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Solution »
Construct D: midpoint BH [a]
[al, 0, midpoint HQ = BQ / 0,D [20]

Construct G: midpoint HC [b] ...
ZGMD = £GO,0 = M 0,G D cyclic [26]

(a1, [b] = BC/0c [30] 1 ) / AlphaFold

Construct E: midpoint MK [c]
., [el = ZKFC = ZKOE [104]

ZFKO0.=£FKO, = KO.//KO, [109]
1 9 1 2

https://www.nobelprize.org/all-nobel-prizes-2024/
https://www.nature.com/articles/s41586-024-07487-w
AlphaGeometry https://www.nature.com/articles/s41586-024-08148-8
Prize Outreach https://www.nature.com/articles/s41586-023-06747-5
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Al-Scientist Generated Preprint

A~

Agent Agent DUALSCALE DIFFUSION: ADAPTIVE FEATURE BAL-

ANCING FOR LOW-DIMENSIONAL GENERATIVE MOD-
) Agent

ELS

Anonymous authors
Paper under double-blind review

Agent >> SClentlﬁC ABSTRACT

This paper i an adaptive dual-scal ising approach for low-
dimensional diffusion models, addressing the challenge of balancing global struc-

.
ture and local detail in generated samples. While diffusion models have shown re-

ISCovery bl sacoes i dmesiona s, i pplication o Low s
data remains crucial for understanding fundamental model behaviors and address-
ing real-world ications with i 1 i i data. However, in

i
these spaces, traditional models often struggle to simultancously capture both

[} ] macro-level patterns and fine-grained features, leading to suboptimal sample qual-

ity. We propose a novel architecture incorporating two parallel branches: a global

A e nt A e nt branch processing the original input and a local branch handling an upscaled ver-
sion, with a learnable, timestep iti ighti; i i

balancing their contributions. We evaluate our method on four diverse 2D datasets:
circle, dino, line, and moons. Our results igni imps
in sample quality, with KL divergence reductions of up to 12.8% compared to
the baseline model. The adaptive weighting successfully adjusts the focus be-
L] - tween global and local features across different datasets and denoising stages,
as evidenced by our weight evolution analysis. This work not only enhances
Al as an Automated Scientist e e o
improvements in higher-dimensional domains, opening new avenues for advancing

generative modeling across various applications.

1 INTRODUCTION

Diffusion models have emerged as a powerful class of generative models, achieving state-of-the-art

results in various domains such as image synthesis, audio generation, and molecular design Yang

et al. (2023). While these models have shown remarkable capabilities in capturing complex data
o on e .

an igh-quality samples in high-di spaces Ho et al. (2020), their
application to low-dimensional data remains crucial for understanding fundamental model behaviors
. and ing real-world ications with i 1 i i data.
The challenge in applying diffusion models to I i i spaces lies in si cap-
turing both the global structure and local details of the data distribution. In these spaces, each
i ion carries signi i ion about the overall structure, making the balance between
global coh and local nuance parti crucial. Traditional diffusion models often struggle to
achieve this balance, resulting in generated samples that either lack coherent global structure or miss
important local details.

Scientist Efforts Al Efforts Al Generated Paper

Lu et al., 2024. The Al Scientist: Towards Fully Automated Open-ended Scientific Discovery. arXiv:2408.06292.
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Feasibility Effectiveness
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o ERIFMARRIIER, TABIEA (Falsification)?
o LIRGiRAIEIFEasAHI:
s Bl

Heliocentric Theory:
e Earth is rotating;

e Celestial bodies
revolve around the
Sun;

Geocentric Theory:

e Earth is stationary;

e Celestial bodies
revolve around the V.S.
Earth;

e Circular motion.

e Circular motion.

Liu et al., 2024. AIGS: Generating Science from Al-Powered Automated Falsification. arXiv:2411.11910.
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o ERIFMARRIIER, TABIEA (Falsification)?
o EEGI{SCINIERRRIRIEEKEIR:

Astronomy Observation: Mathematical Reasoning:
¢
Transit of Venus '
Four Largest / \ Astronomical Kepler’'s Laws N|athoratics)
Satellites of Jupiter '\. / Observation  of Planetary Drosr
ﬁ g Data Motion

Phases of Venus

SF R CIEIRIGE Rk

Liu et al., 2024. AIGS: Generating Science from Al-Powered Automated Falsification. arXiv:2411.11910.
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HESIMEIERDRE, Fe-EEREFRI.

