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Abstract
This study addresses the importance of logistics in 
military strategy, the complex dynamics between 
the science and art of logistics during conflicts, and 
the elements of Information and Communication 
Technologies (ICTs). Logistics plays a crucial role 
in ensuring the success of military operations, 
especially in contexts where supply lines are 
vulnerable to interference. This analysis focuses 
on “Contested Logistics,” exploring how effective 
coordination and resilience can overcome the 
challenges of contested environments. This work 
used an exploratory and descriptive methodology 
combining qualitative and quantitative analyses. 
The study includes a comprehensive bibliometric 
analysis using the VoSviewer technology tool, which 
analyzes the existing literature on logistics and 
identifies recent trends and key terms. The results 
highlight the main logistics challenges in contested 
environments: supply line interference, multi-
domain threats, logistics, and ICT application-
related vulnerabilities. In addition, they propose 
technological solutions, collaborative strategies, 
and autonomous systems. The results provide a 
basis for future research, suggest the need for a 
joint concept for Disputed Logistics within military 
strategic frameworks, and address the importance of 
logistics in military strategy, the dynamics between 
the science and art of logistics, and the relationship 
of the role of ICTs in the implementation of new 
solutions.

Keywords--- Contested Logistics, Military 
Strategy, Multidomain Threats, Logistical 
Vulnerability, ICTs

Resumen
Este estudio aborda la importancia de la logística 
en la estrategia militar y la compleja dinámica 
entre la ciencia y el arte de la logística durante los 
conflictos y los elementos de las Tecnologías de la 
Información y la Comunicación (TICs). La logística 
desempeña un papel crucial para garantizar el 
éxito de las operaciones militares, especialmente 
en contextos en los que las líneas de suministro 
son vulnerables a las interferencias. Este análisis 
se centra en el concepto de «logística disputada», 
explorando cómo una coordinación eficaz y la 
capacidad de recuperación pueden superar los retos 
que plantean los entornos conflictivos. Este trabajo 
usó una metodología exploratoria y descriptiva 
combina análisis cualitativos y cuantitativos. El 
estudio incluye un exhaustivo análisis bibliométrico 
mediante la herramienta tecnológica VoSviewer, 
que analiza la literatura que existe sobre logística 
e identifica tendencias recientes y términos clave. 
Los resultados ponen de relieve los principales 
retos de la logística en entornos disputados, como 
las interferencias en las líneas de suministro, las 
amenazas multidominio y las vulnerabilidades 
logísticas y las relacionadas con aplicaciones 
TICs. Además, proponen soluciones tecnológicas, 
estrategias de colaboración y el uso de sistemas 
autónomos. Los resultados proporcionan una base 
para futuras investigaciones, sugieren la necesidad 
de un concepto conjunto para la Logística en 
Disputa dentro de los marcos estratégicos militares, 
y abordan la importancia de la logística en la 
estrategia militar y la dinámica entre la ciencia y 
el arte de la logística, y la relación del papel de las 
TICs en la implementación de nuevas soluciones.

Palabras clave--- Logística en Disputa, Estrategia 
Militar, Amenazas Multidominio, Vulnerabilidad 
Logística, TICs
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I. INTRODUCTION

Military logistics has played a crucial role in warfare development since the dawn of 
humanity [1], [2]. From a historical and strategic perspective, its significance has emerged 
as a decisive factor in the ability of armies to project power, sustain campaigns, and secure 
victory on the battlefield [3], [4]. Each military revolution has been accompanied by logistical 
advancements that have enabled the movement of troops and the supply of resources and 
facilitated the integration of new technologies and innovations, shaping the course of wars 
[5], [6]. In this context, military logistics emerges as a discipline that combines strategic, 
operational, and tactical aspects, reflecting the decisions of both commanders and adversaries 
in the theater of operations [2], [7].

Despite its critical importance, the systematic study of scientific literature on the relationship 
between logistics and military strategy has been limited to [2], [5], [6]. Researchers who have 
examined this topic emphasize the interaction between the art of logistics—characterized 
by the commander’s intuition and experience—and its scientific dimension, which includes 
the use of mathematical models, statistics, and projections to optimize resources and reduce 
uncertainty [5], [8], [9], [10]. This interrelationship suggests that logistical effectiveness 
in contemporary conflicts depends not only on technological advancements but also on the 
capability to model complex scenarios using advanced analytical tools [11], [12], [13], [14].

Military logistics, however, does not operate in isolation, as it must assess its partners, 
environment, and surroundings [14]. It is deeply influenced by the operational environment, 
where the decisions of allies, partners, and adversaries shape a dynamic and often contested 
setting [3], [7], [13], [15], [16], [17], [18], [19]. Joint logistical planning, by military doctrine, 
aims to achieve unity of effort and resource synchronization to prevent miscoordination that 
could compromise strategic objectives [13], [15], [20]. In this environment, the actions of 
the adversary play a crucial role by continually modifying the logistical landscape, creating 
challenges that transcend the simple administration of supplies and transportation, and 
demanding an integrated approach to manage competition for resources [7], [10], [21].

This article analyzes contested logistics from an analytical perspective, delving into the 
factors that define this concept. The proposed approach seeks to go beyond traditional supply 
logistics to explore the influence of adversary actions on the military supply chain and how 
these actions generate uncertainty across all operations domains [20], [22]. Finally, the study 
intends to expand existing doctrinal definitions by developing a conceptual framework that 
captures the complexity of the contemporary logistical environment and the demands imposed 
by modern warfare, proposing some software-based solutions.

II. RELATED WORKS

Examining the evolution and significance of logistics over the last few decades reveals 
a transformation process that spans from its initial military conception to its subsequent 
application in the global economy. Early logistics studies focused almost exclusively on the 
military domain; early investigations underscored the importance of “deceptive logistics” for 
gaining operational advantages [23]. While a work, it highlights the historical continuity in 
the provisioning and maintenance of troops, illustrating the mechanisms needed to sustain 
military campaigns of varying scales [4], [7], [24].

Subsequently, the field began to adopt quantitative methodologies and mathematical 
models to support decision-making. Beginning with Partridge and Rickman, Computable 
General Equilibrium (CGE) models were introduced in regional management, opening the 
door to more systemic approaches in infrastructure planning and public policy [25]. Studies 
demonstrated how simulation and Value Stream Mapping can optimize industrial production 
and minimize costs and inefficiencies [26], [27].

