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B R
B 1. EEEF/KEAD

EEE R4t macOS Mojave (Version 10.14.3)

YnFE1E S : Python 3.7.1 (Anaconda Navigator 1.9.2)
“hi 45 #%: PyCharm 2018.3.2 (Professional Edition)

IS IL: Code/Combine Pyecharts with igraph.py

o H B E

ARAGIEE 1 0 2 £AG

import heapq

import random

import numpy as np

from collections import defaultdict
import math

# BCE BN T LA el R T
RANDOM_SEED = 42
random.seed(RANDOM_SEED)
np.random.seed(RANDOM_SEED)

class ParallelTestSimulator:

FEATI RS B 1 H A
KR

1. A\ B\ C BrBIFATHAT
2. BAMEAE 2 AN THER
3. IERALER T H i )
4,

Sk
B

>

a

RSN ] SE it Rz b 2

i

def _init (sclf, num_devices=100):
# SRS E
self.num_devices = num_devices
self.devices = list(range(1, num_devices + 1))

# B BRI ) 1
self.stages = ['A', 'B", 'C, 'E']
self.stage_time = {

‘At 2.5, #A IR ] 2.5 N
B: 2.0, #B 4LMKRSH]: 2.0 /N
'Ch 2.5, #C AR ] 2.5 /N
E:3.0 #E 4Lkt 3.0 /N

}

# O E ORAEIS (8] (23 B iEL /)
self.calib_time = {
'A" 30/60, #30 43P = 0.5 /N
'B": 20/60, #20 ZEh = 1/3 /N
'C": 20/60, #20 438l = 1/3 /N
'E': 40/60 # 40 4rEh = 2/3 /NI

1
s

# BAPBRAA 2 AN LER

self.workstations = {
‘A" {'capacity": 2, 'busy": [False, False], 'device": [None, None]},
'B": {'capacity": 2, 'busy" [False, False], 'device": [None, None]},
'C": {'capacity": 2, 'busy" [False, False], 'device": [None, None]},
'E": {'capacity': 2, 'busy": [False, Falsc], 'device": [None, None]}

1
s

#Y1: WA R S5
self.equipment_failure_prob = {
'phasel": {
'A": 0.03, 'B" 0.04, 'C": 0.02, 'E": 0.03
}

'phase2": {
'A": 0.05, 'B": 0.07, 'C": 0.06, 'E": 0.05
}

H
self.phasel limit = 120.0
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self.phase2_limit = 240.0

#Y2: T RS AR
self.subsystem_issue_prob = {

'A" 0.025, 'B": 0.03,'C" 0.02
}

#Y3: MFEHBE
self.operator_error_prob = {

'A" 0.03, 'B": 0.04, 'C": 0.02, "E": 0.02
}

# RGESH
self.transport_time = 0.5 # &% [/
self.daily_hours =12 # & F TAERS[A](/NE)

# G RYIAL

self.stats = defaultdict(int)

self.group_test_time = {'A": 0,'B 0,'C": 0,'E: 0}  # 4EMIAAT 200 ]
self.equipment_usage = {'A": 0.0, 'B 0.0, 'C": 0.0, 'E: 0.0}  # W5 #&ffi FHIRF (7]
self.calibration_time_accum = {'A": 0.0, 'B": 0.0, 'C": 0.0, 'E": 0.0}  # Kk ]
selfidle_time_accum = 0.0 # FAAE R[]

# VEAGTHE B

self.detailed_stats = {
‘total_tests_conducted": 0,
'stage_tests: {'A": 0, 'B" 0,'C": 0, 'E": 0},
'misdetection_cases": 0,
'missed_detection_cases': 0,
‘equipment_failures': 0,
‘real_issues_detected": 0,
'real_issues_missed": 0,
'stage_miss_detection: {'A" 0, 'B" 0,'C": 0, 'E" 0},
'daily_breaks": 0,
‘end_of day_idle": 0.0,
‘operation_time waste": 0.0,
'transport_events': 0

}

# B EIRAE L
self.device_status = {} # F&ECIRASIER
selfhall_devices =[]  # KJTH1%E E LA

def get day and hour(self, absolute time):
24 IR T8 A R ORI 2 H A
day = int(absolute_time / sclf.daily_hours)
hour_in_day = absolute_time % sclf.daily_hours
return day, hour_in_day

def get_remaining_time_today(sclf, current_time):
B R TR 1
_, hour_in_day = sclf.get_day and_hour(current_time)
return sclf.daily_hours - hour_in_day

def can_complete_operation_today(self, current_time, operation_duration):
RS 2 R AR I R A AR T AR E R
remaining_time = sclf.get_remaining_time_today(current_time)
return remaining_time >= operation_duration

def advance_to_next_workday(sclf, current_time):
"R T A TR R
current_day, hour_in_day = self.get_day_and_hour(current_time)

if hour in_day > 0:
idle_time = sclf.daily_hours - hour_in_day
sclf.detailed_stats['end_of day_idle'] +=idle_time
self.idle_time_accum +=idle_time
self.detailed_stats['daily_breaks'] += 1

return (current_day + 1) * self.daily_hours

def get_available workstation(sclf, stage):
USRI E B B R AR & D
for i in range(self.workstations[stage]['capacity']):
if not self.workstations[stage]['busy'][i]:
return i
return None

def occupy_workstation(sclf, stage, workstation_id, device_id):
e ILI—FH J_ﬂ: ﬁ\mm
self.workstations[stage]['busy'][workstation_id] = True
self.workstations[stage]['device'][workstation_id] = device_id

def release_workstation(sclf, stage, workstation_id):
T A
self.workstations[stage]['busy'][workstation_id] = False
self.workstations[stage]['device'][workstation_id] = None

def get_equipment_failure_rate(self, stage):

A R A i
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usage = self.equipment_usage[stage]
pl = sclf.equipment_failure_prob|['phasel'][stage]
p2 = sclf.equipment_failure_prob['phase2'][stage]

if usage <= self.phasel_limit:

failure rate =pl / self.phasel limit
elif usage <= self.phase2_limit:

phase2_additional = p2 - pl

failure rate = (p1 / self.phasel_limit + phase2_additional / (self.phase2_limit - self.phasel_limit))
else:

failure_rate = 1.0

return min(failure_rate, 1.0)

def check equipment_failure(self, stage, test_duration):
ke A A U IF] A 75 R AR e
if self.equipment_usage[stage] >= sclf.phase2_limit:
return True, 0.0

failure_rate = self.get_equipment_failure rate(stage)

if failure_rate > 0:
failure_prob = 1 - np.exp(-failure_rate * test_duration)

if random.random() < failure_prob:
failure_offset = np.random.exponential(1.0 / failure_rate) if failure_rate > 0 else test_duration
if failure offset > test duration:
failure offset = test duration * random.random()
return True, failure offset

return False, None

def replace_equipment(self, stage):
B R R
self.stats[fequipment replace {stage}'] += 1
self.detailed_stats['equipment failures'] += 1
self.equipment_usage[stage] = 0.0
calib_time = self.calib_time[stage]
self.calibration_time_accum([stage] += calib_time
return calib_time

def process_test result(sclf, stage, device id):
vvuu&&}g»"‘}wi}tgﬁmuuu
self.detailed_stats['total_tests_conducted'] += 1
self.detailed_stats['stage_tests'][stage] += |

