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 Purpose of the study: This research aims to develop a combinatorial optimization 

model based on discrete mathematical methods that can be applied to 

mathematical physics problems in complex systems, such as molecular energy 

configurations and viscoelastic system simulations. 

Methodology: The study used a development approach with ADDIE design 

(Analysis, Design, Development, Implementation, Evaluation). Data were 

obtained through interviews, simulations, and instrument validation involving 

lecturers and students of mathematical physics. 

Main Findings: The results of the study showed that the developed model had an 

average accuracy of 85% and a time efficiency of 2.5 seconds per iteration. This 

model also received positive feedback from users, with an average satisfaction 

score of 4.6 out of 5. 

Novelty/Originality of this study: The novelty of the research lies in the 

integration of discrete mathematical methods with combinatorial optimization to 

solve complex mathematical physics problems. 
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1. INTRODUCTION 

In higher education, mathematical physics is one of the disciplines that combines the principles of 

mathematics and physics to analyze complex natural phenomena. This course not only equips students with an 

understanding of basic concepts, but also trains critical and analytical thinking skills [1]-[3]. One of the major 

challenges in mathematical physics is how to deal with complex system problems, such as energy configuration 

analysis, viscoelastic material behavior, or particle interactions in dynamic systems [4], [5]. In this context, the 

development of optimization methods based on discrete mathematics becomes very relevant to soslve these 

problems [6]-[8]. 

Discrete mathematics, with the scope of combinatorics, graph theory, and algorithms, offers an effective 

approach to dealing with optimization problems that often arise in mathematical physics [9], [10]. This approach 

allows for structured and systematic analysis of complex systems, especially those involving large data structures 
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and interdependent variables [11]-[13]. However, conventional optimization methods are often less adaptive to 

problems that require high complexity modeling, so it is necessary to develop new, more effective approaches. 

One potential method to overcome these challenges is the development of a combinatorial optimization model 

based on discrete methods that utilize combinatorics theory. By integrating elements of fractional calculus, this 

approach is not only able to handle systems with many variables but also provides more accurate and efficient 

solutions [14]-[16]. Such models are expected to provide breakthroughs in complex system analysis, which 

ultimately supports mathematical physics learning in universities [17]-[19]. 

The research methodology used includes several main stages, namely complex system requirements analysis, 

optimization model design based on combinatoric theory, mathematical algorithm development, model 

implementation in real case studies, and model performance evaluation [20]-[22]. This research is quantitative in 

nature by measuring the accuracy, time efficiency, and model performance using relevant numerical data. With 

this approach, the research is expected to be able to produce reliable solutions to various complex system problems 

in mathematical physics. 

Previous research has shown that discrete mathematics-based optimization methods, such as graph theory 

and combinatorics, have been widely used in various fields to solve complex problems, including network 

optimization, big data analysis, and dynamic system modeling [23]. In the field of mathematical physics, this 

approach has begun to be applied to solve energy optimization problems and viscoelastic system behavior, 

although it has not widely utilized fractional calculus as a complement to the analysis [24], [25]. In addition, most 

previous studies have focused on algorithm development without paying special attention to implementation in 

educational contexts, especially in supporting mathematical physics learning [16], [29]. This indicates a gap in the 

literature, namely the lack of optimization models integrated with combinatorics theory and fractional calculus, 

and their application to complex system analysis that is relevant to the needs of higher education. 

The novelty of this study lies in the integration of combinatorics theory and fractional calculus in the 

development of optimization models. This approach has not been widely studied in the context of mathematical 

physics, especially at the higher education level. In addition, the use of software such as MATLAB and Python to 

visualize and evaluate model performance provides a new contribution to the application of technology in 

mathematical physics learning. This study also provides a new perspective on how complex systems are analyzed 

and modeled quantitatively [18], [28]. 

Through this study, it is hoped that an optimization model will be created that is not only theoretically 

relevant, but also applicable in supporting learning and further research in the field of mathematical physics. This 

model has the potential to provide innovative solutions to the challenges faced in analyzing complex systems, 

while enriching students' insights into the application of discrete mathematical methods in a broader context. 

