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- update B4R 8 D BT 1~ D .
- shoot BLOFEHITIE U 7o 5.
- take_damage: %5 U 7= B 0O AL (G M I BERICIR BB ~ D B 1T).
+ invincible_timer: MEHCIR 8 D IFFE] 4 2R,
+ gameover: FEEMN 0 1272 o 72 & & DOALHEL
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- SpeedBullet: A " — R IR 558 FE AN .
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+ update! s 7 7 AT o 7O BB LR I M T REOALER,
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+ Enemy 1477 5,38 5T 2 B, k0 O ML H,
« Enemy2:{&7) 15 58 5H& R 3 B, RED~Y a7 X —.
+ Enemy3:{& /) 50,7 §HE 5 3 0,7k 2.0 UFO.
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- update: BE(Enemy3 D Z)<C:HK 8 D 557 1] 111 -~ O F i,
- take_damage: DN H 72 L T DX A — HLH,
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Game: 7 — L £1K

- get_game_state:TRAEDRIEZ FE TR L 72y 2 WG+ 5.

+ encode_bullet_type: i OFHEE % JfH THREL.

+ encode_enemy_type: HXODFELA % $XMH CH L.

+ encode_enemy_bullet_type: #D5OFESE & $fE CFRI.

- get_state_size REED K & S (KITED).

- update_and_calculate_reward: % — 2 & O 8] & FHT RN O F AL
« grid_screen: 7 — A R{EREEI LT U T OECHL O O E O HIE.

AR HCCE D B OBD e b 2\, Dl nx U T2 2 R O JIE.

- check_boundary: B ¥ A B A M 2 217812 L7 & S ICADOWM A 5 2 2 WL,
* reset_game: 7 — A DIKAEZ L.

+ create_enemy_positions:E{DAKALE D U A~ OIERKL.

- spawn_enemy:i{ 1,2 % 7 > & AIZIERR.

- display_bullet_type: HLEZRIN STV 5 O FEEE % B[ 12 R R,

- display_action_and_score: HEDITE) & X a7 ZHHHIZFRKR.

- display_density_grid: 7" —AREDOSE &Y T OERCED HOE % R k.

- reset_episode_stats: 4T t* Y — R Diték & W)L,

(ot W, b2 > U 7TIZ B D R,
ROV Y TIZEBEDO DR, A TE O R,
SRASTE MR L 7o, BT 1 IS S T2l
BOHIE LIz < OO, #a HANs Y T RFH,
B2 U MR 6D 72 D)

- log_episode_result:% =’ Y — FOHRE, b2\ U 7 BHED WD EFFH,

bRV U TIZEBE O DI, SRR O R 2 F0R.

+ update_bullet_usage_time:5#4-F8E o {# F RE [ % Fo k.

- log_hit_within_1_seconds:1 FPLIPNIZHCH D I Y T 7= & Fo k.

+ log_nearby_bullet_destruction: BEH ¥ & L7211 < OO % Fik.

- log_kill:ffl U7z i & 5 & & I B & Fo .

- log_final_results: $§& L7zt — ROk F(og_episode_result & [F U) & & IZFR.
- log_n_episode_results: € L7z 'Y — RN 2 & IS TEOA L 7=/,

BRATED 1 BRI T, BH%K & L7 < OO$ %z fldk,
FR.

- log_final_scores: & Tt Y — KD R a7 & #HFK R,
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%
AKFZETHERR LT STG O Y — A7 r 5 A& FICRT.

STG.py

from pygame import *

from pygame.locals import *
import sys

from random import *

import numpy as np

import math

import matplotlib.pyplot as plt
import torch

import torch.nn as nn

import torch.optim as optim

from collections import deque

# gk
SHIP1 = image.load("= % »» k.png")
SHIP2 = image.load(" 9 A Z & A.png")
BULLET1 = image.load("F#A.png")
BULLET2 = image.load(" ¥ A Z ™ .png")
BULLETS3 = image.load("/X> D&% B 57 L png")
ENEMY1 = image.load("#:H.png")
ENEMY2 = image.load("~V =27 % — png")
ENEMYS3 = image.load("UFO.png")
IMAGES ={

'ship: SHIP1,

'fuck': SHIP2,

'bullet1: BULLET1,

'‘bullet2: BULLETZ,

'bullet3"BULLETS,

'enemyl': ENEMY1,

'enemy2'- ENEMY2,

'enemy3': ENEMY3

# A R,G,B
WHITE = (255, 255, 255)
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# A7 Y= AKX

SCREEN = display.set_mode((546, 520))
display.set_caption("STG")
SCREEN_WIDTH=546
SCREEN_HEIGHT = 520

class DQN:
def __init_ (self, state_size, action_size, gamma=0.99, 1r=0.001, epsilon=1.0,
epsilon_decay=0.99954, epsilon_min=0.1, memory_size=2000, batch_size=64, target_update=10):
self.state_size = state_size #IRFET 1 X
self.action_size = action_size #{TE) A X
self. gamma = gamma # 5|
selflr=1r # FHFE
self.epsilon = epsilon # EEE
self.epsilon_decay = epsilon_decay##£ & 3 D/ 3R
self.epsilon_min = epsilon_min #HEE RO HKIKHE
self.memory = deque(maxlen=memory_size) # RBFAE NNy 7 7
self. batch_size = batch_size# /N v FH A X
self.target_update = target_update# ¥ —4 v b x v hU—27 OFFHHEE

HQAXY NIV =2 L HZ—Fy h Xy hT—7

self.q_network = self.build_modelO#Q > + U — 7 4
self.target_network = self.build_modelO#% — %7 > h x v U — 7 {4
self.target_network.load_state_dict(self.q_network.state_dict()) # R
self.target_network.eval) # #—7% > 3y hU—Z [ ZEH LW

self.optimizer = optim.Adam(self.q_network.parameters(), lr=self.I#Q * >~ kU —27 D/XT R
— X

selfloss_fn = nn.MSELossO) # BIfED Q v T —J & % —75 v MEDREREZJE

#=a2—F LRy N — 7 O
def build_model(self):
return nn.Sequential(
nn.Linear(self.state_size, 128)# A /1@
nn.ReLUQ #2238 % 2h R4k
nn.Linear(128, 128) #f2h &
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nn.ReLLUQ,
nn.Linear(128, self.action_size)#it} /)&

