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4 74— L Conway’s Game of Life
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FAT7T—LICHENDBINTVNE NS (3)
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HighLife Langton's Loops
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Langton (1984) Physica D 58
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NumPy TO1TFI5tEDEE (1)

NumPy®dndarray (Ec%) %
N7 NPT ERITTERET S

1 RITECS — XT KL
- 2XTTECS — 1751

# 01-01. ndarray

import numpy as np

.1 ndarray
np.array([1,2,3])
np.array([6, 3.3, 1])
np.array([[1, 5, 6],
[7' 8' 9]'
(4, 2, 311)
np.array([[2.3, 4, 7.2],
[7’ 9’ 1]l
(11, 2, 911)

I n

OoT o H

a=(1,2,3)
b = (6,3.3,1)

57 B S — iR

# 01-05. NI KL - {THIEE

# RN NLOEREH
print("a+b: ", a + b)la+b
print("a-b: ", a - b)
print("3*a: ",3 * a) |3a

# N7 KNLORWIE - A&
print("a.b, np.dot(a,b): ", np.dot(a,b)) La-b
print("axb, np.cross(a,b): ", np.cross(a,b)) laxb
# THOERNER

print("C+D: \n", C + D)

print("C-D: \n", C - D)
print("2xC: \n", 2 *x C)

C-D
2C

# T DOEHE
print("C.a,

print("C.D,
print("D.C,

np.dot(C,a):
np.dot(C,D):
np.dot(D,C):

", np.dot(C,a)) |Ca
\n", np.dot(C,D))
\n", np.dot(D,C))

CD
DC
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NumPy TOTFGHEDEE (2)

NumPy®Dndarray (Eg3) %
N7 NPT ERITTERET S
1 R7thes) — XTI ML
- 2RTTE — 1751

’awl

L 5B 7 [Blh 5 —EBik

a=(123) - ; g g] D= 2&3 3 7i2
b =(6,3.3,1) 4 2 3 11 2 9
e = (1.0,2.0,3.0) ) 4
F=|7 9 1]
1129

# 01-06. IRFALME T

# BRETY

print("C~T, C.transpose():
(

print("C”T, np.transpose(C):
# 17591

print("|D|, np.linalg.det(D)
# 1T

print("F~-1, np.linalg.inv(F
# BEHE - BT ML
print(“np.linalg.eig(C):

n
’

print("EH&EDH, np.linalg.eigvals(C):

, C.transpose()) T
", np.transpose(C))
: ", np.linalg.det(D)) ||D]|

n”

): ”, np.linalg.inv(F)) F!

np.linalg.eig(C))
”, np.linalg.eigvals(C))

BEEE: 4t ds
ESE=RaNZZN U1 VRS LTRS L DFD L B!
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NumPyDEEFNIRIE - 1>V T v IR, AZA4A (1)

AVFYVIRAPRSAAEDEWNTEZPRIDEEDADTIEANTE S
DIFUR N ERRLED, £DSHEERT T AN

# 01-01. EC3!
import numpy as np
a=(1.2,3) 1 56 23 4 72

a = np.array(I[1,2,3]) T =17 8 ¢ D=|7 9 1
b = np.array([6, 3.3, 11) b =(6,3.3,1
C = np.array([[1, 5, 6], ( ) 4 2 3 11 2 9

(7, 8, 91,

[4, 2, 311)
D = np.array([[2.3, 4, 7.2],

[71 9: 1]I

[11, 2, 911)
# 01-02. 1 >T v ADERE # HH
print(alol) COKRDEDAD YR 3
pr‘lnt("a@X}%fJ\b@ﬁW\/l\ : “, a[_l]) 2;/A-'7TE Ti./\@}ﬁgtz : [1 5 6]
print("2%XT FINODFIEZX ", C[0]) 28T BRADTOER 5
print("2xkjx BRAODF7 X", Cl0,1])

