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1 Introduction

This document provides a step-by-step guide to implementing the models built to solve the
research question: "How effective is Ant Colony Optimization (ACO) compared to Genetic
Algorithms (GA) & Hybrid Models such as ACO-DRL in providing more efficient solutions
for improving logistics routes to reduce CO2 emissions & fuel consumption while
maintaining logistics efficiency?" It addresses the hardware and software specifications of the
study, environment, and system setting necessary for the research. The workflow of the three
models, namely ACO, GA and ACO-DRL, is explained in this manual.

2 System Configuration

2.1 Hardware Requirements

Machine: Windows 11 and above
Processor: Intel Core i5 (12th Gen) or above
RAM: 8 GB (Minimum)

Storage: 16GB and above

2.2 Software Requirements

e Python Version: Python 3.11

e Integrated Development Environment (IDE): Jupyter Notebook
e Package Manager: Anaconda Navigator

e Microsoft Excel: For initial EDA

3 Environment Setup

3.1 Installing Anaconda

e Download Anaconda from Anaconda Official Website the installer for
Windows.



https://www.anaconda.com/download
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Figure 1 (b) : Anaconda Website

To Install Run the installer and follow the instructions. add Anaconda to system's

PATH. .

O Anaconda3 2023.07-2 (64-bit) Setup

s —

Welcome to Anaconda3 2023.07-2
(64-bit) Setup

Setup will guide you through the installation of Anaconda3
2023.07-2 (64-bit).

Itis recommended that you close all other applications
before starting Setup. This will make it possible to update
relevant system files without having to reboot your
computer.

Click Next to continue.




Figure 2 (a) : Anaconda Setup

. 2 Anaconda3 2023.07-2 (64-bit) Setup = *

y Choose Install Location
-— _) ANACONDA Choose the folder in which to install Anaconda3 2023.07-2

- (B4-bit).

. Setup will install Anaconda3 2023.07-2 (64-bit) in the following folder. To install in a different
folder, dick Browse and select another folder, Click Next to continue,

.
-

Destination Folder

sers\sushm\anaconda3 Browse...

Space required: 4.9 GB
Space gvaiable: 331.6 GB

< Badk Mext = l Cancel

Figure 2 (b) : Anaconda Setup

Open Anaconda Navigator: to manage your Python environments. Launch Jupyter
Notebook: Use Anaconda cmd and launch Jupyter

Anaconda Prompt - jupyter 1 X + o~

(base) C:\Users\sushm>jupyter notebook

Extension package jupyter_server_ydoc took ©.3878s to import

A '_jupyter_server_extension_points*' function was not found in nbclassic. Instead,

a '_jupyter_server_extension_paths' function was found and will be used for now. This function name will be deprecated

in future releases of Jupyter Server.

A ‘_jupyter_server_extension_points' function was not found in notebook_shim. Inst
ead, a ‘_jupyter_server_extension_paths' function was found and will be used for now. This function name will be depreca
ted in future releases of Jupyter Server.

Extension package panel.io.jupyter_server_extension took 3.7619s to import

jupyter_lsp | extension was successfully linked.

jupyter_server_fileid | extension was successfully linked.

jupyter_server_terminals | extension was successfully linked.

jupyter_server_ydoc | extension was successfully linked.

jupyterlab | extension was successfully linked.

nbclassic | extension was successfully Llinked.

notebook | extension was successfully linked.

notebook_shim | extension was successfully linked.

panel.io. jupyter_server_extension | extension was successfully linked.

notebook_shim | extension was successfully loaded.

jupyter_lsp | extension was successfully loaded.

Configured File ID manager: ArbitraryFileIdManager

ArbitraryFileIdManager : Configured root dir: C:/Users/sushm

ArbitraryFileIdManager : Configured database path: C:\Users\sushm\AppData\Ro
aming\jupyter\file_id_manager.db

ArbitraryFileIdManager : Successfully connected to database file.

ArbitraryFileIdManager : Creating File ID tables and indices with journal_mo
de = DELETE

Attached event listeners.

jupyter_server_fileid | extension was successfully loaded.