LR 2 PR 1T

def remember(self, state, action, reward, next_state, done):

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

#He- U —T 0 IETITEI AR
def choose_action(self, state):
if uniform(0, 1) < self.epsilon#EE THEL 2 DIFERE L2 25
return randint(0, self.action_size - 1) # 7 > % L7217 H)
state = torch.FloatTensor(state) .unsqueeze(0) # A% T > Vb LIkITZBN
with torch.no_grad():
q_values = self.q_network(state)#Q fEH /)
return torch.argmax(q_values).item() # KD Q fH% FF>17HE)

#7H
def train(self):
if len(self.memory) < self.batch_size:

return

#oUERY T T
batch = sample(self.memory, self.batch_size)

states, actions, rewards, next_states, dones = zip(*batch)

# T —HOBEET
states = torch.stack([

state.squeeze(0) if isinstance(state, torch.Tensor) and state.ndimension() == 2 and

state.size(0) ==
else torch.FloatTensor(state)
for state in states

D

next_states = torch.stack([

state.squeeze(0) if isinstance(state, torch.Tensor) and state.ndimension() == 2 and

state.size(0) ==

17



else torch.FloatTensor(state)

for state in next_states
D
actions = torch.LongTensor(actions)
rewards = torch.FloatTensor(rewards)

dones = torch.FloatTensor(dones)

# BED QA

g_values = self.q_network(states).gather(1, actions.unsqueeze(1)).squeeze(1)

# WORED Q 8
with torch.no_grad():

max_next_qg_values = self.target_network(next_states).max(1)[0]

# X—7 v QIH

target_q_values = rewards + self.gamma * max_next_q_values * (1 - dones)

# HREHHE

loss = self.loss_fn(q_values, target_q_values)

# Xy NT—27 OFEH
self.optimizer.zero_grad()
loss.backward()
self.optimizer.step()
#Z—7 v bRy FU—7 O
def update_target_network(self):

self.target_network.load_state_dict(self.q_network.state_dict()

# B

class Ship(sprite.Sprite):
life = 3#7%H#%
invincible = False # JEHCIRRE
invincible_duration = 2000 # EEEERT (X VR
last_hit_time =0 # Hf&ZIT Y7z o 72 KF#]
bullet_type = 'Normal' # FJHA5%E 13 E@H

def _init_ (self):

18



sprite.Sprite.__init__ (self)

self.imagel = transform.scale(IMAGES['ship'l, (26, 26))# B # 7> &%
self.image2 = transform.scaleAMAGES['fuck'], (26, 26))#MEHCIK fE o i {4
self.image = self.image 1#HL{E D B OIRFE O ]

self.rect = self.image.get_rect(topleft=(273, 463)#HEED V1 X
self.speed = 5#& Tk &

self.last_bullet_time =0 # R&ZIZHZ S L 72 RERH
self.normal_bullet_cooldown =500 # @EEHDO 7 —LF v (I UR)
self.speed_bullet_cooldown =200 # A Y — KD — L X7 (I V)
self.spread_bullet_cooldown = 750 # JLfHD 7 —L XD (I UR)

def update(self):

self.rect.clamp_ip(Rect(0, 0, 546, 520)#MiE /2 72 K H 12
self.invincible_timer()

self.gameover()

game.screen.blit(self.image, self.rect)
#iH %
def shoot(self):

# BUERZ 2 TS

current_time = time.get_ticks()

# ORI L > Ty — ¥y VR 2R E

HEBHE O G

if self.bullet_type == "Normal":

if current_time - self.last_bullet_time > self.normal_bullet_cooldown# 7 —/L- &% A X X U %

BRI AR WSS

bullet = Bullet(self.rect.centerx, self.rect.top)
game.all_sprites.add(bullet)
game.bullets.add(bullet)
self.last_bullet_time = current_time # % D FEHIFR %2 FH
#AE— ROBGE
elif self.bullet_type == "Speed™:

if current_time - self.last_bullet_time > self.speed_bullet_cooldown:

bullet = SpeedBullet(self.rect.centerx, self.rect.top)
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game.all_sprites.add(bullet)

game.bullets.add(bullet)

self.last_bullet_time = current_time # % O FHHIRFH % 5T
HILBOH D5
elif self.bullet_type == "Spread":

if current_time - self.last_bullet_time > self.spread_bullet_cooldown:

# HoES

bullet_center = SpreadBullet(self.rect.centerx, self.rect.top, 0)
# /21T 30

bullet_left = SpreadBullet(self .rect.centerx, self.rect.top, -30)
# 4 30 JE

bullet_right = SpreadBullet(self.rect.centerx, self.rect.top, 30)

# ELHOTTA—TITBEM
game.all_sprites.add(bullet_center, bullet_left, bullet_right)
game.bullets.add(bullet_center, bullet_left, bullet_right)

self.last_bullet_time = current_time

def take_damage(self):
current_time = time.get_ticks()
if not self.invincible: # HEHERETRITIVIF A -V E2ZTD
self life -= 1
self.invincible = True # EHCIRREIZHAT
self.last_hit time = current_time # H%IZt v ;b L7-FFE 2506k
self.image = self.image2 # R7-H#&ZZLH

def invincible_timer(self):
current_time = time.get_ticks()
if self.invincible and current_time - self.last_hit_time >= self.invincible_duration:# IR fEDH>
D MEERE ] A3 608 L 7 IRE
self.invincible = False # MEHCIRRE % fif [k
self.image = self.imagel # R7-H % JCICES
def gameover(self):
if self life <= 0:

print("Game Over!")