The military realm was not left behind: researchers such as Krepinevich and colleagues 
delved into the challenges of Anti-Access/Area Denial (A2/AD) environments, which demand 
increasingly versatile and technologically sophisticated logistics strategies [28]. Meanwhile, 
other authors underscored the need to reduce the logistics footprint through technological 
innovations and adopt more agile and reliable systems [29], [30]. Also, the potential of 
optimization in maritime prepositioning operations and the relevance of cargo planning to 
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expedite tactical responses [31], [32]. Another key aspect has been the academic and corporate 
dimension of logistics conducted studies on the dynamic location of logistics nodes and the 
use of genetic algorithms, demonstrating the applicability of these tools [33], [34], [35], [36], 
[37] in complex decision-making scenarios. Likewise, in separate works, logistics is defined 
as a “science of networks and flows,” placing it at a convergence point among economics, 
engineering, and geography [2].

With digitization and the rise of technology, new challenges have emerged, including 
cybersecurity, process automation, and the adoption of autonomous weapons [38], [39]. 
Furthermore, it illustrates how workers can disrupt critical points in the global supply chain, 
revealing systemic vulnerabilities [19]. Thus, logistics has been consolidated as a central 
discipline in both military and civilian spheres in the pursuit of efficiency and resilience. 
Its tools—from computational simulation to operational modeling and the incorporation of 
artificial intelligence—enable governments and companies to anticipate complex scenarios, 
optimize resources, and enhance competitiveness, underscoring its undeniable relevance in 
today’s world.

“Logistics in contested environments” has become a focal point for the military and 
academic communities, given the growing complexity of operations in scenarios where access 
to resources and freedom of maneuver may be constrained. Another work highlights that 
logistics is now a vulnerable target and, therefore, a priority for adversaries seeking to slow 
or disrupt the pace of deployed forces [8], [10]. Along the same lines, it emphasizes that 
logistics management in contested zones is a decisive factor in ensuring operational success 
[21].

Various studies have focused on adapting supply chains to contexts marked by high 
uncertainty. For example, [40] proposes a methodology to determine optimal resource 
prepositioning sites, while another work develops commodity flow models encompassing 
multiple resource types and routes [11]. Likewise, [41] presents a linear programming 
approach to maximize efficiency in storage capacity allocation, stressing the need to integrate 
quantitative analyses in military planning.

Innovation and technology play a central role in current debates. In [42], data analysis 
and system interoperability are critical factors in overcoming logistical challenges in hostile 
environments. The concept promotes multiservice collaboration [43]. In contrast, this work 
[13] proposes incorporating commercial assets to reinforce the military fleet, facilitating 
sustainability in high-risk areas. Surrey supplements this view by advocating for establishing 
an expeditionary civilian air fleet, highlighting the capacity for rapid response to contingencies 
[44].

Cyber defense and logistical deception measures are also subjects of analysis. They examine 
deception tactics that conceal true capabilities or resource locations, hindering adversarial 
intelligence efforts [18]. Likewise, they underscore the relevance of electronic warfare in 
communications and command-and-control systems, with direct implications for planning 
and executing supply operations [45].

Strategically, the need to integrate logistical contingencies into formulating doctrines and 
joint operational concepts is emphasized [16], [46]. The rivalry between China and the United 
States suggests that a prolonged conflict would have enormous logistical implications [47]. In 
[12], [48] evaluates the efficacy of heuristic and approximate dynamic methods for generating 
routing and simulation solutions, respectively, reinforcing the multidisciplinary nature of 
modern logistics.

Socioenvironmental factors arise in studies of the interconnection between territories, 
resources, and equity [49], [50]. These contributions and reflections on the sustainability of 
logistical support point toward a consensus: logistics in contested environments require an 
integrated vision, advanced tools, and strategic coordination to address current and future 
threats [17], [51].

Recent literature on logistics in contested environments continues to expand and deepen its 
exploration of resource optimization, the integration of emerging technologies, and doctrinal 
adaptation under increasingly complex scenarios. A cutting-edge approach is the application 
of game theory to logistics planning, where strategic interactions among stakeholders are 
modeled to understand and anticipate adversary behaviors concerning the distribution and 
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protection of supplies [9]. This analytical framework complements a work emphasizing how 
digital support and simulation tools can enhance decision-making in hostile scenarios [52].

The importance of technological innovation is evident in numerous studies. Analyze the 
implications of next-generation aviation systems for logistic sustainment and missions, 
highlighting the need to integrate reliability and maintainability analyses in early design 
stages [53]. The role of autonomous vehicles in ocean engineering demonstrates how their 
deployment could revolutionize naval logistics [54]. Similarly, [56] examines how autonomous 
capabilities support naval operations [55]. In contrast, Sierra addresses low-profile uncrewed 
vessels for covert activities, spurring discussion of their potential applications in military 
and illicit operations.

In the naval sector, safeguarding strategic stockpiles and maintaining a strong industrial 
base is important to uphold response capabilities during conflicts [57]. This study provides an 
integrated overview of logistical challenges in contested maritime theaters, highlighting the 
critical link between supply availability and operational superiority [22]. Complementarily, 
the naval operational-level doctrine and the evolution of Colombian naval logistics reinforce 
the notion that doctrinal updates and interstate coordination are imperative to confront 
increasingly competitive environments [6], [58], [59].

Regarding health management and medical support in operations theaters, [60], [61] 
propose the use of digital twins and autonomous care to improve casualty survival rates, 
anticipating that passive data collection and artificial intelligence will optimize battlefield 
care in the future Irwin et al. continue in this vein, outlining the medical supply challenges 
in the Indo-Pacific region and underscoring the importance of interoperability and resource 
decentralization [62].

Collectively, these investigations reinforce the understanding that logistics in contested 
environments is not merely a technical challenge but a strategic component requiring an 
integrated approach, from planning and doctrine to technological innovation and international 
cooperation, as well as the consideration of social and economic factors that can redefine the 
power balance and the effectiveness of deployed forces.

III. METHODOLOGY

This research is framed within an exploratory and descriptive approach [66], employing a 
qualitative methodology [67] complemented by quantitative tools for bibliometric analysis. The 
exploratory nature of the study is justified by the interest in investigating and systematizing 
an area of knowledge—contested logistics—that, although it has been addressed in various 
studies from the perspectives of science and probability [68], still lacks a comprehensive 
analysis that considers both its challenges and solutions in multidomain operational contexts 
[5].

From a descriptive perspective, the research aims to detail and categorize the concepts, 
approaches, and logistical solutions identified in the existing literature, providing a structured 
view of the topic. The qualitative component focuses on interpreting and analyzing key concepts 
using quantitative tools, such as bibliometric analysis through VOSviewer. This enables the 
measurement and visualization of recurring patterns in the reviewed texts, thereby enhancing 
understanding trends in contested logistics. In this way, the study is characterized by a 
combination of external manifestations and certain shared intrinsic conceptual links [69].

