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 This paper deals with the development and implementation of a web 
application to check the existence and verification of design 
structures          , an important area of design combinatorial 

theory. Designs           are mathematical structures that find use 

in data encoding, experimental design, and computer networks. The 
traditional process of verifying the existence of these designs 
requires manual methods or algorithms coded in various 
programming languages, which is often complex and time-
consuming. Through this web application, advanced algorithms have 
been integrated to enable an intuitive and automated approach. The 
application includes a user-friendly interface and a powerful backend 
system, which processes the input parameters  ,  , and  to 

determine whether a design that meets these criteria exists. Users 
can also explore previous results, modify parameters, and view other 
representations of possible designs. The results show that the 
application is efficient in verifying existing structures and generating 
new designs within user-defined constraints. This tool promises to 
be a valuable aid for researchers and practical applications in 
combinatorics and related disciplines. In conclusion, the application 
improves on the traditional approach and provides an easy-to-use 
platform for analyzing designs.          . 
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1. INTRODUCTION 
 
Combinatorial design structures of type           are mathematical structures that find 
widespread use in fields such as data encoding, cryptography, and experimental design. These 
structures consist of a set of elements and subsets that satisfy specific conditions for  ,  ,  , and  . 
Research on the existence and construction of these designs has evolved significantly with 
advances in algorithms and computer applications (Gupta & Ajmeri, 2024) 

The development of software tools for the verification and construction of these structures 
has attracted great attention, becoming an important research topic in recent decades. Modern 
technologies, which use efficient algorithms for parameter analysis, have proven particularly useful 
for researchers and practitioners in this field (Akram & Zia, 2024; Fang et al., 2024). 

https://creativecommons.org/licenses/by-sa/4.0/
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In this context, the use of web applications for verify the existence of designs   
       brings numerous advantages, including easy access and rapid data processing. Such 
applications significantly improve efficiency and reduce manual errors that occur in traditional 
analysis processes (Yang et al., 2024). 

In this paper, we present a web application developed to facilitate the process of verifying 
the existence of structures          . This application combines advanced algorithms and an 
intuitive user interface, providing a practical platform for researchers dealing with combinatorial 
designs. 

Combinatorial designs types           are complex mathematical structures that are of 
particular importance in areas such as data encoding, experimental design, and cryptography. 
However, identifying the existence of these structures for a given set of parameters remains a 
considerable challenge. Traditional processes for verifying and constructing designs           
require manual efforts or the use of specialized software that is often limited in flexibility and 
accessibility. These limitations have hindered further progress in the field of combinatorial research 
and its practical applications (Gupta & Ajmeri, 2024). Furthermore, the lack of a centralized and 
easy-to-use tool for researchers has led to an increase in errors and a slowdown in the analysis 
process. At a time when technological advances are affecting every aspect of science and 
mathematics, the development of an affordable and efficient platform is an urgent need. 

The purpose of this study is to create and develop a web application that enables the 
verification and analysis of the existence of combinatorial structures.           in an automated 
and efficient manner. This web application aims to facilitate the complex analysis process by 
integrating advanced algorithms and a user-friendly interface, which enables researchers of all 
levels to obtain accurate and fast results. This tool is intended not only to reduce manual errors and 
limitations of traditional methods but also to create an accessible and innovative platform for the 
development and sharing of research results, contributing to the advancement of the field of 
combinatorics and its applications in scientific and engineering disciplines. 

Previous research on combinatorial design verification has mainly relied on desktop-based 
software and algorithmic approaches requiring programming skills. While these solutions offer high 
computational power, they often lack user-friendly interfaces, real-time interactivity, and 
accessibility. Some require specialized hardware or cloud computing resources, making them less 
practical for broader use. Compared to these, the web-based application developed in this study 
provides an intuitive, accessible, and real-time verification tool without requiring advanced technical 
expertise. However, it may have computational limitations for very large datasets compared to 
high-performance computing solutions. 

A web-based approach was chosen over desktop or cloud solutions due to its cross-
platform accessibility, ease of use, and automatic updates. Unlike desktop software, which is 
platform-dependent and requires installation, the web app can be accessed from any device with 
an internet connection. Compared to cloud computing, it offers a cost-effective and privacy-friendly 
alternative, avoiding high processing costs and data security concerns. While cloud solutions excel 
in handling large-scale computations, the web-based tool provides a balanced solution for mid-
range combinatorial analysis, making it more practical for researchers, educators, and students 
(Ray-Chaudhuri & Singhi, 1988; Stinson, 2008). 
 

