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FBRIREZRHE D ANV T, 56 ATHRERERFUE L LB X DD BRI, B2 LT
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BRI, =A== ES>TWND L EZLND. LB LB RATI 7 e AR 2 IR L<ed
VMB35 5 2 & INE 2 DL BB T, M1 m WA a T ZERA L TEY, & 2 HRLIEN S,
HEAZLTWRWEEZOND. HEERIKIET A v A EEICHTHEAN S, B PIHIB RS TO &
Z2aT7EEHEONTND EEZBND. HEOHALIL, Z OIS E O/ IZ B THRmEfifIc i LT
WD EEZ LD, LB LHIE O B3BBG K 0 LB HK SN TnDEEZLND. ZhHD
T, ZEEHE LIRS CTIRIEFIC X2 2 78 B> TWAH DT, M1 O BERE CIIEBRIE N A Th 5
D, 27— WSS T3 DI DI T LB LIS 3202 70 D ATREME DN B 5.

F6 MR EOFHR =T LT A L GRATREEAS 5 [A])

% By LRI TR IR
HEAR a7y Sy | Rar | 54
1A 150 0.0 200 0.0
2 A% 3500 24 | 81000 540
3 AL 23000 170 | 21000 130
4 A 7500 54 | 56000 350
5 A% 13000 90 | 32000 200
6 AL 28000 200 | 66000 420
7 AR 13000 97 | 43000 290
8 A 42000 300 | 80000 540
9 A 31000 220 | 74000 510
10 A% 13000 90 | 42000 290

B Kb - 4% OB

ARG TIHBENT VT Y A L2 AWTEBEEIC LY BEWICT N 227 LA 525 A1 Z#1/Ek L
7o, ZERH UERRS TIL, 3 6 R E TII A a 7 IEFRICH EL T, L L, 5 7 #HRLRIIRERH
FURLNRVDOT, H6 AU THRERRICE LIZ &% 2 5N 5. BRI T, 1o RN S EmNn A
a7 EER L TWDN, Z D% DORERENLRLMAL LTV 5. KBNS, o7 — 2 AT TEIGH 7T L2
U R LEAF S TZRFIZ E D K5 7RIS OIT 2 DAE T 2 2 HEJIC = 5. RS THRE S U7 Bk &
ZEH LRI, o 7 — A B ISHARECTH D L B2 6D, BIRMapl L LT, RIS L03X0
Fip EOEBWHRT — DB WL, OB @A TE 2 EE206N5. 2D ORSITRIEE 1T
A LTFICESELYTTCRY, ZOEFOETHATE S EERE V. ol LT, 77
U oVl Wo o — R7— ATl BRI A3 AL 2 HUH (2 3 IS A Y U, — 5 T B LIS IX
FAEFE LD TEAARLZI ) BIKIZHEHA TE 2 /MR H 5.
HARBIEHE LB —AICBWTHEEZLND. /INMETHTOERS 20 LI Dl 5 Uk &,
KET—RWHRE I D ZEE LIS ORI LE D FAEL, 20 OB HAREETH Db L.

L% OB E LT, fhOBIECH B A B AT D Z & T, L0 EERERIE 258 X, liEom L
R CE 5. hoOMIKIZ T 1 v 7 OB ELZ /RIS Z DEIECREES 2 WX 21T 2 L2 BiE
THIE 72 ENE 2 NS, T, ERIFR 2D Z & CHRIEOF -2 BMEMb N TEDLEEZD
ns.
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Ei[G2
AWFTEEAT O IZHTIZ Y, AUKEGERNICIZ L Y 2 ARG OIRAI R EO THE 2% £ Lz, Z 22k
HOBEZRLET.
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[1]

2]

3]

[4]

8]

91

FRARIEAE - TD FHICL D7 MU X AL OBR%E, IESAKFE L MIEH Rl 2022 425 22 3400
(2023).

BARBE, BAR : 7 h U RZBEMIZ LAy — NV Z o 2R L EREORSE , F—2o7
n7I I U—7 a7 2017 @ SCE, pp. 99-103, THHULEE S (2017).
hiyuzawa: AT LT Y XA TT b U AT —L% PLAY &€ 5,

https://hiyuzawa. jp/archives/553 (2021-06-10)

Erik D. Demaine, Susan Hohenberger, David Liben—Nowell : Tetris is Hard, Even to
Approximate, Computer Science Vol.2002, No.20 pp. 1-56, Cornell University Library
(2002)  https://erikdemaine. org/papers/Tetris_COCOON2003/paper. pdf

H.Burgiel : How to lose at Tetris, The Mathematical Gazette, Vol.81, No.491, pp.194-
200, (1997) https://research. amanote. com/publication/P57A3XMBKQvfOBhiW5SZ/how—to—lose—
at—tetris

