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Agenda

A Scientific Figure Understanding

A Scientific Figure Generation

A Code Generation
A Text-to-Code (TikZ, Python, Others)
A Image-to-Code

A Direct Image Generation

A Scientific Slide and Poster Generation
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Agenda

A Scientific Figure Understanding
A Scientific Figure Generation

A Scientific Slide and Poster Generation
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Scientific Figure Understanding
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Scientific Figure Understanding

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

SAR-4 (107/120)
SAR-5 (101/120) 1
ExBw-2d (56/155) 1
ExBw-3d (52/155) 1
Tireworld (a/10)
VisitAll (19/26) 1
VisitAllTire (s/24)

[T] | ¢

Question: Is ExBw-2d greater than Tireworld?
Answer: No
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Scientific Figure Understanding

CharXiv (NeurlPS 2024) [1]:

A Unbounded chart types
A e.g., not restricted to Scatter, Line, Bar, Pie

A Descriptive questions: Examining basic chart elements
d e.g, axis, title, ...

A Reasoning questions: Synthesizes information

A e.g., maximum number of consecutive datapoints which forms a decreasing sequence, ...
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Scientific Figure Understanding

Descriptive:

T T
= (2 —-— J/U=0.18 ]
v )(Q)J —— J/U=0.12_|

—e— J/U=0.06

- J/U=0.0
== Ref. [14] T

2.5

X (ivo, q)

Question: For the subplot at row 1 and column 2, how many lines are

there?
* Your final answer should be the number of lines in the plot.
Ignore grid lines, tick marks, and any vertical or horizontal

auxiliary lines.
* If the plot does not contain any lines or is not considered a

line plot, answer "Not Applicable".
Answer: 8

I GPT-40: The subplot at row 1 and column 2 contains 5 lines.

Claude 3 Sonnet: For the subplot in the second column, there are 5 lines plotted, corresponding to
different values of J/U = 0.18, 0.12, 0.06, 0.0, and the reference line labeled "Ref. [14]".
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Scientific Figure Understanding

Reasoning:

weo as 88 4 s a o o 1w [NwA W vz oW o
bomeve 83 @ a Wy o o e s we ows e
Py 83 73 4 wE w13 o ow wr W W

owcmowwn 40 73 36 e o9 13 os 1 [l v w2 W

Question: Adding up all numbers in each individual column, which

column achieves the smallest total value?

* Your final answer must be grounded to some text that is
explicitly written and relevant to the question in the chart.

* If you need to answer multiple terms, separate them with commas.

* Unless specified in the question (such as answering with a
letter), you are required to answer the full names of subplots
and/or labels by default.

Answer: DIOE

I GPT-40: The column with the smallest total value is "DICE."

Claude 3 Sonnet: The column that achieves the smallest total value when adding up all the numbers is
DICR, which corresponds to the "Informative, Contradict, Reject" condition in the chart.
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Scientific Figure Generation
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Motivation

Pr(%i\lt?itiltiios
A Good scientific figures can be impactful — Increase
chances of acceptance and enhances citation counts
Feed
Forward
A Difficult for humans to generate high-quality scientific e r—‘ﬁ&_mm
Feed h&ﬂg}:—t{f;d
1 ama Forward 7 Nx
flgureS pr(st=w|so=w) ,;i/’/ -1
i h Add & Norm
- Nx | —(Add& Nom ) e
oA - 4 Multi-Head Multi-Head
py(sT=w|so=s f (st =g|so=w) &r:hi) &mi‘)
v @ - = =)
% ,’// \\\\l\:\\\\ Positional @ ¢ Positional
/ .’ Encoding Encoding
7Tw K @ ¥ Input Output

// @ e - ‘{ ' Embedding Embedding

(5 als q) Inputs Outputs
I giz0=9g (shifted right)

dsp(s,g) < {area in teal} — {area in orange} 164



History

e Early work dates back to the 1980s and 1990s

o e.g. APT by Jock Mackinlay (1986)

e Motivation:

o help users make figures faster and better

o empower users — foster inclusivity

Application

Database

Relations
extract

—» | % Data P

Presentation Tool

B Grap!ncal .

design
synthesize render
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Schematic Overview

Text

Image

Caption

Description
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Schematic Overview

Output
Text Image Code — [
Image Directly
Caption Description TikZ Python
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Schematic Overview

Text

Real Sketches
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Output

Imac

Caption

Description

“Graphical

network”

@@@

“The image shows a
representation of the graph with three vertices
2 colored blue, 1 colorec

red”

Code —
Image

TikZ

Python

\begin{tikzpicture}
\draw[style=dashed]

