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Ninth Day, Petrozavodsk Winter Training Camp, Monday, February 06, 2012

Problem A. Barcode
Input �le: standard input

Output �le: standard output

Time limit: 2 seconds
Memory limit: 256 mebibytes

Barcode consistsof black and white vertical bars transformed
to ones and zeroes by an optical reader. White and black bars
alternate and can be thick or thin. A thin bar represents 0 and
a thick bar represents 1, regardless of color. Thus, each barcode
represents a sequence of digits.

Each bar in a barcode of a product appears as �ve �squares�
high column. The width of a thin bar is one and the width of
a thick bar is two �squares�.

The reader used in this problem fell on the �oor and since then
it was unable to properly recognize the color of some �squares�
of a barcode.

Write a program that from a given scanning of a bar code with
our faulty reader will determine the binary sequence if at all
possible.

Input

The �rst line of the input �le contains an integer N ,
1 ≤ N ≤ 100, representing the total width of the scanned
bar code.

Eachof the next �ve lines contains N characters, each of which
can be either `X', `.' (dot), `?' (question mark). `X' represents
successfully recognized black �square�, a dot represents
successfully recognized white �square� and a question mark
means that the reader couldn't determine the color of the
�square�.

Output

The only line of the output should contain a sequence of binary
digits without separators that represent the barcode or the
word �UNDETERMINABLE� (without quotes) if a unique binary
sequence cannot be determined.

Example

standard input standard output

4

.X??

.??.

??.?

?X.?

.X?.

001

Problem B. Bundling
Input �le: standard input

Output �le: standard output

Time limit: 2 seconds
Memory limit: 256 mebibytes

Outel, a famous semiconductor company, released recently a
new model of microprocessor called Platinium. Like many
modern processors, Platinium can execute many instructions
in one clock step providing that there are no dependencies
between them (instruction I2 is dependent on instruction I1

if for example I2 reads a register that I1 writes to). Some
processors are so clever that they calcualte on the �y which
instructions can be safely executed in parallel. Platinium
however expects this information to be explicitly speci�ed.
A special marker, called simply a stop, inserted between two
instructions indicates that some instructions after the stop are
possibly dependent on some instructions before the stop. In
other words, instructions between two successive stops can
be executed in parallel and there should not be dependencies
between them.

Another interesting feature of Platinium is that a sequence
of instructions must be split into groups of one, two or three
successive instructions. Each group has to be packed into a
container called a bundle. Each bundle has 3 slots and a single
instruction can be put into each slot, however some slots may
stay empty. Each instructions is categorized into one of 10
instruction types denoted by consecutive capital letters from `A'
to `J' (instructions of the same type have similar functionality,
for example type `A' groups integer arithmetic instructions and
type `F' groups �oating-point instructions). Only onstricutions
of certain types are allowed to be packed into one bundle. A
template speci�es one permissible combination of instruction
types within a bundle. A template can also specify a position
of a stop in the middle of a bundle (there is at most one
such stop allowed). In addition, stops are allowed between any
two adjoining bundles. A set of templates is called a bundling

pro�le. When packing instructions into bundles, one has to use
templates from the bundling pro�le only.

Although Platinium is equipped with an instruction cache it
was found that for maximal performance it is most crucial to
pack instructions as densely as possible. A second important
thing is to use a small number of stops.

Your task is to write a program for bundling Platinium
instructions. For the sake of simplicity, we assume that the
instructions cannot be reordered.

Write a program that reads a bundling pro�le and a sequence
of instructions, computes the minimal number of bundles
into which the sequence can be packed without breaking the
dependencies and the minimal number of all stops that are
required for the minimal number of bundles, then writes the
result.

Input

The �rst line of the input contains two integers t and n
separated by a single space. Integer t (1 ≤ t ≤ 1500) is
the number of templates in the bundling pro�le. Integer n
(1 ≤ n ≤ 100 000) is the number of instructions to be bundled.

Each of the next t lines speci�es one template and contains
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3 capital letters t1, t2, t3 with no spaces in between followed
by a space and an integer p. Letter ti (`A' ≤ ti ≤ `J') is an
instruction type allowed in the i-th slot. Integer p (0 ≤ p ≤ 2)
is the index of the slot after which the stop is positioned (0
means no stop within the bundle).

Each of the next n lines speci�es one instruction. The i-th line
of these n lines contains one capital letter ci and an integer di,
separated by a single space. Letter ci (`A' ≤ ci ≤ `J') is the
type of the i-th instruction. Integer di (0 ≤ di < i) is the index
of the last instruction (among the previous ones) that the i-th
instruction is dependent on (0 means that the instruction is
not dependent on any former instruction).

