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• Actor – Critic with Baseline

– ∇J 𝜃 ∝ ∑𝑠 𝜇 𝑠 ∑𝑎 𝑞𝜋 𝑠, 𝑎 − 𝑏 𝑠 ∇𝜋 𝑎 𝑠, 𝜃

– Helps to minimize variance.

– No effect on performance gradient ∇𝐽 𝜃
• ∑𝑎 𝑏 𝑠 ∇𝜋 𝑎|𝑠, 𝜃 = 𝑏 𝑠 ∇ ∑𝑎 𝜋 𝑎|𝑠, 𝜃 = 𝑏 𝑠 ∇1 = 0

• Modified Policy Gradient Theorem:

– 𝜃𝑡+1 = 𝜃𝑡 + 𝛼 𝐺𝑡 − 𝑏 𝑠𝑡 ∇ ln 𝜋 𝑎𝑡|𝑠𝑡 , 𝜃𝑡

• Baseline should vary with state.

– In some states all actions have high 

values. → high baseline

– In other states all actions may have 

lower values. → low baseline

– ∴ a natural choice of baseline is a

state value function. → ෡V 𝑠𝑡, 𝑤

𝑉𝑘+1
∗ 𝑠 = max

𝑎
∑𝑠′ 𝑃 𝑠′ 𝑠, 𝑎 𝑟 + 𝛾𝑉𝑘

∗ 𝑠′  

𝑄𝑖+1 𝑠 ← ∑𝑠′ 𝑃 𝑠′ 𝑠, 𝑎, ቂ

ቃ

𝑟 + 𝛾 ⋅

max
𝑎′

𝑄𝑖 𝑠′, 𝑎′  

Policy Evaluation

𝑉𝑖+1
𝜋𝑘 𝑠 = ∑𝑠′ 𝑃 𝑠′ 𝑠, 𝜋𝑘 𝑠 𝑟 + 𝛾𝑉𝑖

𝜋𝑘 𝑠′  

Policy Improvement

𝜋𝑘+1 𝑠 = argmax
𝑎

∑𝑠′ 𝑃 𝑠′ 𝑠, 𝑎 𝑟 + 𝛾𝑉𝜋𝑘 𝑠′  

Q – Learning:

𝑄𝑖+1 𝑠, 𝑎 ← 𝑄𝑖 𝑠, 𝑎 + 𝛼 ቀ

ቁ

𝑟 + 𝛾 ⋅

max
𝑎′

𝑄𝑖 𝑠′, 𝑎′ − 𝑄𝑖 𝑠, 𝑎  

DQN Update:

𝜃𝑡+1 = 𝜃𝑡 + 𝛼൫

൯

𝑦𝑡 −

𝑄 𝑠𝑡 , 𝑎𝑡; 𝜃 ∇𝜃𝑡
𝑄 𝑠𝑡 , 𝑎𝑡; 𝜃𝑡  

DQN Q Update:

𝑄 𝑠𝑡 , 𝑎𝑡; 𝜃𝑡+1 ≈ 𝑄 𝑠𝑡 , 𝑎𝑡; 𝜃 + 𝛼൫

൯

𝑦𝑡 −

𝑄 𝑠𝑡 , 𝑎𝑡; 𝜃𝑡 ∇𝜃𝑡
𝑄 𝑠𝑡 , 𝑎𝑡; 𝜃𝑡
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n – step return:

𝐺𝑡:𝑡+𝑛 = 𝑅𝑡+1 + 𝛾𝑅𝑡+2 + ⋯ + 𝛾𝑛 ො𝑣(𝑠𝑡+𝑛) 

