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Reinforcement Learning
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Policy Evaluation Problems
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¢ Problem: given a stationary policy u, find discounted accumulative reward /* : § = R
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where (s(k),r(k),s’'(k)) is the observation at time k

¢ Bellman equation
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Multi-Agent Systems
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Multi-Agent Reinforcement Learning

% A network of N agents communicating through G(k) = (V, E(k))
¢ Agent v applies a stationary policy u, : S = U,
% Agent v receives an instantaneous reward R,

¢ Goal: collaborate to find discounted reward /* : § - R




Linear Function Approximation

< Low-dimensional approximation J of J*, parameterized by 8 € RX
K
J(i,0) = " Oecpa(i)
=1

where ¢, : § = R s the set of K < n feature vectors known by the nodes

< Goal: each node finds 6* s.t. J is the best approximation of J*



Distributed Temporal Difference Learning

< Low-dimensional approximation J of J*, parameterized by 8 € RX
K
J(i,0) = " Oecpa(i)
=1

where ¢, : § = R s the set of K < n feature vectors known by the nodes
< Goal: each node finds 6* s.t. J is the best approximation of J*

¢ Distributed TD(0): cach node maintains 8,,, an estimate of 8°
% Observe one sample (s(k), r,(k),s’(k)) and sequentially update 9,
Ou(k+1) = ) awu(k)0u(k) + a(k)dy(k)p(s(k))

where the TD d, (k) 1s given
dy(k) = ro(k) + 0, (k)T (6(5' (k) — 6(s(k)))



Main Results

Mirror the results of distributed SGD for solving convex optimization



Finite-Time Analysis

1. Ifa(k) = a > 0 then
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Finite-Time Analysis

o Recall that 8 satisfies

., 1
Af =Nva

where vev

A= [6(5)(906) = 70() | and b, = Ex [rud(s)

o Let oy, and 0,4, be the smallest and largest singular value of A



Finite-Time Analysis

1. Ifa(k) =a € (O, 1. )then
A %112 k C40maxQ
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2. Ifa(k) = ” — where ay > then
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