
Problem A
March of the Penguins

Problem ID: penguins
Time limit: 10 seconds

A sample layout of ice floes with 3 penguins on them.

Somewhere near the south pole, a number of penguins are stand-
ing on a number of ice floes. Being social animals, the penguins
would like to get together, all on the same floe. The penguins do
not want to get wet, so they have use their limited jump distance to
get together by jumping from piece to piece. However, temperatures
have been high lately, and the floes are showing cracks, and they get
damaged further by the force needed to jump to another floe. Fortu-
nately the penguins are real experts on cracking ice floes, and know
exactly how many times a penguin can jump off each floe before it
disintegrates and disappears. Landing on an ice floe does not dam-
age it. You have to help the penguins find all floes where they can
meet.

Input
On the first line one positive number: the number of testcases, at
most 100. After that per testcase:

• One line with the integer N (1 ≤ N ≤ 100) and a floating-
point number D (0 ≤ D ≤ 100000), denoting the number of
ice pieces and the maximum distance a penguin can jump.

• N lines, each line containing xi, yi, ni and mi, denoting for
each ice piece its X and Y coordinate, the number of pen-
guins on it and the maximum number of times a penguin can
jump off this piece before it disappears (−10000 ≤ xi, yi ≤
10000, 0 ≤ ni ≤ 10, 1 ≤ mi ≤ 200).

Output
Per testcase:

• One line containing a space-separated list of 0-based indices of the pieces on which all penguins can meet. If no
such piece exists, output a line with the single number −1.

Sample Input 1 Sample Output 1

2
5 3.5
1 1 1 1
2 3 0 1
3 5 1 1
5 1 1 1
5 4 0 1
3 1.1
-1 0 5 10
0 0 3 9
2 0 1 1

1 2 4
-1
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Problem B
Cleaning Pipes
Problem ID: pipes

Time limit: 7 seconds

Picture of sink hole by Ogar93 via Wikimedia Commons

Linköping has a quite complex water transport system. Around Linköping
there are several wells from which water is drawn. The water is then trans-
ported to other locations using pipes. Each pipe is a straight canal from one
of the wells to some location in the city.

All the pipes are at the same depth under ground. Therefore, when-
ever two pipes cross, they form an intersection. Luckily the pipe system
was constructed in such a way that exactly two pipes meet at each such in-
tersection. The wells do not count as intersections. Any number of pipes
(including zero or more than two) may originate at each well.

The intersections pose a problem, since dirt (a mixture of lime and other
“remains”) tends to get stuck there. This dirt causes the pipes to degrade
and collapse, leading to the formation of large sink holes. Such sink holes have a mesmerising effect on the students in
Linköping, causing them to neglect their studies and remain uneducated, which in the long run will lead to a collapse
of not just the pipe system but of the very fabric of society. Therefore it is imperative that the pipes are regularly
cleaned. The Nordic Water Extraction and Redistribution Company (NWERC) – which is in charge of Linköping’s
waterpipes – has an ample fleet of robots to perform this task. A robot can be inserted into a pipe at the well where
the pipe begins. The robot then goes through the pipe all the way to its end and cleans all intersections along the
way. After reaching the end, the robot turns around and returns back to the well where it started. In order to prevent
robot collisions, government regulations stipulate that whenever two pipes intersect, at most one of them may contain
a robot.

Since the whole water system has to be shut down while it is being cleaned (another government regulation), the
NWERC would like to do the cleaning quickly, by using a single batch of cleaning robots, all started at the same time.

Your task is to verify whether this can be done – i.e., whether we can simultaneously insert robots into a subset of
the pipes in such a way that the robots will clean all intersections and there will be no risk of two robots colliding.

Input
The input consists of:

• one line with two integers w (1 ≤ w ≤ 1 000), the number of wells, and p (1 ≤ p ≤ 1 000), the number of
pipes;

• w lines, the ith of which contains two integers xi and yi (−10 000 ≤ x, y ≤ 10 000), the position of well number
i (the wells are numbered from 1 to w);

• p lines each with three integers s (1 ≤ s ≤ w), the well at which the pipe starts, and x and y (−10 000 ≤ x, y ≤
10 000), the position at which the pipe ends.

