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ABSTRACT. Selecting the naval components to be part of a task force is a typical setting decision problem
wherein each component of the task force should complement the others. This decision situation calls for the
use of outranking modeling tools instead of the additive ones, which are usually used when selecting group
components. This study applies Electre I to develop an original approach to this hypothetical problem: the
composition of the Amphibian Readiness Group, used in the United States. Despite being a hypothetical
decision situation, the work uses real data from American media. We use Electre I because it is a native
outranking multicriteria decision method, designed to address choice decisions. Moreover, we take the
support of The Visual Outdeck web app (Outranking Decision and Knowledge app) to implement the model
and the Electre I multicriteria algorithm and a sensitivity analysis of the results regarding the weights and
the agreement and disagreement cut-off levels. Further we apply the same input data to an additive decision
algorithm, allowing comparison of the results. Consequently, we established the setting of the task force
by utilizing elements that optimally complement the others in the task force configuration. Furthermore,
the study finds that this task force differs from the one that should be constituted using traditional additive
modeling. The main contribution of this study is that it provides a robust discussion and original modeling
that supports military decision-makers while selecting a better set of military taskforces.

Keywords: multicriteria, decision, outranking, visual outdeck, warship selection, Electre I, operations
research.

1 INTRODUCTION

This study presents modeling for setting the core components of an amphibious task force for a
hypothetical decision. This kind of problem is a typical non-additive decision problem, and ac-
cording to Costa (2016), in such problems, it is recommended to adopt an outranking multicriteria
method to support the choice modeling.
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Multicriteria methodologies applied to military problems are not a novelty. According to Pessôa
& Costa (2020), and Costa et al. (2022), the examples are diverse, encompassing mainly logis-
tical and administrative aspects of the military context, commonly using the additive Analytic
Hierarchy Process (AHP) (Saaty, 1980), most of which originate from researchers linked to in-
stitutes in China and the United States. Despite the advances brought forth by previous works, a
gap still exists as most of the previous models used additive multicriteria methods.

Amphibious operations are complex military activities, due to the diversity of military means
employed. Normally, they involve simultaneous operations of Navy, Marines, Army, and Air
Force units.

The synchronicity of actions is a fundamental pillar of an operation’s success. Those units must
work together, and that demands complex coordination. However, the main characteristic of an
Amphibious Operation is the sea-land transition of troops and equipment. Hence, the ships trans-
porting such troops and equipment are the capital of amphibious operations. Therefore, such ves-
sels are vulnerable to the enemy during land-sea engagements, as they lose mobility to perform
landing operations.

Due to the importance of the transport and land ships, their neutralization or destruction makes a
littoral terrain conquest, known as a beachhead, infeasible. To achieve an amphibious mission’s
desired effect, it is necessary to analyze the composition of the core nucleus of its task force.

A natural question arises from such analysis: What is the most efficient composition: Large ships
with greater load capacity, or faster and more maneuverable small ships?

The task force definition may be classified as a configuration problem, typically a non-additive
one. However, we did not find an outranking modeling for this specific purpose in the literature.

In this study, we cover a part of this gap by developing an original model, based on non-
compensatory and non-additive (Electre I), addressing the problem of ship selection to replace
an amphibious expeditionary force parcel. Such problem is close to reality and is presented in a
case study, demonstrating its importance and political context.

The remainder of this paper is structured as follows. Section 2 provides a background on multi-
criteria decision methods. Section 3 presents the methodology. Section 4 presents the case study
and provides discussion of the results. Finally, Section 5 concludes the paper.

2 BACKGROUND ON MULTICRITERIA DECISION METHODS

Roy (1968) classifies the decision problems as choice, ranking, sorting, and description. This
classification is extended by Sant’Anna et al. (2015) by including clustering and sharing (or
portfolio) problems. Under this categorization, the setting or configuration problem is a kind of
choice problem in which a subset of alternatives is selected from a whole set of options.

Beyond this classification, a different kind is addressed to explore the differences between
situations in which the alternatives interact because of their synergy and situations in which
synergistic relationships among alternatives do not occur. In the Multiple Criteria Decision
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Aid/Making(MCDA/M) subject, the situations where synergy occurs are usually classified as
additive situations, while the situations where this is not the case are usually classified as
non-additive ones.

