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A.l.l Isys CMMC cor_hp ver5.py

from math import exp, log
import os

import random

import matplotlib.pyplot as plt

import numpy as np

from pandas.core.frame import DataFrame
from tgdm import tqdm

from joblib import Parallel, delayed

import function

sample = 100000

failure_rate = 0.01

failure_rate_up = [0,0.1,1,10]

failure_rate_up_num = 2
Time = 100

z 0 =1.96
Cumulative_probability =[]
C_p_err =[]

t_step =0.1

while(x<Time):

t.append(x)




random.seed(20210607)

statel_base_avg = [0]*len(t)
statel_per_avg = [@]*len(t)

statel_dif_avg = [@]*len(t)

Make_scenario():

components = [[0]]

weight = [1.0]

state_base = [[@] * (2 ** len(components))]

state_base[@][function.Components_to_state(components[0])] = 1

state_per = [[0.0] * (2 ** len(components))]
state_per[0@][function.Components_to_state(components[0])] = 1.0
for i in range(len(t)):

if state_base[i][@] == 1:

result = function.Determination_states(components[i], weight[i], [failure_rate],

[failure_rate_up[failure_rate_up_num]/100], t_step, state_per[i])

components.append(result[0])
state_base.append(result[1])
state_per.append(result[2])

weight.append(result[3])

elif state_base[i][1] == 1:
result = function.Determination_states(components[i], weight[i], [©.0], [©.0/100],
t_step, state_per[i])
components.append(result[0])
state_base.append(result[1])
state_per.append(result[2])

weight.append(result[3])

statel_base_avg[i] += state_base[i][1] / sample
statel_per_avg[i] += state_per[i][1] / sample

statel_dif _avg[i] += state_per[i][1] / sample - state_base[i][1] / sample




statel_CMMC_per_avg = [@]*len(t)

statel CMMC_dif_avg = [@]*len(t)

CMMC_per():
components = [[0]]
state_per = [[0.0] * (2 ** len(components))]
state_per[@][function.Components_to_state(components[0])] = 1
for i in range(len(t)):

if state_per[i][0] == 1:

result = function.Determination_states(components[i], 1, [failure_rate *

(1+failure_rate_up[failure_rate_up_num]/100)], [failure_rate_up[failure_rate_up_num]/100],

t_step, state_per[i])
components.append(result[0])

state_per.append(result[1])

elif state_per[i][1] == 1:
result = function.Determination_states(components[i], 1, [0.0], [0.0/100], t_step,
state_per[i])
components.append(result[0])

state_per.append(result[1])

statel CMMC_per_avg[i] += state_per[i][1] / sample

for i in tqdm(range(sample),ncols=80,desc="CMMC with correlated sampling"):

Make_scenario()

for i in tqdm(range(sample),ncols=80,desc="CMMC only"):
CMMC_per()
for i in range(len(t)):

statel CMMC_dif _avg[i] = statel CMMC_per_avg[i] - statel_base_avg[i]

time = np.arange(0,Time+0.1,0.1)
Pro@ = 1-np.exp(-time*failure_rate*(1+failure_rate_up[0]/100))

Prodl = 1-np.exp(-time*failure_rate*(1+failure_rate_up[1]/100))




Prol = 1-np.exp(-time*failure_rate*(1+failure_rate_up[2]/100))

Prole = 1-np.exp(-time*failure_rate*(1+failure_rate_up[3]/100))

Pro_dif = 1-np.exp(-time*failure_rate*(1l+failure_rate_up[failure_rate_up_num]/100))-Pro@

.plot(t,statel_base_avg,label="CMMC_base",marker="0",markersize=1)

.plot(t,statel_per_avg,label="CMMC_per",marker="0",markersize=1)

.plot(time,Pro@, label="0%_inc")

.plot(time,Pro@1, label="0.1% inc")

.title("{}%_inc".format(failure_rate_up[failure_rate_up_num]))
.xlabel("t[s]")

.ylabel("Cumulative failure rate [-]")

.legend()
.savefig("{}%_inc.png".format(failure_rate_up[failure_rate_up_num]))

.show()

Ruiseki_inf1():

plt.legend()

plt.xlabel("Time [s]")

plt.ylabel("Cumulative failure probability [-]")

plt.show()

Ruiseki_inf3():
plt.legend()
plt.xlabel("Time [s]")

plt.ylabel("Difference of cumulative failure probability [-]")

plt.show()

Ruiseki_base_plt():

plt.plot(t,Pro@,color="green",label="Analytical",linestyle="--")




plt.plot(time,statel_base_avg,color="green",label="CMMC")

Ruiseki_inf1()

Ruiseki_per_plt():
plt.plot(t,Prol,color="green",label="Analytical",linestyle="--")

plt.plot(time,statel_per_avg,color="green",label="CMMC with correlated sampling")

Ruiseki_inf1()

Ruiseki_dif plt():

plt.plot(t,Pro_dif,color="green",label="Analytical (perturbation - base)",lw = 3)

plt.plot(t,statel_CMMC_dif_avg,color="blue",label="CMMC only (perturbation - base)")

Ruiseki_inf3()

colors = ['#1f77b4’, '#ff7f@e', '#2ca@2c', '#d62728', '#9467bd’', '#8c564b', '#e377c2’',

"#7€7F7f', '#bcbd22', '#17becf’]

states_per_plt_veril():
y = [Prol, statel_per_avg,]
for i in range(len(y)):
if i%2 ==
plt.plot(t, y[i], color=colors[i//2], lw=5, zorder=1)

elif i%2 == 1:




plt.scatter(t, y[i], marker="0", edgecolors=colors[i//2], linewidth=0.2,
c="white", s=12, zorder=2)
plt.xlabel("Time [s]")
plt.ylabel("Cumulative failure probability [-]")

plt.show()

states_dif _plt_verl():
y = [Pro_dif, statel_CMMC_dif_avg, statel_dif avg,]
for i in range(len(y)):
if i%3 ==
plt.plot(t, y[i], color=colors[i//3], lw=3, zorder=1)

elif i%3 ==

plt.plot(t, y[i], linestyle="--", markeredgecolor=colors[i//2], markersize=2)

elif i%3 == 2:

plt.scatter(t[::30], y[i][::30], marker="o0", edgecolors="black", linewidth=2,

c=colors[i//3], s=25, zorder=2)

plt.xlabel("Time [s]")

plt.ylabel("Difference of cumulative failure probability [-]")

plt.show()

states_dif plt_verl()

A.12  function.py

import numpy as np

import random




Make_weight(weight_before, fairule_rate, Perturbation_of_failure_rate, Time_step_width,
changed_components):
weight_after = weight_before
for i in range(len(fairule_rate)):
weight_after = weight_after * np.exp(- fairule_rate[i] *
Perturbation_of_failure_rate[i] * Time_step_width)
if changed_components[i] ==
weight_after = weight_after * (1 + Perturbation_of failure_rate[i])

return weight_after

Components_to_state(components):

state = 0

for i in range(len(components)):
state += components[i] * 2**i

return state

Determination_states(

components,

weight_before,

fairule_rate,

Perturbation_of_failure_rate,

Time_step_width,

state_per_before):

ran = []

state_base_before = [0] * (2 ** len(components))
state_base_before[Components_to_state(components)] = 1
state_base_after = [@] * (2 ** len(components))
state_per_after = [0] * (2 ** len(components))

changed_components = [0] * len(components)

for i in range (len(components)):

ran.append(random.random())




if ran[i] < fairule_rate[i] * Time_step_width:
changed_components[i]
if components[i] == 0:
components[i] 1
else:
components[i]
weight_after = Make_weight(
weight_before,
fairule_rate,
Perturbation_of_failure_rate,
Time_step_width,
changed_components)
state_base_after[Components_to_state(components)] = 1
for i in range(len(state_base_before)):
state_per_after[i] = state_per_before[i] + (state_base_after[i] -
state_base_before[i]) * weight_after

return components, state_base_after, state_per_after, weight_after

VATLIZERA3 D

ZOERE TOHRERCESEEEZAND

components: EHRMDIKE ex.[0, 0, 1]

weight_before: EIZILBYDHIRTYTTOIIA: ex.1.01

Fairule rate:®[E3E A ex.[0.2, 0.3, 0.5]
Perturbation_of failure rate:iEEjZE|S ex.[0.01, 0.02, -0.01]
Time step width:BRENE At ex.0.1

changed_components: ZEXNIKENEHLIED%H 1 LT 5(IRENEHLLENEETANTO) ex.[1, 0, 1]

weight_after:FFEIZEILEY D weight]
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A2.1 easysys CMMC cor_hp ver9.py

from datetime import time

from math import exp, log

import random

import matplotlib.pyplot as plt

import numpy as np

from pandas.core.frame import DataFrame
from tgdm import tqdm

from numba import jit, i8

from joblib import Parallel, delayed

import function

clA _base = {"Bo":0.2,"Bx":0.8}
clA_per_rate = {"Bo":1.0,"Bx":-2.0}
c1B_base = {"A0":0.1,"Ax":0.01}

c1B_per_rate = {"A0":3.0,"Ax":4.0}

c2 = 0.001

Time = 100

t_step = 0.1

num = [100,1000,10000,100000,1000000 ]

num_num = 1

PX(c1X,t):

return clX*(1-exp(-c2*t))

clA_per =

{"Bo":c1A_base["Bo"]*(1+c1lA_per_rate["Bo"]/100), "Bx":clA_base["Bx"]*(1+clA_per_rate["Bx"]/100)
¥

clA = {"base":c1A_base, "per":clA_per}

c1B_per =

{"A0":c1B_base["Ao"]*(1+c1B_per_rate["A0"]/100), "Ax":c1B_base["Ax"]*(1+c1B_per_rate["Ax"]/100)
¥

c1B = {"base":c1B_base, "per":c1B_per}




while(x<Time):
t.append(x)