Each pipe will contain exactly one well, the one at which it starts. Any point shared by more than two pipes will be a
well. Any two pipes share at most one common point. The common point of two pipes may be the endpoint of one or
both of them. All pipes have positive length.

Output
If it is possible to clean all intersections as described above, output “possible”. Otherwise, output “impossible”.
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Sample Input 1 Sample Output 1

3 3
0 0
0 2
2 0
1 2 3
2 2 2
3 0 3

impossible

Sample Input 2 Sample Output 2

2 3
0 0
0 10
1 5 15
1 2 15
2 10 10

possible
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Problem C
Room Assignment

Problem ID: rooms
Time limit: 5 seconds

Once there was an inventor congress, where inventors from all over the world met in one place. The organizer
of the congress reserved exactly one hotel room for each inventor. Each inventor, however, had its own preference
regarding which room he would like to stay in. Being a clever inventor himself, the organizer soon found an objective
way of doing the room assignments in a fair manner: each inventor wrote two different room numbers on a fair coin,
one room number on each side. Then, each inventor threw his coin and was assigned the room number which was
shown on the upper side of his coin. If some room had been assigned to more than one inventor, all inventors had to
throw their coins again.

As you can imagine, this assignment process could take a long time or even not terminate at all. It has the
advantage, however, that among all possible room assignments, one assignment is chosen randomly according to a
uniform distribution. In order to apply this method in modern days, you should write a program which helps the
organizer.

The organizer himself needs a hotel room too. As the organizer, he wants to have some advantage: he should be
able to rate each of the rooms (the higher the rating, the better), and the program should tell him which two room
numbers he should write on his coin in order to maximize the expected rating of the room he will be assigned to. The
program also has access to the choices of the other inventors before making the proposal. It should never propose two
rooms for the organizer such that it is not possible to assign all inventors to the rooms, if a valid assignment is possible
at all.

Input
The input starts with a single number c (1 ≤ c ≤ 200) on one line, the number of test cases. Each test case starts with
one line containing a number n (2 ≤ n ≤ 50000), the number of inventors and rooms. The following n − 1 lines
contain the choices of the n − 1 guests (excluding the organizer). For each inventor, there is a line containing two
numbers a and b (1 ≤ a < b ≤ n), the two room numbers which are selected by the inventor. The last line of each
test case consists of n integers v1, . . . , vn (1 ≤ vi ≤ 1000000), where vi is the organizer’s rating for room i.

Output
For each test case, print a single line containing the two different room numbers a and b which should be selected
by the organizer in order to maximize the expected rating of the room he will be assigned to. If there is more than
one optimal selection, break ties by choosing the smallest a and, for equal a, the smallest b. If there is no way for
the organizer to select two rooms such that an assignment of inventors to rooms is possible, print “impossible”
instead.
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Sample Input 1 Sample Output 1

3
4
1 2
2 3
1 3
2 3 4 1
3
1 2
2 3
100 40 70
5
1 2
1 2
1 2
3 4
1 1 1 1 1

1 4
1 3
impossible
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Problem D
Brexit Negotiations

Problem ID: brexit
Time limit: 10 seconds

As we all know, Brexit negotiations are on their way—but we still do not know whether they will actually finish in
time.

The negotiations will take place topic-by-topic. To organise the negotiations in the most effective way, the topics
will all be discussed and finalised in separate meetings, one meeting at a time.

This system exists partly because there are (non-cyclic) dependencies between some topics: for example, one
cannot have a meaningful talk about tariffs before deciding upon the customs union. The EU can decide on any order
in which to negotiate the topics, as long as the mentioned dependencies are respected and all topics are covered.

