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class CentralStorageFacility:
def __init__(self):
self.total_capacity = 50000000 # kg (50,000&)
self.storage_zones = {

'frozen_storage': {
'‘capacity’: 10000000, # kg
'temperature': -18, # & M|
'humidity": 85, # %
'storage_period': 365 # &

2

'refrigerated_storage": {
‘capacity': 15000000, # kg
'temperature”: 2, # &M
'humidity": 90, # %
'storage_period": 30 # &

12

‘controlled_atmosphere': {
'‘capacity’: 10000000, # kg
'temperature”: 12, # &M
'humidity": 85, # %
'co2_level'": 3, # %
'02_level": 8, # %
'storage_period': 180 # &

2

'dry_storage": {
'‘capacity': 15000000, # kg
'temperature’: 20, # & M
'humidity": 60, # %
'storage_period': 730 # &



}

def calculate_daily_throughput(self):
#LY Melgh: gl + =0
return {
'daily_intake": 180000, # kg/day (&8 &HE
'daily_dispatch': 163000, # kg/day (2~H| &F)
'buffer_capacity': 17000 # kg/day (K R =)
}

N~

2.2 Z 4 R2AE UERA
class DistributedKitchenNetwork:
def __init__(self):
self.residential_kitchens =52 # 2! Residential Square(t Ct
self.campus_kitchens = 24 # W= CHA

self.rd_kitchens = 8 # AN S
self.central_kitchens = 4 #=2 X
self.park_kitchens = 8 # 32 X

self.total_kitchens = 96

def calculate_kitchen_requirements(self):
kitchen_specs = {}

# =01 R Z2lAIE (22,000 CH4&)
for i in range(self.residential_kitchens):
kitchen_specs[fresidential_{i}'] = {

'capacity': 6000, # )|/
'storage_capacity": 2000, # kg
'daily_intake": 3000, # kg/&
'operating_hours': 18 # Al 2t/

}

# 0= CHXl Z2|AIE (2 8,000 TH&)
for i in range(self.campus_kitchens):
kitchen_specs][f'campus_{i}'] = {
'capacity': 24000, # )|/
'storage_capacity': 8000, # kg
'daily_intake': 12000, # kg/&
'operating_hours': 20 # Al 2t/

}

return kitchen_specs
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class LogisticsInfrastructure:
def __init_ (self):
self.tunnel_network = TunnelNetwork()
self.robot_fleet = RobotFleet()
self.conveyor_system = ConveyorSystem()

def initialize_tunnel_network(self):

return {
'main_arteries": 8, #E=R 2t
'secondary_branches': 32, # X
'total_length": 280, # km
'tunnel_diameter: 2.5, #m
'max_speed": 60, # km/h
‘capacity_per_hour': 50000 # kg/h

}

def initialize_robot_fleet(self):
return {
'transport_robots": 500, # & 2%
'loading_robots": 100, # &I &=
'sorting_robots': 200, EEER
'maintenance_robots: 50, # R E+ 22
'inspection_robots": 100 # 2 Al 22

3. Al AlAEY OFD|El X

3.1 Master Storage & Distribution System

class StorageDistributionMaster:
def __init__(self):

self.storage_management_agent = StorageManagementAgent()
self.inventory_optimization_agent = InventoryOptimizationAgent()
self.distribution_planning_agent = DistributionPlanningAgent()
self.quality_control_agent = QualityControlAgent()
self.logistics_coordination_agent = LogisticsCoordinationAgent()
self.demand_forecasting_agent = DemandForecastingAgent()
self.emergency_response_agent = EmergencyResponseAgent()
self.cost_optimization_agent = CostOptimizationAgent()

3.2 8MEst=E HIOIME AIAE
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class StorageManagementAgent:
def __init_ (self):



self.storage_optimizer = StorageOptimizer()
self.climate_controller = ClimateController()
self.shelf_life_tracker = ShelfLifeTracker()

def optimize_storage_allocation(self, incoming_products):
allocation_plan = {}

for product in incoming_products:
#NES S 24

product_characteristics = self.analyze_product_characteristics(product)

