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T#A YV—RT77AI

KR L7270 ST LD —A7 7 A VEDFICRT.
game.py 7 74 )V

import random

import math

class State:
def __init__(self,pieces=None, enemy_pieces=None, depth = 0):

#TTAEL

self.dxy = ((0,-1),(1,-1),(1,0),(1,1),(0,1),(-1,1),(-1,0),(-1,-1),
1,-2),(-1,-2),
(0,-2),(0,-3),(0,-4),
(2,0),(3,0),(4,0),
(0,2),(0,3),(0,4),
(-2,0),(-3,0),(-4,0),
(2,-2),(3,-3),(4,-4),
(2,2),(3,3),(4,4),
(-2,2),(-3,3),(-4,4),
(-2,-2),(-3,-3),(-4,-4))

#HIDECE
self.pieces = pieces if pieces != None else [0] * (25+8) #f&MH 25+ }F551 +8
self.enemy_pieces = enemy_pieces if enemy_pieces != None else [0]*(25+8) #Hl ®

Btk (BEHIERENSRED)
self.depth = depth

#B D EAGCE
if pieces == None or enemy_pieces == None: #
self.pieces = (o,0,0,0,0, 0,0,0,0,0, 0,0,0,0,0, 0,0,0,0,0, 5,2,9,3,1, 0,0,0,0,0,

self.enemy_pieces = [0,0,0,0,0, 0,0,0,0,0, 0,0,0,0,0, 0,0,0,0,0, 5,2,9,3,1, 0,0,0,0,0,

def is_lose(self):
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for i in range(25):
if self.pieces[i] == 9: #9 BFEWRZEIET
return False

return True

def is_draw(self):
return self.depth >= 800 #300 F

def is_done(self):
return self.is_lose() or self.is_draw()
# TaFPIERY NT—IDAAD 2 RITEFI DI
def pieces_array(self):
# TLAVY—8B8OT17IXy NT—UDAND 2 RITEFIDIRE
def pieces_array_of (pieces):
table_list = []
# 0:3, 1:8R, 2:®&, 3:F, 4:b, 5:R 6:A8 7: ¥ 8. F
#BDFELTWBEMIE 1 5 TRVWES 0
for j in range(1l, 10):
table = [0] * 25
table_list.append(table)
for i in range(25):
if pieces[i] == j:

table[i] = 1

# 6:50FEH, 7 ROFEH, s:RORKHEH, 9: MOFSLE 10:REDHSEEH 11:AD
BB 12: K05 13 BEOEHSEH
#HRFEHHOEBS 1 BLES 0
for j in range(1l, 9):
flag = 1 if pieces[24+j] > O else O
table = [flag] * 25
table_list.append(table)

return table_list

# Ta1FZIERY NT—TDAAD 2 RITEFIDEUS

return [pieces_array_of (self.pieces), pieces_array_of (self.enemy_pieces)]

def position_to_action(self,position,direction): #EIDBENFEZITENIC (BIDBETLHDEE
¥ (FR+F55HESE) + BEn)

return position * (34+8) + direction

14



def action_to_position(self,action):#{TEIZHDBENSE &BEITTICEIR
return (int(action/42),action%42)

def legal_actions(self): #&EFDEF
actions = []
for p in range(25):
#BIDBEN T
if self.pieces[p] != 0:
actions.extend(self.legal_actions_pos(p))
#HEEEHZEE
if self.pieces[p] == 0 and self.enemy_pieces[24-p] == O:
for capture in range(1,9):
if self.pieces[24+capture] != 0:
actions.append(self.position_to_action(p,33+capture)) ###

return actions

def legal_actions_pos(self, position_src): #HIDBEIRDEEF
actions = []
piece_type = self.pieces[position_src]
if piece_type > 9: piece_type-9
directions = []
if piece_type == 1: #&
directions = [0]
elif piece_type == 2: #if
directions = [0,1,3,5,7]
elif piece_type == 3: #%&
directions = [0,1,2,4,6,7]
elif piece_type == 4:# BHHE
directions = [0,10,11,12]
elif piece_type == 5:#b
[0,1,2,4,6,7]
elif piece_type == 6:#M
directions = [0,2,4,6,10,11,12,13,14,15,16,17,18,19,20,211]

