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2023 APMO Taiwan Preliminary Round 1
10:00-12:00, October 30, 2022

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. Six points are given on the coordinate plane: (0,4), (2,8), (3,1), (6,0), (7,6),

(10,5). A convex polygon contains all six points. Then the minimum possible
area of this polygon is (1)2)-(3) -

2. There is a 5 x 5 chessboard, with a frog sitting on its lower-left corner cell.
On each turn, the frog can either jump one cell upward, one cell to the right,
or one cell in the upper-right direction. Then the frog has different

ways to jump to the cell in the upper-right corner of the chessboard.



3. Let m and n be positive integers such that mn < 2023 and |n? — mn — m?| =

1. Then the maximum possible value for mn is .

4. Let A be a subset of {1,2,---,2022} satisfying the following: for any two
distinct elements x > y of A, x + y is not divisible by x — y. Then the
maximum number of elements in A is (1) 12 @3 .

5. It is known that the two roots of 22 +ax+b = 0 are o and 3, and the two roots
of 22 +bx+c =0 are é and f, in which a, b, ¢ are real numbers with (b+1)(c+

1) # 0. If the minimum possible value of (337 + 64%1)4 is 1%’ with p, ¢ being

positive integers prime to each other, then (p,q) =(14 @5 16, A7 ).

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.

I. Prove that: for any positive integer n greater than 1, n can never divide 2" —1.

II. Let AABC be a right triangle with ZB being its right angle. A circle w
centering at some point on side BC' is tangent to side AC. The other tangent
line from point A to circle w is AT, where T is the tangent point not on side
AC'. Let D be the midpoint of side AC, and M be the intersection of BD
and AT. Prove that MT = M B.
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