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Executive Summary of Logical Database Design and
Implementation for a Ride-Hailing Company

Introduction

The ride-hailing industry, characterized by complex operations and a high volume of real-time
data, demands robust data management solutions to ensure efficient service delivery and
optimal customer experiences. This report provides an executive summary of the logical
database design and implementation for your ride-hailing company. Based on the group project
completed in Unit 6, now with improvements like, a focus on evaluating data models, selecting
a suitable database management system (DBMS), and ensuring compliance with regulatory
standards such as the General Data Protection Regulation (GDPR).

Implementing an effective database strategy is not a one-time process; it requires flexibility and
the ability to scale as the company grows. Modi (2024) illustrates how Uber’s, a ride-hailing
industry, initial database system evolved over time to meet the increasing demand for real-time
data processing and analytics. Uber started with a basic database setup, but as the company
scaled, they transitioned to more advanced solutions like Pinot to support dynamic pricing,
demand forecasting, and complex querying capabilities. This transition allowed Uber to process
over 100,000 queries per second, improving operational efficiency and delivering faster insights
for decision-making (Modi, 2024).

MongoDB, a NoSQL DBMS, was selected for its flexibility in handling unstructured and semi-
structured data, which aligns with the dynamic data requirements of your ride-hailing industry.
The document-oriented nature of MongoDB allows for easy representation of nested structures,
such as trip details, user profiles, and driver availability, in a single document. This design
approach simplifies data retrieval and improves the overall performance of the system. See an
example of your data stored below, retrieved from the MongoDB:



In [6]: # Access the Request collection
request collection = db["Requests"”]

# Retrieve all entries in the Request collection
request entries = list(request collection.find())

# Display the results
request _entries

out[6]: [{' id"': ObjectId('679241888070907ad2f75264"),

‘request_id': 'req_1',
‘request_created at': datetime.datetime(2024, 10, 4, 12, 51, 36, 911600),
'service type': 'UberBlack',
‘rider_id': ‘'user_18@',
‘city id': 3,
‘priority’': 'High'},

{' id": ObjectId('670241888070907ad2f75265"),
‘request_id': 'req 2',
‘request _created at': datetime.datetime(2024, 10, 3, 15, 51, 36, 911008),
'service type': 'UberBlack',
‘rider_id': ‘'user_4',
‘city id': 2,
‘priority’': 'Medium'},

{' id": ObjectId('670241888070907ad2f75266"),
‘request_id': 'req_3',
'request _created at': datetime.datetime(2024, 10, 6, 7, 51, 36, 911600),
‘service type': 'UberXL',
‘rider_id"': ‘'user_7°',
‘city id': 3,
‘priority’': 'Medium'},

Extracting the “Request” collection from the DB

The project incorporated a comprehensive analysis of various data models and DBMS options,
critically assessing their strengths and weaknesses in relation to the business needs. This report
provides an overview of the work carried out, a review of database modelling concepts, an
analysis of SQL and NoSQL solutions, compliance considerations, and a set of
recommendations for future improvements and maintenance. See logical data model we based
on DBMS off of:
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Entity-Relationship Diagram (ERD)

Summary of the Work Carried Out

The logical database design was centred around three primary entities: Users, Requests and
Dispatches. Each entity was carefully defined to capture key aspects of the ride-hailing service,
such as user registration and profiles, trip requests, dispatch processes, and trip details.
Relationships between these entities were established to reflect real-world interactions. For
instance, each user could have multiple ride requests, and each request could be linked to
multiple dispatches if different drivers were assigned before the trip was completed.

Entity Design:

Users: Captures information about both riders and drivers, including attributes such as user_id,
name, email, role (Rider/Driver), and signup_date.

Requests: Records details of ride requests made by riders, with attributes such as request_id,
service_type, rider_id, and priority.

Dispatches: Represents driver dispatches, linking ride requests to drivers through dispatch_id,
request_id, and driver_id.

