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Multi-Agent Learning Increasingly
Deployed in Real Wrold
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We want our agents to be robust and performant.
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Multi-Agent Learning Increasingly
Deployed in Real Wrold
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We want our agents to be robust and performant.

Stable against environmental or strategic deviations
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Multi-Agent Learning Increasingly
Deployed in Real Wrold
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We want our agents to be robust and performant.

Achieve “optimality” against others, a.k.a. “Equilibrium”
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Issue 1:
Instability in Learning
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Issue 1:
Instability in Learning

Instability: Fundamental limitation.
Nash equilibria are intractable to compute!
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Issue 2:
Ignoring Human Traits
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Issue 2:
Ignoring Human Traits

Oh no it is dangerous!!!

Humans are boundedly rational.
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Issue 2:
Ignoring Human Traits

Good, if I remain

e m
Oh no it is dangerous!!! here I'm safe.
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Humans are boundedly rational. Humans are risk-averse.
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Issue 2:
Ignoring Human Traits

Two aspects Nash equilibrium fails to capture:
Risk-aversion and bounded rationality.
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Question:

Is there an equilibrium notion that:
Is tractable to compute, and incorporates
risk-aversion and bounded rationality?
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Objective Construction:
Matrix Games

Player i's objective with risk-aversion and bounded-rationality:

+ bounded

Minimize Cost + risk-aversion ) )
rationality
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Objective Construction:
Matrix Games

Player i's objective with risk-aversion and bounded-rationality:

. T
HILIDAR =7 Rip; — D;i(pi, m—i)/Ti + € ()
T T
Example: reverse KL negative entropy
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Solution Concept: RQE

Risk-averse Quantal-response Equilibrium

Player i's objective with risk-aversion and bounded-rationality:

. T
HILIDAR =7 Rip; — D;i(pi, m—i)/Ti + € ()
T T
Example: reverse KL negative entropy

Definition (RQE for matrix games): An RQE is a joint strategy
n* = (mj,m;, ..., ;) such that each n; maximizes the objective
given fixed ”;.
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RQE in Matrix Games:

Uniqueness & Lipschitz Continuity
Theorem (Informal): If ¢;6,7,7, > 1, the RQE of the game
satisfies the following properties for all payoff structures:

1. Uniqueness;
2. Lipschitz continuity w.r.t. payoff matrix R;

3. Tractable to compute.

Proof relies on monotonicity of the expanded game between
original players and adversaries
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RQE in Markov Games: ... (5,00, .0

Definition A

Markov Games (discounted):

Environment
* n agents State s,

* shared state s;
* individual action a; ;

N N N

(&1 a nmn a, T aAn

* rewards r;(s,aq, a,, ..., a,)

« agent i objective (risk-neutral): M v \2
maxz ytri (St, at) @ @ eeooeo @
' Agent1 Agent 2 Agent n
Caltech



RQE in Markov Games: ... (5,00, .0

Definition A

Markov Games (discounted):

Environment
* n agents State s,

* shared state s;
* individual action a; ;

N N N

(&1 a nmn a, T aAn

* rewards r;(s,aq, a,, ..., a,)

n
* agent i objective (RQE): M v M
maxz yiri(se, ag) @ @ °e° @
: ot _ _ Agent 1 Agent 2 Agent n
+risk-aversion+bounded rationality Caltech




RQE in Markov Games:
Bellman Operator

Single-agent
Q function:

o0

Z’ytr(st,atﬂso =s,a0=a

t=0

Q" (s,a) = E;
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RQE in Markov Games:
Bellman Operator

Single-agent Multi-agent
Q function: Q function:

oo

oo
> (s, ar)|so = s,a0 = a] Qi (s,a) =E; [Z Vri(se,ar)|so = s,a0 = a

t=0 t=0

Q" (s,a) = E;
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RQE in Markov Games:
Bellman Operator

Single-agent Multi-agent
Q function: Q function:

oo

o0
Z’ytr(st,atﬂso =s,a9 = a] Q7 (s,a) = E, [Z viri(se,at)|so = 5,29 = a

t=0 t=0

Q" (s,a) = E;

Bellman operator:
(TQ)(s,a) = r(s,a) + 1By [maxQ(s,a')]
Contraction - Q-learning converges
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RQE in Markov Games:
Bellman Operator

Single-agent Multi-agent
Q function: Q function:
Q"(s,a) = E; iytr(st,atﬂso = S,a0 = @] Qi (s,a) =E; [i V'ri(se, ar)|so = 5,80 = a
t=0 t=0
Bellman operator: Bellman operator (with Nash):

(TQ)(s,a) = r(s,0) + 1Ey [maxQ(s',a")| (TQ)i(s,a) = r(s,a) +1Ey [Nashi(Q(s', )

Contraction - Q-learning converges
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RQE in Markov Games:
Bellman Operator

Single-agent Multi-agent
Q function: Q function:
Q" (s,a) =E, i’ytr(st,atﬂso = 5,00 = a] Q7 (s,a) =E, [i Y'ri(se,at)|so = s,a0 = a
t=0 t=0
Bellman operator: Bellman operator (with Nash):

(TQ)(s,a) = r(s,0) + 1Ey [maxQ(s',a")| (TQ)i(s,a) = r(s,a) +1Ey [Nashi(Q(s', )

) ) ) Additionally, Nash equilibria
Contraction - Q-learning converges Not a contraction! intractable to compute...
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RQE in Markov Games:
Bellman Operator

Single-agent Multi-agent
Q function: Q function:

Q" (s,a) =E, Z’ytr(st,atﬂso =s,a0 = a] Q7 (s,a) =E; [Z v'ri(se,at)|so = s,a0 = a
Bellman operator: Bellman operator (with RQE):

(TQ)(5:0) = r(s,a) + 1By |maxQ(s',a)| (TQ)ils,a) = r(s,2) +7E [RAE(Q(s', )]

. . ) Replace Nash value with
Contraction - Q-learning converges Contraction? RQE value = tractable!
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RQE in Markov Games:
Contraction of Bellman Operator

Theorem (Informal): If ,¢6,7,7, > c(y), the Bellman
operator defined with RQE satisfy the contraction
property for some y, < 1:

I7Q — TQ oo <llQ — Q'|oc

Corollary: Q-learning provably converges to RQE!
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Takeaways

* RQE incorporates risk-aversion and bounded
rationality.

* RQE is tractable to compute in matrix/Markov games.

More technical details will be covered in my talk in
Session FrA04, 10:45am-11:00am
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