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Combinatorial Extremization Mathematical Olympiad Combinatorial Extremization A Powerful
Tool in Mathematical Olympiads Mathematical Olympiads are renowned for their challenging
problems that demand deep understanding creative thinking and a mastery of diverse
mathematical concepts Among these concepts combinatorial extremization stands out as a
powerful tool for tackling a wide range of problems This technique involves finding the
maximum or minimum value of a specific quantity over a set of combinatorial objects often
leading to elegant and insightful solutions What is Combinatorial Extremization At its core
combinatorial extremization is about finding the best or worst arrangement or configuration
within a given set of objects This often involves defining a specific function or property that
we want to maximize or minimize For instance we might want to find the arrangement of
points in a plane that maximizes the total distance between them or the configuration of
graphs that minimizes the number of edges The Power of Combinatorial Extremization 1
Problem Reduction Many seemingly complex problems can be reduced to simpler
optimization problems through combinatorial extremization By focusing on finding the optimal
configuration we often eliminate irrelevant details and expose the underlying structure of the
problem 2 Elegant Solutions The techniques used in combinatorial extremization often lead to
elegant and insightful solutions They often involve clever constructions insightful observations
and the application of powerful inequalities 3 Wide Applicability Combinatorial extremization
finds applications across diverse areas of mathematics including graph theory number theory
geometry and even theoretical computer science Examples of Combinatorial Extremization in
Action Lets explore a few concrete examples to illustrate the power of combinatorial
extremization 2 1 The ErdsSzekeres Theorem This theorem states that any sequence of n12
1 distinct real numbers contains a monotone subsequence of length n This result can be
elegantly proven using a double pigeonhole argument where we consider the longest
increasing and decreasing subsequences starting at each point in the sequence 2 Turns
Theorem Turns Theorem deals with the maximum number of edges in a graph with a given

number of vertices that does not contain a complete subgraph of a certain size This theorem
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has applications in various fields including network design and coding theory 3 The
Isoperimetric Inequality This inequality states that among all planar regions with a fixed
perimeter the circle encloses the largest area This result can be elegantly proven using
combinatorial methods exploiting the symmetry of the circle and the fact that any other shape
can be transformed into a circle without decreasing its area Techniques in Combinatorial
Extremization Several techniques are commonly used in combinatorial extremization 1
Pigeonhole Principle This principle states that if we have more pigeons than pigeonholes
then at least one pigeonhole must contain more than one pigeon This simple principle can be
remarkably effective in proving existence results and establishing bounds 2 Extremal
Argument This technique involves focusing on the most extreme objects within the set we are
considering By analyzing these extreme cases we can often derive crucial insights and
relationships that hold for the entire set 3 Inductive Proofs Induction is a powerful tool for
proving statements about combinatorial objects We can often prove a statement for a small
base case and then use the inductive step to extend it to larger cases 4 Graph Theory Tools
Techniques from graph theory such as the handshake lemma the concept of degrees and the
notion of connectedness are often used to analyze the relationships between objects and
prove extremal results Challenges and Future Directions While combinatorial extremization is
a powerful tool there are also challenges and open questions 3 1 Finding Optimal
Constructions In many problems finding the actual optimal configuration can be challenging
This often requires creative constructions and a deep understanding of the problems
structure 2 Sharpness of Bounds Determining whether the bounds derived through
combinatorial techniques are the best possible is a significant challenge This often requires
sophisticated arguments and advanced techniques 3 Generalization and Extension Extending
existing results to more general settings and finding analogous theorems in different areas of
mathematics is an ongoing research direction Conclusion Combinatorial extremization is a
fundamental and versatile tool for problemsolving in mathematical olympiads and beyond By
mastering these techniques participants can unlock elegant solutions to challenging problems
and gain a deeper understanding of combinatorial structures The future of this field holds
exciting opportunities for further exploration innovation and the development of new and

powerful tools for tackling complex mathematical problems
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Andreescu Zun Shan Bin Xiong Du an Djuki Bin Xiong Gangsong Leng Steve Dinh Titu

Andreescu Jiagu Xu Istvan Reiman

in china lots of excellent students who are good at maths takes an active part in various
maths contests and the best six senior high school students will be selected to form the imo
national team to compete in the international mathematical olympiad in the past ten years
china s imo team has achieved outstanding results they have won the first place almost every
year the author is one of the coaches of china s imo national team whose students have won
many gold medals many times in imo this book is part of the mathematical olympiad series
which discusses several aspects related to maths contests such as algebra number theory
combinatorics graph theory and geometry the book elaborates on methods of discrete
extremization such as inequality control repeated extremum partial adjustment exploiting

