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Scale Task Tool
Molecular Single molecule detection Polaris
Cellular Cell segmentation Cellpose

Macroscopic Medical segmentation MedSAM



Results
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Results

Spot Detection - Polaris / DeepCell
F1 Score - Expert: 0.841 Agent: 0.929

Cell Segmentation - Cellpose 3 (cyto3)
AP @ IoU 0.5 - Expert: 0.402 Agent: 0.417

Expert Optimized Groundtruth

Agent Optimized
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Medical Segmentation - MedSAM

NSD + DSC: Expert: 0.820 Agent: 1.037

Expert Base Add Expert Add Function Reasoning Small NoData No API
Baseline  Agent Function Bank LLM LLM  Prompt List
Polaris (F1) 0.841 0.867 0.929 0.889 0.844 0.805 0.856 0.868
Cellpose (AP@IoU 0.5) 0.402 0.409 0.410 0.416 0.412 0.397 0.406 0.417
MedSAM (NSD+DSC) 0.820 0.971 0.888 0.943 1.020 0.918 0.952 1.037




Solution Space Analysis

Parameter Space Analysis — Why does Reasoning LLM hurt Polaris performance?
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) : i 8 : e parameter selection
N j N ‘ = diverges from the optimal
°l * : $ . : __! range, agent fails.
| aau & hal| b == B P Reasoning LLMs is more

F1 score Threshold parameter

limited in its prior.

API Space Analysis — Why does Expert Function and Function Bank hurt MedSaM performance?
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Polaris Concentrated Hard-to-optimize
Cellpose  Concentrated Easy-to-optimize
MedSAM Dispersed Easy-to-optimize



Ablation Studies

Does AutoML Module help?

Non-Agentic  Agentw/  Agent w/ FuncBank

AutoML FuncBank + AutoML
Polaris 0.844 0.889 0.877
Cellpose 0.373 0.416 0.417
MedSAM 0.879 0.943 1.014

AutoML alone is not useful.
AutoML + Agent can be useful if not overfitting.

Does complicated Tree Search Agent help?

Base Agent Base Agent AIDE Agent
g w/ FuncBank (Tree Search)

Polaris 0.867 0.889 0.872
Cellpose 0.409 0.416 0.414
MedSAM 0.971 0.943 0.971

No obvious advantages from Tree Search Agent.
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This PR introduces a new image preprocessing function, blurred_laplacian_of_gaussian() ,
which outperforms the existing preprocessing functions on the spot detection task. This function
currently only supports single-channel images, we will extend support to multi-channel images
soon.

This preprocessing function was discovered by agentic superoptimization. Novel preprocessing
functions were generated and tested by an LLM-based agent system using the spot detection
application and the SpotNet dataset validation and test split. Our evaluation results are shown
below:

Validation (F1 Score) Test (F1 Score)
Agent Preprocessing Function 0.7407 0.9019

Baseline Preprocessing Function 0.6640 0.8414
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