directions

elif piece_type == 7:#f

directions = [1,3,5,7,22,23,24,25,26,27,28,29,30,31,32,33]
elif piece_type == 8:#EE

directions = [8,9]
elif piece_type == 9:#FE

directions = [0,1,2,3,4,5,6,7]
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#BEFIE
if piece_type == 1 or piece_type == 2 or piece_type == or piece_type == or piece_type
for direction in directions:
#BDBETZEHE

position_src’5 + self.dxy[direction] [0]

X
y = int(position_src/5) + self.dxyl[direction] [1]

#(x =0, y=4)

p=x+y*5

if 0 <= x and x <= 4 and 0 <=y and y <= 4 and self.pieces[p] ==

actions.append(self.position_to_action(p,direction))

elif piece_type == 4 or piece_type == 6: #BHEERHE
for direction in directions:
check = True
if self.dxyl[direction] [0] > O:
for i in range(l,self.dxy[direction] [0]):

X = position_src¥b + i

y = int(position_src/5)+0

xX+y*x5

if 0 <= x and x <= 4 and 0 <=y and y <= 4 and self.pieces[p] == 0 and self.e

check = True

else:
check = False
break
if check == True:
X = position_src¥%b+self.dxy[direction] [0]
= int(position_src/5)
p=x+y*5

if 0 <= x and x <= 4 and 0 <=y and y <= 4 and self.pieces[p]

actions.append(self.position_to_action(p,direction))

elif self.dxy[direction] [0] < O:
for i in range(-1,self.dxy[direction] [0],-1):

X = position_src¥%b + i
= int(position_src/5)+0
p=x+y*5

if 0 <= x and x <= 4 and 0 <=y and y <= 4 and self.pieces[p] == 0 and self.e
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check
else:
check

break

True

False

if check == True:

X

el
1]

if 0 <= x and x <= 4 and 0 <=y and y <= 4 and self.pieces[p]

actions.append(self.position_to_action(p,direction))

elif self.dxy[direction] [1] > O:
for i in range(l,self.dxyl[direction] [1]):

X = position_src}%5+0
y = int(position_src/5)+i
p=x+y*5
if 0 <=x
check = True
else:
check = False
break
if check == True:
x =

if 0 <= x and x <= 4 and 0 <=y and y <= 4 and self.pieces[p]

actions.append(self.position_to_action(p,direction))

elif self.dxy[direction] [1] < O:
for i in range(-1,self.dxy[direction] [1],-1):

X

if 0 <= x and x <= 4 and 0 <=y and y <= 4 and self.pieces[p]

and x <= 4 and 0 <=y and y <= 4 and self.pieces[p]

x+y*5

x+y*5

x+y*x5

check = True

else:

position_srcY5+self.dxy[direction] [0]

int(position_src/5)

position_src5+0

int(position_src/5)+self.dxy[direction] [1]

position_src%5+0

int(position_src/5)+i

17
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check = False
break

if check == True:

X = position_src#%45+0

int(position_src/5)+self.dxy[direction] [1]

xX+y*x5b

if 0 <= x and x <= 4 and 0 <=y and y <= 4 and self.pieces[p] ==
actions.append(self.position_to_action(p,direction))
elif piece_type == 7: #f
for direction in directions:
check = True
if self.dxyldirection] [0] > 0 and self.dxy[direction][1] < 0: #HTF
for i in range(l,self.dxyl[direction] [0]):

X = position_src¥%b + i
y = int(position_src/5)+(-1%i)
p=x+y*5

if 0 <= x and x <= 4 and 0 <=y and y <= 4 and self.pieces[p] == 0 and self.e
check = True

else:
check = False
break

if check == True:

