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A TT—LIHENDZ/INTNE NS (1)

EEMEF still life X&)+ oscillator
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A TT—LIHENDZ/INT>NE NS (3)
ZF DM DEFHBIRINY >

IFYOEEE Garden of Eden
R% Methuselah BOLDI T UNBHERTER
ZE (HK BE RAPRS) s 1 (BHCZD &S [CRBENE FNIEEE LB
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Conway’s Game of Lifelc#5h2EHBERE (?)
pre-pulsar
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IRIATIEF linear propagator
2013F (B DN o 7zConway’s Game of Life LT (8Z5<) HIDLEDBECIBIET /(T V.
WHICEECEREE 2 DU EOBEDIC—EERT ZEDEETH, ZO/HYRESZDIE—%E—D
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HighLife Langton's Loops
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| Langton (1984) Physica D 88
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JA MBSO IE—DREE
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FRIVZEDITZRIE
53R~ a=1[0,1,2,3,4] : .
[0,1,2,3,4] : 12,3, [%,?5,?,;]
_ : ACERAOSR (SN &
MOSRXIVZEDITS : LOBIDA TV LY N EES
b =a : a =[0,1,2,3,4]
b = copy.copy(a)
% U< [ddeepcopy

e, a =1[0,1,2,3,4]
s . e : b = copy.deepcopy(a
ERAORARBACATVI I RE | Py.deep py:
. NS o ¢Eﬁ
BELTVELONLORETS | CORRNIET (RRESH)
b[1] =6 . deepcopyldFEVNWIE— (BERbHE
print(a) HERRFIY)
- [0,6,2,3,4] DORLKAID R WARAT R F 2 X
AN

CCTIRbNDEBERZETBRES : _ .
ACEEBARS . https://docs.python.org/ja/3
: library/copy.html 13

JUZKNPEFIoOE—DFERE (2)

0al4]] YARMDEZFRICOWTHRER
a=1[0,1,2,3,4]

oarel| (oar1] oa[2]£oa[3]

AMoZXNILEDITS
b[1] = a[1]

»d'JR

[0,1,2,3,4]

ERNDORARRUATY I M
SBRLTVWRHDANLDTET S
b[1] = 6

print(a)
-> [0,6,2,3,4]
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NumPy TCOITFIETEDEZE (1)

NumPy®ndarray (B2%) #*
N7 MNLPTIERITTEET S

- 1 X7ThH — XT ML
- 2R7thA — 175

R 7 [BH 5 —ERIR AR

# RT KN - 1THETE

#H N NOEKEE
print("a+b: ", a + b)|a+b
print("a-b: ", a - b)
print("3xa: ",3 % a) [3a

# ndarray ## X LD - S
import numpy as np print("a.b, np.dot(a,b): ", np.dot(a,b)) a.lz
print("axb, np.cross(a,b): ", np.cross(a,b)) axb
e
# ndarray®EE ## T OEKREE
a = np.array([1,2,3]) print("C+D: \n", C + D)
b = np.array([6, 3.3, 1]) print("c-D: \n", C - D) |[C=D
C = np.array([[1, 5, 6], print("2+C: \n", 2 * C) [HC
[7’ 8’ 9]’
[4, 2, 311) ## 15 DFEE
D = np.array([[2.3, 4, 7.2], print("C.a, np.dot(C,a): ", np.dot(C,a)) |Ca
[7, 9, 11, print("C.D, np.dot(C,D): \n", np.dot(C,D)) CD
[11, 2, 911) print("D.C, np.dot(D,C): \n", np.dot(D,C)) |[pDC
a=(1.2,3) 1 56 23 4 72
T 789 D=7 9 1
b=(6.3.3,1) 423 12
15

NumPy TOITHIETEDEE (2)

R 7 [BH 5 —ERIR A

NumPy®ndarray (Ec5l) % a=(123) o_ ; g g b 2&3 ‘9‘ 7i2
Ny RERIERICCEET S (Y CT|T 8 7ol
. 1 RIEERE > R L e = (1.0.2.0,3.0) s 4 g
- 2RTTECH — 1751 F=|7 o9 1]
11 2 9

