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Abstract. This article examines modern modeling and simulation methods used for assessing
combat readiness and analyzing response scenarios in contemporary military operations. The
growing complexity of the operational environment and the increasing role of uncertainty and
nonlinearity necessitate analytical tools that extend beyond traditional readiness assessment
approaches. The study outlines the theoretical and methodological foundations of combat
readiness evaluation and analyzes the application of analytical, simulation-based, agent-
oriented, and hybrid modeling techniques. Particular attention is paid to their role in
supporting scenario-based analysis and decision-making under dynamic conditions. The
findings demonstrate that modeling and simulation provide an effective framework for
evaluating readiness as a dynamic capability and for enhancing the quality of planning and
response in modern armed forces.

Introduction

The assessment of combat readiness is a fundamental task in military
planning and force management, directly influencing the effectiveness of
operational decision-making and the success of military missions. In
contemporary security environments, armed forces are required to maintain a
high level of preparedness while operating under conditions of uncertainty,
rapid change, and multidimensional threats. These conditions have
significantly increased the demand for reliable analytical tools capable of
supporting objective and timely evaluation of readiness and response
capabilities.

Traditional methods of assessing combat readiness have largely relied on
field exercises, inspections, and expert judgment. While these approaches
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remain important, they are limited by high resource costs, restricted
repeatability, and the inability to fully explore a wide range of potential
operational scenarios. Moreover, real-world exercises cannot adequately
reproduce the full spectrum of modern combat conditions, particularly those
involving complex interactions between Kkinetic, informational, and cyber
domains.

In this context, modeling and simulation have emerged as essential
instruments for analyzing combat readiness and evaluating response
scenarios. By enabling the systematic representation of forces, processes, and
environmental factors, these methods allow military planners and
commanders to explore alternative courses of action, assess system behavior
under stress, and identify critical vulnerabilities without the risks and costs
associated with live operations. Modeling and simulation provide a controlled
environment in which assumptions can be tested and outcomes compared
across multiple scenarios.

The increasing integration of digital technologies, high-performance
computing, and data-driven methods has further expanded the capabilities of
modern military modeling and simulation. Advanced approaches, including
agent-based models, discrete-event simulations, and hybrid frameworks,
support the analysis of complex adaptive systems and nonlinear interactions
characteristic of contemporary combat operations. As a result, modeling and
simulation have become integral components of decision support, training, and
capability development processes.

The purpose of this article is to examine modern modeling and simulation
methods used for assessing combat readiness and response scenarios. The
study focuses on their theoretical foundations, methodological features, and
practical value for military planning and decision-making in modern
operational environments.

Theoretical and methodological foundations of combat readiness
assessment

Combat readiness is a multidimensional concept that reflects the ability of
military forces to perform assigned missions within specified timeframes and
under defined operational conditions. In military science, combat readiness is
commonly understood as an integrated state resulting from the availability of
personnel, equipment, command and control capabilities, logistics, and
training. This state is not static; it evolves continuously under the influence of
organizational, technological, and environmental factors.
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At the theoretical level, the assessment of combat readiness requires a
systematic approach that accounts for the interdependence of its structural
components. Personnel readiness, technical serviceability, information
support, and command efficiency form a tightly coupled system in which the
degradation of one element can significantly affect overall readiness. Therefore,
readiness assessment cannot be reduced to isolated indicators but must
consider their interactions and cumulative effects.

To ensure a systematic assessment of combat readiness under varying
operational conditions, modern modeling and simulation methods are
commonly applied within an integrated analytical framework. Such a
framework makes it possible to link input factors related to forces and the
operational environment with modeling tools and analytically interpretable
outcomes, thereby supporting scenario-based evaluation and decision-making.

INPUT FACTORS OUTPUT AND ANALYSIS
MODELING AND SIMULATION ENVIRONMENT
FORCE STRUCTURE - .| COMBAT READINESS
& RESOURCES b = INDICATORS

ANALYTICAL MODELS

PERSONNEL & > SIMULATION MODELS 5| SCENARIO OUTCOMES
TRAINING STATUS > >
EQUIPMENT & AGENT-BASED MODELS | RISK & VULNERABILITY
TECHNICAL CONDITION [ > > ASSESSMENT
HYBRID MODELING FRAMEWORKS
OPERATIONAL ENVIRONMENT .|  DECISION SUPPORT
& THREATS ? > FOR COMMANDERS

Fig. 1. Conceptual framework of modeling and simulation in combat
readiness assessment

Figure 1 presents a conceptual framework illustrating the role of modeling
and simulation in the assessment of combat readiness and response scenarios.
Input factors, including force structure, personnel and training status,
equipment condition, and operational environment, define the initial state of
the system under consideration. These inputs are processed within a modeling
and simulation environment that integrates analytical, simulation-based,
agent-oriented, and hybrid modeling approaches.

The outputs of this process include combat readiness indicators, scenario
outcomes, risk and vulnerability assessments, and decision-support
information for commanders. This framework emphasizes that modeling and
simulation function not as isolated analytical tools, but as a coherent

216




26 rpyaHsa 2025 pik € M. Jlyubk, YkpaiHa € MUHLO

methodological system that connects operational data with readiness
evaluation and planning processes.

