Indian Journal of Science and Technology, Vol 10(21), DOI: 10.17485/ijst/2017/v10i21/112828, June 2017

ISSN (Print) : 0974-6846
ISSN (Online) : 0974-5645

Graph Data: The Next Frontier in Big Data Modeling

for Various Domains

Angira Amit Patel' and Jyotindra Dharwa?

'Department of MCA, Shri Chimanbhai Patel Post Graduate Institute of Computer Applications, S. G. Highway,

Ahmedabad - 380015, Gujarat, India; angira.it@gmail.com

‘Department of MCA, Acharya Motibhai Patel Institute of Computer Studies, Ganpat University, Ganpat Vidyanagar,
Mehsana - 384012, Gujarat, India; Jyotindra.dharwa@ganpatuniversity.ac.in

Abstract

Graph is considered as next frontier in the era of Big data due to its flexibility and self-explaining property. The prime
objective of this research is to reveal graph database as an alternative of traditional relation database in the field of
database. This research illustrates potential of graph structure for diversified modeling along with its convenience for
various domains. Extensive literature review demonstrates use of diversified graph structures as means of data storage and
analysis as it can cope up any kind of complex structures ranging from multi linked web data, complex chemical structure,
gene data, network structure, social network, e-commerce to text data. A formal conclusion of this review revealed use of
various graph models according to state-of-affairs of various domains as well as data modeling challenges and complexity
of Big data. This investigation anticipates use of an appropriate graph structure and provides guidelines for solving data
modeling challenges for structure, semi structure and unstructured data. The diversified graph structure along with its
characteristics has been suggested for real world problems of various domains. This research could lend a helping hand
to anyone who wants to implement graph data model for their data management challenges and computational problems.
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1. Introduction

There are various real world problems associated
with Big data which require solving multifaceted data
processing challenges. Mainly it leads towards data
representation challenge with sparse, uncertain and
incomplete data. A lot of research has been already
done in the field of data modeling and many models
have been already proposed under the umbrella of
NoSQL technology. The proper selection of suitable
data structure facilitates to cope up with processing
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complexity and improves efficiency and effectiveness
of the analysis technique. The major selection criteria
comprise of volume of the data, growth rate for vol-
ume of the data, need of the flexibility into schema,
time-evolving factor, further processing requirements
and many more. The versatility of graph structure for
various domains is also feasible due to diversification
of the structure. It shows adaptability of graph data
modeling in wide range of domains like social net-
work, web, image, bi-informatics, GIS, e-commerce,
digital library and citation network representations. It
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has been observing that graph structure is most suit-
able for multi-linked and massive data set due to its
effectiveness for associative operations.

The efforts of this research work demonstrate use of
diverse graph data models for wide-range real world prob-
lems. This comprehensive survey attempts to encourage
software engineers in the direction of graph based data
representation.

2. Road Map

This paper organized in three main sections as follow: The
section 3 introduce booming technologies such as Big data,
NoSQL and graph database. The section 4 throw lights
on benefits of implementing graph data modeling.It also
explores possibility of implementing graph modeling for
various domains. As graph is flexible and versatile struc-
ture having many characteristics which makes it suitable to
represent any complex structure of real world. The section
5 covers few trade-offs and implementation issues. The
sections 5 also illustrate literature review of graph modeling
for wide range of computational problems. The last section
concludes possibility of graph modeling for various domains
if suitable graph models designed for representation.

3. Big Data and NoSQL

Nowadays, billions of users are connected to the World
Wide Web and spending significant amount of time via
mobiles, computers and other devices. Consecutively,
there are collections of petabyte scale unstructured data
and it is increasing with constant growth rate every day.
Hence, it emerges into necessity of a database tech-
nology that could support wide range of data storage,
scalable processing and analysis of unstructured data.
In this scenario, big data technologies evolve as revo-
lutionary solution. The big data solution also revolved
around some architectural artifacts, scalable storage,
cloud computing, parallel processing and new data
managing paradigms. Big data defines with 3V’s char-
acteristics'. The first “V’ is symbolization of extra large
scale of the data volume. The second “V’ is symboliza-
tion of variety of data that emphasis on heterogeneous
data (structure, unstructured and semi structure). The
third “V’ is symbolization of velocity of data that high-
light on data-analytics. Figure 1 shows detail description
about 3V characteristics of big data.
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VOLUME

*Petabytes
*Exabytes

VARIETY

*Structured
*Unstructured
*Semi-
structured

VELOCITY

*Batch
*Real time
*Streaming

Figure 1. 3V’s of Big data.