Based on the discussion shown in Costa (2016), there is a need to pay attention to this clas-
sification to avoid misinterpretations of results, mainly when modeling the problem of alterna-
tive selection in a setting problem. Thus, we introduce a briefing about this classification in the
following subsections.

2.1 Additive decision situations

As it appears in Equation 1, in additive decision situations, the multi-attribute utility function that
is usually applied is additive. Therefore, the total utility of a subset X of options chosen from the
whole set A is a scalar, whose value equals to the weighted sum of the utilities of each alternative
(xi) ε X , considering an entire set of criterion composed by n criteria. According to Fishburn
(1970) and Keeney & Raiffa (1993), the models that use an additive approach are based on the
Multi-Attribute Utility Theory (MAUT).

U(X) =U(x1,x2, ... xns) =
n

∑
j=1

k j

mx

∑
i=1

u(xi) (1)

where:

• X is composed by the options chosen from A

• mx is the number of alternatives that compose X

• n is the number of criteria used in the modeling

• k j is the constant of scale (sometimes called as weight) of the k− esim criterion

By closely examining Equation 1, we conclude that the additive effects occur in two paths: inner,
and inter-criteria. Because the additive occurs in inter-criteria, the MAUT modeling can also
show a compensatory behavior, which means that a high performance or utility u j(a) of a generic
alternative a under criterion j compensates or balances a low performance of this alternative
under another criterion.

Hence, as stated by Diaby & Dias (2017), the use of value function methods entails accepting
that an inferior performance on one criterion can always be compensated for by an excellent
performance on some other criterion. Therefore, these methods may not be the most appropriate
when such compensatory effects are not considered adequate in the decision-making process.

There are several situations in which compensatory and additive effects are not undesirable and
others in which they are not welcome. Thus, one should carefully understand whether a MAUT
based modeling is suitable for the specific decision situation.
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The multicriteria methods that implement additive approaches are usually classified as based
on MAUT, which is presented in the seminal works of Fishburn (1970) and Keeney & Raiffa
(1993). Nowadays, the most used MAUT-based methods are: TOPSIS (Hwang & Yoon, 1981),
AHP (Saaty, 1980), and FiTradeoff (De Almeida et al., 2016).

2.2 Non-additive decision situations

In non-additive decision situations, the multiattribute utility function usually applied for mod-
eling the performance, or final utility, of a subset of alternatives considers the synergies or
interactions among them. It is the basis of the outranking methods as described in Roy (1968).

For example, consider a decision problem in which a soldier carries two weapons with him: -
weapon x having a range of 500 yards and weapon y with a range of 700 yards.

In terms of range, the usefulness of this set of weapons that the soldier carries is not given by an
additive function.

If one models this situation as an additive one, the result may be represented by Equation 2,
which is clearly not suitable for the real decision problem.

U(x,y) = u(x)+u(y) = 500+700 = 1200 yards (2)

In contrast, one can say that U(x,y) should be modeled as it appears in 3. Applying this modeling
to the example provides a result closer to reality concerning this specific problem, as shown in 4.
This is because the problem described in the model is a typical non-additive decision situation.

U(x,y) = max{u(x),u(y)} (3)

U(x,y) = max{u(x),u(y)}= max{500,700}= 700 yards (4)

One perspective to deal with such problems is the Outranking perspective. The Outranking meth-
ods were developed to deal with the difficulties derived from a value function approach, and
associated with Bernard Roy and the Electre methods family Bouyssou (2009).

The outranking method Electre looks to discover a subset of X alternatives from a whole set A
that hits the best performance in each one of the criteria. The seminal work of Roy (1968) has
been deployed into the Electre family of outranking methods, as it appears in Table 1, adapted
from Nepomuceno & Costa (2015). The Electre I used in this study is detailed in the methodology
section.

2.3 Some remarks on modelling either additive or non-additive decision situations

As explained in the previous two subsections, there are situations that are naturally additive and
others that are non-additive. Hence, an in-depth knowledge of the nature of the decision is helpful
in deciding the method to approach the problem.
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Table 1 – Outranking multicriteria methods: summary of seminal references.