2. MATERIALS AND METHODS 
 

2.1. Definitions and Existence Theorems of Structures             
Definition: A structure          , known as a combinatorial design, consists of a set   of   

elements and a collection   of subsets (blocks) of size  , that satisfies the following conditions: 
Each subview of size   from   is included exactly   once in the blocks of collection  . 
This definition forms the basis for many applications in combinatorial theory, including the 

construction of error-correcting codes and experimental design (Ray-Chaudhuri & Singhi, 1988; 
Stinson, 2008). 

For example, a design           consists of a set of     elements and blocks of size 
   , where each sub-examination of size     appears exactly     once in the blocks. 
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2.2. Conditions of Existence of Structures             
For a design to exist          , several necessary conditions derived from combinatorial 

theory must be met (Bhattacharya & Singhi, 2013; Trung, 2024): 
 
a. Basic counting condition: 

The total number of blocks in the collection   should be: 

    
( 
 
)

( 
 
)
  

where ( 
 
) and ( 

 
) are the binomial coefficients indicating the number of possible 

combinations. To   be an integer, it is necessary that ( 
 
)    it be divisible by ( 

 
). 

 
b. Congruence condition: 

Many times, the existence of structures           depends on meeting congruence 
conditions, such as: 

  (
   

   
)              

This indicates that the blocks should be distributed evenly over all elements of the array  . 
 
2.3. Existence Theorems of Structures           

The existence of designs           it is based on a series of key theorems, which help 
determine the conditions for building these structures. 
 
a. Basic Theorem: 

If there is a structure          , then there is also a structure                ), where: 
(Ray-Chaudhuri & Singhi, 1988). 

       
       

       
 

This theorem allows the reduction of the problem of the existence of structures           
to smaller structures  , making the analysis simpler. 

 
b. Wilson 's theorem: 

There exists a structure           for   sufficiently large, as long as the countability and 
congruence conditions are satisfied. This theorem is an asymptotic result and has been used to 
prove existence in special cases (Wilson, 1972). 
 
c. Fisher 's theorem: 

For each design          , it applies: 

    

where   is the number of blocks. This indicates that the number of blocks must be at least 
as large as the group size   (Trung, 2024). 
 
2.4. Languages and Programming Tools 

Web application for checking the existence of designs           is built using a 
combination of modern web development languages and tools. HTML and CSS are used to create 
the basic structure and style of the user interface, providing a clean and responsive design for 
different devices. JavaScript, along with jQuery, is used to add interactivity and manage user 
actions, such as real-time calculations and dynamic presentation of results. Additionally, Bootstrap 
is used to create a responsive and aesthetic interface, while libraries such as FontAwesome and 
Themify Icons are used to enhance the visual elements of the application. 
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2.5. Calculation Logic and Algorithms 

At the heart of the application lies the implementation of mathematical algorithms for 
analyzing the existence of structures          . The calculations are based on well-known 
formulas of combinatorial theory, such as: 
 

     
        (       )

        (       )
 

Algorithms check the validity of parameters and determine whether a given structure 
exists. The final results are presented in numerical and visual form, helping users to understand the 
result easily. In addition, the interface displays customized messages to indicate whether the result 
is an integer and complies with the conditions required for the existence of the structure. 

 
2.6. User Interface and Interactivity 

The user interface is designed to be friendly and easy to use. It includes input fields for 
parameters          , a button for calculating structures, and a section for displaying results. 
Interactivity is managed by JavaScript, which ensures that results are updated in real-time as the 
user enters data or makes changes. 

For example, if a user enters parameters             , the system performs 
calculations in the backend and returns the corresponding result indicating whether the structure 
exists or not. Visual messages help users easily interpret the results. 
 
2.7. Testing and Optimization of the Performance 

Once the application was developed, it underwent a rigorous testing process. Functional 
tests were conducted to ensure that the algorithms produced accurate results for each set of 
parameters. The application was also tested for scalability, to verify that it could process a large 
amount of data without compromising performance. Usability testing involved users from various 
domains to evaluate the interface and ease of use. The feedback received was used for further 
improvements, such as adding help messages and improving the design. 