# B TR
class Bullet(sprite.Sprite):
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def __init_ (self, x, y):
sprite.Sprite.__init__ (self)
self.image = transform.scaleIMAGES[bullet1'], (10, 10))#5# 7 Hij{%
self.rect = self.image.get_rect(center=(x, y))
self.speed =-7 # HOME (L Hm)
self.attack_power =5 # LiBEFHDOLET)

def update(self):
self.rect.y += self.speed
if self.rect.bottom < 0:
self kill) # MM 72 & A HIFRT %

game.screen.blit(self.image, self.rect)

# AE— N7 IR
class SpeedBullet(sprite.Sprite):
def __init_ (self, x, y):
sprite.Sprite.__init__ (self)
self.image = transform.scaleIMAGES[bullet1'], (10, 10))
self.rect = self.image.get_rect(center=(x, y))
self.speed =-12

self.attack_power = 1

def update(self):
self.rect.y += self.speed
if self.rect.bottom < O:
self kill()

game.screen.blit(self.image, self.rect)

# LR 7 A
class SpreadBullet(sprite.Sprite): # JLHH Y T 2
def __init_ (self, x, y, angle):
sprite.Sprite.__init__ (self)
self.image = transform.scale(IMAGES['bullet1'], (10, 10))

self.rect = self.image.get_rect(center=(x, y))

self.angle = angle
self.speed =7
self.attack_power = 2

def update(self):
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self.rect.x += self.speed * math.sin(math.radians(self.angle)#i e 5 [6]3% &
self.rect.y -= self.speed * math.cos(math.radians(self.angle))
if self.rect.bottom < 0 or self.rect.left < 0 or self.rect.right > 546:

self killQ # BiEsT Hi7z S HIER

game.screen.blit(self.image, self.rect)

# 1
class Enemy1(sprite.Sprite):
MAX_HP = 5#{K7)
FIRE_RATE = 2000 # 2> 2 & (Z# & F45F
last_shot_time =0 # FfZICHZ 54 L 72 HEfH]

def __init_ (self, x, y):
sprite.Sprite.__init__(self)
self.image = transform.scaleIMAGES['enemy1'l, (26, 26))
self.rect = self.image.get_rect(topleft=(x, y))
self.spawn_time = None # VU AR — 2 OEFHEEH
self.visible = True # B{DIRHEA FHL(E S 4172 & False)
self.original_position = (x,y) # JCONLE % R EF
self. HP = self MAX_HP # HP % #1#i{k

def update(self):
if self.visible:
game.screen.blit(self.image, self.rect)

self.shoot()

if not self.visible:

self.check_respawn() # FEFRRIFLY AR —2 /D
else:

game.screen.blit(self.image, self.rect)

self.shoot()

def take_damage(self, damage):
if self.visible: # TRINTVWDHEADHL A=V %%T D
self. HP -= damage
if self HP <= 0:
selfhide(3000) # —ERMIFEFRIC L THIE

def hide(self, respawn_time):
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self.visible = False # % 3ERRIZT D
self.spawn_time = time.get_ticks( + respawn_time # FARREHH %% E
self.rect.topleft = (-100, -100) # WEHFMIFEEN L T4 7= 0 H)E % Ehk

def check_respawn(self):
if not self.visible and time.get_ticks() >= self.spawn_time:
self.visible = True # & I N-FEMZICHER
self rect.topleft = self.original_position # JCONEIZFRTE
self HP = selft MAX_HP #HP %#V&v
def shoot(self):
current_time = time.get_ticks()
if current_time - self.last_shot_time > self. FIRE_RATE: # — &g Tz 34
bullet = EnemyBullet(self.rect.centerx, self.rect.bottom)#H oD i i i
game.all_sprites.add(bullet)
game.enemy_bullets.add(bullet)
self.last_shot_time = current_time
# il 2
class Enemy2(sprite.Sprite):
MAX_HP =15
FIRE_RATE = 3000

last_shot_time =0

def __init_ (self, x, y):
sprite.Sprite.__init__ (self)
self.image = transform.scaleIMAGES['enemy?2'], (26, 26))
self.rect = self.image.get_rect(topleft=(x, y))
self.spawn_time = None
self.visible = True
self.original_position = (x, y)

self HP = self MAX_HP

def update(self):
if self.visible:
game.screen.blit(self.image, self.rect)
self.shoot()
if not self.visible:
self.check_respawn()
else:

game.screen.blit(self.image, self.rect)
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self.shoot()

def take_damage(self, damage):
if self.visible:
self. HP -= damage
if self. HP <= 0:
self.hide(3000)

def hide(self, respawn_time):
self.visible = False
self.spawn_time = time.get_ticks() + respawn_time

self.rect.topleft = (-100, -100)

def check_respawn(self):
if not self.visible and time.get_ticks() >= self.spawn_time:
self.visible = True
self.rect.topleft = self.original_position

self HP = self MAX_HP
def shoot(self):
current_time = time.get_ticks()

if current_time - self.last_shot_time > self. FIRE_RATE:

chasing_bullet = EnemySnipeBullet(self.rect.centerx, self.rect.bottom, game.ship)

B
game.all_sprites.add(chasing_bullet)
game.enemy_bullets.add(chasing_bullet)
self.last_shot_time = current_time
# 3

class Enemy3(sprite.Sprite):
MAX_HP =50 # &K HP
FIRE_RATE = 3000
last_shot_time =0

enemy_type="enemy3"

def __init_ (self):
sprite.Sprite.__init_ (self)
self.image = transform.scale(IMAGES['enemy3'], (130, 52))
self.rect = self.image.get_rect(topleft=(208, 0))
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self. HP = self. MAX_HP

self.spawn_time = None

self.visible = True

self.original_position = (208, 0) # FJHI7 &
self.direction=1 # A5 I E
self.speed = 3

def update(self):

if self.visible:

self.rect.x += self.speed * self.direction# 4 |58

if self.rect.right >= SCREEN.get_width(+60 or self.rect.left <= -60:
self.direction *=-1 # BEIC SO o7 b JilA % K is

game.screen.blit(self.image, self.rect)

self.shoot()

if not self.visible:

self.check_respawn()

def take_damage(self, damage):
if self.visible:

self HP -= damage

if self. HP <= 0:
self.hide(3000)

def hide(self, respawn_time):
self.visible = False
self.spawn_time = time.get_ticks() + respawn_time

self.rect.topleft = (-100, -100)

def check_respawn(self):
if not self.visible and time.get_ticks() >= self.spawn_time:
self.visible = True
self.rect.topleft = self.original_position

