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o C++ D2 — Rfl: https://beta.atcoder.jp/contests/abc107/submissions/3070852
e Java ® 32— FHi: https://beta.atcoder.jp/contests/abcl07/submissions/3070854
e Python 3 ® 3 — KNjil: https://beta.atcoder.jp/contests/abc107/submissions/3070856

B: Grid Compression
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D: Median of Medians
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E: Ribbons on Tree
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F: Robots and Exits
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A: Train
The answer is N +1 — 3.

o C++ Code Example: https://beta.atcoder. jp/contests/abc107/submissions/3070852
e Java Code Example: https://beta.atcoder.jp/contests/abc107/submissions/3070854
e Python 3 Code Example: https://beta.atcoder.jp/contests/abc107/submissions/3070856

B: Grid Compression

Mark all rows/columns that contain at least one black cell, and print intersections of marked rows and

marked columns.

e C++ Code Example: https://beta.atcoder. jp/contests/abc107/submissions/3070967
e Java Code Example: https://beta.atcoder.jp/contests/abc107/submissions/3070968
e Python 3 Code Example: https://beta.atcoder.jp/contests/abc107/submissions/3070969

C: Candles

Clearly, we should light K consecutive candles. Let [,r be the leftmost/rightmost indices of candles
we light. Since there are only N — K + 1 pairs of (I,r), let’s try them all.
For a fixed (I, r), we should compute the minimum time required to visit both x; and z, (then all other

candles between them will be visited too). There are two cases:

e Visit in the order | — r: |z;| + |2, — 2]

e Visit in the order r — I: |z, | + |z, — 4]

The answer is the minimum of these values. This solution works in O(N) time.
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D: Median of Medians

Let b be a sequence of length M. If the median of b is x,

e b contains at least (%1 elements that are greater than or equal to x.

e 1 is the largest possible value that satisfies the condition above.

Let’s fix a parameter x. We want to solve the following problem:

Count the number of pairs (I,r) (1 <! <r < N) such that m;, > z.

If we can solve this, by doing a binary search on z (using the property of median mentioned above),
we can solve the original problem.

For simplicity, we call an element ”large” if the element is x or greater, and call it ”"small” otherwise.
Notice that m;, > « holds if and only if (the number of large elements in it) is greater than or equal to
(the number of small elements in it). Thus, we replace each large element with 1 and each small element
with —1. Now m;, > x holds if and only if ¢; + ...+ a, > 0.

To count such pairs, we use prefix sums. We want to count the number of pairs (I,7) such that
Si—1 < Sy, where S; := 23:1 a;. Now the problem is reduced to a standard inversion-number problem.

This solution works in O(N log N logmax_a) time in total.



E: Ribbons on Tree

By inclusion-exclusion principle, we want to compute the following value:

> Y)IFF)

FCE

Here, E is the edge set of the given tree, and f(F) is the number of ways to split vertices in pairs such
that no edge in F is decorated with ribbons.

For a fixed F, we can compute f(F) as follows. Suppose that the number of vertices of the |F| + 1
connected components we get by removing edges in F' from the tree are ny,ns,...,npj41. Then, f(F) =
g(ni)-g(ng)----- g(n|p|+1), where g(n) is defined as follows (this is the number of ways to split n things

into pairs):

_Jn=1)-(n=3)-----3-1 (n:even)
o) = {0 (n : odd)

To compute the sum of f(F') quickly, let’s use DP.
Suppose that the tree is rooted in some way. We decide pairings from leaves, and we keep ”current
subtree”, ”the number of vertices in current component”, and ”the parity of removed edges”.

Define dp(v, z,p) as follows:

Consider the subtree rooted at v. We remove some edges from the subtree and get some connected
components. Then, within each component, we split vertices into pairs. Here, the parity of the
number of removed edges must be p, and the number of vertices in the component with v (the root

of the subtree) must be . How many ways are there to do this?

Strictly speaking, we need a slight technical modification to this. We split vertices into pairs within
each component, but as an exception, we don’t make pairs for the vertices in the component with v (in
other words, we don’t multiply g(x)). (Otherwise you will have trouble updating this DP table).

This solution works in O(N?) time.



F: Robots and Exits

We’ll update it later!