#28 N A Z2E
optimal_conditions = self.determine_optimal_storage_conditions(
product_characteristics

)

#NE S22
allocated_space = self.allocate_storage space(
product, optimal_conditions

)

allocation_plan[product['id']] = {
'storage_zone": allocated_space['zone'],
'location': allocated_space['coordinates'],
‘conditions': optimal_conditions,
'expected_shelf_life": self.calculate_shelf_life(product, optimal_conditions)

}

return allocation_plan

MDD E&ES H0IEE
class InventoryOptimizationAgent:
def __init__(self):
self.safety_stock_calculator = SafetyStockCalculator()
self.reorder_point_calculator = ReorderPointCalculator()
self.abc_analyzer = ABCAnalyzer()

def optimize_inventory_levels(self, demand_forecast, supply_schedule):
optimization_results = {}

# N2 ABC =4
abc_classification = self.abc_analyzer.classify_products(demand_forecast)

for product_id, classification in abc_classification.items():
# OHM T 10 H &
safety stock = self.safety_stock calculator.calculate(
product_id, demand_forecast[product_id], classification



)

# M==& H bt
reorder_point = self.reorder_point_calculator.calculate(
product_id, demand_forecast[product_id], supply_schedule[product_id]

)

#IANE L= A
economic_order_quantity = self.calculate_eoq(
product_id, demand_forecast[product_id]

)

optimization_results[product_id] = {
'safety_stock': safety_stock,
'reorder_point'": reorder_point,
'‘economic_order_quantity': economic_order_quantity,
‘classification': classification

}

return optimization_results

BH= A= OO0 & E
class DistributionPlanningAgent:
def __init__(self):
self.route_optimizer = RouteOptimizer()
self.load_balancer = LoadBalancer()
self.delivery_scheduler = DeliveryScheduler()

def create_daily_distribution_plan(self, kitchen_demands, available_inventory):
distribution_plan = {}

#OH =2 A

total_demand = self.aggregate_kitchen_demands(kitchen_demands)

#HUlS 22 = &H3
optimal_routes = self.route_optimizer.optimize_delivery routes(
kitchen_demands, available_inventory

)

#UHS Al AAHZE
delivery_schedule = self.delivery_scheduler.schedule deliveries(
optimal_routes, kitchen_demands

)

#ZX BHE
robot_assignments = self.assign_robots _to routes(
optimal_routes, delivery_schedule



)

distribution_plan = {
'routes': optimal_routes,
'schedule': delivery_schedule,
'robot_assignments": robot_assignments,
'estimated_completion_time'": self.calculate_completion_time(delivery_schedule)

}

return distribution_plan
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class StorageManagementDataset:
def __init_ (self):
self.product_characteristics_db = self.load_product_characteristics()
self.storage_condition_db = self.load_storage_conditions()
self.shelf_life_db = self.load_shelf_life_data()
self.deterioration_models = self.load_deterioration_models()

def load_product_characteristics(self):
return {
'vegetables': {

'leafy_greens": {
‘optimal_temp": O,
‘optimal_humidity": 95,
'ethylene_sensitivity": 'high’,
'respiration_rate': 'very_high',
'shelf life": 7

2

'root_vegetables": {
‘optimal_temp": 0,
‘optimal_humidity": 90,
‘ethylene_sensitivity": 'low',
'respiration_rate': 'low’,
'shelf_life": 180

}

2
fruits': {

‘citrus_fruits": {
‘optimal_temp": 8,
‘optimal_humidity": 85,
'ethylene_production’: 'low',
'shelf _life": 60



2

'stone_fruits"; {
‘optimal_temp": O,
‘optimal_humidity": 90,
‘ethylene_production': 'high’,
'shelf_life": 21

}

12
'proteins": {

'fresh_fish': {
‘optimal_temp": -1,
'optimal_humidity": 95,
'shelf_life": 3

3

'meat”; {

‘optimal_temp": 0,
'optimal_humidity": 85,
'shelf_life": 7

}

12
‘grains': {

rice": {

'optimal_temp": 20,
‘optimal_humidity": 60,
'pest_susceptibility': 'medium’,
'shelf_life": 730

