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ABSTRACT To advance defense interoperability, foster productive collaboration, and enhance the capa-
bilities of defense systems to respond to evolving threats, it is imperative to tackle the challenges of
defensive strategic issues in Network security. That is why an experimental study was done to assess
the application of the interoperability defense theory to an operational target network system. The study
used five strategies, including “Risk,” “Complexity,”Dependency,” “‘Personnel,” and “Environment,” and
employed DEMATEL and performance analysis evaluation. These five defense techniques to interoperability
are conceptualized. The experimental results revealed that network defense, instead of being consistently
passive, is the recipient of influence in an interoperable defensive system. Interoperability protective
strategies have varying degrees of influence on network security evaluations. A significant relationship was
observed between the level of technological complexity and the ability to tolerate its significant effects.
Within the complexity group, further analysis showed a noteworthy reduction in ‘“Risk”. However, there
were no significant variations in *“ Environment” before and after the interoperable implementation. Finally,
the DEMATEL analysis indicates that the entire variables are effect criteria no cause criteria. Given that all
criteria are categorized as “effect” and none as ‘“‘cause,” it suggests a scenario in which each criterion is
interconnected and influenced by other criteria within the system, but none of them serve as direct influencers
or causes. Therefore, this study contributes to the evaluation of interoperability in strategic network security
defense.

INDEX TERMS Network security, interoperable defense, interoperable complexity, defensive strategies.

I. INTRODUCTION

The current estimate for the worldwide defense communica-
tion system market in the year 2023 is approximately US$
46.7 billion. The Department of Defense (DoD) is currently
engaged in developing advanced communication capabilities
for warfare, such as the Transformational Satellite Commu-
nications System (TSAT), the Joint Tactical Radio System
(JTRS), and the Defense Information Systems Network-Next
Generation (DISN-NG) [1]. These programs have the objec-
tive of bolstering the Department of Defense’s capacity
to exchange information, strengthen command and control,
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and revolutionize DoD operations. Furthermore, the compact
dimensions, uncomplicated structure, and reduced expenses
of digital switching systems are crucial attributes for military
requirements [2]. There is a current transformation happen-
ing in the global telecommunications system, where Europe,
India, and China are projected to achieve technological parity
with the United States in the next decade [3]. The Department
of Defense (DoD) is a major global consumer of commu-
nications, and the Defense Communications Agency (DCA)
is actively striving to provide swift, dependable, and secure
information transmission at a reasonable cost [4].

Studying defense interoperability has profound conse-
quences for national security, global cooperation, and the
efficiency of defense systems. Interoperability is essential
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in net-centric warfare for accomplishing mission objectives
and for determining cost estimates and risk management
assessments of intricate Department of Defense (DoD) pro-
grams [5], [6]. Furthermore, it is crucial for achieving
multilateral command and control interoperability, as it facil-
itates cooperation among defense businesses from different
nations and entry into global defense industry markets [7].
Utilizing interoperability as a criterion for assessing system-
of-systems designs can furnish decision-makers with insights
into the interoperability of a prospective architecture when
choosing a new military system-of-systems [8]. In addition,
enhancing the compatibility of interconnected systems is
essential for network-centric operations, and the utilization of
approaches to assess interoperability can enhance the overall
compatibility of networks [9].

Research in defense interoperability is crucial for
bolstering national security. Seamless communication and
collaboration among defense systems enable faster and
more effective responses to emerging threats, contributing
to overall national defense capabilities [10]. The use of
context-aware environmental monitoring systems in tacti-
cal edge networks can help guarantee system performance
and interoperability in dynamic battlefield conditions [11].
Additionally, the optimization of large-scale heterogeneous
combat networks can improve the ability of combat system-
of-systems to work in complex battlefield environments [12].
Furthermore, the development of a dynamic context-aware
security model in tactical networks can ensure data security
and reduce communication overhead in varying network
conditions [13]. Lastly, the integration of disparate security
data sources into a unified cyber threat defense exchange
platform can enhance the coordination and performance of
security actions across networked computing devices [14].

This research has established that the integration of diverse
defense systems for interoperability may introduce new secu-
rity concerns and vulnerabilities. Cybersecurity risks, includ-
ing the potential for unauthorized access and data breaches,
could escalate during the implementation of interoperable
solutions. The complexity of integrating various technolo-
gies within defense systems may lead to interoperability
challenges. Incompatibility issues between different sys-
tems and difficulties in achieving seamless communication
could arise, hindering the effectiveness of the interoperable
network

Similarly, Inconsistent communication protocols and stan-
dards can hinder the exchange of information between
different defense components. A lack of standardized com-
munication may lead to misinterpretation and delays. Ensur-
ing secure communication while maintaining interoperability
is a challenge. Balancing the need for robust security mea-
sures with the imperative of information sharing is critical.
The effectiveness of defense interoperability is influenced by
the ability of personnel to understand and use the interop-
erable systems. Therefore, the main objective of this study
is to establish a strategic network security defense inter-
operability technique. Since interoperability often requires
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alignment with policies and governance structures across
different defense entities, inconsistent policies and gover-
nance models can impede collaboration. That is the justifi-
cation of this research

The main outcomes of research dwells on defense inter-
operability development standards, this outcome collectively
contribute to strengthening the overall capabilities and effec-
tiveness of defense systems in a collaborative and inter-
connected world. As a result, this study contributes in the
following ways:

o The research provides a comprehensive analysis of
Interoperable Defensive Strategies and reveals a net-
work of interrelated criteria (‘“‘Risk,” “Complexity,”
“Dependency,” ‘‘Personnel,” and ‘“‘Environment,”,)
each impacting and reacting to modifications in the
system. This complex interdependency suggests that no
single criterion operates as a direct cause, but rather
all are classified as “effects” influenced by other fac-
tors. This intricate web of relationships underscores the
need for a comprehensive approach that acknowledges
and values the interconnectedness of these criteria. This
means that the key contribution here lies with recog-
nizing all the criteria as the components to effectively
address the specific defensive strategies of Network
security requirements.

o The research contributes in highlighting that all inter-
related criteria (“‘Risk,” “Complexity,” “Dependency,”
“Personnel,” and “Environment,”,) are defensive com-
ponent of Network security requirements

o The research outcomes contribute to the development
of policy frameworks and governance structures that
support defense interoperability. This could involve rec-
ommendations for aligning national and international
policies, addressing legal considerations, and fostering
collaboration between defense entities.

o The research also contributes in understanding that
defense interoperability is expected to lead to the estab-
lishment of standardized protocols and interoperability
frameworks. These standards would facilitate seam-
less communication and collaboration among diverse
defense systems, both nationally and internationally.

o This research outcome may contribute to the devel-
opment of improved decision-support systems that
leverage interoperable data for enhanced situational
awareness. This could result in tools and technologies
that aid decision-makers in making informed and timely
choices during defense operations.