Decision Situation Non-additive Method
Choice Electre I Roy (Roy (1968)) and Electre IS (Roy & Skalka (1984))
Ranking Electre II Roy & Bertier (1971)), Electre III (Roy (1978)), Electre

IV (Roy & Hugonnard (1982)) and PROMETHEE (Brans et al.
(1986))

Sorting PROMETHEE TRI (Figueira (2004)), PROMSORT (Araz &
Ozkarahan (2005)), aara, Electre TRI (Mousseau & Slowinski
(1998)), Electre TRI-C (Almeida-Dias et al. (2010)), Electre
TRI-nC (Almeida-Dias et al. (2012)) and CPP TRI (Sant’Anna et al.
(2015)) and (Gomes Costa et al. (2019))

In contrast, another point that should not be forgotten in this discussion is the nature of the
Decision Maker’s (DM) rationality. In other words, the success of an MCDA/M also depends on
the preference modeling of the decision maker, which type of preference structure the DM feels
most comfortable using.

Therefore, as a previous step in the modeling, the decision maker needs to understand first the
nature of the decision situations:

• If the DM understands the problem as having a non-additive behavior and non-
compensatory rationality and feels comfortable participating in this kind of modeling,
he/she should apply an outranking method and adopt the same thinking path.

• If the DM classifies the decision situation as having additive behavior and compensatory
rationality and is comfortable with this, he/she should apply a MAUT-based method.

2.4 Multicriteria modelling in military decision making

From a military perspective, the traditional planning method is based on the choice of differ-
ent strategies available for a decision where a commander has a staff to assess the necessary
information about the feasibility and main characteristics of each different course of action
(COA).

Regarding the decision strategies from a military perspective, they “have been broken down into
three categories: managing the number of options, using compensatory techniques, and using
noncompensatory techniques” (Pounds & Fallesen, 1994).

Multicriteria decisions applied to military problems are not a novelty. According to Pessôa &
Costa (2020), the examples are diverse, encompassing mainly logistical and administrative as-
pects of the military context, commonly using the AHP methodology (that compensatory behav-
ior), and most of them are produced by researchers affiliated with institutes in China and the
United States.
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Pessôa & Costa (2020) presented a taxonomy for the uses of multicriteria in Defense. That tax-
onomy comprises both “Emergency Management” and “Military and Defense Department ca-
pabilities.” This study highlights some results shown in Pessôa & Costa (2020), regarding the
branch “Military and Defense Department capability.”

If one wants to access a complete discussion about the use of multicriteria in the military or even
in the defense context, we suggest reading the reviews provided by Pessôa & Costa (2020) and
Costa et al. (2022).

Crary et al. (2002) asserted that, for the U.S. Navy to be successful, it must make suitable invest-
ments in combatant ships and uses AHP combined with the mixed-integer programming model.
Nikou & Moschuris (2016) and Nikou et al. (2017) used combined AHP hybrid models to deal
with supplier selection and assessment.

Cheng et al. (1999) proposed a method for evaluating weapon systems based on AHP and fuzzy
linguistic variable weight. Fan et al. (2015) described the construction of the evaluation index
system method and constructed an index system for missile penetration effectiveness evaluation,
using a combination of AHP and firefly algorithm.

Linkov et al. (2010) used AHP to prioritize capability gaps for a small-arms-specific Department
of Defense (DOD) Joint Capabilities Integration, and Alomair et al. (2016) also used AHP to
evaluate defense simulation tools.

As exceptions to the use of AHP, Austin & Mitchell (2008) described the application of Value
Focused Thinking (VFT) within MoD to support decisions involving conflicting objectives, com-
plex alternatives, and significant uncertainties. Gazibey et al. (2015) employed DEMATEL to
determine the criteria and their sub-criteria affecting Main battle tanks (MBTs) selection. Dewis-
pelare & Sage (1980) integrated MOOT and MAUT when developing a process for specific
military equipment acquisition involving aircraft retrofit. In contrast, Dou et al. (2015) used
linear programming optimization and multi-objective integer programming, selecting a suitable
portfolio from several candidate multi-function weapon systems in the defense acquisition and
manufacturing process.