Dan Ackerman #F, /IMEfm FR: T FJVR.-xz27=x7 k @ HREBDOEZ7S—4A, AL,
(2017)

ilsEd, D #E 2 Vo7 U R VT Y XN, JEBRRFRFORE. BLY - THFes
f, Vol. 57, pp. 1-8, JEEL K #P5, (2016)

https://hosei. repo. nii. ac. jp/?action=repository_action_common_download&item_id=13290&it
em_no=l&attribute_id=22&file_no=1

HIREASE, mER: =2 —F /L3y NU—7 LBRMT VI AL EHWzT ) 23y ba
— 7 OBF R4 (2012-03-06)

By BOCBEHT AT Y XL EITHNONASGHESCT VT U X A O R GRUE R
https://staff. persol-xtech. co. jp/corporate/security/article. html?id=63 (2022-10-24)
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N = O

fHg Y —Ra—F

PLFICA R CIERR L7 e S LD Y — A a— RERT.

config. py /"9

BLOCK_SIZE = 20
BLOCK_IMG_SIZE = 40

elitism_pct = 0.2

mutation_prob = 0.2

weights_mutate_power = 0.5

input_size = 13
output_size = 1
weights_init_min =
weights_init_max =

)

device = "cpu

B A7y 7OV A X0
A7y 7OYA X (R

HHA X)
(tile. png) DY A X)

B B

# PyTouch Network<t 7 /L Inputik#x
# PyTouch Network<Es /L dDOutput kI
# PyTouch #J#D =+ TR
# PyTouch ##iv—1 k EfR
# PyTouch I% CPU ZFIHT 2

14
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block. py &/~
from config import BLOCK_SIZE

class Block:
T loDT ey I NVTCTETAY TR

TRV ADF—=2NT w7 (4707 O8)IE Tetrimino THEAKET LM
Z DBlock 4 D TENDEK S LD,
EFTFEFOEBERB I ORI Z DY T AT 7 a vy 7 BALTITH

nnr

def

def

def

def

_init_ (self, x, vy, ¢):
nnmn /r :j‘/—v?/l"ﬁ:‘

‘param x: FIHINE x
‘param y: FIHINE v
param c: thA T v T A

self.x =
self.y =y
self.c = ¢

get_pos (self):
" BUEONLE AT

‘return: 7 v 7 OOLE

nwn

return self.x, self.y

move (self, x, y):

"'x, y OOBET S

‘param x: xISENE
param y: yBEIHE
‘return:

self.x += x
self.y +=y

rotate (self) :
BNl o s
BEEHE Y DIHR— K

‘return:
won

X = self.x

15



46
47
48
49
50
51
52
53
54
55
56
57

y = self.y
self.x = -y
self.y = x

def draw(self, screen, colors):
B {1T] R = 7 o 1T T 7
:param screen: PyGame Screen 472 =7 h
:param colors: PyGame Surface 47 =7 k(7 1 v 7 HOEGHES])
‘return:
screen. blit(colors[self.c], (BLOCK_SIZE*self.x, BLOCK_SIZE*self.y, BLOCK_SIZE,
BLOCK_SIZE))

16



tetorimino. py & "9

1 from block import Block

2

3

4 class Tetrimino:

5 777 Tetrimino (7 R ATIIE Ty 7 (&7TH) 22 H5MSL LWEEHRT LV T A
6

7 o)

8 ()

9 S

10 Z

11 J

12 L

13 T

14 o

15

16 def __init_ (self, x, vy, 1, t):

17 A= TAY

18

19 VIR E & 2 A T TA v AE 20T 5
20 EDTetriminobBlock 7 7 A4 >DEES (P 7 o v 7 OfdE T/ %42 D E > %)
21
22 ‘param x: FJHINIE x
23 ‘param y: FIANZE y
24 ‘param r: FIHEHEE ¢
25 iparam t: T FNU I DXL
26
27 self.x = x
28 self.y =y
29 self.r = r
30 self.t = t
31 self.s = 0
32 if t == 0:
33 #0 (JUA) OEOTa s
34 self. shape = [Block (-1, -1, t), Block(-1, 0, t), Block(0, 0, t), Block(0, -
35 1, t)]
36 if t ==
37 #1 OO Ta vy
38 self. shape = [Block (-2, 0, t), Block(-1, 0, t), Block(0, 0, t), Block(l, 0,
39 t)]
40 if t == 2:
41 8BS oOTay s
42 self. shape = [Block(-1, 0, t), Block(0, 0, t), Block(0, -1, t), Block(l, -1,
43 t)]
44 if t ==
45 7 OoOTa vy

17



46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91

t)]

t)]

