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2025 APMO Taiwan Preliminary Round 1
10:00-12:00, November 09, 2024

General instructions.

e There are 2 pages of problems, consisting of fill-in problems and non-multiple-choice

problems.

o Use 2B pencils to answer fill-in problems on the designated card. Use erasers only

to make corrections for these, do not use correction tape/fluid.

e Use pens in blue or black ink to answer non-multiple-choice problems on the des-
ignated sheet of paper. Correction tape/fluid may be used to make corrections for

this part.

e Contestants are held responsible for the consequences from failing to follow the
instructions above so that the machine cannot read the designated card, or the

answers for non-multiple-choice problems are illegible.
e Protractors, calculators and other electronic devices are prohibited.
e One sheet of paper for the non-multiple-choice problems is given to each contestants.

No more supply is offered.

Part 1. Fill-in problems

Instruction\ There are FIVE problems in this Part. Each problem is worth 7

points. There is no penalty for wrong answers. No marks will be awarded for

answers that are not completely correct.

If the number of digits for the answers is less than the number of designated spaces,

fill in a proper number of 0’s at the beginning of your answer.

1. You participate in an event of a new mobile game. Your daily loyalties are
integers forming an arithmetic progression, and so do your daily adhesion
benefits. The number of gems you earn each day upon logging in is equal
to your loyalty for that day multiplied by the adhesion benefit. It is known
that you receive 390, 840 and 1210 gems on the first, second and third days,
respectively. Then you receive (1Y2)3)4) on the 11th day.



2.

Triangle ABC has side lengths AB =8, BC = 10 and AC = 9. Let the perpen-

=

dicular bisector of AC intersect BC at D. Then the length of CD is

(in

&

simplest fraction).

Positive real numbers a,b,c satisfies a+2b+3c = 1. Then, the maximum
possible value of logga + 2 logg (2%) +33log (3%) is (910 @D -

We fill an integer in each cell of a 3 x 3 chessboard so that each of the integers

from 1 to 9 appears exactly once. Define the following quantities:
o consider the largest number in each of the rows, and let a be the min-
imum of the three;

e consider the smallest number in each of the columns, and let b be the

maximum of the three.

Then there are exactly (2 @3 13 (6 ways to fill in the numbers so that
a=b=4.

Ketchum has 8 pokemons. He wishes to enter n duals, where he needs to
assign 4 pokemons for each of the duals so that any pair of two pokemons is

assigned together in exactly m of the duals for some positive integer m. Then

the smallest possible nis (17 (8.

Part 2. Non-multiple-choice problems

‘Instruction‘ There are TWO problems in this part. Each problem is worth 7

points. Answers should be written in blue or black ink, except for graphics that

can be drawn by pencil. The problem number should be indicated clearly. The

intermediate steps and reasons should be clearly stated, or penalty in deduction of

points will be incurred.

L.

II.

Let ABC be an acute triangle. Let AjBC be an isosceles right triangle not over-
lapping ABC with A be its apex. Similarly, let AB{C and ABC; be isosceles
right triangles not overlapping ABC with By and C; be their apexes, respec-

tively. Prove that lines AA;, BB;, CC; are concurrent.

Find all pairs of positive integers (a,b) such that a®> +a+b is a multiple of
ab+b+3.
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~ ~ All solutions are: (9,1), (9,2), and (3k?,3k) for all positive integers k.
First note that b <a and if b =a then a=5b = 3.
Second, we have ab+b+3 divides a(ab+b+3) —b(a> +a+b) = 3a—b*.
For the case 3a —b* =0, we have (a,b) = (3k?,3k) are solutions.
So assume a > b and 3a —b*> # 0.

ab+b+3 < b*—3a is impossible because b*> < ab+b+3. Thus ab < ab+b+
3<3a—b><3a,b<3.

For the case b =1, we have a+4|3a—1, so a+ 4|13, and check (9,1) is a

solution.

For the case b =2, 2a+5|3a—4, so a =9.



