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Abstract

This paper presents a comprehensive analysis of Agentic Gen Artificial Intelligence (Al) frameworks
and their integration into modern military systems. We examine the architectural foundations, de-
velopment pipelines, and security considerations for deploying autonomous Al agents in defense
applications. The research analyzes multi-agent system architectures, digital twin environments for
training and validation, and secure DevOps pipelines tailored for military Al deployment. Through
detailed technical diagrams and case studies, we demonstrate how Agentic Al systems enable proactive
decision-making, adaptive mission planning, and coordinated autonomous operations across domains
including command and control, intelligence surveillance reconnaissance (ISR), cyber defense, and
swarm warfare. The paper identifies critical technical challenges in system integration, adversarial
robustness, and human-machine teaming, while proposing layered security frameworks and stan-
dardized interoperability protocols. Our findings indicate that successful military implementation
of Agentic Al requires robust testing methodologies, explainable Al components, and ethical gover-
nance mechanisms to ensure reliability, accountability, and compliance with international norms. The
technical analysis provides a foundation for future research on AGI integration and offers practical
recommendations for defense organizations navigating the transition to agentic warfare systems.

Keywords: agentic Al; military artificial intelligence; autonomous systems; defense technology;
military strategy; national security; Al ethics; command and control

1. Introduction

The rapid evolution of artificial intelligence has ushered in a new era of autonomous systems
capable of proactive decision-making and independent task execution, fundamentally transforming
military operations and strategic paradigms. Agentic Al represents a quantum leap beyond traditional
reactive systems, enabling complex mission planning, adaptive battlefield behavior, and coordinated
multi-domain operations with minimal human intervention. This technological shift is driven by ad-
vances in deep learning frameworks, multi-agent architectures, and real-time simulation environments
that collectively enable systems to "execute complex tasks independently, proactively analyze data,
make decisions, and act with minimal human intervention" [1].

Recent developments underscore the strategic importance of this transition. The United States
Department of Defense has committed substantial resources, awarding "up to $200 million each
to four U.S.-based artificial intelligence companies developing "frontier’ models" [2], while China
demonstrates advanced capabilities through systems that "project 10,000 battles in 48 seconds" [3].
These investments highlight the intensifying global competition in military Al applications and the
recognition that Agentic AI will fundamentally reshape the character of warfare.

This paper provides a comprehensive technical analysis of Agentic Al frameworks, architectures,
and implementation methodologies for military applications. We examine the integration pipelines
connecting commercial Al platforms with defense-specific systems, the security frameworks required
for mission-critical deployment, and the multi-agent coordination mechanisms enabling swarm warfare
and distributed command and control. Our research addresses critical technical challenges including
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system interoperability, adversarial robustness, testing validation, and human-machine teaming
interfaces.

The paper is structured as follows: Section 4 establishes foundational concepts and definitions;
Section 3 analyzes the software ecosystem and development frameworks; Section 5 examines specific
military implementations; Section 6 addresses technical and ethical challenges; and Section 10 provides
concluding recommendations for responsible deployment. Through detailed architectural analysis and
case studies, this research contributes to the understanding of how Agentic Al systems can be securely
and effectively integrated into modern military operations while maintaining ethical governance and
strategic stability.

2. Key Literature Review Items
2.1. Literature Review: Technical Frameworks and Platforms

*  Autonomous System Architectures: [51] discusses next-generation Al predictions that inform
long-term military Al development trajectories.

* Al Infrastructure Scaling: [52] examines emerging Al infrastructure companies securing signifi-
cant funding for reliability engineering in Al systems.

e  Enterprise Al Integration: [53] provides industry perspectives on Al job displacement concerns
relevant to military workforce planning.

* Al Selection Frameworks: [54] offers decision matrices for choosing between generative Al and
agentic Al approaches in complex operational environments.

2.2. Strategic and Policy Context

¢  Commercial AI Development: [55] explores business applications of agentic Al that inform
dual-use technology considerations.

e  Historical Al Perspectives: [56] provides foundational analysis of Al’s role in future warfare
scenarios and human-machine teaming challenges.

* Research Community Resources: [57] represents broader academic discourse on military Al
applications and ethical considerations.

2.3. Industry and Implementation Perspectives

¢  Corporate Strategy: [58] outlines business strategies for leveraging agentic Al that parallel
military adoption considerations.

¢  Technology Skepticism: [59] presents critical perspectives on agentic Al hype cycles, providing
important balance to optimistic projections.

¢ Platform Developments: [60] discusses corporate dynamics in defense AI contracting and
political dimensions of military technology development.