Figure 1. Phase-based Methodology (Source: Own work with AI-generated images based on study design)
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This methodological combination enables conceptual deepening and empirical validation 
by analyzing term networks and co-occurrences, ensuring a comprehensive view of the 
phenomenon under study.

A. First Phase
In the first phase, a systematic review of the existing literature was conducted, focused 

on identifying relevant studies in academic databases and articles published online, both in 
conference proceedings and specialized scientific journals. This review included a thorough 
search for key terms such as “contested logistics” and “contested environments,” enabling 
the compilation of a significant set of documents. Following this process, 47 sources were 
identified as pertinent for analysis and selected based on their relevance and contribution to 
the study topic.

B.Second Phase
The second phase involved the development of critical reviews for each of the selected 

texts. In this stage, special attention was given to the following aspects of each document: the 
concept of contested logistics, the primary theoretical and methodological approach, identified 
logistical challenges, solutions proposed by the authors, and key elements of premises and 
conclusions. This process allowed for the extraction of crucial information to understand the 
multidimensional nature of contested logistics in current operational environments.

C. Third Phase
In the third phase, an exhaustive document analysis of the texts was conducted, focusing 

on identifying patterns and trends related to the logistical challenges and solutions 
presented. This analysis aimed to determine how each document addresses logistical issues 
in conflict environments and the strategies proposed to mitigate associated risks, enabling a 
systematization of knowledge.

D.Fourth Phase
In the fourth phase, bibliometric verification and analysis of the selected literature was 

carried out using the VOSviewer platform, a specialized software for creating maps based 
on textual data and analyzing co-occurrence networks of terms. This analysis included the 
following methodological steps:

•	 Creation of a textual data map from the reference files managed.
•	 Data reading and extracting terms from each document’s title and abstract fields.
•	 Binary counting is used to record the frequency of term occurrences.
•	 Establishment of a minimum occurrence threshold for each term, which allowed the 
identification of a total of 893 terms, of which 64 met the established relevance criteria.
•	 From this set, a final selection of 38 key terms was made based on their interactions 
and co-occurrences within the reviewed literature. This allows visualization of the main 
thematic areas related to contested logistics.

E. Fifth Phase
The fifth phase involved writing the results and formulating conclusions based on the text 

analysis and the generated bibliometric map. During this stage, the main findings regarding 
logistical challenges and solutions in contested contexts were systematized, integrating the 
theoretical and methodological contributions of the reviewed authors.

This study adopts an exploratory, descriptive, and bibliometric approach. It aims to analyze 
logistical dynamics in conflict or strategic competition scenarios, proposing a synthesis of 
existing knowledge and identifying the most relevant trends and challenges that logistics 
faces in contested environments.

IV. RESULTS

A. Bibliometric Analysis of Articles Related to Contested Logistics
The bibliometric analysis conducted through the VOSviewer platform allowed for a 

detailed structuring of the documents investigated, providing a comprehensive view of the 
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primary sources used (Figure 2). In this context, correlations between keywords and the 
main research topic were identified and analyzed, revealing interrelationships to understand 
thematic evolution within the field. An overlay visualization presented a graph, marking a 
starting point to trace the temporal and conceptual development of the research topics.

During the analysis, 1,616 unique terms were identified. By setting a minimum occurrence 
threshold of five mentions per term, 39 terms met this criterion, representing a significant 
set for further analysis. From there, the system selected 60% of the most relevant terms, 
resulting in 26 terms. After a critical review, 12 terms that were not directly related to the 
central research theme were excluded, leaving a final graph with 14 key terms.

Figure 2. Highlighted Topics in the VOSviewer Bibliographic Analysis

The results indicate that the topics investigated are relatively recent, forming an emerging 
cluster connecting to contested environment studies. From this context, the concept of 
“contested logistics” emerges, marking a particular area of interest and opening new research 
avenues to understand how logistics has played a critical role in conflict or competition 
scenarios since 2018. This suggests that the field of study is expanding, with significant 
implications for logistics in strategic, tactical, operational, and technological contexts, which 
can be addressed through software development.

The importance of these results lies in their ability to identify emerging and key areas in 
the study of “Contested Logistics.” The analysis shows that this topic is scarce, recent, and 
growing, underscoring the relevance of its research for planning new strategies in competitive 
contexts. The selected terms reflect the conceptual evolution of the field, providing a solid 
foundation for future research and practical applications in logistics management within 
conflict environments.

B. Definition of Contested Logistics: Adaptation and Resilience Against Active Interference in 
Strategic Conflicts

Contested logistics is a broad concept referring to logistical operations that face active 
interference from adversaries in conflict or strategic competition scenarios [8], [16], [19], [20], 
[44]. Such interference can manifest as direct attacks on supply lines, logistical facilities, and 
distribution networks aimed at disrupting or impeding the flow of critical resources [11], [13], 
[19], [51], [62], [70].

This type of logistics is characteristic of anti-access/area-denial (A2/AD) environments, 
where adversaries employ advanced capabilities to restrict access to operational zones, target 
key logistical routes, or sabotage sustainment capabilities through multidomain threats, 
such as cyberattacks, long-range missiles, and jamming systems [12], [13], [28], [39], [42], 
[47], [56], [71], [72].

Contested logistics demand resilience, technological innovations, and deception tactics to 
ensure supply continuity under constant threat, whether in asymmetric warfare, maritime 
scenarios, or large-scale conflicts such as those in the Indo-Pacific [13], [40], [63], [70], [73], [74]. 
Through advanced planning, multinational cooperation, and the use of autonomous systems, 
risks can be mitigated to ensure that military forces maintain operational effectiveness even 
under adverse conditions [18], [20], [22], [43].



Guerra La Rotta / J. Comput. Electron. Sci.: Theory Appl., vol. 5 no. 2, pp. 5-27. July - December, 2024

11

To achieve this, it is essential to implement concealment and deception technologies along 
logistical routes [18], as well as strengthen the survivability of logistical assets against 
direct threats such as missiles and hostile submarines [44], [75]. Additionally, logistics must 
be prepared to overcome blockades in enemy-controlled territories and address mobility 
challenges in contested geographic areas [10], [57], [76].

