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Mt
Misk A: [EE—FEXE

import sys
import subprocess
import importlib

# BBl T i e

required libraries = ['simpy', 'seaborn’, 'tabulate']

def install packages():
mmgzﬁgzﬁ»‘%‘%‘ﬂ%ﬁﬁﬁmw

for lib in required_libraries:

try:
importlib.import_module(lib)
print(f'v {lib} T %2%E")

except ImportError:
print(f" IEAE % 4% {lib}...")
subprocess.check call([sys.executable, "-m", "pip", "install", lib])
print(f'v {lib} %% 5EHK")

# AL B R

print("="* 60)
print("1IEAERS B I 22 e b E ..
install packages()
print("Fr A B ERFE OB ! ")
print("="* 60)

# BUAEF NPT 2R
import simpy

import numpy as np
import pandas as pd
from enum import Enum
import random

class TestResult(Enum):
SUCCESS = 1
FAILURE =2
FALSE ALARM =3 # i#¥l
MISSED DETECTION =4 # Jf#
EQUIPMENT FAILURE =5 # ¥4k

class Subsystem(Enum):
A=0
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B=1
c=2
E=3 # Z&MER

class Device:
def init (self, subsystem type):
self.subsystem type = subsystem_type
self.usage hours = 0.0
self.need replacement = False

def update usage(self, hours):
self.usage hours += hours
if self.usage hours >= 240:
self.need replacement = True

def get failure probability(self):
" R LS ]38 2] A [ 7 e o
if self.usage hours < 120:
failure probs = {
Subsystem.A: 0.03,
Subsystem.B: 0.04,
Subsystem.C: 0.02,
Subsystem.E: 0.03
b
else:
failure probs = {
Subsystem.A: 0.05,
Subsystem.B: 0.07,
Subsystem.C: 0.06,
Subsystem.E: 0.05
h

return failure probs[self.subsystem_type]

def reset(self):
self.usage hours = 0.0
self.need replacement = False

class Assembly:
assembly count =0

def init (self):

Assembly.assembly count += 1

self.id = Assembly.assembly count

self.test results = {
Subsystem.A: {'attempts": 0, 'status': None, 'retry _count': 0},
Subsystem.B: {'attempts'": 0, 'status': None, 'retry count': 0},
Subsystem.C: {'attempts'": 0, 'status': None, 'retry count': 0},
Subsystem.E: {'attempts': 0, 'status': None, 'retry count’: 0}
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}
self.status = "WAITING'

self.start time = None
self.end time = None
self.max_retries = 1

class Workstation:
def init (self, env, station_id):

self.env = env

self.station_id = station_id

self.devices = {
Subsystem.A: Device(Subsystem.A),
Subsystem.B: Device(Subsystem.B),
Subsystem.C: Device(Subsystem.C),
Subsystem.E: Device(Subsystem.E)

b

self.resources = {
Subsystem.A: simpy.Resource(env, capacity=1),
Subsystem.B: simpy.Resource(env, capacity=1),
Subsystem.C: simpy.Resource(env, capacity=1),
Subsystem.E: simpy.Resource(env, capacity=1)

b

self.calibration_times = {
Subsystem.A: 0.5,
Subsystem.B: 1/ 3,
Subsystem.C: 1/ 3,
Subsystem.E: 2 /3

h

self.test _times = {
Subsystem.A: 2.5,
Subsystem.B: 2.0,
Subsystem.C: 2.5,
Subsystem.E: 3.0

}

self.stats = {
'total_tests'": 0,
'successful tests': 0,
'equipment_failures': 0,
'false_alarms': 0,
'missed_detections’: 0

}

def test_subsystem(self, assembly, subsystem, is_retry=False):
" EETEE N B TR, S

start_time = self.env.now

with self.resources[subsystem].request() as request:
yield request
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device = self.devices[subsystem]

if device.need replacement:

BEAT S HARAE)

print(f Time {self.env.now:.2f}: {subsystem.name} M & & 75 50 ¥k,

replacement_time = self.calibration times[subsystem]

yield self.env.timeout(replacement time)

device.reset()

print(f Time {self.env.now:.2f}: {subsystem.name} M\ 15 £ 5 4 52 1)

if not is_retry:

assembly.test results[subsystem]['attempts'] += 1

needs_calibration = device.usage hours == 0

if needs_calibration:

calibration_time = self.calibration times[subsystem]
yield self.env.timeout(calibration_time)
print(f Time {self.env.now:.2f}: {subsystem.name} Ml ¥ & 1% #EFE ")

current_failure prob = device.get failure probability()
if random.random() < current failure prob:

self.stats['equipment_failures'] += 1

device.need replacement = True

print(f Time {self.env.now:.2f}: {subsystem.name} ik 15 2% & A= i ")
return TestResult. EQUIPMENT FAILURE

test time = self.test times[subsystem]
yield self.env.timeout(test time)

total usage time = (self.calibration_times[subsystem] if needs_calibration else

0) + test_time

device.update usage(total usage time)

if not is_retry:

self.stats['total tests'] +=1

end_time = self.env.now
actual time = end time - start time

if not hasattr(self, 'subsystem_actual times'):

self.subsystem_actual times = {sub: 0 for sub in [Subsystem.A, Subsys-

tem.B, Subsystem.C, Subsystem.E]}
self.subsystem_actual times[subsystem] += actual time

if not hasattr(self, 'device usage stats'):

self.device usage stats = {sub: [] for sub in [Subsystem.A, Subsystem.B,

Subsystem.C, Subsystem.E]}
self.device usage stats[subsystem].append(device.usage hours)
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return self.determine test result(subsystem, device)

def determine test result(self, subsystem, device):
”””)‘é'/[%)ﬂﬁh'fféﬁ;‘%”””
if subsystem == Subsystem.E:

else:

if random.random() < 0.076:
return TestResult. FAILURE
else:
self.stats['successful tests'] += 1
return TestResult. SUCCESS

subsystem_fault prob =[0.025, 0.03, 0.02][subsystem.value]
has_fault = random.random() < subsystem_fault prob

tester_error_prob =[0.03, 0.04, 0.02][subsystem.value]
made_error = random.random() < tester_error_prob

if has_fault:
if made error and random.random() < 0.5:
self.stats['missed detections'] += 1
return TestResult. MISSED DETECTION
else:
return TestResult. FAILURE
else:
if made error and random.random() < 0.5:
self.stats['false alarms'] +=1
return TestResult. FALSE ALARM
else:
self.stats['successful tests'] += 1
return TestResult. SUCCESS

class TestFacility:
def init_ (self, env):
self.env = env
self.workstations = [

]

Workstation(env, "Workstation 1"),
Workstation(env, "Workstation 2")

self.assembly queue = simpy.Store(env)
self.completed assemblies = []
self.transport_time = 0.5

# S S BRI E A

self.workstation _semaphores = [

]

simpy.Resource(env, capacity=1), # T/EH 1 {55 =
o =N

simpy.Resource(env, capacity=1) # T/EG2E5=E

def assembly generator(self, num_assemblies, interval=2):