You can assume that for each instruction type c appearing
in the instruction sequence there is at least one template
containing c.

Output

The �rst and only line of the output contains two space-
separated integers b and s, followed by a newline. Integer b
is the minimal number of bundles in a valid packing. Integer
s is the minimal number of all stops that are required for the
minimal number of bundles.

Example

standard input standard output

4 9

ABB 0

BAD 1

AAB 0

ABB 2

B 0

B 1

A 1

A 1

B 4

D 0

A 0

B 3

B 0

4 3

Problem C. Capital
Input �le: standard input

Output �le: standard output

Time limit: 2 seconds
Memory limit: 256 mebibytes

After becoming the ruler of Piatra Neam�t, PAM began a long
stream of reforms. Under her wise guidance, the Piatra Neam�t
metropole turned into an empire, and PAM proclaimed herself
Empress.

As the Empire grew, PAM realised that a good network of
roads is needed. Because PAM likes trees very much, PAM
decided that her road network will resemble a tree. More
speci�cally, when the road network was being built, PAM made
sure the network had the following properties:

• Unoriented-ness: All the roads are bidirectional.

• Connectivity: Regardless of which city a person is in, the
person must be able to reach any city of the Empire.

• Cycle-less-ness: There should never be more than one
path between two cities.

The empire continued to grow, and PAM realized that some
cities are very far away from Piatra Neam�t, the capital of the
Empire. Because of the great distance of remote cities to the
capital, collecting taxes required a very long period of time.

Although she loves her native city, for e�ciency reasons, PAM
has decided to move the capital from Piatra Neam�t to another
city that would optimize tax collection.

PAM decided to attach a cost to each city and choose the city
with the lowest cost as the capital. PAM decides that the cost
of a city is the max of the distances from that city to all the
other cities of the Empire.

Because her Empire has a LOT of cities (we won't tell you how
many, but you can rest assured it is at most 100 000), PAM has
asked you, the Empire programmer, to �nd the cities that are
the best candidates.

Input

The �rst line of the input contains N , the number of cities in
the Empire. The following N − 1 lines each contain a pair of
integers representing cities that are connected by a direct road.
Cities are numbered from 1 to N , and all the roads have equal
length.

Output

The �rst line of the output must contain the minimum cost, the
number of candidates (i. e. cities that have the minimum cost),
and the candidates. The list of candidates must be given in
ascending order. All the numbers must be separated by spaces.

Example

standard input standard output

2

1 2

1 2 1 2
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Problem D. Piatra Neam�t
Input �le: standard input

Output �le: standard output

Time limit: 2 seconds
Memory limit: 256 mebibytes

After becoming the ruler of Piatra Neam�t, PAM began a long
stream of reforms. Under her wise guidance, the Piatra Neam�t
metropole turned into an empire, and PAM proclaimed herself
Empress.

As the Empire grew, PAM realised that a good network of
roads is needed. Because PAM likes trees very much, PAM
decided that her road network will resemble a tree. More
speci�cally, when the road network was being built, PAM made
sure the network had the following properties:

• Unoriented-ness: All the roads are bidirectional.

• Connectivity: Regardless of which city a person is in, the
person must be able to reach any city of the Empire.

• Cycle-less-ness: There should never be more than one
path between two cities.

The empire continued to grow, and PAM realized that some
cities are very far away from Piatra Neam�t, the capital of the
Empire. Because of the great distance of remote cities to the
capital, collecting taxes required a very long period of time.

Although she loves her native city, for e�ciency reasons, PAM
has decided to move the capital from Piatra Neam�t to another
city that would optimize tax collection.

PAM decided to attach a cost to each city and choose the city
with the lowest cost as the capital. PAM decides that the cost
of a city is the sum of the distances from that city to all the
other cities of the Empire.

Because her Empire has a LOT of cities (we won't tell you how
many, but you can rest assured it is at most 100 000), PAM has
asked you, the Empire programmer, to �nd the cities that are
the best candidates.

Input

The �rst line of the input contains N , the number of cities in
the Empire. The following N − 1 lines each contain a pair of
integers representing cities that are connected by a direct road.
Cities are numbered from 1 to N , and all the roads have equal
length.

Output

The �rst line of the output must contain the minimum cost, the
number of candidates (i. e. cities that have the minimum cost),
and the candidates. The list of candidates must be given in
ascending order. All the numbers must be separated by spaces.