X += t_step

statel_base = [1.0]
state2_base = [0.0]
state3_base = [0.0]
state4_base = [0.0]
compA_base = [0.0]
compB_base = [0.0]
statel_per = [1.0]
state2_per = [0.0]
state3_per = [0.0]
state4_per = [0.0]
compA_per = [0.0]

compB_per = [0.0]

compA_dif = [0.0]

compB_dif = [0.0]

statel_dif_anal [e.0]
state2_dif_anal [e.0]
state3_dif_anal [e.0]
state4_dif_anal [e.0]
P1_4(t,A):
return PX(clA[A]["Bo"],t)*t_step*PX(c1B[A]["A0"],t)*t_step
P1_2(t,A):
return PX(clA[A]["Bo"],t)*t_step-P1_4(t,A)

P1_3(t,A):

return PX(c1B[A]["Ao"],t)*t_step-P1_4(t,A)

P2_4(t,A):




return PX(c1B[A]["Ax"],t)*t_step
P3_4(t,A):

return PX(clA[A]["Bx"],t)*t_step

for i,x in tqdm(enumerate(t),ncols=80,desc="analysis"):

if i !=1000:
statel_base.append(statel_base[i]*(1.0-

(P1_2(x,"base")+P1_3(x, "base")+P1_4(x, "base"))))
state2_base.append(statel_base[i]*P1_2(x,"base")+state2_base[i]*(1.0-P2_4(x, "base")))
state3_base.append(statel_base[i]*P1_3(x,"base")+state3_base[i]*(1.0-P3_4(x, "base")))
state4_base.append(statel_base[i]*P1_4(x,"base")+state2_base[i]*P2_4(x, "base")+state3_

base[1]*P3_4(x, "base")+state4_base[i]*1.0)
compA_base.append(state2_base[i]+state4_base[i])

compB_base.append(state3_base[i]+state4_base[i])

statel_per.append(statel_per[i]*(1.0-(P1_2(x,"per")+P1_3(x,"per")+P1_4(x,"per"))))

state2_per.append(statel_per[i]*P1_2(x, "per")+state2_per[i]*(1.0-P2_4(x, "per")))

state3_per.append(statel_per[i]*P1_3(x, "per")+state3_per[i]*(1.0-P3_4(x, "per")))

state4_per.append(statel_per[i]*P1_4(x, "per")+state2_per[i]*P2_4(x, "per")+state3_per[i
1*P3_4(x, "per")+stated_per[i]*1.0)

compA_per.append(state2_per[i]+stated_per[i])

compB_per.append(state3_per[i]+stated_per[i])

compA_dif.append((state2_per[i]+stated per[i])-(state2_base[i]+stated base[i]))

compB_dif.append((state3_per[i]+stated per[i])-(state3_base[i]+stated base[i]))

statel_dif _anal.append(statel_per[i]-statel_base[i])
state2_dif_anal.append(state2_per[i]-state2_base[i])
state3_dif_anal.append(state3_per[i]-state3_base[i])

state4_dif_anal.append(stated_per[i]-stated_base[i])

random.seed(20210730)

compA_base_avg = [0]*len(t)

compB_base_avg = [@]*len(t)




compA_per_avg = [@]*len(t)

compB_per_avg = [@]*len(t)

compA_dif_avg = [@]*len(t)

compB_dif_avg = [@]*len(t)

state_base_avg = [0]*4
state_per_avg = [0]*4
state_dif_avg = [0]*4
state_dif_pct = [0]*4
compA_dif_pct =[0]*4

compB_dif_pct =[0]*4

for i in range(4):
state_base_avg[i] = np.zeros(len(t))
state_per_avg[i] np.zeros(len(t))
state_dif_avg[i] np.zeros(len(t))
state_dif_pct[i] np.zeros(len(t))
compA_dif_pct[i] np.zeros(len(t))

compB_dif_pct[i] np.zeros(len(t))

Make_scenario():

components = [[0, 0]]

weight = [1.0]

state_base = [[@] * (2 ** len(components[0]))]

state_base[@][function.Components_to_state(components[0])] = 1

state_per = [[0.0] * (2 ** len(components[0]))]
state_per[0@][function.Components_to_state(components[0])] = 1.0
for i in range(len(t)):
if state_base[i][0@] ==
result = function.Determination_states(
components[i],

weight[i],

[PX(c1A["base"]["Bo"],t[i]), PX(c1B["base"]["A0"],t[1i])],




[c1A_per_rate["Bo"]/100, c1B_per_rate["Ao"]/100],

t_step,

state_per[i])

elif state_base[i][1] == 1:
result = function.Determination_states(
components[i],
weight[i],
[0.0, PX(c1B["base"]["Ax"],t[i])],
[6.0/100, c1B_per_rate["Ax"]/100],
t_step,

state_per[i])

elif state_base[i][2] == 1:
result = function.Determination_states(
components[i],
weight[i],
[PX(c1A["base"]["Bx"],t[i]), ©.8],
[c1A_per_rate["Bx"]/100, ©.0/100],
t_step,

state_per[i])

elif state_base[i][3] == 1:
result = function.Determination_states(
components[i],
weight[i],
[0.0, @.0],
[0.0/100, 0.0/100],
t_step,

state_per[i])

components.append(result[0])
state_base.append(result[1])
state_per.append(result[2])

weight.append(result[3])




state_base_avg[0][i]
state_base_avg[1][i]
state_base_avg[2][i]

state_base_avg[3][1i]

state_per_avg[0][i]
state_per_avg[1][i]
state_per_avg[2][i]

state_per_avg[3][i]

state_dif_avg[@][i]
state_dif_avg[1][i]
state_dif_avg[2][i]

state_dif_avg[3][i]

state_base[i][0]
state_base[i][1]
state_base[i][2]

state_base[i][3]

state_per[i][@] /
state_per[i][1] /
state_per[i][2] /

state_per[i][3] /

(state_per[i][@]
(state_per[i][1]
(state_per[i][2]

(state_per[i][3]

num[num_num]
num[num_num]
num[num_num]

num[num_num]

num[num_num]
num[num_num]
num[num_num]

num[num_num]

state_base[i][@]) /
state_base[i][1]) /
state_base[i][2]) /

state_base[i][3]) /

num[ num_num]
num[ num_num]
num[ num_num]

num[ num_num]

compA_base_avg[i] += (state_base[i][1] + state_base[i][3]) / num[num_num]

compB_base_avg[i] += (state_base[i][2] + state_base[i][3]) / num[num_num]

compA_per_avg[i] += (state_per[i][1] + state_per[i][3]) / num[num_num]

compB_per_avg[i] += (state_per[i][2] + state_per[i][3]) / num[num_num]

compA_dif_avg[i] += ((state_per[i][1] + state_per[i][3]) - (state_base[i][1] +

state_base[i][3])) / num[num_num]

compB_dif_avg[i] += ((state_per[i][2] + state_per[i][3]) - (state_base[i][2] +

state_base[i][3])) / num[num_num]

compA_CMMC_per_avg = [0]*1len(t)

compB_CMMC_per_avg = [0]*1len(t)
compA_CMMC_dif_avg = [@]*1len(t)
compB_CMMC_dif_avg = [@]*1len(t)
compA_CMMC_dif_pct [6]*1en(t)

compB_CMMC_dif_pct [6]*1en(t)




statel_CMMC_per_avg = [@]*len(t)
state2_CMMC_per_avg = [@]*len(t)
state3_CMMC_per_avg = [@]*len(t)

state4_CMMC_per_avg = [@]*len(t)

statel CMMC_dif_avg = [@]*len(t)
state2_CMMC_dif_avg = [@]*len(t)
state3_CMMC_dif_avg = [@]*len(t)

state4_CMMC_dif_avg = [@]*len(t)

state_CMMC_dif_pct = [0]*4

for i in range(4):

state_CMMC_dif_pct[i] = np.zeros(len(t))