The main challenges when working with Big Data
are storage management and optimized processing. An
alternative of the traditional RDBMS must be invented
to manage scalable database. The imminent data man-
agement approach referred as NoSQL (Not only SQL)
technologies. This technology was expanded and imple-
mented with Key-value store, BigTable, Document-store
and Graph data store. Figure 2 shows various implemen-
tation methodology of NoSQL.
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Figure 2. NoSQL Implementation.

4. Graph Data

Under the umbrella of NoSQL database movement many
data models were proposed, mainly Key-Value pair,
BigTable implementation, Document-store and Graph
Database. Recently, graph becomes very well-known
structure for data management in research area for its
versatile applicability to represent any kind of real world
problems. A graph database is uses graph structures to
store information, which is basically collection of nodes,
edges, and properties®. Node is primitive building block
of graph which represents entities of real worlds. The rela-
tions between nodes are represented as edges. Property
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describes entities and edges®*. Figure 3 shows character-
istics of graph data structures.

Node  « Entity
Gl’aph —— Edge * Relation
\ * More
p information
ropery about Node
and Edges

Figure 3. Graph structure.

4.1 Benefits of Graph Data Modeling

The gaining popularity of graph database is due to many
advantages offer by it. The graph databases has been
proven beneficial with schema free structure, the flexibil-
ity of structure for representing real world data, efficiency
for associative operations and diversification of the struc-
ture. The detail comparison between relational data and
graph data is presented in literature®.

4.1.1 Gain for Multiple Entity Representation

Graph consists of three main building blocks: node,
properties and edges. Node is primitive building block
which represents single or many types of entities. Nodes
can use to represent entity of the domain such as people,
businesses, accounts, protein, book, research paper, web
page or any other thing you might want to maintain infor-
mation of it. Properties of nodes are relevant information
about node entity, which are essential for expressive func-
tion as well as data preservation. For instance, if “Book”
is entity and “Programming with NoSQL’ is one of the
nodes, it may tie with properties such as “Author”, “Price’,
“Publisher” and many others. It depends on which aspects
of entities are relevant and useful to particular database.
Edges represent the relation between nodes. Most of the
important information really stored in the form of edges.
A graph can naturally model many connected and com-
plex structures like web link, program control flow, traffic
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flow, genome database, medical records, workflow and
social network.

Graph comprised of same type of nodes is known
as single entity graph or single relation graph, which
can helpful for dataset having single entity like person,
city and research paper for social network, city map and
graph of friends network. Figure 4 shows relation among
various persons using single entity graph.

Figure 4.

Single entity graph structure.

Graph structure also allows establishing relations
among multiple types of nodes which represent distinct
entities and their attributes as a single structure. Such graph
which comprises links between various different types of
nodes is known as multiple entity graphs or multi relation
graph. For example, web graph can include nodes about
web pages, author, title, language, image and metadata of
pages. In short, graph structure provides added gain for the
representation of multiple distinct entities along with their
associated entities. The link can be established between dif-
ferent neighboring entities affiliated with each other, even
dissimilarity of the nature. The close physical association of
multiple entities and their relations positively affect on per-
formance of data retrieval. Figure 5 shows relation among
various persons and books using multiple entity graphs.
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Figure 5. Multiple entity graph.
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4.1.2 Flexibility due to Diversity of Structure

The graph structure mostly comprised of three build-
ing blocks: nodes, edges and property which represents
entity, relationship and attributes respectively. Many
meaningful models emerge when ones examine the all
probable combinations of nodes, properties, and edges to
represent connections and interconnections of entities.
In literature, many models are illustrated such as directed
graph, undirected graph, labeled graph, unlabeled graph,
simple graph, hyper graph, property graph, multi-link
graph, tree like structure, weighted graph, un-weighted
graph etc®®. Graph is a general model where as trees, lat-
tices, sequences, path and items are degenerated graphs®’.

