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METHOD OF AUTOMATED CONTINUOUS GENERATION OF UML DIAGRAMS IN
LARGE-SCALE SOFTWARE REPOSITORIES

Large-scale software projects often struggle to keep design documentation, such as UML diagrams, up-to-date with rapid
code changes. This article proposes a method to integrate automated UML diagram generation into the continuous
Integration/continuous deployment (Cl/CD) pipeline of a large .NET code repository. Upon each commit to the main branch, the CI
pipeline triggers a secondary process that uses an AI component to detect code structure changes and update or create corresponding
UML diagrams. Existing diagram definitions are retrieved and provided to the Al alongside code diffs, enabling it to generate revised
UML. The updated diagrams are then published back to the documentation page, replacing outdated content. This ensures that
architectural diagrams continuously evolve with the codebase, eliminating documentation drift and reducing manual effort. The main
pipeline comprises: building the primary solution, executing the UML generation module, updating documentation, and then
proceeding with further build steps. The approach leverages text-based "diagrams-as-code” and Al to maintain living documentation
in real time. The paper analyzes recent research in continuous documentation and Al-driven code visualization, outlines the
implementation in detail, and discusses the benefits and challenges.

Keywords: automated UML models generation, Al-driven UML modeling, software quality assurance, object-oriented
programming, Cl/CD pipeline, large-scale repositories.

BOMKO B’suecnas, MAPTUHIOK Barepiii

XMeNbHUIBKUH HalliOHAJIBHUI YHIBEpCHTET

METOJ ABTOMATU30BAHOI'O TEHEPYBAHHSA UML JAIATPAM Y
BEJIMKOMACHITABHUX PEITIO3UTOPIAX KOAY

BesikomacwtabHi rporpamHi MpoeKTH YacTo CTUKAIOTLCS 3 MPO6J/IEMOIO aKTyasIbHOCTI MPOEKTHOI JOKYMEHTAL)], 30KpeEMa
UML-giarpam, y KOHTEKCTI WBUAKUX 3MIH y BUXIGHOMY Kogl. Y uiyi CTaTTi 3anporioHOBaHO METO4 IHTerpauii aBToMaTn30BaHoro
reHepyBaHHa UML-giarpam y KoHBeEp 6e3rnepepBHoI iHTerpauii 1a posroprarHs (Cl/CD) sesmkoro .NET-periosuTopiro. [Tic/is koxxHoro
KOMITYy [0 ro/ioBHOI rifiku CI-KOHBEED 3aI1yCKaE BTOPUHHWU TPOLIEC, SKUY BUKODPUCTOBYE KOMITOHEHT LUTYYHOrO IHTENEKTY ANS
BUSIBJIEHHSI 3MIH Y CTDYKTYPI KOAY Ta CTBOPEHHSI ab0 OHOB/IEHHS BiAnoBigHnx UML-giarpam. ICHyoHi BU3HAYEHHS Aiarpam
OTPUMYIOTLCS Ta MEPEAAIOTLCA Pa3oM (3 3MIHaMM B KO4i, o Aa€ 3mory AI-mogy/mo reHepysatv oHosseHi UML-mogesni. OHOBIEHT
Aiarpamu ry6JiikyroTeCS Ha CTOPIHLI AOKYMEHTALY, 3aMIHIOOYH 3aCTapl/inid 3MICT.

