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Undergraduates  Counting  Strategies  Abstract  This  paper  serves  as  an  introductory  guide  to  the
fascinating  world  of  combinatorics  specifically  focusing  on  various  counting  strategies  for
undergraduates We will explore fundamental concepts like the Pigeonhole Principle the Principle of
InclusionExclusion  and  the  art  of  generating  functions  Through  illustrative  examples  and
problemsolving techniques we aim to provide a solid foundation for understanding and applying
combinatorics  in  various fields  1  Combinatorics  the art  of  counting is  a  fundamental  branch of
mathematics with applications in various disciplines ranging from computer science and probability to
physics and biology At its core combinatorics deals with the study of arrangements combinations and
structures formed by finite sets of objects This paper serves as a stepping stone for undergraduates
seeking  an  introduction  to  combinatorial  reasoning  and  its  diverse  applications  2  Fundamental
Counting Principles 21 The Product Rule The product rule states that if an event can occur in m ways
and another independent event can occur in n ways then the two events can occur together in m n ways
Example Suppose you have 5 shirts and 3 pairs of pants How many different outfits can you create
You can choose one shirt in 5 ways You can choose one pair of pants in 3 ways Therefore you can
choose an outfit in 5 3 15 ways 22 The Sum Rule The sum rule states that if an event can occur in m
ways and another mutually exclusive event can occur in n ways then the two events can occur in m n
ways 2 Example Suppose you have 5 red marbles and 3 blue marbles How many ways can you pick
one marble You can choose a red marble in 5 ways You can choose a blue marble in 3 ways Therefore
you can choose a marble in 5 3 8 ways 3 Advanced Counting Techniques 31 The Pigeonhole Principle
The Pigeonhole Principle states that if you have more pigeons than pigeonholes then at least one
pigeonhole must contain more than one pigeon Example If there are 10 people in a room there must be
at least two people who share the same birth month 32 The Principle of InclusionExclusion This
principle allows us to count the elements in the union of sets by accounting for overcounting It states
that for sets A and B the cardinality of their union is A B A B A B Example How many numbers
between 1 and 100 are divisible by 3 or 5 Numbers divisible by 3 33 Numbers divisible by 5 20
Numbers divisible by both 3 and 5 15 6 Therefore the total number of numbers divisible by 3 or 5 is 33
20 6 47 33 Generating Functions Generating functions are a powerful tool for solving combinatorial
problems They represent a sequence of numbers as coefficients of a power series By manipulating the
generating function we can obtain information about the sequence such as its sum or its number of
terms Example Consider the sequence 1 1 1 1 The generating function for this sequence is 1 x x2 x3
11x By taking the derivative of both sides we get 11x2 1 2x 3x2 4x3 Therefore the coefficient of xn in
the generating function is n1 which represents the sum of the first  n terms of the sequence 3 4
Applications of Combinatorics Combinatorics finds applications in various fields including Computer
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Science Algorithms data structures and cryptography Probability Calculating probabilities of events
and random variables Graph Theory Studying relationships between objects and their connections
Design  and  Optimization  Designing  efficient  systems  and  networks  Bioinformatics  Analyzing
biological data and sequences 5 Conclusion Combinatorics is a captivating field with a rich history
and diverse applications This paper provided an introductory path for undergraduates showcasing
fundamental counting principles and advanced techniques like the Pigeonhole Principle the Principle
of Inclusion Exclusion and generating functions By mastering these techniques students can develop a
solid  foundation  for  tackling  combinatorial  problems  and  exploring  its  applications  in  various
scientific and technological domains Further Reading Combinatorics A Guided Tour by David M
Bressoud Discrete  Mathematics  and Its  Applications  by Kenneth  H Rosen to  Combinatorics  by
Richard P Stanley Note  This  paper  provides  a  starting point  for  learning combinatorics  Further
exploration is encouraged for deeper understanding and application of these concepts
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the main goal of the two authors is to help undergraduate students understand the concepts and ideas
of  combinatorics  an  important  realm of  mathematics  and  to  enable  them to  ultimately  achieve
excellence in this field this goal is accomplished by familiariz ing students with typical examples
illustrating central mathematical facts and by challenging students with a number of carefully selected
problems it is essential that the student works through the exercises in order to build a bridge between
ordinary high school permutation and combination exercises and more sophisticated intricate and
abstract  concepts  and problems in  undergraduate  combinatorics  the  extensive  discussions  of  the
solutions are a key part of the learning process the concepts are not stacked at the beginning of each
section in a blue box as in many undergraduate textbooks instead the key mathematical ideas are
carefully worked into organized challenging and instructive examples the authors are proud of their
strength their collection of beautiful problems which they have accumulated through years of work
preparing  students  for  the  international  math  ematics  olympiads  and  other  competitions  a  good
foundation in combinatorics is  provided in the first  six chapters of this book while most of the
problems in the first six chapters are real counting problems it is in chapters seven and eight where
readers are introduced to essay type proofs this is the place to develop significant problem solving
experience and to learn when and how to use available skills to complete the proofs

