Value Iteration: Dynamic Programming

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’))
Vier1(s) = max 3o P(s'ls, )lr + yVi (s")]

0"(5,@) = Ty p(s'ls, @) [r+y max @ (s',a)]

Bellman’s optimal value function

Bellman update

V*(s) = m;lxzsl P(s'|s, a)(r + yV*(s’))

Vii1(s) = mC?XZS, P(s'|s,a)[r + yV,;(s")]

Vy(s10) = 0.9[0 + 0.9x1] + 0.1[0 + 0.9%0] = 0:81
V,(sg, ., Sg) =0

Vs(syo) = 0.9[0 + 0.9x1] + 0.1[0 + 0.9x0:81] = 0.8843
V3(s9) = 0.9[0 + 0.9%x0.81] + 0.1[0 +0:9%0] = 0.6561
V5(sg) = 0.9[0 + 0.9%x0.81] + 0.1[0-+ 0.9%0] = 0.6561
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Value Iteration: Dynamic Programming

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)

Bellman’s optimal value function
- V*(s) = mcflxzsl P(s'|s, a)(r + yV*(s’))

Bellman update
- Viy(s) = mC?XZS, P(s'|s,a)[r + yV,;(s")]

~ Vy(s10) = 0.9[0 + 0.9%1] + 0.1[0 + 0.9x0] = 081

- Vy(sg,,89) =0

~ Vi(s10) = 0.9[0 4+ 0.9x1] + 0.1[0 + 0.9x0:81] = 0.8843
- V53(sg) = 0.9[0 + 0.9%0.81] + 0.1[0 +.0:9%0] = 0.6561
- V3(sg) = 0.9[0 + 0.9%0.81] + 0.1[0-+ 0.9%0] = 0.6561
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Value Iteration

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*(s,a) =X p(s'ls, @) [r +y max Q*(s',

: Dynamic Programming

 Bellman’s optimal value function
- V*(s) = m;lxzsl P(s'|s, a)(r + yV*(s’))

 Bellman update
- Viy(s) = mC?XZS, P(s'|s,a)[r + yV,;(s")]

~ Vy(s10) = 0.9[0 + 0.9%1] + 0.1[0 + 0.9x0] = 0:81

- Vy(sg, ey S9) =0

~ V3(s10) = 0.9[0 4+ 0.9x1] + 0.1[0 + 0.9x0:81] = 0.8843
- V3(sg) = 0.9[0 + 0.9%0.81] + 0.1[0 +.0:9%0] = 0.6561

a’)]
- V3(sg) = 0.9[0 + 0.9%0.81] + 0.1[0+ 0.9%0] = 0.6561
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Value Iteration: Dynamic Programming

State,s € S
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Reward,r € R(s,a,s’)
Transition Probability,
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Bellman’s optimal value function
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Bellman update
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Value Iteration: Dynamic Programming

State,s € S

Action,a € A(s)

Reward,r € R(s,a,s’)
Transition Probability,
P(s,a,s")

Optimal Policy, " (s)

Return, Gy = ¥y V*7y4x

State value, V™(s)

Action value, Q™ (s, a)

V*(s) = max Yo P(s'ls, a)(r + yV*(s’))
Vir1(s) = max X P(s'ls, a)[r +y Vi (s")]

Q*(s,a) = ¥y p(s'ls,a) [r +ymax Q*(s’, a')]

Bellman’s optimal value function

V*(s) = mcflxzsl P(s'|s, a)(r + yV*(s’))

Bellman update

Vies1(s) = mC?XZS, P(s'|s,a)[r + yV,;(s")]

Vy(s10) = 0.9[0 + 0.9x1] + 0.1[0 + 0.9%0] = 0:81
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   Q ∗  (  s , a ) =  ∑   s ′  p  (   s ′ |  s , a )  [  r + 𝛾     max   a ′ ⁡   Q ∗ (  s ′ ,  a ′ ) ]


   V  k + 1 ∗  ( s ) =   max a  ∑   s ′  P  (   s ′ |  s , a )  [  r + 𝛾  V k ∗  (   s ′ ) ]


   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


   V 3  (   s 6 ) = 0 . 9  [  0 + 0 . 9 × 0 . 81 ] + 0 . 1 [ 0 + 0 . 9 × 0 ] = 0 . 6561


   V 3  (   s 9 ) = 0 . 9  [  0 + 0 . 9 × 0 . 81 ] + 0 . 1 [ 0 + 0 . 9 × 0 ] = 0 . 6561


   V 3  (   s  10 ) =   0 . 9  [  0 + 0 . 9 × 1 ] + 0 . 1 [ 0 + 0 . 9 × 0 . 81 ] = 0 . 88


   V 2  (   s 0 ,   … ,    s 9 ) = 0


   V 2  (   s  10 ) = 0 . 9  [  0 + 0 . 9 × 1 ] + 0 . 1 [ 0 + 0 . 9 × 0 ] = 0 . 81


   V  k + 1 ∗  ( s ) =   max a  ∑   s ′  P  (   s ′ |  s , a )  [  r + 𝛾  V k ∗  (   s ′ ) ]


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


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


   V  k + 1 ∗  ( s ) =   max a  ∑   s ′  P  (   s ′ |  s , a )  [  r + 𝛾  V k ∗  (   s ′ ) ]


   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


   V 3  (   s 6 ) = 0 . 9  [  0 + 0 . 9 × 0 . 81 ] + 0 . 1 [ 0 + 0 . 9 × 0 ] = 0 . 6561


   V 3  (   s 9 ) = 0 . 9  [  0 + 0 . 9 × 0 . 81 ] + 0 . 1 [ 0 + 0 . 9 × 0 ] = 0 . 6561


   V 3  (   s  10 ) =   0 . 9  [  0 + 0 . 9 × 1 ] + 0 . 1 [ 0 + 0 . 9 × 0 . 81 ] = 0 . 88


   V 2  (   s 0 ,   … ,    s 9 ) = 0


   V 2  (   s  10 ) = 0 . 9  [  0 + 0 . 9 × 1 ] + 0 . 1 [ 0 + 0 . 9 × 0 ] = 0 . 81


   V  k + 1 ∗  ( s ) =   max a  ∑   s ′  P  (   s ′ |  s , a )  [  r + 𝛾  V k ∗  (   s ′ ) ]


   V ∗  ( s ) =     max a ⁡   ∑   s ′  P  (   s ′ |  s , a )  (  r + 𝛾  V ∗  (  s ′ ) )
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   Q ∗  (  s , a ) =  ∑   s ′  p  (   s ′ |  s , a )  [  r + 𝛾     max   a ′ ⁡   Q ∗ (  s ′ ,  a ′ ) ]
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   V 2  (   s  10 ) = 0 . 9  [  0 + 0 . 9 × 1 ] + 0 . 1 [ 0 + 0 . 9 × 0 ] = 0 . 81


   V  k + 1 ∗  ( s ) =   max a  ∑   s ′  P  (   s ′ |  s , a )  [  r + 𝛾  V k ∗  (   s ′ ) ]


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



