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Abstract

In this paper, the realization of last-mile delivery systems using cloud-enabled multi-objective
optimization is discussed. It concentrates more on the cost-effectiveness, environmental sustainability and
customer satisfaction through serverless analytics and cloud computing technology. The paper looks at
how real time information processing, developing better optimization models and codifying more scalable
solutions can better deliver operations. With the use of cloud platforms, businesses have the opportunities
to reduce emissions, enhance the quality of service, optimize routes of services, thus contributing to the
sustainable and efficient logistics. This study gives a guideline on which further progress can be made in
the optimization of last-mile delivery.
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system, which is important enough to shed light
on the process of making the companies more
efficient with references to sustainability and
customer satisfaction.

I. INTRODUCTION

The sudden expansion of e-commerce has created
much more demand in finding effective last-mile
delivery, which offers a difficult challenge in
seeking to mitigate cost, environmental issues, and
consumer satisfaction optimization. Cloud-enabled
multi-objective optimization takes advantage of
these trade-offs through serverless analytics were
real time data processing and dynamism [1]. The
model enables delivery networks to optimally
match operations costs including carbon footprints,
service quality on demand preferences and reduce
carbon footprints. Companies can optimize their

Aim and Objectives of the Research:

The primary of the research paper is to develop a
cloud-enabled  multi-objective  optimization
framework for last-mile delivery that leverages
serverless analytics to balance cost efficiency,
environmental sustainability, and customer
satisfaction.

e To measure or develop optimization

route, times, and resources which result in more
sustainable and cost-effective solutions with the
help of advanced analytics with a serverless
environment [2]. The paper speculates on the role
of serverless analytics in reshaping the last-mile
logistics by means of an integrated optimization

models that would combine both cost,
environmental worth, and customer
satisfaction in measuring the last-mile
delivery systems.

e To bring in serverless analytics
capabilities to manage high-volume real-
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time information that can support dynamic
optimization of last-mile logistics.

e To evaluate the advocated optimization
framework against performance and
trade-offs under real-world last-mile
delivery operation, focusing on the goal
of cost minimization, carbon emission,
and customer-friendliness.

The objective of the research is the development
of the serverless cloud-supported multi-objective
optimization framework to last-mile delivery.
The paper is dedicated to the development of
optimization models regarding costs,
environmental, and satisfaction trade-offs, the
application of serverless solutions to process the
data in real-time, and discussion of the
framework performance in the real-world [3].
The aim is to increase the efficiency of delivery
and save on the costs, polluting effect on the
environment, and customer satisfaction.

Il. LITERATURE REVIEW

In e-commerce, the last-mile delivery market is a
significant sector of logistics in which cost
optimization, environmental sustainability and
customer satisfaction are a rather complicated
task to intertwine. This review aims at surveying
the considered methods, tools, and techniques in
the recent literature and provides the core of the
optimization of last-mile delivery.
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Figure 1: Research Flow

Structured Literature Review Approach followed
the following steps:

I.  Adjacent search terms were ascertained
which include last-mile delivery
optimization, multi-objective
optimization, serverless analytics, cost
optimization, environmental sustainability
and customer satisfaction.

Il.  Articles, case studies and technical
documentation  were  sifted  using
reputable  academic databases and
professional sources that have involved
peer review. The relevance of studies
published within the framework of 2017
and 2022 was the criterion of inclusion
expressed on the basis of relevance, and
cloud technologies in the context of the
last-mile delivery logistics.

1. The identified papers were grouped into
thematic subsets which included cost
optimizationmodel,environmental
sustainability ~ solutions, enhancing
customer satisfaction, and application of
serverless analytics to last-mile delivery.

Academic Database and Source for this study are:

I. IEEE Xplore and ACM Digital Library:
These sources provided peer-reviewed
technical papers on  optimization
frameworks, serverless computing, and
automation techniques applied to last-
mile delivery logistics.

Il.  ScienceDirect and SpringerLink: The
journals. on logistics management,
sustainability in the transport sector, and
cloud-enabled systems were learned to
research works on the environmental
effect of delivery activities and real-time
processing of the information.

1. Google Scholar: Google Scholar offered
me additional knowledge, case examples,
and reports on cloud services such as
AWS, Microsoft Azure, and Google
Cloud and how they can optimize the
effectiveness of the last-mile delivery
networks in real-time.

A. Searching Study:

The chosen keywords with which this research is
going to work include such as last-mile delivery
optimization, multi-objective optimization, cloud-
enabled logistics, serverless analytics, cost
optimization, environmental sustainability, and
customer satisfaction [4]. The following are the
terms that help in identifying related academic and
industrial literature. Search terms were narrowed
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down with the help of the Boolean operator and
filters, emphasizing the search in studies published
between 2017 and 2022, especially the most
influential studies in peer-reviewed journals.

