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1 Introduction
• Current editing process

• Industrial use case



• Document Editing/ Improve Paper work

- Analyze documents (based on guidelines & standards)

- Involves multiple rounds of review, correction, and improvement
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Introduction

Document User
Guideline &

Standards

improve

analyze

Current editing process

general process for document editing
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Introduction

30/07/2025

What if:

• Storage of data in structured Database

• Large Language Model(LLM) Retrieval

• Guideline & Standards

• Chemical engineer: keep track on a production document

• Pharmaceutical companies: revise a manufacturing process document

     ->editing Production procedure document 
               (detailed & regulated)

Industrial use case

Traditional knowledge utilization method

• Knowledge-Intensive

      Complex structure, multiple levels, highly specialized

• Manual verification   

      Extremely attentive, easily overlook details

!   Quality deviations Drugs, wasted time, higher production costs, and 

even health risks in the final product, resulting in it being unable to enter 

the market.

Challenge

User

Production 

procedure 

document

Writing 

Assistant

Guideline &

Standards

improve

analyze



2 Basics
• Guideline & Standards

• State of the art



• EUROPEAN MEDICINES AGENCY (EMA)

• U.S. FOOD AND DRUG ADMINISTRATION 

(FDA) 

• Medicines and Healthcare products 

Regulatory Agency (MHRA, UK)

• World Health Organization (WHO)
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Guideline & Standards

Basics

Guideline &

Standards

• Good Manufacturing Practices (GMP) 

• Current Good Manufacturing Practice (CGMP)

• Good distribution practice(GDP)

User

• 21 CFR Part 210+211 (main regulations) - GMP standards for drug manufacturing, processing, packaging, and storage in 

the U.S.

• 21 CFR Part 207 - Database registration of drug manufacturers for FDA supply chain monitoring

• 21 CFR Part 11 - Compliance framework for electronic records and signatures under FDA supervision

• 21 CFR Part 206 (suitable for prescription drugs) - Distinguish prescription drugs to prevent errors and enable quick recall

• ICH Q7 (adopted by the FDA) - GMP guidelines for active pharmaceutical ingredient (API) manufacturing

• When editing Production procedure document：
• GMP(Good Manufacturing Practices)

• Ensures consistent quality control throughout the drug production process.

User

Document

Writing 

Assistant

Agent 

system

Guideline 

&

Standards

improve

analyze



[1] ReAct: Synergizing Reasoning and 

Acting in Language Models

[2] Executable Code Actions Elicit Better LLM Agents [3] A Review of Prominent Paradigms for LLM-Based 

Agents: Tool Use (Including RAG), Planning, and 

Feedback Learning (arXiv, 2024)

[4] Self-Reflection in LLM Agents: Effects on 

Problem-Solving Performance (arXiv, May 2024)

[5] A survey on LLM - based multi-agent systems: 

workflow, infrastructure and challenges

[6] Agentic Retrieval- Augmented Generation: A 

Survey on Agentic RAG (arXiv, Jan 2025)
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Basics

state of the art
• Agent architecture 
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3 Conceptual Design

• Use case illustration

• System Disign

• Regulation document storage and utilization
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Conceptual Design

Use case illustration

Agent generates a 

difference file

Agent updates 

the document file

diff. file

User

Production 

procedure 

document

Guideline &

Standards

improve

analyze

V11

Iterative process 

continue multiple 

times

Writing 

Assistant
Writing 

Assistant

Writing 

Assistant

Writing 

Assistant

Writing 

Assistant

Writing 

Assistant
Writing 

Assistant
Writing 

Assistant

Writing 

Assistant

Writing 

Assistant

Writing 

Assistant

Writing 

Assistant

Writing 

Assistant

Writing 

Assistant

V1             V2
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System Design 

- Goal: target production line Ibuprofen

Conceptual Design User

Production 

procedure 

document

Compliance 

Analyzer

Agent

Guideline &

Standards

improve

analyze

How did the system achieve editing the Ibuprofen 

production procedure document?

Questions

LLM

Compliance Analyzer

Agent

prompt

template

data

input

output

data

output

input

+
Diff File 

!  _________ 

× _________  

_________

V2.0Doc. 

Updater 

V1.0

human evaluation

oversight

(Accept/ Reject)

+

analyze update
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System Design

Conceptual Design 

How to create the initial version of 

production process document? 

Questions

User

Production 

procedure 

document

Compliance 

Analyzer

Agent

improve

analyze

Guideline &

Standards

• What is Diff File?
Diff V3->V11 

!  _________ 

× _________  

_________

Diff V2->V3 

!  _________ 

× _________  

_________

Diff V1->V2 

!  _________ 

× _________  

_________

......

V1
......

V2 V11 V0

Production procedure document

human evaluation

oversight

(Accept/ Reject)

V0LLM

Initial document

generator agent

prompt 

commands

output

V1

data

output
user

input

+

+

basic preparation 

knowledge of 

Ibuprofen 

(used in the industry)

draft

user
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Conceptual Design

System Design

Diff File

Diff code

• Differences between two Versions

```diff

+ add

   original test

- delete

```

!  **Change reason:**

• Why modify the content of this module

• Why update the output target content

× **Regulatory reference:**

• Based on which specific provisions in Guideline doc.