Each of the topics will be discussed at length using every available piece of data, including key results from past
meetings. At the start of each meeting, the delegates will take one extra minute for each of the meetings that has
already happened by that point, even unrelated ones, to recap the discussions and understand how their conclusions
were reached. See Figure D.1 for an example.

Nobody likes long meetings. The EU would like you to help order the meetings in a way such that the longest
meeting takes as little time as possible.

5 2 4 3 6 1

Figure D.1: Illustration of how time is spent in each meeting in a solution to Sample Input 2.

Input
The input consists of:

• One line containing an integer n (1 ≤ n ≤ 4 · 105), the number of topics to be discussed. The topics are
numbered from 1 to n.

• n lines, describing the negotiation topics.

The ith such line starts with two integers ei and di (1 ≤ ei ≤ 106, 0 ≤ di < n), the number of minutes needed
to reach a conclusion on topic i and the number of other specific topics that must be dealt with before topic i
can be discussed.

The remainder of the line has di distinct integers bi,1, . . . , bi,di (1 ≤ bi,j ≤ n and bi,j 6= i for each j), the list of
topics that need to be completed before topic i.

It is guaranteed that there are no cycles in the topic dependencies, and that the sum of di over all topics is at most
4 · 105.

Output
Output the minimum possible length of the longest of all meetings, if meetings are arranged optimally according to
the above rules.
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Sample Input 1 Sample Output 1

3
10 0
10 0
10 0

12

Sample Input 2 Sample Output 2

6
2 2 4 3
4 1 5
1 2 2 4
3 1 5
2 0
4 1 3

8
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Problem E
Absurdistan Roads

Problem ID: absurdistan
Time limit: 10 seconds

The people of Absurdistan discovered how to build roads only last year. After the discovery, every city decided to
build their own road connecting their city with another city. Each newly built road can be used in both directions.

Absurdistan is full of surprising coincidences. It took all N cities precisely one year to build their roads. And even
more surprisingly, in the end it was possible to travel from every city to every other city using the newly built roads.

You bought a tourist guide which does not have a map of the country with the new roads. It only contains a
huge table with the shortest distances between all pairs of cities using the newly built roads. You would like to know
between which pairs of cities there are roads and how long they are, because you want to reconstruct the map of the
N newly built roads from the table of shortest distances.

Task
You get a table of shortest distances between all pairs of cities in Absurdistan using the N roads built last year. From
this table, you must reconstruct the road network of Absurdistan. There might be multiple road networks with N roads
with that same table of shortest distances, but you are happy with any one of those networks.

Input
For each test case:

• A line containing an integer N (2 ≤ N ≤ 2000) – the number of cities and roads.

• N lines with N numbers each. The j-th number of the i-th line is the shortest distance from city i to city j. All
distances between two distinct cities will be positive and at most 1 000 000. The distance from i to i will always
be 0 and the distance from i to j will be the same as the distance from j to i.

Output
For each test case:

• Print N lines with three integers ‘a b c’ denoting that there is a road between cities 1 ≤ a ≤ N and 1 ≤ b ≤ N
of length 1 ≤ c ≤ 1 000 000, where a 6= b. If there are multiple solutions, you can print any one and you can
print the roads in any order. At least one solution is guaranteed to exist.

Print a blank line between every two test cases.

Sample Input 1 Sample Output 1

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

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

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

3 1 1
2 1 4
3 2 3
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Problem F
Mountain Road

Problem ID: mountain
Time limit: 4 seconds

In the Franconian Switzerland, there is a narrow mountain road. With only a single lane, this is a bottleneck for
two-way traffic. Your job is to schedule incoming cars at both ends so that the last car leaves the road as early as
possible.

Each car is specified by three values: the direction in which it is going, the arrival time at the corresponding
beginning of the road, and the driving time this car needs to get through, provided it is not slowed down by other cars
in front. Cars cannot overtake each other on the mountain road, and reordering cars in the queues at the ends of the
road is not allowed.

