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Phase 77 A&

from HumanGUI import HumanGUI
from Ai_agent import Ai_agent
from AlphaBetaAgent import AlphaBetaAgent

import numpy as np

class Phase():

# AR OFIHIREE
initial_board = [99, 99, 99, 99, 99, 99, 99, 99, 99, 99, 99,

gameBoard = []

board_size = 9

moveList = [-1, 1, -11, 11]

turn = 1

isReach = 0

def _init_(self, agentl, agent2):
" — DOARRED YL
self.agent]l = agent1
self.agent?2 = agent2
self.reset()

def displayBoard(self):
///’/'EE%T%X]\T% —

print(”987654321”)
for i in range(0, len(self.gameBoard)):
if self.gameBoard[i] != 99:
ifi%11==9: # FIDkf

kanquLmap —I: y_” //://’ e //pl:l// //E’E// //4._‘”, ”‘b” //

99, -1,-1,-1,-1,-1,-1, -1, -1, -1, 99,

99, 0, 0, 0, 0, 0, O, 0, 0, 0,99,
99, 0, 0, 0, 0, 0, O, 0, 0, 0,99,
99, 0, 0, 0, 0, 0, O, 0, 0, 0,99,
99, 0, 0, 0, 0, 0, O, 0, 0, 0,99,
99, 0, 0, 0, 0, 0, O, 0, 0, 0,99,
99, 0, 0, 0, 0, 0, O, 0, 0, 0,99,
99, 0, 0, 0, 0, 0, 0, 0, 0, 0,99,
9, 1, 1, 1, 1, 1, 1, 1, 1, 1,99,
99, 99, 99, 99, 99, 99, 99, 99, 99, 99, 99]

/r ” ”]

14




if self.gameBoard[i] == 1:
print(”|#%|” + kansuji_map[i // 11 - 1])
elif self.gameBoard[i] == —1:
print(”|&|” + kansuji_mapli // 11 - 1])
else:
print(”| |” + kansuji_mapli // 11 - 1])
else: # FlO@&H
if self.gameBoard[i] == 1:
print("|#&”, end="")
elif self.gameBoard[i] == —1:
print("|&”, end="")
else:
print(”] 7, end="")
ifi%11==9andi< 110: # Fi#REZEMN
print("+—+—+—+—+—+—+—+—+—+")

def selectGUI(self, gui):
”””HasamishogiGUI {Z XAz~ DR """
if self.turn == 1:
if isinstance(self.agent1, HumanGUI):
self.select2GUI(gui)
else:
self.select()
else:

if isinstance(self.agent2, HumanGUI):

self.select2GUI(gui)
else:
self.select()
def select(self):
" Aw DEBREAT) EDITATAL AL ZESNI I RIBILIRD A R~
if self.turn == 1:

if isinstance(self.agent1, Ai_agent):
self.select3()

elif isinstance(self.agent1, AlphaBetaAgent):
self.select4()

else:
self.select2()

else:

if isinstance(self.agent2, Ai_agent):
self.select3()

elif isinstance(self.agent2, AlphaBetaAgent):
self.select4()

else:
self.select2()

def select2(self):
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7" agent 7% Human F721% Random DFE""”
if self.turn == 1:

z = self.agentl.select1(self.gameBoard, self.turn)
else:

z = self.agent2.select1(self.gameBoard, self.turn)

if self.turn == self.gameBoard[z]:
legalMoveList = self.checkLegalMove(z)

if len(legalMoveList) > 0:
if self.turn == 1:
u = self.agent1.select2(legalMovel.ist)
else:
u = self.agent2.select2(legalMovel.ist)
if u in legalMoveL.ist:
self.set(z, u)
self.getPieces(u)
else:
print("Z DALENZENN T LT TEERHA)
self.select2()
else:
print("EINSNANLEDOAVITHEFRHVETA”)
self.select2()
else:
print("BIRSNIALE I ZH /2 T- DA< THVEFA)
self.select2()

def select2GUI(self, gui):
7" agent 7S HumanGUI O35/
if self.turn == 1:
z = self.agentl.select1(gui)
else:

z = self.agent2.select1(gui)

if self.turn == self.gameBoard[z]:
legalMoveList = self.checkLegalMove(z)

if len(legalMoveList) > 0:
if self.turn == 1:
= self.agent1.select2(gui)
else:
u = self.agent2.select2(gui)
if u in legalMoveL.ist:
self.set(z, u)
self.getPieces(u)
else:

print("Z DONLEIZEN T ZEI LT TEEEA")
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self.select2GUI(gui)
else:
print("EINSNANLEDOAVITHEFRHVETA”)
self.select2GUI(gui)
else:
print("BIRSNIALE I ZH /2 T- DA~ THVEFA)
self.select2GUI(gui)

def select3(self):
7" agent 23 ai_agent DIEE”"”
available_pieces = self.get_available_pieces()
legalMoveL.ists = [self.checkLegalMove(piece) for piece in available_pieces]
# available_pairs ZERL (B& B D=7 DY AR)
available_pairs = []
for piece in available_pieces:
for destination in legalMoveLists[available_pieces.index(piece)]:
available_pairs.append((piece, destination))
if self.turn == 1:
action = self.agent1.select_action(self.board_to_vector(), available_pairs, self.turn) #
ai_agent ZF L CTITEh 28R
else:

action = self.agent2.select_action(self.board_to_vector(), available_pairs, self.turn) #

ai_agent ZF L CITEIZ =N
selected_piece, destination_piece = action

if action not in available_pairs:
print({action T EVETRWFED=D , BERLFT)
self.select3()
else:
# BEFOLE . BEA T
self.set(selected_piece, destination_piece)

