
A Novel Approach to Transform Relational 

Database into Graph Database using Neo4j 

 
 

Thesis submitted in partial fulfillment of the requirements for the award 
of degree of 

 
 
 

Master of Engineering 
in 

Software Engineering 
 

 
 

Submitted By 
Mehak Gupta 
(801231017) 

 
 

Under the supervision of: 
Dr. (Mrs) Rinkle Rani 

Assistant Professor 
 
 

 
 
 
 

 
 

 

COMPUTER SCIENCE AND ENGINEERING DEPARTMENT 
THAPAR UNIVERSITY 

PATIALA – 147004 
 

June 2014 
 





ii 
 

Acknowledgement 
 

 
 

The successful completion of any task would be incomplete without acknowledging 

the people who made it possible and whose constant guidance and encouragement 

secured the success. 

First of all I wish to acknowledge the benevolence of omnipotent God who gave me 

strength and courage to overcome all obstacles and showed me the silver lining in the 

dark clouds. With the profound sense of gratitude and heartiest regard, I express my 

sincere feelings of indebtedness to my guide Dr. Rinkle Rani, Assistant Professor, 

Computer Science and Engineering Department, Thapar University for her positive 

attitude, excellent guidance, constant encouragement, keen interest, invaluable co-

operation, generous attitude and above all her blessings. She has been a source of 

inspiration for me. 

I am grateful to Dr. Deepak Garg, Head of Department and Ms. Damandeep Kaur, 

P.G. Coordinator, Computer Science and Engineering Department, Thapar University 

for the motivation and inspiration for the completion of this thesis. 

I will be failing in my duty if I do not express my gratitude to Dr. S. K. Mohapatra, 

Senior Professor and Dean of Academics Affairs in the University, for making 

provisions of infrastructure such as library facilities, computer labs equipped with 

internet facility, immensely useful for the learners to equip themselves with latest in 

the field. 

Last but not the least I would like to express my heartfelt thanks to my parents and my 

friends who with their thought provoking views, veracity and whole hearted co-

operation helped me in doing this thesis. 

Mehak Gupta 

(801231017) 

 
 
 
 



iii 
 

Abstract 
 
 
Nowadays, many companies rely on cloud services to meet their data storage 

requirements. Cloud does not support traditional relational databases because of 

scalability. Therefore, data needs to be migrated from relational to cloud databases. 

Graph  Databases  are one of the cloud databases which have  been  invented  for  fast  

traversal  of  millions  of  nodes  that  are  interconnected  via  number  of  relations. 

They are becoming popular and efficient choice for storing and querying highly 

interconnected data. Traversal queries in SQL which require many joins to query 

relational database can be easily and quickly traversed using graph databases. Graph 

Databases have applications in many domains such as social network, organization 

management, banking, insurance, fraud detection, etc. Data migration is becoming a 

topic of interest these days because of increase in need of various data exchange 

formats. In this paper an approach has been suggested to convert relational database to 

graph database. An example database of auto-insurance has been used for the 

experiment. Experimental results have been presented to show feasibility of the 

proposed methodology. Query translation is done from SQL to Cypher query 

language. Query execution efficiency comparison is done on source and target 

databases. 
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Relational  databases  have  been  in  existence  since  1970s [1] and are  the  database  

of  choice  for  most  of  the  applications  those require to store and retrieve 

information from large amount of data. Due to the prolonged existence of these 

databases, they have matured very well. But, these databases were not designed to 

support horizontal scalability. They were not designed to efficiently handle sparse and 

very large data. But in today’s scenario of increasing data, there is a growing need for 

scalability of databases [2]. Scalability can be achieved in two ways – vertical 

scalability and horizontal scalability. Vertical scalability means to scale up. This is 

achieved by increasing resources to a single machine. Horizontal scalability on other 

hand is called scaling out. This can be achieved by adding commodity servers to the 

existing node. Vertical scalability is expensive as compared to horizontal scalability. 

Traditional databases which were designed to work on single node can be scaled 

vertically. But vertical scalability is limited and expensive. With increasing data, 

vertical scalability is not an efficient option and in some cases not feasible choice. 

Recently evolved non-Relational Databases also called as NoSQL databases use 

horizontal scalability [3]. These data stores can be scaled by increasing commodity 

servers or by increasing cloud instances. There are many other advantages of NoSQL 

databases over Relational Databases such as NoSQL databases are schema-less, 

highly scalable, etc. These NoSQL databases have mainly four classes – Key-Value 

pair, Document, Graph and Column-oriented. Each class of NoSQL databases have its 

own specific properties to suit different types of data and thus different storage and 

retrieval requirements.  

1.1. Classes of NoSQL 

1.1.1. Key/Value-stores 

Key-value data stores use a simple data model with a single unique key-value index 

for all data. This unique key is used for all the operations to be performed on data 

such as delete the key, update the entry with the given key, insert new key. Key-value 

data stores also allow the application to store its data in a schema-less way [4]. The 

data type stored can be from any programming language or of object type. These data 

stores provide scalability over consistency. Key-value data stores have been in 

Chapter 1 Introduction 
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existence for a long time e.g. Riak [5], voldemort [6], Berkeley DB [7] but, this class 

of NoSQL data stores that are emerging recently are mainly influenced  by Amazon`s 

Dynamo.  

Figure 1.1 shows simple representation of key-value data stores. It shows how data is 

stored in the form of keys and values, where keys can be simple objects and values 

can be sets, lists [8]. A row key is used to uniquely identify each row. 

 

Figure 1.1: Representation of Key-Value Data Store 

 
 

1.1.2. Document Databases 

Document database contains semi-structured data. In comparison to Relational 

Databases, document data stores can have any number of fields in each tuple. This 

allows application programmer to have varying number of fields of varying length in 

each tuple without wasting space due to empty fields. These stores use unique key 

index to identify documents. Data is stored in denormalized form in which related 

data is stored in single document [9]. Like other NoSQL data stores document data 

stores also does not support ACID transactional properties. Examples: MongoDB[10], 

CouchDB, etc. 

Figure 1.2 represents document databases. 
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Figure 1.2: Representation of Document Data Store 

 
 

1.1.3. Column-Oriented Databases 

Column oriented data stores also called as wide table data stores have been deigned to 

handle large amounts of data. They are excellent in handling sparse data. These data 

stores contain column families. Key indexes are used to identify each column family. 

Column family consists of many columns. Each column family defines how data is to 

be stored on each disk. Data is stored in a way that columns are stored contiguously 

rather than rows [11]. This leads to better performance when very few columns are 

needed out of the large number of columns in the result set. All columns belonging to 

single column family are stored on same file. The main inspiration for column-

oriented data stores is Google’s BigTable [12]. HBase is one of the most prominent 

column oriented database. It is Hadoop based database [13]. It uses a data model very 

similar to Google’s BigTable. 

Figure 1.3 represents column-oriented databases. In comparison to Relational 

Database, column family in column database corresponds to table in Relational 

Database, row key to primary key. Columns name/key and value in column database 

to column name and value in Relational Database. 
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Figure 1.3: Representation of Column family Data Store 

 
 

1.1.4. Graph Databases 

Graph Databases have been invented for fast traversal of millions of nodes that are 

interconnected via number of relations [14]. Social network websites like facebook 

and twitter produce several terabytes of data within a month. They contain highly 

interconnected data. To traverse such data Graph Databases are used. Graph 

Databases provide flexible model to distribute data over many servers. This property 

provides high scalability for growing data. In graph model every node has its related 

node directly connected to it. This eliminates the need of any index lookup or table 

joins as in RDBMS. Graph model based data stores are backbone of social networking 

websites. Example, Neo4j [15], etc. 

