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1 Introduction

Current editing process
Industrial use case



Introduction

* Document Editing/ Improve Paper work

- Analyze documents (based on guidelines & standards)

- Involves multiple rounds of review, correction, and improvement

Document
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analyze

User
Introduction rodution 7N

procedure

Industrial use case document

. . . improve
« Chemical engineer: keep track on a production document P

« Pharmaceutical companies: revise a manufacturing process document

->editing Production procedure document

(detailed & regulated)
—Challenge

Traditional knowledge utilization method
* Knowledge-Intensive

Complex structure, multiple levels, highly specialized
* Manual verification

Extremely attentive, easily overlook details
I 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.

What if:
- Storage of data in structured Database

« Large Language Model(LLM) Retrieval
* Guideline & Standards

University of Stuttgart, IAS

Writing ¢

Assistant

PRODUCTION
PROCEDURE

1SO 9001:2015 Documen s

[

Guideline &
Standards
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2 Basics

Guideline & Standards
State of the art



Basics
Guideline & Standards

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

» Ensures consistent quality control throughout the drug production process.

|

Guideline &
Standards

Good Manufacturing Practices (GMP)

Current Good Manufacturing Practice (CGMP)

Good distribution practice(GDP)

User

analyze

A\Q’Sfl';'t’;gn t Guideline
Agent € &

v system Standards

Document

improve

/"« EUROPEAN MEDICINES AGENCY (EMA)

« U.S. FOOD AND DRUG ADMINISTRATION
(FDA) !

* Medicines and Healthcare products
Regulatory Agency (MHRA, UK)

*  World Health Organization (WHO)

the U.S.

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

+ 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

University of Stuttgart, IAS
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analyze
User

Wiiting Guideline

Basics .
Document Assistant €— Iy

state of the art \/ e Standards

* Agent architecture

improve

Y
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4 - g | MCP Server1  MCP Server 2
A 4 ue
Output «— — & Quey i ] a1 1 am 1
LLM 2 ¢ +——e Outcome =
Action Observation Search kagi  Cloud

[3] A Review of Prominent Paradigms for LLM-Based
Agents: Tool Use (Including RAG), Planning, and
Feedback Learning (arXiv, 2024)

[1] ReAct: Synergizing Reasoning and
Acting in Language Models

[2] Executable Code Actions Elicit Better LLM Agents

@ —
® Query 1' 4—= Memory <s—e Memory - — [°° Tools
O oo | 9 —)
i £*—* Tools Quer Agent -
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W Vector
® S-Agent| ® S-Agentn

s First draft
Result !
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* . 5 ¢

Generator  Yes Critique

'3
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Output ¢<——= 4} Aggregator LLM

( . W @

Generator

[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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3 Conceptual Design

Use case illustration
System Disign
Regulation document storage and utilization



Conceptual Design
User
Use case illustration

Production
procedure
document

analyze

Guideline &
Standards

7\
N/

improve

diff. file

ersion | Sa Xiao & GPT

trol, Equipment

Agent generates a
difference file

&

— VTV V"V —
(=]
o

BERLEE

>4
oo

T AT e e

o

Agent updates
the document file

Vil

Iterative process
continue multiple
times

University of Stuttgart, IAS
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Conceptual Design
System Design

Questions

analyze

User
Production /\
procedure
. . d t
- Goal: target production line Ibuprofen cesmer U
improve
How did the system achieve editing the Ibuprofen
production procedure document?
| [
analyze '\ update

éompliance Analyzer

|
1
I
| Agent
|
1
1
1

University of Stuttgart, IAS

1 .., human evaluation
1 .‘ @> oversight

1 R AO® g

1 (Accept/ Reject)

Doc.
Updater

Compliance Guideli
uideline &

A?\alyzer A Standards
gent
==

|

|

|

|

|

|

|

: V2.0

|

|

|

|

|
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analyze |

Conceptual Design

document

\—/ Agent Standards

_ Questions

How to create the initial version of

| |
| |
| |
| |
i | i Compliance
Producti ideli
System Design | roduction | ompliance | ¢ Guideline &
| |
| |
| |
| |
| |
| |

