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Abstract: Developing Intelligent Technical Systems (ITS) involves a complex process encompassing planning,
analysis, design, production, and maintenance. Model-Based Systems Engineering (MBSE) is a key methodology for
systematic systems engineering. Designing models for ITS requires harmonious interaction of various elements, posing
a challenge in MBSE. Leveraging Generative Artificial Intelligence, we generated a dataset for modeling, using prompt
engineering on large language models. The generated artifacts can aid engineers in MBSE design or serve as synthetic
training data for Al assistants.
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1 Introduction

The development of intelligent technical systems (ITS) requires advanced approaches to meet the increasing system
complexity and variety of stakeholder requirements. Model-Based Systems Engineering (MBSE) has proven to be a
promising development approach to deal with growing system complexity and increased enterprise agility (Friedenthal
2023). In general, Systems Engineering (SE) focuses on developing holistic solutions and integrating system components
to meet customer needs and functions (Hitchins 2007). SE starts by defining the system requirements, followed by
designing system elements, synthesis, and validation of the complex system (Walden 2023). MBSE is an extension of
document-based SE, where information about the system is formalized in a system model. This model-centered approach
can provide a consistent and traceable system design necessary for interdisciplinary system development (Friedenthal
2023). System models help gain a deeper understanding of the connection between the system requirements and the
system's emergent properties, internal structure, and behaviors. Modeling makes the complexity of integrating different
perspectives manageable. System models are either designed in workshops, in which the models are subsequently
digitized, or directly in digital form using a modeling tool (Tschirner 2016). Formal modeling languages, like SysML
(Delligatti 2014), are used to capture the system design in a formal way.

However, integrating MBSE is still challenging for companies today (Bretz 2021). For instance, organizations need to
comply with changing regulations, and the organization's employees lack information regarding the evolving regulations.
In such cases, organizations need to invest sufficient time in employee training or obtain the subject matter expertise
externally before integrating it into their development process and system models (Tissen et al. 2023). Tissen et al.
introduced the iQBuddy model recommendation system, which addresses this problem by providing system engineers
with suitable, ready-made model elements. iQBuddy aims to reduce redundant modeling work and allow system engineers
to focus more on value addition and creative development activities (Tissen et al. 2023).
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Figure 1: Basic architecture concept of iQBuddy (Tissen et al. 2023).

Figure 1 presents the implementation concept of iQBuddy. The system comprises a web application through which
engineers interact with the backend to obtain their modeling elements. The elements are stored in a database and connected
to the web application through a web server. This paper presents our approach for the automated generation of modeling
elements data with generative artificial intelligence (GenAl) and its implementation details. There exist many ways to
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build a database. Techniques such as manual data gathering from various sources, importing (Biswas et al. 2020), or
mining data (Lethbridge et al. 2005) from existing sources, and utilizing crowdsourcing platforms (Afshan et al. 2013) for
data collection are widely used. The decision to adopt GenAl as our data generation technique stems from readily
accessible resources within the project, technical capabilities of the team along with time and budgetary limitations. The
following paper further describes our research approach (section 2), our solution idea (section 3), and detailed
implementation of how GenAl is used to create the system elements (section 4), results (section 5), observations, and
concluding statement (section 6).

2 Research Approach

This section describes the design principles followed to develop the iQBuddy demonstrator. Our research is influenced by
the framework proposed by Blessing and Chakrabarti (Blessing and Chakrabarti 2009). It involves a comprehensive
methodology consisting of four key steps: researching the existing system, understanding the stakeholders' needs,
developing an initial prototype system, and finally, getting feedback, validating, and improving the system.

MBSE is a challenging approach, especially modeling systems that emerge as a hurdle (Proper and Bjekovic 2019). We
can provide engineers with an assistance system (Ricci et al. 2010; Mussbacher et al. 2020). Such an assistance system
can benefit non-experts who want to adopt MBSE practices better. A system element recommendation system will enhance
the user’s experience and throughput. Existing tools do not offer such support or features to the user. To test our hypothesis,
we conducted a workshop with participants from research, industry professionals, and management. From the short
literature analysis and the workshop feedback, the goal of building iQBuddy as a system modeling element recommender
was derived. These correspond to the first two key steps of our research methodology.