CMMC_per():
components = [[0, 0]]
state_per = [[0.0] * (2 **1len(components[0]))]
state_per[@][function.Components_to_state(components[0])] = 1
for i in range(len(t)):
if state_per[i][@] ==
result = function.Determination_states(
components[i],
1,

[PX(c1A["base"]["Bo"],t[i]) * (1+clA_per_rate["Bo"]/100),

PX(c1B["base"]["A0"],t[i]) * (1+c1B_per_rate["A0"]/100)],

[c1A_per_rate["Bo"]/100, c1B_per_rate["Ao"]/100],
t_step,

state_per[i])

elif state_per[i][1] == 1:
result = function.Determination_states(
components[i],
1,
[0.0, PX(c1B["base"]["Ax"],t[i]) * (1+c1B_per_rate["Ax"]/100)],

[6.0/100, c1B_per_rate["Ax"]/100],




t_step,

state_per[i])

elif state_per[i][2] == 1:
result = function.Determination_states(
components[i],

1)

[PX(c1A["base"]["Bx"],t[i]) * (1+clA_per_rate["Bx"]/100), 0.0],

[c1A_per_rate["Bx"]/100, ©.0/100],
t_step,

state_per[i])

elif state_per[i][3] == 1:
result = function.Determination_states(
components[i],
1,
[0.0, @.0],
[0.0/100, 0.0/100],
t_step,

state_per[i])

components.append(result[0])

state_per.append(result[1])

statel CMMC_per_avg[i] state_per[i][0]
state2_CMMC_per_avg[i] state_per[i][1]
state3_CMMC_per_avg[i] state_per[i][2]

state4_CMMC_per_avg[i] state_per[i][3]

compA_CMMC_per_avg[i] += (state_per[i][1]

compB_CMMC_per_avg[i] += (state_per[i][2]

num[num_num]
num[num_num]
num[num_num]

num[num_num]

state_per[i][3]) / num[num_num]

state_per[i][3]) / num[num_num]

for i in tgdm(range(num[num_num]),ncols=80,desc="CMMC"):

Make_scenario()

for i in range(len(t)):

state_dif_pct[@][i] = state_dif_avg[@][i] / statel_dif_anal[i] * 100




state_dif_pct[1][i] state_dif_avg[1][i] / state2_dif_anal[i] * 100
state_dif_pct[2][i] state_dif_avg[2][i] / state3_dif_anal[i] * 100

state_dif_pct[3][i] state_dif_avg[3][i] / state4_dif_anal[i] * 100

compA_dif_pct[i] compA_dif_avg[i] / compA_dif[i] * 100

compB_dif_pct[i] compB_dif_avg[i] / compB_dif[i] * 100

i in tqgdm(range(num[num_num]),ncols=80,desc="CMMC only"):

CMMC_per()

i in range(len(t)):

statel CMMC_dif_avg[i] statel CMMC_per_avg[i] state_base_avg[0][i]
state2_CMMC_dif_avg[i] state2_CMMC_per_avg[i] state_base_avg[1][i]
state3_CMMC_dif_avg[i] state3_CMMC_per_avg[i] state_base_avg[2][i]

state4_CMMC_dif_avg[i] state4_CMMC_per_avg[i] state_base_avg[3][i]

compA_CMMC_dif_avg[i] compA_CMMC_per_avg[i] - compA_base_avg[i]

compB_CMMC_dif_avg[i] compB_CMMC_per_avg[i] - compB_base_avg[i]

state_CMMC_dif_pct[0][i] statel CMMC_dif_avg[i] / statel_dif_anal[i]
state_CMMC_dif_pct[1][i] state2_CMMC_dif_avg[i] / state2_dif_anal[i]
state_CMMC_dif_pct[2][i] state3_CMMC_dif_avg[i] / state3_dif_anal[i]

state_CMMC_dif_pct[3][i] state4_CMMC_dif_avg[i] / stated4_dif_anal[i]

compA_CMMC_dif_pct[i] compA_CMMC_dif_avg[i] / compA_dif[i] * 100

compB_CMMC_dif_pct[i] compB_CMMC_dif_avg[i] / compB_dif[i] * 100

Ruiseki_inf1():

plt.legend()

plt.xlabel("Time [s]")

plt.ylabel("Cumulative failure probability [-]")

plt.show()

Ruiseki_inf2():
plt.legend()
plt.xlabel("Time [s]")

plt.ylabel("Probability [-]")




plt.show()

Ruiseki_inf3():
plt.legend()
plt.xlabel("Time [s]")

plt.ylabel("Difference of cumulative failure probability [-]")

plt.show()

Ruiseki_inf4():

plt.legend()

plt.xlabel("Time [s]")
plt.ylabel("Difference of probability [-]")

plt.show()

components_base_plt():

plt.plot(t,compA_base,color="green",label="Component A_Analytical”,linestyle="--")
plt.plot(t,compB_base,color="orange",label="Component B_Analytical",linestyle="--")
plt.plot(t,compA_base_avg,color="green",label="Component A_CMMC")
plt.plot(t,compB_base_avg,color="orange",label="Component B_CMMC")

Ruiseki_inf1()

components_per_plt():
plt.plot(t,compA_per,color="green",label="Component A_Analytical",linestyle="--")

plt.plot(t,compB_per,color="orange",label="Component B_Analytical",linestyle="--")

plt.plot(t,compA_per_avg,color="green",label="Component A_Correlated Sampling")

plt.plot(t,compB_per_avg,color="orange",label="Component B_Correlated Sampling")

Ruiseki_inf1()

states_base_plt():

plt.plot(t,statel_base,color="green",label="State 1_Analytical",linestyle="--")
plt.plot(t,state_base_avg[0],color="green",label="State 1_CMMC")
plt.plot(t,state2_base,color="red",label="State 2_Analytical"”,linestyle="--")
plt.plot(t,state_base_avg[1],color="red",label="State 2_CMMC")
plt.plot(t,state3_base,color="blue",label="State 3_Analytical",linestyle="--")
plt.plot(t,state_base_avg[2],color="blue",label="State 3_CMMC")

plt.plot(t,state4_base,color="purple",label="State 4_Analytical"”,linestyle="--")




plt.plot(t,state_base_avg[3],color="purple",label="State 4_CMMC")

Ruiseki_inf2()

states_per_plt():

plt.plot(t,statel_per,color="green",label="State 1_Analytical",linestyle="--")
plt.plot(t,state_per_avg[0],color="green",label="State 1_Correlated Sampling")
plt.plot(t,state2_per,color="red",label="State 2_Analytical",linestyle="--")
plt.plot(t,state_per_avg[1],color="red",label="State 2_Correlated Sampling")
plt.plot(t,state3_per,color="blue",label="State 3_Analytical"”,linestyle="--")
plt.plot(t,state_per_avg[2],color="blue",label="State 3_Correlated Sampling")
plt.plot(t,state4_per,color="purple",label="State 4_Analytical",linestyle="--")
plt.plot(t,state_per_avg[3],color="purple",label="State 4_Correlated Sampling")

Ruiseki_inf2()

components_dif plt():
plt.plot(t,compA_dif,color="green",label="Component A_Analytical")

plt.plot(t,compB_dif,color="orange",label="Component B_Analytical")

plt.plot(t,compA CMMC_dif_avg,color="green",label="Component A_CMMC only")

plt.plot(t,compB_CMMC_dif_avg,color="orange",label="Component B_CMMC only")

plt.plot(t,compA_dif_avg,color="green",label="Component A_Correlated Sampling",lw = 3,
linestyle=":")

plt.plot(t,compB_dif_avg,color="orange",label="Component B_Correlated Sampling",lw = 3,
linestyle=":")

Ruiseki_inf3()

def states_dif plt():
plt.plot(t,statel_dif_anal,color="green",label="State 1_Analytical")
plt.plot(t,statel_CMMC_dif_avg,color="green",label="State 1_CMMC only")
plt.plot(t,state_dif_avg[@],color="green",label="State 1_Correlated Sampling",lw = 3,
linestyle=":")
plt.plot(t,state2_dif_anal,color="red",label="State 2_Analytical")
plt.plot(t,state2_CMMC_dif_avg,color="red",label="State 2_CMMC only")
plt.plot(t,state_dif_avg[1l],color="red",label="State 2_Correlated Sampling",lw = 3,
linestyle=":")

plt.plot(t,state3_dif anal,color="blue",label="State 3_Analytical")




plt.plot(t,state3_CMMC_dif_avg,color="blue",label="State 3_CMMC only")

plt.plot(t,state_dif_avg[2],color="blue",label="State 3_Correlated Sampling",lw = 3,
linestyle=":")

plt.plot(t,state4_dif_anal,color="purple",label="State 4_Analytical")

plt.plot(t,state4_CMMC_dif_avg,color="purple",label="State 4 _CMMC only")

plt.plot(t,state_dif_avg[3],color="purple",label="State 4_Correlated Sampling",lw = 3,
linestyle=":")