Figure 3 (a) : Anaconda Prompt
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3.2 Installing Important Libraries

IN

The following Python libraries are essential for executing the models in this research:

* NumPy: for numerical computations

» Pandas: for data manipulation and analysis

« SciPy: for scientific and technical computing
» Scikit-learn: for machine learning algorithms
« Matplotlib: for data visualization

» OpenAl Gym: To create and to work the TSP (Traveling Salesman Problem)

environment

To install these libraries, open the Anaconda command prompt and run the following

command:
Ipip install numpy pandas scipy scikit-learn matplotlib gym

!pip install numpy pandas scipy scikit-learn matplotlib gym

Requirement already satisfied: numpy in c:\users\sushm\anaconda3\lib\site-packages (1.24.3)

Requirement already satisfied: pandas in c:\users\sushm\anaconda3\lib\site-packages (1.5.3)

Requirement already satisfied: scipy in c:\users\sushm\anaconda3\lib\site-packages (1.18.1)

Requirement already satisfied: scikit-learn in c:‘\users\sushm\anaconda3\lib\site-packages (1.3.0)

Requirement already satisfied: matplotlib in c:\users\sushm\anaconda3\lib\site-packages (3.7.1)

Requirement already satisfied: gym in c:\users\sushm\anaconda3\lib\site-packages (0.26.2)

Requirement already satisfied: python-dateutil»=2.8.1 in c:\users\sushm\anaconda3\lib\site-packages (from pandas) (2.8.2)
Requirement already satisfied: pytz»=2820.1 in c:\users\sushm\anaconda3\lib\site-packages (from pandas) (2022.7)
Requirement already satisfied: joblib»>=1.1.1 in c:\users‘\sushm\anaconda3\lib\site-packages (from scikit-learn) (1.2.8)

Requirement already satisfied: threadpoolctl»=2.8.@ in c:husers\sushm\anaconda3\lib\site-packages (from scikit-learn) (2.2.8)

Requirement already satisfied: contourpy>=1.8.1 in c:‘\users\sushm\anaconda3\lib\site-packages (from matplotlib) (1.8.5)
Requirement already satisfied: cycler»=0.18 in c:\wsers\sushm\anaconda3\lib\site-packages (from matplotlib) (@.11.8)
Requirement already satisfied: fonttools»>=4.22.82 in c:\users\sushm\anaconda3\lib\site-packages (from matplotlib) (4.25.8)
Requirement already satisfied: kiwisolver»>=1.8.1 in c:\users\sushm\anaconda3\lib\site-packages (from matplotlib) (1.4.4)
Requirement already satisfied: packsging»>=208.8 in c:\users\sushm\anaconda3\lib\site-packages (from matplotlib) (23.@)
Requirement already satisfied: pillow»=6.2.@ in c:\users\sushm\anaconda3\lib\site-packages (from matplotlib) (9.4.8)
Requirement already satisfied: pyparsing»=2.3.1 in c:lusers\sushm\anaconda3\lib\site-packages (from matplotlib) (3.2.9)
Requirement already satisfied: cloudpickle»=1.2.8 in c:\users\sushm\anaconda3\lib\site-packages (from gym) (2.2.1)
Requirement already satisfied: gym-notices»=8.2.4 in c:\users\sushm\anaconda3\lib\site-packages (from gym) (2.0.8)

Requirement already satisfied: six»=1.5 in c:\usersh\sushm\anaconda3\lib\site-packages (from python-dateutil»=2.8.1-»pandas) (1.16.8)

Figure 4: Importing required libraries
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Open the file and click on the cell one by one and then run the cell to execute the code.
;-; jupyter ACO-DRL Last Checkpoint: 3 days ago

File Edit View Run Kernel Settings Help

B + XOM » m C » Code v ~ Openin.. # Python

[ 1: | import pandas as pd &
from sklearn.cluster import KMeans

import matplotlib.pyplot as plt

import numpy as np

from scipy.spatial import distance_matrix

#!pip install gym

#!Ipip install stable-baselines3fextra]

import gym

from stable baselines3 import PPO

from stable baselines3.common.vec_env import DummyvecEnv
from scipy.spatial import distance_matrix

