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Motivation – LLM reasoning is not diverse – LLMs have biases

We focus on this issue in the context of automated design of ML pipelines (AutoML) – LLMs show pre-training 
biases for certain ML solutions compared to others:

User provides task
“I would like to perform a 

regression/classification task, 
where given a drug SMILES string, 

I’d like to predict...”

LLM almost always prefer RandomForest in its proposed solutions

Not great for all ML problems
We need “diversity”



LLMs have a lot of useful information; but are bad at using it

LLMs have knowledge on different ML models

However, they always blindly choose one class of 
models when writing actual code, without considering 
the different choices and their implications

LLM



LLMs have a lot of useful information; but are bad at using it
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Use the LLM’s thinking but let Flow-
of-Options do the implementing

Flow-of-Options

LLM

LLMs have knowledge on different ML models

However, they always blindly choose one class of 
models when writing actual code, without considering 
the different choices and their implications



User provides task
“I would like to perform a 

regression/classification task, 
where given a drug SMILES string, 

I’d like to predict…

Flow-of-Options
A ”fully-connected” network data structure that captures different ”choices” in 

the ML pipeline, that can then be systematically explored to identify the best ones

Flow-of-Options



0.835

0.899

Looks like a fully-connected neural network

Paths = empirical value of executing options

Nodes = option for implementing a step

Levels = task plan step

Flow-of-Options



We combine Flow-of-Options with Case-based Reasoning (CBR)

Benefits of FoO + CBR: 
- Quick and efficient deployment (low 

cost and low time)
- Condensed memory of prior choices 

that can be improved upon

Agentic System for ML using Flow-of-Options

[CBR]

Planner Option Generator Plan ExecutorInput task Flow-of-Options

[Explore new options]

Develop Deploy

Update

FoO serves as 
“memory”



Typical Data Science Tasks

Therapeutic Data Commons (ADME-Tox prediction)

Flow-of-Options outperforms state-of-the-art 
AutoML benchmarksResults – FoO outperforms benchmarks



Flow-of-Options shows capacity to improve 
over time by building on past options (CBR)

Explores a broader 
range of options

FoO → improvement over time + diversity



Translation from English to French

English input: ”The fool doth think he is wise, but 
the wise man knows himself to be a fool.”

French output: "Le bête pense qu'il est sage, 
mais le sage se sait être un bête."

Sequence-to-sequence translation
Clustering of Gene Expression Data

Clustering

Traveling Salesman Problem

Math Task

The equation 𝑥2 + 2𝑥 = 𝑖 has two complex 
solutions. Determine the product of their real parts

FoO can generalize beyond tabular ML

Reinforcement Learning Image Generation



Thank you!

GitHub: https://github.com/flagshippioneering/Flow-of-Options 
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