self.getPieces(destination_piece)

def select4(self):
7" agent 73 AlphaBetaAgent DFH"""
if self.turn == 1:

selected_piece, destination_piece = self.agentl.select(self.gameBoard, self.turn,
self.isReach)
else:

selected_piece, destination_piece = self.agent2.select(self.gameBoard, self.turn,
self.isReach)
self.set(selected_piece, destination_piece)

self.getPieces(destination_piece)

def checkLegalMove(self, x):
"X INHENNT D R REIR G A IR T
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list = []
for number in self.moveList:
i = number
while(self.gameBoard[x + i] == 0):
list.append(x + i)
i += number

return list

def set(self, x, u):
VEIRE N~ s T
self.gameBoard[x] = 0
self.gameBoard[u] = self.turn

def getPieces(self, x):
a<ziD
creturn: Bto7za~ D%
captured pieces = 0 # Bz -~7=$a o MDA
for destination in self.moveList:
temp_list = []
i = destination
while self.gameBoard[x + i] == —self.turn:
temp_list.append(x + 1)
i += destination
if self.gameBoard[x + i] == self.turn:
for place in temp_list:
self.gameBoard[place] = 0
print(place)

captured_pieces += 1 # EZHA7=NIAV 5

break
else:

temp_list =[]

get_result = self.getPieces2(x)
if get_result != [1:
for place in get_result:
self.gameBoard[place] = 0
print(place)
captured_pieces += 1
if(captured_pieces != 0):
print(x)
self.displayBoard()
return captured_pieces # E&El-o7-$A K4

def getPieces2(self, x):
T EN L EIRTT
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list =[]
for move in self.moveList:
if self.gameBoard[x + move] == —self.turn:
list.append(x + move)
list2 = []
for place in list:
list2 += self.getPieces3(place , [])
return list2

def getPieces3(self, x, checked_list):
77" getPieces2 DAY R”””
# BUEDON B A TF =7 I ANTIBN
checked_list.append(x)

# TN TORBE) T AR
for move in self.movelList:

next_position = x + move

# MR NI T =)
if next_position < 0 or next_position >= len(self.gameBoard):

continue

# BEEEL CWOB S ADEDOENR G, FIRIICT =y
if self.gameBoard[next_position] == —self.turn:
# FEF v/ L TCORWLE ThIVL R B A FEON 3
if next_position not in checked_list:
result = self.getPieces3(next_position, checked_list)
if result == [J:
return [] # ZEOVRIZTZEVENELIEIKRT

# I QWD AN ZE~ A7 BRI IZ %K T
if self.gameBoard[next_position] == 0:
return [J

# T RTORE~ A E OB THEN TWODIRAITY AN IR

return checked_list

def turnChange(self):
///’/'&_:/%E///Ifl

self.turn = — self.turn

def isWin(self):
JERE D) E
return: 7 —ADFK TIIREE, BEE

nnnr

isWin =0
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for board in self.gameBoard:
iflboard == —1):
isWin += 1
iflisWin <= 4):
return True, 1
isWin =0
for board in self.gameBoard:
iflboard == 1):
isWin += 1
iflisWin <= 4):
return True, -1
isWin =0
for board in self.gameBoard:
iflboard != 99):
isWin += board
if(isWin >= 3):
if{self.isReach == 1):
return True, 1
self.isReach = 1
elif(isWin <= -3):
if{self.isReach == ~1):
return True, -1
self.isReach = -1
else:
self.isReach = 0
return False, 0

def reset(self):
" — AOARREE WL
self.gameBoard = self.initial_board.copy() # A&EHZ#IHIREEIZY VR
selfturn =1 # #IHiOX— 1345
self.isReach =0 # U—FfREEDYE VI

def board_to_vector(self):
7B ORI A U7 VAT AW
return np.array([x if x != 99 else 0 for x in self.gameBoard]) # 5550 99 % 0 I

def get_available_pieces(self):
A Gy DA~ E G
available_pieces = []
for index, place in enumerate(self.gameBoard):
if place == self.turn:
available_pieces.append(index)

return available_pieces

Human 77 A

class Human():
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def select1(self, a, b):
///’/'%j]ﬁ)bf:b \:‘?O)i%j:}il,’/,/,

while(True):
print("EDL 72O B D JEAE 2 2 — A XYY T A SR HEDNBIZE T T AT, end=": ")
try:

x,y = (int(x) for x in input().split()
break
except ValueError:
print("2 DO TFHEAR—AXK G TAS L TZEN)
return (10 —x) +y * 11

def select2(self, a):
77 e He P LTV ML E DRI
while(True):
print(”By & Bl L7z O R 2 AR — A X Y)Y T A B SEDNEIZ 7T A )7, end=":

try:
s,t = (int(s) for s in input().split()
break
except ValueError:
print("2 DO TFHAN—ZARKYIYTATILTLIZEY)
return (10 —s) +t * 11

HumanGUI 77 A

class HumanGUI():
def select1(self, gui):
BT\ D BRI
print("EDL7=WENDIGFTE 7V 7 TA S, end=": ”)
x, v = map(int, gui.wait_for_input().split())
return (10 —x) +y * 11

def select2(self, gui):
77 e B LTV ML E DRI
print("BU A Bl & L 72V VERE A 7V 7 T AT, end=": )
s,t = map(int, gui.wait_for_input().split())
return (10 —s) +t * 11