Normalization to Third Normal Form (3NF) was applied to each entity to eliminate redundancy
and maintain data integrity (Chen, 2023) . The data model was implemented using MongoDB
due to its document-oriented approach, which allows for easy storage of nested data



structures. MongoDB’s collections were designed to store documents representing complex
data, such as trip details and driver availability, within a single entity.

Data was captured from multiple sources, including user applications, GPS devices, and
dispatch logs. An automated data pipeline was developed using Python scripts to ingest, clean,
and transform the data before storing it in MongoDB. This pipeline included validation checks,
data deduplication, and transformation processes to ensure that only high-quality data was
stored in the database. Allowing for visuals and analysis like:
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Review of Concepts Underlying Database Modelling

The database design was based on MongoDB’s document-oriented model, which stores data in
JSON-like documents within collections. This approach offers several benefits over traditional
relational models, particularly when dealing with dynamic and unstructured data. The flexibility
of MongoDB’s schema design allows for the inclusion of additional fields and modifications to
existing fields without requiring disruptive schema migrations. This capability is crucial for ride-
hailing applications, where data requirements can change frequently due to new features,
service types, or regulatory requirements. (Rathore & Bagui, 2024).

The document-oriented model also supports the efficient handling of hierarchical data, such as
nested trip details, driver schedules, and user profiles. By storing related information within the



same document, MongoDB minimizes the need for complex JOIN operations, which are
typically required in SQL databases. This results in improved query performance and simplified
data retrieval.

Challenges and Mitigations:

Data Redundancy: Denormalization is often necessary to improve read performance in
MongoDB, which can lead to increased storage requirements and potential data consistency
issues. This was addressed by implementing application-level validation and consistency
checks. (Nuriev et al., 2024).

Lack of Support for Complex Joins: MongoDB’s limited support for complex joins was managed
by using aggregation pipelines, which provide an alternative method for combining data from
multiple collections.

Overall, the document-oriented model proved to be a suitable choice for the ride-hailing
company, offering a balance between flexibility, performance, and ease of use.

Analysis of DBMS Choice: SQL vs. NoSQL

Traditional SQL databases, such as PostgreSQL, are well-suited for structured data and
transactional applications. They offer strong support for ACID (Atomicity, Consistency,
Isolation, Durability) properties and complex querying capabilities. However, these features
come at the cost of scalability and flexibility, which are critical for applications like ride-hailing
services (Elmasri & Navathe, 2016).

Key Considerations for SQL Databases:

- ACID Compliance: Ensures data integrity and consistency, making SQL databases ideal
for applications with strict transactional requirements.

- Complex Queries: Supports multi-table joins, subqueries, and window functions,
providing advanced data analysis capabilities.

Limitations of SQL Databases:

- Scalability Constraints: SQL databases are typically vertically scalable, making them
less suited for handling large volumes of data.

- Rigid Schema: Schema changes require table modifications, which can be time-
consuming and disrupt ongoing operations.

Key Considerations for NoSQL Databases (MongoDB):

- Schema Flexibility: MongoDB’s schema-less design allows for dynamic data storage and
easy modifications, accommodating changing data requirements without significant
overhead.



- Horizontal Scalability: MongoDB’s sharding capabilities distribute data across multiple
nodes, enabling it to handle high data volumes and concurrent operations. (Nuriev et al.,
2024)

- Document Model: Stores related data within a single document, simplifying data
retrieval and minimizing the need for complex joins.

- Given the need to handle large volumes of dynamic data and provide flexibility for future
schema changes, MongoDB was selected as the primary DBMS. However, a hybrid
solution integrating MongoDB with a relational database for reporting and analytical
tasks is considered a potential future enhancement.

Limitations of NoSQL Databases (MongoDB):

- Increased Storage Requirements: MongoDB’s denormalization strategy, often necessary
for optimizing read performance, can lead to increased storage requirements. When
data is duplicated to avoid costly joins, it can consume significant additional disk space,
making it less efficient for storage than SQL databases. (Nuriev et al., 2024).

