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WHAT IS CLAIMED IS: 

 

1.  A method for training an actor neural network used to select actions to be 

performed by an agent that interacts with an environment by receiving observations 

characterizing a current state of the environment and performing an action selected from a 

continuous space of actions, wherein the actor neural network maps observations to next 

actions in accordance with current values of parameters of the actor neural network, and 

wherein the method comprises: 

  obtaining a minibatch of experience tuples from a replay memory, each 

experience tuple comprising a training observation characterizing a training state of the 

environment, a training action from the continuous space of actions performed by the 

agent in response to receiving the training observation, a training reward received by the 

agent for performing the training action, and a next training observation characterizing a 

next training state of the environment; and 

  updating the current values of the parameters of the actor neural network using the 

minibatch of experience tuples, comprising: 

     for each experience tuple in the minibatch: 

       processing the training observation and the training action in the 

experience tuple using a critic neural network to determine a neural network output for 

the experience tuple in accordance with current values of parameters of the critic neural 

network, and 

      determining a target neural network output for the experience tuple 

from the training reward in the experience tuple and the next training observation in the 

experience tuple, wherein determining the target neural network output for the experience 

tuple comprises: 

     processing the next training observation using a target actor 

neural network to determine a predicted next action for the experience tuple in 

accordance with current values of parameters of the target actor neural network, wherein 

the target actor neural network is identical to the actor neural network but the current 

values of the parameters of the target actor neural network are different from the current 

values of the parameters of the actor neural network;  

     processing the next training observation and the predicted 

next action for the experience tuple using a target critic neural network to generate a 
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predicted next neural network output in accordance with current values of parameters of 

the target critic neural network, wherein the target critic neural network is identical to the 

critic neural network but the current values of the parameters of the target critic neural 

network are different from the current values of the parameters of the critic neural 

network; and 

     determining the target neural network output for the 

experience tuple from the training reward and the predicted next neural network output 

for the experience tuple, 

     updating the current values of the parameters of the critic neural network 

using errors between the target neural network outputs and the neural network outputs for 

the experience tuples in the minibatch; and 

    updating current values of the parameters of the actor neural network using 

the critic neural network.
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2. The method of claim 1, further comprising: 

  updating the current values of the parameters of the target actor neural network 

using the updated values of the parameters of the actor neural network; and 

  updating the current values of the parameters of the target critic neural network 

using the updated values of the parameters of the critic neural network. 

 

3. The method of claim 2, wherein the current values of the parameters of the target 

actor neural network and the target critic neural network are constrained to change slowly 

during the training of the actor neural network. 

 

4. The method of any one of claims 1-3, wherein the critic neural network, the actor 

neural network, or both include one or more batch normalization neural network layers. 

 

5. The method of any one of claims 1-4, wherein the observations received by the 

agent characterize states of the environment using low-dimensional feature vectors that 

characterize the state of the environment. 

 

6. The method of claim 5, wherein values of different dimensions of the low-

dimensional feature vectors have varying ranges.
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7. The method of any one of claims 1-4, wherein the observations received by the 

agent characterize states of the environment using high-dimensional pixel inputs from one 

or more images that characterize the state of the environment. 

 

8. A method for training an actor neural network used to select actions to be 

performed by an agent that interacts with an environment by receiving observations 

characterizing a current state of the environment and performing an action selected from a 

continuous space of actions, wherein the actor neural network maps observations to next 

actions in accordance with current values of parameters of the actor neural network, and 

wherein the method comprises: 

  obtaining a minibatch of experience tuples from a replay memory, each 

experience tuple comprising a training observation characterizing a training state of the 

environment, a training action from the continuous space of actions performed by the 

agent in response to receiving the training observation, a training reward received by the 

agent for performing the training action, and a next training observation characterizing a 

next training state of the environment;  

  updating the current values of the parameters of the actor neural network using the 

minibatch of experience tuples, comprising: 

     for each experience tuple in the minibatch: 

       processing the training observation and the training action in the 

experience tuple using a critic neural network to determine a neural network output for 

the experience tuple in accordance with current values of parameters of the critic neural 

network, and 

      determining a target neural network output for the experience tuple 

from the training reward in the experience tuple and the next training observation in the 

experience tuple, 

     updating the current values of the parameters of the critic neural network 

using errors between the target neural network outputs and the neural network outputs for 

the experience tuples in the minibatch; and 

    updating current values of the parameters of the actor neural network using 

the critic neural network; and 

  independently from updating the current values of the parameters of the actor 

neural network using the minibatch of experience tuples:
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    generating a new experience tuple, comprising: 

      receiving a new training observation,  

      processing the new training observation using the actor neural 

network to select a new training action to be performed by the agent in accordance with 

the current values of the parameters of the actor neural network, 

      receiving a new training reward in response to the agent 

performing the new training action,  

      receiving a new next training observation, and 

      generating a new experience tuple that includes the new training 

observation, the new training action, the new training reward, and the new next training 

observation; and 

    adding the new experience tuple to the replay memory. 

 

9. The method of claim 8, wherein processing the new training observation using the 

actor neural network to select a new training action comprises: 

  processing the new training observation using the actor neural network to generate 

an initial new training action; 

  sampling from a noise process to obtain a noise factor; and 

  adjusting the initial new action by the noise factor to generate the new training 

action. 

 

10. The method of any one of claims 1-9, wherein updating the current values of the 

parameters of the actor neural network using the critic neural network comprises: 

  for each experience tuple in the minibatch: 

    processing the training observation in the experience tuple using the actor 

neural network in accordance with the current values of the parameters of the actor neural 

network to generate a next action for the training observation; and



19 

    determining a parameter update for the actor neural network based on (i) a 

gradient of the critic neural network with respect to the next action taken at the training 

observation – next action input pair and in accordance with the current values of the 

parameters of the critic neural network and (ii) the gradient of the actor neural network 

with respect to the parameters of the actor neural network taken at the training 

observation and in accordance with current values of the parameters of the actor neural 

network. 

 

11. A system comprising one or more computers and one or more storage devices 

storing instructions that are operable, when executed by the one or more computers, to 

cause the one or more computers to perform operations according to the method as 

defined in any one of claims 1 to 10.  

 

12. A computer-readable storage medium comprising instructions stored thereon that 

are executable by a processing device and upon such execution cause the processing 

device to perform operations according to the method as defined in any one of claims 1 to 

10. 

 

13. An actor neural network implemented by one or more computers and used to 

select actions to be performed by an agent that interacts with an environment by receiving 

observations characterizing a current state of the environment and performing an action 

selected from a continuous space of actions, wherein the actor neural network maps 

observations to next actions in accordance with current values of parameters of the actor 

neural network, wherein the actor neural network is trained according to a method defined 

in any one of claims 1 to 10. 
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