 **Impact analysis:**

• what risks will be avoided

• what costs will be reduced

• what profit will be increased

Diff V3->V11 

!  _________ 

× _________  

_________

Diff V2->V3 

!  _________ 

× _________  

_________

Diff V1->V2 

!  _________ 

× _________  

_________

......

User

Production 

procedure 

document

Compliance 

Analyzer

Agent

Guideline &

Standards

improve

analyze

Diff File 

!  _________ 

× _________  

_________

After each document iteration: one Diff File



Regulation document storage and utilization

Conceptual Design
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User

Production 

procedure 

document

Compliance 

Analyzer

Agent

Guideline &

Standards

improve

analyze

Diff File 

!  _________ 

× _________  

_________

Markdown

Files
PDF 

Files

How are regulatory documents stored 

and utilized? 

Questions

Prompt 

Context
Manual

Formating

• Information Pre- Processing

• Guideline doc. in pdf -> Markdown

• 6 Guideline doc.



Conceptual Design
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How are regulatory documents stored 

and utilized? 

Questions

• Information Pre- Processing

• Guideline doc. in pdf -> Markdown

• 6 Guideline doc.

User

Production 

procedure 

document

Compliance 

Analyzer

Agent

Guideline &

Standards

improve

analyze

Diff File 

!  _________ 

× _________  

_________

processed regulatory documents - converted Markdown format

PDF file



4 Test

• Output discovery

• Fine-tuning model



Output discovery

Test 
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User

Production 

procedure 

document

Compliance 

Analyzer

Agent

Guideline &

Standards

improve

analyze

Diff File 

!  _________ 

× _________  

_________

What can the Compliance Analyzer 

Agent actually do?

Questions

Data Operations

• Add new item

• Modify item
Detailed/enriched existing entries

• Delete item

• Add new Section

adjusting temperature ranges/ details

adding a missing procedure

doesn’t meet compliance standards

adding missing content



Output discovery - Test Results

Test 
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User

Production 

procedure 

document

Compliance 

Analyzer

Agent

Guideline &

Standards

improve

analyze

Diff File 

!  _________ 

× _________  

_________

How the document evolved over time？
Questions

number of edits was quite high
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Test

Output discovery - more insights behind the changes

• V3->V4: One special items 

been discovered and added 

(Version Management)

     ->Audit Trail (Part 11.10

         required)

• V1->V2:
New Sections Num:3

• After V2:
New Sections Num:0

• V4->V5: Focus on 

complete the part of Audit 

Trail across all Sections

• ->Added items ->Total 

Change  

• V6->V7: Completing 

Electronic Record check 

across all sections

• Added items&modified 

items ->Total Change 

• V5->V6: add 5 items related 

to Electronic Record, 

Electronic Recording 

System(Part 11.10 required)

Increased means?
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Test

Output discovery -  Overediting

Misjudged items 

- Unnecessary: Change a sentence but ended up 

adding the unnecessary content

- Repeatedly: Repeatedly modifying items: have 

already been modified; added content being 

completely identical to the original content.

𝑀𝑖𝑠𝑗𝑢𝑑𝑔𝑒𝑑 𝑅𝑎𝑡𝑖𝑜 =
𝑀𝑖𝑠𝑗𝑢𝑑𝑔𝑒𝑑 𝑖𝑡𝑒𝑚𝑠

𝑇𝑜𝑡𝑎𝑙 𝐶ℎ𝑎𝑛𝑔𝑒𝑠

Misjudged ratio ≥ 50%

Half of the edits made were unnecessary

after the whole process converged.

Insights

   -> avoid this overediting by early stop



5 Model Fine-tuning

• Dataset and Model

• Training process

• Validation Result



Model Fine-tuning
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How to improve task specific capability of Agent?

Questions

User

Production 

procedure 

document

Compliance 

Analyzer

Agent

Guideline &

Standards

improve

analyze

Diff File 

!  _________ 

× _________  

_________

LLM

Compliance Analyzer

Agent

prompt

template

outputinput

+

Finetune

Collect:

• document inputs

• the diff output

->feed them back 

as training data

Fine-tune the LLM 

directly

Put into the model for retrieval



Model Fine-tuning

Dataset and Model

• Build my dataset

Use data generated from my project

• Supervised fine-tuning

Dataset design 
• JSONL format

• QA Pairs design

• 101 QA Pairs

• 44519 words

• 83 pages

(Font style: Consolas, 10.5)

Model Selection
• gpt 4o - mini (200,000 tokens per min, TPM)

• gpt 4o: limit (30,000 tokens per min, TPM)

-> gpt 4o - mini

“Assistant”

 “content”:

(assistant response)

• Diff Files (for the given One 

section)
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What the Fine-tune file format 

look like?

Questions

V1
......

V2 V3 V11

diff V3->V4 

!  _________ 

× _________  

_________

diff V2->V3 

!  _________ 

× _________  

_________

diff V1->V2 

!  _________ 

× _________  

_________

......

