasoning[END_REF] Possibility theory also provides an understandable representation of uncertainties that can be propagated into the decision-making process, while explanation capabilities may be proposed. [START_REF] Denguir-Rekik | A possibilistic-valued multi-criteria decisionmaking support for marketing activities in e-commerce: Feedback based diagnosis system[END_REF] In summary, we will detail in the following subsections the four key processes involved, that is: r Merging process: Construction of possibility distributions to merge experts' opinions with respect to each criterion. Our main contribution at this level is to extend existing methods for the case of consistent opinions (unimodal distributions of assessments) to the case when opinions are inconsistent (multimodal distributions); r Aggregation process: The aggregation of criterion possibility distributions using the CI.

Our main contribution at this level consists of establishing a linear relationship between the partial and aggregated evaluations, thanks to a suitable method of possibility distribution aggregation;

r Description process: The characterization of possibility distributions by defining de- scriptive indicators that simplify the quantitative interpretation. For this purpose, key indicators, such as location and uncertainty indicators, will be provided; r Comparison process: Finally, the tools developed will be used for analyzing the experts' opinions. Whenever divergent assessments are provided for a key criterion, the debate is centered on this criterion so that all disputed points are cleared before making the decision.

Notations

Let's consider a set of l possible alternatives {Al q , 1 ≤ q ≤ l} for a given decision-making problem. Each alternative Al q is evaluated according to n criteria. Let's also consider a data base of NE experts {Evl j , 1 ≤ j ≤ NE}. Assessments of experts express imprecise degrees of satisfaction and are represented by intervals in our framework. Let I j,q i be the assessment given by expert Evl j according to criterion i for alternative Al q . As mentioned above, possibility theory is applied to take into account the variability of assessments provided by all experts for a given alternative Al q . Possibility distributions π q i are thus built from the merging of imprecise assessments I j,q i , with respect to criterion i: the merging process yields the possibility evaluation of alternative Al q with respect to criterion i. Once π q i (i = 1, . . . , n) have been built for each criterion, they can then be aggregated to compute the overall possibility evaluation π q ag of alternative Al q .

Representation of Uncertainties: Belief Functions and Possibility Distributions

Because of limited perception capabilities and variability of the considered phenomenon, it is quite common for an expert to provide assessments by means of intervals rather than specific unique values. The evidence theory [START_REF] Dempster | Upper and Lower probabilities induced by multivalued mapping[END_REF][START_REF] Shafer | A mathematical theory of evidence[END_REF] (or belief function theory) is an appropriate framework to represent such a set of intervals. Indeed, belief functions appear to play a pivotal role since they generalize both the probability and possibility distributions [START_REF] Dubois | Decision-making process[END_REF] and have been used in the emergency decision-making context. [START_REF] Ju | Emergency alternative evaluation under group decision makers: a method of incorporating DS/AHP with extended TOPSIS[END_REF] Yet, they generally lead to rather complex processing; consequently, hereafter we will be using the belief-function framework, though we will ultimately represent assessments by possibility distributions given their good approximation of belief functions. Also, possibility functions are appealing from an interpretation point of view in collecting confidence intervals as well as a computational point of view. [START_REF] Mauris | A fuzzy approach for the expression of uncertainty in measurement[END_REF] 

Possibility Theory

Let

represent a universal set of elements ω under considerations that are assumed to be finite and let 2 represent the power set of . A possibility distribution π is a normalized function π : → [0, 1] (i.e., ∃ω ∈ , such that π (ω) = 1). (see Figure 2 for an example of π ). From π , possibility and necessity measures are respectively defined as: (A) = sup π(ω) and quantifies to what extent the event A is plausible while N(A) quantifies the certainty of A. An α-cut of possibility distribution π is the set

N(A) = 1 -(A c ) ∀A ⊆ . (A) ω∈A
E α (π) = {ω ∈ /π(ω) ≥ α}, α ∈]0, 1].

Evidence Theory

The evidence theory shall now be formulated by the basic belief assignment (bba) m defined from 2 to [0, 1], such that:

A⊆ m(A) = 1 and m(∅) = 0. Elements E of 2 such that m(E) > 0 are called focal elements and their set is denoted by F. The bba m can be represented by two measures: the belief function Bel(A) = {E∈F/A⊇E} m(E), ∀A ⊆ and the plausibility function

P l(A) = {E∈F/A∩E =∅} m(E), ∀A ⊆ .
As a matter of fact, evidence theory is nothing more than the rules of conventional probability theory applied to imprecise statements, that is, the focal elements instead of precise point statements. The belief measure (also called credibility measure) of event A combines the various evidences in support of A, that is, whose occurrences imply the occurrence of A. The plausibility measure of event A combines the pieces of evidence that enable the occurrence of A, that is, avoiding contradiction with A. In this situation, the probability of any event A ⊆ , denoted Pr(A), is imprecise and Bel(A) and P l(A) represent, respectively, the lower and upper probabilities of event A, that is, Pr(A) ∈ [Bel(A), P l(A)]. Two interesting extreme cases of belief and plausibility measures can be obtained by adding constraints to the set of focal elements. When all focal elements are singletons, the belief and plausibility measures become just a single measure: the well-known probability measure Pr(A). Another special case is encountered when all focal elements are nested (i.e., when they are ordered by a set inclusion), in which case the belief and plausibility measures become, respectively, the necessity and possibility measures. [START_REF] Dubois | Possibility theory: An approach to computerized processing of uncertainty[END_REF] 

Merging Experts' Assessments

This subsection will reveal how possibility distributions and associated location and uncertainty indicators are able to model the variability of imprecise expert assessments with respect to each criterion. This imprecision encompasses subjectivity and approximation in the utility scale used by experts. Merging imprecise sources of information requires a combination rule. The classical combination rules [START_REF] Destercke | Possibilistic information fusion using maximal coherent subsets[END_REF] presuppose that all sources are reliable (conjunctive mode) or at least one source is reliable (disjunctive mode). The combination used here to build possibility distributions is related to a trade-off mode.