After identifying the necessary stakeholder needs, we developed a prototype. GenAl was used to create a large modeling
element database to meet the time constraints. This forms the paper's core and is further explained in section 4. We
presented our system at a conference and received positive participant feedback, further solidifying the need for such a
database. These tasks will be worked on later and described in detail in section 6.

3 Solution Idea

The solution idea is twofold, addressing the desired database structure, foundations of GenAl, and the conceptual idea for
its creation. Section 3.1 elaborates on the structural design considerations, while section 3.2 delves into GenAl
fundamentals necessary to create this data structure. Section 3.3 summarizes the conceptual idea for data generation.

3.1 FLP Database Structure

Figure 2 describes the structure of the database following a function, logical element, and physical element structure by
the familiar (R)FLP (Requirement, Function, Logical Architecture, Physical Architecture) approach (G6tz and Donges
2016). The functional elements outline general functions in a ‘noun + verb’ format, such as ‘transform energy.” These
functions relate to logical elements, like ‘solar panel’. Logical elements are concretized with attributes, like ‘electricity
yield [kWh/year]” Logical elements are included at different system abstraction levels, such as ‘photovoltaic system,’ is
on a higher abstraction level than ‘solar panel,” ‘battery’, ‘cables,” and ‘inverter’. These elements are related to each other
as a ‘photovoltaic system’ consists of the other elements. Physical elements list manufacturer-specific solutions links,
offering examples for follow-up processes like purchasing. We generated this FLP database containing the modeling
elements using generative artificial intelligence.
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Figure 2: Structure and Relation of Elements in the Database.
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3.2 Generative Al Background

GenAl models have gained significant attention due to their ability to produce diverse content, including text, images,
music, conversations, code, or video. The breakthrough of GenAl models lies in their use of massive datasets and advanced
techniques to generate impressively high-accuracy results. This has garnered significant attention and enthusiasm from
people. For instance, consider OpenAl's ChatGPT, which amassed a user base of 100 million within just two months of
its launch. To put this into perspective, TikTok took nine months to achieve a similar milestone, while Instagram took
more than two years (Guardian 2023). ChatGPT is an example of a large language model (LLM), a GenAl model class
that generates textual output based on user input. The general working of an LLM is given in Figure 3.

Prompt

- _Response

User LLM

Figure 3: Prompting an LLM for appropriate response.

The process of ‘asking the LLM’ for a response is called prompting, as shown in Figure 3. Depending on the prompt, the
LLM will give a specific response in a desired format or a vague and useless answer. The act of designing useful,
meaningful prompts from the LLMs that yield the desired outcome in the desired format is called Prompt Engineering
(PE) (McKinsey & Company 2023). Activities in PE include adding relevant details to help the model gain a more nuanced
understanding of the user demands. Another technique to improve LLM’s output is fine-tuning of models. Fine-tuning
uses additional task-relevant data to improve model performance (Amazon Web Services Inc. 2023). Two popular
approaches for fine-tuning LLMs are instruction finetuning (IFT) and parameter-efficient finetuning (PEFT). Instruction
fine-tuning involves training LLMs with specific command-like inputs, encouraging the model to generate specific outputs
aligned with those instructions (Chung et al. 2022). PEFT aims to improve the efficiency of model fine-tuning by
modifying fewer parameters during the adaptation process. This technigque reduces the computational load by selectively
updating a smaller subset of the model's parameters, optimizing performance with minimal adjustments, and making the
fine-tuning process more resource-efficient (Ding et al. 2023).

