Supplementary Materials
[bookmark: _Hlk216790652]Optimizing  using the policy gradient method

1. The objective function is defined as maximizing the expected fitness function. The objective function J is a function of .

2. Gradient Ascent: Optimizing  using gradient ascent

3. [bookmark: _Hlk216790796]Policy Gradient Theorem: To optimize , the gradient  needs to be computed. According to the policy gradient theorem:

Substituting into the gradient ascent formula

4. [bookmark: _Hlk216790886]Computing : The agent's policy is a softmax policy based on Q-values. The action selection probability is:
[bookmark: _Hlk216733320]



After simplification：

[bookmark: _Hlk216790954]Because the fitness function of the branch path does not depend on , =0.

Similarly, if the action is right:


Since =0, then:


5. Computing :  needs to be known. Since the Q-value is updated through learning, this gradient can be approximated.

6. Including a baseline to reduce variance: To reduce the variance of the gradient estimate, a baseline b is used. Typically, the baseline is a value function. Thus, the gradient update becomes:

7. [bookmark: _Hlk216791097]Substituting  into the gradient ascent formula

When upward is selected, substitute 

When right is selected, substitute 

8. Update baseline


