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R34RS 350 R34RS 558 R34RS 461 wERKE T
161,224,262
R34LS - 1-R34R RUDL 91 RUDL 156 RUDL 61 Z2—3IFNET
T1 155 T1212 T1125 64,56,64
R34RS 334 R34RS 334 R34RS 286 wERKE T
179,122,161
R34LS - 2 - R34R RUDL 56 RUDL 66 RUDL 61 Z2—3IFNET
T2 182 T2 205 T2 209 126,139,148
R34RS 274 R34RS 377 R34RS 294 wERKE T
92,172,85
R34LS - 3-R34R RUDL 337 RUDL 202 RUDL 385 Z2—3IFNET
T3 415 T3 268 T3 439 78,66,54
R34RS 586 R34RS 493 R34RS 620 wERKE T
171,225,181

[ 5] BIREHBCLORTFy 7HRLEZDELD
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BlED b X — I F v F T DI f— L F D D ERE E C O

25y 7 HHE DR (5) ATy 7| BHEORR(4))
LTo 107 6~7 4T 227 13~14
R34R % 126.72 7~8 R34R #fefE 166.88 9~10
R34L # 87.61 5~6 RO5 HfffE 287.83 16~17

[ 6lEEEREICB T3 & *v v /B

HEEORREERICE T, R TORBEICOVTEL DD DHR[FK6 D, ZOMELS,
Z— I FNDOHERET 2 F TOBHIRFEIL. EREL THH X — I+ coBBIRH O 2
fFeVIHIFERE R o7, ZMEIF X —IFLDOREIXL TR NVDT, TI00 X 5HICHERK
EBEIL, ARy b ECBEITARRIN 005 EEZ D8 10 0~20 0RE»P»B EEZD
N3, 20X HICEZ L L., 4-2 O FETRRIEIZEACRIL EE MR Lo T3,
[ 6]1% 2008 72D T, BED DEERKIIEZATCETCWARNnWE S ¢ %2E25L, DR
EFEDOFTEIC X 0 PIHZEEOHERE T2 2 RITHREIIIEM L 72, L2 L. D #EKIZED
Fickh b, FEEOEREDS KIFICHML 72, ZOfFR, 2Fv v 7RIS T Y Eb o> T
BRODTERWIEEZLND,

35, T0(HEGREMIHS) | 45, 80(HE&FEMIED) 40,75
2757 [ WG | 2707 [ WG | 2707 [ B#EG)
AR 108.75 6.217 105.33 6.0742 107.4166 6.19436
R 128.66 7.4197 123.166 7.1026 128.33 7.4005
L ke 88.83 5.1227 87.5 5.0458 86.5 4.98816
i3 ZNES 196.66 11.341 264.166 15.2336 221.25 12.75875
R fifERE 153.166 8.8326 171.33 9.8802 176.166 10.15894
05 iftfE 240.16 13.8496 357 20.587 266.33 15.3585

(& 7] HEEERRCLO¥EH X X v 7/ BHb
S0 HINCH 5 MEEORERIEOZIc X 2R 2R L -0B ERTH D, [RT1LD.

AHREICBH L T, BESRE DM O I > CTORRIZbIC, KEHBEF ar o7, L L,
HERRICBI L Tl BEEPEORIRSE T2 % o v ZR R AR & 2o 7
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5-6 e b DEEH

S DFERIC DN T, VIO RITHEE S Ve v, LED X ) hfiRe kol b E X
3, 5HERAT Yy T EZZETCREL BTV IaL—v ava{Tolz, 20720, &
PEDRIEDORMIIC L 5. 2 F v 7T 2RITHE O Z Z £ TREL KMI N o
72DTIRBEVIEEZLS, ERIC, P IaL—va VNOREBDTD AT v 77k o 7= F,
RO5 CHERE L 72 WIRATEE DITHINIBEEFEDORIfEZ L Lz I ab—v a vOBR W
EW% o, FDEH. SREDOY I a2l —vaviEZF o v LT AT 7n I,
2% 0, HRVWKEZEOHELEZ DB ND TR LEZ D,