#Y2: KT ARG A LA
has_real_issue = False
if stage in sclf.subsystem_issue_prob:
has_real_issue = random.random() < sclf.subsystem_issue_prob[stage]

#Y3: KT R A ZE A
has_operator_error = random.random() < self.operator_error_prob[stage]

# AR AL
if has_real_issue:
if has_operator_error:
if random.random() < 0.5:
self.stats['P_L'T+= 1
self.detailed_stats['missed_detection_cases'] += |
self.detailed_stats['real_issues_missed'] += 1
self.detailed_stats['stage_miss_detection'][stage] += |
return 'missed_detection'
else:
sclf.detailed_stats['real_issues_detected'] += 1
return 'fail_retest'
else:
self.detailed_stats['real_issues_detected'] += 1
return 'fail_retest'
else:
if has_operator_error:
if random.random() < 0.5:
self.stats['P_W'] += 1
self.detailed_stats['misdetection_cases'] += 1
return 'misdetection’
else:
return 'pass'
else:
return 'pass'

def schedule_operation(self, current_time, operation_duration):

"R ERE, BIE AR RIS

if self.can_complete_operation_today(current_time, operation_duration):
start_time = current_time
end_time = current_time + operation_duration

else:
start_time = self.advance_to_next_workday(current_time)
end_time = start_time + operation_duration

remaining_today = sclf.get_remaining_time_today(current_time)
if remaining_today > 0:
sclf.detailed stats['operation time waste'] += remaining today
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return start_time, end_time

def device_can_start_E(sclf, device_id):
"y 3 B 75 AT DL A E BB
if device id not in self.device_status:
return False
device = self.device_status[device id]
required_stages = {'A', 'B', 'C'}
return required_stages.issubset(device.get('completed_stages', set()))

def simulate(self):
AT IO E A
events = []
current_time = 0.0
completed = 0
removed = 0
device_queue = self.devices.copy()

# VIR RHE T B R A )
max_calib_time = max(self.calib_time.values())
for stage in self.stages:
self.calibration_time_accum[stage] += self.calib_time[stage]

# N B B HA R HE 58 BT AR T

current_time = max_calib_time

def bring_in_device():
" G BB A KT
if device_queue and len(sclfhall_devices) <4: # KTt L7840 4 M
device_id = device_queue.pop(0)
self.hall_devices.append(device_id)
self.device_status[device_id] = {
‘completed_stages': set(),
‘current_stages": set(),
'fail_count: {'A": 0, 'B": 0,'C": 0, 'E" 0},
‘history": []

)
# SLEIERIF AR AL By C BN
heapg.heappush(events, (current_time, 'try_start_stages', device_id, None, None))

def try_start stages(device id, current time):
e T P B
if device id not in sclf.device status:
return

device = self.device_status[device_id]

# 2T AL B. C B ORI
for stage in ['A'", 'B, 'C']:
if (stage not in device['current_stages'] and
stage not in device['completed_stages']):

workstation_id = self.get_available_workstation(stage)

if workstation_id is not None:
self.occupy_workstation(stage, workstation_id, device_id)
device['current_stages'].add(stage)
heapq.heappush(events, (current_time, 'start_test', device_id, stage, workstation_id))

# R AT 75 LAOFAR E BBt

if ('E' not in device['current_stages'] and
'E' not in device['completed_stages'] and
self.device_can_start_E(device_id)):

workstation_id = sclf.get_available workstation('E')

if workstation_id is not None:
self.occupy_workstation('E', workstation_id, device_id)
device['current_stages'].add('E")
heapq.heappush(events, (current_time, 'start_test', device_id, 'E', workstation_id))

# WAL BT 4 MR
for _ in range(min(4, len(device_queue))):
bring_in_device()

# B AAEA

while (completed + removed) < self.num_devices and events:
event_time, event_type, device_id, stage, workstation_id = heapq.heappop(events)
current_time = event_time

if event_type =='"try_start_stages":
try_start_stages(device_id, current_time)

elif event_type == 'start_test':
# K ARl i
if self.equipment_usage[stage] >= sclf.phase2_limit:
replace_time = sclf.replace_equipment(stage)
replace_start, replace_end = sclf.schedule_operation(current_time, replace_time)
current_time = replace_end

# AR
test duration = self.stage time[stage]
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test_start, test_end = sclf.schedule_operation(current_time, test duration)

# R AR AR U 1) A A% b

failed, failure_offset = self.check_equipment_failure(stage, test_duration)

if failed:

failure time = test_start + failure offset

heapq.heappush(events, (failure_time, 'equipment_failure', device_id, stage, workstation_id))
else:

heapq.heappush(events, (test_end, 'test_complete', device_id, stage, workstation_id))

# IR 4R
if device id in self.device status:
self.device_status[device id]['history'].append(('test_start', test_start, stage))

current_time = test_start

elif event_type == 'equipment_failure':
if device_id in self.device_status:
device = sclf.device_status[device id]
if device['history'] and device['history'][-1][0] == 'test_start":
start_time = device['history'][-1][1]
actual_test time = current_time - start_time

self.group_test_time[stage] += actual_test_time
self.equipment_usage[stage] += actual_test_time

# B

replace time = sclf.replace equipment(stage)

replace_start, replace_end = sclf.schedule_operation(current_time, replace_time)
current_time = replace_end

# FHF RN
heapq.heappush(events, (current_time, 'start_test', device_id, stage, workstation_id))

elif event_type == 'test_complete":
if device_id in sclf.device_status:
device = self.device_status[device_id]
if device['history'] and device['history'][-1][0] == 'test_start":
start_time = device['history'][-1][1]
actual_test_time = current_time - start_time

self.group test time[stage] += actual test time
self.equipment_usage[stage] += actual_test_time