[}

|
|
|
roduction process document? ! S D | e
|
P . == ‘

/ . Q1 This SOP defines the proc
Inltlal document & Transfer pre-separated crude ma
user generator agent o data draf This S0P applies ta all pers
raft
input OUtPUt Centrifuge at 1580 rpm for 10 m
GMP Guideline
: Vo
Use a jet mill to...
prompt - T : Active Pharmaceutical Ingredient, ...
commands
\ / § All critical parameter
human evaluation
basic preparation oversight e, G Calibration, cleaning, and maint | Material Name | Code | CAS No. fication ...
knowledge of (Accept/ Reject) -
Ibuprofen Upon arrival, raw materials
. p . user Stainless Steel Reactor (Equipment ID: EQ-3@@@R; Location: Area 1; material: ...)
(used in the industry) \Al
th d users shall be stri
The followil rd it and hea
All record ve versi
cecute Equipment Cleaning Validation Proced
Diff V1->V2 Diff V2->V3 Diff V3->V11
. . . | 1 !
* What is Diff File? g Sl I x
v v v

University of Stuttgart, IAS 31/10/2024 11



| |
H \ \
Conceptual Design User | | -
S t D 1 i Diff Fil i Compliance
Production iff File Guideline &
ystem besign procedure |1 | | Analyzer €= g dards
ettt ettty 1 document || v } Agent
| piffvi>v2| [ piff v2->vs Diff V3->V11| | ! !
! ! ! \ I \
| x x x | | |
L s ’ | | improve |
} } b J
|

Operation P

: May 5, 2

np
s to the full pr
stallization, dry

., from raw material receipt milling, to pack

personnel involved in operation, supervision, and review.

The scope description was incomplete: the original only stated "production proc
ng, milling, and packag
P documentation requires defining which reoles the SOP applies to.

without specific stages;
added raw material re t crystalli;
The responsible positions were unclear:

Lack of traceabili ithout clear defini udit bound nd responsibili are ambiguous.

The quality unit shall ensure procedures are follc and app. a r tments.

rds must be maintained and ily available, with clear ibilit: \ , and

tion controls and defined personnel applicability.

using outdated or i ect procedures, enhancing
e ambiguity and pr s deviations, supporting product stabili
es regulatory audit readiness, reducing potential econol losses fro
pliance.

University of Stuttgart, IAS

Diff File

Diff code
- Differences between two Versions
T diff
+ add

- delete

! *Change reason:**
*  Why modify the content of this module
*  Why update the output target content
| x “Regulatory reference:*
+ Based on which specific provisions in Guideline doc.

v **Impact analysis:**
» what risks will be avoided
* what costs will be reduced
» what profit will be increased

31/10/2024
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Conceptual Design

Regulation document storage and utilization

Questions
How are regulatory documents stored
and utilized?

* Information Pre- Processing
* Guideline doc. in pdf -> Markdown
* 6 Guideline doc.

| 3] CFR-2024-title21-vol1-part11.md |
B CFR-2024-title21-vol1-part11.pdf )
B CFR-EOEAI-titIeEI-uol4-parl206.mdb
| CFR-2024-title21-vold-part206.pdf
| ¥ CFR-2024-title21-vold-part207.md
| CFR-2024-title21-vold-part207.pdf
(& CFR-ZOZd-titIeﬂ-\.r0|4-parl210.mdb
B | CFR-2024-title21-vold-part210.pdf
| s CFR-2024-tit|e21-v0|4-par1211.mdl)
B | CFR-2024-title21-vold-part211.pdf

User

| L ich-q—?-good—manufﬁduring-praclice-adive-pharmaceutical-ingredients—step—S_en.md|>

B ich-g-7-good-manufacturing-practice-active-pharmaceutical-ingredients-step-5_en.pdf

University of Stuttgart, IAS

Production
procedure
document

Guideline &
A:Zg:ter € Standards

improve

]
|
|
|
|

. |

Compliance :
|
I
|
|
|

i

Markdown

Files
(MARK]

l

Manual
Formating

Prompt
Context

31/10/2024

13



. analyze l
Conceptual Design User |

Production Diff File Compliance : Guideline &
procedure S Analyzer Standards

document v Agent

Questions
How are regulatory documents stored improve
and utilized?