Example

standard input standard output

2

1 2

1 2 1 2

Problem E. P = NP
Input �le: standard input

Output �le: standard output

Time limit: 2 seconds
Memory limit: 256 mebibytes

We will be considering variables that take values in {0, 1}. A
literal is an appearance of a variable that can either be negated
or non-negated. A negated literal is satis�ed if and only if it is
set to 0, and a non-negated variable is satis�ed if and only if
it is set to 1. An OR-clause is a set of literals, and it is said
to be doubly-satis�ed if and only if at least two of its literals is
satis�ed. A CNF formula is a set of OR-clauses, and it is said
to be doubly-satis�ed when all of its OR-clauses are doubly-
satis�ed.

You will be given a CNF formula where each OR-clause
contains exactly 3 distinct literals, and you must decide
whether the formula is doubly-satis�able or not.

Input

The �rst line of input contains two space-separated integers N
(1 ≤ N ≤ 100) and M (1 ≤ M ≤ 50 000). N is the number of
variables in the formula, and M is the number of OR-clauses.
The variables are labeled 1, 2, . . ., N . M lines then follow to
describe each OR-clause, each line containing 3 space-separated
integers. The absolute value of each integer represents which
variable that literal represents, and the sign indicates negation
(a negative integer represents a negated literal).

Output

The �rst line of your output should be either �YES� or �NO�,
indicating whether the formula is doubly-satis�able. If the
answer is �YES�, the next line should describe a setting of the
variables to satisfy the formula. You will do this by giving N
space-separated integers where the i-th number is i if the i-th
variable is set to 1 and is −i if the i-th variable is set to 0.

Example

standard input standard output

4 4

1 2 3

1 2 -3

3 4 1

3 4 -1

YES

1 2 3 4
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Problem F. Connections
Input �le: standard input

Output �le: standard output

Time limit: 2 seconds
Memory limit: 256 mebibytes

This is a simple but ancient game. You are supposed to write
down the numbers 1, 2, 3, . . ., 2n − 1, 2n consecutively in
clockwise order on the ground to form a circle, and then, to
draw some straight line segments to connect them into number
pairs. Every number must be connected to exactly one another.
And, no two segments are allowed to intersect.

It's still a simple game, isn't it? But after you've written down
the 2n numbers, can you tell me in how many di�erent ways
can you connect the numbers into pairs? Life is harder, right?

Input

You should read all data from standard input.

Each line of the input �le will be a single positive number n,
except the last line, which is a number −1. You may assume
that 1 ≤ n ≤ 100.

Output

You should write all data to standard output.

For each n, print in a single line the number of ways to connect
the 2n numbers into pairs.

Example

standard input standard output

1

2

3

4

5

-1

1

2

5

14

42

Problem G. Ivan's Game
Input �le: standard input

Output �le: standard output

Time limit: 2 seconds
Memory limit: 256 mebibytes

Little Ivan likes to play games in his spare time. Unfortunately,
he cannot always enjoy the company of his friends and
sometimes he is a little bored when he is alone. Therefore, he
makes up games, where he is the only player. He is especially
proud of his last game and wants to tell you about it.

You are given two sequences of positive integers, each sequence
not exceeding 1000 in length. The game consists of making
consecutive moves. You are allowed to make the following
move. You take the last K1 cards from the �rst sequence
(possibly the whole sequence) and �nd their sum S1 and the
last K2 cards from the second sequence (again you can take the
whole sequence) and �nd their sum S1. You then calculate the
cost of the move to be (S1 −K1)× (S2 −K2). You continue to
make moves until you take all the numbers in both sequences.
The total cost of the game is the sum of the costs of all moves.
Your goal is to minimize this total cost. When taking numbers
there is only one rule you must obey. You are not allowed to
leave one of the sequences empty, before the game ends, i. e.
while the other sequence is not empty. That is, you either take
all numbers in both sequences, or you leave at least one number
in each of them.

As Ivan have told you the rules of the game, you realize that it
is easily solvable with the help of a computer, so you decide to
write a program, that computes the minimal cost of the game.
Of course, you do not want to make the little boy unhappy, by
telling him this.

Input

Input consists of two lines. The �rst one describes the �rst
sequence. It consists of several integer numbers, separated by
spaces. The �rst number denotes the length of the sequence L1

(1 < L1 ≤ 1000) and the next L1 numbers are the numbers
in the sequence. The �rst of them describes the �rst number
in the sequence (the one that has to be taken last) and the
last of them describes the last number (the one that has to
be taken �rst). The second line of input describes the second
sequence and its length L2 (1 < L2 ≤ 1000) in the same way.
The elements of both sequences are integers from 1 to 1000
inclusive.

Output

Your program has to output one line that contains only one
number � the minimal total cost of the game as described
above.

