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GRAPH THEORY
TREES AND ITS PROPERTIES



TREES IN GRAPH THEORY
• In graph theory, a tree is an undirected graph in 
which any two vertices are connected by exactly 
one path, or equivalently 
a connected acyclic undirected graph. 

• The term "tree" was coined in 1857 by the British 
mathematician Arthur Cayley.

• Ex-: The undirected graph representing a family 
tree(restricted to people of just one gender is an 
example of a tre.

Trees?

https://en.wikipedia.org/wiki/Graph_theory
https://en.wikipedia.org/wiki/Undirected_graph
https://en.wikipedia.org/wiki/Vertex_(graph_theory)
https://en.wikipedia.org/wiki/Path_(graph_theory)
https://en.wikipedia.org/wiki/Connected_graph
https://en.wikipedia.org/wiki/Cycle_(graph_theory)
https://en.wikipedia.org/wiki/Arthur_Cayley


A tree is an undirected graph G that satisfies any of the following 
equivalent conditions:
• G is connected and acyclic (contains no cycles).
• G is acyclic, and a simple cycle is formed if any edge is added 
to G.

• G is connected, but would become disconnected if any single 
edge is removed from G.

• G is connected and the 3-vertex complete graph K3 is not 
a minor of G.

• Any two vertices in G can be connected by a unique simple 
path.

https://en.wikipedia.org/wiki/Connected_graph
https://en.wikipedia.org/wiki/Cycle_(graph_theory)
https://en.wikipedia.org/wiki/Edge_(graph_theory)
https://en.wikipedia.org/wiki/Connectivity_(graph_theory)#Connected_graph
https://en.wikipedia.org/wiki/Complete_graph
https://en.wikipedia.org/wiki/Minor_(graph_theory)
https://en.wikipedia.org/wiki/Path_(graph_theory)
https://en.wikipedia.org/wiki/Path_(graph_theory)


A labeled tree with 6 
vertices and 5 edges.

Vertices v

Edges v − 1

Chromatic 
number

2 if v > 1

Table of graphs and 
parameters

https://en.wikipedia.org/wiki/Vertex_(graph_theory)
https://en.wikipedia.org/wiki/Edge_(graph_theory)
https://en.wikipedia.org/wiki/Chromatic_number
https://en.wikipedia.org/wiki/Chromatic_number
https://en.wikipedia.org/wiki/List_of_graphs_by_edges_and_vertices
https://en.wikipedia.org/wiki/List_of_graphs_by_edges_and_vertices


PROPERTIES OF TREES

• A tree with n vertices has n-1edges.
• A full m-ary tree with i internal vertices contains n=mi+1 vertices.
• A full m-ary tree with
i)n vertices has i=(n-1)/m internal vertices and l=[(m-1)n+1]/m 
leaves,
ii)i internal vertices has n=mi+1 vertices and l=(m-1)i+1 leaves,
iii)l leaves has n=(ml-1)/(m-1) vertices and i=(L-1)/(m-1) internal 
vertices.



APPLICATIONS OF TREES
• 1)BINARY TREES
Searching for items in a list is accomplished in computer science is accomplished using binary 
trees.
•  2)DECISION TREES
A rooted tree in which each internal vertex corresponds to a decision ,with a sub tree at these 
vertices for each possible outcome of the decision is called a decision.
• 3)PREFIX CODES
 Each character is encoded with a (potentially) different number of bits. ... This property 
defines a prefix code, and it allows us to represent the character encodings with a 
binary tree, as shown above. To decode a given bit string: Start at the root of the tree.
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DEFINITIONS :

► An edge of a graph joins a node to itself is called a loop or self-loop.
► In some directed as well as undirected graphs, we may have pair of nodes 

joined by more than one edges, such edges are called multiple or parallel 
edges.

► A graph which has neither loops nor multiple edges i.e. where each edge 
connects two distinct vertices and no two edges connects the same pair of 
vertices is called a simple graph.

► Any graph which contains some multiple edges is called a multigraph. In a 
multigraph, no loops are allowed.



TYPES OF GRAPH:



APPLICATIONS:
► GPS or Google Maps:
 GPS or Google Maps are to find a shortest route from one destination to another. The 
destinations are Vertices and their connections are Edges consisting distance. The 
optimal route is determined by the software. Schools/ Colleges are also using this 
technique to pick up students from their stop to school. Each stop is a vertex and the 
route is an edge. A Hamiltonian path represents the efficiency of including every 
vertex in the route.
                                                                      



► Social Networks:
 We connect with friends via social media or a video gets viral, here user is a 
Vertex and other connected users create an edge therefore videos get viral 
when reached to certain connections. 



