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Abstract: This study addresses the prevalent gap between formal and informal architectural 

methodologies in software engineering. Recognizing the potential of informal architecture artifacts 

in analytical processes, we introduce a groundbreaking methodology that efficiently transforms 

these informal components into structured formal models. This method facilitates a deeper 

understanding and utilization of informal diagrams and enhances analytical capabilities through 

graph analysis techniques. By leveraging user-friendly tools like Draw.io, the methodology 

democratizes the modeling process, making sophisticated architectural analyses accessible to a 

broader spectrum of professionals without requiring deep expertise in formal methods. The 

innovative aspects of this methodology lie in its ability to streamline the transformation process, 

significantly improving both the efficiency and effectiveness of model creation and analysis. These 

enhancements are demonstrated through a practical application involving a sample architecture 

diagram, where the resulting model is thoroughly analyzed using advanced graph analysis tools 

like Python's NetworkX library and Neo4j. This approach bridges the theoretical and practical 

divides in software architecture and sets a new standard for integrating informal artifacts into 

systematic engineering workflows. In addition, considerations for Artificial Intelligence 

developments are discussed. 

Keywords: software architecture; modeling; simulation; architecture; artificial intelligence 

 

1. Introduction 

In the evolving landscape of software engineering, a significant gap persists between the 

theoretical methodologies proposed in research and the pragmatic approaches applied in practice. 

Research often emphasizes the rigor of formal methods, which are meticulously structured and aim 

to ensure semantic clarity and programmatic integrity [1][2]. However, these methods require a deep 

understanding of specialized modeling languages and tools [3], creating a barrier to widespread 

adoption due to the niche expertise required. 

Conversely, informal methods predominate in the practical realm. Engineers frequently rely on 

natural-language documents, wikis, and simple boxes-and-lines diagrams due to their ease of use 

and accessibility [4]. Despite their popularity, these informal methods suffer significant drawbacks, 

including structure, formatting, and syntax inconsistencies, which complicate further analysis and 

integration into formal systems [5][6]. 

This paper introduces an innovative methodology that bridges this divide by transforming 

informal, often chaotic architectural diagrams into structured, formal models. Our approach 

leverages the user-friendly diagramming tool Draw.io (also available online as diagrams.net) to 

extract data from informal boxes-and-lines diagrams. This data is then structured into graph-like 

constructs compatible with advanced analysis tools such as Python's NetworkX library and Neo4j. 

This method not only democratizes the creation of formal models, making them accessible to a 
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broader range of professionals without specialized training in formal methods but it also enhances 

the efficiency and effectiveness of architectural analyses. 

We present a series of techniques that represent an evolution in handling architectural artifacts—

optimizing the transformation process to be more intuitive and less resource-intensive. Our 

methodology is demonstrated through a sample analysis that showcases the complete workflow, 

from the initial extraction of data from informal diagrams to their integration into a structured model 

ready for formal analysis. This approach not only addresses the current gaps in practice but also 

pushes the boundaries of current software engineering methodologies by introducing a scalable, cost-

effective solution that maintains the integrity and utility of formal modeling in a way that is aligned 

with everyday engineering practices. In addition, this is just an initial step to generate cases and then 

use the capabilities of “interpretation” of Large Language Models and advanced pattern recognition 

machines to build an even more powerful methodology. 

2. Background 

2.1. Architecture Diagrams 

What constitutes an architecture diagram does not always have a clear definition [7]. 

Architecture generally shows many views of a system. Diagrams are used in software architecture to 

communicate various aspects of the system using different viewpoints to represent different 

perspectives. This section will describe some of those views with simplified visual examples to 

demonstrate the variety of architectural views and their purpose. 

2.2. Behavioral (Activity) Diagrams 

UML (Unified Modeling Language) is a visual language for modeling software systems [8]. 

SysML (Systems Modeling Language) is a similar language describing complex systems [9]. One type 

of diagram used in UML is the activity diagram, which describes the behavior of a piece of system 

functionality [8][9]. 

