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Abstract. Scientific and reasonable analysis and determination of operational capability 

requirements can not only optimize and improve the operational concept, but also ensure the 

transformation and application of the operational concept. The development and construction 

of the traction force and the improvement of operational capability play a key role in the 

transformation of operational theory to actual combat capability. It is urgent to study scientific 

and applicable operational capability requirements analysis methods to support the 

development process of the operational concept. On the basis of defining the components of 

operational capability requirements, this paper combs, summarizes, analyzes and compares the 

main operational capability requirements analysis methods, points out the problems of existing 

analysis methods in combination with current research, and summarizes and prospects the next 

research direction. 

Keywords: operational concept development, Capability requirement analysis method, 

overview. 

1.  Introduction 

The operational concept is to study the essential laws of operational elements, such as operational 

conditions and adversaries, and abstract and summarize the proposed solutions to operational 

problems by judging the established operational concept and intention under the specific space-time 

conditions in the future. In the development process of operational concept, it is necessary to define 

three types of elements. The first type is the description of operational problems, including the 

operational background, operational purpose, operational tasks, operational environment, combat 

opponents, time setting, conflict scenarios, etc. of the operational concept under specific space-time 

conditions in the future. The second is the solutions to specific operational problems, including the 

guiding ideology of operational concepts, operational principles, operational forces, operational 

activities, and operational concepts. The third is the operational capability requirements, that is, the 

key capabilities and their indicator requirements required for conversion of landing solutions to 

achieve operational effects, as well as the current capability gap analysis. 

The capability requirement analysis oriented to the development of operational concepts is the 

process of analyzing solutions to specific operational problems, and studying and clarifying the 

requirements of various operational capabilities. As the core link of the development of operational 

concept, the analysis of operational capability requirements needs to go through the process from 

strategic analysis to detailed design, from subjective abstraction to objective description, from general 
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principles to specific guidance, and from theoretical research to transformation and application. It is 

not a simple logical thinking process, but a pioneering complex scientific system project. It needs to 

adopt the engineering, systematic and modern development concept, rely on simulation Advanced 

technical means, such as war games, shall be used to study scientific and applicable analysis methods 

for operational capability requirements to ensure that the analysis is practical, comprehensive, 

scientific and reasonable. In view of the important role of operational capability requirement analysis 

methods in the development of operational concepts, and the current development stage of this field, 

this paper analyzes and compares them, proposes existing problems, and looks forward to the research 

direction. The main contributions of this review are as follows: First, propose the definition of 

operational concept, and define the elements of operational concept and operational capability 

requirements; The second is to analyze the advantages and disadvantages of common methods, and 

analyze the applicability of each method in combination with the particularity of operational capability 

requirement analysis, and point out the existing shortcomings; Third, in view of the shortcomings of 

the existing methods, the development direction of the methods is prospected to provide theoretical 

reference for proposing a scientific and applicable capability requirement analysis method oriented to 

the development of operational concepts. 

2.  Research status 

At present, there are various of method to analysis operational requirements. Such as analytical 

method, multi-view analysis method, simulation experiment analysis method, machine learning 

analysis method, etc. 

2.1.  Analytic method 

Analytic method, also known as analytical method, is a solution method based on strict axiom and 

logic system and mathematical theory. The analytic method is applied to combat capability demand 

analysis. Based on the assumptions and simplified influencing factors, the demand analysis problem is 

converted into a strict mathematical or computer model. Through the solution, the absolute and 

mathematical correct solution or optimal solution is obtained, so as to draw the analysis conclusion of 

capability requirements. The outstanding characteristics of this method are strict form, standard 

process and strong operability [1]. However, due to few factors and strict conditions, the analysis 

results are often abstract, random and poor accuracy. For example, Rand Corporation used a simplified 

mathematical model to roughly evaluate and analyze the demand for the mainland's force projection 

capability, the key issue in the landing operation, in "a balance problem - the political background and 

military profile of the conflict ", and concluded that the mainland's sea projection capability was 

insufficient and the landing operation was at risk. In the modeling process, the restrictions are too 

strict, and the analysis conditions are too simplified and rough, for example, the conditions such as 

naval coordination are not considered, which greatly affects the analysis effect. Qi Xiao-gang et al. put 

forward a measurement model for the emergence of combat capability in the paper [2], and analyzed 

the demand for combat capability by taking an aircraft carrier formation's anti-ship operation as an 

example. However, because the research object is selected randomly, this method is not universal. 