SEOL 2 F v 7% LT IRITELI D RS, L ICEEREOMEE L 35

TETIYVAFL Vv RHEIIREMT 22 B TE 05 Lt v, Lo L, RITHRIZR L
LILDFE r &% x| Wi FE O R RIFE O 54H I IR 2 5 5, 2 D7z RO5 BERE
CHEWT, BITEL D DRITHRZS LoD, KeleF2 2 L3 L VO TV F 2
b, ZDRER, x> v RIS ZEE T TIIEALTH, 20BN ERIC X o e E
HMLTCLEI DTIRARVD2EEZ D,

4%

60 /%
6-1 izt

T 72 W ERifi

SNt BEEEORRO 222 I ¢, Z NG U T, X F v v 7 ORI O % D L
Teo LU, Z2HRIC BT 2 TRATHE D BEEFEDIEIFR DA ICIXIRERH 2 L EZX 5, Z D7D,
HEEREOMEZF CIC L2 £, RITHROBHZEL I AL L, 2RI Xk 5 2 F v v 7K
DER ERBRELTCHAIZVEEZ D,

OO Z X v 7% LT ARITHEORERINS ¢ 2 2 & T, X0 IEL WEE D%
HBOHBZT LN TELLEZ D, £ 2T, BEEEOHREEE{LEE2 2 & T, ShE
BRRSMEREBIENTELIDOTRRVDLLEEZ D,
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6-2 X OVIKITE DT B 720 DEGE

SOy I 2 —ya Y TERITEOZEENT 8 EIfEER S TLEH T2, 2T ICE
ML TwaWEHZ2 T 3RITHEARELTLE>TWw3, FiT, DI - XEDESTH 5,
RITHE D BEE FE DRI D 72 D ICiER D 2 T2 2 L B E BRO R0, BT VHE
FITiEARVWEEZ LD, BEEZ L,

T, Sy Iz —va VICHARIAL Z LB TERD o728, BRI HZE % KT
72T W o T2 E R LT ITR L TE L,

- RO E
SENIHEROABEZHO LTy Ial—va v ifTot, 2070, ERRICITEMHICK S
ROWEZATEMPRELCLE o2, 2070, D THk 1K, R3M4R O TICHER
B LZW,

c Z—IFNDHKE

SENEEZ = I FAEFREL TR, LAL, HEEZ—-IFAEHY, IHIKIFZDXR
—IFADHICHZYTHEDY, ZOHFICARY FBH L, ZEARy b 23D 28EIF, R
ITHIZZ D ARy MICEHKT 2, ZEXXRLWEAICIIZOTFHIOFER CRET 2 X5
WExR LT, 22— I F A CORRRRFEIZENMR CIE 45 40T, ERRR <X 90 2LAT I
WE L2, 2D, 2—IF0 1,2 OFRITHEIE 45 7 BA T, 2 —IF v 3 Tl 95 7L
TICEREZ L, ZORMSFBL 20 ERITREEIZH I 20w X S ICHE L2\,

N A
ZE LV EEICEGTIE, (610X 5 ICHEEROBATICIG L T, ZBfbx X870,

- XA BT B 5T T OESLNANL

SENE 10 2Ty FIco % 1 AL DT, LI 10 27y THEALTTHAEE, 2D AT v
7SR CHGAICITRICEREL T RITRAELE I N X5k oTnd, LA L, Z D
B IO LICR Y, AP ED LB TERWRITHEARE L, 20720, H
MR HMEZER L, 1RO 2 LB TE LD 2RI GV EOBREZIT V20,
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7. ¥t

AP HZEEO” FHEEICOWTY T ab—v a v EITo 7, RITHEE O BES o [ %
X, FNICL o TR I VBB E D X 5 ICELE T2 D% F~72, YIHDOTRIT
B A e WS (RFE oL & OE) TIE, RITHEO S EORIBAE WX F o v
FRERENIFE > 5 720 LA L. AT v ZEDHEMT 2 1co T, BERE L 72 WIRATEE O 1751 03 i
NTC\Wotz, 20720, AT v 7EERINE ¢ 72546, SRlE IR R B4R L 72 2 6D
TIcHVFsEEZ D,
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8. fix w7 7L