"""f—éﬁ@ﬁiﬁ/lﬁﬂﬁ%@g"""
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for i in range(num_assemblies):
assembly = Assembly()
assembly.start time = self.env.now
yield self.assembly queue.put(assembly)
print(f Time {self.env.now:.2f}: Assembly {assembly.id} arrived')
yield self.env.timeout(interval)

def transport_in(self):
yield self.env.timeout(self.transport _time)

def transport_out(self):
yield self.env.timeout(self.transport time)

def test abc concurrently(self, assembly, workstation, is_retry=False):
" TEG LA A By C = NFRLG, EHFEE
print(
fTime {self.env.now:2f}: Assembly {assembly.id} 7E {workstation.sta-
tion_id} JF4H ABC MK {" (FEiX) "ifis_retry else ""}")

test_processes = []
for subsystem in [Subsystem.A, Subsystem.B, Subsystem.C]:
process = self.env.process(workstation.test subsystem(assembly, subsystem,
is_retry))
test_processes.append(process)

results = yield simpy.AllOf(self.env, test _processes)

abc_results = {}
for 1, subsystem in enumerate([ Subsystem.A, Subsystem.B, Subsystem.C]):
abc_results[subsystem] = results[test processes[i]]
assembly.test results[subsystem]['status'] = results[test processes[i]]
if is_retry:
assembly.test results[subsystem]['retry count'] += 1

return abc_results

def'test e subsystem(self, assembly, workstation, is_retry=False):
"HETIEG EIHE RS, XAFER
print(
fTime {self.env.now:.2f}: Assembly {assembly.id} 7E {workstation.sta-
tion_id} JF4E E M{" (FE) "ifis_retry else ""}")

result = yield self.env.process(workstation.test subsystem(assembly, Subsystem.E,
is_retry))
assembly.test results[Subsystem.E]['status'] = result
if is_retry:
assembly.test results[Subsystem.E]['retry count'] +=1
return result
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def check abc passed(self, abc_results):
EE AL B. C =T ARG A
for result in abc results.values():
if result != TestResult. SUCCESS:
return False
return True

def process assembly(self, assembly, workstation index):
" Qb BTN B 1 S B i O
print(f Time {self.env.now:.2f}: Assembly {assembly.id} FrigAbEE, FHT/ES
{workstation_index + 1}')

# A ME S BN TAE G Ui
with self.workstation semaphores[workstation_index].request() as req:
yield req

# 1BHEN

yield self.env.process(self.transport_in())

workstation = self.workstations[workstation_index]

#ABC MK (CRPE D
abc_passed = False
abc_retry count=0

while not abc_passed and abc_retry count <= assembly.max_retries:
abc_results = yield self.env.process(
self.test_abc concurrently(assembly, workstation, abc_retry count >

0))

if self.check abc passed(abc results):
abc_passed = True
else:
abc _retry count +=1
if abc_retry count > assembly.max_retries:
assembly.status = 'FAILED'
print(fTime {self.env.now:.2f}: Assembly {assembly.id} ABC
I R R, AR T
break
else:
print(
f'Time {self.env.now:.2f}: Assembly {assembly.id} ABC jlll
RN, JEAT 2 {abe_retry_count} X HIX")
yield self.env.timeout(0.5)

if not abc_passed:
# B IT
yield self.env.process(self.transport_out())
assembly.end time = self.env.now
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self.completed assemblies.append(assembly)
return

#E WS GCRFEED
e passed = False
e retry count=0

while not e passed and e _retry count <= assembly.max_retries:
e result = yield self.env.process(self.test e subsystem(assembly, work-
station, e _retry count > 0))

if e result == TestResult. SUCCESS:
e _passed = True
assembly.status = 'PASSED'
print(f Time {self.env.now:.2f}: Assembly {assembly.id} Miid L")
else:
e_retry count +=1
if e retry count > assembly.max_retries:
assembly.status = 'FAILED'
print(f Time {self.env.now:.2f}: Assembly {assembly.id} E i
L CEGEE PR, RN
break
else:
print(f Time {self.env.now:.2f}: Assembly {assembly.id} E iz
W, HEATEE {e retry count} X E ")
yield self.env.timeout(0.5)

# 0K IE I [A]
assembly.end time = self.env.now
self.completed assemblies.append(assembly)

# IZfmE T
yield self.env.process(self.transport_out())

print(f Time {self.env.now:.2f}: Assembly {assembly.id} CEEET, LTIEH
{workstation_index + 1}%5[A]")

def run_testing(self, num_devices to_test):

!H!Hii/?\jj]y gﬁﬁﬁﬂg "
# AR E

self.env.process(self.assembly generator(num_devices to test))

# N TAE G @SN AL B2
foriinrange(2): # WANLIER
self.env.process(self.workstation process(i, num_devices to_test))

# LT R B SE K

while len(self.completed assemblies) < num_devices to_test:
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yield self.env.timeout(1) # &AM A — IR 5E BRI L

def workstation_process(self, workstation index, num_devices to_test):
"G M PEHFE - BEN L e s aE T
while len(self.completed assemblies) < num_devices to test:
# SRR ERIA
assembly = yield self.assembly queue.get()

# ALPRAEE

yield self.env.process(self.process assembly(assembly, workstation index))

def simulate(num_devices to test=100, shift hours=12):

ST - KT E SRR
env = simpy.Environment()
facility = TestFacility(env)

# EE R S R

env.process(facility.run_testing(num_devices_to_test))
env.run(until=1000)

passed count = sum(1 for a in facility.completed assemblies if a.status == 'PASSED")
completed assemblies = [a for a in facility.completed assemblies if a.end time is not

None]

0

total time =max(a.end time for a in completed assemblies) if completed assemblies else

total tests =0
false_alarms =0
missed detections = 0
equipment failures =0

for workstation in facility.workstations:
total tests += workstation.stats['total tests']
false alarms += workstation.stats['false_alarms']
missed detections += workstation.stats['missed detections']
equipment failures += workstation.stats['equipment failures']

false_alarm_prob = false_alarms / total tests if total tests > 0 else 0
missed detection prob = missed detections / total tests if total tests > 0 else 0

yxb_ratios = {}
total sim_time = max(
a.end_time for a in facility.completed assemblies if a.end time is not None) if com-

pleted assemblies else 0

for subsystem in [Subsystem.A, Subsystem.B, Subsystem.C, Subsystem.E]:
total pure test time =0
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for workstation in facility.workstations:
if hasattr(workstation, 'pure test times'):
total pure test time += workstation.pure test times.get(subsystem, 0)
else:
total test time = workstation.subsystem actual times.get(subsystem, 0) if
hasattr(workstation,

