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ABSTRACT

Automated Machine Learning Based on Multi-Agent Reinforcement

Learning

Zhaozhi Wang (Applied Computer Technology)
Directed by Prof. Huizhu Jia

ABSTRACT

In recent years, with the continuous breakthroughs made by scientific researchers in
the field of machine learning (ML), ML methods have achieved successes in many practical
applications, including image classification, face recognition, object detection and tracking,
machine translation and so on. To further alleviate human involvement in ML and achieve better
performance on the specific task compared with manually designed ML models, the research of
automated machine learning (AutoML) emerges. However, existing work on AutoML mainly
focuses on individual modules in the pipeline. Considering that the performance of ML is
jointly determined by all modules in the process, AutoML methods focused on a single module
cannot solve the essential problem. Therefore, our work proposes to explore the multi-module
optimization problem in AutoML. Taking the optimization problem of network structure, data
augmentation and training hyperparameters as an example, a series of methods are proposed.

Overall, the main contributions of our work are as follows:

1) A multi-module optimization AutoML method based on multi-agent reinforcement
learning (MARL) is proposed, which is called MA2ML-Lite (Lite version of Multi-Agent
Automated Machine Learning) to be a baseline method for further research. MA2ML-Lite
takes each module as an agent and final performance as the reward, and transforms the multi-
module optimization as an MARL problem. MA2ML-Lite combines individual RL-based
modules for the optimization. Experiments on different scales of image classification datasets
show the efficacy of MA2ML.-Lite.

2) An off-policy multi-module optimization AutoML method based on credit assignment
is proposed, which is called MA2ML (Multi-Agent Automated Machine Learning) as a modi-
fied version of MA2ML-Lite. MA2ML introduces credit assignment to describe coordination
among modules, and utilizes off-policy learning pattern to enhance optimization efficiency.

The theoretical guarantee of convergence of MA2ML is also provided in our work. Experi-
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ments show the superiority of MA2ML. Besides, ablation study proves the efficacy of credit
assignment and optimization efficiency improvement obtained by off-policy learning.

3) A multi-module joint optimization AutoML method with computational cost con-
straints is proposed. Considering that practical application scenarios usually have constraints
of ML computational cost, our work explores the multi-module optimization problem with
computational cost constraints. Our work modifies MA2ML by using multi-objective method
to revise the reward function in RL, and the computational cost constraint information is added.
Comparison with results achieved by other state-of-the-art methods illustrates the superiority

of our proposed method.

KEY WORDS: Machine learning, Automated machine learning, Multi-agent reinforcement

learning, Joint optimization
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