Production procedure documents:

(Improving Versions+ Complete Version)

Diff Files:

(Iterative recommendations+ 

Relevant legal provisions+ Risk 

analyses)

“role”s 

“User”

 “content”:

(user prompt)

• Who are you?

• Whats your task?

• Scope of legal provisions to be searched?

• How should you provide answers?(output 

format description)

• One section production procedure 

document text (that you need to deal with)



- Loss

step 12 ->2.130

step 269 ->1.011 

step 275 ->0.380

- Accuracy 

step 12 ->0.581

step 269 ->0.739

step 275 ->0.901
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Model Fine-tuning

Training process

• Smoothing -> 0.5

• Loss decreases and approaches good convergence

• Accuracy increases, is learning effectively and performing better
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Validation Result - Effect of fine-tuning

Model Fine-tuning

before Fine-tuning Final versionafter Fine-tuning

Added 

items

modified 

items

Deleted 

items

Added

Sections

Total changes

before Fine-tuning 36 32 8 3 76

after Fine-tuning 31 33 8 3 75

Quality 

Level

Quantity

Level

×

Number of items 

changed in the first 

iteration 

(v1->v2, before vs. 

after fine-tuning)

vague and incomplete much more accurate and 

detailed result



• Technical verification of LLM output level

• Training has effect:

• loss decreased

• Validation of document quality

• text quality difficult to quantify

• need expert knowledge

• but we see effects 

 -> result more comprehensive
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Validation Result - Summarizes

Model Fine-tuning

Without Fintuning With Fintuning



6 Summary & Outlook



• Designed a system for improving production documents

(Combines regulatory documents & industrial standards)

• Ensures version traceability & improves document precision

• Reduces manual editing & enhances productivity

• need expert input to validate the results

• Final approval still depends on human expertise

(even system improves technical quality)

Summary

Summary and Outlook
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Limitation & Future Work



e-mail

phone +49 (0) 711 685-

fax +49 (0) 711 685-

University of Stuttgart

Thank you!

Sa Xiao

st181115@stud.uni-stuttgart.de

Institut of Industrial Automation

and Software Engineering



• https://arxiv.org/abs/2210.03629

• https://arxiv.org/abs/2402.01030

• https://arxiv.org/abs/2406.05804

• https://arxiv.org/abs/2405.06682

• https://link.springer.com/article/10.1007/s44336-024-00009-2

• https://arxiv.org/abs/2501.09136

• https://platform.openai.com/settings/organization/limits
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Quelle

https://presskit.porsche.de/specials/de/porsche-fahrwerkentwicklung/topic/hinterachslenkung.html
https://presskit.porsche.de/specials/de/porsche-fahrwerkentwicklung/topic/hinterachslenkung.html


Model Fine-tuning

Dataset

• Use data generated from my project

• Build my dataset

• Supervised fine-tuning (为什么用这个方法？)

Dataset design 

• JSONL format

• QA Pairs design

“User”

 “content”:

(requirement, prompt)

• Your role?

• Your task?

• Scope of legal provisions to be searched?

• How should you provide answers?(output 

format description)

• One section production procedure document 

text (that you need to deal with)

“Assistant”

 “content”:

(desired output of the model)

• Diff Files (for the given One 

section)
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What Data I obtained in my project? 

Questions

V1
......

V2 V3 V11

diff V3->V4 

!  _________ 

× _________  

_________

diff V2->V3 

!  _________ 

× _________  

_________

diff V1->V2 

!  _________ 

× _________  

_________

......

Production procedure documents:

(Improving Versions+ Complete Version)

Diff Files:

(Iterative recommendations+ 

Relevant legal provisions+ Risk 

analyses)

“role”

“User”

 “content”:

(requirement, prompt)

• summarize the phenomenon

• “Answer questions using legal provisions:”

• “Why is it necessary/important to add/delete 

those information if (this phenomenon occurs)?

“Assistant”

 “content”:

(desired output of the model)

• Relevant legal provisions

101 QA Pairs

70 QA Pairs +31 redesign QA Pairs 

31 QA Pairs -> redesign
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Fine-tuning experimental phenomena - 31+70 QA pair

Model Fine-tuning

Evaluation

• 要出统计数据
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Experimental details and findings

Summary and future work

Summary:

• If some items in the dataset are missing Risk/Cost/Profit, even if the playground assistant prompt has multiple cases 

with Risk/Cost/Profit, the output on the right side will not produce Risk/Cost/Profit. Next, requesting the output of 

Risk/Cost/Profit will produce the desired result.

• The results cannot supplement missing sections. If you input whether to supplement new sections, it will increase

• The model cannot distinguish between the “-” and “ -” in the ```diff``` file. Therefore, special attention should be paid to 

distinguishing them in the future, such as using “@@@” instead of the original database's “ -”

• The prompt is quite critical: “When designing the 30 QA pairs: Why must stirring speed and heating rate be quantified if 

they are not quantified in the original version?” If changed to “when,” it might cause ambiguity, leading to poor training 

results.

• Based on the training curve of the fine-tuned model, the dataset needs to be expanded.
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