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® game. py

import random

import math

class State:

#MET 5
def __init_ (self, pieces=None, enemy_pieces=None):
#4 OB E
self.pieces = pieces if pieces != None else [0] x 42
self.enemy_pieces = enemy_pieces if enemy_pieces != None else [0] * 42
#H DO E T 5

def piece_count(self, pieces):
count = @
for i in pieces:
if i == 1:
count += 1
return count
#EUT D E S I HRIT 5
def is_lose(self):

def is_comp(x, y, dx, dy):

for k in range(4):

if y<@or5<yorx<9oor6«<xork¥

self.enemy_pieces [x+y*x7] ==
return False

X, Yy = x+dx, y+dy
return True

for j in range(6):

for i in range(7):

if is_comp(i, j, 1, @) or is_comp(i, j, @, 1) or ¥

is_comp(i, j, 1, -1) or is_comp(i, j, 1, 1)
return True

return False
#B|E T E S BT S
def is_draw(self):

return self.piece_count(self.pieces) + self.piece_count(self.enemy_pieces) == 42
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#7— BT HE D HRIT S
def is_done(self):
return self.is_lose() or self.is_draw()
#RDOIRREZ BT T D
def next(self, action):
pieces = self.pieces.copy()
for j in range(5,-1,-1):
if self.pieces[action+jx*7]
pieces[action+j*x7] =1
break

== @ and self.enemy_pieces[action+j%x7] ==

return State(self.enemy_pieces, pieces)

#OETFOU A N ERSGT 5
def legal_actions(self):

actions = []

for i in range(7):

if self.pieces[i] == 0 and self.enemy_pieces[i] ==
actions.append(i)

return actions
#ITFE D
def is_first_player(self):

return self.piece_count(self.pieces) == self.piece_count(self.enemy_pieces)
H#ILFHN DR
def __str__ (self):

ox = ('o', 'x"') if self.is_first_player() else ('x', 'o")

str = "'

for i in range(42):

if self.pieces[i] == 1:
str += ox[0]
elif self.enemy_pieces[i] == 1:
str += oxI[1]
else:
str += '-!
if 1% 7 == 6:
str += '¥n'

return str

® dual_net_work. py

from tensorflow.keras.layers import Activation, Add, BatchNormalization, Conv2D,
Dense, GlobalAveragePooling2D, Input
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from tensorflow.keras.models import Model
from tensorflow.keras.regularizers import 12
from tensorflow.keras import backend as K
import os
#/3T A —H DU
DN_FILTERS = 128
DN_RESIDUAL_NUM = 16
DN_INPUT_SHAPE = (7, 6, 2)
DN_OUTPUT_SIZE = 7
#E- TP E DAERK
def conv(filters):

return Conv2D(filters, 3, padding='same', use_bias=False,
kernel_initializer='he_normal', kernel_regularizer=12(0.0005))
#ET 1y 7 DIERK
def residual_block():
def f(x):
SC = X
= conv(DN_FILTERS) (x
= BatchNormalization() (x)
conv(DN_FILTERS) (x
= BatchNormalization() (
= Add() ([x, scl)
= Activation('relu') (x)

)

() (x
= Activation('relu')(x)

)

() (x

)

X X X X X X X
1

return x
return f
#T 2T Ry BT — 27 DIERL
def dual_network():
HET VD AU LR
if os.path.exists('./model/best.h5"):
return
#ATE
input = Input(shape=DN_INPUT_SHAPE)

#E IR IAIRE
x = conv(DN_FILTERS) (input)
x = BatchNormalization() (x)
x = Activation('relu')(x)
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#ik7E7 1 > 7 x16
for i in range(DN_RESIDUAL_NUM):
x = residual_block() (x)

#7—1) TTE
x = GlobalAveragePooling2D() (x)

#RU —H
p = Dense(DN_OUTPUT_SIZE, kernel_regularizer=12(0.0005),
activation='softmax', name='pi')(x)

#3U 2—H )
v = Dense(1, kernel_reqularizer=12(0.0005)) (x)
v = Activation('tanh', name='v')(v)

#ET IV OVERL
model = Model(inputs=input, outputs=[p,v])

#ET L DOIRAE
os.makedirs('./model/', exist_ok=True)
model.save('./model/best.h5")