'subsystem actual times') else 0
total pure test time += total test time * 0.7

yxb_ratios[subsystem.name] = total pure test time / total sim time if to-
tal sim_time > 0 else 0

total retries =0
for assembly in facility.completed assemblies:
for subsystem in [Subsystem.A, Subsystem.B, Subsystem.C, Subsystem.E]:
total retries += assembly.test results[subsystem]['retry count']

avg retries per assembly = total retries / len(
facility.completed assemblies) if facility.completed assemblies else 0

device usage info = {}
for subsystem in [Subsystem.A, Subsystem.B, Subsystem.C, Subsystem.E]:
total usage =0
usage counts =0
for workstation in facility.workstations:
if hasattr(workstation, 'device usage stats') and subsystem in workstation.de-
vice usage stats:
total usage += sum(workstation.device usage stats[subsystem])
usage counts += len(workstation.device usage stats[subsystem])

avg usage = total usage / usage counts if usage counts > 0 else 0
device usage info[subsystem.name] = {
'avg usage': avg_usage,
'total replacements': sum(1 for ws in facility.workstations if ws.devices[subsys-
tem].need replacement)

}

return {
'total _days": total time / shift hours if shift hours > 0 else 0,
'passed_count': passed count,
'false alarm_prob': false alarm_ prob,
'missed_detection prob': missed_detection_prob,
'yxb_ratios": yxb_ratios,
'total retries': total retries,
'avg retries_per assembly': avg retries per assembly,
'device _usage info': device usage info,
'equipment_failures': equipment_failures
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import sys

import subprocess

import importlib

from enum import Enum

import random

import simpy

import numpy as np

import pandas as pd

from tqdm import tqdm # AT ERitE %

# ... [PRE EA I A SR s OE X ..

def monte carlo_simulation(num_simulations=100, num_devices_per_sim=100,
shift_hours=12):
BTSN T
results = {
'total days": [],
'passed_count': [],
'false_alarm_prob': [],
'missed_detection prob': [],
'equipment_failures': [],
'total_retries': [],
'avg retries per assembly': []

}
# BT RGN R E] L

yxb_ratios = {
A,
‘B[],
'C: 1,
B[]

}

# A A
device usage = {
'A': {'avg_usage': [], replacements": []},
'B": {'avg_usage": [], 'replacements': []},
'C": {'avg_usage': [], 'replacements': []},
'E": {'avg_usage': [], replacements': []}
h
print(f" IEEZEAT S5 RIEBHL ({num_simulations} {KX)...")
for _in tqdm(range(num_simulations)):

sim_results = simulate(num_devices_to_test=num_devices per_sim,
shift_hours=shift hours)

# WERIEAR LS
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for key in results:
if key in sim_results:
results[key].append(sim_results[key])

# WA RCLAER AN B
for subsystem, ratio in sim_results['yxb_ratios'].items():
yxb_ratios[subsystem].append(ratio)

# R e i IR L
for subsystem, info in sim_results['device usage info'].items():
device usage[subsystem]['avg usage'].append(info['avg usage'])
device usage[subsystem]['replacements'].append(info['total replacements'])

# IHEST R
def calculate stats(data):
if isinstance(data, dict):
return {k: calculate stats(v) for k, v in data.items()}
elif isinstance(data, list):
return {
'mean': np.mean(data),
'std": np.std(data),
'min': np.min(data),
'max': np.max(data),
'median': np.median(data),
'Sth_percentile': np.percentile(data, 5),
'95th_percentile': np.percentile(data, 95)
h
else:
return data

# IHTEIR

analysis = {
'basic_metrics': calculate stats({k: v for k, v in results.items()}),
'yxb_ratios'": calculate stats(yxb_ratios),
'device usage': calculate stats(device usage)

}

return analysis

# def main():

S

# print("="* 60)

# print(" FLRAEILE HL)

# results g2 = simulate(num_devices_to test=100, shift hours=12)
#

# print(f"F32 K EL: {results_q2['total _days']:.2f}")

# print(fJH L H & {results g2['passed count’]}")

# print(f" R A% {results_q2['false_alarm_prob']:.4f}")
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print(f"JFFIMEZ: {results g2['missed detection prob']:.4f}")

print(f" 5 & T IR EL: {results g2['equipment_failures']}")

print(f" & B /R EL: {results_g2['total retries']}")

print(f"~ 34828 B B3R EL: {results g2['avg retries_per assembly']:.2f}")

print("\n BTG HL:")
for subsystem, info in results qg2['device usage info'].items():

print(f'  {subsystem}: “F-3J{# F i [8]={info['avg usage']:.2f} /NI, B #e k%

{info['total replacements']}")

print("n H R TAERTE EE:")
for subsystem, ratio in results g2['yxb_ratios'].items():
print(f*  {subsystem}: {ratio:.4f}")

print("\n” _|’_ ":” sk 60)
print("ZRFRIERILE R (100 XEE):")

mc_results = monte carlo simulation(num_simulations=1000, num_de-

ices_per_sim=100)

def print_stat(name, stat):
print(f" {name}:")
print(f"  “FI¥J{H: {stat['mean']:.4f}")
print(f"  AR#EZE: {stat['std"]:.4f}")
print(f"  JEH: [ {stat['min']:.4f}, {stat['max']:.4f}]")
print(f" 7% {stat['median']:.4f}")
print(f"  90% & 15 [X [A] : [{stat['Sth_percentile']:.4f}, {stat['95th percen-

le']:.4f}]")

print("\n FEAFEFR:")

for metric, stat in mc_results['basic_metrics'].items():
print(f"\n {metric.replace(’ ','").title()}")
print_stat(metric, stat)

print("\n A R TAERFH] EE:")

for subsystem, stat in mc_results['yxb _ratios'].items():
print(f"\n &%t {subsystem}")
print_stat("YXB LL&" stat)

print("\n B HL:")
for subsystem, stats in mc_results['device usage'].items():
print(f"\n T &4t {subsystem} ¥#%:")
for stat name, stat in stats.items():
print(f"\n{stat name.replace(' ', '").title()}")
print_stat(stat name, stat)

import matplotlib.pyplot as plt
import seaborn as sns
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# def plot monte carlo results(mc_results):

"o SR R IR AL A R R

# WEF - 1 H seaborn FIERIAFE

sns.set_style("whitegrid")

plt.rcParams['font.sans-serif ] = ['SimHei'] # HKIEH TR F SChRES
plt.rcParams['axes.unicode minus'] = False # HRIEH ER55

#1. AR

basic_metrics = mc_results['basic_metrics']

metrics_names = {
'total_days": "3 EL,
'passed_count': L P EL =
'false_alarm_prob': "% FIHER",
'missed_detection_prob': "I FIRE R,
'equipment_failures': ' £ HFE IR EL,
'total_retries': " B IRAL,
'avg_retries_per assembly': -3 F i K EL

h

fig, axes = plt.subplots(3, 3, figsize=(18, 15))
axes = axes.flatten()

for 1, (metric, cn_name) in enumerate(metrics_names.items()):
data = basic_metrics[metric]
ax = axes|[i]

# 2l HR R R T
ax.bar(0, data['max'] - data['min'], bottom=data['min'],
width=0.6, color="skyblue', alpha=0.7, label="JE[Hl")

# tril PIME
ax.scatter(0, data['mean'], color="red', s=100,
label=f'¥3){f: {data["mean"]:.2f}', zorder=>5)

# bR AL
ax.scatter(0, data['median'], color='green', s=100,
marker="x', label=f F1 /7 %{: {data["median"]:.2f}', zorder=>5)