symmetry polishing transform space estimates etc

this study guide for the chemistry olympiad contains summarized concepts and examples in
all areas of chemistry the chapters are arranged in a logical manner and establishes
connections between concepts undergraduate chemistry concepts are explained clearly
every equation in physical chemistry is derived and justified while every organic reaction has
its reaction mechanism shown and explained without assuming that readers have university
level background in the subject the book also contains original chemistry olympiad sample
problems that readers may use to test their knowledge this is a first book of its kind written by
nan zhihan international chemistry olympiad icho gold medallist and winner of the
international union of pure and applied chemistry iupac prize for achieving the highest score
in the experimental exam and experienced chemistry olympiad trainer dr zhang sheng who
has served as head mentor of singapore icho team for many years it builds on the experience
of both a participant and trainer to help any aspiring chemistry olympiad student understand

the challenging concepts in chemistry

the international mathematical olympiad imo is a very important competition for high school
students china has taken part in the imo 31 times since 1985 and has won the top ranking for
countries 19 times with a multitude of gold medals for individual students the six students

china has sent every year were selected from 60 students among approximately 300
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students who took part in the annual china mathematical competition during the winter
months this book includes the problems and solutions of the most important mathematical
competitions from 2010 to 2014 in china such as china mathematical competition china
mathematical olympiad china girls mathematical olympiad these problems are almost
exclusively created by the experts who are engaged in mathematical competition teaching
and researching some of the solutions are from national training team and national team
members their wonderful solutions being the feature of this book this book is useful to
mathematics fans middle school students engaged in mathematical competition coaches in

mathematics teaching and teachers setting up math elective courses

this book is a useful reference for faculty members involved in contest preparation or
teaching euclidean geometry at the college level maa reviewsthis new volume of the
mathematical olympiad series focuses on the topic of geometry basic and advanced
theorems commonly seen in mathematical olympiad are introduced and illustrated with plenty
of examples special techniques in solving various types of geometrical problems are also
introduced while the authors elaborate extensively on how to acquire an insight and develop
strategies in tackling difficult geometrical problems this book is suitable for any reader with
elementary geometrical knowledge at the lower secondary level each chapter includes
sufficient scaffolding and is comprehensive enough for the purpose of self study readers who
complete the chapters on the basic theorems and techniques would acquire a good
foundation in geometry and may attempt to solve many geometrical problems in various
mathematical competitions meanwhile experienced contestants in mathematical olympiad
competitions will find a large collection of problems pitched at competitions at the
international level with opportunities to practise and sharpen their problem solving sKkills in

geometry

see also a first step to mathematical olympiad problems the international mathematical
olympiad imo is an annual international mathematics competition held for pre collegiate
students it is also the oldest of the international science olympiads and competition for places
is particularly fierce this book is an amalgamation of the booklets originally produced to guide
students intending to contend for placement on their country s imo team see also a first step

to mathematical olympiad problems which was published in 2009 the material contained in
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this book provides an introduction to the main mathematical topics covered in the imo which
are combinatorics geometry and number theory in addition there is a special emphasis on
how to approach unseen questions in mathematics and model the writing of proofs full
answers are given to all questions though a second step to mathematical olympiad problems
is written from the perspective of a mathematician it is written in a way that makes it easily
comprehensible to adolescents this book is also a must read for coaches and instructors of

mathematical competitions

see also a second step to mathematical olympiad problems the international mathematical
olympiad imo is an annual international mathematics competition held for pre collegiate
students it is also the oldest of the international science olympiads and competition for places
is particularly fierce this book is an amalgamation of the first 8 of 15 booklets originally
produced to guide students intending to contend for placement on their country s imo team
the material contained in this book provides an introduction to the main mathematical topics
covered in the imo which are combinatorics geometry and number theory in addition there is
a special emphasis on how to approach unseen questions in mathematics and model the
writing of proofs full answers are given to all questions though a first step to mathematical
olympiad problems is written from the perspective of a mathematician it is written in a way
that makes it easily comprehensible to adolescents this book is also a must read for coaches

and instructors of mathematical competitions

in china lots of excellent maths students takes an active part in various maths contests and
the best six senior high school students will be selected to form the imo national team to
compete in the international mathematical olympiad in the past ten years china s imo team
has achieved outstanding results they have won the first place almost every year the author
is one of the senior coaches of china s imo national team he is the headmaster of shanghai
senior high school which is one of the best high schools of china in the past decade the
students of this school have won the imo gold medals almost every year the author attempts
to use some common characteristics of sequence and mathematical induction to
fundamentally connect math olympiad problems to particular branches of mathematics in
doing so the author hopes to reveal the beauty and joy involved with math exploration and at

the same time attempts to arouse readers interest of learning math and invigorate their
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courage to challenge themselves with difficult problems

the series is edited by the head coaches of china s imo national team each volume catering
to different grades is contributed by the senior coaches of the imo national team the chinese
edition has won the award of top 50 most influential educational brands in china the series is
created in line with the mathematics cognition and intellectual development levels of the
students in the corresponding grades all hot mathematics topics of the competition are
included in the volumes and are organized into chapters where concepts and methods are
gradually introduced to equip the students with necessary knowledge until they can finally
reach the competition level in each chapter well designed problems including those collected
from real competitions are provided so that the students can apply the skills and strategies
they have learned to solve these problems detailed solutions are provided selectively as a
feature of the series we also include some solutions generously offered by the members of

