
euler circuit example
euler circuit example is a fundamental concept in graph theory that
illustrates the conditions and characteristics of Eulerian circuits in a
graph. An Euler circuit, also known as an Eulerian circuit, is a path through
a graph that visits every edge exactly once and returns to the starting
vertex. This article explores the definition, properties, and practical
examples of Euler circuits, providing a comprehensive understanding of the
topic. Understanding Euler circuits is essential for solving various problems
in logistics, network design, and computer science. The discussion includes
detailed examples, the criteria for the existence of Euler circuits, and
methods for constructing such circuits. Readers will also find explanations
of related concepts such as Euler paths and Eulerian graphs, which help
clarify the distinctions and applications of Euler circuits. The article
concludes with a practical Euler circuit example to illustrate the
theoretical principles in action.
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Understanding Euler Circuits
An Euler circuit is a trail in a graph that starts and ends at the same
vertex and includes every edge of the graph exactly once. This concept is
named after the Swiss mathematician Leonhard Euler, who introduced it while
solving the famous Seven Bridges of Königsberg problem. Euler circuits are a
subset of Eulerian trails, which cover every edge but do not necessarily
start and end at the same vertex. The importance of Euler circuits lies in
their ability to represent scenarios where a route must traverse every
connection without repetition, such as in urban planning or network routing.

Definition and Terminology
In graph theory, a graph consists of vertices (nodes) connected by edges
(links). An Euler circuit is a closed path that includes each edge exactly
once. If such a circuit exists, the graph is called Eulerian. Conversely, if
a graph has an Euler path but not an Euler circuit, it is called semi-



Eulerian. Understanding these definitions is crucial for identifying and
analyzing Euler circuits in various types of graphs.

Difference Between Euler Circuit and Euler Path
While both Euler circuits and Euler paths involve traversing every edge of a
graph once, the key difference is that an Euler circuit must start and end at
the same vertex, forming a closed loop. An Euler path does not require this
condition and may start and end at different vertices. This distinction
affects the conditions under which each can exist within a graph.

Conditions for the Existence of Euler Circuits
The existence of an Euler circuit in a graph depends on specific conditions
related to the degrees of the vertices and the connectivity of the graph.
These conditions form the basis for determining whether an Euler circuit
example can be constructed in a given graph.

Degree of Vertices
The degree of a vertex refers to the number of edges incident to it. For an
Euler circuit to exist, every vertex in the graph must have an even degree.
This ensures that each time the circuit enters a vertex, it can also leave it
without retracing an edge. If any vertex has an odd degree, an Euler circuit
is impossible.

Graph Connectivity
In addition to all vertices having even degrees, the graph must also be
connected, meaning there is a path between any two vertices. This
connectivity ensures that the circuit can traverse the entire graph without
interruption. If the graph is disconnected, an Euler circuit cannot exist
unless isolated vertices are considered trivial cases.

Summary of Conditions

All vertices have even degree.

The graph is connected, ignoring isolated vertices.



Examples of Euler Circuits
Several classic and illustrative Euler circuit examples help clarify the
concept and demonstrate its practical application. These examples typically
involve simple graphs where the conditions for Euler circuits are met, making
them ideal for educational purposes.

Seven Bridges of Königsberg
The problem that gave rise to Eulerian graph theory involved the city of
Königsberg, which had seven bridges connecting different landmasses. Euler
proved that no Euler circuit existed for this layout because more than two
vertices had an odd degree. This example illustrates the importance of vertex
degree and connectivity in determining Euler circuits.

Simple Square Graph
A square graph with four vertices connected in a cycle has an Euler circuit
because each vertex has a degree of two, which is even. Traversing the square
by following the edges sequentially without repetition forms a simple Euler
circuit, demonstrating the concept in its most basic form.

Complete Graph with Even Vertices
In a complete graph where every vertex is connected to every other vertex, if
the number of vertices is even, the graph has an Euler circuit. This is
because each vertex has an odd degree only if the number of vertices is odd.
This illustrates how the structure of the graph influences the existence of
Euler circuits.

Constructing an Euler Circuit: Step-by-Step
Example
Constructing an Euler circuit involves identifying a path that covers every
edge exactly once and returns to the starting vertex. The following step-by-
step example demonstrates this process on a simple graph.

Graph Description
Consider a graph with vertices A, B, C, and D connected as follows: A-B, B-C,
C-D, D-A, A-C, and B-D. Each vertex has a degree of three; however, to
satisfy Euler circuit conditions, we adjust the edges so that all vertices
have even degrees.



Step 1: Verify Conditions
Modify the graph by adding an edge between A and D if not already present,
ensuring that all vertices have even degrees. Check that the graph is
connected, which it is in this case.

Step 2: Choose Starting Vertex
Select vertex A as the starting point for the Euler circuit. Since all
vertices have even degrees, the path can start and end at the same vertex.

Step 3: Traverse Edges

From A, travel to B.1.

From B, travel to D.2.

From D, travel to C.3.

From C, travel back to A.4.

From A, travel to C.5.

From C, travel to B.6.

From B, travel to A to complete the circuit.7.

This traversal covers every edge exactly once and returns to the starting
vertex, forming a valid Euler circuit.

Step 4: Confirm Euler Circuit
Verify that all edges are included without repetition and that the path
starts and ends at the same vertex. The successful traversal confirms the
presence of an Euler circuit in the graph.

Applications of Euler Circuits
Euler circuits have numerous practical applications across various fields,
highlighting their significance beyond theoretical graph problems.
Understanding these applications demonstrates the real-world utility of Euler
circuit concepts.