Methods for Building Possibility Distributions from a Set of Intervals

Let's consider a set of distinct intervals {I j |j = 1, NI} as the focal elements and the probability of occurrence of interval I j as the bba m(I j ) assigned to this interval.

When intervals are nested, that is, I 1 ⊆ I 2 ⊆ .... ⊆ I NI , a possibility distribution π may be built from plausibility measure, as proposed in Ref. 34,

∀ω ∈ , π(ω) = P l({ω}) = j =1,NI m(I j ).1 I j (ω).
When intervals are consistent, that is, j =1,NI I j = I = ∅ (where all experts share at least one value), but not nested, two possibility distributions are built. Indeed, let ∀ω ∈ , π 1 (ω) = j =1,NI m(I j ).1 I j (ω) and E s = E s-1 E α s (π 1 ) (s = 2, r) (E 1 = I ) be the new nested elements built from {I j |j = 1, NI }. In Ref. 34 the bba m(E s ) are computed as m(E s ) = {I j related to E s } m(I j ) (each assessment I j being related in a unique way to the smallest E s containing it). Then a possibility distribution π 2 can be defined as ∀ω ∈ , π 2 (ω) = s=1,r m(E s ).1 E s (ω). The possibility distributions π 1 and π 2 are the best possibilistic lower and upper approximations [START_REF] Dubois | A set-theoretic view of belief functions. Logical operations and approximations by fuzzy sets[END_REF] (in the sense of inclusion) of assessment sets

{I j |j = 1, NI }).
In general however, experts' assessment might be neither precise nor consistent. The probability representation and possibility representation correspond, respectively, to extreme and ideal situations; unfortunately, the experts may issue contradictory assessments. This means that the consistency constraint may not be satisfied in practice, that is, j =1,NI I j = ∅. To cope with this situation, the groups of intervals with a nonempty intersection must be built from intervals {I j |j = 1, NI }, which is equivalent to finding subsets K β ⊂ {1, ..., NI }, β = 1, g such that: j ∈K β I j = ∅, with g being the number of subsets K β . These subsets of intervals are called maximal coherent subsets (MCS). This notion was first introduced in Ref. 36, for cases concerning inconsistent rule bases, and then extended to the imprecise probabilistic case. [START_REF] Destercke | Possibilistic information fusion using maximal coherent subsets[END_REF] For each group K β , two fuzzy subsets π β 1 and π β 2 are built (as in the previous case when elements are consistent as possibilistic lower and upper approximations of intervals {I j |j ∈ K β }). 

π 1 = ˜ β=1,g π β 1 ⎛ ⎝ respectively π 2 = ˜ β=1,g π β 2 ⎞ ⎠ (1) 
then, π 1 and π 2 are the possibilistic lower and upper approximations of intervals {I j |j = 1, NI }. Note that generally, the distributions π 1 and π 2 are multimodal. By applying the previous methods, the resulting experts' assessment merger is a pair of possibility distributions π 1 and π 2 , representing the lower and upper bounds of the plausibility function. Reasoning with the lower distribution (respectively upper distribution) might correspond to a severe risk-aversion position relative to the probability of information (respectively a flexible risk-acceptance position). Consequently, when the ranking of alternatives is the same with both distributions, this implies that the decision is the same regardless of the decisional behavior. In our critical field of application, we have kept both results and only conclude when they corroborate; this avoids any assumption regarding the merging of experts' assessments.

Definition of Summary Indicators of Possibility Distribution

Similar to probability distributions, whereby a distribution can be characterized by a limited set of parameters (mean, variance, skewness, etc.), we propose to describe a possibility distribution by the use of meaningful indicators relative to both location and uncertainty. A possibility distribution π allows representing some incomplete probability knowledge by bracketing an unknown probability value. We can thus define an upper (F * ) and a lower (F * ) cumulative distribution function, such that ∀x ∈ R, 

F * (x) ≤ F (x) ≤ F * (x) (Figure 3), with F * (x) = ([-∞, x]) and F * (x) = N ([-∞, x]).
MD(π) = (E * (π) + E * (π))/2
Uncertainty indicator :

P → [0, 20] (π) = E * (π ) -E * (π )
An important property [START_REF] Dubois | The mean value of a fuzzy number[END_REF] to be used later is the invariance of values E * (π) and E * (π) by the linear operations on π. Since the aggregation operators (i.e., the 2-additive CIs, see Section 3.4) used throughout the paper are linear per the simplex domain, this property will be very useful for the proposed definition of meaningful contribution indicators given in Table I (the support for these indicators is the interval [0,20], which corresponds to the possible values that can be assigned to the degrees of satisfaction in our application). In Table I, P denotes the set of possibility distributions defined on [0, 20].

The expression of (π) allows verifying both extreme cases of uncertainty, that is, the consensus (total precision,E * (π) = E * (π)) and total conflict (∀ω ∈ [0, 20] , π(ω) = 1; hence E * (π) = 20 and E * (π) = 0). In the consensus case, the uncertainty is = 0 and in the total conflict case, it is = 20.