# W0 90% E 15 X 7]

ax.plot([-0.3, 0.3], [data['5th_percentile'], data['5th_percentile']],
'k--', linewidth=1, label="90% & 15 [X [A]")

ax.plot([-0.3, 0.3], [data['95th_percentile'], data['95th percentile']],
'k--', linewidth=1)

ax.set_title(cn_name)
ax.set_xticks([])
ax.legend()

FHoFH O H H H FH O HE O HH OH O H H H H O HHEHHH H G H H H H H H H H HHHEHHOHHH H

41



FHoFH FH O H O H O H o H H O H O O O H O H H o H O HH O o H O HH HH

# B2 R AT
for j in range(i + 1, len(axes)):
axes[j].axis('oft")

plt.tight layout()
plt.savefig('basic_metrics.png', dpi=300, bbox_inches="tight')
plt.close()

#2. A RCLAER ] HE R A A

yxb data =mc_results['yxb ratios']

subsystems = list(yxb_data.keys())

stats = ['mean’, 'Sth_percentile', '95th percentile']

angles = np.linspace(0, 2 * np.pi, len(subsystems), endpoint=False)

angles = np.concatenate((angles, [angles[0]]))

fig = plt.figure(figsize=(10, 10))
ax = fig.add_subplot(111, polar=True)

for stat in stats:
values = [yxb_data[sub][stat] for sub in subsystems]
values += [values[0]]
ax.plot(angles, values, 'o-', linewidth=2,
label=f"{stat} ($J{H: {np.mean(values):.3f})"
ax.fill(angles, values, alpha=0.1)

ax.set thetagrids(angles[:-1] * 180 / np.pi, subsystems)
ax.set_title("&1 ARG BCLAFIS A L ELAL, pad=20)
ax.legend(loc="upper right', bbox_to anchor=(1.3, 1.1))
plt.tight layout()

plt.savefig('yxb_ratios.png', dpi=300, bbox_inches="tight")
plt.close()

#3. WAk S DL AR A
usage data =mc_results['device usage']
fig, axes = plt.subplots(1, 2, figsize=(15, 6))

# Y54 ek T

ax = axes[0]

x = np.arange(len(usage data))

for i, (sub, data) in enumerate(usage data.items()):

ax.bar(i, data['avg usage']|['mean'],

yerr=data['avg_usage']['std'],
capsize=35, label=sub)

ax.set_xticks(x)

ax.set xticklabels(usage data.keys())

ax.set_title(" & 15225132 48 FH I 18] (/M)

ax.set_ylabel("/NI]")

0



FHoH O H H H H H H O HH H HH

ax.legend()
# S

ax = axes[1]
for i, (sub, data) in enumerate(usage data.items()):
ax.bar(i, data['replacements']['mean'],

yerr=data['replacements']['std'],
capsize=5, label=sub)

ax.set_xticks(x)

ax.set xticklabels(usage data.keys())

ax.set_title("#%- 5L 2%V 3 5 X EL)

ax.set_ylabel(""X#L)

ax.legend()

plt.tight layout()
plt.savefig('device usage.png', dpi=300, bbox inches="tight'")
plt.close()

def plot monte carlo results(mc_results):

" R ST R IB RIS R

# WEFEIN - T seaborn FIERIAFER

sns.set_style("whitegrid")

plt.rcParams['font.sans-serif'] = ['SimHei'] # HRIEH Ex 3RS
plt.rcParams['axes.unicode minus'] = False # HRIEW ER65

# 1. TSR bR AR A
basic_metrics = mc_results['basic_metrics']
metrics_names = {

'total_days": "“F-FJMlREL,
'passed_count': "JE LM T E,
'false_alarm_prob': "% FIMER",
'missed_detection_prob': " I HEE",
'equipment_failures': "5 #% #L S IR AL,
'total_retries': "&b B i AL,
'avg_retries_per_assembly": "33 H i K EL
}

# R EAR O H Y R
for metric, cn_name in metrics_names.items():
if metric not in basic_metrics:
continue
data = basic_metrics[metric]

plt.figure(figsize=(8, 6))

# 2 AR IR B R R T

plt.bar(0, data['max'] - data['min'], bottom=data['min'],
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width=0.6, color="skyblue', alpha=0.7, label="7t ")

# tnid FIME
plt.scatter(0, data['mean'], color="red', s=100,
label="¥3J14: {data["mean"]:.2f}', zorder=5)

# Frit A3
plt.scatter(0, data['median'], color='green’, s=100,
marker="x', label=f 17 #(: {data["median"]:.2f}', zorder=5)

# IR 90% B AF X [H]

plt.plot([-0.3, 0.3], [data['5th_percentile'], data['5th_percentile']],
'k--', linewidth=1, label='90% & {5 [X [f]')

plt.plot([-0.3, 0.3], [data['95th_percentile'], data['95th percentile']],
'k--', linewidth=1)

plt.title(cn_name)
plt.xticks([])
plt.legend()
plt.tight layout()

# DRAF N A SCA
plt.savefig(f' {metric}.png', dpi=600, bbox inches="tight')
plt.close()

#2. A7 RCTAER A] ik

yxb_data = mc_results['yxb_ratios']

subsystems = list(yxb_data.keys())

stats = ['mean’, 'Sth_percentile', '95th_percentile']

angles = np.linspace(0, 2 * np.pi, len(subsystems), endpoint=False)
angles = np.concatenate((angles, [angles[0]]))

fig = plt.figure(figsize=(10, 10))
ax = fig.add_subplot(111, polar=True)

for stat in stats:
values = [yxb_data[sub][stat] for sub in subsystems]
values += [values[0]]
ax.plot(angles, values, 'o-', linewidth=2,
label=f{stat} ($J{f: {np.mean(values):.3f})")
ax.fill(angles, values, alpha=0.1)

ax.set_thetagrids(angles[:-1] * 180 / np.pi, subsystems)
ax.set_title("&F RGA B TAER ] LLELEL, pad=20)
ax.legend(loc="upper right', bbox to anchor=(1.3, 1.1))
plt.tight layout()

plt.savefig('yxb_ratios.png', dpi=600, bbox inches="tight")
plt.close()
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#3. WA S DL A AR A
usage data =mc results['device usage']
fig, axes = plt.subplots(1, 2, figsize=(15, 6))

# 7 Y45 Ik e

ax = axes|[0]

x = np.arange(len(usage data))

for 1, (sub, data) in enumerate(usage data.items()):

ax.bar(i, data['avg_usage']['mean'],

yerr=data['avg_usage']['std'],
capsize=5, label=sub)

ax.set xticks(x)

ax.set_xticklabels(usage data.keys())

ax.set_title(' & 15 #4135 48 FH ) 18] (ZNF)")

ax.set_ylabel('"/)N]")

ax.legend()