# AL HIR AR
result = self.process_test_result(stage, device_id)

# BITAES
sclf.release_workstation(stage, workstation_id)
device['current_stages'].discard(stage)

if result == 'fail_retest"

device['fail_count'][stage] += 1

if device['fail_count'][stage] >= 2:
# ORI, FEEIK
removed += |
if device_id in self.hall_devices:

self.hall_devices.remove(device_id)

del self.device_status[device_id]
bring_in_device()
continue

else:
# EHT
heapgq.heappush(events, (current_time + 0.1, 'try_start_stages', device_id, None, None))
continue

elif result == 'misdetection":
# A, i EE A AT ARG
heapq.heappush(events, (current_time + 0.1, 'try_start_stages', device_id, None, None))
continue

# M
device['completed_stages'].add(stage)

if stage =='E"
# SERUITA MR
completed += 1
if device_id in self.hall devices:

self.hall_devices.remove(device_id)

del self.device_status[device_id]
self.detailed_stats['transport_events'] += 1
bring_in_device()

else:
# R aR AR Bl ik
heapgq.heappush(events, (current_time + 0.1, 'try_start_stages', device_id, None, None))

# IS RS
total_time = current_time
total_days = math.ceil(total_time / self.daily_hours)
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total_tests = sclf.detailed_stats['total_tests_conducted']
if total_tests == 0:
total_tests = 1

total_scheduled_work_time = total_days * sclf.daily_hours

# THSE /N AR A EL(YXB) - BB LIER

yxb={
'YXBI1'": self.group_test_time['A"]/ (total_scheduled_work_time*2), # A 41: 2 I T1/E6
'YXB2": sclf.group_test_time['B'] / (total_scheduled_work_time*2), #B #1: 2 4~ L{f:f;
'YXB3": sclf.group_test_time['C'] / (total_scheduled_work_time*2), # C #1: 2 4~ Lff:f3
'YXB4": sclf.group_test_time['E'] / (total_scheduled_work_time*2)  #E 41: 2 A~ [ {Ffs

}

results = {
'T": total_days,
'S": completed,
'Removed": removed,
'P_L" self.stats['P_L'] / total_tests,
'P_W" self.stats['P_W'] / total_tests,
'YXB": yxb,
'total_time': total_time,
‘total_scheduled_work_time'": total_scheduled work_time,
'idle_time": self.idle_time_accum,
'detailed_stats": sclf.detailed_stats,
‘equipment_usage_final": self.equipment_usage.copy(),
'pure_test_time": self.group_test_time.copy(),
‘calibration_time": sclf.calibration_time accum.copy()

}

return results

# IBATIAT IR B
print("==—= FATMIREEHE UTIER, HETIEHLR —")

simulator = ParallelTestSimulator(num_devices=100)
results = simulator.simulate()

print("HATHF LR

print(f"5€ REL (T): {results['T']}")

print(f@ I3 EH AL (S): {results['ST}")

print(f" YK 2E BH: {results['Removed']}")

print(FYRIEHER (P_L): {results['P_L']:.4f} ({results['P_L'1*100:.2f}%)")
print(F R FMER (P_W): {results['P_W']:.4f} ({results['P_W']*100:.2f}%)")

print("\n A2 TAER G (YXB) - HEWTAES:")

for key, value in results['YXB'].items():
stage name = {'YXB1":'A 41", 'YXB2" 'B 41', 'YXB3": 'C 41', 'YXB4" 'E 41'} [key]
print(f"  {stage_name} ({key}): {value:.4f} ({value*100:.2f}%)")

print(f"\n B [ ZEi1:")

print(f" 54/ B [A]: {results['total_time']:.1£} /™)

print(f 1% T AE ) 6]: {results['total_scheduled work_time']:. 1f} /INE™)
print(f' 2= WA [A]: {results['idle time']:.1f} /NES")

print("\n FEAHZEHE )

stats = results['detailed_stats']

print(f S MR K EL: {stats['total_tests_conducted']}")

print(f" % B BEMRR KCEG: A: {stats['stage_tests']['A"]}, B: {stats['stage_tests'|['B']}, C:{stats['stage_tests']['C']}, E:{stats['stage_tests']['E']}")
print(f" iR HZEH: {stats['misdetection_cases']}")

print(f"JRIE ZEH1: {stats['missed_detection_cases']}")

print(f' B & HEE K EL: {stats['equipment_failures']}")

print(f IS HHEAF X EL: {stats['transport_events']}")

print(f"#5 H TAEKELC {stats['daily_breaks']}")

print("\n FF BeAGIHR AT RN [ (N
for stage, time in results['pure_test_time'].items():
print(f"  {stage}4: {time:.2f}")

print("\n BB BOREHE SR T RN E):")
for stage, time in results['calibration_time'].items():
print(f"  {stage}4l: {time:.2f}")

print("\n B FIHE (BB LIES):")

for stage in ['A', B!, 'C', 'E']:
total_capacity_time = results['total_scheduled_work_time'] #2 4~ [{Ff3
utilization = results['pure_test_time'][stage] / total_capacity _time
print(f"  {stage}4l: {utilization*100:.2f}% (2 1> T-AE&)")

# Sy BOR R 250 B
print(f"\n=="43 iy Bt 5 ==")
for stage in ['A', B!, 'C', 'E']:
stage_tests = stats['stage_tests'][stage]
stage miss = stats['stage_miss_detection'][stage]
if stage tests > 0:
stage miss_rate = stage _miss / stage_tests
print(f"  {stage} ZHIFIE % {stage miss rate:.4f} ({stage miss rate*100:.2f}%) - ik {stage tests}i/, IRt {stage miss}IK")
else:
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print(f"  {stage} 41T ZE: 0.0000 (0.00%) - FHA")

print(f"\n E i IR 2
for stage in ['A', 'B', 'C']:
y2_prob = simulator.subsystem_issue_prob.get(stage, 0)
y3_prob = simulator.operator_error_prob[stage]
expected_miss_rate =y2 prob * y3 prob * 0.5
print(f"  {stage} HHI A% {expected_miss_rate:.4f} ({expected_miss_rate*100:.2f}%)")

RS

y3_prob_e = simulator.operator_error_prob['E']
print(f"  E 4R % (X Y3) @ {y3_prob_e * 0.5:.4f} ({y3_prob_e * 0.5 * 100:.2£}%)")

print(f"\n==="JFATAEBEHRIIE =—==")

print(f"A B CBrBOE & HFATHAT: ")
print(f AN BT AE & $om: 2 4N

print(f" KT B K25 g3 B A 4 )

print(f" IAIER A 68 B0 H Bk e HE )
print(f"SBR T8 R R EAR L AT IR D 2] 50% (BRRTD ")

RIDIE A 2 9% 3 G

import heapq

import random

import numpy as np

from collections import defaultdict
import math

import time

from typing import Dict, List, Tuple, Any

class CorrectedYXBShiftWorkSimulator:

EIE YXB TSI PR EELE AR 1L 3%

KB IE:

1. Av B, CADMTINR, 5emUa BN RS AR A

2. E A% AL By C A5 RUE TP IR

3. IEWTHSEA AL SEBR TARR I L (S5 B8 A% A5 A0 4 TR 1))
4. YXB = HALSZPR AR /Sy 2O

(self, num_devices=100, shift_hours=12):
ZHE
self.num_devices = num_devices

self.shift_hours = shift_hours # HFIETAER R

# B BRI 6] 5
self.stages = ['A', 'B', 'C', "E']
self.stage_time = {

"A': 2.5, # AYLINARE: 2.5 N
'B': 2.0, # BA4LMNARH: 2.0 /N
'C': 2.5, # CAMERE: 2.5 N
"E': 3.0 # E LA 3.0 /N

¥

# B UAHERR ) (53 B /INe )
self.calib_time = {
'A': 30/60, # 30 /M4l = 0.5 /i
'B': 20/60, # 20 4rEh = 1/3 /)i
'C': 20/60, # 20 4%l = 1/3 /A
"E': 40/60  # 40 ShEh = 2/3 /N
}

# TAMBAE 2 AN TAES (FIELH R — 3% %)
self.workstations = {
'A': {'capacity':

2, 'busy': [False, False], 'device': [None, Nonel},
'B': {'capacity': 2
2
2

'busy': [False, False], 'device': [None, Nonel},
'busy': [False, False], 'device': [None, Nonel},
, 'busy': [False, False], 'device': [None, None]}

'C': {'capacity':
'"E': {'capacity':

}

# Y1 B RPE S
self.equipment_failure_prob = {
‘phasel': {
'A': ©.03, 'B': 0.04, 'C': 0.02, 'E': 0.03

s
‘phase2': {
'A': 8.05, 'B': 0.07, 'C': 0.06, 'E': 0.05
}
}
self.phasel_limit = 120.0
self.phase2_limit = 240.0
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def

def

def

def

def

# Y2 T ARG
self.subsystem_issue_prob = {

'A': 0.025, 'B': 0.83, 'C': 0.02
}

# v3: T 2R
self.operator_error_prob = {

‘A': ©.03, 'B': 0.04, 'C'
}

# RESH
self.transport_time = 0.5 # JZffiif[a] (/)
self.max_hall_devices = 4 # KJi i K784 & %

:0.02, 'E': 0.02

# Gl ARG
self.reset_statistics()

reset_statistics(self):
it A
self.stats = defaultdict(int)

# REBIE: X 43 SRR T AR R) R 25 bR S5 A5 B I7)

self.group_actual_work_time = {'A': @, 'B': : 3 B AR R )
self.group_idle_time = {'A': 0, : : : 225 TR A I T
self.group_test_count = {'A': @, # FAMHR IS

# RS0

self.equipment_usage = {'A': 0.0, 'B': 0.0, 'C': 0.0, 'E': 0.0} # U#& SB[
self.calibration_time_accum = {'A': 0.8, 'B': 0.0, 'C': 0.8, "E': 0.0} # KufkH(A]
self.shift_idle_time = 0.0 # i

# FU AR IER
self.group_work_periods = {
'A': [], # [(start_time, end_time, 'work'/'idle'), ...]

# VEANGEIHE S

self.detailed_stats = {
'total_tests_conducted': @,
‘stage_tests': {'A': @, 'B': @, 'C': 0, 'E': 0},
'misdetection_cases': 0,
'missed_detection_cases': 0,
‘equipment_failures': o,
‘real_issues_detected': 0,
'real_issues_missed': 0,
'stage_miss_detection': {'A': @, 'B': @, 'C': @, "E': 0},
'shift_changes': 0, # ZHEHL
'operation_delays': @, # [KAZHEGEIRFHRAFEEL
"transport_events': o,
'boundary_delays': @, # ISt AE IR AL

}

# BEARAEE
self.device_status = {}
self.hall_devices = []

get_current_shift_info(self, current_time):
SRS PR
shift_cycle = current_time // self.shift_hours
shift_number = int(shift_cycle % 2) + 1 # 11k2
time_in_shift = current_time % self.shift_hours
remaining_time = self.shift_hours - time_in_shift

return {
'shift_number': shift_number,
"time_in_shift': time_in_shift,
‘remaining_time': remaining_time,
'shift_start': shift_cycle * self.shift_hours,
‘shift_end': (shift_cycle + 1) * self.shift_hours
}

can_complete_operation_in_current_shift(self, current_time, operation_duration):
R L SR AR L 7 R S R

shift_info = self.get_current_shift_info(current_time)

return shift_info[ 'remaining_time'] >= operation_duration

advance_to_next_shift(self, current_time):

"UERE R AN BEOTR

shift_info = self.get_current_shift_info(current_time)

next_shift_start = shift_info[ 'shift_end']

# 0 ASHE A R ]

idle_time = next_shift_start - current_time

if idle_time > 0:
self.shift_idle_time += idle_time
self.detailed_stats['shift_changes'] += 1
self.detailed_stats['boundary_delays'] += 1

return next_shift_start

schedule_operation_with_boundar
AR SR, B IR SR

check(self, current_time, operation_duration):
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def

def

def

def

def

def

def

if self.can_complete_operation_in_current_shift(current_time, operation_duration):
# YT BASE R
start_time = current_time
end_time = current_time + operation_duration
else:
# i EHEIRF T YRR
start_time = self.advance_to_next_shift(current_time)
end_time = start_time + operation_duration
self.detailed_stats['operation_delays'] += 1

return start_time, end_time
record_group_work_period(self, stage, start_time, end_time, work_type='work'):
T AL LR B

self.group_work_periods[stage].append((start_time, end_time, work_type))

duration = end_time - start_time

if work_type == 'work':
self.group_actual_work_time[stage] += duration
elif work_type == 'idle':

self.group_idle_time[stage] += duration

get_available_workstation(self, stage):
nREG R E Y B R R LA A IDt
for i in range(self.workstations[stage][ 'capacity']):
if not self.workstations[stage]['busy'][i]:
return i
return None

occupy_workstation(self, stage, workstation_id, device_id):
e T R

self.workstations[stage][ 'busy'][workstation_id] = True
self.workstations[stage][ 'device'][workstation_id] = device_id

release_workstation(self, stage, workstation_id):
R LIRS
self.workstations[stage][ 'busy'][workstation_id]

