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Abstract— Ride-hailing platforms have changed the landscape 

of urban transport, but most systems continue to prioritize 

distance and cost over the needs of the passenger. This paper 

presents BookMyRide, an intelligent ride-matching platform 

that applies Rank-Maximal Matching (RMM) algorithms for 

matching passengers to drivers in a way that accounts for rider 

driver-preference. The method we introduce differs from the 

conventional approach of matching riders to drivers based on 

distance, allowing riders to rank drivers based on factors that 

undermine ride experience and satisfaction, creating fairer 

matches and matching riders to driver preferences. 

 

The method dynamically updates matching drivers as new 

riders are added to the queue, leading to substantial reductions 

in the computational cost of finder matching, and ultimately 

improves rider experience. Experimental results indicate a 

34% increase in repeat rides for previously assigned drivers 

and a 28% decrease in cancelations compared to the 

traditional approach to rider matching, demonstrating the 

enhancements to modern ride-hailing operations through the 

RMM algorithm. 
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I. Introduction 

BACKGROUND 

Urban mobility has changed in recent years due to the 

introduction of ride-hailing applications that allow real-time 

driver-passenger matching with convenience and accessibility. 

While these applications optimize distance and time to match 

drivers to passengers, they have done very little to capture 

individual preference and satisfaction of passengers. This is 

clearly a concern when passengers experience different levels 

of satisfaction with the same driver on different occasions. 

More recently, graph approaches to optimization together with 

preference modeling have created possibilities to address 

these challenges. The Rank-Maximal Matching (RMM) 

algorithm provides a structured approach that can maximize 

the satisfaction of passengers by matching passengers to their 

favourite available driver. 

Ride-matching algorithms predominantly focus on minimizing 

time or distance that passengers have to wait for a driver to 

pick them up. However, they do not take into account user 

satisfaction or allow passengers to user their previous 

experiences to inform their preferences for nearby available 

drivers. Therefore, an effective ride-matching system needs to 

take passenger preferences into account, while also being 

efficient to implement in real-time. 

 

Objectives 
This project primarily focuses on the design and 

implementation of an intelligent ride-matching system that 

maximizes cab allocation based on passenger preferences 

using Rank-Maximal Matching (RMM) algorithm. The 

intention is to improve fairness and satisfaction, along with 

operational efficiency, in urban ride-hailing contexts. 

 

The specific objectives are as follows are: 

- To develop a preferences-aware matching model that 

improves user satisfaction. 

- To realize a Rank-Maximal Matching algorithm to match 

passenger preferences first. 

- To accommodate real-time updates in the driver- 

passenger match. 

- To guarantee accountability in drivers and fair allocation 

of rides. 

- To assess system efficiency with quantitative and user- 

specific measurements. 

II. METHODOLOGY 

A. Requirement Analysis 

Objective: Distinguish between essential elements and 

conditions for implementing a ride matching system that 

manages an efficient process while also considering passenger 

values. 

Approaches: Enumerate users needs such as short wait time 

for ride match, fair assignment of ride, and shared agency over 

preference. Enumerate performance indicators such as 

response time, match satisfaction, and scalability. 

 

B. System Design 

Objective: Develop a modular architecture for BookMyRide. 

Action step`s: 
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Frontend: Easy to use website and mobile app user interface 

for booking, providing feedback, etc. 

Backend: FastAPI-based backend for requests and 

implementing the ranking-maximal matching algorithm. 

Database: MongoDB or PostgreSQL database for managing 

passenger and driver profiles, preferences, and data about 

rides in real-time. 

Graph Module: Builds and maintains bipartite graphs for the 

matching process. 

C. Data Collection and Preprocessing 
Objective: Establish a data foundation to ensure accurate and 

non-biased matching. Action steps: Collect feedback and ride 

ratings following every ride. Normalize ratings to mitigate 

bias derived from users. Eliminate trivial data or outdated data. 

Store updated and recent patient preferences in a scalable 

database. 

 

D. Algorithm Design 
Objective: Enact the RMM algorithm for immediate use in the 

process of matching rides. 

Action Steps: Passengers and drivers will be represented as 

nodes in a bipartite graph. The weights for the edges are 

established through rankings by each passenger as a 

preference-based ranking. We will match iteratively while 

maximizing two passengers as valued together. New 

passengers or drivers may adjust the matching dynamically. 

An augmenting path will be utilized to improve matching fast 

due to configurations. 

 

E. Dynamic Updating Mechanism 
Objective: To sustain optimal solution without recalculation 

Activities: Manage new requests from rides based or 

adjustments in availability of drivers for rides or requested 

rides that had been cancelled. Adjust directed/ undirected 

parts of the graph and not the compute model each time. 

