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ABSTRACT. This paper introduces the Group Extended Entropy VIKOR (GE2-VIKOR) MCDM approach
for assessing defense technology criticality in developing countries. GE2-VIKOR addresses uncertainty
and complexity in this scenario by leveraging VIKOR’s ability to propose compromise solutions in dis-
crete alternatives’ scenarios. GE2-VIKOR can be applied in both individual and group decision-making,
incorporating weights based on decision-makers’ knowledge degree and criteria weights determined by
the sponsor or Shannon’s entropy theory. The method aims to offer a compromise solution that maximizes
group utility while minimizing individual regret under majority, consensus, or veto rules. A detailed demon-
stration illustrates GE2-VIKOR’s applicability and effectiveness in assessing defense technology criticality
in developing countries. The results highlight the method’s strengths and limitations and suggest future re-
search avenues, particularly exploring its applicability in developed countries, where technology criticality

concepts differ.

Keywords: multicriteria decision making, GE2-VIKOR, technology criticality.

1 INTRODUCTION

The research and development (R&D) of critical technologies are among the key vectors that
a country must prioritize to effectively express its national power and interests. However, the
definition of what constitutes a critical technology varies between developed and developing
countries (Girardi et al., 2024).
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2 GE2-VIKOR MCDM METHOD APPROACH FOR DEFENSE TECHNOLOGY CRITICALITY ASSESSMENT

From the perspective of developed countries, a critical technology is primarily defined as one that
expands technological frontiers globally and contributes to technological autonomy. For develop-
ing countries, critical technologies have a local innovation impact, they can suffer technological
embargo and reduce the technological gap with competitors. Therefore, it is imperative for these
countries to pursue new methodologies to reduce this gap, balancing their capabilities, goals,
and constraints through national R&D efforts or foreign acquisitions comprising technological
transfer processes (Girardi et al., 2024).

However, assessing the degree of criticality of a technology requires a set of criteria that is chal-
lenging to obtain. The problem context involves considering the future impacts of decisions,
the uncertainty of data, and collecting impressions and opinions from specialists, demanding
processes to address cognitive biases and the complexity of mental processes.

As a result, the assessment of defense technology criticality presents a scenario where it is im-
practical to identify an optimal solution through all criteria. Conflicting opinions, uncertainty, and
complexity characterize this situation, highlighting the need for Multi-criteria Decision-Making
(MCDM) methods (Cinelli et al., 2020).

The most relevant research found in the Scopus and Web of Science databases on technology
criticality assessment includes the following studies: urban sewage sludge by Best-Worst Method
(BWM) (Ren et al., 2017), information technology selection by AHP - TOPSIS - Grey (Oztaysi,
2014), waste-to-energy technologies selection by DEMATEL - Fuzzy ANP - Fuzzy VIKOR (Ali
Shah et al., 2021), emissions reduction from shipping by Fuzzy AHP - VIKOR (Ren & Liitzen,
2015), green building manufacturing by Fuzzy DEMATEL (Yadegaridehkordi et al., 2020), solid
waste treatment and disposal by Fuzzy AHP - Fuzzy TOPSIS (Kharat et al., 2019), energy saving
technologies by Fuzzy AHP - Fuzzy TOPSIS (Mardani et al., 2016), blockchain platform evalu-
ation by DNMA - CRITIC (Lai & Liao, 2021), ballast water treatment by BWM - CRITIC and
extension theory (Ren, 2018), and renewable energy for home heating by TOPSIS (Yang et al.,
2018).

On the other hand, the most relevant studies on technology selection problems have addressed:
wastewater treatment by BWM-TOPSIS (Salamirad et al., 2023), sustainable waste disposal
by Stratified BWM (Torkayesh et al., 2021), sustainable refrigeration by DEA-TOPSIS (Arabi
et al., 2024), waste to energy by entropy weighted TOPSIS (Alao et al., 2020), energy stor-
age technology by TOPSIS (Zubiria et al., 2022), renewable energy technology by H-SWARA-
MULTIMOORA (Maghsoodi et al., 2018), process mining by spherical fuzzy AHP (Dogan,
2021), health-care waste treatment by interval 2-Tuple induced TOPSIS (Lu et al., 2016), waste
reduction by THOR 2 (Drei et al., 2024).