X = position_src¥%b+self.dxy[direction] [0]

int(position_src/5)+(self.dxy[direction] [1])

x+y*5

1
o

if 0 <= x and x <= 4 and 0 <=y and y <= 4 and self.pieces[p] =

actions.append(self.position_to_action(p,direction))

elif self.dxy[direction] [0] < O and self.dxy[direction][1] < 0:#ETF
for i in range(-1,self.dxy[direction] [0],-1):

X = position_src¥%b + i

y = int(position_src/5)+i

p=x+y*5

if 0 <= x and x <= 4 and 0 <=y and y <= 4 and self.pieces[p] == 0 and self.e
check

True
else:

check = False
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break

if check == True:

X = position_src¥b+self.dxy[direction] [0]

y = int(position_src/5)+self.dxy[direction] [1]

p=x+y*5

if 0 <= x and x <= 4 and 0 <=y and y <= 4 and self.pieces[p] ==

actions.append(self.position_to_action(p,direction))

elif self.dxy[direction][1] > O and self.dxy[direction][0] > 0: #&HL
for i in range(1,self.dxy[direction] [1]):

X

y
p=x+y=x*x5

position_src%5+i

int(position_src/5)+i

if 0 <= x and x <= 4 and 0 <=y and y <= 4 and self.pieces[p] == 0 and self.e
check = True

else:
check
break

False

if check == True:

X

y
pP=x+y*5

position_srcY5+self.dxy[direction] [0]

int (position_src/5)+self.dxy[direction] [1]

if 0 <= x and x <= 4 and 0 <=y and y <= 4 and self.pieces[p] == 0:

actions.append(self.position_to_action(p,direction))

elif self.dxyl[direction][1] > O and self.dxy[direction] [0] < 0:#A& L
for i in range(-1,self.dxy[direction] [1],-1):

X = position_src%5+i

int (position_src/5)+(-1%i)

x+y*x5b

if 0 <= x and x <= 4 and 0 <=y and y <= 4 and self.pieces[p] == 0 and self.e
check = True
else:

check = False

break
if check == True:
X = position_src¥%5+self.dxy[direction] [0]
y = int(position_src/5)+self.dxy[direction] [1]

X +y*x5
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if 0 <= x and x <= 4 and 0 <=y and y <= 4 and self.pieces[p] ==

actions.append(self.position_to_action(p,direction))

return actions

#TENITH U T REEZ BUS
def next(self,action):
#IRREIERL
state = State(self.pieces.copy(), self.enemy_pieces.copy(), self.depth+1)

#+BEIE L BEITIC KR

position_dst , position_src = self.action_to_position(action)

#BIDBE
if position_src < 34:
#BDBETT

position_dst)5 - self.dxy[position_src] [0]

X
y = int(position_dst/5) - self.dxyl[position_src][1]

position_src = x +y * 5

#BIDIBED

state.pieces[position_dst]

state.pieces[position_src] #¥B#h#%
0 #BENRIDIFZARIZ 0 I

state.pieces[position_src]

#5 L RE

if state.pieces[position_dst] ==
state.pieces[position_dst] = 6

#HREA

elif state.pieces[position_dst] == 2:

state.pieces[position_dst] = 7

s EHE

elif state.pieces[position_dst] == 3:
state.pieces[position_dst] = 8

#BHEE b

elif state.pieces[position_dst] == 4:
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state.pieces[position_dst] = 5

elif state.pieces[position_dst] == 6:
state.pieces[position_dst] = 1
elif state.pieces[position_dst] == 7:
state.pieces[position_dst] = 2
elif state.pieces[position_dst] == 8:

state.pieces[position_dst] = 3
elif state.pieces[position_dst] == 5:

state.pieces[position_dst] = 4

#HEFORNFET S5
piece_type = state.enemy_pieces[24-position_dst]
if piece_type != O:
if piece_type == 1 or piece_type ==
state.pieces[24+1] += 1
state.pieces[24+6] += 1

elif piece_type == 2 or piece_type == 7:
state.pieces[24+2] += 1
state.pieces[24+7] += 1

elif piece_type == 3 or piece_type == 8:

