LAMPIRAN
# Import necessary libraries
from pulp import LpMaximize, LpProblem, LpVariable, lpSum
import pandas as pd

# Define the problem: Maximizing profit
lp_model = LpProblem("Production_Optimization", LpMaximize)

# Decision variables: Number of units produced for each product
products = ["Unicorn_S", "Unicorn_M", "Sitting_Elephant_S", "Sitting_Elephant_M",
            "Monkey_S", "Monkey_M", "Giraffe_S", "Giraffe_M", "Totebag"]

# Create decision variables with non-negativity constraints
x = {product: LpVariable(product, lowBound=0, cat="Integer") for product in products}

# Selling price per unit
price_per_unit = {
    'Unicorn_S': 85000, 'Unicorn_M': 90000,
    'Sitting_Elephant_S': 75000, 'Sitting_Elephant_M': 80000,
    'Monkey_S': 80000, 'Monkey_M': 85000,
    'Giraffe_S': 80000, 'Giraffe_M': 85000,
    'Totebag': 180000
}

# Production cost per unit
cost_per_unit = {
    'Unicorn_S': 50000, 'Unicorn_M': 45000,
    'Sitting_Elephant_S': 40000, 'Sitting_Elephant_M': 38000,
    'Monkey_S': 42000, 'Monkey_M': 40000,
    'Giraffe_S': 43000, 'Giraffe_M': 41000,
    'Totebag': 100000
}

# Production time per unit (in hours)
production_time_per_unit = {
    'Unicorn_S': 2, 'Unicorn_M': 2,
    'Sitting_Elephant_S': 1.5, 'Sitting_Elephant_M': 1.5,
    'Monkey_S': 1.5, 'Monkey_M': 1.5,
    'Giraffe_S': 1.5, 'Giraffe_M': 1.5,
    'Totebag': 2
}

# Available working hours per month
max_working_hours = 416

# Objective Function: Maximize Profit (Revenue - Cost)
lp_model += lpSum((price_per_unit[p] - cost_per_unit[p]) * x[p] for p in products), "Total_Profit"

# Constraint: Total working hours should not exceed the available capacity
lp_model += lpSum(production_time_per_unit[p] * x[p] for p in products) <= max_working_hours, "Production_Capacity"

# Solve the LP model
lp_model.solve()

# Extract results
lp_results = {p: x[p].varValue for p in products}
optimal_profit_lp = lp_model.objective.value()

# Display results in a structured format
lp_results_df = pd.DataFrame.from_dict(lp_results, orient="index", columns=["Optimal Production"])
lp_results_df.loc["Total Profit"] = optimal_profit_lp

# Print LP Results
print("\n=== LP Optimization Results ===")
print(lp_results_df)


# Perform Sensitivity Analysis on LP Model

# Extract shadow prices (dual values) for constraints
shadow_prices = {name: constraint.pi for name, constraint in lp_model.constraints.items()}

# Extract reduced costs for decision variables
reduced_costs = {var.name: var.dj for var in lp_model.variables()}

# Display Sensitivity Analysis results
print("\n=== Sensitivity Analysis Results ===")

# Reduced Costs Interpretation
print("\n--- Reduced Costs ---")
for var, cost in reduced_costs.items():
    print(f"{var}: {cost}")

# Shadow Prices Interpretation
print("\n--- Shadow Prices ---")
for constraint, price in shadow_prices.items():
    print(f"{constraint}: {price}")

import numpy as np
import pandas as pd

# Define product names
product_names = ["Unicorn_S", "Unicorn_M", "Sitting_Elephant_S", "Sitting_Elephant_M",
                 "Monkey_S", "Monkey_M", "Giraffe_S", "Giraffe_M", "Totebag"]

# Initialize production plan randomly
current_solution = {p: np.random.randint(0, 50) for p in product_names}
best_solution = current_solution.copy()

# Define cost and price per unit
cost_per_unit = {
    'Unicorn_S': 50000, 'Unicorn_M': 45000,
    'Sitting_Elephant_S': 40000, 'Sitting_Elephant_M': 38000,
    'Monkey_S': 42000, 'Monkey_M': 40000,
    'Giraffe_S': 43000, 'Giraffe_M': 41000,
    'Totebag': 100000
}

price_per_unit = {
    'Unicorn_S': 85000, 'Unicorn_M': 90000,
    'Sitting_Elephant_S': 75000, 'Sitting_Elephant_M': 80000,
    'Monkey_S': 80000, 'Monkey_M': 85000,
    'Giraffe_S': 80000, 'Giraffe_M': 85000,
    'Totebag': 180000
}

# Production time per unit (hours)
production_time_per_unit = {
    'Unicorn_S': 2, 'Unicorn_M': 2,
    'Sitting_Elephant_S': 1.5, 'Sitting_Elephant_M': 1.5,
    'Monkey_S': 1.5, 'Monkey_M': 1.5,
    'Giraffe_S': 1.5, 'Giraffe_M': 1.5,
    'Totebag': 2
}

# Maximum working hours per month
max_working_hours = 416

# Function to calculate profit
def calculate_profit(solution):
    total_revenue = sum(solution[p] * price_per_unit[p] for p in product_names)
    total_cost = sum(solution[p] * cost_per_unit[p] for p in product_names)
    total_profit = total_revenue - total_cost

    # Apply constraint: If production exceeds max working hours, set profit to negative infinity
    total_hours = sum(solution[p] * production_time_per_unit[p] for p in product_names)
    if total_hours > max_working_hours:
        return -np.inf  # Constraint violation

    return total_profit

# Initialize best cost
best_profit = calculate_profit(best_solution)

# Simulated Annealing Parameters
num_iterations = 1000

# Perform Simulated Annealing Optimization
for _ in range(num_iterations):
    # Generate new solution by modifying the current one
    new_solution = current_solution.copy()
    random_product = np.random.choice(product_names)
    new_solution[random_product] = max(0, new_solution[random_product] + np.random.randint(-5, 6))

    # Compute new profit
    new_profit = calculate_profit(new_solution)

    # Accept new solution if better
    if new_profit > best_profit:
        best_solution = new_solution.copy()
        best_profit = new_profit

# Convert best solution to a readable format and display results
best_solution["Total Profit"] = best_profit  # Append total profit
best_solution_df = pd.DataFrame(list(best_solution.items()), columns=["Product", "Optimal Production"])

# Print results
print("=== Simulated Annealing Optimization Results ===")
print(best_solution_df.to_string(index=False))
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