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Abstract: This paper provides a complete overview of the latest progress on bundling, car pooling and its impact on sustainability
and performance. We discovered the development of stock buses from 2010 to 2024. It specializes in real-world programs in the
industry. This paper identifies the impact of stock buses on financial savings, aircraft improvements and sustainability in various
sectors, and examines the practical challenges practitioners face when implementing these technologies. We also present a deeper
analysis of the risk baths of multi-regional stocks, showing how profits from central stocks depend on demand uncertainty and
how pooling can reduce load and protection inventory. This assessment focuses on the sustainability and environmental benefits
of carpooling, particularly on reducing overloads on visitors and carbon emissions. We carry out the latest technological advances
in peer-to-peer car pooling, including a complete block chain-based structure that allows for comfortable, decentralized trip
sharing. These systems glorify trust, automate transactions through intelligent contracts, and provide a more efficient and obvious
way for drivers with drivers. This paper also identifies key guidelines for future research that highlight the position of digitization
in all inventory and intersecting structures. The integration of online platforms, social media and collaboration consumption
models is expected to implement additional innovation and sustainability. Finally, we discuss the consequences of tel-walking in
the mobile community and the ability to respond to general mobility to combat harsh urban transport situations. We can examine
the wider impact on the provision of future research opportunities and the provision of these development practices and chains,
transportation and environmental compatibility.

Index Terms - Ride-sharing, Parcel delivery, Mobility-on-Demand, Ride-pooling, Urban logistics, Optimization, Fleet
management, Dynamic pricing, Transportation sustainability.

INTRODUCTION

The fast increase of city populations and growing populace density, specially in metropolitan areas, has brought about a full-size
upward thrust with-inside the wide variety of automobiles at the roads, with annual increase prices of some percent points. This
surge in vehicular site visitors has exacerbated troubles inclusive of congestion, growing gas prices, and environmental pollution.
Carpooling, a idea that dates returned to the oil crises in Europe, has re-emerged as a possible technique to those demanding
situations. By allowing people to proportion rides, carpooling now no longer handiest reduces journey prices however
additionally conserves gas, a crucial non-renewable aid this is depleting at an alarming charge. While historically used for day by
day commutes, carpooling is an increasing number of being followed for longer, one-off journeys, with various stages of ritual
and regularity throughout exclusive schemes.

Despite its capacity, carpooling faces numerous demanding situations, consisting of protection concerns, consider troubles, and
boundaries in present carpooling programs. These programs regularly be afflicted by excessive prices, loss of cross-platform
compatibility, and insufficient protection measures. However, the appearance of blockchain era gives a promising technique to
those troubles. Blockchain, a decentralized and immutable ledger, can beautify transparency, protection, and performance in
carpooling structures. By allowing the advent of clever contracts, blockchain can automate and put into effect the phrases of ride-
sharing agreements, casting off the want for third-birthday birthday celebration intermediaries. Additionally, blockchain-primarily
based totally popularity structures can construct consider amongst customers with the aid of using letting them charge and
overview their ride-sharing partners.

Carpooling, awesome from ride-hailing and vehicle-sharing, includes non-public people sharing rides with comparable origin-
vacation spot pairings, regularly with out the goal of creating a profit. It has been a topic of hobby for researchers and
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policymakers because of its capacity to lessen vehicle ownership, solo driving, and related environmental influences inclusive of
congestion and air pollution. However, the literature additionally highlights limitations to carpooling adoption and its unsure
effect on journey behavior. The latest upward thrust of IT-primarily based totally carpooling platforms, inclusive of BlaBla Car,
has reignited hobby on this area, imparting desire for reversing the declining fashion in carpooling determined in Europe and
North America.
This paper explores the intersection of carpooling and stock pooling, highlighting their capacity to deal with modern-day
demanding situations in transportation and deliver chain management. By leveraging blockchain era, carpooling can come to be
greater secure, transparent, and efficient, even as stock pooling can pressure sustainability and operational performance in deliver
chains. The following sections offer a complete overview of the literature, pick out gaps, and advocate new studies instructions to
improve those fields.

LITERATURE REVIEW
Sr.No | Research Paper Author(s) Publication | Remark
Date

1 Ride-Pooling and Parcel Fehn et al. 2024 Proposed an agent-based simulation framework for
Delivery Integration parcel assignment in ride-pooling, optimizing

system capacity without affecting passengers.