# BRI

ax = axes[1]

for 1, (sub, data) in enumerate(usage data.items()):

ax.bar(i, data['replacements']['mean'],

yerr=data['replacements']['std'],
capsize=5, label=sub)

ax.set_xticks(x)

ax.set_xticklabels(usage data.keys())

ax.set_title(" %5251 150 5 # XE)

ax.set_ylabel(""XEL(")

ax.legend()

plt.tight layout()
plt.savefig('device usage.png', dpi=600, bbox _inches="tight")
plt.close()

def main():
HHHI Xﬁmm
# GBI IFATIF—A> txt ST T IR 4G

with open('monte carlo_results.txt', 'w', encoding="utf-8'") as f:
print("=" * 60, file=f)
print("FEL ARG R, file=f)
results g2 = simulate(num_devices_to test=100, shift hours=12)

# A% SRR A4 BR
print(f" IR KL {results_q2['total_days']:.2f}", file=f)
print(f @8 MIAEE: {results_q2['passed count']}", file=f)
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print(f 1% HIMEZ: {results q2['false alarm prob']:.4f}", file=f)

print(f"JR HIMEZ: {results_q2['missed_detection_prob']:.4f}", file=f)

print(f" % & M REL: {results_q2['equipment_failures']}", file=f)

print(f" /2 IR EL: {results_g2['total retries']}", file=f)

print(f" V- ¥ 4 /™ 35 B & 3 K E: {results_g2['avg retries per assembly']:.2f}",
file=f)

print("\n & EH G HL:", file=)
for subsystem, info in results_q2['device usage info'].items():
print(f"  {subsystem}: “F-3Jfd I []={info['avg usage']:.2f} /N, Bk
#(={info['total_replacements']}",
file=f)

print("\n A X _LAERS[A] LE:", file=f)
for subsystem, ratio in results _q2['yxb_ratios'].items():
print(f* {subsystem}: {ratio:.4f}", file=f)

print("\n" + "="* 60, file=f)

print("ZERFRIEEILEE IR (1000 REK):", file=f)

mc_results = monte carlo simulation(num_simulations=1000, num_de-
vices_per_sim=100)

def print_stat(name, stat, file obj):

print(f" {name}:", file=file obj)

print(f"  “P{H: {stat['mean']:.4f}", file=file obj)

print(f"  FR#EZE: {stat['std']:.4f}", file=file obj)

print(f"  JE[E: [ {stat['min']:.4f}, {stat['max']:.4f}]", file=file obj)

print(f*  HA7 %L {stat['median']:.4f}", file=file obj)

print(f'  90% & {5 X [A] : [{stat['5th percentile']:.4f}, {stat['95th percen-
tile']:.4f}]", file=file obj)

# A H TR SCER AR A IR

print("\n JEAFEFR:", file=f)

print("\n ~F-¥JM R ZL ", file=1)

print_stat("“ MR K EL", me_results['basic_metrics']['total days'], f)

print("\n 1@ MR E", file=1)
print_stat("iH M EE", mc_results['basic_metrics']['passed_count'], f)

print("\n R FIHEZ", file=1)
print_stat(" = FMER", mc_results['basic_metrics']['false_alarm_prob'], f)

print("\n JF HIMEZ", file=f)
print_stat("JRFIMEZ", mc_results['basic_metrics']['missed detection prob'], f)

print("\n W& T FEIREL", file=f)
print_stat(" B R EL", mc_results['basic_metrics']['equipment_failures'], f)
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print("\n 44 5 R VHL, file=f)
print_stat(" = FEiXIKEL", mc_results['basic_metrics']['total _retries'], f)

print("\n 3R 2 E H R IRE, file=f)
print_stat(" ~F ¥J & > 3¢ B & i K # ", mc_results['basic_metrics']['avg_re-
tries_per_assembly'], f)

print("\n A L TAER [E LE:", file=f)

for subsystem, stat in mc_results['yxb _ratios'].items():
print(f"\n 7 R4t {subsystem}", file=f)
print_stat("YXB [LZ" stat, f)

print("\n ¥ HE O, file=)
for subsystem, stats in mc_results['device usage'].items():
print(f"\n T R4 {subsystem} %", file=f)
for stat name, stat in stats.items():
# B IR OL A SCAA R
cn_name = {
'avg_usage': P-4 FH I [A]',
'total replacements': "5 # /UL
}.get(stat name, stat name)
print(f"\n{cn_name}", file=f)
print_stat(cn_name, stat, f)

# [F]INAEFE ] & Wit &S
print("FBAL TR, 4R ORI E] monte carlo_results.txt L")

# W ez B The

print("\n 1E7EAE BTG SR

plot monte carlo results(mc_results)

print(" "] AL K ZR CARAFE A PNG SCAF: basic_metrics.png, yxb_ratios.png, device us-
age.png, correlation_heatmap.png")

if name =" "

main()

__main__

iR B: [ElE=E2NHE

import sys

import subprocess
import importlib

import random

import simpy

import numpy as np
from enum import Enum
from tqdm import tqdm
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from tabulate import tabulate

from deap import base, creator, tools, algorithms
import matplotlib.pyplot as plt

import seaborn as sns

from matplotlib import rcParams

# BCE PO
rcParams|['font.sans-serif'] = ['SimHei', 'DejaVu Sans']
rcParams['axes.unicode minus'] = False

# BBl N e

required libraries = ['simpy', 'numpy’, 'tqdm’, 'tabulate’, 'deap', 'matplotlib', 'seaborn']

def install packages():
B LA
for lib in required_libraries:
try:
importlib.import_module(lib)
print(f'v {lib} T %%E")
except ImportError:
print(f" IEAE % 4% {1ib}...")
subprocess.check call([sys.executable, "-m", "pip", "install", lib])
print(f'v' {lib} “ZHETEH")

# LRGN EL PR

print("="* 60)

print(" IEAERT B H 22 R D A ")
install_packages()

print("FrE LERFE ! ")
print("=""* 60)

class TestResult(Enum):
SUCCESS = 1
FAILURE =2
FALSE ALARM =3 # #¥
MISSED DETECTION =4 # J§#|
EQUIPMENT FAILURE =5 # 4k

class Subsystem(Enum):
A=0

B=1
C=2
E=3 # ZZHENIK
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class Device:
def init (self, subsystem type):
self.subsystem type = subsystem_type
self.usage hours = 0.0
self.need replacement = False

def update usage(self, hours):
self.usage hours += hours
if self.usage hours >= 240:
self.need replacement = True

def get failure probability(self):
"R (ST [ 38 [E] A [ ) A
if self.usage hours < 120:
failure probs = {
Subsystem.A: 0.03,
Subsystem.B: 0.04,
Subsystem.C: 0.02,
Subsystem.E: 0.03
b
else:
failure probs = {
Subsystem.A: 0.05,
Subsystem.B: 0.07,
Subsystem.C: 0.06,
Subsystem.E: 0.05
b

return failure probs[self.subsystem_type]

def reset(self):
self.usage hours = 0.0
self.need replacement = False

class Assembly:
assembly count =0

def init_ (self):
Assembly.assembly count +=1
self.id = Assembly.assembly count

self.test results = {
Subsystem.A: {'attempts': 0, 'status': None, 'retry count': 0},

