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ong Kong is proud to be organizing the

brightest secondary school mathematics
talents from over 00 countries at the a7th
International Mathematical Olympiad (IMO) in
July 2016. We hope that IMOment will promote
interest in mathematics among students and the
public in this period leading up to IMO 2018, and
beyond.

Readers are welcome to submit articles on
mathematics and/or Mathematical Olympiad to
IMOment. Submissions should be original. one to
four pages in length in either Chinese or English
(or both). and should be sent by attachment to
an email to info@imohke.org.hk, or be mailed

to Mathematics Education Section, Rm. 403,
Kowloon Government Dffices, 405 Nathan Road,
Yau Ma Tei, Kowloon, titled “Submission to
IMOment."
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ISSUEE 2
LEADER'S PERSPECTIVE

According to the IMO regulations, the Jury consists of the team
leaders plus a Chairperson appointed by the host country. Basically
all decisions concerning the IMO are made through voting at the
Jury Meeting.

The Jury Chairperson has a very important role. (S)he needs
to have excellent language skills, know the procedures well and
control the pace of the meeting.

One of the main tasks of the Jury is to select the problems and
form the two-day contest papers. After the two papers were fixed,
leaders had to translate them into their own language. | need not
do it because the students from the Hong Kong team only need the
English and Chinese (Traditional) papers; the former is an official
language and the latter was provided by Taiwan.

The Jury also discussed the marking scheme of each problem.
Representatives from the coordinators for each problem would
come up to the stage to introduce their proposal; the Jury then
discussed and made amendments, and finally voted to accept the
marking schemes.



3 IMOMENT
IMO 2013 REPORT

bR 7 BRI - KEFTETMAABT BRI Z®
B - RLIRRET  BEEAARLEEIE
hEEFIER - AR - AIS - BRI RBESH
ExEDRERTEEMEMEEAZES - A
ARR ~ AL R - R AERE (ERARSERE
BHFEREYE - HORARM) - UEBRE
B KEEFEDHR: "HdE,  BEEE-
YIS K ZE BT B E S 15 B ARER S
BHRRES -

R B BRI B A E52RE - 2L
RN EERBERBRNZT] - EHE—HEBEK
ARE L BEPh—(IEBERNESERES (KT -
raEE - ERBER-MRER - M —BRT
A T EAElRE | L BEEABEREER R
Z S HIM T AL BEPXER R B IARE |

EHMBERE—REFRAE DRESERR
FROE - RBZAINHE - KSR MEMI A
Mo - BEFRERRIAZNEERNER D
H (HAKGEEMEARZD  ESHPRELERK
SRS DHER - RABEZBFRERNE - WEE
BHOARENBERSNEEHT ) - AEET

BARAERENERIY  EEBTRE—5
- EELEH 282 TEHE (LE2BABN—ED 6.5)

- BERE— D LIES 306 HER (LEFEE
17.5) - ERAIBEPENBFESITES -

27 Floor

I . . e

G

Urgent IMO Jury Meeting!
At 11 am., Grand Nanta Room, 2" Floor

Urgent 1111111
Jury meeting
begins at 11,00 am

yivid Maaa Daall i

Apart from translating the contest papers, the contents of the Jury
Meeting were also translated from time to time. While the Jury
Meeting was held in English, translations to other official languages
(French, Spanish, German and Russian) would be provided by the
leaders of France, Spain, Germany and Russia when a motion was
put or when there were other important messages. (But this year
no leader required any German translation so it was not provided.)
When this happened the Jury Chairperson would say ~Translations
please’, and then the French, Spanish and Russian leaders would
translate the message into the respective languages.

As English is not the first language for many leaders, some of them
speak with an accent which, for me, would take some effort to
understand. At the Final Jury Meeting, when a certain leader spoke,
| had a hard time understanding what he was talking about. When
he finished, the Jury Chairperson looked puzzled, paused a few
seconds, and eventually said, “Translations please'l Then when the
French leader spoke, | finally realised that the previous leader was
speaking in French!

