
SAPO 2020 Final Round
South Africa, September 27, 2020

Problem A. View
Input file: standard input
Output file: standard output
Time limit: C++/Java/Python: 1.5/3/15 seconds
Memory limit: 1024 megabytes
Points available: 100

Linetown consists of a line of N adjacent towers of equal width. Linette is looking for a new apartment
at the top of one of these towers. Apart from price, a key factor in her decision will be the view she can
get.

The view from a tower is the distance (in tower-widths) you can see either side of the tower. A tower of
equal or greater height blocks your view. If your view from a tower is blocked on the left by a tower at
position i, and on the right by a tower at position j, the view from that tower is j − i − 2. If on one of
the sides there is no tower blocking the view, the view is “semi infinite”. If on both sides there is no tower
blocking the view, the view is “infinite”.

Help Linette by determining the view from each tower.

Input
The first line contains N (1 ≤ N ≤ 106).

The next line contains N space-separated integers h1, h2, . . . , hN , the heights of the towers from left to
right (1 ≤ hi ≤ 109).

Output
Output N lines, where the ith line contains the view from the ith tower.

Each line should be either an integer, semi infinite or infinite.

Scoring

Subtask 1: (0 points) Examples.

Subtask 2: (20 points) N ≤ 5000, hi ≤ 106

Subtask 3: (20 points) h1 ≤ h2 ≤ . . . ≤ hN ≤ 106

Subtask 4: (25 points) N ≤ 200 000, hi ≤ 106

Subtask 5: (20 points) hi ≤ 106

Subtask 6: (15 points) No further constraints.
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Examples
standard input standard output

4
2 1 3 4

semi infinite
0
semi infinite
infinite

5
3 1 3 3 2

semi infinite
0
1
semi infinite
semi infinite

6
4 1 2 3 1 5

semi infinite
0
1
3
0
infinite

Note
The third example corresponds to the image below. For instance, from tower 4 you can see 2 tower-widths
to the left, and 1 tower-width to the right, for a total view of 3. Hence we have ‘3’ in line 4 of the output.
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Problem B. Keep Calm and Maintain Social Distancing
Input file: standard input
Output file: standard output
Time limit: C++/Java/Python: 2/4/20 seconds
Memory limit: 1024 megabytes
Points available: 100

A prestigious tech conference is being held next week, and you’ve just received your invitation to attend
and network with some of the biggest names in software development! It also just so happens that you’ve
recently developed a new software app which you’d like to personally advertise to as many people as
possible at the conference, although you quickly realise that you’ll only have time to meet with K other
people.

Unfortunately, the year is also 2020, and everyone is required to maintain social distancing due to this
nasty virus going around. To most effectively market your app, you decide to strategically spend your
time meeting with K participants who are the most isolated from each other. You therefore decide to
write a program to help you accomplish this task.

There are N participants in total (labelled from 1 to N), and it’s well-known that each participant has
no more than two friends. It’s also well-known that friendship is mutual (so if A is friends with B, then
B is friends with A). Given a list of all friendships between the participants, we define the social distance,
denoted “dist(A,B)”, between two participants A and B as the minimum number of social connections
joining A to B. For example, if A and B are friends, then dist(A,B) = 1; if they are not friends but have
a friend in common then dist(A,B) = 2, and so on. If no possible connection exists between A and B, we
define dist(A,B) to be infinite.

Furthermore, we can extend the concept of social distance to larger groups. We define the social distance
of a set S of people as the smallest dist(A,B) for any distinct A and B in the set S. For example, if A,
B, C are three distinct participants, then

dist({A,B,C}) = min
(
dist(A,B), dist(A,C), dist(B,C)

)
.

Given some positive integer K ≤ N , your task is to find a subset S of K participants, such that dist(S)
is maximal (i.e. the minimal social distance between any pair of the K participants is maximised).

There may certainly be multiple possible solutions. You may output any valid choice of K participants
which yields an optimal solution.

Input
The first line consists of three space-separated integers N (2 ≤ N ≤ 1 000 000), the number of participants,
M (0 ≤M ≤ N), the number of friendships among the participants, and K (2 ≤ K ≤ N), the number of
participants you wish to meet.

The next M lines consists of two space-separated integers ai, bi on each line denoting a friendship between
ai and bi. It is guaranteed that ai 6= bi and that no friendship will be given more than once.

Output
You must output two lines.

The first line should contain a single integer, the minimum distance between any two of the K chosen
participants. If it’s possible to choose K participants each completely isolated from each other, you must
instead output the single word “infinity”.

The second line should contain the labels of the K chosen participants in any order.
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Scoring
For each subtask, a correct solution will score 100% of the points available, otherwise if only the first
line of output (the optimal minimum distance) is correct, you will score 40% of the points available. A
solution with the incorrect minimum distance will score 0%.

Subtask 1: (0 points) Examples.

Subtask 2: (8 points) N ≤ 15

Subtask 3: (5 points) K = 2

Subtask 4: (6 points) Each participant has at most one friend.

Subtask 5: (6 points) Each participant has exactly two friends, and every pair of participants are
socially connected in some way.

Subtask 6: (10 points) Each participant has exactly two friends.

Subtask 7: (15 points) N ≤ 100

Subtask 8: (20 points) N ≤ 5000

Subtask 9: (30 points) N ≤ 1 000 000

Examples
standard input standard output

6 5 3
1 5
2 3
3 6
5 4
2 6

2
1 4 2

6 6 3
1 5
2 3
3 6
5 4
2 6
1 4

1
1 2 3

3 1 2
2 3

infinity
1 2

Note
In the first example, we have that 1 is friends with 5 and 5 is friends with 4. Since 1 is not friends with 4,
this means that dist(1, 4) = 2. Furthermore, we have that 2 has no social connection to 1 or 4. Therefore
the set of participants {1, 2, 4} has a social distance of two, and is optimal because there does not exist a
set of three participants having social distance greater than two (note that {1, 3, 4} and {1, 4, 6} are also
valid choices of participants).