2.2.  Multi-view 

As a common analysis method for complex systems, multi-view analysis is applied to the analysis of 

operational capability requirements. The core idea is to decompose the operational concept to be 

analyzed into several relatively independent views from different perspectives. Each view reflects the 

operational capability requirements of the operational concept from one dimension, and then all views 

are summarized to form the analysis of the overall capability requirements of the operational concept. 

At present, the representative multi view analysis methods are DoDAF2.0 in the United States, 

MoDAF in the United Kingdom and NAF in NATO. For example, the U.S. Department of Defense, 

based on the architecture description of the joint operations concept, uses the Joint Capabilities 

Integration and Development System (JCIDS) to analyze the gaps in operational capabilities and their 
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priorities, and guide the determination of the integrated solution of the DOTMLPF-P framework. 

Literature [3] [4] [5] [6], based on DoDAF2.0 model, respectively, proposed the capacity requirement 

analysis methods of structural design and semi quantitative analysis, and analyzedThe operational 

capability requirements of such operational concepts as multi area warfare and ground unmanned 

warfare are also presented. Literature [7] decomposes combat activities based on multi view analysis 

method, and then realizes the mapping from mission tasks to capability requirements through meta 

activities. However, it only focuses on the capability requirements of the equipment system of systems, 

and does not describe the combat capability requirements of the system of systems. Literature [8] has 

constructed a relatively complete combat capability requirement of mission system, capability system 

and equipment system, but has not given the mapping relationship between each system. Document [9] 

proposed a modeling method for combat capability requirements based on the commander's 

perspective, which is easy to understand, but has strong subjectivity. 

2.3.  Simulation experiments 

The analysis process of simulation experiment method mainly includes: preparation, implementation 

of simulation experiment and analysis of experimental results. This method is applied to the capability 

requirement analysis of the combat concept. The core idea is: first, set the experimental conditions and 

establish the simulation model for the combat scenario space; Secondly, the simulation experiment is 

carried out by adjusting the control experiment variables, and the experimental results under different 

operational constraints are collected; Finally, through the statistical analysis of the experimental 

process and results, the results of capacity demand analysis are obtained. The simulation experiment 

method can help to understand, refine and verify the causal effects between different combat 

capability generation factors, and explore potential expected and unexpected results. For example, in 

the development process of the operational concept of "Joint Operation Intervention", the United 

States, land, sea, air and other services formed the Final Report of Limited Target Experiment of Joint 

Operation Intervention Concept through experimental analysis, and determined 36 capability 

requirements; In 2021, US think tank strategyThrough many deduction experiments with the budget 

evaluation center, we tested the force formation, command and control, decision-making action, etc. of 

man-machine integration, and explored the capability requirements of mosaic warfare [10] [11]. 

Professor Si Guangya of China once put forward the view that "war experiments can help us 

understand the rules of warfare and new concepts of warfare" in the literature [12]. His team first 

proposed the method framework of "exploratory simulation experiment analysis based on data 

farming" in the literature [13] for the analysis of operational capability requirements.  

2.4.  Machine learning 

Machine learning is an operational capability requirement analysis method based on theoretical 

analysis, statistical analysis, and experimental analysis, which adds another effective means. The core 

idea of this analysis method for operational capability requirement analysis is to use machine learning 

to analyze and mine large sample and high-dimensional operational data. The general process is: 

firstly, conduct qualitative analysis on the operational concept, define the data requirements and 

determine the acquisition mode of multi-source and multi-mode data based on the construction of 

analysis and evaluation criteria; Second, the large-scale data set required for the collection capability 

analysis shall be organized according to different standards or methods such as purpose, time and 

space; Finally, machine learning algorithms such as deep learning and reinforcement learning are used 

to analyze the mining data, explore and clarify the development trend and changes, and determine the 

various elements of the capacity demand. The advantage of the data analysis method is that it can 

better build the evaluation index system, explore the rules of the operational mechanism, and predict 

the changes of the battlefield trend. For example, the 2018It was mentioned in the Summary of 

