
graph theory basics

graph theory basics form the foundation of a critical area of discrete mathematics that studies graphs, which
are mathematical structures used to model pairwise relations between objects. Understanding graph theory
basics involves exploring vertices (or nodes) and edges (or links) and how they connect to represent
complex networks. This field has widespread applications in computer science, biology, social sciences, and
many other disciplines. By mastering the fundamental concepts such as types of graphs, graph
representations, and key properties, one can analyze and solve problems related to connectivity,
optimization, and traversal. This article provides an in-depth examination of graph theory basics, including
essential terminology, common graph types, graph representations, and fundamental algorithms. The
discussion will also cover practical applications that illustrate the relevance of graph theory in real-world
scenarios. To guide the exploration of these topics, the article is organized into several main sections.

Fundamental Concepts of Graph Theory

Types of Graphs

Graph Representations

Graph Properties and Terminology

Basic Graph Algorithms

Applications of Graph Theory

Fundamental Concepts of Graph Theory
Graph theory basics begin with understanding the primary elements of a graph: vertices and edges. A
graph is formally defined as a set of vertices connected by edges. Vertices, also called nodes, represent
entities, while edges indicate relationships or connections between these entities. The study of these
relationships helps model and analyze various systems and networks.

Vertices and Edges
Vertices are the discrete objects or points in a graph, and edges are the connections or lines that link pairs of
vertices. In graph theory basics, the number of vertices is often denoted by n, and the number of edges by
m. Edges can be directed or undirected, depending on whether the relationship they represent has a



direction.

Directed vs. Undirected Graphs
In an undirected graph, edges have no direction, indicating a bidirectional relationship between vertices.
Conversely, directed graphs (or digraphs) have edges with a specific direction, represented by arrows,
signifying one-way relationships. Understanding this distinction is crucial in graph theory basics, as it
influences graph traversal and connectivity properties.

Types of Graphs
Graph theory basics include various types of graphs characterized by their structure and properties. These
categories help classify graphs for analysis and problem-solving.

Simple Graphs
A simple graph is an undirected graph with no loops (edges connecting a vertex to itself) and no multiple
edges between the same pair of vertices. Simple graphs are foundational in graph theory basics and are
widely studied due to their straightforward structure.

Multigraphs and Pseudographs
Multigraphs allow multiple edges between the same vertices, while pseudographs permit both multiple
edges and loops. These variations expand the types of relationships that can be modeled, providing
flexibility in complex network analysis.

Weighted Graphs
Weighted graphs assign a numerical value or weight to each edge, representing costs, lengths, or capacities.
This type of graph is instrumental in optimization problems such as shortest path calculations and network
flow analysis.

Complete Graphs and Bipartite Graphs
Complete graphs have edges connecting every pair of distinct vertices. Bipartite graphs divide vertices into
two disjoint sets where edges only connect vertices from different sets. Both types are fundamental in
graph theory basics and have unique properties used in various algorithms.



Graph Representations
Effectively representing graphs is essential for computational work and theoretical analysis in graph theory
basics. The two primary methods are adjacency matrices and adjacency lists.

Adjacency Matrix
An adjacency matrix is a square matrix used to represent a graph, where rows and columns correspond to
vertices. Each entry indicates whether an edge exists between the vertices. This representation provides
fast edge lookup but can be inefficient for sparse graphs.

Adjacency List
An adjacency list represents a graph as an array or list of lists, where each vertex has a list of adjacent
vertices. This method is memory-efficient for sparse graphs and is widely used in graph algorithms.

Edge List
The edge list representation simply lists all edges as pairs of vertices. This format is straightforward and
useful for certain applications, especially when the graph is dynamically changing.

Graph Properties and Terminology
Understanding graph properties is a key part of graph theory basics, enabling analysis of graph structure
and behavior.

Degree of a Vertex
The degree of a vertex is the number of edges incident to it. In directed graphs, this is divided into in-
degree (incoming edges) and out-degree (outgoing edges). The degree is a fundamental concept in assessing
vertex connectivity.