3.3 Data Generation Conceptual Idea

To leverage the capabilities of LLMs, good prompts are needed. These prompts should be reusable patterns, or templates
so that they can be used for more than one type of system or artifact type. Due to resource and time constraints, we do not
delve into fine-tuning LLMs, or PEFT, with documents related to MBSE. Thus, our solution idea was primarily focused
on prompt engineering, without any relying on local documents or other sources. We also planned the set of inputs to
LLMs which would output the desired artifact group in the desired format. To generate system functions, we planned to
provide a system description and an output format. Next, we'll use the generated functions and prompt templates to create
logical elements. We further extend this chain by providing the generated logical elements to physical elements. After
generating all elements, we conduct post-processing to clean and extract the data into the desired format using a Python
script. Additionally, we leverage a LLM to establish relationships among potentially associated elements. The
implementation details for this conceptual idea follow in section 4.3.

4 Implementation Detail

The implementation contains three aspects, starting with the database setup (section 4.1), the model selection, deployment,
and initialization (section 4.2), and the data generation (section 4.3). This contains the generation of the dataset, the model
set up for prompting, and utilization for generating modeling artifacts.

4.1 Database Overview

We generate the above-described FLP data set according to the general schema of our database, which is detailed in Figure
4. Each element should have its own identifier and name. On top of that, we plan to add additional information about the
logical and physical elements for the end users’ benefits. Logical elements contain the description, inputs accepted by the
elements, outputs provided by them, and some characteristic parameters. Physical elements contain additional product-
specific information and a URL that can be used to view the web page associated with the product.

FLP ensures a trace from system requirements to corresponding system functions, further to logical elements, and finally,

the actual real-world components or physical elements (Walden 2023). In a database, we must create meaningful
relationships or connections between system functions, logical elements, and physical elements. We call these relations
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cross-group or inter-group relations as they trace related elements across different artifact groups. In the schema (Figure
4), they are traced by using foreign key (FK) dependencies among different artifact groups. Engineers and stakeholders,
in general, may use similar words to describe system functions or logical elements depending on their requirements or
preferences. For example, ‘convert energy’ and ‘transform energy’ are similar system functions. To accommodate such
cases, we created relations within the same artifact group or intra-group relations. These are traced using self-referencing
keys (SRK) in our schema (Figure 4). Logical elements can be composed of many different logical elements, like an
automated vehicle consisting of wheels, an engine, etc. To address such cases, we created another form of intra-group
relations called composite relationships. Composite relations are only traced in the logical elements group. Unlike
synonymous and inter-group relations, these composite relations are directional. For example, it is necessary to symbolize
that an autonomous vehicle consists of an engine, not vice versa.
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Figure 4: Database Schema.

4.2 Model Selection, Deployment, and Initialization

To generate the above-defined database, we used LLMs from Azure OpenAl Service (Microsoft Azure 2023). We
deployed the GPT-3.5 Turbo-03-01 model on Azure Al Studio, leveraging its powerful capabilities. This model has a
maximum token capacity and rate limit of 200,000 tokens per minute, which is sufficient for our use case requirements.
Due to resource constraints, we chose the baseline GPT-3.5 version over the more advanced GPT-4.0. GPT-3.5 is more
cost-effective than its counterpart. Thus, we set up an LLM on Azure for frequent querying. We used only one model to
generate all three artifact groups but updated the hyperparameters used during prompting. We used a fixed set of
hyperparameters for one artifact group. We wrote Python scripts to query this model and used its LangChain library.
LangChain facilitates the development of context-aware LLM applications by seamlessly connecting models with various
context sources, such as prompt instructions and few-shot examples (LangChain 2023). We use these LLMs and Python
language capabilities to query or prompt the deployed model and generate the required database.

4.3 Data Generation Process

As described in Figure 3, the first step for generating data from LLM is defining a good prompt template. We tried three
different prompt structures. The first template was a simple prompt string stating the requirements for an artifact group.
For this template, we asked the LLM to generate the output as a JSON. In the second template, we added a one-shot
learning example to the earlier template. Finally, in the third template, we used few-shot learning by providing three
examples to the LLM. The model can use these examples provided in the prompt and learn about the specific requirements,
for instance, output format. This technique is called in-context learning in LLMs and is a valuable prompt engineering
technique that can achieve better results (Kirk et al. 2022).