0, t)]

t)]

def

def

def

self. shape = [Block(-1, -1, t), Block(0, -1, t), Block(0, 0, t), Block(l, O,

if t ==
#] OOTa Y

self. shape = [Block (0, -2, t), Block(0, -1, t), Block(-1, 0, t), Block(0, 0,

if t ==
tL OFOTa v

self. shape = [Block (-1, -2, t), Block(-1, -1, t), Block(-1, 0, t), Block(0,

#L
if t ==
8T OO o v

self. shape = [Block(-1, 0, t), Block(0, 0, t), Block(0, -1, t), Block(l, 0,

# T

for _ in range (r%4) :

for b in self. shape:
b. rotate ()

for b in self. shape:
b. move (x, y)

get_blocks (self):
nnnw fﬁ]‘f@jm y740%5@j—*

‘return: 4-2DBlockA v A X o AL

nww

return self. shape

get_type (self):
nnne 57/(,70%5@\@_‘

‘return: A 7

nww

return self.t

collision(self, field):
7T BRSO T | b ORERRHIE

field (BEm 2 5150z & 0 BI/EAI{E DBlock Tfield & DEENHNITU -V HITE LT 5

‘param field: &
‘return: True M7=V HEH Y / False 72 L
for b in self. shape:

X, v = b.get_pos()

if x <0 or x > 10:

18



92

93

94

95

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130

def

def

def

def

return True
tile = field. get_tile(x, y)
if tile != -1:
return True
return False

set_score(self, score):

Y Aarv ey bT A

param score: A TEHE T DOEX)
‘return:

nwn

self.s = score

get_score (self):
nnn Xj?%ﬁ'@:é
‘return: A 7AfH

nww

return self.s

draw(self, screen, colors):
S T T A = /Ao (11T The IS
FEEOREEAFLIBlock N TIT H D TZ Z TIXZNEZ MO T 720

:param screen: PyGame Screen 472 =7 k
:param colors: PyGame Surface A7 =7 h (a7 1w 7 OFEAF)
‘return:
for b in self. shape:
b. draw(screen, colors)

clone (self, dx=0, dy=0, dr=0):
VT RBEOBERNEIToBO s a— 2 BAKT D

‘param dx: xBEhE
‘param dy: yBEIE
‘param dr: r[A]#LfH
‘return: A VAKX U ANBIREDOBBIEERZ (T 5 72k DTetriminod 7 ¥ = 7 bk

nwn

return Tetrimino (self. x+dx, self.y+dy, self.r+dr, self.t)

19
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field. py & R7.

import pygame

import numpy as np

import copy

from config import BLOCK_SIZE

class Field:
oy )] X@[ﬁjﬁ}ﬁi%%f@ﬁ_é 77 A

MO A D7 vy 7 %

.gzgﬁ:%

. — :’7"_{

<06 =HEoTWNEH Ty 7 (lHIX7T 0y 7 )

THRHETD

EMPTY_LINE = [9, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1, 9]

FLOOR_LINE = [9, 9, 9, 9, 9, 9, 9, 9, 9, 9, 9, 9]

def __init_ (self):
= T AW

self. tile HMEMH 23R 2K Thd ]
X120~ A

self.tiles = [self.FLOOR_LINE]
for _ in range (20):

self. tiles. insert (0, copy. deepcopy (self. EMPTY_LINE))
self.score = 0 # 1502 REFT 5B

def get_tile(self, x, y):
T FREDEANDT 1y 7 ARPLE RS

‘param x: xJ4EfE
‘param y: yJERE
‘return: 52 BV HEEIZE v R STV B OE

nwnw

return self. tiles[y][x]

def set_blocks(self, blocks):
T Ta sy 7 RN E ST %

‘param blocks:
‘return:

20



46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91

)

nww

for block in blocks:
self. tiles[block. y] [block.x] = block.c

line_erase(self):

7 HRE ST BRI T B

‘return: YHEINTZITE
erase = []
for y in range(len(self.tiles)-1): # S TOITICHONTHET S
flag = True
for x in range(len(self. tiles[0])): # ffi 4|7 v 7 N4 XTHES>TWVDH)

if self. tiles[y][x] == -1:
flag = False
if flag: # flag = True THALEITITME > TWVAHDOTHEY 2 MIEMN
erase. append (y)
#t MESTTAUBHoT2HE
if erase: # W ES=T A U RbH-TLE
for i in erase:
self.tiles.pop(i) # =D T4 2 HL <L
self. tiles. insert (0, copy.deepcopy(self. EMPTY_LINE)) # #x Eiploiii=72>

A > zBINY 5

NN 5
#OBMOGREFE L, HBRICEST 5
erased_lines = len(erase)
additional_score = 0
if erased_lines > 0:
BWHL7ETA4 BTG U TR ERE
if erased_lines ==
additional_score = 100
elif erased_lines == 2:
additional_score = 300
elif erased_lines == 3:
additional_score = 500
elif erased_lines == 4:
additional_score = 800
self. score += additional_score
return len(erase), additional scoreff = = % CTZH 4
else:

return 0, 0 # {HESNTITHNRWERITE 0 2ikKY

def draw(self, screen, colors):