At the Final Jury Meeting, the cutting scores were decided.
According to the agreed protocol, some distributions would be
shown while the leaders would not know the exact cutting score
(the individual scores were already announced but some in each
team were hidden and known only to the leader of the team, making
“brute force counting' impossible). We first had to decide the
bronze cut-off, which was pretty clear since we either award a
total of 287 medals (.5 less than than half the total number of
contestants) if we set the bronze cutting score | point higher, or
306 (17.5 more than than half) if the cutting score were | point
lower. The former was adopted with a clear majority.
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The silver cutting score was also clear. In the perfect case there
should be 141 gold and silver medals (half of 282). A certain cutting
line (exact score not revealed yet) would result in 139 gold and
silver medals, while the number would jump to 159 if the cutting
score were | point lower. Again, the former was adopted with a
clear majority.

The gold cutting score led to more controversy. If one tries to make
the number of gold and silver medals in the ratio |2, then 139 +3 =
4B-and-a-1/3 gold medals should be awarded. Or, considering the
:2:3 ratio between gold, silver and bronze, there should ideally be
282 + B = 47 gold medals. However as the scores are discrete,
we could either award 39 or 04 gold medals. The two sides seemed
to be “equally unsatisfactory'. In fact, leaders supporting different
options spoke to argue why one of them is mathematically better
than the other. (The interested reader may try to work out some
such arguments!) This went into voting in the end, and Jury chose
to award only 39 gold medals (i.e. to take the higher cutting score
for gold) by a very narrow margin.

The IMO regulations did not specify in great detail the exact rules
for voting. All it says is that “a motion is carried by a simple
majority of those vating'. As a tradition, whenever several options
are present, the winning option is chosen by repeated eliminatitf.
i.e. eliminating the option with the fewest vote each time until the
winning option emerges.
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However., these rules were not always strictly observed. For
example, when too many options exist, the Chairperson might
suggest, say, eliminating 8 options in the first round, 3 in the
second, and then one by one. Then another |eader said that's too
many; perhaps eliminating 3 in the first round would be better.
Things just seemed too random. Sometimes when three options
exist, a leader may suddenly propose a motion “to adopt Option

', and then it was carried after voting. However, it was quite

clear that when some Jury members do not have a strong opinion
among the options, then another motion “to adopt Option 2' could
equally have been carried (because there won't be enough votes
against, while some Jury members will support both motions). Or
sometimes when many options exist, a leader may say “clearly the
|ast four are not good, so | propose to consider the first four only'.

When voting by elimination was used, it is important to specify what
to do when there were two or more options with an equal number
of (lowest) votes. This happened once during the Jury Meetings,
and the Chairperson decided (apparently quite randomly) to
eliminate both.

There was one mation that puzzled me the most. According to IMO
requlations, not more than half of the contestants may get medals.
However this rule had been violated from time to time in the past
(for instance the Jury might want to award medals to slightly more
than half of the contestants owing to the discrete nature of the
scores). This year, it was proposed that violating this rule would
require a motion carried by a majority representing two-thirds of
the Jury members (not of those voting!), and this motion itself (on
changing the rule to requiring two-third-majority) was carried by
simple majority (with a narrow margin). You see the contradiction
here --- if the Jury was of the opinion that something important
should require more than a simple majority, then “changing the
rule' should be regarded as something important and should not be
passed with just a simple majority.

| have long been of the opinion that the details of the rules are
very important. A minor change could easily have led to a different
outcome. | would definitely want to see a more rigorously written
set of rules that govern the voting procedures. @
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but a mathematician
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IMO Idea #44 on the IMO 2016 Facebook page (facebook.com/
imo2016) features the following quote of mathematician b. H.

Hardy:

Proof by contradiction is one of a mathematician's
favourite weapans. It is a far finer gambit than any
chess gambit: a chess player may offer the sacrifice
of a pawn or even a piece, but a mathematician offers
the game.

In the caption of that picture, | wrote:

Imagine a chess game where each player makes two
maves (instead of one move) at a time. White (the side
moving first) has a non-losing strategy. Why?