42 =% =Z UOIH

class LogisticsOperationsDataset:
def __init_ (self):
self.transportation_data = self.load_transportation_data()
self.routing_data = self.load_routing_data()
self.capacity_data = self.load_capacity_data()
self.performance_data = self.load_performance_data()

def generate_logistics_scenarios(self):
scenarios =[]

#84 2E ALEIL (60%)
normal_scenarios = self.generate_normal_operations(count=6000)

#1Ul3 A2 AILEEI L (20%)
peak_scenarios = self.generate_peak_time_operations(count=2000)



#ZOH &8 AlLtel 2 (15%)
disruption_scenarios = self.generate_disruption_scenarios(count=1500)

#7212 A= AMU2I2 (5%)
emergency_scenarios = self.generate_emergency_scenarios(count=500)

scenarios.extend(normal_scenarios)
scenarios.extend(peak_scenarios)
scenarios.extend(disruption_scenarios)
scenarios.extend(emergency_scenarios)

return scenarios

def generate_normal_operations(self, count):
scenarios =[]

for i in range(count):
scenario ={
'scenario_id": fnormal_ops_{i:04d},
'date": self.generate_random_date(),
'kitchen_demands': self.generate_typical_kitchen_demands(),
'inventory_levels': self.generate_normal_inventory_levels(),
‘available_robots": self.generate_normal_robot_availability(),
'tunnel_conditions': self.generate_normal_tunnel_conditions(),
'expected_outcomes": {
'delivery_success_rate': random.uniform(0.98, 1.0),
'average_delivery_time": random.uniform(45, 75), # =
'‘energy_consumption': random.uniform(800, 1200), # kWh
'cost_per_delivery": random.uniform(2.5, 4.0) # USD
}
}

scenarios.append(scenario)

return scenarios

4.3 Z& 22| oIy

class QualityControlDataset:
def __init__(self):
self.freshness_indicators = self.load_freshness_indicators()
self.contamination_patterns = self.load_contamination_patterns()
self.packaging_integrity_data = self.load_packaging_data()

def load_freshness_indicators(self):
return {
'visual_indicators": {



'color_changes': load_color_change_patterns(),
'texture_degradation’: load_texture patterns(),
'surface_conditions": load_surface_condition_patterns()
12
‘chemical_indicators": {
'ph_changes": load_ph_change_patterns(),
'volatile_compounds': load_volatile_compound_patterns(),
'‘enzymatic_activity": load_enzyme_activity patterns()
13
'microbial_indicators': {
'bacterial_growth': load_bacterial_growth_patterns(),
'mold_development': load_mold_patterns(),
'veast_activity': load_yeast_patterns()

}
}

5. Fine-tuning = Al A
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def inject_food_storage knowledge():
knowledge_base = {
'food_science': {

'preservation_principles': load_preservation_science(),
'deterioration_mechanisms': load_deterioration_science(),
'packaging_science': load_packaging_science(),
'cold_chain_management': load_cold_chain_principles()

12

'storage_technology": {
‘controlled_atmosphere_storage': load_ca_storage data(),
'modified_atmosphere_packaging": load_map_data(),
'vacuum_packaging': load_vacuum_packaging_data(),
'smart_packaging': load_smart_packaging_data()

b

'logistics_science": {
'warehouse_operations': load_warehouse_best_practices(),
'inventory_management': load_inventory_theories(),
'transportation_optimization': load_transportation_science(),
'supply_chain_coordination': load_supply_chain_theories()

}
}

return knowledge_base



SH 2Y Atdll & &
class IndustryBestPractices:
def __init__(self):
self.cold_storage_practices = load_cold_storage practices()
self.distribution_practices = load_distribution_practices()
self.quality_assurance_practices = load_qa_practices()

def create_best_practice_training_data(self):
training_data =[]

#2228 AZ FSA Atdl

global _cases = |
'‘walmart_supply_chain’,
‘amazon_fresh_logistics',
‘costco_warehousing’,
'fedex_cold_chain',
'maersk_reefer_containers'

