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Abstract

This research work focuses on graph databases, mainly Neo4j databases, in recommendation systems
for e-commerce websites. The importance of research is that it explains how graph databases efficiently
handle the complex relationship between user-items, which is difficult for traditional databases.
Sparsity, limited diversity, and high setup costs are the challenges traditional databases face. This
research work overcomes these problems using Ne04j with Cypher query language and graph
algorithms (PageRank, Shortest Path, Community Detection), which give real-time and personalized
suggestions. There is use of data modelling (nodes, edges, properties), collaborative and content-based
filtering, a hybrid approach, which includes Neo4j along with Deep learning (Graph Neural Networks)
as a Methodology. The result of this research work is that these systems are fast, scalable, and accurate,
like the “‘frequently bought together” suggestion in Amazon. These systems increase the user experience
and business revenue, but privacy and scalability is still the challenging part.

Keywords: Graph database, algorithm, data modelling, deep learning, MySQL databases, E-commerce,
amazon, Flipkart

INTRODUCTION

While using online shopping platforms like Amazon, Flipkart or Movie streaming platforms like
Netflix, it has been observed that when the user clicks on some product or movie, then suddenly a series
of suggestions arise that “Also try this”; this happens due to the recommendation system. This system
observes what the user likes, the products, moves, and according to it suggests the specific products or
movies from the bundle. To make the recommendation system, it is not preferred to use older databases
like Relational databases which are MySQL databases. It becomes very complex to establish the
relationships between the products and products and between the user and the product [1]. As the
connection between the user and the products is large, then these systems which are made up of older
databases become slow. In this research work, uses of Neo4j graph databases are provided. How these
Neo4j databases are able to connect so many
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relationships between the user and the products. It
stores the data in nodes and edges, which clearly
shows the connection between users and the
products. By using these databases, users get the
suggestion very fast, efficiently and accurately like
“frequently bought together” in Amazon [2]. In this
research work, there are three ways of
recommendation systems: collaborative filtering,
content-based filtering and hybrid-based filtering.
In combination with all these things, a real-time
suggestion for the e-commerce website is created
which is profitable for the user and the business of
the company [3]. This system also faces challenges
like it requires high setup cost, data is also very
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limited for the new users, privacy is also an issue; however Neo4j databases is the future of databases
for recommendation systems [4].

BACKGROUND
Graph Database

A graph database is a type of NoSQL database that uses graph theory to represent and store data in
the form of nodes, edges and properties. Nodes represent entities, Edges represent relationships between
the nodes, properties are attributes that describe nodes and edges [5].

Graph database is optimized for query which means it has high performance. It is highly scalable
means it can store a large amount of data. Graph databases are schema-less which means data models
are involved over time, this makes it more flexible and also adaptable to changes in business model.
These are the features of a graph database which make it different from other databases [6].

When a query is executed in a graph database, the database traverses the graph to find the relevant
data. This traversing is often done with the graph algorithm, which can easily find patterns and
relationships with the data. As a result, graph databases are particularly well suitable for the queries
that involve complex relationships and patterns; for example, social media network systems under the
graph database often use a combination of indexing and caching techniques to optimize the query
performance [7].

To achieve optimal performance, we use graph databases. Neo4j, Amazon Neptune, Microsoft Azure
Cosmos DB and etc., are the most popular graph databases. To make a recommendation system, Neo4;j
graph database is used (Figure 1).

Neodj

Neo4j is an open-source NoSQL graph database, which stores data in the form of nodes and edges.
It is different from traditional databases like MySQL because Neo4j databases focus on the relationships
or connections [8].

Nodes: These are entities like movies or products.

Edges: These are the relationships between the nodes.

Properties: It is the attribute of Nodes and edges, for example, name of the user or name of the movie.

To understand Neo4j in a better way, it is required to understand Cypher. Cypher is Neo4;j’s
declarative query language. Cypher is similar to SQL, but optimized for graphs. It was created to allow
users to focus on what data to retrieve from a gram rather than how to retrieve it [9].
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Figure 1. Flowchart of Neo4j.
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To write the query to search the data, cypher programming language is used. Due to index-free
adjacency, Neo4j is fast.

RECOMMENDATION SYSTEM
A recommendation system algorithm is a type of software that gives personalized suggestions to the
user, based on their preference, behavior and past interaction [10].

For example,

Netflix: If liked “Inception” then watch “Matrix”.
Amazon: If you are looking for the “Headphone” then you also see “Laptop”.

Spotify: If you listen to that song, then try this playlist.

The goal of the Recommendation system is to improve user experience, increase user engagement,
and generate revenue for the business.

Key components of the recommendation system are:

1

2.
3.
4.

User: Person who retrieves suggestions.