Ruiseki_inf4()

colors = ['#1f77b4’, '#ff7f@e', '#2ca@2c', '#d62728', '#9467bd’', '#8c564b', '#e377c2’',

"#7€7F7F', '#bcbd22', '#17becf’]

components_per_plt_verl():
y =1
compA_per, compA_per_avg,
compB_per, compB_per_avg, ]
i in range(len(y)):
if i%2 == o:
plt.plot(t, y[i], color=colors[i//2], lw=5, zorder=1)

elif i%2 == 1:

plt.scatter(t, y[i], marker="0", edgecolors=colors[i//2], linewidth=0.2,
c="white", s=12, zorder=2)
plt.xlabel("Time [s]")
plt.ylabel("Cumulative failure probability [-]")

plt.show()




components_dif plt_verl():
y =1
compA_dif, compA_CMMC_dif_avg, compA_dif_avg,
compB_dif, compB_CMMC_dif_avg, compB_dif_avg]
i in range(len(y)):
if i%3 ==
plt.plot(t, y[i], color=colors[i//3], lw=5, zorder=1)
elif i%3 == 1:

plt.plot(t, y[i], marker="D", markeredgecolor=colors[i//3], markersize=2)

elif i%3 ==

plt.scatter(t, y[i], marker="0", edgecolors=colors[i//3], linewidth=0.2,
c="white", s=12, zorder=2)

plt.xlabel("Time [s]")

plt.ylabel("Difference of cumulative failure probability [-]")

plt.show()

states_per_plt_verl():
y =1
statel_per, state_per_avg[@],
state2_per, state_per_avg[1l],
state3_per, state_per_avg[2],
state4_per, state_per_avg[3],]
i in range(len(y)):
if i%2 == o:
plt.plot(t, y[i], color=colors[i//2], lw=5, zorder=1)

elif i%2 ==

plt.scatter(t, y[i], marker="0", edgecolors=colors[i//2], linewidth=0.2,
c="white", s=12, zorder=2)

plt.xlabel("Time [s]")

plt.ylabel("Cumulative failure probability [-]")

plt.show()




states_dif_plt_verl():

y =1
statel_dif_anal, statel CMMC_dif avg, state_dif_avg[o],
state2_dif_anal, state2 CMMC_dif avg, state_dif_avg[1],
state3_dif_anal, state3_CMMC_dif avg, state_dif_avg[2],
state4_dif_anal, state4 CMMC_dif_avg, state_dif_avg[3],]
i in range(len(y)):
if i%3 ==

plt.plot(t, y[i], color=colors[i//3], lw=5, zorder=1)

elif i%3 ==

plt.plot(t, y[i], marker="D", markeredgecolor=colors[i//3], markersize=2)

elif i%3 ==

plt.scatter(t, y[i], marker="0", edgecolors=colors[i//3], linewidth=0.2,
c="white", s=12, zorder=2)
plt.xlabel("Time [s]")

plt.ylabel("Difference of cumulative failure probability [-]")

plt.show()

components_dif pct_plt():
y =1
compA_dif_pct, compA_CMMC_dif_pct,
compB_dif_pct, compB_CMMC_dif_pct, ]
for i in range(len(y)):

if i%3 ==

plt.plot(t, y[i], color=colors[i//2], lw=5, zorder=1)

elif i%2 ==

plt.plot(t, y[i], marker="D", markeredgecolor=colors[i//2], markersize=2)




plt.xlabel("Time [s]")

plt.ylabel("Difference of cumulative failure probability [-]")

plt.show()

components_dif_pct_plt()

A.22  function.py

import numpy as np

import random

Make_weight(weight_before, fairule_rate, Perturbation_of failure_rate, Time_step width,
changed_components):
weight_after = weight_before
for i in range(len(fairule_rate)):
weight_after = weight_after * np.exp(- fairule_rate[i] *
Perturbation_of failure_rate[i] * Time_step_width)
if changed_components[i] == 1:
weight_after = weight_after * (1 + Perturbation_of failure_rate[i])

return weight_after

Components_to_state(components):

state = 0

for i in range(len(components)):
state += components[i] * 2**i

return state

Determination_states(
components,
weight_before,

fairule_rate,




Perturbation_of_failure_rate,
Time_step_width,
state_per_before):
ran = []
state_base_before = [0] * (2 ** len(components))
state_base_before[Components_to_state(components)] = 1
state_base_after = [@] * (2 ** len(components))
state_per_after = [0] * (2 ** len(components))
changed_components = [0] * len(components)
for i in range (len(components)):
ran.append(random.random())
if ran[i] < fairule_rate[i] * Time_step_width:
changed_components[i] = 1
if components[i] == 0:
components[i] 1
else:
components[i]
weight_after = Make_weight(
weight_before,
fairule_rate,
Perturbation_of_failure_rate,
Time_step_width,
changed_components)
state_base_after[Components_to_state(components)] = 1
for i in range(len(state_base_before)):
state_per_after[i] = state_per_before[i] + (state_base_after[i] -
state_base_before[i]) * weight_after

return components, state_base_after, state_per_after, weight_after

SRATLIZEFRMN 3D
ZTOEETOHERDSEFIEEAS

components: EHRNDIKE ex.[0, 0, 1]

weight_before: BEIZILEYDRIRATYTTDIIAF ex.1.01

Fairule rate:®[E3E A ex.[0.2, 0.3, 0.5]




Perturbation_of failure rate:iEEjZE|E ex.[0.01, 0.02, -0.01]

Time step width:BERENE At ex.0.1
changed_components: ZEXNIKENEHLIED%F 1 LT 5(IRENEHLLENEETNTO) ex.[1, 0, 1]

weight_after:FFEIZEILEY D weight]
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A3l SFP_cor_average verd.py

from os import mkdir

import SFP_model_cor_ver3 as model
import SFP_cor_data_ver2 as data
import matplotlib.pyplot as plt
from tqdm import tqdm

import numpy as np

from pandas import DataFrame

import csv

model.SFP_model(20211001)

temperature_avg = np.zeros(len(result[0]))

water_level avg = np.zeros(len(result[0]))

cd_base_avg = np.zeros(len(result[0]))
cd_per_avg = np.zeros(len(result[0]))

cd_dif_avg = np.zeros(len(result[0]))

state®_base_avg = np.zeros(len(result[0]))
state®_per_avg = np.zeros(len(result[0]))

state@_dif_avg = np.zeros(len(result[0]))




statel_base_avg = np.zeros(len(result[0]))
statel_per_avg = np.zeros(len(result[@]))

statel_dif_avg = np.zeros(len(result[@]))

state2_base_avg = np.zeros(len(result[0]))
state2_per_avg = np.zeros(len(result[@]))

state2_dif_avg = np.zeros(len(result[@]))

state3_base_avg = np.zeros(len(result[@]))
state3_per_avg = np.zeros(len(result[@]))

state3_dif_avg = np.zeros(len(result[@]))

compA_base_avg = np.zeros(len(result[@]))
compA_per_avg = np.zeros(len(result[0]))

compA_dif_avg = np.zeros(len(result[0]))

compB_base_avg = np.zeros(len(result[@]))
compB_per_avg = np.zeros(len(result[0]))

compB_dif_avg = np.zeros(len(result[@]))

for i in tqgdm(range(sample),ncols=80,desc="SFP"):

result = model.SFP_model(i)

time = result[Q]

temp = result[1]

water_level = result[2]
state_base = result[3]
state_per = result[4]

weight = result[5]

cd = result[6]

cd_weight = 1.0

for j in range(len(result[0])):

temperature_avg[j] += temp[j] / sample

water_level avg[j] += water_level[j] / sample

if § 1=0:




if cd[j-1] ==
cd_weight = weight[j]
cd_base_avg[j] += cd[j] / sample
cd_per_avg[j] += cd[]j] * cd_weight / sample

cd_dif_avg[j] += cd[j] * (cd_weight - 1.0) / sample

state@_base_avg[j] += state_base[j][@] / sample
state@_per_avg[j] += state_per[j][@] / sample

state@_dif _avg[j] += state_per[j][0] / sample - state_base[]j][@] / sample

statel_base_avg[j] += state_base[j][1] / sample
statel_per_avg[j] += state_per[j][1] / sample

statel_dif _avg[j] += state_per[j][1] / sample - state_base[j][1] / sample

state2_base_avg[j] += state_base[j][2] / sample
state2_per_avg[j] += state_per[j][2] / sample

state2_dif _avg[j] += state_per[j][2] / sample - state_base[j][2] / sample

state3_base_avg[j] += state_base[j][3] / sample
state3_per_avg[j] += state_per[j][3] / sample