# Define the file path to your sampled dataset
file path = 'sampled_dataset.csv’

# Load the dataset
sampled data = pd.read_csv(file_path})

# Display basic information about the dataset to ensure it's loaded correctly
print (sampled_data.info())

# Display the first few rows of the dataset
print (sampled_data.head())

# Select the features for clustering (latitude and Longitude)
X = sampled_data[['LATITUDE', 'LONGITUDE']]

Figure 5: Required libraries

4 Data Gathering & Pre-processing

This section focuses on data collection and data preparation processes so that replication of
the research study can be done. The data set is from Kaggle link :
https://www.kaggle.com/datasets/thedevastator/ups-facilities-locations-dataset
Downloading the Datasets

Make sure that the obtained dataset is stored in CSV format in the directory of the local

vk UPS Fadilities Locations Dataset X + = a X
< C @ 23 kaggle.com/datasets/thedevastator/ups-facilities-locations-dataset & ¥ D & a
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@ Datasets | Locations and Details of UPS Facilities across the United States -

& Models -

<> Code w

Data Card Code (0) Discussion (0)  Suggestions (0}
E Discussions
2 Learn About Dataset Usability ©
9.41
v More
License
. Data files @ Original Authors
Your Work
UPS Facilities Locations Dataset Expected update frequency
fH  View Active Events Never
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https://www.kaggle.com/datasets/thedevastator/ups-facilities-locations-dataset

Figure 6: UPS Kaggle Dataset

4.1 Data Collection

A) Data Sources:
e UPS Facilities Data: Geographical information of the location of warehouses and
drop boxes such as latitude and longitude.

°®
-

[ Booking.com

~ k UPS Facilities Locations Dataset X + - a X
<« C @ %% kaggle.com/datasets/thedevastator/ups-facilities-locations-dataset [ ¢ ]l &, a
® WhatsApp  wir SQL Exercises, Practi.. WY SQL Tutorial [l Trainity Dashboard Courses - DataCam...  J§ Data Engineering B.. () py/data_snalyst_lear.. (3§ Mail - Sushmita Gha.. » [ All Bookmarks
= 2N
= kaggle Q_ search L
+ create UPS Facilities Locations Dataset -2 New Notebook . Download (3 MB) ' H
Data Card  Code (0) Discussion (0)  Suggestions (0)
@ Home _—
Introduction:
@  Competitions
@ Datasets Understanding the Dataset Structure:
Ji\ Models The dataset consists of several columns that provide relevant information about each UPS facility
location. Here is a brief overview of the key columns:
<> Code . w
NAME: The name of the UPS facility.
E| Discussions .
ADDRESS: The street address of the UPS facility.
©  Learn
.
v  More ADDRESS2/ADDRESS3: Additional address information for the facility.
.
- CITY/STATE/ZIP: The city, state, and ZIP code where the facility is located.
Your Work
|—|‘—:\ View Active Events PHONE: The contact phone number for the facility.
- 11 ] y | = @ e w ERGHEPS 11557 AM -
- E Q Search o, ai @ - E H v | e Ay FRE A R

Figure 7: UPS meta deta

e Steps to Load and Prepare Data:
Load Data: Make sure the dataset is in CSV format, and import it into Jupyter Notebook and
Display Basic Information: Find out more about the data set:

@ O | D Home X & Creating Dataset X & ACO-DRL x| + = a X
c Q () localhost:8888/notebooks/OneDrive/Documents/finalresearch/Creating%20Dataset.ipynb A ] m = % o
5 WhatsApp v SQL Exercises, Practi.. WV SQLTutorial [ Trainity Dashboard  [B] DataCamp Learn  E Data Engineering 8. () py/data_analyst_lear... > [7) Other favorites
o .
— Jupyter Creating Dataset Last Checkpoint: 3 days ago A >
File Edit View Run Kemel Settings Help Trusted &
B+ X B0 » m C » Code ~ - Openin.. # Python 3 (ipykemel) O =
a M
|| [2]: import pandas as pd ] N | ‘
(<]
# lLoad the dataset
file path = "C:/Users/sushn/OneDrive/Documents/finalresearch/dataset/UPS Facilities.csv” # CSV file path &
dataset = pd.read_csv(file_path)
w
# Display basic information about the dataset
print(dataset.info())
+