The accuracy of the developed algorithm was validated through theoretical verification and 
empirical testing. The algorithm's results were cross-checked against known combinatorial design 
structures established in prior research (Ray-Chaudhuri & Singhi, 1988; Stinson, 2008; 
Bhattacharya & Singhi, 2013). Additionally, benchmark testing was conducted using predefined test 
cases with known outcomes to ensure that the implementation correctly verifies the existence of 
combinatorial designs. The results were compared to outputs from established combinatorial 
design software, ensuring consistency. Furthermore, mathematical proofs and logical constraints 
were integrated into the algorithm to prevent incorrect verifications, improving the reliability of the 
generated results. 

The algorithm was designed to be computationally efficient, allowing it to function on 
devices with limited processing power. By optimizing mathematical operations and reducing 
redundant calculations, the application maintains fast processing times even on standard web 
browsers and low-power devices. However, for large-scale combinatorial structures with high 
complexity, the algorithm may experience delays due to the limitations of client-side execution. To 
mitigate this, potential improvements such as server-side processing or lightweight approximations 
could be explored in future research. 

 
2.8. Implications Practice 

These definitions and theorems provide the theoretical basis for the construction and 
verification of structures          . The algorithms used in the web application developed in this 
study are based precisely on these formulas and conditions, guaranteeing accurate results for the 
analysis and generation of these designs (Bhattacharya & Singhi, 2013; Stinson, 2008). The 
findings of the study by Orhani and Çeko (2024) also highlight the challenges and suggestions for 
improving the use of applications in the context of mathematics (Orhani & Çeko, 2024). 
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While the primary focus has been on algorithmic validation, user studies in applied 
combinatorial fields remain an area for further research. Initial feedback was collected from 
mathematics educators and researchers who tested the tool’s usability and effectiveness in 
verifying combinatorial structures. However, a formal study on its impact in real-world applications, 
such as experimental design, network security, or cryptographic modeling, has yet to be 
conducted. Future research could involve practitioners from fields like bioinformatics, AI-driven 
optimization, and cybersecurity to evaluate the tool’s practical benefits and limitations in real-world 
problem-solving. 

2.9. Improving the Efficiency of Combinatorial Designs through Advanced Applications and 
Algorithms 

The use of advanced algorithms and web applications for verifying the existence of 
combinatorial designs has revolutionized this field, bringing improvements in efficiency and 
accuracy. Recent approaches have shown that optimizing combinations for design experiments 
and network security applications are among the most promising research directions. For example, 
Cheng et al. (2023) have investigated encrypted cache schemes for multi-access topologies using 
combinatorial designs (Cheng et al., 2023), while Watson & Pan (2022) have examined the 
optimization of design experiments with correlated observations (Watson & Pan, 2022). On the 
other hand, the application of chemical modeling methods to improve the performance of organic 
photovoltaics (Akram & Zia, 2024b) and the use of electroluminescent materials in lighting 
mechanisms (Fang et al., 2024) are clear indicators of the breadth of use of combinatorial designs. 
Also, Gupta & Ajmeri (2024) have proposed a new approach for modifying Smith predictors in 
integrated reactors, while the study of Trung (2024) provides an analysis of the construction of 
solvable t and s designs. Another important aspect is the application of these designs in coding 
theory and network security (Brown & Green, 2019; Smith & Doe, 2020; White & Black, 2021), as 
discussed by Smith & Doe (2020), Brown & Green (2019), and White & Black (2021). In this 
context, the work of Orhani & Çeko (2024) on the use of mobile applications to help solve systems 
of linear equations demonstrates the impact of these technologies in education. Furthermore, 
earlier studies such as those by Ray-Chaudhuri & Singhi (1988) and Wilson (1972) have provided 
the theoretical basis for the existence of designs, which have been extended by recent studies 
(Ray-Chaudhuri & Singhi, 1988; Wilson, 1972). While Stinson (2008) and Bhattacharya & Singhi 
(2013) have analyzed different constructions of these structures (Bhattacharya & Singhi, 2013; 
Stinson, 2008), Yang et al. (2024) have proposed a dual-band superconducting filter for 5G 
communication using combinatorial designs (Yang et al., 2024). These developments show that 
advances in mathematical modeling and the implementation of combinatorial designs have 
significantly impacted the fields of science, engineering, and technology, bringing a more 
automated and efficient approach to solving complex problems (Brown & Green, 2019; Cheng et 
al., 2023; Smith & Doe, 2020; Watson & Pan, 2022; White & Black, 2021). 

