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Problem B — Recomendacoes de Videos

You are designing a recommendation algorithm for a video-
sharing platform. There are N videos numbered from 1 to
N, each with an interest value a[x] for video x.

When a user watches a video, they receive a recommendation
list associated with that video. After finishing, they choose
another video from the list that they have not yet watched.
They repeat this process until the recommendation list con-
tains only videos that have already been watched. Video «
may recommend only videos y that are at least as interesting
as x, i.e. those with y # « and aly] > a[x] (note that a[x]
and a[y] may be equal).

There is a global maximum length M for every recommendation list. If it is possible for a list to
have length M, then it must indeed have length M. If not, the list must recommend as many
videos as possible (for example, if there are fewer than M videos at least as interesting as a given
video).

Your task is to choose M and the recommendation list for every individual video.

Part 1

Your first goal is to direct all users to a given target video x.

Given a video x, what is the largest value of M such that a user who starts at any video y (with
y # x and aly] < a[x]) is guaranteed to reach video @, regardless of the choices made? If M
can be arbitrarily large, output —1.

Constraints

The following limits hold for every test case in this part:

1<T <10 Number of test cases

1 <N <10° Number of videos

1<ax <N Index of the target video
1 <a[] <10° Video interest values

The test cases for this part are divided into two groups with additional restrictions:
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Group Points Additional Constraints
1 10 al-] <10
2 20 No additional restrictions

Part 11

Your second goal is to direct every user who starts at a given video ® to any other video y (with
x # y and afz] < aly]).

Given a video x, what is the largest value of M such that it is possible to direct users starting
at & to any video y (with  # y and alz] < a[y])? In other words, if the answer is M, then
for every y there must exist a (possibly different) set of recommendation lists that forces users
starting at & to eventually watch y. If M can be arbitrarily large, output —1.

Constraints
The following limits hold for every test case in this part:

1<T <10 Number of test cases

1 < N <10° Number of videos
1<xz<N Index of the starting video
1 <al-] £10° Video interest values

The test cases for this part are divided into two groups with additional restrictions:

Group Points Additional Constraints
3 10 al-] <10
4 20 No additional restrictions

Part 111

Your final goal is to direct every user who starts at a given video @ to a given video y, where it is
guaranteed that ¢ # y and a[z] < aly].

You receive @Q queries, each containing @ and y. For each query, find the largest value of M such
that users can be directed from « to y. If M can be arbitrarily large, output —1.

Constraints

The following limits hold for every test case in this part:
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1<T <10 Number of test cases

1 <N <10° Number of videos

1<Q <10° Number of queries

1 <x,y <N Indices of the given videos
1 <al-] £10° Video interest values

It is guaranteed that  # y and alx] < aly].
The test cases for this part are divided into three groups with additional restrictions:

Group Points Additional Constraints

5 10 al-] <10
6 25 No additional restrictions
7 5 al-] < 10

Note: The last subgroup is special; its extra restriction replaces the original one, so in this
subgroup the values in a[-] may exceed 10°.

Subtask overview

The test cases for the entire problem are organised into seven groups with additional restrictions:

Group Points Part Additional Constraints

1 10 Part I  a[] <10
2 20 Part 1 No additional restrictions
3 10 Part II  a[] <10
4 20 Part II  No additional restrictions
5 10 Part III a[-] <10
6 25 Part III No additional restrictions
7 5 Part [T a[-] < 10°

Input Format

The first line contains an integer P indicating which part is to be solved (it can be 1, 2, or 3).
The second line contains an integer T', the number of test cases.

Parts I and II
Each test case begins with two lines:

e The first line contains two integers N and x.
e The second line contains N integers a[l], a[2],. .., a[IN].

Part 111

Each test case begins with two lines:
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e The first line contains two integers IN and Q.
e The second line contains N integers a[l], a[2],. .., a[IV].

Then follow @ lines, each describing a query consisting of two integers x y.

Output Format

Parts I and II
For each test case, output a single line with one integer: the largest value of M requested (or —1
if M can be arbitrarily large).