]

for case in global_cases:
case_data = self.extract_case_learnings(case)
training_scenarios = self.convert_to_training_scenarios(case _data)
training_data.extend(training_scenarios)

return training_data

5.2 Phase 2: S& =5 A48 S5 (4-55)

=5 = &3t Al2dI0lH
class LogisticsOptimizationSimulator:
def __init__(self):
self.storage_simulator = StorageSimulator()
self.transportation_simulator = TransportationSimulator()
self.demand_simulator = DemandSimulator()
self.cost_calculator = CostCalculator()

def run_daily_logistics_simulation(self, date):
#UA = IHE MY

daily_demand = self.demand_simulator.generate_daily_demand(date)

# D &EH AIEdI0IE
inventory_status = self.storage_simulator.simulate_inventory_changes(date)

#HHS = A3t

distribution_plan = self.optimize_distribution(daily_demand, inventory_status)



#HlE At
total_costs = self.cost_calculator.calculate_daily_costs(distribution_plan)

# A0 K H A
performance_metrics = self.calculate_performance_metrics(distribution_plan)

return {
'‘demand': daily_demand,
'inventory': inventory_status,
'distribution_plan': distribution_plan,
'costs"; total_costs,
'performance’: performance_metrics

U= =8 z &t AIAE
class MultiObjectivelLogisticsOptimizer:
def __init_ (self):
self.objectives = [

'minimize_cost',
'minimize_delivery_time',
'maximize_freshness',
'minimize_energy_consumption’,
'maximize_storage_ utilization'

]

def optimize_logistics_operations(self, constraints, objectives):
# Ul &E =& ol &g &M

pareto_front = self.find_pareto_optimal_solutions(constraints, objectives)

#USIIE 2AANEE

optimal_solution = self.apply_multi_criteria_decision_making(pareto_front)
return optimal_solution

def genetic_algorithm_optimization(self):
#x)| ol e M4

population = self.generate_initial_population(size=1000)

for generation in range(1000):
# e ot

fithess_scores = self.evaluate_population_fitness(population)

# OB WXL B0l AL

— —

new_population = self.evolutionary_operations(population, fitness_scores)

population = new_population



#8 24 A
if self.check_convergence(population):
break

return self.extract_best_solutions(population)

5.3 Phase 3: & A|Z2F 2F 22| &5 (3-4=F)

A2 AALZE A AE
class RealTimeDecisionSystem:
def __init_ (self):
self.sensor_data_processor = SensorDataProcessor()
self.anomaly_detector = AnomalyDetector()
self.decision_engine = DecisionEngine()

def process_real_time_events(self, sensor_data, system_status):
#HMN OOIE M2
processed_data = self.sensor_data_processor.preprocess(sensor_data)

#0lat & & BX

anomalies = self.anomaly_detector.detect_anomalies(processed_data)

#AAZH2AANZEE
if anomalies:
emergency_actions =
self.decision_engine.generate_emergency_response(anomalies)
return emergency_actions
else:
routine_actions =
self.decision_engine.generate_routine_operations(processed_data)
return routine_actions

H=HE RANE= AIAE
class PredictiveMaintenanceSystem:
def __init_ (self):
self.equipment_monitor = EquipmentMonitor()
self.failure_predictor = FailurePredictor()
self.maintenance_scheduler = MaintenanceScheduler()

def predict_maintenance_needs(self, equipment_data):
#ZHl AEH 24
equipment_health =
self.equipment_monitor.assess_equipment_health(equipment_data)

#04

Jon
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failure_probabilities = self.failure_predictor.predict_failures(equipment_health)

# =2+ 2H z M3t
maintenance_schedule = self.maintenance_scheduler.optimize_schedule(
failure_probabilities

)

return maintenance_schedule

6.3 2 N2IE P
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class DynamiclnventoryManager:
def __init__(self):
self.demand_forecaster = DemandForecaster()
self.supply_planner = SupplyPlanner()
self.safety_stock_optimizer = SafetyStockOptimizer()

def optimize_inventory_levels(self, historical_data, current_inventory):
#-2 0=
demand_forecast = self.demand_forecaster.forecast_demand(
historical _data, forecast_horizon=30

)