7 T AR T 2 A D

21



92

93

94

95

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137

‘param screen: pygame D Screen 47T x 7 h
:param colors: pygame @ Surface ({EE[HOEOT 17 v 7)
‘return:
for v in range (len(self. tiles)):
for x in range(len(self. tiles[0])):
if self.tilesly][x] == 9:
pygame. draw. rect (screen, (80, 80, 80), (x*BLOCK_SIZE, v*BLOCK_SIZE,
BLOCK_SIZE, BLOCK_SIZE), 0)
elif self.tiles[y][x] == -1:
pygame. draw. rect (screen, (80, 80, 80), (x*BLOCK_SIZE, v*BLOCK_SIZE,
BLOCK_SIZE, BLOCK_SIZE), 1)
else:
screen. blit(colors[self. tiles[y][x]], (BLOCK_SIZE*x, BLOCK_SIZExy,
BLOCK_SIZE, BLOCK_SIZE))

def get_bit_field(self, candidate_blocks=None):
77T R OFATH O-1, 1 OB ORI A K 3B

‘param candidate_blocks: BIEDBEIZFFEDT MU X DIRICEE Sz S RGE LT
RPLTINET 5

‘return: R O2RICHCH HRE - TWVD L, ZENTWS:0). (BEIE DY)

bit_field = [[0 if self.tiles[y][x] == -1 else 1 for x in range(l,
len(self. tiles[0])-1)] for y in range(0, len(self.tiles)-1)]

if candidate_blocks:

for block in candidate_blocks:
bit_field[block. y][block.x-1] = 1
return bit_field

def get_field_score(self, candidate_blocks=None) :
77T R O FHmAE Ak 9

:param candidate blocks: BUEDMEEIZAEDT U 2 BSIRICEE Sz E0E LT
PRPLTERAMT %

‘return: 90D 1IXRICAZS] (Numpy arrayl)

https://ichi. pro/identeki-arugorizumu—de—tetorisu—gh—no-sekai—kiroku—o—yaburu—
118795294920347

5 ) BUBUEA:
SR
REOF
B L b1 RO B B FIH
(TR
SR

= W DN = O

22



138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183

ke[ 111

Ty 7 R0 NS
AR &S

HETE

o N o o1

nww

area = np. array (self. get_bit_field(candidate_blocks))
peaks = self. get_peaks (area)

highest_peak = np. max (peaks)

agg height = np. sum(peaks)

holes = self. get_holes(peaks, area)
n_holes = np. sum(holes)

n_cols_with_holes = np. count_nonzero (np. array (holes) > 0)

row_transitions = self. get_row_transition(area, highest_peak)
col_transitions = self.get_col _transition(area, peaks)

bumpiness = self. get_bumpiness (peaks)
num_pits = np. count_nonzero (np. count_nonzero (area, axis=0) == 0)

wells = self. get_wells (peaks)
max_wells = np.max(wells)

cleard = area.min(axis=1).sum()
B2 2D
B2 EH LRI

# multilayer_bonus = np. count_nonzero (peaks >= 3)*200

#ireturn np. array([agg_height, n_holes, n_cols_with_holes,

# row_transitions, col_transitions, bumpiness

num_pits, max_wells, cleard + multilayer_bonus,
# -row_transitions, —col_transitions, —bumpiness, —n_holes])
Has R

return np. array ([ cleard, agg_height, n_holes, n_cols_with_holes
row_transitions, col_transitions, bumpiness,

num_pits, max_wells,

row_transitions, col_transitions, bumpiness, n_holes])#Z Z £ T

@staticmethod
def get_peaks(area):

nnn - EIR =
SRR

‘param area: HE[f]
‘return: FAH|TORKDOT T v 7 O S

23



184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229

nww

peaks = np. array ([])
for col in range(area. shape[l]):
if 1 in areal:, col]:
p = area. shape[0] — np. argmax(areal:, col], axis=0)
peaks = np. append (peaks, p)
else:
peaks = np. append (peaks, 0)
return peaks

@staticmethod

def get_holes(peaks, area):
7RG R

:param peaks: get_peaks CF DAL/ fH (BA|TOIRKDOE X)
‘param area: X[
‘return: FFITOIR(ZEH) DK
holes = []
for col in range (area. shape[1]):
start = —peaks[col]
if start ==
holes. append (0)
else:
holes. append (np. count_nonzero (area[int (start):, col] == 0))
return holes

@staticmethod
def get_row_transition(area, highest_peak) :

TTIATEB R

‘param area: X[

:param highest_peak: kDO 1 v/ HI

‘return: FATOEEX A NVINDIEEE X A V~DERE DA

s=0

for row in range(int (area. shape[0] — highest_peak), area.shape[0]):
for col in range(l, area.shapell]):

if arealrow, col] != arealrow, col — 1]:
s +=1
return s
@staticmethod
def get_col_transition(area, peaks):
B

24



230 ‘param area: X[

231 :param peaks: get_peaks CF DAL/l (BA|TOERKDE X)
232 ‘return: FHNOEFZ ANV GIEER XA N~DEBROAEHK
233 P

234 s =0

235 for col in range(area. shape[l]):

236 if peaks[col] <= 1:

237 continue

238 for row in range (int (area. shape[0] - peaks[col]), area.shape[0] - 1):
239 if arealrow, col] != arealrow + 1, col]:

240 s t=1

241 return s

242

243 @staticmethod

244 def get_bumpiness (peaks) :

245 ST )

246

247 :param peaks: get_peaks T DAL/l (BA|TOIRKDE X)
248 ‘return: BED G O SR OMEXIHI 728 & O ED AR

949 P

250 s=0

251 for i in range(9):

252 s += np. abs (peaks[i] - peaks[i + 1])

253 return s

254

255 @staticmethod

256 def get_wells(peaks) :

257 BB TRWHER

258

259 ‘param peaks: get_peaks TfF HALTME (55 TORKDE X)
260 ‘return: A8 T LRV

261

262 wells = []

263 for i in range (len(peaks)):

264 if i ==

265 w = peaks[1] - peaks[0]

266 w=wif w> 0 else 0

267 wells. append (w)

268 elif i == len(peaks) - 1:

269 w = peaks[-2] - peaks[-1]

270 w=wif w> 0 else 0

271 wells. append (w)

272 else:

273 wl = peaks[i — 1] - peaksl[i]

274 w2 = peaks[i + 1] — peaks[i]

275 wl = wl if wl > 0 else O

25



276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321

if _ _name__ ==

w2 = w2 if w2 > 0 else O

w=wl if wl >=

wells. append (w)
return wells

? main 7
import pprint

fields = Field()

fields. tiles[16] = [9, -1,
fields. tiles[17] = [9, -1,
fields. tiles[18] = [9, -1,

fields. tiles[19] = [9, 1, 1, 1, 1, 1, 1, 1, 1, -1,

w2 else w2

-1, -1, -1, -1, -1, -1, 1, -1,
-1, 1, -1, -1, -1, -1, 1, -1,
5, 1,1, -1, 1, -1, 1, -1,

-1, 9]
-1, 9]
-1, 9]

-1, 9]

print (fields. get_field_score())

fields = Field()
fields. tiles[16] = [9, -1,

-1, -1, -1, -1, -1, -1, -1, 1, 1, 9]

fields. tiles[17] = [9, 1, -1, -1, -1, -1, -1, -1, 1, 1, 1, 9]

fields. tiles[18] = [9, 1, 1, 1, 1, 1, 1, 1, 1, 1,

fields. tiles[19] = [9, -1,

-1, 9]
L, -1, -1, 1, 1, 1, -1, 1, -1, 9]

print (fields. get_field_score())

fields = Field()

fields. tiles[16] = [9, -1,
fields. tiles[17] = [9, -1,
fields. tiles[18] = [9, -1,

fields. tiles[19] = [9, 1, 1, -1, 1,

-1, -1, 1, -1, -1, -1, -1, -1, -

-1, -1, 1, -1, -1, -1, 1, 1, 1, 9]

1, 1, 1,1, 1, 1, 1, -
1

print (fields. get_field_score())

fields = Field()
fields. tiles[16] = [9, -1,

fields. tiles[17] = [9, 1, -1, -1, -1, -1, -1,
fields. tiles[18] =9, 1, 1, 1, 1, 1, 1, 1, 1, 1, -

fields. tiles[19] = [9, -1,

-1, -1, -1, -1, -1, -1, -1, 1, 1, 9]

5, -1, -1, 1, 1, 1, -1, 1,

print (fields. get_field_score())

fields = Field()

fields. tiles[15] = [9, -1,
fields. tiles[16] = [9, -1,
fields. tiles[17] = [9, -1,
fields. tiles[18] = [9, -1,

-1, -1, 1, 9]
L, 1, -1, 1, -1, 1, -1, -1, 1, 9]
L, 1,1, 1, 1, 1, 1, 1, 1, 9]

fields. tiles[19] = [9, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, -1, 9]
print (fields. get_field_score())

fields = Field()
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322
323
324
325
326
327
328
329
330
331
332
333
334
335
336

.tilesl16] = [9, -1, -1, -1, -1, 1, 1, 1, -1, -1, -
1, 1, 1,

1;

1)

’

5

fields

fields. tiles[17] = [9, -1, -1,
fields. tiles[18] = [9, 1, 1, 1, 1,
fields. tiles[19] = [9, 1, 1, -1,
print (fields. get_field_score())
fields = Field()

fields. tiles[16] = [9, -1, -1, -1,
fields. tiles[17] = [9, 1, 1, 1,
fields. tiles[18] = [9, 1, 1, 1,
fields. tiles[19] = [9, 1, 1, 1,

print (fields. get_field_score())

fields = Field()
print (fields. get_field_score())

1
1
1

s

L 1, 1, -1, -1, -
L, 1, 1, -1, -1, -
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12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

play. py &/~

import pygame

import sys

import random

from field import Field

from tetrimino import Tetrimino

from config import BLOCK_SIZE, BLOCK_IMG_SIZE

def

make_colors():

