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Current status of manufacturing industry

Introduction

23/04/2025

• Knowledge-Intensive: complex processes, scientific models

• Management of Knowledge

Traditional knowledge utilization method

• Storage of data in Database

• Large Language Model(LLM) Retrieval

How can LLM  utilize the local knowledge?

Challenge

Knowledge: 
Particle Size Balance Model

Formula Expression:

Formula Explanation:
This equation is commonly used to describe the 

dynamic behavior of a particle,...

Explanation of Terms:
• B=B(L,t):The birth rate of the particle,...

• D=D(L,t):The death rate of the particle,...

...

Knowledge Source:
Scientific paper

Formula-Centric Knowledge

Knowledge Graph-based Retrieval + LLM Reasoning + QA Chatbot

Knowledge System
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• LLM Only

• Retrieval-Augmented Generation (RAG)

• Graph-based RAG(GraphRAG)



University of Stuttgart, IAS 6

LLM Only

Background

23/04/2025

User LLM

1. Input

2. Response 

How can domain knowledge be incorporated? 

Question:

Pretrained Data

• No Access to Local Knowledge

• Risk of Data Leakage

Limitations:



• Chunk-based Context Loss

• Limited Relational Understanding

Limitations:
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Retrieval-Augmented Generation (RAG)

Background

23/04/2025

User
LLM

2. Input

5. Response 

Vector Database

(Faiss) Local data

1. Chunking & 

Embedding
3. Vector indexing

4. Relevant Information

How to improve retrieval quality?

Question:

How can domain knowledge be incorporated? 

Question: 

Feasible

Local Knowledge Utilization

RAG

• Chunk-based Context Loss

• Limited Relational Understanding

Limitations:
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Graph-based RAG(GraphRAG)

Background

23/04/2025

Knowledge Graph

User
LLM

2. Input

6. Response

Graph Database

(Neo4j) Local data

1.  KG building

5. Relevant Information

Cypher Query

3. Query generation
4.Match

• Relationship-driven Reasoning

• Interpretability through Visualization

GraphRAG
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Graph-based RAG(GraphRAG)

Background

23/04/2025

Under the conditions of aggregation and 

nucleation, what effects do they have on the 

Particle Size Balance Model ?
User Task

Formula A Classification

Term

Belongs to

Has term

Expression

Explanation

Formula B

Belongs to
Has 

expression

Has explanation

Graph Structure

{

Formula Name:[Particle Size Balance Model],

Formula Explanation:[...aggregation...nucleation],

Formula Expression:

Formula Source:[...]

Term:

• Term Name:[Birth Term],Term Meaning:[...aggregation...nucleation]

• Term Name:[Death Term],Term Meaning:[... ]

• ...

}

Structured Data
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Literature Review

Background

23/04/2025

[1] RAG for knowledge-intensive NLP [2] HybridRAG: Integrating Knowledge 

Graphs and Vector Retrieval

[3] CRAG: A Comprehensive Benchmark for 

RAG Evaluation

[4] Medical GraphRAG [5] Benchmarking the Impact of Knowledge 

Graphs on LLM SQL QA

[6] GraphRAG: Global Sensemaking with 

Graph-Based Retrieval
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LLM only vs RAG vs GraphRAG

Background

23/04/2025

Criteria LLM only LLM + RAG LLM + GraphRAG

Real-time Knowlege Access Static, Pretrained Dynamic, Unstructured Dynamic, Structured

Domain Accuracy
Low (30%-60%)

[3]

Improved (50%-80%)

[1,2,3,6]

High (70%-90%)

[2,4,5,6]

Explainable Weak Weak Strong

System Complexity Low Moderate High



System design

• System Overview

• Retrieval Enhancement
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System Overview

System design

23/04/2025

PDF
Entities & 

Relationships

Knowledge 

Graph

GraphRAG 

System

Extract Construct Design

PDF
Entities & 

Relationships

Knowledge 

Graph

• Academic papers, 

• Textbooks, 

• Authoritative databases

• etc.

85 sets of structured data
• Formula, 

• Expression,

• Explanation, 

• Term,

• Source

GraphRAG 

System
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System Overview

System design

23/04/2025

PDF
Entities & 

Relationships

Knowledge 

Graph

GraphRAG 

System

Extract Construct Design
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System Overview

System design

23/04/2025



System design

• System Overview

• Retrieval Enhancement

GraphRAG

+ Chain of Thought

+ Semantic Alignment

+ Verification

+ Task Decomposition
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Retrieval Enhancement

System design

23/04/2025

GraphRAG + CoT + Semantic Alignment + Verification + Task Decomposition

Task:

What is the formula explanation and 

formula expression of Particle size 

balance model?

• Condition Omission

• Logical Confusion

Limitation



Step 1: Identify keywords from user task.

Step 2: Partial matching for each keyword.

Step 3: Identify conditions and purposes. 

Step 4: ...
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Retrieval Enhancement

System design

23/04/2025

GraphRAG + CoT + Semantic Alignment + Verification + Task Decomposition

Step-by-step reasoning process

Task:

What is the formula explanation and formula expression of particle size balance model?

CoT:

What is CoT(Chain of Thought)? 

Multi-condition Tasks Handling

CoT
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Retrieval Enhancement

System design

23/04/2025

GraphRAG + CoT + Semantic Alignment + Verification + Task Decomposition

Task:

What is the explanation of "Particle 

distribution model"?

Answer:

The database does not contain relevant 

information.