Contested logistics also face unique challenges in modern multidomain warfare contexts, 
where supply chains are exposed not only to physical attacks but also to cyber threats and 
communication disruptions [17], [45], [47]. In response to these threats, proposed solutions 
include the integration of regional allies, the use of simulations, and the optimization of 
logistical planning to maneuver from more distant locations [9], [12], [77].

Focus of Contested Logistics: Adaptation, Resilience, and Technologies to Overcome 
Multidomain Threats

The primary focus of contested logistics centers on the need to modernize military logistical 
capabilities to operate effectively in highly volatile, vulnerable environments and under 
constant threat [13], [60], [61], [65]. This requires implementing advanced technologies 
and agile strategies that optimize operations in hostile contexts [29], alongside employing 
deception strategies, such as falsification and concealment, to protect logistical resources 
and minimize the risk of interdiction by adversaries [18], [28]. Adapting traditional logistical 
systems with agent-based adaptive systems is crucial for ensuring efficient decision-making 
under pressure in asymmetric warfare. In contrast, logistical innovations are necessary to 
maintain supply in conflict zones where vulnerability to direct attacks is high [73].

Evaluating the survivability of logistical assets in hostile environments is essential, as 
they face direct threats such as missiles and submarines, requiring logistics to withstand 
attacks while ensuring the flow of supplies [13], [75]. Additionally, supply chains must be 
safeguarded against adversarial offensive capabilities aimed at disrupting resupply [39], 
[71]. In this context, it is vital to ensure that logistical operations can maintain supply across 
multiple fronts, operating in global and contested scenarios [16], [17] and that technological 
innovations, such as uncrewed vehicles and other advancements, are adopted to counter threats 
[51], [56]. For this reason, it is necessary to study how prolonged conflicts between major 
powers, such as the United States and China, rely not only on direct military confrontation 
but also on the ability to sustain a protracted war through logistics and the maintenance of 
key resources [47].

Figure 3. Focus of Contested Logistics (Generated by AI-generated images based on study design)

In maritime environments, assessing logistical threats and the ability to operate under 
high-vulnerability conditions is essential to ensure operational continuity [60], [61], [74]. 
In-depth logistical planning is necessary to sustain forces within critical zones, such as the 
weapons engagement zone (WEZ), in the face of direct enemy interference [77]. Interference 
in command and control (C2) capabilities must also be addressed, as it compromises force 
maneuverability [45]. Thus, resilient logistics is key to maintaining continuity of operations 
under constant pressure and multidomain threats [17], [43].

Contested logistics also face logistical blockades in enemy-controlled territories [13], [76], 
as well as restricted access to logistical resources in A2/AD environments, affecting both 
bases and transit lines [12]. Adapting to the challenges of multidomain warfare is essential, 
incorporating emerging technologies and optimizing logistical vulnerability to reduce the 
impact of direct attacks on supply chains [5], [11]. This includes collaborating with allies to 
operate in environments where supply lines are compromised [19], [40] and developing new 
technologies to ensure supply flow despite persistent threats [8], [10].
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Logistical capacity under communication congestion and denial conditions also represents 
a significant challenge, and it is crucial to evaluate this to avoid bottlenecks in logistical 
management across broad geographical areas [21], [42]. Additionally, the inadequacy of 
current logistical processes in the face of active threats must be addressed through review 
and optimization of the supply chain [13], [57]. On a multinational level, logistical challenges 
must be met with collaborative and technological solutions, especially against cyberattacks 
and advanced technological threats [70].

The focus of contested logistics also includes a deep understanding of strategic interactions 
between logistical forces and their adversaries, which can be modeled through game theory 
to anticipate disruptions and adapt operations [9], [65]. Finally, logistics must address three 
fundamental challenges: threat, environment, and inherent limitations, necessitating the 
adoption of autonomous and resilient capabilities to ensure logistical flow under constant 
threats [22]. These challenges are especially critical in environments such as the Indo-Pacific, 
where A2/AD capabilities complicate medical logistics and the distribution of other essential 
resources [62]. Furthermore, contested logistics can extend to health crises and labor mobility 
areas, as observed during the COVID-19 pandemic [63].

D. Challenges in Contested Logistics: Multi-Domain Risks and Resilience Strategies
Supply Line Interference: Active interference in supply lines is one of the most critical 

challenges contested logistics face. This encompasses the interdiction of logistical routes by 
adversaries seeking to disrupt the flow of goods and resources [18], [28]. Direct interference 
and attacks on logistical convoys in asymmetric combat environments necessitate continuous 
innovations to sustain logistical operations [73]. Attacks on logistical routes and nodes 
compromise the ability to maintain military operations and sustainment [8], [44], affecting 
both lines of communication and resource distribution [21], [42]. Furthermore, logistical 
blockades imposed by enemy forces create further friction that complicates operations [76]. 
These logistical blockades can be detrimental to military operations, as they interfere with 
the last-mile logistics [57] and limit medical logistical capacity in Anti-Access/Area Denial 
(A2/AD) environments [62].

Multi-Domain Threats: Logistical operations are exposed to threats across multiple 
domains, including air, sea, land, cyberspace, and space [17], [45]. The vulnerability of supply 
chains spans these domains, as adversaries may employ offensive strategies to target key 
nodes within the supply chain [5], [19], [39], [71]. Logistics in maritime environments is 
also constantly threatened by anti-ship missiles and submarines, which jeopardize logistical 
operations at sea [44], [74]. Additionally, cyberattacks and diplomatic restrictions hinder 
access to strategic zones, increasing pressure on logistical lines [16], [70]. In a multi-domain 
scenario, adversarial offensive capabilities can disrupt supply chains in a coordinated manner 
across various areas, thus amplifying operational complexity [22], [40].

Lack of Logistics Planning and Management: Comprehensive logistics planning is 
essential to sustain forces within weapon engagement zones (WEZ), where hostile forces 
actively interfere with operations [77]. The rapid and resilient mobilization of personnel and 
equipment under logistical attack requires efficient resource coordination and supply lines 
[43]. However, multinational logistical challenges, such as the need for international support 
networks, further complicate operational planning in strategic regions like the Indo-Pacific 
[70]. Logistical management over extensive geographical areas is critical, as distance and 
limited resource access in conflict scenarios increase logistical vulnerability [21], [56]. Planning 
efforts are also needed to ensure that decisions by non-military actors do not interfere with 
military operations, as these actions could create uncertainty and delays [20].