Paths and Cycles
A path is a sequence of vertices connected by edges without repetition, while a cycle is a path that starts
and ends at the same vertex. Identifying paths and cycles is vital for problems involving traversal and
connectivity.



Connectivity
Connectivity describes whether there is a path between any two vertices in a graph. A graph is connected
if such a path exists for every pair of vertices. For directed graphs, strong connectivity requires paths in
both directions between vertex pairs.

Subgraphs
A subgraph is a subset of a graph's vertices and edges forming a smaller graph. Subgraphs are useful for
focusing on specific portions or properties within larger graphs.

Basic Graph Algorithms
Graph theory basics include several fundamental algorithms that enable analysis and problem-solving on
graphs.

Depth-First Search (DFS)
DFS is a traversal algorithm that explores as far as possible along each branch before backtracking. It is used
to detect cycles, find connected components, and perform topological sorting in directed acyclic graphs.

Breadth-First Search (BFS)
BFS explores vertices level by level, starting from a source vertex. It is commonly used for finding the
shortest path in unweighted graphs and for checking connectivity.

Dijkstra’s Algorithm
Dijkstra’s algorithm computes the shortest path from a single source vertex to all other vertices in a
weighted graph with non-negative edge weights. It is essential in network routing and optimization.

Kruskal’s and Prim’s Algorithms
These algorithms are used to find the minimum spanning tree (MST) of a weighted undirected graph. The
MST connects all vertices with the minimal total edge weight, which is important in network design.



Applications of Graph Theory
Graph theory basics extend into numerous practical applications across various fields.

Computer Networks
Graphs model computer networks where vertices represent devices and edges represent communication
links. Graph algorithms help optimize routing, detect faults, and manage data flow.

Social Network Analysis
In social sciences, graphs represent relationships between individuals or groups. Analysis of these graphs
reveals community structures, influential nodes, and information diffusion patterns.

Biology and Chemistry
Graphs model molecular structures, neural networks, and ecological systems. Understanding graph theory
basics aids in studying interactions and functional pathways in biological systems.

Transportation and Logistics
Graphs represent road networks, flight routes, and supply chains. Algorithms based on graph theory
optimize routes, reduce costs, and improve efficiency.

Vertices and edges form the core of graph theory basics.1.

Different types of graphs allow modeling of diverse relationships.2.

Graph representations impact computational efficiency.3.

Graph properties enable deep structural analysis.4.

Fundamental algorithms facilitate practical problem solving.5.

Applications demonstrate the importance of graph theory in real-world contexts.6.



Frequently Asked Questions

What is a graph in graph theory?
A graph is a collection of vertices (or nodes) connected by edges. It is used to represent pairwise
relationships between objects.

What are the types of graphs in graph theory?
Common types include undirected graphs, directed graphs (digraphs), weighted graphs, unweighted
graphs, simple graphs, and multigraphs.

What is the difference between a directed and an undirected graph?
In a directed graph, edges have a direction from one vertex to another, while in an undirected graph,
edges have no direction and simply connect two vertices.

What is a path in graph theory?
A path is a sequence of edges that connect a sequence of distinct vertices, where each adjacent pair of
vertices is connected by an edge.

What does it mean for a graph to be connected?
A graph is connected if there is a path between every pair of vertices, meaning all vertices are reachable
from any other vertex.

What is the degree of a vertex?
The degree of a vertex is the number of edges incident to it. In directed graphs, there are in-degree and
out-degree, counting incoming and outgoing edges respectively.

What is an adjacency matrix?
An adjacency matrix is a square matrix used to represent a graph, where the entry at row i and column j
indicates the presence (and sometimes weight) of an edge between vertices i and j.

What is the significance of Eulerian paths and circuits?
An Eulerian path visits every edge of a graph exactly once; an Eulerian circuit is an Eulerian path that
starts and ends at the same vertex. They have applications in routing and network design.



