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3.1 Subtask 1

In this subtask, the height of the towers is a bitonic sequence.

Let k be the index such that H[k → 1] < H[k] > H[k + 1]. It is impossible to lease two towers, both with
indices not more than k. It is also impossible to lease two towers, both with indices not less than k.

If R ↑ k or L ↓ k, then there is no way to lease more than one tower. Otherwise, we check whether we can
lease both tower L and tower R using tower k as an intermediary.

Time complexity: O(N +Q)

3.2 Subtask 2

In this subtask, Q = 1, N ↑ 2000.

Observation 3.1. We can greedily try to lease towers from the lowest height.

Proof. We can prove this by contradiction. Suppose tower x is the tower of the lowest height that the greedy
solution can lease, but there is a more optimal solution that does not lease building x. Let a and b be the
nearest tower to the left and right of tower x that is higher than tower x and is leased in the optimal solution.
If the intermediary tower for towers a and b is to the left of tower x, then we can lease tower x and not lease
tower b instead. Similarly, if the intermediary tower for towers a and b is to the right of tower x, then we
can lease tower x and not lease tower a instead. This means that the greedy solution will not produce a less
optimal solution.

Definition 3.1. For each tower x, L[x] (and R[x]) is the nearest tower to the left (and to the right) of tower

x with the height of at least H[x] + ω.

We iterate towers from the lowest height, and we can lease tower x if and only if there is no previously leased
tower between towers L[x] and R[x]. A naive implementation of this solution runs in O(QN2).

Time complexity: O(QN2)

3.3 Subtask 3

In this subtask, Q = 1.

To solve this subtask, for each x, we can find L[x] and R[x] in O(logN) using segment tree. We can also
get the minimum tower height between towers L[x] and towers R[x] using segment tree, and check whether
there is a tower with a lower height than tower x.

Time complexity: O(QN logN).
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3.4 Subtask 4

In this subtask, D = 1.

Doing the greedy solution will lease towers whose both of the neighbouring towers are higher than them. We
can precompute which towers have higher neighbouring towers and use prefix sum to answer the queries.

Time complexity: O(N +Q)

3.5 Subtask 5

In this subtask, L = 0, R = N → 1.

Definition 3.2. Let LS[x] and RS[x] be the nearest tower to the left (and to the right) of tower x with a

lower height than tower x.

In order for tower x to be leased, there must be a tower between towers LS[x] and x (also between towers x
and RS[x]) with a height of at least H[x] + ω. Therefore, the value of ω must be at most min(h1, h2)→H[x],
where h1 is the maximum height of towers between towers LS[x] and x, and h2 is the maximum height of
towers between towers x and RS[x].

To answer the queries, we can use binary search to count how many towers x such that tower x is leased
when the value of ω is at most D.

Time complexity: O((N +Q) logN)

3.6 Subtask 6

In this subtask, the value of D is constant among all queries.

Let us solve the task for a fixed value of D. Let A0, A1, . . . be the index of the towers leased in the greedy
solution for L = 0, R = N → 1 question.

For L = l, R = r question, let i, j be the values such that Ai→1 < l ↑ Ai ↑ Ai+1 ↑ . . . ↑ Aj ↑ r < Aj+1.
The towers leased in the greedy solution for this question are towers Ai, Ai+1, . . . , Aj and possibly two other
towers: one between towers l and Ai, and another one between towers Aj and r.

Let us focus on whether we can find a tower x between towers l and Ai that we can lease. We need tower
x to be able to communicate with tower Ai, so there must be an intermediary tower between them. This
means R[x] must be less than Ai and L[Ai] must be more than x. To check whether there exists such x, we
check whether (minl↑k↑L[Ai]→1 R[k]) < Ai. We can get the left-hand value using segment tree.

Finding a tower between towers Aj and r can be done similarly.

Time complexity: O((N +Q) logN)

3.7 Subtask 7

Let us solve this task for di!erent possible values of D.

For a given value of D, we can reuse the solution for subtask 5 to get the index of leased towers A0, A1, . . .
for L = 0, R = N → 1 question. Similar to subtask 6, for L = l, R = r question, let i, j be the values such
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that Ai→1 < l ↑ Ai ↑ Ai+1 ↑ . . . ↑ Aj ↑ r < Aj+1. The values of Ai, Aj , and j → i can be computed using
a 2D data structure or persistent segment tree.

To find tower x (an additional tower between towers l and Ai that we can lease), we want to check whether
there exists a tower k (x < k < Ai) such that H[k] > max(H[x], H[Ai]) + D. We can do this by having
another segment tree that computes: in a node that covers the range [l↓, r↓], the segment tree computes
maxl→↑i↑j↑r→ H[j] →H[i]. If the value of the node that covers [l, L[Ai]] is at least D, then there exists x, y
where l ↑ x ↑ y ↑ L[Ai] and H[y]→H[x] ↓ D. Therefore, we can lease tower x and tower y can be used as
an intermediary between tower x and tower Ai.

Finding a tower between towers Aj and r can be done similarly.

Time complexity: O((N +Q) logN).
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