1.2 Features of Graph Databases 

Mathematics have been an integral part of Computer Science. Many concepts such as 

cryptography, automation and other simple concepts of mathematical logic and 

Boolean algebra closely couple the two mathematics and computer science. Graph 

theory is another concept that has been used in Computer Science. Many data 
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structures such as organizational hierarchy, flow diagrams, social network are 

represented by graphs. 

Where graphs are so extensively used in software development, they are generally 

forgotten about when there is the need to store and query real-world data. Data is 

generally stored in Relational Databases which dominate the market since 1970s. The 

data is normalized to the extent that it no more looks like the actual data. For example, 

there is the need to store movie database containing movies, actors and genre. For 

this, different Relational tables have to be created to contain movies, actors and genre 

information. Than another join table has to be created to map actors to movies and 

movies to genre. In the end there will be 5 Relational tables to store simple data which 

actually represent a graph with nodes and relations between them.   

Graphs in Graph Databases contain information on both nodes and edges. Edges 

define the relation between two nodes and they have their own properties to provide 

information about the type of relation. Similarly, nodes too have their own properties. 

Graph models are used to represent data that is best represented in node-relationship 

format. Data which is highly connected and has undetermined number of 

relationships, which have their own unique information to reveal, is represented in 

graph models [16].  Data in multiple domains can be represented as graphs such as 

Semantic Web, images [17], social network, videos [18] and bioinformatics. 

Due to the basic nature of graphs the cost to travel between two nodes is calculated by 

number of hops between those nodes. This nature of graphs makes the traversal cost 

from one node to remain constant irrespective of the data type used to store the 

information [19]. This low moving cost is the main reason for high performance of 

graph data models. Cost of moving from hop to hop remains same even if number of 

nodes increases. 

Graph Database can store semi-structured data, which is closed to the real world data. 

It supports schema less data [20]. This makes it easy and simple to insert, delete or 

update relations between nodes because they are not part of schema rather they are 

actual data.  

Recently, Graph Databases have gained a lot of importance in social networks. Social 

networks contain large amount of data. Social networks like facebook, twitter produce 

several terabytes of data a month. This data is highly interconnected and would 
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require lots of joins to query data if, stored in Relational Databases. Whereas, in 

Graph Databases this highly connected data is represented by graphs with each related 

nodes adjacent to each other. Hence, querying such data is fast in graph models. 

 

 

 

Figure 1.4: Graph Model[15] 

 

1.3  Relational vs Graph Databases 

1.3.1 Scalability 

Scaling is an important feature which determines the usability of database. In today’s 

scenario where data is growing every day, there grows the need to scale our databases. 

Scaling is of two types - horizontal and vertical scalability. Vertical scalability is 

achieved by increasing the capacity of one machine. It is an expensive option to scale 
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the data. Horizontal scalability is the option that is used to scale the dataabses. It can 

be achieved through two technologies – Replication and Sharding.  

 Replication- Replication means that data is replicated on many nodes. This 

makes the data robust. If one node fails the lost data can be replaced with 

another node which has the same data. It also increases the performance of 

read operations because load balancer distribute the read operations over 

many nodes. But, for each write operation data has to be updated on all the 

replication nodes before it return to its new stable state. Thus, this technique 

slows down the write operation. This consistency issue is problem in 

Relational Databases. Whereas, in Graph Databases CAP theorem is 

followed. As discussed before CAP theorem allows eventual consistency to 

achieve high availability. 

 Sharding – Sharding means data is splitted over many shards. The data is 

distributed over many nodes using some hash function applied on the primary 

keys. It means that data related to one entity may not be present on one 

machine rather distributed over many nodes. Sharding is very flexible 

technique in which nodes can be added when data grows and can be removed 

when data decreases without affecting the application. 

In Relational Databases, sharding becomes a problem when joins are required 

between two relations. In join operation there are two sides – left and right. 

All the data matching the left has to be retrieved from the right. This requires 

communicating with many nodes. Because of this non-Relational Databases 

such as Graph Databases does not support joins. 

1.3.2. Transactional Properties 

Till date the primary benchmark against which databases are measured is ACID 

transactional properties of the system. But the NoSQL databases that are being 

discussing here do not provide ACID properties and without ACID properties the 

reliability and quality of database systems is suspect. ACID stands for Atomicity, 

Consistency, Isolation and Durability. 

In RDBMS, atomicity, consistency and isolation are implemented. Consistency in 

RDBMS is achieved by a central locking system. In this data is locked until it reaches 
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its stable state. But in distributed environment this central locking system becomes an 

overhead for performing transactions. Thus these new NoSQL databases including 

Graph Databases go for eventual consistency which is weaker type of consistency. 

They drop strong consistency to achieve high availability. This leads to systems know 

as BASE (Basically Available, Soft-state, Eventually consistent).  

In 2000, Eric Brewer presented his keynote speech at the ACM Symposium on the 

Principles of Distributed Computing and CAP Theorem was born [21]. CAP theorem 

suggests that you cannot adopt all the constraints consistency, availability and 

partition tolerance at one time. You can adopt only two out of the three constraints 

given by CAP theorem. 

The CAP acronym stands for: 

 Consistency means that in distributed environment all the servers will have 

same data. Data will be accessible to all readers and writers of the system in a 

shared mode regardless of any update operations performed by writers. Same 

data can be from any node by anyone.  

 Availability means that system should be designed in such a manner that it 

should always return data even if a node in the system goes down. It should 

return data even if it is not the latest or consistent data across the system. 

Systems with high availability have the ability to continue read/write 

operations even if nodes in a cluster crash.  

 Partition Tolerance means the system have the ability to operate as whole 

even if individual servers are up but can’t be reached. Partition tolerance of the 

system guarantees the operation of the system even if network failures prevent 

the servers from communicating with each other. This is important in scenario 

where data is partitioned and distributed over many servers. It is also useful 

where nodes are added or deleted dynamically for maintenance or other 

purposes. 

 

 

http://www.cs.berkeley.edu/~brewer/cs262b-2004/PODC-keynote.pdf
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Figure 1.5: CAP Theorem[21] 

 

Now, Brewer alleges that at most two of the three characteristics can be implemented 

at one time in a “shared-data system” 

Dealing with CAP 

Drop Partition Tolerance 

In this case, one can perform read/write operations on data as long as all nodes are 

online and can be sure that data is consistent. Problem occurs when you create 

partition among nodes. Due to partition data goes out of sync. One way to avoid 

partitioning in this scenario is to put all data on one machine or in one atomically 

failing unit. Scaling of the application is the obvious limitation of this scenario. 

Drop Availability 

In this case, availability is dropped to achieve consistency on partition tolerant 

systems. In such systems, when any update operation is performed by writer than data 

is made consistent throughout by making it unavailable for some time. System is 

made unavailable for the time updated data is being broadcasted to all the nodes. 