# MR T B
# BE{TY
print("C~T, C.transpose(): ", C.transpose()) cT

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

# 175X

print("|D|, np.linalg.det(D): ", np.linalg.det(D)) ||D]|
# H175)

print("F~-1, np.linalg.inv(F): ”, np.linalg.inv(F)) |[F~!
# EBE - BBV M

print(“np.linalg.eig(C): ", np.linalg.eig(C))

print("EHBEDH, np.linalg.eigvals(C): ”, np.linalg.eigvals(C))
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# 01-03. RTA ADERE
print("o~(2-1) £ T1IATFT Yy 7&ZH: ", bl[0:2:1]1)

print("2RJT 0~(2-1) £ TLIAT v 74 H& F: \n",D[0:2])
print("2XRJt 0~(2-1) £FTIAT v FZH# f7&5MmA: \n", D[0:2,0:2])

# 01-01. 3!
import numpy as np
a=(1.2,3) 1 56 23 4 7.2

a = np.array(I[1,2,3]) D b 6’3’3 3 =17 8 9 D=|7 9 1
b = np.array([6, 3.3, 1 = (6,3.3,
C = np.array([[1, 5, 6], ( 423 129

[71 8! 9]r

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

[7r 9; 1]r

(11, 2, 911)
# 01-02. AVT v ADERE # A
print(alo]) A S FOTR
print("a®EKREMNSDATV K ", al-1]) 2RIT AADOTIEZ T [15 6]
print("2X%5%T FINOFIEZX ", C[0]) 2RTT BRADTFIER S5
print("2xwT BERZNOTFItR", C[0,1])

# WA

0~-2-NETIRFT v IAH: [6. 3.3]
2RTG 0~(2-1NFETIXF v IAH 3:

[[2.3 4. 7.2]

[7. 9. 1. 11

2R5G 0~(2-1NFTIXRFT YV FZH fTEFIMA:
[[2.3 4. ]

[7. 9. 11
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# B

# 01-04. YRBLZFESTATID—EANDT T X

print("e,177£0,1%: \n", C[[0,1111[:,[0,1]11) [[1 5]

0,117&0,1
A

# 01-05. 1 YTVIRERTAADBEHIrEDE
print("2Xj M~NOFIEX ", Cl:,0])

[7 811

COERYT, HNZeMOHLTHELS

FANDT7OEXR 0 [17 4]

# 01-06. YANEE A VYTV IRATIER
print("e,147: \n", C[[0,11])
print("e,1%0: \n", C[:,[0,11])
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# 02-01. JL—JL178=EEE L THLD

celll cell2 cell3

* B & & Z O DIREICIE U,
KRR DIRREHIRE S

# 02-01-01. JL—JL178
def rulel78(celll,cell2,cell3):

if celll == 0:
if cell2 ==0: R
if cell3 == 0: el
return 0
elif cell3 == 1: B ke -0
return 1 g w1
elif cell2 == 1: | NG

if cells = o: -V 178 | M

elif cell3 == 1:

return 0
elif celll == 1: -
. # R
if cell2 == 0: . 111 3 2)
. . or ce in range :
if cell3 == for cell2 in range(2):
. return 1 for cell3 in range(2):
elif cell3 == 1: print(celll, cell2, cell3, ": ", rulel78(celll,cell2,cell3))
return 1
elif cell2 == 1: 000:0
if cell3d == 8?8:;
return @ 011} 0
elif cell3 == 1: 100: 1
return 1 101 : 1
110: 0
111:1

HBEDBEWIL—ILDEERDLT TR,
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# 02-01. JIL—JL178=EEE L THLD

T

# 02-01-02. B A—KYKNYODET

# I\ T —I DFHAHE

import matplotlib.pyplot as plt
import numpy as np

num_cell = 100 # /LD

steps = 50 # ARTYTETHET HH

cell_list = [] # SOOI DOERZLHZI DI+
cell = np.zeros(num_cell,dtype=int) # tJLD#EAL

celllint(num_cell/2)] = 1 # —DDEILEIFICIZRA

cell_list.append(cell)
for t in range(steps):

# — REE® — RERDBERZ
cell_tmp = np.ones(num_cell,dtype=int) —RIICERT I

# BRFGNEZOD ]
cell_tmp[@] = rulel78(celllnum_cell-1],cell[0],cell[1])
# AR [EEE R
for i in range(1,num_cell-1,1):

cell_tmp[i] = rulel78(cell[i-1]1,cell[il,celll[i+1]);
# BREGNEZD 2

cell_tmp[num_cell-1] = rulel78(celllnum_cell-2], celllnum_cell-1],cell[0])

# BWOEH

cell = np.copy(cell_tmp)
cell_list.append(cell)

# 02-01. JL—JL178=EEE L THLD

T o

TR

# 02-01-03. EILA—KY MY OAIRIE

plt.figure(dpi=300)
plt.matshow(cell_list[:], cmap="binary")
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EREHE 2%7T (2)
s i=@. .

