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Problem 1. Given triangle ABC, let I, E, O be its incenter, the excenter with respect
to A, and circumcircle, respectively. Let A’ be the antipodal point of A on O, and M be
the midpoint of the arc BAC on O. Let X be the reflection of A across A’, and Y be the

reflection of A across M. Prove that EIXY are concyclic.

Problem 2. Let a, b, ¢, d be four positive reals such that abc + abd + acd + bed = 1.

Determine all possible values for

(ab + cd)(ac + bd)(ad + bc).

Problem 3. For any pair of coprime positive integers a and b, define f(a,b) to be the
smallest nonnegative integer k such that b divides ak 4+ 1. Prove that if @ and b are coprime
positive integers satisfying

f(aab)_f(b’a’) = 2,

then there exists a prime number p such that p? divides a + b.

Problem 4. Find all positive integers n satisfying the following conditions: there is a way
to fillin 1,2,...,n% into an n x n grid so that each cell has exactly one number, each number

appears exactly once, and:
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o For all positive integers 1 < ¢ < n® i and i + 1 are neighbors (two numbers are

neighbors if and only if their cells share a common edge).

o Any two numbers in 12,22, ..., n? are not in the same row or same column.

Problem 5. On a plane, two fixed circles w and €2 intersect at two distinct points A and B.
Let C' and D be two fixed points on the circle w. Let P be a moving point on w, and let line
PA meet circle  again at (). Prove that there exists a fixed circle O such that, regardless
of the position for P, the second intersection R of two circumcircles of triangles QQ PC' and

®BD always lies on O.