Controlling consistency this way is difficult over many nodes, because re-available 

nodes need logic to handle their comeback gracefully.  
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Drop Consistency 

In this scenario, consistency cannot be guaranteed either during or after partition. Due 

to availability and partition tolerance of the system, nodes remain online even if they 

cannot communicate with each other. But data will be resynchronized only after 

partition is resolved. These systems achieve consistency eventually.  

Inconsistencies generally do need much effort to be solved. Systems generally do not 

need continuous consistency. For example, if two customers are buying a same item 

from online website than second customer’s order will become back-order. As long as 

customer is informed of this denial of purchase, there is no side-effect of 

inconsistency in the application. 

1.3.3. Data Model 

The Relational model 

The Relational model is designed on the principle concept of normalization. 

Normalization allows Relational model to store any data without redundancy and loss 

of information. Once the data model is ready, data can be inserted and manipulated 

using very strong structured query language SQL. 

But the problem hits when deep SQL queries are implemented that requires spanning 

of many table joins. Highly interconnected data such as networks, social data which 

can be stored using large number of joined tables, is having problems because of 

expensive join operations. The join operations have very low performance and are not 

scalable with growing number of tuples. Other limitations of Relational models 

include inefficiency in storing semi-structured data and sparse data. Such data is 

stored in large tables where many of its columns are empty. 

Graph Model 

There are many different types of graph models. In Graph Databases property graph 

model is implemented. Figure 1.6 shows basic structure of property graph. 

This graph contains nodes, edges and properties. It is directed, labelled and attributed 

multigraph. Directed graph has its edges with fixed direction. Labelled graph means 
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that its edges have labels. Attributed graph means that it has variable list of attributes 

for all nodes and edges. Multigraph allows more than one edge between two nodes. 

 

 

Figure 1.6: Property Graph[22] 

 

1.3.4. Database Schema 

Relational Database supports very rigid schema. An application which uses Relational 

Database has to make decision about its schema first before inserting the data. That 

schema is consistent throughout the application. All the tuples in a relation follow the 

same schema i:e all the tuples have same columns. This leads to sparse data when 

most of the columns remain empty. 

Graph Databases follow flexible schema [23]. Each node and edge in a Graph 

Database can define their own properties. There is no particular schema to be 

followed by the nodes and edges of the Graph Database. So if a node or an edge in a 

Graph Database have null values for some properties they do not need to allocate 

space for those properties.  
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1.3.5. Query Languages 

Relational Databases use structured query language (SQL) for insertions, deletions, 

updates and querying the data. SQL is declarative language. It is based upon 

Relational calculus and Relational algebra. It is in existence for a long time and is 

consistent throughout its implementation. 

Graph query languages are based on the fundamental concept of graph traversal [24]. 

The strength of graph query languages is measured on their ability to efficiently 

traverse the graphs. Traversal means walking through the graphs from node to node 

via connecting edges. Information from graphs is retrieved by traversing them.  

Most commonly used graph query languages are Cypher and Gremlin. Cypher is also 

declarative language inspired from SQL. Gremlin is domain specific language for 

graphs. It implements traversals through piping. 

1.4. Applications of Graph Databases 

1.4.1. Retail Market 

On 18th, March, 2014 Neo technology – the creator of Neo4j, announced that big 

retailers like eBay and Walmart are using Neo4j for their critical business projects 

[25]. Ebay is using Neo4j to improve the performance of their same day delivery 

service. Walmart is using Neo4j to understand the behaviour of online shoppers and 

able to optimize the sale of major product lines in core market. 

With the explosive growth and addition of many new features, the company needed to 

rebuild its service platform. Its old MYSQL solutions were too time consuming and 

its complex queries were too large to maintain. The ebay development team knew that 

Graph Databases could solve their problem of performance and scalability. 

“We found Neo4j to be literally thousands of times faster than our prior MySQL 

solution, with queries that require 10-100 times less code. Today, Neo4j provides 

eBay with functionality that was previously impossible,” said Volker Pacher, Senior 

Developer at eBay [25]. 

Walmart uses Neo4j to understand the behaviour of buyers. Today the large number 

of reviews provided by buyers and their tendency to consult social media before 
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buying a product makes a huge impact on product sales. Neo4j helps to understand 

online shoppers and the connection between buyers and products, which provides 

them with a real time tool for product recommendations. 

1.4.2. Data Analytics 

With that increase in data produced by machines and people, there is growing need of 

new analytical capabilities. Graph Databases are gaining popularity because of the 

amount of data they aggregate and analyse. Graph Databases contain nodes and edges. 

Nodes represent things like people, products. All nodes have some properties which 

describe these nodes. Edges act as relationship between nodes. Edges connect various 

nodes defining the type of relationship between two connecting nodes. Data is 

analysed by capturing relationship pattern between nodes.  

Due to the invention of new wearable technologies like Google Glass which uses 

many sensors to record data, the demand for Graph Databases is increasing. Hence, it 

will be important to collect data from various sensors that are in house or cars and 

relate them to make sense out of it. There is also the need to analyse increasing 

amount of data such as received from resources like medical records, contracts, etc. It 

is the intersection with APIs and the patterns that come from Graph Databases and 

text search capabilities that Apigee sees as a long-term opportunity with InsightsOne. 

1.4.3. Social Graphs 

Many of the largest social networking websites are using Graph Databases to maintain 

their highly interconnected data. 

Social graphs are becoming more and more important for solving many problems 

which require accuracy in recommendations such as adding friends, online dating or 

online shopping, etc. 

SNAP: Many dating sites are using Graph Databases to recommend people in their 

extended social graph. To avoid going out with total strangers they recommend friend 

of friend or friend of friend of friend. Other than social graph they also use passion 

graph which relates interests of two persons and location graph. Figure 1.7 shows a 

basic friend-of-friend graph. 
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Figure 1.7: Basic friend-of friend Graph [22] 

Glassdoor: It uses the graph of billions of users and their friends. It maintains all the 

data about companies, jobs and job seekers. Snap and Glassdoor both reported the 

high improvement in their recommendations by using Graph Database to analyse the 

network of highly connected data. By finding and making better use of networks, 

many different types companies are breaking new ground with respect to intelligent 

real-time analytics. 

The beauty of Graph Databases is that they not only store information on nodes but 

also have information about the relationships among the data. This capability of 

Graph Databases helps them to answer many sophisticated questions in minimal time. 

1.5. Neo4j 

Neo4j is an open source NoSQL Graph Database. It is a Java-based Graph Database. 

Neo4j version 1.0 was released in February, 2010. Latest version of Neo4j which has 

been released in December, 2013 is Neo4j-2.0. This version produced one of the most 

significant modification in Graph Databases, the user interface which has been 

completely rewritten. This new UI is clean and contain many helpful reference topics. 
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Cypher query editor has many features such as visualizations, tabular representation 

[26], export features and drag-and-drop support. 

Any software application can have reliable graph storage added to it. Graph Databases 

are highly scalable. They can be scaled from single server to multi server high 

availability installations. Scaling has very little impact on performance of graphs. 