+ DA

Image ‘

Directly

‘103
100
| 5

ER R NN AR R TR )

import matplotlib.pyplot as plt

(2,.5) circle (0.5); ...

plt.plot([1, 2, 3, 4])
plt.ylabel('some numbers')
plt.show()
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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
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A concrete illustration

: A . A ] A A .
Xg m—— X| —/—— X) —m—— ¢ — X
A sequence of green circles le
arranged horizontally from lefi
$A$. Below each circle, there is a correspondin
connected to its corresponding square by a ver
intersecting the vertical arrows. The sequence ¢
continuation. B B B B
\documentclass[tikz] {standa Qo O, O, e
\usepsz
iuset: _
begir A 1 i
\begir \( . \1 /\g — —*/-\'l'—l\
\node | c 0%);
\node | $X_1951};
\node | . 25%;
\node B[ 1 I B
Op O, 0O, sas Or-)
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A concrete illustration

A sequence of green circles labeled $X_ 03, $X 1%, $X 2%, and $X_{T-1}$ is

arranged horizontally from left to I"Ig ht. 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.
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Several influential recent papers |

Input

AutomaTikZ | Captions

TikZero

TikZilla

ChartMimic

Captions

Descriptions

Instuction/Refe
rence
Image/Data

Output

TikZ

TikZ

TikZ

Python
(Matplotlib)

Method

SFT (PEFT
with LoRA)

SFT

SFT +RL

LLMs out of
the box

Dataset

120k

(caption/code)
pairs

460k

(caption/code)
pairs

2M

(description/code
) pairs

4800
(figure,
instruction, code)
triplets

Domain

ArXiv (cs.CL, ...),

TeX SE

ArXiv (cs.CL, ...),

TeX SE

ArXiv (cs.CL, ...),

GitHub,
TeX SE

ArXiv, Matplotlib

gallery,
Stackoverflow,

Twitter, Reddit
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Where
Published

ICLR’24

ICCV’'25

ICLR’26

ICLR’25
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http://cs.cl
http://cs.cl
http://cs.cl

Several influential recent papers |
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AutomaTikZ

TikZero

TikZilla

DeTikzZify

Input

Captions

Captions

Descriptions

Sketches +
Images

Output

TikZ

TikZ

TikZ

TikZ

Method

SFT (PEFT
with LoRA)

SFT

SFT+RL

SFT +
Monte
Carlo Tree
Search

Dataset

120k

(caption/code)
pairs

460k

(caption/code)
pairs

2M

(description/code
) pairs

360k

(code/image)
pairs

Domain

ArXiv (cs.CL, ...),

TeX SE

ArXiv (cs.CL, ...),

TeX SE

ArXiv (cs.CL, ...),

GitHub,
TeX SE

ArXiv (cs.CL, ...),

TeX SE

Where
Published

ICLR’24

ICCV’'25

ICLR’26

NeurlPS’24



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

Scientific Figure Generation

AutomaTikZ

TikZero

TikZilla

ChartMimic

Input

Captions

Captions

Descriptions

Instuction/Re
ference
Image/Data

Output

TikZ

TikZ

TikZ

Python
(Matplotlib)

Method

SFT (PEFT
with LoRA)

SFT

SFT +RL

LLMs out of
the box

Dataset

120k

(caption/code)
pairs

460k

(caption/code)
pairs

2M

(description/code
) pairs

4800
(figure,
instruction, code)
triplets

Domain

ArXiv (cs.CL,

%QSE

ArXiv (cs.CL,

%QSE

ArXiv (cs.CL,
),

GitHub,
TeX SE

ArXiv,
Matplotlib

gallery,
Stackoverflo

a1 T anttAr
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Where
Published

ICLR’24

ICCV’25

ICLR’26

ICLR’25
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Several influential recent papers Il

Sclmage

Input

Instructions

yle
Description

ge User query,
Raw data

Output

TikZ,
Python,
Direct
Image

IKL,
Python,
SVG,
Vegal.ite, ...

ython
(Matplotlib)

Method

LLMs out
of the box

Self-debug

Dataset

404

(chart, math function,
matrix, table) types

(bars, lines, areas, 3D,
scatter, matrix,
heatmap, ...) types

(sankey diagram,
sunburst chart, radial
plots, chord diagram,
streamplot) types
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Domain Where
Published

Human- ICLR’25
curated

Jpen-source
repositories

Viatplotlib

Gellary, Findings’24
OriginLab

Graph

Gellary




Several influential recent papers Il

ChartMimic

PaperBana

na

Input

Image
Instruction+
Data

Methodology
Description/
Diagram
Caption

Output

Python
(Matplotlib)

