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Abstract

The looming globalization of trade and supply chain has given rise to the need to optimise the logistics network design
(LND). Classical approaches to development of logistics networks are being substituted by smart approaches that use
machine learning (ML) and analytics of transportation costs. The study is an examination of how machine learning can
be used to create a smart logistics network and how it will influence lowering the cost of transportation. Machine
learning methods, especially the supervised and unsupervised learning are used to model and predict the most efficient
routing, modalities, and network structures. This research involves both historical logistics data and transportation
costs measures which helps in finding patterns and maximizing the network design. The findings prove that ML-based
models could significantly enhance efficiency of logistics networks, lower the operation costs, and efforts of decision-
making. Also, this paper determines the difficulties encountered in the implementation of these solutions and
recommends that more research is required to combine real-time information with machine learning algorithms to
achieve dynamic optimization. The study ends with the recommendations on the future research and possible ways to
enhance the logistics network design.
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Introduction

There is a continuous pressure on the logistics industry to fine tune its operations by ensuring cost reduction. As global
supply chains grow in complexity, conventional approaches to the design of logistics networks (LND) are no longer
sufficient to deal with external and large-scale logistics challenges. To address this, machine learning (ML)-based smart
logistical network design has become one of the approaches to addressing these issues. Various areas of logistics are
improved with the help of ML techniques, especially the ones aimed at prediction, classification, and optimization. This
study is aimed at examining the possibility of integrating ML into the design of logistics networks and discussing its
potential effect on decreasing the cost of transportation and enhancing the efficiency of the whole network. This paper
will analyze the use of different machine learning models on the logistics data in the real world and evaluate their
efficiency in streamlining transportation networks.
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Figure 1: Logistics Network Design Process
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The following is the flow chart on the process of the logistics network design. It emphasizes on the steps of collecting
data, preprocessing, training machine learning models, and cost optimization, depending on your requirements. The
arrows follow the sequence of each of the stages.

Background of the Study

The logistics network design has changed a lot within the past several decades. First, logistics network optimization
centered on deterministic models, which were relying on data that was in a static state. Nevertheless, the incorporation
of dynamic data sources like traffic trends, weather, real-time supply and demand has seen more intelligent and data-
driven logistics systems emerge. Due to the development of machine learning and artificial intelligence, now one can
rely on extensive historical sources in order to forecast the best network structures, means of transportation, and routing
options. This move to intelligent logistics networks has not just increased the effectiveness of decision-making but it
has also minimized the cost of the operations. Complex logistical problems are being solved using machine learning
algorithms such as k-means clustering, decision trees and reinforcement learning. This study is based on such
developments and explores the idea of machine learning using it to decrease transportation costs and streamline the
entire logistics network structure.

Justification

The rationale of this research is due to the escalating need to have efficient, economical logistics. Global logistics
networks are getting more intricate, and the conventional approaches to designing the network are no longer sufficient
to address the demands of the businesses. The logistic sector is demanding solutions that will efficiently distribute the
resources, design the best routes, and save on transportation expenses and enhance service delivery. Machine learning
has already proven itself in tackling these issues by automatizing the decision-making process and offering data-driven
information to the process of logistics planning. Moreover, the concept of applying ML to transportation cost analytics
is a fairly unexplored field in literature. This work will fill this gap because it will present empirical data on the efficacy
of ML models to minimize the costs of transportation and improve the design of the logistics network.

Objectives of the Study

1. To investigate how machine learning algorithms can be applied in the design of logistics networks.

2. Toexamine how transportation cost analytics can be used in optimizing logistics networks.

3. To determine the performance of various machine learning models in lowering transportation costs.

4. To learn what are the issues and restrictions of machine learning-based logistics network design implementation.
5. To suggest possible solutions to the future research in the field of intelligent optimization of logistic network.

Literature Review

Many researchers have identified the positive effects of applying machine learning to logistics. Zhang et al. (2020) have
reported that machine learning methods like support vectors machines and neural networks have been effective in
optimizing routes and scheduling of deliveries. Equally, Liu and Wang (2018) investigated how reinforcement learning
can be applied in the supply chain management, which will result in improved decisions in inventory allocation and
transportation routes. Other studies have dwelled on applying data analytics to forecast the demand and traffic patterns
and further optimize the process (Bajaj & Verma, 2019). Cost transport is another segment where studies have been
given significant attention and various studies have focused on using predictive models to reduce costs (Yu & Sun,
2017). Nevertheless, there are no extensive studies, which discuss the synergy of machine learning models and
transportation cost analytics in the context of logistic network design. The given study strives to fill this gap by
incorporating the two components into a unified whole of intelligent logistics network optimization.