The remaining sections of the paper are organized as fol-
lows: Section II discusses related work, providing context and
background information. Sections III, IV, and V detail the
methodology employed in the study, outlining the approach
taken to address the research objectives. Finally, Sections VI
and VII present the conclusions drawn from the study’s find-
ings, summarizing key insights and implications for future
research or practice.
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Il. RELATED WORK

Researchers engaging in the study of strategic network secu-
rity defense interoperability evaluation can draw insights and
build upon these related works to contribute to the advance-
ment of knowledge in this critical field.

The Decision Making Trial and Evaluation Laboratory
(DEMATEL) method is used to analyze the causal relation-
ship between attack and defense strategies in a network sys-
tem [15]. It constructs a matrix of “‘expertise” to calculate the
effect of these strategies and assess their overall impact on the
target network system. The method considers various attack
strategies such as malicious code attack and denial of service
attack, as well as defensive strategies like Web services secu-
rity strategy defense and code reconstruction defense [16].
Another method for evaluating defense effectiveness in a
network target range involves quantifying defense effects
and objectively evaluating defense effectiveness based on
the severity of potential attack risks and the response of
defense equipment [17]. A dynamic Bayesian attack graph
is proposed to quantify the effectiveness of cyber deception
in a complex network environment, allowing for the for-
mulation of optimal deception strategies [18]. A simulation
platform-based method evaluates the performance of network
attack and defense tools by considering efficiency indexes
such as information acquisition capability and confrontation
capability [19]. An attack and defense evaluation method
automatically generates dynamic flags to judge the success
of attack and defense actions in a network security context.

Deception based information security is a promising solu-
tion to enhance established defense mechanisms in network
security [20]. A new model of computer network security,
combining active and passive defense systems, has been
proposed to improve security defense efficiency [21]. The
key issues of campus network security prevention have been
analyzed, and a campus network security system has been
designed [22]. A security defense evaluation method based on
the traffic of devices has been proposed to quantitatively eval-
uate the effectiveness of the defense system [23]. A dynamic
classification network security defense strategy model has
been proposed to address the limitations of static defense and
adapt to dynamic changes in the security situation of complex
computer networks [24].

Zhaofang [21] proposes a network security model based on
an active and passive defense hybrid strategy. The study uses
an advanced technical support platform and network security
model to combine the active and passive defense systems.
The effectiveness of the proposed defense model is eval-
uated through experiments, which show improved security
defense efficiency and effective defense rate compared to the
traditional PDRR security model. The experimental results
support the claims of enhanced security defense efficiency
and effective defense rate compared to the traditional security
model.

Yunmin et al. [25] proposes a Double Defense strategy
with Endogenous Safety and Security (DDESS) based on
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multi-identifier network (MIN) architecture, inspired by the
establishment of multiple lines of defense in immunology.
DDESS adopts a zero-trust network approach with identity
authentication as the core for access control, solving security
problems of traditional IP networks. It achieves individual
static security defense through encryption and decryption,
consortium blockchain, trusted computing whitelist, and
remote attestation strategies.

Daniel et al. [20] proposes transferring strategic security
and defense concepts from operations research, reliability
engineering, and game theory to deception-based informa-
tion security mechanisms. The research reveals that network
security implications are analyzed in defender and attacker
perspectives.

Ningbin et al. [26] proposed a defense graph model to
assess the network information system and show attack and
defense strategies and their cost. The defense graph was
mapped to the attack and defense game model to provide a
basis for active defense policy decision. Thereafter, a gener-
ation algorithm of defense graph was proposed to efficiently
create the defense graph model.

Strategic network security defense involves the implemen-
tation of measures to protect network systems from cyber
threats and attacks. It is important to have a comprehensive
understanding of the security threat situation and utilize both
active and passive defense systems [27]. Active defense sys-
tems can automatically generate defense strategies based on
threat information, while passive defense systems provide
a deep network defense system [28]. Additionally, a dou-
ble defense strategy with endogenous safety and security
(DDESS) can be employed, which combines identity authen-
tication, encryption and decryption, consortium blockchain,
trusted computing whitelist, and remote attestation strate-
gies [21]. This strategy aims to achieve individual static
security defense and active herd defense of network secu-
rity [25]. Furthermore, network security protection strategies
should be developed to standardize network security protec-
tion and ensure the normal use of the network [29]. These
strategies should include preparation in advance, defense in
the event, and response after the event.

The aims of this review is to explore how collaboration
and communication capabilities of defense systems are dis-
cussed in the research domain. While this area of study
is crucial for national security, several research gaps exist,
representing opportunities for further exploration and devel-
opment. One prominent research gap lies in understanding
the nuanced interplay between security concerns and cyber-
security risks within interoperable defense systems. Current
literature provides insights into general challenges, but there
is a need for in-depth analyses of specific vulnerabilities
introduced during the integration process. Unraveling the
complexities of potential cyber threats and devising robust
strategies to mitigate these risks remain unexplored areas.
The gap in research on technological complexity and inter-
operability issues centers on the need for comprehensive
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frameworks that address the integration challenges posed by
diverse defense technologies. Existing studies touch upon
the general complexities but fall short in offering spe-
cific methodologies for overcoming technological hurdles.
A deeper exploration is required to devise standardized
protocols and solutions adaptable to the evolving defense
landscape.

Addressing these gaps will contribute to a more robust
and comprehensive understanding of defense interoperabil-
ity, ultimately enhancing the effectiveness and resilience of
defense systems in the face of evolving threats.