*21 CFR Ch. I (4-1-24 Edition)*

* Information Pre- Processing
+ Guideline doc. in pdf -> Markdown

H H o (s gulations in this par ntain the minimum current good manufacturing practice for the preparation of drug produc
° 6 Gl.“dellne dOC. ] B . (excluding positron emission tomography drugs) for administration to humans or animals.
uring practice regulations in this chapter as they tain to drug products; in parts 660
to drugs that are also biological products for human use; and in part 1271, as they are
applicable to drugs that are also human cells, t and cellular and tissue-based products (HCT, and that are drugs
(subject to review under an application submitted under section 585 of the act or under a b:
7 | i n under tion 351 of the Public Health vice Act) supplement and do not super: e part

unless the regulations explicitly provide otherwise. In the event of a conflict between applicable regulations in this part
and in other parts of this chapt or in parts through 688, or in part 12 regula 1 specifically applicable to
the drug product in question shall supersede the more general.

¢) Pending consideration of a proposed exemption publi Septe 9, 1978, the requirements
in this part shall not be enforced for OTC drug products i rdinarily marketed
and consumed as human fo and which products may

e : L7 ¢ use.

*Source: [43 9 ept. ec. 19, 1 9 3 2 4; 74 FR 65431

(a) T shall be a quality control unit with the responsibility and authority to approve or r

product containers, closures, in-pre materials, packaging ma 1s, labeling, and drug products, and t

productic rds to assure that errors have been fully investigated. This unit is responsible for approving or rejecting
drug products manufactured, processed, packed, or held under contract by another company.

(b) Adequate laboratory facilities for testing and approval (or rejection) of components, containers, cl s, packaging

University of Stuttgart, IAS processed requlatory documents 31/10/2024 14




4 Test

Output discovery
Fine-tuning model



Test analyze ////“\\\

° I
User m N\ [
,/ \\
i - iff File | Compli -
Output discovery Production | /| R | O er ] Guldeline &
document y \ Agent ) tandards
= K /
Questions X
What can the Compliance Analyzer improve e __ -
Agent actually do?

Data Operations

Add new item
Modify item

* Delete item

SS

« Add new Section™-._

+ 1. Transf
slowly to 5

University of Stuttgart, IAS 31/10/2024 16



Test

User

Output discovery - Test Results Production

ow the document evolved over time?

procedure
document

|' Questions
H

University of Stuttgart, IAS

Number of entries changed

number of edits was quite high

——_——

Compliance

|
Analyzer |€=
Agent !

Guideline &
Standards

in each iteration

Total Changes
Added Items
Modified Items
Deleted Items
New Sections
--+-- Misjudged Items

Version

31/10/2024
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Test

Output discovery - more insights behind the changes

Number of entries changed in each iteration

—— Total Changes

V4->V5: Focus on

. V6->V7: Completing Added Items
:_onjlp i Ii’lasﬂ OI.AUd't Electronic Record check —— Modified Items
raf’ across at sections across all sections —e— Deleted Items
+ ->Added items T->Total . Added items&modified
Change T ed llemsamoditie —=— New Sections

items I->Total Change 1 ~e-- Misjudged Items

[ Increased means? ]

£ R
Fad P 2 ” 2 Vad A ” Vd A 2
Kt & R 1 & Ry K L Ky P k) 9

N Rl & »

>
4
‘o

KY

« V1->V2:
New Sections Num:3
+  After V2:

New Sections Num:0

* V5->V6: add 5 items related
to Electronic Record,
Electronic Recording
System(Part 11.10 required)

* V3->V4: One special items
been discovered and added
(Version Management)

->Audit Trail (Part 11.10
required)

University of Stuttgart, IAS
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Test
Output discovery - Overediting

Total Changes And Misjudged items Per Version

al ST M|sjudged items

—®- 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 items
Total Changes

Misjudged Items as Percentage of Total Changes

Misjudged Ratio =

100%
—e— Misjudged Ratio

80%

Misjudged ratio = 50%

60%

Half of the edits made were unnecessary
after the whole process converged.

40%

Misjudged Ratio

20%

Insights
-> avoid this overediting by early stop

0%

Version

University of Stuttgart, IAS 31/10/2024
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5 Model Fine-tuning

Dataset and Model
Training process
Validation Result



Model Fine-tuning

How to improve task specific capability of Agent?

