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Abstract

Graph database has become a popular area of research in recent years,
because theScientific datasets with structures,layers, hierarchy,
geometry and arbitrary relations can't be accurately modeled using
such traditional databases. Graphs become increasingly important in
modeling complicated structures, such as circuits, images, chemical
compounds, protein structures, biological networks, social networks,
the Web, workflows, and XML documents.In this paper, we provide
a Graph Database Model for Query languagethat have been proposed.
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Introduction

In recent time, there have been few works
regarding graph database’s architecture, storage,
performance, scalability etc.Graphsare widely
used for representing data As a general data
structure, they have become increasingly
important in modeling sophisticated structures
and their interactions, with broad applications
including chemical informatics, bioinformatics,
computer vision, video indexing, text retrieval,
and Web analysis[10].The traditional relational
database model (RDBMS) has been proved to be
ineffective while handling such associated data
with problems regarding horizontal scalability
and dynamicdata handling[2].The remainder of
the paper is organized as follows: The next
section briefly describes the graph database is
grounded on the concept of graph theory.
Another section discusses the must graph
database model to manage and efficiently store
data. The paper then presents we give a brief
overview of some of the graph query languages.
the last section concludes the paper.

Graph Database
Graphs are suitable for capturing arbitrary

relations between the various elements. A graph
database uses graph  structures with  nodes,
edges, and properties to represent and store data.
Nodes represent entities such as people,
businesses, accounts, or any other item you
might want to keep track of, properties are
pertinent information that relate to nodes, edges
are the lines that connect nodes to nodes or
nodes to properties and they represent the
relationship between the two. Most of the
important information is really stored in the
edges. Figure (1) shows the data instance and
how we represent it in graph instance.

Data Instance Graph Instance

Element {—> Vertex
Element’s Attributes {—> Vertex Label
Relation Between {—> Edge

Two Elements

Type Of Relation <—> Edge Label
Relation between {—> Hyper Edge

a Set of Elements

Figure 1: represent data instance in graph instance
General graph databases that can store any graph
are distinct from specialized graph databases
such astriple stores and network databases.
They are based on graph theory[1][2][3].

Application Graph database:

» social networks

» information networks

» technological networks

» biological networks.
we will describe each category via an example.

1- social networks:
In social networks [13], nodes are people or
groups, while links show relationships or flows
among nodes. Some examples are friendships,
business relationships, sexual contact patterns,
research networks (collaboration,
coauthorship),communication records (mail,
telephone calls, email), computer networks [14],
and national security [15]. There is growing
activity in the area of social network analysis
[Brandes 2005], and also in visualization and
data processing techniques for these networks.

2- information networks:
Information  networks = model  relations
representing information flow, such as citations
among academic papers [16], World Wide Web
(hypertext, hypermedia) [17], peer-to-peer
networks [18], relations among word classes in a
thesaurus, and preference networks.

3- technological networks:
—In technological networks, the spatial and
geographical  aspects of the structure
aredominant. Some examples are the Internet (as
a computer network), electric powergrids,
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airline routes, telephone networks, delivery
network (post office), and
GeographicInformation Systems (GIS) are today
covering a big part of this area (roads,
railways, pedestrian traffic, rivers) [19].

4- biological networks.
Biological networks represent biological
information whose volume, management and
analysis has become an issue due to the
automation of the process of data
gathering. A good example is the area of
genomics, where networks occur in gene
regulation, metabolic pathways, chemical
structure, map order and homology relationships
among species [20]. There
are other kinds of biological networks, such as
food webs, neural networks, and soon. The
reader can consult database proposals for
genomics [21], an overview of models for
biochemical pathways [22], a tutorial on Graph
Data Management for Biology [23], and a model
for Chemistry [24].

Graph database model

From database view , Database modelsis a
collection of conceptual tools usedto model real-
world entities and the relationships among them

[3].
Graph database models appeared with the

objective of modeling information whose logical
structure is a graph. This models can be
characterized as those where data structures for
the schema and instances are modeled as graphs
(nodes , edges , labels and direction) or
generalizations (nested graphs ,hyper nodes) of
them, and data manipulation is expressed by
graph-oriented operations(Graph query
language) and type constructors[3][4][8]. The
architecture is diagrammed in Figure (2) [7].

