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Bellman Equation



Value Function

Given an MDP M = (S,A,P,r,y),howto findn*: § - A

0* = arg max Etpym lz r(s;, at)]
t

Value function V™®(s) = E zyt r(sg,ar) 1 s =s,a; = 1(se), See1 ~ P(- | s¢, 0 )‘

t=0

Q function Q"(s,a) = E zytr(st, ar) | (So,a_0) = (s,a),a; = w(Se), Sep1 ~ P(- | s, a4 )]

t=0




Bellman Equation for Value Function

Value function V™®(s) = E Zyt r(s;,ap) | s, =s,a; =m(sy),Seeq ~ P(- | 54,04 )‘

t=0

VT(s) = r(s,m(s)) + VEg p(1s, 7T(S))[V”(S’)] Why is this true?

Q function Q"(s,a) = E Z)/t r(se, a) | (So,a_0) = (s,a),a; = m(s¢), Sg41 ~ P(- | 5p, a4 )‘

t=0

What is the Bellman equation for the Q function?




2 Questions

How do we bring Q in the RHS of the Bellman equation for Q?

V(s) = Q" (s,n(s))

What more is needed if we have stochastic policies? And why do we not worry about stoch policies?

For infinite horizon discounted MDPs, there always exists a deterministic optimal policy

S - A, s.t., VT (s) = V7(s), Vs,



Preview: Policy Iteration



Policy Iteration

Given an MDP M = (S,A,P,r,y),howto findn*: § - A

0" = arg max Eipy@ {Z r(st, at)]
t

Policy Evaluation: Q"t (s,a),Vs,a

Known as Policy Iteration

Policy Improvement: 7" (s) := arg max Q”t(s, a),Vs
a

Introduction to Reinforcement Learning, Sutton & Barto



Policy Evaluation: Fixed Point

Policy Evaluation: Q”t (s,a),Vs,a

Vs,V (s) = r(s,n(s)) + VEs~P(s,n(s))Vn(S’)

VT =R +yPVT

Consider x* = f(x*), how do we find this?

Approach to find fixed point:

Initialise x° € [a, b], repeat: xt*1 = f(x?t)

If f is a contraction mapping,

ie,Vx,x',|f(x)— f(x")]| < ylx — x|, for some y € [0,1), then:

xt - x* ast - o
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