This activity diagram (Figure 1) serves as a blueprint, delineating the sequence of actions during 

a software application's login procedure. It portrays interactions simplified without sacrificing the 

technical depth required for accurate interpretation. Key actions such as 'POST username and 

password to API,' 'validate request,' and 'generate token' are articulated distinctly, ensuring 

stakeholders across various technical proficiencies can comprehend and analyze the process 

effectively. Moreover, the diagram incorporates decision logic, epitomized by the conditional 

evaluation that leads to different outcomes—a 401 response for failure and a 200 response with a 

token for successful authentication—thus fostering an understanding of the behavioral logic 

embedded within the system's architecture. 
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Figure 1. A semi-formal UML activity diagram. 

2.2. Logical Network Diagrams 

Network diagrams typically show the logical and sometimes physical segmentation of a 

network. This network diagram (Figure 2) illustrates an architecture that efficiently segregates 

various components of an organization’s IT infrastructure across different network zones, optimizing 

performance and security. It visually divides the network into distinct sections, including enterprise 

networks, a data center with application servers, a manufacturing facility, residential private 

networks, and an enterprise cloud, each serving a unique role within the broader network ecosystem. 

Multiple client computers are connected in the enterprise networks, indicating a typical office 

setup. The data center is the core hub that houses application servers and a central database, 

emphasizing its role in data storage and application management. It is connected to enterprise and 

manufacturing facility clients, demonstrating centralized access to computational resources. 
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Figure 2. A sample diagram of a network. 

Residential private networks connect through a VPN, highlighting the security measures for 

remote access, which is increasingly relevant in modern network designs that accommodate 

telecommuting. The enterprise cloud section, encased within a Virtual Private Cloud (VPC), features 

redundant application servers behind a load balancer, illustrating high availability and fault 

tolerance strategies essential for maintaining continuous service delivery. 

2.3. Cloud Architecture Diagrams 

Cloud architecture diagrams are frequently used to communicate the cloud computing services 

used in a system and the connections between those services. Like a network diagram, a cloud 

architecture shows logical network connections. However, a cloud architecture diagram tends to 

focus more on logical data flow and specific use of cloud technologies. 

For example, in Figure 1, the provided cloud architecture diagram effectively delineates the 

integration and interaction of cloud services within a sophisticated AWS-based infrastructure. 

Central to this architecture is the Amazon API Gateway, which serves as the primary conduit through 

which mobile and web applications communicate, ensuring streamlined interactions across various 

services. Authentication is robustly managed through AWS Lambda functions that interface with 

Amazon Cognito and Active Directory, providing a secure and flexible authentication system 

suitable for diverse user environments. 

This diagram also highlights the orchestration of multiple AWS services to enhance functionality 

and performance. Amazon S3, DynamoDB, and Elasticsearch handle data storage and processing, 

ensuring high availability and quick access to data. Amazon CloudWatch is integrated for 

comprehensive monitoring and operational health checks, demonstrating the system's ability to 

efficiently maintain performance and reliability. This architectural visualization showcases the 

system’s operational workflows and emphasizes the strategic use of cloud technologies to optimize 

data flow and resource management within the cloud ecosystem. 
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Figure 3. A sample informal diagram of a cloud infrastructure architecture. 

2.4. Structural Diagrams 

An Entity Relationship Diagram (ERD) communicates the structure and relationships between 

data tables [8]. For example, the ERD example (Figure 4) outlines the data relationships within a blog 

management system featuring three primary entities: User, BlogPost, and BlogContent. The User 

entity stores comprehensive user details and has a one-to-many relationship with the BlogPost entity, 

indicating that a single user can author multiple blog posts. Each blog post includes attributes like 

title, description, and content status (draft or published) and can be associated with multiple 

BlogContent records, which handle potentially large or segmented text elements of each post. This 

ERD effectively showcases the structured data interactions fundamental to the platform’s operation, 

emphasizing how content is authored, stored, and updated. 
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Figure 4. A sample diagram of a database schema. 

This diagram style has different syntaxes depending on the language (e.g., UML, SysML), but 

the general purpose is the same [8][9]. This type of diagram shows the objects or data entities in a 

system. It can be used to represent database tables or class relationships. Similar diagrams can be 

used in cyber-physical domains using SysML to show the logical structure of a system [8]. 

2.5. Other Diagram Types 

There are many other types of diagrams used in software and systems engineering. These 

sometimes overlap in purpose or syntax and lack consistency in notation. The examples above are 

illustrative examples of the variety of these diagram types in syntax and purpose. 