import matplotlib.pyplot as plt

import numpy as np

import random

import time

from matplotlib.animation import FuncAnimation
from IPython.display import HTML

# oLt —b~t v

rectangle = np.array([
[0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1],
[0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1],
[0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1],
(1,1,1,1,1,1,1,11,1,1,1,1,1,,0,0,0,0,1],
[1,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,1],
(1,1,1,1,1,1,1,1,11,1,1,1,1,1,1,,4,0,1],
[1,1,0,0,0,0,0,0,0,0,1,0,0,0,1,1,1,1,0,1],
[1,1,0,0,0,0,0,0,0,0,1,0,0,0,1,0,0,1,0,1],
[1,1,0,0,0,0,0,0,0,0,1,0,0,0,1,0,0,1,0,1],
(1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,0,0,1,1,1],
[1,1,1,0,0,0,0,0,0,0,1,0,0,0,1,0,0,0,0,0],
(1,1,1,1,11,11,1,1,1,1,1,,4,0,0,0,0,0],
[1,0,1,0,0,0,0,0,0,0,1,0,0,0,1,0,0,0,0,0],
(1,1,1,1,1,1,1,11,1,1,1,1,,4,0,0,0,0,0],

)

# 1ER & BRI IC AT Z 2T 78T L W ECA
label_grid = np.array([

['T3F", "R34R", "R34R", "R34R", "R34R", "R34R", "R34R", "R34R", "R34R", "R34R", "R34R", "R34R",
"R34R", "R34R", "R34RS", " ", "","", " ", "R05"],

['DR", "T1", "T1", "11", "T1", "T1", "T1", "T1", "T1", "T1", "T1", "T1", "T1", "T1", "RUR", "T1", "T1", "T3",
" " "R05",

['T3", T2, e e e e e e, T, T3, ", "R05",

["T3DR", "T2UR", e e e, T T TUR T T, T 2,
""T1""TTW","RO5W"],

['T3","T2", "RUDL", "R34L", "R34L", "R34L", "R34L", "R34L", "R34L", "R34L", "R34LUL", "R34L",
"R34L", "R34L", "R34LS", "","", " ", """, ""],

I R A e e I R I e I I e I et I ) = 10 S I el I R I Al 2 |
)

particles = [(0, 10), (3, 5), (16, 5), (17, 6), (4, 9), (14, 10), (9, 13), (18, 9), (14, 6), (12, 5), (17, 8),(11, 9)]
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# 7= A—va AWK

fig, ax = plt.subplots(figsize=(10, 8))
ax.imshow(rectangle, cmap='gray')
scatter = ax.scatter([], [1, c="red")

# AT v TBERADOTFA VATV =7 b BERK
step_text = ax.text(0.05, 0.95, ", transform=ax.transAxes, fontsize=12,
verticalalignment="top', bbox=dict(facecolor='white', alpha=0.8))

# RO Y 2 b
particle_history =[]

#R34LS THiICEK S N RITHED Y 2 b
newly generated_particles =[]

# passed_positions % v — 7A}CIEHE

passed_positions = {} # {fRITH ID: {{.iEf: B EIEG)
# RITH S L oBEh v v X B IRINT B EEE
move_counters = {} # {JRITH ID: BE1H v v &}

# ITHED ID 2% 2 U X k
plane_ids =]

# AT R ICER I NIRRT v 7
last_generated_step =-40 # HHICHITHER 421K 3 72 ® 1C-40 CHIL
last_generated_step1 =-75

#RO5W 2> LRRATHER W T e AT v TR FEERT 2 A

last_r05w_exit_step = -40 # PIHAfE 3-40 (IRYIOTRITHEDS 3 CIcAE & L 3 & 5 1)
# R34RS 2 b RITHED W72 K TR0 72 AT v T alikd 5 24K

last_r34rs_exit_step = -40 # PIHAEI3-40 (IRYIORATHEDS 3 CIcAE K E N B & 5 1)

# R34RS TRITHED AL E T2 b DFBE A T v 78 % B
r34rs_generation_step = {}
# R34LS THRATHED AR S T2 6 OFGE R 7 v 78U B
r34ls_generation_step = {}

def is_cell_occupied(x, y):
return any((px, py) == (x, y) for px, py in particles)

# 7= A= 3 v OHEPEEE
for step in range(525):
particle_history.append(np.zeros_like(rectangle))
for x, y in particles:
particle_history[-1][y, x] = 1
new_particles =[]