In mathematics, various kind of graph structures
are defined, which offer in-hand guidelines for data
modeler®”°, Several sophisticated graph structures rec-
ommended in graph theory, out of that most significant
and common types are discussed here. A finite graph is
a graph with a finite number of edges and a finite number
of vertices. Note that in a simple graph, a finite number
of edges follows directly from a finite number of verti-
ces. In the case of a multi-graph this may not apply, as
there may be an infinite number of edges between two
given vertices. A graph which has either an infinite num-
ber of edges or vertices is an infinite graph. Single graph
data base is represented as a single graph, which is gen-
erally used to represent single drug compound, chemical
compound, and biological structure. Multiple graph data-
base is consisting of many disjoin graph, which is generally
used to represent many drug compounds, work flow or
sentences in text. A bipartite graph is a graph having two
distinct sets A and B of nodes, such that each edge pair
to a vertex in A and a vertex in B. For example, internet
movie database consists of nodes for actors and mov-
ies; each node of actor category is linked with node of
movie category. A multi-graph is a graph with multiple
edges between the same pair of vertices. A simple graph is
a graph which is not a multi graph, i.e. there is no more
than one edge could be between each pair of vertices.
It is generally used to represent data of social network
where relationship between two persons shown by edge.
An undirected graph is a graph with the edges which are
defined as doubleton sets of vertices but, neither ordered
pairs nor numbered. A directed graph is a graph with
directed edges. It can be used to represent web structure,
where web page has links towards many other web pages.
Property graph is a very expressive graph-which stores
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attributes related to entities and/or relations. It can be
used for social network, email network and many other
applications. Weighted graph is a special type of graph
where weight (numeric property) is assign to the edges
for special purpose. It can be used in geographical system,
citation network etc. This graph model has been imple-
mented by neo4j framework which is gaining popularity
nowadays.

5. Challenges with Graph Data
Modeling

Graph can be used for many domains which are extremely
diverse this may require a range of different graph mod-
els and diverse way of processing. Many techniques have
been proposed were for the case of specific graphs under
a requirement of that specific domain, complexity of data
and need of processing methodology. Out of that, few are
discuss in detail in literature review section. Different appli-
cations required graphs of different sizes, density, diameter
and complexities. For example, the graph model which are
designed for the web or social networks need to be con-
structed for scalable data with extra-large size and having
distinct node labels. Here, to cope up with large number
of edges, it is suggested that the edges can be derived as
data stream, so special processing techniques are required
for the same. On the other hand, the graph models which
are designed for chemical data includes many small sized
graphs and processing need to take into account repetitions
in node labels with different isomorphism. Whereas, the
graph model for biological data are large in size and bipar-
tite in nature. Such variation makes graph modeling much
more challenging and needs modifications in generalized
graph models for various applicant domains.

5.1 Graph Data Models for Various
Domains

In this section, we illustrate literature review of differ-
ent graph models used in various domains like biology,
computer networking, social networking, text analysis
and e-commerce. Another research has also shown use
of weighed graph data for image analysis'?. The main idea
behind this is demonstrating possibility of graph data
modeling for various domains. This explorative study of
diverse graph based data representations that could moti-
vate researchers in the future.
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5.2 Graph Data Model for Computer
Network and Web Data

The internet and computer networks are similar to graph
in nature. Graph based representation of massive internet
data is known as Web graph. The Web of Data (RDF) is
characterized with massive number of nodes, very large
number of directed edges and multi-relational graphs. It
is scale-free graph and used for personalized Page Rank
computation®®. Investigators are interested to search of
structural features of graph, common or uncommon sub-
network patterns and to understand the propagation of
influence, information, diseases and computer viruses
over the network using graph based representation™. It
is challenged by massive data management, domain issue
related to networked data, condensed representations of
the graph data and graph summarization techniques®. As
a part of large graph management challenges, the edges
in the underlying graph may arrive in the form of a data
stream so, different techniques are essential to be influ-
ence for future processing of the underlying graphs®.

5.3 Graph Data Model for Social Network
Data

Social networking site has open up many avenues for
research and investors have started thinking about social
network analysis many years ago'”. The main challenge of
social network analysis includes local and global pattern
analysis, finding local influential entities, exploring net-
work dynamics and many more'. Earlier research work
has shown study and analysis of web of group affiliations.
The literature introduces a time-varying social network
data model®-using property graph and Neo4j graph
database management framework. The literature intro-
duces unique methodology of finding communities using
dynamic weighted directed graphs®. The literature shows
new approach of mining frequent and high weighted
cliques from bird’s migration networks?.