WHERE toLower(exp.Formula_Name) 

CONTAINS toLower("particle 

distribution model")

Cypher

The query returns empty data

Query Result

Multi-condition Tasks Handling

CoT

• Semantic Drift

• Vocabulary Inconsistency

Limitation
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Retrieval Enhancement

System design

23/04/2025

GraphRAG + CoT + Semantic Alignment + Verification + Task Decomposition

Task:

What is the explanation of "Particle 

distribution model"?

Answer:

The **Particle distribution model**

Explanation of Formula:

This equation is commonly used to 

describe the dynamic behavior ...

{'formula_candidates': ['Particle 

distribution model']}

Original Keywords

{'formula_candidates': ['Particle 

size balance']}

Keywords after Alignment

Query Result from Neo4j, total: 7

Query Result

Semantic Drift  & Vocabulary 

Inconsistency Mitigation

Semantic Alignment

• Noisy output

Limitation
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Retrieval Enhancement

System design

23/04/2025

GraphRAG + CoT + Semantic Alignment + Verification + Task Decomposition

Noisy output Mitigation

Verification

• Syntax Correctness

• Logical Consistency

• Semantic Alignment

Check:

• Complex Tasks

Limitation
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Retrieval Enhancement

System design

23/04/2025

GraphRAG + CoT + Semantic Alignment + Verification + Task Decomposition

Task:

In the particle size balance simulation 

process, what factors determine the birth 

item and what factors are related to the 

death item?

Complex Tasks Handling

Task Decomposition

Sub Task 1:

• "What factors determine the birth item 

in the particle size balance simulation 

process?"

Sub Task 2:

• What factors are related to the death 

item in the particle size balance 

simulation process?"
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Retrieval Enhancement

System design

23/04/2025

GraphRAG + CoT + Semantic Alignment + Verification + Task Decomposition

Complex Tasks Handling

Task Decomposition



Evaluation & Analysis

• Evaluation of information retrieval capability

• Evaluation of response generation quality
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Evaluation of information retrieval capability

Evaluation & Analysis

23/04/2025

Step 1: Question and Ground Truth generation

• 99 Questions 

• Uniqueness and Verifiability

• Question Categoriezation 

Difficulty Level Example

Simple(33)
Which formula in the NRTL-PR model calculates the fluid pressure in a 

single-phase system?

Medium(33)

In a continuous crystallizer operating at zero growth rate, how do the birth 

term B(j) and death term D(j) affect the time evolution of the j-th moment 

due to aggregation?

Complex(33)

In a continuous crystallization process, if you want to discretize the particle 

size distribution, which formula from 'Discretization for Aggregation' best 

describes the sum of aggregation events that lead to the formation or loss 

of particles in a size interval, and can you explain how the literal expression 

accounts for self-aggregation?

Experiment Design

Step 2: Retrieval StratigiesStep 3: Metrics and Analysis

For each method and question, compute:

• Recall: 

Retrieval Stratigies Description Advantage

RAG Vector-based semantic retrieval Local Knowledge Utilization

Graph-based RAG Basic GraphRAG Relationship-driven Reasoning

GraphRAG + CoT With Chain-of-Thought reasoning Multi-condition Tasks Handling

GraphRAG + CoT + Semantic 

Alignment

+ Semantic Alignment Semantic Drift Mitigation

GraphRAG + CoT + SA + Verification + Iterative query verification Noisy output Mitigation

GraphRAG + CoT + SA + Verification + 

Task Decomposition

+ Task decomposition for multi-agent 

reasoning

Complex Tasks Handling

• Hit Rate: 
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Evaluation of information retrieval capability

Evaluation & Analysis

23/04/2025

RAG GraphRAG
GraphRAG

+COT

GraphRAG

+COT+SA

GraphRAG

+COT+SA

+Veri

GraphRAG

+COT+SA

+Veri+TD

Hit Rate 6.20% 25.50% 20.08% 21.90% 21.90% 14.95%

Recall 60.88% 58.06% 77.73%. 78.62% 82.69% 91.17%

Inference 

time
1.27s 2.79s 3.45s 5.67s 6.07s 8.20s

Strategies

Metrics

Experiment Result & Analysis

• Missing key knowledge is riskier than retrieving too much

• Strategy complexity ↑, Recall ↑, Precision↓, Inference time↑  



Evaluation & Analysis

• Evaluation of information retrieval capability

• Evaluation of response generation quality
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Evaluation of response generation quality

Evaluation & Analysis

23/04/2025

• LLM-based Judgment ( Deepseek)

• Scoring Criteria

Experiment Design

Metrics Description

Accuracy Score(0-10) Do the results match the user's expected answer?

Overfetching / Underfetching(0-10) Does the result return too much irrelevant info or miss key data?

Readability(0-10) Are the results understandable, structured, and informative?



University of Stuttgart, IAS 29

Evaluation of response generation quality

Evaluation & Analysis

23/04/2025

Experiment Result:

RAG GraphRAG
GraphRAG

+COT

GraphRAG

+COT+SA

GraphRAG

+COT+SA

+Veri

GraphRAG

+COT+SA

+Veri+TD

Accuracy Score 7.48 7.67 8.77 8.91 8.89 8.91

Overfetching / 

Underfetching
6.38 6.53 6.81 6.88 7.02 6.88

Readability 8.34 8.42 8.42 8.42 8.40 8.39

Strategies

Metrics



Conclusion & Outlook
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Conclusion & Outlook

23/04/2025

Overall

• Strong performance over RAG baseline

• Graphrag: 91% recall vs RAG: 60%, 

• Improved precision and information completeness

• Limitations

• 91% Recall, not 100% Coverage

• Graph DB Construction Effort

Outlook

• Fusion with multimodal data

• Text + Graph + Image , Cross-modal links

• Expansion into digital twin

• Information Relationship Mapping

• Digital twin environment
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