One can deduce that most related works have used AHP at least as a component. Moreover,
despite these advances brought forth by previous works, a gap still exists because the previ-
ous model used mainly additive compensatory methods: AHP, DEMATEL, or even optimization
(linear program).

Perhaps, the reason for the preponderance of compensatory methods, especially on additive
methods, comes from their proximity to the traditional military decision-making process on the
comparison of COAs, where an additive matrix or even AHP is used to compare the alternatives.

As utilities “rely on a sophisticated and cognitively demanding way of representing decision
alternatives” (Pounds & Fallesen, 1994) and “the expected utility and other analytic models have
produced accurate predictions of policy decisions and outcomes in numerous instances.”
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Simultaneously, ”this type of strategy is considered high in processing requirements because all
cues considered relevant to the decision are examined for all alternatives” (Pounds & Fallesen,
1994). “Such models seldom capture the underlying cognitive processes involved in decision
making” (Mintz, 1993).

In contrast, when the military decision process reaches higher levels (strategic or political), and
if an alternative is unacceptable in one criterion, it cannot be compensated by a high score in
another dimension, so a compensatory model may not be viable to execute the solution (Brummer
& Oppermann, 2021).

Moreover, the DM may be led to a bounded rational model, searching for an acceptable outcome,
where many aspects must be considered. Thus, the cognitive effort demanded will be constrained
by the processing capabilities (Mintz, 1993). Therefore a non-compensatory method will address
these requirements. In addition it turns handy a computational aid to help the facilitation process
and the communications with the DM.

In this work, we covered this gap by applying a non-compensatory and non-additive model-
ing for selecting a configuration of a naval unit meant for an amphibious expeditionary force.
Nevertheless, such procedure only enables an MCDM/A problem to be solved if the DM has
non-compensatory rationality.

3 METHODOLOGY

This section enumerates the steps applied in the modeling. The details about the modeling pro-
cessing are provided in the next section (Case study), where we apply the stages and steps de-
scribed here to a hypothetical realistic military situation decision. As shown in Figure 1, the
methodology is based on the following four main stages:

A. To map the decision situation, highlighting its main aspects and constraints.

B. To choose the multicriteria decision method to model the decision situation

C. To apply the MCDA method chosen in the previous stage

D. To analyze the sensitivity of the results to the modeling parameters.

Figure 1 – Stages.

Pesquisa Operacional, Vol. 43, 2023: e262058
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As described in the next section (case study), in the stage (c) the MCDA method applied in the
modeling is the Electre I, proposed in (Roy, 1968). Thus, we insert a deployment of stage (c) into
the steps performed when applying such a decision method.

The ELimination Et Choice Traduisant la REalité (Electre I) was designed to approach the out-
ranking choice of a subset N from a whole set of options or alternatives A = (a1,a2,a3, ...,am).
Figure 2 illustrates the steps on which the Electre I method is structured. The description of these
steps follows just after this figure.

Figure 2 – Steps to apply Electre I.

i. To identify a whole set of feasible options or alternatives: A = (a1,a2,a3, ...,am)

ii. To define a set or family of criteria or decision drivers: F = (k1,k2, ...,kn)

iii. to elicitate the weight or relevance of each criterion in F, which results in a set of weights:
W = (w1,w2, ...,wn)

iv. To evaluate the performance of each option in A under the viewpoint of each criterion in
F, which results in the matrix of grades or performance:

G = g(A) = ((g1(a1), ...,gn(a1)),(g1(a2), ..,gn(a2)), ...,(g1(am), ..,gn(am))).

v. To calculate the concordance matrix C and the discordance matrix D, respectively, through
Equations 5 and 6.

C(a,b) =
1

∑
n
i=1 wi

∗∑
n
j=1w jc j(a,b) (5)

D(a,b) =
max[g j(b)−g j(a);0]

γ j
(6)

Where

• a and b are generic alternatives belonging to the set A
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• j is the jth criterion in F

• g j(a) and g j(b) e grade or performance of a and b the criterion i

• w j is the importance or relevance of the jth criterion

• C(a,b) and D(a,b) respectively, imply how one agrees or disagrees with the assertive
“a is at least as good as b”

vi. To build outranking relationships among the alternatives, so that aSb if, and only if
c(a,b)≥ c∗ and d(a,b)≤ d∗

vii. To construct a partition that splits A into two subsets:

• The kernel or non-dominated subset N, composed of options with no outranking
relationship.