Random 77 A

import random

class Random():

def select1(self, board, turn):
T A E A OAYDOHENLTH LT 1o
list =[]
i=0
while(i < len(board)):
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iftboard[i] == turn):
list.append(i)
i+=1
ifllen(list) — 1 == 0):
z = list[0]
return z
else:
7z = list[random.randint(0, len(list) — 1)]

return z

def select2(self, legalMoveList):
TR T DA AVE TN T A T 1 ol
iflen(legalMoveList) = 1 == 0):
u = legalMoveList[0]
return u
else:
u = legalMoveList[random.randint(0, len(legalMoveList) — 1)]

return u

AlphaBetaAgent 77 A

from copy import deepcopy

class AlphaBetaAgent:
def _init_(self, depth):
TINT 7 N—FRREATHIT— = NI 35,
:param depth: ZEFRDIEX
self.depth = depth  # ¥RZEDIEX
self.move_ list = [-1, 1, 11, 11]
self.is_reach = 0

def select(self, board, player, is_reach):

nnnr

H-z b Ry (board) ) b i 72 FARRER 35,
:param board: BUEDMHEIDIREE (JANER)
:param player: BZyDOFEF (1 F7213-1)
-return: (N LTZWOEIONLE, BhpL7- VD)

nnnr

self.is_reach = is_reach # FJHIUV—F KL= —

best_move = None
best_value = float(—inf’) if player == 1 else float(’inf’)

for move in self.get_legal moves(board, player):
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new_board = self.make_move(board, move, player)

value = self.alpha_beta(new_board, self.depth — 1, float(—inf’), float(inf’), —player)

if (player == 1 and value > best_value) or (player == -1 and value < best_value):
best_value = value

best_move = move
return best_move

def alpha_beta(self, board, depth, alpha, beta, player):
TINT 7 _R—=BREDA a7,
:param board: ZRLEDMEE DIRHEE
:param depth: 7&DDIRFRIES
:param alpha: HAEDT VT 7 (e KA O e BAE)
:param beta: FAED—ZE (F/MURID & BH)
:param player: TAEDFF (1 £21%-1)
creturn: AR

nnnr

terminal = self.is_terminal(board)

if terminal ==
return 999
elif terminal == —1:
return —999
elif depth == 0:
return self.evaluate_board(board, player)

if player == 1: # HZOFE (KKb)
max_eval = float(’—inf")
for move in self.get_legal_moves(board, player):
new_board = self.make_move(board, move, player)
eval = self.alpha_beta(new_board, depth — 1, alpha, beta, —player)
max_eval = max(max_eval, eval)
alpha = max(alpha, eval)
if beta <= alpha: # FZX]V
break
return max_eval
else: # HHFOFTE (x/Mb)
min_eval = float(inf’)
for move in self.get_legal_ moves(board, player):
new_board = self.make_move(board, move, player)
eval = self.alpha_beta(new_board, depth — 1, alpha, beta, —player)
min_eval = min(min_eval, eval)
beta = min(beta, eval)
if beta <= alpha: # FZXV
break

return min_eval
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def get_legal_moves(self, board, player):

nnnr

FBESNRMEFFRICE DWW TEEFEZIARN L TGRT,
:param board: ZRLEDAEE DIRHEE
:param player: TAEDFF (1 £21%-1)
return: SEF [(BIOALE, BEL), ...] OUAR
legal_moves = []
for idx, piece in enumerate(board):
if piece == player: # H4TDEID It HR
moves = self.check_legal moves(board, idx)
legal_moves.extend([(idx, move) for move in moves))

return legal_moves

def check_legal_moves(self, board, position):
FRESNTNLE IZH DB DAL T2 RS T2,
:param board: BALEDME E OWREE (U AR)
:param position: EJOD{IE:
creturn: BB RTHEZLGETOY AN

nnnr

legal_moves =[]

move list = [-1, 1, =11, 11] # £, H., £, T~OB8 G (11x11 OEEZ{KE)

for direction in move_list:
offset = direction
while board[position + offset] == 0:
legal_moves.append(position + offset)

offset += direction

return legal_moves

def make_move(self, board, move, player):
FRESNT-TEFITL, Mimx 15,
:param board: FRAEOEEIORAE (UAR)
:param move: FITTHF BWONLE, BEHL) OX 7L
:param player: TAEDFF (1 £21%-1)
:return: BUETHE ORI

nnnr

local_board = deepcopy(board)
start, end = move # EWDBAENLE EBENL

# BaBEists
local_board[end] = player
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local_board[start] = 0

# B RUSALEE (EAR 7 ) E P A O T )5 %5 f8)
for direction in self.move list: # self.move_list IX[-1, 1, 11, 11]
self.capture_line(local_board, end, direction, player)

surrounded_pieces = self.capture_surrounded(local_board, end, player)

# PHEN- B AR HHIFR
for pos in surrounded_pieces:

local_board[pos] = 0
return local_board

def capture_line(self, board, position, direction, player):

nnnr

ELRR 5 1) TR A I - 7= B 2 S 55,
:param board: FRAEOEE ORAE (UAR)
:param position: FRLEDNLE
:param direction: F =73 5I7A
:param player: TAEDFEF (1 £21%-1)
captured_positions = []
offset = direction
while board[position + offset] == —player: # FHFDEIZF =7
captured_positions.append(position + offset)
offset += direction
if board[position + offset] == player: # H4yDE)TEeA TWAEEA
for pos in captured_positions:
board[pos] =0 # Bz EfS
return

def capture_surrounded(self, board, position, player):

nnnr

P ENT- B A TG 5,

:param board: FRAEOEE OIRAE (JAR)
:param position: BT

:param player: TAEDFF (1 £21%-1)
creturn: PHENLTODEIDY AR

nnnr

surrounded_positions = []

