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i@ 2: Q-Learning (15 4y)

a. MW (2 4y)
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b. iH5E (8 4r)
K Monte Carlo Q-Learning [ Q {H 5 5y
Qs,0) < Q(s,0) +a (R(s,a) + ymax Q(s',a) = Q(s,a))

§(0,a1) = §(0,a1) + (R(O, ar) +ymax (1, a) - 4(0, a1)> =0+ (1+0-0)=1
t=2 I
i(1,a1) = §(1,a1) + @ (R(l,al) +ymax (0, a) - g(1, a1)> =0+ (24+1-0)=3
t=3mf:
4(0,a2) = 4(0,a2) + o (R(0,a2) + ymax(1,a) — 4(0,a3)) = 0+ (~1+3 ~0) =2
t =4 Iv}:
d(1,a2) = (1, a2) + @ (R(1,a2) + 0 — (1, az)) = 0
XA THOE 7 75 ¢ = 4 ZJGECA TR RN —IRE, BITETTE 41, a2) BPERF v max, ¢(s', a) &
% 0.
c. IZmE (5 %)
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A, = max|Qu(s,a) = Q*(s,a)
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BT VAo T 0 <y <1, ARAMEHBEEERURESEM, Qn BAIMT Q.
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)@ 3: Gobang Programming (55 4y)

a. PIZmE (2 4))
XTF n =3 BRI, REZEIVN S| =37, SRR Al =9, FIATPASH {Q*} = 177147,
XEFREABCERGATEE, g E e AR, IBAA AT T

b. A% (33 47)

class Gobang(UtilGobang):

def get_next_state(self, action: Tuple[int, int, int], noise: Tuple[int, int, int])

-> np.array:

black, x_black, y_black = action
next_state = copy.deepcopy(self.board)
next_state[x_black] [y_black] = black

if noise is not None:
white, x_white, y_white = noise
next_state[x_white] [y_white] = white

return next_state
def sample_noise(self) -> Union[Tuple[int, int, int], Nomne]:
if self.action_space:
X, y = random.choice(self.action_space)
self.action_space.remove ((x, y))
return 2, x, y
else:

return None

def get_connection_and_reward(self, action: Tuple[int, int, int],



5 2 AR SHEPRE 5 N Homework 2
2024 4F 4 A 30 H DS4001 A T AEJRH S5 HAR April 30, 2024

noise: Tuplel[int, int, int]) -> Tuplel[int, int, int,

int, float]:

black_1, white_1 = self.count_max_connections(self.board)
next_state = self.get_next_state(action, noise)
black_2, white_2 = self.count_max_connections (next_state)

reward = (black_2**2 - white_2#**2) - (black_1**2 - white_1%%2)

return black_1, white_1, black_2, white_2, reward

def sample_action_and_noise(self, eps: float) -> Tuple[Tuplel[int, int, int], Tuplel

int, int, int]l]:

state = self.array_to_hashable(self.board)

g_values = self.Q.get(state, {})

if random.random() < eps or not g_values:
act = random.choice(self.action_space)
action = (1, act[0], act[1])

else:
action = max(q_values, key=q_values.get)

self.action_space.remove ((action[1], action[2]))

return action, self.sample_noise()

def q_learning_update(self, sO_: np.array, action: Tuple[int, int, int], sl1_: np.
array, reward: float,

alpha_0: float = 1):

sO, sl = self.array_to_hashable(s0O_), self.array_to_hashable(sl_)
self.s_a_visited[(s0, action)] = 1 if (sO, action) not in self.s_a_visited else
\
self.s_a_visited[(s0, actiomn)] + 1

alpha = alpha_O / self.s_a_visited[(sO, action)]

g_value = self.Q.get(s0, {}).get(action, 0.0)

new_qg_value = g_value + alpha * (reward + self.gamma * max(self.Q.get(s1l, {}).
values (), default=0.0) - q_value)

if sO not in self.Q:
self.Q[s0] = {}

self .Q[sO] [action] = new_q_value
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c. §iREH (10 %)
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[]j@ 4: Deeper Understanding (10 4%y)

a. MIZEAE (5 4))
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(7;1))(8) = Ea~u(5){rsa + '7”(5/)} = Tsu(s) T '7”(5/)

b. [Z R (5 4)
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