state3_dif _avg[j] += state_per[j][3] / sample - state_base[j][3] / sample

compA_base_avg[j] += (state_base[j][1] + state_base[j][3]) / sample
compA_per_avg[j] += (state_per[j][1] + state_per[j][3]) / sample
compA_dif_avg[j] += (state_per[j][1] + state_per[j][3]) / sample - (state_base[j][1] +

state_base[j][3]) / sample

compB_base_avg[j] += (state_base[j][2] + state_base[j][3]) / sample
compB_per_avg[j] += (state_per[j][2] + state_per[j][3]) / sample

compB_dif_avg[j] += (state_per[j][2] + state_per[j][3]) / sample - (state_base[j][2] +

state_base[j][3]) / sample

CSV_make():
dfe = DataFrame(dict(

lam = data.lam,




Perturbation_rate = data.r,
flow_rate = data.f_rate,
calcuration_time = data.cal_time,
sample = sample,
))

dfl = DataFrame(dict(
temp = temperature_avg,
water_level = water_level_avg,
state® = stated®_base_avg,
statel = statel_base_avg,
))

df2 = DataFrame(dict(
state@_base = state@_base_avg,
state@_per = state@_per_avg,
state@_dif = stateo@_dif_avg,
statel_base = statel_base_avg,
statel_per = statel_per_avg,
statel_dif = statel_dif_avg,
))

df3 = DataFrame(dict(
compA_base = compA_base_avg,
compA_per = compA_per_avg,
compA_dif = compA_dif_avg,
cd_base = cd_base_avg,
cd_per = cd_per_avg,
cd_dif = cd_dif_avg,
))

LELE) "condition.csv"

fnamel = 'datal.csv’

fname2 = 'data2.csv’

fname3 = 'data3.csv’

dfe.to_csv("D:User/Student/Documents/ZE %72 /csv_test/" + fnamed)

dfl.to_csv("D:User/Student/Documents/ZE ¥ /csv_test/" + fnamel)

df2.to_csv("D:User/Student/Documents/ZE ¥ /csv_test/" + fname2)

df3.to_csv("D:User/Student/Documents/ZE ¥ /csv_test/" + fname3)




Temperature_plt():

plt
plt
plt

plt

.plot(time, temperature_avg,color="red")

.xlabel("Time [h]")

.ylabel("Temparature [TC]")

.show()

Water_level plt():

plt
plt
plt
plt

plt

.ylim(e, 14)

.plot(time,water_level avg,color="blue")
.xlabel("Time [h]")

.ylabel("Water level [m]")

.show()

state_base_plt():

plt.
plt.
plt.
plt.
plt.
plt.

plt.

plot(time,state@_base_avg,color="green",label="State 0_CMMC")
plot(time,statel_base_avg,color="red",label="State 1_CMMC")
plot(time,state2_base_avg,color="blue",label="State 2_CMMC")
plot(time,state3_base_avg,color="orange",label="State 3_CMMC")
xlabel("Time [h]")

ylabel("Probability [-]")

show()

state_per_plt():

plt

plt.
plt.
plt.
plt.
plt.

plt.

.plot(time, state@_per_avg,color="green",label="State @_Correlated Sampling")
plot(time,statel_per_avg,color="red",label="State 1_Correlated Sampling")
plot(time,state2_per_avg,color="blue",label="State 2_Correlated Sampling")
plot(time,state3_per_avg,color="orange",label="State 3_Correlated Sampling")
xlabel("Time [h]")

ylabel("Probability [-]")

show()

state_dif_plt():

plt

plt

.plot(time,state@_dif avg,color="green",label="State ©_Correlated Sampling")

.plot(time,statel_dif avg,color="red",label="State 1_Correlated Sampling")




.plot(time,state2_dif avg,color="blue",label="State 2_Correlated Sampling")
.plot(time,state3_dif_ avg,color="orange",label="State 3_Correlated Sampling")
.xlabel("Time [h]")

.ylabel("Difference of probability [-]")

.show()

components_base_plt():
plt.plot(time,compA_base_avg,color="green",label="component A _CMMC")
plt.plot(time, compB_base_avg,color="red",label="component B_CMMC")
plt.xlabel("Time [h]")

plt.ylabel("Cumulative failure probability [-]")

plt.show()

components_per_plt():

plt.plot(time, compA_per_avg,color="green",label="component A_CMMC")
plt.plot(time, compB_per_avg,color="red",label="component B_CMMC")
plt.xlabel("Time [h]")

plt.ylabel("Cumulative failure probability [-]")

plt.show()

components_dif plt():

plt.plot(time,compA_dif_avg,color="green",label="component A_CMMC")

plt.plot(time, compB_dif_avg,color="red",label="component B_CMMC")

plt.xlabel("Time [h]")
plt.ylabel("Difference of cumulative failure probability [-]")

plt.show()

cd_base_plt():
plt.plot(time,cd_base_avg,color="green",label="cd_CMMC")
plt.xlabel("Time [h]")

plt.ylabel("Probability [-]")

plt.show()

cd_per_plt():
plt.plot(time,cd_per_avg,color="green",label="cd_Correlated Sampling")

plt.xlabel("Time [h]")




plt.ylabel("Probability [-]")

plt.show()

cd_dif plt():
plt.plot(time,cd_dif_avg,color="green",label="cd_Correlated Sampling")
plt.xlabel("Time [h]")

plt.ylabel("Difference of probability [-]")

plt.show()

CSV_make ()
Temperature_plt()
Water_level plt()
state_base_plt()
state_per_plt()
state_dif_plt()
components_base_plt()
components_per_plt()
components_dif plt()
cd_base_plt()
cd_per_plt()

cd_dif_plt()

A32 SFP _cor_data ver2.py




length["height"] = 22.58

area = 131.2

number["all"] = 1020
number(["fuel 1"] 255
number(["fuel 2"] 765
weight["Zr_cover"] = 37332
weight["Zr_fuel"] = 33354
weight["Zr_support_high"] = 760
weight["Zr_support_low"] = 760

weight["SUS_support_high"] = 400

length["TAF"] = 4.13

length["WL_control"] = 12.9

weight["Zr"] = weight["Zr_cover"] + weight["Zr_fuel"] + weight["Zr_support_high"] +
weight["Zr_support_low"]

weight["U02"] = 173451

temp_@ = 35
length["WL_0"] = 11.9
heat["fuel_1_decay"]

heat["fuel_2_decay"]

s_heat["water"] = 4.2 * 10**3
1 _heat = 2257*10**3

s_heat["U02"] = ©.373 * 10**3
s_heat["Zr"] = 0.278 * 18**3

s_heat["SUS"] = 0.46 * 10%**3

f_rate["pompl"] = 170 * 10**3

lam["pompl"] = {"1l_rate":0.005, "r_rate":0.0}




r["pompl"] = {"1 _rate":0.01, "r_rate":0.0}

f_rate["FE1"] = 160 * 10**3
lam["FE1"] = {"1 _rate":0.0, "r_rate":0.005}

r["FE1"] = {"1_rate":0.0, "r_rate":0.01}

A33 SFP_model cor ver3.py

from math import exp

from typing import AsyncIterable
import SFP_cor_data_ver2 as data
import matplotlib.pyplot as plt
import numpy as np

import random

import function_ver2 as function

SFP_model(seed):
random.seed(seed)
time = {}
time["second"] = [0,0.001,304]
time[ "hour"] = [0,0.001/60/60,304/60/60]
step = (data.cal_time*60*60)//300
for i in range(step):

ifi==20 i==1

pass

else:

time["second"].append(time["second"][i-1]+300.0)

time[ "hour"].append(time["“second"][1]/60/60)

temp = [data.temp_0]
water_level = [data.length["WL_0"]]
components = [[0, 1]]

weight = [1.0]




state_base = [[@] * (2 ** len(components[0]))]

state_base[@][function.Components_to_state(components[0])] = 1

state_per = [[0.0] * (2 ** len(components[0]))]
state_per[0@][function.Components_to_state(components[0])] = 1.0
u = function.ue()
append_cd = 0@
cd = [0]
dt = {}
for j in range(len(time["second"])-1):
dt["second"] = time["second"][j+1] - time["second"][j]

dt["hour"] = time["hour"][j+1] - time["hour"][]j]

Y R AL
if state_base[j][0] == 1:
result = function.Determination_states(
components[j], weight[j], [data.lam["pompl"]["1l_rate"]],