Whether creating new application or for maintenance purpose of old applications, 

Neo4J can be easily scaled up. It is only limited by available physical resources. A 

single server instance of Graph Database can store millions of nodes and 

relationships. Graph Databases outstand in comparison to other databases when 

storing and querying highly connected and inter-related data. All the related nodes are 

adjacent to each other and graph querying is performed by traversing the nodes along 

the connected edges which represent relations among nodes. Hence, millions and 

billions of nodes can be traversed in few seconds. These traversals are performed 

through table joins in RDBMS, which results in degradation of their performance due 

to overhead of joins of large data. Moreover, RDBMS has to have structured data 

which is far from the way data exists in real-world. 

1.6. Cypher Query Language 

Cypher query language is declarative query language. It is a graph query language 

that allows efficient and expressive retrieval and update query syntax without the need 

of writing the traversal paths for graph model in code. The results obtained are 

expressive and can be customized according to the need. It is still evolving which 

means there can be some major changes in its syntax in future. It also suggests that it 

has not undergone the rigorous performance testing to the extent other Neo4j 

components has gone. 

Cypher query language is designed in a manner to be suitable for both programmers 

and operations professionals. The motivation behind Cypher query language design is 

to make the graph querying simple and to make complex tasks possible [27]. 

The design of Cypher query language is influenced by a number of different 

parameters. It’s design is based upon already existing expressive query languages. 

Many keywords such as ORDER BY and WHERE are taken from  SQL. The 

approach behind pattern matching is borrowed from  SPARQL. Since cypher is a 

http://en.wikipedia.org/wiki/SQL
http://en.wikipedia.org/wiki/SPARQL
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declarative query language, its main focus is on the clarity of the syntax of the 

expressions. Its syntax focusses more on what information to retrieve from graph, 

rather than on how to do it. This is in contrast to scripting languages, imperative 

languages like Java and the JRuby Neo4j bindings. The concern of optimizing Cypher 

queries is in its implementation detail, which is not exposed to the user. 

Cypher query language’s also affected the graph model of Neo4j 2.0. Cypher is more 

declarative and concise in 2.0. The new feature of Neo4j 2.0 is its extended support 

for labels and indexes. Now nodes of the graph can be labelled and its properties can 

be used as indexes. This feature improves the performance of cypher queries when 

graph size and nodes increases. It makes queries faster and easy [26]. 

Table 1.1 shows the clauses used in Cypher query language. 

 

Table 1.1: Various clauses used in Cypher Query Language 

 

 

http://neo4j.rubyforge.org/
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Chapter 2                                                       Literature Review 
 

 

2.1. NoSQL Data Models 

With the growth in internet and cloud computing there is a need for databases which 

can support scalability and store large amount of data efficiently. New emerging 

applications have several new requirements such as high scalability, high availability, 

efficient storage and access of big data. To fulfil these several needs a new type of 

databases were developed which was named as NoSQL. These databases are different 

from traditional Relational Databases and are thus called NoSQL i:e “Not only SQL”. 

Various data models are available in NoSQL databases. Unlike traditional Relational 

Databases which were designed to support ACID transactions, these new data models 

follow CAP theorem. Mainstream data models are – Document, Key/Value, Graph 

and Column-oriented. Figure 2.1 shows which data models support which properties 

of CAP Theorem. 

 

 

 

Figure 2.1: CAP Properties in various databases 
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Figure 2.2, shows the classification of four mainstream NoSQL databases based on 

the data complexity and data size. Data size is represented along vertical axis and data 

complexity is represented along horizontal axis.  

 

Figure 2.2: NoSQL Data Models[28] 

Graph Database models have their schema modelled as graphs and their data 

manipulation queries are represented by graph-oriented operations. Their influence 

faded with the invention of other database models such as geographical, XML and 

spatial. Recently due to the increasing need of representing the data via graph models, 

has increased the importance and need to study graph data models. Renzo Angles [29] 

presented a work on comparison between various graph data models based on their 

features such as data storing, data structure, constraints and query languages.  

Figure 2.3 shows the evolution of database models. 
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Figure 2.3: Evolution of database models. Rectangles denote database models, 

arrows indicate influences, and circles denote theoretical developments. A time 

line in years is show in the left [30]. 

 

2.2 Neo4j 

Neo Technology was formed in 2007. One of the major offering of Neo Technology 

is Neo4J. Neo4J is an open source NoSQL Graph Database. It is a Java-based Graph 

Database. Graph Databases can search and explore highly connected and inter-related 

social network. Neo4j (Graph Database) can solve problems of querying highly 

connected by replacing joins of large tables in RDBMS by simple graph traversals. 

Neo4j is an open source project. It has two editions - community edition and an 

Enterprise edition. Community edition runs fully featured graph. But this graph could 
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be run on one node only. Whereas, Enterprise edition provides clustering across 

many, many machines. 

Neo4j version 1.0 was released in February, 2010. In 2012 attempts were made to 

make an already solid and reliable product even more reliable, with a 1.6 release in 

January, 1.7 in April, and 1.8 in October. The result of improvements in these releases 

is a much stronger and reliable database. The 1.9 release of Neo4j released on (2013-

05-13), builds upon the previous 1.8 releases and introduced extensive modifications 

and improvements in stability and performance. In addition to performance 

improvements, Neo4j 1.9 Edition also introduced auto-clustering support. This 

dramatically simplified deployment and configuration for high demand production 

use. 

Latest release of neo4j has been released in December, 2013. Neo4J 2.0 which has 

been in the development process since early 2013 has been finally released after a lot 

of engineering effort. This version produced one of the most significant modification 

in Graph Databases. The user interface has been completely rewritten. This new UI is 

clean and contain many helpful reference topics. Cypher query editor has many 

features such as visualizations, tabular representation[26], export features and drag-

and-drop support. 

2.3. Cypher Query Language  

Cypher query language’s way towards more complete cypher has also affected the 

graph model of Neo4J 2.0. Cypher is more declarative and concise in 2.0. The new 

feature of Neo4J 2.0 is its extended support for labels and indexes. Now nodes of the 

graph can be labelled and its properties can be used as indexes. This feature improves 

the performance of cypher queries when graph size and nodes increases. It makes 

queries faster and easy [27]. 

These labels are just like names given to nodes to identify them. It creates a subset of 

graph in the whole database. Indexes are used to further identify a node using the 

property of the node which has been used to create the index. There can be many 

indexes and labels for one node. 
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Two new Cypher clauses have also been introduced. “Optional Match” is used if you 

don’t have to match everything in the pattern. Optional part in this clause may be 

missing and can return null if not found. “Merge” is another new clause added to 

Cypher. With merge clause if a node pattern matches with already existing node than 

that node is returned otherwise a new node is created. 

2.4. Data Migration Approaches 

With the advent of cloud based services many companies especially small companies 

rely on cloud services where you pay as-per-need basis. Most of the cloud platforms 

support data scalability and thus do not support Relational Databases. They support 

NoSQL database which support scalability of data and semi-structured data. Thus 

there grows the need for data migration from Relational to cloud databases. Data 

migration has the topic of research for a long time now. But these days where choices 

of data storage are increasing at a very fast pace, there grows the need for data 

migration between these available databases. 

There has been many algorithms proposed for data migration and schema-mapping 

between Relational to non-Relational and between non-Relational to non-Relational. 