3. Tools, Software Frameworks, and Ecosystem for Military Agentic Al

The development and deployment of Agentic Al systems in military contexts rely on a sophisti-
cated ecosystem of software frameworks, development tools, and integration platforms. This section
examines the key technologies enabling military Agentic Al applications, their interrelationships, and
the emerging standards shaping this domain.

3.1. Core Al Development Frameworks
3.1.1. TensorFlow and PyTorch Ecosystems

The foundation of most military Al systems builds upon established deep learning frameworks.
TensorFlow, developed by Google, and PyTorch, maintained by Meta, form the backbone of modern
Al development. As noted in recent defense analyses, “The Pentagon is betting big on agentic AI, and
it’s turning to the world’s top tech firms to make it happen” [36]. These frameworks provide:
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Figure 1. Architecture of military Al development framework showing integration between TensorFlow /PyTorch
and defense-specific applications, including Agentic Al [15,16], autonomous warfare systems [17,18], and strategic
Al capabilities [19,20]
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Agentic Al Command Layer [1,4]

Physical Military Systems
Combat Vehicles, Sensors, Weapons Systems, Personnel

Sensor Network Data Acquisition [8,21]

Al Model Training [16,24] Scenario Generation [3,23] Decision Support System [25,26]
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Figure 2. Military digital twin system architecture with full references retained, showing real-world sensor data
feeding virtual models for Al training, scenario generation, and agentic decision-making [3,6,22]. Scaled to fit

page.

¢  Neural Network Architectures: Pre-built models for various military applications
¢ Distributed Training Capabilities: Essential for large-scale military datasets

¢  Deployment Optimization: Tools for efficient inference on edge devices

¢ Interoperability Standards: Ensuring compatibility across different systems

3.1.2. Specialized Military AI Platforms

Several defense-specific platforms have emerged to address unique military requirements:

Palantir’s TITAN System: “The Army’s next generation intelligence ground station enabled
by Artificial Intelligence (AI) and Machine Learning” represents a specialized platform designed
specifically for military intelligence processing [30]. This system demonstrates how commercial Al
capabilities are being adapted for defense applications.

Anduril’s Lattice OS: As part of the “defense tech firms establish Al-focused consortium” [28],
platforms like Lattice provide integrated command and control capabilities combining sensor data, Al
analysis, and actuator control.

3.2. Agentic Al Development Tools
3.2.1. Autonomous Agent Frameworks

The development of truly agentic systems requires specialized frameworks beyond traditional
machine learning tools. Recent advancements include:

Table 1. Comparison of Agentic Al Development Frameworks

Framework Key Features Military Applications Deployment Status

AutoGPT Task decomposition, | Mission planning, logis- | Research phase
memory management tics optimization

LangChain LLM integration, tool us- | Intelligence analysis, re- | Early deployment
age port generation

Microsoft Autogen | Multi-agent coordination, | Command and control, | Prototype testing
human-in-the-loop decision support

Camel Al Role-playing agents, com- | Training  simulations, | Experimental
munication protocols wargaming

These frameworks enable the creation of systems that can “proactively analyze data, make

decisions, and act with minimal human intervention” [1], moving beyond reactive Al toward true

autonomy:.
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Figure 3. Vertical AI DevOps pipeline for military Agentic Al systems with spacious layout, separated decision
nodes, and integrated ethical and security checks.
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Figure 4. Multi-agent system architecture for military operations showing coordination between specialized Al
agents in agentic warfare environments [5,6], enabling distributed decision-making and rapid response capabilities
across domains [18,35]

3.2.2. Multi-Agent System Platforms

For complex military operations requiring coordination between multiple Al agents, specialized
platforms have emerged:

RAY Framework: Originally developed by RISELab at UC Berkeley, this distributed computing
framework enables scalable multi-agent systems suitable for military command and control applica-
tions.

JAUS (Joint Architecture for Unmanned Systems): A messaging standard that enables inter-
operability between different unmanned systems, crucial for “drone swarms go to war” scenarios

[7].

3.3. Simulation and Testing Environments
3.3.1. Military-Grade Simulation Platforms

The development and validation of Agentic Al systems require sophisticated simulation environ-
ments. As demonstrated by Chinese researchers who “created an Al military scenario generator that
projects 10,000 battles in 48 seconds” [3], simulation capabilities are essential for:

¢  Training and Validation: Testing Al behavior in realistic scenarios
®  Stress Testing: Evaluating performance under extreme conditions
¢ Red Teaming: Identifying vulnerabilities and failure modes

*  Doctrine Development: Exploring new tactical concepts

Key simulation platforms include:

¢  ONE-SAF (One Semi-Automated Forces): U.S. Army’s entity-level simulation

*  VR-Forces: Commercial simulation environment for autonomous systems

e  SUMMIT (Strategic Unified Messaging for Mission Integration Technology): Joint simulation
framework
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Figure 5. Multi-layered security framework for military Agentic Al systems implementing defense-in-depth

principles [26,34] with comprehensive governance and testing protocols required for mission-critical deployments

[13,27]
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Figure 6. Timeline of Al technology evolution in military applications with split boxes for clarity and references
preserved. Shows accelerated adoption of agentic systems [6,15] and emerging AGI capabilities [11,12].
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Figure 7. Decision-making flow for Agentic Al operations in military context adapted for IEEE paper width,
showing human oversight [6,25] and ethical compliance [13,26]. Diagram scaled to fit page.
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USA vs China AI Military Competition: 2025-2031
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| Strategic Competition Dynamics [12,19] |
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Figure 8. USA vs China Al Military Competition (2025-2031): Strategic dynamics and capability trajectories
showing contrasting approaches to Al militarization [12,19] with significant implications for global security
balance [31,47]
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¢ AGl integration challenges [25,49] ¢ AGI military applications [11,38]
¢ Ethical governance debates [13,14] * Systemic power shifts [12,19]
* Human-Al teaming maturity [6,39] ¢ Al-driven warfare concepts [3,37]
¢ Coalition Al interoperability [28,43] ¢ International norm shaping [32,48]
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Space Traffic Manage-
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Figure 9. USA vs China Al Military Competition (2034+): Long-term projections, strategic challenges, risks, and
cooperation opportunities in the AGI era [12,47], showing divergent strategic approaches and critical escalation
risks requiring international governance [13,14]. Diagram scaled and split for IEEE paper fit.
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Figure 10. Comparative Al military investment projections showing accelerating spending by both nations, with
US private-sector partnerships [28,36] contrasting with China’s government-coordinated approach [38,48] in
strategic technology competition [12,19]
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Figure 11. Technology readiness timeline comparing US and Chinese Al military capabilities development
showing **more blocks and staggered layout** to reduce overlap, divergent innovation pathways [12,19], and
critical AGI transition points [32,47]. Diagram scaled for IEEE paper fit.
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3.3.2. Digital Twin Technologies

The concept of digital twins—virtual replicas of physical systems—has gained traction in military
Al development. These systems enable.

Real-time System Monitoring: Continuous comparison between predicted and actual perfor-
mance Predictive Maintenance: Al-driven analysis of equipment status Scenario Planning: Testing
responses to potential threats in virtual environment

3.4. Integration and Deployment Tools
3.4.1. Middleware and API Frameworks

The integration of Agentic Al systems into existing military infrastructure requires robust mid-
dleware solutions. The establishment of “defense tech firms establish Al-focused consortium” [28]
highlights the importance of standardized interfaces and interoperability.

Key integration technologies include:

Table 2. Military Al Integration Standards and Protocols

Standard Purpose Military Applications

FACE (Future Airborne | Software component interoperabil- | Avionics systems, sensor inte-
Capability Environment) | ity gration

HLA (High Level Archi- | Distributed simulation interoper- | Training systems, mission re-
tecture) ability hearsal

UCI (Universal Com- | Message standardization Joint operations, coalition war-
mand and  Control fare

Interface)

MORA (Modular Open | System architecture standards Platform integration, lifecycle
Systems Approach) management

3.4.2. Containerization and Orchestration

Modern deployment of Agentic Al systems leverages container technologies for consistency and
scalability:

Docker and Kubernetes: Enable portable deployment across different environments, from cloud
infrastructure to edge devices on the battlefield.

Edge Computing Platforms: Specialized distributions like NVIDIA’s Fleet Command provide
managed deployment of Al applications to distributed edge devices.

3.5. Data Management and Processing Tools
3.5.1. Military Data Lakes and Analytics

Agentic Al systems require massive amounts of training and operational data. The U.S. Depart-
ment of Defense has developed sophisticated data management infrastructures:

Joint Common Foundation (JCF): Cloud-based platform providing Al development tools and
data access to military units.

Project Maven: Originally focused on computer vision, now expanded to provide “boosting
battlefield awareness, data analysis, and threat detection” [23].

3.5.2. Data Fusion and Processing

Military Agentic Al systems must process diverse data sources in real-time:

*  Apache Spark: Distributed processing of large-scale sensor data

*  Apache Kafka: Real-time data streaming from multiple sources

* Elasticsearch: Search and analysis of operational data

¢  Computer Vision Libraries: OpenCV, PIL for image and video analysis

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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3.6. Development and DevOps Tools
3.6.1. Al-Specific Development Environments

The unique requirements of Agentic Al development have spurred creation of specialized tools:

Jupyter Notebooks: Interactive development and experimentation MLflow: Experiment tracking
and model management Weights & Biases: Performance monitoring and visualization DVC (Data
Version Control): Management of datasets and model versions

3.6.2. Continuous Integration/Deployment for Al

Military Al systems require rigorous testing and validation pipelines.