Left and right skewness indicators can be defined along the same line; [START_REF] Denguir-Rekik | A possibilistic-valued multi-criteria decisionmaking support for marketing activities in e-commerce: Feedback based diagnosis system[END_REF] they have not been detailed herein, however, due to their lack of utility in our application context. For multimodal distributions π, that is, π = ˜ β=1,g π β , the preceding approach can be applied separately for each mode, which leads to the following definition of the location indicator:

MD(π) = g β=1 MD(π β )/g (2)
For the uncertainty indicator, a similar permode approach can be applied:

(π) = g β=1 (π β ) ( 3 )

Aggregation of Experts' Assessments Using the Choquet Integral

The Choquet Integral

The operators of the CI family are interesting due to their inclusion of many compromise operators, which explains their success in a wide array of applications. [START_REF] Grabisch | A decade of application of the Choquet and Sugeno integrals in multi-criteria decision aid[END_REF] Moreover, they can be written in the form of a conventional weighted mean modified by the effects stemming from interactions between criteria. Depending on the application context, only a special case of Choquet fuzzy integrals, known as the 2-additive CI, [START_REF] Grabisch | k-Ordered Discrete Fuzzy Measures and Their Representation[END_REF] that solely takes into account interactions by pairs will be considered herein. In the following, the notations of the 2-additive CI and its principal properties will be briefly recalled. The expression of the 2-additive Choquet fuzzy integral for an element (x 1 , ..., x n ) ∈ R n can be written as follows: [START_REF] Marichal | Aggregation operators[END_REF] 

CI (x 1 , ..., x n ) = n i=1 ν i x i -1 2 i>j I ij |x i -x j |.

This equation involves two types of parameters:

r v i are the Shapley indices, representing the importance of each criterion relative to all others that satisfy n i=1 ν i = 1, which is a natural condition for decision makers;

r the interaction parameters I ij of any pair of performance criteria (i, j ) ranging on [-1; 1]; a positive value means complementarity between the two criteria, a negative value means a redundancy, and a zero value means the criteria are not interacting, that is, preferentially independent; hence, ν i acts as the weights in a common weighted mean.

The n(n -1)/2 parameters of the 2-additive CI can be identified by the direct expression from the decision makers. Nevertheless, for a higher-quality quantification, more elaborate methods are available. [START_REF] Grabisch | On the extension of pseudo Boolean function for the interacting bipolar criteria[END_REF][START_REF] Clivillé | Quantitative expression and aggregation of performance measurements based on the Macbeth multi-criteria method[END_REF] Another important point, directly in line with this paper's contribution, is that the operator CI has a linear form on the simplex domains defined by ranking the evaluations (this ranking allows simplifying the absolute value in the right-hand side of the equation). By considering a permutation on x 1 , . . . , x n such that x (1) ≤ . . . ≤ x (i) ≤ . . . ≤ x (n) (where (.) is a permutation defined on {1, . . . , n}), the CI can then be written as: [START_REF] Montmain | Elucidation and Decisional Risk in a Multi Criteria Decision based on a Choquet Integral Aggregation-A Cybernetic Framework[END_REF] CI (x 1 , . . . , x n ) = n i=1 μ (i) .x (i) , where μ (n+1) = 0 and

μ (i) = μ (i) -μ (i+1) , with μ (i) = ν (i) + 1 2 j>i I (i)(j ) -1 2 j<i I (i)(j ) such that: ν i -1 2 j =i I ij ≥ 0.

Aggregation of Possibility Distributions Using the Choquet Integral

In the general case, the aggregation of possibility distributions by the CI is based on Zadeh's extension principle. [START_REF] Zadeh | Fuzzy Sets as a basis for a theory of possibility[END_REF] This principle is very general and can be applied to all distribution shapes, even multimodal. In fact, since we are dealing with piecewise linear distributions and a piecewise linear aggregation operator, then the aggregated possibility distribution is also piecewise linear. Given that the CI assumes a linear form once the evaluation ranking has been determined, the next step entails transposing this property into the possibility distribution space. The ranking of two distributions can actually be set by their intersections: [START_REF] Grabisch | Fundamentals of uncertainty calculi with applications to fuzzy inference[END_REF] each time an intersection occurs between the ascending (respectively descending) parts of the distributions, the initial distribution ranking is modified. Each of these intersection points determines, on both sides, the domains H k and H k+1 , denoted domain k and k + 1 in the remainder of this paper, where the CI offers a linear expression. To perform these computations, each possibility distribution is thus decomposed into well-ranked partial possibility distributions (see an example in Figure 4) and can be subsequently reunified. The aggregated possibility distribution through the CI π ag of n possibility distributions π 1 , . . . , π n can indeed be written as the union of elementary aggregated distributions of the p + 1 disjointed domains defined by the p points of linearity change on the propagated distribution. [START_REF] Denguir-Rekik | Propagation of uncertainty by the possibility theory in a Choquet integral based Decision making for an E-commerce website choice support[END_REF] π ag = ˜ k=1..p+1

π k ag = ˜ k=1..p+1 i=1..n μ k i .π k i ( 4 
)
where π k ag is the partial aggregated distribution relative to the k th domain, in which the CI has a linear expression, and π k i is the partial possibility distribution of the ith possibility distribution involved in the k th domain ( denotes the sum of possibility distributions).

As an illustration, let's consider the example given in Figure 4. In the left-hand column, the criteria distribution and their decomposition into two linear domains, according to the only ascending intersection point between distributions π 1 and π 2 ,are plotted. In the right-hand column, the aggregated distribution and its decomposition into the two linear domains are shown.