#Z2= A=
supply_plan = self.supply_planner.plan_supply(demand_forecast)

#=X OFMIH LD AL
dynamic_safety stock = self.safety stock optimizer.calculate_dynamic_safety stock(
demand_forecast, supply_plan, current_inventory

)

#MH==2 ANE 2E
reorder_points = self.calculate_dynamic_reorder_points(
demand_forecast, supply_plan, dynamic_safety stock

)

return {
'‘demand_forecast’: demand_forecast,
'supply_plan': supply_plan,
'safety_stock': dynamic_safety stock,
'reorder_points': reorder_points

}

def calculate_dynamic_reorder_points(self, demand_forecast, supply_plan, safety stock):



reorder_points = {}

for product_id in demand_forecast.keys():
#clCEIE B4 1Ud
lead_time_variance = self.calculate_lead_time_variance(product_id)

# HsH 1
demand_variance = self.calculate_demand_variance(demand_forecast[product_id])

#s8 H=2E A&t

reorder_point = (
demand_forecast[product_id]['mean'] * supply_plan[product_id]['lead_time'] +
safety_stock[product_id] +
math.sqrt(lead_time_variance + demand_variance) * 1.645 # 95% &1 2 22+

)

reorder_points[product_id] = reorder_point

return reorder_points

6.2 Xtz A2 z/ A3 2 D25 (VRP)
class VehicleRoutingOptimizer:
def __init__(self):
self.distance_calculator = DistanceCalculator()
self.capacity_optimizer = CapacityOptimizer()
self.time_window_manager = TimeWindowManager()

def solve_vrp_with_time_windows(self, delivery_requests, vehicle_fleet):
# 2 M Otct0le &3
problem_params = self.setup_vrp_parameters(delivery requests, vehicle fleet)

# x| off &84 (nearest neighbor heuristic)
initial_solution = self.generate _initial_solution(problem_params)

#=2Z MX A3
optimized_solution = self.local_search_optimization(initial_solution)

#HEIR AXI EE
final_solution = self.tabu_search_optimization(optimized_solution)

return final_solution
def local_search_optimization(self, initial_solution):

current_solution = initial_solution.copy()
best_solution = current_solution.copy()



improvement_found = True

while improvement_found:
improvement_found = False

# 2-opt A
improved_2opt = self.apply_2opt_improvement(current_solution)
if self.is_better_solution(improved_2opt, current_solution):
current_solution = improved_2opt
improvement_found = True

# Or-opt I &
improved_or_opt = self.apply_or_opt_improvement(current_solution)
if self.is_better_solution(improved_or_opt, current_solution):
current_solution = improved_or_opt
improvement_found = True

#EBZ 2H Wet
improved_exchange = self.apply_route_exchange(current_solution)
if self.is_better_solution(improved_exchange, current_solution):
current_solution = improved_exchange
improvement_found = True

if self.is_better_solution(current_solution, best_solution):
best_solution = current_solution.copy()

return best_solution

6.3 & (= 2123
class QualityPredictionSystem:
def __init__(self):
self.freshness_model = FreshnessModel()
self.shelf _life_predictor = ShelfLifePredictor()
self.quality_degradation_model = QualityDegradationModel()

def predict_quality_trajectory(self, product_info, storage_conditions, time_horizon):
quality_trajectory =[]

current_quality = product_info['initial_quality']

for time_step in range(time_horizon):
#EE 24 ek A bt
environmental_impact = self.calculate_environmental_impact(
storage_conditions, time_step

)



Z& Mot H=
quallty_degradatlon = self.quality_degradation_model.predict_degradation(
current_quality, environmental_impact, product_info['product_type']

)

#MEZ2 SZ& &EH H A
new_quality = current_quality - quality _degradation

quality_trajectory.append({
'time": time_step,
'quality_score': new_quality,
'freshness_indicators': self.freshness_model.predict_indicators(new_quality),
'remaining_shelf_life": self.shelf_life_predictor.predict_remaining_life(new_quality)