Lle 3abe3reqyye 6e3repepBHy eBOOLII0 aPXITEKTYPHUX Aiarpam Pa3oM (3 KO4OM, yCyBaroumn po3puB MK JOKYMEHTAaLE Ta
peanizalieto ¥ 3MEHLLYOYN pyyqHi BUTPaTU. OCHOBHMY KOHBEED BKITIOYAE: 36MPAHHS OCHOBHOIO DIlIEHHS], BUKOHAHHS MOAYJ/IS
reHepyBaHHs UML, OHOB/IEHHS JOKYMEHTALIi Ta rnogasibLul eTamm 36ipku. Ti4xi4 BUKOPUCTOBYE TEKCTOBUMY OPMAT <alarpamu-saK-Kog»
Y MOEAHAHHI 31 LUTYYHUM [HTE/IEKTOM A/151 MIATPUMKN XNBOI LOKYMEHTALIII B PEXUMI PEATIbHOIO Yacy. Y CTarTi poaHasi30BaHo CyYacHf
AOCTKEHHS] 3 6e3repepBHOI AOKyMEHTaUI Ta AI-KepoBaHOI Bi3yasizauii Kogy, AOKIaAHO OMUCAHO Peasi3aluito 1a po3r/isgHyTo
11EPEBAIY U BUKITMKH.

Kmto40Bi ¢/10Ba; aBTOMAaTH30BaHe reHepyBarHs UML mogened, AI-keposare UML-MOAEMOBaHHS, 336€31€HEHHS AKOCTI
TIPOrPamMHOro 3a6€3reYeHHs], 06 EKTHO-OPIEHTOBAHE rporpamyBarHs, koHeep Cl/CD, Be/mKoMacLTabHi pernosuTopii.
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ANALYSIS OF THE LATEST RESEARCH

Ensuring software documentation remains current in fast-paced development is a long-standing challenge.
Industry reports and research indicate that in many organizations, the creation of supporting documents cannot keep
up with the rapid rhythm of code delivery under DevOps. This problem in updating documentation becomes a
bottleneck that limits the value delivered to customers, even as deployment cycles accelerate. Recognizing this, recent
years have seen a push towards continuous documentation practices, sometimes termed “DocOps” or DevDocOps,
which integrate documentation tasks into the development pipeline to produce up-to-date docs alongside the code. For
example, Rong et al. introduced DevDocOps, an approach for automated continuous documentation in DevOps. Their
implementation uses templates and toolchains within the delivery pipeline to generate technical documents in tandem
with code changes [1]. In a large enterprise case study, this reduced the lag between product release and documentation
release from 1 or 2 months to under 2 days. This finding underscores that bridging the gap between rapid development
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and slower documentation processes is possible with automation, thereby extending DevOps principles to
documentation continuity.

Other papers have similarly highlighted the importance of keeping documentation in sync with code for
knowledge preservation. Theunissen et al. discuss the risk of “knowledge vaporization” when project decisions and
design rationale are not documented during agile development. They propose approaches like “Just Enough Upfront”
documentation and treating executable artifacts as “Executable Knowledge” to capture design information
continuously. Automated text analysis is another approach in their study, reflecting a growing interest in applying
AI/NLP to aid documentation in agile processes [2]. Poniszewska-Maranda et al. also note that agile teams often
minimize documentation. However, they stress that some documentation (architecture descriptions, etc.) is still
essential and propose lightweight techniques to integrate documentation in agile workflows [3].

A key enabling technology for continuous documentation is the concept of treating documentation as code.
This entails using text-based formats under version control and generating human-readable docs from these sources.
In the context of design diagrams, this is exemplified by tools like PlantUML and Mermaid, which allow UML
diagrams to be defined in a concise text syntax. Such tools have gained popularity since 2020 for automating diagram
creation directly from code or markdown documents. For instance, PlantUML is an open-source tool that can generate
class, sequence, and other UML diagrams from a plain text description embedded in source files. Because the “diagram
source” is plain text, it can be stored in Git alongside code, diffed, reviewed, and updated as part of normal
development. Notably, PlantUML diagrams can be automatically regenerated as part of CI/CD pipelines, ensuring
they always reflect the latest state of the codebase.

Industry guides highlight that integrating such text-based UML generation in CI/CD helps eliminate
documentation drift: every code change that affects design can trigger an update to diagrams, producing “living
documentation” [4]. As one technical blog put it, “Automated diagram generation within CI/CD pipelines keeps
documentation updated with every code change” [5]. This approach, combined with embedding diagrams in project
wikis or platforms like Confluence via automated scripts, means teams no longer have to manually redraw architecture
diagrams after each refactoring. Instead, the latest system structure is always available in visual form, improving
communication and reducing misunderstandings.

