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 Structural credit assignment in multi-agent reinforcement learning aims to characterize the influence of different 

agents' actions on the overall final outcome.

 Current research on structural credit assignment in multi-agent reinforcement learning primarily focuses on fully 

cooperative tasks.

 These methods have limitations in non-cooperative game scenarios, such as mixed multi-agent reinforcement 

learning settings.

 In such scenarios, sequential social dilemmas can lead to difficulties in credit assignment. (Agents may harm 

each other's interests.)

Sequential Social Dilemma Example: Traffic Congestion 
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 This paper proposes a solution to this problem through Pigouvian reward shaping based on the externality 

principle.

 It introduces the economic concept of externalities to quantify credit assignment in mixed multi-agent 

reinforcement learning.

 It provides a mathematical definition and an effective quantification method for credit assignment in this context.
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 This paper proposes a solution to this problem through Pigouvian reward shaping based on the externality 

principle.

 It introduces the economic concept of externalities to quantify credit assignment in mixed multi-agent 

reinforcement learning.

 This leads to the presentation of the optimal Pigouvian reward:

It cannot be 
obtained directly and 

requires 
approximation.
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 We introduces the economic concept of externalities to quantify credit assignment in mixed multi-agent 

reinforcement learning.

 We develop a reward shaping framework based on the externality principle, termed "Pigouvian reward shaping" 

(a name inspired by the Pigouvian tax).
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 We introduces the economic concept of externalities to quantify credit assignment in mixed multi-agent 

reinforcement learning.

 We develop a reward shaping framework based on the externality principle, termed "Pigouvian reward shaping" 

(a name inspired by the Pigouvian tax).

The optimization objective is to maximize the 
overall cumulative reward (i.e., social welfare).
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 For the experimental evaluation, two scenarios were adopted: "Escape Room" and "CleanUp".

 The Escape Roomscenario represents a simple N-player prisoner's dilemma. It requires cooperation from 

at least M agents out of N to successfully escape the room.

 The CleanUpscenario simulates a social dilemma in a more complex task. Agents gain individual rewards 

by collecting apples. However, if no agent performs the unrewarded cleaning work, the apple supply will be 

depleted, leading to a decrease in collective return for all.
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 Compared to the baseline methods, the reward shaping learned by LOPTRS significantly improves the total long-term 
cumulative reward in social dilemma scenarios.
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