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Abstract: Reinforcement learning (RL) is a method that addresses sequential decision-making problems by enabling
an agent to interact with an environment and learn from rewards. Deep RL, a fusion of artificial neural networks and
RL, shows promise in surpassing the constraints of supervised and unsupervised learning in machine learning. This
study delves into the policy iteration learning process of RL using dynamic programming. It elaborates on how the
value function and Q-function, derived from the Bellman equation, are leveraged in a Grid World environment to
elucidate the core tenets of RL. Furthermore, practical applications of deep RL are showcased through the utilization
of the A3C (Asynchronous Advantage Actor-Critic) algorithm in the analysis of Extended X-ray Absorption Fine
Structure (EXAFS). This demonstration underscores the effective integration of deep RL in scientific data analysis.
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import numpy as np

class Environment:
"”".ZE]E%E 33:]_76] ng/]nml

def

def

__init__(self):

self.grid_size = (2, 3) # 23 34
self.rewards = np.array([
[0, 0, 0], # 3 W= 3
[0, 0, 1] # F #HA g
D #8243 49
self.terminal_states = [(1, 2)] # &% A€

get_next_states(self, state):
row, col = state
rows, cols = self.grid_size
# gstats- o5 A9
actions = [(=1, 0), (1, 0), (0, -1), (0, D]
next_states = []
for dr, dc in actions:
next_row, next_col = row + dr, col + dc
# BAE BlojuA Fw= AoF
if 0 <= next_row < rows and 0 <= next_col < cols:

next_states.append((next_row, next_col)) # AAZHo=Z o]

off

else:

next_states.append((row, col)) # ZAAE "Wy #7] Arloz

return next_states

class Agent:

def __init_ (self, environment):

self.env = environment
self.gamma = 0.9
self.policy = np.full((xself.env.grid_size, 4), 0.25) # %7] d% &

def policy_evaluation(self, value_function):

new_value_function = np.copy(value_function)
for row in range(self.env.grid_size[0]):
for col in range(self.env.grid_size[1]):
state = (row, col)
# ANZE e A ALt
state_value = 0
next_states = self.env.get_next_states(state)

for 1, next_state in enumerate(next_states):
next_row, next_col = next_state

reward = self.env.rewards[next_row, next_col]
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state_value += self.policy[row, col, i] * (

new_value_function[row, col] = state_value

return new_value_function

def policy_improvement(self, value_function):
for row in range(self.env.grid_size[0]):
for col in range(self.env.grid_size[1]):

state = (row, col)

next_states = self.env.get_next_states(state)
Q_values = np.zeros(4)

for i, next_state in enumerate(next_states):

next_row, next_col = next_state

reward = self.env.rewards[next_row, next_col]

next_col]

prob = 1 / len(max_idx_list)

new_policy = np.zeros(4)

for idx in max_idx_list:
new_policy[idx] = prob

# A3 JHolE

self.policy[row, col] = new_policy

def main():
env = Environment()

agent = Agent(env)

max_iterations = 1
initial_value_function = np.ones(env.grid_size) # 7}*] < %7]3}
value_function=initial_value_function

new_value_function=initial_value_function

for i in range (max_iterations):
new_value_function=agent.policy_evaluation(value_function)
agent.policy_improvement(value_function)
value_function=new_value_function

print("Wn& % 7}x] sk

print(new_value_function)

print("Wn3 2 A"

for row in range(env.grid_size[0]):
for col in range(env.grid_size[1]):

print(f"4 8] ({row}, {col}): {agent.policy[row, coll}")

if _name__ == "_main__":

main()

reward + self.gamma * value_function[next_row, next_col] )

Q _values[i] = reward + self.gamma #* value_function[next_row,

max_idx_list = np.argwhere(Q_values == np.amax(Q_values)).flatten().tolist()
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