Other diagrams that could be considered are [8][9]: 

 Sequence Diagrams 

 Use Case Diagrams 

 Deployment Diagrams 

 Component Diagrams 

 State Machine Diagrams 

 Class Diagrams 

 Package Diagrams 

It should be noted that the methodology presented in this paper is intended as a general solution 

to data extraction and modeling rather than a solution to a single diagram type. 
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3. Tooling 

3.1. Diagrams.net (Draw.io) and MxGraph 

Several different tools are available for creating diagrams. One of these is Diagrams.net 

(formerly Draw.io), a web-based diagramming tool that can generate a variety of general-purpose 

diagrams [10]. In addition to the web-based version of the tool, there is also a desktop version 

(branded as Draw.io Desktop) [11] and a Visual Studio Code (VSCode) extension [12][13], which is 

an unofficial version of the tool that allows software developers to edit diagrams directly in Visual 

Studio Code. 

The .drawio format is a readily parsable XML file based on MxGraph, and XML format for 

storing graph data structures [14]. Other formats were explored so the diagrams could be readily 

embedded in Markdown files. Importantly, the files need to be parsable so that data can still be 

extracted from the diagram. 

3.2. Draw.io VSCode Integration 

One method explored for diagramming is using the Draw.io VSCode extension by Henning 

Dieterichs [12]. This extension embeds the Draw.io application into VSCode so that files with 

extensions *.drawio, *.drawio.svg, or *.drawio.png will be opened in a Draw.io tab rather than an 

ASCII text file. 

3.3. Other Tool Considerations & Tool Selection 

Microsoft Visio, Lucidchart, and Gliffy were other tools considered for this method. Draw.io was 

selected for its accessibility and open-source nature. 

Both the desktop tool and the VSCode extension were used to generate diagrams. Draw.io was 

chosen for this analysis due to its widespread use, general purpose use case, and open-source nature. 

4. Methodology 

This section outlines the general method for creating structured models from informal Draw.io 

diagrams. The drawio.png file format will be the primary focus for its practical use in documentation 

[15]. 

1. Begin with a Draw.io diagram, saved as a .drawio.png file. Those wishing to reproduce this 

method may use the image below as it uses this format. In this case, a simple activity diagram is 

used. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 7 May 2024                   doi:10.20944/preprints202405.0305.v1

https://doi.org/10.20944/preprints202405.0305.v1


 8 

 

 

Figure 5. A sample activity diagram. 

2. Extract the MxFile data from the image. The MxFile XML is stored as metadata in the image. 

This can be extracted and converted into a usable format. 

3. Convert to JSON (optional). As an intermediate step, the method used in this paper converts 

the MxFile XML to JSON. This is done primarily for the convenience of working with JSON over 

XML and can be skipped if needed. 

4. Convert to NetworkX. Next, data is converted into a usable model. The primary method used 

for the demonstration is Draw.io, but there are no technical limitations to the format at this point. 

With a NetworkX model, a usable format is available for analysis or visualization. 
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Figure 6. A NetworkX model of the sample activity diagram 

5. Infer Additional Information (optional). A final step is to infer additional information that 

might be useful in a model that was not present in the original diagram. This is discussed in 

detail later in this paper. 

The remaining sections of this paper will cover each of these stages in detail. First data extraction 

and format conversion is discussed, then inferences. Finally, an end-to-end example is shown which 

demonstrates indexing, query, and analysis concepts. 

5. Extracting Data from Informal Artifacts 

5.1. File Formats 

A simple “Hello, World” diagram is used as an illustrative example to break down each file 

format. This sample diagram contains two nodes labeled “Hello” and “World,” shown below. The 

“Hello” node has a data property called name with a value of foo. While this is ultimately a simple 

example, it will be used to show the contents of each file type in detail. 

 

Figure 7. The Hello World diagram. 
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5.2. The .drawio File Format 

Draw.io uses the MxGraph library to store graph data [14]. The full format is shown in Appendix 

B. MxGraph stores data in MxFiles, which are XML documents, as shown in the hello.drawio XML 

code snippet below. 