1)

current_quality = new_quality

#2820l o2 J&0lot2 EHAIH SC
if new_quality < product_info['minimum_acceptable_quality]:
break

return quality_trajectory

7.1oT £ A3t AIAE S&
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class StorageSensorNetwork:
def __init_ (self):

self.temperature_sensors = TemperatureSensorArray()
self.humidity_sensors = HumiditySensorArray()
self.gas_sensors = GasSensorArray()
self.weight_sensors = WeightSensorArray()
self.barcode_scanners = BarcodeScannerArray()
self.rfid_readers = RFIDReaderArray()

def collect_comprehensive_data(self):
sensor_data = {
‘environmental_conditions": {
'temperature': self.temperature_sensors.get_all_readings(),
'humidity": self.humidity_sensors.get_all_readings(),
'co2_levels'": self.gas_sensors.get_co2_readings(),
'ethylene_levels': self.gas_sensors.get_ethylene_readings(),
'‘ammonia_levels": self.gas_sensors.get_ammonia_readings()

12

'inventory_tracking': {



'weight_measurements': self.weight_sensors.get_all_readings(),
'‘barcode_scans': self.barcode_scanners.get recent_scans(),
'rfid_detections'": self.rfid_readers.get_active_tags()

3

'system_status": {
'sensor_health": self.check_sensor_health(),
‘calibration_status'": self.check_calibration_status(),
'battery_levels': self.check_battery_levels()

}
}

return sensor_data

7.2 X3t Zdl MO AIAE

class AutomatedStorageSystem:
def __init__(self):
self.automated_storage retrieval = ASRSController()
self.conveyor_system = ConveyorController()
self.robotic_arms = RoboticArmController()
self.sorting_system = SortingSystemController()

def execute_storage_operations(self, operation_plan):
execution_results = {}

#UD XY 4
if 'incoming_products' in operation_plan:
receiving_results = self.execute_receiving_operations(
operation_plan['incoming_products']

)

execution_results['receiving'] = receiving_results

#E20 4Y =
if 'outgoing_orders' in operation_plan:
picking_results = self.execute_picking_operations(
operation_plan['outgoing_orders']

)

execution_results['picking'] = picking_results

#M 10 0ls &
if 'inventory_movements' in operation_plan:
movement_results = self.execute_inventory_movements(
operation_plan['inventory_movements']

)

execution_results['movements'] = movement_results

#

A AR

Of



if ‘quality_inspections' in operation_plan:
inspection_results = self.execute_quality _inspections(
operation_plan['quality_inspections']
)

execution_results['inspections'] = inspection_results

return execution_results

M
S
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class SupplyChainContinuityManager:
def __init_ (self):
self.risk_assessor = RiskAssessor()
self.contingency_planner = ContingencyPlanner()
self.alternative_supplier_manager = AlternativeSupplierManager()

def ensure_supply_continuity(self, disruption_scenario):
#lA3 ot
risk_assessment = self.risk_assessor.assess_disruption_impact(disruption_scenario)

#Bla HE 243t
contingency_plan = self.contingency_planner.activate_contingency_plan(
disruption_scenario, risk_assessment

)

#UM S=8H 243t
if risk_assessment['severity'] == 'high":
alternative_suppliers = self.alternative_supplier_manager.activate_alternatives(
disruption_scenario['affected_products']

)

contingency_plan['alternative_suppliers'] = alternative_suppliers

# TH 2 XHBH X
inventory_reallocation = self.reallocate_emergency_inventory(
disruption_scenario, contingency_plan

)

return {
'risk_assessment': risk_assessment,
‘contingency_plan': contingency_plan,
'inventory_reallocation': inventory_reallocation

}



82725 & S ANAE
class EmergencyResponseSystem:
def __init__(self):
self.emergency_detector = EmergencyDetector()

self.response_coordinator = ResponseCoordinator()
self.resource_mobilizer = ResourceMobilizer()

def handle_emergency_situation(self, emergency_type, severity, affected_areas):
#g 48 25
emergency_classification = self.emergency_detector.classify_emergency(
emergency_type, severity, affected_areas

)

#HUS ZZ2ES I

response_protocol = self.select_response_protocol(emergency_classification)

#AUA s&

mobilized_resources = self.resource_mobilizer.mobilize_emergency_resources(
response_protocol