( Questions

Collect: :
. I User
» document inputs |
* the diff output I Production
! procedure
: document
->feed them back |
as training data :
Fine-tune the LLM |
directly :
. Finetune

University of Stuttgart, IAS

/
/
/
Diff File | Compliance

!x [\ Analyzer
v\ Agent
\
\
AN
. N 7
improve S~ -
P S
|
|
|
|
|

éompliance Analyzer .
Agent ’

4

) | Guideline &

h Standards

K template /

N

Put into the model for retrieval

31/10/2024
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M Od el Fi ne-tun in g vl v2 V3, vt Production procedure documents:
""" (Improving Versions+ Complete Version)
Dataset and Model

diff V1->V2 diff V2->V3 diff V3->V4 Diff Files:
* Build dat t . b | e ! — (lterative recommendations+
! my atase e Vo LA Relevant legal provisions+ Risk
Use data generated from my project analyses)
+ Supervised fine-tuning { “messages”: [ ol Tuser”, "content

Dataset deSIQn 55 "us :conf»_'n‘r
« JSONL format

* QA Pairs design

* 101 QA Pairs

“User” “Assistant”
e 44519 words “content”: “content”:
user prompt assistant response
* 83 pages ( Whpo arepyéu? ( Diff Files (for the g)iven One
+  Whats your task? section)
. » Scope of legal provisions to be searched?
- Questions + How should you provide answers?(output
What the Fine-tune file format format description)
. * One section production procedure
look like? document text (that you need to deal with)

Model Selection
* gpt 40 - mini (200,000 tokens per min, TPM)
« gpt 4o: limit (30,000 tokens per min, TPM)
-> gpt 40 - mini

University of Stuttgart, IAS 31/10/2024 22




Model Fine-tuning
Training process

Loss

- Loss
step 12 ->2.130

step 269 ->1.011
% step 275 ->0.380

wm/“”/ Wu\ WWW\AWW-

Accuracy

- Accuracy
step 12 ->0.581

XWL \Ar Sste ->0.
i S A

/\Nﬂf\ i

Ly e e e
EEEREIEEEEEE

* Smoothing -> 0.5
» Loss decreases and approaches good convergence
» Accuracy increases, is learning effectively and performing better

University of Stuttgart, IAS 31/10/2024 23



Model Fine-tuning
Validation Result - Effect of fine-tuning

Added
items

Number of items
changed in the first
iteration

(v1->v2, before vs.
after fine-tuning)

before Fine-tuning 36

after Fine-tuning 31

Added
GMP. trol point.

Clarified which types of positions the sop
applies to.

21 CFR §211.88(a): Requires written procedures
for receipt and sampling of materials.

21 CFR §211.22(c): Quality unit must review and
appr

21 CFR §211.1
implementabl

contamination or mix-ups, improv
variability,

consistent product quality.
Enhances process tion, reducing rework
and associated costs. ==

before Fine-tuning

modified
items

sequence explicitly.

fafter Fine-tuning

Quantity
Level
X

Added
Sections

Total changes

Quality
Level
v

Execute pi
operations and r data in real time.
operatic
and approve deviati
and approve
perform batch rel
Manage SOP versions and
tribution.

ages: Raw material re
ation » Drying -+ Milling + Packaging. All

personnel must comple dic GMP and Part 11

training, with traini ds retained for 5

pt - Synthe

years. Operators must po uate education,

training, and experience.

onic r s and electronic signatures
in this S0P apply to controlled
systems including Manufacturing
Systems, Laboratory Information

§ 211.22(c) requires QA r
efining role respons

Clear responsibilities reduce
improve production

human error costs. management
release, deviation approval, change 1, and
audit trail.

production, testing

Final version

University of Stuttgart, IAS
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Model Fine-tuning
Validation Result - Summarizes

- Technical verification of LLM output level

 Training has effect:

* loss decreased :

and packaging.

rding "all personnel involved in
ed to specify all

id ambiguous language.
as it is a critical

 Validation of document quality cean s o

applies t

" was unclear;

for receipt and sampling of
: Quality unit must review and

 text quality difficult to quantify

approv
Written procedures must be

* need expert knowledge )

ipt prevents

Inclusion of raw material re:

* but we see effects

reducing rework

-> result more comprehensive
Without Fintuning

diff_v1.0_to_v2.0_101.md

+ This sop applie
‘en API production at
duction Operator*

d data in

duction Supervisor**: Oversee

Review records and

perform product releas

**Document Controller**: Maintain SOP ve

-
Raw Material Receipt + Synthes
> Drying » Milling » Packaging

Clear responsibilities reduce
production
costs.

