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Abstract
As top managers have to lead decision-making processes every day, they use a various palette of supporting tools, often
without the knowledge of their theoretical backgrounds. Nevertheless, especially when dealing with judgements provided by
experts, some theoretical assumptions have to be ful�lled. One of them is transitivity, an intuitively appealing property that is
usually taken for granted. When incorporated in the decision-making process, intransitivity of judgements or preferences can
lead to unwanted consequences and the results of decision-supporting tools can be misleading. It seems that such an issue is
not often addressed in industrial control problems involving manufacturing industries. To this end, we o�er a simple and
e�cient method to deal with intransitive preferences in this research domain. To illustrate the applicability of this general
mathematical method, we use it to support the risk management process in the food industry. The obtained results provide
meaningful managerial implications.
Keywords: Decision Support Systems; Analytic Hierarchy Process; Intransitive Preferences; Risk Management and Control

1. Introduction and objectives

Given the complexity and unpredictability of most busi-ness environments, managers generally prefer to dealwith core decision-making problems by relying on theexperience of decision-maker(s). To such an aim, es-tablishing a link between the possibly non-transitivenature of human preferences and the consistency ofmathematical models is often required by the tradi-tional decision-making practice. However, literaturedoes not show compact opinions on such an issue(Amenta et al. (2020)). Indeed, such traditional multi-
criteria decision-making (MCDM) models as, for instance,the analytic hierarchy process (AHP) somehow tends toget a "synthetic" consistency of experts’ opinions by

manipulating original assessments.
The present paper proposes a decision-making ap-proach making use of spontaneous judgements at-tributed by selected stakeholders when pairwise com-paring decision-making elements. The originally ex-pressed opinionsmay be fundamental to represent prac-tical business problems despite being (in some cases)potentially non-transitive. In such a direction, theirmanipulation will be avoided. As a representative in-dustrial �eld, we present a real case study on the topicof risk management and manufacturing system con-trol in the food industry. We specify that the proposedmethod can be extended to any sector of activity.
For the sake of brevity, we postponed the detailed
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theoretical analysis of the proposed method to another,preferably journal, article.
The present paper is organized as follows. The nextSection 2 reports the literature review, while section 3describes themethodological approach proposed to han-dle the inconsistency of judgements. Section 4 showsa real-world case study of industrial reality. In partic-ular, a real problem on risk management in the foodindustrial sector is dealt with to test the validity of ourmethod and its applicability to practical problems.

2. State of art

MCDM methods enable decision-makers to establishwhich solution (or which set of alternatives) representsthe best trade-o� according to di�erently weightedevaluation criteria referring to such practical aspectsas, for instance, safety & security, cost, productivity,and so on. Among the plethora of existing methods, theliterature agrees on considering the AHP as one of themost popular. The AHP is based on the concept of pair-wise comparisons between pairs of elements expressedby a decision-making team (Dong and Cooper, 2016),or maybe, by a single expert in the �eld of interest,in the form of linguistic variables (Franek and Kresta,2014). judgements of pairwise comparisons have tobe collected and aggregated into input matrices, called
pairwise comparison matrices (PCMs) - see Grzybowskiand Starczewski (2020). PCMs will be mathematicallymanipulated to obtain the vector of weights re�ecingthe degrees of importance or priorities of the involvedelements, the last ones being eventually ranked basedon the calculated weights (Liu et al. (2020)). The �nalranking well represents evaluations of the expert(s)given an additional assumption of consistency, thatmay be easily veri�ed mathematically. The key aspectof the AHP is indeed consistency of pairwise compar-isons attributed by experts, what directly in�uence thequality of �nal decisions (Hsieh et al. (2018)).
However, this normative position of the AHP may,sometimes, be a limiting factor. Indeed, one may easilydesign decision-making problems leading directly toinconsistent PCMs. This corresponds well to currentdiscussion in the domain of the expected utility theory(EUT), introduced in Von Neumann and Morgenstern(1953), where many systematic violations of the ba-sic assumptions, see e.g. Tversky (1969), motivatedthe development of alternative decision-making theo-ries, such as Fishburn (1988); Starmer (2000); Machina(2004). In particular, the axiom of transitivity of pref-erences is not always supported by empirical evidence,see, e.g., Bar-Hillel and Margalit (1988); Butler et al.(2016). A concisemathematical model of non-transitivedecision-making has been proposed in Kreweras (1961);Fishburn (1982), representing preferences with a skew-symmetric bilinear (SSB) functional. Such theory maydeal with inconsistent PCMs seamlessly, therefore it

