
Page 1 of 29



ADS@Unit-3-Part 1[Graphs]

Unit III: Graphs: Operations on Graphs: Vertex insertion, vertex deletion, find vertex, edge
addition, edge deletion, Graph Traversals- Depth First Search and Breadth First Search (Non
recursive) .Graph storage Representation- Adjacency matrix, adjacency lists.

Graph: - A graph is data structure that consists of following two components.
 A finite set of vertices also called as nodes.
 A finite set of ordered pair of the form (u, v) called as edge.

(or)
A graph G=(V, E) is a collection of two sets V  and E, where
V Finite number of vertices
E Finite number of Edges,

Edge is a pair (v, w), where v, w ∈ V.

Application of graphs:
 Coloring of MAPS
 Representing network

o  Paths in a city

o Telephone network o
Electrical circuits etc.

 It is also using in social network 
including o LinkedIn
o  Facebook

Types of Graphs:
 Directed graph
 Undirected Graph

Directed Graph:
In representing of graph there is a directions are
shown on the edges then that graph is called
Directed graph.
That is,
A graph G=(V, E) is a directed graph ,Edge is a

pair (v, w), where v, w ∈ V, and the pair is ordered.

Means vertex ‘w’ is adjacent to v.
Directed graph is also called digraph.

Undirected Graph:
In graph vertices are not ordered is called undirected
graph. Means in which (graph) there is no direction
(arrow head) on any line (edge).
A graph G=(V, E) is a directed graph ,Edge is a pair

(v, w), where v, w  ∈ V, and the pair is not ordered.

Means vertex ‘w’ is adjacent to ‘v’, and vertex ‘v’ is
adjacent to ‘w’
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Note: in graph there is another component
called weight/ cost.

Weight graph:
Edge may be weight to show that there is 
a cost to go from one vertex to another. 
Example: In graph of roads (edges) that 
connect one city to another (vertices), the 
weight on the edge might represent the 
distance between the two cities (vertices).
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Difference between Trees and Graphs

Path

Trees
Tree is special form of graph i.e. minimally
connected graph and having only one path
between any two vertices.

Graphs

In  graph there  can be  more  than
one path i.e. graph can have uni-
directional  or  bi-directional  paths
(edges) between nodes

Loops

Root Node

Parent
Child
relationship

Complexity

Tree is a special case of graph having 
no loops, no circuits and no self-loops.

In tree there is exactly one root node and
every child have only one parent.

In trees, there is parent child relationship so
flow can be there with direction top to 
bottom or vice versa.

Trees are less complex then graphs as having
no cycles, no self-loops and still connected.

Graph can have loops, circuits as
well as can have self-loops.

In graph there is no such concept
of root node.

In Graph there is  no such parent
child relationship.

Graphs  are  more  complex  in
compare  to  trees  as  it  can  have
cycles, loops etc

Types of 
Traversal

Connection
Rules

DAG

Different
Types

Tree traversal is a kind of special case of 
traversal of graph. Tree is traversed in Pre-
Order, In-Order and Post-Order(all three
in DFS or in BFS algorithm)

In trees, there are many rules / restrictions
for making connections between nodes 
through edges.

Trees come in the category of DAG :
Directed Acyclic Graphs is a kind of
directed graph that have no cycles.

Different types of trees are : Binary Tree ,
Binary Search Tree, AVL tree, Heaps.

Graph is traversed by 
DFS: Depth First Search
BFS  :  Breadth  First  Search
algorithm
In graphs no such rules/
restrictions  are  there  for
connecting  the  nodes  through
edges.

Graph can be Cyclic or Acyclic.

There  are  mainly  two  types  of
Graphs :Directed and Undirected
graphs.

Applications

No. of edges

Model
Figure

Tree applications: sorting and searching like
Tree Traversal & Binary Search.

Tree always has n-1 edges.

Tree is a hierarchical model.

Graph applications : Coloring of
maps, in OR (PERT & CPM), 
algorithms, Graph coloring, job 
scheduling, etc.

In Graph, no. of edges depends on 
the graph.

Graph is a network model.
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Other types of graphs:
Complete Graph:
A complete graph is a simple undirected  graph in which every pair of  distinct vertices is
connected by a unique edge.
OR
If an undirected graph of n vertices consists of n(n-1)/2 number of edges then the graph is 
called complete graph.
Example:

vertices Edges Complete graph vertices Edges Complete graph
n=2 1 n=6 15

n=3 3 n=7 21

n=4 6 n=5 10
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Sub graph:
A sub-graph G' of graph G is a graph, such that the set of vertices and set of edges
of  G' are  proper  subset  of  the  set  of  vertices  and  set  of  edges  of  graph  G
respectively.

Connected Graph:
A graph which is connected in the sense of a topological space (study of shapes), i.e., there is
a path from any point to any other point in the graph. A graph that is not connected is said to
be disconnected.
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Path:
A path in a graph is a finite or infinite sequence of edges which connect a sequence of
vertices. Means a path form one vertices to another vertices in a graph is represented by
collection of all vertices (including source and destination) between those two vertices.

Cycle: A path that begins and ends at the same vertex.

Simple Cycle: a cycle that does not pass through other vertices more than once

Degree:
The degree of a graph vertex v of a graph G is the number of graph edges which touch v. The 
vertex degree is also called the local degree or valency. Or

The degree (or valence) of a vertex is the number of edge ends at that vertex.

For example, in this graph all of the vertices have degree three.
In a digraph (directed graph) the degree is usually divided into the in-degree and the out-
degree

 In-degree: The in-degree of a vertex v is the number of edges with v as their terminal 
vertex.

 Out-degree: The out-degree of a vertex v is the number of edges with v as their initial 
vertex.
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