In the multimodal case, we have observed that the assessments can be represented by lower and upper multimodal distributions for each distribution

π i (i = 1,...,n), with respectively π 1,i = ˜ β=1,g i π 1 β ,i and π 2,i = ˜ β=1,g i π 2 β ,i .
Since processing is the same for both lower and upper approximations, let's note π i = ˜ β=1,g i π β i in the following computations. The union theorem [START_REF] Dubois | The mean value of a fuzzy number[END_REF] states that when multimodal distributions are to be aggregated, the aggregation for each combination of modes is computed and then the ˜ operator is applied. Equation 4 is computed for each combination of modes β = (β 1 , . . . , β n ) ∈ B with ∀i ∈ {1, . . . , n}, 1 ≤ β i ≤ g i (β i is the index mode of the ith distribution):

∀β ∈ B, π β = ˜ k=1..p β +1 π k β = ˜ k=1..p β +1 i=1..n μ k i .π β,k
i , which ultimately yields:

π ag = ˜ β∈B π β ( 5 
)
where p β + 1 is the number of domains of linearity relative to mode β of π ag and π β,k i is the part of the distribution π i within linearity domain k contributing to mode β of π ag .

Aggregation of the Uncertainty Indicator using the Choquet Integral

The indicators associated with a possibility distribution π are based essentially on the mean value of the upper and lower probability distribution E * and E * . Moreover, we noticed that the CI is linear by domains; the coefficients of the various linear expressions adopted by the CI depend on the ranking of distributions. This statement implies that the aggregation of E * (π i ) (respectively E * (π i )) also depends on such a ranking, which is modified every time an intersection occurs between the ascending (respectively descending) parts of the partial distributions. [START_REF] Grabisch | Fundamentals of uncertainty calculi with applications to fuzzy inference[END_REF] Therefore, Let π 1 , . . . , π n be a piecewise linear distribution and p is the number of points of change of linearity. Let's also denote π as one of these distributions. π can now be written as π = ˜ k=1..p+1 π k , where π k are the adjacent linear distributions (not necessarily normalized) ordered from left to right. Let k N be the domain index corresponding to the normalized partial distribution (i.e., the part containing the kernel of π). We now have for k N > 1 (p = 0 gives a single region k = 1):

E * (π k ag ) = n i=1 μ k i .E * (π k i ) (respectively E * (π k ag ) = n i=1 μ k i . E * (π k i ))
E * (π) = k N k=1 E * (π k ) -k N -1 k=1 E * (π k ) and E * (π) = p+1 k=k N E * (π k ) - p+1 k=k N +1 E * (π k ).
COROLLARY.. Let π be a piecewise linear distribution, π = ˜ k=1..p+1 π k , where π k are the adjacent linear distributions (not necessarily normalized) ordered from left to right and where p is the number of points of change of linearity. We now obtain (π) = p+1 k=1 (π k ). * Thanks to the linearity of CI in each domain k and to the invariance of E and E * by linear transformation, the uncertainty indicator of the aggregated distribution can be written as (π k ag ) = n i=1 μ k i (π k i ). From the corollary, it can thus be deduced that (π ag ) = p+1 k=1 (π k ag ), which allows writing

(π ag ) = p+1 k=1 n i=1 μ k i π k i (6)
When the aggregated distribution is multimodal (g ag -modal):

(π ag ) = g ag β=1 π β ag (7) with (π

β ag ) = p β +1 k=1 n i=1 μ β,k i (π β,k i )
, where p β + 1 is the number of domains of linearity relative to mode β of π ag , and π β,k i is the part of the distribution π i within linearity domain k contributing to mode β of π ag .

Deliberation: Identification of the Criteria to be Discussed First

During the decision-making deliberation, when experts do not share the same criterion assessment, the head manager must steer the discussion toward the most important criterion for which a mismatch has been observed. A useful tip for the head manager would be to develop a subset of criteria that explain a significant part of the uncertainty in the aggregated possibility distribution. From this perspective, we propose to determine a subset of criteria I * that contributes up to (100.τ )% (τ ∈ [0, 1]) of the uncertainty in the aggregated distribution.

Let π 1 , . . . , π n be the possibility distribution related to each criterion with respect to a given alternative and π ag the CI-aggregated distribution. The subset I * is then computed as follows:

I * = Arg min I ∈2 {1,..,n} { i∈I ϒ i / i∈I ϒ i > τ. (π ag )} (8) 
with ϒ i being the contribution of the uncertainty indicator (π i ) relative to the distribution π i , given the uncertainty indicator (π ag ) of the aggregated distribution π ag .To define ϒ i , the approach consists of seeking an additive model of contributions along the lines of the analysis of variance. Our intention therefore is to write the uncertainty indicator as:

(π ag ) = n i=1 ϒ i ( 9 
)
From equation ( 6), the contribution can thus be written as:

ϒ i = p+1 k=1 μ k i . (π k i )
For the multimodal case, the contribution of the uncertainty of each partial evaluation distribution to overall uncertainty is expressed as: (10) where g ag is the total number of modes.

(π ag ) = g ag β=1 n i=1 ϒ β i
The head manager can then use these contributions to recommend that experts focus their attention on the criteria in I * : disagreements on experts' assessments with respect to criteria in I * explain most of the observed uncertainty that disturbs the overall assessment. Experts must verify their respective assessments relative to criteria in I * . In the event of a mismatch, either an expert provided an inaccurate or incorrect assessment or else a point of disagreement must obviously be discussed by experts as a priority. In all cases, uncertainties on criteria assessments in I * must be discussed first to facilitate decision making; this may be represented through a control loop (Figure 5) with uncertainty as the control variable.