Example

standard input standard output

3 1 2 3

2 1 2

2
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Problem H. Hang
Input �le: standard input

Output �le: standard output

Time limit: 2 seconds
Memory limit: 256 mebibytes

Little Tom is learning how to program. He has just written
some programs but is afraid to run them, because he does not
know if they will ever stop. Please write a program to help him.

This task is not as easy as it may seem, because Tom's
programs may behave nondeterministically.

Given a program written by Tom, your program should tell him
whether his program can stop and if so, what is the shortest
possible time before it stops.

Tom's computer consists of 32 1-bit registers and the program
consists of n instructions. The registers are numbered from 0
to 31 and the instructions are numbered from 0 to n − 1.

Below, MEM[a] stands for the contents of the a-th register,
0 ≤ a, b < 32, 0 ≤ x < n, 0 ≤ c ≤ 1.

Instruction Semantics
AND a b MEM[a] := MEM[a] and MEM[b]
OR a b MEM[a] := MEM[a] or MEM[b]
XOR a b MEM[a] := MEM[a] xor MEM[b]
NOT a MEM[a] := not MEM[a]
MOV a b MEM[a] := MEM[b]
SET a c MEM[a] := c
RANDOM a MEM[a] := random value (0 or 1)
JMP x jump to instruction number x
JZ x a jump to instruction number x if MEM[a] = 0
STOP stop the program

The last instruction of every program is always STOP (although
there can be more than one STOP instruction in a program).
Every program starts with the instruction number 0. Before
the start, the contents of the registers can be arbitrary values.
Each instruction (including STOP) takes 1 processor cycle to
execute.

You should read in the program, compute its shortest possible
running time, then write the result.

Input

The �rst line of the input contains an integer n (1 ≤ n ≤ 16)
being the number of instructions. Each of the next n lines
contains one instruction of the program in the format given
above. You may assume that the only whitespace characters
in the program are single spaces between successive tokens of
each instruction, and newlines separating instructions.

Output

The �rst and only line of the output should contain the shortest
possible running time of the program, measured in processor
cycles. If the program cannot stop, output should contain the
word �HANGS�.

Example

standard input standard output

5

SET 0 1

JZ 4 0

RANDOM 0

JMP 1

STOP

6
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Problem I. The Big Apple
Input �le: standard input

Output �le: standard output

Time limit: 2 seconds
Memory limit: 256 mebibytes

Mebaa is very sad. He wants to live in New York City but
is stuck living in some graph in the middle of nowhere. His
hometown graph is an unweighted, undirected graph. One
day he decides that he wants to see just how much like
Manhattan he can make his hometown be. Let V denote
the vertices in his graph and d(u, v) be the shortest path
distance between two vertices u, v in the graph. Let `1(x, y)
be the Manhattan distance between two points x, y in Rk. The
Manhattan distance of x, y ∈ Rk is de�ned as

k∑
i=1

|xi − yi|.

He decides on the following notion of similarity. For a given
function f : V → Rk that does not shrink pairwise
distances (i. e. ∀ u, v ∈ V d(u, v) ≤ `1(f(u), f(v)),
the distortion of f , D(f), is the minimum r such that
∀ u, v ∈ V `1(f(u), f(v)) ≤ r · d(u, v). If the graph is
disconnected then D(f) = ∞ for any f .

Mebaa decides to pretend he's living in Manhattan by
pretending vertices in the graph are actually points in Rk. He
wants to know the minimum possible distortion that can be
achieved when mapping the vertices in his graph under the
shortest path metric into Rk with the `1 metric. Of course, the
minimum possible distortion you can achieve depends on k,
the dimension of the points you map graph vertices into. For
example, in a 4-node cycle, an embedding into 1 dimension
cannot have distortion smaller than 2. However, distortion 1 is
possible in 2 dimensions. You should tell Mebaa the minimum
possible distortion over all possible dimensions he could map
into. Thus, the correct answer for the 4-node cycle is 1.

Input

Each test case starts with a line N (1 ≤ N ≤ 10) containing
the number of vertices in Mebaa's graph. The subsequent N
lines each contain a string of N characters. Each character is
a 0 or a 1. The jth character of line i is a 1 if and only if there
is an edge between vertices i and j. The jth character of line i
will equal the ith character of line j. The ith position of line i
will always be 0.

Output

Output the best possible distortion of the input graph into
`1, followed by a newline. Your answer should be correct
within ±10−2. If the best possible distortion is in�nite, output
�INFINITY�.

Example

standard input standard output

4

0101

1010

0101

1010

1

Problem J. Packing Trees
Input �le: standard input

Output �le: standard output

Time limit: 2 seconds
Memory limit: 256 mebibytes

A trie, or pre�x tree, is a certain kind of tree that helps when
searching through string data. Unlike, e. g., binary search trees,
the actual structure of the tree of a trie carries information
about the data, so tries cannot be rebalanced to increase
performance.