5.4 Graph Data Model for Bio-Chemical
Data

Graph data modeling and mining started primarily in
practice for biological data like genome, protein struc-
ture and drug compounds. Bio-chemical data can easily
represent as graphs in which the nodes correspond to
atoms or amino acids and the links correspond to bonds
between the atoms. Graph proved as powerful tool to
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represent complex structure of biological data as it natu-
rally in the form of graph. In the case of gene data, the
individual graph is massive and having significant repeti-
tions among the different nodes. In this field, the main
computation challenges are sub graph discovery, graph
matching, frequent sub structure pattern mining and
sequence extraction with respect to isomorphism of the
structure®’. The isomorphism challenge is that the nodes
in a given pair of graphs may match in a variety of ways.
Many algorithms has been proposed and proven efficient
such as SUBDUE, gSPAN, GASTON, FFSM, GREW etc*.

5.5 Graph Data Model for Text Data

Recently, graph representation of unstructured text data
was proposed by many researchers®* which increase
expressive power as well as content and structural repre-
sentation of data. The graph representation of text data is
emerged as an alternative to the bag of words/phrases rep-
resentation®. There presentation serves to capture a range
of aspects: 1. word stem 2. word Part Of Speech (POS)
3. word order 4. word hyponyms 5. sentence structure 6.
sentence division and 7. sentence order*. The document
classification technique which uses bag-of-words/ phase
representation with use of vector space model, that fail to
cover semantic and structural details. In recent times, dis-
tance graph representations of text data has been proposed
which preserve information about the relative ordering
and distance between the words in the graphs in contrast
to traditional vector based model*. The wide spectrum
of text mining algorithms is available which can directly
leveraged with graph based text representation. It shows
many advantages and richness of the graph structure®.

5.6 Graph Data Model for GIS Data

The graph based representation of GIS data is proposed
for the reason that graph is powerful and flexible knowl-
edge representation structure. It can easily combine
spatial and non-spatial data at the same time along with
three types of spatial relations: topological, orientation
and distance®. Specifically, geometric network is com-
posed of junction points (nodes), flows between junction
points (edges) and weights assign to the junction points.
These types of geometric networks are often used to
model road network and public utility networks such as
electrical, gas and water networks. It can be extensively
utilized for transportation, infrastructure and other pub-
lic utility network planning, design and maintenance.
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Table 1. Various graph models.

Domain Data Set Graph Property Node Property Edge Property
Web Web pages Massive Dynamic Single Relation /Multi | Directed

Relational Labeled

Nodes
Social Networking Friend Network Massive Dynamic Single Relation / Multi | Directed/ Undirected

Relation Labeled Node | Labeled / Unlabeled
Biochemistry Drug data Small Multi-graph Multi Relation Labeled | Undirected

Static Node

Text Mining Words Multi-graph Multi Relation Labeled | Directed

node
Bioinformatics Gene data Bipartile Labeled node Undirected
Network Routers data Massive Dynamic Labeled Undirected
E-commerce Knowledge Dynamic Labeled Directed Weighted

5.7 Graph Data Model for E-Commerce
Data

Since the late 20th century, the number of Internet users
has increased dramatically and many e-commerce giants
started performing well. A very wide product catalogue,
a huge amount of customer data, extensive range of
product features and real time processing with this Big
data is really challenging. On the other side personaliza-
tion, information filtering and recommendation system
become integrated part of e-commerce website. In gen-
eral, the nature of e-commerce website data is scalable,
multi-dimensional, semi-structured to unstructured and
volatile. In this scenario, few initiatives have taken to
move towards use of graph database. For instance, the
research literature has proposed use of graph for recom-
mendation system called knowledge graph and proven
more effective?”. The research proposed use of graph for
digital library recommendation system**%. The core of
the research work consequence various graph models
proposed for solving real world problems by exploring
underneath data property and suggesting supportive
graph structure to improve efficiency for the further pro-
cessing as shown into Table 1.

6. Conclusion

This research effort is emphasis on potential use of graph
structure specifically for large, complex, unstructured,
time variant and dynamic data set. The major characteris-
tics of graph structure include flexibility due to diversity of
structure, efficiency for associative operations, schema-free
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representation of data, gain for multiple entity represen-
tation and adaptability for diverse domains. In contrast
to relational databases where typically requires expensive
join operations, graph databases are often proven faster
for associative data sets as they do not typically require
expensive join operations. Graph based data modeling
- attracts many people working with big data as they can
perform efficient with large data sets. The schema free
nature is more suitable to manage ad-hoc and chang-
ing data with evolving schemas such as ad-hoc network,
social network and web.

The outcome of this study lend helping hand in nar-
row down the complexity of data modeling process and
provide guidelines for the selection of the suitable graph
model for complex data. Still more research is expected
towards survey of various frame works implemented of
the various graph models.
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