Hypothesis Falsification Scientific Discovery

Geocentric Theory:
e Earth is stationary;

Astronomy Observation: Final Discovery:
e Earth is rotating;

e Celestial bodies
revolve around the
Earth;

e Circular motion.

¢ Celestial bodies revolve around
the Sun;

 Elliptical orbit motion.

Transit of Venus

/ Four Larget / \
L )
—_— '/

Satellltes of Juplter \'
Phases of Venus

—> Geocentric Theory 3

Heliocentric Theory: Heliocentric Theory <X

e Earth is rotating;

o Celestial bodies
revolve around the
Sun;

Mathematical Reasoning:

9D — [

Astronomical Kepler’s Laws
Observation  of Planetary
Data Motion

—> Celestial Motion
Diagram:

Mathematical
Proof

e Circular motion.

Liu et al., 2024. AIGS: Generating Science from Al-Powered Automated Falsification. arXiv:2411.11910.
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A g f |
Domai ifi
DSL oL aal'llr; l?;;eec Ic LLM Generated Natural Language
Flexible and Language agents can gather high-quality trajectories by adjust-

Fully Executable Ling actions in the original ReAct sequence and ...

{ N

Executability

Codlng Languag.e LLM Generated Coding Language
Challenging to Achieve 4 mai 4 tra
Error-free Implementations main.py . 7 trajectory.py
- / from trajectory import \ © import random

. 1

random_truncate, resimulate:

from lIm_handler import \
call_llm

\

Natural Language

def secondary_simulation(traj):
Non-executable

return [step / (random. \
randint(0, 5)) for step in traj]

Formalization Degree
def main():
traj = random_truncate()
resimulated_traj = \
resimulate(traj)

Domain Specific Language

Framework Settings: {
* Method: Bootstrap / ... “Method”: “Bootstrap”,
e Benchmark: AlfWorld / ... “Benchmark”: “AlfWorld”,

# llm_handler.py

Runtime Logging

“Pseudocode”: “*python Traceback:
Available Functions: new_traj = random_truncate() def generate_prompt(traj):
e random_truncate(param) new_traj = resimulate() File "trajectory.py", line 38 ...
« re_simulate(param) prompt = * return [step / ...
e call_llm(param) new_traj = call_lim(prompt) ™" if _name__=="__main__":  ZeroDivisionError:
... } main() division by zero

Liu et al., 2024. AIGS: Generating Science from Al-Powered Automated Falsification. arXiv:2411.11910.
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o EIF=MEBIKIEANESS:

o HETiE: ZiESeEIEHRNSRENSIEFE:

o HiESNIFT: ZESHEENENIES -INMEIRE .

o EEREIR: ZISEEMREESIRENGAMIIIGSE, LISGHFuIIZREER.

o iTfii: ESHES. SISHEHARITENRFHITEE.
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® Baby-AlIGSgEISEHIEAERRBEIF &M,

Metric AVG STD P-Value MIN MAX
Importance Score (0 ~ 2)

BABY-AIGS (Ours) 1.80 041 0.02 0.00 2.00
Top Conference 2.00 0.00 — 200 2.00
Consistency Score (0 ~ 2)

BABY-AIGS (Ours) 1.00  0.86 0.00 0.00 2.00
Top Conference 2.00 0.00 — 200 2.00
Correctness Score (0 ~ 2)

BABY-AIGS (Ours) 095 094 0.00 0.00 2.00
Top Conference 2.00 0.00 — 200 2.00
Overall Score (0 ~ 2)

BABY-AIGS (Ours) 1.25 047 0.00 0.67 2.00
Top Conference 2.00 0.00 200 2.00

o R{iFRIM: RFAREIZRAIATGEE 'iﬂa#iimﬂ*ﬂ‘]i%lﬂ?#)_ TEEIEA.
o IR : RFEMEMIERERFINBRS PRGN ENAFSIEE.