- Write Performance Issues: MongoDB’s document-oriented model can lead to
performance bottlenecks during write operations, especially when handling complex
queries or large-scale insertions. Without proper index management, MongoDB can
struggle with write-heavy workloads, impacting overall performance. (Mohan et al.,
2024).

Compliance and Standards: GDPR Considerations

Compliance with the General Data Protection Regulation (GDPR) was a top priority in the
database design. GDPR imposes strict requirements on how personal data is collected, stored,
and processed, with a focus on protecting user privacy and ensuring data security. (Provost &
Euchner, 2017).

Compliance Measures:

Data Anonymization: Personal data, such as email addresses and user IDs, was anonymized
using secure hashing algorithms before storage. This prevents unauthorized access to
identifiable information without additional credentials.

Encryption: All data at rest and in transit was encrypted using industry-standard protocols,
ensuring that sensitive information is protected against interception or unauthorized access.

Role-Based Access Control (RBAC): User roles and permissions were defined based on access
requirements, with MongoDB’s built-in role management features used to enforce access
restrictions.

Consent Management: The system captured and stored user consent for data processing
activities, ensuring compliance with GDPR’s requirements for explicit user consent. Consent



records were linked to user accounts, allowing for easy management and the ability to revoke
consent when necessary.

Regular compliance audits were scheduled to verify adherence to GDPR requirements and
ensure that the database remained secure and privacy-focused. Automated tools were
implemented to monitor data access, track consent changes, and identify potential compliance
risks.

Recommendations and Conclusion

The implementation of MongoDB provided a robust, scalable, and high-performance solution
for the ride-hailing company. The document-oriented model offered flexibility and efficiency in
handling dynamic data requirements, while compliance measures ensured adherence to GDPR
standards.

Recommendations:

The implementation of a MongoDB-based solution provided the ride-hailing company with a
scalable, flexible, and high-performance system capable of addressing the company’s
immediate data needs. However, to fully harness the potential of this data system for future
growth and innovation, particularly with Al integration, additional strategies should be
considered:

- Implement Continuous Index Optimization: Regularly reviewing and optimizing indexes
based on query patterns is crucial to maintaining peak performance as data volume
increases. This strategy ensures that the database can handle complex queries and
large datasets without compromising speed. The use of Al-driven indexing tools can
further automate and refine this process, adapting to changes in data usage over time
(Chen, 2023).

- Explore a Hybrid SQL-NoSQL Solution: Leveraging a hybrid model that combines
MongoDB with a relational database (e.g., PostgreSQL) can enhance the company’s
analytical capabilities. The relational component can handle complex analytical
queries, while MongoDB manages dynamic, unstructured data efficiently. This
combination provides a balanced solution for both transactional operations and deep
analytical insights, paving the way for advanced Al-driven analytics and decision-
making processes (Elmasri & Navathe, 2016).

- Enhance Compliance Monitoring: Implementing automated tools to continuously
monitor compliance with GDPR and other data privacy regulations is critical. Al-based
compliance solutions can proactively identify potential risks, flag data access
anomalies, and provide real-time compliance status updates. This approach not only
ensures legal adherence but also helps build trust with customers and stakeholders
(Provost & Euchner, 2017).




In conclusion, while the MongoDB-based solution successfully addressed the ride-hailing
company’s current data requirements, implementing these recommendations will further
enhance the system’s scalability, performance, and compliance. As companies integrate
artificial intelligence and other emerging technologies into their operations, the role of a well-
structured and strategically managed database system becomes even more pivotal. According
to Lenander, (2023), Al requires a data strategy that includes high-quality, well-managed data
accessible to all relevant stakeholders across the organization. To achieve this, companies
should foster a strong data-driven culture and build a unified data ecosystem that supports Al
applications and data democratization across business units.
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