Beyond traditional rule-based tools, Al and large language models (LLMs) have recently been explored for
automating software documentation tasks, including UML diagram generation. The emergence of advanced LLMs
(such as GPT-5) opened new possibilities to interpret code or natural language descriptions and produce design
artifacts. Research in 2024 — 2025 has started to assess the feasibility of using LLMs to generate UML diagrams
automatically. Krishnan et al. conducted a comparative analysis of several LLMs for generating UML use case
diagrams from textual software requirements [5]. Similarly, other researchers have demonstrated that domain-specific
training or prompt engineering enables LLMs to produce correct UML notations. For instance, an experiment by
Alessio et al. demonstrated that GPT-based models can translate natural language descriptions into code snippets and
structural representations, including UML elements [6]. These studies collectively indicate that Al is a promising tool
for automating design documentation, as it can understand code or requirement changes and directly produce updated
UML diagrams.

In practice, we also see early adoption of such Al capabilities in tools. For example, Visual Paradigm’s 2023
update introduced an Al-assisted UML generator that guides users through diagram creation and even auto-generates
draft class diagrams and suggestions [7]. Miro and other collaboration platforms have added Al plugins to create
diagrams from text prompts as of 2023 — 2024. Additionally, case studies by tech enthusiasts illustrate using ChatGPT
to quickly create PlantUML diagrams, saving developers the effort of learning diagram syntax and manually drawing.
For instance, Kostrikova demonstrated a workflow where a system design description is fed to ChatGPT, which returns
a PlantUML sequence diagram that can be rendered to visualize the design [8]. This confirms that current LLMs can
perform UML modeling — translating design intent into diagram code. However, academic evaluations caution that
without careful validation, Al-generated diagrams might contain mistakes or omissions, so a human review or
automated checks are recommended [5][6].

In summary, recent research and practice converge on a few key points: documentation generation should be
continuous and automated to keep pace with agile DevOps workflows; text-based diagrams-as-code and CI/CD
integration are effective means to achieve up-to-date UML diagrams in large projects [9][10]; Al-powered tools and
LLMs are emerging as powerful aids to automate the understanding of code changes and generation of UML artifacts,
though best results often come from domain-specific tuning. These insights set the stage for the method proposed in
this article, which combines these elements to maintain current UML models in a large-scale .NET repository
automatically.

FORMULATION OF THE GOALS OF THE ARTICLE
The goal of this article is to present a novel method for automated, continuous UML diagram generation as
part of the CI/CD process in a large software repository. The method aims to ensure that model diagrams are updated
on each relevant code change without human intervention. We seek to design the integration of an Al-driven UML
generation step into the build pipeline of a .NET project, triggered by code commits, detect and reflect code structure
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changes in the UML documentation, and automatically publish these updated UML diagrams to a Confluence
documentation page. In doing so, the article aims to demonstrate how this approach keeps documentation consistent
with the codebase in real-time and to evaluate its benefits and potential challenges. The ultimate goal is improving
project maintainability and knowledge sharing by eliminating stale design docs.

PRESENTING THE MAIN MATERIAL

The context is a large-scale .NET software project with an existing CI pipeline (e.g., Azure DevOps or
GitHub Actions) that builds and deploys the application. We insert into this pipeline a new job responsible for
generating UML diagrams whenever the code changes on the main branch. The process consists of 4 steps. These
steps are described below.

A developer’s commit merged to the main (master) branch, triggering the continuous integration pipeline.
This typically includes steps like compiling the code, running tests, and perhaps packaging artifacts. In our extended
pipeline, after a successful build of the main .NET solution, control passes to the UML generation stage.

A separate project or module referred to as the UML Generator is built and executed. This component
contains the logic to produce updated UML diagrams. It can be a small .NET console application that runs as part of
the CI job. The UML Generator is configured with access to both the latest code and the documentation repository
(Confluence, for example). Upon running, it performs two primary functions: change detection and model PlantUML
code extraction from the existing document in Confluence via API calls, and calling an Al service to generate the
diagram.