While migrating from Relational to non-Relational the biggest challenge is to transfer 

schema information to schema-less databases. For schema transformations where 

Relational Database is the source database, three types of relations are considered - 

one-to-one, many-to-one or one-to-many and many-to-many. Relational Databases 

have these relations managed by foreign keys. [31]. Column-families in case of 

Column-oriented databases and nodes in case of Graph Databases are considered 

joinable according to their foreign key relation in Relational Databases. For Graph 

Databases which are mainly used for traversal, schema paths are generated from 

foreign key relations in Relational Database. Many approaches have been suggested 

for database translation but there is no focus on data migration and query mapping 

between Relational and Graph Databases [32].  

Majority of the data available on semantic web [33] is stored in RDF format. AS 

shown in [34] most of the current web data is stored in RDB. Thus to make data 

available on semantic web, there is the need to bridge gap between RDB and RDF. 

Recent research has shown that semantic web technologies are better that web, 
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particularly in the case where data has to be integrated and exchanged among 

different sources [35,36,37]. So, many organizations needed to convert their data from 

Relational to RDF to make it available on semantic web. This increased the need to 

convert Relational data into graph modelled data. 

For this reason, several solutions have been proposed to support the translation of 

Relational data into RDF. Some of them focus on mapping the source schema into an 

ontology [38] and rely on a naive transformation technique in which every Relational 

attribute becomes an RDF predicate and every Relational values becomes an RDF 

literal. RDBToOnto [39] tool is used to derive ontologies accurately by using 

knowledge of database schema and data. This tool also identifies the taxonomies 

hidden in the data and use the knowledge discovered to derive ontologies. 

There are some other approaches like R2O [40] and D2RQ [41] to convert Relational 

data to RDF. R2O is XML-based declarative language, that allows description of 

complex mapping expressions between  Relational and ontology elements. 

As discussed in [42], there are many approaches for RDB to RDF conversion. But 

none of this approach fulfils all the requirements for RDB2RDF mappings. All these 

approaches focus on mapping of Relational data to Semantic Web. But the problem 

targeted in this thesis is more general where Relational data is needed to be converted 

to Graph Databases. 
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Chapter 3                                                       Research Problem 

 

3.1 Problem Statement 

With the growth in internet data is growing exponentially. This growing data needs to 

be stored in databases which can support scalability and store large amount of data 

efficiently. These days, many non-Relational Databases are available in the market. 

The popularity of these databases is increasing due to their highly scalable nature, 

ability to store semi-structured or schema-less data, etc. These databases also come in 

many flavours. Software developers and DBA have to choose among these many 

available databases to suit their data requirements. Many organizations are also 

shifting their data models from traditional Relational Databases to new NoSQL 

databases. This leads to requirement of data migration algorithms for shifting from 

one schema to another.  

With the advent of cloud based services many companies especially small companies 

rely on cloud services where you pay as-per-need basis. Most of the cloud platforms 

support non-Relational Databases for scalability issues [43]. Thus, there grows the 

need for data migration from Relational to cloud databases. 

Data migration and integration have always been one of the most researched area. But 

with increasing variety of data storing formats, data migration has gained more 

interest. There can be many reasons for migrating data from one database to another. 

Recently available NoSQL databases have their own pros and cons. There can be 

reasons such as dissatisfaction with current database schema, change in requirements 

or increasing data for shifting from one database to another.  

3.2. Research Gaps 

Many algorithms has been proposed for data migration and schema-mapping between 

Relational to non-Relational and between non-Relational to non-Relational. While 

migrating from Relational to non-Relational the biggest challenge is to transfer 

schema information to schema-less databases. For schema transformations where 

Relational Database is the source database, three types of relations are considered - 
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one-to-one, many-to-one or one-to-many and many-to-many. Relational Databases 

have these relations managed by foreign keys. For Graph Databases which are mainly 

used for traversal, schema paths are generated from foreign key relations in Relational 

Database. Column-families in case of Column-oriented databases and nodes in case of 

Graph Databases are considered joinable according to their foreign key relation in 

Relational Databases. Many approaches have been suggested for database translation 

but there is no focus on data migration and query mapping between Relational and 

Graph Databases.  

3.3. Objectives 

In the light of above discussed research gaps following objectives have been 

formulated. 

1. To design an algorithm to transform Relational Database to graph datbase and 

migrate the data from Relational to Graph Database without any information 

loss.  

2. To design a methodology to convert SQL queries in Relational Database to 

cypher queries in grapg database. 

3. To perform the comparative analysis of  SQL and Cypher query language 

based on their execution time. 

3.4.  Research Methodology 

Data migration from Relational Database to Graph Database is the focus here. Foreign 

key relations in Relational Database are used to transform data from Relational 

Database to Graph Database. Latest version of Neo4j is used as the Graph Database. 

A methodology for converting queries from SQL to cypher query language has also 

been proposed. Comparative analysis of SQL and CQL is performed on the basis of 

the execution time in milliseconds  
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4.1 Preliminaries 

 

(i) A Relational schema is denoted as Ri(Ai) [44] where,      

Ri  i-th relation and  

Ai  set of attributes of i-th relation  

(ii) The set of such Relational schema R1(A1)…..Rn(An) is called Relational 

Database schema.  

(iii) The Relational Database R is set of tuples over all the Relational schema 

R1(A1)…..Rn(An). 

(iv) A Graph Database is set of nodes connected via relationships. Graph 

Database G can be denoted as G(n,r) where, 

n  set of nodes and 

r  set of relationships 

 

Here n and r each have their own properties and represent some information. All the 

relationships r are labelled which define the type of relationship. 

Following is the Relational Database R which will be used as the example database. 

Figure 4.1 shows the example Relational Database R. Attributes that belong to 

primary keys of that relation are underlined in the figure 4.1. A foreign key relation 

will be represented as Ri.A                Rj.B,  where there is a foreign key relation 

between the attribute A of relation Ri and attribute B of relation Rj. Relational 

Database R consists of set of tuples over 4 relations. These relations are explained in 

Table 4.1. 

 
 
 
 

 

Chapter 4 Transforming Relational Database 

to Graph Database 

fk 
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Table 4.1: Schema details of example Relational Database R 
 

 
 

 
 

Figure 4.1: An example Relational Database R 

 

Relation Name Attributes Primary Key Foreign Key Relation 

User UserId, Name UserId None 

Pages PageId, Title, 

Creator 

PageId Pages(Creator)                   User(UserId) 

Comments Cid, Text, Page, 

User 

Cid Comments(Page)               Pages(PageId), 

Comments(User)                 User(UserId) 

Follower UserId, PageId UserId, 

PageId 

Follower(UserId)                   User(UserId),  

Follower(PageId)                 Pages(PageId) 

fk 

fk 

fk 

fk 

fk 
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4.2 Types of Relationships in Relational Database  

The foreign key relations in Relational Database results in three types of relations – 

one-to-one, one-to-many or many-to-one and many-to-many [31]. For converting data 

from Relational to graph, it’s important to study these relationships. These 

relationships show how the tuples of different relations are joinable. In graph G two 

nodes representing the tuples of two relations are connected only if those tuples are 

joinable. Two tuples t1 and t2 are said to be joinable if, 

t1 ε Ri and t2 ε Rj , 

Ri(A)            Rj(B) and 

t1.A=t2.B 

 

In one-to-one relationship, each tuple belonging to one relation Ri has only one one 

joinable tuple in Rj and vice-versa. Whereas, in one-to-many or many-to-one 

relations each tuple in Ri has zero or many joinable tuples in Rj or vice-versa. While 

transforming from Relational to Graph Database, the representation for 1:1 and 1:N or 

N:1 relationships is similar in graph G.  