will be used to transform the above-elicited PCMs intoweight vectors. One thus obtains a method converg-ing to a shared choice among various decision-makersthat may express their preferences with no additionallimitations on their judgements.
E�ective risk management and systems control inthe industry have to be undertaken and tailored to thespeci�c sector of activity to maximize safety and secu-rity for human resources, as a primary objective, butalso to optimize activity outcomes in terms of pro-ductivity, quality, and cost-e�ectiveness. The utmostimportance of risk-oriented management is then clearWu et al. (2014). However, especially under the cur-rent circumstances, having the COVID-19 pandemicstrongly impacted industrial business worldwide, en-terprises are experiencing many practical di�cultieswhen it comes to the real implementation of risk man-agement plans Hubbard (2020). Therefore, o�ering astructured mathematical approach based on expert ex-perience is important to support companies throughoutthe optimization of their results.

3. Notation and methodology
Let k be a positive integer, we denote P(k) ={
p ∈ Rk :p ≥ 0,∑k

i=1 pi = 1
} the set of all probability dis-

tributions having a �nite support of cardinality k, i.e.all convex combinations of k elements. Given a squarematrix X, we denote its transpose by Xᵀ. Matrix Xis skew-symmetric if Xᵀ = –X. A square matrix withpositive entries obtained from comparisons betweencertain attributes following a prede�ned scale is a pair-
wise comparison matrix (PCM). In detail, the entries of ageneric PCM are numerical values translating linguisticjudgments of preference between pairs of decision-making elements, i.e. criteria, sub-criteria or alterna-tives. A PCM matrix X of order k is reciprocal, X ∈ R(k),if xji = 1/xij for all i, j = 1, . . . , k, and homogeneous if
xii = 1 for all i = 1, . . . , k. A reciprocal matrix X ∈ R(k)is consistent with a weight vector w ∈ P(k) if w re�ectsthe priorities expressed by elements of X in such a waythat xij = wi/wj for all i, j = 1, . . . , k.For a (binary) relation � de�ned on a set S, an el-ement s ∈ S is a maximal element of S with respect to
� if set {q ∈ S : q � s} is empty. We say that � is
asymmetric if p � q implies q 6� p for all p,q ∈ S, and
� is transitive if p � q and q � r implies p � r for all
p, q, r ∈ S. Further, we assume that S is P(k). If there isa skew-symmetric matrix X that represents relation �on set P(k) as follows:

p � q ⇐⇒ pᵀXq > 0 for all p, q ∈ P(k),
we say that matrix X is skew-symmetric bi-linear (SSB)
representation of �, see e.g. Fishburn (1988); Pištěk(2018, 2019). A relation admitting a SSB representationwill further be called SSB preference relation. Note that



164 | 20th International Conference on Modeling & Applied Simulation (originally submitted to IMAACA 2021), MAS 2021

such a (preference) relation � on P(k) is asymmetric,but not necessarily transitive.
Finally, for a decision-making problem with m cri-teria {c1, c2, . . . , cm} and n options {o1, o2, . . . , on}, let

us consider pairwise comparison matrices A,B(l), l =1, . . . ,m, where A ∈ R(m) with aij > 0 is a PCM repre-
senting the importance of di�erent criteria. B(l) ∈ R(n)
with b(l)ij > 0 is expressing the degree of preference ofoption oi over option oj with respect to l-th criterion,
l ∈ {1, . . . ,m}.

Example (Leader example). Let us consider a decision-
making problem with n = 3 alternatives and m = 4 evalua-
tion criteria. We will use the "Tom, Dick, and Harry" example
that is described by Wikipedia contributors (2020). This ex-
ample introduces the real situation in choosing a leader for a
company whose founder is about to retire. There are three
competing candidates (Tom, Dick, and Harry) and four crite-
ria (Age, Charisma, Education, Experience) for choosing the
most suitable candidate. Criteria are pairwise compared and
the related judgements of preference aij are collected in the
following input matrix A:

Table 1. A: criteria pairwise comparison. Note that the vector of cri-teria weights for matrix A calculated using the standard AHP-basedway reads w = [0.0559, 0.2699, 0.1266, 0.5476]T.
Age Charisma Education Experience CR