Urban Planning and Routing
In urban planning, Euler circuits help design routes for street sweeping,
garbage collection, and mail delivery where every street (edge) must be
covered once without repetition. This optimization reduces travel distance
and operational costs.

Network Design
Euler circuits assist in designing efficient communication and transportation
networks where every connection must be tested or used exactly once, ensuring
comprehensive coverage without redundancy.

DNA Sequencing
In bioinformatics, Euler circuits are utilized in genome assembly algorithms.
These algorithms model DNA fragments as edges in a graph and use Eulerian
paths and circuits to reconstruct the original sequence efficiently.

Recreational Mathematics and Puzzles
Many puzzles and games, such as the classic "draw the figure without lifting
the pen," are based on Euler circuit principles, providing engaging ways to
explore graph theory concepts.

Route optimization in logistics

Network troubleshooting and testing

Algorithm design in computer science

Educational tools for teaching mathematics

Frequently Asked Questions

What is an Euler circuit in graph theory?
An Euler circuit is a path in a graph that starts and ends at the same vertex
and visits every edge exactly once.



Can you give a simple example of an Euler circuit?
A simple example is a triangle graph with vertices A, B, and C, where the
path A-B-C-A visits every edge exactly once and returns to the starting
point.

What conditions must a graph meet to have an Euler
circuit?
A connected graph has an Euler circuit if and only if every vertex has an
even degree.

How does the Königsberg Bridge problem relate to
Euler circuits?
The Königsberg Bridge problem is a famous example that led to the concept of
Euler circuits; it asks if one can traverse all bridges exactly once, which
Euler proved impossible, introducing Euler circuits.

Is it possible to have an Euler circuit in a graph
with vertices of odd degree?
No, a graph must have all vertices with even degree to have an Euler circuit.

What is the difference between an Euler circuit and
an Euler path?
An Euler circuit starts and ends at the same vertex and uses every edge
exactly once, whereas an Euler path uses every edge exactly once but does not
necessarily start and end at the same vertex.

Can a disconnected graph have an Euler circuit?
No, the graph must be connected for an Euler circuit to exist.

How do you find an Euler circuit in a graph?
One common method to find an Euler circuit is Hierholzer's algorithm, which
constructs the circuit by following edges and backtracking when necessary.

What is a real-world example of an Euler circuit?
A postal delivery route where the postman wants to travel every street
exactly once and return to the starting point is a real-world example of an
Euler circuit.



Can directed graphs have Euler circuits?
Yes, a directed graph has an Euler circuit if it is strongly connected and
every vertex has equal in-degree and out-degree.

Additional Resources
1. Graph Theory and Euler Circuits: A Comprehensive Introduction
This book offers an in-depth exploration of graph theory with a special focus
on Euler circuits. It covers fundamental concepts, theorems, and detailed
examples to help readers understand how Euler circuits are formed and
applied. Suitable for beginners and advanced students, it includes numerous
practice problems and real-world applications.

2. Eulerian Paths and Circuits: Theory and Applications
Aimed at both students and professionals, this book delves into the theory
behind Eulerian paths and circuits. It provides clear explanations of
necessary and sufficient conditions for Euler circuits, supported by
illustrative examples. The text also discusses practical applications in
computer science, logistics, and puzzle solving.

3. Introduction to Discrete Mathematics with Euler Circuit Examples
This textbook introduces discrete mathematics concepts with a strong emphasis
on Euler circuits. Readers will find step-by-step examples that demonstrate
how to identify and construct Euler circuits in various types of graphs. The
book also integrates exercises that reinforce theoretical understanding and
problem-solving skills.

4. Graph Algorithms: Euler Circuits and Beyond
Focusing on algorithmic approaches, this book explores methods for finding
Euler circuits in graphs. It includes detailed explanations of Fleury’s and
Hierholzer’s algorithms, accompanied by pseudocode and example walkthroughs.
The text is ideal for computer science students interested in graph
algorithms and their implementations.

5. The Königsberg Bridge Problem and Euler Circuits
This historical and mathematical treatise examines the famous Königsberg
bridge problem, which led to the development of Euler circuit theory. The
book contextualizes Euler’s work and expands on how Euler circuits solve
complex traversal problems in graph theory. Readers gain both historical
insight and technical knowledge.

6. Combinatorics and Euler Circuits: Problem Solving Strategies
Designed for competitive exam preparation and academic study, this book
combines combinatorial techniques with Euler circuit concepts. It presents a
variety of problem-solving strategies, detailed solutions, and illustrative
examples to help readers master Euler circuit problems. The material is
accessible and engaging for learners at multiple levels.

7. Applied Graph Theory with Euler Circuit Examples



This practical guide connects graph theory principles to real-world
scenarios, highlighting Euler circuits. It covers transportation networks,
DNA sequencing, and urban planning, showing how Euler circuits optimize paths
and processes. The book includes case studies and exercises to bridge theory
and application.

8. Discrete Structures and Euler Circuits in Computer Science
Targeted at computer science students, this book integrates discrete
structures topics with Euler circuit theory. It explains how Euler circuits
are used in network design, data structures, and algorithm optimization. The
text provides clear examples, coding snippets, and problem sets to reinforce
learning.

9. Mathematical Puzzles: Exploring Euler Circuits and Graph Traversals
This engaging collection of puzzles challenges readers to apply Euler circuit
concepts to various graph traversal problems. It encourages critical thinking
and creativity through a series of progressively difficult puzzles and
solutions. The book is perfect for math enthusiasts and educators seeking
interactive learning tools.
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