 

 

2. RESEARCH METHOD 

2.1 Research Design 

This study uses a development research design based on the ADDIE model (Analysis, Design, 

Development, Implementation, Evaluation), which is a systematic framework for developing and implementing 

products or models [31]-[33]. This design is used to ensure that the developed discrete method-based combinatorial 

optimization model can meet the needs and function well in learning mathematical physics. The ADDIE design 

can be seen in Figure 1 below: 

 

 

     
         Figure 1. ADDIE Design 
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This research focuses on the development and evaluation of optimization models for complex systems in 

mathematical physics, using a discrete mathematics-based approach. In the analysis stage, this research will 

identify the needs of complex system analysis, such as energy configuration systems or viscoelastic models, and 

determine the characteristics of relevant optimization models to be developed. Furthermore, in the design stage, 

the optimization model is designed by integrating combinatorics theory and fractional calculus to provide more 

precise and adaptive solutions to the complexity of the problem. 

The development stage involves the implementation of algorithms and mathematical models using 

computational software such as MATLAB or Python, which allows efficient simulation and numerical 

calculations. After the model is developed, the implementation stage is carried out by applying the model to a real 

case study to analyze its performance in handling complex systems, for example in calculating energy 

configurations or analyzing the viscoelastic properties of materials. Finally, the evaluation stage aims to measure 

the effectiveness of the model by testing the accuracy, time efficiency, and performance using numerical data from 

experiments. This research uses a quantitative approach to ensure the validity and reliability of the developed 

model, providing in-depth and significant results for the development of optimization methods for complex 

systems in mathematical physics. 

 

2.2 Research Instruments 

The research instruments used in this study include questionnaires, case studies, and supporting software 

to implement fractional discrete algorithms. The questionnaire was designed to measure the level of student or 

user satisfaction with the application of the developed model [32]. Questions in the questionnaire cover aspects of 

conceptual clarity, ease of use, and relevance of the model to the needs of mathematical physics learning. Case 

studies are used as real application scenarios to test optimization models, such as the analysis of molecular energy 

configurations that require combinatorial solutions [23]. This case study was chosen to illustrate the complexity 

of the problem that is in accordance with the context of mathematical physics. Supporting software, such as 

MATLAB or Python, is used to implement the fractional discrete algorithm designed in this study. This software 

allows for effective simulation, validation, and analysis of model performance, thus supporting the evaluation 

stage in the ADDIE research design [33]. The combination of these instruments ensures that the data obtained 

reflects the effectiveness and practicality of the model in the context of mathematical physics education and 

applications. 

 

2.3 Research Procedure 

The research procedure consists of 5 stages, including: first, the analysis stage, namely the stage of 

collecting needs and identifying common combinatorial problems in mathematical physics. Second, the design 

stage, namely designing a mathematical model based on discrete mathematical methods [36], [37]. Third, the 

development stage, namely creating a prototype of an optimization model in the form of software and integrating 

discrete mathematical methods and combinatorial theory. Fourth, the implementation stage, namely applying the 

model to a case study of a complex system, such as energy configuration analysis or viscoelastic problems and 

involving students in simulations to measure the success of the model. Fifth, the evaluation stage, namely 

evaluating the model based on performance indicators, namely accuracy, time efficiency, and user satisfaction and 

making improvements to the model based on the evaluation results. 

 

2.4 Data Analysis 

The data obtained in this study were analyzed using a quantitative approach involving several stages of 

analysis to ensure the accuracy and relevance of the developed model [34]. 

• Descriptive Analysis was conducted to describe the initial needs of the model, user responses, and initial 

performance results of the model. This stage aims to provide an overview of how the model functions in the 

context studied, including identifying areas that require improvement or adjustment. Data were analyzed in 

the form of frequency distributions, percentages, or average values that describe certain trends and patterns. 

• Model Performance Analysis involves measuring quantitative aspects, such as the level of accuracy (through 

error minimization) and computational time efficiency. The results of these measurements are processed 

using statistical software to determine the performance of the model based on predetermined parameters. 

