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Abstract: Recommender systems can be described as algorithms that are designed with the aim of suggesting relevant and 

most-used items to users (movies, products, videos, books, electronics, etc.). The whole system is meant to follow the 

user/customer’s browsing tactics and find out the most relevant. In the present world of e-commerce, where every product is 

available online, users, as well as businesses, need an algorithm that can suggest items based on their category and the buyer’s 

preference. These algorithms can be made to suit any category of products. The algorithm implemented in this system will help 

readers all around the world find books relevant to their choice (preferred genre) and other users’ ratings. The recommendation 

system has been built on a NoSQL Graph Database. The main advantage of using Neo4J is that it captures the relationship 

between the data and similarity between items on the basis of the type and the preference of the user and also records the 

behaviour of data. There are various factors that can affect the recommendation system; we have considered users’ favourite 

genres and similar types of items. Since it is a graph database, it is easy for any person to analyze and visualize the relationships 

between different nodes and also manage huge amounts of data with ease. 
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1. Introduction 

 

When it comes to dealing with vast amounts of information on e-commerce platforms, recommendation algorithms play an 

extremely important role in the process. It offers ideas to users, which assist them in various decision-making processes, and it 

does so in a variety of ways [1]. The brisk expansion of the e-commerce business has resulted in an increased demand for the 

provision of suggestions by means of the selective filtering of datasets including products [2]. Users of e-commerce platforms 

previously had a tough time making judgments about which products to purchase due to the vast array of products that were 

available to them through the various e-commerce platforms before the development of recommender systems. Users are 

becoming increasingly overwhelmed by the number of product options, which in turn leads to poor decision-making. In recent 

years, the utilisation of recommender systems has proven to be beneficial in the management of issues related to information 

overload. The issue of having too much information is addressed by recommender systems, which do this by presenting the 

user with a fresh, previously unseen item that may be pertinent to the user.  

 

The more conventional ways of purchasing books, such as going to a bookstore, have been rendered obsolete as a result of the 

meteoric rise in popularity of online shopping. In more recent times, books have shifted from being kept on bookshelves to 

being read on Kindle readers. Books that are offered for sale online are organised into sections according to the literary category 
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they belong to, making it easier for customers to search for specific titles. In addition, due to the rapid development in the 

volume and amount of books, a process needs to be put into place in order to offer users with books that are pertinent to the 

choices they make. The point at which recommendation systems become useful is at this point. Users of these systems can 

receive book recommendations tailored to their preferred literary category and typical purchasing behaviour. According to the 

findings of many statistical studies, recommender systems have been instrumental in contributing to Amazon's revenue growth 

by 35 percent [3].  

 

In recent years, a significant amount of effort has been put toward the discovery and development of new algorithms and 

techniques for recommender systems. On the other hand, its performance has been subpar, which is problematic considering 

that an effective recommendation system must be able to handle data in a timely and precise manner. Because the cost of joins 

in relational databases is not incurred when connecting data in a graph database, this type of database is more efficient and 

versatile than relational databases. When compared to accessing relational databases, the cost of querying graph databases is 

significantly lower.  

 

For the purposes of this article, we shall construct a book recommendation system by making use of a graph database. This will 

be a content-based recommendation system that will present users with individualised recommendations based on the genres 

that they are most interested in listening to. The method will also take into account how popular the books are by determining 

their popularity based on the average ratings of the books.  

 

Neo4j will make use of the graph database that was provided. Neo4j's low complexity, minimum dependencies, and support 

across multiple platforms are the primary selling points for using this system. Cypher, a straightforward declarative querying 

language that is reminiscent of SQL, is used, and it offers complete support for the fundamental NoSQL features, such as 

flexible schemas and scalability. Neo4j is a database that uses NoSQL, however it offers ACID transaction dependability despite 

being a NoSQL database.  

