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Abstract 

Energy efficiency in machine learning explores how to build machine learning algorithms 
and models with low computational and power requirements. Although energy 
consumption is starting to gain interest in the field of machine learning, the majority of 
solutions still focus on obtaining the highest predictive accuracy, without a clear focus on 
sustainability. 

This thesis explores green machine learning, which builds on green computing and 
computer architecture to design sustainable and energy-efficient machine learning 
algorithms. In particular, we investigate how to design machine learning algorithms that 
automatically learn from streaming data in an energy-efficient manner. 

We first illustrate how energy can be measured in the context of machine learning, in the 
form of a literature review and a procedure to create theoretical energy models. We then 
use this knowledge to analyze the energy footprint of Hoeffding trees, presenting an energy 
model that maps the number of computations and memory accesses to the main 
functionalities of the algorithm. We also analyze the hardware events correlated to the 
execution of the algorithm, their functions and their hyper parameters.   

The final contribution of the thesis is showcased by two novel extensions of Hoeffding tree 
algorithms, the Hoeffding tree with nmin adaptation and the Green Accelerated Hoeffding 
Tree. These solutions are able to reduce the energy consumption of the original algorithms 
by twenty and thirty percent, with minimal impact on accuracy. This is achieved by setting 
an individual splitting criteria for each branch of the decision tree, spending more energy 
on the fast growing branches and saving energy on the rest.  

This thesis shows the importance of evaluating energy consumption when designing 
machine learning algorithms, proving that we can design more energy-efficient algorithms 
and still achieve competitive accuracy results.   
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