Ill. INTEROPERABLE DEFENSIVE STRATEGIES

The attainment of interoperable defensive strategies among
different security components in a network can be accom-
plished by employing many aspect of defense approaches.
Interoperable defensive techniques signify a fundamental
change in how enterprises approach network security. The
interaction among many security factors forms a unified
and flexible defense system that can effectively handle the
challenges of the current threat environment. By adopting
interoperability, enterprises are creating a foundation for
a stronger, more cooperative, and environmentally aware
approach to network security. This ensures the protection
of important digital assets in a world where everything is
connected [30]. These approaches entail the amalgamation
and synchronization of several security systems and domains
to bolster network security as a whole and attain a collab-
orative defense outcome [31]. To enhance defense against
unauthorized intrusions, security systems can implement a
service-oriented cooperative defense model by deploying
security nodes, security domain agents, and a service center.
This approach enables the adoption of a unified transmis-
sion method, resulting in more efficient protection [32].
In a trusted domain environment, the incorporation of
defensive mechanisms inside and between domains enables
the exchange of defensive information and the effective
identification and elimination of recurring incursions [33].
These compatible defensive methods serve as a founda-
tion for making decisions on active defense policies and
can be correlated with models of attack and defense in
games [34].

A. THE DATA POINTS FROM THE VARIABLE

Every aspect within the global defense communication sys-
tem market poses distinct issues that necessitate sophisticated
and all-encompassing solutions. To effectively deal with
security concerns, technological difficulties, budget limits,
ethical considerations, and environmental implications, it is
necessary for stakeholders in the military sector to work
together strategically and collaboratively. The proposed solu-
tions for each variable are designed to promote a robust and
enduring defense. Figure 1 illustrates the five dimensions
linked to ‘Interoperable defensive techniques’ as conceptu-
alized in this study. The explanation of each dimension is
included in subsections I to V below:
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Interoperable
Defensive Strategies

FIGURE 1. The interoperable defensive strategies.

1) SECURITY CONCERNS AND CYBERSECURITY RISKS (S1)
Security problems and cybersecurity risks are the most sig-
nificant challenges in the field of defense communication
systems [35]. The consequences are significant, encom-
passing unlawful entry into vital data and the potential
for advanced cyber-attacks impeding military activities.
Addressing S1 necessitates a multi-faceted approach. This
research conceptualized that Interoperable defensive tech-
niques in cybersecurity are essential to Network system
because of the escalating security concerns and risks linked
to cyber threats. Conventional defense strategies frequently
prove inadequate when faced with novel forms of coordinated
and sophisticated network attack [35].

Dynamic defense mechanisms, such as moving target
defense and mimic defense, offer innovative approaches to
counteracting the imbalanced nature of defense and attack
in the realm of cyberspace [36], [37]. To evaluate security
threats in cyber-physical systems, as part of the interoperable
defensive system, it is necessary to explicitly analyze the
network system and the impact of both technology-based
defenses and the institutions that support them [38]. This
study was able to extract 10 items under *“Security Concerns
and Cybersecurity Risks (S1)” that could lead to interopera-
ble defensive strategies as presented in Table 1.

TABLE 1. IITEMS of security concerns and cybersecurity risks.

# Categories of Security Concerns and Cybersecurity
Risks (S1)

Total Number of Identified Cybersecurity Threats

2 Percentage of Threats with Potential for Data Breach

3 Average Time to Detect a Cybersecurity Incident

4 Percentage of Detected Incidents Resulting in Data Loss

> Number of Cybersecurity Experts in the Defense System

6 Percentage of Budget Allocated to Cybersecurity
Measures

7

Level of Cybersecurity Awareness Among Personnel
8 Number of Simulated Cybersecurity Drills Conducted
Annually

Average Time to Patch Vulnerabilities After Identification
10 | Level of Collaboration with External Cybersecurity
Agencies
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2) TECHNOLOGICAL COMPLEXITY AND INTEROPERABILITY
ISSUES (S2)

As technological advancements surge, the integration of
sophisticated features brings both advantages and intricacies.
The challenge lies in ensuring that diverse technological
components work seamlessly together, allowing for effective
communication and collaboration across the defense land-
scape.

This research conceptualized “Technological complexity”
associated to interoperability pose challenges for the imple-
mentation of interoperable defensive methods [39], [40]. The
justification of this lies with the growing intricacy of systems
and the diverse array of systems involved in information
exchange provide substantial challenges [41]. Assessing the
level of interoperability that may be attained is essential, and
it involves analyzing, expressing, and quantifying interoper-
ability [42]. The capacity for systems to work together and
exchange information effectively relies on both the technical
framework and the alignment of the meaning and structure of
the underlying systems [43]. Nevertheless, the Non Polyno-
mial complete character of interoperability poses a challenge
as there are now no formal theories or computer programs
capable of solving it [44].

According to the conceptual design propose for this study,
interoperability solutions items associated to Technological
Complexity and Interoperability Issues (S2) are proposed
and presented in Table 2, which are extremely important
when it comes to tackling compatibility issues that arise in
complicated systems and training systems. The importance
of carefully examining this component is brought to light by
this. For the purpose of ensuring the safety and dependability
of data sharing within an appropriate electronic system, the

TABLE 2. ITEMS of technological complexity and interoperability issues.

# Categories of Technological Complexity and
Interoperability Issues (S2)

1 Number of Different Technologies Used in the Defense
System

2 Percentage of Technologies That Require Proprietary
Protocols

3 Average Time to Achieve Interoperability Between
Different Systems

4 Number of Interoperability Standards Currently

Implemented

5 Percentage of Defense Systems Using Legacy
Technologies

6 Average Cost Overruns Due to Technological Integration
Challenges

7 Number of Successful Interoperability Implementations in
the Past Year

8 Level of Satisfaction Among Defense Personnel
Regarding Interoperability

9 Percentage of Technologies Ready for Seamless Cloud
Integration

10 | Number of Cross-Domain Interoperability Challenges
Encountered
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implementation of efficient identity management systems
is very necessary. Consequently, the findings of this study
offer evidence that evaluating this element may lead to the
development of defense systems that are compatible with one
another.