Aspect-Based Sentiment Analysis (ABSA) is a more advanced type of sentiment analysis, which examines sentiment
about a particular aspect of a product, service or entity. To improve the efficiency of ABSA, Khan (2020) proposed
ensemble deep learning, which is expected to integrate several models such as CNNs and RNNs to identify local and
global sentiment dependencies. This method has greatly enhanced the performance of ABSA in cases of managing
dubious sentiment in the real world texts.

Khan et al. (2021) introduced the RMDEASD framework that combines the rule mining and deep learning process to
promote the ABSA in diverse fields. The combination of the domain-specific rules with machine learning models
enhanced the sentiment extraction process especially on complex and heterogeneous data, which is why it is effective
in e-commerce and customer service applications.

The paper by Khan and Ridhorkar (2019) examined the advantages and disadvantages of the traditional and deep
learning-based sentiment models. They concluded that although deep learning algorithms such as LSTMs can be useful
in a complex environment, issues such as data preprocessing and computational costs are still relevant.

Khan et al. (2021) considered a quantum-based method of sentiment analysis, which combines reinforcement learning
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with federated explainability to enhance decision-making, particularly in unstable conditions such as climate-resilient
agriculture. Although this is an agricultural-oriented approach, it presents a prospect to ABSA in managing complicated,
massive data.

Raut et al. (2021) used the GPT-3 to perform multi-modal sentiment analysis, where the YouTube videos were
summarized to create informative ones. In their work they emphasize the possibility of using text, audio, and visual data
to enhance ABSA in understanding sentiments in a setting where sentiments are conveyed using a variety of
communication methods.

Material and Methodology
This study approach is a sequential procedure, which incorporates machine learning (ML) and the transportation cost
analysis to find the optimal design of a logistics network. Below are the detailed steps:

1. Data Collection

The sample was compiled in a logistic company with previous transportation services, traffic data and delivery time,
and capacity of the vehicles. The data set will include details about the delivery routes, shipments size, cost and transit
time within the last 2 years. The data is purged, preprocessed and normalized to make it compatible with machine
learning models.

Data Types:

» Transportation Costs: The historical cost of deliveries.

* Route Data: Geographic data of routes of deliveries.

* Vehicle Data: details of vehicles that are used to deliver goods (capacity, fuel efficiency etc.).
» Traffic Codes: Analysis of the average traffic jams during different hours of the day.

»  Weather Data: Weather data about weather conditions which impact on the transit times.

N

. Data Preprocessing
Missing Data management: The missing values in the data were addressed through the use of imputation techniques
e.g. mean substitution in case of a continuous variable and mode substitution in case of a categorical variable.
Normalization: Min-Max scaling was used to bring all features on a level where those that are not of the same kind
(e.g., cost, distance, time) fell within the same range.

3. Feature Selection
The techniques that were identified with the feature importance as the most relevant features were taken as the most
applicable features to predict transportation costs. These are distance of routes, traffic congestion, vehicle capacity, and
the size of shipment.

4. Selection of the Machine Learning Model

Three machine learning models were chosen to maximize the design of logistics networks:

» Linear Regression: It is applied where one wants to make predictions of the costs involved in transportation basing
on different characteristics.

» K-means Clustering: It is used in identifying clusters of routes that may share resources (e.g., vehicles).

» Random Forest: This is a decision tree-based model, which involves the use of numerous decision trees in estimating
costs and finding the best pathways.

5. Audit Training and evaluation on a Model

The data were divided into training set (80%) and test set (20%).

Training Model- The training set was used to train the models and the evaluation was done on the testing set. Evaluation
measures: Root Mean Squared error (RMSE) of regression model, and Silhouette Score of the clustering model to
measure the quality of the clusters.

6. Cost Optimization
The models were then applied and predicted to determine transportation costs in different scenarios. The results were
contrasted to the current design of the logistics network and the routes with reduced transportation costs were selected.

