R. S. Sutton and A. G. Barto: Reinforcement Learning: An Introduction1

Chapter 4: Dynamic ProgrammingpOverview of a collection of classical solution methodsfor MDPs known as dynamic programming (DP)pShow how DP can be used to compute value functions,and hence, optimal policiespDiscuss efficiency and utility of DPObjectives of this chapter:

R. S. Sutton and A. G. Barto: Reinforcement Learning: An Introduction2

Policy Evaluation

State-value function for policy :p g p p p V s E R s s E r s s t t k t k t k ( ) =={ } = =_��^�_��^�+ +^=_¥� 10

Bellman equation for V

V s s a P R V s

S

ss a ss a s a

p p p p g :

( ) ( , ) ( )= +¢[ ] ¢ ¢ ¢ � � — a system of simultaneous linear equations

Policy Evaluation: for a given policy p, compute the state-value function

Vp

Recall:

R. S. Sutton and A. G. Barto: Reinforcement Learning: An Introduction3

Iterative Methods

V V V V V k k 0 1 1

fi fi fi fi fi fi+

L L p

V s sa P R Vs

k ssa ssa k s a + ¢ ¢

¢ ‹ + ¢ [ ] � �1( ) ( , ) ( )p g

a �sweep� A sweep consists of applying a backup operation to each state.A full policy evaluation backup:

R. S. Sutton and A. G. Barto: Reinforcement Learning: An Introduction4

Iterative Policy Evaluation

R. S. Sutton and A. G. Barto: Reinforcement Learning: An Introduction5

A Small Gridworld

p = random (uniform) action choices

V_pas„ p ( )_{Q s a E r V s s s a a}P R V s_{t t t t}ss_as ss_{ap p p pg} g_{( , ) ( ) ,}( )_{=+ =={ }}= + ¢[ ]_{+ +}¢¢ ¢�_{1 1}The value of doing in state is :a s_{It is better to switch to action for state if and only if} _{a s}Q s a V sp p( , ) ( )> ¢ =

= + ¢ [ ]

¢

¢

¢ �

p g

p p ()argmax(,) argmax()

s Q s a

P R V s

a a ss

a s

ss

a

Do this for all states to get a new policy that is with respect to

¢ p

p

greedy V:

Then V V

¢

‡

p p

What if ?

i.e., for all , ?

V V s S V s P R V s

a

ss

a s

ss

a

¢

¢

¢

¢

¢

=

˛ = + ¢

[ ]�

p p p p

g ( ) max ( )

But this is the Bellman Optimality Equation.

So and both and are optimal policies. V V

¢

*

= ¢

p

p p

p p p p

p p

0 1

0 1

fi fi fi fi fi fi

V V VL

* * *

V s sa P R Vs

k ss a

ss a

k

s a

+

¢ ¢

¢

‹ + ¢ [ ]

� �1^{( ) ( , ) ( )p g}

V s P R Vs k

a ss a

ss a

k

s

+

¢ ¢

¢

‹ + ¢ [ ] �1^{() max ( )g}