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Preface

The first time China participate in IMO was in 1985, two
students were sent to the 26th IMO. Since 1986, China has a
team of 6 students at every IMO except in 1998 when it was held
in Taiwan. So far, up to 2011, China has achieved the number
one ranking in team effort 17 times. A great majority of
students received gold medals. The fact that China obtained
such encouraging result is due to, on one hand, Chinese
students’ hard working and perseverance, and on the other
hand, the effort of teachers in schools and the training offered
by national coaches. As we believe, it is also a result of the
education system in China, in particular, the emphasis on
training of basic skills in science education.

The materials of this book come from a series of two books
(in Chinese) on Forward to IMO: a collection of mathematical
Olympiad problems (2009 - 2010). It is a collection of problems
and solutions of the major mathematical competitions in China.
It provides a glimpse of how the China national team is selected
and formed. First, there is the China Mathematical
Competition, a national event. It is held on the second Sunday
of October every year. Through the competition, about 200
students are selected to join the China Mathematical Olympiad

(commonly known as the winter camp), or in short CMO, in
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the next January. CMO lasts for five days. Both the type and
the difficulty of the problems match those of IMO. Similarly,
students are given three problems to solve in 4. 5 hours each
day. From CMO, about 50 to 60 students are selected to form a
national training team. The training takes place for two weeks
in the month of March. After four to six tests, plus two
qualifying examinations, six students are finally selected to
form the national team, taking part in IMO in July of that
year.

In view of the differences in education, culture and
economy of western part of China in comparison with the coast
part in east China, mathematical competitions in West China
did not develop as fast as in the rest of the country. In order to
promote the activity of mathematical competition, and to
enhence the level of mathematical competition, starting from
2001, China Mathematical Olympiad Committee organizes the
China Western Mathematical Olympiad. The top two winners
will be admitted to the national training team. Through the
CWMO, there have been two students entering the national
team and receiving gold medals for their performance at IMO.

Since 1995, for a quite long period there was no female
student in the Chinese national team. In order to encourage
more female students participating in the mathematical
competition, starting from 2002, China Mathematical
Olympiad Committee conducted the China Girls’ Mathematical
Olympiad. Again, the top two winners will be admitted directly
into the national training team. In 2007, the first girl who was
winner of China Girls’ Mathematical Olympiad was selected to
enter the 2008 China national team and won the gold medal of
the 49th IMO.
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Introduction

Early days

The International Mathematical Olympiad (IMO), founded in
1959, is one of the most competitive and highly intellectual
activities in the world for high school students.

Even before IMO, there were already many countries
which had mathematics competition. They were mainly the
countries in Eastern Europe and in Asia. In addition to the
popularization of mathematics and the convergence in
educational systems among different countries, the success of
mathematical competitions at the national level provided a
foundation for the setting-up of IMO. The countries that
asserted great influence are Hungary, the former Soviet Union
and the United States. Here is a brief review of the IMO and
mathematical competition in China.

In 1894, the Department of Education in Hungary passed a
motion and decided to conduct a mathematical competition for
the secondary schools. The well-known scientist, J. von
Etévés, was the Minister of Education at that time. His support
in the event had made it a success and thus it was well
publicized. In addition, the success of his son, R. von Etévos,
who was also a physicist, in proving the principle of equivalence

of the general theory of relativity by A. Einstein through
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experiment, had brought Hungary to the world stage in science.
Thereafter, the prize for mathematics competition in Hungary
was named “ Etévos prize”. This was the first formally
organized mathematical competition in the world. In what
follows, Hungary had indeed produced a lot of well-known
scientists including L. Fejér, G. Szego, T. Rado, A. Haar
and M. Riesz (in real analysis), D. Koénig (in combinatorics) ,
T. von Karman (in aerodynamics), and J. C. Harsanyi (in
game theory), who had also won the Nobel Prize for Economics
in 1994. They all were the winners of Hungary mathematical
competition. The top scientific genius of Hungary, J. von
Neumann, was one of the leading mathematicians in the 20th
century. Neumann was overseas while the competition took
place. Later he did it himself and it took him half an hour to
complete. Another mathematician worth mentioning is the
highly productive number theorist P. Erdés. He was a pupil of
Fejér and also a winner of the Wolf Prize. Erdos was very
passionate about mathematical competition and setting
competition questions. His contribution to discrete mathematics
was unique and greatly significant. The rapid progress and
development of discrete mathematics over the subsequent
decades had indirectly influenced the types of questions set in
IMO. An internationally recognized prize named after Erdos
was to honour those who had contributed to the education of
mathematical competition. Professor Qiu Zonghu from China
had won the prize in 1993.