Age 1 1/5 1/3 1/7
Charisma 5 1 3 1/3

0.0
443

5

Education 3 1/3 1 1/4
Experience 7 3 4 1

Element aij of matrix A is the measure of preference of the
item in row i when compared to the item in column j. Note
that just m(m–1)2 judgements need to be elicited (recall m = 4
in this case).
Similarly, we can evaluate the preference of each candi-

date with respect to a given criterion. We will denote respec-
tive preference matrices as B(l) where l ∈ {1, 2, 3, 4}.
Table 2. B(l): alternative pairwise comparison in each criterion
(a) B(1): Age

Tom Dick Harry CR
Tom 1 1/3 5
Dick 3 1 9

0.0
279

5

Harry 1/5 1/9 1

(b) B(2): Charisma
Tom Dick Harry CR

Tom 1 5 9
Dick 1/5 1 4

0.0
68
52

Harry 1/9 1/4 1
(c) B(3): Education

Tom Dick Harry CR
Tom 1 3 1/5
Dick 1/3 1 1/7

0.0
623

9

Harry 5 7 1

(d) B(4): Experience
Tom Dick Harry CR

Tom 1 1/4 4
Dick 4 1 9

0.0
354

8

Harry 1/4 1/9 1

The AHP provides a measure of consistency using

the so-called consistency ratio CR:

CR = CIRI , (1)
with CI being the consistency index, and RI being the
random index. RI values correspond to average consis-tencies of randomly generated matrices, provided bySaaty (2000). For a matrix of order k, CI is de�ned as:

CI = λmax – kk – 1 , (2)
λmax being the unique largest eigenvalue of the matrixthat gives the Perron eigenvector as an estimate of theweight (or priority) vector. Average consistencies (RIvalues) of randomly generated matrices are providedby Saaty (2000). The CR value has to be lower than ade�ned threshold for assuring the quality of pairwisecomparisons. A CR ≤ 0.1 generally implies acceptableconsistency, being the threshold value even lower forsmaller size matrices. One may verify that matrices A
and B(l) in the Leader example are consistent enoughto be treated by the standard AHP approach. However,consistency conditions are not met for the vast majorityof practical problems. This will be the case of the real-world problem in the case study, see Section 4.

3.1. Aggregated preference matrix

We assume that the pairwise comparison of criteriarepresented bymatrix A is consistent (to a high-enoughdegree), thus we may compute the vector of evaluationcriteria weights, w ∈ P(m), in the standard AHP-way.Alternatively, vector w may be also given directly byexperts, cf. the case study in Section 4. However, inour problem setting, this is not assumed for matrices
B(l), l = 1, ..., k, representing the evaluation of options
by individual criteria. Trying to represent B(l) ∈ P(n) bya vector of weights may thus lead to high information
loss. To avoid this issue, we combine matrices B(l)into a PCM matrix called aggregated preference matrix
P ∈ R(n) employing also the weight vector of evaluationcriteria w.
As underlined by Blagojevic et al. (2016), there arevarious possible procedures for aggregating judgementsof pairwise comparisons and obtaining matrix P. Themost common is the aggregation of individual judge-ments and the aggregation of individual weights Abelet al. (2015); Ramanathan and Ganesh (1994), but alsomodels based on consensus convergence Lehrer andWagner (2012) and ‘soft’ consensus computations Wuand Xu (2012) have been applied. We use an element-

wise (weighted) geometric mean of matrices B(l), i.e.,
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P = (pij) is composed of:
pij =∏

l
b(l)ij

wl , i, j ∈ {1, 2, ..., k}, (3)

where wl ≥ 0, l = 1, 2, ...,m such that∑lwl = 1 are crite-ria weights obtained from matrix A. Let us highlightthat both product ∏ and power (B)w in (3) are per-formed element wise. Note that aggregated preferencematrix P is reciprocal.
Example (Continuation of the Leader example). Note
that in case of matrices A,B(l) from the Leader Example, as
de�ned in Tables 1 and 2, respectively, matrix P can be found
in Table 3.

Table 3. Aggregated preference matrix P for the Leader example (withthe numbers rounded to three decimal places), computed from (3) us-ing vector w derived from matrix A in the standard AHP-way, see
Table 1, and matrices B(l) from Table 2.