= False
self.workstations[stage][ 'device'][workstation_id] =

None

get_equipment_failure_rate(self, stage):
R A T
usage = self.equipment_usage[stage]

pl = self.equipment_failure_prob[ 'phasel'][stage]
p2 = self.equipment_failure_prob[ 'phase2'][stage]

if usage <= self.phasel_limit:

failure_rate = pl1 / self.phasel_limit if self.phasel_limit > 0 else ©
elif usage <= self.phase2_limit:

phase2_additional = p2 - p1l

failure_rate = (pl / self.phasel_limit + phase2_additional / (self.phase2_limit - self.phasel_limit))
else:

failure_rate = 1.0

return min(failure_rate, 1.0)

check_equipment_failure(self, stage, test_duration):

R IR Y A A A R A A

if self.equipment_usage[stage] >= self.phase2_limit:
return True, 0.0

failure_rate = self.get_equipment_failure_rate(stage)

if failure_rate > 0:
failure_prob = 1 - np.exp(-failure_rate * test_duration)

if random.random() < failure_prob:
failure_offset = np.random.exponential(1.0 / failure_rate) if failure_rate > 0 else test_duration
if failure_offset > test_duration:
failure_offset = test_duration * random.random()
return True, failure_offset

return False, None

replace_equipment(self, stage):
"R
self.stats[f'equipment_replace_{stage}'] += 1
self.detailed_stats['equipment_failures'] += 1
self.equipment_usage[stage] = 0.0

calib_time = self.calib_time[stage]
self.calibration_time_accum[stage] += calib_time
return calib_time

process_test_result(self, stage, device_id):

A AL R
self.detailed_stats['total_tests_conducted'] += 1
self.detailed_stats['stage_tests'][stage] += 1
self.group_test_count[stage] += 1

# Y2 AT RGEHA HEA S
has_real_issue = False
if stage in self.subsystem_issue_prob:
has_real_issue = random.random() < self.subsystem_issue_prob[stage]

#v3: AT RG R
has_operator_error = random.random() < self.operator_error_prob[stage]

s

# GBI
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if has_real_issue:
if has_operator_error:
if random.random() < ©.5:
self.stats['P_L'] += 1
self.detailed_stats[ 'missed_detection_cases'] += 1
self.detailed_stats['real_issues_missed'] += 1
self.detailed_stats['stage_miss_detection'][stage] += 1
return 'missed_detection'
else:
self.detailed_stats['real_issues_detected'] += 1
return 'fail_retest’
else:
self.detailed_stats['real_issues_detected'] += 1
return 'fail_retest'
else:
if has_operator_error:
if random.random() < ©.5:
self.stats['P_W'] += 1
self.detailed_stats['misdetection_cases'] += 1
return 'misdetection’
else:
return 'pass’
else:
return 'pass’

def device_can_start_E(self, device_id):
i AR A AT LUTAR E B
if device_id not in self.device_status:
return False
device = self.device_status[device_id]
required_stages = {'A', 'B', 'C'}
return required_stages.issubset(device.get('completed_stages', set()))

def simulate(self):
" URATAZIE YXB LK PP R
events = []
current_time = 0.0
completed = ©
removed = 0
device_queue = list(range(l, self.num_devices + 1))

# YR B ARLHE

max_calib_time = max(self.calib_time.values())

for stage in self.stages:
calib_time = self.calib_time[stage]
self.calibration_time_accum[stage] += calib_time
#ACSRAIHE 8] T AR ]

self.record_group_work_period(stage, ©, calib_time, 'work")
current_time = max_calib_time

def bring_in_device():
TR EIE AR T
if device_queue and len(self.hall_devices) < self.max_hall_devices:
device_id = device_queue.pop(@)
self.hall_devices.append(device_id)
self.device_status[device_id] = {
‘completed_stages': set(),
‘current_stages': set(),
'fail_count': {'A': @, 'B': @, 'C': @0, '"E': 0},
‘history': [],
'stage_start_times': {}, # iCat&HrEIFLAN)
'stage_end_times': {} # 0SR A P BLAE R )

}

heapq.heappush(events, (current_time, 'try_start_stages', device_id, None, None))

def try_start_stages(device_id, current_time):

AR BT A6 AR B

if device_id not in self.device_status:
return

device = self.device_status[device_id]

# TR 2HTFaR AL B CITEL

for stage in ['A', 'B', 'C']:
if (stage not in device['current_stages'] and
stage not in device['completed_stages']):

workstation_id = self.get_available_workstation(stage)
if workstation_id is not None:
self.occupy_workstation(stage, workstation_id, device_id)
device[ 'current_stages'].add(stage)
heapq.heappush(events, (current_time, ‘start_test', device_id, stage, workstation_id))

# KA PR E B

if ('E' not in device['current_stages'] and
'E' not in device['completed_stages'] and
self.device_can_start_E(device_id)):

workstation_id = self.get_available_workstation('E")
if workstation_id is not None:
self.occupy_workstation('E', workstation_id, device_id)
device[ 'current_stages'].add('E")
heapq.heappush(events, (current_time, 'start_test', device_id, 'E', workstation_id))

# WAL IENEH
for _ in range(min(self.max_hall_devices, len(device_queue))):
bring_in_device()
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# LR

while (completed + removed) < self.num_devices and events:
event_time, event_type, device_id, stage, workstation_id = heapq.heappop(events)
current_time = event_time

if event_type == 'try_start_stages':
try_start_stages(device_id, current_time)

elif event_type == 'start_test':

# R T R

if self.equipment_usage[stage] >= self.phase2_limit:
replace_time = self.replace_equipment(stage)
replace_start, replace_end = self.schedule_operation_with_boundary_check(current_time, replace_time)
# 0TV AT RN AR [A]
self.record_group_work_period(stage, replace_start, replace_end, ‘work')
current_time = replace_end

# JRIRTR - Sl 5 Rl SR (A
test_duration = self.stage_time[stage]
test_start, test_end = self.schedule_operation_with_boundary_check(current_time, test_duration)

G 7 T IR A 2 1 A% i
failed, failure_offset = self.check_equipment_failure(stage, test_duration)

if failed:

failure_time = test_start + failure_offset

heapq.heappush(events, (failure_time, 'equipment_failure', device_id, stage, workstation_id))
else:

heapq.heappush(events, (test_end, 'test_complete', device_id, stage, workstation_id))

# 10FIRTF4h

if device_id in self.device_status:
self.device_status[device_id][ 'history'].append(('test_start', test_start, stage))
self.device_status[device_id][ 'stage_start_times'][stage] = test_start

current_time = test_start

elif event_type == ‘equipment_failure':
if device_id in self.device_status:
device = self.device_status[device_id]
if device['history'] and device[ 'history'][-1][@] == 'test_start':
start_time = device[ 'history'][-1][1]
actual_test_time = current_time - start_time

# A0S BRI ]
self.record_group_work_period(stage, start_time, current_time, ‘work')
self.equipment_usage[stage] += actual_test_time