The second example is similar to the first, except now 1 is also friends with 4. This forces any set of three
participants to have social distance one, so outputting any set of three distinct participants would be a
valid solution.
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In the third example, only 2 and 3 are friends with each other. Hence the participants {1, 2} have no
social connections, and so this set has infinite social distance.
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Problem C. Arrangement
Input file: input_*.txt
Output file: output_*.txt
Time limit: N/A
Memory limit: N/A
Points available: 100

Ravi has just built a number of new restaurants and requires your assistance to fill them with tables as
optimally as possible.

Each restaurant is modelled as an N ×M grid of 1 × 1 cells, and each cell is either empty, blocked (by
a wall), or is a “door”. There is exactly one door for each restaurant. A table type consists of a number
of 1× 1 cells joined along their edges. Only a limited variety of table types are available for a particular
restaurant, but you can use an available table type as many times as you like.

To place a table of a specific type in the restaurant (at some offset), the corresponding cells in the
restaurant must all be empty. Upon placing the table, these cells of the restaurant become blocked. Tables
can only be placed in the orientation given (they are patterned to match the restaurant’s orientation).
You are required to place tables into the restaurant such that for each placed table, either the table is
adjacent to the door, or there is a path whose first cell starts adjacent to the door and whose last cell is
adjacent to any cell of that table.

For each restaurant, Ravi also has in mind a target number of cells to be covered by tables, K, which he
will use to grade your solution. If Ravi receives a solution (from any contestant) which beats
his target, the value of K will be increased to match it.

Two cells are adjacent if they share an edge.

A path is a list of one or more empty cell coordinates, such that every two consecutive cells in the list are
adjacent.

Input
NB: Attachments for this question are found on the contest website, in the “Statement” tab of this
question. You will see a section Attachments with “tests.zip” and “tables.txt”.

The different table types are recorded in “tables.txt” (attached), where each table type is represented by
a grid of empty and blocked cells, with the blocked cells showing the shape of the table.

The first line of this file indicates the number of different table types.

Then, for each table, there is a line consisting of 3 space-separated integers, a, b and c, meaning the table
is type a, and a further b lines follow containing c characters each, the grid describing the table. A ‘#’
character indicates the cell is part of the table, while a ‘.’ character indicates an empty cell.

This is an output-only task, so the input files (“input_1.txt”, . . . , “input_8.txt”) are attached in “tests.zip”,
and must be downloaded. You are able to view the exact input, and tailor your programs as needed.

Each input file corresponds to a single restaurant.

The first line contains four integers separated by spaces: N , M , C and K.

The next line contains C integers separated by spaces, indicating the table types available for the
restaurant.

The next N lines contain M characters each, describing the restaurant. A ‘.’ indicates an empty cell, a
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‘#’ indicates a blocked cell, and a ‘D’ indicates the door. Each restaurant is bordered by walls, with the
door found on the left border.

Output
You must submit only the corresponding output file produced for each input file. The output file for
“input_*.txt” must be named “output_*.txt”, where the “*” indicates the file number.

In the first line of each output file, output a single integer T , the number of tables to be placed.

The next T lines describe how to place the tables. Each must consist of 3 integers separated by spaces.
The first integer must indicate the type of table, and the next two integers must be the vertical and
horizontal offset at which to place the table.

The vertical offset is the vertical distance between the top edge of the restaurant and the top edge of the
table, and the horizontal offset is the horizontal distance between the left edge of the restaurant and the
left edge of the table.

Scoring
There is one input file for each restaurant, with 12.5 marks allocated to each.

For each restaurant, if your solution does not satisfy the constraints, you will score 0; however, if there
is no path to a placed table once all tables are placed, such a table will instead just be ignored, and you
will score points for the remaining tables. If your solution results in L cells being covered by tables, you
will score

40 · L
K

+ 40 ·
(
L

K

)2

+ 20 ·max

(
0, 10 · L

K
− 9

)2

percent of the marks available.

A solution scoring full marks is guaranteed to exist for each restaurant.

Examples
input_*.txt output_*.txt

5 5 2 5
1 4
#####
D..##
#...#
#...#
#####

2
1 1 2
4 2 1

5 6 3 3
1 3 7
######
##.#.#
D..#.#
##.#.#
######

4
7 1 2
1 1 4
1 2 4
1 3 4

Note
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In the first example output, a type 1 table is placed in the top middle of the room, while a type 4 table
is placed in the bottom left corner. After tables have been placed, the room would look like:

#####
D.A##
#.B.#
#BB.#
#####

(where A indicates the type 1 table and B indicates the type 4 table).

A total of 4 cells were covered by tables; hence, this solution would score

40 · 4
5
+ 40 ·

(
4

5

)2

+ 20 ·max

(
0, 10 · 4

5
− 9

)2

= 32 + 25.6 + 0 = 57.6

percent of the marks available.

In the second example output, after tables have been placed, the room would look like:

######
##C#E#
D.C#F#
##C#G#
######

(where C indicates the type 7 table and E, F and G indicate the three type 1 tables)

The type 1 tables can not be reached, so they are ignored. The type 7 table is included as it can be
reached from the door. It covers 3 cells, so this solution would score 100%.
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