#X—T 4 I NDOBHRY Yy S
for index, (x, y) in enumerate(particles):
particle_id = index # &MRITHIC—E D ID 215

# EiEH A oL
current_position = label_gridly, x] # HREDALE % S
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if particle_id not in passed_positions:
passed_positions[particle_id] = {} # #]% i3 2 RITHE D 72 0 I fEE % WIHHE

# BEh v v 2oyt
if particle_id not in move_counters:
move_counters[particle_id] =0

if current_position in ["T3F","R34LS", "R34L", "R34R", "R34RS", "T1", "R05", "T2","T3","RUR",
"RUDL", "DR","BUR","TUR", "T3DR","T2UR","R34LUL","T2RW","T2LW" "T1W","RO5W"]:
if current_position not in passed_positions[particle_id]:
passed_positions[particle_id][current_position] =1 # #] T L 72354
else:
passed_positions[particle_id][current_position] += 1 # JEiE [R5 % H8h0

#T3F QUL GEIBI[HEICIE U T T8 % 4 5H)
if current_position == "T3F":
if "T2RW" in passed_positions[particle_id] or "RUR" in passed_positions[particle_id]:
#2 [ H @R S % ORITHRIZIE S
continue # RATHEZHIER (U X + 2> HFRHL)
elif  "T2RW" not in passed_positions[particle_id] and "RUR" not in
passed_positions[particle_id]:
#1 [ H @R S TS
neighbors = [(x, y+1)] # T AR DA

elif label_grid[y, x] == "R34LS™:
# L RS N RATHR O L
if (x, y) in newly_generated_particles:
if (X, y) not in r34ls_generation_step:
r34ls_generation_step[(x, y)] = step # £ AT v 7 & ik
steps_since_generation = step - r34ls_generation_stepl[(x, y)]

if steps_since_generation < 7:
#T AT v TR OLGE IR
neighbors = [(X, y)]
else:
#T ATy 7Y LRGEL 72 b T I E)
neighbors = [(x-1, y)]
del r34ls_generation_step[(x, y)] # BEit&. ERA T v 7 Ok % HIFR
newly generated_particles.remove((x, y))
else:
# BLCHAET 2 IRATHE X EoT e 8) <
neighbors = [(x, y-1)] # EHTAID A

# fhDLIE T OBE & LI
elif current_position == "R34L":

neighbors = [(x-1,y)] # /DA
elif current_position == "R34R":

neighbors = [(x-1,y)] # /DA
elif current_position == "R34RS":

# L RS N RATHR O L

if (x, y) in newly_generated_particles:

if (X, y) not in r34rs_generation_step:
r34rs_generation_step[(x, y)] = step # AR T v 7 & %
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steps_since_generation1 = step - r34rs_generation_step[(x, y)]

if steps_since_generation1 < 7:
#T AT v TR OLGE IR
neighbors = [(X, y)]

else:
#T ATy 7Y LRGEL 72 5T I E)
neighbors = [(x-1, y)]
last_r34rs_exit_step = step
# BEIk. BT v T ORERE HIRR
del r34rs_generation_step[(x, y)]
newly generated_particles.remove((x, y))