Tom Dick Harry
Tom 1 0.836 2.231
Dick 1.196 1 2.654
Harry 0.448 0.377 1

3.2. Skew-symmetric bi-linear representation of
preferences

Let k be a positive integer and � be a (preference) re-lation on P(k). From the perspective of the EUT, pref-erence relation � is rational if and only if it may berepresented by a linear functional on P(k), i.e. therehas to exist x ∈ P(k) such that
p � q ⇐⇒ xᵀp > xᵀq for all p,q ∈ P(k).

Such a representation may not account for possibleintransitives of individual preferences. To this end thetheory of the SSB representation of preferences hasbeen proposed Fishburn (1982). Let an asymmetricmatrix X be a SSB representation of �, that is
p � q ⇐⇒ pᵀXq > 0 for all p,q ∈ P(k).

For such a general X one may easily �nd examples of
p,q, r ∈ P(k) such that p � q, q � r, and r � p. Thisseems to be an insurmountable obstacle for decision-making. However, the well-known Minimax Theorem,see, e.g., Von Neumann and Morgenstern (1953), im-plies that there is a maximal element s ∈ P(k) such that
s � q, s � p, and s � r.
Theorem 3.1. Let�beapreference relationonP(k) that has
a SSB representation, then there exists a maximal element of
P(k)w.r.t. �.
Recall that elements xij of X are proportional to thescale of preference of alternative i over j. Thus, for any

p,q ∈ P(k), one may evaluate the probability vector of
p yielding a more preferred outcome than q by pᵀXq.This gives a clear interpretation to themaximal element
s ∈ P(k): satisfying sᵀXq ≥ 0 for all q ∈ P(k), element
s yields a more preferred outcome more (or equally)likely than any other probability vector in P(k). Thiscondition can be equivalently stated as

Xs ≤ 0 (4)
using skew-symmetry of X. To get the solution of(4), one can easily employ the methods of polyhedralgeometry.
3.3. New approach to treat inconsistency in pairwise

comparisons

By applying the tools introduced above, we will obtain anew method that can handle the possible inconsistencyof experts’ judgements well (note, however, that fromthe perspective of the SSB representation, the AHP-inconsistency is, actually, not an inconsistency).Let P ∈ R(n) be the aggregated preference matrix
P given by (3) . To apply the theory of the SSB rep-resentation, one needs a skew-symmetric matrix Xsuch that xij, if positive, represents the scale of prefer-ence of i over j. One may come with many ways howto transform aggregated preference matrix P into anSSB matrix; we propose to use an element-wise log-arithm X = logP to this end. Indeed, such a matrixis skew-symmetric using reciprocity of P, the sign of
xij indicates if i is preferred to j or vice versa, and theabsolute value of xij corresponds to the scale of such apreference.The maximal preferred element with respect to sucha matrix will be called the �nal distribution of preference,and denoted by ζ ∈ P(n). By using (4), vector ζ satis�es(logP)ζ ≤ 0, and so all �nal distributions of preferenceform a non-empty polyhedron determined by

(logP) ζ ≤ 0, ζ ≥ 0, n∑
i=1
ζi = 1. (5)

Let us recall that such ζ ∈ P(n) leads to a more pre-ferred outcome with higher (or equal) probability thanany other probability distribution in P(n). The wholeprocedure has been summarised through the �owchartof Figure 1.
Example (Continuation of the Leader example). To il-
lustrate the fact that logP is an SSB matrix, let us apply the
element-wise log transformation to matrix P of Table 3. We
obtain a matrix logP shown in Table 4.
The �nal distribution of preference ζ calculated by solving

the problem from polyhedral geometry (5) is shown in Table
5; note that for the given matrix P it is unique.

The �nal distribution of preference ζ ∈ P(n) deter-
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Figure 1. Flowchart summarising the proposed procedure

Table 4. log P - an SSB matrix
Tom Dick Harry

Tom 0 -0.179 0.802
Dick 0.179 0 0.976
Harry -0.802 -0.976 0

mined by (5) often has many zero elements, see, e.g.the solution of the Leader example in Table 5. Thus, ζindicates well which element of P(n) leads to the bestchoice more (or equally) likely than any other, but itmay not be reasonably used to rank all alternatives. Tothis end one may evaluate pair-wise degree of preferenceof ζ, de�ned by
π = Pᵀ ζ. (6)

For any i = 1, ...,n value πi corresponds to the (ex-pected) degree of preference of ζ over an option i thatis measured on the Saaty’s scale. By using (5) andskew-symmetry of logP we have (logP)ᵀζ ≥ 0, leadingto πi ≥ 1 due to Jensen iequality. This corresponds wellto the fact that ζ is optimal.
Example (Continuation of the Leader example). Having
matrix P, the pair-wise degree of preference π is shown in
Table 6.