[data.r["pompl"]["1_rate"]], dt["hour"], state_per[j])

if state_base[j][1] == 1:
result = function.Determination_states(

components[j], weight[j],

[data.lam["pompl"]["r_rate"], data.lam["FE1"]["1_rate"]],

[data.r["pompl"]["r_rate"], data.r["FE1"]["1_rate"]],

dt["hour"], state_per[j])

elif state_base[j][2] == 1:
result = function.Determination_states(
components[j], weight[j],
[data.lam["pompl"]["1_rate"], ©.0],
[data.r["pompl"]["1_rate"], ©0.0],

dt["hour"], state_per[j])

elif state_base[j][3] =

result = function.Determination_states(




components[j], weight[j],
[data.lam["pompl"]["r_rate"], data.lam["FE1"]["r_rate"]],
[data.r["pompl"]["r_rate"], data.r["FE1"]["r_rate"]],

dt["hour"], state_per[j])

components.append(result[0])
state_base.append(result[1])
state_per.append(result[2])

weight.append(result[3])

flow_rate = function.Flow_rate(components[j], water_level[j], dt["hour"])[0]
water_level.append(function.Flow_rate(components[j], water_level[j], dt["hour"])[1])
water_weight = data.area * water_level[j+1] * 10%**3
u += function.U(flow_rate) - function.Qi(dt["second"])
if u > o:
temp.append(
function.Temperature_avg(temp[j], water_level[j], flow_rate)
+ function.Temperature_chg(dt["second"], water_weight))
else:
temp.append(100.0)
water_level[j+1] = max(0.0, water_level[j+1] - function.Evaporation(u) * 10**(-3)
/ data.area)
u=20.90
if water_level[j+1] < data.length["TAF"]:
append_cd = 1

cd.append(append_cd)

return time["hour"], temp, water_level, state_base, state_per, weight, cd

result = SFP_model(1200001)

Temperature_plt():
plt.plot(result[@], result[1], color="red")

plt.xlabel("Time [h]")




plt.ylabel("Temparature [‘C]")

plt.show()

Water_level plt():

plt.ylim(-3, 14)

plt.plot(result[@], result[2], color="blue")
plt.xlabel("Time [h]")

plt.ylabel("Water level [m]")

plt.show()

Temp_and_WL_plt():

fig, ax1l = plt.subplots()
axl.plot(result[@], result[1], color="red")
axl.set_xlabel("Time [h]")
axl.set_ylabel("Temparature [C]")

ax2 = ax1.twinx()

ax2.plot(result[@], result[2], color="blue")
ax2.set_ylabel("water_level [m]")
ax2.set_ylim(-3, 14)

ax3 = ax1.twinx()

ax3.plot(result[@], result[3], color="green")

ax3.set_ylabel("state [-]")

plt.show()

U_plt():

plt.plot(result[@], result[4], color="green")
plt.xlabel("Time [h]")

plt.ylabel("U []")

plt.show()
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A4l SFP_cor_average ver5.py

from os import mkdir

import SFP_model_cor_ver4 as model
import SFP_cor_data_ver3 as data
import function_ver3 as function
import matplotlib.pyplot as plt
from tqdm import tqdm

import numpy as np

from pandas import DataFrame

import csv

model.SFP_model(20211001)

temperature_SFP1_avg .zeros(len(result[0]))

temperature_SFP2_avg .zeros(len(result[0]))

water_level SFP1_avg .zeros(len(result[0]))

water_level SFP2_avg .zeros(len(result[0]))

cd_SFP1_base_avg = np.zeros(len(result[0]))
cd_SFP1 per_avg = np.zeros(len(result[0]))

cd_SFP1_dif_avg = np.zeros(len(result[0]))

cd_SFP2_base_avg = np.zeros(len(result[0]))
cd_SFP2_per_avg = np.zeros(len(result[0]))

cd_SFP2_dif_avg = np.zeros(len(result[0]))




state_base_avg = [0]*(2**4)
state_per_avg = [0]*(2**4)

state_dif_avg = [0]*(2**4)

for i in range(2**4):
state_base_avg[i] = np.zeros(len(result[0]))
state_per_avg[i] np.zeros(len(result[0]))

state_dif_avg[i] np.zeros(len(result[0]))

compA_base_avg = np.zeros(len(result[@]))
compA_per_avg = np.zeros(len(result[0]))

compA_dif_avg = np.zeros(len(result[0]))

compB_base_avg = np.zeros(len(result[@]))
compB_per_avg = np.zeros(len(result[0]))

compB_dif_avg = np.zeros(len(result[@]))

compC_base_avg = np.zeros(len(result[@]))
compC_per_avg = np.zeros(len(result[0]))

compC_dif_avg = np.zeros(len(result[@]))

compD_base_avg = np.zeros(len(result[@]))

compD_per_avg = np.zeros(len(result[0]))

compD_dif_avg = np.zeros(len(result[@]))

for i in tqgdm(range(sample),ncols=80,desc="SFP"):

result = model.SFP_model(i)

time = result[Q]

temp_SFP1 = result[1]
temp_SFP2 = result[2]
water_level SFP1 = result[3]
water_level SFP2 = result[4]
state_base = result[5]

state_per = result[6]




weight = result[7]

cd_SFP1 = result[8]

cd_SFP2 = result[9]

cd_weight SFP1 = 1.0

cd_weight SFP2 = 1.0

for j in range(len(result[0])):
temperature_SFP1_avg[j] += temp_SFP1[j] / sample

temperature_SFP2_avg[j] += temp_SFP2[j] / sample

water_level SFP1_avg[j] += water_level SFP1[j] / sample
water_level SFP2_avg[j] += water_level SFP2[j] / sample
if j 1=0:

if cd_SFP1[j-1] == cd_SFP1[j] ==

cd_weight_SFP1 = weight[j]

if cd_SFP2[j-1] == cd_SFP2[j] ==

cd_weight_SFP2 = weight[j]

cd_SFP1_base_avg[j] += cd_SFP1[j] / sample
cd_SFP1_per_avg[j] += cd_SFP1[j] * cd_weight_ SFP1 / sample

cd_SFP1_dif_avg[j] += cd_SFP1[j] * (cd_weight_ SFP1 - 1.9) / sample

cd_SFP2_base_avg[j] += cd_SFP2[j] / sample

cd_SFP2_per_avg[j] += cd_SFP2[j] * cd_weight SFP2 / sample

cd_SFP2_dif_avg[j] += cd_SFP2[j] * (cd_weight_ SFP2 - 1.9) / sample

test = 0
for k in range(2**4):
state_base_avg[k][j] += state_base[j][k] / sample
state_per_avg[k][j] += state_per[j][k] / sample
state_dif_avg[k][j] += state_per[j][k] / sample - state_base[j][k] / sample
components = function.state_to_Components (k)
test += state_base[j][k]
for 1, comp in enumerate(components):
if 1 == @:
compA_base_avg[j] += state_base[j][k] * components[l] / sample

compA_per_avg[j] += state_per[j][k] * components[l] / sample




compA_dif_avg[j] += (state_per[j][k] - state_base[j][k]) * components[l] /
sample
ah L == g
compB_base_avg[j] += state_base[j][k] * components[l] / sample
compB_per_avg[j] += state_per[j][k] * components[l] / sample
compB_dif_avg[j] += (state_per[j][k] - state_base[j][k]) * components[l] /
sample
I ENIN==RDl
compC_base_avg[j] += state_base[j][k] * components[l] / sample
compC_per_avg[j] += state_per[j][k] * components[l] / sample
compC_dif_avg[j] += (state_per[j][k] - state_base[j][k]) * components[l] /
sample

if 1 == 3:

compD_base_avg[j] += state_base[j][k] * components[l] / sample

compD_per_avg[j] += state_per[j][k] * components[l] / sample
compD_dif_avg[j] += (state_per[j][k] - state_base[j][k]) * components[l] /

sample

CSV_make():

dfe = DataFrame(dict(
lam = data.lam,
Perturbation_rate = data.r,
flow_rate = data.f_rate,
calcuration_time = data.cal_time,
sample = sample,
))

dfl = DataFrame(dict(
temp_SFP1 = temperature_SFP1_avg,
temp_SFP2 = temperature_SFP2_avg,
water_level SFP1 = water_level SFP1_avg,
water_level SFP2 = water_level SFP2_avg,
))

df2 = DataFrame(dict(
compA_base = compA_base_avg,

compA_per = compA_per_avg,




compA_dif = compA_dif_avg,
compB_base = compB_base_avg,
compB_per = compB_per_avg,
compB_dif = compB_dif_avg,
)
df3 = DataFrame(dict(
compC_base = compC_base_avg,
compC_per = compC_per_avg,
compC_dif = compC_dif_avg,
compD_base = compD_base_avg,
compD_per = compD_per_avg,
compD_dif = compD_dif_avg,
)
df4 = DataFrame(dict(
cd_SFP1_base = cd_SFP1_base_avg,
cd_SFP1_per = cd_SFP1_per_avg,
cd_SFP1_dif = cd_SFP1_dif_avg,
cd_SFP2_base = cd_SFP2_base_avg,
cd_SFP2_per = cd_SFP2_per_avg,
cd_SFP2_dif = cd_SFP2_dif_avg,
)
fname@® = "condition.csv"
fnamel = 'datal.csv’
fname2 = 'data2.csv’
fname3 = 'data3.csv’
fname4 = 'data4d.csv’
dfe.to_csv("D:User/Student/Documents/ZE ¥ /csv_test/" + fnamed)
dfl.to_csv("D:User/Student/Documents/ZE ¥ /csv_test/" + fnamel)
df2.to_csv("D:User/Student/Documents/ZE ¥ /csv_test/" + fname2)

df3.to_csv("D:User/Student/Documents/ZE ¥ /csv_test/" + fname3)

df4.to_csv("D:User/Student/Documents/ZE %72 /csv_test/" + fnamed)