# WA
0~(27—1)_B~C_C‘1Z5"y7?iuaiijyﬁg’; 53.3]
= R ~(2-1)FTIRFT v TH :

# 01-03. R4 ADERE AR R ATy
print("e~(2-1)XT1AT v 7&dH: ", ble:2:1]) R gi(zli)gmx;w?%a FERmS:
print("2RIT 0~(2-1) £TLZRF v 7ZlH Fl: \n",D[0:2]) ST
print("2RJT 0~(2-1) £FTIRT Yy FHAH f7&FMA: \n", D[0:2,0:2])

| 15

NumPyDEEFNIRIE - 1 VT v IR, ATA4 A (2)

AVTYVIAPRATA RAZEEVWTCERVERINOEEDADT I EZANTES
DIFY R~ EREIED, &0 BEEERT Y £ 2D AT

1 56
c=|7 8 9 COEFPIT, JIEMDHLTHES
4 2 3
# HA
# 9-2-3. UZANZEFESLATIO—EADT I 2R o150,
print("e,147&0,1%5): \n", C[[0,1111:,[0,11]) [[1 5]
[7 811
# 9-2-1. 1VTvIRERSA20EHEDE | [F 57
print("Zi’XT_l: §U,\®77tx ||' C[:,@]) 2RI ADTHEX [1 7 4]
# HBH
- 0,117
# 9-2-2. VANZESTAVTYIRATIER [[15 6]
print("e,177: \n", C[[0,11]1) 0,[17753:9]]
: " . " . (01 5] . e - .
print("e,1%: \n", C[:,[0,111) EZ; 2%] SAIH—LDTOATSIVID
BIcbHALTHES | |,
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# 02-01. JL—JL1718EERELTHLD

w ww mw ww mm wm mw ww i PO
| BNk
# 02-01-01. /Ny T —IDFMHAHE # 02-01-03. TILA—rTbYDET
import matplotlib.pyplot as plt num_cell = 100 # EILD#
import numpy as np steps = 50 # ART Y TELTHET 2N
# 02-02. JL—)L178 cell_list = [] # KREROEILOEREDHTZUZ L
def rulel78(celll,cell2,celll3): cell = np.zeros(num_cell,dtype=int) # tJLDHHAL
if celll == 0:
if cell2 ==0: celllint(num_cell/2)] = 1 # —DDEILEFICIERA
if cell3 ==® ' cell_list.append(cell)
, return for t in range(steps):
elif cell3 == 1: # —— REEER —
return 1 W tmo = ( 11, dtype=int) KRR OEHZ
elif cell2 == 1: s maammrg o CYPEEI | —micRgy s
if cell3 == 0: i
return 0 cell_tmp[@] = rulel78(celllnum_cell-1],cell[0],cell[1])
elif cell3 == 1: el g
return 0 for i in range(1,num_cell-1,1):
elif celll == 1: cell_tmp[i] = rulel78(celll[i-1],cell[i],cell[i+1]);
if cell2 == 0: # RFAKMNEZD 2
if cell3 == cell_tmp[num_cell-1]1 = rulel78(celllnum_cell-2],
return 1 celllnum_cell-1],cell[0])
elif cell3 == 1:
return 1 # BROEM
elif cell2 == 1: cell = np.copy(cell_tmp)
if cell3 == cell_list.append(cell)
return 0
e“frg‘:b}i T | BEDBVL—LOEEDEA TEEL.
RBOBBNEE > EBNEREFEEEITHES. 8




# 02-01. JL—IL1718EEELTHLD
N NN NN NN NN 5N EN NN = = 1
# 02-01-04. LILA—KY ~>ODEEIL

plt.figure(dpi=300)
plt.matshow(cell_list[:], cmap="binary")

0 20 40 60 80
0+ L L L L
o,
e _n
10 A o
. u b
20 4 l:.lll lc. un .ll}ll
o ae o]
30 1 ll. .$lll l$. uu .l$lll -
c. -:::. .l lllc. . N c.l n .ll
40 1 s - - =
- l. ™ - l. b
50 IIIIII.}I. ll. .}lll l.} un .l L - l:::. q-