 

The Property Graph Model is implemented in the Neo4j database, which is a multi-relational database. This indicates that it is 

capable of working with nodes, relationships, and the characteristics associated with them. Both the nodes and the relationships 

can be compared to the vertices and edges of a graph, respectively. In addition to that, it offers a browser-based interface for 

utilising Cypher to query databases. The returned findings are presented through the interface in the form of an interactive 

graph visualisation. It is able to define a colour and size for certain relationship labels as well as nodes in the graph.  

 

2. Literature survey  

 

Many researchers have proposed articles, algorithms and approaches to create recommender systems all over the world. All the 

recommender systems have been narrowed down into two types. The recommendation architecture that followed was initially 

filtered out using the content of the product/video/movie/book by having a complete text analysis on the description of the item. 

Occasionally, they combined the filtering results with ratings by users who were already using them [4]. This gave a very quick 

jump start to the recommendation system business, but the responsiveness and accuracy of the results did not catch up with the 

increase in dynamic user data collected by the system over time. 

 

This gave birth to another recommendation architecture known as collaborative filtering. These researchers used a vector system 

and defined a user/customer through the vector of items (N-dimensional for distinct N items). A way to differentiate between 

the positive and negative ratings over the item which is purchased by any user is to set positive values for good ratings on the 

rating component of the vector and vice-versa. One major differentiation between the two techniques followed by recommender 

systems is that collaborative filtering’s algorithm strives to make the less utilized/purchased item components more accessible 

and relevant to the user [5]. 

Collaborative filtering does not come with perfect results. The two commonly faced problems are described below: 

Sparsity: With the increase in product/movie or item data in general, similarity computation becomes a costly process, and for 

such huge data, we obviously cannot rely on the index calculated on any sample. This also becomes a setback when we do not 

find any overlap between such products, thus rendering the degree of similarity undefined [6]. 

The cold-start problem: The whole architecture to give us the required recommendations depends upon the user’s previous 

behaviour, the preference of items for each of the users, and the kind of items that the user tends to appreciate and give a 

positive rating for. Now, when a new user vector gets into the system without a history backing the user, the system will fail to 

provide us with the recommendations and, thus, the name cold start issue. 

Recommender Systems have an impact on e-commerce sales in the following ways: [7] 
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Browsers-into-buyers: Online users visiting a website often browse through the content without purchasing any items. 

Recommender Systems take users’ preferred choice while logging in and, by studying their behaviour, recommend items they 

might be willing to purchase [8].  

Enhances cross-selling: The Recommender system helps improve cross-selling by increasing the number of suggested items to 

the user, which will make users more tempted to add more products to the cart or order. Thus, this helps an e-commerce site to 

gain more revenue [9]. 

Shopping enjoyment: It is one of the major reasons why users are attached to a certain e-commerce platform [10]. As more and 

more user data(user behaviours, preferences, ratings, shopping patterns, other user’s interpersonal attributes like the size of 

clothes that are recommended also depends on the size we purchased prior to this order and feedback) are fed into the systems, 

the more effective they become in giving us relevant items according to the users. Customers are more likely to return to the 

sites that help them pick out their wardrobe according to their preferences [11]. 

In this paper, the users are given an option to enter their preferred book genre when they register to the system. Based on his 

favourite genre and the top-rated books in that genre, our recommendation engine will output relevant/recommended items to 

each user [12]. 

3. Neo4j Database 

 

Neo4j is one of the most popular open-source graph databases on the market. The Query language used for manipulating the 

graph data is CQL (Cypher Query Language), which is similar to SQL [13]. 

 

Indexes: We can describe an Index as a kind of data structure that can be added for every node as an attribute. The primary 

reason for using Indexes is to increase the speed of all data retrieval and storage operations [14]. This is one of the reasons we 

opted for Neo4j to scale our data, and still, we can expect quick query results [15]. Whenever an index is created, neo4j creates 

the same redundant copy of the whole data in the data. We may add an index whenever we find some query is taking a lot of 

time. Any Node with a designated label can be assigned an index: CREATE INDEX ON: Book (book_name) [16]. 

 

Property Graph Data Model: A Property Graph is said to increase the readability of the graph and store important properties or 

related features with the node itself. Any Graph is said to be a property graph when the nodes and relationships have descriptive 

names and some other related attributes [17]. 