def dfs(pos, visited):
# DFS (XD
visited.add(pos)
for direction in self.move_list:

next_pos = pos + direction
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if next_pos < 0 or next_pos >= len(board): # MmN FT =7

continue

if next_pos in visited: # I CIZRHRTE A
continue

if board[next_pos] == 0: # ZE<AIZEEHIL CUWBEGE . FIEIL TN
return []

if board[next_pos] == —player: # fEFDE)RLESITIER
result = dfs(next_pos, visited)
if result == [J:
return [J  # PFHENTORWGE

return visited

# JEPADOHEFORNET =7
for direction in self.move_list:
adjacent_pos = position + direction
if board[adjacent_pos] == —player:
visited = set()
result = dfs(adjacent_pos, visited)
if result: # PHENLTWBEE
surrounded_positions.extend(result)

return list(set(surrounded_positions)) # EMEZHIRL GRS

def is_terminal(self, board):

nnnr

SRR E L, 7 — LR AER IS,
:param board: FRAEOEE ORAE (JAR)
:param is_reach: FRAEDOFEIREE (1, -1, 0 DV D)
return: 77— ADIKHE:
- 10 JEFORF]
- -1: BFOIF
- 0: 7 — ks
# 1. fHFFD 4 DLL N CTHLIET =y (SEFOF])
if board.count(-1) <= 4:
return 1

#2. HES 4 SDLLFChHEINETF =7 (R TFORF)
if board.count(1) <= 4:
return —1

#3. R—ROEFMELT =7 L CIEIEE PIRRE)E 4] E
total = sum(piece for piece in board if piece !=99) # 99 [TEELKE
if total >=3:  # SEFORELAF

if self.is_reach == 1:

return 1 # JoFOBEF]
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self.is_reach = 1
elif total <= -3: # HFORERM
if self.is_reach == —1:
return -1 # % FORPH]
self.is_reach = -1

else:

self.isreach =0 # BFERREY R
return 0 # 4~ —AfkRE

def evaluate_board(self, board, player):
,,,’/'XZT%ighﬂ‘,’,’/,

score = 0

# BRI LD R AR T
my_pieces = board.count(player)
opponent_pieces = board.count(-player)

score += (my_pieces — opponent_pieces) * 10

# R OR—F R
central_bonus = 0
for idx, piece in enumerate(board):
if piece == player:
row, col = divmod(idx, 11)
central_bonus += max(0, 2 — max(abs(row — 5), abs(col = 5))) # Fx K 2 A%

score += central_bonus

# T F YA REtEOR—T A
capture_bonus = 0
for idx, piece in enumerate(board):
if piece == player:
capture_bonus += min(2, len(self.check_legal moves(board, idx))) # &K 2 M.

score += capture_bonus

# BEIEEDOLIR—T A

mobility_bonus = sum(len(self.check_legal moves(board, idx)) for idx, piece in enumerate(board) if
piece == player)

score += mobility_bonus * 0.2 # BEA% 0.2 |[ZFH%E

return score * player

Ai_agent 77 A

import numpy as np

import torch

import random

class Ai_agent:
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def _init_(self, model, pair_action_size, epsilon):
——2xOHIHE
:param model: FIFRFE A F/=ITHLNET L
:param pair_action_size: Bi& H BYHLT ORI L
:param epsilon: ¢ —greedy BRI D ¢ (& LITEIOWMESR)
self.model = model
self.pair_action_size = pair_action_size
self.epsilon = epsilon # ¢ —greedy Bk H O

def select_action(self, state, available_pairs, turn):

nnnr

:param state: EALEOREHIOINEE
:param available_pairs: E& B PIHLD G572~ 2T U AN (4] : [(piecel, destl), (piece2, dest2), ...])
creturn: RSB E BB
ifturn == -1: # H%FOFE . state TR
state = self.-reverse_state(state)

available_pairs = [(120 — piece, 120 — dest) for piece, dest in available_pairs]

if np.random.rand() <= self.epsilon:
# T8 PTH)
selected_pair = random.choice(available_pairs)
else:
# IRBERT LTS
state_tensor = torch.tensor(state, dtype=torch.float32).unsqueeze(0) # /N FIKITE BN
with torch.no_grad(): # AJfCEHHZ®ELH{LL T HI
pair_logits = self.model(state_tensor).squeeze(0)

pair_logits = pair_logits.numpy()

# BIEIRAT O BT
legal_g_values = [(pair, pair_logits[self.get_pair_index(pair)]) for pair in available_pairs]
selected_pair = max(legal_qg_values, key=lambda x: x[1])[0]

# RTOLA. ERLI-AT LR SICRT
if turn == -1:
selected_pair = (120 - selected_pair[0], 120 — selected_pair[1])

return selected_pair

def get_pair_index(self, pair):
A7 (&), BRgH) oA T v 2RSS T HE%L
:param pair: FIDOA LT IR, BEHOAL T VI R) OXT )V
return: RTNZKHET D —BEDOAL T I A

nnnr
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piece, destination = pair

return piece * 121 + destination

def reverse_state(self, state):

nnnr

% RS state 2RSS,

- BANEHNRIZ T D,

-1 &1 %R,

:param state: EALEOREHIOINEE

creturn: [ERL7- state

reversed state = state[::=1] # Be&I|Z WA

return np.array((—x if x 1= 99 else 0 for x in reversed_state]) # 1 &-1 ZHx

Model 77 A

import torch

import torch.nn as nn

class Model(nn.Module):
def _init_(self, state_size, pair_action_size):
e LD YIME
super(Model, self)._init_()
self.fcl = nn.Linear(state_size, 128)
self.fc2 = nn.Linear(128, 128)
self.fc3 = nn.Linear(128, 128)

self.dropout = nn.Dropout(0.3)