This control loop actually helps manage the SA-assessment phase when assessments are given by a group of experts. Endsley's SA model is thus produced here by means of a cognitive feedback, whose control variable is the uncertainty in experts' assessments. The notion of comprehension, interpretation, and decision by a group provides an additional complex factor in SA, and an internal control loop of the SA itself (levels 1, 2 and 3) has thus been introduced (Figure 6). Controlling the dynamic of the deliberation phase allows reducing the SA-response time of the group of experts: they are assumed to converge more rapidly on consensual values, if applicable. This approach avoids having to discuss criteria that are points of contention yet with only a minor impact on the final decision. 

CASE STUDY: DECISION MAKING IN A ROAD TRAFFIC ACCIDENT EMERGENCY MANAGEMENT UNIT

The selected case study corresponds to a road traffic accident analyzed within the framework of the ANR's (French National Research Agency) ISyCri project (http://w3.univ-tlse1.fr/ceriss/soc/isycri/). This project has focused on emergency situations through two specific perspectives: coordination of the actions of teams involved in the emergency unit (reactivity), and adaptation of this collective action as the situation evolves over time (flexibility). [START_REF] Benaben | A metamodel and its ontology to guide crisis characterization and its collaborative management[END_REF][START_REF] Truptil | A mediation information system to help to coordinate a response to a crisis[END_REF] For the present case study, we will consider decision-making issues relative to the group's SA adaptation as the situation changes. The decision-making process is seen as a series of elementary deliberative processes between experts with different cultures yet sharing the same overall objective: resolving emergency issues. Nevertheless, each expert can only refer to his own incomplete point of view corresponding to his area of expertise, information system, mission and goals, rules, and capacities. Sharing in a unique consensual assessment of the situation at any given time is a critical point to make relevant decisions: without a shared assessment of the situation, relevant and consistent coordination of the emergency unit might be missing, and the scheduled implementation of an action plan suitable to the evolving emergency might fail. Controlling the debate of experts involved with the emergency unit is thus a major consideration since such control would avoid wasting time with insignificant points of contention arising during the debate, and instead focuses the discussion on those points of contention exerting significant impact on the final decision.

The scenario considered herein concerns a road traffic accident occurring at a grade crossing. A train crashes into a truck that is transporting a toxic product. Many people are injured and the truck tanker bursts into flames. The tag indicating the product being hauled is illegible after the crash. Fire fighters and police are called to the scene. An emergency unit is created. The area surrounding the grade crossing is cleared and all traffic deviated to facilitate the rescue mission. Fire reaches the truck engine. Fire fighters administer first aid to the injured. The oil tank ignites as well. Emergency medical services are called to evacuate the injured to appropriate medical facilities. The truck tanker appears to be leaking, and a gas is observed to be escaping. The situation becomes much more complex and critical within the next few hours. The emergency unit manager, that is, the Prefect of Police in this case, must decide whether "the area is to be completely evacuated" (denoted "Evacuate") versus "sheltering of the population concerned" (denoted "Sheltering"). This decision depends on a number of criteria. First of all, criteria relative to both the physical and psychological injuries sustained must naturally be included. In the situation under consideration, a toxic gas release can also have severe consequences for the environment. It is thus obvious that resolving the emergency situation entails minimizing the number of injuries, psychological distresses, and pollution impacts, yet these objectives cannot be successfully achieved without addressing the relative cost of remedial actions and the way they get reported by the media. Successful closure of the emergency situation also depends, therefore, on the economic cost of response and its coverage in the media.

Finally, five criteria related to the physical and psychological injuries, environmental impacts, and economic and media communication consequences are to be incorporated (note that these may be relevant in most emergency situations). Since this decision carries with it serious consequences, the Prefect of Police, who would be blamed in the event of a disaster, consults a team of experts before making the final decision. Each expert sheds further light on the emergency situation in relation to his dedicated field of expertise and assesses the associated criteria with respect to decision alternatives. An overall collective assessment is broken down into two steps: (i) gathering of assessments for each individual criterion and representation of these assessments by a possibility distribution (i.e., the merging process); and (ii) aggregation of the elementary distributions relative to the criteria to yield an overall evaluation of the alternatives (so-called aggregation process). The decision-making process can then be conducted as follows: (i) the aggregated assessments of alternatives are compared; and (ii) should the preference be insufficiently obvious due to excessive uncertainty, the criteria creating sources of indecision are identified and reviewed in order of priority by the group.

For the considered scenario, five experts are selected by the Prefect of Police to offer their assessments of the five preceding criteria, whose relative importance and interactions are empirically described through the following set of rules:

-The relative importance of "Physical injury consequences" is greater than that of "Psychological consequences" and "Environmental consequences"; -The "Media impact" is more of a decisive factor than "Economic control"; -Managing a crisis without "Physical injury consequences," "Psychological consequences," or "Environmental consequences" cannot be considered a successful situation outcome if both the "Media communication" and "Economic control" fail.