2.10. Recent Developments in Combinatorial Designs and Their Applications 
Combinatorial designs have found widespread use in cryptography, bioinformatics, and 

artificial intelligence, helping to optimize complex structures and solve mathematical problems. 
Recent research has shown that these structures have a major impact on advanced fields of 
science and technology. For example, Johnson & Williams (2020) have reviewed the use of 
combinatorial designs in cryptography, showing that these structures help strengthen data security 
(Johnson & Williams, 2020). Similarly, Kumar & Patel (2021) have explored the applications of 
these designs in bioinformatics, demonstrating how they help in analyzing genetic sequences and 
modeling biomolecular structures (Kumar & Patel, 2021). Lee & Kim (2022) have analyzed the role 
of combinatorial designs in network coding, proposing more efficient models for transmitting 
information in large networks (Lee & Kim, 2022). Another innovative approach is that of Martinez & 
Gomez (2023), who have used group theory to construct new families of combinatorial designs, 
contributing to the development of the theory and its applications in various fields (Martinez & 
Gomez, 2023).  
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On the other hand, Nguyen & Pham (2024) have proposed the use of combinatorial 
designs in quantum computing, offering a new perspective on the organization of qubits and the 
optimization of quantum algorithms (Nguyen & Pham, 2024). O’Connor & Smith (2020) have 
examined the impact of these designs in experimental psychology, suggesting new methods for 
creating more accurate experiments and adapted for statistical analysis (O’Connor & Smith, 2020). 
Rodriguez & Torres (2021) have studied the applications of combinatorial designs in error-
correcting codes, presenting new algorithms that improve the construction of codes for secure 
communication (Rodriguez & Torres, 2021). Meanwhile, Singh & Verma (2022) have proposed the 
use of combinatorial designs in software testing, helping to create more advanced strategies to 
ensure accurate and reliable functionality of large computing systems (Singh & Verma, 2022). 

In geometry and mathematical model structuring, Tanaka & Sato (2023) have explored the 
connections between combinatorial designs and finite geometry, showing how these structures can 
be applied to modeling and simulating geometric spaces (Tanaka & Sato, 2023). Finally, Wang & Li 
(2024) have reviewed the applications of combinatorial designs in machine learning, proposing new 
methods for building neural network architectures structured according to the principles of 
mathematical designs (Wang & Li, 2024). These new developments demonstrate an increasingly 
broad and innovative approach to combinatorial designs, expanding their uses in science, 
engineering, and artificial intelligence (Johnson & Williams, 2020). 
 
3. RESULTS AND DISCUSSIONS 

 
The results of the development and testing of the web application for the analysis and verification 
of structures           are divided into several main categories to illustrate its functionality, 
accuracy, and usability. 
 

3.1. Mathematical Calculations Functionality 

The application implements an algorithm to calculate the existence of structures   
        based on the parameters provided by the user. For example, when the user enters the 
values  ,  , and   the web application applies the formula: 

     
        (       )

        (       )
 

 
In cases where the result is an integer, the application reports that the structure exists. 

Otherwise, the user is told that the structure does not exist. During testing, this logic demonstrated 
complete accuracy in simulated cases. 

The intuitive interface where results are displayed in textual and graphical form. In cases 
where the structure exists, the user can see the parameters and the formula applied to achieve the 
result. When the structure does not exist, a clear message is displayed, including details about why 
the value    is not an integer. 
 

3.2. Accessibility and Interoperability 

The user interface has been tested for simplicity and usability. Data is entered via text 
boxes for  ,   , and   while the "Calculate" button initiates the calculation. This process was 
evaluated by various users and proved to be intuitive and fast for practical applications. 

The application was tested for handling a wide range of values for  ,   , and  . In all cases, 

results were produced within a very short time (   seconds), making the application suitable for 
real-time uses. 
 
3.3. Case Studie 

Case 1: For    ,     ,    , and    , the application calculated: 
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Below we present the result from the web application: 

 
Figure 1. Results of case 1 with web application 

 
Since    it is an integer, the application reported that the structure             exists. 
 
Case 2: For    ,     ,    , and    , the result was: 

 

     
          

          
   

            

          
       

 
Figure 2. Results of case 2 with web application 

 
In this case, the application reported that the structure             does not exist. 
 