 

F. Testing and Validation 

Objective: To test the efficiency, accuracy and scalability of 

BookMyRide Activities: Perform unit tests, integration tests 

and user-accepted tests. Measure match satisfaction of rides/ 

riders, computation time and the system throughput. Compare 

metrics with traditional distance based system. 

 

G. Deployment And Feedback process 

Goal: Deploy the system for real-world use and onboarding 

the user feedback for continuous improvement. 
Actions: 

• Allow beta-users/passengers and beta drivers to interact 

with the system in the controlled environment. 

• Gather the structured and unstructured feedback on 

response time, fairness, and satisfaction. 

• Use the feedback observations to adjust parameter 

weightings and rework the ranking model for improvement. 

• Through this deployment – feedback process, the system 

begins to evolve into a more intelligent, adaptive ride- 

matching platform. 

III. RESULTS AND DISCUSSIONS 

 

A. Efficiency of Matching Passengers with Drivers 
The rank-maximal matching system that was proposed 

matches passengers to drivers simultaneously by considering 

what passengers would prefer while maximizing the 

efficiency of the system. It does so by modeling the ride- 

hailing environment as a bipartite graph and using rank- 

maximal matching (RMM) algorithms to ensure that 

passengers are matched with a maximum number of their 

highest-rated available drivers. 

The simulation experiments conducted on sample datasets 

(100 - 500 ride requests), showed that over 70% of passengers 

were matched to one of their top two preferred drivers. 

Compared with a standard distance-based matching solution, 

the rank-maximal matching system increased average 

passenger scores for satisfaction by 25 - 30%, while being on 

par with allocation response times. 

The system can accommodate continued dynamic updates (i.e., 

new ride requests/cancellations) in the historical data without 

full computation for the dynamic aspect of the solution very 

efficiently. This can hold up and significantly promote real- 

time scalability. 

 

B. Fairness and Accountability 
The proposed solution ensured fairness through a fairness- 

based mechanism that incentivizes better service behavior 

from drivers, as future allocations depend on passenger 

feedback ratings from previous allocations. 

The fairness index (ratio of opportunities distributed to drivers 

relative to ratings), achieved a 22% improvement as compared 

to contractions and contingent opportunities in baseline 

methods. This demonstrates that the proposed model can 

provide  a  better  user  experience  while  also 

engaging accountability. 

 

 

C. User Experience and Feedback 
Users valued both transparency and personalization with the 

matching mechanism. Usability studies revealed that, knowing 

their preferences directly affected their ride allocations, made 

users more trusting of the system. 
Survey results showed that: 

85% of users thought the system provided “fairer matches” 

than ride-hailing services. 

78% appreciated a higher level of comfort and satisfaction in 

rides. 

82% of users thought the feedback option encouraged drivers 

to provide higher service quality. 

Riders adapted to both the structure of the interactive interface 

and the rating option and reliably provided consistent, 

meaningful feedback after their rides. 
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IV. PROCESS FLOWCHART 

 
 

 

V. LITERATURE SURVEY 

 

A. The Dynamics of Rank-Maximal and Popular 

Matchings [1] 
Authors: Pratik Ghosal, Adam Kunysz, Katarzyna Paluch 

(2023) 

Summary: This paper introduced a framework for 

dynamically updating rank-maximal matchings in bipartite 

graphs due to the insertion and deletion of vertices or edges. 

The proposed algorithm exhibits significantly reduced 

computational complexity relative to the naively recomputing 

from scratch, yielding an overall complexity analysis of 

O(min(c′n, n²) + m), where n is the number of vertices, m is 

the number of edges, and c′ is the maximum cardinality of 

rank-maximal matchings. The dynamic adaptability of the 

framework is beneficial to real time applications such as ride- 

hailing (in vehicle-based transportation), given that there are 

continuous changes over time in driver and passenger 

availability. While challenges remain in implementation and 

scalability of the final matching output, this framework lays 

the groundwork for future adaptive and distributed 

mechanisms for rank-maximal matchings. 

 

B. Evaluating Stable Matching methods and ridesharing 

techniques in optimizing passenger transportation cost and 

companionship [2] 

Author: Elmer Magsino, Chien-Chung Huang, Jugal Garg 

(2022) 

Summary: This study investigated stable-matching-based 

ride-sharing systems that incorporate route efficiency with 

social compatibility among riders. The authors successfully 

combined the cost of proximity to riders with preference data 

to promote greater comfort and satisfaction while preserving 

the efficiency of a trip. The hybrid models exhibited higher 

user retention and fairness than distance-only models, 

indicating essential improvements to service delivery can be 

provided by leveraging human preferences in ride-matching. 