#E T L DOIEFE
K.clear_session()
del model

® pv_mcts.py

from game import State

from dual_network import DN_INPUT_SHAPE

from math import sqrt

from tensorflow.keras.models import load_model
from pathlib import Path

import numpy as np

#/3T A— 2 DY
PV_EVALUATE_COUNT = 50

#HERR
def predict(model, state):

16



HHERDT- DD AT — 5 > = A T DL
a, b, ¢ = DN_INPUT_SHAPE
X = np.array([state.pieces, state.enemy_pieces])
X = X.reshape(c, a, b).transpose(1, 2, 0).reshape(1l, a, b, c)
#HER
y = model.predict(x, batch_size=1)
#5ROHUS
policies = y[0][0] [list(state.legal_actions())]
policies /= sum(policies) if sum(policies) else 1
ATl o> B A5
value = y[1][0][0]
return policies, value
#/— ROV A FZFITEED Y R M2
def nodes_to_scores(nodes):
scores = []
for ¢ in nodes:
scores.append(c.n)
return scores

#TELT AN REELRD A 2T ORS
def pv_mcts_scores(model, state, temperature):
class Node:
#/— ROy
def __init_ (self, state, p):
self.state = state
self.p = p
self.w = 0
self.n = 0
self.child_nodes = None
#IR T DA E O FHA
def evaluate(self):
if self.state.is_done():
value = -1 if self.state.is_lose() else 0

self.w += value
self.n +=1
return value
#7 ) — R FELZRN L &
if not self.child_nodes:

17



#—o2— TNV Fy MU —7 OHEER THIR & AE A2 BS
policies, value = predict(model, self.state)

self.w += value
self.n += 1

self.child_nodes = []
for action, policy in zip(self.state.legal_actions(), policies):
self.child_nodes.append(Node(self.state.next(action), policy))
return value
#F)— FPFET D EE
else:
value = -self.next_child_node().evaluate()

self.w += value
self.n += 1
return value
#7 — 7 HE N e R DF- 7 — RN &2 HiG
def next_child_node(self):
C_PUCT = 1.0
t = sum(nodes_to_scores(self.child_nodes))
pucb_values = []
for child_node in self.child_nodes:
pucb_values.append((-child_node.w / child_node.n if child_node.n else
0.0) +
C_PUCT * child_node.p * sqrt(t) / (1 + child_node.n))
#7 — 7 FHBESME OF /) — R 2§
return self.child_nodes[np.argmax(pucb_values)]

root_node = Node(state, 0)
H#REELAI R A 0D 24T
for _ in range(PV_EVALUATE_COUNT):
root_node.evaluate()
HOVETF ORI
scores = nodes_to_scores(root_node.child_nodes)
if temperature ==
action = np.argmax(scores)
scores = np.zeros(len(scores))

scores[action] = 1

18



else:
scores = boltzman(scores, temperature)
return scores
#E 2T 710 1 ARERFR TITENER
def pv_mcts_action(model, temperature=0):
def pv_mcts_action(state):
scores = pv_mcts_scores(model, state, temperature)
return np.random.choice(state.legal_actions(), p=scores)
return pv_mcts_action
H#IRNY < O3
def boltzman(xs, temperature):
xs = [x %k (1 / temperature) for x in xs]

return [x / sum(xs) for x in xs]

® self play.py
from game import State
from pv_mcts import pv_mcts_scores
from dual_network import DN_OUTPUT_SIZE
from datetime import datetime
from tensorflow.keras.models import load_model
from tensorflow.keras import backend as K
from pathlib import Path
import numpy as np
import pickle
import os
#/3T A —H DU
SP_GAME_COUNT = 500#t /L7 7' L A Olal¥k
SP_TEMPERATURE = 1.0
#EFT LA Y —Offifi
def first_player_value(ended_state):
if ended_state.is_lose():
return -1 if ended_state.is_first_player() else 1
return 0
FET 2B RAFT D
def write_data(history):
now = datetime.now()
os.makedirs('./data/', exist_ok=True)
path = './data/{:04}{:02}{:02}{:02}{:02}{:02}.history'.format(now.year,
now.month, now.day, now.hour, now.minute, now.second)
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with open(path, mode='wb') as f:
pickle.dump(history, f)
7= NFATT D
def play(model):
history = []