B. Selection of Journal Articles:

Selection is done through the filtration of articles
according to their peer-review status, technical
depth, and optimization of last-mile delivery.
The preference was given to the studies, which
integrate real-life applications, case studies, and
multi-objective  optimization frameworks,
especially based on cloud technologies and
serverless functions in analytics [5]. The
publications included in it were only the articles
in  English that clearly presented their
methodologies and provided quantities of
outcomes.

C. The Goal of the Review:

This review seeks to critically evaluate the
techniques and the establishment used in multi-
objective optimization in delivery at the last mile.
It combines the cost optimization, environmental
impact mitigation, and customer satisfaction. The
described gaps indicate the relevance of greater
incorporation of automation, scalability and real-
time optimization in such systems [6]. This review
suggests a solution by comparing the strengths,
weaknesses and challenges of existing methods to
provide an optimal structure of last-mile delivery
which employs cloud-enabled technologies.

D. Study of Previous Literature

Cost Optimization Strategies in Last-Mile
Delivery through Advanced Algorithms and
Cloud Solutions

Technologies That Improve Last-Mile Delivery

)
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Fig 2: Last-Mile Delivery Optimization Tools
and Tech Guide

Past literature emphasizes the significance of the
optimization of costs in last-mile delivery via
numerous approaches; the business needs to be
cost-effective. Some of the algorithms used by
researchers in order to achieve the minimum
transportation costs are Genetic Algorithms (GA)
and Mixed-Integer Linear Programming (MILP)

[7]. Dynamic planning of routes, real-time data
processing, and scalable optimization via cloud-
based solutions and, especially, serverless
analytics is possible. In a number of studies, it is

highlighted that these models of optimization result
in a significant cost reduction in operations through
effective measurement of delivery routes and
vehicle capacities. Such methods offer better
scalability and elasticity, which is necessary in any
contemporary delivery system, as demands
fluctuate [8]. Besides, as some researchers have
encouraged, machine learning can be incorporated
to further optimize their processes, which will
make their deliveries quicker and more affordable.
Reducing Environmental Impact in Last-Mile
Delivery through Electric Vehicles and Route
Optimization
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Fig 3: Electrification of Last-Mile Delivery
Last-mile delivery is also an increasingly
problematic issue in terms of its environmental
impact, as transportation is a significant
generator of CO2. Other studies concentrate on
having sustainable last-mile ~solutions with
Electric Vehicles (EVs) and hybrids [9]. The
incorporation of cloud technologies contributes
to route optimization to  minimize fuel
consumption and carbon footprints. According to
research - findings, real-time data analytics,
including observation of traffic conditions on the
roads and tracking of vehicle performance, allow
greener logistic efficiency [10]. In addition,
frameworks that merge the environmental and
the cost and satisfaction-based goals are gaining
popularity, which lets companies balance
sustainability with efficiency. The extant
literature suggests the advancement of such
systems in the future by incorporating carbon
emissions monitoring and streamlining.
Enhancing Customer Satisfaction in Last-Mile
Delivery through Real-Time Data and
Personalized Services
Last-mile delivery company needs to improve on
customer satisfaction to succeed in the business
since customer loyalty is directly related to on-
time delivery. Other considerations that the
researchers advise being introduced in the
optimization algorithms are the use of customer
preferences, window times of delivery, as well as
real-time tracking [11]. With the incorporation of
serverless analytics and cloud-based platforms,
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the scheduling of the delivery became dynamic and
flexible, and accurate and timely delivery is
achieved. Predictive insights are also possible as
the real-time data has no impediment, and routes
may be altered to fit better customer behavior and
preferences [12]. A few studies mention that
customer-focused optimization not only enhances
satisfaction but also the general quality of the
services. In addition, there is a request by
researchers to conduct more thorough research on
finding a compromise in satisfying the customers
in terms of prices and environmental issues.

The Role of Cloud Computing and Serverless
Analytics in Optimizing Last-Mile Delivery
Logistics

Serverless analytics and cloud computing play a
vital role in permitting scalable optical solutions to
last-mile delivery. Studies prove that cloud services
such as AWS and Microsoft Azure offer data
processing in real time, which is essential in
streamlining delivery processes [13]. In dealing
with huge amounts of data, a serverless framework,
especially, removes the problem of infrastructure
management, which enhances scalability and
efficacy. The technologies will assist in
dynamically changing the route of delivery,
monitoring the fuel consumption, and performing
data processing based on the customer, providing a
flexible, real-time solution. Some studies have
been effective in illustrating how cloud services are
useful in combination with multi-objective
optimization models in making the delivery
systems more efficient and economical [14].
Notwithstanding  these  developments, the
researchers raise an issue of increased integration
with environmental metrics.