In defense field, Costa et al. (2023) applied ELECTRE method to select naval core components,
Faveri et al. (2024) assessed investigations distribution in Brazilian Federal Police by SMARTS,
Kurnaz et al. (2023) applied Grey SWARA to helicopter pilot selection, Gazibey et al. (2015)
addressed main battle tank selection by DEMATEL, and Hamurcu & Eren (2020) proposed
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the selection of Unmanned Aerial Vehicles by AHP-TOPSIS. No research addressing defense
technology criticality was retrieved.

In developing countries, the strategic evaluation of defense technologies is crucial not only for
national security, but also for achieving technological independence and progress. Most of re-
trieved research emphasizes environmental themes, underscoring the need for robust method-
ologies for assessing technology criticality in sensitive areas. Thus, there remains a distinct ab-
sence of methodologies specifically designed to assess the criticality of defense technologies.
This study seeks to address this gap by providing an approach that enhances decision-making
processes in defense technology management.

This research is thereby significant as it not only contributes to the MCDM field but also of-
fers practical implications for policymakers and stakeholders involved in defense technology
assessment. By integrating Operations Research methods into defense technology criticality
assessment, this study contributes to foster strategic technological advancement in developing
countries.

As noted by Cinelli et al. (2020), each decision problem requires a customized approach, in-
cluding the definition of problem scope, criteria features, and the decision-making process it-
self. Therefore, this paper aims to propose the Group Extended Entropy VIKOR (GE2-VIKOR)
MCDM method, tailored to assess the criticality of defense technology in developing countries,
based on criteria defined by Girardi et al. (2024).

The subsequent sections are organized as follows: Section 2 defines the problem context and the
criteria, including limitations and constraints, Section 3 outlines the principles and steps of the
GE2-VIKOR method, Section 4 presents a demonstration applying the method, including the
intermediate steps of the method, and discusses the main findings. Finally, Section 5 deliberates
on the research goals, contributions, limitations, and future research.

2 THEORETICAL FOUNDATION

In this section, the problem context is examined, and a detailed definition of the criteria employed
in this study is presented.

2.1 Problem Context

The assessment of defense technology criticality is crucial for strategic decision-making across
various sectors, including industries, scientific institutions, and government branches, vital to
national security and economic resilience. By evaluating the criticality of technologies, organi-
zations and policymakers can prioritize resource allocation, mitigate supply chain vulnerabilities,
and enhance resilience against disruptions. This process not only safeguards national capabili-
ties but also fosters innovation by identifying areas where technological advancements are most
urgently needed (Almeida Jinior & Almeida, 2023).
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4 GE2-VIKOR MCDM METHOD APPROACH FOR DEFENSE TECHNOLOGY CRITICALITY ASSESSMENT

In the context of global competitiveness, understanding the criticality of technologies is essen-
tial for maintaining technological independence and reducing dependency on foreign sources. It
enables countries to strategically invest in R&D, infrastructure, and workforce training, thereby
bolstering their capabilities in key strategic areas. Moreover, technology criticality assessments
guide regulatory frameworks and international collaborations, ensuring alignment with national
security objectives and sustainable development goals (Girardi et al., 2024).

In this context, research by Guo (2012) highlight the significant emphasis placed on this field
by countries such as the United States, Japan, Great Britain, Germany, and South Korea.
Almeida Jinior & Almeida (2023) reinforce this importance by stating that controlling the
technological lifecycle constitutes a crucial advantage pursued by leading R&D nations.

Girardi et al. (2024) explore this theme by proposing a conceptual framework that underscores
the complexity of the decision problem context. The framework highlights the intricate inter-
play between strategic, economic, and societal factors that influence the criticality of technolo-
gies. By elucidating these complexities, Girardi et al. (2024) provide a structured set of cri-
teria to comprehensively evaluate and prioritize technologies crucial for national security and
sovereignty.