« matplotlib.pyplot
« matshow(Y X <X E251))
U X =R EE I RIR4L
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# 02-02

AMDI—ILERELTHELD

IL=I0 (V3R 1)

IL—ILO0 (V5R2)
EEN EEN ENN ENN EEN EES

E ®E E E E ®E ®E = E ®E ®E E E ®E E =
IL—IL30 (V5A3) L—=IL110 (U 5R4)
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# 03.
SATT—LOT7O00SLEHATHTIZIL,

c BREAGIAPRFEEEOVTNAEFEAAERALTRN
(7=7Z UBEHDIBE SIBRIZ IR T3E”)
s BFDYA XIE50x50TED (H2EXREKCULTHRL)

PEREZLE

- PYHARHDERTE

- REBBIL—ILDORE
- RBRIKMDIUIE

- FEERDEER

- T—5 DAHRIL
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soraett 2%t (1)
FIRIRSR R
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2RTTDIHE D BHE/RBEAR SRR
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BREH 2k7T (2)
“oas = Il B

0<i<6

- [ L

j=0 0<j<6 j=6

SATT—LDEES, XEROREZFOEILEE & 83FEE (MooreiffE) ICRTET B.
FDs, ERFEHEONBIEI KDL SIC8DEZNIE LW,
GERIICNIBFIERZENIES D+ XA 1 DDE9DICHIET S, )

ZAT7T7—L ERTHOH (1)  BRIL-ILDER

BRLNBI—RZRRLTVWBODT, EEICLTEATIAY SL%iHESS.

# 03-01. SA 75 —LEBBIL—I
def B®IL—IL(3x3DEF CEEI 2 EILEZFD8AE) ):
EFEQE” (1) OEILDEZEETSD (np.sumZz{FE>THKS)

HEEOE"DEILNE £S5 E2DE5F:
RERD (RDD) EILDRREIFEFHZRL

(2 TEBL) EEDOE"DEILHE &5 E3DHBSIF:
REARD (FDD) EILDOREEE"

NS ogE (B, BF) :
RERD (FOD) EILDIREIZ“FE”

return RO (D) EILDIREE

ESP->THD2ED STALEIX3DEFNZM>TL 5H?
> AVTYIR, RF7ARA%&ER

CZIRBITTWBDIEEHLET—H., BN PHYPTVWHETEELTOK, 24




ZA7T7—L RRTEHOH (2) @ EiTE7

# 03-02. T4 75 —LDET

# MEARMORE

BT X 2RE (H, BZhZThEAEe/LHEBEShDH,?)
AtRE X THET 20 ?

BERET B YR~ DERF

SOMPEDRE Bl. SVFL, HE/NYVORERE)

for tH£%:
# REEER
RERDBELIRT DEINOAER

for i in HBOTALX )
for j in BOYAX () :
# BREMFI LB BHERRHERALLES
# 2 THED (X1 VHEREH)
HLi==0725(E:
HULj==0725L:
xR0, j] = BRIL—-ILOBI-1,0,11,:11:,[-1,0,1]11)
(j==0T#i<) BLO<<BOYA X (1) -1251L:
R0 [1,j] = BBIL—-ILOE00-1,0,11,:11:, [5-1,7,j+111)
(j<BDOHA X (#) -1T4<) BLj=HBOTFIX () -1&5(F:

(i==@~c7‘;<) HL0<i<iGEOHY X () -145E:

(1<BOHAZ () -1TH<) bLi==B0YA X (@) 145
BOEH (RERZBHRICIE—, np.copyZE>THKLD)
HBOREHxk (YR ~AEM)

CZIRBTFTWBDIEHLEFT—H. BOMNPOPITVAETEELTOK 25

A7 —L EEAHOA (3) : ARIE ]

Z ZTlEfield_listlc 54 27— LADBRIMREFESNTVDET S
field_list3&R T v T TOREZEHR LIZEIND IR ET D