Literature gap

The literature has identified a gap in the
integrated frameworks to weigh the costs,
environmental impact, and customer satisfaction
in the optimization of a last-mile delivery.
Although techniques of individual optimization
are implied, there have been limited studies in
putting these aspects in combination, especially
concerning serverless cloud analytics [15].
Besides, real-time data processing and the
scalability of multi-objective delivery systems
have undergone less research.

1. METHODOLOGY

This research technique follows a systematic
interpretation grounded on interpretivist
philosophy, employs an inductive research
strategy, utilizes secondary qualitative data, and
conducts theme data exploration to examine multi-
objective optimization in last-mile delivery. In this
study, researchers use interpretivist

philosophy to comprehend the meaning,
dynamics, and intricacy of last-mile delivery
systems [16]. This philosophy focuses on the
necessity of subjective interpretation, and this
becomes important especially when issues such
as customer satisfaction, impact on the
environment, and cost of business operation,
among others, are concerned because each is
context-dependent. The study takes the inductive
research path, where it explores its insights and
theories based on the perceived patterns in the
literature and does not test sets of hypotheses
[17]. This strategy will enable the discussion of
the interaction of various aspects of optimization
in delivery systems further.

Inductive
Research
Approach

Interpretivist
Philosophy

Secondary Thimatic
Qualitative Data Analysis

Fig 4: Methodology
The research is based on the secondary qualitative
data that will be found in a broad range of peer-
reviewed articles, industrial reports, and case
studies published in 2017-2022. This secondary
information has a complete review of the available
methodologies and methods used in the
optimization of last-mile delivery, which will
center on cloud computing, serverless analytics,
and multi-objective frameworks [18]. Through such
data, this research will come out with similar
themes and prospects for development.
There is a thematic analysis of the data in terms of
the data categorization and interpretation. Among
the possible key themes that can be singled out
through this method, one can single out cost
optimization,  environmental  sustainability,
customer satisfaction, and the importance of
cloud-enabled technologies, in terms of delivery
logistics [19]. With this analysis, the research
formulates the conceptual framework to balance
these objectives, playing havoc given the fact
that the optimization process must be scalable,
sustainable, and customer-oriented.

IV. DATA ANALYSIS

A. Thematic Analysis:

Theme 1: Cost Optimization through Cloud-
Based Multi-Objective Optimization Models in
Last-Mile Delivery Logistics

Recent research shows that multi-objective
optimization cloud models are much efficient in
reducing the cost of delivery. Companies may
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coordinate delivery, vehicle allocation, and
scheduling in real time, incorporating new high-
performance  algorithms  with networked
computers, referred to as cloud computing [20].
These models capitalize on the use of serverless
analytics that do not require the management of
large amounts of infrastructure on the one hand,
and enhance scalability on the other. Since levels
of delivery requirements change regularly, cloud
systems enable one to operate dynamically.
Utilization of cloud-based solutions helps
considerably cut the cost of transportation as they
decrease the amount of fuel used, increase the
effectiveness of routes, and enhance resource
allocation. The studies indicate that there is a
multi-objective optimization direction based on the
tradeoffs of the cost with environment-related and
customer satisfaction indicators that can be used to
increase the efficiency of operations [21]. Several
studies point out the need to employ these methods
so that businesses can enhance their profit margins
within dynamic logistics settings.

Theme 2: Environmental Impact Reduction by
Integrating Sustainable Delivery Practices and
Cloud Technologies in Logistics Systems
Embarking on the use of cloud technology in the
last-mile delivery logistics is vital in reducing
environmental effects. According to research,
hybrid transportation solutions and electric
vehicles (EVs) accompanied by cloud-based
optimization in real time help a great deal in
lowering carbon footprints [22]. Cloud
computing allows monitoring fuel consumption,
emissions of vehicles, and movement, enabling
one to choose routes that are friendly to the
environment. Also, adding sustainability-related
goals in the framework of optimization models
will enable businesses to implement greener
decisions that do not compromise efficiency.
Research shows that the ability to track real-time
data using cloud analytics enables businesses to
engage in flexible, sustainable business
processes, like rerouting vehicle paths by the
climate [23]. Hence, the exploitation of cloud
computing on green logistics not only maximizes
cost and satisfaction but also facilitates the ends
of sustainability, not only beneficial to

businesses but also to the environment.

Theme 3: Improving Customer Satisfaction by
Utilizing Real-Time Data Processing and
Predictive Analytics in Last-Mile Delivery

The importance of customer satisfaction is one of
the success factors of last-mile delivery, and real-
time data processing can importantly improve the
quality of the delivery service. According to
research, technologies based on the cloud can
optimize delivery timetables, provide dynamic
routing, and allow in-place tracking, all of which

are known to improve customer experiences [24].
Optimization models enhance reliability in
service and shorten delivery times by integrating
the desires of the customers, like desired delivery
time, delivery location. Businesses can also use
serverless analytics to determine when their
demand is likely to increase or decrease in order
to adapt accordingly. Additionally, real-time data
processing enables enterprises to promptly
handle problems like delays or failure to deliver
within short periods, thus enhancing customer
satisfaction [25]. It has been found that models of
multi-objective  optimization that consider
customer-related measures in addition to cost and
environmental concerns result in greater
customer retention and loyalty.