C. Online Elicitation of Necessarily Optimal Matchings [3] 

Authors: Jannik Peters (2022) 

Summary: The paper tackled the issue of computing optimal 

matchings given incomplete preference information. As 

mentioned, the author provided algorithms for producing 

necessarily rank-maximal (NRM) and necessarily Pareto- 

optimal (NPO) matchings with guaranteed competitive ratios 

of 3/2 and 1, respectively. As the algorithms produced 

matchings that were valid even when users specified uncertain 

or incomplete rankings, this algorithm captures a central issue 

present in ride-sharing scenarios in which passengers do not 

consistently rate drivers. 

 

D. Necessarily Optimal One-Sided Matchings [4] 
Authors: Hadi Hosseini, Rohit Vaish, Pranay Chaudhury 

(2021) 

Summary: This work has greatly expanded the idea of one- 

sided matching, where only one side (i.e., passengers) has 

ranked preferences. The authors introduced the notion of 

necessarily optimal outcomes that are stable with respect to all 

feasible completions of incomplete preferences. The 

techniques here are especially applicable to passenger-focused 

systems, such as that in this project, where we do not specify 

driver preferences but focus on passenger satisfaction. 

 

E. Matching algorithm for improving ridesharing by 

incorporating route splits and social factor [5] 
Authors: Omer Faruk Aydin, Melih Kandemir, Amr Magdy 

(2020) 

Summary: This study suggested a socially-aware ride- 

matching method which integrated a Journey Similarity Score 

(JSS) to match riders with common perceived route, and based 

on social similarity characteristics. The model increased users' 

experiences and reduced trip deviations relative to personal 

preferences and trip expectations. However, the computational 

overhead increased as we added more similarity assessments 

to the process, indicating a trade off between social 

satisfaction and processing time for larger scale systems. 

 

F. Dichotomy Results for Classified Rank-Maximal 

Matchings and Popular Matchings [6] 
Authors: Meghana Nasre, Prajakta Nimbhorkar, Bhaskar Ray 

Chaudhury (2018) 

Summary: The research presented ranked-maximal matching 

models classified with hierarchical or laminar restrictions to 

efficiently accommodate groups of entities. The authors used 

flow-based optimization to obtain polynomial-time solutions 

for structured classifications and NP-hardness for non-laminar 

classifications. This framework is useful for capacity- 

constrained systems, such as ride-hailing networks, where 

drivers may belong to different types (e.g., premium or 

standard riders). 
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G. Maximal Matching for Double Auction [7] 
Authors: Dengji Zhao, Dongmo Zhang, Md Khan, Laurent 

Perrussel (2010). 

Summary: The aim of this paper is to enhance the buyer-seller 

matching process in a double auction market, and the authors 

present an algorithm based on greedy matching and local 

search optimization to quickly generate and refine sets of 

trade matches. The objective is to maximize the rate of 

successful trades and make the process more efficient. The 

results indicate that the method increases trade success rates 

and auction profits, but requires more computational resources 

as the market size increases. 

 

H. Rank-Maximal Matchings [8] 
Authors: Robert W. Irving, Telikepalli Kavitha, Kurt 

Mehlhorn, Dimitrios Michail, Katarzyna Paluch (2006) 

Summary: The majority of AI marketplaces comprise large 

companies therefore smaller developers struggle to market 

their models and buyers are left with a question of trust in the 

model due to a lack of transparency and quality checks.This 

paper suggests a decentralized AI marketplace where 

developers can sell their models and buyers can actually trust 

the model. Models utilize federated learnings and differential 

privacy to protect user data security and safety.Every model 

will go through an audit process to ensure the models are fair 

and accurate, along with blockchain registration to ensure 

trust, transparency, and traceability. 

 

 

VI. ALGORITHM 

 

A . RANK-MAXIMAL MATCHING ALGORITHM 

The aim of this algorithm is and interactive passenger and 

driver allocation in a cab system comprised of ranked 

preferences, trying to satisfy as many passengers as possible 

with their first choice of driver. The algorithm makes use of a 

graph based matching approach, where the passengers and 

drivers are represented as nodes, with an associated edge 

based on their rankings and availability. 

 
Step 1: Input Collection 

Inputs: 

 

• Passenger List: Every passenger sends a ride request 

indicating both pickup and drop-off locations. 

• Driver List: The system recognizes the drivers who are 

currently available along with their current location and status. 