# BLBE DT DM~k

self.pair_head = nn.Linear(128, pair_action_size)

def forward(self, x):
7 AN IIENT R OARBEN DT~ ERB BN OT O Q fEEFHE 57
x = torch.relu(self.fc1(x))
x = self.dropout(torch.relu(self.fc2(x)))
x = torch.relu(self.fc3(x))

# BULREET O QH
pair_logits = self.pair_head(x)

return pair_logits

def create_model(state_size, pair_action_size):

nnn

By LB T 2N BB T L EAER T 5720 D7 7 7 N B%L
:param state_size: HEHE OIRBED YA X (AT DIKTLEK)
:param pair_action_size: BUEEN DT DRI
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return: EF VDAL AK LA

nnn

model = Model(state_size, pair_action_size)

return model

Experience_replay 774

from collections import deque
import pickle

import random

class ExperienceReplay:
def _init_(self, capacity):
T RRER N7 7 DHIINE, ¥ T OREEITY
self.memory = deque(maxlen=capacity)

def add(self, experience):
TRRER S T IR R A BT

self.memory.append(experience)

def sample(self, batch_size):
TTRRER S T NS T o BT ER AT

return random.sample(self.memory, batch_size)

def _len_(self):
,’,’/,;'\-f\;xi:“i%/{\‘/77@‘5‘4x\%ﬁﬁ‘,’,’/,

return len(self.memory)

def save(self, filename):
T RRER N T 7 DIRATEATY
with open(filename, 'wb’) as f:

pickle.dump(self.memory, f)

def load(self, filename):
TR N T 7 DEEISA BT
with open(filename, ’rb’) as f:

self.memory = pickle.load(f)

Train 77X

from Phase import Phase

from Ai_agent import Ai_agent

from Model import create_model # —=2—J /LRy NI —IEEZRLIZT 7 AL
from Experience_replay import ExperienceReplay # #BREAEZERLI-7 711
import numpy as np

import torch

import torch.nn as nn

import matplotlib.pyplot as plt
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class Train():
def _init_(self):
"IN — = T BRI DI
# NTA—HDETE
self.state_size = 121 # 11x11 OEHEAE 7TV MLz AKX
self.pair_action_size = 121 * 121 # B RS * HagHio@IR I
self.gamma = 0.99 # #|5[3
self.batch_size = 256 # Sy FH AKX
self.step = 0
self.target_update_interval = 100 # Z#—/4~" > hRry U —27 DT HEE
self.epsilon = 0.1 # ¢ —greedy BEH&D ¢

# T VOVERL
# agentl HOET IVOIERL
self.main_model_agent1 = create_model(self.state_size, self.pair_action_size)
try:
self.main_model_agent1.load_state_dict(torch.load("main_model.pth”, weights_only=True))
self.main_model_agent1.train()
print(”*& /L% main_model.pth 7> —RLELTZ)
except FileNotFoundError:
print("agent1 ZH L ET LV CHIHHELELT)
self.target_model_agent1 = create_model(self.state_size, self.pair_action_size)
self.update_target_model(self.main_model_agent1, self.target_model_agentl) # FIE{LIFIZHZ —
A SN A4 SV SUN A QU

# agent2 HOET VDOIVERL

main_model_agent?2 = create_model(self.state_size, self.pair_action_size)

# Optimizer & Loss Function D% &
self.learning rate = 0.001
self.optimizer_agent1 = torch.optim.Adam(self.main_model_agent1.parameters(),
Ir=self.learning rate) # agentl H® optimizer
try:
self.optimizer_agent1.load_state_dict(torch.load(optimizer agentl.pth’,
weights_only=True))# fRFESILTCWAT7 7 A/ RHIviIZa—R
print("Optimizer_agent1 loaded successfully.”)
except FileNotFoundError:
print("No optimizer_agent1 file found, starting fresh.”)

self.criterion = nn.MSELoss() # 5<%k

# RRBREAE Ny 7 7 DIERK

self.memory = ExperienceReplay(capacity=500000)

try:
self.memory.load(’experience_replay.pkl’) # fREFESILCWET7 7 A/LD3HILEIa—R
print("Experience replay loaded successfully.”)

except FileNotFoundError:
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print("No experience replay file found, starting fresh.”)

#epsilon DFHEL

self.epsilon_start = 1.00 # FJHEHD epsilon fH (2T & L)
self.epsilon_min = 0.01 # PEBRAIEIEE 9 D5/ epsilon fE
self.decay rate = 0.9999 # T —RZ LT epsilon ZHADIHREIE

# T—TxhDAARE AL

self.agent]l = Ai_agent(self.main_model_agent1, self.pair_action_size, epsilon=self.epsilon_start) #
agentl: epsilon=epsilon_start

self.agent2 = Ai_agent(main_model_agent2, self.pair_action_size, epsilon=1.0) # agent2:
epsilon=1.0

# BREOYIHUL
self.phase = Phase(self.agent1, self.agent2) # 7" —AEizz#HL

# —= 7T —2OFEEHY AL

self.episode_rewards = [] # &KbY —RFORMENZFLEKT DY AR
self.win_rates = [| # P54 slEkd DAL

self.max win_rate = 0

self.total_episodes = 0

self.win_count = 0

def train_ai_agent(self, main_model, target_model, memory, batch_size, gamma, optimizer, criterion):
77" Ai_agent DFEEELTH"”
if len(memory) < batch_size:
return

