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Abstract: At its heart, machine learning represents a sequence of transformations acting on data to extract
relevant information or solve problems of interest. However, there is no unified language to express or analyze
these transformations, and building applications with machine learning often relies on intuition or trial and
error. In this presentation, we propose the concept of the Machine Learning Morphism (MLM) as a fundamental
building block to express operations performed in machine learning such as data preprocessing, feature
extraction, and model training. Inspired by statistical learning, MLMs are morphisms whose parameters are
minimized via a risk function. We explore operations such as equality, composition, and decomposition of
MLMs, which are used to build a machine learning workflow from data preprocessing to final task completion.
The advantage of this framework lies in the ability to easily build, organize, and compare multiple workflows,
and allows joint optimization of parameters across multiple steps in an application.
We apply the MLM to design a machine learning workflow that predicts 30 Day Hospital Readmissions using
real data from Barnes Jewish Hospital. In this workflow, we first establish the Mapper Algorithm from
Topological Data Analysis as an MLM, and then use it to train multiple models on subsets of the training data.
These models then work as an ensemble to improve the prediction of high-risk patients compared to the current
tools used at the hospital and out of the box machine learning tools. Using the MLM framework, we can
describe this workflow with a single equation, and train the Mapper parameters jointly with the model
parameters to optimize for ROC AUC on cross validation hold-out sets.
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