Two MBSE experts from our team examined the generated output from the three templates. The one-shot learning template
was selected as it yielded the best outcome. The output generated with the first template was vague and not suitable for
generating large scale data. We use one-shot inference over the few-shot inference technique because we observed that
the deployed LLM produces a more coherent answer with one-shot for this use case. Using few-shot learning, the model
generated multiple duplicate elements as the output. Table 1 describes the selected prompt template which yielded the best
solution. Although LLMs are more than capable of generating output in a structured manner (Chung et al. 2022), for
instance, in a JSON or a CSV format. However, we found that some additional characters are needed to generate output
in these formats (for example, curly brackets in JSONs and commas in CSV). These additional characters use up token
space from the allocated rate limit of the model. Also, we needed additional flexibility in assigning IDs to the output to
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ensure relationships among the elements from different artifact groups. For these reasons, we decided to generate output
as a table and add a single character as a separator (we chose pipe [‘|’] as the separator).

The prompt templates in Table 1 contain a static and a variable component. The variable component is highlighted within
curly brackets. Before querying the model, the variable string is replaced with an actual value in the Python script. For
instance, to generate functions for an ITS, one needs to provide the system name, a short description of how it works, and
the number of functions that should be generated. An example set of actual values that can be substituted for the carriable
component is: (a digital camera, a device that captures and records visual images and scenes by bouncing and collecting
light reflected from surfaces, 10). Each template also contains an example instruction-response set.

Table 1: One-shot learning prompts used to generate data in various artifact groups.

Prompts

I want to build an {system} that {short_description}.

Please follow the instructions below to generate all the required system functions for this complex system:
1. Generate {func_count} different system functions for the {system} in the 'verb + noun' form. Restrict the
functions to two words as far as possible.

2. Provide the output as a table of IDs, function names, alternate names, or synonyms in the sentence case.
3. Please ensure the functions are clearly defined and cover various actions related to the {system}.

Do not give anything else other than the system functions.

System: automatic photovoltaic system

wn
S | Functions:
‘g | id | name | synonym |
Z | 1| Charge Battery | Power up Battery; Charge Cell |
| 2 | Store Energy | Save Energy; Capture Energy |
| 3| Convert Energy | Transform Energy |
| 4 | Monitor Weather | Check Climate |
System: {system}
Functions:
A logical element for a system is an electro-mechanical component that performs a certain function.
Please follow the instructions below to generate the required logical elements for the given system function:
1. Generate at most {log_count} different logical elements for the given function.
2. Provide the output as a table with six columns for the Name of the logical element, a one-line description
of the element, synonymous elements, input, output, and characteristic parameters.
3. Please ensure that the logical elements are clearly described and can efficiently perform the functions.
4. Do not generate more functions.
5. Give only the tabular output.
E Function: Store Energy
€ | Logical:
= | Name | Synonyms | Description | Inputs | Outputs | Characteristic Parameters |
= | Battery | Cell; Rechargeable battery| A source of electric power consisting of one or more electrochemical
= | cells with external connections for powering electrical devices. | battery status (information) electric
S charge(energy) | battery status (information), electric charge(energy) | Capacity (kWh), efficiency (%), cycle

life, charge/discharge rate (kW), voltage (V) |

| Wire | Cable; Cables; Wires; Connecting Wires | The electro-technical component transporting electricity to
transmit energy and information. | Data (information); Electricity (energy) | Data (information); Electricity
(energy) | Length (m); cross-section(mm”2); resistance(Q); current carrying capacity (Amps); Temperature

()|

Function: {function}
Logical:
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I want to buy a {component} for industrial and commercial use.

Please follow the instructions below to find at most five real-world components

1. Crawl the web (Google, Amazon, retail suppliers, wholesale suppliers) to find out at most {phys_count}
real-world electrical components that | can buy from the seller.

