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# 01-01. NashPyo A > X h—Jb
lpip install nashpy

# 01-02. MWEBRZ7AT7Z7VDAVR—F
import nashpy as nash
import numpy as np

# 01-03. WADOI L v IZET A ESHE
F v a g OEH

# F1S

s =1 # @HhEDOFIE

p =3 # HAEZEYYIIHT S5
r =5 # MEBHIIINT 5RO
t =7 # ZYY DFHFK

# FMETH (TLA4v—1)
A = np.array([[Tr, s],
[t, p11)
# FETH (TLA4v—=2)
B = np.array([[r, t],

[s, p]])

# [INADTL v~] DFEE
PDG = nash.Game(A, B)

# ERHIR S v > a9 EH
equilibria = PDG.support enumeration()

for eq in equilibria:
print("Nash equilibrium (Player 1, Player 2):")
print(" Player 1 strategy:", eq[@])
print(" Player 2 strategy:", eq[l])




SHEMR T — LB

CYLEIN

11



12



ESS& &

13



14



PA % R
T —1

i

15

57 (H)

JI\N(D)




FEDETRHI

16




17



# 02-01. WERXRTZATZ7VDAVER—F

import nashpy as nash # 7> %A LOEHEN RS N7
&1L, BENashPy%# A X h—L9 3% (01-01)

import numpy as np

import matplotlib.pyplot as plt
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# 02-02. XH - N T—LIZBITHERER Sy 2B OEH

# F15
V=2 #:ﬁf/
c =4 # BFHEOIXL

# MBITY (T LAV —1)

A = np.array([[(v - c)/2, V],
[9, v/2]1]1)
# MBTH (TLA4v—2)

o

= np.array([[(v - ¢c)/2, @],
[V, v/2]])

# [ XD /NbTr—L] OEE
HDG = nash.Game(A, B)

EEHEES Y 2B DEH
equ1L1br1a = HDG.support _enumeration()

for eq in equilibria:
print('"Nash equilibrium (Player 1,
print("
print("

Player 2):")
Player 1 strategy:", eq[9])
Player 2 strategy:", eq[l])
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# 02-03. #7417 —E - Replicator dynamicsilfiED X5
ELX A F I 7 RDEENT -

# F15
v = 2 # B)F
c =5 # BEnaXt

# F151T77]
A = np.array([[(v - ¢c)/2, Vv],

[0, v/2]11)
# INT A —H
t =0
dt = 0.01
t _end = 100

i end = int(t_end / dt)

# X DEREL - N NERER O PIERSEE
x = np.array([0.1, # X HEE (H)
0.9, # /N MRS (D)

D

# T— XN TBHY Xk

t_list = [t]

xH list = [x[0]] # & H#E (H)
xD list = [x[1]] # /> M#EEE (D)

s NN — LD
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# BUEETE
for i in range(i_end):
t = t + dt
f =A@ x # 2 ERE O E ORFFE
phi = x @ £ # EROFEICE
dx = x ¥ (£ - phi) # Replicator dynamics: dx/dt

X = x + dt * dx # AA7—FKICKXAHELETE

# BUEETE DREANDIIR
x = np.clip(x, 0, 1) # SEEOEHAXME[0,1] DK
X /= np.sum(x) # EHRICLPEEDHSTF (xH + xD = 1)

# U)X b ADIEHN

t _Llist.append(t)

XxH list.append(x[@])
xD_list.append(x[1])

# 02-04. FJ{R1L

fig, ax = plt.subplots(dpi=100)
ax.plot(t_list, xH_Llist, label="Hawk")
ax.plot(t_list, xD_list, label="Dove")

ax.set xlabel("Time", fontsize=15)
ax.set _ylabel("Frequency", fontsize=15)
ax.legend()

plt.show()
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# 03-01. WERIAT7YDA ViR—F
import numpy as np
import matplotlib.pyplot as plt
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# 03-02. 1 7 —% - Replicator dynamics(Z4E > Hawk-Dove-
Retaliator gameDENL X A F I 7 X DEMT -

2L
=

RSN

#
# B§EF0 X b
#

® 0 < #
|
© » NN

= 0.1 /N B ERES (SIS S S #RAE BES OB

# FMF175

A = np.array([[(v - ¢c)/2, v, (v - ¢)/2],
[0, v/2, v/2 - e],
[(v - ¢c)/2, v/2 + e, v/2]])