These behavioral rules provide information regarding the relative importance of criteria and the preferential interactions between criteria. These rules have been quantified into a 2-additive CI aggregation model using a Macbeth-like method, [START_REF] Bana E Costa | A career choice problem: An example of how to use Macbeth to build a quantitative value model based on qualitative value judgements[END_REF][START_REF] Bana E Costa | On the mathematical foundations of MACBETH[END_REF] capable of transforming qualitative preferences into quantitative ones. [START_REF] Clivillé | Quantitative expression and aggregation of performance measurements based on the Macbeth multi-criteria method[END_REF] The values of relative importance and criteria interactions are shown in Figure 7, which corresponds to screen captures from the DSS developed during the ISyCri project. The Shapley indices relative to each criterion (i.e., physical injury consequences, psychological consequences, environmental consequences, media consequences, and economic consequences) equal respectively: 0.3, 0.2, 0.2, 0.2, and 0.1. The interaction values are: I economic,physicalinjury = 0.05, I economic,psychological = 0.05, I media,physicalinjury = 0.1, I media,psychological = 0.1, I media,environmental = 0.1, and I economic,environmental = 0.05. As an example, the Shapley index relative to "Physical injury consequences" is greater than both the "Psychological consequences" and "Environmental consequences" index values; the interaction coefficients of all three primary criteria (i.e., physical injury consequences, psychological consequences, and environmental consequences) with the secondary criteria (media consequences and economic consequences) are non-negligible. The Prefect of Police can then either validate or just slightly modify these values through application of the man-machine interface proposed in Figure 7.

Figure 8 presents the Smith's expert's assessment of "Physical injury consequences" relative to the alternative "Evacuate."Expert Smith believes that evacuating the entire accident area would monopolize all the patrol cars, fire engines, and ambulances and moreover block the main roads, which could prove detrimental to the evacuation of injured persons. To enter his opinion, the expert moves the cursors from "Yes" to "No": the closer to "Yes" (respectively "No"), the more satisfactory (respectively unsatisfactory) the alternative with respect to the given criterion. "Yes" (respectively "No") reflects complete satisfaction (respectively dissatisfaction) with the given criterion. In this example, Smith is not completely opposed to the alternative "Evacuate" yet still needs to be convinced. All of the experts' assessments have been synthesized in Table II. The intervals placed on a [0, 20] scale in Table II represent imprecise assessments provided by experts through the man-machine interface displayed in Figure 8: the locations of the cursors indicate the lower and upper bounds of the interval representing the expert's imprecise assessment (see the corresponding imprecise assessment in the right-hand corner in Figure 8). In In our example, the support for the aggregated distributions of the "Evacuate" alternative equals [4.65, 9.82] for both the upper and lower distributions. The kernels are [5.92, 8.5] for the lower distribution and [5.5, 9.5] for the upper. For the "Sheltering" alternative, the support is [6.3, 14.35] and the kernel [6.45, 14] for the upper distribution, and since the lower distribution is bimodal, two kernels are referenced ([6.8, 11.22] and [11.72, 13.1]).

Alternatives Al q can now be compared. A Pareto order could, as an example, be introduced. Let MD(π q ) be the position indicator and (π q ) the uncertainty indicator of Al q , then Al q is the preferred alternative if it is not dominated in the sense of the following Pareto order:

(MD(π q ), (π q )) ≺ Pareto (MD(π q ), (π q )) ⇔ (MD(π q ) + (π q ) < MD(π q )) or (MD(π q ) < MD(π q ) and (π q ) ≤ (π q )) (11) This expression means that an alternative Al q with a higher location indicator than alternative Al q is a better choice than Al q if its uncertainty is lower or if the location indicator difference is significant (other more flexible orders may of course be specified).

A comparison of two alternatives begins with the computation of the Pareto ranking. If one alternative is preferred to the other in the sense of the Pareto order, then the comparison ends. Otherwise, this means that uncertainty is too strong and likely affecting the decisional process to draw any conclusion. Further analysis must be carried out: the criteria that most significantly contribute to this uncertainty must be identified before the discussion can resume.

Moreover, let's now consider the lower distribution model for the merging process: the following can then be computed (with index 1 for "Evacuate" and 2 for "Sheltering"):

(MD(π Al 1 ), (π Al 1 )) = (7.26, 4.12) and (MD(π Al 2 ), (π Al 2 )) = (10.84, 7. 18). This implies that: (MD(π Al 1 ), (π Al 1 )) ≺ Pareto (MD(π Al 2 ), (π Al 2 )) and:

(MD(π Al 2 ), (π Al 2 )) ≺ Pareto (MD(π Al 1 ), (π Al 1 )).
Neither of the alternatives dominates the other in the Pareto order sense since 7.26 + 4.12 = 11.38 > 10.84 and MD(π Al 1 ) = 7.26 < MD(π Al 2 ) = 10.84; however, (π Al 2 ) > (π Al 1 )]. An analysis of the upper distribution provides the same conclusion. Hence, the Prefect cannot make a decision: the preference for "Sheltering" falls short of being tangible enough. He must have his experts review their arguments to verify whether these discrepancies in the assessments are justifiable.

The uncertainty indicator is in fact quite high for both alternatives, especially "Sheltering". This uncertainty is due to the uneven assessments of experts relative to the same criterion. The quantitative analysis of this uncertainty requires computing the contribution of each criterion to the aggregated distribution uncertainty, that is, as modeled by the uncertainty indicator (see Equations 9 and 10). Figure 14 shows that the "Physical injury consequences" criterion contributes most significantly to the aggregated distribution uncertainty for the "Sheltering" alternative, regardless of the decisional attitude (i.e., regardless of the approximate distribution). The "Physical injury consequences" criterion explains more than 30% of total uncertainty on its own: both the uncertainty and relative importance of this criterion are significant (these conclusions are the same for both the upper and lower distributions). This "Physical injury consequences" uncertainty is what mainly prevents the Prefect from making his decision. Hence, "Physical injury consequences" constitutes a point of contention with a significant impact on the final decision and, as such, must be reviewed as a priority by the group of experts.