 

 

        Figure 4.2: Transformation of 1:N Relationship from Relational to Graph 

Database 

fk 
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Figure 4.2 shows 1:N relation where each tuple on User relation can have zero or 

more joinable tuples in Comments relation. It also shows how these tuples are 

represented in graph G. It also shows the join condition of the two relations involved.  

In many-to-many relationships, one tuple in Ri can have one or many matching 

tuples in Rj and one tuple in Rj can have many matching tuples in Ri. As shown in 

Figure 4.1, one User can follow many pages and one Page can be followed many 

Users. Such relationships are implemented by one intermediate relation which defines 

how two relations in M:N relationships are connected. These intermediate relations 

are called n2n relation. 

N2N Relation: A relation is n2n if all the key attributes of Ri (A1,A2,…,An) have a 

foreign key relation. While converting such relations to graph G, an edge is added to 

graph G corresponding to each tuple of n2n relation and connecting the nodes 

represented by the relations that are connected via n2n relation.  

Figure 4.3 shows, how Follower relation acts as n2n relation between User relation 

and Page relation.  

Figure 4.3: Transformation of N:M Relationship from Relational to Graph 

Database 
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4.3 Converting data from Relational to Graph Database 

In this section, the algorithm that designs a Graph Database from the Relational 

Database has been proposed and discussed. Example Relational Database R shown in 

Figure 4.1 is used as input to the algorithm. The output Graph Database G is shown in 

Figure 4.5. 

 

Algorithm 1 : Transform Relational Database R to Graph Database G 

 

Input: Relational Database R 

Output: Graph Database G 

1. traversed[]  Ǿ 

2. allTables[]  List of all tables in R 

3. fkTables[]  List of tables that are not n2n tables 

4. n2nTable[]  List of n2n tables in R  

5. for each fkTable ∈ fkTables[] 

a. If fkTable.getExportedKeys() ≠ Ǿ 

i. Call traversefkTables(); 

6. traversed[]  table 

7. for each table ∈ fkTables[] and table ∉ traversed[] 

a. Call traverseRemaining(); 

8. traversed[]  table 

9. for each table ∈ n2nTables[] 

a. Call traverseN2NTables(); 

10. traversed[]  table 

11. Call createIndexes(); 

 

In the above algorithm initially, schema information of Relational Database R will be 

collected in variables described as follows,  

 allTables[]  List of all tables. It conatins {User,Page,Commnets,Folower} 
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 fkTables[]  List of tables that are not n2n . It conatins 

{User,Page,Comments} 

 n2nTables[]  List of n2n tables. It conatins {Follower} 

 Traversed[]  Table name is added to this list after that table is traversed. 

Initially this list is empty. 

Various modules called from Algorithm are briefly explained as follows: 

 traversefkTables()  This module is called for each table in fkTables[] list that 

has atleast one exported key. 

 traverseRemaining() This module is called for all the tables in fkTables[] list 

that have not been traversed. 

 traverseN2NTables() This module is called for each n2n table. 

 createIndexes()  This module create indexes. 

Figure 4.4 shows the flowchart for conversion of Relational Database R to Graph 

Database G. It shows the flow of Algorithm defined above. 

Relational Database R is given as input. 

There are three for loops. Each loop calls a specific module until the condition holds. 

All three modules are called in a specific order. 

In the end createIndexes() module is called to create indexes on all the nodes formed 

so far. 

After processing through all the modules the output generated is the Graph Database 

G. 
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Figure 4.4: Flowchart 
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Different modules are called from the main module. Functionality and algorithm of all 

these modules is explained below. 

 

 

Algorithm 2 : traversefkTables() 
 

1. exportTables[]  fkTable.getExportedKey(); 

2. For each tuple {t} ∈ fkTable 

a. If table ∉ traversed[] 

i. firstNode  createNode(); 

ii. addProperties()  t.getColumnValues(); 

iii. addLabel()  fkTable.getName(); 

b. else  

i. firstNode  findNode(), where  

firstNode.label = table.getName() and property = t.PrimaryKey 

c. For each exportable ∈ exportTables[] - n2nTables[] 

i. For each tuple {t1} ∈ exportTable, where 

t1.foreignKey.Value=t.primaryKey.Value 

1. If exportedTable ∉ traversed, than 

a. secondNode  createNode(); 

b. addProperties()  t1.getColumnValues(); 

c. addLabel()  exportTable.getName(); 

2. else 

a. secondNode  findNode(), where  

secondNode.label= exportTable.getName()  

and property = t1.PrimaryKey 

3. addEdge()  firestNode,secondNode 

ii. end for 

d. traversed[]  exportTable 

3. end for 

 

f: traversefkTables() is called for each table in fkTables[] list that has atleast one 

exported key. Suppose traversefkTables() is called for User table. exportTables[] list 

will contain the list of tables that are using the fkTable’s primary key as foreign key. 
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Eg., page.creator  User.user_id  in R. So for User table exportTables[] contains 

{Page,Comments,Follower}-{Follower}. For each fkTable if that table is not traversed 

than its tuples are read. For each tuple {t} of fkTable a node firstNode is created in 

graph G, where firstNode has properties same as columns of tuple t. A label is also 

added to the node as the name of the fkTable. Such as for tuple {u101,John} a node is 

created with User_id as u101 and name as John and label as User. If the fkTable is 

already traversed than the node firstNode is found from Graph Database G with its 

property values same as the tuple t’s column’s values. Now, for each exportTable in 

exportTables[] list, all the joinable tuples are read which have their foreign key 

attribute value same as the primary key attribute of tuple t of fkTable. Such as for 

table User the primary key value of the current tuple is User_id = u101 and in table 

Page the joinable tuples for User_id = u101 are {P201,NoSQL,u101} and 

{P203,Network Security,u101}. If this exportTable is not yet traversed than nodes are 

created in G, otherwise nodes are found in G, with values corresponding to all the 

joinable tuple’s columns. Than for each such node corresponding to the joinable 

tuples found in exportTable, an edge is created in G between these nodes and 

firstNode created earlier. At the end of this f: traversefkTables() tables {User, 

Comments, Page} will be marked as traversed. 

 
 

                  Algorithm 3 : traverseRemaining() 

 

1. for each tuple {t} ∈ table 

a. Node  createNode(); 

b. Node.addProperties()  t.getColumnValues(); 

c. Node.addLabel()  table.getName(); 

2. end for 

f: traverseRemaining() is called for all the tables in fkTables[] list that have not 

been traversed. For each such table a node is created in G corresponding to all the 

tuples of such table. Node’s properties are same as tuple’s columns and label is same 

as the table name in which the tuple is contained. In the end all such tables are marked 

traversed. 
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               Algorithm 4  : traverseN2NTables() 

 

1. importedTables[]  table.getImportedKeyInfo() 

2. for each tuple {t1} ∈ table 

a. for each importedTbale  ∈ importedTables[] 

i. tuples  findJoinableTuples(), where  

importedTbale.primaryKey.value = t1.foreignKey.value  

ii. nodes[]  findNode() ∈ G, where  

node.label = importable and node.property = tuples.columns 

b. end for 

c. For all pairs of nodes ∈ nodes[] 

i. addEdge(); 

d. end for 

3. end for 

 

f: traverseN2NTables() is called for each n2n table. In our example database Follower 

is a n2n table. For each table its imported key information is collected. Imported key 

information contains the table name of those tables whose primary keys are being 

used in the foreign key relation for each key attribute of n2n table. In our case, User 

and Page table are the tables whose primary keys User_id and Page_id respectively 

are used in Follower table in foreign key relation. 