The values 1.196 and 2.654 in Table 6 mean thatDick is preferred 1.196 times more than Tom and 2.654times than Harry in the holistic evaluation.

4. Case study
The present case study deals with the topic of riskmanagement and system control in the food indus-trial sector. In detail, we propose a structured way toprioritize interventions of risk management aimed at

Table 5. The �nal distribution of preference ζ

Tom Dick Harry
0 1 0

Table 6. The pair-wise degree of preference π.
Tom Dick Harry
1.196 1 2.654

guaranteeing the safety of operators working with acore subsystem belonging to the packaging plant of afood company. The company is located in Italy and isdeputed to the production, packaging, and commer-cialization of marine salt for alimentary use. The coresubsystem of the mentioned industrial plant repre-sents one of the packaging lines to where marine salt isrouted upon the production stage, to be packed as a �-nite product and got ready for being dispatched and/orstored in the industrial warehouse. The subsystem ismade of �ve main machines that are: cartoning ma-chine, bundler, shrink-wrapped, palletizer, wrappingmachine. Six interventions represent the set of options(on, n = 1, . . . , 6) of the decision-making problem. Theyaim to deal with three relevant types of risks connectedwith the use of the machines belonging to the analyzedsubsystem. Main risks had been identi�ed during theprevious risk assessment stage. They are: 1. physicaland mechanical risks; 2. tripping, entanglement, andfalling risks; 3. postural and ergonomic risks. Relatedinterventions aim to potentiate system control and aresummarized in Table 7. Their ranking will support toprioritize their implementation. This procedure willconstitute an important part of the risk managementplan incorporating procedures and best practices aim-ing at facing uncertainty characterizing current times,strongly a�ected by the COVID-19 pandemic.
Interventions are going to be evaluated under fourcriteria, that are: c1 safety and security, c2 cost, c3 pro-ductivity, and c4 hygiene. Criterion c1 refers to safetyof human resources as wells as to the plant’s adher-ence to the regulations in force. Criterion c2 refers tothe implementation of interventions as well as to thepotential occurrence of plant shutdown. Criterion c3 isrelated to the ful�llment of production standards andsystem availability. Criterion c4 lastly evaluates therespect of hygiene conditions for personnel and plantsanitation according to the HACCP manual and to theCOVID-19 protocol in force (Iavicoli et al. (2020)). Thedescribed criteria have been attributed diverse impor-tance to eventually rank the six interventions. In sucha direction, the following numerical weights have beenestablished by collecting judgments of pairwise com-parisons within the company and, in particular, fromstakeholders familiar with the process under analy-sis: w = [0.399, 0.116, 0.070, 0.415]. This indicates themaximum prominence of such aspects as hygiene andsecurity. It is clear indeed as these aspects are con-sidered as being much more important than cost and



Carpitella et al. | 167

Table 7. Risk management interventions to be prioritised
ID code Intervention description
o1 Implementing a semi-automatic lubrication system for

those equipment requiring grease on a periodic basis by
permanent installation of electro-mechanical grease dis-
pensers with possibility for manual pumping.

o2 Contracting a specialized external company for regular
preventive maintenance of electrical equipment as well
as periodic arrangements for necessary settings and nor-
malization operations on the operating machines.

o3 Improving aspects related to emergency management by
simulating several types of industrial plant accidents and
sharing information with human resources at any level of
the hierarchy structure of the company.

o4 Implementing, where possible, a program of equipment
lockout aimed at minimizing the contact with operators
during periodic activities of power supplies control on
each work section and machine shutdown components.

o5 Optimising the control process of power supply by re-
viewing the number of compressors in operation and by
managing their control settings through personnel ade-
quately trained on the compressed air supply side.

o6 Increasing the frequency of sanitizing interventions on
the machines operating in the core subsystem of interest
by respecting measures of social distance and adhering
to the COVID-19 regulation in force.