self HP = self MAX_HP

def shoot(self):

current_time = time.get_ticks()
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if current_time - self.last_shot_time > self. FIRE_RATE:

bullet_center = EnemySpreadBullet(self.rect.centerx, self.rect.bottom, O)# i fi 5
bullet_left = EnemySpreadBullet(self.rect.centerx, self.rect.bottom, -30)
bullet_right = EnemySpreadBullet(self.rect.centerx, self.rect.bottom, 30)

game.all_sprites.add(bullet_center, bullet_left, bullet_right)
game.enemy_bullets.add(bullet_center, bullet_left, bullet_right)

self.last_shot_time = current_time

# HDOBE T T A
class EnemyBullet(sprite.Sprite):
def __init_ (self, x, y):
sprite.Sprite.__init__ (self)
self.is_near = False # H#IZyr\ 2>
self.imagel = transform.scaleIMAGES[bullet2'], (10, 10)) # EDOH O {5
self.image2 = transform.scale(IMAGES['bullet3'], (10, 10)) #UT\ M# o> B o> [dj4
self.image=self.imagel
self.rect = self.image.get_rect(center=(x, y))

self.speed =5

def update(self):
self.rect.y += self.speed
if self.is_near#if WA BB EZ ZE LEX 5
self.image=self.image2
else:
self.image=self.imagel
if self.rect.top > 520:
self kill)
game.screen.blit(self.image, self.rect)
# HDILER Y T A
class EnemySpreadBullet(sprite.Sprite):
def __init_ (self, x, y, angle):
sprite.Sprite.__init_ (self)
self.is_near = False
self.imagel = transform.scale(IMAGES['bullet2'], (10, 10))
self.image2 = transform.scale(IMAGES['bullet3'], (10, 10))

self.image=self.imagel
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self.rect = self.image.get_rect(center=(x, y))
self.angle = angle

self.speed =7

def update(self):
self.rect.x += self.speed * math.sin(math.radians(self.angle))
self.rect.y += self.speed * math.cos(math.radians(self.angle))
if self.is_near:
self.image=self.image2
else:
self.image=self.imagel
if self.rect.top > 520 or self.rect.left < 0 or self.rect.right > 546:
selfkill()

game.screen.blit(self.image, self.rect)

class EnemySnipeBullet(sprite.Sprite):
def __init_ (self, x, y, target):
sprite.Sprite.__init__ (self)
self.is_near = False
self.imagel = transform.scale(IMAGES['bullet2'], (10, 10))
self.image2 = transform.scale(IMAGES['bullet3'], (10, 10))
self.image=self.imagel
self.rect = self.image.get_rect(center=(x, y))
self.speed =5
self.target = target # ¥ —/4 > b (EH#%)
target_x=target.rect.x
target_y=target.rect.y
# HE~OF AT FLVEEE
dx = target_x - x
dy = target_y -y
distance = math.sqrt(dx**2 + dy**2)
if distance != 0:
self.direction_x = dx / distance
self.direction_y = dy / distance
else:
self.direction_x =0

self.direction_y = 1
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def update(self):
#AWOF IR E
self.rect.x += self.direction_x * self.speed
self.rect.y += self.direction_y * self.speed
if self.is_near:
self.image=self.image2
else:

self.image=self.imagel

if self.rect.top > 520 or self.rect.left < 0 or self.rect.right > 546:
self kill()

game.screen.blit(self.image, self.rect)

class Game(:
def __init_ (self):

init()
self.clock = time.ClockO#~ L — Al BR
self.ship = Ship()
self.enemy3 = Enemy3()
self.screen = SCREEN
self.screen.fill(WHITE)
self font = font.Font(None, 24)# 7 # > + DL,
# 2Aa7 LITEERTT DA
self.current_action = "NONE" # HIfED{TH)
self.current_score = 0 # BEORT

# WORE A S

self.bullet_type = "Normal"

self bullet_usage_time = {"Normal": 0, "Speed": 0, "Spread": 0}

self bullet_kill_count = {"Normal": {}, "Speed": {}, "Spread": {}} # M OEHE= &

# By R L A A nE T L e
self hits_within_1_seconds = {"Normal™ 0, "Speed": 0, "Spread": 0}
self.nearby_bullets_destroyed = {"Normal": 0, "Speed": 0, "Spread": 0}

self.hits_start_time = time.get_ticks(
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# ATIGA T N—F

self.all_sprites = sprite.Group()

self bullets = sprite.Group() # HIEDH
self.enemy_bullets = sprite.Group() # Mt
self.enemies = sprite.GroupO#H#i

# K7 N—TITBN
self.all_sprites.add(self.ship)
self.all_sprites.add(self.enemy3)

# MDA B
self.spawn_time = time.get_ticks) # BZIZEE AL L 72K
self.spawn_interval = randint(1000, 3000) # 7 > & L7384 ARG

self.remaining enemies = self.create_enemy_positions) # B{DOKRT T 32U X b

self.reset_episode_statsO#IRAEXTHI L,

self.time_in_most_dense =0 # F{AS 2\ MEIK Tild Z L 7= e[
self.time_in_least_dense =0 # F{ASA 72\ EIE T 2 L 72 RERY
self.episode_start_time = time.get_ticksO#T £/ — KB 4AREH]
self.time_per_episode =[] # &%=tV — K L ORI

HIRRREUT
def get_game_state(self, ship,enemies, enemy_bullets,enemy3,bullets,current_score):
#E
ship_x = ship.rect.x / SCREEN_WIDTH #1E#t
ship_y = ship.rect.y / SCREEN_HEIGHT #1E#i{b
ship_life = ship.life /3
bullet_type = self.encode_bullet_type(ship.bullet_type)#i#H o> fEHE & H i THUS

#ill
enemies_state =[]
HIT WAL OV 2
nearest_enemys = sorted(
enemies, key=lambda enemy: ((enemy.rect.x - ship.rect.x) ** 2 + (enemy.rect.y -
ship.rect.y) ** 2) ** 0.5
)
for nearest_enemy in nearest_enemys[:5]:#H{USUTVMET 5 &
enemy_x = nearest_enemy.rect.x / SCREEN_WIDTH # Eii{b
enemy_y = nearest_enemy.rect.y / SCREEN_HEIGHT # 1EHt
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enemy_type = self.encode_enemy_bullet_type(type(nearest_enemy)._ name_ J##tOFERE %

enemies_state.extend((enemy_x, enemy_y,enemy_type))