Direct
Image

Method

LLMs out of the
box

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

Dataset

4800

(figure, instruction,

code) triplets

292

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

Domain

ArXiv,
Matplotlib
gallery,
Stackoverflow
, Twitter,
Reddit

NeurlPS
2025
publications
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Where
Published

ICLR’25

ArXiv'2026
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Summary

e Dataset building and Finetuning vs. Benchmarking
e Finetuning vs. Agentic Modeling
e Direct Image vs. Code (TikZ vs. Python vs. Others)

e Inputs: Text (Captions vs. Descriptions vs. Instructions) vs. Image
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Summary
e Dataset building and Finetuning vs. Benchmarking
e Finetuning vs. Agentic Modeling
e Direct Image vs. Code (TikZ vs. Python vs. Others)

e Inputs: Text (Captions vs. Descriptions vs. Instructions) vs. Image
Other issues:

e Domain of the data

e Inputlanguage (English, German, Arabic, Farsi, Chinese, ...)
177



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

e Automatic Evaluation

o CLIPScore
]
| o oreamsim

o TeX Edit Distance

(@)

CrystalBLEU
-

|

SciEval (forthcoming)

Reference
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Scientific Figure Generation - Code Generation

A Using code to generate scientific figures is gold standard due to precision and human

interpretability (recommended by top conferences) [2]

1.) Input Types 2.) Black-Box System 4.) Rendered Images
( = ) 0y " AutomaTikZ o — ( » b
— o L o
et | 4588 -DeTizify s o)
il o - TikZero > @
’3:’0&“{ Nese ISTl)ul-‘: 3Q 2H
3 chmios 0 3) Code 1 L .

Tnput #1

| Neural network with
\ ‘ four inputs, one output
v i\ - and one hidden layer.
‘|

asinf

XXX

< 179
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Text-to-Code with TikZ: AutomaTikZ [3]

Fine-tunes LLaMA models on
caption/TikZ pairs from ArXiv and

TeX StackExchange discussions

e also integrates CLIP with

Llama

)]
t)
[0} (o) (o] O o o (o}
U1,1 U1,2 U13 Uia U1 Ui U7
FIGURE 2. Illustration of the proof of Theorem 2.7
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Text-to-Code with TikZ: TikZero [4]

A Distills knowledge from
scientific images without
available graphics programs
— More data

1 Reminescent of “pivot

language idea” in MT

aws EACL 2026
.58 RABAT-MOROCCO
OQ® Vors - warch 2425, 2026 -5

arch 24-29, 2026 - o)l

Limited to caption-aligned
graphics programs only.

Accesses all graphics
programs but with-
out text guidance.

TikZERO

Leverages captioned images and
graphics programs independently.
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Text-to-Code with TikZ: TikZilla [5]

A Data size:

(A Increases dataset size

A Data quality:

A Uses VLM-generated image descriptions

d  Modeling:

A Applies reinforcement learning (RL) for post-training after SFT
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TikZilla - Deep Dive

1) Dataset size increase (in 1000)

170k

)

Automatikz'24 s
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TikZilla - Deep Dive

1) Dataset size increase (in 1000)

360k

;_l

Automatikz'24 Detikzify'24 184
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TikZilla - Deep Dive

1) Dataset size increase (in 1000)

450k

ey B |

Automatikz'24 Detikzify'24 TikZero'25 185
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TikZilla - Deep Dive

1) Dataset size increase (in 1000)

2000k

Automatikz'24 Detikzify'24 TikZero'25 TikZilla'26 186
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TikZilla - Deep Dive

. | .
1) Dataset size increa 06 e
g 05- PO S 2000k
2 d
= 04 "y —e— CLIP
< I -8 DSim How?
=2 0.3 - A 1-TED
S e More papers
: 0.2 - A S ! e Code repair
O . ‘A‘ ......... A
7 e e More
.,__. ““‘"
0.1 - (r". sources
' ' ! ' ' I e ...
0 20 40 60 80 100

SFT data fraction (%)

_Lm

Automatikz'24 Detikzify'24 TikZero'25 TikZilla'26 187
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TikZilla - Deep Dive

2) Dataset quality increase

Ratings
80 -
60 -
40 -
ol .
0 - | I I - |
i | 2 3 4 5
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TikZilla - Deep Dive

Descr1pt10n° A blue rectangle labeled R in the top left corner. Inside the rectangle, there
are two black geometric figures. At the lower-left side, 1s a layered square pattern composed
of three squares, a small black square at the center, surrounded bv a blue sanare matching
the background color of the rectangle, surrounded by a AV ly
toward the upper-right is an irregular black polygon labe Description (GPT-40) n
two shapes have the blaeck background color of the rectang 1d
the other is diamond shaped at the bottom.