Given the importance of decision-making process in this field, the application of MCDM meth-
ods is particularly apt. These methods offer structured tools to integrate diverse and conflicting
criteria, facilitating a balanced and transparent evaluation process. By availing MCDM meth-
ods, decision-makers can effectively navigate the complexities involved, enabling robust strategic
choices that align with broader national and organizational goals.

The decision-making process structure proposed in this research, including the criteria proposed
by Girardi et al. (2024), is depicted in Figure 1.

2.2 Criteria definition

In this section, the criteria definition and preferences elicitation procedures proposed by Girardi
et al. (2024) are presented.

2.2.1 Strategic alignment (C1)

Strategic alignment (C1) is a beneficial-criterion that addresses the importance of a technology in
achieving national strategic objectives. Preferences are elicited through a survey, where a panel
of specialists, forming a decision-makers’ group, provides their impressions on the impact of
technologies on desired operational capabilities. This results in an index ranging from “does not
impact” (grade 1) to “great impact” (grade 3).
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Technology criticality assessment

Strategic alignment Novelty Technology autonomy

Technology 1 Technology 2 Technology 3 (-.)

Proposed ranking

Figure 1 — Decision-making process structure.

2.2.2 Novelty (C2)

Novelty (C2) is a cost-criterion that indicates the maturity level of a technology within the coun-
try’s context, based on its innovation impact. In developing countries, novelty is framed within a
local reference, where “new” does not necessarily imply something unprecedented or disruptive.
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6 GE2-VIKOR MCDM METHOD APPROACH FOR DEFENSE TECHNOLOGY CRITICALITY ASSESSMENT

As proposed in the framework, it is possible to measure a developing country’s maturity in spe-
cific technologies on a Technology Readiness Levels (TRL) scale, customized for defense con-
text, including production repeatability and improvements in updated versions. Thus, the novelty
criterion is addressed following the TRL clusters presented in Table 1, where the panel evaluates
the maturity level of the technologies.

Table 1 — TRL clusters.

TRL cluster | Designation
1 Initial research (TRL 1-3)
2 Technological development (TRL 4-6)
3 Integration and prototype design (TRL 7-9)
4 Production and user experimentation (TRL 10-11)

Source: Girardi et al. (2024) under CC BY-NC-ND 4.0 license.

It is noteworthy that, from the R&D viewpoint, novelty is inversely correlated with the maturity
level. A lower maturity level implies a greater perception of novelty, lower national dominance
of the technology, and a longer time until production of a defense system. This justifies a high
criticality, expressed as a cost objective in MCDM analysis.

2.2.3 Technology autonomy (C3)

Technology autonomy (C3) is a beneficial-criterion that encompasses the availability of a tech-
nology within a country. This criterion analysis is divided in three steps: accessibility analysis,
dependency analysis, and vulnerability analysis.

In the accessibility analysis, it is addressed whether a technology of interest is available in the
domestic market and can be integrated, the availability of foreign suppliers from geopolitically
aligned host countries, and the possibility of a technological embargo.

Depending on the technology acquisition trade, dependency and vulnerability are addressed. If a
full technology transfer occurs, the technology features are under the acquirer’s control, with no
dependency or vulnerability. In acquisition of Commercial-off-the-Shelf (COTS) or Modifiable-
off-the-Shelf (MOTS) systems, the acquirer can be in a dependency position such as logistical,
technical, and legal. From this point, the dependency can lead to logistical vulnerability (e.g.,
supply chain interruption) and operation vulnerability (e.g., alien interference in systems via
technical aspects such as cyberwarfare).

Figure 2 presents a diagram that condenses these concepts to facilitate the specialist’s panel
assessment. Technologies are graded as “non-critical” (grade 1), “low criticality” (grade 2),
“medium criticality” (grade 3), and “high criticality” (grade 4).
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Figure 2 — Technology autonomy evaluation.

Source: Girardi et al. (2024) under CC BY-NC-ND 4.0 license.

3 METHODOLOGY

In this section, the structure of the proposed method is outlined, and the constituent steps are
detailed.