DT B v 7 & E I B

tile. png 1T 40x280DH{ENH 1 . 40x40THI Y H L. FH&AIIZ1320x20 T U H 4 X
‘return: Tt 7 v v 7 WEEF] (pygame. Surface 472 =7 K)

nnn

colors = []

image = pygame. image. load(”. /tile. png”)

for i in range(7):
tmp_color_surface = pygame. Surface ((BLOCK_IMG_SIZE, BLOCK_IMG_SIZE))
color_surface = pygame. Surface ((BLOCK_SIZE, BLOCK_SIZE))
tmp_color_surface. blit (image, (0, 0), (BLOCK_IMG_SIZE * i, 0, BLOCK_IMG_SIZE,

BLOCK_IMG_SIZE))

pygame. transform. scale (tmp_color_surface, (BLOCK_SIZE, BLOCK_SIZE),

color_surface)

def

def

colors. append (color_surface)
return colors

generate_tetrimino () :

rF R R TS MR B B

‘return: 7 A MEK E L 72Tetrimino A A X A

nnn

random. seed ()
return Tetrimino(5, 2, 0, random. randrange (0, 7))

play () :
nnn Playggiﬁf(

F—R— FEETT MU 2R &2~ 5B

‘return:

nnn

pygame. init ) # pygameZ §IHLET %
screen = pygame. display. set_mode ((640, 480)) # [t X 2640, 480l
pygame. display. set_caption(“tetris ai”)
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46 clock = pygame. time.Clock() # 7 L —LA L — K (HiE#EE) 2 EHrd 570D % A ~—

47 font = pygame. font. SysFont ("Arial”, 20)

48

49 # 1T a sy 7 O

50 colors = make_colors()

51

52 # RO TR

53 field = Field()

54

55 # 128 (FIH) DOTetrimino (mino)

56 mino = generate_tetrimino ()

57

58 # mino®DPE FTHEE L TR DminoZ AT DV E N H 285512 True & 95

59 generate_flag = False

60

61 #t 7 — A= ROEAIT True

62 game_over_flag = False

63

64 B h—Z T L— A8

65 num_frame = 0

66

67 # AR WEHLTET4 5

68 score = 0

69 while True: # 7 —2ADAA L )—"7

70 num_frame += 1

71 screen. fil1((0, 0, 0)) # ~A /b—7 CllijjfiZ =52 J£T 25

72

73 BT OO

74 field. draw(screen, colors)

75 mino. draw(screen, colors)

76

77 moved_flag = False #f F—H/F5 2 L VminoSEH) L7~ = & # &K flag
78 for event in pygame. event.get(): # A X2~ ~F5CHUEF

79 if event. type == pygame.QUIT: # f& R ¥ 2 L7~ L & ZpygameZ L5 D%
80 BIEE

81 pygame. quit ()

82 sys. exit ()

83 if event. type == pygame.KEYDOWN: # Z 410 F—— RDA <2 [ ZfiHt
84 if event. key == pygame. K_RIGHT: # 2N ES =854, ..

85 next_mino = mino.clone(l, 0, 0) # A7IZEEIL 7=minoZz (IZ1ERL
86 if not next_mino. collision(field): # *47-0 f|

87 mino = next_mino # 7=V M L CH VLR EIE T
88 moved_flag = True

89 if event. key == pygame. K_LEFT:

90 next_mino = mino.clone(-1, 0, 0) # AL 7=minoZ i IZAERL (UL T
91  [AfR)
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92

93

94

95

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137

if not next_mino. collision(field):
mino = next_mino
moved_flag = True
if event. key == pygame.K_UP:
next_mino = mino. clone(0, 0, 1) # 1[Al#s L 7=minoZ {2 /ERL (B EHE

D) (LA FIRER)
if not next_mino. collision(field):
mino = next_mino
moved_flag = True
if event.key == pygame.K_DOWN: # [IZRE) (% 1) JEmMICHiER L ZAF
TEBLS

next_mino = mino. clone(0, 1, 0)
while not next_mino.collision(field): # 171 v 7 32 FSIH47-0

mino = next_mino
next_mino = mino. clone(0, 1, 0)
if event. key == pygame. K_SPACE:
pass

if game_over_flag: # game over THAUIL(TH L7
continue

if moved_flag: # F—fE(LLL, MER) BNHo728A1L —BZOBIHLZZET LE T
W7 L —ALTRD (FETIEERL)
continue

next_mino = mino.clone(0, 1, 0) # mino% FIZ1>T 5L THD
if next_mino. collision(field): # #%m & OfEfilf @
field. set_blocks (mino. get_blocks()) # A%l 7 v 7 Z&E < (%% Fi51b)
s = field. line_erase()
if s I=0:
score t= s
print (“Score: {}”. format (score))
generate_flag = True
else:

mino = next_mino # M & DN EEWOD T FIZI OB ZfEET D

if generate_flag:
mino = generate_tetrimino ()
if mino. collision(field):
print ("GAME OVER”)
game_over_flag = True
generate_flag = False

pygame. display. update ) # ffiifiz H &9 5
clock. tick(3) # 7L —AL— &3 (BEBEEHT L < HWOBEIZFRE)
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138
139
140
141

if _ name__ ==
play ()

