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import random

import tkinter as tk

from tkinter import messagebox
from tkinter import font

exit = False

class Player:
def init (self, hawk_percentage, dove percentage, start resources):
self.hawk _percentage = hawk_percentage
self.dove_ percentage = dove_percentage
self.resources = start_resources
self.default_resources = start_resources
self.wins = 0

play strategy(self):
= random.random()
if r < self.hawk percentage:
return "hawk"
else:
return "dove"

class Simulation:
def _init (self):
self.root = tk.Tk()
self.root.title("Hawk-Dove Simulation")
self.menu_root = None

self.playerl hawk percentage = tk.StringVar()
self.playerl dove_percentage = tk.StringVar()
self.player2 hawk_percentage = tk.StringVar()
self.player2 dove percentage = tk.StringVar()
self.start resources = tk.StringVar()
self.goal resources = tk.StringVar()
self.num_simulations = tk.StringVar()

self.create widgets()

def create_widgets(self):
custom_font = font.Font(size=int(1.5 *
font.nametofont ("TkDefaultFont").actual()["size"]))
tk.Label(self.root, text="Player 1 Hawk percentage ([0, 1]):", font
custom_font).grid(row=0, column=0, padx=10, pady=5,)
tk.Entry(self.root, textvariable=self.playerl hawk percentage, font
custom_font).grid(row=0, column=1)

tk.Label(self.root, text="Player 1 Dove percentage ([0, 1]):", font
custom font).grid(row=1, column=0, padx=10, pady=5)
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tk.Entry(self.root, textvariable=self.playerl dove percentage,
custom_font).grid(row=1, column=1)

tk.Label(self.root, text="Player 2 Hawk percentage ([0, 1]):",
custom_font).grid(row=2, column=0, padx=10, pady=5)

tk.Entry(self.root, textvariable=self.player2 hawk percentage,
custom_font).grid(row=2, column=1)

tk.Label(self.root, text="Player 2 Dove percentage ([0, 1]):",
custom_font).grid(row=3, column=0, padx=10, pady=5)

tk.Entry(self.root, textvariable=self.player2 dove_ percentage,
custom_font).grid(row=3, column=1)

tk.Label(self.root, text="Amount of starting resources (>0):",
custom_font).grid(row=4, column=0, padx=10, pady=5)

tk.Entry(self.root, textvariable=self.start_resources, font =
custom_font).grid(row=4, column=1)

tk.Label(self.root, text="Win amount of resources (>start):", font =
custom_font).grid(row=5, column=0, padx=10, pady=5)

tk.Entry(self.root, textvariable=self.goal resources, font =
custom_font).grid(row=5, column=1)

tk.Label(self.root, text="Number of simulations for testing (>0):",
font = custom_font).grid(row=6, column=0, padx=10, pady=5)

tk.Entry(self.root, textvariable=self.num_simulations, font =
custom_font).grid(row=6, column=1)

tk.Button(self.root, text="Start Simulation", font = custom font,
command=self.validate_input).grid(row=7, column=0, columnspan=2, pady=10)

def validate_input(self):

playerl hawk = float(self.playerl hawk_percentage.get())
playerl dove = float(self.playerl dove_percentage.get())
player2_hawk = float(self.player2_ hawk_percentage.get())
player2_dove = float(self.player2 dove_percentage.get())
start_resources = int(self.start_resources.get())

goal resources = int(self.goal resources.get())
num_simulations = int(self.num_simulations.get())

if (
0 <= playerl_hawk <= 1
and @ <= playerl dove <= 1
and @ <= player2_hawk <= 1
and @ <= player2 dove <=1
and start_resources > 0
and goal resources > start_resources
and num_simulations > 0
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and playerl hawk + playerl_dove ==
and player2 hawk + player2 dove ==

self.show main_menu()
else:
messagebox.showerror("Invalid Input", "Please enter valid input
values.")
self.create_widgets()

def show_main_menu(self):
self.root.destroy()

self.menu_root = tk.Tk()

self.menu_root.title("Main Menu")

custom font = font.Font(size=3 *
font.nametofont (" TkDefaultFont").actual()["size"])

custom_font2 = font.Font(size=int(1.5 *
font.nametofont (" TkDefaultFont").actual()["size"]))

tk.Label(self.menu_root, text="Main Menu",
font=custom font).pack(pady=10)

tk.Button(self.menu_root, text="1. Play Hawk-Dove", font=custom_ font2,
command=self.show simulation results).pack(pady=5)

tk.Button(self.menu_root, text="2. Calculate Best
Strategies",font=custom_font2,
command=self.calculate_best_strategies).pack(pady=5)

tk.Button(self.menu_root, text="3. Manually Set Strategies"”,
font=custom_font2, command=self.change_strategies).pack(pady=5)

tk.Button(self.menu_root, text="4. Exit", font=custom font2,
command=self.exit_simulation).pack(pady=5)

self.menu_root.mainloop()

def show_simulation_results(self):
try:

playerl hawk = float(self.playerl hawk_percentage.get())
playerl dove = float(self.playerl dove percentage.get())
player2_hawk = float(self.player2_ hawk_percentage.get())
player2_dove = float(self.player2 dove_ percentage.get())
start_resources = int(self.start_resources.get())

goal resources = int(self.goal resources.get())
num_simulations = int(self.num_simulations.get())

self.playerl Player(playerl hawk, playerl dove, start resources)
self.player2 Player(player2_hawk, player2 dove, start_resources)

def clash(clash_player_1:Player, clash_player 2:Player):
pl _strategy = clash_player 1.play strategy()
p2_ strategy = clash player 2.play strategy()
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if pl_strategy == "hawk" p2_strategy == "hawk":

if random.random() < ©.5:
clash_player 1.resources +=
else:
clash_player 2.resources +=
clash_player 1.resources -=
clash_player 2.resources -=

p
p

elif pl strategy == "hawk" p2_strategy == "dove":

clash _player 1.resources
clash _player 2.resources

elif pl_strategy == "dove" p2_strategy == "hawk":

clash_player_1.resources
clash _player 2.resources

elif pl_strategy == "dove" p2_strategy == "dove":

clash_player_1.resources
clash _player 2.resources

simulate_win_lose_game():
playerl wins = ©
player2 wins = ©

for _

in range(num_simulations):

self.playerl.resources = start_resources

self.player2.resources = start_resources

while (

self.playerl.resources < goal resources
self.player2.resources < goal_resources
self.playerl.resources > 0@
self.player2.resources > @

clash(self.playerl, self.player2)
if (
self.playerl.resources >= goal resources
self.player2.resources <= 0

playerl wins += 1
elif (
self.player2.resources >= goal resources
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or self.playerl.resources <= 0

player2_wins += 1
playerl win_percentage (playerl wins / num_simulations) *

player2 win_percentage (player2_wins / num_simulations) *

result root = tk.Tk()
result root.title("Simulation Results")

custom_font = font.Font(size=int(1.5 *
font.nametofont("TkDefaultFont").actual()["size"]))

label = tk.Label(result root, text=f"Player 1
({self.playerl.hawk percentage}, {self.playerl.dove percentage})" +
", Player 2 ({self.player2.hawk percentage},
{self.player2.dove_percentage})", font = custom_font)
label.pack()

tk.Label(result root, text=f"Player 1 Win Percentage:
{playerl win_percentage:.2f}%", font = custom font).pack(pady=5)

tk.Label(result root, text=f"Player 2 Win Percentage:
{player2 win_percentage:.2f}%", font = custom font).pack(pady=5)

tk.Button(result root, text="Back to Main Menu", font =
custom_font, command=result_root.destroy).pack(pady=10)

result_root.mainloop()
simulate_win_lose_game()
except ValueError:
tk.messagebox.showerror("Error", "Invalid input. Please enter

valid numbers.")

def calculate_best_strategies(self):

def clash(clash_player_1:Player, clash_player_2:Player):
pl strategy = clash_player 1.play strategy()
p2_strategy = clash player 2.play strategy()

if pl_strategy == "hawk" and p2_strategy == "hawk":

if random.random() < ©.5:
clash player 1.resources += 1
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else:

clash_player 2.resources += 1
clash_player 1.resources -=
clash_player 2.resources -=

p
p

elif pl strategy == "hawk" p2_strategy == "dove":

clash_player_1.resources
clash_player_2.resources

elif pl strategy == "dove" p2_strategy == "hawk":

clash_player_1.resources
clash_player 2.resources

elif pl strategy == "dove" p2_strategy == "dove":

clash_player_1.resources
clash_player_ 2.resources

simulate_resources_game(current_player:Player,
opponent player:Player, num simulations):

for _ in range(num_simulations):
current_player.resources = current_player.default resources
opponent_player.resources = opponent player.default resources
for _ in range(250):

clash(current_player, opponent_player)
return current_player.resources

best_strategy(current_player:Player, opponent_player:Player,
num_simulations, result root):

current_average_resources = 0

for _ in range(10):
current_average_resources +=
simulate_resources_game(current_player, opponent_player, num_simulations)
current_average_resources /= 10

custom_font = font.Font(size=int(1.5 *
font.nametofont ("TkDefaultFont").actual()["size"]))

current_strategy label = tk.Label(result root, text="The average
resources using the current strategy is " + str(current_average_resources),
font = custom_font)

current_strategy label.pack(pady=5)
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best hawk = 1.0
best_dove = 0.0
best_average resources

for i in range(1, 102):
temp_hawk = abs((1 - i) / 100)
temp_dove = abs(1 - temp_hawk)
temp_player = Player(temp_hawk, temp_dove,
current_player.default resources)
temp_average_resources = 0

for _ in range(10):
temp_average_resources +=
simulate_resources_game(temp_player, opponent_player, num_simulations)
temp_average_resources /= 10