# S b IR O AT
while len(enemies_state) < 5*3:

enemies_state.extend((0, 0, -1))

enemy3_x = enemy3.rect.x /SCREEN_WIDTH #iE#i{t
enemy3_y = enemy3.rect.y / SCREEN_HEIGHT #1E# 1L

#EBE D
bullet_positions = [

if bullets#fx & UT\ Vi 2 H A5
nearest_bullet = min(
bullets, key=lambda bullet: ((bullet.rect.x - ship.rect.x) ** 2 + (bullet.rect.y -
ship.rect.y) ** 2) ** 0.5
)
bullet_x = nearest_bullet.rect.x / SCREEN_WIDTH # E#{t
bullet_y = nearest_bullet.rect.y / SCREEN_HEIGHT # E#{t
bullet_speed = nearest_bullet.speed
bullet_positions.extend((bullet_x, bullet_y, bullet_speed))
else:

bullet_positions.extend((0, 0, 0)) # B R WNITEMN

#iL O

nearby_enemy_bullet_positions = []

sorted_enemy_bullets = sorted(
enemy_bullets, key=lambda bullet: ((bullet.rect.x - ship.rect.x) ** 2 + (bullet.rect.y -

ship.rect.y) ** 2) ** 0.5

)

for enemy_bullet in sorted_enemy_bullets[:5]:
enemy_bullet_x = enemy_bullet.rect.x / SCREEN_WIDTH # [E#{b
enemy_bullet_y = enemy_bullet.rect.y / SCREEN_HEIGHT # iE#i{b
enemy_bullet_speed = enemy_bullet.speed

enemy_bullet_type = self.encode_enemy_bullet_type(type(enemy_bullet)._ name_ ) # 5
DFEEA
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nearby_enemy_bullet_positions.extend((enemy_bullet_x, enemy_bullet_y,
enemy_bullet_speed, enemy_bullet_type))

while len(nearby_enemy_bullet_positions) < 5*4:

nearby_enemy_bullet_positions.extend((0, 0, 0, -I)#Z2 W GAITEN
#AaT

score=current_score/100000# & 5 T 5 o Fx NE TIEHAL

state =

np.array([ship_x,ship_y,ship_life,bullet_type,*enemies_state,*nearby_enemy_bullet_positions,ene
my3_x,enemy3_y,*bullet_positions,score])

return state

i A H TR
def encode_bullet_type(self, bullet_type):
if bullet_type == "Normal":
return 0
elif bullet_type == "Speed":
return 1
elif bullet_type == "Spread":

return 2

else:

return -1 # K& A7
HA B TR
def encode_enemy_type(self, enemy_type):
"R O TR 2 B e = —
if enemy_type == "Enemy1":
return 0
elif enemy_type == "Enemy2":
return 1
elif enemy_type == "Enemy3":
return 2

else:

return -1 # R x A7
HIE D T A F TRk
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def encode_enemy_bullet_type(self, enemy_bullet_type):
" O 2 BE = —
if enemy_bullet_type == "EnemyBullet":
return 0
elif enemy_bullet_type == "EnemySpreadBullet":
return 1

elif enemy_bullet_type == "EnemySnipeBullet":

return 2
else:
return -1 # K& A7
HIRREY A WG

def get_state_size(self):

# ARG (x B, y BBAZ, T4 7, WX A )

ship_dimension=1+1+1+1

# HODIRIEY T (x R, y AR, FEED X 5Lk 5 1K)

enemy_dimension =5* (1+1+1)

# FrE OB (enemy3) DIRBEUIC: (x FEAE, v JFEFE)

enemy3_dimension =1+ 1

# AROHOREIOT: (x JBEE, y JEEE, HE) X 1 (FbitWio )

bullet_dimension=1+1+1

# EOMORRENR T (x FEAE, y FEAE, WL, Ff) X 5 (Vi 5 fi)

enemy_bullet_dimension=5* (1 +1+ 1+ 1)

# FRIRITEL
total_dimension = (
ship_dimension
+ enemy_dimension
+ enemy3_dimension
+ bullet_dimension
+ enemy_bullet_dimension

+1HA T

return total_dimension
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HEHE 5

def update_and_calculate_reward(self):

reward =0

#EEEVEY b
self.screen.fill(WHITE)

# MOV AR—VEF v
for enemy in self.enemies:
if not enemy.visible:

enemy.check_respawn()

# WAk

current_time = time.get_ticks()

if current_time - self.spawn_time > self.spawn_interval:
self.spawn_enemy()
self.spawn_time = current_time# i #r D EE AR & L CRok
self.spawn_interval = randint(1000, 3000)

HELD TNV E
for enemy_bullet in self.enemy_bullets:
distance = math.sqrt((enemy_bullet.rect.x - self.ship.rect.x) ** 2 +

(enemy_bullet.rect.y - self.ship.rect.y) ** 2)

# BB L OFEBE R ERENOSE
if distance <= 50:

enemy_bullet.is_near = True
else:

enemy_bullet.is_near = False

# BEIZSONDITEIORAITAOHRMNE 5 2 5

reward += self.check_boundary(action)