For safety reasons, two successive cars going in the same direction may not pass any point of the road within less
than 10 seconds. This ensures that the second car will not crash into the first car if the latter brakes hard. However,
if another car passes in the other direction in between, it will be clear that the road is empty, so in this case, this rule
does not apply.

Input
The first line of the input consists of a single integer c (1 ≤ c ≤ 200), the number of test cases.

Then follow the test cases, each beginning with a single line consisting of an integer n (1 ≤ n ≤ 200), the number
of cars you are to consider in this test case. The remainder of each test case consists of n lines, one line per car, starting
with a single upper case letter (“A” or ”B”), giving the direction in which the car is going. Then follow, on the same
line, two integers t (0 ≤ t ≤ 100000) and d (1 ≤ d ≤ 100000), giving the arrival time at the beginning of the road
and the minimum travel time, respectively, both in seconds.

Within a test case, the cars are given in order of increasing arrival time, and no two cars will arrive at the same
time.

Output
For each test case, print a single line consisting of the point in time (in seconds) the last car leaves the road when the
cars are scheduled optimally.

Sample Input 1 Sample Output 1

2
4
A 0 60
B 19 10
B 80 20
A 85 100
4
A 0 100
B 50 100
A 100 1
A 170 100

200
270
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Problem G
Cent Savings

Problem ID: cents
Time limit: 6 seconds

Picture by Tijmen Stam via Wikimedia Commons, cc by-sa

To host a regional contest like NWERC a lot of prepa-
ration is necessary: organizing rooms and computers,
making a good problem set, inviting contestants, design-
ing T-shirts, booking hotel rooms and so on. I am re-
sponsible for going shopping in the supermarket.

When I get to the cash register, I put all my n items
on the conveyor belt and wait until all the other cus-
tomers in the queue in front of me are served. While
waiting, I realize that this supermarket recently started
to round the total price of a purchase to the nearest mul-
tiple of 10 cents (with 5 cents being rounded upwards).
For example, 94 cents are rounded to 90 cents, while 95
are rounded to 100.

It is possible to divide my purchase into groups and
to pay for the parts separately. I managed to find d di-
viders to divide my purchase in up to d + 1 groups. I
wonder where to place the dividers to minimize the total
cost of my purchase. As I am running out of time, I do not want to rearrange items on the belt.

Input
The input consists of:

• one line with two integers n (1 ≤ n ≤ 2 000) and d (1 ≤ d ≤ 20), the number of items and the number of
available dividers;

• one line with n integers p1, . . . pn (1 ≤ pi ≤ 10 000 for 1 ≤ i ≤ n), the prices of the items in cents. The prices
are given in the same order as the items appear on the belt.

Output
Output the minimum amount of money needed to buy all the items, using up to d dividers.

Sample Input 1 Sample Output 1

5 1
13 21 55 60 42

190

Sample Input 2 Sample Output 2

5 2
1 1 1 1 1

0
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Problem H
Diagrams & Tableaux

Problem ID: diagrams
Time limit: 6 seconds

A Young diagram is an arrangement of boxes in rows and columns conforming to the following rules:

• the boxes in each row and each column are contiguous,

• the left borders of all rows are aligned, and

• each row is not longer than the one above.

Here are some examples of Young diagrams:

A semi-standard Young tableau for a given number N is a Young diagram that has its boxes filled according to the
following rules:

• Each box contains a single integer between 1 and N , inclusive,

• each integer is greater than or equal to the integer in the box to its left, and

• each integer is strictly greater than the integer in the box above.

Here is a list of all semi-standard Young tableaux for N = 3, based on a particular Young diagram:

1
2

1 1
3

1 1
2

2 1
3

2 1
2

3 1
3

3 2
3

2 2
3

3

Your task is to count how many semi-standard Young tableaux are possible, based on a given Young diagram, with
a given N .