 

Figure 8. This is the format of. drawio files. 

5.3. The .drawio.svg File Format 

The .drawio.svg format encodes the diagram as an SVG file, which is an XML document that 

describes the geometry and style of an image. The mxfile is stored as a string in the content attribute 

on the top-level SVG tag, this data for the Hello World example is shown below: 

 

Figure 9. Data for the Hello World Example. 

The data value in the content attribute contains escaped HTML. Unescaping the HTML gives an 

MxFile; however, the data is still encoded. The data is URL encoded, then deflated, and base-64 

encoded. Reversing this encoding gives the MxGraph XML, as shown in Fig. X. 
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The tool CyberChef [16] was used to represent the complete extraction method in a platform 

agnostic way. The CyberChef recipe for converting the original SVG file to the MxGraph XML data 

is: 

 

Figure 10. The CyberChef recipe for converting the original SVG file to the MxGraph XML data. 

5.4. The .drawio.png File Format 

This was a bit simpler and seems to lend itself better to document generation. The PNG is URL 

encoded, so a simple URL decode returns the Mxfile XML data in the PNG, which can then be 

extracted using a simple RegEx. 

The cyberchef recipe to extract the MxFile is this: 

 

Figure 11. The cyberchef recipe to extract the MxFile. 
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6. Extracting Data from PNGs 

6.1. Extracting the MxFile 

The following function takes as input a file path (called fpath) pointing to a .drawio.png file and 

returns the MxFile XML as a string. 

 

Figure 12. Python Code for getting the_Mxfile function. 

6.2. Converting to JSON 

The Python code to convert this into JSON is as follows: 

 

Figure 13. Python code to convert to JSON. 

This uses a custom MxGraph class which contains the logic for parsing the MxGraph into a 

flattened list of dictionaries. 

7. Creating Models 

NetworkX converts the MxFile contents to a more usable format. It provides functionality for 

working with graph data structures, such as traversal and analysis, and visualization capabilities. 

The following Python code demonstrates how to convert the MxFile contents to NetworkX. In 

short, all diagram elements are traversed and identified as either a node or an edge. The appropriate 

NetworkX functions are used to add the elements to a NetworkX graph. Note that the below code 

snippet simplifies the actual code to illustrate the methodology. The algorithm used in practice 

captures node label information, style, and coloring. The complete code is available online. 
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Figure 14. Python code to convert the MxFile contents to NetworkX. 

8. Inferring Information 

After extracting data from the diagram and converting to a NetworkX graph, the graph can be 

analyzed to infer information not contained in the diagram data. This section discusses several of 

these concepts with examples. 

8.1. Geometric Inferences 

Consider the previous network or behavior diagrams. In each diagram, there are geometric 

relationships (i.e., one diagram element is inside another). This is shown as network enclaves or 

subnets in the network diagram or swimlanes in the activity diagram. 

If there are no explicit relationships between the diagram elements inside a container and the 

container itself, it is possible to identify and create those with simple geometric filtering using the 

following pseudocode: 
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Figure 15. Pseudocode for simple geometric filtering. 

In this example, the graph is analyzed for nodes that are inside other nodes. By comparing each 

node to each other node, elements whose bounds lie entirely within the bounds of another element 

are identified. If this condition is true, an in relationship is added between those two elements. While 

this may be an inefficient approach to this problem at scale, diagrams are designed to be visual and 

therefore should not reach a scale where this becomes a computationally hard problem. 

8.2. Parent-Child Relationships 

A similar approach can be applied to identifying parent-child relationships in the diagram. This 

is applicable when there is a hierarchical link between two elements rather than a relationship link. 

For example, in MxGraph certain elements can be nested inside other elements differently from the 

geometric approach above. MxGraph uses a parent attribute on a graph element to indicate this. This 

often applies to swimlanes or other grouping elements. 

To capture these relationships, the following Python code is used: 

 

Figure 16. Python code to capture parent-child relationships. 

In this case, a complementary bi-directional relationship is created between the two elements. 

8.3. Other Inferences 

 Traversing intermediate connections. Another example is traversing intermediate connections. 

This could address the need to understand the relationships in a diagram while traversing the 

graph (e.g. element A is linked to B is linked to C). It will be shown later in this paper that by 
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leveraging modern graph databases, this sort of pattern can be identified without the need for 

making the inference manually. 