Subsystem.B: {'attempts'": 0, 'status': None, 'retry count': 0},
Subsystem.C: {'attempts'": 0, 'status': None, 'retry count': 0},
Subsystem.E: {'attempts': 0, 'status': None, 'retry _count': 0}

H

self.status = "WAITING'

self.start_time = None

self.end time = None

49



self.max_retries = 1

class Workstation:
def init (self, env, station_id):

self.env = env

self.station_id = station_id

self.devices = {
Subsystem.A: Device(Subsystem.A),
Subsystem.B: Device(Subsystem.B),
Subsystem.C: Device(Subsystem.C),
Subsystem.E: Device(Subsystem.E)

}

self.resources = {
Subsystem.A: simpy.Resource(env, capacity=1),
Subsystem.B: simpy.Resource(env, capacity=1),
Subsystem.C: simpy.Resource(env, capacity=1),
Subsystem.E: simpy.Resource(env, capacity=1)

b

self.calibration_times = {
Subsystem.A: 0.5,
Subsystem.B: 1/ 3,
Subsystem.C: 1/ 3,
Subsystem.E: 2/ 3

b

self.test _times = {
Subsystem.A: 2.5,
Subsystem.B: 2.0,
Subsystem.C: 2.5,
Subsystem.E: 3.0

h

self.stats = {
'total tests'": 0,
'successful_tests': 0,
'equipment_failures': 0,
'false_alarms': 0,
'missed_detections': 0

}

def test_subsystem(self, assembly, subsystem, is_retry=False):
" EETEE N B TR, S

start_time = self.env.now

with self.resources[subsystem].request() as request:
yield request

device = self.devices[subsystem]

if device.need replacement:
replacement_time = self.calibration_times[subsystem]
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yield self.env.timeout(replacement time)
device.reset()

if not is_retry:
assembly.test results[subsystem]['attempts'] += 1

needs_calibration = device.usage hours ==

if needs_calibration:
calibration time = self.calibration times[subsystem]
yield self.env.timeout(calibration_time)

current_failure prob = device.get failure probability()
if random.random() < current_failure prob:
self.stats['equipment_failures'] += 1
device.need replacement = True
return TestResult. EQUIPMENT FAILURE

test_time = self.test times[subsystem]
yield self.env.timeout(test _time)

total usage time = (self.calibration_times[subsystem] if needs_calibration else
0) + test_time
device.update usage(total usage time)

if not is_retry:
self.stats['total tests'] +=1

end_time = self.env.now
actual time = end time - start time

if not hasattr(self, 'subsystem_actual times'):
self.subsystem_actual times = {sub: 0 for sub in [Subsystem.A, Subsys-
tem.B, Subsystem.C, Subsystem.E]}
self.subsystem_actual times[subsystem] += actual time

return self.determine test result(subsystem, device)

def determine_test result(self, subsystem, device):
7
if subsystem == Subsystem.E:
if random.random() < 0.076:
return TestResult. FAILURE
else:
self.stats['successful tests'] += 1
return TestResult. SUCCESS
else:
subsystem_fault prob = [0.025, 0.03, 0.02][subsystem.value]
has fault = random.random() < subsystem_fault prob
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tester_error_prob =[0.03, 0.04, 0.02][subsystem.value]
made error = random.random() < tester _error prob

if has_fault:
if made error and random.random() < 0.5:
self.stats['missed detections'] += 1
return TestResult. MISSED DETECTION
else:
return TestResult. FAILURE
else:
if made_error and random.random() < 0.5:
self.stats['false alarms'] += 1
return TestResult. FALSE  ALARM
else:
self.stats['successful tests'] +=1
return TestResult. SUCCESS

class ShiftTestFacility:
def init (self, env, shift hours=12):

self.env = env

self.workstations = [
Workstation(env, "Workstation 1"),
Workstation(env, "Workstation 2")

]

self.assembly queue = simpy.Store(env)

self.completed assemblies = []

self.transport_time = 0.5

self.workstation _semaphores = [
simpy.Resource(env, capacity=1),
simpy.Resource(env, capacity=1)

]

self.shift hours = shift hours

self.current_shift =0

self.shift_change event = env.event()

def assembly generator(self, num_assemblies, interval=2):
”””éﬁ@f?%f/}fﬁﬂ%ﬁ”””
for 1 in range(num_assemblies):
assembly = Assembly()
assembly.start_time = self.env.now
yield self.assembly queue.put(assembly)
yield self.env.timeout(interval)

def transport_in(self):
yield self.env.timeout(self.transport_time)

def transport_out(self):
yield self.env.timeout(self.transport_time)
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def test abc concurrently(self, assembly, workstation, is_retry=False):
" TAEG LRI AL By C = NFARG, S fFE A
test processes =[]
for subsystem in [Subsystem.A, Subsystem.B, Subsystem.C]:
process = self.env.process(workstation.test subsystem(assembly, subsystem,
is_retry))
test_processes.append(process)

results = yield simpy.AllOf(self.env, test processes)

abc_results = {}
for 1, subsystem in enumerate([ Subsystem.A, Subsystem.B, Subsystem.C]):
abc_results[subsystem] = results[test processes[i]]
assembly.test results[subsystem]['status'] = results[test_processes[i]]
if is_retry:
assembly.test results[subsystem]['retry count'] +=1

return abc_results

deftest e subsystem(self, assembly, workstation, is_retry=False):
TG LIWEE TR, EFE
result = yield self.env.process(workstation.test subsystem(assembly, Subsystem.E,
is_retry))
assembly.test results[Subsystem.E]['status'] = result
if is_retry:
assembly.test results[Subsystem.E]['retry count'] += 1
return result

def check abc passed(self, abc_results):
EEAL By C =T R A A
for result in abc_results.values():
if result != TestResult. SUCCESS:
return False
return True

def shift_scheduler(self):

o B

while True:
yield self.env.timeout(self.shift hours)
self.current_shift =1 - self.current_shift
self.shift change event.succeed()
self.shift change event = self.env.event()
yield self.env.timeout(self.shift hours)
self.current_shift =1 - self.current_shift
self.shift change event.succeed()
self.shift change event = self.env.event()

def process_assembly(self, assembly, workstation_index):
"Gk B TR B o B i

with self.workstation semaphores[workstation index].request() as req:
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yield req
yield self.env.process(self.transport _in())

workstation = self.workstations[workstation index]

# ABC i
abc_passed = False
abc_retry count =10
while not abc_passed and abc_retry count <= assembly.max_retries:
abc_results = yield self.env.process(
self.test abc concurrently(assembly, workstation, abc_retry count >
0))
if self.check abc passed(abc_results):
abc_passed = True

else:
abc_retry count += 1
if abc_retry count > assembly.max_retries:
assembly.status = 'FAILED'
break
yield self.env.timeout(0.5)
if not abc_passed:

yield self.env.process(self.transport _out())
assembly.end time = self.env.now
self.completed assemblies.append(assembly)
return