• The dominated or outranked subset D, composed of alternatives that are outranked
by at least one in N

We also highlight that, although it was proposed in 1968, the Electre I is singular once it pro-
vides a multicriteria outranking-based selection of the members of a set (so it is addressed to
setting problems) without having to build a rank, as highlighted in Costa (2016). Building a rank
is a need in other outranking methods, such as Electre II/III and Promethee and even in non-
additive compensatory methods such as AHP and TOPSIS. It is worthy in setting problems, once
it avoids rank reversal problems that could happen when using some methods mentioned above,
and mainly because it seeks the best set of alternatives that “outranks” the others (which may not
be the set composed of the best alternatives).

4 THE CASE STUDY

This section details the application of each of the stages and steps described in the previous
section to a hypothetical, realistic military situation decision.

i. To map the decision situation, highlighting its main aspects and constraints

The strategic scenario used an American decision-maker evaluation of replacing amphibi-
ous units for potential use in the South China Sea, in which both the U.S. and China are
military powers and permanent members of the U.N. Security Council.

Recently, the South China Sea environment has encompassed the development of the Chi-
nese strategy to use the “nine-dash line”, which concerns a representation of Chinese ex-
pansion claims in the South China Sea, represented inaccurately by dashed lines, as shown
in Figure 3.

The Chinese strategy achieves the desired effects at the political level, which, from an
international point of view, is linked to the dominance of international trade with a policy
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Figure 3 – Nine Dotted line. Source: Agency (1988).
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named “One Belt, One Road” (Cai, 2017), which is an application, in the modern era, of
the “silk route”.

It is possible to deduce that the leading Chinese interest is in maintaining trade with the
world. The best way to put this into practice is through sea routes. China has nine container
ports. They represent the hubs for China’s production.

China aims to secure the output of its merchant ships to fulfill the goal of “One Belt,
One Road.” However, that naturally happens by securing, through force or deterrence, the
exit of its merchant ships. There is a perception that the entry of any ships into the South
China Sea is denied, using existing Chinese means: ships, bases, islands, aircraft missiles,
submarines, and so on.

These means create the perception that the entry of military means from other states in the
event of a crisis or conflict in the China Sea region will engender losses in the event of
fighting.

The United States has termed this strategy A2/AD Anti Access and Area Denial (Kre-
pinevich & Watts, 2003) due to the difficulty in entering and navigating the region. It is
worth noting that this Chinese strategy does not use submarines to deny the use of the sea.

In contrast, over the past decades, the U.S. has invested in an operational concept called
ARG (Amphibious Ready Group), which provides the U.S. president with credible de-
terrence power capable of conducting amphibious operations in response to crises, con-
ducting contingency operations, and supporting special operations. This group is present
in various regions of the world, ready to act as an armed arm of diplomacy. The ship
composition of an ARG consists primarily of three elements (US Marine Corps, 2003):

• a Landing helicopter assault (LHA) - or a Landing helicopter dock (LHD);

• a LPD; and

• a LSD

Table 2 present their characteristics.

The ARG composition in large assets does not provide an excellent counter to the A2/AD
strategy, because if only one of the assets is hit, the material and personal losses will be so
great that they will compromise the Combat Power advantage and, consequently, mission
accomplishment.

Therefore, this study will use the replacement of the LSD by one, or a set of two new types
of a ship called LAW and LAWalt (Light Amphibious Warship), both smaller than the
LSD, but with advantages by allowing the reduction of technical risks and costs by being
adapted from commercial ship designs, aspects that motivated the initiation of Request for
Information, by the U.S. Navy (Rourke, 2021).

It is possible to assume that the economic factor hugely influences the decision process
and should be used as criteria, combined with tactical and technical aspects, to make this
decision.
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Table 2 – Comparing table ARG. Source: US Marine Corps (2003).