 Grouping by proximity. Grouping related elements together based on proximity, within some 

specified tolerance, has also been suggested. 

 Element type identification. Identifying different types of diagram elements can also be useful. 

This can be done either by adding data fields to elements or considering element style. 

 Edge types / edge labels. The demonstrated approach ignores edge labels in MxGraph due to 

the added complexity and distraction for the core method being presented. In MxGraph, edge 

labels are vertices making their role in the graph more complex. In future work, it is 

recommended that this be reconciled and edge labels. 

9. End-to-End Example 

In this section, an end-to-end example begins with an architecture diagram and uses the data 

extraction methods presented to generate models that can be queried. Analysis techniques are 

demonstrated to answer representative real-world questions and provide insight into a system. 

9.1. Creating the Model 

This network diagram (Figure 17) provides a detailed visualization of the infrastructure typically 

deployed in a small business, segmenting the network into four distinct enclaves: Enterprise Offices, 

Manufacturing Facility, Data Center, and Cloud-Based Back-Office Analytics. The Enterprise Offices 

are connected through a router, illustrating the flow of information from multiple client computers 

within the office environment. This setup is essential for the day-to-day operations of office staff, 

providing them access to centralized data and applications hosted on-site. 

The diagram further shows the Data Center, which houses multiple application servers and 

databases, labeled as SRV01, SRV02, SRV03, and DB01, DB02, and DB03, respectively, indicating a 

robust setup for handling various business applications and data storage needs. Back-office analytics 

is handled in the cloud, featuring a load-balanced environment with data lakes for advanced data 

processing and analytics. This separation highlights the specialized use of cloud resources for 

handling large-scale data processing separate from the everyday operational data, optimizing 

performance and scalability. Additionally, the Manufacturing Facility is depicted with fewer details, 

showing connections between workstation and mobile clients, emphasizing its operational 

independence but integration into the broader network architecture. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 7 May 2024                   doi:10.20944/preprints202405.0305.v1

https://doi.org/10.20944/preprints202405.0305.v1


 16 

 

 

Figure 17. Simplified representation of a network that might be used in a small business. 

This example will demonstrate how one might analyze a network to understand interactions 

between systems, analyze impacts, or assess risk. Next, the diagram is converted to a NetworkX 

graph, and additional information is inferred, as described in the previous sections. The edges 

colored red are the inferred relationships that capture the geometric containment (“in” 

relationships”) of diagram elements inside the network enclaves. In the following sections, this 

information is used to show how to query the model. 

 

Figure 18. Inferred relationships of diagram elements inside network enclaves. 
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9.2. Indexing with Graph Databases 

Indexing the graph using a Graph database allows for more complex queries to be performed 

using the Cypher query language. The image below shows a simple representation of the graph in 

Neo4j. 

Graph databases are optimized for indexing and querying graphs [17]. For this paper, Neo4j 

Community Edition was chosen because it is widely accessible and easy to set up. The Cypher query 

language was intuitive and well-suited to the types of analyses intended for this example. In this case, 

a simple match query (e.g., MATCH (n) RETURN n) returns all elements in the graph. The following 

section explores more complex queries that leverage Cypher’s pattern-matching capability to answer 

questions about the system. 

 

Figure 19. Simple representation of the graph in Neo4j. 

9.3. Querying with Cypher 

The following query demonstrates how to query the model for all databases and nodes they are 

connected to. 

MATCH (db:Database)<-[r]->(n) RETURN db, n 

This query returns all nodes of type Database (e.g., (db:Database)) and all nodes they connect to 

(e.g. (n)) with no regard for the relationship direction (e.g. <-[r]->). This yields the following results. 
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Figure 20. Get all databases in the system. 

Consider a more practical scenario where an enterprise has identified a critical or sensitive asset. 

The graph model can be used to identify high-risk components in the architecture (e.g nodes that 

connect to that asset directly or indirectly). The Cypher query below demonstrates how to do this. 

 

Figure 21. Python Code for the Cypher query. 

