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Principles of  
Reinforcement Learning



What is Reinforcement Learning?
The science of sequential decision-making

• What is intelligence?


• Computer Science + Psychology + Economics + Mathematics + Engineering


• Goal: maximise expected cumulative reward


• Applications: large language models (LLMs) and recommendation systems


• RL  ML  AI⊂ ⊂



Markov Decision Processes (MDPs)
A world model for RL,

• State space: states are Markovian,                                                            


• Action space


• State transition matrix:                                                                 


• Reward function:


• Discount factor:



Reinforcement Learning Agent
The decision-maker

• Policy:


• Value Function: 


• Q-Function:


• Value and Q-functions can be approximated via neural networks — Deep RL!



Reinforcement Learning in 
Mobile Health and DyadicRL



What is Mobile Health?
Improving health outcomes with technology

• Enhance health outcomes by delivering digital interventions to individuals


• Examples: medication adherence, physical activity, dental hygiene



What are the Challenges in Mobile Health?
Domain-specific problems

User Heterogeneity Intervention Burden High-noise Environment

Sample Efficiency Reward Sparsity User Non-stationarity



Dyadic Reinforcement Learning
A Bayesian RL algorithm for mobile health and beyond

• Support networks are crucial for recovery


• Dyad = Target Person + Care Partner, ADAPTS HCT


• Perhaps delivering multiple interventions at different time scales increases 
reward


• Hierarchical structure



Dyadic Reinforcement Learning
A Bayesian RL algorithm for mobile health and beyond



Dyadic Reinforcement Learning
A Bayesian RL algorithm for mobile health and beyond



Further Reading
Resources for deeper understanding

http://incompleteideas.net/book/the-
book-2nd.html

https://arxiv.org/abs/1707.02038 https://arxiv.org/abs/2308.07843


