
SAPO 2019 Final Round Day 1
South Africa, September 28, 2019

Problem A. Booking
Input file: standard input
Output file: standard output
Time limit: C++: 1.5 seconds, Pascal: 1.5 seconds, Java: 3 seconds, Python: 15 seconds
Memory limit: 1024 megabytes
Maximum Points Available: 100

The queen of Bruceland wants to host Q different parties to celebrate her recent inauguration. She knows
that N people will be attending each of the parties. Furthermore, she knows that for everyone at party i
to be happy, the ratio of total people to the number of rooms used to host the party must be an integer
between ai and bi. That is, if mi rooms are used to host party i, then ai ≤ N

mi
≤ bi. As the queen’s chosen

Minister of Festivities, you are required to determine the fewest number of rooms to book for each party
to ensure that everyone is happy at the party.

Input
The first line contains two integers: N (1 ≤ N ≤ 1014) and Q (1 ≤ Q ≤ 106). Each of the next Q lines
contains two space separated integers ai and bi (1 ≤ ai ≤ bi ≤ N).

Output
Output Q lines where line i contains a single integer, mi. If it is not possible for everyone at party i to
be happy, let mi = −1.

Scoring

Subtask 1 (10 points): N ≤ 1000, Q ≤ 100 and ai = bi for all i

Subtask 2 (20 points): N ≤ 106 and Q = 1

Subtask 3 (20 points): N ≤ 104 and Q ≤ 104

Subtask 4 (20 points): N ≤ 1012 and Q ≤ 105

Subtask 5 (30 points): No further constraints

Examples
standard input standard output

20 3
3 6
4 20
6 9

4
1
-1

100 4
20 30
3 9
1 100
50 50

4
20
1
2
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Note
In example 1:
For the first line, notice that 20 ÷ 4 = 5, which is between 3 and 6. For the second line, notice that
20 ÷ 5 = 4, 20 ÷ 4 = 5, 20 ÷ 2 = 10 and 20 ÷ 1 = 20 are all between 4 and 20. Since 1 is the smallest
value for the number of rooms used, 1 is the answer in this case. In the last line, there are no values m3

that satisfy 6 ≤ 20÷m3 ≤ 9 .
In example 2:
The optimal ratios are 25, 5, 100 and 50 respectively.
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Problem B. Planets
Input file: standard input
Output file: standard output
Time limit: C++: 1 second, Pascal: 1 second, Java: 2 seconds, Python: 10 seconds
Memory limit: 256 megabytes
Maximum Points Available: 100

While at IOI 2020 in Singapore, you decide to go outside one night and look up at the stars. At exactly
midnight you observe a bright planet directly above you. Intrigued, you go inside and look up what this
occurrence might have been on the internet. You are very surprised to learn that you have witnessed an
extremely rare astronomical event! In fact, behind the planet you were seeing, there were (N − 1) more,
and as it was directly overhead at midnight, these N (1 ≤ N ≤ 8) planets and Earth all exactly lined up
with the sun!
This, however, was immediately followed by a significant disappointment as all news outlets were flooded
by news that an alien civilization made contact with Earth with the information that, every time Earth
and one or more of the N other planets line up precisely above the region of the Sun it was currently
lined up above, the combined gravity causes instability in the core of the sun! In fact, during the K-th
(1 ≤ K ≤ 1016) such gravitational influence after this one, a solar flare will be released by the Sun
destroying all life on Earth.
Given the numbers N , K and the integer amount of years it takes for each of the N planets to orbit the
Sun, your task is to calculate the year by which humans need to have a sustainable colony on another
planet to avoid extinction (assume the Sun doesn’t rotate or burn up as time goes on).
Note: In order to store the year the Sun destroys Earth, you might need to use a 64-bit datatype.

Input
First line of input consists of two space-separated integers N and K, the numbers from the task.
Next N lines of input consists of one integer ti, representing the time it takes for planet i to orbit around
the Sun. This is guaranteed to be distinct and increasing.