else:
neighbors = [(x-1,y)] # KEHAD A

elif current_position == "R05":
neighbors = [(x, y-1)] # EHTAID A
elif current_position == "T1":
if move_counters[particle_id] % 10 == 0:
if not is_cell_occupied(x+1,y): # FiOEABENTWELTF = v 7!
neighbors = [(x+1,y)] # A/ DH
else:
neighbors = [(X, y)]
else:
neighbors = [(X, y)]
move_counters[particle_id] += 1
elif current_position == "T2":
if move_counters[particle_id] % 10 == 0:
if not is_cell_occupied(x, y-1): # IOt ARENT WINPT = v 7
neighbors = [(x, y-1)] # EHTAID A
else:
neighbors = [(X, y)]
else:
neighbors = [(X, y)]
move_counters[particle_id] += 1
elif current_position == "T3":
if move_counters[particle_id] % 10 == 0:
if not is_cell_occupied(x, y+1): # FIO A BENTWELTF = v 7!
neighbors = [(x, y+1)] # T AR DA
else:
neighbors = [(X, y)]
else:
neighbors = [(X, y)]
move_counters[particle_id] += 1
elif current_position == "RUR":
if move_counters[particle_id] % 10 == 0:
if "TUR" in passed_positions[particle_id] or "T2" in passed_positions[particle_id]:
if not is_cell_occupied(x, y-1): # FIOtARENTWE 0T = v 7
neighbors = [(x,y-1)] # _LJ7H1D &
else:
neighbors = [(X, y)]
elif "TUR" not in passed positions[particle_id] and "BUR" not
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passed_positions[particle_id]:
#2 2 1205 RHEREAS 0.136,05 BiEfE2* 0.271
if random.random() < 0.33:
if not is_cell_occupied(x, y-1): # FIOtARENTWE 0T = v 7
neighbors = [(x, y-1)] # EHTAID A
else:
neighbors = [(X, y)]
else:
if not is_cell_occupied(x+1,y): # ROt ARENTWENF = v 7
neighbors = [(x+1,y)] # A/ DH
else:
neighbors = [(X, y)]
move_counters[particle_id] += 1
elif current_position == "RUDL":
if random.random() < 0.47:
if not is_cell_occupied(x, y-1): # Al ARENTWE 0T = v 7
neighbors = [(x, y-1)] # _Fic&E)
elif random.random() < 0.47 + 0.36: #0.47 + 0.36 = 0.83
if not is_cell_occupied(x-1, y): # FIOtARENT VWINPT = v 7
neighbors = [(x-1,y)] # /Eic&E)
else:
if not is_cell_occupied(x, y+1): # FIOEARENTWENF = v 7
neighbors = [(x, y+1)] # TICEH) (&Y © 0.17)

elif current_position == "DR":
if move_counters[particle_id] % 10 == 0:
if random.random() < 0.54:
if not is_cell_occupied(x, y+1): # FIOEARENTWENF = v 7
neighbors = [(x, y+1)]

else:
if not is_cell_occupied(x+1,y): # ROt ARENTWENF = v 7
neighbors = [(x+1,y)] # THFHDH
else:

neighbors = [(X, y)]
move_counters[particle_id] += 1
elif current_position == "BUR™
if move_counters[particle_id] % 10 == 0:
#3 % I H 5 REEEES 0.077,05 BiEkEDS 0.074
if random.random() < 0.51:
if not is_cell_occupied(x, y-1): # At ARENTWE 0T = v 7
neighbors = [(x, y-1)] # /51D &

else:
if not is_cell_occupied(x+1,y): # ROt ARENTWENF = v 7
neighbors = [(x+1,y)] # A/ D H
else:

neighbors = [(X, y)]
move_counters[particle_id] += 1
elif current_position == "TUR":
if move_counters[particle_id] % 10 == 0:
if "BUR" in passed_positions[particle_id] and "T2LW" in passed_positions[particle_id]:
neighbors = [(x, y-1)]
elif "BUR" not in passed_positions[particle_id] or "T2LW" not in
passed_positions[particle_id]:
#1 2 5 REEEES 0.126,05 BikEDS 0.323
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if random.random() < 0.28:
if not is_cell_occupied(x, y-1): # FIOtARENTWE 0T = v 7
neighbors = [(x, y-1)] # /51D &

else:
if not is_cell_occupied(x+1,y): # ROt ARENTWENF = v 7
neighbors = [(x+1,y)] # A/ DH
#else:

#neighbors = [(x, y-1)]
else:
neighbors = [(X, y)]
move_counters[particle_id] += 1

elif current_position == "T3DR™:
if move_counters[particle_id] % 10 ==
if random.random() < 0.8:
if not is_cell_occupied(x+1,y): # RO ARENTWENF = v 7
neighbors = [(x+1, y)]
else:
if not is_cell_occupied(x, y+1): # FIOEARENTWENF = v 7
neighbors = [(x, y+1)]
else:
neighbors = [(X, y)]
move_counters[particle_id] += 1
elif current_position == "T2UR™:
if move_counters[particle_id] % 10 == 0:
if "T3DR" in passed_positions[particle_id]: #and passed_positions[particle_id]["T3DR"] ==