# HHRBE

replace_time = self.replace_equipment(stage)

replace_start, replace_end = self.schedule_operation_with_boundary_check(current_time, replace_time)
# A0V A ) AR ]

self.record_group_work_period(stage, replace_start, replace_end, 'work')

current_time = replace_end

# FFITIANB
heapq.heappush(events, (current_time, 'start_test', device_id, stage, workstation_id))

elif event_type == 'test_complete':
if device_id in self.device_status:
device = self.device_status[device_id]
if device['history'] and device[ 'history'][-1][@] == 'test_start':
start_time = device['history'][-1][1]
actual_test_time = current_time - start_time

# 103 S BB 1)
self.record_group_work_period(stage, start_time, current_time, ‘work')
self.equipment_usage[stage] += actual_test_time

# ALSRP B AN il
device[ 'stage_end_times'][stage] = current_time

# AEERIRAE R
result = self.process_test_result(stage, device_id)

# TR R
self.release_workstation(stage, workstation_id)
device[ 'current_stages'].discard(stage)

if result == 'fail_retest':

device[ 'fail_count'][stage] += 1

if device['fail_count'][stage] >= 2:
# RSP RN, BRI
removed += 1
if device_id in self.hall_devices:

self.hall_devices.remove(device_id)

del self.device_status[device_id]
bring_in_device()
continue

else:
# FHHTHA
heapq.heappush(events, (current_time + 0.1, 'try_start_stages', device_id, None, None))
continue

elif result == 'misdetection':
# RA, TEEIEA TN RIBUREL
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heapq.heappush(events, (current_time + 0.1, 'try_start_stages', device_id, None, None))
continue

#
device[ 'completed_stages'].add(stage)

# ORHZAHT M AL By C ALINAR RN ]
if stage in ['A', 'B', 'C']:
# KAZREEN AL B. CREAWTM
abc_completed = {'A"', 'B', 'C'}.issubset(device['completed_stages'])
if abc_completed:
# AL B CHBSERT, HEAEL E A
# TR AL SR [ N TERE] E ALTTAR IR 1)
abc_completion_times = []
for s in ['A', 'B', 'C']:
if s in device['stage_end_times']:
abc_completion_times.append(device[ 'stage_end_times'][s])

if abc_completion_times:
# )5 56 ABC B B () I []
abc_finish_time = max(abc_completion_times)

# WIR E 4RI, B4 Ay By C AIESERE E AT AR IRIHS 2 25 R ()
# XSRS (] S 7E E TFIRRTTHE

if stage == 'E':
# EMBTERG, R E e
completed += 1
if device_id in self.hall_devices:
self.hall_devices.remove(device_id)

# KB TS AL B. CAL7E B JIRIYINA] (¥ 7 PRI A )

if 'E' in device['stage_start_times'] and 'E' in device['stage_end_times']:
e_start = device['stage_start_times']['E']
e_end = device['stage_end_times']['E"]
e_duration = e_end - e_start

# AL By CHLYE E MBI AL T2 Rk
for idle_stage in ['A', 'B', 'C']:
if idle_stage in device[ 'completed_stages']:
self.record_group_work_period(idle_stage, e_start, e_end, 'idle')

del self.device_status[device_id]
self.detailed_stats['transport_events'] += 1
bring_in_device()

else:
# SERUIT AR FABT BER

heapq.heappush(events, (current_time + ©.1, 'try_start_stages', device_id, None, None))

# IS SR
total_time = current_time
total_days = math.ceil(total_time / 24) # fi 24 /NF T4 KL

total_tests = self.detailed_stats['total_tests_conducted']
if total_tests ==
total_tests = 1

# THEARCLARIR )
total_work_time = total_time - self.shift_idle_time
time_utilization = total_work_time / total_time if total_time > © else 0.0

# REMEIE: THES /A ACTAER ] L (YXB)
# YXB = FLASBRLARRTN /K7 FT )
yxb = {}
for stage_char, yxb_key in zip(['A', 'B', 'C', 'E'], ['YXB1', 'YXB2', 'YXB3', 'YXB4']):
capacity = self.workstations[stage_char]['capacity"']
total_available_work_time = total_time * capacity
actual_work_time = self.group_actual_work_time[stage_char]
yxb[yxb_key] = actual_work_time / total_available_work_time if total_available_work_time > @ else @

return {
'T': total_days,
'S': completed,
'Removed': removed,
'P_L': self.stats['P_L'] / total_tests,
'P_W': self.stats['P_W'] / total_tests,
'YXB': yxb,
"total_time': total_time,
"total_work_time': total_work_time,
'shift_idle_time': self.shift_idle_time,
"time_utilization': time_utilization,
'shift_hours': self.shift_hours,
‘detailed_stats': self.detailed_stats.copy(),
'equipment_usage_final': self.equipment_usage.copy(),
'group_actual_work_time': self.group_actual_work_time.copy(),
‘group_idle_time': self.group_idle_time.copy(),
'group_test_count': self.group_test_count.copy(),
‘calibration_time': self.calibration_time_accum.copy()

}

def optimize_shift_hours_corrected_yxb():
"B IE YXB VSR BE O () K AR A
results = {}

print("=== {&1E YXB 1M AP BEE] TARRE A6 b7 ===")
print ("IERIBEL AL By CHAT TR, EZS5AHER")
print("YXB = #ALYhr TAERNE] / S5 2L E\n")
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# KAEM 9 3 12 /PNBf, SCRERNEB K
k_values = [9 + 1 * ©.5 for i in range(7)] # [9, 9.5, 10, 10.5, 11, 11.5, 12]

for k in k_values:

print (F*JRRPEKIT ] K = {K}/NEF...")

# IZATZ RO FORTEY

num_runs = 50

avg_results = {
'T': 0, 'S': @, 'Removed': @, 'P_L': 0, 'P_W': 0,
"YXB': {'YXB1': @, 'YXB2': @, 'YXB3': 0, 'YXB4': 0},
'total_time': @, 'shift_idle_time': @, 'operation_delays': o,
'boundary_delays': 0, ‘'time_utilization': o,
‘group_actual_work_time': {'A': @, 'B': @, 'C': 0, 'E': @},
‘group_idle_time': {'A': @, 'B': @, 'C': @, 'E': 0}

for run in range(num_runs):
# FHASFIBEALF T
random.seed(int(time.time() * 1000000) % (2**32) + run)
np.random.seed(int(time.time() * 1000000) % (2**32) + run)

simulator = CorrectedYXBShiftWorkSimulator(num_devices=100, shift_hours=k)
result = simulator.simulate()

avg_results['T'] += result['T"]

avg_results['S'] += result['S"]

avg_results['Removed'] += result['Removed']

avg_results['P_L'] += result['P_L"]

avg_results['P_W'] += result['P_W']

avg_results['total_time'] += result['total_time']
avg_results['shift_idle_time'] += result['shift_idle_time"]
avg_results['operation_delays'] += result['detailed_stats']['operation_delays']
avg_results['boundary_delays'] += result['detailed_stats']['boundary_delays']
avg_results['time_utilization'] += result['time_utilization']

for yxb_key in avg_results['YXB']:
avg_results['YXB'][yxb_key] += result['YXB'][yxb_key]

for stage in ['A', 'B', 'C', 'E']:
avg_results['group_actual_work_time'][stage] += result['group_actual_work_time'][stage]
avg_results['group_idle_time'][stage] += result['group_idle_time'][stage]