 

Adding UNIQUE constraints on the database is easier with naming/having properties associated with nodes and relationships, 

too. 

 

ACID Rules: It is said that neo4j completely follows the ACID Property, thus giving us Consistency and familiarity in writing 

transactional queries [18]. 

 

4. Methodology 

 

It is necessary to import the metadata into the Graph Database, also known as Neo4j, in order to develop a recommendation 

system. The user data is retrieved from a web page and then loaded into the graph at the same time. After the integrated graph 

has been constructed, recommendation queries are executed on it to obtain the best recommendations based on the category 

and ratings [19].  

 

4.1. Dataset 

 

The dataset includes bibliographic information for 16,559 books that was taken from Freebase. The book ID, title, author, 

genre, and rating are all contained inside this metadata. Because the dataset has not been cleaned, it is possible that the quality 

of the suggestions will suffer as a result. Following the completion of the cleaning process, this dataset will be ready to be put 

into the graph database.  

4.2. Data cleaning 

 

The most significant issue that was discovered with these data was that it lacked genre value information. Due to the fact that 

a content-based recommendation system is now under consideration, genres are one of the essential values necessary for 

suggestions. There are several different approaches to dealing with missing values. If these were quantitative data, we could do 
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something called statistical imputations to fill in the gaps where there are blanks in the dataset [20]-[24]. Because the genre 

column is a form of categorical data, we have utilised Python code to eliminate the entries that were found to be lacking the 

appropriate categories (Figures 1 and 2).  

 

 
Figure 1: Dataset before it was cleaned 

 
Figure 2: Dataset after the removal of NULL values 

4.3. Books and Genre nodes 

 

The book's metadata is loaded into Neo4j. Each book and genre is represented by a node in the graph, as shown in the figure 3. 

The book node has properties such as book_id, title, author name, average rating and summary of the book. The genre nodes 

have a property of genre name (Figures 3 to 5). 

 

 
Figure 3: Cypher query for creating nodes 
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Figure 4: Nodes representing books 

 
Figure 5: Nodes representing genres. 

 

4.4. Relationships 

 

Using the genre list in the dataset, the nodes have been split into books and genres. Now, a relationship is defined between 

these books and their respective genres, as depicted below (Figures 6 and 7). 

 

 
Figure 6: Cypher query to define relationships 
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Figure 7: Graph in Neo4j showing the relationships 

A. User Input 

a. After loading the metadata, the user data from the Flask web application is to be loaded into the database. 

b. The user data during the registration phase includes name, password and three favourite genre names. 

c. With this, we create the following entities in the graph: 

 

i. The “User” node has two properties: name and password. 

ii. Relationship “likes” between the user and the 3 Genre nodes already present in the database. 

 

d. With the given username and password, the given user will be able to log in to the application.  

 

B. Connection between HTML and Neo4j using Python 

a. The Python package py2neo v4.x is used for all the graph-related functions. 

b. The following command helps in establishing the connection between the application and the database :  

graph = Graph (uri=” bolt://localhost:7687”, user=neo4j, password=password) 

 

c. For creating a new node, say User node:  

user = User () // User is a class created with 2 properties name and password user.name = self.username 

      user.password = password 

      graph.push(user) 

 

d. For creating relationships, let’s say between User node and Genre Nodes :  

 

user_genre = Relationship (user.__ogm__.node,'likes',given_genre.__ogm__.node) 

graph.create (user_genre) 

 

e. For running direct queries on the database and retrieving recommendation details: 

query=''' 

MATCH (b:books {title:b.title})-[r:BELONGS_TO]->(g:genre{genres:g.genres}), 

(u:User{name:u.name})-[r1: likes]-> (g1:genre {genres:g.genres}) 

where u.name={username} and toFloat(b.rating) > 4 AND g.genres=g1.genres and not (u)-[:read]->(b) 

return distinct b.title''' 

result = graph.run(query,username=self.username) 

df = DataFrame(result) 

return df[0] 

 

Neo4j graph database has its own querying language known as cypher Language now when cypher queries are executed on the 

neo4j browser or from any external source, like in our case, python (flask) neo4j returns data in a data structure named Cursor 

[25]-[27].  
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Cursors are defined through the indexes that neo4j uses for each node for faster operations [28]-[32]. There are many py2neo 

functions to access the cursor output values; one of them is to convert it into a Python data frame, and they access these values 

in the view part of the application [33]. 