# R34R IC A5 L 7= Bk 72 b A 77N &
if not is_cell_occupied(x+1,y): # FIOEARENTWENF = v 7
neighbors = [(x+1,y)] # A/ D H
else:
neighbors = [(X, y)]
elif "RUDL" in passed_positions[particle_id] or "T2" in passed_positions[particle_id]:
if not is_cell_occupied(x, y-1): # FIOtARENT W E 0T = v 7
neighbors = [(x, y-1)] # EHTAID A
else:
neighbors = [(X, y)]
else:
neighbors = [(x+1, y)]
else:
neighbors = [(X, y)]
move_counters[particle_id] += 1
elif current_position == "R34LUL":
#if "BUR" not in passed_positions[particle_id] and "T2LW" not in passed_positions[particle_id]:
# neighbors = [(x-1,y)] # E/FED A
if "BUR" in passed_positions[particle_id] or "T2LW" in passed_positions[particle_id]:
if not is_cell_occupied(x, y-1): # AIOtARENTWE 0T = v 7
neighbors = [(x, y-1)] # EHTAID A
# R34LUL ICEE L 72/ T8 % newly_generated_particles Y & + 2> & HllB
if (x, y) in newly_generated_particles:
newly generated_particles.remove((x, y))
else:
neighbors = [(X, y)]
else:
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neighbors = [(x-1,y)] # ZEJ1AID &

elif current_position == "T2RW":
if move_counters[particle_id] % 10 == 0:

#R34RS. R34R. T3F ICITHD V72 W5 A, 2> ORI R34RS TRATHEDIEL S iz
Wi5G

r34rs_cells = [(x, y) for y in range(label_grid.shape[0]) for x in range(label_grid.shape[1])
if label_grid[y, x] == "R34RS"]

r34rs_occupied = any((x, y) in particles for (x, y) in r34rs_cells) # R34RS iC/RfTH#23
5H 85 HHE

r34r_cells = [(x, y) for y in range(label_grid.shape[0]) for x in range(label_grid.shape[1]) if
label_grid[y, x] == "R34R"]

r34r_occupied = any((x, y) in particles for (x, y) in r34r_cells) # R34R IZRITHED W % 5>
&5 pE

t3f_cells = [(x, y) for y in range(label_grid.shape[0]) for x in range(label_grid.shape[1]) if
label_grid[y, x] == "T3F"]

t3f_occupied = any((x, y) in particles for (x, y) in t3f_cells) # T3F ICRITHED W 222 &75
HHE

# R34RS ICIFTHEA VW vy, 22D R34R ICIRFTHEAS W v, 22D T3F ICTRITHED V72
WV, A ORIC R34ARS TIRITH DA E i WG A
if not r34rs_occupied and not r34r_occupied and not t3f_occupied and not any((x, y) in
newly_generated_particles for (x, y) in r34rs_cells):
if step - last_r34rs_exit_step > 40:
neighbors = [(x, y-1)] # _EATACED
else:
neighbors = [(x, y)] # % D35 Tk
else:
neighbors = [(x, y)] # % D35 CHiHk
move_counters[particle_id] += 1

elif current_position == "T2LW":
if move_counters[particle_id] % 10 == 0:
#R34LS. R34L. R34LUL. RUDL IC/RITHEAS W 7 56, 22D RIC R34RS TRITHES
RTINS
r34ls_cells = [(x, y) for y in range(14) for x in range(20) if label_grid[y, x] == "R34LS"]
r34l_cells = [(x, y) for y in range(14) for x in range(20) if label_grid[y, x] == "R34L"]
r34lul_cells = [(x, y) for y in range(14) for x in range(20) if label_grid[y, x] == "R34LUL"]
rudl_cells = [(x, y) for y in range(14) for x in range(20) if label_grid[y, x] == "RUDL"]

r34ls_occupied = any((x, y) in particles for (x, y) in r34Is_cells)
r341_occupied = any((x, y) in particles for (x, y) in r34l_cells)
r34lul_occupied = any((x, y) in particles for (x, y) in r34lul_cells)
rudl_occupied = any((x, y) in particles for (x, y) in rudl_cells)