Automated Testing Frameworks: Unit tests for Al components, integration tests for system
behavior Model Validation Tools: Testing for bias, robustness, and performance degradation Security
Scanning: Vulnerability assessment for Al models and dependencies

3.7. Emerging Technologies and Future Directions
3.7.1. Generative Al Integration

The recent announcement that the “U.S. Army launches generative Al platform in groundbreaking
move” signals increasing integration of generative capabilities:

Large Language Models (LLMs): For natural language understanding and generation in com-
mand systems Generative Adversarial Networks (GANs): For creating training data and simulating
scenarios Diffusion Models: For image generation and analysis in intelligence applications

3.7.2. Quantum Computing Interfaces
While still emerging, quantum computing represents a future direction for military Al
Quantum Machine Learning: Potential for exponential speedup in certain Al algorithms
Quantum-Safe Cryptography: Essential for securing Al communications Hybrid Quantum-Classical
Algorithms: Near-term applications in optimization problems

3.7.3. Neuromorphic Computing

Bio-inspired computing architectures offer potential advantages for military Al applications:

Energy Efficiency: Critical for deployed systems with limited power Real-time Processing;:
Low-latency response for tactical applications Robustness: Natural resilience to noise and partial
failures

3.8. Interoperability and Standards

The effective deployment of Agentic Al systems requires adherence to interoperability standards
and protocols. The “Political Declaration on Responsible Military Use of Artificial Intelligence and
Autonomy” [13] emphasizes the importance of common standards for international security.

Key standardization efforts include:

e  IEEE P2863: Standard for Ethical Considerations in Al System Development

e ISO/IEC]JTC 1/SC 42: International standards for Al technologies

e  NATO STANAGS: Standardization agreements for interoperability among NATO forces
e DoD AI Ethical Principles: Guidelines for responsible Al development and use

3.9. Challenges in Tooling and Framework Development

Despite rapid advancement, several challenges remain in military Agentic Al tooling:

3.9.1. Security Vulnerabilities

Al systems introduce new attack vectors that must be addressed through specialized tools:
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Adversarial Machine Learning: Tools for detecting and mitigating attacks on Al models Model
Integrity Verification: Ensuring Al systems haven’t been tampered with Secure Model Serving:
Protecting Al inference endpoints from exploitation

3.9.2. Testing and Validation Complexity

The autonomous nature of Agentic Al systems complicates traditional testing approaches:

Edge Case Identification: Tools for discovering rare but critical failure modes Behavioral Certifi-
cation: Formal methods for verifying Al system behavior Red Team Automation: Al systems designed
to test other Al systems

3.9.3. Integration with Legacy Systems

Military organizations must integrate new Al capabilities with existing infrastructure:

API Adaptation Layers: Bridging modern Al systems with legacy interfaces Data Format Con-
version: Handling diverse data standards across systems Gradual Migration Strategies: Phased
introduction of Al capabilities

The tools and frameworks discussed in this section represent the foundational infrastructure
enabling the development and deployment of Agentic Al systems in military contexts. As these tech-
nologies continue to evolve, they will play an increasingly critical role in determining the effectiveness,
safety, and ethical compliance of military AI applications.

4. Background and Definitions
4.1. Defining Agentic Al

Agentic Al represents a significant evolution beyond conventional artificial intelligence systems.
According to recent analyses, “Agentic Al systems can execute complex tasks independently. Unlike
traditional Al, these agents can proactively analyze data, make decisions, and act with minimal human
intervention” [1]. This contrasts sharply with reactive Al, which “responds to predefined inputs with
predetermined outputs” [15].

The key distinguishing characteristics of Agentic Al include:

*  Autonomy: Ability to operate independently without constant human guidance
®  Proactive Behavior: Capacity to initiate actions based on internal goals

e Adaptability: Capability to learn and adjust to new situations

e  Strategic Planning: Competence in developing and executing multi-step plans

4.2. The Evolution of Military Al

The integration of Al into military operations has evolved through several distinct phases. Initial
applications focused primarily on data analysis and decision support systems. As noted by defense
analysts, “Al can speed military command and control, target detection and attack, electronic warfare
(EW) and communications, and help relieve human analysts of sifting through mountains of data” [? ].

The current shift toward Agentic Al represents what some experts term “agentic warfare” [5],
characterized by systems that “reflect a growing shift from isolated Al tools to integrated systems
designed for strategic, operational, and tactical applications”.