Follower.User_id  User.user_id and Follower.page_id  Page_page_id. Now for 

each tuple of n2n table (Follower) its joinable tuples are found in all the imported 

tables. For table Follower, tuple {u101, P201} its joinable tuples in User and Page 

table are {u101,John} and {P201,NoSQL,u101} respectively. Now for each joinable 

tuple find its corresponding node in G and create an edge between the nodes. 
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                                         Algorithm 5 : createIndexes() 

 

1. for each table ∈ fkTables[] 

a. Create index such that label = table.name and index = table.primaryKey  

2. end for 

 

In the end, indexes are created for all node labels. The module defined above create 

indexes on the primary key attributes. 

Properties that are most commonly used in the search criteria for querying the data are 

the ideal choice for making indexes. Indexes help in fast traversals, thus they are 

created on the properties that are used mostly in the search criteria. DBA involvement 

is required for the efficient choice of indexes. 

Figure 4.5 shows the Graph Database G which is obtained from the Relational 

Database R shown in Figure 4.1 after the execution above proposed algorithm to 

convert Relational to Graph Database. 
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Figure 4.5: Graph Database G 
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Chapter 5                                      Implementation and Results 

 

5.1 .  Implementation Environment 

In this section, the algorithm proposed in previous section is used to transform IMDb 

movie database to Graph Database. SQL queries will be transformed into Cypher 

query language to traverse the graph data. A methodology is proposed to do query 

translation. Both SQL and Cypher queries will be run on their respective datasets and 

their execution time will be compared.  

This algorithm is developed in Java 1.7 using Eclipse. The specifications of the 

machine which is used for implementation purpose are -  Intel(R) Core(TM) i7-

4700MQ CPU @ 2.40GHz with 12 GB RAM and 64-bit OS. 

 

5.2 .  Database Design 

IMDb movie database is open source database. IMDb's data is available on internet in 

the form of plain text files. After downloading these files they are used to create a 

Relational Database using IMDbPY 4.1 [45]. Using a third-party tool eliminates any 

bias in the creation of the schema, which can lead to significant impact on the 

effectiveness and performance of the database. The initial database contained 20 

relations with more than 44 million tuples. For the implementation purpose, only a 

subset of this whole database is used. The subset used has data over 6 relations. 

Table 5.1 shows the schema of IMDb subset database that has been used for 

experiment. It shows the number of tuples over 6 relations. 

Figure 5.1 sows the ER diagram of the IMDb subset database used for experiment. 
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Table 5.1: IMDb Database subset used for implementation (Primary Key, 

Foreign Key) 

 

 

Figure 5.1 : ER Diagram of IMDb subset Database 

Relation Attributes Primary keys Number of tuples 

Movie Id, Title, year Id 80,853 

Person Id, name Id 126,517 

Character Id, name Id 93,476 

Role Id, type Id 11 

Cast movieId, personId, 
characterId, roleId 

movieId, 
personId, 

characterId, 
roleId 

396,347 

MovieInfo Id, movieId, info Id 89,339 
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5.3. Experimental Results  

After running the Algorithm 1 proposed in Chapter 4 on the IMDb database explained 

in Table 5.1, a Graph Database is created. The resulting Graph Database consists of 

80,853 nodes with label “Movie”, 126,517 nodes with label “Person”, 93,476 nodes 

with label “Character”, 11 nodes with label “Role” and 89,339 nodes with label 

“MovieInfo”. Tuples belonging to the cast relation convert to form 396,347 edges 

between “Movie” and “Person” , 396,347 edges between “Movie” and “Character”, 

396,347 edges between “Movie” and “Role”, 396,347 edges between “Person” and 

“Character”, 396,347 edges between “Person” and “Role” and 396,347 edges between 

“Character” and “Role” with relationship name as “Cast”. These “Cast” edges connect 

Movie, Person, Character, Role nodes. There are also 89,339 edges between Movie 

and MovieInfo nodes with relationship name as “MovieInfo”.  

Following are the five snapshots shown in Figure 5.2, 5.3, 5.4, 5.5 and 5.6 shows the 

number of nodes, Figure 5.7 and 5.8 shows the number of edges formed for each label 

after executing the Algorithm 1 of transforming Relational Database to Graph 

Database. The algorithm is run on the Relational Database explained in Table 5.1 and 

Figure 5.1.  

 

 

Figure 5.2: Number of nodes of label “Movie” 
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Figure 5.3: Number of nodes of label “Person” 

 

Figure 5.4: Number of nodes of label “Character” 

 

Figure 5.5: Number of nodes of label “MovieInfo” 
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Figure 5.6: Number of nodes of label “Role” 

 

 

Figure 5.7: Number of edges with name “Cast” 

 

 

Figure 5.8: Number of edges with name “MovieInfo” 
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5.4. Query Translation Methodology 

Query languages have always been the key towards success of a database. Graph 

query languages mainly focus on traversal paths [46]. In this section, a methodology 

is proposed to translate queries from SQL to Cypher query language. Cypher query 

language (CQL) is one of the most used graph query language. The methodology to 

translate queries from SQL to Cypher is explained below with the help of an example 

SQL query. This SQL query will be translated step by step to fully convert it to 

Cypher query language. Five steps are explained below where each SQL clause is 

mapped to clauses supported by cypher query language (CQL). 

Example SQL Query:  

SELECT * FROM Movie M, Person P, Cast C WHERE M.Id=C.movieId and 

P.id=C.personId and M.Id=”xxxxxx”; 

 
1) FROM clause  MATCH clause:  

In SQL, FROM clause specifies the tables from which the data has to be extracted. 

These tables are involved in the joins in the where clause. In Cypher query, MATCH 

clause is used define the pattern that needs to be traversed. So, the table names used in 

FROM clause are used as the label names of nodes in the MATCH clause. So w.r.t 

example SQL query following is added to the MATCH clause of CQL 

(n:movie), (m:person), (p:cast) 

2) WHERE clause  MATCH clause:  

In SQL, WHERE clause specifies how tables are joined. In Cypher, this information 

can be used to write MATCH clause which defines the node-relationship pattern that 

is to be matched in the graph. As in the WHERE clause of SQL query there are two 

joins between movie and cast and between person and cast. So, these three joins are 

translated o the following MATCH clause. 

MATCH (n:movie)-[p:_cast]-(m:person) 

3) WHERE clause  WHERE clause:  

WHERE clause is filtering clause in both SQL and CQL. Other than defining joins 

among various tables, WHERE clause is also specifies some filtering values such as 
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M.Id given in the above SQL query. Such information in WHERE clause of SQL is 

directly translated to WHERE clause of CQL. Hence, WHERE clause is written as 

below in CQL. 