state.pieces[24+3] += 1
state.pieces[24+8] += 1

elif piece_type == 4 or piece_type == 5:
state.pieces[24+4] += 1
state.pieces[24+5] += 1

state.enemy_pieces[24-position_dst] = 0

#F5HOEE
else:
capture = position_src - 33
state.pieces[position_dst] = capture
if capture == 1 or capture ==
state.pieces[24+1] -= 1
state.pieces[24+6] -= 1

elif capture== 2 or capture ==

state.pieces[24+2] -= 1
state.pieces[24+7] -= 1
elif capture == 3 or capture ==
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def

def

state.pieces[24+3] -= 1
state.pieces[24+8] -= 1
elif capture == 4 or capture ==
state.pieces[24+4] -= 1
state.pieces[24+5] -= 1

#BIDIAL

w = state.pieces

state.pieces = state.enemy_pieces
state.enemy_pieces = w

return state

is_first_player(self):
return self.depth)2 != 0

__str__(self):

piecesO = self.pieces if self.is_first_player() else self.enemy_pieces
piecesl = self.enemy_pieces if self.is_first_player() else self.pieces
koma0 = (2080, @, &, B MR, A, E)

komal = (07,2 B, & & R k0, 0 B)

str = ° [’

for i in range(25,33):
if piecesl[i] >= 2: str += komal[i-24]
if pieces1[i] >= 1: str += komal[i-24]

str += ’]J\n’

for i in range(25):
if piecesO[i] != O:
str += komaO[piecesO0[i]]
elif pieces1[24-i] != O:
str += komal[pieces1[24-i]]
else:
str += > —?
if i % 5 == 4:

str += ’\n’

str += [’
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for i in range(25,33):
if piecesO[i] >= 2: str += komaO[i-24]
if piecesO[i] >= 1: str += komaO[i-24]
str += ’]J\n’

return str

def random_action(state):
legal_actions = state.legal_actions()

return legal_actions[random.randint (0, len(legal_actions)-1)]

def human_action(state):
legal_actions = state.legal_actions()
for i in legal_actions:
print (int(i/42),i%42)

return legal_actions[int(input())]

dual_network.py 7 7 A Vv

# Ny Tr—I01 K-k

from tensorflow.keras.layers import Activation, Add, BatchNormalization, Conv2D, Dense, GlobalAverag
from tensorflow.keras.models import Model

from tensorflow.keras.regularizers import 12

from tensorflow.keras import backend as K

import os

# INT A=Y DEfE

DN_FILTERS = 128 # BHAHBDH—XILE (FRIZ 256)
DN_RESIDUAL_NUM = 16 # %ZE7Ov 7D (FFKRIF 19)
DN_INPUT_SHAPE = (5, 5, 34) # AN A7 (BRED 55 D)
DN_OUTPUT_SIZE = 1050 # {TEN¥ (BADBENL (25)+FIDBENTT (42))

# BHIAHBDIER
def conv(filters):
return Conv2D(filters, 3, padding=’same’, use_bias=False,

kernel_initializer=’he_normal’, kernel_regularizer=12(0.0005))

# REIOY U DIER
def residual_block():
def f(x):

SC = X
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x = conv(DN_FILTERS) (x)

x = BatchNormalization() (x)
x = Activation(’relu’) (x)

x = conv(DN_FILTERS) (x)

x = BatchNormalization() (x)
x = AddO ([x, scl)

x = Activation(’relu’) (x)
return x

return f

# TaTFIRY NT—T DK
def dual_network():
# ETIVEREHDBE I ENIE
if os.path.exists(’./model/best.h5’):

return

# ANE
input = Input(shape=DN_INPUT_SHAPE)

# BIHAHE

x = conv(DN_FILTERS) (input)
x = BatchNormalization() (x)
x = Activation(’relu’) (x)

# ZEJOYY x 16
for i in range(DN_RESIDUAL_NUM):
x = residual_block() (x)

# 7T—UVIE
x = GlobalAveragePooling2D() (x)

# KU ¥—ihA
p = Dense(DN_OUTPUT_SIZE, kernel_regularizer=12(0.0005),

activation=’softmax’, name=’pi’) (x)