Figure 2: Graph DBMS Architecture

Graph structures are visible to the user. They
allow a natural way of handling data appearing
in applications (e.g. hypertext or geographic
databases). Graphs have an important advantage:
they can keep all the information about an entity
in a single node and show related information by
arcs connected to it. Graph objects (like paths,
neighborhoods) may have first order citizenship;
a user can define some part of the database
explicitly as a graph structure , allowing
encapsulation and context definition[3].
Rabi Chandra Shah[2], proposed a graph
database model his model (Figure 3) consists of
three basic layers:

* Presentation Layer

* Application Layer

» Storage Layer.

1- Presentation Layer
takes in user input and request information from
the Application Layer. The information or page
is then retrieved back to this layer after
processing. Presentation Layer is the only layer
that the use can interact with. Requests are sent
to the Application Layer for retrieval or
processing of graph data.First, Graph Database
Engine translates request or data into a form
understandable by the Graph Database.The
translated form is then wused for various
operations (View Engine, Store Engine) within
the Application Layer.

2- The Application Layer
directly interacts with the Storage Layer for
storing manipulated data inside file.The primary
tasks of the Application Layer are: (Translate
rawdata,Process the data for operation, Send
data to Storage Layer for storing in files,
Implementation of Graph Operations,

Implementation of Algorithms, Generate data

and return to the Presentation Layer).
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Figure 3:Level 1 Layer Diagram of the Rabi
Chandra Shah proposed model
3- Storage layer
is responsible for managing the storage
of graph data. The request or data from
the Application Layer are handed to the
Storage Layer with some prior storage
instructions. This layer then interprets the
instructions and accordingly, creates,
appends or deletes raw data files. The
primary tasks of the storage layer are:
(Create, delete and edit data and files,
Manage data, Encryption of data,
Maintain the configuration file).
A. Data Structures
The representation of entities and relations are
identified as being fundamental to graph
database models. An entity or object represents
something that exists as a single and complete
unit. A relation is a property or predicate that
establishes a connection between two or more
entities. All graph db-models have as their
formal foundation variations on the basic
mathematical definition of a graph, directed or
undirected graphs, labeled or unlabeled edges
and nodes,e.g. hyper graphs, hyper nodes. On
top of this basic layer, models present diverse
features influenced by the semantic or object
oriented approaches[2][3].
B. Integrity Constraints
Integrity constraints are general statements and
rules, which define the set of consistent database
states or changes of state or both. In the case of
integrity constraints database models, In the case

of integrity constraints database models are

schema instance consistency, identity and
referential integrity constraints, functional and
inclusion dependencies[3].

Graph Query Language

A query language is a collection of operators or
inferencing rules that can be applied to any valid
instances of the data structure types of the
model, with the objective of manipulating and
querying data in those structures in any
combinations desired. Among graph db-models,
there is substantial work focused on query
languages, the problem of querying graphs, the
visual presentation of results, and graphical
query languages ,due to the volume of the
research done. Query languages for graph
databases started to be investigated some 25
years ago. With much current data, such as
linked data on the Web and social network data,
being graph structured, there has been a recent
resurgence in interest in graph query
languages[3][4].

In order to define the GDB we need to specify:
the Data Definition Language (DDL) that
showing how to represent a graph, the Query
Language (more generally, Data Manipulation
Language - DML) and the Informal Semantics
of the DDL and DML languages[9].

The Logical Database Model presents a logic

language very much in the spirit of relational
tuple calculus, which uses fixed sort variables
and atomic formulas to represent queries over a
schema using the power of full first order
languages. The result of a query consists of
those objects over avalid instance that satisfy the
query formula. In addition the model presents an
alternative algebraic query language proven to
be equivalent to the logical one. The query
languages G, G+, and GraphLog integrate a
family of related graphical languages defined
over a general simple graph model.G and
GraphLog query languages are used in data
model that of a labeled, directed graph[3][4][9].

The graphical query language G is based on
regular expressions that allow simple
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formulation of recursive queries.Figure 3 shows
an example of a graph G. Node labels in G
denote names of authors, literary prizes and
locations. Edge labels denote the hasWon
relationship between authors and prizes
(abbreviated w), the born in relationship
between authors and places (abbreviated b), the
lives in relationship between authors and
places(abbreviated 1), and the located in
relationship between places. In G, a query is a
set of pairs of graphs, each pair comprising a
pattern graph and a summary graph. This pair of
graphs essentially represents a CRPQ, with a set
of such pairs being interpreted as disjunction.

. I
]
Bacchus
Marsh

Figure 3: A graph of authors, prizes they
have won, and places where they were born.