Temperature_plt():
plt.plot(time,temperature_SFP1_avg,color="red",label="SFP1")

plt.plot(time,temperature_SFP2_avg,color="blue",label="SFP2")




plt.xlabel("Time [h]")

plt.ylabel("Temparature [‘C]")

plt.show()

Water_level plt():

plt.ylim(e, 14)

plt.plot(time,water_level SFP1_avg,color="red",label="SFP1")
plt.plot(time,water_level SFP2_avg,color="blue",label="SFP2")
plt.xlabel("Time [h]")

plt.ylabel("Water level [m]")

plt.show()

state_base_plt():
plt.plot(time,state_base_avg[@],color="green",label="State ©_CMMC")
plt.plot(time,state_base_avg[1],color="red",label="State 1_CMMC")
plt.plot(time,state_base_avg[2],color="blue",label="State 2_CMMC")
plt.plot(time,state_base_avg[3],color="orange",label="State 3_CMMC")
plt.plot(time,state_base_avg[4],color="orange",label="State 4 _CMMC")
plt.plot(time,state_base_avg[5],color="orange",label="State 5 _CMMC")
plt.plot(time,state_base_avg[6],color="orange",label="State 6_CMMC")
plt.plot(time,state_base_avg[7],color="orange",label="State 7_CMMC")
plt.plot(time,state_base_avg[8],color="orange",label="State 8 CMMC")
plt.plot(time,state_base_avg[9],color="orange",label="State 9 CMMC")
plt.plot(time,state_base_avg[10],color="orange",label="State 10_CMMC")
plt.plot(time,state_base_avg[11],color="orange",label="State 11_CMMC")
plt.plot(time,state_base_avg[12],color="orange",label="State 12_CMMC")
plt.plot(time,state_base_avg[13],color="orange",label="State 13_CMMC")
plt.plot(time,state_base_avg[14],color="orange",label="State 14 _CMMC")
plt.plot(time,state_base_avg[15],color="orange",label="State 15 _CMMC")
plt.xlabel("Time [h]")

plt.ylabel("Probability [-]")

plt.show()

state_per_plt():
plt.plot(time,state_per_avg[0],color="green",label="State @_Correlated Sampling")

plt.plot(time,state_per_avg[1l],color="red",label="State 1_Correlated Sampling")




.plot(time, state_per_avg[2],color="blue",label="State 2_Correlated Sampling")
.plot(time, state_per_avg[3],color="orange",label="State 3_Correlated Sampling")
.xlabel("Time [h]")

.ylabel("Probability [-]")

.show()

state_dif_plt():

plt.plot(time,state_dif_avg[@],color="green",label="State @_Correlated Sampling")
plt.plot(time,state_dif_avg[1],color="red",label="State 1_Correlated Sampling")
plt.plot(time,state_dif_avg[2],color="blue",label="State 2_Correlated Sampling")
plt.plot(time,state_dif_avg[3],color="orange",label="State 3_Correlated Sampling")
plt.xlabel("Time [h]")

plt.ylabel("Difference of probability [-]")

plt.show()

components_base_plt():
plt.plot(time,compA_base_avg,color="green",label="component A _CMMC")
plt.plot(time, compB_base_avg,color="red",label="component B_CMMC")
plt.plot(time, compC_base_avg,color="blue",label="component C_CMMC")
plt.plot(time, compD_base_avg,color="orange",label="component D_CMMC")

plt.xlabel("Time [h]")

plt.ylabel("Cumulative failure probability [-]")

plt.show()

components_per_plt():

plt.plot(time, compA_per_avg,color="green",label="component A_Correlated Sampling")
plt.plot(time, compB_per_avg,color="red",label="component B_Correlated Sampling")
plt.plot(time, compC_per_avg,color="blue",label="component C_Correlated Sampling")
plt.plot(time, compD_per_avg,color="orange",label="component D_Correlated Sampling")
plt.xlabel("Time [h]")

plt.ylabel("Cumulative failure probability [-]")

plt.show()

components_dif plt():
plt.plot(time,compA_dif_avg,color="green",label="component A_Correlated Sampling")

plt.plot(time,compB_dif_avg,color="red",label="component B_Correlated Sampling")




.plot(time, compC_dif_avg,color="blue",label="component C_Correlated Sampling")

.plot(time, compD_dif_avg,color="orange",label="component D_Correlated Sampling")
.xlabel("Time [h]")

.ylabel("Difference of cumulative failure probability [-]")

.show()

cd_base_plt():
plt.plot(time,cd_SFP1_base_avg,color="green",label="SFP1")
plt.plot(time,cd_SFP2_base_avg,color="blue",label="SFP2")
plt.xlabel("Time [h]")

plt.ylabel("Probability [-]")

plt.show()

cd_per_plt():
plt.plot(time,cd_SFP1_per_avg,color="green",label="SFP1")
plt.plot(time,cd_SFP2_per_avg,color="blue",label="SFP2")
plt.xlabel("Time [h]")

plt.ylabel("Probability [-]")

plt.show()

cd_dif_plt():
plt.plot(time,cd_SFP1_dif_avg,color="green",label="SFP1")
plt.plot(time,cd_SFP2_dif_avg,color="blue",label="SFP2")
plt.xlabel("Time [h]")

plt.ylabel("Difference of probability [-]")

plt.show()

CSV_make ()
Temperature_plt()
Water_level plt()
state_base_plt()
state_per_plt()
state_dif_plt()
components_base_plt()
components_per_plt()

components_dif plt()




cd_base_plt()
cd_per_plt()

cd_dif_plt()

A.42  SFP cor data_ver3.py

length["height"] = 22.58

area = 131.2

number[“all"] = 1020
number["fuel 1"] = 255
number["fuel 2"] = 765
weight["Zr_cover"] = 37332
weight["Zr_fuel"] = 33354
weight["Zr_support_high"] = 760
weight["Zr_support_low"] = 760

weight["SUS_support_high"] = 400

length["TAF"] = 4.13

length["WL_control”] = 12.9

weight["Zr"] = weight["Zr_cover"] + weight["Zr_fuel"] + weight["Zr_support_high"] +
weight["Zr_support_low"]

weight["U02"] = 173451




temp_@ = 35
length["WL_0"] = 11.9
heat["fuel_1_decay"]

heat["fuel_2_decay"]

s_heat["water"] = 4.2 * 10**3
1 _heat = 2257*10**3
s_heat["U02"] = ©.373 * 10**3
s_heat["Zr"] = 0.278 * 10**3

s_heat["SUS"] = 0.46 * 10%**3

f_rate["pompl"] = 170 * 10**3
lam["pompl"] = {"1l_rate":0.005, "r_rate":0.0}

r["pompl"] = {"1_rate":0.01, "r_rate":0.0}

f_rate["FE1"] = 160 * 10%*3

lam["FE1"] = {"1_rate":0.0, "r_rate_SFP2_0":0.005, "r_rate_SFP2_X":0.0005}

r["FE1"] = {"1l_rate":0.0, "r_rate_SFP2_0":0.01, "r_rate_SFP2_X":0.01}

f_rate["pomp2"] = 170 * 10**3
lam["pomp2"] = {"1l_rate":0.005, "r_rate":0.0}

r["pomp2"] = {"1_rate":0.01, "r_rate":0.0}

f_rate["FE2"] = 160 * 10%*3




lam["FE2"] = {"1_rate":0.0, "r_rate_SFP1 _0":0.010, "r_rate SFP1_X":0.0001}

r["FE2"] = {"1_rate":0.0, "r_rate_SFP1_0":0.01, "r_rate_SFP1_X":0.01}

AA43 SFP_model cor verd.py

from math import exp

from typing import AsyncIterable
import SFP_cor_data_ver3 as data
import matplotlib.pyplot as plt
import numpy as np

import random

import function_ver3 as function

SFP_model(seed):
random.seed(seed)
time = {}

time[ "second"] = [0,0.001,304]

time["hour"] = [0,0.001/60/60,304/60/60]

step = (data.cal_time*60*60)//300
for i in range(step):
if 1 == i ==1
pass
else:
time["second"].append(time["second"][i-1]+300.0)

time[ "hour"].append(time["“second"][1]/60/60)

temp_SFP1 = [data.temp_0]

temp_SFP2 = [data.temp_0]

water_level SFP1 [data.length["WL_0"]]
water_level_ SFP2 [data.length["WL_0"]]
components = [[0, 1, 0, 1]]

weight = [1.0]




state_base = [[@] * (2 ** len(components[0]))]

state_base[@][function.Components_to_state(components[0])] = 1

state_per = [[0.0] * (2 ** len(components[0]))]
state_per[0@][function.Components_to_state(components[0])] = 1.0
u_SFP1 = function.ue()

u_SFP2 = function.ue()

append_cd_SFP1 = @

append_cd_SFP2 = @

cd_SFP1 = [0]

cd_SFP2 = [@]

for j in range(len(time["second"])-1):
dt["second"] = time["second"][j+1] - time["second"][]j]

dt["hour"] = time["hour"][j+1] - time["hour"][]j]

r_rate_FE1l, r_rate_FE2 = function.SFP_cd_change_lam(cd_SFP1[j], cd_SFP2[j])
if components[j] == [0, 1, 0, 1]:
result = function.Determination_states(
components[j], weight[j],
[data.lam["pompl"]["1_rate"], 0.0, data.lam["pomp2"]["1_rate"], 0.0],
[data.r["pompl"]["1_rate"], 0.0, data.r["pomp2"]["l _rate"], 0.0],

dt["hour"], state_per[j])

elif components[j] == [1, 1, @, 1]:
result = function.Determination_states(
components[j], weight[j],