Part III
For each test case, for each query, output a single line with one integer: the largest value of M
requested (or —1 if M can be arbitrarily large).

Example 1 Input

= oW = =
= W

Example 1 Output

-1

Example 1 Description

This example contains a single test case for Part I.

We have N = 3 and target video * = 3. The interest values are @ = [1, 1, 2]. The answer is
M = —1, since we can choose recs(1) = {2, 3} and recs(2) = {1, 3}.

e [f the user starts at video y = 1 and does not choose video 3, they will watch video 2. From
video 2 the user cannot choose video 1 because it has already been watched, so they are
forced to watch video 3.

e If the user starts at video y = 2 and does not choose video 3, they will watch video 1. From
video 1 the user cannot choose video 2 because it has already been watched, so they are
forced to watch video 3.
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Thus a valid configuration exists for every M, and the answer is —1.

Example 2 Input

2

3

31
123
41
1223
51
12223

Example 2 Output

Example 2 Description

This example contains three test cases for Part II.
First test case: N =3, x =1, a = [1, 2, 3]. The answer is M = 1 because:
e For M =1:
— Target y = 2: take recs(1) = {2}.
— Target y = 3: take recs(1) = {3}.

e For M = 2, we must have recs(1) = {2,3}. If y = 2, the user might choose video 3 first.
Since 3 is more interesting than 2, it will never recommend 2.

Second test case: N =4, x =1, a = [1, 2, 2, 3]. The answer is M = 1 because:
e For M =1:
— Target y = 2: recs(1) = {2}.
— Target y = 3: recs(1) = {3}.
— Target y = 4: recs(1) = {4}.
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e For M = 2, necessarily recs(2) = {3,4} and recs(3) = {2,4}. Whatever recs(1) is, there is
a sequence of choices that reaches video 4 without passing through 2 or 3.

Third test case: N =5, =1,a=[1, 2, 2, 2, 3]. The answer is M = 2 because:

e For M = 2:
— Target y = 2:
— Target y = 3:
— Target y = 4:
— Target y = 5:

recs(1) = {2, 3}, recs(2) = {3, 4}, recs(3) = {2,4}, recs(4) = {2, 3}.
same configuration as above.
same configuration as above.

recs(1) = {2,5}, recs(2) = {3, 5}, recs(3) = {2,5}, recs(4) = {2, 5}.

e For M = 3, we must have recs(2) = {3,4,5}, recs(3) = {2,4,5} and recs(4) = {2,3,4}.
There is always a sequence of choices that reaches video 5 without passing through 2, 3, or

4.

Example 3 Input

P P, P, Wk, W

W N =N

Example 3 Output

Example 3 Description

This example contains a single test case for Part III.

We have N = 3, a = [1, 1, 2], and two queries:

e x =1, y = 2. The answer is M = 1 because:

— If M > 2, then recs(1) = {2, 3} is necessary. The user may choose video 3 first. Since
3 is more interesting than 2, it will never recommend 2, so M > 2 fails to force 1 to 2.
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— If M =1, we set recs(1) = {2}.

e x = 1,y = 3. The answer is M = —1 because we can choose recs(1) = {2, 3} and
recs(2) = {1, 3}. If the user does not choose video 3, they will watch video 2. From video
2 the user cannot choose video 1 because it has already been watched, so they are forced to
watch video 3.

Organization High Patronage
A P I] S |POHTO PRINCETON 3
RO s, UNIVERSITY

Com o Alto Patrocinio
de Sua Exceléncia

?Y REPUBLICA
%~ PORTUGUESA

N EDUCACAO, CIENCIA
O Presidente da Republica EINOVACAO

Sponsors

/8%, FUNDACAO
BB CALOUSTE
¥ GULBENKIAN

CIENCIﬂy\IWA

ONTI’2025 Selection Contest
Departamento de Ciéncia de Computadores
Faculdade de Ciéncias da Universidade do Porto
(June 7th, 2025)