productivity for risk management.
The general manager of the company has been askedto provide judgements of comparisons between pairsof options under the four previously weighted crite-ria. The evaluations are reported in Table 8, the lastcolumns giving the values of consistency ratios of com-parisons, calculated according to the AHP (Saaty (1977)).We can observe that judgements’ consistency is veri-�ed via AHP just in the �rst and in the second casessince the remaining CR values surpass the thresholdof 0.1. This evidence is particularly strong under thethird criterion of productivity while judgements areonly slightly inconsistent when comparing options un-der the fourth criterion of hygiene. The list of vectors

v(l) derived from matrices in Table 8 is in Table 9. Thematrix of aggregated preferences P, calculated by sub-stituting vectorw above and matrices from Table 8 intoformula (3), is shown in Table 10.
From the optimal distribution of preference ζ in Ta-ble 11 it is clear that the execution of intervention o6should be scheduled, see also the respective degree ofpreference π in Table 12. This intervention aims to op-timize all the considered criteria with a particular focuson hygiene, safety, and security aspects, that have beenassociated with higher weights by means of the AHPapplication. By exchanging feedback with the manage-ment of the company, it emerges indeed the primaryimportance of minimizing potential infection phenom-ena that may arise within the workplace deputed tothe packaging activity. This would have the twofoldobjective of protecting people and the business activity

Table 8. Evaluation of options with respect to criteria and CR values
(a) B(1)

o1 o2 o3 o4 o5 o6 CR
o1 1 13 12 13 13 13
o2 3 1 3 1 1 1
o3 2 13 1 13 12 12 0.0

08

o4 3 1 3 1 1 1
o5 3 1 2 1 1 1
o6 3 1 2 1 1 1

(b) B(2)
o1 o2 o3 o4 o5 o6 CR

o1 1 2 3 13 13 1
o2 12 1 3 12 12 14
o3 13 13 1 13 13 14 0.0

81

o4 3 2 3 1 1 12
o5 3 2 3 1 1 13
o6 1 4 4 2 3 1

(c) B(3)
o1 o2 o3 o4 o5 o6 CR

o1 1 1 5 1 1 4
o2 1 1 4 12 12 4
o3 15 14 1 13 13 13 0.1

78

o4 1 2 3 1 3 12
o5 1 2 3 13 1 4
o6 14 14 3 2 14 1

(d) B(4)
o1 o2 o3 o4 o5 o6 CR

o1 1 3 2 1 1 17
o2 13 1 3 1 1 13
o3 12 13 1 13 13 13 0.1
03

o4 1 1 3 1 1 17
o5 1 1 3 1 1 17
o6 7 3 3 7 7 1

on the whole. Other actions playing an important partin signi�cantly reducing the main risks for workerswill consist in upgrading the lubrication system andthe emergency management plan. Such interventionsas equipment lockout, systems of power supply con-trol and dedicated maintenance of electrical equipment,despite having certainly a positive impact on peoplesafety and company results, will be postponed on time.

5. Conclusion

We introduced a new approach to deal with problemswhere transitivity of judgements is not granted. Fre-quently, experts involved in decision-making are notkeen to modify their elicited assessment for mathe-matical reasons. This can be likely the case of com-plex industrial control problems. By extending the AHPmethod with the so-called SSB representation of (possi-bly) intransitive preferences, we considerably extendedits applicability, keeping, however, the well-knownproblem structure of the AHP. The solution uses proven
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Table 9. Matrix V of local weights v(l)
c1 c2 c3 c4

o1 0.065 0.147 0.215 0.132
o2 0.217 0.096 0.176 0.112
o3 0.095 0.053 0.047 0.061
o4 0.217 0.200 0.236 0.107
o5 0.203 0.191 0.201 0.107
o6 0.203 0.313 0.126 0.480

Table 10. P: Case study
o1 o2 o3 o4 o5 o6

o1 1 1.108 1.280 0.571 0.571 0.312
o2 0.903 1 3.059 0.883 0.883 0.592
o3 0.781 0.327 1 0.333 0.392 0.380
o4 1.752 1.132 3 1 1.077 0.389
o5 1.752 1.132 2.552 0.928 1 0.428
o6 3.208 1.688 2.635 2.573 2.338 1

mathematical concepts as polyhedral geometry and lin-ear programming. The proposed approach has beenapplied to a real-world case study on risk managementin the food industry. The goal is to potentiate systemcontrol and human safety by relying on original experts’judgments. The following tree actions of risk manage-ment have been scheduled as priority interventions:increasing the frequency of sanitizing interventions,implementing a semi-automatic lubrication systemand improving aspects related to emergency manage-ment. This will have positive in�uence on enhancingthe global level of hygiene, safety and security. A de-tailed theoretical analysis of the proposed method hasbeen postponed for future research.
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