# Display the first few rows of the dataset
print(dataset.head())
<class 'pandas.core.frame.DataFrame'>

RangeIndex: 49317 entries, @ to 49316
Data columns (total 19 columns):

# Column Non-Null Count Dtype
8 index 49317 non-null  int64
10X 49317 non-null float6d
2 v 49317 non-null floated
3 FID 49317 non-null intéd
4 FEATURE_ID 49317 non-null inted
S NAME 49317 non-null object
6  ADDRESS 49317 non-null object
7 ADDRESS2 49317 non-null object
8 ADDRESS3 49317 non-null object
s Ty 49317 non-null object
10 STATE 49317 non-null object
u
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Figure 8: Loading Dataset

4.2 Data Filtering
e Remove Unwanted Entries: Exclusion of entries from Hawaii and Alaska because
they could skew the results:

L ®m O | Home X & Creating Dataset X & ACO-DRL x| + - g X
c Q () localhost:8888/notebooks/OneDrive/Documents/finalresearch/Creating%20Dataset.ipynb A ] m = % o
[ Booking.com (& WhatsApp o SQL Exercises, Practi.. ¥ SQL Tutorial [ Trainity Dashboard [ DataCamp Learn [ Data Engineering B.. ) py/data_analyst_lear... > [7) Other favorites
— Jupyter Creating Dataset Last Checkpoint: 3 days ago A >
File Edit View Run Kemel Settings Help Trusted &
B+ X B0 » m C » Code - - Openin.. # Python 3 (ipykemel) O =
7 Ward Urug Lompany A
# Filter out entries from Hawaii and Alaska &
filtered_dataset = dataset[~dataset['STATE'].isin(['HI', "&K'])] 4
# Display the number of remaining entries and a sample of the data 7
print(f"Number of entries after filtering: {filtered dataset.shape[@]}")
print(filtered dataset.head()) w
number of entries after filtering: 4s1se
index X Y FID FEATURE_ID NAME \
[} © -77.896729 34.842373 4e0l 21735 UPS Drop Box 4
1 1 -78.480208 33.957408 4002 21739 UPS Drop Box
2 2 -78.531434 35.949546 4003 14826 UPS Drop Box
3 3 -78.383910 33.974275 4004 21742 UPS Drop Box
4 4 -77.986664 35.973269 4005 14827 UPS Drop Box
ADDRESS ADDRESS2 ADDRESS3 CITY STATE  ZIP \
© 1009 N Lake Park 5lvd Carolina Beach  NC 28428
1 624 village Rd Shallotte  NC 28470
2 2008 Main St Wske Forest  NC 27587
3 4619 Main St Shallotte  NC 28470
4 117 W Church St Nashville  NC 27856
PHONE  LATITUDE LONGITUDE MATCHSTATU PLACEMENT CENSUSCODE  \
© 910-798-0400 34.042373 -77.896728 oK 371290122005003
1 918-798-8488 33.957488 -78.480208 oK 370196205013083
2 919-841-4525 35.949646 -78.531434 oK 371830542011024
3 910-798-84008 33.974275 -78.383910 oK 370198204015077
4 919-841-4525 35.973269 -77.966664 oK 371276111664621 - @

== Q Search ég., [E] @ -? @ E ¢ H -e g g A E";G 7= o) 111;:20’“2'\:! .:.E

Figure 9: Data Filtering

2. Filter by Facility Type: Retain only those rows that are to “Authorized UPS Facility” or
“UPS Drop Box™.

# Filter the dataset to keep only rows with "Authorized UPS Facility” or "UPS Drop Box"™ in the 'NAME' column
filtered facilities = filtered_dataset[filtered_dataset[ 'NAME'].isin([ Authorized Shipping Outlet’, 'UPS Drop Box'])]

# Display the number of remaining entries and a sample of the data

print(f"Number of entries after filtering: {filtered_facilities.shape[@]}™)
print(filtered facilities.head())

Figure 10: Refining Rows

4.3 Data Cleaning
1. Remove Missing Values: One of the recommendations for the dataset is to clean the data
by deleting the rows with missing values.