 

4.5. User and favourite genre nodes 

 

Once the input has been taken from the user, a graph is created in Neo4j that shows the relationship between the users and their 

favourite genres (Figures 8 to 12) [34]. 

 
Figure 8: Graph in Neo4j representing users and their favourite genres 

C. Recommendation queries 

 

a. Matching using genres 

 

 
Figure 9: Matching using genres 

 

b. Matching using genres and books read by users 

 

 
Figure 10: Matching using genres and books read by users 

 

c. Matching using the highest rating 
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Figure 11: Matching using the highest rating 

Algorithm 
 

a. Start 

b. Input User nodes as users, Genre nodes as genre, and Book nodes as books. 

c. Input belongs_to relationship as belongs, read relationship as read and ikes Relationship as likes 

d. Declare result_nodes 

e. Input user_name node for a particular user 

f. Input user_name’s three favourite genres as fav_genres 

g. Repeat the following steps for all three fav_genres 

a. tempNodes  return books where book-(belongs_TO)fav_genres is true 

b. tempNodes  return temp_nodes where not temp_node –(:read)user_name 

c. tempNodes  return temp_nodes where temp_node rating > 4 

h. Push tempNodes in result_nodes 

i. Return temp_nodes 

j. End 

4.6. Data Model 

 

Figure 12: Data Model Diagram for Recommendation System 

5. Result  

 

The methodology designed to implement a book recommendation system gives recommendations based on the user's 

favourite genres and top-rated books. The final graph in neo4j is shown in below figure 13:  
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Figure 13: Graph containing all the nodes 

Recommendation Queries are fired on the above graph to generate personalized, highly recommended books for the user 

(Figures 14 and 15). 

 

 
Figure 14: Recommendation output on web-application 

a. belongs_to -This relationship is between genre and books and is created while loading the metadata. 

 

 
(a) 

 

b. Likes – The relationship is defined between a User node and their three favourite genre nodes. 

c. Read– The relationship is created between a user node and a book node.  
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The problem with most of the recommendation systems is that even after the product is purchased for the product 

recommendation system, the product is displayed as a recommendation to the user [35]. We resolved this issue by 

implementing a recommendation query that checks for all the books that have a ‘read’ relationship with the given user. 

 

 
(b) 

 

d. friends_with– This relationship is defined between two users. The aim of creating this was to have recommendations 

of the connected friends based on the common genre, such that we can define friend recommendations for every user. 

This feature is proposed as the future scope of our recommendation system. 

 

 

(c) 

Figure 15: Defining the relationships 

6. Conclusion  

 

The primary objective of this project was to construct from the ground up an advanced recommendation system that is both 

dynamic and effective. A system that is capable of giving out quick responses despite the vast volume of data being processed. 

In order to fix the problem, the recommender engine continues to give the user the same recommendation even after the 

purchase of the item has been successfully completed. In our case, we have taken measures to ensure that the user will not be 

given recommendations for books that they have previously read. The flask application is what's responsible for storing the 

user data in the database. The entirety of the graph will consist of four distinct varieties of relationships between the three Node 

Labels of User, Genre, and Books. The primary advantage of utilising Neo4J is that it records the behaviour of data in addition 

to capturing the relationship between the data and the similarity between items on the basis of the type and the preference of 

the user. In addition, Neo4J captures the similarity between items. The recommendation engine is susceptible to being 

influenced by a wide range of elements; among these are the users' preferred genres and the kinds of goods that are comparable 
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to those genres. Because it is a graph database, it is simple for anyone to examine and visualise the relationships that exist 

between the various nodes, and it also makes it simple to handle a very large quantity of data.  
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