Artificial Intelligence Strategy of the Ministry of National Defense in that artificial intelligence 

technologies such as machine learning should be applied to many fields such as intelligence 

reconnaissance, logistics support, command and control, unmanned autonomous operations, and 
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operational capability analysis and evaluation [14]. In 2021, the RAND report [15] recorded the 

"Exploring Social Media and Operational Data Streams" project sponsored by the U.S. Army Special 

Operations Command, which developed a standardized method for operational analysis of special 

operations forces, and described how to use machine learning to support the analysis of war operations. 

Chinese military researchers mainly apply machine learning to knowledge extraction, model 

construction, index mining, simulation and deduction, and visual analysis of operational capability 

requirement analysisAnd knowledge representation [16]. Literature [17] proposed to build an 

intelligent evaluation model of decision-making effect based on stack self coding network (SAE) to 

achieve intelligent evaluation of decision-making effect. Literature [18] proposed a backtracking 

analysis method of defense and control system effectiveness based on forced sparse self coding neural 

network to achieve in-depth analysis of the emerging mechanism of air defense operation system 

capability.  

3.  Comparison and analysis of capability requirements analysis methods for operational 

concept development 

As the "Capability Requirements Analysis for Operational Concept Development" has certain 

particularity in terms of analysis objectives, analysis processes and conditions compared with the 

analysis of operational plans, operations and other capabilities, we have analyzed the characteristics 

and applicability of the above methods and proposed the shortcomings of existing methods. 

Compared with the objectives, conditions, process characteristics and method requirements of the 

operational concept capability requirements analysis, the above methods also have the following 

shortcomings to provide targeted method support for the operational concept development oriented 

capability requirements analysis: 

First, the analysis process is unidirectional, unable to meet the analysis needs of reverse exploration. 

Through the above analysis, the basic principle of the existing analysis and evaluation methods can be 

expressed as A = 𝐹𝑚(𝑊⃑⃑⃑ ) : A is the output conclusion, 𝑊⃑⃑⃑  is the input condition, and  𝐹𝑚  is the 

analysis process of various analysis methods. Obviously,  A = 𝐹𝑚(𝑊⃑⃑⃑ )  is not reverse and 

𝐹𝑚( ) often has black box unexplainability. Therefore, it cannot support the demand for input  

𝑊⃑⃑⃑  optimization based on A. For example, literature [2] analyzed the anti-ship capability requirements 

of aircraft carrier formation through emergent measurement model. This method focuses on statistical 

data analysis and lacks two-way capability analysis related to mission effectiveness.  

The second is the certainty of the input conditions of the analysis method, which cannot meet the 

analysis requirements of quickly adapting to high-dimensional feature changes. At present, the 

analytical model, index system, simulation and deduction methods are used to analyze the number, 

type and boundary of input conditions. Using it as input for multidimensional feature mining and 

analysis will face problems such as input space explosion, large amount of calculation, large amount 

of data, and complex analysis process, which cannot meet the needs of rapid adaptation. The first is 

the contradiction between the exploration space and the limited computing capacity. The research on 

the capability requirement analysis for the development of operational concepts is complex. It is 

necessary to comprehensively consider the equipment and non equipment factors in the operational 

system. Too many experimental factors and discrete and uncontrollable experimental levels lead to a 

sharp increase in the exploration space and conflict with the limited computing capacity. The second is 

the contradiction between excessive space compression and analysis accuracy. To ensure the 

exploration rules of operational capability requirement analysis Modulus, the sample space of the 

analysis problem must be compressed and simplified, which may lead to the distortion of demand 

analysis.  