Figure 4. Challenges in Contested Logistics (Generated by AI-generated images based on study design)
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Logistical Vulnerability and Survivability: Logistical assets are constantly threatened by 
direct and persistent attacks, making logistical survivability a crucial factor in conflict zones 
[13], [75]. Logistics remains at risk at any point along the supply chain, particularly during 
large-scale deployments where forces must sustain supplies under active attacks [11], [44]. 
Operations under enemy control generate friction and hinder supply continuity [76], rendering 
communication and supply lines highly vulnerable, significantly compromising sustainment 
capability [40]. Logistical forces must also be prepared to face active interference at logistical 
facilities, jeopardizing maneuverability and operational effectiveness [19], [45].

Geographic and Operational Contexts: Military logistics is profoundly influenced by 
geographic contexts and varied operational areas. The geographic distance between operational 
theaters and logistical bases presents a significant challenge for sustaining forces, especially 
in strategic regions such as those examined by the United States in the Indo-Pacific [13], [70]. 
Military forces must efficiently manage their logistical resources in areas where adversary 
A2/AD capabilities restrict supply access and freedom of movement [18]. The dynamic 
environment of these operational theaters demands innovative solutions to keep logistics 
both operational and adaptable [22], [44], [78]. As adversaries target logistical lines and 
critical transport points before the conflict phase, forces must handle competition for limited 
resources [20]. Diplomatic restrictions and economic pressures also impact military logistics, 
limiting access to strategic bases [12].

Technological Innovation and Protection: Technological innovation is essential for securing 
supply lines and ensuring operational continuity in contested environments. Military forces 
must reduce their logistical footprint [30], [31], [79] and adopt new technologies to operate in 
modern, challenging settings with limited resource access [29], [53], [78]. Deception strategies 
are vital for safeguarding logistical routes, including concealing routes or deploying decoy 
convoys to mislead the enemy [9], [18]. Additionally, the development of autonomous platforms 
and the use of low-profile uncrewed logistics vehicles (ULPVs) are crucial for overcoming 
logistical threats in contested areas [13], [44], [55], [56]. Forces must also be prepared to 
implement machine learning technologies and autonomous networks, enabling enhanced 
logistical planning and management under high-pressure conditions [16], [41], [52], [55].

Premises of Disputed Logistics: Starting Point for Reasoning, Modernization, Resilience, 
and Coordination with Other Actors in Multidomain Environments

Optimization and Logistics Modernization: Logistics modernization is essential for the 
armed forces to address challenges in highly contested, modern environments by minimizing 
vulnerability. This involves reducing the logistical footprint [30], [31], [79], adapting to agile 
logistical systems suited for asymmetric combat scenarios, and implementing deception 
strategies such as falsification and concealment to protect logistical routes from direct threats, 
cyberattacks and Anti-Access/Area Denial (A2/AD) environments [13], [16], [17], [18], [28], 
[29], [44], [73]. Additionally, forces must adopt resilient technologies and advanced platforms 
to sustain supplies in restricted-access areas [41], [51], [52], [74], [78].

Figure 5. Premises of Disputed Logistics (Generated by AI-generated images based on study design)

Resilience in High-Threat Environments: In scenarios where logistical assets face constant 
attacks or disruptions, ensuring their survival is critical. Supply chains must remain 
operational under direct attacks in conflict zones, and interference along supply lines must 
be mitigated through logistical innovations [43], [75], [76]. The adversaries’ Anti-Access/Area 
Denial (A2/AD) capabilities restrict logistical movement, making it imperative for logistical 
assets to be resilient and capable of withstanding such threats to sustain operations [8], [44], 
[53], [71], [80]. Adaptive systems in uncertain situations enhance decision-making under 
pressure, ensuring logistical supply continuity despite adversarial blockades or attacks [73].
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Coordination with Other Actors and Strategic Planning: In operational environments 
where A2/AD capabilities limit access, logistics demand comprehensive planning and multi-
organizational cooperation to ensure force sustainment. Large-scale deployments increase 
logistical vulnerability, necessitating advanced solutions and strategic partnerships to 
address economic, social, cultural, and diplomatic constraints, as well as geopolitical risks 
and attacks on intermediate bases and supply routes [11], [12], [13], [20], [29], [40], [70]. 
Logistical blockades and active enemy interference require forces to coordinate through 
strategic alliances and adopt technologies to overcome supply access limitations [21], [56], 
[62], [78].

Protecting Supply Chains Across Multiple Domains: Multi-domain threats—including 
air, sea, land, cyberspace, and outer space—jeopardize logistical supply chains, demanding 
strategic planning and advanced technological adoption. In these settings, forces confront 
persistent threats such as cyberattacks, direct assaults on supply lines, congestion, and loss 
of logistical, operational capacity [21], [22], [42], [70]. Deceptive strategies like falsification 
and concealment, along with autonomous systems and unmanned platforms (ULPVs), are 
essential to counter interdiction threats and maintain logistical flow [9], [18], [56].

V. DISCUSSION

A. Comparative Analysis of Disputed Logistics
From a commercial perspective, secured logistics means that the industry can meet market 

demands, indicating that the central issue is movement [22], [44]. In the military sphere, 
however, forces must ensure the continuity of logistics across different theaters of operations, 
maintaining the flow through air, land, and sea routes [13], [53], [75]. Within the context of 
conflict, the secured movement represents the capability to mobilize at both operational and 
tactical levels, always relying on established logistical routes within these domains [20], [22], 
[44], [74].

The Joint Publication from the General Command of the Armed Forces [15] emphasizes the 
need for Unified Action to achieve secured logistics. Unified Action is essential for ensuring 
coordinated decision-making among military units, the government [58], [81], and non-state 
actors [64]. These coordination processes introduce new logistical dilemmas arising from 
newly synchronized plans [17], [43].

While the decisions and plans of these non-military and non-governmental actors may 
not always seem crucial, they can create conditions that characterize a disputed logistical 
environment [20], [49], [70], [80]. Such plans may conflict with the state’s objectives concerning 
movement and supplies. Therefore, armed forces must incorporate these actors into their 
planning, especially those pursuing similar goals or potentially benefiting from adversarial 
plans, as they may act as triggers or prerequisites defining a disputed logistical environment 
[19], [20], [45], [49].

Additionally, studies on logistics in contested environments have explored adversaries’ 
active interference in supply chain operations, particularly within military logistics [9], [18], 
[74], [80]. This concept entails confrontation between adversaries with similar or superior 
capabilities, extending across multiple domains and potentially covering vast, non-contiguous 
areas [10], [20]. It presumes that all realms will face threats, eliminating the nation as a 
sanctuary and exposing logistics to direct attacks [17].