)

#US =X &S
response_actions = self.response_coordinator.execute_response_actions(
response_protocol, mobilized_resources

)

return {
'emergency_classification": emergency_classification,
'response_protocol': response_protocol,
'mobilized_resources': mobilized_resources,
'response_actions': response_actions

9.1 KPI 2LIHE AIAE

class KPIMonitoringSystem:
def __init_ (self):
self.efficiency_calculator = EfficiencyCalculator()
self.quality_assessor = QualityAssessor()
self.cost_analyzer = CostAnalyzer()
self.sustainability_evaluator = SustainabilityEvaluator()

def calculate_comprehensive_kpis(self):
kpis = {



#2d ass4d NHE
'operational_efficiency': {
'storage_utilization_rate": self.efficiency_calculator.calculate_storage_utilization(),
‘order_fulfillment_rate": self.efficiency_calculator.calculate_fulfillment_rate(),
'inventory_turnover_rate'": self.efficiency_calculator.calculate_turnover_rate(),
'delivery_time_performance":
self.efficiency_calculator.calculate_delivery _performance()

12

#52 NHE

‘quality_metrics": {
'product_freshness_score': self.quality _assessor.calculate freshness_score(),
'quality_compliance_rate": self.quality_assessor.calculate_compliance_rate(),
‘customer_satisfaction_score': self.quality_assessor.calculate_satisfaction_score(),
'waste reduction_rate': self.quality_assessor.calculate waste reduction()

2

#lg a4 XHE

‘cost_efficiency': {
'cost_per_delivery": self.cost_analyzer.calculate_cost_per_delivery(),
'storage_cost_per_unit': self.cost_analyzer.calculate_storage_cost_per_unit(),
'labor_productivity': self.cost_analyzer.calculate_labor_productivity(),
'‘energy_efficiency': self.cost_analyzer.calculate_energy_efficiency()

2

# NSJtsd A=
'sustainability": {
'‘carbon_footprint": self.sustainability _evaluator.calculate_carbon_footprint(),
'waste_generation_rate': self.sustainability_evaluator.calculate_waste_rate(),
'packaging_efficiency":
self.sustainability_evaluator.calculate_packaging_efficiency(),
'renewable_energy_usage":
self.sustainability_evaluator.calculate_renewable_usage()

}
}

return kpis

9.2 A= DA AIAES
class ContinuouslmprovementSystem:
def __init__(self):
self.performance_analyzer = PerformanceAnalyzer()
self.bottleneck _identifier = Bottleneckldentifier()
self.improvement_generator = ImprovementGenerator()

def identify_improvement_opportunities(self, performance_data):



#8024
performance_analysis = self.performance_analyzer.analyze performance_trends(
performance_data

)

#E=2N& AE
bottlenecks = self.bottleneck_identifier.identify _bottlenecks(
performance_analysis

)

#OHK& 2ot A
improvement_opportunities = self.improvement_generator.generate_improvements(
bottlenecks, performance_analysis

)

AOHS Lo R e 2

prioritized_improvements = self.prioritize_improvements(improvement_opportunities)

return prioritized_improvements
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11.1 A AlL2I2

class ScalabilityPlanner:
def __init__(self):
self.capacity_planner = CapacityPlanner()
self.infrastructure_planner = InfrastructurePlanner()
self.technology roadmap = TechnologyRoadmap()

def plan_system_expansion(self, target_population, expansion_timeline):
expansion_plan = {}

#Eg 2E A=
capacity_expansion = self.capacity_planner.plan_capacity_expansion(
target_population, expansion_timeline

)

#oluch =& HE
infrastructure_expansion = self.infrastructure_planner.plan_infrastructure_expansion(
capacity_expansion

)

#lls 2 2
technology_evolution = self.technology_roadmap.plan_technology_evolution(
expansion_timeline

)

expansion_plan = {
'capacity_expansion': capacity_expansion,
'infrastructure_expansion': infrastructure _expansion,
'technology_evolution': technology_evolution,
'investment_requirements': self.calculate_investment_requirements(expansion_plan)

}

return expansion_plan
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