Input
Each test case consists of two lines. The first line of each test case specifies the Young diagram. This line starts with
the number k satisfying 1 ≤ k ≤ 7, the number of rows, followed by k positive integers l1, l2, . . . , lk. These integers
specify the number of boxes on each row of the Young diagram, and they satisfy 7 ≥ l1 ≥ l2 ≥ · · · ≥ lk ≥ 1. The
second line contains the integer N , satisfying k ≤ N ≤ 7.

Output
For each test case, print one line containing the number of semi-standard Young tableaux based on the given Young
diagram, with the given N .

Sample Input 1 Sample Output 1

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

1
2
20
20
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Problem I
Highway of the Future

Problem ID: highway
Time limit: 7 seconds

It is the year 23413 and the quantum road authority (QRA) needs your help designing a new quantum highway. The
biggest difference between a quantum highway and a regular highway is that quantum cars can switch lanes instantly,
i.e. at t1 a quantum car can be in one lane, while (as long as t1 6= t2) at t2 it can be in another.

Of course, in the year 23413 the future prediction authority (FPA) has information on exactly who will be using
this new highway. For each quantum car that will travel along your quantum highway, the FPA supplies you with a
value t, which is the time at which the quantum car will enter your highway, and a value v which represents the speed
at which the quantum car will travel along your quantum highway.

The length of your highway will be 100 length units. In one time unit, a quantum car going at a speed of v speed
units, will have travelled exactly v length units. The size of a quantum car is negligible compared to the length of your
highway; it should be considered as a point.

Your job is to make sure that there will be no collisions on this quantum highway. Quantum cars are equipped
with very sophisticated collision prevention mechanisms: as long as there are enough lanes in your quantum highway,
cars will “magically” switch lanes to avoid collisions. A collision still occurs if, at any time, the number of cars at a
particular position along the highway exceeds the number of lanes. Such collisions can happen even at the exact begin
or end of the highway, as the sample cases illustrate.

What is the least number of lanes required to make sure there will be no collisions?

Input
For each test case:

• A line containing one integer n (1 ≤ n ≤ 35 000): the number of quantum cars that will travel on your highway.

• n lines containing two integers:

– ti: the time at which quantum car i enters your quantum highway
(1 ≤ ti ≤ 10 000).

– vi: the speed of quantum car i (1 ≤ vi ≤ 100).

Output
For each test case, print one line containing one integer: the number of lanes required to make sure there will be no
collisions.

Sample Input 1 Sample Output 1

3
15 20
19 100
10 10
3
10 20
10 10
10 30
2
10 10
10 10
2
10 1
20 100

3
3
2
2
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Problem J
Game Design

Problem ID: game
Time limit: 4 seconds

Carol enjoys playing with wooden games. The objective of the game that fascinates her the most is to tilt a maze,
made out of 1 cm-by-1 cm blocks, in any of the four cardinal directions to move a ball to a hole in the centre at (0, 0).
As shown in Figure J.1, once the 1 cm wide ball starts moving, it keeps going until either it runs into a wooden block,
or it falls into the hole—whichever comes first.

−10 −9 −8 −7 −6 −5 −4 −3 −2 −1 0 1 2 3

−3

−2

−1

0

1

Figure J.1: Illustration of Sample Output 1.

Carol is interested in designing a maze of her own, and like any good game designer she already has a fixed solution
in mind. This is given as a sequence of tilt moves which must all be followed in order. If any move causes nothing to
happen, for example because the ball is up against a block in that direction or already in the hole, the solution does not
count.

The ball can be placed anywhere to start. Carol will take care of adding a square border of blocks covering the
rows and columns 109 + 1 cells away from the centre in each direction.

Design a board which can be won by applying her sequence of moves.

Input
The input consists of:

• One line with a string s consisting of only the characters “LRUD” (1 ≤ |s| ≤ 20), the sequence of moves. These
characters correspond to the directions−x,+x,+y,−y respectively. No two consecutive characters in s are the
same.

Output
If it is possible to create a maze with the given solution, first output x and y, the integer coordinates for the ball to start
at. Then on the next line, output n, the number of blocks to use. On each of the remaining n lines, output s and t, the
integer coordinates of a block.

