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1 import numpy as np

2 from collections import deque

3 import matplotlib.pyplot as plt

4 from matplotlib.backends.backend_pdf import PdfPages

6 # WA EER#BPICEWT,10 HEEHR TERH—AT OREENROHLS.
7 # 10 AHORBEEHLEEEH 0B

9 pdf = PdfPages(’COVID19.pdf’)
10 # manual parameter

11 timesteps = 100 # [days]

12 deth_rate = 0.03

13 manual_param = {"contact" : 10,

14 # Number of people who contact a infected people per day
15 "asympt_rate" : 0.3, # asymptomatic rate

16 "inf_rate_per_hour" : 0.02,

17 # infection rate per 5 hours close contact

18 "contact_time" : 53} # [hour]

19
20 # initial values

21 infected_per_day_init = deque([le-7]%*10) # initial 10 days
22 infected_init = 1le-6 # 1 / 10,000,00 -- 10 infected in Osaka
23

24 mnormal = np.empty(timesteps)

25 infected = np.empty(timesteps)

26 recov_deth = np.empty(timesteps)

27 # set initial value

28 normall[0] = 1

29 infected[0] = infected_init

30 recov_deth[0] = 0

3t spd = Spread_per_day(infected_init, infected_per_day_init, **manual_param)
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for i in range(timesteps-1):

normal[i+1], infected[i+1], recov_deth[i+1] = spd.update()

days = np.arange(l, timesteps + 1)
deth = recov_deth *deth_rate
recover = recov_deth *(1 - deth_rate)

infected_per_day = np.hstack(([0], np.abs(np.diff(normal))))

for i in range(2):
plt.plot(days, infected, label = "infected population")
plt.plot(days, infected_per_day, label = "newly infected per day")
plt.plot(days, recover, label = "total recovered")

plt.plot(days, deth, label = "total deth")

plt.title("Reproduction number : {}"\
.format (np.round((spd.reproduction_number), 2)), fontsize = 14)

plt.xlabel("days", fontsize = 11)
plt.ylabel("ratio of population", fontsize = 11)
plt.legend()
if 1 ==

plt.yscale("log")
pdf.savefig()
plt.show()

# Lock down model

plt.figure()

lock_down_day = 50

reduce_contact_rate = [1, 0.8, 0.6, 0.4, 0.2]

for rcr in reduce_contact_rate:
# initial values
infected_per_day_init = deque([le-7]%10) # initial 10 days
infected_init = 1le-6 # 1 / 10,000,00 -- 10 infected in Osaka

infected = np.empty(timesteps)
# set initial value

infected[0] = infected_init
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spd = Spread_per_day(infected_init, infected_per_day_init, **manual_param)
for i in range(timesteps-1):
_, infected[i+1], _ = spd.update()
if i == lock_down_day:
spd.lock_down(rcr)
days = np.arange(l, timesteps + 1)

plt.plot(days, infected, label = str(int(np.round(100%(1.0 - rcr)))) + "%")

plt.title("Reduce contact", fontsize = 14)

plt.xlabel("days", fontsize = 11)

plt.ylabel("infected population", fontsize = 11)
plt.legend(loc = "upper left", title = "decrement of contact")
plt.text(28, 0.2, "lockdown", fontsize = 11)

-0.02

ymin
ymax = 0.57

plt.vlines([lock_down_day], ymin, ymax, linestyles=’dashed’)
pdf .savefig()

plt.show()

# Change reproduction number

fig = plt.figure(figsize=(13, 4))

axl = fig.add_subplot(121)
fig.add_subplot(122)
reproduction_list = [4, 3, 2, 1.5, 1.1]

ax?2

timesteps = 200
for rep in reproduction_list:
infected = np.empty(timesteps)
recov_deth = np.empty(timesteps)
# set initial value
infected[0] = infected_init
recov_deth[0] = 0
# initial values
infected_per_day_init = deque([le-7]1%10)

infected_init = 1le-6

infected = np.empty(timesteps)

# set initial value
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pdf.
plt.

pdf.

infected[0] = infected_init

spd
for i in range(timesteps-1):

_, infected[i+1], recov_deth[i+1] = spd.update()

if 1 == 20:

spd.change_reproduction_number (rep)

days = np.arange(l, timesteps + 1)
axl.plot(days, infected, label = str(ap.round(rep, 2)))
ax2.plot(days, recov_deth, label = str(anp.round(rep, 2)))

set_title("Infected population", fontsize = 14)
set_xlabel("days", fontsize = 11)

set_ylabel("population", fontsize = 11)

legend(loc = "upper right", title = "reproduction number")
set_title("Total deth/recovered", fontsize = 14)

set_xlabel("days", fontsize = 11)

.set_ylabel("population", fontsize = 11)

legend(loc = "upper left", title = "reproduction number")
savefig()

show ()

close()

—

BH O DEH7ILIVX L

10

11

12

# infected_per_day_init should be deque

class Spread_per_day:

def __init__(self, infected_init, infected_per_day_init,
contact, asympt_rate, inf_rate_per_hour, contact_time):
inf_rate = 1 - (1 - inf_rate_per_hour)**contact_time
self.inf_factor = contact *asympt_rate *inf_rate # constant
self .reproduction_number = self.inf_factor*10
# infected_factor * infection_period

self.infected_per_day = infected_per_day_init
self.infected = infected_init
self.normal = 1 - infected_init

self.recov_deth = 0

Spread_per_day(infected_init, infected_per_day_init, **manual_param)
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def

def

lock_down(self, reduce_contact_rate):

self.inf_factor *= reduce_contact_rate

change_reproduction_number(self, reproduction_num) :
self.reproduction_num = reproduction_num

self.inf_factor = reproduction_num / 10

update (self):

inf_10days_ago = self.infected_per_day.popleft()
inf_new = self.inf_ factor * self.normal * self.infected
self.infected_per_day.append(inf_new)

self.infected += inf_new

self.infected -= inf_10days_ago

self.recov_deth += inf_10days_ago

self.normal -= inf_new

return self.normal, self.infected, self.recov_deth