HHCOB OB N D= Y 7 FKoR
reward+=self.grid_screen(

self.ship,
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self.enemies,
self.enemy3,
self.enemy_bullets,
SCREEN_WIDTH,
SCREEN_HEIGHT,
)

for bullet in self.bullets:
# BEOBNBICY > T2 5GE
hit_enemies = sprite.spritecollide(bullet, self.enemies, False)#{EZ2H|E(A 77 A ~ 7 —
7)
for enemy in hit_enemies:
self.log_hit_within_1_seconds(self.ship.bullet_type)#1 FoLANIZ H-=CHt DRI K8 L 7=
2
enemy.take_damage(bullet.attack_power)##iiZ & A —
bullet. killO#5# o E HIl B
#H 2R L7255 A O Wi
if enemy.HP <= 0:
current_time = time.get_ticks()
HER SN T 3 PLUNDEE+10
if current_time - enemy.spawn_time < 3000:
reward+=10
reward += 10 if isinstance(enemy, Enemy1) else 30##X 1 D4 :+10,/ 2 D
A:430
self.log_kill(self.ship.bullet_type, type(enemy).__name_ )
HHUZ Y TG G

else:

reward += 2 if isinstance(enemy, Enemy1) else 6##{ 1 DHA+2,H 2 DA +6

# AOBEMNE 3 IZ Y oo A

if sprite.collide_rect(bullet, self.enemy3):-#{E 724 E
self.log_hit_within_1_seconds(self.ship.bullet_type)
self.enemy3.take_damage(bullet.attack_power)
bullet.kill)
if self.enemy3.HP <= 0:

reward += 50
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self.log_kill(self.ship.bullet_type, "Enemy3")

self.enemy3 kill()

else:

reward += 10

# BHEEOHRETRAZ B LK L LGS
hit_bullets = sprite.spritecollide(bullet, self.enemy_bullets, True)
for hit_bullet in hit_bullets:
self.log_hit_within_1_seconds(self.ship.bullet_type)
if hit_bullet.is_near:

self.log_nearby_bullet_destruction(self.ship.bullet_type)#iT < DDA

reward +=5

bullet.kill()

HHDMIZ S G 7 bW ESN > 261
if bullet.rect.y < 0 or bullet.rect.x <0 or bullet.rect.x >546:

reward -=1

# BREESEORICS - o725 G
self.last_hit_time = getattr(self, "last_hit_time", time.get_ticksQ)#— & & itk L T2 W EA 1T
TEDRRR 2 Frék
if sprite.spritecollide(self.ship, self.enemy_bullets, True) and self.ship.invincible==False:
self.ship.take_damage()
self.last_hit_time = time.get_ticksQ # WL % frdx
if self.ship.life!=0:#5% M1 H 5 545

reward -= 20
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else:

reward -= 60

# — ERFRIBE L TR0 E O i

current_time = time.get_ticks()

time_since_last_hit = current_time - self.last_hit_time

if time_since_last_hit > 3000 : # 3 #PLL LM L T WS
reward +=1 # EWRFfAEGFER—F X

self.last_hit_time=current_time

# B EENEE LGS
for enemy in self.enemies:
if sprite.collide_rect(self.ship, enemy)and self.ship.invincible==False:
self.ship.take_damage()
enemy.hide(3000)
if self.ship.life!=0:

reward -= 20

else:

reward -= 60

if sprite.collide_rect(self.ship, self.enemy3)and self.ship.invincible==False:
self.ship.take_damage()
if self.ship.life!=0:

reward -= 20

else:

reward -= 60

HIT ATHRD D B % F i1

for bullet in self.enemy_bullets:

if bullet.is_near:

reward -=1
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# AT TA NOFEH L
self.all_sprites.update()

self.all_sprites.draw(self.screen)

# O Z £
self.display_bullet_type()
# 1TENRIN & R 27 & W R

self.display_action_and_score()

return reward

def grid_screen(self,ship, enemies, enemy3,bullets, screen_width, screen_height, grid_size=6):

# 7V v NIEEEZOFKE
grid_width = screen_width / grid_size

grid_height = screen_height/grid_size

# EmESE LI~y

density_grid = np.zeros((grid_size, grid_size))

# BOALEZ ~ -~ TITEN

for enemy in enemies:
enemy_Xx, enemy_y = enemy.rect.x, enemy.rect.y
grid_x = int(enemy_x // grid_width)
grid_y = int(enemy_y // grid_height)
density_grid[grid_y, grid_x] +=1

enemy3_x, enemy3_y = enemy3.rect.x, enemy3.rect.y
grid_x = int(enemy3_x // grid_width)

grid_y = int(enemy3_y // grid_height)
density_grid[grid_y, grid_x] +=1
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# HONEZ ~ v 7B

for bullet in bullets:
bullet_x, bullet_y = bullet.rect.x, bullet.rect.y
grid_x = min(max(int(bullet_x // grid_width), 0), grid_size - 1)
grid_y = min(max(int(bullet_y // grid_height), 0), grid_size - 1)
density_grid[grid_y, grid_x] +=1

# EEPAND 7Y Y REFHE

ship_x, ship_y = ship.rect.x, ship.rect.y

ship_grid_x = min(max(int(ship_x // grid_width), 0), grid_size - 1)
ship_grid_y = min(max(int(ship_y // grid_height), 0), grid_size - 1)

# HAEOAKOZ Y T
current_density = density_grid[ship_grid_y, ship_grid_x]

# L2V T ERLDRNZY T ORE
most_dense = np.max(density_grid)

least_dense = np.min(density_grid)

# IREFAIEHA

current_time = time.get_ticks()

if current_density == most_dense##x H %\ T U 7T\ B HE
self.time_in_most_dense += current_time - self.episode_start_time

elif current_density == least_dense#ix /0 72\ = U 72V B RF

self.time_in_least_dense += current_time - self.episode_start_time

self.episode_start_time = current_time

# A2 E L TRR
self.display_density_grid(density_grid, grid_size)

return 1.0 if current_density == least_dense else -1.0#8 b ZE 72 & 2 AW B 5GA+1

HEMOAEEREZBZ L5 LT 2A0HEMES 25
def check_boundary(self, action):

negative_reward = 0

38



# BUEONLE % TS
x, y = self.ship.rect.x, self.ship.rect.y
width, height = SCREEN_WIDTH, SCREEN_HEIGHT

# fln ChEBE)

if action == 0 and x <= 0:
negative_reward = -1

# fivm BT

elif action == 1 and x + self.ship.rect.width >= width:
negative_reward = -1

# LT ERBE)

elif action == 2 and y <= 0:
negative_reward = -1

# T T TFBE)

elif action == 3 and y + self.ship.rect.height >= height:

negative_reward = -1

return negative_reward

#7 — L OAHMRRRIC R

def reset_game(self):

print("Game Reset!")

