Value functions & Bellman equations

State,s € S

Action,a € A(s)

Reward,r € R(s,a,s’)

Transition Probability,

P(s,a,s")

Optimal Policy, t*(s)

Return, Gy = Yo V¥7esk

State value, V™(s)

Action value, Q™ (s, a)

V*(s) = max Yo P(s'ls, a)(r + yV*(s'))

Q'(5,@) = 2, p(s'ls,0) [r + y max Q' (s',a)

Value of a state s under policy
- V™(s) = E(G¢ | S¢ = )
- V™(s) = Yqm(als) X P(s'|s, a)(r + yV”(s’))

Value of a state s under optimal policy ©*
- V*(s) = max), P(s'[s, a)(r + yV*(s'))

Value of taking action a in-state s then
following policy &

Q™(s) = E(G; | S; = s, Ag-="a)
- Q™(s,a) =X P(s'|s;a@)[r +yVT™(s")]

Value of taking-action a in state s then
following optimal policy *

- (5@ =3, p(s'ls,0) [r +y maxQ*(s', ")

Standard Notations

S, LES

St=SES

St+1 — S, ES
Apyq = a’ € A(s)

St+2 €S

St+3 €S

t+1

t+2

t+3





   S  t + 3 ∈ S


   S  t − 1 ∈ S


   S  t + 2 ∈ S


   A  t + 1 =  a ′ ∈ A ( s )


   S  t + 1 =  s ′ ∈ S


   A t = a ∈ A ( s )


   S t = s ∈ S


   Q ∗  (  s , a ) =  ∑   s ′  p  (   s ′ |  s , a )  [  r + 𝛾     max   a ′ ⁡   Q ∗ (  s ′ ,  a ′ ) ]


   V ∗  ( s ) =     max a ⁡   ∑   s ′  P  (   s ′ |  s , a )  (  r + 𝛾  V ∗  (  s ′ ) )


  A c t i o n   v a l u e ,    Q 𝜋 ( s , a )


  S t a t e   v a l u e ,    V 𝜋  ( s )


  R e t u r n ,    G t =  ∑  k = 0 ∞   𝛾 k  r  t + k


  O p t i m a l   P o l i c y ,    𝜋 ∗ ( s )


  P  (  s , a , s ′ )


  T r a n s i t i o n   P r o b a b i l i t y ,  


  R e w a r d ,   r ∈ R  (  s , a ,  s ′ )


  A c t i o n , a ∈ A  ( s )


  S t a t e ,   s ∈ S


   Q ∗  (  s , a ) =  ∑   s ′  p  (   s ′ |  s , a )  [  r + 𝛾     max   a ′ ⁡   Q ∗ (  s ′ ,  a ′ ) ]


   𝜋 ∗


  s


  a


   Q 𝜋  (  s , a ) =  ∑   s ′  P  (   s ′ |  s , a )  [  r + 𝛾  V 𝜋  (   s ′ ) ]


   Q 𝜋  ( s ) = 𝔼  (   G t   |    S t = s ,    A t = a )


  𝜋


  s


  a


   V ∗  ( s ) =     max a ⁡   ∑   s ′  P  (   s ′ |  s , a )  (  r + 𝛾  V ∗  (  s ′ ) )


   𝜋 ∗


  s


   V 𝜋  ( s ) =  ∑ a  𝜋  ( a | s )  ∑   s ′  P  (   s ′ |  s , a )  (  r + 𝛾  V 𝜋  (   s ′ ) )


   V 𝜋  ( s ) = 𝔼  (   G t   |    S t = s )


  𝜋


  s