A critical methodological challenge in combat readiness assessment is
uncertainty. Modern operational environments are characterized by
incomplete information, rapidly changing conditions, and adversarial behavior
that is adaptive and often unpredictable. These factors introduce nonlinearity
into the relationship between inputs and outcomes, limiting the applicability of
deterministic evaluation methods. Consequently, probabilistic reasoning and
scenario-based analysis have become increasingly important in readiness
evaluation.

Traditional assessment methods, including inspections, checklists, and
live exercises, provide valuable empirical data but suffer from inherent
constraints. They are resource-intensive, time-consuming, and limited in their
ability to explore rare or extreme scenarios. Moreover, the outcomes of such
assessments are often influenced by subjective judgments, which can reduce
their analytical transparency and reproducibility.

From a methodological perspective, modeling and simulation address
many of these limitations by enabling formalized representation of combat
systems and operational processes. Models provide an abstract but structured
description of reality, allowing key variables and relationships to be examined
systematically. Simulation, in turn, makes it possible to observe system
behavior over time under varying conditions and assumptions.

Within the overall framework of combat readiness assessment, modeling
and simulation serve as complementary tools that bridge the gap between
theoretical analysis and practical decision-making. They support the evaluation
of readiness not only as a current state but also as a dynamic capability that can
be tested against diverse response scenarios. This methodological foundation
establishes the basis for examining modern modeling and simulation
approaches as essential instruments in contemporary military readiness
assessment.

Modern modeling and simulation methods for evaluating combat

readiness and response scenarios

The development of modern modeling and simulation methods has
significantly expanded the analytical capabilities available for assessing combat
readiness and evaluating response scenarios. Unlike traditional static
assessments, contemporary approaches are designed to capture the dynamic
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behavior of military systems and their interaction with a complex and adaptive
operational environment. This shift reflects the growing recognition of armed
forces as complex systems whose performance cannot be adequately assessed
through linear or purely deterministic methods.

One of the most widely used categories is analytical and mathematical
modeling. These models employ formal equations and probabilistic
frameworks to describe readiness-related processes such as force generation,
deployment timelines, and attrition dynamics. While analytical models offer
clarity and computational efficiency, their applicability is often limited to well-
defined problems with simplified assumptions. As a result, they are frequently
used in combination with more flexible simulation-based approaches.

Simulation models, including discrete-event and continuous-time
simulations, are particularly effective for analyzing readiness under time-
dependent and resource-constrained conditions. They allow the
representation of operational processes such as mobilization, logistics support,
maintenance cycles, and command interactions. By simulating these processes
across multiple iterations, analysts can evaluate the impact of delays, failures,
and bottlenecks on overall readiness and response capability.

Agent-based and multi-agent modeling has gained increasing attention in
military applications due to its ability to represent decentralized decision-
making and adaptive behavior. In such models, individual entities such as units,
platforms, or command elements are modeled as autonomous agents with
defined rules of behavior. Their interactions give rise to emergent system-level
outcomes, providing valuable insights into coordination, resilience, and
adaptability under stress. This approach is particularly useful for exploring
response scenarios involving asymmetric threats and non-linear escalation
dynamics.

Hybrid modeling frameworks combine analytical, simulation, and agent-
based components within a single environment. These integrated approaches
enable a more comprehensive assessment of combat readiness by leveraging
the strengths of different modeling paradigms. For example, analytical models
can be used to define baseline readiness parameters, while simulation and
agent-based components explore scenario-specific dynamics and decision
processes.

Given the diversity of modeling and simulation approaches applied in
military readiness assessment, a structured comparison is required to clarify
their analytical capabilities, areas of application, and inherent limitations.
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Table 1

Comparison of modeling and simulation methods for combat readiness
and response analysis
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Table 1 demonstrates that no single modeling or simulation approach is
sufficient for comprehensive combat readiness assessment. Each method
addresses specific analytical tasks and operational levels, while hybrid
frameworks offer the most flexible solution for scenario-based analysis under
complex and uncertain conditions.

Modern modeling and simulation methods are increasingly integrated
with command and control systems and decision-support tools. This
integration allows readiness assessments to be updated in near real time based
on operational data, enhancing their relevance for planning and execution.
However, the effectiveness of these methods depends on the quality of input
data, model validation, and the expertise of analysts and decision-makers.
Despite these challenges, modeling and simulation have become indispensable
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instruments for evaluating combat readiness and response scenarios in
contemporary military practice.
Conclusion

The study confirms that modern modeling and simulation methods play a
crucial role in the assessment of combat readiness and the analysis of response
scenarios in contemporary military operations. The increasing complexity of
the operational environment, combined with high levels of uncertainty and
rapid decision cycles, limits the effectiveness of traditional readiness
assessment approaches when used in isolation.

Modeling and simulation provide a structured and flexible analytical
framework that enables the evaluation of readiness as a dynamic and system-
level capability. By capturing interactions among personnel, equipment,
command processes, and environmental factors, these methods support more
objective and comprehensive assessments. The use of analytical, simulation-
based, agent-oriented, and hybrid models allows military planners to explore
alternative scenarios, identify critical vulnerabilities, and assess the robustness
of response options under varying conditions.

At the same time, the practical value of modeling and simulation depends
on their proper integration into military planning and decision-support
processes. Reliable data, validated models, and qualified personnel are
essential to ensure the credibility of results. When these conditions are met,
modern modeling and simulation methods significantly enhance the ability of
armed forces to assess combat readiness and to prepare for effective responses
in complex and contested operational environments.
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