# TN ERBREA YT SRS

minibatch = memory.sample(batch_size)
states, actions, rewards, next_states, dones = zip(¢minibatch)

# Numpy B %1% Tensor |ZZ5#4

states = torch.tensor(np.array(states, dtype=np.float32))

actions = torch.tensor(np.array(actions, dtype=np.int64)) # EgD{rE L H A
rewards = torch.tensor(np.array(rewards, dtype=np.float32))

next_states = torch.tensor(np.array(next_states, dtype=np.float32))

dones = torch.tensor(np.array(dones, dtype=np.float32))

# BEDIRRED Q EHA A

pair_logits = main_model(states)

# actions % (piece_action, destination_action) DIEMNE 1 IRTEDA LT w7 AT
piece_action = actions[:, 0] # EOEREA LTI A
destination_action = actions[:, 1] # BEIFEORIRAZ AL T w72
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# 11x11 OBEIZIESNTA LT v/ A& (TTH ORI EDbE5)
destination_index = (destination_action // 11) * 11 + (destination_action % 11)

one_dim_action_index = piece_action * 121 + destination_index

# pairlogits’ 75 qvalues &HfE

q_values = pair_logits.gather(1, one_dim_action_index.unsqueeze(l)).squeeze(1)

# ROREDX—7 vk Q EEFHH

with torch.no_grad():
next_pair_logits = target_model(next_states)
next_q_values = next_pair_logits.max(1)[0] # max(1) TIRDIRAEEDI K Q EZHfs
target_q_values = rewards + (gamma * next_q_values * (1 — dones))

# KRR

loss = criterion(q_values, target_q_values)

# 7 LORE
optimizer.zero_grad()
loss.backward()
optimizer.step()

def update_target_model(self, main_model, target_model):
"R — A NET VDR ETY
target_model.load_state_dict(main_model.state_dict())

def step1(self, action=None):
///’/'E_A%i@wé”/’/[
if action is None:

return self.phase.board_to_vector(), -1, False, 0

selected_piece, destination = action # action 2>BEIDONLEE H HHIA EUS:

# BUDALEDA NINEI DR
if selected_piece not in self.phase.get_available_pieces():
# 7R
reward = -2 # N2 T UL NIk DTV T 4
next_state = self.phase.board_to_vector()
done = False

return next_state, reward, done, 0

# BA SR U7 E) D B I E T OB EN )G 2h) il
if not self.is_valid_move(selected_piece, destination):
reward = -1 # MENR2T UL a NIk DRIV T 1
next_state = self.phase.board_to_vector()
done = False

return next_state, reward, done, 0
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# AR O T
self.phase.set(selected_piece, destination)

# B I 7o 50a IS

captured_pieces = self.phase.getPieces(destination)

# Bz I35 ORI

reward = captured_pieces * 5 if captured_pieces > 0 else 0

# BOGETIC LD M

reward += self.calculate_proximity_reward(destination)

reward += self.calculate_risk_penalty()

# 7 — DT LT E D afess

done, which_win = self.phase.isWin()

# A — DT OB A 21

reward += self.calculate_reward(done)

# IROIRREZ TS

next_state = self.phase.board_to_vector()

if not done:
# A= DEH
self.phase.turnChange()

return next_state, reward, done, which_win

def is_valid_move(self, selected_piece, destination_piece):
TEIRS AT DEEINE DT ER T "
legalMoveL.ist = self.phase.checkLegalMove(selected_piece)
if len(legalMoveL.ist) > 0:
if destination_piece in legalMoveL.ist:
return destination_piece
else:
BEONEIZEIN T ZEITTERWG S
return None
else:
HBIRSNTALE O~ IZHET R RVGS
return None

def calculate_reward(self, done):

nnnr

R B D M
:param done: 7 — L& TAREENE D7
creturn: RN
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nnnr

if done:
my_pieces = [index for index, place in enumerate(self.phase.gameBoard) if place ==
self.phase.turn]
opponent_pieces = [index for index, place in enumerate(self.phase.gameBoard) if place == -

self.phase.turn]

my_piece_count = len(my_pieces)
opponent_piece_count = len(opponent_pieces)
return 10 + 2 * (my_piece_count — opponent_piece_count)

else:
return 0 # 7 —20NE T L TWRNES

def calculate_proximity_reward(self, position):
BN UTea DALE N Z e EL, wmia 525777
if self.is_safe_position(position) == 0:
for move in self.phase.moveList:
if self.phase.gameBoard[position + move] == —self.phase.turn:
return 0.001
return 0
else:
return —1

def calculate_risk_penalty(self):

" BED R HIRICISND T~ DI KEZ R, Wiz 525777

# B LMHFOBOEEAT N

my_pieces = [index for index, place in enumerate(self.phase.gameBoard) if place ==
self.phase.turn]

opponent_pieces = [index for index, place in enumerate(self.phase.gameBoard) if place == -

self.phase.turn]

my_piece_count = len(my_pieces)

opponent_piece_count = len(opponent_pieces)

# R T A OB BRI

if my_piece_count > opponent_piece_count:
penalty_per_piece = —1.75

elif my_piece_count == opponent_piece_count:
penalty_per_piece = —2

else: # fHFDEINZWGE
penalty_per_piece = —2.25

# 2TOHEYDENI L T A7 &2

max_taken = max(self.is_safe_position(my_piece) for my_piece in my_pieces)