# P
for key in ['T", 'S', 'Removed', 'P_L', 'P_W', 'total_time', ‘shift_idle_time’,
‘operation_delays', 'boundary_delays', 'time_utilization']:
avg_results[key] /= num_runs

for yxb_key in avg_results['YXB']:
avg_results['YXB'][yxb_key] /= num_runs

for stage in ['A', 'B', 'C', 'E']:
avg_results['group_actual_work_time'][stage] /= num_runs
avg_results['group_idle_time'][stage] /= num_runs

results[k] = avg_results

print(f" SEMAEL: {avg_results['T']:.2f}")

print(f" HLHEH: {avg_results['S']:.2f}")

print(f" ik EL: {avg_results['Removed']:.2f}")

print(f" W% {avg_results['P_L']*100:.3f}%")

print(f" iRFIME {avg_results['P_W']*100:.3f}%")

print(f" WEFIH%E: {avg_results['time_utilization']*100:.2f}%")

print(f" YXBL(A4l): {avg_results['YXB']['YXB1']:.4f} ({avg_results['YXB']['YXB1']*100:.1f}%)")
print(f" YXB2(B#4l): {avg_results['YXB']['YXB2']:.4f} ({avg_results['YXB']['YXB2']*100:.1f}%)")
print(f" YXB3(C#4l): {avg_results['YXB']['YXB3']:.4f} ({avg_results['YXB']['YXB3']*100:.1f}%)")
print(f" YXB4(E #41): {avg_results['YXB']['YXB4']:.4f} ({avg_results['YXB']['YXB4']*100:.1f}%)")
print()

return results

analyze_optimal_k_corrected_yxb(results):
"B TE YXB TSI 2 I A b A K
print("=== f&1E YXB {H5LIZHEN K (ORI HTE R ===")

[ EZ NS HWIES
evaluation_schemes = {
‘efficiency_first': {
"description': 'ZCRMLTE",

'weights': {
"time_efficiency': 0.4, # Wf[HZCHEE
‘productivity': 0.3, # R RN
"quality': 0.2, # JRUE bR ACE
‘utilization': .1 # T %A E
}

s
'quality_first': {
"description': 'HEMLTE",
'weights': {
"quality': @.5, # FUEEFRE
"time_efficiency': 0.2,
‘productivity': 0.2,
‘utilization': 0.1

3,
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all_

for

'balanced': {
"description’: "PHIHEE',

'weights': {
"time_efficiency': ©.25, # I [AIZRAL
'quality': .25, # AR
"productivity': .25, # 4 Y&
'utilization': ©.25 # AL
}

?utilization_first': {
"description’: 'FIHHMLHE",
'weights': {
‘utilization': @.4, # I 2
‘productivity’': @.3, # A= H
"time_efficiency': 0.2, # IN[HZCREEE
'‘quality': 0.1 # AR

scores = {}

scheme_name, scheme in evaluation_schemes.items():
print(f"\n--- {scheme['description']} ---")
scheme_scores = {}

# TR TR AR —HE

time_values = [r['T'] for r in results.values()]

productivity values = [r['S'] / r['T'] for r in results.values()]
quality values = [r['P_L'] + r['P_W'] for r in results.values()]
utilization_values = [r['time_utilization'] for r in results.values()]

# A—fLhbE
max_time = max(time_values)
min_time = min(time_values)

max_productivity = max(productivity_values)
min_productivity = min(productivity_values)

max_quality = max(quality_values)
min_quality = min(quality_values)

max_utilization = max(utilization_values)
min_utilization = min(utilization_values)

for k, result in results.items():
# IR GERCREUR BT )
if max_time > min_time:
time_score = 1 - (result['T'] - min_time) / (max_time - min_time)
else:
time_score = 1.0

# AR CRER 58 R LA 2 60T )
productivity = result['S'] / result['T'] if result['T'] > 0@ else ©
if max_productivity > min_productivity:
productivity score = (productivity - min_productivity) / (max_productivity - min_productivity)
else:
productivity score = 1.0

# PR GRA SEAIGRLAT )
quality_error = result['P_L'] + result['P_W']
if max_quality > min_quality:
quality_score = 1 - (quality_error - min_quality) / (max_quality - min_quality)
else:
quality_score = 1.0

# FIFHZAR5 (RFE)F] A R e )
utilization = result['time_utilization']
if max_utilization > min_utilization:
utilization_score = (utilization - min_utilization) / (max_utilization - min_utilization)
else:
utilization_score = 1.0

# LRETIY

composite_score = (
scheme[ 'weights']['time_efficiency'] * time_score +
scheme[ 'weights']['productivity'] * productivity_score +
scheme[ 'weights']['quality'] * quality_score +
scheme[ 'weights']['utilization'] * utilization_score

)

scheme_scores[k] = {
'time_score': time_score,
'productivity_score': productivity_score,
'quality_score': quality_score,
'utilization_score': utilization_score,
'composite_score': composite_score

}

print(f"K = {k}/hif:™)

print(f" HEZCE: {time_score:.4f}")
print(f" 7% {productivity_score:.4f}")
print(f" JfifEbR: {quality_score:.4f}")
print(f" FIf%: {utilization_score:.4f}")
print(f" %4135 : {composite_score:.4f}")
print()
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# AR BIEA K E

optimal_k = max(scheme_scores.keys(), key=lambda k: scheme_scores[k]['composite_score'])
print(f"{scheme['description’]}fl K {f: {optimal_k}/hif")

print(f"4i& 135 : {scheme_scores[optimal_k]['composite_score']:.4f}")

all_scores[scheme_name] = {
‘optimal_k': optimal_k,
'scores': scheme_scores,
'scheme_info': scheme

}

# GUih AT R R
print(f"\n=== FIFHT R RILE ==="

k_recommendations = defaultdict(list)

for scheme_name, scheme_result in all_scores.items():
optimal_k = scheme_result['optimal_k']
k_recommendations[optimal_k].append(scheme_name)
print(f"{scheme_result['scheme_info']['description']}: K = {optimal_k}/hi")