2. Provide the output as a table of names, URLS, special information

3. Do not provide URLSs that lead to a page not being found.

4. Do not give anything else other than the table.

component: Buzzer

Physical:

| Name | URL | Extra Information |

| Buzzerl | https://www.LinkToBuyProductl.de | Operating Voltage = 24 VV/DC; Color = Red; Flash
Frequency= 84 flashes/min; |

| Buzzer2 | https://www.linkToBuyProduct2.com | 80 dB 50 Hz Electromagnetic buzzer, AC 220V 25 mA
industrial high-power alarm buzzer, for electronic products (AC 220V) |

Physical elements

component: {component}
Physical:

The data generation process begins with an initial set of system names and descriptions, which were identified by our
experts in MBSE. System functions are generated iteratively for each input system and the prompt template. Subsequently,
the generated system functions and prompt template for logical elements are utilized to generate logical elements.
Similarly, the process is repeated for generating physical elements, with the additional challenge of generating real URLs
for physical products. Afterward, post-processing steps are performed to remove blanks, garbage strings, and duplicates.
Finally, the generated data is formatted into CSV files and imported into the Neo4j database using cypher queries, a
database language to read, create, update data in a graphical structure.

Figure 5 describes the overall data generation process. We use an initial set of system names and their descriptions to
generate functions. We iterate over them and prompt the model by replacing the variable text with the names and
descriptions from the initial set. We aim to generate 20 functions for each input system. In every iteration, we saved the
intermediate results and the functions generated for one system in text files on our local machine. After completing this
process, we consolidate the intermediate results to obtain the final generated function set.

We use these generated system functions and the prompt template for logical elements to generate the logical elements
from the model. As mentioned above, we use the same model for generating all elements from the three artifact groups.
We only change the model's hyperparameters and clear the model’s memory to provide a context-free environment for
further generation. Generating logical elements follows a similar workflow to that of the system functions. We iterate over
the generated functions and prompt the model for logical elements related to it using the prompt template. Once all logical
elements are generated, we prompt the model again for composite logical relationships among the generated logical
elements. We have generated the logical elements from the system function generated in the prior step using LLM. This
makes a logical correlation between the functions and the generated logical elements. We create trace links in the database
to link a function to the system elements generated based on it.

Finally, we use the same process to generate physical elements. In physical elements, the additional challenge is to generate
real URLS to the physical products available in the market. In the prompts, we provided real-world examples of products
and their links to check if the LLM can generate links. Owing to legal issues, we replaced the actual product and URLS
with dummy values in Table 1 and Figure 5. After generating the physical elements from logical elements, we map the
physical and logical elements as a relationship in the logical elements. After generating all the data, we perform post-
processing steps of removing blanks, garbage strings, and duplicates. The generated data is then formatted into three CSV
files, one each for each artifact type. These CSV files are in the same schema as described in Figure 4. These CSV files
are then easily imported into the Neo4j database.
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5 Results

Our study showcases that GenAl can be used to create engineering data. In this section, we describe the quantity and
quality of the generated data in detail. Two experts in the data engineering field assessed the generated data. According to
their findings, the overall quality of the data was satisfactory. However, the specificity and effectiveness of the data
generation can be improved by providing more concrete inputs to the LLM. There is no doubt regarding the quantity of
data that can be generated using LLMs. We created 624 functional elements, 3376 logical elements, and 12611 physical
elements. The quantity of different kinds of relations, mentioned in Figure 4, are presented in Table 2. Using LLMs, we
generated all parameters except the IDs for each artifact type explained in Figure 4. Another interesting observation
through the generated data is that LLMSs can give us synonymous relations among elements from the same group (function
to function and logical to logical). For instance, in the generated data, ‘validate transaction’ and ‘confirm payment’ are
synonymous functions, and logical elements ‘network cables’ are synonymous with ‘LAN cables’ This diversity in the
generated output provides flexibility and choice for the end users to select a suitable element specific to their requirements.
For logical elements especially, the LLMs generated composite relations for most elements. For instance, the logical
element ‘laser distance sensor’ comprises ‘lens,” ‘transistor,” and ‘photodiode’ in the generated data. Apart from such
intra-group relations, LLMSs can generate appropriate relations between elements from two groups (function to logical and
logical to physical relations). For example, the function ‘drive car’ is related to the logical element ‘car engine’, and this
logical element is related to the physical element ‘6.5 HP Horizontal Shaft Gas Engine’ (a 212cc gas engine by Predator).