# )N a—HAh
Dense(1, kernel_regularizer=12(0.0005)) (x)

<
I

<
1]

Activation(’tanh’, name=’v’) (v)

# ETILOIERL
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model = Model(inputs=input, outputs=[p,v])

# ETILOREF
os.makedirs(’./model/’, exist_ok=True) # 7 #AILIDERWEFIZER
model.save(’./model/best.h5’) # RANZLAV—DEFIL

# ETILOWKE

K.clear_session()

del model
pv_mcts.py 7 7 A )V

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

# INTA—9 DEElF
PV_EVALUATE_COUNT = 100 # 1 #@/mHIODOVZaL—yarEH (FFRIF 1600)

# HEGR

def predict(model, state):
# ERDICDDANT—I DY A TDEH
a, b, ¢ = DN_INPUT_SHAPE

X = np.array(state.pieces_array())
x = x.reshape(c, a, b).transpose(l, 2, 0).reshape(l, a, b, c)
# R

y = model.predict(x, batch_size=1)

# AROIME
policies = y[0][0] [list(state.legal_actions())] # BEFDH
policies /= sum(policies) if sum(policies) else 1 # BEt 1 DEESHICEIER

# IEDQIE
value = y[1][0] [0]

return policies, value

# /—RFOYRKNZHTEHDY R MCZEH
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def nodes_to_scores(nodes):
scores = []
for ¢ in nodes:
scores.append(c.n)

return scores

# EVTHLAKRRERORA D7 ODRIE
def pv_mcts_scores(model, state, temperature):
# EVTHIOKRRED/—FDEE
class Node:
# /—RO¥EAL
def __init__(self, state, p):

self.state = state # JKEE
self.p = p # AKX

self.w = 0 # REHMHIE
self.n = 0 # A{TEIH

self.child_nodes = None # F./—K¥

# BEOMEDEE
def evaluate(self):
# T—LETH
if self.state.is_done():
# BSIER TllfEZ IS

value = -1 if self.state.is_lose() else O

# RFHEME & HKITEEBDER
self.w += value
self.n += 1

return value

# F/—RDHEELEVE
if not self.child_nodes:
# Za—7FILRy NT7—Y OHBTHKEK L MiEZIE

policies, value = predict(model, self.state)

# REHEE & RTRIBOER
self.w += value

self.n += 1

# F/—FOEH
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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/—RHFEETIH
else:
# 7—VFHIEIRADTF / — R Ol <fifiE = IS

value = -self.next_child_node() .evaluate()

# REHIEME & RITEBDESR
self.w += value
self.n += 1

return value

# 7— 7 HBEDRADF/— R ZEE
def next_child_node(self):
# 7—JHEEDFHE
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—VFHEENRADF/ — R &EY

return self.child_nodes[np.argmax(pucb_values)]

# IREDOBED ./ —RKDERK
root_node = Node(state, 0)

# BWEEIOFHEDRIT
for _ in range(PV_EVALUATE_COUNT) :

root_node.evaluate()

# GEFOERDE
scores = nodes_to_scores(root_node.child_nodes)
if temperature == 0: # RAEDH 1

action = np.argmax(scores)

scores = np.zeros(len(scores))
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scores[action] = 1
else: # MILYIVDHETINTDEHMN
scores = boltzman(scores, temperature)

return scores

# EVTAIAKRERTITERER
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

# RILYI V3
def boltzman(xs, temperature):
xs = [x *x*x (1 / temperature) for x in xs]

return [x / sum(xs) for x in xs]
self_play.py 7 7 4 )b

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

# INTAX—49 DEElE
SP_GAME_COUNT = 250 # ©IL7 7L A Z1T755 —L¥ (FZRIE 25000)
SP_TEMPERATURE = 1.0 # RILY I VD THEDBREINGA—F

# BFFTLA T —offifE
def first_player_value(ended_state):
# 1:5EFBA, -1:%5FKAL, 0:512 20
if ended_state.is_lose():
return -1 if ended_state.is_first_player() else 1

return 0O
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# FERT—YORE
def write_data(history):
now = datetime.now()
os.makedirs(’./data/’, exist_ok=True) # 7 #ILIDHEWIFIZER
path = ’./data/{:04}{:02}{:02}{:02}{:02}{:02}.history’.format(
now.year, now.month, now.day, now.hour, now.minute, now.second)
with open(path, mode=’wb’) as f:
pickle.dump(history, f)