” . ”.
_ _main__ -
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main. py & N9,

import pygame

import numpy as np

from population import Population

from field import Field

from play import make_colors, generate_tetrimino

def get_candidate_list(init_mino, field):
7 R ORI E X T PR/ T MY 2 2 ER A TR GRT

param init_mino: G- 67T KU I/

‘param field: M

‘return: ¥ FRIEEZRNIEIZH AT MU X 2B (JF T O®E ST U Tscorefizt > N9 5)
candidate = []

rotete_num = 1

mino_type = init_mino. get_type ()

# XA TNZH o THERDOANY == 9 U232 or 4 L7205
if 1 <= mino_type <= 3:

rotete_num = 2
if mino_type >= 4:

rotete_num = 4

# Knls S Z — NG E T
for i in range (rotete_num):
mino = init_mino. clone (0, 0, i)

# ETIERLAICTED
while True:
next_mino = mino. clone(-1, 0, 0)
if next_mino. collision(field):
break
mino = next_mino
base_mino = mino

while True:
mino = base_mino
score = 0
while True:

# ARERE ZAETHETIES

next_mino = mino. clone(0, 1, 0)

if next_mino. collision(field):
break

mino = next_mino
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46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91

def

def

score += 1
mino. set_score (score)
candidate. append (mino)

t 1oOoOKIIB#IzED
next_mino = base_mino. clone (1,
if next_mino. collision(field):
break
base_mino = next_mino
return candidate

get_next (model, mino, field):

BTNV EBRNOEZNTZT MY X B TEAFET D

param model: EF /L
‘param mino: BEIREOT KU I/
‘param field: HIfEDMEIH

‘return: % FEOBEO AT N bmr U 2 G FEAE)

nnnr

# HERRLAEE BB 21T > TH T AR Emi2 2 TRHE T 5

candidate_mino = get_candidate_list(mino, field)

max_score = np. NINF
best_mino = None
for m in candidate_mino:

# AR FEAICB W TE TR OO 21T 5 (A2 7THHEZITH)
field_score = field. get_field_score (m. get_blocks())

s = model. activate(field_score)
if max_score < s:
best_mino = m
max_score = S
# b AT EOENE T EZ RS
return best_mino

eval_network (model) :

77 T LA HENTCIEPlay ST A a7 OB A ISET 5

‘param model: EF /L
ireturn: 3 LA L7z A a7 OYHE
scores = []
for i in range(10):
field = Field()
i+=1

0, 0)
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92 score = 0

93 while True:

94 mino = generate_tetrimino ()

95 if mino. collision(field):

96 break

97 best_mino = get_next (model, mino, field)
98 field. set_blocks (best_mino. get_blocks())
99 field. line_erase ()

100 score += best_mino. get_score ()
101 scores. append (score)

102

103 return np. average (scores)

104

105

106 def preview_ai (model) :

107 7 T VAN 2 CHB) CPlay T 5 Bk
108 BEIOT = A—Ta 3L, T M) 2 BNERSNELETADLET ST
109 % TEIC—KUCBET 5

110

111 ‘param model: EF /L

112 ‘return:

113 P

114 pygame. init ()

115 screen = pygame. display. set_mode ((640, 480))
116 pygame. display. set_caption(“tetris_ai”)
117 clock = pygame. time. Clock ()

118 colors = make_colors()

119 font = pygame. font. SysFont ("Arial”, 40)
120

121 field = Field()

122

123 score = 0

124 erase_line = 0

125 game_over_flag = False

126 while True:

127 for event in pygame. event. get () :
128 if event. type == pygame. QUIT:
129 pygame. quit ()

130 return

131 if game_over_flag:

132 return score, erase_line

133

134 # U NCT RS EERTS
135 mino = generate_tetrimino ()

136 screen. fi11((0, 0, 0))

137
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138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183

screen. blit (font. render (“score: {}”. format (score), True, (255, 255, 255)), (300
100))

screen. blit (font. render (“erase: {}”. format(erase_line), True, (255, 255, 255)),
(300, 150))

field. draw(screen, colors)
mino. draw(screen, colors)
pygame. display. update ()
clock. tick(30)

# AR L7272 0 H)E T hiLiLGame Over
if mino. collision(field):
game_over_flag = True

# BTV EAEE ORI B IE FALEZ R T 5
mino = get_next (model, mino, field)

field. set_blocks (mino. get_blocks())

field. draw(screen, colors)

screen. fil11((0, 0, 0))
field. draw(screen, colors)
pygame. display. update ()