3) DEPENDENCY ON COMMERCIAL TECHNOLOGIES AND
COST CHALLENGES (S3)

When it comes to the development of technology for the
future battlefield, the defense industry is becoming increas-
ingly reliant on business partnerships with private sector [45].
The difficulties associated with independently safeguarding
essential technologies can be somewhat alleviated through
the implementation of international technology cooperation
in the defense sector [46]. Nevertheless, there are limitations
in terms of both time and money that need to be taken
into consideration [47]. There is a need to find a way to
overcome the transaction costs that are associated with Joint
Service System-of-Systems (SoS) programs [48]. These pro-
grams offer prospects for better warfighting capabilities and
efficiencies. It is possible for economic reasoning to be over-
shadowed by security concerns and politics in the defense
industry when it comes to procurement decisions, which can
limit the utilization of supply chains and manufacturing cen-
ters that are more cost-effective [49]. Although the Strategic
Defense Initiative (SDA) is confronted with obstacles, it also
presents opportunities for cost reductions and technology
spinoffs.

This research established that assessing reliance on com-
mercial technologies and the financial difficulties related
to implementing compatible defensive solutions requires a
comprehensive approach. This process combines qualita-
tive assessments and quantitative measurements to measure
dependence, and determine the effectiveness of these tech-
niques in strengthening cybersecurity defenses. An extensive
examination empowers firms to make well-informed choices,
achieve a harmonious equilibrium between security and cost-
effectiveness, and strengthen their ability to withstand cyber
threats in a constantly changing environment. That is why,
items associated to dependency on commercial technologies
and cost challenges (S3) are conceptualized to measure the
interoperability solutions of defensive strategies, and pre-
sented them in Table 3.

4) ETHICAL, LEGAL, AND HUMAN FACTOR CHALLENGES
(54)

This research has established that Interoperable defensive
techniques encounter ethical, legal, and human aspect obsta-
cles. Organizations face challenges in incorporating human
factors into their multi-layered defense systems, which hin-
ders the establishment of strong human defenses [50]. Deep
neural networks (DNNys) are susceptible to adversarial exam-
ples, and current defenses are limited to addressing particular
attacks, which presents a significant challenge [S51], [52].
Assessing the effectiveness of security measures that are easy
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TABLE 3. ITEMS OF dependency on commercial technologies and cost
challenges.

# | Categories of Dependency on Commercial Technologies
and Cost Challenges (S3)

1 Percentage of Defense Systems Using Commercial Off-the-
Shelf (COTS) Products

Average Annual Expenditure on Commercial Technologies
3 | Number of Commercial Technology Vendors with
Significant Market Share

4 | Percentage Increase in Annual Expenditure on Commercial
Technologies

5 | Average Cost Overruns in Defense Projects Due to
Commercial Dependencies

6 | Number of Collaborative Agreements with Commercial
Technology Providers

7 | Percentage of Defense Budget Allocated to Technology
Acquisition

8 | Level of Vendor Lock-in Concerns Among Defense
Personnel

9 | Average Time Required to Adapt Defense Systems to New
Commercial Technologies

10 | Number of Cost-Efficiency Initiatives Implemented in the
Past Year

to use, such as anti-phishing defenses, necessitates users to
behave in a normal manner without being overly cautious,
which poses ethical and operational difficulties [53].

This research has established that it is necessary to have
a thorough approach in order to evaluate the ethical, legal,
and human challenges that are involved in the deployment
of interoperable defensive techniques. It was conceptualized
that during the process, ethical frameworks, legal evaluations,
behavioral analysis, and effect measurement approaches are
utilized in order to acquire a comprehensive understanding
of the complex challenges that are associated with cyberse-
curity, as well as to address and manage these challenges.
In a digital environment that is becoming increasingly inter-
connected, an exhaustive review makes it easier to devise
strategies that not only increase safeguards but also assure
ethical conformity, legal compliance, and security measures
that are centered on the requirements of users [54]. For this
reason, items associated to ethical, legal, and human factors,
as shown in Table 4, are conceptualized in order to measure
the interoperability solutions of defensive strategies.

5) STRATEGIC IMPLICATIONS AND ENVIRONMENTAL
IMPACT (S5)

Interoperable defensive measures possess strategic ramifica-
tions and environmental consequences. Employing defensive
behavior facilitates cooperation and can result in the enduring
coexistence of cooperation and defection [55]. Gaining a
comprehensive understanding of the strategic environment
is of utmost importance for the establishment and operation
of the defense system [56]. The environmental impacts of
battle, whether deliberate or accidental, are enduring and
encompass the devastation of infrastructure, oil fields, and
the release of garbage [57]. The interconnections between
infrastructures have an impact on the level of defense required
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TABLE 4. Items of ethical, legal, and human factor challenges.

# Categories of Ethical, Legal, and Human Factor

Challenges (S4)

1 Number of Reported Ethical Dilemmas in Defense
Interoperability

2 Percentage of Personnel Requiring Additional Ethical
Training

Average Time Spent Resolving Ethical Concerns

Number of Legal Compliance Issues Identified

Percentage Increase in Legal Compliance Training

Level of Employee Satisfaction with Ethical Practices
Number of Human-Related Errors Causing
Interoperability Issues

8 Percentage of Personnel Open to Adopting New

Technologies

9 Number of Lawsuits Related to Human Factors in the Past
Year

10 | Average Time Devoted to Human Factors Training
Annually

to counter external attacks. diverse structural arrangements
have diverse effects on defense methods [58]. Choosing to
remain in an abusive relationship as a defensive strategy
demonstrates an underlying belief that one has control over
their own circumstances and serves to maintain the existing
state of affairs [59]. It is crucial to take into account the
strategic implications and environmental consequences of
implementing interoperable defensive methods in order to
effectively prepare for defense and allocate resources.

This research has conceptualized that Interoperable
defensive methods have strategic ramifications that go
beyond immediate security issues. Establishing collabo-
rative alliances across various defense systems enables
the exchange of intelligence and synchronized actions in

TABLE 5. Items of strategic implications and environmental impact.