What is a bipartite graph?
A bipartite graph is one whose vertices can be divided into two disjoint sets such that no edges exist
between vertices within the same set.

What is a tree in graph theory?
A tree is an acyclic connected graph. It has no cycles and exactly one path between any two vertices.

Additional Resources
1. Introduction to Graph Theory
This book by Douglas B. West provides a comprehensive introduction to the fundamental concepts of graph
theory. It covers topics such as connectivity, trees, matchings, and coloring in an accessible manner. The
text is well-suited for beginners and includes numerous examples and exercises to reinforce learning.

2. Graph Theory
Authored by Reinhard Diestel, this book is a standard reference in the field and offers clear explanations of
core graph theory principles. It balances theory and applications, making it suitable for both students and
researchers. The book also includes a free electronic edition, enhancing accessibility.

3. Graphs: An Introductory Approach
This introductory text by Robin J. Wilson focuses on basic graph theory concepts with an emphasis on
problem-solving and applications. It introduces key ideas such as Eulerian and Hamiltonian paths, planar
graphs, and graph coloring. The writing style is engaging, making it ideal for undergraduate students.

4. Graph Theory with Applications
By J.A. Bondy and U.S.R. Murty, this classic text presents graph theory concepts alongside real-world
applications. It covers a wide range of topics from basic definitions to more advanced subjects like network
flows. The book's practical approach helps readers see the relevance of graph theory in various disciplines.

5. A First Course in Graph Theory
Gary Chartrand and Ping Zhang offer a clear and concise introduction to graph theory in this book. It is
designed for students with little or no background in the subject and includes numerous exercises. The text
emphasizes intuitive understanding and includes historical notes to provide context.

6. Discrete Mathematics and Its Applications
Kenneth H. Rosen’s widely used textbook includes a substantial section on graph theory fundamentals. It
covers topics such as graph terminology, traversability, and graph algorithms. The book integrates graph
theory with other discrete mathematics topics, providing a broad foundation for computer science students.

7. Elements of Graph Theory



This book by Norman Biggs offers a structured introduction to graph theory with a focus on algebraic
approaches. It explores basic concepts as well as more advanced topics like spectral graph theory. The clear
explanations and examples make it suitable for both beginners and those seeking deeper insights.

8. Introduction to Graph Theory and Its Applications
This text by S. Arumugam and S. Ramachandran provides a straightforward introduction to graph theory
basics along with practical applications. It includes topics such as graph traversal, connectivity, and network
flows. The book is designed to be accessible to students from various disciplines.