3.1 Method Structure

To address the complexity of technology criticality assessment, as detailed in Section 2.1, this pa-
per proposes the Group Extended Entropy VIKOR (GE2-VIKOR) approach. This method is tai-
lored for a formal defense decision-making process where a sponsor establishes a working group
composed of specialists (decision-makers) who express their preferences in a panel, demanding
flexibility throughout the process.

With this method, the sponsor can:
 Directly analyze the alternatives or form a specialist panel, depending on the complexity
involved.

» Express criteria weights directly in the method, ensuring strict control of ranking behavior,
or address data source uncertainty using Shannon’s entropy equations.

* Rank alternatives using majority, consensus or veto rules, thereby allowing the sponsor to
balance between a “best-to-others” and a “minimal regret” scenario.
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8 GE2-VIKOR MCDM METHOD APPROACH FOR DEFENSE TECHNOLOGY CRITICALITY ASSESSMENT

Thus, GE2-VIKOR provides flexibility to the sponsor by modularization of steps, allowing cus-
tomization at each stage. It employs the multi-scenario feature of the VIKOR method, combined
with Shannon’s entropy method to address information source uncertainty, and extends its func-
tionality by including a decision-makers’ group scenario through the weighted aggregation step,
accommodating the heterogeneity of the panel. The method’s structure is depicted in Figure 3.

Individual Group

Defined Entropy computed

Majority vote Consensus vote Veto vote

Figure 3 — GE2-VIKOR structure.

3.2 Individual decision scenario

MCDM methods aim to assist decision-makers in arriving at suitable solutions in complex
scenarios where identifying an optimal alternative among all decision criteria is challenging.
Decision-maker preferences over criteria are expressed by a decision matrix M,,x,, where m de-
notes the number of alternatives A = {A,,} and n represents the number of criteria C = {C,}.
Equation 1 illustrates the structure of the decision matrix.

fir o fi
SR )
f ml f mn

3.3 Group decision scenario

The GE2-VIKOR method enables a group of decision-makers to participate in the process by
individually expressing their preferences in a single decision matrix (Equation 1). Through a
weighted aggregation step, these preferences are combined into a single matrix.
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Each decision-maker k, k= 1,2, ...,q expresses their preferences f;jx in a decision matrix (Equa-
tion 1), forming a My, decision matrix, where g represents the number of decision-makers
involved.

For determining decision-maker weights set by the sponsor, the Likert’s five points scale (Joshi
et al., 2015), as described in Table 2, is proposed.

Table 2 — Likert’s five points scale.

Negligible Minor Moderate Significant Crucial
importance importance importance importance importance
1 2 3 4 5

Each expressed weight e(¥) for k=1,2,...,q is then normalized to forms a set D using Equation 2.

D:{dk

Subsequently, the preference matrices are aggregated preference-by-preference into a M, x,

o)
dk—w,k—l,z,...,q (2)

matrix, as per Equation 3.

q
fij=Y di fi 3)
k=1

3.4 Weight definition by decision-making sponsor

The process of weight definition by the decision-making sponsor relies on qualitative impressions
of the importance grade of each criterion. However, for proper computation in a MCDM method,
qualitative data must be converted to quantitative data. The Likert’s five points scale (Joshi et al.,
2015), as described on Table 2, is proposed for this conversion.

The sponsor’s impressions compose a set w* = {w;‘} , j=1,2,...,n, which must be normalized
using Equation 4 to ensure that the sum of the elements of the weight set W is equal 1.
w*
W:{wj sznj*,j:LZ,...,n} )
j=1"j

3.5 Weight definition by Shannon’s entropy

Shannon’s entropy method is suitable for measuring information in scenarios where uncertainty
is inherent in the data (Razeghi et al., 2015; Shannon, 1948). This method focuses on evaluating
the variability among expressed preferences to rank alternatives based on their dispersion, rep-
resenting the distribution of information that can be distinguished between discrete states in a
closed system. Chatterjee & Chakraborty (2016) highlighted that this method is well-suited for
integration with the VIKOR method.