Output
Output should consist of one integer representing the year in which the Sun will destroy Earth.

Scoring
Subtask 1: (5 points) K = 1

Subtask 2: (5 points) N = 1

Subtask 3: (20 points) answer ≤ 200000

Subtask 4: (20 points) K ≤ 105

Subtask 5: (30 points) N = 3

Subtask 6: (20 points) N ≤ 8
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Examples
standard input standard output

3 9
2 3 4

2034

4 16789
5026 50142 60455 85875

67953440

Note
For example, let N = 3, t = {2, 3, 4} and K = 9

The following will occur:

• In year 2022, Planet 1 will line up with Earth

• In year 2023, Planet 2 will line up with Earth

• Similarly, in year 2024, Planets 1 and 3

• In year 2026, Planets 1 and 2

• In year 2028, Planets 1 and 3

• In year 2029, Planet 2

• In year 2030, Planet 1

• In year 2032, Planets 1, 2 and 3

• In year 2034, Planet 1

Thus, in year 2034 the 9th occurrence will happen, and Earth will be destroyed.
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Problem C. DNA
Input file: standard input
Output file: standard output
Time limit: C++: 1 second, Pascal: 1 second, Java: 2 seconds, Python: 10 seconds
Memory limit: 512 megabytes
Maximum Points Available: 100

We can represent a DNA strand as a sequence of nucleotides, where nucleotides can be of four types: A,
T, C and G. We will say the length of such a DNA strand is the number of nucleotides in the sequence.
For example ATCATC has length 6, and AAA has length 3.
By concatenating two or more DNA strands, we can create a new strand. In this case, we may consider
the initial DNA strands to be DNA segments, used for constructing the final strand. For example, ATCAT
could be constructed with the 3 segments AT, C and AT.
Given a target DNA strand of length N (1 ≤ N ≤ 5000) and M DNA segments (1 ≤ M ≤ 100 000) of
varying lengths, determine the minimum number of segments needed to construct the target. A segment
may be used any number of times (including 0 times).

Input
The first line contains the 2 integers N and M , separated by a space.
The second line contains the target DNA strand consisting of N characters, where each character is one
of A, T, C or G.
For each segment i (1 ≤ i ≤ M), an additional 2 lines follow. The first of these contains the integer Li

(the length of segment i). The second line contains a single DNA segment consisting of Li characters,
where each character is one of A, T, C or G. It is guaranteed that for each segment, 1 ≤ Li < N . It is
guarenteed that the sum of the lengths of all segments is no greater than 1 000 000.

Output
Output a single integer, the minimum number of segments required to construct the target strand. If it
is not possible to construct the target strand, output -1 instead.

Scoring

Subtask 1 (20 points): The target consists only of type A nucleotides.

Subtask 2 (20 points): Li = Lj for every 1 ≤ i, j ≤ M .

Subtask 3 (20 points): N ≤ 100, M ≤ 100.

Subtask 4 (40 points): No further restrictions.
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Examples
standard input standard output

6 3
ATCATC
2
AT
2
TC
2
CA

3

6 4
ATCATC
2
AT
2
TC
2
CA
3
ATC

2

3 2
AAA
1
T
2
AA

-1

Note
In example 1, we can construct the strand as AT, followed by CA, followed by TC, for a total of 3 segments.
In example 2, we have the same input as in example 1, except for the additional strand ATC. We can now
construct the strand as ATC followed by ATC, for a total of 2 segments. As this is better than our previous
solution, we output 2 instead of 3.
In example 3, it is impossible to create the target strand, so we output -1.
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Problem D. Elevators
Input file: input_*.txt
Output file: output_*.txt
Time limit: N/A
Memory limit: N/A
Maximum Points Available: 100