Well, if white doesn't have a non-losing strategy, then black

has a winning strategy. Then white can begin by moving a piece
somewhere and then moving it back to its original position, so that
after the two moves all pieces are at their original Positions (i.e.
the game returns to the starting state). At this point, white is just
like black in the original game (being the side to move second), so
by the assumption, white has a winning strategy - a contradiction!!!
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After the post was released, my learned friend - and IMOment co-
editor - Dr. Law Ka-ho pointed out to me a subtle flaw in the above
proof: the threefold repetition rule in chess states that a player
can claim a draw if the same Pasition occurs three times. Here, the
term "Position" means the positions of all chess pieces, consider it
as a snapshot of the chessboard after a certain move. Thus, having
made two moves, white is not really in the same situation as black
in the original game! The reader may try to figure out how to fix the
proof, if it is possible.

Another observation about the threefold repetition rule is as
follows: Since every chess piece can only land in finitely many
squares, there are only finitely many Positions in chess, so it is
impossible to have an infinitely long chess game without threefold
repetition. Therefore, the threefold repetition rule ensures that any
chess game can eventually end.

However, people have also proposed another chess rule (which

is a rule of Chinese chess, for example): If the same sequence

of moves in the same positions occurs three times in a row, the
game shall end immediately. From now on, when we talk about a
Sequence repetition, we mean a repetition of a sequence of moves
in the same positions and in a row (remember: in a row!!!). Note
that a threefold sequence repetition implies a threefold position
repetition, but the former is a stronger condition (and hence less
likely to happen). We may ask: can there be an infinitely long chess
game that does not include any threefold sequence repetition?

In fact, we can begin with a simpler question. A 0-1 sequence
(each term being 0 or 1) is said to be tripleless if no string of
consecutive terms appears three times in a row. For example, 1101
is tripleless but Il and 101010 are not tripleless. Then, is there an
infinitely long tripleless 0- sequence?

The answer is yes, and the following is an example:

= The Ist term is O.
® |[f 7 is divisible by 3, the #™ term is 0.
® [ n leaves a remainder of 2 when divided by 3. the #™ term is 1.
® |f  leaves a remainder of 1 when divided by 3, the #™ term is

th

the same as the (n_-) term.
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Stewart, Ian. 2006. “The Never-Ending Chess
Game." In How to Cut a Cake And Other
Mathematical Conundrums, 61-69. Oxford:
Oxford University Press.
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So the sequence |ooks like this:
010010 110 010 010 ...

Apart from the above, there is another interesting tripleless 0-1
sequence. First, given a 0-1 equence, its complementary sequence
is the sequence obtained by changing every O to 1 and every 1 to
0. Now, starting with a O, we append the complementary sequence
of the existing sequence, and repeat this step indefinitely:

0

01

0110

0110 1001
01101001 10010110

Can the reader prove that the two infinitely long 0-1 sequences we
have introduced are indeed tripleless?

We can easily construct an infinitely long chess game without any
threefold sequence repetition from an infinitely long tripleless

0-1 sequence. Let P be a position and 4 and B be two sequences
of moves that both start with P and end with P, such that the
maoves in A and B are all different. Now follow the terms of the
0-1 sequence one by one. If a term is 0, let the chess players play
the sequence A4. If a term is 1, et them play the sequence B. Since
the 0-1 sequence is infinitely long, this procedure can continue
forever. Can the reader see why such a chess game will not have

any threefold sequence repetition? @

Riblingraphy
Stewart, lan. 2006. “The Never-Ending Chess Game." In How to Cut
a Cake And Other Mathematical Conundrums, BI-63. Oxford: Oxford

University Press.
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ISSUEE 10

AL: Why do you like mathematics? FIRM AND PATIENT STEPS

JL: My experience has been that thinking about mathematics is
addictive: the more you learn about the tightly interwoven stories
of various subjects and the intricate ways that various pieces

fit together, the more you want to learn. | consider myself very
fortunate that it's actually possible to get paid to do what | do
(since | probably wouldn't be able to resist doing it anyway).

AL: Which areas of math were/are you most interested in in high
school, and now, and why?

JL: In high school | was very interested in mathematical logic
(particularly computability theory). Now, my main interests are
topology and algebraic geometry. | took several really excellent
courses in algebraic geometry in college; they were the highlight of
my undergraduate experience.
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Jacob Lurie was part of the USA "Dream Team" all of whose
members got perfect scores at the (934 IMO hosted by Hong Kong.
In 1996 he took first place in the Westinghouse Science Talent
Search (later renamed Intel Science Talent Search). During his
undergraduate studies at Harvard, he won the Morgan Prize for
undergraduate research. He is now a professor at Havard's Math
Department, and, in 2014, was awarded an inaugural Breakthrough
Prize in Mathematics.