WHERE n.Id= “xxxxxx” 

4) SELECT clause  RETURN clause:   

SELECT clause tells about which attributes are required in the result of the SQL 

query. Same is achievd by the RETURN clause in CQL. As in the example query the 

SELECT clause has (*) so it means all attributes of the rows selected are required in 

the result. So, in CQL RETURN clause all nodes are returned with all the properties. 

So RETURN clause will simply contain node names without specifying any of their 

specific properties.  

RETURN n, m, p; 

5) Indexes :  

The attributes whose values are used as input in equality comparison in WHERE 

clause of the SQL query can be used as indexes in CQL. With Neo4j 2.0 version CQL 

can use indexes. So, CQL’s INDEX clause will become as: 

USING INDEX n:movie(Id) 

 

Now, after combining all the above clauses, the final CQL query will become as 

following: 

MATCH (n:movie)-[p:_cast]-(m:person) USING INDEX n:movie(Id) where n.Id= 

“xxxxxx” return n, m, p; 

5.5.   Performance comparison of SQL and CQL 

In this section, various queries will be translated from SQL to CQL and will be 

executed on their respective database. Their execution time will be compared, to 

know the difference between the performance of Relational and Graph Database. 
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Table 5.2 shows the details of the five queries which are used to do comparative 

analysis of Relational query language (SQL) and graph query language (CQL).   

 

Table 5.2: Five queries with the relations involved in their joins 

 

Following are the five queries described in Table 5.2 with their syntax in both SQL 

and Cypher query language 

 

Query 1 : Find the movie information from movie and movie_info for a given 

movie title 

SQL CQL 

SELECT * from movie M, movie_info 

MI WHERE M.Title= “xxxxxx” AND 

M.Id = MI.Id 

 

MATCH (n:movie)-[r:_movie_info]-

(m:movie_info) USING INDEX 

n:movie(title) where n.title= “xxxxxx” 

return n,m; 

 

Query Query Statement Relations from which data is to 

be fetched 

Query 1 Find the movie information from 

movie and movie_info for a given 

movie title 

Movie, MovieInfo 

Query 2 Find person, role and movie 

information for a given person name 

Person, Role, Cast, Movie 

Query 3 Find person information for a given 

character name of a movie 

Person, Character, Cast, Movie 

Query 4 Find all information about person, 

character and movie for a given role 

type 

Person, Role, Movie, Cast 

Query 5 Find all the information about a 

movie for a given movie title 

Movie, Person, Character, Role, 

Cast, MovieInfo 
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Query 2 : Find person, role and movie information for a given person name 

SQL CQL 

SELECT * from person P, role R, Movie 

M, cast C WHERE P.name = “xxxxxx” 

AND C.personId = P.Id AND 

C.roleId=R.Id AND C.movieId=M.Id 

 

MATCH (n:movie)-[r:_cast]-(m:person)-

[r1:_cast]-(p:role) USING INDEX 

m:person(name) where m.name= 

“xxxxxx” return n,m,p; 

 

Query 3 : Find person information for a given character name of a movie 

SQL CQL 

SELECT P.name from person P, 

character CH, cast C, movie M WHERE 

CH.name = “xxxxxx” AND M.title = 

“xxxxxx” AND C.characterId = CH.Id 

AND C.movieId = M.Id AND 

C.personId=P.Id 

 

MATCH (n:movie)-[r:_cast]-(m:person)-

[r1:_cast]-(p:character) USING INDEX 

m:person(name) where p.name= 

“xxxxxx” and n.title= “xxxxxx” return 

m.name; 

 

Query 4 : Find all information about person, character and movie for a given 

role type 

SQL CQL 

SELECT P.name, CH.name, M.title from 

person P, role R, character CH, cast C, 

movie M WHERE R.type = “xxxxxx” 

AND C.roleId=R.Id AND C.characterId 

= CH.Id AND C.movieId = M.Id AND 

C.personId=P.Id 

 

MATCH (n:movie)-[r:_cast]-(m:person)-

[r1:_cast]-(p:character)-[r2:_cast]-(q:role) 

USING INDEX q:role(type) where 

q.type= “xxxxxx” return m.name, 

p.name, n.title; 
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Query 5 : Find all the information about a movie for a given movie title 

SQL CQL 

SELECT * from person P, role R, 

character CH, cast C, movie M, 

movie_info MI WHERE M.title= 

“xxxxxx”  AND C.movieId = M.Id AND 

C.roleId=R.Id AND C.characterId = 

CH.Id AND C.personId=P.Id AND 

MI.movieId=M.Id 

 

MATCH (k:movie_info) -

[r0:_movie_info]-(n:movie)-[r:_cast]-

(m:person)-[r1:_cast]-(p:character)-

[r2:_cast]-(q:role) USING INDEX 

n:movie(title) where n.title= “xxxxxx” 

return k,n,m,p,q; 

 

 

Queries mentioned in the Table 5.2 are executed 10 times to compute the average 

execution time. Figure 5.9 shows the difference between execution time of SQL and 

CQL in milliseconds for the above five queries. It shows the average execution time 

for 10 consecutive executions. 

 

 

Figure 5.9: Comparison of SQL and CQL on the basis of execution time 
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Figure 5.9 represents the execution time of five queries described in Table 5.2 in both 

SQL and CQL in milliseconds along the vertical axis. Queries described in Table 5.2 

are represented along the horizontal axis. The bar graph plotted in figure 5.9, shows 

that Cypher queries are much faster as compared to the SQL queries. Joins in SQL 

queries are slower than the pattern matching in the Cypher queries. 
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 Chapter 6                                   Conclusion and Future Scope 

 

6.1. Conclusion 

In this thesis an algorithm has been suggested for automatically converting Relational 

data into Graph Database. This algorithm supports new features of Neo4j 2.0 such as 

labels and indexes in Graph Database. Labels and indexes helps in fast traversal of 

graph data. A methodology has also been proposed for converting SQL queries to 

Cypher query language. This methodology has been applied for translating queries 

from SQL to Cypher query language (CQL). In the last a comparison of SQL and 

CQL queries shows that graph query languages are much more efficient as compared 

to SQL. Joins used in Relational query languages are simply converted to a traversal 

path in graph query language. The comparative analysis of both SQL and CQL shows 

that joins are much slower as compared to traversals in graph query language.  

6.2. Summary of Contributions 

The contributions made by the research work presented in this thesis are summarized 

as follows: 

 Survey of the existing methods available for converting Relational data to 

graph modelled data. 

 Comparison of Relational Databases and Graph Databases on the basis of their 

features such as scalability, data models, transactional properties and query 

languages. 

 Study of applications of Graph Databases in real-world commercial projects 

such as Ebay, SNAP, Glassdoor, etc. 

 A novel approach for transforming data from Relational Database to Graph 

Database. 

 Methodology to convert relation queries in SQL to graph queries in Cypher. 

 Comparative analysis of SQL and CQL on the basis of their execution time. 



51 
 

6.3. Future Scope 

The field of data migration can be further explored for transforming data from 

Relational to various other NoSQL databases. The work presented in this thesis can be 

further enhanced to transform data from one Relational Database to any other Graph 

Databases such as OrientDB, etc. also.  

New methodologies can be designed using schema information of Relational 

Database to convert SQL queries to Cypher queries. 
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