# 17— LDRT
def play(model):
# FBET—5

history = []

# REEDERK

state = State()

while True:

# T—LTH
if state.is_done():
break

#t BEFOERSHMOIE
scores = pv_mcts_scores(model, state, SP_TEMPERATURE)

# FET—FICRBEAREZEM

policies = [0] * DN_OUTPUT_SIZE

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

history.append([state.pieces_array(), policies, None])

# {TEIOHIS

action = np.random.choice(state.1egal_actions(), P=Scores)

# ROREOINS

state = state.next(action)

# FET— 5 IcMlfEZENm
value = first_player_value(state)

for i in range(len(history)):
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history[i] [2] = value
value = -value

return history

# B(IL77LA
def self_play():
# 2T

history = []

# RAMN 7LV —DETILDRHAH
model = load_model(’./model/best.h5’)

# BEREDY —LDELT

for i in range(SP_GAME_COUNT) :
# 17 —LDRT
h = play(model)
history.extend(h)

# A
print (°\rSelfPlay {}/{}’.format(i+1, SP_GAME_COUNT), end=’’)
print(’’)

# FERT—IORE
write_data(history)

# EFILOHEE

K.clear_session()

del model
train_network.py 7 7 A L

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

# INTA—9 DElE
RN_EPOCHS = 900 # 2FMO|#
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# FET—5 OHHAH
def load_data(Q):
history_path = sorted(Path(’./data’).glob(’*.history’)) [-1]
with history_path.open(mode=’rb’) as f:
return pickle.load(f)

# TaF7IRY NI—VDFET
def train_network():
# FHT—Y DHFERMHAH
history = load_data()

xs, y_policies, y_values = zip(*history)

# PEORODANT—IDY 14 TOEHR
a, b, ¢ = DN_INPUT_SHAPE

xs = np.array(xs)

xs xs.reshape(len(xs), c, a, b).transpose(0, 2, 3, 1)
y_policies = np.array(y_policies)

y_values = np.array(y_values)

# RAMNZLAIYVY—DETFILDFHZHAH
model = load_model(’./model/best.h5’)

# EFILOAVIALIL

model.compile(loss=[’categorical_crossentropy’, ’mse’], optimizer=’adam’)
# PHE
def step_decay(epoch):

x = 0.001

if epoch >= 450: x = 0.0005

if epoch >= 720: x = 0.00025

return x

lr_decay = LearningRateScheduler(step_decay)

# HAH
print_callback = LambdaCallback(
on_epoch_begin=lambda epoch,logs:
print (’\rTrain {}/{}’.format(epoch + 1,RN_EPOCHS), end=’’))

# FHDRET
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model.fit(xs, [y_policies, y_values], batch_size=128, epochs=RN_EPOCHS,
verbose=0, callbacks=[1lr_decay, print_callback])
print(’’)

# B 7LAIVY—DETILOFRE
model.save(’./model/latest.h5’)

# EFILOHEE

K.clear_session()

del model
evalute_network.py 7 7 £ b

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

# INTA—49 DEElF
EN_GAME_COUNT = 20 # 1 §HfEi&H D DT —LE (FRIF 400)
EN_TEMPERATURE = 1.0 # RILY I VD HEDEE

#t RFTLAYP—DIRT2 b+
def first_player_point(ended_state):
# L:EFBA, 0:%FHBIL, 0.5:51F4 7
if ended_state.is_lose():
return 0 if ended_state.is_first_player() else 1

return 0.5

# 17— LORT
def play(next_actions):
# REEDERK

state = State()

# F—LBTETIL—7
while True:
# IF—LIRTH

if state.is_done():
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break;