From this analysis of criteria contributions to the uncertainty of the aggregated distribution, it can be determined that a significant portion of uncertainty pertains to the "Physical injury consequences" criterion for the "Sheltering" alternative, regardless of the approximation distributions. For the "Sheltering" alternative, this specific criterion will then be the one raised again in discussion as a priority by experts. The aim here is to explain the causes of these detected divergences (observation, interpretation, understanding, school of thought, professional liability, etc.). The SA debate concerning expert assessments focuses on uncertainty as a control variable to distinguish the major controversial and decisional factors simultaneously. In this example, uncertainty of the "Physical injury consequences" criterion mainly disturbs the Prefect in reliably comparing the two competing alternatives presented at the time. The Prefect must ask experts to review their assessments with respect to this criterion, which contributes most to his state of indecision. Four experts share consistent assessments (see Table II), but Kusto disagrees with them relative to this same criterion for the "Sheltering" alternative. Let's now imagine that this isolated expert Kusto is convinced by the remaining group of four experts during the controlled deliberation, offering a revised assessment [10,13] for this "Physical injury consequences" criterion (see Figure 15, left-hand side).

The new distribution for the "Physical injury consequences" criterion stems from the merging process and is now presented in Figure 15 (right-hand side). This new distribution is no longer multimodal; some uncertainty remains, yet critical divergence is no longer apparent.

From these new results, Figure 16 shows the new aggregated distributions (from the upper and lower merging approximations) for the "Sheltering" alternative.

Uncertainty in the overall assessment of the "Sheltering" alternative has significantly decreased because of Kusto's revision regarding "Physical injury consequences": 4.90 (respectively 5.51) for the lower (respectively upper) distribution versus greater than 7.18 (respectively 7.78). From the standpoint of the lower distribution, it can be verified that: 7.26 + 4.12 = 11.38 < 11.41; hence, "Sheltering" is preferred to "Evacuate" in the sense of the Pareto order. From the standpoint of the upper distribution, neither alternative dominates the other: (7.25 + 4.65 = 11.911.4 and 5.514.65). As mentioned above, a robust decision is made if and only if both the upper and lower distributions yield the same conclusion. Such is still not the case herein. Although the vagueness of the decision has been significantly reduced, the comparison does not yet allow the Prefect of Police to conclude on a choice.

For the "Sheltering" alternative, besides the "Physical injury consequences" criterion, it can be considered that the "Media consequences" (at 27.3%) (respectively 25.8%) and "Psychological consequences" (19.8%) (respectively 20.5%) criteria also significantly contribute to the uncertainty of the lower (respectively upper) aggregated distribution.

The experts do not completely agree regarding the media's reaction as to whether the "Sheltering" alternative is to be selected. Some experts believe this could be a mistake from the point of view of the precautionary principle, while others think that when the evacuation order will be announced and reinforced by media messaging, the risk is run of causing panic, which would complicate the crisis-management task. Their assessments however remain close to one another (Table II). Uncertainty with the lower (respectively upper) distribution equals = 3 (respectively = 3.4) relative to the "Media consequences" criterion, which simply means that the strong contribution of "Media consequences" to overall uncertainty is mainly due to the high "weight" ascribed to the criterion through equations (see Equations 9 and 10) in this assessment context. In other words, this criterion is of such high importance herein that even a slight divergence could induce severe impacts on the decision. The Prefect however is unable to influence the "Media consequences" criterion since his experts already share roughly the same qualitative opinion regarding this criterion.

In contrast, uncertainty of the "Psychological consequences" criterion is more significant, and it may prove useful for experts to reconsider this point to validate their opinions. Thanks to the DSS, the Prefect now knows which points must first be redeliberated by experts: assessments of those criteria with high relative importance and a significant uncertainty contribution. Once again, Kusto appears to be isolated and disagrees with the other experts regarding the "Psychological consequences" criterion; he is once again convinced by the group of four and issues a new assessment [13, 16] for this criterion (see Figure 17, left-hand side).

The new distribution for the "Psychological consequences" criterion stems from the merging process and is shown in Figure 17 (right-hand side). The revised upper and lower distributions are no longer multimodal.

From these updated results, Figure 18 displays the new aggregated distributions (from lower and upper merger approximations) of the "Sheltering" alternative.

At this point, the "Sheltering" assessments no longer contain divergences (i.e., no more bimodal distributions). It can then be verified that the "Sheltering" alternative is now preferable to the "Evacuate" alternative in the sense of the Pareto order for both lower and upper distributions (7.26 + 4.12 = 11.38 < 12.35 and 7.25 + 4.65 = 11.9 < 12.43). In this case, the conclusion now becomes obvious (Figure 19).

The reduction in assessment uncertainty has allowed concluding in three iterative steps. Thanks to the DSS, the Prefect of Police has managed the deliberation process to reduce uncertainties in the experts' assessments as quickly as possible. He has indeed been able to identify the criteria that prevented him from making a reliable decision to focus the debate on critical points of contention. The experts then rapidly reached agreement and the Prefect could finally make his decision. The proposed approach allows orienting the debate to efficiently converge on consensual SA whenever possible. This appears as a means of controlling the deliberation phase, which is intended to efficiently reduce the debate duration (a critical aspect of emergency management) by focusing the discussion on the points of contention exerting the greatest impact on the final decision.

CONCLUSIONS

The issues considered in this paper relate to the decision-aiding functionalities in the context of an emergency management unit composed of experts providing imprecise assessments on multiple criteria that are to be taken into account to yield a relevant final decision. These proposals constitute a formal approach for increasing the reliability of the SA-assessment step whenever this assessment is based on several human sources of information. The key points of the proposed DSS are:

-the possibility distribution based representation that allows presenting the variability in imprecise assessments provided by experts, even when the assessments diverge (multimodal distribution); -the nonlinear aggregation model allows taking into account both the relative importance of criteria and their interactions according to the head manager's preference model in an understandable framework for uncertainty management; -extension of the notion of explanatory variables, as commonly used in statistical linear regression models, by defining the contribution to overall uncertainty. This definition proves useful in identifying the criteria on which the deliberation must focus.