You will be given the tree structure of a trie, and your job is to
pack nodes of the tree into blocks on disk. Disk has an in�nite
number of blocks, each of size B. Each node must be placed
in exactly one block, but there is no restriction on which block
you place a node in.

Given a packing of nodes into blocks, the cost of querying x
(where x is a node in the tree) is the number of blocks that
must be touched when traversing the unique path from the root
of the tree to x. You should assume that the machine servicing
the queries has enough memory to hold only a single block at a
time. For example, suppose that in order to visit node x from
the root, the order of nodes you visit is t, u, v, w, x, where t,
w, x are in block 0, and u, v are in block 1. The cost of this
query is then 3. You pay once to access block 0 in order to visit
t, then you pay once again to access block 1 to visit u and v. In
order to access block 1, you had to evict block 0, so you have
to pay again to access block 0 in order to visit w then x.

You are told how many times each node was queried last week.
Given this information, you should return a packing of nodes
into blocks on disk so as to minimize the expected cost of a
query, assuming that the actual probability distribution on
which nodes are queried is perfectly represented by last week's
data.

Input

Each test case starts with two space-separated integers N
(1 ≤ N ≤ 10 000) and B (1 ≤ B ≤ 100), followed by a newline.
N lines then follow, where the ith line is the number of times
node i was queried last week. No node was queried more than
1000 times, and at least one node was queried at least once.
N −1 lines then follow, each with two space-separated integers
x and y (0 ≤ x, y ≤ N − 1), each of which represents an
undirected edge from node x to node y. The root of the tree
is node 0. The input is guaranteed to be a tree (a connected
graph with no cycles).

Output

The �rst line of your output should be the expected cost of
a query in an optimal packing. Your answer should be within
1e − 9 of the correct answer. The next line should be �Number
of blocks: R�, where R is the number of blocks you used in
your optimal solution. You should then describe each block
using the following block description format. The �rst line
should read �Number of nodes in block Y : X�, where X is
the number of nodes in that block, and Y is the block number
of that block (you should describe blocks in increasing order
of block number, and you should label the block numbers as
0, 1, 2, . . ., R − 1). X should not be greater than B. What
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follows then are X lines, giving the labels of the X nodes in
that block.

Example

standard input

7 4

1

1

1

1

1

1

1

0 1

0 2

1 3

1 4

2 5

2 6

standard output

1.42857142857

Number of blocks: 2

Number of nodes in block 0: 4

0

2

5

6

Number of nodes in block 1: 3

1

3

4

Problem K. PAM
Input �le: standard input

Output �le: standard output

Time limit: 2 seconds
Memory limit: 256 Mebibytes

You probably remember the two sister PAMs from last week.
Since nobody managed to �nd a way to divide their cake, a
huge argument started between the girls. They are so angry
with each other that they do not speak to one another anymore.

The two sisters share a room, but because of their recent
argument, they have decided they can no longer live together.
Because their parents' house does not have another room, they
decided to build a wall that separates the room. The wall will
divide the room into two new rooms and each sister will have
her own room. Furthermore, the sisters decided they would use
a single straight wall.

Placing the wall is more di�cult than it may sound. The girls
have personal objects in the room, and they refuse to move the
personal objects around. Therefore, the wall must be placed in
such a way that one side of the wall contains all of a sister's
objects, and the other side of the wall contains all of the other
sister's objects. Obviously, no objects can be �walled in� (i.e.,
have the wall go through them).

The stream of bad news does not end here. I have probably
forgotten to tell you that PAMs are d-dimensional beings
that live in d-dimensional spaces (d'oh). Their room is a d-
dimensional space that is in�nite in all directions. The wall
must be a (d − 1)-dimensional hyperplane. Oddly enough, the
d-D room has a door which is situated at the origin. Naturally,
since we want both girls to be able to enter the room, we require
that the wall passes through the origin.

The mother of the two sisters quickly looked in the room and
she found a suitable location for a wall. However, she did not
tell the girls how to split the room, hoping that the girls would
reconcile. The girls do not even consider reconciliation and,
after spending hours trying to �nd a proper location for the
wall, they have decided to ask you for help. They'll tell you the
coordinates of the objects (which are real numbers) and you
must tell them how to set up the wall. The girls assure you
that there are at most 5000 objects in the room. Furthermore,
the girls do not lie in more than 10 dimensions. The girls also
tell you that no object is placed too far away from the door;
more speci�cally, the absolute value of any coordinate is at
most 100.0.