University of Stuttgart, IAS

31/10/2024
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6 Summary & Outlook



Summary and Outlook
Summary
+ Designed a system for improving production documents
(Combines regulatory documents & industrial standards)

* Ensures version traceability & improves document precision

* Reduces manual editing & enhances productivity

Limitation & Future Work

* need expert input to validate the results
* Final approval still depends on human expertise

(even system improves technical quality)

University of Stuttgart, IAS
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» 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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Model Fine-tuning
Dataset

* Build my dataset

V1

diff V1->V2
1

+ Use data generated from my project | -

v

% -

A

What Data | obtained in my project?

[ Questions

« Supervised fine-tuning wamzarsi )
Dataset design
« JSONL format

* QA Pairs design

University of Stuttgart, IAS

i Production procedure documents:
(Improving Versions+ Complete Version)
diff V3->Va Diff Files:
L — (Iterative recommendations+
VA Relevant legal provisions+ Risk
analyses)

“User”
“content”:

(requirement, prompt)

¢ Yourrole?

“Assistant”

“content”

(desired output of the model)
Diff Files (for the given One

*  Your task? section)

» Scope of legal provisions to be searched? .

* How should you provide answers?(output 101 QA Pairs
format description) l

* One section production procedure document

text (that you need to deal with)

31 QA Pairs -> redesign

[ ¢

“User”
“content”:

(requirement, prompt)
e summarize the phenomenon

*  “Answer questions using legal provisions:”
*  “Why is it necessary/important to add/delete

“Assistant”

“content”:

(desired output of the model)
* Relevant legal provisions

those information if (this phenomenon occurs)? 70 QA Pairs +31 redesign QA Pairs

31/10/2024
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Model Fine-tuxnin

Evaluation
Fine-tuning experimental phenomena - 31+70 QA pair

diff v1.0_to v2.0_101.md ® diff v1.0_to_v2.0_en_withoutFT.md

and rework, improving efficienc

) rpm for 1@ minut

the dryer
108 hour

2-18 hour:
Fi

: . il
moisture testing u

El

Change reason: Added centrifugat
time, drying time confirm.
and importance of ri

Change reason: Added drying pre:
frequency of sampling for Karl Fischer

equen: pling C el and sampling
requirements to strengthen dry

to 8-18 hours o
control. to 8-1@ hours for

Legal basis: -
documenting efficiency.
3. Re-testing moisture and documen n

Legal basis:§ 211.11€(a) requ
gal b § (a) req clarified.

written procedures and test methods at
each critical step; § 211.165(e)

traceability; § 211.118(a) requires

written procedures for in-proce nroom sampling and PPE requireme

added.

- BHGITEUR

University of Stuttgart, IAS

11.0.md

Centrifuge at 156@ rpm for 1@ minut
separate solids and liquids, collect
solids, and record centrifuge time and
speed.

Transfer wet crystals to a vacuum dryer,

set temperature to 5@-55°C and
560-668 mmHg, dry
every 2 hours for
testing until moisture =@.
drying, confirm that the dryer’s last
cleaning validation wa
days (check cleaning validation reco
date); otherwis reperform cleaning
validation.

After drying, re-sample

reviewed and linked to the BPR, and
recorded in Appendix D. A
1 All final dry nust
be independently verified, I'y nd
operator and double elec)rori
signatures recorded.
4. All sampling must he fonducted in a
an enyiromnent, wi h/operators wearing
approariace PPE and rpz2cording activities

31/10/2024
™~ \D

nfirm final
moisture content. All test data must be Qi

31



Summary and future work
Experimental details and findings

Summary:

University of Stuttgart, IAS

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.

31/10/2024 32
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