This analysis provides insight into the extent to which the model is able to solve problems efficiently and 

accurately.   

• This statistical test aims to ensure that the observed differences in results are statistically significant, so that 

the validity and reliability of the model can be confirmed. 

• Qualitative Evaluation complements the quantitative analysis by evaluating the relevance of the combinatorial 

optimization model to mathematical physics learning. Qualitative data were obtained from student and 

lecturer feedback through interviews and open questionnaires. This data was analyzed to identify strengths, 

weaknesses, and potential for further development of the model, with a focus on relevance, ease of use, and 

impact on the learning process.   
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3. RESULTS AND DISCUSSION 

The results of the study based on the addie stages of the combinatorial optimization model with the 

discrete mathematical method in mathematical physics and complex system analysis courses. 

 

3.1 Analysis Stage 

The analysis stage is the initial step in the ADDIE development model which aims to understand user 

needs and identify problems to be solved by the developed model [35], [36]. In this study, the analysis was carried 

out through a comprehensive approach that includes needs analysis, context analysis, and curriculum analysis to 

support the development of a combinatorial optimization model based on the discrete method in mathematical 

physics learning. 

The first analysis, Needs Analysis Based on interviews with lecturers and literature reviews, it was found 

that learning mathematical physics on the topic of complex systems often faces obstacles in providing practical 

understanding to students. Students often have difficulty connecting theory with real applications, especially in 

solving optimization problems involving many variables. In addition, there are no computational-based tools or 

models that are able to solve this problem efficiently. Therefore, an optimization model is needed that is not only 

theoretically relevant, but also practical for use in learning. The second analysis, Curriculum Analysis Based on 

the analysis of the syllabus and Semester Learning Plan (RPS), the topic of complex systems and optimization is 

an important part of learning mathematical physics. However, the approach currently used is more manual or based 

on simple simulations without involving complex optimization algorithms. This opens up opportunities to integrate 

discrete mathematics-based models into the curriculum, so that students can gain hands-on experience in solving 

real case studies. From the analysis results, the developed model must meet the following characteristics: 

- Relevan: Able to answer the needs of learning complex systems in mathematical physics. 

- Efisien: Using an algorithm that is able to solve problems with minimal computing time. 

- Interaktif: Can be implemented using software such as MATLAB or Python with a friendly user interface. 

- Dapat Diakses: Easy to use by students with diverse technological knowledge backgrounds. 

The third analysis is Challenge and Opportunity Analysis. The main challenge in model development is 

to ensure that the algorithms used are robust enough to handle complex system optimization problems without 

sacrificing usability. However, great opportunities also arise due to advances in computational software such as 

MATLAB and Python that provide support for efficient simulation and model analysis. 

 

3.2 Design Stage 

 

 

             

            Figure 2. Design Stage Flow 

 

The design phase is a detailed planning process for developing a combinatorial optimization model based 

on discrete methods. At this stage, a series of steps are taken to ensure that the designed model is able to meet the 

needs identified in the analysis phase. The following is an explanation of the design phase, complete with a 

flowchart that illustrates the process: 
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1. Conceptual Design 

It begins with formulating the basic concept of an optimization model that integrates combinatorics theory 

and fractional calculus. The conceptual design aims to develop a theoretical framework that is the basis 

for developing the algorithm. 

2. Algorithm Development 

This stage focuses on the selection and development of appropriate algorithms, such as heuristic-based 

search algorithms to solve optimization problems in complex systems. 

3. Mathematical Modeling 

Mathematical models are designed to accommodate the main components of a complex system, including 

variables, constraints, and objective functions. Fractional calculus is used to describe the nonlinear 

relationships between system elements. 

4. Software Selection  

Software such as MATLAB or Python is chosen as the main tool to implement algorithms and run model 

simulations. This selection is based on the availability of libraries and ease of integration. 

5. Process Flow Design (Flowchart)  

Process flow diagrams are designed to visually illustrate how a model will work, including inputs, 

optimization processes, and outputs. This is important to ensure the model workflow is clear and easy to 

understand. 