7. Sensitivity Analysis

To learn the impact of the changes of the main parameters (e.g., traffic, shipment size) on the optimization outcomes, a
sensitivity analysis was conducted. This analysis was used to establish the most important issues that affect the cost of
transportation.
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Results and Discussion

1. Model Performance

The effectiveness of every machine learning model was measured by the possibility to predict the transportation costs.
The performance of the models on the testing dataset is as shown below:

Linear Regression:

e RMSE: 0.54

e The linear regression model was useful in the prediction of transportation costs using some features of interest, but
it demonstrated weaknesses when approaching non-linear relationships.

K-means Clustering:

e Silhouette Score: 0.76

e The K-means algorithm was successful in the grouping of routes into clusters with similar characteristics implying
that the common resources could be applied to routes in the end cluster.

Random Forest:

e RMSE: 0.45

e The other models did not work as well as the Random Forest model because this model could address non-linear
relationships and interaction among the features to predict the transportation costs.

Silhouette Cost Reduction

Model RMSE Score (%)
| Linear Regression | 0.54 | N/A | 15% |
| K-means Clustering| N/A | 0.76 | N/A |
| Random Forest | 0.45 | N/A | N/A |
Model Performance (RMSE) 3 Model Performance {Silhouette Score)
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Graph 1: Model Performance Results

This bar chart is a comparison of the Silhouette Score and Root Mean Squared Error (RMSE) of the various machine
learning models in the optimization of the logistics network design. The RMSE and Silhouette Score are the measures
of how well the models can predict the transportation costs and cluster created by K-means clustering model
respectively. The comparison demonstrates the performance of both models minimizing the error and maximizing the
quality of clustering.

2. Cost Reduction

Multiple directions were found by the machine learning models through which transportation costs could be optimized
by changing delivery times, choosing the best types of vehicles, or by changing routes. The price saving following the
implementation of the optimized routes was about 15 percent relative to the initial logistics design.
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3. Sensitivity Analysis

The sensitivity analysis told that the effect on transport costs optimization was the most decisive with regards to traffic
patterns and delivery times. It was found that routes with heavy traffic congestion had the highest potential in cost saving
in case alternative routes were found.

Route Original Cost ($) Optimized Cost ($)
Route 1 1200 1020

Route 2 900 800

Route 3 1500 1350

Route 4 1100 1000

Route 5 950 850

Transportation Cost Comparison (Before and After Optimization)

N Original Cost
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Graph 2: Transportation Cost Comparison (Before and After Optimization)

The following bar chart shows the cost of transportation prior to and after optimization of all routes. The red bars denote
the initial transport expenses whereas the green ones denote the optimal costs after optimization using machine learning.
This illustration shows the decrease in transportation cost, which proves that the optimization process is successful in
simplifying the logistics network design.

Limitations of the Study

Although the research offers valuable information in the use of machine learning in the design of logistics network,
there are a number of limitations that should be taken into account. To begin with, the research is based on past data and
such data might fail to capture unexpected and abrupt alterations in transportation conditions. Second, the research
models used in this study were restricted to the set of the transportation routes and a type of vehicles, which restricted
the scope of their generalizability. Third, real-time data were not thoroughly studied in relation to machine learning
models because of the problem of data availability. Future studies ought to be devoted to addressing these shortcomings
by either adding real-time sources of data and broadening the models to cover a wider set of logistics cases.

Future Scope

The future of this research lies in incorporating real-time data into the machine learning models in improving the
dynamic optimization. The future studies can also be conducted on how reinforcement learning can be applied to
continuously enhance the models through the feedbacks provided by the logistics network. Moreover, the future of
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combining the use of traditional optimization methods and machine learning algorithms has a very promising future in
enhancing the resilience and scalability of the design of a logistics network.

Conclusion

To sum up, the research has shown that machine learning can have a large impact on the field of logistics network design
and optimization of the costs of transportation. Connecting machine learning algorithms and analytics of transportation
costs allows allocating resources more efficiently, routing in a more efficient way, and reducing the costs in general.
Although implementation of these solutions may be difficult, the potential benefits give it a promising research area in
the future. The results can be used to add to the existing literature on the intelligent network design of logistics and offer
a substantive base of further research in the given area.
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