Solution for the task “Mines”

Consider the grid with N rows and M columi@nce we don’t know how to solve
cases whenV = M = 2 (mod 3) efficiently, there were no such test cases given.
Let's look at the solution for other cases. We maagume thal % 2 (mod 3). If

N = 2 (mod 3) thenM # 2 (mod 3) and we rotate the grid by 90 degrees.
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Let's number the rows from bottom to top and thieiems from left to right. The cell
with row numberx and column numbey is denoted by(x, y). By A we denote the
table given in input and by — the mine field we are looking for. We s#fx,y) = 1
if there is a mine in cellx, y) andX(x,y) = 0 otherwise. We denote b4(x, y) the
total number of mines in celk, y) and its adjacent cells. Then, for instance,

A(L1) = X(L,D + X(1,2) + X(2,1) + X(2,2),
A(1,2) = X(1L,D) + X(1,2) + X(1,3) + X(2,1) + X(2,2) + X(2,3) and so on.

Let’s first solve two subtasks:
1) Find the third row of the grid;
2) Solve the task for the grid of sizex M.

Finding the third row of the grid

Note that:
e X(33)=A(1,1)+A(22)—-A(1,2) - A(2,1)
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e If for somey we know the value oK (3,y), we can calculat&(3,y + 3):
XB,y+3)=XB,y)+A4A2,y+2)-A(,y+2) —
A2,y +1) —A(1,y + 1)).
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Therefore we can calculate valuesX@B,3), X(3,6), X(3,9) and so on. Similarly we
can calculate the values from the other en@, M — 2), X(3,M —5), X(3,M — 8)
and so on. Now one of these two conditions holds:

1)

2)

M % 2 (mod 3). In this case eitheX(3,1) or X(3,2) will be known. It is easy to
see that if the values of two out of three conseeutellsX(3,k), X(3,k + 1),
X(3,k + 2) are known, we can easily calculate the value ef uhknown cell
because the sum of all three cells eqddl3 k + 1) — A(1,k + 1). Therefore we
can find all three value¥(3,1), X(3,2) andX(3,3) and then, moving from left to
right, calculate values for the entire third row.

M = 2 (mod 3). In this case we will only know the valuesX(3,3), X(3,6), ...,
X(3,M — 2). Let’s consider the values of some three conseswtellsX (3, k),
X(3,k+1) andX (3, k + 2). Exactly one of these three values is known asd, a
we established before, the sum of all three valsigaown as well. So the sum of
two other values is known and we will denote itioyFor example, in the grid
below, the sum of values can be calculated fofahewing pairs of cells{r;,,},
{ry,nu}, {ra, 75}, {15,177}, {r7,15}. What can this sum be? #f= 0 then it is clear
that both values ar@. Similarly, if v = 2 then both values are In these cases
we know the values of three consecutive cells aedcan then easily find the
entire third row (as described in case 1). If, hesvethe sum of two cell values
equalsl, it is unclear which of the valueslGsand which isl. So, if for some three
consecutive cellg = 0 orv = 2, we can find the entire third row. The only “bad”
case is when for evermree consecutive celis= 1. In fact, this is not really a
bad case. Observe that afiywalue which in its sum includes some unknown cell
from the third row, includes exactly two unknowrllgdrom the third row, and
the sum of these two cells is known (and is eqodl)t It means that we don’t
care about the exact locations of the mines onhiiné row in these unknown cells
and, if we consider them consecutively, there are valid sequences: either
101010... or010101... We can choose any of these two sequences dthios

is not unique in this case).
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The grid of sizel x M

Positions of the mines are determined exactly #mesway we found the third row.
We will use notationg (y) meaningA(1,y) andX(y) meaningX(1,y):

1

2.
3.
4.

First we findX(3) = A(2) — A(1).

Then we findX(6) = X(3) + A(5) — A(4), X(9), X(12) and so on.
From the other end we finlki(M — 2), X(M — 5), X(M — 8) and so on.
We find the entire row (in a way described before).

Finally, the solution of the original task (complexy is O(NM))

The solution consists of these steps:

1.

First we find mine locations in the third row oktlgrid. Then in the same way
we can find the sixth row, then the ninth row aodas.

In the opposite direction (from top to bottom) viredfthe rowsN — 2, N — 5,

N — 8 and so on.

Assuming thatV # 2 (mod 3), the unknown rows will be eithdr, 4, 7, 10,

... (WhenN =1 (mod 3)) or2, 5, 8,11, ... (whenN = 0 (mod 3)).

Since the unknown rows are apart from each othardistance o8, for each
of them we can find mine locations independenthyviag thel x M subtask.