Third, the application conditions of the analysis method are incomplete, which cannot meet the 

analysis requirements of the real threat environment and operational conditions. In the practical 

application of existing methods, if we want to meet the antagonism analysis requirements of the real 

threat environment and combat conditions, either we need to establish relevant analytical models 

Proceedings of the 3rd International Conference on Signal Processing and Machine Learning
DOI: 10.54254/2755-2721/5/20230528

57



 

 

 

 

 

 

based on actual combat data and empirical data, or we need effective model algorithms and 

experimental systems to support simulation experiment analysis. However, due to the lack of 

operational data, or the difficulty in constructing the basic environment of simulation experiments 

such as battlefield environment data, simulation model library, and simulation system, the application 

of methods is limited, and the controllability of analysis methods and the credibility of analysis 

conclusions are reduced. First of all, the new combat concept is oriented to the future. For new 

equipment, new forces, and new methods of warfare, new simulation models are often required. The 

demand for model construction is large. However, without the support of empirical data, model 

construction is difficult and takes a long time; Secondly, in order to give consideration to the overall 

combat concept andFor local capability analysis, MRM (Multi resolution model) needs to be 

established to ensure the accuracy of the evaluation results and improve the analysis efficiency, but 

there is no effective multi-resolution modeling method at present; Finally, there is a contradiction 

between the high accuracy requirement of the model and the lack of verification methods of the model. 

The model is the data source for operational conceptual capability analysis. If not verified, the 

accuracy is not high, which will directly lead to the analysis conclusion being questioned. For example, 

the document [19] proposed the method of capability requirement analysis based on C4ISR framework 

and oriented to mission architecture. However, due to the need to build a large number of models and 

the lack of support from actual combat data in the modeling process, the modeling difficulty is 

increased to a certain extent and the feasibility of the method is reduced. 

4.  Research prospect 

In view of the above analysis, the next step is to innovate a scientific and applicable operational 

capability requirement analysis method that can be replicated and popularized based on reductionism, 

holism, qualitative analysis and quantitative calculation in complex system science and oriented to the 

process of operational concept development, so as to improve the scientific and systematic 

development of operational concepts. The main research directions include: 

4.1.  Research on model construction and formal rescription method of operational concept 

The capability requirement analysis for the development of operational concept is a process of cycle 

iteration, from coarse to fine, and deepening. It is often difficult to effectively clarify the specific 

content and organizational logic of the complex combat capability requirements, as well as the 

interaction between the combat capability requirements and other elements of the combat concept, and 

it is also impossible to achieve the iterative update of the results of the combat capability requirements 

analysis by simply relying on the macro abstract text description. Therefore, it is urgent to use 

scientific and systematic engineering methods, give consideration to micro actions and macro effects, 

and carry out research on modeling and description methods of operational concepts. Through 

systematic structural modeling and formal description of operational concepts with low structure, 

strong abstraction, and high complexity, we can better analyze operational problems, clarify solutions, 

and clarify the composition, content, and logic of operational capability requirements, Provide support 

for the analysis of operational capability requirements. Focus on the following three aspects: 

First, build a multi perspective architecture model. The elements of the operational concept are 

diverse and complex, which can usually be regarded as a system with indestructibility, uncertainty, 

emergence, etc. In order to better describe this system and its elements and support the development 

and analysis of operational concepts, it is necessary to model the architecture of operational concepts 

from different perspectives. 

The second is to adopt the modeling method focusing on capability requirements. The operational 

concept is a visual expression of "future operations". During the modeling process, it is necessary to 

face the future, take the operational problems as the logical starting point, take the demand analysis of 

future operational capabilities as the logical main line, and always focus on the ability of combat 

forces to complete specific operational tasks. 
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The third is to rely on a unified standardized model framework. Operational concept development is a 

pioneering complex scientific system engineering that requires long-term cooperation. It should adopt 

an engineering and systematic development concept and rely on a standardized model framework for 

modeling to ensure the effectiveness, continuity and compatibility of the model in the whole life cycle 

of operational concept development. 