state = State()

while True:
#7— DT I
if state.is_done():
break
H#EIEF ORI 2 BT %

scores = pv_mcts_scores(model, state, SP_TEMPERATURE)
#,ﬁ%ﬂﬂ

FRT =R EBINT S
policies = [@] * DN_OUTPUT_SIZE

for action, policy in zip(state.legal_actions(), scores):
policies[action] = policy

history.append([[state.pieces, state.enemy_pieces], policies, None])

action = np.random.choice(state.legal_actions(), p=scores)

state = state.next(action)
#FET — ZAE A2 BN %
value = first_player_value(state)
for i in range(len(history)):
history[i]l [2] = value
value = -value
return history
#ENT T VLA BT D
def self_play():
history = []
# RXARNT LAY —DET NVEGRPIAL
model = load_model("'./model/best.h5")
#IRE LIz [0 — 5% FATT 5
for i in range(SP_GAME_COUNT):
h = play(model)
history.extend(h)
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#7— LB E T 5
print('¥rSelfPlay {}/{}'.format(i+1, SP_GAME_COUNT), end='")
print('")
FHT— BRI D

write_data(history)
HETNEWIET D
K.clear_session()
del model

® train_network. py
from dual_network import DN_INPUT_SHAPE
from tensorflow.keras.callbacks import LearningRateScheduler, LambdaCallback
from tensorflow.keras.models import load_model
from tensorflow.keras import backend as K
from pathlib import Path
import numpy as np
import pickle
#3T7 A —H DU
RN_EPOCHS = 100 #7E[EIEARD 5
#PET — X BB IIAT
def load_data():
history_path = sorted(Path('./data').glob('*.history')) [-1]
with history_path.open(mode="rb') as f:
return pickle.load(f)
#T 2T Ny NT—7 OFHE
def train_network():
history = load_datal()
xs, y_policies, y_values = zip(xhistory)

a, b, ¢ = DN_INPUT_SHAPE

XS

np.array(xs)

XS = Xxs.reshape(len(xs), c, a, b).transpose(@, 2, 3, 1)

y_policies = np.array(y_policies)

y_values = np.array(y_values)

H#RANT LA ¥ —DFET IV DFEIRIAIA

model = load_model("'./model/best.h5")

#HETNE LI ILT D

model.compile(loss=['categorical_crossentropy', 'mse'l], optimizer='adam')
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E=3
{
¥
3

def step_decay(epoch):
X = 0.001
if epoch >= 50: x

0.0005
0.00025

if epoch >= 80: x

return x
1r_decay = LearningRateScheduler(step_decay)
#H7
print_callback = LambdaCallback(

on_epoch_begin=1lambda epoch, logs:
print('¥rTrain {}/{}'.format(epoch + 1,RN_EPOCHS), end='"))
#HEE LB 823715
model.fit(xs, [y_policies, y_values], batch_size=128, epochs=RN_EPOCHS,
verbose=0, callbacks=[1r_decay, print_callback])

print('")

BT LA Y —DET VO

model.save('./model/latest.h5")

#ET IV ORI

K.clear_session()
del model

evaluate_network. py

from game import State

from pv_mcts import pv_mcts_action

from tensorflow.keras.models import load_model

from tensorflow.keras import backend as K

from pathlib import Path

from shutil import copy

import numpy as np

#/3T A — B O
EN_GAME_COUNT = 10 #iHli§ 57D 7 — L%
EN_TEMPERATURE = 1.0

#RFT VLAY —DRA |k

def first_player_point(ended_state):

if ended_state.is_lose():

#EFHHLA, EFAIT05, 51245170548

return @ if ended_state.is_first_player() else 1
return 0.5
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#1757 —LFETTD
def play(next_actions):
state = State()
#7— LT ET
while True:
#7— DT I
if state.is_done():
break;
#MTEV UG T D

next_action = next_actions[@] if state.is_first_player() else next_actions[1]

action = next_action(state)
#ROWREZ TG T D
state = state.next(action)
#REFTT VLAY —DORA v MaiT
return first_player_point(state)
H#NXA T LA T —2ZRT D
def update_best_player():
copy('./model/latest.h5', './model/best.h5")
print('Change BestPlayer"')
#x > NU— 2 ZFHT 5
def evaluate_network():
#HEHT T LA Y — & @A
model@ = load_model('./model/latest.h5")