∇𝐽 𝜃 = 𝔼𝜋 𝐺𝑡
∇𝜋 𝑎 𝑠, 𝜃
𝜋 𝑎 𝑠, 𝜃  

Algorithm 1: A2C Algorithm

Initialize parameter vectors 𝜃 & 𝑤
Initialize counter 𝑡 ← 1
Repeat

      𝑡𝑠𝑡𝑎𝑟𝑡 = 𝑡; Get state 𝑠𝑡

      Repeat

           Perform 𝑎𝑡 according to policy 𝜋 𝑎𝑡|𝑠𝑡; 𝜃

            Receive reward 𝑟𝑡 & new state 𝑠𝑡+1

            Increment 𝑡
      Until 𝑠𝑡 is terminal or 𝒕 − 𝑡𝑠𝑡𝑎𝑟𝑡 == 𝑡𝑚𝑎𝑥

      𝐺 = ቊ
0,  | 𝑓𝑜𝑟 𝑡𝑒𝑟𝑚𝑖𝑛𝑎𝑙 𝑠𝑡 

𝑉 𝑠𝑡 , 𝑤 , 𝑓𝑜𝑟 𝑛𝑜𝑛 − 𝑡𝑒𝑟𝑚𝑖𝑛𝑎𝑙 𝑠𝑡 | 𝐵𝑜𝑜𝑡𝑠𝑡𝑟𝑎𝑝 𝑓𝑟𝑜𝑚 𝑙𝑎𝑠𝑡 𝑠𝑡𝑎𝑡𝑒

      For 𝑖 ∈ 𝑡 − 1, … , 𝑡𝑠𝑡𝑎𝑟𝑡  do

            𝐺 ← 𝑟𝑖 + 𝛾𝐺
            Accumulate gradients w.r.t 𝜃 ∶ 𝑑𝜃 ← 𝑑𝜃 + ∇𝜃 log 𝜋 𝑎𝑡|𝑠𝑡; 𝜃 𝐺 − 𝑉(𝑠𝑖; 𝑤)

            Accumulate gradients w.r.t 𝑤 ∶ 𝑑𝑤 ← 𝑑𝑤 + 𝜕 𝐺 − 𝑉 𝑠𝑖; 𝑤
2

/𝜕𝑤

      end For

     Update 𝜃 using 𝑑𝜃 and of 𝑤 using 𝑑𝑤

Until 𝑀𝑎𝑥 𝐸𝑝𝑖𝑠𝑜𝑑𝑒𝑠

(𝑠)

𝐴(𝑠; 𝜃)
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  ∇ J  ( 𝜃 ) ∝  ∑ s  𝜇  ( s )  ∑ a   (   q 𝜋  (  s , a ) − b  ( s ) ) ∇ 𝜋  ( a |  s , 𝜃 )


  ∇ J  ( 𝜃 )


   ∑ a  b  ( s ) ∇ 𝜋  (  a | s , 𝜃 ) = b  ( s ) ∇  ∑ a  𝜋  (  a | s , 𝜃 ) = b  ( s ) ∇ 1 = 0


   𝜃  t + 1 =  𝜃 t + 𝛼  (   G t − b  (   s t ) ) ∇   ln ⁡  𝜋  (   a t |  s t ,    𝜃 t )


  →


  →


  ∴


  →  V ^  (   s t , w )


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


   Q  i + 1  ( s ) ←  ∑   s ′  P  (   s ′ |  s , a , )  [  r + 𝛾 ⋅     max   a ′ ⁡   Q i  (   s ′ ,  a ′ ) ]


   V  i + 1   𝜋 k  ( s ) =  ∑   s ′  P  (   s ′ |  s ,  𝜋 k  ( s ) )  [  r + 𝛾  V i   𝜋 k  (   s ′ ) ]


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


   Q  i + 1  (  s , a ) ←  Q i  (  s , a ) + 𝛼  (  r + 𝛾 ⋅     max   a ′ ⁡   Q i  (   s ′ ,  a ′ ) −  Q i  (  s , a ) )


   𝜃  t + 1 =  𝜃 t + 𝛼  (   y t − Q  (   s t ,  a t ; 𝜃 ) )  ∇   𝜃 t Q  (   s t ,    a t ;  𝜃 t )


  Q  (   s t ,    a t ;  𝜃  t + 1 ) ≈ Q  (   s t ,    a t ; 𝜃 ) + 𝛼  (   y t − Q  (   s t ,    a t ;  𝜃 t ) )    |   |   ∇   𝜃 t Q  (   s t ,    a t ;  𝜃 t ) | | 2 2


   G  t : t + n =  R  t + 1 + 𝛾  R  t + 2 + … +  𝛾 n  v ^ (  s  t + n )


  ∇ J  ( 𝜃 ) =  𝔼 𝜋  [   G t   ∇ 𝜋  ( a |  s , 𝜃 )  𝜋  ( a |  s , 𝜃 ) ]


  𝜃
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  𝜋  (   a t |  s t ; 𝜃 )
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   s t   is  


  𝒕 −  t  s t a r t = =  t  m a x


  G =  {      0 ,                                                                                                                             |     f o r   t e r m i n a l    s t                                                 V  (   s t ,   w ) , f o r   n o n   − t e r m i n a l    s t     |   B o o t s t r a p   f r o m   l a s t   s t a t e


  i ∈  {  t − 1 ,   … ,    t  s t a r t }


  G ←  r i + 𝛾 G


  𝜃   : d 𝜃 ← d 𝜃 +  ∇ 𝜃   log ⁡  𝜋  (   a t |  s t ; 𝜃 )  (  G − V (  s i ; w ) )


  w   : d w ← d w + 𝜕    (  G − V  (   s i ; w ) ) 2 / 𝜕 w
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