The UML Generator identifies what has changed in the codebase that might affect architectural diagrams.
This could be done by parsing the git diff or comparing the latest build artifacts (assemblies) with a previous baseline.
For example, if a new class was added or an interface changed, these are noted. In a large project, generating a full
class diagram of the entire system would be overwhelming, so the tool can scope the diagrams to specific modules or
components that have changed. Alternatively, the approach can regenerate a set of high-level diagrams on each run —
ensuring they are always current. The choice between incremental updates vs. full regeneration can depend on
performance considerations. For our method, we assume the UML Generator knows what diagrams to produce and
what sections of the code each covers.

Once relevant code changes are identified, the UML Generator prepares input for the Al model. This includes
extracting the current design information. If an existing UML diagram is being updated, the tool will retrieve the latest
diagram definition as a PlantUML text from Confluence using Confluence’s REST API. This serves as context so that
the Al can modify it rather than generating it from scratch. Alongside this, the tool gathers code context. This could
be a simplified representation of the code — for instance, a list of classes and their relationships in the changed module,
or even the raw code of the classes. A pragmatic approach is to use a lightweight static analysis: the tool could utilize
Roslyn, the .NET compiler API, to reflect on the structure and then summarize these changes in text form. For
example, the prompt to the Al might say: “Update the UML class diagram to include the following changes: Class X
(inherits Y, implements interface Z, calls class W) ... The current UML diagram definition is: @startuml ... @enduml.
Modify it accordingly.” This prompt engineering ensures the Al has both the context (existing diagram) and the delta
(code changes).

We leverage an OpenAl model (such as GPT-5) via its API to generate the updated UML diagram code. The
model, with the prompt described, should output PlantUML syntax representing the new or changed diagram. For
instance, if a new class is added, it will add a box for that class and draw associations or inheritance arrows as
described. If a class was modified or removed, the model will update or remove those elements in the PlantUML.
Because the model has limitations, the UML Generator post-processes the output. It can verify syntax by running it
through a PlantUML parser/renderer in headless mode. If any syntax errors are found, the tool can either attempt
minor fixes or log an error. (In a future enhancement, one could even have the Al self-correct by showing it the error,
but our current method assumes a relatively straightforward generation that typically passes syntax).

After obtaining the updated UML diagram code, the UML Generator uses the Confluence REST API to
update the documentation page. The target is a Confluence page that either contains the diagram in an embedded form
or contains an attachment for the diagram. There are a couple of strategies: one is to use a Confluence PlantUML
plugin or macro, where the page content includes the PlantUML source between special tags, and Confluence renders
it. In this case, our tool would perform a page update operation, replacing the old PlantUML block with the new one.
Another strategy is to generate an image from the PlantUML and upload that image. However, maintaining the text
source in Confluence is preferable, so that future updates have a base to diff against, and humans can edit if needed.
Using the Confluence Cloud API, the UML Generator authenticates with a service account or API token, fetches the
current page content in storage format or markdown, and locates the diagram section. It then constructs the new page
content with the updated diagram. The Confluence API requires increasing the page version when updating; our tool
handles this by retrieving the current version number and setting version = old+1 in the update payload. The update
is posted via an HTTP PUT request to the Confluence REST endpoint for page content [9]. On success, Confluence
stores the new version of the page with the updated diagram. This automation essentially replaces what used to be a
manual edit in Confluence.
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Once the documentation is updated, the CI/CD process can continue to subsequent steps such as running
additional tests, packaging, and deployment. If the UML generation stage fails, it will not block the pipeline.
Moreover, the further steps and artifacts deployment happen in parallel to the documentation generation process. The
whole process is shown in Fig. 1.
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Fig. 1. Automated UML diagrams generation

While our implementation focuses on class and component diagrams for a .NET system, the concept can
extend to other diagram types and tech stacks. For instance, sequence diagrams could be updated if there is a change
in a workflow, though automated detection of sequence changes is harder (it may require instrumentation or
conventions in code to map to sequence steps). Some research prototypes generate sequence diagrams from execution
traces or user stories [6], which could be integrated with Al as well. Another use case is updating C4 model diagrams
(Context, Container, Component, Code diagrams), which many modern development teams use for architecture
documentation. The C4 model is essentially a set of hierarchical diagrams of the system; our pipeline approach could
ensure C4 diagrams are kept in sync.

