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ABSTRACT

In computer science, a data structure is a particular way of organizing data in & computer so that it can be used

efficiently. One of the most important structures used in this field is a gra nodes and

edges. Graphs prove to be beneficial in problems concerned with obj ther in
some manner. Frequent use of graphs in practice has led to ex which
there is a large number of known problems for graphs and for ns. This
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I. INTRODUCTION

A graph is a mathematical structure consisting o

edaes {E]_, Ea,...

of vertices (also called nodes)

Em}. An edge is a pair of vertices

ed the edge endpoints. Graphs are ubiquitous in

A Labeled Graph for 6 Vertices and 7 Edges.
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The graphs are very useful and fairly common data structures. They are used to describe a wide variety of
relationships between objects and in practice can be related to almost everything. As we will see later, trees

are a subset of the graphs and also lists are special cases of trees and thus of graphs, i.e. the graphs represent a

generalized structure that allows modeling of very large set of real-world situations.

There are no predecessors or
successors, but is part of the graph.

I11. REPRESENTATION OF GRAPHS

Different data structures for the representation of graphs are used in practice:
e Adjacency list
Vertices are stored as records or objects, and every vertex stores a list of adjacent vertices. This data
structure allows the storage of additional data on the vertices. Additional data can be stored if edges are
also stored as objects, in which case each vertex stores its incident edges and each edge stores its

incident vertices.
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e Adjacency matrix
Adjacency matrix is a two-dimensional matrix, in which the rows represent source vertices and
columns represent destination vertices. Data on edges and vertices must be stored externally. Only the
cost for one edge can be stored between each pair of vertices.
e Incidence matrix
Incidence matrix is a two-dimensional Boolean matrix, in which the rows represent the vertices and
columns represent the edges. The entries indicate whether the vertex at a row is incident to the edge at

a column.

The following table gives the time complexity cost of performing various operations on graphs, for each of these
representations. In the matrix representations, the entries encode the cost of following an edge. The cost of
edges that are not present are assumed to beZx2.

Adjacency list Adjacency matrix | Incidence matrix
Storage O(|V| +|E|) o(|V|?) o(|V|-|El)
Add vertex O(1) o(IV[%) O(|V] - |E)
Add edge 0(1) O(1) O(|V]-|E])
Remove vertex O(|E|) o(|[V[%) O(|V]-|E])
Remove edge O(|E|) O(1) Oo(|V] - |£])

Query: are vertices u, v
adjacent?  (Assuming

that  the  storage O(|V]) O(1) O(|E|)
positions for u, v are
known)

. Slow tor remove Slow to add or remove
When removing edges or

. . vertices, because vertices and edges,
Remarks vertices, need to find all . .
. matrix must be because matrix must be
vertices or edges . . . .
resized/copied resized/copied
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Adjacency lists are generally preferred because they efficiently represent sparse graphs. An adjacency matrix is
preferred if the graph is dense, that is the number of edges |E| is close to the number of vertices squared, |V[%, or

if one must be able to quickly look up if there is an edge connecting two vertices.

A) Directed Graph
The number of edges with one endpoint on a given vertex is called that vertex's degree. In a directed graph,
the number of edges that point to a given vertex is called its in-degree, and the number that point from it is
called its out-degree. Often, we may want to be able to distinguish between different nodes and edges. We

can associate labels with either. Such a graph is called labeled.

B) Undirected Graphs
In a directed graph, the edges point f

another, while in directed graph, they merely

connect two vertices.

iate some cost or weight to the traversal of an edge. When we add this

information, is called weighted. An example of a weighted graph would be the distance between

the capitals of a f countries. Directed and undirected graphs may both be weighted. The operations on a

weighted graph are the same with addition of a weight parameter during edge creation.

VI. CONCLUSION

Graphs are very important in data structures. Graph theory is an integral part of data structures that offers
solutions to a wide range of problems and is thus extensively used. In this paper we have reviewed the basics of

graphs and the types of graphs in data structures.
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