BEOHKZZOY K

# 03-03. BILA—KYMYOEKL

plt.figure(figsize=(8,8))
plt.matshow(field_list[50], fignum=1, cmap="binary")

field_list[120][CEEFRENIHDESIZT0 Y

0 10 20 30 40 50 60 70
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ZA7T7—L 1ERTTEHOH (4)

. AlRME 2

Z ZTlEfield_listlC 54 72— ADERMMRESNTVWD ET D
field_list(dB R 7T v I TOREESZHRUZERIIDV A NETS

FPZA—=2 3V DER

# 03-04. LI A—KRIYKRYOARERE FZA—3v

from matplotlib import animation, rc |p—=xX—3 3V CHES
from IPython.display import HTML EY2—LOimport
fig, ax = plt.subplots(dpi = 150);

plt.close()

artists = [] | &7L—LA%EHIDUR

for i in range(len(field_list)):
im = ax.matshow(field_list[il,
interpolation="'none"',cmap="binary")

P ARY S DERTE
I L—LD) R =AD&

ax.set_aspect('equal')
artists.append([im])
# T A= N\DEH

ani = animation.ArtistAnimation(fig, artists, interval=100)

# P X—3>vOFRR (JavaScripte& UTEHIAH)

rc('animation', html='jshtml')
ani

o w o

20 4
30 A

40 4

= || L « n» L] L +

interval C& 7 L—ADKRREIND
iR (ms) %87
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SA T —LI)IST—>DF (1)

# TS —

ptn_glider = np.array([[1,1,1],[1,0,0]1,[0,1,0]],dtype=int)

# [BlERTEX

ptn_pinwheel = np.array(I
[, 0, 0, ©0, 0, ©, 1, 1, 0, 0, 0, O],
(0, 0, 0, 0, 0, 0, 1, 1, 0, 0, 0, O],
[, o0, 0, ©0, 0, 0, @, 0, @0, 0, 0, O],
(¢, 0, 0, 0, 1, 1, 1, 1, o, 0, 0, 0],
[1' 1' 0’ 1' 0' 0' 0' 0' 1' 0' 0' 0]'
(1, 1, o, 1, 0, 0, 1, 0, 1, 0, 0, 0],
[, 0, 0, 1, 0, 0, @, 1, 1, o, 1, 1],
(0, 0, 0, 1, 0, 1, 0, 0, 1, 0, 1, 1],
[, 0, 0, 0, 1, 1, 1, 1, o, @, 0, O],
[0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, O],
[, 0, 0, 0, 1, 1, @, 0, @, 0, 0, O],
[0, 0, 0, 0, 1, 1, 0, 0, 0, 0, 0, 0]

], dtype=int)

5445 — glider

28




LI —2 D (2)

7177~

# I ’f@“—%

# /\“‘/E

o

FED)N

z

.

VAN

RMEZE

o

A7 —=LDW\WITNhHI

=, ESVWOERICR ISR
2

S

L, ZD3&%

Y

DIEENTNERUL

e X

8B, BEFZESZ

=z

vl - A=K~V hY,
=

127 —LTEEDE, &&F, BIIE,

ANJTT

z,

1R - A—-—=Y VDO SR, 2, 3, 4Z2FENT
o
33,

5
DWT, ESWVWoEYENERNLERSDH ? BH7ED

NIRRT BIHNERET K.
[CEZERE L.

N2 L,

:
g

.
2,
3,

\_
4.

BZz/—87v7 (ipynb77aI) IcXxEHT, Moodlelc TIRHT DI &

77IVAIL[EE, 01~15]_[EESE, /—<IL nh/\—K hlipynb. #I. 07_nh.ipynb 30

12023

HoEWVWBWBRR/NY VMDD fz W AlZLifeWiki http://www.conwaylife.com/wikiz R TH & S 44

/== :
IN—R:
2DBE




£ 11[0] : ZEfE

REF
BEOKEETIL (2)

JNY — RN

(B20H

EEHER

- BILT7 ATV
e RIGILEXETIL
. 2RTTEES

31