# Categories of Strategic Implications and Environmental
Impact (S5)

1 Number of Strategic Collaborations Facilitated by
Interoperability

2 Percentage Increase in Defense Capabilities Due to
Collaboration

3 Average Time to Form New Strategic Alliances

4 Number of Environmental Impact Assessments
Conducted

5 Percentage Reduction in Carbon Footprint Through
Technology Adoption

6

Level of International Cooperation in Defense Strategies
7 Number of Strategic Disputes Resolved Through
Collaborative Efforts

8 Percentage Increase in Defense Budget Allocated to
Environmental Measures
9 Average Time Required for Environmental Compliance

in Defense Projects
10 Number of Environmental Awards Received for
Sustainable Practices
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response to cyber-attacks. That organizations can strategi-
cally position themselves for collective defense by adopting
interoperability, which allows them to utilize capabilities and
skills from different sources. By adopting this collaborative
strategy, not only is the entire defense posture improved,
but strategic ties within the cybersecurity community are
also fortified. That is why the research conceptualized items
associated to strategic implications and environmental impact
(see Table 5) in order to measure the interoperability solutions
of defensive strategies.

IV. METHODOLOGY

In this essay, we will utilize the Decision Making Trial
and Evaluation Laboratory (DEMATEL) technique with data
to analyze the interdependencies among key challenges:
“Security Concerns and Cybersecurity Risks (S1)”, “Tech-
nological Complexity and Interoperability Issues (S2)”,
“Dependency on Commercial Technologies and Cost Chal-
lenges (S3)”, “Ethical, Legal, and Human Factor Challenges
(S4)”, “Strategic Implications and Environmental Impact
(S5)”. The DEMATEL technique allows the research to
understand the direct and indirect relationships among these
challenges and evaluate their overall impact. The relation-
ships were assumed to be reciprocal, indicating that each
factor impacts and is impacted by the others.

Another justification for determine a key criterion among
variety of interoperable defensive strategies of network
security evaluation lies with the fact that, cybersecurity is
undergoing a revolution as a result of the integration of many
technical breakthroughs, with the primary focus being on
the enhancement of defense mechanisms against evolving
threats [60]. At the forefront of the field is radio frequency
fingerprinting, a unique authentication system that does away
with the requirement of passwords [61]. The introduction of
RF fingerprinting that is based on deep learning promises to
provide superior security measures, in contrast to the exist-
ing approaches that stand in comparison. Similarly, security
vulnerabilities can result from altering Differentiated Ser-
vices Code Point (DSCP) settings, thereby compromising
data integrity and causing network performance degradation,
this rest on some many dimension [62]. At the same time,
the fight against eavesdropping is becoming more intense,
which has led to the creation of realistic threat models and
complex defense measures [63]. One such innovation is the
invention of a construction known as physical intra-class
universal adversarial perturbation (IC-UAP), which is specif-
ically designed for wireless signal classifiers that are based
on deep learning capabilities. This method develops pow-
erful attacks against certain class samples by optimizing
perturbations under random shifting. This strengthens the
system’s resilience against threats that use eavesdropping
from other sources [64]. These improvements are examples
of the proactive strategy that organizations take to strengthen
their cybersecurity, as they attempt to maintain a competitive
advantage in a threat landscape that is constantly shift-
ing [65].
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A. DEMATEL EVALUATION
Examining the complex interrelationships that exist between
the various components that make up a system is the purpose
of the DEMATEL approach [15]. When trying to understand
the causal connections that exist between the various com-
ponents that make up a system, it is commonly applied in
fields including as management, engineering, and the social
sciences. At the same time that it is used to analyze inter-
operable defensive strategies, DEMATEL can be utilized
to evaluate the interconnections that exist between various
methods, elements, or components in network security.
DEMETEL is adopted in this study because, Interoperable
defensive strategies are characterized by a synergistic rela-
tionship between the variables that are central to the concept.
These variables include security concerns and cybersecu-
rity risks (S1), technological complexity and interoperability
issues (S2), dependency on commercial technologies and cost
challenges (S3), ethical, legal, and human factor challenges
(S4), and strategic implications and environmental impact
(S5). On account of the interaction between these elements,
it is necessary to take a holistic and interconnected approach
to the protection of networks.

1) SAMPLE EXPERTS PROFILE
When analyzing interoperable defensive measures for net-
work security using DEMATEL, the anticipated experts may
include the distribution of specialists in different categories
and their length of service in order to offers valuable insights
into the wide range of knowledge, experience, and views
that may be utilized for evaluating and implementing effec-
tive defensive techniques in network security. According to
Tarei et al. [66], the number of sample experts should be
between five and ten. This is because responses from more
than ten experts could potentially lead to a high degree of
inconsistency, which would render the results unreliable. For
DEMATEL, there is no such thing as a sample quantity.
According to Tarei et al. [60], the experts are considered to be
individuals who have approximately 80% of their experience
in the industry and 20% of their experience in academia if
there are from Industry and vice versa. For this reason, ten
experts who are associated with Network Security and Cyber-
security have been chosen for the DEMATEL evaluation (see
table 5).

The cumulative count of experts in the sample for this study
is 10 (see Table 5), with Cybersecurity Analysts constituting

TABLE 6. The profile of the expert.

No of Title / Organization Duration of
Expert Service
5 Network Security Engineer / Provide 7-26
and Public sector
3 Cybersecurity Analysts / Provide and 11-21
Public sector
2 Network Security Professors / 17 -32
Universities
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the largest cohort (5), trailed by Network Security Engi-
neers (3) and Network Security Professors (2). The specialists
are separated into two groups: professionals in the business
and public sectors, such as engineers and analysts, and those
in academic institutions, such as professors. This distribution
entails a combination of professionals from the industry and
scholars with expertise in network security making contri-
butions to the topic. The length of service varies among
different groups, reflecting a range of expertise levels and
backgrounds of these specialists contribute to a more com-
prehensive assessment of network security solutions utilizing
DEMATEL, as they offer diverse viewpoints

2) DEMATEL PROCEDURE STEPS

The initiation of DEMATEL entails several crucial stages for
the analysis of interrelationships among variables inside a
system or problem. The approach is employed through the
following sequential steps:

