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Abstract: 
Natural evolution strategies (NES) is a promising family for black-box function optimization. Instead of 

finding the optimal solution itself, NES aims to find the parameter of a probability distribution that 

minimizes the expected evaluation value of the solution sampled from the probability distribution. NES 

updates the parameter of the distribution using an estimated natural gradient. The goal of this tutorial 

is to summarize Foundations and Recent Advances of NES, with discussions of the relationship 

between NES and covariance matrix adaptation evolution strategy (CMAES). We also introduce how 

we can implement and apply NES/CMA-ES easily for both research and practical purposes. We will 

conclude the tutorial with future directions.  

 

Outline of Tutorial Structure: 
This tutorial consists of the following contents (total 2 hours).  
 
(1) Introduction to NES (Isao Ono; 30 min): We will introduce general idea of NES [15] and 
provide intuition why NES is a promising framework by describing concrete optimization 
procedure. We also introduce a simple and promising variant of NES, exponential natural 
evolution strategy (xNES) [5], to highlight its search principle.  
 
(2) Theoretical Foundations (Masahiro Nomura; 30 min): This section will introduce the 
theoretical foundations [3–5,13,14] to complement why NES is important, which is described 
in the first section via an intuitive way. We also cover the relation [2] of NES to covariance 
matrix adaptation evolution strategy (CMA-ES) [6, 7].  
 
(3) Recent Advances (Masahiro Nomura; 30 min): This section will cover recent NES methods 
to handle emerging practical challenges such as implicit constraint [11], slow expansion of 
probability distribution [8], high-dimensional problems [9], and learning rate adaptation 
[10]. In particular, the recent methods such as DX-NES-IC [11] and 1 CR-FM-NES [9] 
significantly improves the conventional evolution strategies including CMA-ES [6] and Sep-
CMA [12].  
 
(4) Implementations (Masahiro Nomura; 20 min): This section will introduce cmaes1, an 
open-source Python package for NES/CMA-ES, and demonstrate how it helps us use 
NES/CMA-ES easily for both research and practical purposes.  
 
(5) Conclusion and QAs (Both Presenters; 10 min): This section will conclude the tutorial by 
summarizing the previous sections and presenting remaining research challenges of the 
area. There will also be a live QA session. We hope that participants will be able to:  

• understand fundamental concepts and methods of NES  
• be familiar with recent advances to address practical challenges such as implicit 

constraint and high-dimensional problems  
• know how to implement or apply NES/CMA-ES to real-world problems  
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• be aware of remaining challenges and opportunities in the relevant field  
 
We will publish all materials including slides and demo code after the tutorial on our tutorial 
website. 
 

Intended audience 

We do not assume any knowledge of NES for the participants, and then the level of the 

tutorial is introductory. However, participants are expected to have basic knowledge of 

probability theory and statistics. 
 

Organizer/Presenter 
Masahiro Nomura (nomura.m.ad@m.titech.ac.jp). is working for CyberAgent as research 
scientist, and is a Ph.D. student in the Department of Computer Science at Tokyo Institute of 
Technology, advised by Prof. Isao Ono. His current research focuses on NES and its extension 
with learning rate adaptation. Some of his recent work has been published at prominent 
conferences, including AAAI, CEC, CIKM, EvoStar, GECCO, and IJCAI. 
 
Isao Ono (isao@c.titech.ac.jp). is an associate professor of Department of Computer Science 
at Tokyo Institute of Technology. His research interests include real-coded genetic algorithms, 
natural evolution strategies, genetic algorithms for combinatorial optimization such as 
traveling salesman problems, and their applications. 
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