# INTAX—X&

t =20

dt = 0.01

t _end = 100

i end = int(t_end / dt)

# XSS - N bR

% - IR EES DY EISE
X = np.array([0.6,

2

2

2 HEEE (H)
/N NEREE (D)
REEES (R)

#
0.2, #
0. #
1)

# T—XEENT B X b

t_list = [t]

xH list = [x[0]] # & H#EE (H)
xD_list = [x[1]] # /> hEES (D)
xR _list = [x[2]] # FHEHEE (R)

# BEETR
for i in range(i_end):

t = t + dt
f =A@ x # B OESEOIRFE
phi = x @ £ # EMOFI9ESE

dx = x *¥ (£ - phi) # Replicator dynamics: dx/dt
x = x + dt * dx # FA7 %L DIALGTE

# FIEFTE DFRENDIIR
x = np.clip(x, 0, 1) # SAEOEXE[O, 1] DR
x /= np.sum(x) # ERICK2EEOHE (xH + xD = 1)

# 1) 2 b~ DIEHN

t list.append(t)

xH list.append(x[0])
xD_list.append(x[1])
xR _list.append(x[2])




# 03-03. A1
fig, ax = plt.subplots(dpi=1600)

ax.plot(t_list, xH list, Llabel="Hawk")
ax.plot(t_list, xD_Llist, Llabel="Dove")
ax.plot(t_Llist, xR_list, label="Retaliator")

ax.set xlabel("Time", fontsize=15)
ax.set_ylabel("Frequency'", fontsize=15)
ax.legend()

plt.show()

28



29



EGTtools

30



# 04-01. EGTtoolsdD A X F—Jb
lpip install egttools

# 04-02. WEBRTAT7VDAVER—F

import numpy as np

import matplotlib.pyplot as plt

import egttools as egt

from egttools.plotting.simplified import
plot replicator _dynamics in simplex

#04-03. T A—KXDOHAE

# N1

v = 2 # BR

c =4 # EEO X b

e = 0.1 # /N MEEKICXHT BMEEBEOENLLE

# M1F175

A = np.arravy([[(v - ¢)/2, v, (v - ¢c)/2],

0, v/2, v/2 - e],
(v - ¢c)/2, v/2 + e, v/2]])

type labels = [ '"Hawk', 'Dove', 'Retaliator']
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#04-04 . Hawk-Dove-Retaliator gameD#X (ZAXN) o7Av k
fig, ax = plt.subplots(dpi=100)

simplex, gradient function, roots, roots xy, stability =

plot _replicator dynamics _in_simplex(A, ax = ax)

plot = (simplex
.draw_triangle(linewidth=1.4)
.add_vertex labels(type labels, epsilon_bottom=0.15, fontsize=13)
.draw_stationary points(roots xy, stability)
.draw_gradients(arrowsize=1.5,

Linewidth=1.3, zorder = 1, density=1.5)

.add_colorbar())

ax.axis('off')

ax.set_aspect('equal')

plt.xlim((-0.05, 1.05))

plt.ylim((-0.05, simplex.top _corner + 0.05))

# —ANICEEEDDRRZ7 0y b5
# ZAMOIESR

V1 = np.array([0.0, 0.0])

V2 = np.array([1.0, 0.0])

V3 = np.array([0.5, np.sqrt(3)/2])

def bary to xy(b): # Ut x—[fEIZ%xy|ZZh
return b[O]*V1 + b[1]*V2 + b[2]*V3

steps = 10 # BEOHIHK

# miRO 7By b
for i in range(l, steps):
t =1 / steps

# Hawk
pl = bary to xy((t, 0, 1 - t))
p2 = bary to xy((t, 1 - t, 0))
ax.plot([p1[0], p2[@]], [p1[1], p2[1]],
color='gray', lw=0./, linestyle='dotted', zorder=0)

# Dove
pl = bary to xy((@, t, 1 - t))
p2 = bary to xy((1l - t, t, 0))
ax.plot([pl[@], p2[0]], [p1l[1], p2[1]],
color="'gray', lw=0./, linestyle='dotted', zorder=0)

# Retaliator
pl = bary to xy((@0, 1 - t, t))
p2 = bary to xy((1 - t, @, t))

ax.plot([pl[@], p2[0]], [pP1[1], p2[11],
color="'gray', lw=0./, linestyle='dotted', zorder=0)
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