if best_average_resources < temp_average_resources:
best average resources = temp_average resources
best_hawk = round(temp_hawk, 2)
best dove = round(temp dove, 2)

best_strategy label = tk.Label(result_root, text="The best stable
mixed strategy against the opponent (" +
str(float(opponent_player.hawk percentage)) + ", " +
str(float(opponent_player.dove_percentage)) + ") is ("
+ str(best_hawk) + ", " +
str(best_dove) + ")", font = custom_font)
best_strategy label.pack(pady=5)

best_strategy resources_label = tk.Label(result_root, text=("The
average resources using the best strategy is " + str(best_average_resources)),
font = custom_font)

best_strategy resources_label.pack(pady=5)

try:
result_root = tk.Tk()
result root.title("Strategy Results")

playerl hawk = float(self.playerl hawk_ percentage.
playerl dove = float(self.playerl dove percentage.
player2 hawk = float(self.player2 hawk percentage.
player2 dove = float(self.player2 dove percentage.
start_resources = int(self.start resources.get())
num_simulations = int(self.num_simulations.get())

self.playeril Player(playerl hawk, playerl dove, start_resources)
self.player2 Player(player2_hawk, player2 dove, start_resources)
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custom font = font.Font(size=int(2 *
font.nametofont ("TkDefaultFont").actual()["size"]))

custom_font2 = font.Font(size=int(1.5 *
font.nametofont("TkDefaultFont").actual()["size"]))

label playerl = tk.Label(result root, text=f"Player 1
({playerl hawk}, {playerl dove})", font = custom font2)

label playerl.pack()

best_strategy(self.playerl, self.player2, num_simulations,
result _root)

label player2 = tk.Label(result root, text=f"\nPlayer 2
({player2 hawk}, {player2 dove})", font = custom font2)

label player2.pack()

best_strategy(self.player2, self.playerl, num_simulations,
result root)

tk.Button(result root, text="Back to Main Menu", font =
custom_font, command=result_root.destroy).pack(pady=10)
result_root.mainloop()

except ValueError:
tk.messagebox.showerror("Error", "Invalid input. Please enter
valid numbers.")

def show initial menu(self):
if (self.menu_root != None):
self.menu_root.destroy()
self.menu_root = None
self.root = tk.Tk()
self.root.title("Hawk-Dove Simulation")

self.create widgets()

change_strategies(self):
self.menu_root.destroy()

exit_simulation(self):
global exit

exit = True
self.menu_root.destroy()

run(self):
self.root.mainloop()

while (exit == False):
simulation = Simulation()
simulation.run()
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VYci monyii, sikux notpedye st poOOTH IporpaMa, aBTOMaTuyHo HAYTh pa3oM 3
Python.

Uepes HEMmoCII0BHY MOBEIIHKY MOJYJII0 JijIs TpadiuHoro inTepdeiicy tkinter
porpama 3HaXoJIUThCs y O€3KIHEUHOMY LIMKII1, BUMTH 3 SIKOTO MOXKHA TUTbKH
kHOomKo10 "EXit" y ronoBHOMY MEHIO, @ HE XpPECTUKOM JJIsl 3aKPUTTS BIKHA.

[Tporpama nmpocuThk 3a/1aTH CITIBBITHOIIIEHHS roJy01B Ta SICTPYOiB IrpaBIIiB
(uncna y npomixkky [0,1], sSiki MOBUHHI CyMyBaTUCh B OJMHHLIIO).

Takox mporpamMa mpocUTh CTAPTOBY KUIBKICTh PECYPCIB, KIHIIEBY KUJIBbKICTb,
JOCSITHYBILHU IKO1 T'paBellb IEpEMarae y rpi, 1 KUIbKICTh CUMYJISILINA TpH,
OCKUIBKH Y 3aJIEXKHOCTI BIJ AMHAMIYHOI CTpATET1i pe3yJIbTaTH JIEKIIBKOX 1rop
MOXYTh OyTH HE penpe3eHTa0ebHI.

[lepmia KHOMKA MIAPAXOBY€E CKIIBKUA CUMYJISLIIA TPH IEPEMIT KOKEH 3 TPaBIIiB.

Jlpyra KHOMKa MiAPaxoBy€e CKIJIBKUA B CEPEIHROMY OTPUMYIOTH IPABIll pECYPCiB
MPOTH MPOTHUBHMKA, 1 BAPAXOBYE HAMKpAILy CTPATET1io Mijl CTPATET10
MPOTHUBHUKA.

CepenHst KUTbKICTh peCypCiB y IPYTiid KHOILI MOXXe OyTH HEraTUBHOIO,
OCKUJIBKH cama MepeMora 4 rmopaska He € BaXKIIMBOIO CTUTbKH, CKUTbKU
MOPIBHIOBAHHS SIKOCT1 CTPATET1i.

[Ipuknanu BBOMY:
0.90.10.80.250 1000 200
0.50.50.50.5100 750 300
0.7 0.3 0.4 0.6 200 500 400
100 13002000500