#HEATRERIT A HAUXIHEE
erase, additional_score = field. line_erase()
if erase > 0:
clock. tick(30)
erase_line += erase
score += additional_score
else:
clock. tick (30)

score += mino. get_score ()

def main():
TR A B

BRI T LU XN E VTR A Y k9
FAHROFEH AT OEVMERIZ T L E 2 —%25fTWEDOYH 2 a7 27 7 7y b5

‘return:

pop_size = 50 # Fi{sHACIZIS T 2 A%
population = Population(size=pop_size)
score = 0

lines = 0
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184 for i in range(5):

185 s, 1 = preview_ai (population. models[0])

186 score += s

187 lines += 1

188 print (“score: {} line: {}”.format (score/5, lines/5))
189

190

191 iteration = 0

192 while True:

193 iteration += 1

194 print ("{} : 7. format(iteration), end="")

195 for i in range(pop_size):

196 population. fitnesses[i] = eval_network (population. models[i])
197 print ("*”. format (iteration), end="")

198 print ()

199

200 print (population. fitnesses)

201 best_model_idx = population. fitnesses. argmax ()
202 best_model = population.models[best_model_idx]
203 score = 0

204 lines = 0

205 for i in range(5):

206 s, 1 = preview_ai (best_model)

207 score += s

208 lines += 1

209 print (“score: {} line: {}”.format (score/5, lines/5))
210

211 population = Population(size=pop_size, old_population=population)
212

213

214 if __name__ == "__main_ ”:

215 main ()
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network. py & x4

import torch

import torch.nn as nn

from config import input_size, output_size, weights_init_max, weights_init_min, device

class Network (nn. Module) :
77" PyTouch®E 5 )L

HiliZe g OB Oxy hU—2
Input=9, Output=1 (InputifField. get_field_ score THF & AL7= & mi g fE (97 D
Numpy. Array)
def __init_ (self):
super (Network, self).__init_ ()
B MIEREEL 1 JE DA
self.output = nn. Linear (
input_size, output_size, bias=False).to(device)
# A NIRRT 72
self. output. weight. requires_grad_(False)
# UxA &, R THIHNE
nn. init. uniform_(self. output. weight,
a=weights_init_min, b=weights_init_max)

def activate(self, x):
Bz BT MLV TTE T VEIME & K

‘param x: 9KICXZ kL (Numpy. Array)

‘return: 1RIENZ b GEAfRE )

with torch. no_grad():
x = torch. from_numpy (x). float (). to(device)
x = self. output (x)

return x
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population. py &/~

import numpy as np

import torch

from network import Network

from config import input_size, elitism_pct, mutation_prob, weights_mutate_power, device

class Population:

A

nnw

nnn

def

def

BRI 7 LT Y ZLOFWMREEHT 527 7 X

__init_ (self, size=50, old_population=None):

nnn /[):‘:/)(’i/rﬁi

‘param size: F5HAROMEAELEL
:param old_population: (KA AT 25AICILRTHADPopulation 52 %)
self. size = size
if old_population is None:
# At 7 Lo a, MEEe CoifEceETs v 24K T 5
self.models = [Network() for i in range(size)]
else:

# i 5 2 5N A IR X (crossover) , 29988 B (mutate) 247 WO IR HEAR & ARk

self. old_models = old_population. models
self.old_fitnesses = old_population. fitnesses
self. models = []
self. crossover ()
self. mutate ()

# BAER DT 2 R AT DB & R L

self. fitnesses = np. zeros (self. size)

crossover (self):
o

ZE X (crossover)
‘return:

nww

# 2 TOMEKROFAMME DA G L OB AR ZEI R 2 ER L

sum_fitnesses = np. sum(self. old_fitnesses)

probs = [self.old fitnesses[i] / sum_fitnesses for i in
range (self. size) ]

sort_indices = np. argsort (probs) [::-1]
for i in range(self. size):
if 1 < self.size * elitism_pct:
# S 7o @RI (EAL20%) XD F £

model_c = self.old_models[sort_indices[i]]
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47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79

else:
# ZNLSNTT v F L2 oD E DT EDED
a, b = np.random. choice(self.size, size=2, p=probs,
replace=False)
prob_neuron_from a = 0.5

#ETINDOKTTA NES0/50DHER TR X
model_a, model_b = self.old_models[a], self.old models[b]
model_c = Network ()

for j in range (input_size):
if np. random. random() > prob_neuron_from_a:
model_c. output. weight. data[0] [j] = ¥
model_b. output. weight. data[0][j]
else:
model_c. output. weight. datal[0][j] = ¥
model_a. output. weight. datal[0] [j]

self. models. append (model_c)

def mutate(self):
77 GEERZE B (mutate)
‘return:
for model in self.models:
for i in range (input_size):
# —E DM (20%) CHEREREZToTETNET S
if np. random. random() < mutation_prob:
#—ED /) A RXEETIIINZD
with torch.no_grad():
noise = torch. randn(1).mul_(
weights_mutate_power). to(device)
model. output. weight. data[0][i]. add_(noise[0])
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