The steps of the method, as proposed by Razeghi et al. (2015), are depicted in Figure 4.
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1 O GE2-VIKOR MCDM METHOD APPROACH FOR DEFENSE TECHNOLOGY CRITICALITY ASSESSMENT

Step L: Determine Step 2: Compute the Step 3: Compute the

dwversity degree

Step 4: Compute the

the probability value normalized

1 reight vector
of the preference Shannon's entropy weight vector

Figure 4 — Shannon’s entropy steps.

Probability values of preferences (p;;) are obtained using Equation 5.

Jij . .
pij:%f‘" l:]727"-am; .]:1727""” (5)
i=1J1J

Normalized Shannon’s entropy Hé") for each criterion C,, where In represents the natural
logarithm, is described in Equation 6.

_él):_(lnm)_lZpljln(pl])’ 1:1,2,,71 (6)
i=1

Subsequently, the diversity degree is computed as Dy = 1 — I-_Ién), and the weight vector is
obtained using Equation 7.

D“),...,Dg")] %)

3.6 Ranking

The ranking stage is based on VIKOR (ViseKriterijumska Optimizacija I Kompromisno Resenje)
method, that aims to identify a compromise solution among a set of alternatives in a discrete
decision problem, based on specified criteria (Opricovic & Tzeng, 2004, 2007). In Opricovic &
Tzeng (2007), the method was compared to TOPSIS, PROMETHEE, and ELECTRE, highlight-
ing VIKOR’s suitability due to its relative distance assessment feature, which balances maximum
group utility for majority decision and minimal regret for the opponent solution.

A compromise solution refers to a feasible closest-to-ideal solution that achieves a balance be-
tween criteria, even if it may not be the optimal in any criterion (Chatterjee & Chakraborty, 2016;
Opricovic & Tzeng, 2004). The primary outcomes of employing this MCDM method include the
compromise ranking, compromise solution, and the determination of weight stability intervals.

The method ranks alternatives by assessing the closeness to the ideal alternative using a L,-metric
as an aggregating function to evaluate the distances (Opricovic & Tzeng, 2004; Yu, 1973), as
shown in Equation 8, where n is the number of criteria, m the number of alternatives, and w; the
weight of j"* criteria. For an alternative A;, when i = 1,2,...,m, the expressed preference on j
criterion is denoted by f;;, where f]”f denotes the ideal solution, and f; the worst.

1
n fi—fii Py .
Lp’i{zlw‘i.fi_f.]] , 1<p<e; i=12,....m ®)
J J

=1
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VIKOR method employs L; ; (Manhattan norm) case to describe the group utility function S; (or
“majority” rule), and L. ; (Chebyshev norm) as the individual regret function R;. It ranks alter-
natives based on minS; and minR; as the “closest-to-ideal” metric, and a compromise function
Q; is determined balacing S and R rankings.

The steps of VIKOR method, as proposed by Opricovic & Tzeng (2004), are depicted in Figure 5.

Step 1: Step 2: .
Determine best Compute the Step 3: Step 4: Rank Step 5: Propose
F and worst values S; and Compute the the alternatives a compromise
J - R l values Q; by S, R, and Q solution
Ji i

Figure 5 — VIKOR steps.

The best f;‘ and the worst f i values for each criterion (Step 1) are obtained accordingly to
Table 3 (Opricovic & Tzeng, 2004).

Table 3 — Definition of best and worst solutions.

Objective 17 fj—
Benefit [} = max fi; f; = min f;;
L L
Cost f; =min f;; f; = max fi;
I L

The S; and R;,i = 1,2,...,m values (Step 2) are computed by Equations 9 and 10.

17— Jij

s_ZW, I fﬁ ©)
fi =i

Ri:mjax (ij/i—f/i> (10)

The optimal solutions S* and R*, and worst S~ and R~ are obtained as defined in Table 4
(Opricovic & Tzeng, 2004).

Table 4 — Optimal solutions S$* and R*.