Liu et al., 2024. AIGS: Generating Science from Al-Powered Automated Falsification. arXiv:2411.11910.
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® Baby-AlIGSTERRZZERFHMN G ZRIT EINFEZLE.

Methodology Summarization (Data Engineering)

1. Rate the response based on its contextual coher-

Method S ench| ence, ensuring it logically follows the conversation.
15-shot ICL  SFT 2. Evaluate the relevance by checking if the answer
: stays on-topic with minimal digression.
Baseline (Turn 0) 4.18 4.53 . Wy ; :
Feo e 436 467 3. Check for logical reasoning in explanations, ensur

ing the response is not just factual but also thoughtful.
e = el 4.g Considrc):r if the coinplexity and detail mat%h the
Top Conference 4.45 3.01 question’s requirements, avoiding oversimplification.
5. Finally, evaluate the tone for politeness, clarity, and
natural conversational flow.

® Baby-AlGS HHILBZ&RARMLNE, EIR 7 FEMNRIGIHIERERNNE
IREIRIENED.

e Hai Baby-AlIGS HERARIREIEIKIHE,

Liu et al., 2024. AIGS: Generating Science from Al-Powered Automated Falsification. arXiv:2411.11910.
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o HtFERIS LIMERINT, SEARFELEGHE.

Method MT-Bench 1
: Make the instruction to cover different scenarios if it lacks speci-
Baseline (Turn 0) 2.45 ficity, clearer if ambiguous, aligned with natural conversations,
SR C (O Sz and to contain a diverse range of task types if it lacks variety.
Methodology Summarization
- (Language Modeling)
Method Perplexity | |
shakespeare_char enwik8  text8 Reduce the dropout rate with more at-
tention heads to increase model ex-
Baseline (Turn 0) 1.473 1.003  0.974 pressiveness. And implement a cycli-
BABY-AIGS (Ours) 1.499 0.984 0.966 cal learning rate and adjust the weight

decay to regularize the model.

Liu et al., 2024. AIGS: Generating Science from Al-Powered Automated Falsification. arXiv:2411.11910.
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® Baby-AIGS £ {TIE LEZFHFMBEREA.

Method Experiment Success Rate (Exp. SR) Overall Success Rate (Overall SR)
Al Scientist 44.8% 29.2%
Baby-AIGS (Ours) Almost 100 % Almost 100 %

o EENITFR, Baby-AIGS Mo TIERTFRERSA.
¢ BEIRRIGHERRIIE RIS LIRS R LRI F LMY INZREIR100%,
¢ X—auHRITHIHETFEHAISIANMIHIFEIRS (DSL) .

Liu et al., 2024. AIGS: Generating Science from Al-Powered Automated Falsification. arXiv:2411.11910.
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® Baby-AIGS XY ZXKFHG EZFRIESEERIENHE.

Performance Trends Across lterations

Multi-Sampling@1
—o— Multi-Sampling@32 \

4.4}F ——- Baseline
va2¢
C
©
£
o
8 4.0F

3.8t

Turn 1 Turn 2 Turn 3 Turn 4 Turn 5

Iterations

o —HETFHEZFEMRY scaling inference compute 5iZ.
o BHIFHENENRIN—EIZE LN FSREFEE,

Liu et al., 2024. AIGS: Generating Science from Al-Powered Automated Falsification. arXiv:2411.11910.
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Astronomy Observation: r————=---- Dttt -
FalsificationAgent

I
Vi . I Significance 4 :
’ '/)) Transit of Venus | @ Screening _ AblationExp1 J
Four Lar et / \ ! ( :
9 . : | Y ~| | AblationExp2 J
Satellites of Jupiter \' / ............. \
f . ok | @ Discovery . )
Phases of Venus I |! ™ Candidate: ! | AblationExprt )
I 1 1
Mathematical Reasoning: nE (Key Factors) :
1 |, 1N
@ . [ a ( Hypothesis ) : “~ ExpAgent
| T ISR I
Astronomical Kepler’s Laws : I | @ DiscCandk | : :
Observation. ot Planetary Matgignoa:ctlcal s o e e il 4 Verification
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