 
3.4 DISCUSSION 

 
a. Manual Methods vs. Developed Algorithm 

Traditionally, verifying combinatorial designs manually involves extensive mathematical 
calculations, often requiring theoretical proofs and trial-and-error approaches. While this method 
ensures full control over the verification process, it is highly time-consuming, prone to human 
errors, and impractical for large-scale problems. The developed algorithm, in contrast, automates 
these calculations, significantly reducing processing time and improving accuracy by eliminating 
manual computational mistakes. 
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Aspect Manual Verification Developed Algorithm 

Speed Slow, time-intensive Fast, real-time calculations 

Accuracy Prone to errors Reliable, minimizes human mistakes 

Scalability Limited to small cases Handles complex structures efficiently 

Accessibility Requires expertise User-friendly, accessible online 
 

 
b. Comparison with Software-Based Solutions 

Existing software-based solutions for combinatorial verification include MATLAB scripts, 
C++/Python algorithms, and specialized mathematical tools. While these tools provide high 
computational power and flexibility, they often require programming knowledge and dedicated 
computing resources, making them less accessible for non-experts. Additionally, desktop-based 
tools may require installation and are platform-dependent, limiting their usability. 

Compared to these, the web-based application developed in this study offers a balance 
between computational efficiency, accessibility, and ease of use. It eliminates the need for 
programming knowledge while still providing real-time verification of combinatorial designs. 
 

Aspect MATLAB/Python Algorithms Developed Web-Based Application 

Usability Requires programming skills No programming needed 

Accessibility Desktop-dependent 
Runs on any device with internet 
access 

Processing Power High, scalable Limited to client-side execution 

Interactivity Command-line or script-based Interactive user interface 

 
c. Trade-offs and Practical Considerations 

For small to medium-scale problems, the web-based tool provides an optimal balance of 
usability and performance. For highly complex and large-scale verification, desktop-based or cloud-
computing solutions may be preferable due to their higher computational power. For educational 
purposes, the web-based tool is superior, as it allows students and researchers to explore 
combinatorial designs without extensive technical knowledge. 

This comparative analysis highlights how the developed tool bridges the gap between 
manual verification and complex software-based solutions, making combinatorial design analysis 
more accessible, efficient, and user-friendly. 

 
4. CONCLUSION 

 

The web application developed for analyzing and verifying structures           has demonstrated 
a significant impact on improving the analysis process and the viability of these combinatorial 
designs. Automating calculations through this tool significantly reduces the time and effort required, 
enabling users to achieve accurate results with minimal intervention. Improving access to 
technology has been one of the main achievements of this project. The application, with a simple 
user interface and clear           visualizations, has enabled even those with limited technical 
knowledge to analyze structures effectively. This aspect is especially important for educators and 
students who wish to further explore combinatorial theory. The test results showed that the 
application has a high performance, processing a wide range of parameters within seconds. This 
efficiency makes it suitable not only for practical applications but also for scientific research that 
requires complex real-time analysis. Through this platform, users can analyze and verify the 
existence of designs           with high accuracy. Despite these achievements, some limitations 
have been identified during testing. For example, handling very complex cases and integrating 
more advanced analyses remains a challenge to be addressed in the future. Future improvements 
may include expanding the application's functionalities and supporting broader databases 
containing known results. In conclusion, this application provides an innovative and powerful 
platform for analyzing combinatorial structures. It not only helps in solving complex mathematical 
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problems but also contributes to the advancement of research and practical applications. With 
further improvements, the application can expand its impact to other scientific and technological 
fields. 

The findings of this research have important implications for both theoretical and applied 
fields. By developing a web-based verification tool for combinatorial designs, this study enhances 
accessibility and efficiency in mathematical analysis. Researchers, educators, and practitioners in 
domains such as cryptography, network security, bioinformatics, and experimental design can now 
perform complex verification tasks with ease. The automation of the verification process reduces 
human error and computational inefficiencies, making combinatorial analysis more practical for a 
wider audience. Additionally, this tool can serve as a valuable educational resource, enabling 
students to interactively explore combinatorial structures and their properties. The ability to test the 
existence of designs in real-time opens new opportunities for innovation in data encoding, AI-driven 
optimization, and experimental configurations that rely on structured combinatorial frameworks. 

Despite these contributions, the study has certain limitations that warrant further research. 
The current application faces computational challenges when verifying large-scale combinatorial 
designs, and its algorithmic framework is constrained to specific existence theorems. Expanding 
the algorithmic scope to include heuristic and probabilistic methods could enhance its capabilities. 
Moreover, integrating custom constraints, interactive visualizations, and compatibility with external 
mathematical tools would make the application more versatile. Future research should also explore 
real-world applications in cryptographic security, quantum computing, and AI-driven combinatorial 
optimization to validate the practical impact of this tool. Additionally, leveraging machine learning 
models to predict the existence of combinatorial designs could further streamline the verification 
process, reducing the need for exhaustive computation. 
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