LHD 1 Wasp Class LPD 17 San Antonio Class LSD 41 Whidbey Island Class
22 knots 22 knots 22 knots
Crew: 1,123 Crew: 360 Crew: 413
Troops: 1,687 (+184 surge) Troops: 720 (+80 surge) Troops: 402 (+102 surge)
20,000 sq ft vehicle storage 24,000 sq ft vehicle storage 12,500 sq ft vehicle storage
125,000 cubic ft cargo storage 34,000 cubic ft cargo storage 5,000 cubic ft cargo storage
9 land.spots & aircraft hangar *4 land. spots & aircraft hangar 2 land. spots
3 LCACs or 2 LCUs 2 LCACs or 1 LCU 4 LCACs or 3 LCUs
536,343 gal JP-5 318,308 gal JP-5 52,160 gal JP-5
64 hospital beds 24 hospital beds 8 hospital beds
6 operating rooms

ii. Choosing the multicriteria decision method

If one focuses on the problem, he/she can note that it is an outranking one because we select
a subset providing the best performance in most of the criteria, instead of a subset allowing
higher performance in one criterion to compensate for low performance in another.

As reported in Nepomuceno & Costa (2015), among the outranking methods, the Electre
I was designed to support the choice of a set of alternatives in a setting problem. So, we
decided to apply it in our solution.

iii. Applying the MCDA method chosen in the previous stage

The application of Electre I follows according to the steps listed in the previous section.
We note that the Visual OutDecK APP is a web app that supports modeling that uses
outranking methods, enables graphical analysis and calculus routines, as in (Costa, 2021).

(a) Identifying a whole set of feasible options or alternatives

In this hypothetical case study, the alternatives are described in Table 3.

We observe that

• alternatives LAW and LAWalt are hypothetical, although close to reality.

• The LSD alternative is a real one, which considers the “LSD-41-Whidbey
Island” class.

• There are two new LAW classes: LAW and LAWalt.

• Alternatives are either composed by sole unit (LAW and LAWalt alternatives)
or by compositions of units of the same class (2LAW,4LAW, and 8LAW; or
2LAWalt and 3LAWalt).

• Arrangements of ships of different classes were not considered, preserving the
speed and operational range of the alternative in a uniform manner.

A = (LSD,2LAW,4LAW,8LAW,LAWalt,2LAWalt,3LAWalt,)

Pesquisa Operacional, Vol. 43, 2023: e262058



HELDER GOMES COSTA, RAPHAEL CORRÊA SILVA and LEONARDO ANTONIO MONTEIRO PESSÔA 13

(b) Defining a set or family of criteria or decision drivers

The criteria set was obtained from the opinion of two experts in the study of marine
war operations, that considers the following set as drivers to select a subset from the
alternatives that appear in A:

F = (StorageCapacity,TroopCapacity,Speed,OperatingRange,Resilience,
Cost)

The resilience criterion considers the mathematical expectancy of troop maintenance
higher than one-third, given a survival probability of 50 percent. Therefore, the bino-
mial distribution was changed accordingly to more vessels in each alternative. It is
noteworthy that the comparison depends on the characteristics of proposed mission
used as an evaluation context.

(c) Defining the weight or relevance of each criterion in F
As we used the Visual OutDeck app, which facilitates exploring the influence of
weight variation on the results, we began applying a weight equal to 10 for all the
criteria in F. Later, a sensitivity analysis was performed, exploring the sensitivity of
the result to variation in the weights. Thus we started with

W = (10,10,10,10,10,10)

(d) Evaluating the performance of each option in A under the viewpoint of each criterion
in F
These evaluations were made by consensus between the two experts that estimated
the performance of each alternative under each criterion. Table 3 presents their
characteristics

Table 3 – Estimate of alternatives performances.