[data.lam["pompl"]["r_rate"], data.lam["FE1"][r_rate_FE1],

data.lam["pomp2"]["1_rate"], ©0.0],

[data.r["pompl"]["r_rate"], data.r["FE1"][r_rate_FE1],
data.r["pomp2"]["1_rate"], 0.0],

dt["hour"], state_per[j])

elif components[j] == [0, 1, 1, 1]:
result = function.Determination_states(

components[j], weight[j],




[data.lam["pompl"]["1_rate"], ©.0, data.lam["pomp2"]["r_rate"],
data.lam["FE2"][r_rate_FE2]],

[data.r["pompl"]["1 rate"], ©.0, data.r["pomp2"]["r_rate"],
data.r["FE2"][r_rate_FE2]],

dt["hour"], state_per[j])

elif components[j] == [1, @, 0, 1]:
result = function.Determination_states(
components[j], weight[j],
[data.lam["pompl"]["r_rate"], data.lam["FE1"]["1_rate"],
data.lam["pomp2"]["1_rate"], ©.0],
[data.r["pompl"]["r_rate"], data.r["FE1"]["1_rate"],
data.r["pomp2"]["1_rate"], 0.0],

dt["hour"], state_per[j])

elif components[j] == [1, 1, 1, 1]:
result = function.Determination_states(
components[j], weight[j],
[data.lam["pompl"]["r_rate"], data.lam["FE1"][r_rate_FE1],
data.lam["pomp2"]["r_rate"], data.lam["FE2"][r_rate_FE2]],
[data.r["pompl"]["r_rate"], data.r["FE1"][r_rate_FE1],
data.r["pomp2"]["r_rate"], data.r["FE2"][r_rate_FE2]],

dt["hour"], state_per[j])

elif components[j] == [0, 1, 1, 0]:
result = function.Determination_states(
components[j], weight[j],
[data.lam["pompl"]["1_rate"], ©.0, data.lam["pomp2"]["r_rate"],
data.lam["FE2"]["1_rate"]],

[data.r["pompl"]["1_rate"], 0.0, data.r["pomp2"]["r_rate"],

data.r["FE2"]["1_rate"]],

dt["hour"], state_per[j])

elif components[j] == [1, @, 1, 1]:
result = function.Determination_states(

components[j], weight[j],




[data.lam["pompl"]["r_rate"], data.lam["FE1"]["1_rate"],
data.lam["pomp2"]["r_rate"], data.lam["FE2"][r_rate_FE2]],

[data.r["pompl"]["r_rate"], data.r["FE1"]["1_rate"],
data.r["pomp2"]["r_rate"], data.r["FE2"][r_rate_FE2]],

dt["hour"], state_per[j])

elif components[j] == [1, 1, 1, @]:
result = function.Determination_states(
components[j], weight[j],
[data.lam["pompl"]["r_rate"], data.lam["FE1"][r_rate_FE1],
data.lam["pomp2"]["r_rate"], data.lam["FE2"]["1_rate"]],
[data.r["pompl"]["r_rate"], data.r["FE1"][r_rate_FE1],
data.r["pomp2"]["r_rate"], data.r["FE2"]["1_rate"]],

dt["hour"], state_per[j])

elif components[j] == [1, @, 1, 0]:
result = function.Determination_states(
components[j], weight[j],
[data.lam["pompl"]["r_rate"], data.lam["FE1"]["1_rate"],
data.lam["pomp2"]["r_rate"], data.lam["FE2"]["1_rate"]],
[data.r["pompl"]["r_rate"], data.r["FE1"]["1_rate"],
data.r["pomp2"]["r_rate"], data.r["FE2"]["1_rate"]],

dt["hour"], state_per[j])

components.append(result[0])
state_base.append(result[1])
state_per.append(result[2])

weight.append(result[3])

flow_rate_SFP1 = function.Flow_rate(components[j][@], components[j][1],
data.f_rate["pompl"], data.f_rate["FE1"], water_level SFP1[j], dt["hour"])[@]

water_level SFP1.append(function.Flow_rate(components[j][@], components[j][1],

data.f_rate["pompl"], data.f_rate["FE1"], water_level SFP1[j], dt["hour"])[1])

water_weight SFP1 = data.area * water_level SFP1[j+1] * 10**3

u_SFP1 += function.U(flow_rate_SFP1) - function.Qi(dt["second"])




if u_SFP1 > o:

temp_SFP1.append(

function.Temperature_avg(temp_SFP1[j], water_level SFP1[j], flow_rate_SFP1)
+ function.Temperature_chg(dt["second"], water_weight_ SFP1))
else:
temp_SFP1.append(100.0)
water_level SFP1[j+1] = max(0.0, water_level SFP1[j+1] -

function.Evaporation(u_SFP1) * 10**(-3) / data.area)
u_SFP1 = 0.0
if water_level SFP1[j+1] < data.length["TAF"]:
append_cd_SFP1 = 1

cd_SFP1.append(append_cd_SFP1)

flow_rate_SFP2 = function.Flow_rate(components[j][2], components[j][3],
data.f_rate["pomp2"], data.f_rate["FE2"], water_level SFP2[j], dt["hour"])[@]

water_level SFP2.append(function.Flow_rate(components[j][2], components[j][3],
data.f_rate["pomp2"], data.f_rate["FE2"], water_level SFP2[j], dt["hour"])[1])

water_weight SFP2 = data.area * water_level SFP2[j+1] * 10**3
u_SFP2 += function.U(flow_rate_SFP2) - function.Qi(dt["second"])
if u_SFP2 > @:

temp_SFP2.append(

function.Temperature_avg(temp_SFP2[j], water_level SFP2[j], flow_rate_SFP2)
+ function.Temperature_chg(dt["second"], water_weight_ SFP2))
else:
temp_SFP2.append(100.0)
water_level SFP2[j+1] = max(0.0, water_level SFP2[j+1] -

function.Evaporation(u_SFP2) * 10**(-3) / data.area)
u_SFP2 = 0.0
if water_level SFP2[j+1] < data.length["TAF"]:
append_cd_SFP2 = 1

cd_SFP2.append(append_cd_SFP2)

return time["hour"], temp_SFP1, temp_SFP2, water_level SFP1, water_level SFP2, state_base,

state_per, weight, cd_SFP1, cd_SFP2




result = SFP_model(12001)

Temperature_plt():

plt.plot(result[@], result[1], color="red")
plt.plot(result[@], result[2], color="blue")
plt.xlabel("Time [h]")
plt.ylabel("Temparature [‘C]")

plt.show()

Water_level plt():

plt.ylim(-3, 14)

plt.plot(result[@], result[3], color="red")
plt.plot(result[@], result[4], color="blue")
plt.xlabel("Time [h]")

plt.ylabel("Water level [m]")

plt.show()

Temp_and_WL_plt():
fig, ax1l = plt.subplots()
axl.plot(result[@], result[1], color="red")

axl.set_xlabel("Time [h]")

axl.set_ylabel("Temparature [C]")

ax2 = ax1.twinx()

ax2.plot(result[@], result[2], color="blue")
ax2.set_ylabel("water_level [m]")
ax2.set_ylim(-3, 14)

ax3 = ax1.twinx()

ax3.plot(result[@], result[3], color="green")

ax3.set_ylabel("state [-]")




plt.show()

U_plt():

plt.plot(result[@], result[4], color="green")
plt.xlabel("Time [h]")

plt.ylabel("u []")

plt.show()

state_base_plt():

plt.plot(result[@],result[5],color="green",label="State @_CMMC")

plt.xlabel("Time [h]")
plt.ylabel("Probability [-]")

plt.show()
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