Theme 4: Role of Cloud Computing and
Serverless Analytics in Scalable and Flexible
Multi-Objective Last-Mile Delivery Optimization
Serverless analytics and cloud computing have the
potential to present scalable and flexible
optimization activities in last-mile delivery
systems. Studies indicate that cloud systems like
AWS and Azure possess a considerable amount of
computing power and storage that is beneficial in
handling immense volumes of real-time data spread
out during the operations of the delivery process
[26]. Such technologies facilitate the possibility of
making dynamic changes in the routes of delivery
and guarantee that the optimization models can be
changed according to a variety of conditions.
Serverless analytics make operations more efficient
because it does not require traditional infrastructure
management that is both costly and inefficient.
Research indicates that serverless analytics should
be combined with multi-objective frameworks to
ensure that businesses optimize  delivery
performance on an ongoing basis [27]. The
adaptability and scalability ensured by cloud
technologies balance cost, environmental impact,
and customer satisfaction of business activities
effectively, thereby providing an enduring,
moldable logistics system.

V. RESULT AND DISCUSSION

The comparison of the two-objective optimization
of the last-mile delivery shows some important
results. The combination of cloud computing and
serverless analytics of optimization models has
been extremely beneficial in striking a balance
between cost-efficiency, sustainability, and the
level of customer satisfaction [28]. Research
findings show that cloud solutions like AWS and
Azure, with their real-time data processing, allow
dynamic optimization in delivery operations to
occur.

[JCRT2302698 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | f618



www.ijcrt.org

© 2023 IJCRT | Volume 11, Issue 2 February 2023 | ISSN: 2320-2882

In addition to this, accounting for the environment
during the optimization procedure also plays a key
role in lowering the amount of carbon produced by
delivery systems. Cloud-based solutions can offer
the tools to track and maintain a real-time
optimization of the fuel usage and emissions, thus
introducing greener operations in the last-mile
logistics domain [29]. Electric Vehicles (EVs) and
route  optimization are  demonstrated to
significantly reduce the environmental footprint of
the activities by aligning the operator's goal with
those of environmental sustainability.

The application of real-time data analytics can
also lead to an increase in customer satisfaction,
as it enables better prediction of delivery times
and access to personalized services. Models of
operations optimization that consider customer
preferences result in their improved satisfaction
and customer retention. Such results reinforce
the idea that a multi-objective optimization
framework not only proves to be cost-efficient
but also improves the quality of services and
environmental sustainability.

Implementation of the Study:

e The study successfully integrates cloud
computing for multi-objective
optimization.

e Real-time data processing enhances the
cost, environmental, and customer
satisfaction balance.

e Serverless analytics improve scalability
and flexibility in last-mile delivery
systems.

Limitations of the Study:

e The study relies on secondary data
without primary validation testing.

e Environmental impact metrics integration
in  models still requires further
improvement.

e Scalability challenges persist in real-time
dynamic optimization under varying
conditions.

VI. FUTURE DIRECTIONS

The next potential research is an improvement in
the integration of the metrics of environmental
impact into optimization models. Delivery
operations are also going to be optimized by
improving the real-time data processing and
predictive analytics. The applicability of the
frameworks can be increased by experimenting
with cross-platform compatibility between the
frameworks and other cloud services, including
Google Cloud. Also, the delivery optimization,
which can be realized by adding sophisticated

machine learning algorithms that could optimize
routes and predict customer behavior, could be
used to increase delivery efficiency [30]. Lastly,
there should be validation in real-world
applications of the applicability of such solutions
concerning scalability and effectiveness in
different market conditions. Enhanced work with
stakeholders in the field of industry will assist in
the recognition of these frameworks in the
conditions of actual delivery.

VIl. CONCLUSION

This investigation shows that cloud- empowered
numerous-objective optimization frameworks are
potentially valuable in the last-mile delivery. By
combining cost-efficiency, environmental
sustainability, and customer  satisfaction,
companies will be able to design more adaptable,
more scalable, and more efficient logistics
processes. Serverless analytics flexibility helps
limit the requirement to manage infrastructure
and streamline real-time delivery processes.
Despite all the challenges, especially integrating
environmental and customer-based data fully, the
research highlights the significance of these
structures in forming green and customer-
inclined logistic solutions, which promote
operations efficiency as well as environment-
friendly last-mile delivery. Future optimization
will rely heavily on further improvements in the
field of real-time data analytics.
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