Alternative Cost Troop Storage Velocity Operating Range Resilience
LSD 100 402 17500 22 3000 50
LAW 20 100 10000 20 3500 75

2LAW 38 200 20000 20 3500 69
4LAW 56 400 40000 20 3500 86
LAWalt 35 75 8000 25 2900 50

2LAWalt 68 150 16000 25 2900 75
3LAWalt 102 225 24000 25 2900 88

Pesquisa Operacional, Vol. 43, 2023: e262058
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The values in Table 3 were organized into the matrix of grades or performances:

G =



100 402 17500 22 3000 50
20 100 10000 20 3500 75
38 200 20000 20 3500 69
56 400 40000 20 3500 86
35 75 8000 25 2900 50
68 150 16000 25 2900 75

102 225 24000 25 2900 88


(e) To calculate the concordance matrix C

Inserting the data that appears in G into 6, it results in

C =



1 0.6667 0.5000 0.5000 0.8333 0.6667 0.3333
0.3333 1 0.5000 0.3333 0.6667 0.3333 0.1667
0.5000 0.8333 1 0.3333 0.8333 0.5000 0.1667
0.5000 1 1 1 0.8333 0.6667 0.5000
0.3333 0.3333 0.1667 0.1667 1 0.3333 0.3333
0.3333 0.8333 0.5000 0.3333 1 1 0.3333
0.6667 0.8333 0.8333 0.5000 1 1 1


We have previously evaluated all the alternatives in A as feasible, or in other words,
we have vetted candidates that are not feasible. We considered it unnecessary to cal-
culate the discordance matrix. As reported in Roy (1968), it provides a veto to select
an alternative.

(f) Building outranking relationships among the alternatives

In this step, we constructed an outranking graph. In this graph, an arrow from a
generic alternative a addressed to another alternative b, means that a outranks b, as it
follows: aSb if, and only if c(a,b)≥ c∗

In the more exigent situation, we have c∗ = 1. Applying this cut level to the data of
the case study results in the graph in Figure 4.

Figure 4 – Initial outranking relationships (c∗ = 1) .

Pesquisa Operacional, Vol. 43, 2023: e262058
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(g) Constructing a partition of A composed by the kernel N and outranked subset D.

One must note that

• there are no outranking relationships among the members of N, or in other
words, there is not an arrow between any pair of alternatives in N.

• each alternative in the subset D is outranked by at least one in N. In other words,
each alternative in the subset D is targeted by an arrow from at least one in N.

As a result
N = (LSD,4LAW,3LAWalt)
D = (LAW,2LAW,LAWalt,2LAWalt)

Thus, the best solution indication by Electre I is to select N, which provides the
best performance reachable from a subset of options selected from A: g(N) =

(102,402,40000,24,3500,88).

However, it must be highlighted that the model aims to evaluate a substitution of LSD
for smaller assets, enhancing the probability of achieving Combat Power advantage
because it would be more challenging to sink small substitutes than one huge vessel.

4.1 Discussion and analysis

This section performs a sensitivity analysis to determine further impacts on the selection. As
shown in Figure 5, the sliders on the left side of the screen of the Visual OutDecK App (Costa,
2023) allow to easily change the values of the cut-level of concordance (c∗) and also to vary the
values in the vector of criteria weights w = (w1,w2, ...,Wn), which are, as default, assigned to
(c∗ = 1.0) and w = (10,10,10,10,10,10).

Figure 5 – App dynamic control of weights and cut level.
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• Sensitivity to the weights while the value of c∗= 1.0

We observe that, while c∗ = 1.0, the results are not sensitive to variation in the weights. It
is because the variations in the weights can change the results of the concordance matrix.
Such changes do not alter the result if c∗ = 1.0. Thus, as c∗ remains equal to 1, there is no
change in the graph, and the remain the same even if we change the values in w to select
N = (LSD,4LAW,3LAWalt), which provides the best performance reachable from a subset
of options selected from A: g(N) = (102,402,40000,25,3500,88).

• Sensitivity to the value of c∗, while the weights equal to 10

We observe that, while fixing w = (10,10,10,10,10,10) and relaxing the concordance ex-
igence to lower values of c∗, the results remain the same for 0.67 ≤ c∗ = 1.0. However, for
values in the range 0.51≤ c∗ ≤ 0.66, the solution changes to: select N= (4LAW,3LAWalt).
This solution provides the performance g(N) = (102,225,40000,24,3500,88). Table 4
compares the performance resulting from these solutions against the one brought forth by
the initial solution. As one can see, the solution reaches the best reachable results for five
criteria among the six as taken into account; it reaches 225 in the criterion “Troop” instead
of 402, as available in the original solution.

Table 4 – Comparing performances.

