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Day 1

1 Find all functions f : Z, — Z, that satisfy f(mf(n)) = n+ f(2015m) for all m,n € Z,.

2 Consider a triangle AABC, let the incircle centered at I touch the sides BC, C A, AB at points
D, E, F respectively. Let the angle bisector of Z/BIC meet BC at M, and the angle bisector of
/EDF meet EF at N. Prove that A, M, N are collinear.

3 Let p be a fixed odd prime. Find the minimum positive value of E,(z,y) = /2p — V& — \/y
where z,y € Z.

4 In how many ways can we color exactly & vertices of an n-gon in red such that any 2 consec-
utive vertices are not both red. (Vertices are considered to be labeled)

Day 2
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™ o _ cos?(c) p _ sin?(c)
! Letce (O’ 2 > - (sm(c)) )b (cos(c)) ’
Prove that at least one of a, b is bigger than /2015.

2 Let a, b, c be positive real numbers such that abc = 1. Prove the following inequality:

3 3 3 ab be ca 9
a’ +b” +c’ + a?+b? + b2 42 + c?2+4a? Z 2"

3 Consider an acute triangle ABC, points E, F' are the feet of the perpendiculars from B and C
in AABC'. Points I and J are the projections of points F, E on the line BC, points K, L are on
sides AB, AC respectively such that /K || AC and JL || AB. Prove that the lines IE,JF,KL
are concurrent.

4 Consider a positive integer n and A = {1, 2, ...,n}. Call a subset X C A perfect if | X| € X. Call
a perfect subset X minimal if it doesn't contain another perfect subset. Find the number of
minimal subsets of A.

Day 3

1 Find all polynomials P(x) with real coefficients which satisfies
P(2015) = 2025 and P(z) — 10 = \/P(2? + 3) — 13 forevery z > 0.
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2 Prove the equality:
tan(37) — 4sin(Z) = V7.

3 The tangents to the inscribed circle of A ABC, which are parallel to the sides of the triangle
and do not coincide with them, intersect the sides of the triangle in the points M, N, P,Q, R, S
such that M, S € (AB), N,P € (AC), Q,R € (BC). The interior angle bisectors of AAMN,
ABSR and ACPQ, from points A, B and respectively C have lengths /; , I, and I3 .

Prove the inequality: » + ;> + 3 > % where p is the semiperimeter of AABC .
1 2 3

4 Let n and k be positive integers, and let be the sets X = {1,2,3,....,n}and Y = {1,2,3, ..., k}.
Let P be the set of all the subsets of the set X. Find the number of functions f : P — Y that
satisfy f(AN B) = min(f(A), f(B)) forall A, B € P.

@ AoPSOnline f.;sj‘ AoPS Academy @& AoPS (it ©2019 AoPS Incorporated 2

Art of Problem Solving is an ACS WASC Accredited School.