AL = Andy Loo
JL = Jacob Lurie

AL: Professor Lurie, how did you discover your interest in
mathematics?

JL: Once, when | was young, | asked my mother what the biggest
number was. After doing a bit of research, she came back and told
me that the answer was a googal (10'°). This was a very satisfying
answer; all | needed to do was learn to count to a googal, and then |
could be done with mathematics.
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AL: What are the most important things you have learned from your
math activities in high school (including math Olympiad)? Did they
influence your career?

JL: One of the most important things | learned from participating in
the mathematics olympiad was how to focus on a question for an
extended period of time, even in the case of a question that | might
(initially) have no idea how to approach. This is something that a
professional mathematician does every day (although for questions
of a different kind and without an artificial time limit).

AL: Do you have any advice to give to high school students
interested in math, and possibly aspiring to pursue further studies
in math?

JL: To a high school student interested in becoming a
mathematician, my advice would be to learn as much as you can
about a broad range of subjects. I'd also advise not to "rush”
toward learning about the latest developments or topics of current
research interest: you're likely to get a much better understanding
of the subject by studying its history, and knowing when and why
various ideas were introduced. ~¢
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Read ot your own risk.
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3) Learn that it osks Prove
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6) And so the statement

must be tvue! 2 MP=NP
-_f) Write down your Sugpose nt.
Then we wowdnt
‘U\ouﬂh‘ts. ot i
prove it.
R) Get a 0/7.
(THE END)

Disclaimer: The problem in this comic is NOT

necessarily a real problem in IMO 2016.

FENHERENMNRE RSELE  OJR:
For the solutions and list of awardees of the Challenge Corner of the bth issue, please see:
http://www.edb.gov.hk/tc/curriculum-development/kla/ma/IMO/IMOment.html

1. —EEXBEEZ/VELERE? (BRNGXBNEER FSEAH
Jacob Lurie #IEmHR © )

How many paositive divisors does one googol have? (Please see our interview with Professor
Jacob Lurie in the current issue for the definition of a googal.)

2. ERE—{E 2015 x 2015 WHHE - IRBIRA CAMME 1 x 1 B9/ -
BER FEB DOl &EL 1 x4 8 4 x | WRAEESEMEH ?

Considera 2015 % 2015 chessboard. The 1 X 1 square at the top-left corner is
removed. Can the remaining part be tiled with 1 X 4 and 4 X 1 rectangles without overlap?

3. R—EERR S5 6 N=AERIMNEEFI -

Find the radius of the circumcircle of a triangle with side lengths 5, 5. 6.

4 EBEx y zRIEBH WMExyz=x+ty+tz K&F FE—E=
A ABC - #15x = tan4dy=tanB: z= tanC -

Ifx ~ y ~ zare positive real numbers such that xyz = x + y + z, prove that there exists
atriangle ABC suchthat x = tan 4, y =tan B, and z = tan C.

BNEED « /NBEFEEEHME info@imohkc.org.hk 12332 % ( B1EER ) -
TWREBEFPHRBE PR TR - BROPENZERBEINR - 8—RBER T
E—EE - 520 B EHESEENEAEHERLCEM - EEHEREZHE 3 B
[E2154E - BETDIPNEZENIRR - HFRIFHEE B #HR - FRERR N —
HAA - 2016 FE A +tEBRHEZEN L EHZESTH R EEZHARER
EHE - AE - OJEEE info@imohkc.org.hk &7 -

Hong Kong secondary and primary school student readers are welcome to submit solutions (with proofs) via
email to info@imohke.org.hk, specifying the student's name in Chinese and in English, the school's name in Chinese
and in English, and the student's class in the email. Each student may send at most one email. Souvenirs will be
awarded to the first 20 students solving the most questions on the condition that each school can have at most

3 awardees. Solutions can be submitted in Chinese or English. Both typed and scanned files are acceptable. The
awardees will be announced in the next issue. The decision of the Organising Committee of the G7th International

Mathematical Olympiad on any matter of this activity is final. Enquiries may be emailed to info@imohke.org.hk.