First Step. Developing approaches for acquiring expert
insight: This study employs a table of collection of security
incidence (Table 1 to Table 5) on each of the five dimen-
sions conceptualized. Each dimension was accompanied by
multiple choice options that are scored using a Likert scale.:
0 = “No Influence”, 1 = “Low Influence”, 2 = “Medium
Influence”, 3 = “Extreme Influence”’, and 4 = “High Influ-
ence”. A total of ten expert selected were asked to score the
criteria based on the items that made up each criterion, with
the goal of assessing Interoperable Defensive Strategies. The
expert’s perceptions on the influence of each criterion are
thus symbolized by their relevance. x; ; where i and j result
into the cause and effect criteria respectively. Thus for each
expert’s response is obtained as n = 1,2, 3..., n and an nxn
non-negative direct relation matrix is form by equation 1:

X = [Xf}]nxn (H

where yis the number of responses of each participant withl
< y< g this generate matrix ¢ for x!, x%,...x9 where ¢ is
the number of participants. The average aggregated deci-
sion matrix for all the participants Z =[z;;]is presented by
equation 2:

Zij=1/g 3% )

Second Step:This stage involves normalizing the direct
relation matrix, which includes the use of Equation 3 to deter-
mine the normalized direct relations matrix D [67], which is
as follows:

D = max[1/max; <y, s>m;l/max, <y, 5 m;jl

fromntoj=1 and fromntoi=1] (3)

The outcome will be that each element in matrix Z will
possess a value within the range of [0, 1].

Third Step:The total relation matrix, denoted as T, is gen-
erated by raising the normalized initial direct-relation matrix,
D, to the power of m. Here, m represents the indirect influ-
ence, D™, which accounts for the length and extent of the
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influence in the relation matrix. The total relation matrix, T,
is obtained by summing up D, D2, and so on, until D*°, which
converges to a zero matrix. Therefore, the equation for T is
given by T = lim (D4+D'+D?>+D3+... +D™) as m approach
infinity = (1-D)~! thus

T=D( —D)"! 4)

where / is an nxn identity matrix [68].

Fourth Step 4:Creating the rows and columns of a matrix:
The matrix vectors of the complete relation matrix are orga-
nized in rows and columns. If the total of the rows and the
total of the columns of matrix T are denoted by vectors r and
¢, respectively [69], then

r = [rilnx1 =[Ztij]nxl fromntoj=1 3)
c= [Cj]lxnz[ztij]an from ntoj=1 (6)

The sum of ri and cj represents the impact of criteria i
on j. If j = i, the sum indicates the overall effects received
and given by criteria i, while the difference reflects the net
contribution of criteria i to the system. When criteria i is
positive, it acts as a net cause. Conversely, when criteria i is
negative, it functions as a net effect. Therefore, the sum of r
and c is referred to as the “Prominence,” while the difference
between r and c is known as the “Relation.” If the result of
1j - cj is positive, it indicates that the criteria has a significant
influence on the other criteria and can be classified as a cause.
On the other hand, if 1j - cj is negative, it suggests that the
criteria in question are being influenced by the other criteria
as a whole and should be categorized as an effect.

The term “‘Prominence” is used to refer to the first part,
whereas ““Relation” is the term used for the second part.

Fifth Step:Specify a threshold value («) in order to create
an interaction diagram. The cutoff point is determined using

equation 7.
o= Zi:l Zj:l tj/N

fromntoi=1and fromntoj=1 @)

Let N be the total number of matrix elements that will be
generated by taking the average of the members of matrix T to
exclude any insignificant impacts. This implies that the effect
connections will exclude any impacts below the threshold
amount [70].

Last Step: Create a causal relationship diagram: The
results obtained from the calculations conducted in the pre-
ceding steps create the foundation for creating the relation-
ship diagram. Thus, the cause and effect are systematically
represented across all coordinate sets of the total of the rows
and columns. The rows and columns in this representation
depict the interactions between the criteria and offer valuable
information for determining the most crucial criterion and
their impact on others.

V. ANALYSIS AND PRESENTATION OF THE RESULT
A method known as DEMATEL has been applied in order
to conduct an investigation on the major elements that have
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an effect on interoperable defensive strategies. Encoding the
criteria and entering the data into a spreadsheet created in
Microsoft Excel is the first step in the process of receiving
the outcome of the analysis, which comes after the data
collections have been completed. ““S1,” “S2,” “S3,” “S4”,
and “S5” were the categories that were used to classify the
criteria. Therefore, the ten experts who gave their views for
this study have been collected and displayed in the original
individual matrix. The integer scores that were used for this
study ranged from O to 4, providing a range of possible values.
The expert responses are represented by this matrix, which is
then translated into a non-negative direct relation matrix with
dimensions of nxn after being transformed by equation 1:

The mean aggregate of expert’s decision matrices, also
referred to as the direct influence matrix, is calculated using
Equation 2. Subsequently, the direct influence matrix is
normalized using Equation 3, and the resulting values are
displayed below:

0.0000 0.2306 0.2141 0.2306 0.2221
0.2306 0.0000 0.2151 0.2411 0.2231
D =0.2310 0.2141 0.0000 0.2141 0.2172
0.2326 0.2411 0.2256  0.0000 0.2212
0.2306 0.2306 0.2056 0.2306  0.0000

The total relation matrix is calculated by applying equation 4
to the normalized initial direct-relation matrix, resulting in
the quantification of the overall influence generated by the
expert’s response.

25321  2.77621 2.4203 2.6426 2.6440
2.6404 2.6113 2.6172 27120 2.6434
T=25131 25344 22231 2.2109 2.4149
2.3458 27684 2.4159 23791 2.5346
2.6193  2.5243 2.4001 24246 2.4129

To determine the causes and effects, the research calculate
the sums of the rows and columns of the total relation matrix,
which consists of matrix vectors representing the rows and
columns of the matrix. These values are calculated using
equations 5 and 6, respectively. Put simply, if the research
represents the sum of the rows and columns of the complete
relation matrix as vectors r and c correspondingly, then the
research identifies the “‘cause’ and “‘effect”. Therefore, the
outcome of the computation of sums of the rows and columns
is displayed in the Table 7.

TABLE 7. The sum of the rows and columns.

Factor S1 S2 S3 S4 S5 ri

S1 2.5321 2.7621 2.4203 | 2.6426 | 2.644 13.00}
S2 2.6404 2.6113 2.6172 2.712 2.6434 13.224
S3 2.5131 2.5344 | 2.2231 2.2109 | 2.4149 11.896_
S4 2.3458 | 2.7684 | 2.4159 | 2.3791 | 2.5346 12.443
S5 2.6193 | 2.5243 | 2.4001 2.4246 | 2.4129 12.381

12.650 13.200 12.076 12.369 12.649

Ci
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The final evaluation has the goal of determining the con-
nection between the cause and the effect, is presented in
Table 8.

