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Problem A — Labirinto Sem

Paredes

Tiago has always liked puzzles and manual dexterity challenges. On his birthday, he received one
of the most complicated puzzles on the market — The Wall-less Maze (Labirinto sem Paredes).

This puzzle consists of a square platform, which can be seen as a square [0, 1] x [0, 1], with a hole

roughly in the middle, with coordinates Qg, @y, and a small metal

ball, with coordinates P, P,

that we want to drop into the hole without leaving the platform. The values of Q, Q, will always

be between 0.15 and 0.85 and the values of P,, P, between 0 and 1.

To do this, Tiago can slightly tilt the toy and, due to his extensive
practice with these puzzles, he can choose values x,y and change
the coordinates of the metal ball from P, P, to P, + z, P, +y.

However, there is an additional challenge: the Wall-less Maze is a
completely opaque puzzle, so Tiago does not know the coordinates
of the ball. Fortunately, having a lot of experience with similar
challenges, he can use his ears to get a vague idea of the ball’s
position. Namely, after each move, he knows if P, < Q, and if
P, <Q,.

His younger brother, Luis, also wants to try the puzzle, so Tiago
wants to solve it quickly. To do this, he can make a maximum of
25 moves and cannot make moves that are too long, so the total
sum of his movements must be at most S.

Your task is to find an algorithm that allows solving this challenge,
getting the ball with unknown initial coordinates P,, P, into a hole
with known coordinates @, Q, within the limits, namely:

1. A maximum of 25 moves is made, in the form (z;,v;), with

2. The ball’s coordinates must never leave [0, 1] x [0, 1];

3. The distance traveled by the ball, given by /x? +y? +
\/a:% +y3 + \/:U§ + 92 + ... must not exceed S.

We consider the ball to have fallen into the hole if its coordinates
that \/(Pr — Qu)2 + (P, — Q)2 < 10°°.

Figure 1: Diagram of the puzzle
seen from above (without the lid)
and its lateral cross-section. The
platform is in red, the ball in gray,
the hole where we want the ball to
fall is in green. If the ball goes be-
yond the red square’s boundaries,
it will fall through the purple hole,
and the challenge is considered lost
and must be restarted.

after all movements are such

Note that the ball can only fall into the hole after all movements are completed. The ball is not
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considered to have fallen into the hole if it is in the hole and a subsequent move is made, or if it
is over the hole during a move.

Files for Download

You can start by downloading the files corresponding to your language (or a zip file containing
everything):
Language | File to implement | Evaluator Other files | Example input

C++ resolver.cpp avaliador.cpp | avaliador.h | input.txt

Note that the evaluator implementation used in the official tests will be different.

Implementation

You must submit a single file that implements a function:

e The function [ partida(Qx, Qy, E) | which gets the coordinates of the puzzle hole, as
well as an integer E that encodes whether P, < Q, and whether P, < Q, as follows: E is
0if P, <Q; and P, < Q,, 1if P, > Q, and Py, < Q,, 2 if P, < Q. and Py, > Q,, or 3
if P, > Q, and P, > Q,.

For this, you should use the file resolver.cpp that you downloaded, placing your code inside the
functions. You can add other functions, but they must all be in this file, which is the only one you
should submit.

Functions to implement:

C++: ‘ void partida(double Qx, double Qy, int E)

Your function should call the following functions:

e The function ‘ mover (x, y) J, which gets two numbers z, y and changes the values of P,

and P, to P, + x and P, + y respectively, and returns an integer F, which encodes whether
P, < Q. and whether P, < Q, as described above.

Note the following:

e The values of x,y must be between —1 and 1 and the values of P,, P, must never be outside
[0, 1]. If any call does not meet these conditions, your code will result in Wrong Answer.

e If you exceed 25 queries of type mover() (i.e., if you make more than 25 calls to the function
mover()), your code will result in Wrong Answer.
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https://www.dcc.fc.up.pt/oni/problemas/2024/selecao/A/probA.zip
https://www.dcc.fc.up.pt/oni/problemas/2024/selecao/A/resolver.cpp
https://www.dcc.fc.up.pt/oni/problemas/2024/selecao/A/avaliador.cpp
https://www.dcc.fc.up.pt/oni/problemas/2024/selecao//A/avaliador.h
https://www.dcc.fc.up.pt/oni/problemas/2024/selecao/A/input.txt

e If at any point \/x% +yi+ \/xg + Y3+ \/x?), +y2+... exceeds S (i.e., the sum of the distances
traveled in calls to the function mover() exceeds S), your code will result in Wrong Answer.

e The official evaluator will call the function partida() several times with different values.
Note that the example evaluator only calls this function once.

e The final position of the ball is given by the values of P, and P, at the end of the execution
of the function partida().

Evaluator Functions:

C++: int mover (double x, double y)

Your function should not read or write to the standard input/output channels.

Example
Let’s assume Q. = Q4 = 0.5, P, = 0.2 and P, = 0.3. In this case, the initial value of F is 0

A possible execution would be as follows (with the order of the calls being from top to bottom):

Invocation Result Description Coordinates of P
partida(0.5, 0.5, 0) — Start 0.2 0.3

mover (0.2, 0.2) 0 Move right and up 0.4 0.5

mover (0.2, 0.2) 3 Right and up 0.6 0.7
mover(-0.15, -0.1) 2 Left and down 0.45 0.6
mover(0.1, -0.1) 1 Right and down 0.55, 0.5
mover(-0.1, 0) 0 To the left 0.45 0.5

mover (0.05, 0) 0 The ball is over the hole 0.5 0.5

Note that Tiago could have continued to move the ball, possibly moving it away from the hole.

The total distance traveled in this example was v/0.22 + 0.2241/0.22 + 0.22+\/(—O.15)2 + (—=0.1)%+
V012 + (—0.1)2 + /(=0.1)2 + 02 + V0.052 + 0% ~ 1.03738

Constraints

The following limits are guaranteed in all test cases for this part that will be applied to the program:

0.15 < Qz,Q, < 0.85, The coordinates of the hole
0< P, P, <1 The initial coordinates of the ball
V2<8<2 The total distance the ball can travel

Subtask overview

The test cases for this problem are organized into four groups:
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Group Points Additional Constraints

1 25 Q.=Q,=P,=05 8=2
2 25 Q.=Q,=058S=2

3 25 S=2

4 25 S =42

Tests on your computer

An example evaluator is provided in each language (avaliador.cpp) that can be used to test
your submission. An auxiliary file (avaliador.h) is also available. This evaluator does not
correspond to the one used by the evaluation system.

This evaluator receives as input five numbers separated by spaces: Py, Py, Q, Q,, and finally S.

The evaluator will automatically invoke the function [ partida(Qx, Qy, E) ’ implemented by

you. We provide a test file:
e input.txt which contains the example case mentioned above.

An example of a test on your machine (assuming you have the official compilers installed) would
be as follows:

Language | Compile Execute with the example
C++ g++ -Wall -std=gnu++14 -02 avaliador.cpp resolver.cpp | ./a.out < input.txt
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https://www.dcc.fc.up.pt/oni/problemas/2024/selecao/A/input.txt