Criteria N = (LAW,3LAWalt) N = (LSD,LAW,3LAWalt)
Cost 102 102
Troop 402 225
Storage 4000 4000
Velocity 25 25
Operating range 3500 3500
Resilience 88 88

• Sensitivity to variations in c∗ and w∗

If we continue relaxing the concordance exigence degree to values c∗ ≤ 0.5, the ker-
nel will be empty, or in other words, N = {}, or N = Null. That is because the criteria
have the same weight and the number of criteria in which LAW is at least as good as
3LAWalt (in which g(4LAW ) ≥= 3LAWalt) is equal to the number of criteria in which
3LAWalt is at least as good as LAW (in which g(3LAWalt) ≥= 4LAW ). It implies in
c(4LAW,3LAWalt) = c(3LAWalt,4LAW ) = 0.5. However, changes in the criteria weight
cause a change in the concordance degree and solve the situation described above. For ex-
ample, changing the weight of the criterion “velocity” to 2.0 instead of 1.0 causes the out-
ranking relationship 3LAWaltS4LAW to appear, which means: 3LAWalt outranks 4LAW.
In this case N = 3LAWalt.

Pesquisa Operacional, Vol. 43, 2023: e262058
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5 CONCLUSION

The study pioneers the use of Electre I for a distinct configuration/setting military problem. The
modeling was designed to select a subset to compose a task force composed of non-dominated
or non-outranked options N = (LSD,4LAW,3LAWalt) from an entire subset of alternatives N.
This is a typical setting problem, a particular case of choice problem. Additionally, this setting
problem, has criteria with non-additive behaviors.

This subset provides the best performance solution one can select on a non-additive decision base
- the context of selecting the task force components.

Therefore, the use of Electre I is suitable once addressed to solve multicriteria selection of mem-
bers of a set (i.e., addressed setting problems) in non-additive decision situations. Also, as un-
derlined in Costa (2016)), it does require building a rank, once it seeks the best set of alternatives
that “outrank” the other ones (which may not be the set composed of the best alternatives, which
is useful to avoid rank reversal that could happen when using some of the multicriteria ranking
methods).

The analysis of the provided context reveals that the 4 LAW or 3LAWalt alternatives are the most
suitable substitutes for LSD. Those options have a better performance on resilience, representing
more robustness in opposition as less material and personnel losses will arise if only one of the
assets is hit, with a lower probability of compromising the Combat Power advantage. It must
be emphasized that such affirmation is adequate for a specific operations context and decision-
maker. Interestingly, it demonstrates the dominance of alternative 4LAWalt regarding 8LAWalt,
which is not naturally expected.

As a literature contribution, the study explored the original use of Visual Outdeck, a novel app
that implements Electre I in a practical military example. Thus it serves as a possible approach for
other military decisions, especially for situations of higher levels, due to the bounded rationality
and politically related aspects (Brummer & Oppermann, 2021; Mintz, 1993). Moreover, the study
supports an uncommon decision: not a single purchase of a vessel, but the parts of a task force,
a team. Hence, the decision considers not only the individual potentiality, but also how they will
act in a complete set for covering the defined purpose.

The sensitivity analysis revealed that the criteria weights do not matter if one is looking for the
subset that provides the best performance from the alternatives available and the criteria decision
set.

The sensitivity analysis also highlighted that, if for any reason, there is a need to reduce the
number of components of a task force, the solution will consider the difference among the criteria
weights, looking to discard from N the options that provide better performance in the criteria with
a lower weight.

The “Visual Outdeck” representation enables a complete exploration by the DM to evaluate the
application of the outranking Electre method because the app is easy to operate. It allows sen-
sitivity analysis on the weight of criteria and presents a graphical response of its results. These
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graphs directly represent the dominance relations between the proposed alternatives and how
changes in weights and cut levels of concordance impact the results.

Therefore, in this hypothetical case, the suggestion for the DM is to replace LSD with 3LAWalt,
using the dominance relationship as justification.

Despite being a hypothetical case, it is realistic and worth for DMs once it provides a reliable in-
strument to test different cut levels and present it to the DM in a timely manner, test the robustness
of the solution provided, and adapt the analysis for different contexts.
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