Otherwise, output “impossible”.
You may use at most n ≤ 104 blocks. All coordinates used must be at most 109 in absolute value. No coordinate

pair may be the same as the centre or any other coordinate pair. If there are multiple valid solutions, you may output
any one of them.
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Sample Input 1 Sample Output 1

DLDLRUR -3 1
8
-1 -1
-1 -2
-2 1
-3 -1
-5 0
-6 -1
-7 -2
-4 -3

Sample Input 2 Sample Output 2

LRLRLRLRULD 1 1
5
2 1
2 0
-1 1
-1 0
-1 1000000000

Sample Input 3 Sample Output 3

LRLR impossible
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Problem K
Jinxed Betting
Problem ID: jinx

Time limit: 6 seconds

Julia is betting on a large sporting competition involving matches between pairs of teams. There are no parallel
matches and each bettor receives one point for every correct bet they make. Julia had a good streak and is in the lead.
Now she worries that her good luck may be turning, and decides to change her strategy.

She collaborates with a betting shop owner who tells her the bets made by everyone else. Whenever Julia makes a
bet, she first checks the bets of all bettors with the most points so far (except herself of course) and then chooses the
same team as the majority. In the case of a tie, she bets on her favourite of the two teams in the game.

Julia wants to know for how many more matches she is guaranteed to stay in the lead in the worst case (i.e., no
matter what bets the others make or what the outcomes of the games are). For this problem we consider Julia to be in
the lead if there is no other bettor that has strictly more points than her.

For example, suppose as in Sample Input 1 that Julia initially has three points, and there are two other bettors with
three and two points respectively. For the first match, she will make the same bet as the other bettor with three points.
If this person bets on the losing team and the other bets on the winning team all players have an equal score of three
points. If for the next match the other two persons bet on different teams, Julia places the bet on her favourite, which
of course may lose. Thus after two more matches she might lose the lead.

Input
The input consists of:

• One line with an integer n (3 ≤ n ≤ 105), the number of people who place their bets.

• One line with n integers p1, . . . , pn (0 ≤ pi ≤ 1016 for each i), the points of all people who play the betting
game. The first of these numbers corresponds to the score of Julia. You may assume that no other score exceeds
Julia’s score in the beginning.

Output
Output the number of matches for which Julia is guaranteed to stay in the lead.

Sample Input 1 Sample Output 1

3
3 3 2

1

Sample Input 2 Sample Output 2

5
8 4 3 5 2

6
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Problem L
Elementary Math

Problem ID: math
Time limit: 6 seconds

Example exam by Ellen

Ellen is teaching elementary math to her students and the time for the final
exam has come. The exam consists of n questions. In each question the
students have to add (+), subtract (−) or multiply (∗) a pair of numbers.

Ellen has already chosen the n pairs of numbers. All that remains is
to decide for each pair which of the three possible operations the students
should perform. To avoid students getting bored, Ellen wants to make sure
that the n correct answers to her exam are all different.

Please help Ellen finish constructing the exam by automating this task.

Input
The input consists of:

• one line with one integer n (1 ≤ n ≤ 2 500), the number of pairs of
numbers;

• n lines each with two integers a and b (−106 ≤ a, b ≤ 106), a pair
of numbers used.

Output
For each pair of numbers (a, b) in the same order as in the input, output a line containing a valid equation. Each
equation should consist of five parts: a, one of the three operators, b, an equals sign (=), and the result of the expression.
All the n expression results must be different.

If there are multiple valid answers you may output any of them. If there is no valid answer, output a single line
with the string “impossible” instead.

Sample Input 1 Sample Output 1

4
1 5
3 3
4 5
-1 -6

1 + 5 = 6
3 * 3 = 9
4 - 5 = -1
-1 - -6 = 5

Sample Input 2 Sample Output 2

4
-4 2
-4 2
-4 2
-4 2

impossible
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