Given these circumstances, military forces must explore, develop, and implement cutting-
edge strategies and next-generation technologies within strategic, operational, and tactical 
logistics [3]. The adoption of emerging technologies, such as machine learning, man-machine 
combat teams, and networked autonomous platforms, will be essential to establish dominance 
in a world where domains are in constant dispute [16], [55].

B. Considerations in the Study of Contested Logistics
Contested logistics describes a set of problems that include increased threats to supply 

chains, reduced mobility, and the need to operate in a resource-limited environment [17], 
[29], [82]. Logistics in a conflict environment incorporates many factors, but the key issue 
is the ability to deliver supplies to the combatant—end users who are inherently located 
within a hostile Area of Operations (AO) [21], [74], [82]. Therefore, to evaluate the assets of a 
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delivery, one must start from the ability to penetrate the threat layers of the enemy force in 
a simple campaign model [83, p. 104].

Generally, authors only articulate and focus on the challenges and complexities of contested 
logistics. However, this method of concentrating on the conditions generates two problems. 
First, it is indistinguishable from most forms of logistic operations; second, there is no method 
that defines the root cause of what makes the environment contested [20]. Being strict with 
the concept, the non-ideal conditions indicated in the definition can be a byproduct of anything 
within the operational environment and, therefore, do not help differentiate the moment or 
conditions that establish the existence of contested logistics [5], [22], [73], [84].

In this sense, contested logistics is not solely a matter of operating in adverse conditions 
but of adapting to an environment where the adversary actively seeks to disrupt logistic 
operations through direct fire, sabotage, conventional and unconventional warfare tactics, 
electronic warfare, hybrid warfare, etc . [28], [62]. For this reason, it was evidenced in most 
studies that for a contested military logistics scenario to occur, two essential conditions must 
be met: The first is that activities take place within those considered within the theater of 
war; the second is that, in terms of modes of operation for its development, movements in 
contested environments require reconnaissance, deception, and interference [1], [13], [23], 
[29], [44], [47], [52], [70], [72], [82].

Strategies to mitigate these threats require exhaustive planning that considers not only 
the protection of logistic assets but also the ability to project power in an active and dynamic 
theater of operations [17], [40].

Additionally, technological evolution has transformed the way contested logistics operations 
are executed [23], [28], [51]. Reconnaissance units and deception tactics, fundamental in 
ancient times, must now face advanced sensor networks and highly sophisticated defense 
systems, which demand new tools and methodologies, such as the use of artificial intelligence 
and cybersecurity technologies to protect logistic networks [16], [22].

Contested logistics implies a comprehensive and flexible approach that goes beyond 
traditional logistic limitations, adapting to the complexities of a multidomain conflict 
environment [17], [20]. The key elements of this strategy include operational resilience, rapid 
response capability, and the use of emerging technologies to maintain the flow of supplies 
even in the most adverse scenarios—elements that will be reviewed below [56], [70].

C. Interaction of Actors in Contested Logistics
In the commercial context of contested logistics, users, competitors, and adversaries alike 

seek to gain an advantage by positioning resources strategically and denying access to their 
opponents. Evidence shows that methods range from employing strategies such as securing 
exclusive rights to disrupting supply flows and compromising competitor operations [71], 
[75].

Military adversaries, unlike market competitors, employ additional techniques, such as 
disrupting operations through direct and indirect fire, terrain alteration, and obstacles, and 
may even destroy enemy assets—an action beyond the reach of commercial competitors 
[18], [20], [28], [74]. These last two methods—disrupt and destroy—are what most military 
professionals envision when considering a contested logistics environment and developing 
strategies from a kinetic approach [20].

However, preventive strategies before the conflict, aiming to disrupt sustainment 
networks through non-kinetic efforts like cyber-attacks or restrictions on key logistic 
infrastructures, are seldom utilized or considered in planning [62], [76]. Similarly, efforts 
to optimize logistics through planning are influenced by these adversarial challenges and 
the cooperation and coordination among strategic partners, which must be incorporated into 
planning. Strengthening coordination between allies is essential, as a lack of communication, 
resources, and shared interests can lead to delays and inefficiencies [43], highlighting the 
need for unified logistic planning to ensure operational continuity under adverse conditions 
[5], [85], [86] an endeavor that demands an extensive organizational process within temporal 
and spatial constraints.
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Figure 6. Interactions Among Actors (Generated by AI-generated images based on study design)
For this reason, the planning process for Contested Logistics must consider interactions 

between military forces and different actors, which can be classified into three main 
dimensions: Military Forces vs. Enemy, Military Forces vs. Strategic Partners, and Military 
Forces vs. Own Troops.

In this way, it becomes evident that contested logistics presents external risks (enemy 
interference) and internal risks (coordination among allies and internal management), as 
represented in Figure 6. This underscores the need for planned, agile, integrated, and resilient 
logistics to ensure operational continuity [43], [55]. Solutions should include the adoption of 
advanced technologies [29], [51] and the strengthening of logistic command and control to 
address threats across all domains [9], [16], [70].

D. Operational Strategies and Tangible Components for Resilience in Conflict Environments
It is essential to understand that contested logistics is not a novelty in modern warfare but 

rather a persistent issue that planners, strategists, and industry have faced throughout armed 
conflicts. The only significant difference today, compared to when German submarines roamed 
the Atlantic Ocean, for example, is the technology available to detect logistic movements and, 
consequently, the technology available to strike a state’s logistic network from an extended 
range [22].

The Liberty Ship program during World War II was pivotal to the war’s outcome [88]. 
Liberty Ships overcame the attrition caused by German submarines in the contested waters 
of the Atlantic. Many of the lessons learned from the design and production of Liberty Ships 
can similarly inform the design and production of ULPVs to counter threats in the contested 
waters of the Indo-Pacific [56].

The United States Navy has developed concepts for Distributed Maritime Operations 
(DMO), leveraging naval forces’ inherent mobility and firepower to generate multi-
axis attacks, complicate enemy targeting, and project power across a wide battlespace. 
Supporting this concept will require new logistics and maintenance approaches. Current 
supply chain processes do not adequately address these requirements. The need for a more 
precise understanding extends from the industrial base, where the supply chain originates, 
to the “last tactical mile” at the end of the distribution chain. This report evaluates logistic 
requirements and identifies improvements, both in terms of capabilities and within supply 
chain processes, to support DMO in contested environments [57].
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Figure 7. Operational Strategies and Tangible Components (Generated by AI-generated images based on study 
design)

For detailed planning of contested logistics, several key elements are proposed, organized 
into five main categories, divided into two dimensions: Tangible Components (Groups 1 and 
2) and Operational Strategies (Groups 3, 4, and 5). Tangible Components include advanced 
logistic infrastructures, autonomous vehicles, and security technologies to secure critical 
routes. Operational Strategies encompass the tactics, collaborations, and methodologies 
needed to ensure the efficiency and resilience of logistic operations in adverse or multidomain 
environments, where adaptability is crucial for operational sustainability, as shown in Figure 
7.