# R34LS ITIRITHED 72\ 2D R34RL ICHRITHES V7w, 22D L34LUL IR THESS
Vg, 22D RUDL ICTRATHEDS 20\, 22D RIC R34ALS TIATHEDS AR & e WG &y
if not r34ls_occupied and not r34l_occupied and not r34lul_occupied and not
rudl_occupied and not any((x, y) in newly_generated_particles for (x, y) in r34ls_cells):
if not is_cell_occupied(x, y-2): # FIOtARENT WINPT = v 7
neighbors = [(x, y-1)] # A D
else:
neighbors = [(X, y)]
else:
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neighbors = [(x, y)] # % D35 Tk
else:
neighbors = [(x, y)] # % D35 CHiHk
move_counters[particle_id] += 1

elif current_position == "T1TW":
if move_counters[particle_id] % 10 == 0:
# R05,R05F, RO5W (I FRITHE DS W 7 58y
r05_cells = [(x, y) for y in range(14) for x in range(20) if label_grid[y, x] == "R05"]
r05f_cells = [(x, y) for y in range(14) for x in range(20) if label_grid[y, x] == "RO5F"]
r0O5w_cells = [(x, y) for y in range(14) for x in range(20) if label_grid[y, x] == "RO5W"]

r05_occupied = any((x, y) in particles for (x, y) in r05_cells)
r05f_occupied = any((x, y) in particles for (x, y) in r05f_cells)

r05w_occupied = any((x, y) in particles for (x, y) in r05w_cells)

# RO5 ICTRITEE DS W 72 s, 26D ROSF ICTRITHED W Zr sy 22D ROBW ICTRITHE 23 W 70\

N
>

if not r05_occupied and not r05f_occupied and not rO5w_occupied:
neighbors = [(x+1,y)] # HARICHEED
else:
neighbors = [(x, y)] # % D35 CHiHk
else:
neighbors = [(x, y)] # % D35 CHiHk
move_counters[particle_id] += 1

elif current_position == "RO5W":
# R34RS 1T L 721X b OFRITEED N 2 200 &5 D% HIE
r34rs_cells = [(x, y) for y in range(label_grid.shape[0]) for x in range(label_grid.shape[1]) if
label_grid[y, x] == "R34RS"]
r34rs_occupied_by_newly_generated_plane = any((x, y) in newly_generated_particles for (x,
y) in r34rs_cells)

# R34RS ICHEFE S 2 RITHEDI 2 2> &5 2 HIE
r34rs_occupied_by_departing_plane = any(
(x, y) in particles and "T3F" in passed_positions.get(index, {})
for index, (X, y) in enumerate(particles)
if (x, y) inr34rs_cells #R34RS Dt L DHEXNRE T S

)
# SR U TR BT I & R E

if r34rs_occupied_by_newly generated_plane:
# R34RS 1T &R L 72130 b ORITHED W 2354, Frkk
neighbors = [(X, y)]
elif step - last_r05w_exit_step < 40:
# ROSW 20 & BfEfE L 721X 0 0 OFRITHED V2 5, 1k
neighbors = [(X, y)]
else:
if r34rs_occupied_by_departing_plane or not any((x, y) in particles for (x, y) in r34rs_cells):
# R34RS ICHEbE 9 2 RATH A v 2856, ETTmNICHE)
neighbors = [(x, y-1)]
last_rO5w_exit_step = step
else:
# R34RS ICITHEAS W 2 WA, B I E)
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neighbors = [(x, y-1)]

# B L WALIE 2 5EIR
if neighbors:
new_position = random.choice(neighbors)
if new_position not in new_particles or new_position == (x, y):
new_particles.append(new_position)
else:
new_particles.append((x, y))
else:
# neighbors 23 ZE DY, Z ORATHIZIH X 2 (U 2 + 2> HHIER)
continue

# RO5F 12\ 2 FRATHE % 31 3
new_particles = [(x, y) for X, y in new_particles if label_grid[y, x] != "RO5F"]

#oN—T 4 I NE
particles = new_particles

# OB ER S NI RITHED Y R b & BT
newly generated_particles = [(x, y) for x, y in newly_generated_particles if (x, y) in particles]