Items: Products, movies, songs, i.e., type of content which are suggested to the user.
Interaction: 1t includes actions like rating, purchases, clicks, views etc. in between the users.
Algorithm: It creates or decides the logic to suggest the items.

What is the Recommendation System?

Along with it, it is important to have a recommendation system in our platforms, as it serves the
user’s perspective by saving time and showing relevant content. It also serves a business perspective as
it increases customer retention, sales and loyalty. In today’s data-driven world, where big data plays a
crucial role, recommendation systems provide a competitive edge to the companies.

Types or Methods of Recommendation System
This research work primarily focuses on the E-commerce recommendation system. There are mainly
three types of E-commerce recommendation systems.

1.

Collaborative Filtering: This recommendation system is the most popular recommendation
system. It suggests the recommendation based on interactions between the user and items like
ratings, purchases etc. It works on the principle that if two users have the similar taste then it
suggests the items liked or purchased by the first user are likely to be preferred by the other user.
Collaborative filtering is further classified into two parts:
a. User-Based Collaborative Filtering and
b. Item-Based Collaborative Filtering.
In User-based collaborative filtering, it finds the similar users which is based on rating and
behavior.
In Item-based collaborative Filtering, it finds similar items which are based on users who
like both the items.
The advantages of Collaborative filtering: Scalability is better and a lower Cold play
problem, as it is enough for the new user to have to existing similar items.
The main problem of Collaborative Filtering is Limited diversity which means it is limited
to suggest only similar items.
Content-based Filtering: This recommendation system uses the approach to suggest the items
based on item features and user preferences. It works on the principle that it suggests those items
to the user, which are similar to the past items. For example, Headphones and Laptop are mainly
purchased in combination, the system would suggest a laptop to a user who has purchased
headphones.
The advantages of Content-based filtering are the same as that of Collaborative filtering which
is Scalability is better and Cold start problem is low.
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3.

Along with it the challenge in content filtering is same as that of Collaborative filtering which is
Limited diversity.
The key component of Content-based Filtering is:
a. [Item Profile: 1t is the vector of the product features. For example,
{brand: Sony, category: Electronics, price: 2000, color: Black}.
b. User Profile: 1t is the vector of the User’s preferences. For Example,
{prefers: Electronics, brand: Sony, price range: 1000-3000}.
c. Matching: Cousin and TF-IDE have similarity (Cousin and TF-IDE are mathematical tools
or formulas in which Recommendation system logic is created).
Hybrid Recommendation System: This type of recommendation system combines both
collaborative and content-based recommendation systems which is due to it covers other two
weaknesses. It works on the method that is:
a. Weighted Hybrid: Combines the scores of both approaches by giving them weights.
b. Switching Hybrid: 1t chooses one approach on the basis of context. For example, for new
users it chooses content-based and for old users it chooses collaborative.
c. Initial recommendations from one approach, then refinement using the other.
This Hybrid recommendation system addresses the problems like Cold start, sparsity and
diversity. Along with it, this recommendation system gives more accurate recommendations.

Graph database in recommendation system

Till now it is clear what is meant by Graph database and what actually is a recommendation system.
Before understanding how a graph database works in a recommendation system lets first understand
why graph databases are used for the Recommendation system.

Graph databases are perfect for recommendation system because:

a.
b.

Natural Relationship Modelling: 1t stores nodes and edges in the form of User-item interaction.

Fast Traversal: Neo4j uses index-free adjacency, in which the relationship is directly traversed;

it works without being costly.

Real-Time Recommendation: In E-Commerce websites it is necessary to have real-time

suggestions, due to this the user can get the related products when the user gets in the “Add to

cart” section. Neo4j Cypher queries give real-time results.

e Scalability: It can handle billions of nodes and edges, like the Amazon platform.

e Rich Queries: Complex Queries like “Users which are similar to Rahul and purchase
products under the Electronics category.”

HOW GRAPH DATABASE WORKS IN RECOMMENDATION SYSTEM
This section is the core part of this research work; this section can deeply be understood by the help
of taking the example of Neo4;.

Data Modelling

Nodes: 1t includes Users, Products, Categories, Brands, Genres. For example, Rahul is users,
headphones is product and electronics is category, Sony is brand.

Edges: 1t includes relationships like “purchased”, “viewed”, “liked”, “co-purchased”, “belongs
to”. For example, Rahul purchased headphones on 02-05-2025, The headphones belong to
electronics, headphones have brand Sony and Rahul viewed it from his laptop.

Properties: 1t includes the name of the user, price of the product, purchase date, and rating. For
example, Headphones are co-purchased to a laptop because most of the time they are purchased
together.