9. Introductory Graph Theory
Written by Gary Chartrand, this concise book covers the essentials of graph theory with clarity and
precision. It addresses fundamental topics like graph models, connectivity, and coloring, accompanied by
numerous examples and exercises. Its brevity and clarity make it a perfect starter book for beginners.
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  graph theory basics: Introduction to Graph Theory Robin J. Wilson, 1996 Graph Theory has
recently emerged as a subject in its own right, as well as being an important mathematical tool in
such diverse subjects as operational research, chemistry, sociology and genetics. Robin Wilson's
book has been widely used as a text for undergraduate courses in mathematics, computer science
and economics, and as a readable introduction to the subject for non-mathematicians. The opening
chapters provide a basic foundation course, containing such topics as trees, algorithms, Eulerian and
Hamiltonian graphs, planar graphs and colouring, with special reference to the four-colour theorem.
Following these, there are two chapters on directed graphs and transversal theory, relating these
areas to such subjects as Markov chains and network flows. Finally, there is a chapter on matroid
theory, which is used to consolidate some of the material from earlier chapters. For this new edition,
the text has been completely revised, and there is a full range of exercises of varying difficulty.
There is new material on algorithms, tree-searches, and graph-theoretical puzzles. Full solutions are
provided for many of the exercises. Robin Wilson is Dean and Director of Studies in the Faculty of
Mathematics and Computing at the Open University.
  graph theory basics: A Beginner's Guide to Graph Theory W.D. Wallis, 2010-05-05 Graph
theory continues to be one of the fastest growing areas of modern mathematics because of its wide
applicability in such diverse disciplines as computer science, engineering, chemistry, management
science, social science, and resource planning. Graphs arise as mathematical models in these fields,
and the theory of graphs provides a spectrum of methods of proof. This concisely written textbook is
intended for an introductory course in graph theory for undergraduate mathematics majors or
advanced undergraduate and graduate students from the many fields that benefit from
graph-theoretic applications. This second edition includes new chapters on labeling and
communications networks and small-worlds, as well as expanded beginner's material in the early
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chapters, including more examples, exercises, hints and solutions to key problems. Many additional
changes, improvements, and corrections resulting from classroom use and feedback have been
added throughout. With a distinctly applied flavor, this gentle introduction to graph theory consists
of carefully chosen topics to develop graph-theoretic reasoning for a mixed audience. Familiarity
with the basic concepts of set theory, along with some background in matrices and algebra, and a
little mathematical maturity are the only prerequisites.
  graph theory basics: Fundamentals of Graph Theory Aleksandr Aleksandrovich Zykov, 1990
  graph theory basics: Introduction To Graph Theory: H3 Mathematics Khee-meng Koh,
Fengming Dong, Eng Guan Tay, 2007-03-15 Graph theory is an area in discrete mathematics which
studies configurations (called graphs) involving a set of vertices interconnected by edges. This book
is intended as a general introduction to graph theory and, in particular, as a resource book for junior
college students and teachers reading and teaching the subject at H3 Level in the new Singapore
mathematics curriculum for junior college.The book builds on the verity that graph theory at this
level is a subject that lends itself well to the development of mathematical reasoning and proof.
  graph theory basics: Introduction to Graph Theory Douglas Brent West, 1996 Flexibly
designed for CS students needing math review. Also covers some advanced, cutting edge topics
(running 120 pages and intended for grad students) in the last chapter (8). This text fits senior year
or intro. grad course for CS and math majors.
  graph theory basics: Introductory Graph Theory Gary Chartrand, 1977-01-01 Graph theory
is used today in the physical sciences, social sciences, computer science, and other areas.
Introductory Graph Theory presents a nontechnical introduction to this exciting field in a clear,
lively, and informative style. Author Gary Chartrand covers the important elementary topics of graph
theory and its applications. In addition, he presents a large variety of proofs designed to strengthen
mathematical techniques and offers challenging opportunities to have fun with mathematics. Ten
major topics ? profusely illustrated ? include: Mathematical Models, Elementary Concepts of Graph
Theory, Transportation Problems, Connection Problems, Party Problems, Digraphs and
Mathematical Models, Games and Puzzles, Graphs and Social Psychology, Planar Graphs and
Coloring Problems, and Graphs and Other Mathematics. A useful Appendix covers Sets, Relations,
Functions, and Proofs, and a section devoted to exercises ? with answers, hints, and solutions ? is
especially valuable to anyone encountering graph theory for the first time. Undergraduate
mathematics students at every level, puzzlists, and mathematical hobbyists will find well-organized
coverage of the fundamentals of graph theory in this highly readable and thoroughly enjoyable book.
  graph theory basics: Introduction To Graph Theory: With Solutions To Selected
Problems Khee-meng Koh, Fengming Dong, Eng Guan Tay, 2023-12-05 Graph theory is an area in
discrete mathematics which studies configurations (called graphs) involving a set of vertices
interconnected by edges. This book is intended as a general introduction to graph theory.The book
builds on the verity that graph theory even at high school level is a subject that lends itself well to
the development of mathematical reasoning and proof.This is an updated edition of two books
already published with World Scientific, i.e., Introduction to Graph Theory: H3 Mathematics &
Introduction to Graph Theory: Solutions Manual. The new edition includes solutions and hints to
selected problems. This combination allows the book to be used as a textbook for undergraduate
students. Professors can select unanswered problems for tutorials while students have solutions for
reference.
  graph theory basics: Graph Theory and Complex Networks Maarten van Steen, 2010 This book
aims to explain the basics of graph theory that are needed at an introductory level for students in
computer or information sciences. To motivate students and to show that even these basic notions
can be extremely useful, the book also aims to provide an introduction to the modern field of
network science. Mathematics is often unnecessarily difficult for students, at times even
intimidating. For this reason, explicit attention is paid in the first chapters to mathematical notations
and proof techniques, emphasizing that the notations form the biggest obstacle, not the
mathematical concepts themselves. This approach allows to gradually prepare students for using