In 1934, a famous mathematician B. Delone conducted a
mathematical competition for high school students in Leningrad
(now St. Petersburg). In 1935, Moscow also started organizing

such event. Other than being interrupted during the World War
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Il , these events had been carried on until today. As for the
Russian Mathematical Competition (later renamed as the Soviet
Mathematical Competition), it was not started until 1961.
Thus, the former Soviet Union and Russia became the leading
powers of Mathematical Olympiad. A lot of grandmasters in
mathematics including the great A. N. Kolmogorov were all
very enthusiastic about the mathematical competition. They
would personally involve in setting the questions for the
competition. The former Soviet Union even called it the
Mathematical Olympiad, believing that mathematics is the
“gymnastics of thinking”. These points of view gave a great
impact on the educational community. The winner of the Fields
Medal in 1998, M. Kontsevich , was once the first runner-up of
the Russian Mathematical Competition. G. Kasparov, the
international chess grandmaster, was once the second runner-
up. Grigori Perelman, the winner of the Fields Medal in 2006
(but he declined), who solved the Poincaré’s Conjecture, was a
gold medalist of IMO in 1982.

In the United States of America, due to the active
promotion by the renowned mathematician G. D. Birkhoff and
his son, together with G. Pélya, the Putnam mathematics
competition was organized in 1938 for junior undergraduates.
Many of the questions were within the scope of high school
students. The top five contestants of the Putnam mathematical
competition would be entitled to the membership of Putnam.
Many of these were eventually outstanding mathematicians.
There were the famous R. Feynman (winner of the Nobel Prize
for Physics, 1965), K. Wilson (winner of the Nobel Prize for
Physics, 1982), J. Milnor (winner of the Fields Medal, 1962),
D. Mumford (winner of the Fields Medal, 1974), and D.
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Quillen (winner of the Fields Medal, 1978).

Since 1972, in order to prepare for the IMO, the United
States of America Mathematical Olympiad ( USAMO) was
organized. The standard of questions posed was very high,
parallel to that of the Winter Camp in China. Prior to this, the
United States had organized American High School
Mathematics Examination ( AHSME) for the high school
students since 1950. This was at the junior level yet the most
popular mathematics competition in America. Originally, it was
planned to select about 100 contestants from AHSME to
participate in USAMO. However, due to the discrepancy in the
level of difficulty between the two competitions and other
restrictions, from 1983 onwards, an intermediate level of
competition, namely, American Invitational Mathematics
Examination ( AIME ), was introduced. Henceforth both
AHSME and AIME became internationally well-known. A few
cities in China had participated in the competition and the
results were encouraging.

The members of the national team who were selected from
USAMO would undergo training at the West Point Military
Academy, and would meet the President at the White House
together with their parents. Similarly as in the former Soviet
Union, the Mathematical Olympiad education was widely
recognized in America. The book “How to Solve it” written by
George Polya along with many other titles had been translated
into many different languages. George Polya provided a whole
series of general heuristics for solving problems of all kinds. His
influence in the educational community in China should not be

underestimated.
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International Mathematical Olympiad

In 1956, the East European countries and the Soviet Union took
the initiative to organize the IMO formally. The first
International Mathematical Olympiad (IMO) was held in
Brasov, Romania, in 1959. At the time, there were only seven
participating countries, namely, Romania, Bulgaria, Poland,
Hungary, Czechoslovakia, East Germany and the Soviet
Union. Subsequently, the United States of America, United
Kingdom, France, Germany and also other countries including
those from Asia joined. Today, the IMO had managed to reach
almost all the developed and developing countries. Except in
the year 1980 due to financial difficulties faced by the host
country, Mongolia, there were already 49 Olympiads held and
97 countries participating.

The mathematical topics in the IMO include number
theory, polynomials, functional equations, inequalities, graph
theory, complex numbers, combinatorics, geometry and game
theory. These areas had provided guidance for setting questions
for the competitions. Other than the first few Olympiads, each
IMO is normally held in mid-July every year and the test paper
consists of 6 questions in all. The actual competition lasts for 2
days for a total of 9 hours where participants are required to
complete 3 questions each day. Each question is 7 points which
total up to 42 points. The full score for a team is 252 marks.
About half of the participants will be awarded a medal, where
1/12 will be awarded a gold medal. The numbers of gold, silver
and bronze medals awarded are in the ratio of 1 : 2 : 3
approximately. In the case when a participant provides a better
solution than the official answer, a special award is given.

Each participating country will take turn to host the IMO.
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The cost is borne by the host country. China had successfully
hosted the 31st IMO in Beijing. The event had made a great
impact on the mathematical community in China. According to
the rules and regulations of the IMO, all participating countries
are required to send a delegation consisting of a leader, a
deputy leader and 6 contestants. The problems are contributed
by the participating countries and are later selected carefully by
the host country for submission to the international jury set up
by the host country. Eventually, only 6 problems will be
accepted for use in the competition. The host country does not
provide any question. The short-listed problems are
subsequently translated, if necessary, in English, French,
German, Russian and other working languages. After that, the
team leaders will translate the problems into their own
languages.

The answer scripts of each participating team will be
marked by the team leader and the deputy leader. The team
leader will later present the scripts of their contestants to the
coordinators for assessment. If there is any dispute, the matter
will be settled by the jury. The jury is formed by the various
team leaders and an appointed chairman by the host country.
The jury is responsible for deciding the final 6 problems for the
competition. Their duties also include finalizing the grading
standard, ensuring the accuracy of the translation of the
problems, standardizing replies to written queries raised by
participants during the competition, synchronizing differences
in grading between the team leaders and the coordinators and
also deciding on the cut-off points for the medals depending on
the contestants’ results as the difficulties of problems each year

are different.