Querying with Cypher
MATCH (p: Product {name: “Hearphones”})<- [:PURCHASED]-(u: User)-[PURCHASED] -
>(recommendation: Product)
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RETURN recommended name, count(*) AS score ORDER BY score DESC KIMIT 5

In Neo4j, Cypher query language is used, which makes simple and expressive graph-based queries.

Collaborative Filtering Query
MATCH (u:User {name: "Rahul"})-[:PURCHASED]->(p:Product)-[:BELONGS TO]-
>(c:Category {name: "Electronics"})
MATCH (recommended:Product)-[:BELONGS_TO]->(c)
WHERE recommended.brand = "Sony" AND recommended.price BETWEEN 1000 AND 3000
RETURN recommended.name, recommended.price
LIMIT 5

These types of query used Recommendation system like “Frequently bought together” for example
Headphones with Laptops.

Content-Based Filtering Query
This query suggests products to Rahul having preferences like Electronics and Sony etc.

Hybrid Query
MATCH (u:User {name: "Rahul"})-[:PURCHASED]->(p:Product)<-[:PURCHASED]-
(other:User)-[:PURCHASED]->(recommended:Product)

WHERE recommended.brand = "Sony"
RETURN recommended.name, count(*) AS score
ORDER BY score DESC

LIMIT 5

These are the hybrid queries which include the collaborative query which is similar to users and
content-based which is the Sony brand.

Graph Algorithm: Neo4j enhances recommendation system.

1.

PageRank Algorithm: This Algorithm identifies the important products based on frequent
purchases and connections. For example, if Headphones are purchased by more customers, then
their PageRank score is high.

Shortest Path Algorithm: It finds the relevant path from user to product. For example, Rahul —
purchased — headphones — co-purchased — Laptop.

Community Detection Algorithm: This algorithm helps in finding the clusters of similar users and
products. For example, it creates a community for electronics lovers. With the help of Community
Detection algorithm, the real-time recommendation system is fast and can easily handle complex
relationships.

Deep Learning Algorithm: This algorithm captures the advanced patterns and complex
relationship, which is difficult from the older algorithms.

Using Graph databases (Neo4j) along with deep learning algorithms is more powerful because graphs
give structured data and deep learning makes the recommendation system with the help of this high-
quality data. There are two deep learning algorithms:

1.

2.

Neural Collaborative Filtering (NCF): This algorithm uses Multi-layer Perceptron’s to capture
the non-linear relationships; and

Graph Neural Networks (GNNs): GNNs generate embeddings (numerical representations) for
nodes by aggregating information from their neighbors. Amazon uses GNNs with graph
databases to suggest co-purchased products (Figure 2).
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Figure 2. Using graph databases (Neo4j).

Real-World E-commerce Examples:
e Amazon: Its recommendation system is based on collaborative filtering.
o Alibaba: Its recommendation system is based on GNN, Deep learning, collaborative filtering.
e Flipkart: Its recommendation system is based on Hybrid.

Challenges and Limitations
Although there are benefits to using Neo4j graph databases to make the recommendation system, it
also faces Challenges like High Setup and Maintenance costs. It is very costly and complex to set up
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the recommendation system. To maintain the recommendation system, expertise is required, which
means it is required to have skills on graph modelling and Cypher. For the new users, the data is very
limited, therefore it affects the recommendation system, this problem is known as Data Sparsity.
Scalability Limited, to run the recommendation system, there might be a large number of graphs used
which directly affects the performance of the recommendation system. Privacy concerns are also one
of the major challenges faced by the recommendation system, which means it is very risky for the user
to share or store the data over the internet or the platform. It also creates a low Diversity issue in
recommendation system, that is, graphs-based systems focus only on the popular items, for which the
diversity of the items is low.

CONCLUSION

In this research work, it is seen how graph databases like Neo4] make a better recommendation
system. This database stores users and items (like products and movies) in their connections with nodes
and edges. By using this, it is very easy to give and receive the suggestions. For example, when we buy
headphones from Amazon then it gives suggestions to buy a laptop also. It happens with the help of
Neo4j graph database. Movie streaming platforms like Netflix also use this technology to give the
suggestions to the users what they like, and along with this, the company's business also grows. Graph
databases are faster and more flexible compared to old databases as they directly handle the connections.

Using Neo4j is challenging also because it requires more money and hard work for the setup of Neo4;,
data is also very limited for the new users. However, the future of these databases is also very bright.
Taking suggestions from Graph neural Networks (GNNs) is more accurate in future, because it has the
ability to understand deeper patterns. It can also show the real time suggestions enabling users to buy
new products quickly. In addition, emerging methods now emphasize user data privacy to ensure
information security. Furthermore, Explainable Al also clarifies why the suggestions are presented.
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