# ST ATADOGRZR A
total_penalty = penalty_per_piece * max_taken
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return total_penalty

def is_safe_position(self, position):

nnnr

FRESNIZBONALEN RO FOFEHE TMONDGE1T, MOHNLH KD A 53 DEJOE A 1K
R

BRIRGET 0 ZiRT,

opponent_pieces = [index for index, place in enumerate(self.phase.gameBoard) if place == -
self.phase.turn]

legalMoveL.ists = [self.phase.checkLegalMove(piece) for piece in opponent_pieces]

flattened_list = set(move for sublist in legalMoveLists for move in sublist)

max_taken_pieces = 0 # HUHIVDEID I KA 1B

for move in self.phase.moveL.ist:
search_position = position + move

captured_count = 0

# H oy OEERE S DM, T RIS HERR
while self.phase.gameBoard[search_position] == self.phase.turn:
captured_count += 1

search_position += move

# EEDFEFOERT, 2 OB ERBE ThHILUTIGND
if self.phase.gameBoard[search_position] == —self.phase.turn:
search_position2 = position — move

reverse_captured_count = 0

# WG ANCE B 5y DB AR
while self.phase.gameBoard[search_position2] == self.phase.turn:
reverse_captured_count += 1

search_position2 —= move

# WO EPHEFOEEFORIZHIUXEGILS
if search_position2 in flattened_list:
total_captured = captured_count + reverse_captured_count + 1 # UL OEIGLE
»5b

max_taken_pieces = max(max_taken_pieces, total_captured)
return max_taken_pieces

def save_model(self, main_model, main_model filename="model.pth”):
,’,’/,:E“?:\/I/O){%ﬁ%??b nnn
torch.save(main_model.state_dict(), main_model filename)

”

print(f"Main_Model saved to {main_model_filename}”)
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def plot_training progress(self, episode_rewards, win_rates):
e —REOWME, BsEE T T TIIRE
plt.figure(figsize=(12, 5))

# WMOHER A 7 By

plt.subplot(1, 2, 1)

plt.plot(episode_rewards, label="Total Reward per Episode’)
plt.xlabel(Episode’)

plt.ylabel('Total Reward’)

plt.titleCReward Over Episodes’)

plt.legend()

# BFROHREL T my b

plt.subplot(1, 2, 2)

plt.plot(win_rates, label="Win Rate’, color="green’)
plt.xlabel(Episode’)

plt.ylabel(Win Rate’)

plt.titleCWin Rate Over Episodes’)

plt.legend()

plt.tight_layout()
plt.show()

def train_roop(self):
"N == TR R E LT BT
for episode in range(self.total_episodes, 10000): # TE>/—RFD#L
self.phase.reset() # #EmEIREZ) YRS
state = self.phase.board_to_vector() # FJHEAIRABEDMRE R 2 B
done = False
total reward = 0 # &EY—RFORRENZHIHA{L
while not done:
#tphase.displayBoard()
# available pieces & IVEIUIK G T D EVEL BB BN AN TS
available_pieces = self.phase.get_available_pieces()

legalMovelL.ists = [self.phase.checkLegalMove(piece) for piece in available_pieces]

# available_pairs Z1ERZ (Bi& B DT DY AR)
available_pairs = []
for piece in available_pieces:
for destination in legalMoveLists[available_pieces.index(piece)]:

available_pairs.append((piece, destination))

if self.phase.turn == 1:
# available_pairs % select_action (Z{E3
piece_action, destination_action = self.agent1.select_action(state, available_pairs,

self.phase.turn)
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action = (piece_action, destination_action)

# R CT 7o ar a3 T, IRDIRFEL RN 2 Bts:
next_state, reward, done, which_win = self.stepl(action) # step AR TH —.A

total reward += reward # FRENZ NG

# ==Y ORERE YT PITBINL,
self.memory.add((state, action, reward, next_state, done))
else:
piece_action, destination_action = self.agent2.select_action(state, available_pairs,

self.phase.turn)
action = (piece_action, destination_action)

# RECTT 7 a3 70, IRDIREE S il 2 Bts
next_state, reward, done, which_win = self.stepl(action) # step A/ K TH —.A

reward = reward % —1
total reward += reward # FRENZ NG

#t = — U NORERE T 7 I ZIEN

self.memory.add((state, action, reward, next_state, done))

# IRRBZ BT

state = next_state

self.train_ai_agent(self.main_model_agent1, self.target_ model agentl, self.memory,

self.batch_size, self.gamma, self.optimizer_agent1, self.criterion)
self.step += 1

if self.step % 500 == 0:  # 500 AT 7' Z &I — bRy NI — 2% F
self.update_target_model(self.main_model_agent1, self.target_model_agent1)

self.agent1.epsilon = max(self.epsilon_min, self.agentl.epsilon * self.decay_rate)

# B —ROfERAEFIE
self.episode_rewards.append(total reward) # FSIRENZFCEK

if which.win == 1: # agentl 2’ERILT-356

self.win_count += 1

self.total_episodes += 1
self.win_rate = self.win_count / self.total_episodes

self.win_rates.append(self.win_rate)
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print(f”Episode {episode + 1} completed.”)