#E Mk

e passed = False

e retry _count=0

while not e passed and e _retry count <= assembly.max_retries:

e result = yield self.env.process(self.test e subsystem(assembly, work-
station, e retry count > 0))
if e_result == TestResult. SUCCESS:
e _passed = True
assembly.status = 'PASSED'
else:
e retry count +=1
if e retry count > assembly.max_retries:
assembly.status = 'FAILED'
break
yield self.env.timeout(0.5)

assembly.end time = self.env.now
self.completed assemblies.append(assembly)
yield self.env.process(self.transport_out())

def run_testing(self, num_devices to _test):
!N!Hﬁjj]]fﬂbﬁﬁﬁﬂ%ﬁmw

self.env.process(self.assembly generator(num_devices to test))
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self.env.process(self.shift scheduler())
for 1 in range(2):

self.env.process(self.workstation_process(i, num_devices to_test))
while len(self.completed assemblies) < num_devices to test:

yield self.env.timeout(1)

def workstation_process(self, workstation index, num_devices to_test):
" IR 2 LA B LA
while len(self.completed assemblies) < num_devices to test:
if (workstation_index % 2) != self.current_shift:
yield self.shift change event
continue
assembly = yield self.assembly queue.get()
yield self.env.process(self.process assembly(assembly, workstation_index))

def simulate with shifts(num_devices to test=100, shift hours=12):

I 0 AT
env = simpy.Environment()

facility = ShiftTestFacility(env, shift hours=shift hours)
env.process(facility.run_testing(num_devices_to_test))
env.run(until=1000)

passed count = sum(1 for a in facility.completed assemblies if a.status == 'PASSED')
completed assemblies = [a for a in facility.completed assemblies if a.end time is not

None]

0

total time =max(a.end_time for a in completed assemblies) if completed assemblies else

total tests =0
false_alarms =0
missed detections = 0
equipment failures =0

for workstation in facility.workstations:
total tests += workstation.stats['total tests']
false alarms += workstation.stats['false_alarms']
missed detections += workstation.stats['missed detections']
equipment failures += workstation.stats['equipment failures']

false_alarm_prob = false_alarms / total tests if total tests > 0 else 0
missed detection prob = missed detections / total tests if total tests > 0 else 0

yxb_ratios = {}
total sim time = max(a.end_time for a in completed assemblies) if completed assem-

blies else 0

for subsystem in [Subsystem.A, Subsystem.B, Subsystem.C, Subsystem.E]:
total pure test time =0
for workstation in facility.workstations:
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total test time = workstation.subsystem actual times.get(subsystem, 0) if ha-
sattr(workstation,

'subsystem actual times') else 0
total pure test time += total test time * 0.7
yxb_ratios[subsystem.name] = total pure test time / (
total sim time /(24 / 12)) if total sim_time > 0 else 0

total retries =0
for assembly in facility.completed assemblies:
for subsystem in [Subsystem.A, Subsystem.B, Subsystem.C, Subsystem.E]:
total retries += assembly.test results[subsystem]['retry count']

avg retries per assembly = total retries / len(
facility.completed assemblies) if facility.completed assemblies else 0

return {
'total _days": total time / 24,
'passed _count': passed count,
'false_alarm_prob': false_alarm_prob,
'missed_detection prob': missed detection_prob,
'yxb_ratios": yxb_ratios,
'total _retries': total retries,
'avg retries _per assembly': avg retries_per assembly,
'equipment_failures': equipment failures

# CIEREAESE

class GAVisualizer:

HHH@/?E&WM%}CNNN

def init_ (self):
self.fitness_history =[]
self.k values history =[]
self.generation_stats = []

def record generation(self, population, generation):
e Z‘Eﬁgy/ﬁﬂ/&:“/%mw
# sk &l i A

evaluated individuals = [ind for ind in population if hasattr(ind.fitness, 'values') and
ind.fitness.values]

if not evaluated_individuals:
return

fitnesses = [ind.fitness.values[0] for ind in evaluated individuals]
k values = [ind[0] for ind in evaluated individuals]
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self.fitness_history.append(fitnesses)
self.k values history.append(k values)
self.generation_stats.append({
'generation’: generation,
'min_fitness": min(fitnesses) if fitnesses else float('inf"),
'max_fitness': max(fitnesses) if fitnesses else float('-inf"),
'avg_fitness': np.mean(fitnesses) if fitnesses else 0,
'best k': k values[np.argmin(fitnesses)] if fitnesses else 0

})

def plot_evolution(self):
”"”/éz/?kl%‘//ﬁ%ij j_?mm
if not self.generation_stats:
print("BH 2% B HHEFEAT AT

return
fig, ((ax1, ax2), (ax3, ax4)) = plt.subplots(2, 2, figsize=(15, 10))

#1. 1N EEBEL

generations = range(len(self.generation_stats))

min_fitness = [stat['min_fitness'] for stat in self.generation_stats]
avg_fitness = [stat['avg_fitness'] for stat in self.generation_stats]

ax1.plot(generations, min_fitness, 'b-', label="5x {£:i& IV J&")
ax1.plot(generations, avg_fitness, 'r-', label=""F-153& IV J&")
ax1.set xlabel("fX4L)

ax1.set_ylabel("i& W {H")
axl.set_title("Wf& H LIS FE

ax1.legend()

axl.grid(True)

#2. K A5 0 A ¥
for gen in range(0, len(self.k values history), max(1, len(self.k values history) //

5)):
if gen < len(self.k values history) and self.k values history[gen]:
ax2.hist(self.k_values history[gen], alpha=0.5,
label=f'%f {gen} X', bins=10, range=(9, 12))
ax2.set xlabel("BEIRITK K (/M)
ax2.set_ylabel("4i{X")
ax2.set_title('"K {H 7 AA2210")
ax2.legend()
ax2.grid(True)

#3. etk K EEN

best k values = [stat['best_k'] for stat in self.generation_stats]
ax3.plot(generations, best k values, 'g-0', linewidth=2)
ax3.set_xlabel("fXEL")

ax3.set_ylabel("fefE K H (/M)
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ax3.set_title(" PRI LA TR
ax3.grid(True)

#4. TGN EFELIE
if len(self.fitness history) > 1:
ax4.boxplot(self.fitness_history, positions=range(len(self.fitness history)))
ax4.set_xlabel("fXEL")
ax4.set_ylabel("i& N Z1{E")
ax4.set_title('1& N B4 A FE LR A"
ax4.grid(True)

plt.tight layout()
plt.savefig('ga evolution.png', dpi=300, bbox inches="tight")
plt.show()

# wAE AL A

# 1 e SCH bR AN T H A
creator.create("FitnessMin", base.Fitness, weights=(-1.0,))
creator.create("Individual", list, fitness=creator.FitnessMin)

# WAL TAAS

toolbox = base.Toolbox()

toolbox.register("attr_float", random.uniform, 9.0, 12.0)

toolbox.register("individual", tools.initRepeat, creator.Individual, toolbox.attr float, n=1)
toolbox.register("population”, tools.initRepeat, list, toolbox.individual)

# et ML S

visualizer = GAVisualizer()

def evaluate individual fixed(individual):
mm/é/zg/gwl‘_\}zﬁ@ﬁmw
K = individual[0]
K rounded = round(K * 2) /2.0
K rounded = max(9.0, min(12.0, K rounded))

