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Agenda

❏ Scientific Figure Understanding

❏ Scientific Figure Generation

❏ Code Generation

❏ Text-to-Code (TikZ, Python, Others)

❏ Image-to-Code

❏ Direct Image Generation

❏ Scientific Slide and Poster Generation
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Agenda

❏ Scientific Figure Understanding

❏ Scientific Figure Generation

❏ Scientific Slide and Poster Generation
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Scientific Figure Understanding
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Scientific Figure Understanding

159

Mostly QA over charts (e.g., FigureQA, DVQA, PlotQA, ChartQA, CharXiv, SPIQA, …)



Scientific Figure Understanding
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CharXiv (NeurIPS 2024) [1]:

❏ Unbounded chart types 

❏ e.g., not restricted to Scatter, Line, Bar, Pie

❏ Descriptive questions: Examining basic chart elements 

❏ e.g., axis, title, …

❏ Reasoning questions: Synthesizes information 

❏ e.g., maximum number of consecutive datapoints which forms a decreasing sequence, …



Scientific Figure Understanding
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Descriptive:



Scientific Figure Understanding
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Reasoning:



Scientific Figure Generation
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Motivation
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❏ Good scientific figures can be impactful → Increase 

chances of acceptance and enhances citation counts

❏ Difficult for humans to generate high-quality scientific 

figures



History
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● Early work dates back to the 1980s and 1990s

○ e.g. APT by Jock Mackinlay (1986)

● Motivation:

○ help users make figures faster and better

○ empower users → foster inclusivity



Schematic Overview
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Input

Text Image

Caption Description



Schematic Overview
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Input

Text Image

Caption Description

Output

Code →   
Image

Image 
Directly

TikZ Python



Schematic Overview
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Input

Text Image

Caption Description

Output

Code →   
Image

Image 
Directly

TikZ Python

“Graphical 
representation of the 

network”

“The image shows a 
graph with three vertices, 
2 colored blue, 1 colored 

red”

\begin{tikzpicture}
\draw[style=dashed] 
(2,.5) circle (0.5); …

import matplotlib.pyplot as plt
plt.plot([1, 2, 3, 4])
plt.ylabel('some numbers')
plt.show()

https://matplotlib.org/stable/api/_as_gen/matplotlib.pyplot.plot.html#matplotlib.pyplot.plot
https://matplotlib.org/stable/api/_as_gen/matplotlib.pyplot.ylabel.html#matplotlib.pyplot.ylabel
https://matplotlib.org/stable/api/_as_gen/matplotlib.pyplot.show.html#matplotlib.pyplot.show


A concrete illustration
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A sequence of green circles labeled $X_0$, $X_1$, $X_2$, and $X_{T-1}$ is 
arranged horizontally from left to right. Each circle is connected to the next by a rightward-pointing arrow labeled 
$A$. Below each circle, there is a corresponding blue square labeled $O_0$, $O_1$, $O_2$, and $O_{T-1}$, respectively. Each circle is 
connected to its corresponding square by a vertical black arrow labeled $B$. A dashed red horizontal line runs across the image, 
intersecting the vertical arrows. The sequence continues with ellipses between $X_2$ and $X_{T-1}$, and after $X_{T-1}$, indicating 
continuation.



A concrete illustration
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A sequence of green circles labeled $X_0$, $X_1$, $X_2$, and $X_{T-1}$ is 
arranged horizontally from left to right. Each circle is connected to the next by a rightward-pointing arrow labeled 
$A$. Below each circle, there is a corresponding blue square labeled $O_0$, $O_1$, $O_2$, and $O_{T-1}$, respectively. Each circle is 
connected to its corresponding square by a vertical black arrow labeled $B$. A dashed red horizontal line runs across the image, 
intersecting the vertical arrows. The sequence continues with ellipses between $X_2$ and $X_{T-1}$, and after $X_{T-1}$, indicating 
continuation.



Several influential recent papers I
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Input Output Method Dataset Domain Where 
Published

AutomaTikZ Captions TikZ SFT (PEFT 
with LoRA)

120k 
(caption/code) 
pairs

ArXiv (cs.CL, …),
TeX SE

ICLR’24

TikZero Captions TikZ SFT 460k 
(caption/code) 
pairs

ArXiv (cs.CL, …),
TeX SE

ICCV’25

TikZilla Descriptions TikZ SFT + RL 2M 
(description/code
) pairs

ArXiv (cs.CL, …),
GitHub,
TeX SE

ICLR’26

ChartMimic Instuction/Refe
rence 
Image/Data

Python 
(Matplotlib)