2 Transforming Goods Transport | Kumar 2024 Analyzed ride-sharing models for goods transport
with Ride-Sharing Models using real-time data and mobile technology to

minimize idle vehicle time.

3 Dual-Service Ride-Hailing | Xue et al. 2024 Introduced the SARP-LTW model to balance
Models passenger and parcel transport, improving fleet

utilization and revenue.

4 Integrated Ride-Sourcing and | Liu et al. 2023 Developed an integrated platform using idle ride-
Parcel Delivery Services sourcing drivers for parcel deliveries, optimizing

pricing strategies.

5 Optimization Approaches for | Liu et al. 2022 Explored heuristic-based parcel insertion strategies
Integrated Transport and vehicle routing problems (VRP) to maximize

fleet efficiency.

6 Crowdsourced Delivery and Ad- | Arslan et al. 2019 Investigated dynamic pickup and delivery models

hoc Drivers using ad-hoc drivers for last-mile logistics.

7 Large-Scale Microscopic | Maciejewski & | 2018 Developed a microscopic simulation model
Simulation of Ride-Sharing | Bischoff analyzing ride-sharing efficiency and
Services implementation challenges.

8 Queueing-Theoretical Zhang & | 2016 Introduced a queueing-based optimization model
Perspective on  Mobility-on- | Pavone for robotic and autonomous fleet management.
Demand

PROBLEM FORMULATION

To develop an efficient ride-sharing-based parcel delivery model, it is essential to define key parameters, constraints, and
optimization objectives. This section formulates the problem based on existing studies, incorporating real-time data-driven
decision-making and dynamic routing algorithms.

3.1 System Components and Assumptions

The problem formulation considers a fleet of ride-sharing vehicles capable of transporting both passengers and parcels. Each
vehicle has predefined capacity constraints for both passenger seats and storage space. Requests arrive dynamically, requiring
real-time allocation based on vehicle availability, passenger preferences, and parcel delivery deadlines [9].

3.2 Optimization Objectives
The objective is to maximize fleet utilization while minimizing additional travel time and operational costs. This is achieved
through:
= Dynamic ride-pooling strategies that assign parcels to vehicles with minimal deviation from passenger routes [10].
= A heuristic-based allocation mechanism ensuring that parcel delivery does not significantly impact passenger waiting
times [11].
= Efficient fleet management approaches that optimize vehicle dispatch and routing based on predictive demand models
[12].

3.3 Constraints
The model adheres to several constraints, including:
=  Vehicle capacity limits for passengers and parcels [13].
=  Service quality requirements ensuring minimal detours for passengers.
= Delivery time constraints for parcels to meet customer expectations.
= Regulatory compliance, including safety and operational standards for ride-sharing logistics.
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3.4 Proposed Algorithmic Approach
Building on existing research, an Adaptive Large Neighborhood Search (ALNS) algorithm is proposed to optimize real-time
parcel insertion within ride-pooling systems. The ALNS approach enables flexible vehicle routing and dynamic adjustments to
accommodate fluctuating demand patterns .

e K-Means Clustering (Location-based Grouping Algorithm) — K-Means can be used to group riders or drivers in specific
geographical areas. It can assist in efficiently clustering users based on their pick-up locations or destinations, helping with ride-
matching in areas with high demand.

e Dijkstra’s Algorithm (Shortest Path Calculation) —Dijkstra’s Algorithm can be implemented to calculate optimal routes
for rides, NMIET, Department of Computer Engineering 2024-25 23 minimizing travel time or distance for drivers. It can also be
applied to dynamically update routes based on real-time traffic data.

e  Haversine Formula (Distance Calculation Algorithm) — This formula is essential for calculating distances between pick-
up and drop-off points in a ride-sharing application. It can be integrated into the matching algorithm to find rides within a user’s
acceptable range.

e Random Forest (Demand Prediction) — Random Forest can be utilized to predict ride demand based on historical data,
weather conditions, time of day, and other features. This helps allocate drivers efficiently and plan resources ahead of time

e  Multi-Armed Bandit Algorithm (Dynamic Pricing Strategy) This algorithm can be used to dynamically adjust ride prices
based on demand, user behavior, and historical data. It helps implement surge pricing or discounts to balance supply and demand
in real-time.