# Remove rows with missing values
cleaned_dataset = filtered facilities.dropna()

# Display the number of remaining entries after removing missing values
print(f"Number of entries after removing missing walues: {cleaned_dataset.shape[@]}")

Mumber of entries after removing missing walues: 42297

Figure 11: Remove missing values



2. Outlier Removal: Apply the Interquartile Range (IQR) technique to Trim latitude and
longitude data:

# Define a function to calculate IQR and filter out outliers
def remove_outliers_iqr(df, column):
Q1 = df[column].quantile(@.25)
Q3 = df[column].quantile(®.75)
I0R = Q3 - Q1
lower_bound = Q1 - 1.5 * IQR
upper_bound = Q3 + 1.5 * IQR
return df[(df[column] >= lower_bound) & (df[column] <= upper_bound) ]

# Apply the IQR method to the Latitude and Longitude columns
filtered_cleaned_dataset = remove_outliers_iqr(cleaned_dataset, 'LATITUDE')
filtered_cleaned_dataset = remove_outliers_iqr(filtered_cleaned dataset, 'LONGITUDE')

# Display the number of remaining entries after remowving outliers using IQR
print(f"Number of entries after removing outliers using IQR: {filtered cleaned_dataset.shape[@]}")

Mumber of entries after removing cutliers using IQR: 42248

Figure 12: Making the dataset short

4.4 Sampling
.1.Proportional Sampling: To make sure the data collected is a sample of the entire
population, the proportions have to be calculated and the samples obtained as follows;

™ (] - - (] e (I -
# Define the target number of entries
target_entries = 120@0

# Calculate the total entries to ensure proportional sampling
total_entries = filtered cleaned dataset.shape[@]

# Calculate the proportion of each type within each state
proporticns = filtered cleaned dataset.groupby([ "STATE', 'NAME']).size().reset_index(name='"count")
proportions[ 'proportion’] = proportions['count’] / total entries

# Calculate target samples per group based on the proportions
proporticns[ 'target_count'] = (propeortions['proportion’'] * target_entries).round().astype(int)

# Sample the data according to the target counts
sampled data = pd.DataFrame()

for _, row in proportions.iterrows():
subset = filtered cleaned dataset|
(filtered_cleaned dataset['STATE'] == row['STATE']) &
(filtered_cleaned_dataset[ "MAME'] == row[ 'MAME'])

sampled_subset = subset.sample(n=row[ "target_count'], random_state=42) # Use a fixed random_sta
sampled data = pd.concat([sampled data, sampled subset])

# Shuffle the final sampled dataset
sampled data = sampled data.sample(frac=1, random_state=42).reset_index(drop=True)

# Display the number of entries in the sompled dataset

Figure 13: Sampling Dataset

2. Save Sampled Dataset: Export the last sampled dataset to the CSV file:



Total number of entries in the sampled dataset: 12884

# Define the file path where you want to save the C5V
output_file path = 'sampled dataset.csv'

# Save the sampled dataset to a Cs5V file
sampled_data.to_csv(output_file path, index=False)

print(f"Sampled dataset saved as {output_file path}")
Sampled dataset saved as sampled_dataset.csv

Figure 13: Saving sampled dataset Dataset

Clustering of the sampled dataset
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Figure 14: Clustering Dataset

# Select the features for clustering (Latitude and Longitude)
X = sampled_data[[’LATITUDE', °LONGITUDE']]

# Apply K-Means clustering with 4 clusters
kmeans = KMeans(n_clusters=4, random state=42)
sampled data['Cluster’] = kmeans.fit predict(X)

# Centroids of the clusters
centroids - kmeans.cluster_centers_

# Visualize the clusters

plt.figure(figsize=(10, 7))

plt.scatter(sampled_data[ 'LONGITUDE'], sampled data['LATITUDE'], c=sampled_data[ 'Cluster’], cmap="viridis', marker="o")
plt.scatter(centroids[:, 1], centroids[:, 8], c="red’, marker="X', s=200, label='Centroids’)

plt.title('K-Means Clustering (4 Clusters)®)

plt.xlabel(’Longitude")

plt.ylabel(’Latitude")

plt.legend()

plt.show()

# Display the number of points in each cluster
cluster_counts = sampled_data[ "Cluster’].value_counts()

print("Number of points in each cluster:")
print(cluster_counts)