Table 2: Number of Relations Established by LLM

Relation Related Entities Count

synonyous to Function-Function 145
related to Function-Logical 3873
synonyous to Logical-Logical 4402
composed of Logical-Logical 6065
related to Logical-Physical 21312
Total 35797

Owing to the heavy volume, we are still in the process of a complete quality analysis. However, our initial observations
are presented in this paragraph. Although we generated a heavy volume of data, the quality of data can still be improved
in the future. Some logical elements are missing descriptions, input, or characteristic parameters. Some fields show
garbage values generated by LLMs, for instance, a sequence of the same character (----- or ....) or words like ‘name’ and
‘description’ instead of generating the name or description of an element. We found some elements with incorrect
descriptions or characteristic parameters due to hallucination tendencies from the LLM. Some data is redundant. For
example, ‘Solar cell,” ‘Solar Cell,” and ‘Solar cells’ all point to one logical element: a solar cell. However, these were
encountered multiple times in the LLM-generated output. Some composite relationships do not make any sense. For
example, we discovered composite relations that are impossible in the real world, like ‘wire’ is composed of a ‘solar panel’
instead of the other. A major problem lies with the purchase URLSs in the physical elements, where the LLM has generated
many fake URLSs. To tackle these challenges, we can refine the prompt templates by fine-tuning and implementing a robust
post-processing pipeline to detect and rectify erroneous data entries. Our further research endeavors will investigate these
strategies to enhance the quality and reliability of the data generation process.

6 Discussion

We generated a database of modeling elements using LLMSs, showcasing the potential of GenAl for generating artificial
data in the engineering domain. GenAl tools are widely used today. However, their application in the engineering field is
limited. This is predominantly because GenAl models can generate a large quantity of data but not necessarily good
quality. There is also a lack of guidelines for engineers wanting to leverage these tools for their use case, given the
abundance of GenAl tools available online (Baciu 2023). Addressing these challenges will be crucial in unlocking the full
potential of GenAl and LLMs in engineering endeavors.

We acknowledge the limitations in our approach to generating this database. The simplicity of our approach, relying solely
on prompt engineering, leads to some poor-quality data being generated by the LLM. Due to resource constraints, heavy
fine-tuning of the models was not extensively pursued, potentially limiting the models’ performance. Another aspect of
improvement could be the choice of model. A comparable process could be done with other LLMs, like GPT-4.0, and a
comparative study of the quality and quantity of output could be performed. We also did not incorporate a document QA-
retrieval approach, which could leverage reference documents to enhance the relevance and accuracy of the generated
output. Addressing all these limitations remains a task for us in the future. Another interesting task is to integrate the LLM
model with a crawling mechanism that facilitates the ‘Search + LLM approach’ (Kirk et al. 2022). In terms of physical
elements, where there is little scope for abstraction and necessity for real-world data, a crawler can add to the knowledge
base of the LLM. It may also be useful in verifying the output generated by it.
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Another crucial area for research is the verifiability of the generated output. LLMs and other GenAl models tend to
hallucinate, i.e., generate false or illogical output. A crawler may also be used to validate the generated data. Additionally,
we may also look in the direction of existing factual knowledge graphs like WikiData and ConceptNet as a source to fine-
tune our LLM or for verifying the generated data. We also plan to make this database available for usage for a limited
audience of systems engineers and give an option to them to rate the quality of generated entities and the relations between
them. This will give us an idea regarding the quality of the generated data and also guide us to develop better prompts or
post-processing techniques to improve the output.
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