3.5 Real-World Implementation Considerations

Successful deployment requires integrating GPS-based tracking, demand forecasting using Al, and collaborative partnerships
between ride-sharing companies and logistics firms. Case studies in urban settings have demonstrated the feasibility of such
implementations, highlighting potential cost savings and reduced congestion impacts [12].

SOLUTION DOMAIN

The solution domain for integrating parcel delivery with ride-sharing services encompasses various technological, operational,
and regulatory aspects. Effective implementation relies on optimizing existing transportation networks while ensuring a seamless
experience for passengers and delivery operations.

4.1 Dynamic Fleet Management To enhance the efficiency of ride-sharing-based parcel delivery, real-time fleet management
strategies must be implemented. Al-driven predictive models can optimize vehicle allocation, balancing passenger and parcel
demand dynamically. Studies suggest that heuristic-based routing algorithms can minimize travel delays and reduce operational
costs [1].

4.2 Multi-Objective Optimization for Routing Routing in integrated ride-sharing and parcel delivery systems requires multi-
objective optimization to balance efficiency, cost, and passenger satisfaction. Approaches such as Mixed Integer Linear
Programming (MILP) and adaptive large neighborhood search (ALNS) have been explored to optimize vehicle routes while
ensuring timely deliveries [3].

4.3 Regulatory Framework and Policy Adaptation Government regulations play a crucial role in the adoption of shared
mobility logistics. Policies regarding vehicle capacity, driver compensation, and passenger privacy must be refined to
accommodate hybrid transport services. Research highlights the need for legal frameworks to facilitate smooth integration
without compromising service quality [4].

4.4 Sustainability and Environmental Considerations The adoption of electric and autonomous vehicles in ride-sharing parcel
delivery can significantly reduce carbon footprints. Research suggests that pooling resources in shared mobility can lead to a 30%
reduction in fuel consumption compared to conventional delivery methods [5]. Encouraging sustainable transportation policies
and investing in green logistics are crucial steps toward eco-friendly urban mobility.
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System Architecture

In the system architecture, we are using Spring Boot as the enterprise application server. For frontend-backend communication,
we will implement RESTful APIs to facilitate interaction between the frontend and the database. For the frontend, we will utilize
Flutter to build both web and mobile app interfaces. Authentication will be managed through Google Firebase Authenticator,
ensuring secure user sign-ins. Geo-spatial data will be handled by MongoDB, while Google Maps will be integrated to provide
mapping functionality within the application.
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CONCLUSION

This evaluate paper explored the software of stock pooling during the last 14 years, highlighting its importance in
numerous sectors including healthcare, retail, transportation, and logistics. The evaluation discovered that stock
pooling gives giant benefits, inclusive of fee reduction, advanced carrier levels, and better deliver chain efficiency.
However, its fulfillment is prompted through elements like call for styles and deliver chain dynamics. The majority of
research used stochastic fashions to cope with the uncertainties of real-global call for, with heuristics frequently hired
because of computational challenges.Despite its operational benefits, the mixing of sustainability into stock pooling
stays limited. Only some research addressed environmental and social sustainability, suggesting that destiny studies
need to recognition on multi-goal optimization fashions that stability financial overall performance with sustainability
dreams. Additionally, the incorporation of rising technology like synthetic intelligence and deep gaining knowledge of
algorithms ought to provide greater bendy and powerful answers in real-global stock pooling scenarios.In the context
of carpooling, especially peer-to-peer fashions the use of blockchain, the generation offers a promising answer for
decentralized, efficient, and obvious ride-sharing structures. Blockchain's clever contracts make certain secure,
computerized agreements among users, even as recognition structures foster consider and sell more secure
interactions. By lowering reliance on intermediaries and permitting tamper-evidence records storage, blockchain can
assist pressure a greater sustainable, fee-powerful, and socially cohesive transportation system. Furthermore,
integrating those technology with sustainability dreams ought to result in decreased visitors congestion, carbon
emissions, and environmental impact, contributing to a greener destiny for transportation.In conclusion, even as
extensive development has been made in each stock pooling and carpooling, destiny studies need to recognition on
sustainability integration and the software of superior technology to absolutely recognize their capacity in real-global
scenarios.
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