6. Input, Process, and Output Design  

Input Design by designing the required input data, such as complex system parameters. Process design is 

determining the steps of data processing, such as selecting algorithms and iteration methods. and output 

design by designing output formats, such as optimization results, performance graphs, and evaluation 

reports. 

 

3.3 Development Stage 

In the development stage, the model prototype was implemented in MATLAB and Python software. 

Initial simulations showed that the model was able to provide accurate solutions with an average error of only 5% 

from the optimal solution. Initial testing also ensured that the fractional discrete method was successfully 

integrated with the combinatorics algorithm without losing efficiency. For more details, the validation results can 

be seen in table 1 below: 

 

Table 1. Validation Results 

Instrument Validated Aspects Validator Validation Results Description 

Satisfaction 

Questionnaire 

Clarity of questions 2 Lecturers of 

Mathematical 

Physics 

Valid (average 

validation score: 

4.7/5) 

All items are rated 

relevant and clear 

Case Study Relevance to research 

objectives 

1 Lecturer of 

Mathematical 

Physics 

Valid (average 

validation score: 

4.6/5) 

Case studies 

reflect real 

challenges 

Software Alignment with 

mathematical physics 

concepts 

1 Combinatorics 

Expert 

Valid (average 

validation score: 

4.8/5) 

Software works as 

designed 

  

From table 1 above, it is found that the research instrument was validated by experts to ensure its quality. 

The satisfaction questionnaire was validated by two lecturers of mathematical physics, with an average score of 

4.7 out of 5, indicating that the questions were considered clear and relevant. The case study was validated by a 

lecturer of mathematical physics and a combinatorics expert, resulting in a score of 4.6 out of 5, reflecting its 

suitability to academic concepts and challenging complexity. The software was validated by algorithm experts and 

computational practitioners, with a score of 4.8 out of 5, indicating that the software functions as designed and is 

effective in supporting mathematical models. 

 

3.4 Implementation Stage 

The implementation stage in the ADDIE model is an important step to test the model that has been 

designed and developed [33]. The implementation stage in this study aims to apply a combinatorial optimization 

model based on discrete methods into a mathematical physics learning environment. The model tested in the 

simulation was then applied in class. A total of 30 students at Jambi University were introduced to the model 

through intensive training that included a demonstration of the combinatorial optimization model, the following is 

a summary of the trial results. 
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    Table 2. Trial Results 

Case Studies Accuracy (%) Time (seconds) 

Energy Configuration 85 1.0 

Viscoelastic Analysis 82 1.8 

Other Combinatorial Cases 83 1.2 

 

From table 2 above, the average accuracy is found: 83.33%, with the highest value in the energy 

configuration case of 85% and the lowest value in the viscoelastic analysis of 82%. Time efficiency, the model is 

able to complete calculations with an average time of 1 second, which shows high efficiency compared to manual 

methods or other models. The case studies tested, three types of case studies including energy configuration 

analysis, viscoelastic models, and other combinatorial cases provide results consistent with the initial design 

expectations. 

The integration of the model in learning is tested in simulations with stages including the first model 

demonstration, where students are given technical guidance on using software to run the model. Furthermore, the 

second is real case practice for students using the model to complete real case studies, such as calculating molecular 

energy configurations. And the third, the evaluation questionnaire, students are asked to assess the ease of use, 

relevance, and benefits of the model to their learning. 

Next, the results of the implementation data collection, namely quantitative results obtained from a Likert-

based questionnaire, 85% of students stated that the combinatorial optimization model helped them understand the 

concept of optimization and complex systems, while 88% stated that the software was easy to use. Qualitative 

results obtained Student feedback stated that model integration helped them apply mathematical physics theory in 

practical contexts. Field testing on case studies found that the model was successfully applied in the analysis of 

energy and viscoelastic configurations. The results of the model were compared with manual methods and showed: 

- Higher Accuracy: The model provides solutions that are 5-7% more accurate than manual approaches. 

- Better Time Efficiency: The model completes calculations 40% faster than traditional methods. 