4.3. Global Developments

Major military powers are actively pursuing Agentic Al capabilities. The United States has
established a “generative artificial intelligence task force to play a pivotal role in analyzing and
integrating tools across the department” [9]. Similarly, China has made significant strides, with reports
indicating that “Chinese scientists have created an Al military scenario generator that projects 10,000
battles in 48 seconds” [3].
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These developments reflect a broader trend where “Russia’s war on Ukraine has demonstrated
Al’s critical role in intelligence gathering, autonomous systems, and cyber operations. A global Al
arms race is therefore gathering speed, with China and the United States vying for leadership” [61].

5. Military Applications of Agentic Al
5.1. Command and Control Systems

Agentic Al is revolutionizing military command and control (C2) structures. The technology
enables “Al at War: How Big Data, Artificial Intelligence, and Machine Learning Are Changing Naval”
operations and other military domains [18]. Recent demonstrations have shown how “agentic Al can
be successfully integrated into DOD to support and enhance our operational warfighters” [22].

The U.S. Army’s TITAN (Tactical Intelligence Targeting Access Node) program represents a prime
example, described as “the Army’s next generation intelligence ground station enabled by Artificial
Intelligence (AI) and Machine Learning” [30]. Such systems can process vast amounts of intelligence
data and provide commanders with actionable insights at unprecedented speeds.

5.2. Training and Simulation

Agentic Al is transforming military training through advanced simulation capabilities. As
reported, “The US Army supercharges training and cyber defense with Al tools” [21]. These systems
can create dynamic, adaptive training scenarios that respond to trainee actions in real-time, providing
more realistic and effective preparation for complex battlefield environments.

The Chinese military’s development of a system that “projects 10,000 battles in 48 seconds”
demonstrates the potential scale of Agentic Al in military simulation [3]. Such capabilities allow for
extensive wargaming and scenario analysis that would be impossible through traditional methods.

5.3. Cyber Defense and Information Operations

In the cyber domain, Agentic Al offers significant advantages for “Defense at Scale: How Agentic
Al Secures without Extra Headcount” [34]. These systems can autonomously monitor network traffic,
detect anomalies, and respond to threats in real-time, providing continuous protection against cyber
attacks.

The technology also enhances information operations capabilities, enabling more sophisticated
analysis of adversary communications and more effective dissemination of strategic messaging. As
one analysis notes, “Al is shaping the future of war” across multiple domains, including information
warfare [17].

5.4. Autonomous Systems and Drone Swarms

The deployment of autonomous systems represents one of the most visible applications of Agentic
Al in military contexts. Recent developments indicate that “Drone Swarms Go To War” with increasing
autonomy and coordination capabilities [7]. These systems can operate collaboratively, adapting to
changing battlefield conditions and executing complex missions with minimal human intervention.

Agentic Al enables these systems to demonstrate emergent behaviors, where “the whole becomes
greater than the sum of its parts” through sophisticated coordination algorithms. This represents
a significant advancement beyond remotely piloted systems toward truly autonomous swarming
capabilities.

6. Strategic Implications and Challenges
6.1. Ethical and Legal Considerations

The deployment of Agentic Al in military operations raises profound ethical and legal questions.
As experts caution, “How Al is eroding the norms of war” by challenging traditional distinctions
between combatants and civilians [37]. The potential for autonomous systems to make life-and-death
decisions necessitates careful consideration of international humanitarian law principles.
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The United States has promoted a “Political Declaration on Responsible Military Use of Artificial
Intelligence and Autonomy” [13], but questions remain about how these principles will be implemented
in practice. As one analysis warns, “An unchecked autonomous arms race is eroding rules that
distinguish civilians from combatants” [37].

6.2. Strategic Stability Concerns

The integration of Agentic Al into military systems introduces new complexities for strategic
stability. As researchers have identified, there are “five hard national security problems posed by
artificial general intelligence: ‘wonder weapons,” systemic shifts in power, non-experts empowered to
develop weapons of mass destruction, artificial entities with agency, and instability” [12].

The speed of Agentic Al decision-making could potentially compress decision timelines to the
point where human oversight becomes challenging. This “could interact with strategic and human
factors in ways that lead to miscalculation and escalation in a crisis or conflict” [26].

6.3. Technical Reliability and Security

Ensuring the reliability and security of Agentic Al systems presents significant technical chal-
lenges. As noted in recent assessments, “The DOD needs Al-enabled military capabilities to shore
up deterrence and warfighting. Yet it lacks the tools to predict the accuracy and robustness of the
algorithms powering such capabilities, risking both military effectiveness and law-of-war compliance”
[33].

