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Cooperative AI

‣We will focus on scenario in which agents try to improve their global 
degree of cooperation.


‣We will consider multiple aspects of the problem, considering the 
potential applications to a series of practical situations.
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Common and Conflicting Interests

‣ Games of pure common interest: any increase in one agent’s 
payoff always corresponds with an increase in payoff of others.


‣ Games with mixed motives: agents’ interests are, to varying 
extents, sometimes aligned and sometimes in conflict.


‣ Games of pure conflicting interests: an increase in one agent’s 
payoff is always associated to a decrease in the payoff of others.
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Common and Conflicting Interests

‣ Opportunities for cooperation exist, at least in principle, in situations 
of pure common interest and mixed motives.


‣ Only with pure conflicting interest, cooperation is impossible.


‣ Games of pure conflicting interests are typically confined to two-
player games.


‣ Typically, the introduction of a third player offer the opportunity of 
cooperating at least to one dyad.
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Types of Cooperative Agents

‣We can consider different types of agents:


‣ Machines; 


‣ Humans;


‣ Organisations (of humans and/or machines)


‣ States


‣ Firms


‣…


‣ Very complex (and interesting!) situations arise in mixed societies of machines and 
humans.
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AI Alignment

‣ AI Alignment is a related field.


‣ AI Alignment concerns with the problem of aligning the machine 
agent so that its preferences are as the humans intend.


‣ In Cooperative AI, the preferences of agents are given.


‣When alignment succeeds, the human-machine dyad possesses 
pure common interest, which is a sort of limited case of 
cooperation problems.


‣ In AI alignment, human (principal) has normative priority over the AI 
agent. This is not the case in cooperative AI.
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AI Alignment

‣ AI Alignment is mostly about control (especially in case it is difficult to 
change the preferences of the AI agent).


‣ This is also related to the so-called singularity problems (and AI 
containment.)


‣ Let’s say asymptotically… but there are variety of existing exciting 
problems right now.


‣ Cooperative AI focusses on problems such as bargaining, credible 
communication and commitment.
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Superintelligence



MARL 2021-2022 Mirco Musolesi

The Singularity is Near
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Institutions

‣ Institutions are social structures, which involves a system of beliefs 
and norms, which define the “rules” of the games played by 
individuals and organisations composing a collective, shaping the 
actions that can be taken by individuals and the outcomes 
determined by these actions, resulting in stable patterns of behaviour.


‣ Cooperative institutions are those that support cooperative dynamics:


‣ Mainly by resolving coordination problems and aligning incentives 
to solve social dilemmas.


‣ Social dilemmas are situations that create a conflict between 
the individual’s interests and the collective’s interests.



MARL 2021-22 Mirco Musolesi

Conventions and Norms

‣ In games of common interest, conventions are patterns of 
expectations and behaviour that promote coordination.


‣ In mixed-motives games, norms are used to reinforce patterns of 
expectations and behaviour through social reward and sanctions.


‣ Norms are broadly understood to be informal rules that guide the 
behaviour of a group or a society.



MARL 2021-22 Mirco Musolesi

Decentralised Institutions

‣ Institutions are formal entities that allocate roles, responsibilities, 
power and resources in a way designed to reproduce patterns of 
desired interactions.


‣ Institutions can be:


‣ Emergent vs designed;


‣ Informal vs formal;


‣ Decentralised vs centralised.
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Decentralised Institutions

‣ In decentralised institutions, there is no single central trusted 
authority, which can enforce decisions on behalf of a group of agents.


‣ Institutional structures can emerge from the interactions of agents 
over time.


‣ Agents might act in a way that incentivise the others to behave in a 
certain way (for example, through social punishment).


‣ One of the prominent mechanisms at the basis of decentralised 
institutions are norms.
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Norms

‣ Norms constrain the behaviour of group members, by capturing and 
encoding sanctions for transgressions.


‣ They are seen central to ensure global coordination.


‣ Humans are very good in organising themselves around social norms 
in a fully decentralised way.


‣ Social norms key for civilisation.


‣ A key problem in AI is to design agents that “understand” norms and 
follow them.



MARL 2021-22 Mirco Musolesi



MARL 2021-22 Mirco Musolesi



MARL 2021-22 Mirco Musolesi

The Role of AI in Designing Decentralised 
Institutions

‣ The AI research community can help in designing effective institutions that 
lead to desirable outcomes.


‣ Applications:


‣ Planning institutions;


‣ Setting incentives;


‣ International relation analysis;


‣ Human-AI interactions;


‣…
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Main Reference

‣ The main reference is: Dafoe et al. Open Problems in Cooperative AI. 
arXiv preprint arXiv:2012.08630.


‣ Acknowledgement: Some definitions and concepts in this lecture 
were taken from that paper.


