
Institute of Industrial Automation

and Software Engineering

Presenter: Wenjie Xie

Supervisor: Yuchen Xia M. Sc.

Examiner: Prof. Dr. Ing. Michael Weyrich

Enhancing LLM Analysis 

for  Numerical  Data  with 

Algorithmic Feature Extraction 

• Numerical Data Visualization

• Algorithmic Features• Analysis: 
The chart illustrates a steady 

downward of market share of 

Yahoo! Search, with a sharp decline 

around 2019–2020, followed by a 

slow recovery after 2023.
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Motivation

Failure Case

Data Format Strengths Limitations

Image
• Intuitive insight

• Rich visual context

• No exact values

• Depends on image quality

CSV
• Precise numerical representation

• Statistical reliability

• Less semantic

• Lacks visual cues

• Two Forms of Data Representation

Chart Image CSV
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Motivation

Failure Case: LLM-Based Data Analysis

LLM

Semantically insightful but imprecise Precise but not semantically insightful

How to make them complement each other? 
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Motivation

22/10/2025

Idea — What if we …

1️⃣ Combine both images and CSVs

Challenge and Idea

Limitations of LLM-based Analysis: 

• Visual Image as input

Intuitive but imprecise

• Numerical CSV as input    

Accurate but without semantical reasoning

!   Challenge:

LLMs interpret images semantically and CSVs 

numerically, but struggle to connect the two coherently.

Challenge

？Accuracy

Improvement 

by how much?

＋ ＋
2️⃣ Add mathematical algorithm



2 Basics

• Chart Image

• Time Series Data

• Mathematical Methods

• Multimodal LLM
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Basics

Chart Image —— Data Visualization

• Line Chart (trend)• Bar Chart (comparison)

• Heat Map (distribution)• Scatter Plot (correlation)

• Pie Chart (proportion)

Data Visualization: 

  Abstract data →  Visual chart image
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Basics

Time Series Data

• Definition: Time series data = data with a time dimension.

LLM

LLM agent

prompt

text in text out

Time Series Data CSV Time-indexed Data Frame NumPy Array

Data Structure Text-based table Pandas structure Numerical array

Line chart + time axis → time series visualization

Visualization

Directly readable by LLM.



• Quantifies raw numerical data

• Provides descriptive semantical meaning

!    Conclusion:

Mathematical methods bridge the gap between 

numerical values and semantic understanding. 

Why Combine Mathematical Methods?

University of Stuttgart, IAS 22/10/2025 10

Basics

Mathematical Methods

LLM

LLM agent

prompt

text in text out

• Raw CSV data

How to connect with LLM? 

• Algorithm-Based Mathematical Analysis • Extracted Numerical Results
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Basics

Mathematical Methods

LLM

LLM agent

prompt

text in text out

Connection with LLM

CSV

Question

Math 

Code

Math 

Result
What are the time-domain 

features and statistical 

features of this CSV data? 

And how much are they?



University of Stuttgart, IAS 22/10/2025 12

Basics

Multimodal LLM

• Key: MMLLM can integrate info from different types of data modalities

• From Manual to Autonomous Interpretation 

• Visual modality (Chart image) provides semantic cues.

• Numerical modality (CSV) enables exact numerical computation.

• Textual modality (Question) defines reasoning intent. (User Intention)

MMLLM Agent

• The Multimodal LLM combines Visual, Numerical, and Textual modalities with 

Mathematical Methods, achieving autonomous chart analysis.

Image

CSV

Text



3 Conceptual Design

• System Overview

• System Design



Question
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Conceptual Design

System Overview

⚫ Single-modality analysis

Chart & Q                   LLM

CSV & Q LLM

Imprecise Numerical Answer

Low-semantic Results

⚫ Multi-modalities analysis
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Conceptual Design

System Overview

CSV
Math 

Code

Final 

Answer

Math 

Results

Chart 

Image

Question

Multimodal

LLM Agent Code 

Generation Execution

Multimodal

LLM Agent



4 Experiment

• Multimodal Data Input

• LLM-Based Analysis

• Feature Planning

• Code Generation & Execution

• Raw Extracted Results

• Answer Synthesis

CSV
Math 

Code

Final 

Answer
Math 

Results

Chart 

Image

Question

Multimodal

LLM Agent

Multimodal

LLM Agent
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Conceptual Design

Multimodal Data Input
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Conceptual Design

LLM-Based Analysis

LLM-Based Analysis
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Conceptual Design

LLM-Based Reasoning

LLM-Based Analysis Results 

• Which feature?

• Why this feature?

• How to calculate?
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Conceptual Design

Code Generation & Math Code
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Conceptual Design

Raw Numerical Results

Precise but

Non-semantic
Precise and

Semantic

HOW
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Conceptual Design

Answer Synthesis

============================================================

 Final Answer:

The overall trend in manuscript production from the 8th century to the 15th century 

shows a significant increase. The production reached its peak in the 15th century 

with 515,116 manuscripts, starting from a value of 0 in the 6th century. This 

indicates a substantial growth in manuscript production over the centuries.

============================================================



5 Evaluation & Analysis

• Test Case

• Experiment Example

• Experiment Results

• Evaluation & Analysis



Evaluation & Analysis
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Test Case 

Line Bar Pie

Dataset MATLAB.fig CSV Regenerated Original



Evaluation & Analysis
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Ablation Experiment

MMLLM

MMLLM-Based Analysis

Without Mathematical Methods

Only LLM

No CSV Input

MMLLM

MMLLM-Based Analysis

With Mathematical Methods

Baseline:

GPT-Analyzer: Ablation: Without Mathematical Algorithm



Evaluation & Analysis
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Test Case Example  

Baseline:

Ablation: GPT-Analyzer:

 Image

 CSV

 Math

 Image

 CSV

 Math

 Image

 CSV

 Math



Evaluation & Analysis
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Experiment Results  

Score Baseline Ablation GPT-Analyzer

Correctness 22/30 25/30 28/30

Accuracy 4.5/30 16.5/30 27.5/30

• Correctness measures whether the answer correctly 

addresses the question.

• Accuracy measures precision of numerical values in 

the correct answer.

Metrics:

 Image

 CSV

 Math

 Image

 CSV

 Math

 Image

 CSV

 Math
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Evaluation & Analysis

Evaluation & Analysis

23/04/2025

Metric Baseline Ablation
GPT-

Analyzer

Correctness 73.3% 83.3% 93.3%

Accuracy 15% 55.0% 91.7% 

40.0%

36.7%

• In conclusion, these results clearly show that combining 

math code with LLM reasoning significantly enhances 

LLM’s analysis in handling numerical data.



6 Summary & Outlook



• Designed a system to enhance LLM analysis for numerical data

(Combines different data multimodalities: image, textual, CSV)

• Introduced mathematical algorithm to

       → Bridge raw numerical data with semantic reasoning

       → Convert plain CSV values into interpretable features

• Current feature extraction still relies on predefined algorithms

• Explore autonomous agent frameworks for self-improving analysis

Summary

Summary and Outlook
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Limitation & Future Work
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Quelle
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