chinese national team and national training team

mathematical olympiad challenges is a rich collection of problems put together by two
experienced and well known professors and coaches of the u s international mathematical
olympiad team hundreds of beautiful challenging and instructive problems from algebra
geometry trigonometry combinatorics and number theory were selected from numerous
mathematical competitions and journals an important feature of the work is the
comprehensive background material provided with each grouping of problems the problems
are clustered by topic into self contained sections with solutions provided separately all
sections start with an essay discussing basic facts and one or two representative examples a
list of carefully chosen problems follows and the reader is invited to take them on additionally
historical insights and asides are presented to stimulate further inquiry the emphasis
throughout is on encouraging readers to move away from routine exercises and memorized
algorithms toward creative solutions to open ended problems aimed at motivated high school
and beginning college students and instructors this work can be used as a text for advanced
problem solving courses for self study or as a resource for teachers and students training for
mathematical competitions and for teacher professional development seminars and

workshops
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the series is edited by the head coaches of china s imo national team each volume catering
to different grades is contributed by the senior coaches of the imo national team the chinese
edition has won the award of top 50 most influential educational brands in china the series is
created in line with the mathematics cognition and intellectual development levels of the
students in the corresponding grades all hot mathematics topics of the competition are
included in the volumes and are organized into chapters where concepts and methods are
gradually introduced to equip the students with necessary knowledge until they can finally
reach the competition level in each chapter well designed problems including those collected
from real competitions are provided so that the students can apply the skills and strategies
they have learned to solve these problems detailed solutions are provided selectively as a
feature of the series we also include some solutions generously offered by the members of

chinese national team and national training team

the international mathematical olympiad imo is a competition for high school students china
has taken part in imo twenty times since 1985 and has won the top ranking for countries
thirteen times with a multitude of golds for individual students the 6 students china sent every
year were selected from 20 to 30 students among approximately 130 students who take part
in the china mathematical competition during the winter months this volume comprises a
collection of original problems with solutions that china used to train their olympiad team in
the years from 2003 to 2006

the imo compendium is the ultimate collection of challenging high school level mathematics
problems and is an invaluable resource not only for high school students preparing for
mathematics competitions but for anyone who loves and appreciates mathematics the
international mathematical olympiad imo nearing its 50th anniversary has become the most
popular and prestigious competition for high school students interested in mathematics only
six students from each participating country are given the honor of participating in this
competition every year the imo represents not only a great opportunity to tackle interesting
and challenging mathematics problems it also offers a way for high school students to
measure up with students from the rest of the world until the first edition of this book
appearing in 2006 it has been almost impossible to obtain a complete collection of the

problems proposed at the imo in book form the imo compendium is the result of a
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collaboration between four former imo participants from yugoslavia now serbia and
montenegro to rescue these problems from old and scattered manuscripts and produce the
ultimate source of imo practice problems this book attempts to gather all the problems and
solutions appearing on the imo through 2009 this second edition contains 143 new problems
picking up where the 1959 2004 edition has left off

the international mathematical olympiad imo is a competition for high school students china
has taken part in the imo 21 times since 1985 and has won the top ranking for countries 14
times with a multitude of golds for individual students the six students china has sent every
year were selected from 20 to 30 students among approximately 130 students who took part
in the annual china mathematical competition during the winter months this volume
comprises a collection of original problems with solutions that china used to train their
olympiad team in the years from 2006 to 2008 mathematical olympiad problems with
solutions for the years 2002 2006 appear in an earlier volume mathematical olympiad in

china

in china lots of excellent maths students take an active interest in various maths contests and
the best six senior high school students will be selected to form the imo national team to
compete in the international mathematical olympiad in the past ten years china s imo team
has achieved outstanding results they won the first place almost every year the author is one
of the coaches of china s imo national team whose students have won many gold medals
many times in imo this book is part of the mathematical olympiad series which discusses
several aspects related to maths contests such as algebra number theory combinatorics
graph theory and geometry the book elaborates on geometric inequality problems such as
inequality for the inscribed quadrilateral the area inequality for special polygons linear

geometric inequalities etc

solutions to many of the world s mathematical olympiad problems to hone students skills for
competitions or simply to enhance their general mathematical knowledge the problems

include geometry algebra and calculus

a collection of problems put together by coaches of the u s international mathematical

olympiad team
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the famed international mathematical olympiad has been challenging students worldwide for

over 40 years the first competition was held in romania in 1959 with seven countries

participating it has since expanded to attract competitors from over 80 countries representing

all five continents this first volume features every question set from 1959 75 along with

comprehensive solutions and multiple answers where applicable a fantastic selection of

mathematical puzzles this fully updated three volume series will be of interest to serious

mathematicians and enthusiasts alike istvan reiman s compilation of logic puzzles and

questions will tease the intellect of all those with a mathematical mind
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