tools that are necessary to put graph theory to work: complex networks. In the second part of the
book the student learns about random networks, small worlds, the structure of the Internet and the
Web, peer-to-peer systems, and social networks. Again, everything is discussed at an elementary
level, but such that in the end students indeed have the feeling that they: 1.Have learned how to
read and understand the basic mathematics related to graph theory. 2.Understand how basic graph
theory can be applied to optimization problems such as routing in communication networks. 3.Know
a bit more about this sometimes mystical field of small worlds and random networks. There is an
accompanying web site www.distributed-systems.net/gtcn from where supplementary material can
be obtained, including exercises, Mathematica notebooks, data for analyzing graphs, and generators
for various complex networks.
  graph theory basics: Basic Graph Theory Md. Saidur Rahman, 2017-05-02 This undergraduate
textbook provides an introduction to graph theory, which has numerous applications in modeling
problems in science and technology, and has become a vital component to computer science,
computer science and engineering, and mathematics curricula of universities all over the world. The
author follows a methodical and easy to understand approach. Beginning with the historical
background, motivation and applications of graph theory, the author first explains basic graph
theoretic terminologies. From this firm foundation, the author goes on to present paths, cycles,
connectivity, trees, matchings, coverings, planar graphs, graph coloring and digraphs as well as
some special classes of graphs together with some research topics for advanced study. Filled with
exercises and illustrations, Basic Graph Theory is a valuable resource for any undergraduate student
to understand and gain confidence in graph theory and its applications to scientific research,
algorithms and problem solving.
  graph theory basics: Introduction to Graph Theory Vitaly Ivanovich Voloshin, 2009 Graph
Theory is an important area of contemporary mathematics with many applications in computer
science, genetics, chemistry, engineering, industry, business and in social sciences. It is a young
science invented and developing for solving challenging problems of 'computerised' society for
which traditional areas of mathematics such as algebra or calculus are powerless. This book is for
math and computer science majors, for students and representatives of many other disciplines (like
bioinformatics, for example) taking the courses in graph theory, discrete mathematics, data
structures, algorithms.It is also for anyone who wants to understand the basics of graph theory, or
just is curious. No previous knowledge in graph theory or any other significant mathematics is
required. The very basic facts from set theory, proof techniques and algorithms are sufficient to
understand it; but even those are explained in the text. The book discusses the key concepts of
graph theory with emphasis on trees, bipartite graphs, cycles, chordal graphs, planar graphs and
graph colouring.The reader is conducted from the simplest examples, definitions and concepts, step
by step, towards an understanding of a few most fundamental facts in the field.
  graph theory basics: An Introduction to Graph Theory Dr. Naveen Kumar, Dr. Ankit Kumar
Goyal, Dr. Kamal Kumar, Mohini, 2025-07-04 Graph Theory is a real life application subject of
Mathematics for more then 400 years, but now a days with computer applications and Chemical
bonding theory, this subject have a great potential to explore the new concepts. This book is a little
effort to do the same.
  graph theory basics: Graph Theory Karin R Saoub, 2021-03-17 Graph Theory: An Introduction
to Proofs, Algorithms, and Applications Graph theory is the study of interactions, conflicts, and
connections. The relationship between collections of discrete objects can inform us about the overall
network in which they reside, and graph theory can provide an avenue for analysis. This text, for the
first undergraduate course, will explore major topics in graph theory from both a theoretical and
applied viewpoint. Topics will progress from understanding basic terminology, to addressing
computational questions, and finally ending with broad theoretical results. Examples and exercises
will guide the reader through this progression, with particular care in strengthening proof
techniques and written mathematical explanations. Current applications and exploratory exercises
are provided to further the reader’s mathematical reasoning and understanding of the relevance of