Additionally, these systems may be vulnerable to novel forms of cyber attack or adversarial
machine learning techniques designed to deceive Al algorithms. Robust testing, validation, and
security protocols are essential but challenging to implement for complex, adaptive systems.

6.4. Human-Machine Teaming

Effective integration of Agentic Al requires rethinking traditional approaches to human-machine
teaming. While some argue that “the future of war will always be human” [6], others question whether
“artificial intelligence can replace the critical human factor” in military decision-making [25].

Finding the right balance between human oversight and machine autonomy represents a central
challenge. As one analysis concludes, “While Al and autonomous systems (‘agentic warfare’) are
transforming conflict, the human element, particularly the skills of Special Operations Forces, remains
the decisive factor in winning wars” [6].

7. Case Studies and Current Deployments
7.1. U.S. Military Initiatives

The United States has embarked on multiple initiatives to integrate Agentic Al into military
operations. The Pentagon’s recent contract awards to leading Al firms including “Anthropic, Google
and xAI win $200M each from Pentagon Al chief for "Agentic A"’ represent significant investments in
frontier capabilities [16]. These efforts build on existing programs like Project Maven, which focuses
on “boosting battlefield awareness, data analysis, and threat detection” [23].

7.2. Chinese Advances in Military Al

China has made substantial investments in military Al applications, particularly focusing on
“China’s Military Employment of Artificial Intelligence and Its Security Implications” [38]. Chinese
researchers have developed advanced systems including the notable “Al military scenario generator
that projects 10,000 battles in 48 seconds” [3], demonstrating significant progress in simulation and
wargaming capabilities.

Analyses of “Artificial Intelligence Technology and China’s Defense System” indicate a compre-
hensive approach to integrating Al across military domains, with particular emphasis on information
warfare and autonomous systems [48].
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7.3. Private Sector Partnerships

The development of military Agentic Al increasingly involves partnerships between defense
establishments and private technology companies. Recent examples include the establishment of an
“Al-focused consortium” led by defense technology firms [28] and collaborations such as “OpenAl
signs deal with Palmer Luckey’s Anduril to develop military AI” [29].

These partnerships leverage commercial Al advancements for defense applications but raise
questions about appropriate governance frameworks for dual-use technologies with significant military
implications.

8. Future Trajectories and Recommendations
8.1. Technical Development Pathways

The future development of Agentic Al for military applications will likely follow several parallel
pathways. Advances in “Artificial General Intelligence in Competition and War” could potentially
revolutionize military capabilities, though experts debate the timeline for such developments [50].
More immediately, incremental improvements in narrow Al applications will continue to enhance
specific military functions.

Research priorities should include developing more robust and explainable Al systems, improving
human-AlI collaboration interfaces, and enhancing security against adversarial attacks. As one analysis
recommends, “Harnessing Al effectively requires managing these risk trade-offs by reducing the
likelihood, and containing the consequences of, Al failures” [26].

8.2. Governance and Policy Framework

Establishing appropriate governance frameworks is essential for the responsible development
and deployment of military Agentic Al. The U.S. Government Accountability Office has highlighted
the need for comprehensive approaches, noting that “Artificial Intelligence is expected to transform all
sectors of society, including, according to Department of Defense (DOD), the very character of war”
[20].

Key policy recommendations include:
¢ Developing comprehensive testing and evaluation standards for military Al systems
¢  Establishing clear guidelines for human oversight and control
¢  Promoting international dialogue on norms and standards for military Al
¢ Creating robust verification mechanisms for compliance with international law

8.3. International Cooperation and Competition

The global dimension of Agentic Al development necessitates careful management of international
relations. As researchers note, there are significant “Incentives for U.S.-China Conflict, Competition,
and Cooperation Across Artificial General Intelligence’s Five Hard National Security Problems” [12].
Balancing competitive pressures with cooperative opportunities will be crucial for maintaining strategic
stability.

International initiatives like the “Political Declaration on Responsible Military Use of Artificial
Intelligence and Autonomy” provide important foundations for dialogue, but more substantive
agreements may be necessary to address the unique challenges posed by Agentic Al systems [13].

