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import numpy as np

import matplotlib.pyplot as plt
import seaborn as sns

import pandas as pd

import random

import enum

from dataclasses import dataclass

class Type(enum.Enum):
A=0
B=1

@dataclass(frozen=True)
class SimulationResult:
N: int
population structure: str
fixation: bool
time: int

def simulate well mixed(N: int) =-> SimulationResult:
i =1 # number of type A individuals
t =0 # time
while 0 < i < N:
birther type, = random.choices([Type.A, Type.B], weights=(i, N-1i))
dier type, = random.choices([Type.A, Type.B], weights=(i, N-1i))
if birther type == Type.A and dier type == Type.B:

i+4=1
if birther type == Type.B and dier type == Type.A:
i-=1
t+=1
return SimulationResult (
N=N,

population structure='well-mixed',
fixation=i==N,
time=t,

)

def simulate directed cycle(N: int) -> SimulationResult:
i =1 # number of type A individuals
t =0 # time
while 0 < i < N:
birther type, = random.choices([Type.A, Type.B], weights=(i, N-1))
dier type, = random.choices(
[Type.A, Type.B],
weights=(i-1, 1) if birther type == Type.A else (1, N-i-1))
if birther type == Type.A and dier type == Type.B:

i+4+=1
if birther type == Type.B and dier type == Type.A:
i-=1
t+=1
return SimulationResult(
N=N,

population structure='directed-cycle',
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fixation=i==N,
time=t,

)

def simulate(N: int, population structure: str) -> SimulationResult:
if population structure == 'well-mixed':
return simulate well mixed(N)
elif population structure == 'directed-cycle':
return simulate directed cycle(N)
else:
raise ValueError(f'Unknown population structure: {population structure}')

N = 100
TRIALS = 1000
data = [
simulate(n, population structure)
for population structure in ('well-mixed', 'directed-cycle')
for n in range(1l, N+1)
for _ in range(TRIALS)
]
df = pd.DataFrame(data)

df.sample(n=10)

N population_structure fixation time

97178 098 well-mixed False 67
182155 83 directed-cycle True 49925
117962 18 directed-cycle True 955

37218 38 well-mixed False 2548

5722 6 well-mixed False 5

69284 70 well-mixed False 236
185556 86 directed-cycle False 92
164610 65 directed-cycle False 34

97390 098 well-mixed False 165

86300 87 well-mixed False 44

with sns.plotting context(context='talk'):
g = sns.lineplot(
data=df,
x="'N",
y='fixation',
hue='population structure',
)

Ns = np.arange(1l, N)



sns.lineplot(
x=Ns,
y=1/Ns,
label="$1/N$",
ax=g,
color='black',
linestyle="--",

= g.set(

xscale='log"',

yscale='log"',

xlabel='Population size, $N$',
ylabel='Fixation probability, $\\rho$',
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with sns.plotting context(context='talk'):
g = sns.lineplot(
data=df,
x='N",
y="'time"',
hue='population structure',

)

Ns = np.arange(1l, N)

102




sns.lineplot(
x=Ns,
y=Ns*np.log(Ns),
label="$N\\cdot \\ln N$',
ax=g,
color='black',
linestyle="--",

)

sns.lineplot(
x=Ns,
y=Ns**2,
label="$N"2%",
ax=g,
color='black',
linestyle="-.",

= g.set(

xscale='log"',

yscale='log"',
xlabel='Population size, $N$',
ylabel='Absorption time, $T$',
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Population size, N

with sns.plotting context(context='talk'):




g = sns.lineplot(
data=df[df['fixation']==True],
X=INI’
y="time',
hue='population structure',

)

Ns = np.arange(1l, N)
sns.lineplot(

x=Ns,

y=Ns**2,
label="$N"2%",
ax=g,
color='black',
linestyle="--",

)

sns.lineplot(
x=Ns,
y=Ns**3,
label="$N"3%",
ax=g,
color='black',
linestyle="-.",

= g.set(

xscale='log"',

yscale='log"',
xlabel='Population size, $N$',
ylabel='Fixation time, $T$',
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