R
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TikZilla - Deep

Dive

3) Better Modeling: SFT + RL

2) GRPO with image encoder as reward model

-
LLM

*

fhree vertically aligned‘
rectangles are positioned
at the top, each
putlined in blue and
labeled "LSTM 1" at the
top with subscripts $J_1$
, $J_j$, and $J_n$

>

ETEX Compiler Engine

...\node[draw, rectangle,
blue, minimum width=1.5cm,
minimum height=1cm] (1stml)
at (0, 3) {LSTM 1};...\node
at (3, -0.7) {$y \\in \\
mathbb{R}"{|J|}$};\node at
(3, -3.5) {$\\nat{\\pi}(\\

respectively at the cdot ’ S) $} 5 \draw [thiCk ’ —>]
bottom. (1stml) —-- (1stm) Seiee
U i TIVOTE e ) \_ _J

~

GT -

Pred

LSTM 1
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IE
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TikZilla - Deep Dive

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

4

Qwen-2.5-3B 191
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TikZilla - Deep Dive

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

4

Qwen-2.5-3B TikZilla-3B 192
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TikZilla - Deep Dive

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

4

Qwen-2.5-38 TikZilla-38 TikZilla-3B-RL 193
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TikZilla - Deep Dive

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

4

Qwen-2.5-3B TikZilla-3B TikzZilla-3B-RL GPT40 194
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Text-to-Code with Python: MatPlotAgent [6]

Agentic system to generate Matplotlib figures with raw data and user

instructions
58 K-Means Clustering with PCA-reduced Data and Colored Ellipses
Cluster 0
§ Giswe
Country Red Meat = White Meat Eggs 20}
Albania 10.1 14 0.5 {roruoal)
Austria 89 14 43
Belgium 135 9.3 41 20

Principal Component 2
o

I have data of protein consumption
in 24 European countries named
data.csv. ... Write a Python code to
visualize this data using a 2D scatter -10 ==
plot with K-Means clustering into
three distinct color-coded
clusters. ... -20 -10 0 10 20 30 20 195

Principal Component 1




Text-to-Code (Multiple): VisCoder2 [7]

LLMs finetuned on 12

programming

languages

B

COTT -

Task: Generate a three-
dimensional surface plot, the
plot visualizes the relationship
between three variables, X, Y,
and Z, ... ...

Style: The visual ;
features a :
smooth, colorful .

surface with a
gradient transitioning ... ...

Visual Cate. : 3D;
Subtype: Surface

Task: Generate a box plot to
display the distribution of data
across five different categories.
Each category is represented by
a separate ... ...

Style: The visual _
consists of five - & a
colored boxes

aligned horlzontally, each w1th
a distinct color ... ...

Visual Cate. : Distribution;
Subtype : Box-Plot

Task: Create an area chart to

visualize the sum of counts over

time, categorized by different
series. The x-axis represents
timein ... ...

Style: The area ..
segments are

stacked on top of
each other, each 2
filled with erse palette ......

Visual Cate. : Areas;
Subtype : Stacked-Area

Task: Generate a schematic
diagram of an electronic circuit
that includes various
components such as resistors,
capacitors, ... ... ]
Style: The i
components are | &3 i
labeled with . .. [
their respective - 1T

‘ symbols and names, and

Visual Cate. : Diagramming;
Subtype : Electrical Circuit

nleft hand. Notes are ... ...

~ LilyPond | ¥ Mermaid |

Task: Generate a musical score
for piano that presents an
analysis of ].S. Bach's piece
"Wenn wir in héchsten Noten
sein" ... ...
Style: The
staves are
spaced apart,
with the right hand above the

Visual Cate. : Music;
Subtype : Sheet Music

ave EACL 2026
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Task: Generate a Gantt chart to
visualize a project timeline,
illustrating tasks across different
sections such as "A section,"
"Critical ... ...

l Style: The e L
visual consists o— -
of horizontal T bl

bars aligned with labeled

» sectlons on the Ieft each

Task: Generate a 3D surface plot Task: Generate a polar area

representing a mathematical
function defined by the cosine
and sine of the coordinates. The
surfaceis ... ...
Style: Create a
colorful,
grid-like 3D
visualization with a rainbow

| gradient applied to the ... ...

Visual Cate. : 3D;
Subtype : Surface

chart to represent the market
share percentages of different
smartphone brands. The chart
includes ... ... :
Style: The chart

is centered on a

light gray

background

with a title above it ... ...