# {TENDENR
next_action = next_actions[0] if state.is_first_player() else next_actions[1]

action = next_action(state)

# ROREONZ

state = state.next(action)

# BFETLAY—DIR1Y N &ERT

return first_player_point(state)

# RAMNTLAYV—DRAK

def update_best_player():
copy(’./model/latest.h5’, ’./model/best.h5’)
print (’Change BestPlayer’)

# Ry b7—9 O
def evaluate_network():
# RN 7LAY—DETIDHRHAH
model0 = load_model(’./model/latest.h5’)

# RAMN 7LV —DETFIVLDFHRHIAH
modell = load_model(’./model/best.h5’)

# PV MCTS TITENBEIRZIT S BEDEM
next_action0 = pv_mcts_action(modelO, EN_TEMPERATURE)
next_actionl = pv_mcts_action(modell, EN_TEMPERATURE)

next_actions = (next_action0O, next_actionl)

# HHOOWNEZRDIRT
total_point = 0
for i in range(EN_GAME_COUNT):
# 1 7—LDRT
if i % 2 == 0:
total_point += play(next_actions)
else:

total_point += 1 - play(list(reversed(next_actions)))

# HAH
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print (°\rEvaluate {}/{}’.format(i + 1, EN_GAME_COUNT), end=’’)
print(’?)

# FIR1 Y FOFE
average_point = total_point / EN_GAME_COUNT

print (’AveragePoint’, average_point)

# ETILOWE
K.clear_session()
del modelO

del modell

# RAMTLAY—DRR

if average_point > 0.5:
update_best_player ()
return True

else:

return False
human_play.py 7 7 A4 )V

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

from PIL import Image, ImageTk

# RAM 7LV —DETILDSEHAH
model = load_model(’./model/best.h5’)

# F—LUI DESR
class GameUI(tk.Frame):
# #HAME
def __init__(self, master=None, model=None):
tk.Frame.__init__(self, master)

self .master.title(’ REPIFH)

# F—LIREEDOER
self.state = State()
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self.select = -1 # R (-1: 8L, 0~24:Y R, 25~32:#F5EH)

# FAFE

self.dxy = ((0,-1),(1,-1),(1,0),(1,1),(0,1),(-1,1),(-1,0),(-1,-1),
(1,-2),(-1,-2),
(0,-2),(0,-3),(0,-4),
(2,0),(3,0),(4,0),
(0,2),(0,3),(0,4),
(-2,0),(-3,0),(-4,0),
(2,-2),(3,-3),(4,-4),
(2,2),(3,3),(4,4,
(-2,2),(-3,3),(-4,4),
(-2,-2),(-3,-3),(-4,-4))

# PV MCTS CITEIEIRZEITSEEDER

self.next_action = pv_mcts_action(model, 0.0)

# A X—J Dl
self.images = [(None, None, None, None, None, None, None, None, Nomne)]
for i in range(1, 10):
image = Image.open(’piece{}.png’.format(i))
self.images.append ((
ImageTk.PhotoImage (image) ,
ImageTk.PhotoImage (image.rotate(180)),
ImageTk.PhotoImage (image.resize ((40, 40))),
ImageTk.PhotoImage (image.resize ((40, 40)).rotate(180))))

# FvINADER
self.c = tk.Canvas(self, width = 400, height = 480, highlightthickness = 0)
self.c.bind(’<Button-1>’, self.turn_of_human)

self.c.pack()

# WEOEFH

self.on_draw()

# AHDY—>

def turn_of_human(self, event):
# 7— LR TH
if self.state.is_done():

self.state = State()
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self.on_draw()

return

# KBF TV
if not self.state.is_first_player(Q):

return self.master.after(1l, self.turn_of_ai)

# FEHOEHEONE
captures = []
for i in range(8):
if self.state.pieces[25+i] >= 2: captures.append(1+i)

if self.state.pieces[25+i] >= 1: captures.append(1+i)