Best Worst
S* = minS; ST =maxS;
1 1
R* = minR; R™ = maxR;
1 1

The values of Q; (Step 3) are computed from Equation 11, where v represents the balance be-
tween S; and R; in three scenarios: voting by a majority rule (v > 0.5), consensus rule (v = 0.5),
or veto rule (v < 0.5) (Opricovic & Tzeng, 2004).
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12 GE2-VIKOR MCDM METHOD APPROACH FOR DEFENSE TECHNOLOGY CRITICALITY ASSESSMENT

S;—8§*

Ri—R*
s —§*

R~ —R*

Qi=v +(1-v) (1

The alternatives are ranked in ascending order in three lists by the values of S, R and Q (Step 4).
Then, it is proposed a compromise solution a’ (Step 5), that must satisfy two conditions:

* Acceptable advantage (C1)
0(d")-0Q(d)>DQ; DQ=——-r (12)

Where d' is the best alternative ranked by the Q list, and a” is the second one.

* Acceptable stability in decision-making (C2)

The alternative ¢’ must also the best by S and/or R rank.

If one of the conditions is not satisfied, then a set of compromise solutions is offered, following
the conditions:

» The seta = {d’, d"}, if only C2 is not satisfied; or

s The set a = {d',a",...,a"} if Cl is not satisfied, and " is determined by Q (a™) —
0(d’) < DQ for the maximum M.

3.7 Weight stability assessment

The weight stability assessment aims to establish intervals within a criterion weight can vary
without altering the previous ranking. As noted by Opricovic & Tzeng (2007), VIKOR is not an
additive method, necessitating a distinct procedure for determining weight stability intervals.

When considering a determined criterion weight w;, it can be adjusted from its original value,
denoted as w/j = Aw;. To preserve normalization, the remaining weights w,, n % j must maintain
their original ratio, expressed as wj, = @w,. Consequently, the combination of w; and w, is
expressed as Aw; + ©Y,+jwn = 1, and rearranged as shown in Equation 13.
1—Aw;
Q(A)=—" (13)

1—w j
Based on Equation 13, the A ratio for the j criterion is assessed within the 0 < A < 1 /wj
interval. Meanwhile, the other weights w, are adjusted by ¢ (A) during a new iteration of
GE2-VIKOR while preserving the original ranking. This process yields the stability interval
A1 < A < Ay. Consequently, the weight stability interval for j”* criterion can be expressed using
Equation 14.
wfgw/~§w§]; wa:lle; w?:lgwj (14)
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4 RESULTS AND DISCUSSION

Following the criteria definition and preferences elicitation for defense technology criticality in
developing countries outlined in Section 2.1, this section presents a demonstration and discussion
of results obtained through GE2-VIKOR application, as described in Section 3.

4.1 Demonstration

In this simulated decision-making process, the sponsor aims to assess five alternatives (71, 72,
13, T4, T5), establishing a decision-making panel comprising three decision-makers. Preferences
and weights for each decision-maker were elicited using a pseudo-random function.

Due to the sensitivity of the data in this context, conducting a real scenario evaluation was not
feasible. However, this does not compromise the demonstration of the GE2-VIKOR method.

The decision-makers’ weights set et = {3;5;5} was normalized using Equation 2, resulting
in the decision-makers’ normalized weight set D = {0.23077;0.38462;0.38462}. The decision-
makers’ preferences are outlined in Table 5.

Table 5§ — Decision-makers’ preferences.

Decision-maker 1 Decision-maker 2 Decision-maker 3
Criteria | C1 | C2 | C3 | Criteria | C1 | C2 | C3 | Criteria | Cl1 | C2 | C3
Objective | B | C | B | Objective | B | C | B | Objective | B | C | B
T1 2 3 2 T1 1 4 1 T1 2 2 4
T2 1 2 1 T2 1 1 2 T2 1 1 1
T3 3 3 3 T3 3 1 3 T3 3 1 4
T4 2 2 4 T4 3 2 2 T4 2 3 3
TS 3 2 2 TS5 1 1 2 TS5 3 2 1

The aggregation of matrices from Table 5 using Equation 3 produced the decision matrix M as
shown in Table 6.

Table 6 — Decision matrix.

Criteria C1 C2 C3
Objective B C B
Tl 1.61538 3 2.38462
T2 1 1.23077 | 1.38462
T3 3 1.46154 | 3.38462
T4 2.38462 | 2.38462 | 2.84615
TS 2.23077 | 1.61538 | 1.61538

In order to establish the degree of importance of each criterion, computed weights were obtained
using Shannon’s entropy Equations 5, 6 and 7 forming the weight vector w as depicted in Table 7.

