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Time in the Moran process

import numpy as np

import matplotlib.pyplot as plt
import seaborn as sns

import pandas as pd

import random

import math

import enum

from dataclasses import dataclass

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

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

def simulate(N):
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:
i4=1
if birther type == Type.B and dier type == Type.A:
i-=1
t+=1
return SimulationResult(N=N, fixation=i==N, time=t)

N = 100
TRIALS = 1000
data = [
simulate(n)
for n in range(1, N+1)
for in range(TRIALS)
]
df = pd.DataFrame(data)

df.sample(n=10)
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N fixation time

74471 75 False 44
450 1 True 0
29843 30 False 76
13888 14 False 27
82113 83 False 321
23766 24 False 15
67306 68 False 9
54063 55 False 106
10483 11 False 30
62505 63 False 1448

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

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"',
label="'absorption time',
)
sns.lineplot(
data=df[df['fixation']==True],
x='N",
y="'time',
label="'fixation time',
ax=g,

)

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

sns.lineplot(
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x=Ns,

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

= g.set(

xscale="'log"',

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