On the basis of this conceptual framework, a DSS has been developed to help the head manager of an emergency unit dedicated to a given road traffic accident situation. The case study has demonstrated that the proposed uncertainty representation of experts' assessments and their aggregation by a CI can provide the head manager with relevant information. During a subsequent step, the determination of contributions to overall uncertainty led to saving time in the final decision deliberation with experts, as well as improving the transparency and traceability of the decision in an easily comprehensive representation. Finally, participants' feedback has also revealed the need to enhance information visualization and interaction to simplify the sensitivity analysis.
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this case study, each expert is considered as a multispecialist and then authorized to issue an opinion for each criterion.

Figure 9 presents the results of this merging process with respect to each criterion, derived from the assessments listed in each column of Table II. Each image in Figure 9 displays the approximate upper and lower possibility distributions (as introduced in Section 3) for the set of intervals in Table II. The results of this merging process for all criteria illustrate the dispersion in experts' assessments (as observed by the uncertainty indicator) relative to the criteria for alternative "Evacuate". Nevertheless, the assessments remain consistent (i.e., unimodal relative distributions) except for the "Environmental consequences" criterion, which shows divergence (bimodal distribution). For four of the five criteria, imprecise assessments of the "Evacuate" alternative are consistent yet not nested (e.g., for the "Physical injury consequences" criterion, , is first associated with them, as explained in Section 3.3. The distributions can then be built for the "Physical injury consequences," "Psychological consequences," "Economic consequences," and "Media consequences" criteria. As for the "Environmental consequences" criterion, two opposing assessments (poor vs. ambivalent assessments) are clearly apparent, which explains the resulting bimodal possibility distributions for this criterion. The MCS search allows identifying the two modes first; then, the possibility distributions can be computed.

The upper and lower distributions feature the same level of support (i.e., assessments with a nonzero degree of possibility) in our example (Figure 9). However, the set of completely possible assessments (i.e., distribution kernel) for the upper and lower possibility distributions may be distinct: the kernels of upper and lower distributions relative to "Physical injury consequences," "Psychological consequences," and "Economic consequences" criteria significantly differ. Such is not the case for "Media consequences" and "Environmental consequences" criteria, for which all the MCS are nested. This result suggests that the decision might change depending on the decisional behavior of the decision maker. As previously stated, reasoning using the lower distribution (respectively upper distribution) could correspond to a severe risk aversion position regarding the probability of information (respectively to a flexible risk acceptance position). In our critical field of application, we retain both these results and only announce a conclusion when they corroborate. A decision is only made once the ranking of alternatives with both distributions is identical; in other words, a unique robust conclusion can be drawn regardless of the decisional behavior.

Disparities are also observed relative to criteria for the "Sheltering" alternative (see Table II and Figure 10).

Furthermore, the collated assessments present two clearly distinct points of view for the "Psychological consequences" and "Physical injury consequences" criteria (from divergences modeled by bimodal distributions). While the expert Kusto believes that "Sheltering" would have detrimental impacts from the point of view of both the "Physical injury consequences" and "Psychological consequences" criteria, the other experts consider "Sheltering" as a rather satisfactory solution with respect to these criteria. This outcome explains the observed inconsistencies for these two criteria in the distributions stemming from the merging process (Figure 10). Regardless of the selected possibility distribution (i.e., upper vs. lower bound), it is in fact bimodal: the first distribution mode corresponds to expert Kusto's point of view, and the second mode to the merging of all other experts' assessments. Let's note that for the second mode, the kernels of the upper and lower distributions differ: the completely possible values depend on the selected outcome of the merging process, that is, on the decisional attitude regarding error risk. The decision might then differ depending on the decisional behavior (level of risk attitude) of the Prefect of Police. Once again, instead of choosing a particular decisional behavior, both computations are retained in our approach, and a decision is made if and only if both upper and lower distributions yield the same conclusions (same ranking of alternatives).

Once this merging process has been applied to all criteria and both alternatives, the aggregation step is then executed. The five criteria distributions resulting from the merging process can now be aggregated: the outcome of this aggregation process will facilitate the comparison of competing alternatives for the Prefect. Computations are processed for both the upper and lower approximations. The aggregation of criteria distributions is processed using the 2-additive CI depicted in Figure 7. Figure 11 provides the outcome of the aggregation process for the "Evacuate" alternative, while Figure 12 shows the outcome for the "Sheltering" alternative. For the "Evacuate" alternative, this aggregation process nearly provides the same result for the location indicator (7.26 vs. 7.25) regardless of the upper or lower outcome model selected for the merging process, that is, regardless of decisional behavior. In contrast, the uncertainty indicator (4.12 vs. 4.65) is distinct and depends on the decisional behavior. Distributions are accompanied by their aggregation process indicator values shown on the DSS screen shots.

For the "Sheltering" alternative, this aggregation process produces a bimodal distribution for the lower approximation and a unimodal distribution for the upper approximation. Note that two criteria ("Physical injury consequences" and "Psychological consequences") are bimodal in the case of "Sheltering". Consequently, we can theoretically imagine that the aggregated distribution in Figure 12 should contain four modes; however, the ∪ operator prevents this proliferation of modes whenever the union theorem (see Equation 5) is applied (see Figure 13 for the lower distributions of both alternatives).