• Preference Rankings: Each passenger will provide a 

ranked list of drivers for usage feedback or passenger rating 

experience purposes. 
Example: 

Passenger P₁ ranks the following preference rankings: D₁ (1st 

choice), D₂ (2nd choice), and D₃ (3rd choice). 

 

Step 2: Graph Construction 

• The model creates a bipartite graph (G) in which one set 

of nodes represents passengers and the other set represents 

drivers. 

• An edge connects a passenger to a driver if the driver has 

the ability to serve that passenger (that is, the passenger is 

within distance and the driver is available). 

• Each edge is labeled with the ranking preference of the 

passenger such that rank 1 is the highest priority. 

 
Step 3: Edge Grouping by Rank 

• The edges have been classified into sets—E₁, E₂, E₃, …, 

Eₖ—that indicate all connections associated with the same 

preference value. 

• The algorithm starts with E₁ (the maximum preference value) 

and adds edges of decreasing preference values (E₂, E₃, . . .) 

only if necessary. 

 
Step 4: Matching Process 

• The algorithm starts with a one stage matching between 

passengers and drivers through rank 1 edges. 

• If not all passengers can be matched, the next stage (E₂) 

added to consideration and the process is repeated. 

• A maximum matching is identified using a bipartite 

matching algorithm (e.g., Hopcroft–Karp). 

• The process continues until all passengers are matched or 

there are no valid matches remaining. 

 

Step 5: Dynamic Updates 

• The system updates the matches continuously in real time 

as drivers finish rides or new requests enter the system. 

• Only the relevant parts of the graph are updated, rather 

than trying to recompute everything. 

• The ability to dynamically adjust keeps the algorithm 

efficient and scalable, as it would likely be in any real-life cab 

system. 

 
Step 6: Allocation and Dispatch 

• When the final matches are decided, drivers are matched 

to passengers based on the most optimal rank. 

• Both passengers and drivers pull notifications 

immediately. 

• When two ranks are identical, or an exact tie occurs, we 

always use the shortest ETA (Estimated Time of Arrival). 

 

Example: Cab Allocation Scenario 

 

Passenger Rank 1 Rank 2 Rank 3 

P₁ D₁ D₂ D₃ 

P₂ D₂ D₁ D₃ 

P₃ D₃ D₁ D₂ 

Process: 

Step 1: Match all pairs of Rank 1: P₁ - D₁, P₂ - D₂, and P₃ - 

D₃. 

https://ijsrem.com/
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Step 2: The algorithm stops since every passenger is 

matched up with their first choice driver. 

Step 3: This is a rank-maximal matching, where every 

passenger is matched with the best possible available choice 

of driver. 

Output: 

The three passengers were matched to their first-choice 

drivers, reduced the number of mismatched pairs, and 

increased utility. 

 

VII. CONCLUSION 

In this project, "Optimizing Ride-Matching in Urban 

Transportation: A Rank-Maximal Matching Approach for Cab 

Allocation", we show that matching algorithms can enhance 

efficiency and fairness in cab allocation systems. The system 

employs the Rank-Maximal Matching (RMM) algorithm in 

which passenger preferences are prioritized while ensuring 

drivers have roughly equal overall utilization. Therefore, the 

RMM algorithm matches the highest number of passengers 

possible to their preferred available driver, maximizing rider 

comfort and quality of service. 

 

The modeling of the problem uses bipartite graph theory to 

represent two distinct groups: passengers and drivers, with 

edges that represent the passenger’s preferences. RMM 

leverages lexicographic optimization to efficiently obtain the 

maximal matches first of all possible matches at rank one, 

then rank two, etc. The resulting system maximizes matches 

and is preference-driven and fair, while still being efficient in 

dynamic conditions and new ride requests or driver 

cancellations. 

Experimental data and simulation results suggest that the 

new approach will result in improvements in matching 

accuracy, user satisfaction, and overall system responsiveness 

compared to traditional distance-based and random matching 

methods. The feedback cycle may also increase service 

standards among drivers, creating an overall sense of 

accountability and trust in the ride-hailing platform. 

 

However, the project identifies issues associated with the 

computational cost of processing large amounts of data, as 

well as the need for real-time optimization for high-density 

urban environments. Future work could involve incorporating 

machine learning models for predictive matching, 

reinforcement learning for adapting the model, and multi- 

objective optimization to make the system more efficient, fair, 

and profitable at once. 

 

 

In closing, the project shows Rank-Maximal Matching 

provides a scalable, fair, and user-oriented approach to the 

new challenges that are present in ride-hailing and urban 

transport. The project can also serve as a baseline for future 

smart mobility systems that have a priority on operational 

efficiency and human user satisfaction. 
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