Figure 15: k-means clustering the Dataset
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e Model Configuration
5.1 ACO Model Setup
Steps:
In the case of the ACO algorithm, the shortest paths within each cluster are obtained.
Steps:
1. Import Necessary Libraries:

[ 1: Aimport pandas as pd
from sklearn.cluster import KMeans
import matplotlib.pyplot as plt
import numpy as np
from scipy.spatial import distance _matrix
#!pip install gym
#!pip install stable-baselines3fextra]
import gym
from stable baselines3 import PPO
from stable baselines3.common.vec_env import DummyVecEnwv
from scipy.spatial import distance matrix

Figure 16

2. Define ACO Parameters:

# Apply ACO on this cluster’s data
n_ants = 18

n_best = 3

n_iterations = 1@@

decay = @.95

Figure 17

11



3. Run ACO Algorithm:

reTurn patn

def pick_move(self, pheromone, dist, visited):
pheromone = np.copy{phercmone)
pheromone[list(visited)] = @
with np.errstate(divide="ignore’, inwvalid="ignore'):
row = pheromone ** self.alpha * ((1.@ / dist) ** self.beta)
row = safe_normalize(row) # Ensure the row is normalized and valid
move = np.random.choice(self.all inds, 1, p=row)[@]
return move

def calculate path_distance(self, path):
total dist = @
for ele in path:
total dist += self.dist matrix[ele]
return total dist

try:
aco = ACO(dist matrix, n_ants, n_best, n_iterations, decay, alpha=1, beta=2)
shortest_path = aco.run()

print(f"Cluster {cluster_id}: Shortest path: {shortest_path[@]}")

print(f"Cluster {cluster_id}: Shortest path distance: {shortest path[1]} km")
except ValueError as e:

print(f"Error in cluster {cluster_id}: {e}™)

Figure 18

e Record Results:.

# Define constants
fuel_consumption _per km = 8.12 # in Liters per km
co2_emissions_factor = 2.31 # kg C02 per Liter of petrol

# Cluster distances
cluster_distances = [442.67743356278237, 431.67633811873967, 481.28795997749353, 564.8667002559663 ]

# Calculate €02 emissions for each cluster
co2_emissions = [distance * fuel_consumption_per_km * co2 emissions_factor for distance in cluster distances

# Display €02 emissions for each cluster
for i, emissions in enumerate(co2_emissions):

print(f"Cluster {i}: Estimated CO02 Emissions: {emissions:.2f} kg")

# Sum distances for a single total distance
total_distance = sum(cluster distances)

# Sum CO2 emissions for a single total value
total_co2 emissions = sum(co2_emissions)

print(f"Total Distance: {total distance:.2f} km")
print(f“Total CO2 Emissions: {total co2 emissions:.2f} kg")

Figure 19

5.2 GA Model Setup
Overview: The GA is used to apply the idea of evolution in order to find the best routes for
distributing the logistics.
Steps:
1. Import Necessary Libraries:

12



[1]:  dimport pandas as pd
from sklearn.cluster import KMeans
import matplotlib.pyplot as plt
import numpy as np

from scipy.spatial import distance_matrix

Figure 20

3. Run GA lIterations: Crossover and mutation should be used to develop the population and
to identify the best routes. Record Best Route: Store the best solution found by the GA.
# Example: Apply GA on one of the clusters with fixed start and end points
for cluster_id im sampled data[ Cluster’].unique():
cluster_data = sampled_data[ sampled_data[ 'Cluster’] == cluster_id]

# Identify the warehouse and drop boxes within the cluster
warehouse_index = cluster_data[cluster_data[ "NAME'] == 'Authorized Shipping Outlet’].index[@]
drop_box_index = cluster data[cluster data[ "MAME'] == 'UPS Drop Box'].index[8]

# Combine warehouse and drop boxes for the distance matrix calculation

locations = cluster_data[[ LATITUDE', 'LONGITUDE®]].values
dist matrix = distance matrix(locations, locations)

# Apply GA on this cluster's data

best_route, best_distance = genetic_algorithm_fixed_start_end(
dist_matrix, start_point=warehouse_ index, end_point=drop_box_ index,
num_generations=18@, population_size=5@, mutation_rate=0.81

)

print(f"Cluster {cluster_id}: Shortest path distance using GA: {best_distance:.2f} km")
print("Best route order of locations:", best route)

Figure 21

5.3 Hybrid ACO-DRL Model Setup

Overview: The Hybrid ACO-DRL model integrates ACO’s proficiency in identifying the
first routes with DRL’s adaptability for improvements.