# BIDBREBHOMEDERE (0~24: YR, 25~32: {F55)

p = int(event.x/80) + int((event.y-40)/80) * 5 #5 [dHftEEDIEHE
if 40 <= event.y and event.y <= 440:

p

elif event.x < len(captures) * 40 and event.y > 440:

25 + int(event.x/40)

select

select
else:

return

# BIDZEIR

if self.select < O:
self.select = select
self.on_draw()

return

# BMDRREBEZTEICER
action = -1
if select < 25:
# BDBENE
if self.select < 25:
action = self.state.position_to_action(p, self.position_to_direction(self.select, p)
# FHEHORER
else:

action = self.state.position_to_action(p, 33+captures[self.select-25])

# BEFTRBVE

if not (action in self.state.legal_actions()):
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self.select = -1
self.on_draw()

return

# ROREOEE
self.state = self.state.next(action)
self.select = -1

self.on_draw()

# AT DY—Y

self .master.after(1, self.turn_of_ai)

# AIDY—Y
def turn_of_ai(self):
# 7— LT
if self.state.is_done():

return

# TEIOHIE

action = self.next_action(self.state)

# ROREOEE
self.state = self.state.next(action)

self.on_draw()

# BOBEEZROBEARICER

def position_to_direction(self, position_src, position_dst):
dx = position_dst},5-position_src%5
dy

for i in range(34):

int(position_dst/5)-int(position_src/5)

if self.dxy[i] [0] == dx and self.dxy[i] [1] == dy: return i

return 0O

# BOODHEE

def draw_piece(self, index, first_player, piece_type):
(index’5) *80

int (index/5)*80+40

X

y
index = 0 if first_player else 1

self.c.create_image(x, y, image=self.images[piece_type] [index], anchor=tk.NW)
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# FFEEORE
def draw_capture(self, first_player, pieces):
index, x, dx, y = (2, 0, 40, 440) if first_player else (3, 200, -40, 0)
captures = []
for i in range(8):
if pieces[25+i] >= 2: captures.append(1+i)
if pieces[25+i] >= 1: captures.append(1+i)
for i in range(len(captures)):

self.c.create_image(x+dx*i, y, image=self.images[captures[i]][index], anchor=tk.NW)

# h—VILOHEE

def draw_cursor(self, x, y, size):

self.c.create_line(x+1, y+1, x+size-1, y+1, width = 4.0, fill = ’#FF0000’)
self.c.create_line(x+1, y+size-1, x+size-1, y+size-1, width = 4.0, fill = ’#FF0000’)
self.c.create_line(x+1, y+1, x+1, y+size-1, width = 4.0, fill = ’#FF0000°)

self.c.create_line(x+size-1, y+1, x+size-1, y+size-1, width = 4.0, fill = ’#FF0000’)

# WEOEMN
def on_draw(self):
# YAH
self.c.delete(’all’)
self.c.create_rectangle(0, 0, 400, 480, width = 0.0, fill = ’#EDAA56’)
for i in range(1,5):
self.c.create_line(i*80+1, 40, i*80, 440, width = 2.0, fill = ’#000000’)
for i in range(6):

self.c.create_line(0, 40+i%*80, 400, 40+i*80, width = 2.0, fill = ’#000000’)

# &
for p in range(25):
pO, pl = (p, 24-p) if self.state.is_first_player() else (24-p, p)
if self.state.pieces[p0] != 0:
self .draw_piece(p, self.state.is_first_player(), self.state.pieces[p0O])
if self.state.enemy_pieces([pl] != O:

self .draw_piece(p, not self.state.is_first_player(), self.state.enemy_pieces[pl])

# 58
self .draw_capture(self.state.is_first_player(), self.state.pieces)

self.draw_capture(not self.state.is_first_player(), self.state.enemy_pieces)

# ERA—VI
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if 0 <= self.select and self.select < 25:
self.draw_cursor(int(self.select’5)*80, int(self.select/5)*80+40, 80)
elif 25 <= self.select:
self.draw_cursor((self.select-25)*40, 360, 40)

#'— L\ UT DEAT

f = GameUI(model = model)
f.pack(

f.mainloop()
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