# WINE/N K HA W
if K _rounded <9.5:
return (12.0,) # 7&K 1H

try:
sim_results = simulate_with_shifts(num_devices to_test=30,
shift hours=K rounded)
T = sim_results['total _days']
PL = sim_results['missed detection prob']

# ST AL E ) i
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weight T=0.5
weight PL=0.5

TR B SR T
if PL>0.08: # JmAINER LR
penalty = 50 * (PL - 0.08)
else:
penalty =0

weighted score = weight T * T + weight PL * PL + penalty
return (weighted_score,)

except Exception as e:
print("VFAL 2RI {e}™)
return (1000.0,)

definit_diverse population(size):

" A B FE I B R PR

# 5 B N 2 5] o0 A

base values =[9.5, 10.0, 10.5, 11.0, 11.5, 12.0]
population =[]

for 1 in range(size):
if 1 <len(base_ values):
# A At

ind = creator.Individual([base values[i % len(base values)]])
else:

# BENLAE R, (B 1) o A
center = random.choice([10.0, 10.5, 11.0])
ind = creator.Individual([center + random.uniform(-0.5, 0.5)])

population.append(ind)

return population

defrun_genetic algorithm fixed(pop_size=10, ngen=6):

!!!!!!%gﬁﬂﬁfgﬁ&mw
print(" 46 SO BB FLE AL

# M 2 BEAL I RTaE R

pop = init_diverse population(pop_size)

# I MHME 25 PRl R

toolbox.register("evaluate", evaluate individual fixed)
toolbox.register("mate", tools.cxBlend, alpha=0.5)
toolbox.register("mutate", tools.mutGaussian, mu=0, sigma=0.5, indpb=0.2)
toolbox.register("select", tools.selTournament, tournsize=3)
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# PR RI AR
print("VEALHILEFIHEE..")
fitnesses = list(toolbox.map(toolbox.evaluate, pop))
for ind, fit in zip(pop, fitnesses):
ind.fitness.values = fit

visualizer.record generation(pop, 0)
hof = tools.HallOfFame(1)
hof.update(pop)

# BT R R

for gen in range(1, ngen + 1):
# PN A
offspring = toolbox.select(pop, len(pop))
offspring = list(offspring)

# N AE XANAL
offspring = algorithms.varAnd(offspring, toolbox, cxpb=0.6, mutpb=0.3)

# PPAET A
invalid_ind = [ind for ind in offspring if not ind.fitness.valid]
fitnesses = toolbox.map(toolbox.evaluate, invalid_ind)
for ind, fit in zip(invalid_ind, fitnesses):
ind.fitness.values = fit

# SEBTRIE

pop[:] = offspring

hof.update(pop)

visualizer.record generation(pop, gen)

print(f"2F {gen X588, #fE K {H: {hof[0][0]:.1f} /N, 147 {hof[0].fitness.val-
ues[0]:.4f}")

# best K =round(hof[0][0] * 2) / 2.0
best K = hof[0][0]
best K =max(9.5, min(12.0, best K)) # #ifRA/NT 9.5

print(f" B AL HIE TG Al K AE: {best_ K} /INEF")
return best K

def monte_carlo with_shifts(num_simulations=30, num_devices per sim=100,
shift hours=12):
I SR S AL
results = {
'total _days": [], 'passed count': [], 'false_alarm_prob': [],
'missed_detection_prob': [], 'equipment_failures": [],
'total retries": [], 'avg_retries_per assembly': []

60



}
yxb_ratios = {'A": [], 'B": [], 'C": [], "E": [}

print("BEAT SR RIS
for in tgdm(range(num_simulations)):
sim_results = simulate with_shifts(num_devices per sim, shift hours)

for key in results:
if key in sim_results:
results[key].append(sim_results[key])

for subsystem, ratio in sim_results['yxb_ratios'].items():
yxb_ratios[subsystem].append(ratio)

def calculate_stats(data):
if isinstance(data, dict):
return {k: calculate stats(v) for k, v in data.items()}
elif isinstance(data, list):
return {
'mean': np.mean(data),
'std": np.std(data),
'min": np.min(data),
'max': np.max(data),
'median': np.median(data)
}
else:
return data

return {
'basic_metrics': calculate stats({k: v for k, v in results.items()}),
'yxb_ratios': calculate stats(yxb_ratios)

def solve problem3 with ga():
0 G ST 3
# JE AL K E
optimal_k =run_genetic_algorithm _fixed(pop_ size=50, ngen=500)

# AT AL AR

visualizer.plot_evolution()

# AR KABEEAT PRI

print(f"\n {8 FH HAPCHERES K K={optimal_k} AT THELIRHL...")

mc_results =monte_carlo_with_shifts(num_simulations=30, num_devices_per_sim=100,
shift_hours=optimal k)

# i 2 SRR A
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print("\n 7]/ 3 Z5 R GiitiEbr GEAAREIEAL ")
print(f" B ALHER I K K: {optimal k} ZNES™)

table data=[

'T CFIRED", " {mc_results['basic_metrics']['total days']['mean']:.2f}"],

'S (EILHE)", " {mc_results['basic_metrics']['passed_count']['mean']:.1f}"],

"PL (& A M %K )", {"{mc results['basic_metrics']['missed detec-

1
1

[
[
[

tion_prob'|['mean']:.4f}"],

["Pw (= FIMEZ)", £ {mc_results['basic_metrics']['false_alarm_prob']['mean']:.4f}"],

["YXB1 (A 4H)", f"{mc_results['yxb_ratios']['A']['mean']:.4f}"],

["YXB2 (B 4l)", f"{mc_results['yxb_ratios']['B']['mean']:.4f}"],

["YXB3 (C 4)", f"{mc_results['yxb_ratios']['C']['mean']:.4f}"],
["YXB4 (E 20)", f"{mc_results['yxb ratios']['E']['mean']:.4f}"]

]

print("\n" + tabulate(table data, headers=["§#x", "{"], tablefmt="grid"))

# IRAFEE R

with open('problem3_results ga.txt', 'w', encoding="utf-8') as f:
print("[a @ 3 45 RGuiHatr GRAEFIEIUL) -, file=f)
print(f"EHALHER BT K K: {optimal _k} /NE", file=f)
print("\n" + tabulate(table data, headers=["4g#x", "{E"], tablefmt="grid"), file=f)

return optimal_k, mc_results

# EREP
if name ==" main "

# random.seed(42)

# np.random.seed(42)

print("="* 60)
print(" UG PR R 3 - A AR BRI BRI K
print("=""* 60)

try:
optimal_k, results = solve problem3 with ga()

print("\n" + "=" * 60)

print("fLALTERL ! ™)

print(f"e IR ETK: {optimal _k} 7INEF™)

print(f"e FTH5E MR EL: {results['basic_metrics']['total _days']['mean']:.2f} K")
print(f"e ~F1Ji# L # & {results['basic_metrics']['passed_count']['mean']:.1f}")
print("="* 60)

except Exception as e:
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print(f"F2FFIEAT 4 {e}")
import traceback

traceback.print_exc()
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