self.ship = Ship()

self.all_sprites.empty()

self.bullets.empty()

self.enemy_bullets.empty()

self.enemies.empty()

self.all_sprites.add(self.ship)

self.enemy3 = Enemy3()
self.all_sprites.add(self.enemy3)
self.remaining_enemies = self.create_enemy_positions()

self.spawn_time = time.get_ticks(

HELD ERNLE Y A b 2 ERK
def create_enemy_positions(self):
positions = []

HEL 1 ARk 2%11 TIED
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for row in range(2):
for i in range(11):
x=0+@*52)
y =182 + (row * 52)
positions.append((enemy1', x, y))
#ill 2 & K 2%10 TIES
for row in range(2):
for i in range(10):
x =26+ (i*52)
y =78 + (row * 52)
positions.append((enemy?2', x, y))
return positions
#il w7 X BTHER
def spawn_enemy(self):
if self.remaining_enemies:
enemy_type, X, y = choice(self.remaining_enemies)##i D Az %L & 7> & —-3& IR
HERNLE DM X A T L D5E570T
if enemy_type == 'enemy1"
enemy = Enemyl(x, y)
else:
enemy = Enemy2(x, y)
self.enemies.add(enemy)
self.all_sprites.add(enemy)

self.remaining_enemies.remove((enemy_type, X, y))

HOH oD FEIE % 18] 6] |2 3R R
def display_bullet_type(self):

bullet_text = f"Bullet: {self.ship.bullet_type}"#H /1305
bullet_text_surface = self.font.render(bullet_text, True, (0, 0, 0))# BT CHiiH
self.screen.blit(bullet_text surface, (10, 10))

#TEN & X 27 AW ICFRR

def display_action_and_score(self):

# 1TEHOFR IR
action_text = f"Action: {self.current_action}"
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action_surface = self.font.render(action_text, True, (0, 0, 0))

self.screen.blit(action_surface, (10, 30))

# RaT7OER
score_text = f"Score: {self.current_score}"
score_surface = self .font.render(score_text, True, (0, 0, 0))

self.screen.blit(score_surface, (10, 50))

HII 53 H] & R

def display_density_grid(self, density_grid, grid_size):

grid_width = SCREEN_WIDTH / grid_size
grid_height = SCREEN_HEIGHT / grid_size
self.ship_grid_y = self.ship.rect.y // grid_size
self.ship_grid_x = self.ship.rect.x // grid_size
for y in range(grid_size):
for x in range(grid_size):
rect = Rect(x * grid_width, y * grid_height, grid_width, grid_height)
color = (255, 0, 0) if (y, x) == (self.ship_grid_y, self.ship_grid_x) else (0, 255, 0)# H {13
W5 & T AR, N BNk

draw.rect(self.screen, color, rect, 1)

density_text = f"{int(density_grid[y, x])}"
text_surface = self.font.render(density_text, True, (0, 0, O)##l 7z & D F R
self.screen.blit(text_surface, (rect.x + 5, rect.y + 5))
#obvy—FNZlof&a Uty b
def reset_episode_stats(self):

self previous_reward = O#ZL1E D R

self.time_in_most_dense = O#tfix © 2\ = U 712 A3 5 IRFH]

self.time_in_least_dense = O#tiix &, 0 72\ = U 72 AR U 5 IRFH]

self.episode_start_time = time.get_ticks()

self.bullet_usage_time = {"Normal": 0, "Speed": 0, "Spread": O}# 34 /> F I [
self.bullet_kill_count = {"Normal": {}, "Speed": {}, "Spread": {} #&FEDOH L 7=fk

self hits_within_1_seconds = {"Normal™ 0, "Speed": 0, "Spread": O D 1 BRI Y T2
self.nearby_bullets_destroyed = {"Normal™ 0, "Speed": 0, "Spread™ O#E L% & L7-r< DD

self.hits_start_time = time.get_ticksO#7# % e g2 24 T 7= K5
self.current_bullet_start_time = time.get_ticksO#3 % fii\ \if b 7= FF ]

41



#rT Y — N R & Rk

def log_episode_result(self, episode, scores):

dense_time = (self.time_in_most_dense, self.time_in_least_dense)
scores.append((episode, self.current_score, dense_time, dict(self.bullet_usage_time)))
print(f'=== Episode {episode} Result ===")

print(f" Score: {self.current_score}")

print(f" Most Dense Time: {dense_time[0]} ms")

print(f" Least Dense Time: {dense_time[1]} ms")

for bullet_type, time_used in self.bullet_usage_time.items():

print(f" {bullet_type} Usage: {time_used // 1000}s")

HOHLA-FR OO IR 2 ROk
def update_bullet_usage_time(self,bullet_type):

elapsed_time = time.get_ticks(Q - self.current_bullet_start_time

self.bullet_usage_time[bullet_type] += elapsed_time

self.current_bullet_start_time = time.get_ticks()

#1 B LIPS BCOR O I Y C 74k & o d
def log_hit_within_1_seconds(self, bullet_type):
reward=0
current_time = time.get_ticks()
if current_time - self.hits_start_time <= 1000: # 1 FP LI
if bullet_type == "Speed"#L DO FEFH A & — RO EE WA 4E
reward+=5
self.hits_within_1_seconds[bullet_type] +=1
else:
self hits_start_time = current_time
self.hits_within_1_seconds[bullet_type] = 1
return reward
#HEDLY & LT < OOR % Flik
def log_nearby_bullet_destruction(self, bullet_type):
reward=0
if bullet_type == "Spread":#3i o> FEFH /3 YA HHE O 5-E Wi 58 £
reward+=5
self.nearby_bullets_destroyed[bullet_type] += 1

return reward
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#E) U 7oioe TEIE O 8 IO R R
def log_kill(self, bullet_type, enemy_type):
reward=0
if bullet_type == "Normal":# 7 > FHFE 73 118 L D IR B 42
reward+=5
if enemy_type not in self.bullet_kill_count[bullet_typel:
self.bullet_kill_count[bullet_typellenemy_typel =0
self.bullet_kill_count[bullet_typellenemy_typel += 1

return reward

HEE Lo v Y — FORERZ R ICFR
def log_final_results(self, scores, episodes_to_log=None):
print("=== Final Results ===")
for episode, score, dense_time, bullet_times in scores:
if episodes_to_log is not None and episode not in episodes_to_log:
continue
print(f"Episode {episode}:")
print(f"  Score: {score}")
print(f" Most Dense Time: {dense_time[0]} ms")
print(f" Least Dense Time: {dense_time[1]} ms")
for bullet_type, time_used in bullet_times.items():
print(f" {bullet_type} Usage: {time_used // 1000}s")#F> TR
print()