Girls in Piatra Neam�t are obsessed with their weight and
regardless of how slim they are, in their own opinion, they
are too fat. We can guarantee you that regardless of how slim
a girl can get, she will lie in at least one dimension.

Input

The �rst line of the input contains two integers N and d. N
is the number of objects in the room and d is the number of
dimensions of the space. Each of the following N lines contains
(d+1)-tuples describing an object in the room. A (d+1)-tuple
has the following format: x1, x2, . . ., xd, y. Here, x1, x2, . . .,
xd are the coordinates of the object and y can be +1 or −1. If
y is +1, it means the object belongs to the elder PAM. If y is
−1, it means the object belongs to the younger PAM.
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Output

Your output must contain d numbers: θ1, θ2, . . ., θd, such
that

∑d
i=1 θixi = 0 is the equation of a plane that provides

a satisfactory division of the plane. Furthermore, your output
must satisfy the following relations for every object in the
room:

• Wall is not too close to any object: |
∑d

i=1 θixi| ≥ 0.0001

• Normal orientation points to owner: sign(
∑d

i=1 θixi) = y

You must output only a single solution.

Example

standard input standard output

2 1

1 -1

-1 1

-1.00000

Note

Note that −0.0001 is also a solution, but −0.00001 is NOT a
valid solution.

Problem L. Robots On a Board
Input �le: standard input

Output �le: standard output

Time limit: 2 seconds
Memory limit: 256 mebibytes

The people of Robotland like to amuse themselves by playing
the following game: they take a very large board (similar to a
chessboard, but the squares are not colored) and two robots.
They program each robot with a certain sequence of motion
commands and place the two robots on two di�erent squares of
the board. After that the robots start moving according to the
commands they were programmed with. Each command directs
the robot to move one square in a given direction (North,
South, East, West). After a robot is done with its sequence
of commands, it starts executing them all over again.

There are two possible scenarios in which a game ends: one of
the robots falls o� the board or the two robots collide.

People like to place bets for the outcome of the game. Often,
the bets are very high. Obviously, predicting the outcome of the
game seems like a lucrative business. You somehow managed
to obtain access to the computer that programs the robots, so
you know the sequence of commands each robot is executing.
What's left is to devise a program that given the sequences
of commands and the starting positions of the robots predicts
how and when a game is going to end.

There are some more details of the game that you should know:

1. The board has a size of 224×224 with coordinates ranging
from 0 to 224 − 1. On this board, moving to the East
increases the X coordinate by 1 and moving to the North
increases the Y coordinate by 1.

2. A robot occupies exactly one square at a time and can
move to neighboring squares regardless of its current
direction and/or orientation.

3. The two robots move simultaneously, and their moves are
considered to be instantaneous.

4. Robots have limited memory that can store up to
256 instructions/commands. The two robots can have
di�erent instructions but the number of instructions is
the same for both.

5. Each execution of the programmed sequence of
commands places a robot in a di�erent �nal position than
its initial position before the execution of the sequence.

6. Robots collide if and only if they end up at the same
square on the board at time T ≥ 0.

Input

The �rst two lines of the input contain the intial coordinates
of each of the two robots. The third line contains one integer:
the number of commands, K, each robot is programmed with.
The fourth line contains a string of K characters, the sequence
of commands executed by the �rst robot, starting from the
�rst command. Each character is one of 'N', 'S', 'E', 'W' and
speci�es the direction in which the robot moves. There are no
other symbols separating the command characters. The �fth
line describes the programmed sequence of commands for the
second robot in the same format as the fourth line.
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It is guaranteed that the game will end eventually.

Output

The output should tell how and when the game ends and it
should be exactly one of the following expressions:

• �The two robots collide at time T .�

• �Robot i falls off the board at time T .�

• �Both robots fall off the board at time T .�

Where you should replace i (i = 1, 2) with the number of the
robot in question and T (T ≥ 0) with the time at which the
game ends. T = 0 is the time just before the two robots make
their �rst move, T = 1 is the time right after the robots make
their �rst move, but before they make their second, and so on.

Example

standard input

0 0

10 0

4

NESE

WWWW

standard output

The two robots collide at time 7.

Problem M. Safe Cracking
Input �le: standard input

Output �le: standard output

Time limit: 2 seconds
Memory limit: 256 mebibytes

Mirko has decided to rob a mini-safe owned by his son so that
he could take away some football stickers which are missing in
his big sticker collection.

The safe lock consists of N equal discs, each of them is divided
into 10 000 000 equal segments numbered from 1 to 10 000 000
clockwise. Discs are stacked one on top of the other. Each disc
is missing exactly one segment called a hole. In the beginning,
the discs are rotated in such a way, so that segments with the
same number line up.