Visual Cate. : Radial & Polar;

| Subtype : Radial Area
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Image-to-Code with TikZ: DeTikZify [8]

Reconstructs scientific

Reference Figures Real Sketches
figures from images or
Ay — TsT ALl i 2 TAI
sketches. , ,
1 1 1t
Ay —> S, Aa(t) I, A,
d. 1y d, 1;1/1:x>‘lz 13 03 /.
1 1 11
A3 —| S3 As(t) I Aj
/ Ha Oapt
1 1t
h—ls- M0 Er % L
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Direct Image Generation: PaperBanana [9]

Transformer Encoder-Decoder Architecture

A Google’s Agentic framework that
generates scientific figures
directly from text

A Example: “A transformer-based
encoder-decoder architecture

with multi-head self-attention”

Input
Sequence

X1

X3

X7

Target Sequence

Multi-Head
Attention

Buippaqu3
ndu|

Buipoouy
[euonisod

y1

y2

Yu-1

Buippaqui3
nding

OLUSHY-4[8S

L

PesH-HININ

YOMIBN I
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Scientific Slide and Poster Generation

AutoPresent [10]:
A Fine-tunes an LLM to generate slides from detailed natural language

instructions with images, detailed instructions only, or high-level instructions.

Input: Present Airbnb's misién with a mission statement
and a relevant image, for English and Spanish audience.

set_background_color generate_image
import pptx .
presentation = pptx.Presentation() add—ltle

slide = presentation.slides.add_slide()

add_title(‘Misién’, font_size=42)

path = search_image(‘Logo of Airbnb’)
add_image(path, coords=(2.5, 2, 6, 4))
add_text(“Create a world where anyone..”)
set_background_color(rgh=(266,165,0))

i Misién ! , Wl I NLP Can Answer Questions l(— add_title

Go gle S ——

1 take_
ek W . "< snapshot

[ J—————> add_title
2 maketog - [st02 Iﬂ ad(ggshgpe
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add_text 4
presentation.save("business.pptx") /
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Scientific Slide and Poster Generation

Paper2Poster [11]:

O  Transforms 22-page paper into a finalized and editable .pptx poster for just $0.005.

Bisimulation Makes Analogies in Goal-Conditioned Reinforcement Learning

Phiilippe Hansen - Estroch’, Amy Zhang', Ashvin Nair', Patrick Yiny, Sevgey Levine!
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(a) Author-designed poster.

Bisimulation Makes Analogies in Goal-Conditioned Reinforcement Learning

& ts is crucial for RL.
#Traditional AL provides exact goaks, often unrealistic.

*Propese goat-conditioned bisimutation for skil reuse.
*Captures functional equivariance for new goals.

*Generalizes to new goals in simulation tasks
sSufficient for downstream tasks with state-anly reward.

RL enables training agents for diverse tasks.
*Goal representation is crucial for policy interpretation.
Functional equivariance aids in generalizing acrass tasks.
eAgents can speciy goals without exact goal images.
sFunctionally equaariant representations capture state-goal

Preliminaries

*Goal-conditioned Markov Decision Process (GCMOP] includes | sCombines learning trol.
state space, action space, dynamics moded, goal space, and | #Pairs with any goal-conditioned AL method

sparse reward function.

*Bisimulation groups states with equivalent behaviors,
preserving reward sequences.

variance \

Functional E
sExtends bisimutation to goal-conditioned metrics.
*Defines equivalence aver tasks for compasitional
| senerazation .
+Constructs state abstraction using arithmetic in latent space.

1,'(“-) +¢( "l“:{) =9 ( e)
el +o (e Th) =v (R)

+Enables reasoning about unseen goals via analogous tasks
*Frees agents from traditional goal-conditioned structures. | sfocuses on offiine settings to decouple exploration difficulties.
*Faclitates analogies between state-goal pairs. sLearns an approximation of the policy-dependent GC8 metric.

Related Work

*Our approach enh:
representations.
*Focus on representation learning, comparing state abstractions
and self-supervised learing.

metrics help y for control

*+GC8 evaluated against ather representation learning
methads.

*Captures functional equivariance using state-goal pairs.
#Strone performance on offline eoal.conditioned tasiks.

o ” and
methads.

+GC8 excels In capturing task analogles.

eSuperior generalization capabilities demonstrated.

+GC8 introduces goal-conditioned bisimulation for functional
equivariance.

€nables agents to achieve unseen goals with anal task
representations.

methads in goal tasks.
oStructured representations bound value differences cross

(b) PosterAgent-generated poster.
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Concluding Remarks

Lo O o o

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
O  Editing

d  Combination of code(s)+direct image generation
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