4.2.  Research on methods of operational data in the confrontation environment 

The basis for analyzing the operational capability requirements in a qualitative and quantitative way is 

the operational data, especially in the confrontation environment. This is because the development of 

the operational concept is to solve operational problems, and must focus on certain operational 

scenarios and confrontation environments. However, as far as the current situation is concerned, there 

is little practical experience in the development of operational concepts, few relevant confrontation 

exercises, and a serious lack of empirical data in real threat scenarios. Therefore, it is urgent to focus 

on the application of operational experiment theories and methods in the development of operational 

concepts, build confrontation scenarios, design experimental scenarios, improve support tools, 

implement operational experiments, generate and collect antagonistic data samples for analysis, and 

lay the foundation for data mining, machine learning and other analysis methods by relying on 

multiple methods and means such as war games, simulation experiments, and live military exercises. 

Focus on the following two aspects: 

First, design of experiments (DOE). The analysis of operational capability requirements relies on 

the in-depth exploration and research of operational issues. Therefore, it is necessary to develop 

simulation experiment scenarios based on the system model of operational concept and around the 

needs of quantitative analysis, build or select simulation models and simulation systems, use 

exploratory analysis strategies, optimize the design and control of computer simulation experiments, 

and then support the acquisition of massive experimental data, The key operational capability 

requirements related to the overall objectives of the war are mined from the data results. 

The second is the research of data preprocessing and data enhancement methods. Data is the basis 

of analysis. According to the index system of capability analysis, relying on various methods and 

means such as war games, simulation experiments, and live military exercises, we can construct 

confrontation scenarios, design experimental scenarios, improve support tools, conduct operational 

experiments, generate and collect antagonistic data samples for analysis, and analyze various raw data 

collected in the simulation experiment stage, And through machine learning technologies such as 

GAN, we expand and enhance the simulation data, establish the mapping relationship between the 

indicator system and the simulation data, supplemented by data generation, data fusion and other 

methods, to form a large-scale training data set for analysis and model training, laying the foundation 

for data mining, machine learning and other analysis methods. 

4.3.  Research on capacity analysis method combining qualitative and quantitative analysis 

The objective of the capability requirements analysis for the development of operational concepts is to 

comprehensively use the analytical, experimental, qualitative, quantitative and other multi category 

problem solving methods and tools to scientifically and efficiently gradually refine and quantify the 

formal description of the capability requirements in the operational concept architecture, including 

capability indicators, indicator thresholds, and relationships between indicators. Therefore, it is urgent 

to study the methods and means that can support the capacity demand from qualitative analysis to 

quantitative approximation, from quantitative calculation to qualitative analysis, and gradually focus 

and refine. Focus on two aspects: 

First, from qualitative analysis to quantitative approximation. Data analysis needs to use people's 

experience and insight to put forward assumptions. Therefore, in the process of operational capability 

demand analysis, large sample training data is obtained from qualitative analysis of the operational 

concept as a starting point, based on commander's experience, on the basis of studying qualitative 
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relations, using forward analysis methods such as analytic hierarchy process and simulation deduction, 

from qualitative to quantitative approximation, to support subsequent analysis. 

The second is from quantitative calculation to qualitative analysis. Based on the training data set, 

machine learning and other data analysis methods are used to build a machine learning capability 

agent model. Through training, accurate capability agent model is fitted to replace the simulation 

experiment. Interactive learning is conducted between the trained capability agent model and the deep 

reinforcement learning framework to continuously reduce the uncertainty of operational problems 

until a satisfactory solution of capability requirements that meets or approaches the requirements of 

operational purposes is found, and qualitative analysis and interpretation are conducted to realize the 

forward and reverse output analysis of operational capability requirements and capability generation 

mechanism. 

5.  Conclusion 

The scientific and applicable analysis method of operational capability requirements can optimize and 

improve the operational concept, ensure the transformation and application of the operational concept, 

and form a strong support for the development process of the operational concept. This paper takes the 

combat capability requirement elements as the starting point, combs and summarizes the research 

status of the combat capability requirement analysis methods, combines the particularity of the combat 

capability requirement analysis, compares and analyzes the advantages, disadvantages and 

applicability of each method, looks forward to the development direction of the methods, and provides 

theoretical reference for proposing a scientific and applicable capability requirement analysis method 

oriented to the development of combat concepts. 
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