# PR IR AR K R
most_recommended_k = max(k_recommendations.keys(), key=lambda k: len(k_recommendations[k]))

print(f"\n=== RAMEFFLER ===")
print ("I MRPERI . K = {most_recommended_k}/)i")
print(f"BLL R 7 MR : {', '.join(k_recommendations[most_recommended_k])}")

return most_recommended_k, results[most_recommended_k], all_scores

de

-+

detailed_analysis_corrected_yxb(optimal_k, optimal_result):
"UEIE YXB TSI TR A AT
print(f"\n=== fZIE YXB I K EMMT (K = {optimal_k}/IH) ===")

# IBIT —UEA T A
random. seed(2048)
np.random.seed(2048)

simulator = CorrectedYXBShiftWorkSimulator(num_devices=100, shift_hours=optimal_k)
detailed_result = simulator.simulate()

print ("M R ")

print(f"{L555E M KE: {detailed_result['T']}")

print (f" B2 E % : {detailed_result['S']}")

print(f"47 %% {detailed_result['S']/detailed_result['T']:.3f} #%HE/K")
print (f"SJEfAH: {detailed_result['P_L']:.6f}")

print(f"EiRFIMZ: {detailed_result['P_W']:.6F}")

print (£"\n &E L INRALFAT A TAER A (BIEF):")
stage_names = {'YXB1': 'A#4l', 'YXB2': 'B4l', 'YXB3': 'C4', 'YXB4': 'EH'}
for yxb_key, stage_name in stage_names.items():
yxb_value = detailed_result['YXB'][yxb_key]
print(f" {stage_name} ({yxb_key}): {yxb_value:.6f} ({yxb_value*100:.2f}%)")

print(f"\n 4L TAER HEASET ")
for stage, stage_name in [('A', 'A4l"), ('B', 'B4'), ('C', 'c4'), (‘E', 'EHA")]:
work_time = detailed_result['group_actual_work_time'][stage]
idle_time = detailed_result['group_idle_time'][stage]
total_stage_time = work_time + idle_time
work_ratio = work_time / detailed_result['total_time'] * 100

print(f" {stage_name}:")

print(f" SEBR TAER A : {work_time:.2f} /NHf™)

print(£" SRS A {idle_time: .2} /™)

print(£" TAEREIEG: {work_ratio:.2f}%")

print(f" WMxEL: {detailed_result['group_test_count'][stage]}")

print(f"\n B[S0 ")

print (f" S EE ) : {detailed_result['total_time']:.2f} /IMif")
print(f"f 2 T/ERF(H]: {detailed_result['total_work_time']:.2f} /Iif")
print (F" P4 IS : {detailed_result['shift_idle_time']:.2f} /Nif")
print (F"IFEIFIF % {detailed_result['time_utilization']*100:.2f}%")

stats = detailed_result['detailed_stats']
print(f"\n A EGFESEE ")
print(f"SASHEREL: {stats['shift_changes']}")
print(f"iLAAERKH: {stats[ 'boundary_delays']}")
print (f"#fEER VL {stats['operation_delays']}")
if stats['shift_changes'] > 0:
print(f"ILAHERILE]: {(stats[ 'boundary_delays']/stats['shift_changes'])*100:.2f}%")
print (f"PRIERASHEE M A . {detailed_result['shift_idle_time']/stats['shift_changes']:.2f} /")

print(f"\n MBS ")

print(f" &AL : {stats[ 'total_tests_conducted']}")

print (f" %M BEIK R : A:{stats['stage_tests']['A"']}, B:{stats['stage_tests']['B']}, C:{stats['stage_ tests']['C']},
E:{stats['stage_tests']['E']}")

print(f" & ikFRE: {stats['equipment_failures']}")

# UOAE YXB THE A ELE

print(f"\n=== YXB I I ===")

print (F"#HiEHHr: ")

print(f"- A B. CALIATIME, AFHESH E AR A BT T —4")
print(f"- E FHESE AL By C ARSI A EIFUA TAE")

print (£"- R &2 TAER ) EE#A R BT 60% 45" )
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print(f"")

print (f"LhritHER: ")

yxb_sum = sum(detailed_result['YXB'].values())

print(f"- %41 YXB Zfl: {yxb_sum:.4f} ({yxb_sum*100:.1f}%)")
print(f"- AZLTAERAE: {detailed_result['YXB']['YXB1']*100:.1f}%")
print(f"- B AL TAERMLL: {detailed_result['YXB']['YXB2']*100:.1f}%")
print(f"- CALTAERMLL: {detailed_result['YXB']['YXB3']*100:.1f}%")
print(f"- E 4L LAERAEL: {detailed_result['YXB']['YXB4']*100:.1f}%")

if all(yxb <= 0.6 for yxb in detailed_result['YXB'].values()):
print(f"v YXB IS4 A 4T ER A s R ee%™)

else:
print (F"A YXB TH5L A REAFAE M. HLe i it AR ] P 7 8 RR")

return detailed_result
# BRRFHUT

if __npame__ == "__main__":

print("=== [ 3: 21 YXB TH5LMMBEEES: TIEHIZMRAL ===")

# b MBIE YXB IHEIRAL K (H
optimization_results = optimize_shift_hours_corrected_yxb()

# 55 0 BIE YXB TS HE ST AR K AR
optimal_k, optimal_result, all_scores = analyze_optimal_k_corrected_yxb(optimization_results)

# 0B BIE YXB THSLM VRN ST
detailed_result = detailed_analysis_corrected_yxb(optimal_k, optimal_result)

# B0 AERIBIE YXB 45 R

print(f"\n=== 1&IF YXB il 51045445 RFhk ===")

print ("K i\t FEACREN\t IHIEH H \t AP H0R\t IRIHEAR \t SAER \t TR T 26\t 34 FHAE R\ tYXB1\t \tYXB2\t \tYXB3\t\tYXB4")
print("-" * 180)

for k in sorted(optimization_results.keys()):
result = optimization_results[k]
productivity = result['S'] / result['T'] if result['T'] > © else ©
print(f"{k}\t{result['T']:.2f}\t\t{result['S']:.1f}\t\t{productivity:.3f}\t\t{result['P_L']:.6f}\t{result[ 'P_W"']:.6f}\t{re-
sult[ 'time_utilization']*100:.1f}%\t\t{result[ 'boundary_delays']:.1f}\t\t{result['YXB']['YXB1']:.6f}\t{result['YXB']['YXB2']:.6f}\t{re
sult['YXB']['YXB3']:.6f}\t{result['YXB']['YXB4"']:.6f}")

print(f"\n=== AT E ==="
print (f"{EFRAYERISA): K = {optimal_k} /Mif™)

40