In order to unlock the lock, all holes must line up. In one
second, Mirko can turn one disc in one direction (clockwise
or counterclockwise) for one segment. Write a program which
will �nd the minimal time that Mirko needs to open the safe.

Input

The �rst line of the input �le contains on integer N ,
2 ≤ N ≤ 100 000, the number of discs. Each of the next N
lines describe the positions of the holes. Line (i + 1) contains
one integer Pi, 1 ≤ Pi ≤ 10 000 000, the segment number that
contains the hole.

Output

The �rst and only line of the output should contain the minimal
time (in seconds).

Example

standard input standard output

3

5

17

7

12
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Problem N. SETI
Input �le: standard input

Output �le: standard output

Time limit: 2 seconds
Memory limit: 256 mebibytes

For some years, quite a lot of work has been put into listening
to electromagnetic radio signals received from space in order
to understand what civilizations in distance galaxies might be
trying to tell us. One signal source that has been of particular
interest to the scientists at Universit�e de Technologie Spatiale

is the Nebular Stupidicus.

Recently, it was discovered that if each message is assumed to
be transmitted as a sequence of integers a0, a1, . . ., an−1 the
function f(k) =

∑n−1
i=0 aik

i (modp) always evaluates to values
0 ≤ f(k) ≤ 26 for 1 ≤ k ≤ n, provided that the correct value of
p is used. The value n is of course the length of the transmitted
message, and the ai denote integers such that 0 ≤ ai < p. The
value p is a prime number that is guaranteed to be larger than
n as well as larger than 26. It is, however, known to never
exceed 30 000.

These relations altogether have been considered too peculiar
for being pure coincidences, which calls for further
investigation.

The linguists at the faculty of Langues et Cultures

Extraterrestres transcribe these messages to strings in the
English alphabet to make the messages easier to handle while
trying to interpret their meanings. The transcription procedure
simply assigns the letters a, b, . . ., z to the values 1, 2, . . ., 26
that f(k) might evaluate to, such that 1 = a, 2 = b, etc. The
value 0 is transcribed to `*' (an asterisk). While transcribing
messages, the linguists simply loop from k = 1 to n, and
append the character corresponding to the value of f(k) at
the end of the string.

The backward transcription procedure, has however, turned
out to be too complex for the linguists to handle by themselves.
You are therefore assigned the task of writing a program that
converts a set of strings to their corresponding extraterrestrial
number sequences.

Input

On the �rst line of the input, there is a single positive integer
T telling the number of test cases to value (1 ≤ T ≤ 25). Each
case consists of one line containing the value of p to use during
the transcription of the string, followed by the actual string
to be transcribed. The only allowed character in the string are
the lower case letters a, b, . . ., z and `*' (asterisk). No string
will be longer than 70 characters.

Output

For each transcribed string, output the corresponding list of
integers followed by a newline, with each integer in the list
separated by a space. The integers should be given in the order
of ascending values of i.

Example

standard input

2

31 aaa

29 hello*earth

standard output

1 0 0

8 13 9 13 4 27 18 10 12 24 15
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Problem O. Stairs
Input �le: standard input

Output �le: standard output

Time limit: 2 seconds
Memory limit: 256 mebibytes

John is moving to the penthouse of a tall sky-scraper. He
packed all his stu� in boxes and drove them to the entrance of
the building on the ground �oor. Unfortunately the elevator is
out of order, so the boxes have to be moved up the stairs.

Luckily John has a lot of friends that want to help carrying
his boxes up. They all walk the stairway at the same speed of
one �oor per minute, regardless of whether they carry a box
or not. The stairway however is so narrow that two persons
can't pass each other on it. Therefore they deciced to do the
following: someone with a box in his hands is always moving
up and someone empty-handed is always moving down. When
two persons meet each other somewhere on the stairway, the
lower one (with a box) hands it over to the higher one (without
a box). (And then the lower one walks down again and the
higher one walks up.) The box exchange is instantaneous.
When someone is back on the ground �oor, he picks up a box
and starts walking up. When someone is at the penthouse, he
drops the box and walks down again.

After a while the persons are scattered across the stairway,
some of them with boxes in their hands and some without.
There are still a number of boxes on the ground �oor and John
is wondering how much more time it will take before all the
boxes are up. Help him to �nd out!

Input

One line with a positive number: the number of test cases.
Then for each test case:

• One line with three numbers N , F , B with
1 ≤ N,F ≤ 1 000 and 1 ≤ B ≤ 1 000 000: the
number of persons, the number of �oors (0=ground �oor,
F=penthouse) and the number of boxes that are still on
the ground �oor.