Pesqui. Oper., Rio de Janeiro, Vol. 44, 2024: e287021



14 GE2-VIKOR MCDM METHOD APPROACH FOR DEFENSE TECHNOLOGY CRITICALITY ASSESSMENT

From Figure 6, it can be stated that criterion C/ is the most valuable in this evaluated scenario,
carrying the highest importance, followed by criteria C2 and C3.

Table 7 — Shannon’s entropy computed weights.

Criteria Cl C2 C3
AY | 0.96308 | 0.96553 | 0.96733
D | 0.03692 | 0.03447 | 0.03267
w | 0.35476 | 0.33129 | 031295

Computed weights
04 0.6

o
o
]

0.8 1

Cc2 0.331288109

Figure 6 — Computed weights.

Ranking was based on VIKOR steps (Equations 9, 10, and 11, and Tables 3 and 4), with individ-
ual performances illustrated in Figure 7, where alternative 73 showed the best performance on
criteria CI and C3, and alternative T2 performed best on criterion C2.

Ranking results for §;, R;, and Q; are provided in Table 8. Figure 8 depicts the results, where
it is possible to visualize that alternative 73 is the best in all rankings, confirming 73 as the
compromise solution in consensus (v = 0.5), veto (v = 0.25), and majority (v = 0.75) scenarios.
It is noteworthy that 71 and 72 perform differently in the R; rankings, justifying a ranking change
in the v = 0.25 scenario.

The final ranking is presented in Table 9, where 73 was elected as the compromise solution.

In order to observe equivalence between alternatives, the solutions were clustered by quartiles,
aiding the decision-making process, as presented in Table 10, where 74 and T5 can be assumed
to be equivalent options.

Weights stability, computed using Equations 13 and 14, is detailed in Table 11 and Figure 9.
It can be observed that criterion C/ showed a larger range of stability, indicating that it can

Pesqui. Oper., Rio de Janeiro, Vol. 44, 2024: e287021



PABLO SANTOS TORRES, ANTONIO EDUARDO CARRILHO DA CUNHA and MARCOS DOS SANTOS 1 5

Individual performances
C1 c2 C3
0.00000 >\y//(
0.05000
0.10000 A /
0.15000
0.20000 /
0.25000 T~
0.30000
0.35000
0.40000
et T T2 ==¢=T3 w—pe=—T4 T5
Figure 7 — Individual performances.
Table 8 — S;, R;, and Q; ranking in v = 0.5, v =0.25, and v = (.75 scenarios.
v=05 v=0.25 v=0.75
Si R Qi Si R Qi Si R; Oi
T1 0.73387 0.33129 0.96232 | 0.73387 0.33129 0.94348 | 0.73387 0.33129 0.98116
T2 0.66871 0.35476 0.95283 | 0.66871 0.35476 0.97642 | 0.66871 0.35476 0.92925
T3 0.04321 0.04321 0.00000 | 0.04321 0.04321 0.00000 | 0.04321 0.04321 0.00000
T4 040974 0.21606 0.54274 | 0.40974 0.21606 0.54876 | 0.40974 0.21606 0.53672
T5 048619 0.27772 0.69705 | 0.48619 0.27772 0.72488 | 0.48619 0.27772 0.66922
Table 9 — Ranking and compromise solutions.
v=0.5 v=0.25 v=0.75
Qi Rank O; Rank O; Rank
T1 0.96232 5 0.94348 4 0.98116 5
T2 0.95283 4 0.97642 5 0.92925 4
T3 0 1 0 1 0 1
T4 0.54274 2 0.54876 2 0.53672 2
TS5 0.69705 3 0.72488 3 0.66922 3
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Figure 8 - S;, R;, and Q, ranking.

Table 10 — Alternatives’ clustering by quartiles.