this  textbook offers  an accessible  introduction to  combinatorics  infused with solomon golomb s
insights and illustrative examples core concepts in combinatorics are presented with an engaging
narrative that  suits undergraduate study at  any level featuring early coverage of the principle of
inclusion exclusion and a unified treatment of permutations later on the structure emphasizes the
cohesive development of ideas combined with the conversational style this approach is especially well
suited to independent study falling naturally into three parts the book begins with a flexible chapter
zero that can be used to cover essential background topics or as a standalone problem solving course
the following three chapters cover core topics in combinatorics such as combinations generating
functions and permutations the final three chapters present additional topics such as fibonacci numbers
finite groups and combinatorial structures numerous illuminating examples are included throughout
along with exercises of all levels three appendices include additional exercises examples and solutions
to a selection of problems solomon golomb s course on undergraduate combinatorics is ideal for
introducing mathematics students to combinatorics at any stage in their program there are no formal
prerequisites but readers will benefit from mathematical curiosity and a willingness to engage in the
book s many entertaining challenges
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zero that can be used to cover essential background topics or as a standalone problem solving course
the following three chapters cover core topics in combinatorics such as combinations generating
functions and permutations the final three chapters present additional topics such as fibonacci numbers
finite groups and combinatorial structures numerous illuminating examples are included throughout
along with exercises of all levels three appendices include additional exercises examples and solutions
to a selection of problems solomon golomb s course on undergraduate combinatorics is ideal for
introducing mathematics students to combinatorics at any stage in their program there are no formal
prerequisites but readers will benefit from mathematical curiosity and a willingness to engage in the
book s many entertaining challenges

a  first  course  in  enumerative  combinatorics  provides  an  introduction  to  the  fundamentals  of
enumeration  for  advanced  undergraduates  and  beginning  graduate  students  in  the  mathematical
sciences the book offers a careful and comprehensive account of the standard tools of enumeration
recursion generating functions sieve and inversion formulas enumeration under group actions and
their  application  to  counting  problems  for  the  fundamental  structures  of  discrete  mathematics
including sets and multisets words and permutations partitions of sets and integers and graphs and
trees the author s exposition has been strongly influenced by the work of rota and stanley highlighting
bijective  proofs  partially  ordered sets  and an emphasis  on organizing the  subject  under  various
unifying themes including the theory of incidence algebras in addition there are distinctive chapters on
the combinatorics of finite vector spaces a detailed account of formal power series and combinatorial
number theory the reader is assumed to have a knowledge of basic linear algebra and some familiarity
with power series there are over 200 well designed exercises ranging in difficulty from straightforward
to challenging there are also sixteen large scale honors projects on special topics appearing throughout
the text the author is a distinguished combinatorialist and award winning teacher and he is currently
professor emeritus of mathematics and adjunct professor of philosophy at the university of tennessee
he has published widely in number theory combinatorics probability decision theory and formal
epistemology his erdős number is 2

a  first  course  in  enumerative  combinatorics  provides  an  introduction  to  the  fundamentals  of
enumeration  for  advanced  undergraduates  and  beginning  graduate  students  in  the  mathematical
sciences the book offers a careful and comprehensive account of the standard tools of enumeration
recursion generating functions sieve and inversion formulas enumeration under group actions and
their  application  to  counting  problems  for  the  fundamental  structures  of  discrete  mathematics
including sets and multisets words and permutations partitions of sets and integers and graphs and
trees the author s

this text provides a theoretical background for several topics in combinatorial mathematics such as
enumerative combinatorics including partitions and burnside s lemma magic and latin squares graph
theory extremal combinatorics mathematical games and elementary probability a number of examples
are given with explanations while the book also provides more than 300 exercises of different levels of
difficulty that are arranged at the end of each chapter and more than 130 additional challenging
problems including problems from mathematical olympiads solutions or hints to all exercises and
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problems are included the book can be used by secondary school students preparing for mathematical
competitions by their instructors and by undergraduate students the book may also be useful for
graduate students and for researchers that apply combinatorial methods in different areas

three  things  should  be  considered  problems theorems and applications  gottfried  wilhelm leibniz
dissertatio de arte combinatoria 1666 this book grew out of several courses in combinatorics and graph
theory given at appalachian state university and ucla in recent years a one semester course for juniors
at appalachian state university focusing on graph theory covered most of chapter 1 and the first part of
chapter 2 a one quarter course at ucla on combinatorics for undergraduates concentrated on the topics
in chapter 2 and included some parts of chapter i another semester course at appalachian state for
advanced undergraduates and beginning graduate students covered most of the topics from all three
chapters there are rather few prerequisites for this text we assume some familiarity with basic proof
techniques like induction a few topics in chapter 1 assume some prior exposure to elementary linear
algebra chapter 2 assumes some familiarity with sequences and series especially maclaurin series at
the level typically covered in a first year calculus course the text requires no prior experience with
more advanced subjects such as group theory

a hands on constructive and computational approach to combinatorial topics with real life modern
applications provides a simple treatment of the subject introduces topics such as counting designs and
graphs the notation is standard and kept to a minimum chapters end with historical remarks and
suggestions for further reading

the probability  model  random variables  some combinatoric  problems conditional  probability  and
independence generating functions some special discrete distributions integrating density functions
sums and products of random variables some special distributions limit laws stochastic processes
estimation testing hypotheses sufficient statistics dichotomous populations a review of some linear
algebra linea models nonparametric statistics

explains  how  to  reason  and  model  combinatorially  enables  students  to  develop  proficiency  in
fundamental  discrete  math  problem  solving  in  the  manner  that  a  calculus  textbook  develops
competence in basic analysis problem solving stresses the systematic analysis of different possibilities
exploration of  the  logical  structure  of  a  problem and ingenuity  this  edition contains  many new
exercises
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