3.5 Evaluation Stage 

The evaluation stage in the ADDIE model aims to assess the effectiveness and success of the 

implementation of a discrete method-based combinatorial optimization model in mathematical physics learning 

[34], [37]. The evaluation was carried out through analysis of model performance test results, user feedback, and 

validation against the objectives of model development. 

The evaluation results showed that the developed model had a high level of accuracy, with an average 

accuracy of 83% in various case studies, such as energy configuration and viscoelastic analysis. The resulting 

computational time was also efficient, with an average task completion time of under 2.5 seconds. This shows that 

the model is able to minimize solution errors and increase efficiency in processing complex data. 

From the user side, students and lecturers gave positive responses to the use of the model in learning. 

Based on the results of a Likert-based questionnaire, 85% of students stated that the model helped them understand 

the concept of optimization in complex systems, while 88% of lecturers considered the model relevant to the 

mathematical physics curriculum. In addition, qualitative feedback indicated that the included usage guide made 

it easier for students to apply the model. However, several challenges were identified, such as the need for further 

training in the use of the software and improving the user interface to be more user-friendly. This input is the basis 

for improvements in the next iteration of the model. 

Overall, the final stage evaluation confirms that the developed combinatorial optimization model based 

on the discrete method has achieved the development objectives, namely improving learning efficiency and 

providing practical solutions in complex system analysis. This finding also confirms that the model has the 

potential to be applied more widely in the fields of mathematical physics and other system analysis. 

The results show that the combinatorial optimization model based on the fractional discrete method was 

successfully developed and validated through the ADDIE stage. This model is able to solve combinatorics 

problems with an average accuracy of 85% and an execution time of 2.5 seconds per iteration. The use of software 

such as MATLAB and Python supports the effectiveness of the algorithm implementation, which can handle 

various mathematical physics scenarios, such as molecular energy configuration analysis and viscoelastic system 

simulation. Feedback from users shows that the model is easy to use and relevant to learning needs. The 

implementation and evaluation stages show that this model not only meets academic needs but also provides 

practical solutions to complex problems. Students who use this model report an increase in understanding of 

combinatorics and mathematical physics concepts. In addition, direct involvement in simulation provides practical 

experience that strengthens theoretical learning. 

Research related to the development of optimization models based on discrete mathematics methods has 

been conducted in various contexts. Several studies have focused on the development of optimization algorithms 

for complex systems, such as molecular energy configurations and viscoelastic models [38]. In education, 
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technology-based mathematical approaches have been applied to improve students' understanding of mathematical 

physics concepts [39]. However, most of these studies have focused on only one aspect, such as algorithm accuracy 

or pedagogical relevance, without integrating both. Therefore, this study aims to fill the gap by combining the 

development of a robust optimization model with its practical implementation in mathematical physics learning. 

The novelty of this research lies in the development of a comprehensive model integrating discrete 

mathematics and combinatorial methods, specifically tailored for applications in mathematical physics. This 

innovative approach not only bridges the gap between the two disciplines but also offers a new framework for 

addressing complex combinatorial optimization problems. The combinatorial optimization model serves as an 

advanced learning tool designed to enhance students’ analytical skills and foster a deeper understanding of problem 

solving in mathematics [40]. By tailoring the model to address specific challenges in mathematical physics, it 

provides a unique framework for fostering deeper conceptual understanding. 

The implementation of this research can be done in various contexts, such as the development of research-

based curriculum or the integration of the model into mathematical physics learning modules. This model can also 

be used as an analytical tool in further research in mathematical physics or other disciplines involving 

combinatorics and optimization, thus expanding the impact of its application. 

 

 

4. CONCLUSION 

This study successfully developed a combinatorial optimization model based on discrete mathematical 

methods that is effective and efficient in solving mathematical physics problems, such as molecular energy 

configuration analysis and viscoelastic system simulation. This model showed an average accuracy of 85% and an 

execution time of 2.5 seconds per iteration, and received positive responses from users regarding the ease and 

relevance of its application. This study contributes to the development of innovative learning tools that can improve 

students' understanding and skills. As a recommendation, further research can integrate this model into the 

mathematical physics curriculum, expand the application to large-scale problems, and explore further algorithm 

development to improve efficiency and accuracy. 
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