TABLE 8. Direct influenced of the criteria among them.

Factor ri ci ritci Ii-Ci

N 13.0011 23.4701 36.4712 -10.469
S2 13.2243 23.8082 37.0325 -10.5839
S3 11.8964 21.2797 33.1761 -9.3833
S4 12.4438 22.5418 34.9856 -10.098
S5 12.3812 22.1431 34.5243 -9.7619

Every single criterion is classified as belonging to the effect
group, which indicates that they were influenced overall.
There is a known impact of them on any other or cause them to
act with other criteria. According to this, it appears that every
criterion came to take part in the Interoperable Defensive
Strategies analysis. It is implied that there is a situation in
which each criterion is interrelated and impacted by other
criteria within the system, but none of them operate as direct
influences or causes. This is because all of the criteria within
the system are classified as “effects,” while none of them
are labeled as “causes.” This finding points to a complex
network of interdependencies among the recognized com-
ponents, showing that all criteria in the system are affected
by and react to modifications to other criteria. It means that
various factors are interdependent on one another and that no
one criterion is functioning as the main driver of change.

These results may point to the necessity of taking a com-
prehensive strategy to meeting the specified requirements,
one that recognizes and values their interdependence and con-
nectivity. In order to develop strategies or interventions that
take into account the systemic character of the components
included in the analysis, it can be necessary to understand
these complicated relationships. Considering the name of the
variable, this research provides their short form and present
in Table 9.

TABLE 9. Short form of the variables name.

Short form
Security Concerns and Cybersecurity Risks | Risk

Factors

Technological Complexity and Interoperability Complexity
Dependency on Commercial Technologies and | Dependency
Ethical, Legal, and Human Factor Challenges | Personal

Strategic Implications and Environmental | Environmental

Figure 2 displays many things categorized as Risk, Com-
plexity, Dependency, Personnel, and Environment. These
items are used to assess the responses of experts, who provide
estimates for the duration of their task. The total estimated
number of identified cybersecurity threats is 150, posing a
risk. The percentage of threats that have the potential to result
in a data breach is 30%.

Item 9 - Mean Duration for Resolving Vulnerabilities
Post-Identification (Complexity: 7 days). Item 3 - Mean
Duration for Achieving Interoperability Among Diverse
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FIGURE 2. The distribution of response to each variable across the ten question for each of the viable.

Systems (Complexity: 6 months). The mean yearly spend-
ing on commercial technologies amounts to $1.5 billion.
The defense system utilizes a total of 10 distinct technolo-
gies. Annual allocation of time for Human Factors training
(40 hours). Cybersecurity personnel in the defense system:
200. The defense budget has allocated 8% of its funds
towards environmental measures, representing the percent-
age increase. Number of accolades received for sustainable
practices in the field of environment: 3.

This finding indicates that the range of risk indicators
varies greatly, with a significant number of identified cyber-
security threats (150) and a percentage of threats that have
the potential for data breaches (30%). This range signifies a
thorough evaluation, encompassing different degrees of seri-
ousness in identified risks. Complexity metrics vary in terms
of timescales, ranging from prompt vulnerability patching
(7 days) to more extended periods required for estab-
lishing system interoperability (6 months). This spectrum
encompasses the diverse complexities and time commitments
involved in overseeing technology issues. The reliance met-
rics reveal notable disparities, ranging from a considerable
yearly outlay on commercial technology ($1.5 billion) to a
restricted number of diverse technologies employed in the
military system (10).

This discrepancy underscores the considerable variation
in dependence on external technical solutions. Personnel-
related data show different distributions of resources, with
a significant amount of time being allocated each year to
human factors training (40 hours) compared to the number of
cybersecurity professionals in the defense system (200). This
distribution indicates varying degrees of investment in human
resources and training. Environmental indicators reveal a
range of initiatives, including a significant 8% rise in the
defense budget allotted to environmental measures and a very
low tally of 3 environmental awards earned for sustainable
activities. This distribution emphasizes the diverse degrees
of dedication and acknowledgment in environmental sustain-
ability activities.
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TABLE 10. The inference of distribution of responses.

Ttems Risk Complexity Dependency Personnel  Environment
1| 150 10 70% 15 12
2 | 30% 40% | $1.5 billion 25% 15%
3 | 72 hours | 6 months 10 | 2 weeks 4 months
4| 15% 3 8% 8 8
5 | 200 25% 12% 12% 20%
6 | 10% 15% 15 | Moderate | High
7 | High 5 20% 10 5
g | 20 Moderate High 60% 8%
9 | 7days 60% | 9 months 5 | 3 months

10 | Moderate 8 5 | 40 hours 3

This distribution’s impact stems from providing a system-
atic overview of diverse elements linked to distinct tasks
(see Table 10). Stakeholders can efficiently evaluate and
analyze the risk, complexity, reliance, people needs, and
environmental factors of various project components or
scenarios. This information is crucial for decision-making,
resource allocation, and risk management techniques. More-
over, it helps enhance communication and teamwork among
team members by offering a distinct reference point for
conversations and planning. The distributions are a great tool
for comprehending and handling the complexities of a project
or scenario.

VI. DISCUSSION

The finding that all cybersecurity risk criteria and security
issues are categorized as the “‘effect group,” demonstrat-
ing their influence and interdependence, has significant
implications for Interoperable Defensive Strategies (IDS).
Interoperable. In the defense industry, stability, longevity,
strategic significance, and synergy are the most important
factors [71]. Defensive Strategies strengthen cybersecurity by
integrating varied security components, facilitating smooth
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collaboration, and strengthening system resilience against
evolving threats. A thorough and effective defensive strategy
must include the multidimensional influence of the identified
criteria on IDS. Risk assessments are crucial due to factors
like the amount of cybersecurity threats, the percentage of
threats with data breach potential, and data loss instances.
An IDS must thoroughly assess these threats to design appro-
priate countermeasures and response techniques. An IDS’s
preparedness and capability depend on cybersecurity special-
ists and funds. These criteria emphasize the importance of
qualified staff and sufficient resources to build and manage
interoperable defense strategies.