0<i<6

- [ =

j=0 0<j<6 j=6

A T75—LDIBE, RERORE TZFDOEILBEE E 8iFFE (MooreiffE) ICKET 3.
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ZA7T—L ERAHDOE (1) BRBIL-ILDOER

BEMWEI—RZRRLTVWSDT, SFICLTEAT/OISL%#HES.

# 03-01. A 75 —LEB®EIL—IL
def BEIL—IL(3x3DEF CEBHI 2 I EZFD8IERE) ):
WEDE” (1) DEILOFEZHET S (np.sumzfE>THELD)

HEEDE"DEILNE £S5 E2DH5E:
RERD (FDD) EILDREIFEHG L
(2TREEL) EFEDE"DEILHE &5 E3DHRSIE:
REARD (FOD) EILDRREE“E"
ZnLS oGS GBER BE) :
READ (FOD) EILDIRREE“FE”

return XKD (FLD) EILDIREE

ESP>TEDLED STEANEIX3DEFNZEM>TL HH?
> AVTYIR, AR5 A%EER

CZIREIFTWBDIEFH L ETH, BN POHPTVWAETEELTOK, o7

|

ZA7T7 =L EEIGHOAE (2) @ R{TED

# 03-02. TA 7T —LDET

# R DORE

BOTA XeRE (i, BCZhZhABCILIREENSEH?)
AtREZRTHET 20 ?

BELET B YR N DEF

SOTEEORE B V5L, FHE/NYVORERE)

for ftfL:
# REEER
RERDBELIRT DEIIORAR

for i in BOYAX () :
for j in HOYA X (&) :

# AREHFI LB BHEREHERALLES
# 2ETOED (X1 VHEREMH)
HLi==072 5L
HLj==0%53:
RiERDZ[1,]j] = EEBIL—-IL0OEI[-1,0,11,:11[:,[-1,0,111)
(j==07T%<) HLO<j<BOHA X (1) 125!
RERDZ[1,]] = BBIL—ILOHI[-1,0,11,:11:,[3-1,7,j+111)

(j<BOHA X () -1TH<) BLj==HDOYIX (&) -1425(F:
(1==0T4<) 6 Lo<i<BOY1 X (§) —1%5 1
(i< X (i) -1T4H<) HLi==HGDOYA X () -1551F:

BOEH (RERZRERICIE—, np.copyEE>THLD)
BOEEE (UZ~AEM)

CZIREIFTWBDIEFH L ETH, BN POHPTVWAETEELTOK, 28




ZA7T—L tREAHOH (3)

Z ZTldfield_listiC 54 27 —ADBRMREFESNTVND ET D

field_listd& R T v T TOREZZR UICEIIOU R LTS

BEOHRZTAY +

L AJRE 1

# 03-03. EILA—KFYK>OAEHL
plt.figure(figsize=(8,8))

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

field_list[50] ([CEEFRESNIIHDEINZ TO Y b
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ZA7T7—L tREAHOH (4)

Z ZTldfield_listiC 54 27 —ADBRMREFSNTVND ET S

field_list &R T v T TOREZZR UICEIIOUR LTS

PZA=2 3V DIERK

# 03-04. LILA—MIYMYOAEIE FZA—=I 3>

from matplotlib import animation, rc T = X—3 3 VER CIHES:
from IPython.display import HTML - {’FFJZ i
EYa—)L®import

fig, ax = plt.subplots(dpi = 150);
plt.close()

artists = [1|& 7L —LZBNITDIUR

for i in range(len(field_list)):

ax.set_aspect('equal') FANY S OERE
artists.append([im]) TL—L0DU R RO

# T A= 3 N\DEH

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

# 7A=Yz 0K (JavaScripte UTEDHAH)

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

im = ax.matshow(field_list[i], interpolation='none',cmap="binary")
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np.array(I[[1,1,1],[1,0,0],[0,1,0]],dtype

S 75—
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[@ERTEX pinwheel

95445 — glider

| (2)

L INY —> D

/7*‘_

ray ([

717

A e i

np.ar

ptn_glidergun
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ptn_baker = np.array([
0
0
0
0
0
0
0
0
0
0
0
0
1
1
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