#1000 =&/ —RZLZETIVORAF
if (episode + 1) % 1000 == 0:

self.save_model(self.main_model_agent1, “main_model " + str(episode + 1) + ”“.pth”)

torch.save(self.optimizer_agent1.state_dict(), ’optimizer_agent1l.pth’)
self. memory.save(Cexperience_replay.pkl’) # w77 ONEKEIRFT D
print(self.agent1.epsilon, self.win_rate, self.win_count)

#hL—= 7R E 7 mok
self.plot_training_progress(self.episode_rewards, self.win_rates)

if _name_ =="_main_":
trainl = Train()
trainl.train_roop()

Test 77 A

from Phase import Phase

from Human import Human

from Random import Random

from AlphaBetaAgent import AlphaBetaAgent
from Ai_agent import Ai_agent

from Model import create_model

import torch

class Test():
def _init_(self):
7T ANBRBE DO WAL
# INTRA—HDFETE
state_size = 121 # 11x11 OEEHE 7Ty ML=V A X
pair_action_size = 121 * 121

# T VOVERL
# agentl HOET IVOIERL
main_model = create_model(state_size, pair_action_size)
try:
main_model.load_state_dict(torch.load("main_model.pth”, weights_only=True))
main_model.eval()
print(f”&5 /L% main_model.pth 2>3H—RLFEL7Z")
except FileNotFoundError:
print("HLWET L THIHHEL ELTZ)

self.phase = Phase(Ai_agent(main_model, pair_action_size, epsilon=0), Random())
def start_game1(self):

77 BRI, R ETFARNI—ATEIR
while(True):
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self.phase.displayBoard()
self.phase.select()
x,y = self.phase.isWin()
iflx == True):

print(y)

break
self.phase.turnChange()

def start_game2(self):
777100 [EIFRDRL | BRI F OB TR TR
win_count = 0
for episode in range(1): # =Y —KDK
self.phase.reset() # #EmEIREZ) YRS
done = False
while not done:
self.phase.select()
# 7= DHE T LT E I AR

done, which_win = self.phase.isWin()

if not done:
# H— DL
self.phase.turnChange()

if which.win == 1:  # agentl 2’ERILT-355

win_count += 1

print(f”Episode {episode + 1} completed.”)
print(“total_win_agent1 =", win_count)

if _name_ =="_main_":
game = Test()

game.start_game2()

HasamishogiGUI 77 A

import tkinter as tk

from Phase import Phase

from Human import Human

from AlphaBetaAgent import AlphaBetaAgent
from HumanGUI import HumanGUI

from Random import Random

from Ai_agent import Ai_agent

from Model import create_model

import torch

class HasamiShogiGUI:
def _init_(self, master, phase):
,’,’/,%i%‘nOD%)];@{K/,/’,’
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self.master = master
self.phase = phase
self.selected_piece = None
self.input_value = None

self.wait_for_input_flag = False

# UARTLA NIV EFARTRIE
self.master.title(”"Hasami Shogi”)
self.master.geometry(”545x545”)

# PR O eIk R

self.board_canvas = tk.Canvas(self.master, width=600, height=600, bg="black”)
self.board_canvas.pack()

self.draw_board()

def draw_board(self):
R R e i T T
self.board_canvas.delete(“all”) # HjOINEEZ VT
cell_size = 60

for i in range(9):
for j in range(9):
x1, y1 = j* cell_size, i * cell_size

x2, y2 = x1 + cell_size, y1 + cell_size

# TAMEERD AR E
fill_color = "#FOD9B5 # if (i + )) % 2 == 0 else "#B58863”
self.board_canvas.create_rectangle(x1, y1, x2, y2, fill=fill_color, outline="black”)

# A
piece = self.phase.gameBoard[(i + 1) * 11 + (j + 1)]
if piece == 1:
self.board_canvas.create_text((x1 + x2) // 2, (y1 + y2) // 2, text="A",
fill="black”, font=("Helvetica”, 24))
elif piece == —1:
self.board_canvas.create_text((x1 + x2) // 2, (y1 +y2) // 2, text="V",
fill="black”, font=("Helvetica”, 24))

# JU I AR NERIE
self.board_canvas.bind(”<Button—1>", self.on_click)

def on_click(self, event):
") JRED A NILER
cell_size = 60
col = event.x // cell_size + 1

row = event.y // cell_size + 1
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if self.wait_for input_flag: # AJIf5%H O HENE
self.input_value = f’{10 — col} {frow}” # AJ174—~vMIZEH
self.wait_for_input_flag = False # #5757 2Rk
print(f”Clicked position: {self.input_value}”)

else:

print(“Input is not being requested.”)

def wait_for_input(self):
YN r
self.wait_for_input_flag = True

self.input_value = None

print("Waiting for input via click...”)
while self.wait_for_input_flag:
self.master.update() # Tkinter DA ML —7 ZHLER

return self.input_value # T—H% =07V /L7~ fEEZIKS

if _name_ =="_main_":
/’,’,,b::—A@%??/’,’,’
root = tk.Tk()

# T VOVERL
# agentl HOET IVOIERL
main_model = create_model(state_size=121, pair_action_size=121%121)
try:
main_model.load_state_dict(torch.load("main_model.pth”, weights_only=True))
main_model.eval()
print(f"&7 /L% main_model.pth 2>Hm—RLEL7Z")
except FileNotFoundError:
print("HILWET /L TR L ELZ")

phase = Phase(HumanGUI(), Ai_agent(main_model, pair_action_size=121%121, epsilon=0))
gui = HasamiShogiGUI(root, phase)

while True:

gui.draw_board() ## Hi % &~

phase.selectGUI(gui) # GUI Z{fi~7- 3R LLE]

win, winner = phase.isWin()

if win:
gui.draw_board() # 7" — A& TREOBE 2R
gui.master.update_idletasks()
gui.master.update()
print(f”Game over! Winner: {"Player 1’ if winner == 1 else "Player 2’}")
break

phase.turnChange()

42




print("Press the close button on the window to exit.”)

gui.master.mainloop()
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