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Stelele Informaticii Day 1 Tasks

English (ISC)

Tree
You are given a tree with N  vertices, numbered from 1 to N . Vertex 1 is called the root.

Each vertex u has an associated value C[u]. Let P [u] denote the parent of node u. We define
P [1] = 0. For two nodes u and v, let LCA(u,v) denote their lowest common ancestor.

For any two vertices u and v, let path_max(u,v) be the maximum value C[x] among all vertices x
on the path from u to v, inclusive. Similarly, let path_min(u,v) be the minimum value C[x] among
all vertices on this path.

You are given Q queries. Each query consists of two vertices u and v. It is guaranteed that neither
u nor v is an ancestor of the other.

For each query, consider all pairs of nodes (x,y) such that:

x lies on the path from u to LCA(u,v), excluding LCA(u,v);
y lies on the path from v to LCA(u,v), excluding LCA(u,v).

For each such pair, define

f(x,y) = path_max(P [x],P [y]) − max(path_min(x,u), path_min(y,v)).

Your task is to find, for each query, the maximum possible value of f(x,y).

A path between two vertices u and v is a sequence of vertices x ,x , … ,x  such that x = u,
x = v and there is an edge between x  and x  for each i (1 ≤ i < k).

A tree is a connected graph without cycles. In other words, it is a graph with N  vertices and N − 1

edges such that there exists exactly one path between any two distinct vertices.

A vertex u is called an ancestor of vertex v if and only if the path from 1 to v passes through u.

The lowest common ancestor of u and v is the vertex that is furthest away from vertex 1 while
being an ancestor of vertices both u and v.

Input

The first line contains the integers N ,Q. The second line contains the values C[1],C[2], … ,C[N ].
The third line contains the parents P [2],P [3], … ,P [N ]. The following Q lines each contain a pair
of integers u,v.

1​ 2​ k​ 1​

k i​ i+1​
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Output

Print Q lines. The i-th line should have the maximum possible value of f(x,y) for the i-th query.

Examples

Example 1

Input Output

‎5 2‎

‎10 5 2 8 15‎

‎1 1 2 3‎

‎2 5‎

‎2 3‎

‎5‎

‎5‎

Example 2

Input Output

‎8 4‎

‎20 10 5 15 12 25 8 30‎

‎1 2 1 4 5 6 7‎

‎3 8‎

‎8 3‎

‎3 6‎

‎3 4‎

‎17‎

‎17‎

‎8‎

‎5‎

Explanation

For the first query of Example 1, (u,v) = (2, 5), we have LCA(2, 5) = 1.

Choosing x = 2 and y = 3, we obtain

f(2, 3) = 10 − max(5, 2) = 5.

It can be shown that this is the maximum possible value. Therefore, the answer is 5.

For the second query, (u,v) = (2, 3), the only valid pair is (x,y) = (2, 3). Therefore, the answer is
5.

Constraints

1 ≤ N ,Q ≤ 250 000

Tree (2 of 3)



1 ≤ C[i] ≤ 5 ⋅ 10  for every 1 ≤ i ≤ N

1 ≤ P [i] < i for every 2 ≤ i ≤ N

2 ≤ u,v ≤ N  for every query
Neither u nor v is an ancestor of the other.

Subtasks

For some subtasks, the tree satisfies the following additional properties:

P [2] = P [3] = 1
P [i] = i − 2 for every 4 ≤ i ≤ N

We refer to such a tree as a special tree.

Subtask Score Additional Constraints

1 4 N ,Q ≤ 500; special tree

2 4 N ,Q ≤ 500

3 7 C[i] ≤ 20 for every 1 ≤ i ≤ N ; special tree

4 7 C[i] ≤ 20 for every 1 ≤ i ≤ N

5 9 C[i] ≤ 400 for every 1 ≤ i ≤ N ; special tree

6 9 C[i] ≤ 400 for every 1 ≤ i ≤ N

7 6 C[P [i]] < C[i] for every 2 ≤ i ≤ N ; special tree

8 6 C[P [i]] < C[i] for every 2 ≤ i ≤ N

9 15 N ,Q ≤ 100 000; special tree

10 15 N ,Q ≤ 100 000

11 9 Special tree

12 9 No additional constraints.

8​
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# Tree

You are given a **tree** with $N$ **vertices**, numbered from $1$ to $N$. Vertex $1$ is called the **root**.

Each vertex $u$ has an associated value $C[u]$. Let $P[u]$ denote the parent of node $u$. We define $P[1]=0$. For two nodes $u$ and $v$, let $LCA(u,v)$ denote their **lowest common ancestor**.