LLMs out of 
the box

4800 
(figure, 
instruction, code) 
triplets

ArXiv, Matplotlib 
gallery, 
Stackoverflow, 
Twitter, Reddit

ICLR’25

http://cs.cl
http://cs.cl
http://cs.cl


Several influential recent papers I
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Input Output Method Dataset Domain Where 
Published

AutomaTikZ Captions TikZ SFT (PEFT 
with LoRA)

120k 
(caption/code) 
pairs

ArXiv (cs.CL, …),
TeX SE

ICLR’24

TikZero Captions TikZ SFT 460k 
(caption/code) 
pairs

ArXiv (cs.CL, …),
TeX SE

ICCV’25

TikZilla Descriptions TikZ SFT + RL 2M 
(description/code
) pairs

ArXiv (cs.CL, …),
GitHub,
TeX SE

ICLR’26

DeTikZify Sketches + 
Images

TikZ SFT + 
Monte 
Carlo Tree 
Search

360k 
(code/image) 
pairs

ArXiv (cs.CL, …),
TeX SE

NeurIPS’24

http://cs.cl
http://cs.cl
http://cs.cl
http://cs.cl


Scientific Figure Generation
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Input Output Method Dataset Domain Where 
Published

AutomaTikZ Captions TikZ SFT (PEFT 
with LoRA)

120k 
(caption/code) 
pairs

ArXiv (cs.CL, 
…),
TeX SE

ICLR’24

TikZero Captions TikZ SFT 460k 
(caption/code) 
pairs

ArXiv (cs.CL, 
…),
TeX SE

ICCV’25

TikZilla Descriptions TikZ SFT + RL 2M 
(description/code
) pairs

ArXiv (cs.CL, 
…),
GitHub,
TeX SE

ICLR’26

ChartMimic Instuction/Re
ference 
Image/Data

Python 
(Matplotlib)

LLMs out of 
the box

4800 
(figure, 
instruction, code) 
triplets

ArXiv, 
Matplotlib 
gallery, 
Stackoverflo
w, Twitter, 
Reddit

ICLR’25

ScImage Instructions TikZ, 
Python, 
Direct 
Image

LLMs out of 
the box

404
(chart, math 
function, matrix, 
table) types

Human-cura
ted

ICLR’25

VisCoder2 Task + Style TikZ, 
Python, 
SVG,
VegaLite, 
...

SFT + 
Self-debug

680K
(bars, lines, 
areas, 3D, 
scatter, matrix, 
heatmap, …) 
types

Open-sourc
e 
repositories

ICLR’26

MatPlotAgent User query, 
Raw data

Python 
(Matplotlib)

Agentic 
(Code agent 
+ Visual 
agent)

100
(sankey 
diagram, 
sunburst chart, 
radial plots, 
chord diagram, 
streamplot) 
types

Matplotlib 
Gallary, 
OriginLab 
GraphGallar
y

ACL 
Findings’24

PaperBanana Methodolog
y 
Description/
Diagram 
Caption

Direct 
Image

Agentic 
(Linear 
planning + 
Iterative 
refinement) 
based on 
Nano-Banan
a-Pro

292
(science & 
application, 
generative & 
learning, agent 
& reasoning, 
vision & 
perception) 
categories

NeurIPS 
2025 
publications

ArXiv

DeTikZify Sketches + 
Images

TikZ SFT + 
Monte Carlo 
Tree Search

360k 
(code/image) 
pairs

ArXiv 
(cs.CL, …),
TeX SE

NeurIPS’24

http://cs.cl
http://cs.cl
http://cs.cl
http://cs.cl


Several influential recent papers II
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Input Output Method Dataset Domain Where 
Published

ScImage Instructions TikZ, 
Python, 
Direct 
Image

LLMs out 
of the box

404
(chart, math function, 
matrix, table) types

Human-
curated

ICLR’25

VisCoder2 Task + Style
Description

TikZ, 
Python, 
SVG,
VegaLite, ...

SFT + 
Self-debug

680K
(bars, lines, areas, 3D, 
scatter, matrix, 
heatmap, …) types

Open-source 
repositories

ICLR’26

MatPlotAge
nt

User query, 
Raw data

Python 
(Matplotlib)

Agentic 
(Code 
agent + 
Visual 
agent)

100
(sankey diagram, 
sunburst chart, radial 
plots, chord diagram, 
streamplot) types

Matplotlib 
Gellary, 
OriginLab 
Graph
Gellary

ACL 
Findings’24



Several influential recent papers III
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Input Output Method Dataset Domain Where 
Published

ChartMimic Image
Instruction+
Data

Python 
(Matplotlib)