graph theory to the modern world. Features The first chapter introduces graph terminology,
mathematical modeling using graphs, and a review of proof techniques featured throughout the book
The second chapter investigates three major route problems: eulerian circuits, hamiltonian cycles,
and shortest paths. The third chapter focuses entirely on trees – terminology, applications, and
theory. Four additional chapters focus around a major graph concept: connectivity, matching,
coloring, and planarity. Each chapter brings in a modern application or approach. Hints and
Solutions to selected exercises provided at the back of the book. Author Karin R. Saoub is an
Associate Professor of Mathematics at Roanoke College in Salem, Virginia. She earned her PhD in
mathematics from Arizona State University and BA from Wellesley College. Her research focuses on
graph coloring and on-line algorithms applied to tolerance graphs. She is also the author of A Tour
Through Graph Theory, published by CRC Press.
  graph theory basics: Graph Theory Singh G. Suresh, 2010-08 Graphical representations have
given a new dimension to the problem solving exercise in diverse subjects like mathematics,
bio-sciences, chemical sciences, computer science and information technology, social sciences and
linguistics. This book is devoted to the models of graph theory, and the solutions provided by these
models to the problems encountered in these diverse fields of study. The text offers a comprehensive
and coherent introduction to the fundamentals of graph theory, besides giving an application based
approach to the subject. Divided into 13 chapters, the book begins with explicating the basics of
graph theory, moving onto the techniques involved while drawing the graphs. The subsequent
chapters dwell onto the problems solved by the Ramsey table and Perfect graphs. The algebraic
graphs and their concepts are also explained with great precision. The concluding chapters discuss
research oriented methodologies carried out in the field of graph theory. The research works include
the work done by the author himself such as on Union Graphs and Triangular Graceful Graphs, and
their ramifications. Primarily intended as a textbook for the undergraduate and postgraduate
students of mathematics and computer science, this book will be equally useful for the
undergraduate students of engineering. Apart from that, the book can be used as a reference by the
researchers and mathematicians. Key Features: Incorporates numerous graphical representations in
the form of well-labelled diagrams Presents a balanced approach with the help of worked-out
examples, algorithms, definitions and remarks Comprises chapter-end exercises to judge students'
comprehension of the subject
  graph theory basics: A Textbook of Graph Theory R. Balakrishnan, K. Ranganathan,
2012-11-11 Graph theory has experienced a tremendous growth during the 20th century. One of the
main reasons for this phenomenon is the applicability of graph theory in other disciplines such as
physics, chemistry, psychology, sociology, and theoretical computer science. This book aims to
provide a solid background in the basic topics of graph theory. It covers Dirac's theorem on
k-connected graphs, Harary-Nashwilliam's theorem on the hamiltonicity of line graphs,
Toida-McKee's characterization of Eulerian graphs, the Tutte matrix of a graph, Fournier's proof of
Kuratowski's theorem on planar graphs, the proof of the nonhamiltonicity of the Tutte graph on 46
vertices and a concrete application of triangulated graphs. The book does not presuppose deep
knowledge of any branch of mathematics, but requires only the basics of mathematics. It can be
used in an advanced undergraduate course or a beginning graduate course in graph theory.
  graph theory basics: Graph Theory Bela Bollobas, 2012-12-06 From the reviews: Béla Bollobás
introductory course on graph theory deserves to be considered as a watershed in the development of
this theory as a serious academic subject. ... The book has chapters on electrical networks, flows,
connectivity and matchings, extremal problems, colouring, Ramsey theory, random graphs, and
graphs and groups. Each chapter starts at a measured and gentle pace. Classical results are proved
and new insight is provided, with the examples at the end of each chapter fully supplementing the
text... Even so this allows an introduction not only to some of the deeper results but, more vitally,
provides outlines of, and firm insights into, their proofs. Thus in an elementary text book, we gain an
overall understanding of well-known standard results, and yet at the same time constant hints of,
and guidelines into, the higher levels of the subject. It is this aspect of the book which should