Gevolved into a more powerful language
called G+ [Cruz et al. 1989], in which a query
graph remains as the basic building block. A
simple query in G+ has two elements, a query
graph that specifies the class of patterns to
search, and a summarygraph, which represents
how to restructure the answer obtained by the
query graph.

A SPARQL query language is extend to G+ that
is the official W3C standard for querying and
extracting information from RDF graphs. It is
based on a powerful graph matching facility that
allows the binding of variables to components in
the input RDF graph.G-SPARQL proposed for
querying attributed graphs. The language
expresses types of querieswhich of large interest
for applications which model theirdata as large
graphs such as: pattern matching, reachability
and shortest path queries[3][11].

GraphLog emplaced the summary graph with a
distinguished edge, as shown in Figure(4).
GraphLog also added edge inversion, negation
and aggregation functions, while defining a
semantics different from that of G. The
semantics of G was defined in terms of matching
simple paths in the graph being queried ,whereas
the meaning of a GraphLog query was given by
the meaning of the stratified Datalog program to
which it was translated[4].

HasW on HasW on
Mobel ¥ Booke

ons| Citizen Of |

- ((bornln | liveIn ), locatedIn)

Figure 4: Query to find places related to
authors who have won both the Nobel and
Booker prizes.

Renzo Angles, Pablo Barcel, and Gonzalo Rios
[12] proposepropositionaldynamic logic (PDL)
as a yardstick query language for graph database
engines, based on the fact that it can express
many relevant properties with very low
computational  cost.  they  present an
implementation of the language that shows its
potential applicability for querying massive
graph databases by building on existing graph
database support.

Other early graph query languages include
GRAM [4] and GraphDB. The data models of
both require the presence of a graph schema.
Both provide regular expressions defined over
alternating sequences of node and edge types.
GraphDB includes object-oriented features such
as classes for nodes and edges, as well as paths.
The intended area of application for GRAM was
Hypertext, while that for GraphDB was spatial
networks such as transportation systems. As a
result, GraphDB provides built-in operators such
as one for shortest path. GOOD is another graph
query language based on an object-oriented
model [3][2].

GOOD’s querying mechanism is via graph
transformations: node addition/deletion and edge
addition/deletion. Also provided is an
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abstraction mechanism to group objects by
means of their properties, as well as methods for
defining sequences of operations. GOOD gave
rise to a number of successor languages, such as
G-Log [2][3][4][11] and the update language
GUL. A number of query languages were
developed to query graphs represented in the
Object Exchange Model (OEM) or one of its
variants/derivatives. OEM was developed to
model semi-structured data which had no
predefined schema and could be
heterogeneous[4].
In common with many graph query languages,
Lorel uses a syntax based on OQL, allowing
regular expressions over edge labels. A
distinctive feature of Lorel is the availability of
path variables.Say we wish to formulate a Lorel
query Q equivalent to the ECRPQ shown in (3).
In Lore, each nodehas an oid rather than a label
as in Figure (3), so authors’ names, for example,
would be represented by separate atomic objects
connected to author nodes by an edge labeled
name, say. We also assume that Winners is a
named entry point, with edges labeled author to
author nodes. Then Q can be written as:

select X, Yfrom Winners.author A,

Winners.author X

A#H@P.Y , X#@Q.Y

where A.name = ‘Coetzee’

and path-of (P) = path-of (Q)
where # denotes a path of any length, so is
equivalentto the regular expression X* used
carlier. @Pbinds the path (of oids and labels) to
variable P,and path-of returns a sequence of
edge labels.
Query Language Functionality
The following subsections will consider
functionality in terms of the following broad
categories: subgraph matching, finding nodes
connected by paths, comparing and returning
paths, aggregation, node creation, and
approximate matching and ranking a number of
query languages for graphs have been proposed
over the past few decades. In addition, many
languages offer operations such as union
(disjunction),composition and negation of
queries, butwe will not cover these separately[4].

Conclusions

We have provided of data models and Query
language languages for graph databases. Having
this goal in mind, we design Graph Databases
whose main building blocks are graphs
representing uniformly data, knowledge, models
and queries. The preference for graph structures
came from the recent tendency of using
graphical representations for data with the
purpose of taking into account natural structure
that data usually presents, as opposed to working
with flat representations.

The requirements of social network modeling

and analysis provide further opportunities to
extend the capabilities of graph languages. For
example, many aspects of social network
analysis rely on some probabilistic interpretation
of graphs, so query languages need to be adapted
and studied accordingly. Work in the area of
expressive query languages for
probabilisticdatabases has recently been initiated
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