► Traffic lights:
 The functioning of traffic lights i.e. turning Green/Red and timing between them. 
Here vertex coloring technique is utilized to solve conflicts of time and space by 
identifying the chromatic number for the number of cycles needed.



► To clear road blockage:
 When roads of a city are blocked due to ice. Planning is needed to put salt on 
the roads. Then Euler paths or circuits are used to traverse the streets in the most 
efficient way. 



► GSM Mobile Phone Networks and Map Coloring: 
All mobile phones connect to the GSM network by searching for cells in the 
neighbors. Since GSM operate only in four distinct frequency ranges, it is clear 
by the concept of graph theory that only four colors may be utilized to color the 
cellular regions. These four different colors are used for proper coloring of the 
regions. The vertex coloring algorithm can be used to allocate at most four 
distinct frequencies for any GSM mobile phone network.
► Graphs in OR:
 Graph theory is dynamic tool in combinatorial operations research. Some 
important Operation Research problems which can be explained using graphs 
are given here. Transport network is used to model the transportation of 
commodity from one destination to another destination. The objective is to 
maximize the flow or minimize the cost within the suggested flow. The graph 
theory is established as more competent for these types of problems though 
they have more constraints.  
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1. Name of the Department if the programme is conducted inside the college:
DEPARTMENT OF MATHEMATICS AND STATISTICS

2. Date of the event: DEC.10,2019
3. Place of the event: Room No. 71.BHAVAN’S VIVEKANANDA COLLEGE

4. Name(s)of the Resource person(s):
Dr.Aparna , Sr.Assistant professor in VNRVJIET
_______________________________________________________

5. Description of the Event: (within 500 words with 3 relevant pictures)
Dr.Aparna , Sr.Assistant professor in VNRVJIET gave a talk on ‘vectors and it’s
applications’.The talk was for students of  B.Sc III year  on December 10th 2019 in
Room No. 71.The students  had a paper on Vector  Calculus in their sem 5.This talk
was on the applications. The speaker give an insight into the physical interpretations
of  different  concepts of which the students  learnt only the  mathematical  aspects.

In the fifth semester students  had various concepts like  gradient  divergence,
curl,irrotational, solenoidal vector.

Divergence:

Consider water flowing through a large pipe. Now, it has smaller pipes joined to it. Hence, as
the water flows, more water is added along the way by the smaller pipes. Hence, the mass
flow rate increases as the water flows.

In another case, consider that there is a leakage in the pipe. Hence the mass flow rate
decreases as it flows. This change in the flow rate through the pipe, whether it increases
or decreases, is called as divergence. Divergence denotes only the magnitude of change and
so, it is a scalar quantity. It does not have a direction.



When the initial flow rate is less than the final flow rate, divergence is positive (divergence >
0). If the two quantities are same, divergence is zero. If the initial flow rate is greater than the
final flow rate divergence is negative (divergence <0).

Curl:

Imagine pouring water in a cup. The water won’t just low linearly but rather, as it reaches the
end of the cup, it will flow in a rotational motion before settling in the cup. Or consider water
draining down the sink, it will swirl in a rotational motion before going out. If we plot this
rotational flow of water as vectors and measure it, it will denote the Curl.

Curl is a measure of how much a vector field circulates or rotates about a given
point. when the flow is counter-clockwise, curl is considered to be positive and when it is
clock-wise, curl is negative. Sometimes, curl isn’t necessarily flow around a single time. It
can also be any rotational or curled vector.

Learning about gradient, divergence and curl are important They help us calculate the flow of
liquids and correct the disadvantages. For example, curl can help us predict the voracity,
which is one of the causes of increased drag. By using curl, we can calculate how intense it is
and reduce it effectively. Calculating divergence helps us understand the flow rate and correct
it to suit our needs.

In vector calculus a solenoidal vector field (also known as an incompressible vector field,
a divergence-free vector field, or a transverse vector field) is a vector
field v with divergence zero at all points in the field:

https://en.wikipedia.org/wiki/Vector_calculus
https://en.wikipedia.org/wiki/Helmholtz_decomposition#Longitudinal_and_transverse_fields
https://en.wikipedia.org/wiki/Vector_field
https://en.wikipedia.org/wiki/Vector_field
https://en.wikipedia.org/wiki/Divergence


The speaker has given a clear picture of  the physical interpretation  in fluid
dynamics.The  concept of energy flow and heat transfer in  a machine in vehicle was
explained clearly.
The   students were very happy with the content and relevance of the lecture.