9. Comprehensive Analysis of Figures and References

This section provides a detailed analysis of all figures presented in this paper, their relationships to
referenced literature, and the strategic implications derived from the visual representations of Agentic
Al in military contexts.
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Figure Figure Title Related References and Strategic Implica- | Primary Themes
Number tions
Figure 1 Al Framework Archi- | [1,30,36] - Integration of commercial Al frame- | Technology Inte-
tecture works with military-specific platforms gration, System
Architecture
Figure 2 Digital Twin Architec- | [3,21] - Real-time simulation for Al training | Simulation Tech-
ture and testing nology, Training
Systems
Figure 3 AI DevOps Pipeline [20,27] - Demonstrates testing, validation, and | Quality =~ Assur-
deployment for military Al ance, Deployment
Processes
Figure 4 Multi-Agent System | [5,7] - Coordinated autonomous systems in | Autonomous Sys-
Architecture military operations tems, Coordina-
tion Mechanisms
Figure 5 Security Framework [13,26] - Multi-layered cybersecurity and ethi- | Cybersecurity,
cal governance Ethical  Gover-
nance
Figure 6 Technology Evolution | [32,50] - Tracks Al progression from reactive | Technology
Timeline systems to AGI Roadmap, Future
Projections
Figure 7 Decision-Making [6,25] - Human-AlI collaboration in operational | Human-Machine
Flow decisions Teaming, Decision
Processes
Figure 8 USA-China Competi- | [12,19] - Near-term competitive dynamics be- | Geopolitical
tion (2025-2031) tween US and China Competition, In-
vestment Patterns
Figure 9 USA-China Competi- | [43,47] - Long-term strategic projections and | Strategic Forecast-
tion (2034+) risk assessment ing, Risk Assess-
ment
Figure 10 Investment Compari- | [16,24] - Financial commitments and resource | Economic Analy-
son allocation for military Al sis, Resource Allo-
cation
Figure 11 Technology Readiness | [35,38] - Comparative technological mile- | Capability Assess-
Timeline stones of US and China ment, Readiness
Levels
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9.1. Strategic Implications Derived from Visual Analysis

The figures presented in this paper collectively illustrate several critical strategic implications for
Agentic Al in military operations:

9.1.1. Architectural Integration Challenges

Figure 1 demonstrates the complex integration required between commercial Al frameworks and
military-specific systems. As noted by [1], this integration presents both technical and operational
challenges that must be addressed through standardized interfaces and robust testing protocols. The
architecture highlights the need for:

e Interoperability standards between different Al platforms
*  Secure data exchange mechanisms between military and commercial systems
®  Scalable infrastructure to support real-time decision-making

9.1.2. Simulation and Training Advancements

The digital twin architecture shown in Figure 2 reflects the significant advancements in military
simulation capabilities. According to [3], the ability to generate thousands of battle scenarios in seconds
represents a paradigm shift in military planning and training. Key implications include:

¢ Reduced reliance on live exercises for training and validation
*  Enhanced capability for scenario planning and contingency analysis
* Improved understanding of complex system behaviors through virtual testing

9.1.3. Operational Deployment Considerations

Figure 3 illustrates the comprehensive testing and validation pipeline required for military Al
systems. As emphasized by [27], this rigorous approach is essential for ensuring system reliability and
compliance with international law. The pipeline underscores:

¢  The critical importance of continuous testing and validation
¢  The need for automated security scanning and vulnerability assessment
*  The requirement for robust rollback mechanisms in case of system failures

9.2. Future Trajectories and Risk Assessment
9.2.1. Geopolitical Competition Dynamics

The USA-China competition analysis presented in Figures 8 and 9 reveals several concerning
trends. As [12] identifies, the competition across five hard national security problems creates significant
escalation risks:

Table 4. Risk Assessment Matrix for USA-China AI Competition

Risk Category USA Concerns China Concerns
Technological Asymmetry Maintaining qualitative edge | Overcoming technological de-
while ensuring responsible use | pendencies while achieving
parity
Strategic Stability Preventing accidental escala- | Managing perception of vul-
tion due to Al decision speed | nerability while demonstrat-
ing strength
Norm Development Balancing innovation with eth- | Shaping international stan-
ical constraints dards  while  protecting
sovereignty
Alliance Dynamics Ensuring interoperability | Building partnerships while
while maintaining control avoiding over-dependence
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9.2.2. Investment and Capability Projections

The investment comparison in Figure 10 and technology readiness timeline in Figure 11 suggest
several future trajectories:

¢ Near-term (2025-2028): Focus on agentic Al deployment and integration with existing systems, as
indicated by current contract awards [16]

¢ Mid-term (2028-2031): Development of autonomous swarm capabilities and advanced decision
support systems, reflected in drone swarm developments [7]

*  Long-term (2031+): Exploration of AGI applications and systemic warfare concepts, as discussed
in future projections [47]

9.3. Recommendations for Policy and Implementation

Based on the comprehensive analysis of figures and their related references, several key recom-
mendations emerge:

9.3.1. Technical Standards and Interoperability

*  Develop common standards for Al system integration and data exchange
e  Establish testing and certification protocols for military Al applications
®  Create frameworks for secure collaboration between commercial and defense sectors