#RA N T LA Y —EFHRAL
modell = load_model('./model/best.h5")

#PV MCTS TATENEIR 217 O BIE D LRk
next_action® = pv_mcts_action(model@, EN_TEMPERATURE)
next_actionl = pv_mcts_action(modell, EN_TEMPERATURE)
next_actions = (next_action®, next_actionl)
#IEE L7015 D5tk 24 0 K9
total_point = 0@
for i in range(EN_GAME_COUNT):
if i %2 == 0:
total_point += play(next_actions)
else:
total_point += 1 - play(list(reversed(next_actions)))
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#H7)
print('¥rEvaluate {}/{}'.format(i + 1, EN_GAME_COUNT), end='")
print('")
#VE)HRA v N EFHAET D
average_point = total_point / EN_GAME_COUNT
print('AveragePoint', average_point)

#ET L DR
K.clear_session()
del model®
del modell

HRXA N T LA =D
if average_point > 0.5:
update_best_player()
return True
else:
return False

® train_cycle. py

from dual_network import dual_network
from self_play import self_play

from train_network import train_network

from evaluate_network import evaluate_network

#T7 2T NA Y T — T DIERK
dual_network()

#15Y A VT IVETT D

for i in range(15):

print('Train',i," ")
#ter77 LA
self_play()

#NT A—Z B
train_network()

#HTNT A — BRI
evaluate_network()
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® human_play. py

from game import State

from pv_mcts import pv_mcts_action

from tensorflow.keras.models import load_model

from pathlib import Path

from threading import Thread

import tkinter as tk

#RXA N T LA X —DFT IVOFEARIAI

model = load_model('./model/best.h5")

#7— LUIDE

class GameUI(tk.Frame):

#2147 O

def __init__ (self, master=None, model=None):
tk.Frame.__init__ (self, master)
self.master.title('=x27 b7 4+—")
#7— DREBE AT D
self.state = State()
#PV MCTS TATENEIR 217 O B &£ T 5
self.next_action = pv_mcts_action(model, 0.0)
#X ¥ UNAEART D
self.c = tk.Canvas(self, width = 280, height = 240, highlightthickness = 0)
self.c.bind('<Button-1>', self.turn_of_human)
self.c.pack()

HHEE O B 21T 9
self.on_draw()
#ANR D H—
def turn_of_human(self, event):
if self.state.is_done():
self.state = State()
self.on_draw()
return
BT TRV
if not self.state.is_first_player():
return
#2U v 7B ZATENC A
x = int(event.x/40)
if x < @ or 6 < x:

return
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action = x
#EEFTHRWES

if not (action in self.state.legal_actions()):

return
H#IROARFE O HUAG
self.state = self.state.next(action)
self.on_draw()
#AID X — D
self.master.after(1, self.turn_of_ai)

#AIDZ —
def turn_of_ai(self):
if self.state.is_done():
return
#HTENO B
action = self.next_action(self.state)
#ROIREAE TG T D
self.state = self.state.next(action)
self.on_draw()
#0 ORI 21T 5
def draw_piece(self, index, first_player):
x = (index%7)*40+5
y = int(index/7)*40+5
if first_player:
self.c.create_oval(x, y, x+30, y+30, width
else:
self.c.create_oval(x, y, x+30, y+30, width
#HEE O F T 24T
def on_draw(self):
self.c.delete('all')

1.0, fill

1.0, fill

'#FF0000"')

'#FFFF0Q" )

self.c.create_rectangle(@, 0, 280, 240, width = 0.0, fill = '#0Q0AQFF')

for i in range(42):
(1%7) %4045
int(i/7)%40+5

X

y

self.c.create_oval(x, y, x+30, y+30, width = 1.0, fill = '#FFFFFF")

for i in range(42):
if self.state.pieces[i] == 1:

self.draw_piece(i, self.state.is_first_player())
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if self.state.enemy_pieces[i] == 1:
self.draw_piece(i, not self.state.is_first_player())
#7— LUl FETT 5
f = GameUI(model=model)
f.pack()
f.mainloop()
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