#HEE Loy — R L

def log_n_episode_results(self, scores, episodes):

if len(scores) % episodes == O#IEE L7 &Y — K Z L ZFdsk
print(f"¥n=== Results After {len(scores)} Episodes ===")
total_hits = {"Normal": 0, "Speed": 0, "Spread": 0}
total_nearby_destroys = {"Normal™: 0, "Speed": 0, "Spread": 0}
total_kills = {"Normal": {}, "Speed": {}, "Spread": {}}

for score in scores[-episodes:|:#f & H & F57E 5 A B
for bullet_type in ["Normal", "Speed", "Spread"]:
total_hits[bullet_type] += score["hits_within_1_seconds"][bullet_type]
total_nearby_destroys[bullet_type] +=
score["nearby_bullets_destroyed"l[bullet_typel#fa & L 7=/ Diték % A5t

43



for enemy_type, count in score["bullet_kill_count"l[bullet_typel.items(:
if enemy_type not in total_kills[bullet_typel:
total_kills[bullet_typellenemy_typel = 0#72 7> 723413 0 Z B0
total_kills[bullet_typellenemy_typel] += count

print(f" Hits within 1 seconds by bullet type:")
for bullet_type, count in total_hits.items():
print(f"  {bullet_type}: {count}")

print(f" Nearby bullets destroyed by bullet type:")
for bullet_type, count in total_nearby_destroys.items():

print(f"  {bullet_type}: {count}")

print(" Total kills by bullet type:")

for bullet_type, kills in total_kills.items():
print(f" {bullet_type}: {kills}")

print()

# 2T Y — RORXaT EEyERR

def log_final_scores(self, scores):

result=0

print("=== All Episode Scores ===")

for score in scores:

#HET

result=score[1]

print(f"{result}")

def end(self):

for e in event.get():

if __name_

if e.type == QUIT:
quit()
sys.exit()

=="_main_ "™
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scores = (]

scores_episode = []

bullet_usage_time = {"NORMAL": 0, "SPEED": 0, "SPREAD": 0}
episodes=10000#T &/ — N4k

current_bullet_start_time = time.get_ticksO) # ZLFED D BRAAZ]

# A AR A AR

game = Game()

# RELOIRRER T L ITEIEK

state_size = game.get_state_size() # REEDWKITCHE A TS5 5 %K

action_size = len(["LEFT", "RIGHT", "UP", "DOWN", "SHOOT", "NORMAL", "SPEED",
"SPREAD"D#1TEh ik St 3k

agent = DQN(state_size, action_size)

# FEN—T
for episode in range(episodes):
# 7= LOYHL
total_reward =0
game.reset_episode_stats()
# 7— LORREE B
state = game.get_game_state(game.ship, game.enemies, game.enemy_bullets, game.enemy3,

game.bullets,game.current_score)

# NumPy B2 & #2 L, & 512 Torch @ Tensor (25 Ht

state = torch.FloatTensor(state).unsqueeze(0)

while True:
# 1782 BN
action = agent.choose_action(state)

game.current_action = action # H{ED{TE)% Fik
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if action == O:#/= % H)

game.ship.rect.x -= game.ship.speed
elif action == 1'#4 58}

game.ship.rect.x += game.ship.speed
elif action == 2# &)

game.ship.rect.y -= game.ship.speed
elif action == 3# T &)

game.ship.rect.y += game.ship.speed

elif action == 4:# H5&

game.ship.shoot()

elif action == 5:#H F HIZZ B
if game.ship.bullet_type != "Normal":
game.ship.bullet_type = "Normal "#7#fE 25 &

game.update_bullet_usage_time(game.ship.bullet_type)

elif action == 6:# A & — N |Z A8 &
if game.ship.bullet_type != "Speed":
game.ship.bullet_type = "Speed"
game.update_bullet_usage_time(game.ship.bullet_type)

elif action == THILEHIZ A H
if game.ship.bullet_type != "Spread™:
game.ship.bullet_type = "Spread"
game.update_bullet_usage_time(game.ship.bullet_type)

# U — DRBO R &R O TS
reward = game.update_and_calculate_reward()
total_reward += reward
game.current_score = total_reward # A7 % HHr
done = game.ship.life <=0 # #'— A& 750
next_state =
game.get_game_state(game.ship,game.enemies,game.enemy_bullets,g

ame.
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!

enemy3,game.bullets,game.current_score)#/k M IKHE &

#ORENZ TNV TH LA,V A MOES L B2 % i
next_state = [float(x) if isinstance(x, (int, float)) else 0.0 for x in next_state]
# Q % sk

agent.remember(state, action, reward, next_state, done)

# KRB & AT

state = next_state

# EEETD

agent.train()

# At

display.update()

# RTHIE
if done:
game.log_episode_result(episode + 1, scores)
episode_result = {
"score": game.current_score,
"hits_within_1_seconds": game.hits_within_1_seconds.copy(),
"nearby_bullets_destroyed": game.nearby_bullets_destroyed.copy(,
"bullet_kill_count": game.bullet_kill_count.copy(,

scores_episode.append(episode_result)

game.log_n_episode_results(scores_episode, 1)

game.reset_game()

break

game.clock.tick(30)

# 24—y Ry NU—7 O
if episode % agent.target_update == 0:

agent.update_target_network()
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# R OPD

agent.epsilon = max(agent.epsilon_min, agent.epsilon * agent.epsilon_decay)
print("¥n--- 2TV —FDRay ---")
game.log_final_results(scores,episodes_to_log=[1,1000,2000,3000,4000,
5000,6000,7000,8000,9000,10000])
game.log_n_episode_results(scores_episode, episodes)

game.log_final_scores(scores)
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