For any two vertices $u$ and $v$, let $\mathrm{path\_max}(u,v)$ be the maximum value $C[x]$ among all vertices $x$ on the **path** from $u$ to $v$, inclusive. Similarly, let $\mathrm{path\_min}(u,v)$ be the minimum value $C[x]$ among all vertices on this path.

You are given $Q$ queries. Each query consists of two vertices $u$ and $v$. It is guaranteed that neither $u$ nor $v$ is an **ancestor** of the other.

For each query, consider all pairs of nodes $(x,y)$ such that:

- $x$ lies on the path from $u$ to $LCA(u,v)$, excluding $LCA(u,v)$;
- $y$ lies on the path from $v$ to $LCA(u,v)$, excluding $LCA(u,v)$.

For each such pair, define

$$
f(x,y) = \mathrm{path\_max}(P[x],P[y]) - \max(\mathrm{path\_min}(x,u),\mathrm{path\_min}(y,v)).
$$

Your task is to find, for each query, the maximum possible value of $f(x,y)$.

A **path** between two vertices $u$ and $v$ is a sequence of vertices $x_1, x_2, \ldots, x_k$ such that $x_1 = u$, $x_k = v$ and there is an edge between $x_i$ and $x_{i  + 1}$ for each $i$ ($1 \leq i < k$).

A **tree** is a connected graph without cycles. In other words, it is a graph with $N$ vertices and $N - 1$ edges such that there exists exactly one path between any two distinct vertices.

A vertex $u$ is called an **ancestor** of vertex $v$ if and only if the path from $1$ to v  passes through $u$.

The **lowest common ancestor** of $u$ and $v$ is the vertex that is furthest away from vertex $1$ while being an ancestor of vertices both $u$ and $v$.

## Input

The first line contains the integers $N,Q$. The second line contains the values $C[1],C[2],\ldots,C[N]$. The third line contains the parents $P[2],P[3],\ldots,P[N]$. The following $Q$ lines each contain a pair of integers $u,v$.

## Output

Print $Q$ lines. The $i$-th line should have the maximum possible value of $f(x, y)$ for the $i$-th query.

## Examples

### Example 1

| Input | Output |
|:---|:---|
| `5 2`<br>`10 5 2 8 15`<br>`1 1 2 3`<br>`2 5`<br>`2 3` | `5`<br>`5` |

### Example 2

| Input | Output |
|:---|:---|
| `8 4`<br>`20 10 5 15 12 25 8 30`<br>`1 2 1 4 5 6 7`<br>`3 8`<br>`8 3`<br>`3 6`<br>`3 4` | `17`<br>`17`<br>`8`<br>`5` |

## Explanation

For the first query of Example 1, $(u,v)=(2,5)$, we have $LCA(2,5)=1$.

Choosing $x=2$ and $y=3$, we obtain

$$
f(2,3)=10-\max(5,2)=5.
$$

It can be shown that this is the maximum possible value. Therefore, the answer is $5$.

For the second query, $(u,v)=(2,3)$, the only valid pair is $(x,y)=(2,3)$. Therefore, the answer is $5$.


## Constraints

- $1 \le N,Q \le 250\,000$
- $1 \le C[i] \le 5 \cdot 10^8$ for every $1 \le i \le N$
- $1 \le P[i] < i$ for every $2 \le i \le N$
- $2 \le u,v \le N$ for every query
- Neither $u$ nor $v$ is an ancestor of the other.

## Subtasks

For some subtasks, the tree satisfies the following additional properties:

- $P[2]=P[3]=1$
- $P[i]=i-2$ for every $4 \le i \le N$

We refer to such a tree as a **special tree**.

| Subtask | Score | Additional Constraints |
|---|---:|---|
| 1 | 4 | $N,Q \le 500$; special tree |
| 2 | 4 | $N,Q \le 500$ |
| 3 | 7 | $C[i] \le 20$ for every $1 \le i \le N$; special tree |
| 4 | 7 | $C[i] \le 20$ for every $1 \le i \le N$ |
| 5 | 9 | $C[i] \le 400$ for every $1 \le i \le N$; special tree |
| 6 | 9 | $C[i] \le 400$ for every $1 \le i \le N$ |
| 7 | 6 | $C[P[i]] < C[i]$ for every $2 \le i \le N$; special tree |
| 8 | 6 | $C[P[i]] < C[i]$ for every $2 \le i \le N$ |
| 9 | 15 | $N,Q \le 100\,000$; special tree |
| 10 | 15 | $N,Q \le 100\,000$ |
| 11 | 9 | Special tree |
| 12 | 9 | No additional constraints. |