CONCLUSIONS FROM THIS STUDY
AND PROSPECTS FOR FURTHER RESEARCH IN THIS DIRECTION

Keeping documentation in lockstep with code is no longer an unattainable ideal but a realistic goal given
modern tools and techniques. This article presented a method to automate UML diagram updates as part of the CI/CD
pipeline for large-scale projects. By integrating an Al-driven UML generation step into the build process, we ensure
that every significant code change triggers a corresponding documentation change. The approach was discussed in the
context of a .NET project using Azure DevOps and Confluence, but the principles are general: treat diagrams as code,
use automation to update them continuously, and harness Al to interpret complex changes.

The proposed method effectively eliminates the problem of outdated architecture diagrams. Developers and
stakeholders can trust that the diagrams always reflect the latest implementation. This has multiple positive impacts:
new developers onboarding onto a large system can rely on up-to-date visuals to understand software structure,
reducing ramp-up time. Teams can conduct design reviews or threat modeling on current diagrams, not ones that are
months old. Knowledge retention is improved — design decisions are captured when code is written, avoiding the loss
of rationale that happens when documentation lags. Additionally, automating the work saves developer effort. Rather
than spending hours manually drawing UML in a tool after implementing a feature, the developer’s job is simply to
write code; the pipeline handles the rest. Over time, this can yield substantial productivity gains and ensure more
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consistent documentation quality. This approach aligns with the concept of continuous documentation and has proven
its value in related studies.

While the method is powerful, we encountered some challenges that suggest areas for future work. One
challenge is ensuring the accuracy of Al-generated diagrams. LLMs are imperfect; there were cases in testing where
the Al omitted a class relationship or misnamed an element. To mitigate this, one could incorporate a verification step,
for instance, by comparing the AI’s output against a simple static analysis output. A potential research direction is to
combine symbolic analysis with Al: use a parser to get a ground truth list of classes and relations, and use the LLM
to arrange or annotate the diagram, flagging any discrepancies. Another challenge is scaling to very frequent commits.
If dozens of commits are merged per day, do we regenerate the diagram each time? This could lead to excessive load
or meaningless churn if changes are minor. A smarter trigger mechanism could be implemented. This might involve
analyzing commit messages or diff content to decide whether to run the UML update. Integrating such logic is a
prospect for further refinement.

The prospects for further research include evaluating the approach in different environments and quantifying
its benefits. For instance, user studies or industry trials could measure how much time is saved in design documentation
and whether code comprehension improves for the team. Another area is exploring fine-tuning LLMs on code-to-
diagram tasks: by training on a dataset of code and corresponding UML, one could create a specialized model that
might output even more precise and complex diagrams. Also, investigating the use of retrieval-augmented generation
could improve the consistency and correctness of Al outputs.

In conclusion, the method of automated continuous UML generation in CI/CD offers a practical solution to
a common documentation problem in large software projects. It leverages the synergy of DevOps automation and
cutting-edge Al to ensure documentation is no longer a stale afterthought but a living part of the development process.
This enhances knowledge sharing, reduces errors (since design mismatches can be caught early when docs and code
differ), and ultimately contributes to higher quality and maintainability of software. Future enhancements and research
will further streamline this integration, possibly generalizing it into a standard practice in the software industry. The
trajectory suggests that we are moving into an era where up-to-date documentation is automatically generated as an
integral part of software delivery, fulfilling one of the long-standing goals of software engineering.
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