# 10%DHEF TH L WARITHEZ 4K (R34LS)

if step - last_generated_step >= 40:
#R34LS & R34L, RUDL ICHRATHEDS W70 WA IC D A3 L W T % £ AR
r34ls_cells = [(x, y) for y in range(14) for x in range(20) if label_grid[y, x] == "R34LS"]
r34l_cells = [(x, y) for y in range(14) for x in range(20) if label_grid[y, x] == "R34L"]
r34lul_cells = [(x, y) for y in range(14) for x in range(20) if label_grid[y, x] == "R34LUL"]
rudl_cells = [(x, y) for y in range(14) for x in range(20) if label_grid[y, x] == "RUDL"]

r34ls_occupied = any((x, y) in particles for (x, y) in r34Is_cells)
r341_occupied = any((x, y) in particles for (x, y) in r34l_cells)
r34lul_occupied = any((x, y) in particles for (x, y) in r34lul_cells)
rudl_occupied = any((x, y) in particles for (x, y) in rudl_cells)

if not r34ls_occupied and not r341_occupied and not r34lul_occupied and not rudl_occupied:
empty_cells = [(x, y) for (x, y) in r34ls_cells if (x, y) not in particles]
if empty_cells:
new_particle = random.choice(empty_cells)
particles.append(new_particle)
newly _generated_particles.append(new_particle) # #7 L < 4150 & N7 TRITHE % B BF
# RATH D ID 2R
if len(plane_ids) <= len(particles) -1: # #1 L WIRITH D54
plane_ids.append(len(plane_ids)) # # L\ ID Z&Eh 4T3

last_generated_step = step # RICHER I N AT v T T
# 10%DHEHR TH L WARITHE % 4K (R34RS)
if step - last_generated_step1 >= 75:

#R34RS & R34R. T3F ICIRFTHEA W 7 WA IC D BT LW TRITHE % 4 B
r34rs_cells = [(x, y) for y in range(14) for x in range(20) if label_grid[y, x] == "R34RS"]
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r34r_cells = [(x, y) for y in range(14) for x in range(20) if label_grid[y, x] == "R34R"]
t3f_cells = [(x, y) for y in range(14) for x in range(20) if label_grid[y, x] == "T3F"]

r34rs_occupied = any((x, y) in particles for (x, y) in r34rs_cells)
r34r_occupied = any((x, y) in particles for (x, y) in r34r_cells)
t3f_occupied = any((x, y) in particles for (x, y) in t3f_cells)

if not r34rs_occupied and not r34r_occupied and not t3f_occupied:

# BT L WARITH % R34RS 121K

empty_cells = [(x, y) for (X, y) in r34rs_cells if (x, y) not in particles]

if empty_cells:
new_particle = random.choice(empty_cells) # ZEWTW 5L h b T v X LIGERL T

RATHE & 2R AR
particles.append(new_particle) # ffTH#% particles U & BN
newly_generated_particles.append(new_particle) # #7 L < 4150 & N 7= TRITHE % B BF
# RATH D ID 2R
if len(plane_ids) <= len(particles) - 1: # ¥ L WiRITH D54
plane_ids.append(len(plane_ids)) # # L\ ID Z&EH 4T3

last_generated_step1 =step # RARICEWRI NIRRT v T2 EH

# 70y P2 RR
for y in range(label_grid.shape[0]):
for x in range(label_grid.shape[1]):
if label_grid[y, x] 1="":
ax.text(x, y, label_grid[y, x], ha='center', va='center’, fontsize=8, color='blue')

# T A—va VB

def animate(frame):
points = np.argwhere(particle_history[frame] == 1)
scatter.set_offsets(points[:, [1, 0]]) #x,y DIEFICHEER
# AT v TEEEN
step_text.set_text(f'Step: {frame + 1}) #frame (Z0 2>SHRE 2 DT+ T35
return scatter, step_text # step_text iR3 X 5 I

# FuncAnimation %#ff->T7 =X — a v Z{ERK
ani = FuncAnimation(fig, animate, frames=len(particle_history), interval=1000, blit=True)

# Google Colab TOF4EER X v % FKR
HTML(ani.to_jshtml())

A

COHEBEY LT, KX OERICH 72 ) TR 220wl _XToi4ic, LX)
AL LTSS, Fric, BEHEELEBIRICIEREZCER L SHE2H Y BOEH 2L
T9, . ARICBEES 3 7w /T 1 vy eBEORBIC T v 7w TR E
DERRICDH ELELH L BT E T,
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