guarantee it a permanent place in the literature. #Bulletin of the London Mathematical Society#1
  graph theory basics: Graph Theory, 1736-1936 Norman Biggs, E. Keith Lloyd, Robin J.
Wilson, 1986 First published in 1976, this book has been widely acclaimed both for its significant
contribution to the history of mathematics and for the way that it brings the subject alive. Building
on a set of original writings from some of the founders of graph theory, the book traces the historical
development of the subject through a linking commentary. The relevant underlying mathematics is
also explained, providing an original introduction to the subject for students. From reviews: 'The
book...serves as an excellent examplein fact, as a modelof a new approach to one aspect of
mathematics, when mathematics is considered as a living, vital and developing tradition.' (Edward A.
Maziark in Isis) 'Biggs, Lloyd and Wilson's unusual and remarkable book traces the evolution and
development of graph theory...Conceived in a very original manner and obviously written with
devotion and a very great amount of painstaking historical research, it contains an exceptionally fine
collection of source material, and to a graph theorist it is a treasure chest of fascinating historical
information and curiosities with rich food for thought.' (Gabriel Dirac in Centaurus) 'The lucidity,
grace and wit of the writing makes this book a pleasure to read and re-read.' (S. H. Hollingdale in
Bulletin of the Institute of Mathematics and its Applications)
  graph theory basics: Game Theory Basics Bernhard von Stengel, 2021-08-19 Game theory is
the science of interaction. This textbook, derived from courses taught by the author and developed
over several years, is a comprehensive, straightforward introduction to the mathematics of
non-cooperative games. It teaches what every game theorist should know: the important ideas and
results on strategies, game trees, utility theory, imperfect information, and Nash equilibrium. The
proofs of these results, in particular existence of an equilibrium via fixed points, and an elegant
direct proof of the minimax theorem for zero-sum games, are presented in a self-contained,
accessible way. This is complemented by chapters on combinatorial games like Go; and, it has
introductions to algorithmic game theory, traffic games, and the geometry of two-player games. This
detailed and lively text requires minimal mathematical background and includes many examples,
exercises, and pictures. It is suitable for self-study or introductory courses in mathematics, computer
science, or economics departments.
  graph theory basics: An Introduction to Graph Theory Robin J. Wilson, 1970
  graph theory basics: A Friendly Introduction to Graph Theory Fred Buckley, Marty
Lewinter, 2003 This book introduces graph theory, a subject with a wide range of applications in
real-work situations. This book is designed to be easily accessible to the novice, assuming no more
than a good grasp of algebra to understand and relate to the concepts presented. Using many
examples, illustrations, and figures, it provides an excellent foundation for the basic knowledge of
graphs and their applications. This book includes an introductory chapter that reviews the tools
necessary to understand the concepts of graphs, and then goes on to cover such topics as trees and
bipartite graphs, distance and connectivity, Eulerian and Hamiltonian graphs, graph coloring,
matrices, algorithms, planar graphs, and digraphs and networks. Graph theory has a wide range of
applications; this book is useful for those in the fields of anthropology, computer science, chemistry,
environmental conservation, fluid dynamics, psychology, sociology, traffic management,
telecommunications, and business managers and strategists.
  graph theory basics: Basic Graph Theory with Applications Dr. A. Rahim Basha,
2019-04-04 Suitable for both U.G and P.G students of mathematics
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推理是自回归的，成本远超90%都在在decode阶段，然后都是一些小算子了，kernel launch开销占比大很
图卷积网络（GCN）入门详解   图卷积网络（GCN）入门详解 什么是GCN GCN 概述 模型定义 数学推导 Graph Laplacian ref 图神经网络领域算是一个比
较新的领域，有非常多的探索潜力，所以我也一直想着
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