Quartile v=05 v=025 v=0.75

Ql T3 T3 T3
Q2 T4, TS T4, T5  T4,TS
Q3 T2 T1 T2
Q4 Tl T2 T1

tolerate higher variance without altering the ranking. Criterion C2 exhibited higher stability under
majority rule, with a range of 0.09608, and equivalent stability under the consensus and veto
rules (0.06626 and 0.06625, respectively). Criterion C3 is more stable in the majority and veto
scenarios (0.11302 in both), and less stable in the consensus scenario (0.07534).

Table 11 — Weight stability evaluation.

Criteria v=0.5 v=0.25 v=0.75

Cl1 0<w; <0.35476 0.34767 <w; <1 0.04257 <wj; <0.38315
C2 0.33129 <wp <0.39755 0.27166 < w, <0.33791  0.31472 <wp <0.41080
C3 0.25430 < w3 <0.32964 0.26058 < w3 <0.37360 0.24174 < w3 < 0.35476
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Figure 9 — Weight limits.

4.2 Discussion

This demonstration highlights the versatility of the GE2-VIKOR method in enhancing defense
decision-making processes through flexible and customized stages. By accommodating the di-
verse perspectives within a specialist panel, this method expands upon the capabilities of the
VIKOR approach with its weighted aggregation step, providing new capabilities to that approach.

In the defined criteria weights scenario, the GE2-VIKOR method empowers decision-making
process sponsors to control the behavior of each criterion. Utilizing Shannon’s source informa-
tion entropy in computed criteria weights scenario adds a robust layer to address uncertainty
effectively.

From discrete qualitative elicitation of preferences, GE2-VIKOR emerges as a suitable MCDM
method for tackling complex defense decision problems. Its flexibility is also expressed through
consensus, majority or veto multi-scenario, where “best-to-others” (S ranking) and “minimal
regret” (R ranking) are balanced by the v index in the Q ranking.

The proposed compromise solution ensures a robust recommendation by rigorously select-
ing the best-ranked alternative, guaranteeing its superiority by measuring if its performance is
sufficiently far apart from the other alternatives.

Lastly, the assessment of weight stability provides decision-making sponsors with higher
reliability by delineating the range within which the proposed ranking remains consistent.
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The GE2-VIKOR method offers a novel approach to defense technology criticality assessment.
Tailored to the specific demands and characteristics of decision-making processes in this domain,
it represents a new tool in decision-making methods.

5 CONCLUSION

This paper aimed to address the defense technology criticality assessment problem in developing
countries through a hybrid MCDM method. Leveraging the suitability of VIKOR for ranking
discrete alternatives, the application of Shannon’s entropy theory for data treatment in weights
definition, and the proposed extension to group decision-making, GE2-VIKOR emerges as a
fitting approach in this problem category.

The Theoretical Foundation section explored the characteristics of a decision-making process
of defense technology criticality assessment, the Methodology section delved into the steps and
features comprising the method, while the Results and Discussion section presented a demon-
stration using pseudo-aleatory data. Through graphical demonstrations, this study showcased the
analytical possibilities to assist decision-makers in deriving conclusions from both overall and
individual alternative performances.

The inability to compute real data due to the lack of reliable sources openly available can be
attributed to the sensitive nature of defense technology criticality assessment, often entwined
with countries’ policies that demand discretion in data sourcing.

Nevertheless, this paper introduces GE2-VIKOR as a MCDM method and decision-making tool,
optimized particularly for uncertain and complex scenarios where data must be sourced from
decision-makers with diverse knowledge backgrounds. The incorporation of decision-makers’
weighted preferences enhances the method’s analytical capabilities.

The framework proposed by Girardi et al. (2024) delineate defense technology criticality assess-
ment in developing countries based on strategic alignment, novelty and technology autonomy
criteria, primarily through qualitative analysis. However, GE2-VIKOR is adaptable to be applied
in quantitative criteria as well, inviting further research to explore additional decision problem
domains.

For further research, it is suggested to examine the application of the GE2-VIKOR approach
in technology criticality assessment for developed countries and other industrial fields. Given
the nuances surrounding the concept of criticality itself, this exploration may necessitate the
inclusion of new criteria in the decision-making problem.
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