Group 1: Resilient Infrastructure and Operational Means refers to the material and 
physical tools employed to safeguard and optimize logistics operations.

Group 2: Intelligent Logistics Operations: This group encompasses technological and 
tactical solutions to optimize logistics under risk conditions. 

Group 3: Sustainment and Continuity Strategies: This group includes tools for projecting 
and maintaining supply flows. 

Group 4: Adaptability and Resilience Strategies: This group contains tools that aid 
operational flexibility and adaptation to changing or adverse conditions. 

Group 5: Collaboration and International Networks Strategies: This final group refers to 
tools and strategies relying on collaboration among allies and strategic partners to ensure 
logistical sustainment. 

These tools combine the material (infrastructure and technologies) with the existential 
(operational strategies) to ensure logistics operations can withstand and adapt to threats in 
contested environments.

E. Approach to the Disputed Logistics Planning Process
Following the conceptualization of the term “Disputed Logistics,” a conceptual review was 

conducted to define its focus, the challenges it must overcome, and the premises upon which 
its study should be established.

This foundation generates the study discussion, comparing commercial and military 
disputed logistics. This includes essential considerations for the study, the actors involved, and 
their possible interactions. Finally, several operational strategies and tangible components 
are proposed, which should be considered to initiate the planning process.

The results presented on May 2, 2024, during the Regional Conference of the Industrial and 
Systems Engineering Society [62] will be considered to begin analyzing a potential methodology 
to address disputed logistics challenges systematically. This study’s recommendation is to 
incorporate current perspectives from Joint All-Domain Command and Control (CJADC2) and 
Multidomain Operations (MDO) while leveraging regional allies, partners, and technology to 
advance predictive logistics for future efforts [62].

The systems decision process (SDP) illustrates how a system’s development, evaluation, 
and integration contribute to its engineering [90]. This framework encompasses problem 
identification, solution design, alternative analysis, and implementation of the best option. To 
address the qualitative limitations of the SDP in this project, the Marine Corps War College 
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(MCWAR) strategy development model was incorporated, which describes a cyclical process 
focused on assessing the strategic environment [46]. While the SDP focuses on quantitative 
data, such as value and cost, the MCWAR considers qualitative aspects. Therefore, both 
models were merged into a new framework, as shown in Figure 8. This modified framework 
retains the structure of the SDP. Still, it integrates qualitative elements from the MCWAR into 
the four main phases: Problem Definition, Solution Design, Decision Making, and Validation 
and Recommendation [26], [62], [91].

This procedure offers realistic recommendations to enhance the resilience of contested 
logistics by utilizing systems thinking and the policy formulation process from strategic and 
defense studies [12], [27], [32]. However, it is also necessary to consider that efforts should be 
continuously aimed at reducing the OODA loop (Observe, Orient/Decide, Act), significantly 
increasing the speed to overwhelm the opponent, create security in the theater of operations, 
and turn, break the A2/AD (Anti-Access/Area Denial) capabilities of adversaries [56].

Figure 8. Valuation Process for Decision Makers [28]

Anti-access (A2) operations are defined as geographical, military, or diplomatic challenges 
that restrict the ability to enter an operational area of interest. Area denial (AD) is defined 
as the potential and actual threats within that operational area [18], [28]. It is also prudent 
to consider the Joint Concept for Contested Logistics (JCCL), which proposes three lines 
of effort: a) integrated and resilient logistics command and control; b) assured joint power 
projection; and c) sustainment of distributed operations [17].

On the other hand, it is essential to consider deception. Deception in a logistics environment 
has been studied, particularly in warfare, to provide a list of illustrative logistical deception 
strategies at both warfare’s operational and tactical levels. These tactics are executed through 
a combination of five options: location, timing, scale, method, and intent [23].

It is also necessary to conduct exercises in a simulated logistics environment, allowing 
decision-makers to select optimal locations for airports, transportation methods, and resupply 
operations while considering constraints such as costs, distances, and vulnerabilities, such 
as migrant labor1 and uncrewed, low-profile vehicles and units. Complexity arises from 
the range of assessment options and factors [12]. Similarly, it should be noted that every 
movement made is potential information perceived by the enemy, who can gather data at any 
stage of the process, thus enabling the identification of strategic targets [22].

VI. RECOMMENDATIONS

The military forces should prioritize research and development of new logistical solutions to 
produce or source critical supplies in remote areas. Implementing a systems-thinking approach 
to managing logistical complexity is also vital. Training personnel in emerging technologies 
and fostering participation in multi-jurisdictional exercises will enhance coordination and 
interoperability, ensuring that military forces are prepared to operate efficiently in complex 
and contested environments.

To address challenges in contested environments, military forces must invest in autonomous 
systems such as drones and unmanned vehicles and machine learning algorithms to optimize 
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routes and predict threats. Strengthening cybersecurity and employing deceptive tactics to 
protect logistical operations from potential attacks is essential. Additionally, adopting real-
time inventory management systems and reducing the logistical footprint in operational 
areas are recommended to increase efficiency and minimize vulnerability.

To ensure logistical continuity under pressure, it is fundamental to establish alternative 
supply routes and optimize transportation across different domains. Multinational cooperation 
and the integration of non-governmental and commercial actors in logistical planning are 
essential for resource and capability sharing. Moreover, strengthening the resilience of 
logistical command and control systems and conducting simulated exercises are crucial to 
assess and improve responsiveness to adverse situations.

Research on “contested logistics” in military operations emphasizes the need to develop 
advanced technological solutions to strengthen logistical resilience in conflict environments. 
Several innovations are proposed, including machine learning algorithms and neural 
networks in autonomous systems to optimize routes and efficiently manage resources. 
Additionally, improving cybersecurity by using blockchain and decentralized networks to 
protect critical communication infrastructures is suggested. Implementing advanced software 
for simulations, tactical deception, and personnel training through virtual and augmented 
reality is also essential to preparing the armed forces for adverse situations.

