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AI-Powered Co-Pilots for V Model Processes 
Streamlining Requirements and Data 

Sruthi Radhakrishnan, itemis AG1  

This session leverages various V model process to optimize efficiency by employing 
AI-powered co-pilots for three tasks: requirement analysis, UML diagram analysis 
and generation (e.g Activity Diagram), and knowledge graph analysis from various 
data sources (e.g Traceability). 

The application of Model-Based Systems Engineering (MBSE) has emerged as a 
powerful approach for developing complex systems, enabling effective communication, 
requirement management, and traceability. However, the increased complexity such a 
increasing number of artifacts, legacy process etc associated with MBSE process is 
cumbersome, and requires advanced techniques to manage the model-development 
lifecycle. The integration of Artificial Intelligence (AI) into these MBSE process can 
potentially address these complexities, leading to improved efficiency and productivity. 
Three potential use cases have been identified for the application of AI-powered tools 
within the context of MBSE. Firstly, under Requirements Elicitation involves the 
utilization of AI-driven methods to identify and manage conflicting or entailing 
requirements, thereby ensuring the effectiveness and consistency of system modeling. 
Secondly, under System Architectural Design leverages the capabilities of activity 
diagrams and plantUML code to visually represent system flows and extract 
functionalities, promoting consistency between requirements and design. Finally, System 
modelling and analysis employs Knowledge Graphs (KGs) with agent-based Retrieval 
Augmented Generation (RAG), enabling powerful querying capabilities for exploring 
insights and relationships between entities and concepts for use-cases like traceability. 

The deployment of AI-powered tools in these use cases has the potential to significantly 
enhance the MBSE process, leading to improved automation, reduced complexity, and 
increased productivity. By integrating Robust AI-driven solutions into industrial settings, 
organizations can benefit from improved processes. Here are the use-cases in detail. 

System Architectural Design 

Activity diagrams allow us to visually represent the flow of activities within a system. 
Using GPT-4 with user-system role based prompting technique requirements are provided 
as input and the output is generated as a PlantUML code, which is then rendered as an 
image. Also, vice-versa, providing Image as input and requirements as output using 
LLAVA[3], a multimodal-llm capable of visual and language understanding.  

1 German Federal Ministry for Economic Affairs and Climate Action (BMWK) 
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Image 1: Requirement to PlantUML rendered

Requirment analysis

In systems engineering, requirements need to be consistent across the process 
development lifecyle. Therefore, identifying contracting and entailing requirements is 
essential across various stakeholders. Image 2 depicts an example of a pair of 
requirements that are contradicting with each other. Stanford’s Multi-NLI dataset is used 
to train the AI model, the corpus is in the same format as SNLI[4] and is comparable in 
size, but it includes a more diverse variety of text styles and topics, as well as an auxiliary 
test set for cross-genre transfer evaluation. The AI inference-model[5] has achieved an F1-
score of 0.93 on, indicating good performance in detecting contradictions. The 
observations suggest that the base model is effective in detecting both semantic and 
numerical contradictions, even when sentences are structurally similar but semantically 
different. For industrial-use cases, it is important to customize the AI model by,

* Finetuning with customer data to improve transfer learning
* Domain-specific data augmentation to enhance model performance
* Exploring different types of embedding techniques

         Image 2: Example of a pair of requirement with predicted label, given label and probabilities
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System modelling and analysis

KGs provide powerful querying capabilities that allow users to explore and analyze 
insights and relationships. This KG can then be used for various purposes, such as 
improving traceability, enhancing process recommendation, or enabling data analytics. 
Combined with an Retrieval Augmented Generation (RAG)where it breaks the given 
prompt into set of sub-tasks - Tools (Code generation/Question Answering for 
repositories if available via API or similar) , Memory (past behaviour) and Planning 
(future steps/feedback). Image 3 shows a meta-model developed for a traceability system 
as a part of IMPAKT [1] research project. The RAG is developed using neo4j as a data 
source and langchain framework for rapid-prototyping that can be queried for insights 
such as “Give as all impacted logical elements given a physical element”. 

Image 3: neo4j graph schema (meta-model) for traceability use-case

Summary and Outlook

The integration of AI into MBSE has been explored as a means to optimize efficiency and 
improve productivity. AI-powered co-pilots are employed to enhance three industry 
specific use-cases within the V model process: requirement analysis, graphical diagram
conversion, and knowledge graph construction and analysis. By examining the potential 
use cases for AI-powered tools in MBSE, this research aims to investigate the feasibility 
processes for detecting contradictions in requirements, generating or analysing UML 
diagrams, and providing powerful querying capabilities. The use-cases can be customized 
and explored across several domains to address fine-grained use-cases.
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List of Abbreviations 

ML : Machine Learning 
AI: Artifical Intelligence 
LLM: Large Language Models 
KG: Knowlege Graphs 
RAG: Retrieval Augmented Generation 
MBSE: Model-Based Systems Engineering 
UML: Unified Modeling Language 
GPT: Generative Pre-Trained Transformers 
LLAVA: Large Language and Vision Assistant 
SNLI: Stanford Natural Language Inference 
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