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North America Qualifier

Problem J
Menger Sponge

Time limit; 2 seconds

The Menger sponge is a simple 3D fractal. Its level-L approximation can be constructed with the
following algorithm:

Start with a single solid 1 x 1 x 1 cube with opposite corners at (0,0,0) and (1, 1, 1).
For each iterationz =1, ... , L:
For each cube:
Cut the cube into a regular 3 x 3 x 3 grid of 27 subcubes.

Delete the seven subcubes that don’t touch an edge of the parent cube (see illus-
tration).

The points in the level-L Menger sponge are those that remain after running the above algorithm.
Points exactly on the boundary of cubes that remain in the sponge are part of the sponge.

The picture below shows the result for L = 0 through L = 3:
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Given a level L and a point in space given by three rational coordinates, determine if the point is
in the level-L Menger sponge.

Input

The single line of input contains seven integers L, Znyms Tdenoms Ynums> Ydenoms Znums Zdenom:
0<L<10°
0 < Zoum < Tdenom < 10°
0 < Ynum < Ydenom < 10°

0< Znum < Zdenom S 106

where L is the level of the Menger Sponge and the point in question is (‘”“—‘“ bnum_ Z“—m)

Zdenom Ydenom 7 Zdenom

2024 ICPC North America Qualifier Problem J: Menger Sponge 19



ICPC North America Contests -
nac o R . )
) I C C international collegiate —
IQ p programming contest ey

=) icpc.foundation

Output

Output a single integer, which is 1 if the point is in the level-L Menger Sponge, or 0 if not.

Sample Input 1 Sample Output 1
1000 1 31 31 3 1
Sample Input 2 Sample Output 2
2 49 81 5 6 20 81 1
Sample Input 3 Sample Output 3
3 49 81 5 6 20 81 0
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