
• State visitation distribution for a policy 

𝜋 is 𝜌𝜋

• Behaviour policy is 𝛽 ← off policy. 

• Replay Buffer 𝒟

• Separate Target Network

– 𝑦𝑡 = 𝑟 𝑠𝑡 , 𝑎𝑡 + 𝛾𝑄 𝑠𝑡+1, 𝜋′ 𝑠𝑡+1 |𝑤
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• Stochastic target v/s Deterministic target:

– 𝑄𝜋 𝑠𝑡 , 𝑎𝑡 = 𝔼𝑟𝑡, 𝑠𝑡+1
𝑟 𝑠𝑡 , 𝑎𝑡 + 𝛾𝔼𝑎𝑡+1∼𝜋 𝑄𝜋 𝑠𝑡+1, 𝑎𝑡+1

– 𝑄𝜋′
𝑠𝑡 , 𝑎𝑡 = 𝔼𝑟𝑡, 𝑠𝑡+1

𝑟 𝑠𝑡 , 𝑎𝑡 + 𝛾𝑄𝜋′
𝑠𝑡+1, 𝜋′ 𝑠𝑡+1

• Critic loss function:

– 𝐿 𝑤 = 𝔼𝑠𝑡∼𝜌𝛽,𝑎𝑡∼𝛽,𝑟𝑡∼𝐸 𝑄 𝑠𝑡 , 𝑎𝑡|𝑤 − 𝑦𝑡
2

• Actor Performance function:

– ∇𝜃′𝐽 ≈ 𝔼 ∇𝑎𝑄 𝑠𝑡 , 𝜋′(𝑠𝑡)|𝑤 ∇𝜃′ 𝜋′(𝑠𝑡|𝜃′)

• Exploration in continuous 

action space

– 𝒩𝑡 is a temporally correlated 

noise for exploration: Obtained

using Ornstein – Uhlenbeck 
process.

– 𝜇 𝑠𝑡 = 𝜋′ 𝑠𝑡 𝜃𝑡 + 𝒩𝑡

Algorithm 1: DDPG Algorithm

Initialize critic network 𝑄 𝑠, 𝑎|𝑤  and actor 𝜋′ 𝑠|𝜃  with weights 𝑤 and 𝜃
Initialize target network 𝑄′ and 𝜇 with weights: 𝑤′ ← 𝑤, 𝜃′ ← 𝜃
Initialize replay buffer 𝒟

For episode = 1, M do

      Initialize a random process 𝒩 for action exploration

      Receive initial state 𝑠1

      For t = 1, T do

            Select action 𝑎𝑡 = 𝜋′ 𝑠𝑡|𝜃 + 𝒩𝑡 according to the current policy & noise

            Execute action 𝑎𝑡 and observe reward 𝑟𝑡 and next state 𝑠𝑡+1

            Store transition 𝑠𝑡 , 𝑎𝑡 , 𝑟𝑡 , 𝑠𝑡+1  in 𝒟
            Sample random minibatch of transitions 𝑠𝑖 , 𝑎𝑖 , 𝑟𝑖 , 𝑠𝑖+1  from 𝒟
            Set 𝑦𝑖 = 𝑟𝑖 + 𝛾𝑄′ 𝑠𝑖+1, 𝜋′ 𝑠𝑖+1|𝜃′ ; 𝑤′

            Update critic by minimizing loss: 𝐿 =
1

𝑁
∑𝑖 𝑦𝑖 − 𝑄 𝑠𝑖 , 𝑎𝑖| 𝑤

2

            Update the actor policy: ∇𝜃𝐽 ≈
1

𝑁
∑𝑖 ∇𝑎𝑄 𝑠, 𝑎| 𝑤 |𝑠=𝑠𝑖,𝑎=𝜋′ 𝑠𝑖

∇𝜃𝜋′ 𝑠|𝜃 |𝑠𝑖

            Update the target networks:

𝑤′ ← 𝜏𝑤 + 1 − 𝜏 𝑤′;  𝜃′ ← 𝜏𝜃 + 1 − 𝜏 𝜃′

      end For

end For

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

2

2
 

n – step return:

𝐺𝑡:𝑡+𝑛 = 𝑅𝑡+1 + 𝛾𝑅𝑡+2 + ⋯ + 𝛾𝑛 ො𝑣(𝑠𝑡+𝑛) 
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   y t = r  (   s t ,    a t ) + 𝛾 Q  (   s  t + 1 ,    𝜋 ′  (   s  t + 1 ) | w )


   Q 𝜋  (   s t ,    a t ) =  𝔼   r t ,       s  t + 1  [  r  (   s t ,    a t ) + 𝛾  𝔼   a  t + 1 ∼ 𝜋  [   Q 𝜋  (   s  t + 1 ,    a  t + 1 ) ] ]


   Q   𝜋 ′  (   s t ,    a t ) =  𝔼   r t ,       s  t + 1  [  r  (   s t ,    a t ) + 𝛾  Q   𝜋 ′  (   s  t + 1 ,    𝜋 ′  (   s  t + 1 ) ) ]


  L  ( w ) =  𝔼   s t ∼  𝜌 𝛽 ,    a t ∼ 𝛽 ,    r t ∼ E  [     (  Q  (   s t ,  a t | w ) −  y t ) 2 ]


   ∇   𝜃 ′ J ≈ 𝔼  [   ∇ a Q  (   s t ,  𝜋 ′ (  s t ) | w )  ∇   𝜃 ′  (   𝜋 ′ (  s t |  𝜃 ′ ) ) ]
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  𝒟


  𝒩
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   a t =  𝜋 ′  (   s t | 𝜃 ) +  𝒩 t


   a t
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   (   s t ,    a t ,    r t ,    s  t + 1 )


  𝒟


   (   s i ,    a i ,    r i ,    s  i + 1 )


  𝒟


   y i =  r i + 𝛾  Q ′  (   s  i + 1 ,  𝜋 ′  (   s  i + 1 |  𝜃 ′ ) ;  w ′ )


  L =  1 N  ∑ i     (   y i − Q  (   s i ,    a i |   w ) ) 2


   ∇ 𝜃 J ≈  1 N  ∑ i   ∇ a Q  (  s , a |   w )    ​ |  s =  s i ,   a =  𝜋 ′  (   s i )  ∇ 𝜃  𝜋 ′  (  s | 𝜃 )    ​ |   s i


   w ′ ← 𝜏 w +  (  1 − 𝜏 )  w ′ ;    𝜃 ′ ← 𝜏 𝜃 +  (  1 − 𝜏 )  𝜃 ′


   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 )