During IOI 2020 in Singapore, all the contestants are housed in a building with K floors numbered
1, 2...K. To move between these floors, N elevators are installed, each of which starts at floor 1 and can
move to any floor. Each elevator, however, can only carry a maximum of P people at any given time.
Luckily the elevators are very fast, moving at 1 floor per second. Note that it also doesn’t take any time
for contestants to get on or off the elevators.
During your free time, you explore the building and find the control room for all the elevators by going
up a staircase above the K-th floor. Since you are aware of how annoyed the other contestants are that
the elevators take too long to deliver them to the floor they want to be at, you decide to hack into the
control system for the elevators and update the code.
This is an output-only task. Given a certain number of elevators and floors, as well as some contestants
wanting to move from one floor to another at a certain time, determine a sequence of commands to be
sent to the elevators to minimize the sum of time it takes for each contestant from the time they arrive
at the elevator until they are delivered to the desired floor.

Input
First line of input consists of 4 numbers N , P , K and C, the numbers from the statement and the number
of contestants wanting to use the elevators.
The next C lines of input consist of 3 space-separated integers ti, si and ei representing the time the
contestant arrives at the elevators, the floor they start at and the floor they want to be delivered to, with
ti in non-decreasing order.

Output
The output should consist of 2C lines, each being a list of 3 space-separated integers ni, ci and pi,
representing the elevator the command is sent to, the type of command (1 for pick-up or 0 for drop-off)
and the index of the contestant to pick up or drop off (1 ≤ pi ≤ C).
These commands need to obey the following conditions:

• The number of people in any elevator always needs to be less than or equal to P

• For any person pi, there needs to be at least one command with ci = 1 and one with ci = 0, in that
order

• The elevators will execute these commands in order. If a elevator is instructed to pick up a person
not (yet) on a floor, it will wait.

Only the order of each specific elevator’s commands matter. Elevators will not wait for
other elevators to complete commands first.

Scoring
Your score will be calculated as follows:
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If you did not deliver all contestants to their desired floors, you will get 0.
Otherwise, let the sum of time each waited before being delivered T . Two numbers Tmin and Tmax will
be defined for each test case.
Your score fraction for each subtask will be determined by exponentially interpolating T from the range
[Tmin;Tmax] to [1; 0], capping at the minimum and maximum. More specifically, your score fraction will
be 1− sqrt

(
T−Tmin

Tmax−Tmin

)
(or 1 if T < Tmin).

Subtask N P K C Tmin Tmax

1 1 2 5 10 46 70
2 2 1 5 10 18 22
3 5 8 20 100 500 2000
4 10 8 20 100 500 2000
5 10 8 20 100 500 1200
6 10 50 100 500 15000 60000
7 100 8 100 500 15000 20000
8 100 50 1000 2000 10000000 15000000
9 1000 8 1000 2000 500000 1000000

10 1000 50 10000 2000 5000000 10000000

Example
input_*.txt output_*.txt

2 2 15 5
1 3 5
3 5 4
4 4 10
5 3 10
7 9 1

1 1 1
1 1 2
1 0 2
1 0 1
1 1 3
2 1 4
1 0 3
2 0 4
1 1 5
1 0 5

Note
Elevator 1:

• Picks up contestant 1 on floor 3 at time 2s

• Picks up contestant 2 on floor 5 at time 4s

• Drops off contestant 2 on floor 4 at time 5s (total wait 2s)

• Drops off contestant 1 on floor 5 at time 6s (total wait 5s)

• Picks up contestant 3 on floor 4 at time 7s

• Drops off contestant 3 on floor 10 at time 13s (total wait 9s)

• Picks up contestant 5 on floor 9 at time 14s
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• Drops off contestant 5 on floor 1 at time 22s (total wait 15s)

Elevator 2:

• Picks up contestant 4 on floor 3 at time 5s

• Drops off contestant 4 on floor 10 at time 12s (total wait 7s)

In this case, the output results in a total wait time of 38 seconds. In the event that Tmin = 28 and
Tmax = 56, this will result in a score of 0.4024.
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