Information and Communication Technologies (ICTs) are essential for strengthening 
military logistics in contested environments, offering critical solutions against multi-domain 
threats. Automation with autonomous systems enhances operational efficiency in high-risk 
areas, allowing supply without direct human intervention. Cybersecurity, in turn, protects 
the supply chain against cyber-attacks, ensuring the integrity of communications and 
sensitive information. Artificial Intelligence (AI) and data analysis enable the anticipation of 
threats and real-time route optimization, facilitating the adaptation of logistical strategies 
to changing conditions. These capabilities include deception tactics, such as alternate routes 
and decoy convoys, which increase operational resilience and flexibility. Together, ICTs 
drive more robust and adaptable logistics, essential to maintain the effectiveness of military 
operations in highly complex and high-risk scenarios.

For the National Navy, adopting a comprehensive approach incorporating these advanced 
technologies is crucial. This will promote the reduction of logistical footprints and resource 
optimization for greater sustainability. Predictive analysis for managing vulnerable 
infrastructures is also recommended, combining systems thinking and modeling of logistical 
interdependencies. These technological strategies will not only improve responsiveness to 
complex threats. Still, they will also ensure more integrated, flexible, and resilient military 
logistics in dynamic conflict environments, ensuring operational continuity and mission 
effectiveness.

VII. CONCLUSIONS

Modernizing military logistics is essential to confront challenges in modern and conflicting 
environments. Adopting advanced technologies and reducing the logistical footprint enable 
forces to operate more efficiently, even when access to resources is limited [29]. In A2/AD 
scenarios, deception strategies such as falsification and concealment are fundamental to 
protecting logistical resources and minimizing interdictions [18], [28]. These advances allow 
logistical systems to adapt to asymmetric combat scenarios, optimizing decision-making and 
maintaining supply under attack [73], [75].

Various advanced technological tools are utilized in contested logistics to increase 
resilience and operational efficiency. Notable among these are machine learning algorithms 
and neural networks, which optimize logistical routes and manage resources effectively [69], 
[74], [92], [93], [94]. Using blockchain and decentralized networks strengthens cybersecurity, 
protecting critical communication infrastructures against potential cyberattacks [38]. 
Additionally, autonomous systems like drones and uncrewed vehicles are implemented to 
perform resupply and surveillance tasks in high-risk areas [54], [55]. Virtual and augmented 
reality are employed for training and simulation of complex scenarios, improving personnel 
preparedness; predictive analysis tools and modeling of logistical interdependencies allow for 
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anticipating and managing vulnerabilities, ensuring the continuity of operations in volatile 
and conflictive environments [25], [32], [95], [96], [97].

Contested logistics require significant resilience to withstand constant threats across 
multiple domains. Logistical assets must be capable of surviving direct attacks while 
maintaining the continuity of supply in hostile territories [65], [71], [75]. Logistical planning 
should include technological innovations that guarantee the protection of supply chains 
and allow operation in highly contested environments, such as A2/AD scenarios [40], [51], 
[74]. Advanced countermeasures are key to protecting command and control capabilities in 
environments where active enemy interferences are frequent [45].

Multinational coordination and thorough logistical planning are indispensable to sustain 
operations in environments like the Indo-Pacific, where adversaries’ A2/AD capabilities limit 
access to resources and strategic areas [12], [70]. International collaboration helps mitigate 
logistical challenges, ensuring supply through strategic alliances [20], [43]. Additionally, 
armed forces must develop capabilities to maneuver under continuous threats, confronting 
blockades and direct attacks on supply routes during large-scale deployments [11], [56].

Implementing autonomous systems and unmanned platforms (ULPVs) is crucial to 
overcoming logistical threats in contested environments. These technologies reduce detection 
and ensure supply in restricted-access areas [9], [55], [56]. Additionally, deception strategies, 
such as convoy falsification and route concealment, help disorient the enemy and protect 
logistical lines under constant attack [18], [48]. Developing autonomous capabilities and 
establishing redundant protection of logistical routes are essential to ensure operational 
continuity [22], [54], [55], [65].

Large military deployments face high logistical vulnerability due to constant external 
threats. Optimizing logistical and transportation models is essential to minimize losses and 
maintain supply in hostile environments [11], [57]. A2/AD capabilities and direct attacks on 
supply routes demand technological innovations that ensure the survival of logistical assets 
in maritime and terrestrial scenarios [74]. Integrating regional allies also plays a crucial role 
in addressing these logistical challenges and enhancing sustainment [62].

Cybersecurity is a critical component of contested logistics, as cyberattacks can compromise 
logistical lines and communication networks, impacting the distribution of military resources 
[21], [42]. Strengthening cyber defenses is essential to ensure operational continuity in 
environments where cyber threats are increasingly prevalent. Additionally, the constant 
reconfiguration of supply chains is vital to mitigate disruptions caused by simultaneous 
crises, such as those observed during the COVID-19 pandemic [63]. Responding to these 
challenges requires rapid adaptation and the use of emerging technologies in multinational 
logistics [16], [70].

For these reasons, it is important that the Joint Concept for Contested Logistics be defined 
as part of the Joint Warfare Concept (MFC 5-0, 2024), aiming to create agile and resilient 
military logistics.

This can be achieved through the development of cutting-edge software, which is crucial for 
optimizing military logistics in contested environments. This software enables the integration 
of advanced technological solutions, collaborative strategies, and innovative approaches to 
strengthen logistical capabilities, especially in maritime settings, and ensure operational 
continuity against multifaceted threats [54], [55]. Implementing software with machine 
learning algorithms and neural networks in autonomous systems and uncrewed vehicles 
optimizes supply routes and enhances resource management [33], [34], [89].

Cybersecurity is enhanced through programs that detect and mitigate cyberattacks, while 
integrated secure communication platforms, utilizing blockchain and decentralized networks, 
ensure efficient coordination free from adversarial interference [12], [73]. The software also 
enables deception tactics through simulations and fictitious scenarios that protect logistical 
operations [50].

The reduction of the logistical footprint is achieved through simulations and management 
software that optimize supply usage and minimize waste, promoting sustainable logistics and 
independence from external supplies. Additionally, predictive analytics software strengthens 
critical infrastructure management by identifying vulnerabilities and proposing proactive 
solutions [98].
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Integrated with software simulations, personnel training through virtual and augmented 
reality platforms prepares forces to operate under adversarial conditions. At the same time, 
programs that model the interdependence of logistical factors facilitate a focus on systems 
thinking [12], [32], [73], [91].

In summary, cutting-edge software acts as an integrative axis, bringing together diverse 
solutions to enhance military logistics’ efficiency, resilience, and adaptability, ensuring 
operational continuity in contested and challenging environments. This technological 
integration is essential to facing the complex contemporary logistical challenges and 
guaranteeing effective and sustained military operations in multidimensional conflict 
scenarios.
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