In this case, a similar MATCH pattern is used, with one notable exception: the relationship is 

specified as a variable-length path (e.g. r:EDGE*0..4) and only includes the EDGE type (ignoring the 

inferred IN relationships shown in previous sections). The query then applies a WHERE condition to 

limit the database match to only the high-value asset. 
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Figure 22. Get all items up to four steps from the data lake. 

10. Results 

A general method for creating models from informal architecture diagrams generated with 

Draw.io was presented. The method was effective for creating models that can be queried to analyze 

a system's characteristics. 

This method contributes to systems and software architecture knowledge by providing a 

methodology for addressing the gap between formal and informal architectural artifacts [18]. While 

clear gaps remain in the need to keep implemented systems aligned with their architecture [5], this 

method makes creating formal architecture artifacts easier and more accessible to implementation 

teams based on their current workflows that leverage informal documents rather than formal 

architectures [19]. 

It is important to note that trends in modeling are moving towards more text-based code-like 

formats, as demonstrated with the initial release of SysML 2.0 [20]. This is designed to make MBSE 

(Model-Based Systems Engineering) models more semantic and executable and allow them to follow 

processes reminiscent of software engineering. 

11. Next Steps: Incorporating Artificial Intelligence to Enhance the Methodology 

Integrating advanced computational techniques, particularly artificial intelligence (AI), can 

markedly influence the evolution of software engineering methodologies. The methodology 

described here to transform informal software architecture diagrams into formal models can also 

utilize the latest AI technologies to bridge significant gaps in traditional methods. 

11.1. Methodology Evolution and Optimization 

Our methodology can leverage AI to evolve and optimize the transformation process of 

architectural artifacts. This approach significantly enhances the efficiency and effectiveness of 
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converting informal diagrams into structured, formal models by employing large language models 

[21] and advanced pattern recognition systems, such as those utilizing transfer learning [22] from 

networks like ResNet-50 [23]. This automation will speed up the process and reduce human error 

and the subjectivity of manual interpretation. The methodology proposed in this paper can be used 

to build a massive learning book that includes structured and unstructured data. 

11.2. Machine Learning Integration 

The integration of machine learning algorithms facilitates the automatic recognition and 

classification of elements within informal diagrams, which can be particularly nebulous and 

unstructured. For example, machine learning models can be trained to identify and categorize 

diagrammatic components into predefined classes, streamlining the data extraction and 

transformation process. This application of AI supports a more thorough and nuanced analysis of 

architectural diagrams, enhancing the precision and reliability of the resulting formal models. 

11.3. Innovative Aspects and Improvements 

This future incorporation of AI will introduce several innovative aspects: 

1. Automation of Model Transformation: AI largely automates transforming diagrams, reducing 

the time and resource investment required and allowing engineers to focus on more strategic 

tasks. 

2. Enhanced Analysis Capability: AI enhances the capability to analyze complex diagrams by 

interpreting intricate patterns and relationships that may not be immediately apparent to human 

analysts. 

3. Scalability and Adaptability: AI algorithms can quickly adapt to new types of diagrams and 

scale to handle large datasets, which is crucial for enterprises with extensive systems 

architectures. 

11.4. Practical Applications and Future Work 

This AI-enhanced methodology can be applied across various domains, including—but not 

limited to—automotive, aerospace, and IT infrastructure, where complex systems modeling is 

crucial. Future work will focus on introducing these AI models to handle an even broader array of 

diagram types and exploring their integration with other tools and platforms used within the 

industry. 

12. Conclusions 

This paper presented a method for creating models from informal architectural artifacts. While 

this paper has demonstrated that the problem is feasible, much work remains. First, we need to 

explore the feasibility of this approach with other tools. While Draw.io is a popular tool, it is not the 

only tool used to create informal diagrams. Second, intelligent inferences about the diagram should 

be further explored. Further intelligence can make this a far more practical technique for analysis. 

One such approach beyond the inferences presented in this paper is to consider applying this 

technique at scale with many diagrams describing a system and exploring the ability to link common 

elements across diagrams. Finally, we don’t see a path toward industry adoption without easy-to-

use, robust software tooling. We view that as a critical step towards adopting this technique in 

practice rather than a research novelty. Artificial intelligence, particularly pattern recognition and 

large language models, has tremendous potential to support and enhance the methodology. 
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