9.3.2. Ethical Governance and Oversight

* Implement robust human oversight mechanisms for autonomous systems
*  Develop clear rules of engagement for Al-enabled weapons systems
*  Establish international norms for responsible military Al use [13]

9.3.3. Strategic Stability Measures

*  Create communication channels for Al-related crisis management
*  Develop confidence-building measures for Al capabilities transparency
e  Establish risk reduction mechanisms for Al system failures [26]

9.3.4. Research and Development Priorities

e Invest in explainable Al and system verification technologies
¢ Pocus on human-Al teaming and cognitive compatibility research
*  Prioritize cybersecurity and adversarial robustness for Al systems

9.4. Conclusion of Analysis

The figures presented in this paper, when analyzed in conjunction with their related references,
paint a comprehensive picture of the current state and future trajectory of Agentic Al in military
applications. They reveal both the tremendous potential of these technologies to enhance military capa-
bilities and the significant challenges that must be addressed to ensure their responsible development
and deployment.

The competitive dynamics between major powers, particularly the United States and China,
will likely drive rapid advancement in military Al capabilities. However, this competition must be
balanced with cooperation on establishing norms, standards, and risk reduction measures to prevent
destabilizing arms races and ensure strategic stability.

As [6] aptly notes, while Al and autonomous systems are transforming conflict, the human
element remains decisive. The successful integration of Agentic Al into military operations will
require not only technical excellence but also strategic wisdom, ethical leadership, and international
cooperation.
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The visual representations and their associated analyses provided in this section offer a foundation
for understanding these complex dynamics and for developing informed policies and strategies for
the responsible advancement of military Al capabilities.

10. Conclusions

The transition from reactive Al systems to autonomous, goal-oriented agents promises significant
advantages in operational tempo, decision-making speed, and resource efficiency. However, these
benefits come with substantial challenges related to ethical governance, strategic stability, and technical
reliability.

This research has demonstrated that Agentic Al represents a paradigm shift in military technology,
transitioning from reactive decision-support systems to proactive, autonomous operational capabilities.
Our technical analysis reveals that successful implementation requires sophisticated multi-layer archi-
tectures integrating commercial Al frameworks (TensorFlow, PyTorch) with defense-specific platforms
through standardized interfaces (JAUS, MORA, FACE). The digital twin environments and simulation
frameworks examined enable rapid training, validation, and scenario testing at unprecedented scales,
as evidenced by systems capable of generating 10,000 battle scenarios in 48 seconds.

The security analysis indicates that military Agentic Al systems demand defense-in-depth ap-
proaches incorporating physical security, adversarial robustness testing, model integrity verification,
and continuous monitoring. Our evaluation of the USA-China competitive landscape shows divergent
technological pathways: US innovation driven by private sector partnerships versus China’s state-
coordinated development model, both accelerating toward AGI capabilities with significant strategic
implications.

Technical implementation challenges remain substantial, particularly in the areas of explainable
Al human oversight integration, and interoperability with legacy systems. The DevOps pipelines and
testing frameworks presented provide actionable methodologies for addressing these challenges while
maintaining ethical compliance and operational reliability. As Agentic Al continues to evolve toward
artificial general intelligence, the architectural foundations and governance frameworks established
today will critically determine future military capabilities and strategic stability.

The current landscape is characterized by rapid development and substantial investment, particu-
larly by major military powers like the United States and China. As “America’s top Al firms win big
in Pentagon’s push to advance military AI” [36], and as Chinese researchers demonstrate advanced
capabilities in areas like scenario generation [3], the competitive dynamics of military Al development
are intensifying.

Successful integration of Agentic Al into military operations will require careful attention to
several key areas: robust technical testing and validation, appropriate human oversight mechanisms,
clear legal and ethical frameworks, and constructive international engagement. While some skeptics
question whether “Agentic Al is the new vaporware” [59], the substantial investments and demon-
strated capabilities suggest that this technology will play an increasingly important role in future
military operations.

As the technology continues to evolve, ongoing assessment of its implications for the nature
of warfare will be essential. Questions about whether “artificial intelligence change the nature of
war” [31] or how “artificial general intelligence will change the nature of war” [32] remain subjects
of vigorous debate. What is clear is that Agentic Al will significantly influence military affairs in the
coming years, requiring adaptive approaches to strategy, policy, and ethics.

Acknowledgments: The authors would like to acknowledge the contributions of various defense research
institutions and academic organizations whose work has informed this analysis. Special thanks to the researchers
and analysts whose published works provided the foundation for this comprehensive examination of Agentic Al
in military applications.
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