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1. Motivation & Basis



• Standardization

• Transparency

• Allow scalability
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Trend of AAS-Application in Industry 4.0

Motivation & Basis

Advantages

[1] 
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Trend of AAS-Application in Industry 4.0

Motivation & Basis

Disadvantages

[2] 

• Complexity

• Cost

• Manual Data Management
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Asset Administration Shell (AAS)

Motivation & Basis

• Technical Data Sheet • AAS-Compliant JSON Formats • Simplified Version

[5] 
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Large Language Model (LLM)

Motivation & Basis

[3] 

[6] 

• Natural Language Processing(NLP)

• Advanced Data Analysis

• Machine Learning Adaptability
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Data-Driven Agent-Based Modeling (DDABM)

Motivation & Basis

[9] 

• Decentralization

• Interactivity

• Analytics Integration

• Intelligence

• Adaptation

[9] 



15/03/2023University of Stuttgart, IAS 9

Prompt Engineering

Motivation & Basis

[8] 

• Adaption

• Feedback

• Iteration

• Optimization



2. Conceptual Design
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System Overview

Conceptual Design

• LLM (GPT)

• Agent-Based Modeling

• Prompt Optimization

• Feedback Loop

• Iterative Refinement
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Iteration & Convergence

Conceptual Design

Generation-Agent

Validation-Agent

Optimization-Agent

• Converged

Iterative 

Refinement

Converged: generated real Output = initialized ideal Output

Threshold: 10 Iterations • Within 10: Efficient!

• After 10: Terminated

• Terminated



3. Implementation
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System Overview

Implementation

• Generation Agent

• Output Comparison

• Prompt Optimization

• Feedback Loop

• Dynamic Input

• Iterative Refinement

• Self-Regulation

• Termination Logic
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Initialization

Implementation

• Initialization of Input

• Initialization of

corresponding

ideal Output

• Initialization of

initial Prompt
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Implementation

Running and Termination

• System runs with the first Input and initialized Prompt 

• System terminates when real Output matches 

corresponding initialized ideal Output
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Generation and Comparison

Implementation

• Real Output generated and compared in each iteration 

• Generation of Real Output
• Comparison with 

Ideal Output

• Discrepancy Analysis
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Iterative Refinement and Optimization

Implementation

• Discrepancy Detection

• Prompt Adjustment

• Continuous Improvement

• Data-driven Enhancements
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Dynamic Input Cycling

Implementation

• Iteration 1: Select pojo1 (1 % 3 = 1)

• Iteration 2: Select pojo2 (2 % 3 = 2)

• Iteration 3: Select pojo3 (3 % 3 = 0)

• Iteration 4: Select pojo1 again (4 % 3 = 1)

• Q: How to prevent overfitting?

(Overfitting in this system design means that LLM simply echo back memorized 

responses but doesn't truly understands and processes each input. ) 

• A: Varied Inputs —— Non-repetitive Data

• System Robustness

• Adaptive Learning



4. Evaluation
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Experiment Overview

Evaluation

Nr. How many iterations? Converged? Within 10 iterations?

1 7 √ √

2 33 √ ×

3 4 √ √

4 13 ? ?

5 5 ? ?

6 2 √ √

7 8 √ √

8 5 ? ?

9 6 √ √

10 5 ? ?

11 5 √ √

12 6 √ √

13 8 √ √

14 13 ? ?

15 15 √ ×

16 27 √ ×

17 2 √ √

18 3 √ √

19 2 ? ?

20 21 ? ?

√: Converged

×: Not Con. within 10 iterations

?: False Positive
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Results Visualization

Evaluation



IN-PROGRESS PROMPT
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Optimization Analysis

OPTIMIZED PROMPT

Evaluation

"**Prompt:** Create a JSON object 

representing the RMS noise value of 

0.2 Pa. Include details such as 

category, short identifier, 

description in English, value type as 

a string, actual value (0.2 Pa), and 

model type as a property.\n\nThis 

refined prompt should help in 

generating a JSON object structure 

that aligns more closely with the 

intended format and content."

"Generate a JSON object that describes a power supply. Set 

the category as CONSTANT and use 'powerSupply' as the ID 

Short. Provide a description for the power supply. Define 

the Value Type as xs:string and set the value to '7-12 

Vdc'. Lastly, reflect the Model Type as a Property in the 

JSON object.\" \n\nThe ideal JSON object should have the 

following structure:\n```json\n{\n \"category\": 

\"CONSTANT\",\n \"idShort\": 

\"powerSupply\",\n \"description\": [{\"language\": 

\"en\", \"text\": \"Explain the power supply as providing 

the necessary voltage range for operation for 

operation.\"}],\n \"embeddedDataSpecifications\": 

[],\n \"valueType\": \"xs:string\",\n \"value\": \"7-12 

Vdc\",\n \"modelType\": \"Property\"\n}\n``` \n\nThis 

format ensures clarity and completeness in defining the 

technical data for the power supply."

• Detailed Instruction

• Contextual Clarity

• Semantic Precision

• Descriptive Quality
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Results Analysis

Evaluation

• Converged within 10 Iterations: 50% 

• Converged after 10 Iterations: 15%

• False Positives (?): 35%

• Average Iterations to Convergence: The system required an average of 9.7 iterations. 

• Range of Iterations: The iterations to convergence varies from a minimum of 2 to a 

maximum of 33 iterations. 

Strengths:

• Rapid Convergence

• Prompt Efficiency

Improvement:

• Extended Iterations

• Validation Accuracy



5. Summary and Outlook
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Summary and Outlook

Summary:

• GPT-Driven Data Transformation: Automated conversion of technical data into AAS-

compliant JSON formats, demonstrating LLM's robust ability in NLP. 

• Prompt Optimization Methodology: Developed a system for iterative prompt 

refinement to enhance accuracy and compliance of generated outputs.

• LLM Learning and Generalization: Proved LLM's ability to adapt and generalize across 

different technical data, achieving convergence within predefined iterations.

Outlook:

• To enhance test scenarios for broader system capabilities.

• Update and utilize newer GPT versions for greater efficiency.

• Broaden the range of test specs to assess system adaptability.
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