LLMs out of the 
box

4800 
(figure, instruction, 
code) triplets

ArXiv, 
Matplotlib 
gallery, 
Stackoverflow
, Twitter, 
Reddit

ICLR’25

PaperBana
na

Methodology 
Description/
Diagram 
Caption

Direct 
Image

Agentic (Linear 
planning + 
Iterative 
refinement, 
Retrieval) 
based on 
Nano-Banana-
Pro

292
(science & 
application, 
generative & 
learning, agent 
& reasoning, 
vision & 
perception) 
categories

NeurIPS 
2025 
publications

ArXiv’2026



Summary
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● Dataset building and Finetuning vs. Benchmarking

● Finetuning vs. Agentic Modeling

● Direct Image vs. Code (TikZ vs. Python vs. Others)

● Inputs: Text (Captions vs. Descriptions vs. Instructions) vs. Image



Summary
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● Dataset building and Finetuning vs. Benchmarking

● Finetuning vs. Agentic Modeling

● Direct Image vs. Code (TikZ vs. Python vs. Others)

● Inputs: Text (Captions vs. Descriptions vs. Instructions) vs. Image

Other issues:

● Domain of the data

● Input language  (English, German, Arabic, Farsi, Chinese, …)



Evaluation
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● Human Evaluation (Text-to-Image, Image-to-Image)

● Automatic Evaluation

○ CLIPScore

○ DreamSim

○ TeX Edit Distance

○ CrystalBLEU

○ VLM-as-a-Judge

○ SciEval (forthcoming)



Scientific Figure Generation - Code Generation
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❏ Using code to generate scientific figures is gold standard due to precision and human 

interpretability (recommended by top conferences) [2]



Text-to-Code with TikZ: AutomaTikZ [3]
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Fine-tunes LLaMA models on 

caption/TikZ pairs from ArXiv and 

TeX StackExchange discussions

● also integrates CLIP with 

Llama



Text-to-Code with TikZ: TikZero [4]
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❏ Distills knowledge from 

scientific images without 

available graphics programs 

→ More data

❏ Reminescent of “pivot 

language idea” in MT



Text-to-Code with TikZ: TikZilla [5]
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❏ Data size: 

❏ Increases dataset size

❏ Data quality: 

❏ Uses VLM-generated image descriptions

❏ Modeling: 

❏ Applies reinforcement learning (RL) for post-training after SFT



TikZilla - Deep Dive
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1) Dataset size increase (in 1000)

170k



TikZilla - Deep Dive
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1) Dataset size increase (in 1000)

360k



TikZilla - Deep Dive
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1) Dataset size increase (in 1000)

450k



TikZilla - Deep Dive
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1) Dataset size increase (in 1000)

2000k



TikZilla - Deep Dive
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1) Dataset size increase (in 1000)

2000k

How?
● More papers
● Code repair
● More 

sources
● …



TikZilla - Deep Dive
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2) Dataset quality increase 



TikZilla - Deep Dive
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2) Dataset quality increase 



TikZilla - Deep Dive
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3) Better Modeling: SFT + RL 



TikZilla - Deep Dive
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3) Results: Small open-source models competitive to large proprietary models 



TikZilla - Deep Dive
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3) Results: Small open-source models competitive to large proprietary models 



TikZilla - Deep Dive
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3) Results: Small open-source models competitive to large proprietary models 



TikZilla - Deep Dive
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3) Results: Small open-source models competitive to large proprietary models 



Text-to-Code with Python: MatPlotAgent [6]
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Agentic system to generate Matplotlib figures with raw data and user 

instructions



Text-to-Code (Multiple): VisCoder2 [7]
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LLMs finetuned on 12 

programming 

languages



Image-to-Code with TikZ: DeTikZify [8]
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Reconstructs scientific 

figures from images or 

sketches.



Direct Image Generation: PaperBanana [9] 
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❏ Google’s Agentic framework that 

generates scientific figures 

directly from text

❏ Example: “A transformer-based 

encoder-decoder architecture 

with multi-head self-attention”



Scientific Slide and Poster Generation

199



Scientific Slide and Poster Generation

AutoPresent [10]:

❏ Fine-tunes an LLM to generate slides from detailed natural language 

instructions with images, detailed instructions only, or high-level instructions.
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Scientific Slide and Poster Generation

Paper2Poster [11]:

❏ Transforms 22-page paper into a finalized and editable .pptx poster for just $0.005.
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Concluding Remarks
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❏ A lot of progress recently in figure generation, understanding and beyond

❏ New large-scale datasets are being proposed

❏ Models: SFT, RL, Agentic

❏ Large Commercial often better, but fine-tuning small models can be competitive

❏ Future work:

❏ Need for tailored evaluation metrics

❏ Editing

❏ Combination of code(s)+direct image generation
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