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Abstract

Reinforcement Learning (RL) is a powerful and ‘well-studied Machine Learn-
ing paradigm, where an agent learns to improve its performance in an envi-
ronment by maximising a reward signalwIn multi-objective Reinforcement
Learning (MORL) the reward signalis a'\wector, where each component rep-
resents the performance on a differentiobjective. Reward shaping is a well-
established family of techniques thatshave been successfully used to improve
the performance and learning speed-of RL agents in single-objective prob-
lems. The basic premisef reward shaping is to add an additional shaping
reward to the reward naturally received from the environment, to incorpo-
rate domain knowledgeand guide an agent’s exploration. Potential-Based
Reward Shaping (PBRS)is a specific form of reward shaping that offers ad-
ditional guarantees. ‘In this paper, we extend the theoretical guarantees of
PBRS to MORL problems. Specifically, we provide theoretical proof that
PBRS doés not ‘alter the true Pareto front in both single- and multi-agent
MORLxWe also contribute the first published empirical studies of the effect
of PBRS in single- and multi-agent MORL problems.

Keywords: Reinforcement Learning, Multi-Objective, Potential-Based,
Reward Shaping, Multi-Agent Systems

*Corresponding author

Email addresses: patrick.mannion@gmit.ie (Patrick Mannion),
sam.devlin@york.ac.uk (Sam Devlin), k.mason2@nuigalway.ie (Karl Mason),
jim.duggan@nuigalway.ie (Jim Duggan), ehowley@nuigalway.ie (Enda Howley)

Preprint submitted to Neurocomputing June 16, 2017



ISIf)rticles el Y 20 6La5 s 3l OISl ¥
Olpl (pawasd DYl gz 5o Ve 00 Az 5 ddes 36kl Ol ¥/
auass daz 3 Gl Gy V

Wi Ol3a 9 £aoge o I rals 9oy T 55 g OISl V/

s ,a Jol domieo ¥ O, 55l 0lsel v/

ol guae sla oLl Al b ,mml csls p oKl V7

N s ls 5l e i (560 sglils V7

Sl 5,:K8) Kiadigh o Sl (5300 0,00 b 25 ol Sleiiy ¥/


https://isiarticles.com/article/112675

