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Rules
The rules, procedures, and format of this contest are as follows.

F The individual rounds consist of three rounds, each with three problems to be done in 30
minutes. One point is awarded for each problem answered correctly, for a total of 9 points
possible per person. The unique answer to each problem is a positive integer.

F The only acceptable aids are a pencil or pen, an eraser, blank paper, a straightedge, and a
compass. In particular, calculators, graph paper, protractors, and online aids are not permitted.

F During the time-frame of the individual round, there is to be absolutely no communication
between students once the questions are handed out. Discussion will only be permitted once
the contest concludes and once the organizers officially give the okay.

F In the case of ties, we will have a tiebreaker round that follows the format of the individual
rounds. If two students get the same score, ties will be broken by submission time. The same
rules and procedures for the individual rounds apply.

Inquiries
Email contest@mathadvance.org if you have any questions or comments regarding errors, score, etc.
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Set A

Problem 1
In the tally marks counting system, marks are made in groups of five as follows:

However, Steven does not know how to use tally marks correctly, and thus, he does not make the final
slash at the end. His groups of tally marks are then in fours:

His teacher tells him, “That’s not right!" and adds the fifth mark to each group of four. If there is a
group of size less than four, he leaves it alone. If the number of marks added by the teacher is 20% of
the original number of marks, what is the sum of all possible original numbers of marks?

Problem 2
Five people are in a group, including Kai and Wen. To exercise social distancing, they keep dividing
their groups into two disjoint groups until no two people are in a group. Because of a long-standing
grudge, Kai and Wen cannot be together in a group after the first division. If the order of divisions
matters and divisions occur one at a time, how many possible processes exist?

Problem 3
In acute 4��� with �� = 3 and �� = 5, let" be the midpoint of ��. Let � be the midpoint of major
arc �� on the circumcircle of ���, and let � be the foot of the altitude from � to ��. If quadrilateral
��"� is cyclic, find the square of the area of 4���.



Set B

Problem 4
Let ��� be a triangle with �� = 13, �� = 14, and �� = 15. Let % be a point on minor arc �� of
the circumcircle of 4���. Points � and � are on sides �� and ��, respectively, such that %� bisects
∠�%� and %� bisects ∠�%�. If �� = 5, find ��.

Problem 5
Let 0, 1, and 2 be positive integers with 0 + 1 + 2 = 10. Then there exists a quadratic polynomial ?
satisfying ?(0) = 12, ?(1) = 02, ?(2) = 01. Find the maximum possible value of ?(10).

Problem 6
Find the number of monic sixth degree polynomials %(G) with integer coefficients between 0 and 4,
inclusive, such that exactly one of %(1), %(2), %(3), and %(4) does not leave a remainder of %(0) when
divided by 5.



Set C

Problem 7
The function )(=) denotes the number of positive integers less than or equal to = that are relatively
prime to =. Determine the number of positive integers 0, relatively prime to 77, such that there exists
some integer = satisfying

)(=)
=

=
0

77 .

Problem 8
An ellipse with a focus at (6, 2) is tangent to the positive G axis at (0, 0). There is a maximum value of
1 such that for all 0 < 0 < 1, it is possible for this ellipse to be tangent to the H axis. If this maximal
value of 1 can be expressed as <

= for relatively prime positive integers < and =, find < + =.

Problem 9
Alexander is juggling balls. At the start, he has four balls in his left hand: a red ball, a blue ball, a
yellow ball, and a green ball. Each second, he tosses a ball from one hand to the other. If Alexander
juggles for 20 seconds and the number of ways for Alexander to toss the balls such that he has all four
balls in his right hand at the end is # , find the number of positive divisors of #.



Tiebreakers

Tiebreaker 1
Dennis is constructing the CARPET, a math contest with four rounds of three problems each. There
are four subjects labelled �, �, �, and # , and in a distribution, each problem is assigned one of these
four subjects. Dennis refers to a distribution as ideal if the following two conditions are satisfied:

F No round has two problems of the same subject.

F Each subject is the first problem of some round, the second problem of some round, and the
third problem of some round.

How many distributions are ideal? (The order of the rounds matters.)

Tiebreaker 2
A species of immortal aliens always round down their true age in years. This rounded integer age is
known as the apparent age. (For example, if an alien has a true age of 19.9, their apparent age is 19.)

Sola’s apparent age was 1 years old when Luna was born, where 1 is a positive integer. If there exists
exactly seven positive integers : such that Sola’s apparent age is at some point : times Luna’s apparent
age, find the minimum possible value 1 can take.

Tiebreaker 3
Let 01 , 02 , 03 , . . . 020 be positive numbers with a total sum equal to 1. The maximum possible value of

20∑
==1
(1 − (= + 1)0=)(=0= + 1)

can be expressed as ?

@ for relatively prime positive integers ? and @. Find ? + @.