Steps to Load and Prepare Data:

Model Setup
Overview:
1. Initialize TSP Environment: Set up the Traveling Salesman Problem (TSP)
environment using OpenAl Gym:

13
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import gym

import numpy as np

class TSPEnv(gym.Env):

def _ init_ (self, distance_matrix, initial_route):

super(TSPEnv, self)._ init ()
self.distance_matrix = distance_matrix
self.num_locations = len(distance_matrix)
self.start_location = initial route[@] # Starting point (warehouse)
self.end_location = initial route[-1] # Ending point (drop box)
self.visited = [self.start location] # Start with the warehouse index only
self.current_location = self.start_location

# Define action and observation space
self.action_space = gym.spaces.Discrete(self.num_locations)
self.observation_space = gym.spaces.Box(low=8, high=1, shape=(self.num_locations,), dtype=np.int32)

def reset(self):
self.visited = [self.start location] # Reset to start from the warehouse
self.current_location = self.start_location
return self. get observation()

def _get observation(self):

. s wr i . ' —m

Figure 22

2. Train DRL Model: Use Proximal Policy Optimization (PPO) to refine ACO-derived
routes. Refine Routes: Iterate through the environment to optimize the route
Evaluate and Save Results: Compare refined routes with the original and save
results.

# Process each cluster
for cluster_id in sampled_data['Cluster'].unique():
cluster_data = sampled_data[sampled_data[ 'Cluster'] == cluster_id]

initial route = shortest_path # Contains both the path and distance
initial route_indices = [pair[@] for pair in initial route[@]]

coordinates = cluster_data[['LATITUDE', 'LONGITUDE']].values
dist_matrix = distance_matrix(coordinates, coordinates)

env = DummyVecEnv([lambda: TSPEnv(dist_matrix, initial route_indices)])

model = PPO("MlpPolicy”, env, verbose=1, learning rate=le-4, n_steps=2048, gamma=2.99)
model.learn(total_timesteps=180008) # Increase timesteps

obs = env.reset()

for _ in range(10@): # Increase iterations for a more thorough search
action, _states = model.predict(obs)
obs, rewards, dones, info = env.step(action)
env.render()

refined_route = env.envs[@].visited

refined_distance = np.sum([dist_matrix[refined_route[i], refined route[i+1]] for i in range(len(refined_route) - 1})])

print(f"Cluster {cluster_id}: Shortest path distance using ACO + DRL: {refined distance:.2f} km™)
print(f"Cluster {cluster_id}: Refined route order of locations: {refined route}")

Figure 23

6. Model Evaluation

4. 6.1 Performance Metrics
The models are evaluated using the following metrics:

e CO2 Emissions: Calculate CO2 emissions based on distance and fuel consumption:
CO2_Emissions = Distance_km * Fuel_Consumption_per_km * CO2_Emission_Factor and
Total Distance: Measure the total distance covered by the optimized routes.
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Figure 24

# Calculate €02 emissions for each cluster

co2_emissions = [distance * fuel consumption_per_km * co2 emissions_factor for distance in cluster_distances]

# Display €02 emissions for each cluster
for i, emissions in enumerate(co2_emissions):

print(f"Cluster {i}: Estimated CO2 Emissions: {emissions:.2f} kg")

# Sum distances for g single total distance
total_distance = sum(cluster_distances)

# Sum (02 emissions for a single total value
total_co2 emissions = sum(co2_emissions)

print (f"Total Distance: {total_distance:.2f} km")
print(f"Total CO2 Emissions: {total_co2 emissions:.2f} kg")

Figure 25



6.2 Visualization
Visualize the results
Bar Plots for Distances:
Shortest Route Distance by Model and Cluster
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o Bar Plots for CO Emissions:
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