Cybersecurity is time-critical, as measured by the average
time to discover an event and patch vulnerabilities after detec-
tion. To quickly reduce cyber incidents, a good IDS should
minimize detection and response times. Staff cybersecurity
awareness and coordination with external cybersecurity orga-
nizations emphasize human aspects and external relation-
ships. An IDS must include training to raise staff awareness
and strengthen external collaborations for threat intelligence
and response. The number of annual simulated cybersecurity
drills emphasizes the need for practice and progress. Reg-
ular simulations and exercises should be prioritized by an
IDS to improve response techniques and cyber threat readi-
ness. Finally, the criteria’ effects on Interoperable Defensive
Strategies demonstrate the need for a comprehensive and
adaptive cybersecurity strategy. An effective IDS should
emphasize risk assessment, resource allocation, fast incident
response, human-centric approaches, collaborative efforts,
and continuous improvement through drills. By examining
five key criteria, firms may strengthen their cybersecurity
posture and defend against evolving cyber threats.

The classification of all criteria related to technological
complexity and interoperability challenges as part of the
“effect group” has important implications for Interopera-
ble Defensive Strategies (IDS). These specified criteria are
crucial in determining the framework for successful IDS
implementation. Metrics such as the quantity of diverse
technologies employed, the proportion necessitating exclu-
sive protocols, and the existence of outdated technologies
highlight the intricacy of technological integration. In order
to achieve effective interoperability, IDS must successfully
navigate through a variety of systems and protocols. The
quantity of interoperability standards executed and the tri-
umphant interoperability implementations in the previous
year demonstrate the significance of standardization and
effective integration. IDS should conform to recognized stan-
dards and utilize successful implementations as benchmarks.
The necessity to adapt IDS to meet cloud environments and
efficiently overcome cross-domain hurdles is shown by the
readiness for cloud integration and the challenges experi-
enced in cross-domain interoperability. Defense strategies
should prioritize addressing technical difficulties, adher-
ing to interoperability standards, streamlining integration
procedures, managing time and budgets effectively, embrac-
ing cloud readiness, and adeptly handling cross-domain
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challenges. This will assure the development of robust and
effective defense strategies that are interoperable.

The categorization of each criterion related to reliance
on commercial technology and cost problems as part of
the “‘effect group” has important consequences for the
development and implementation of Interoperable Defensive
Strategies (IDS). Metrics such as the proportion of defense
systems utilizing Commercial Off-the-Shelf (COTS) goods,
the yearly spending on commercial technology, and the quan-
tity of notable market vendors highlight the dependence on
commercial solutions. In order to achieve smooth integration
and compatibility between different commercial technolo-
gies, IDS must take into consideration this interdependence.
The quantity of collaborative agreements established with
commercial technology providers, as well as the execution
of cost-efficiency measures, serve as indicators for potential
collaborations and the enhancement of cost optimization.
IDS can derive advantages from strategic cooperation and
activities aimed at augmenting military capabilities in a cost-
efficient manner. Intrusion Detection Systems (IDS) may
guarantee a strong defense infrastructure that effectively
incorporates many commercial technologies without any dis-
ruptions, while also minimizing expenses and preserving
flexibility in an ever-changing cybersecurity environment.

The ethical, legal, and human aspect difficulties within
the “‘effect group” have significant consequences for the
development and implementation of Interoperable Defensive
Strategies (IDS). Indicators such as documented ethical chal-
lenges, the requirement for further ethical education, and the
duration dedicated to addressing ethical issues highlight the
importance of ethical considerations in defense interoper-
ability. It is important for IDS to give priority to promoting
ethical awareness and providing training in order to address
difficulties and assure the implementation of ethical practices
in defense efforts.

The significance of the criterion on Interoperable Defen-
sive Strategies highlights the necessity for a comprehen-
sive and people-oriented strategy. IDS should give highest
importance to promoting ethical consciousness, guaranteeing
adherence to the law, reducing mistakes caused by humans,
cultivating a favorable work environment, and utilizing staff
preparedness for technological progress. Through success-
ful management of these difficulties, IDS may strengthen
defense strategies, improve interoperability, and establish a
robust defense infrastructure that seamlessly incorporates
ethical, legal, and human factors.

VIi. CONCLUSION

Interoperable defensive methods, which prioritize strategic
implications and environmental impact, provide a new era
of network security. This allows enterprises to improve their
defense capabilities while also contributing to broader strate-
gic and environmental goals. Through the utilization of
the interplay between strategic partnerships, flexibility, and
durability, companies can establish a trajectory towards a
more robust, cooperative, and ecologically aware approach to
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network security in an interconnected world. The study’s
finding focuses on the integration of several factors, high-
lighting the complex nature of IDS. Security Concerns and
Cybersecurity Risks (S1): Emphasized the necessity of adopt-
ing a comprehensive approach to evaluating and addressing
risks, with a focus on having competent individuals, swift
incident response, and cooperation with external organiza-
tions. Technological complexity and interoperability issues
(S2) refer to the difficulties faced in combining different tech-
nologies, following standards, managing costs, and adapting
to new technological developments. Reliance on commer-
cial technologies and financial problems were demonstrated,
highlighting the importance of cost reductions, vendor man-
agement, and strategic collaborations. Ethical, legal, and
human factor challenges (S4) encompass a range of topics
including ethical dilemmas, legal compliance, human-centric
concerns, and the need for ethical awareness, legal adher-
ence, and human-centric defense methods. The importance
of strategic partnerships, sustainability, international coop-
eration, and budget allocation in promoting collaborations,
embracing sustainability, and ensuring compliance is empha-
sized. The combination of these observations emphasizes
the need for Intrusion Detection Systems (IDS) to be thor-
ough, flexible, and encompassing. An efficient Intrusion
Detection System (IDS) should integrate technological inno-
vations, ethical considerations, legal compliance, financial
prudence, collaborative initiatives, and environmental sus-
tainability. This comprehensive strategy guarantees strong
defense tactics, the ability to withstand changing dangers,
and the creation of a secure, morally upright, and long-lasting
defense infrastructure that is in line with worldwide necessi-
ties and growing difficulties.
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