• N lines with two numbers fi and bi with 0 ≤ fi ≤ F
and bi = 0 or bi = 1: the �oors where the persons are
initially and whether or not they have a box in their hands
(1=box, 0=no box).

Output

One line per test case with the amount of time (in minutes) it
will take to get all the remaining boxes to the penthouse.

Example

standard input standard output

2

3 10 5

0 0

0 0

0 0

2 5 1

2 1

3 0

30

8

Problem P. Protect the Statues
Input �le: standard input

Output �le: standard output

Time limit: 2 seconds
Memory limit: 256 mebibytes

The famous Museum of Statues (MS) is exhibiting its latest
collection of round statues. To protect the statues, the sta�
decided to wrap a rope around the statues so that no statue
is outside the area enclosed by the rope. Your task is to �nd
the minimum possible length of this rope (note that the two
endpoints of the rope must touch, i. e. the statues themselves
cannot be used as part of this protection). You can also assume
that the rope is of negligible thickness.

You can think of the base of the statues as circles of a
certain radius. Each statue is described with three positive real
numbers: the coordinates of the center (x, y), where |x| ≤ 104,
|y| ≤ 104, and the radius of the base r, 0 ≤ r ≤ 1000.

The exhibition contains at most 1000 statues.

Input

The �rst line of the input contains one integer, the number of
statues n. Each of the following n lines contain three space-
separated positive real values x, y, and r � the coordinates of
the center and the radius of the circle that represents the base
of a statue.

Output

There should be one real number on a line by itself: the
minimum length of a rope necessary to enclose all statues. This
number should be accurate within 0.1.

Example

standard input standard output

2

10 10 1

20 10 1

26.28
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Problem Q. Street Directions
Input �le: standard input

Output �le: standard output

Time limit: 2 seconds
Memory limit: 256 mebibytes

According to the Automobile Collision Monitor (ACM), most
fatal tra�c accidents occur on two-way streets. In order to
reduce the number of fatalities caused by tra�c accidents, the
mayor wants to convert as many streets as possible into one-
way streets. You have been hired to perform this conversion,
so that from each intersection, it is possible for a motorist to
drive to all the other intersections following some route.

You will be given a list of streets (all two-way) of the city. Each
street connects two intersections, and does not go through an
intersection. At most four streets meet at each intersection, and
there is at most one street connecting any pair of intersections.
It is possible for an intersection to be the end point of only
one street. You may assume that it is possible for a motorist
to drive from each destination to any other destination when
every street is a two-way street.

Input

The input consists of a number of cases. The �rst line of
each case contains two integers n and m. The number of
intersections is n (2 ≤ n ≤ 1000), and the number of streets is
m. The next m lines contain the intersections incident to each
of the m streets. The intersections are numbered from 1 to n,
and each street is listed once. If the pair (i, j) is present, (j, i)
will not be present. End of input is indicated by n = m = 0.

Output

For each case, print the case number (starting from 1) followed
by a blank line. Next, print on separate lines each street as
the pair �i j� to indicate that the street has been assigned
the direction going from intersection i to intersection j. For
a street that cannot be converted into a one-way street, print
both �i j� and �j i� on two di�erent lines. The list of streets
can be printed in any order. Terminate each case with a line
containing a single �#� (without quotes) character.

Note: There may be many possible direction assignments
satisfying the requirements. Any such assignment is acceptable.

Example

standard input standard output

7 10

1 2

1 3

2 4

3 4

4 5

4 6

5 7

6 7

2 5

3 6

0 0

1

1 2

2 4

3 1

3 6

4 3

5 2

5 4

6 4

6 7

7 5

#

Problem R. Word Rings
Input �le: standard input

Output �le: standard output

Time limit: 2 seconds
Memory limit: 256 mebibytes

A word ring is a sequence of words where the last two letters of
each word are the same as the �rst two letters of the next word
(and the last two letters of the last word are the same as the
�rst two letters of the �rst word). For example, the following
sequence is a word ring:

intercommunicational

alkylbenzenesulfonate

tetraiodophenolphthalein

Your task is to write a program that, given a list of words, �nds
a word ring. You have to make the word ring as impressive
as possible: the average length of the words in the ring has
to be as large as possible. In the above example, the average
length is (20+21+24)/3 ≈ 21.6666), which makes it somewhat
impressive. Note that each word can be used at most once in
the ring, and the ring can consist of a single word.

Input

The input contains several blocks of test cases. Each case begins
with a line containing a single integer 1 ≤ n ≤ 100 000, the
number of possible words that can be used. The next n lines
contain these words. The words contain only the characters
`a'�`z' and the length of each word is at least 2 and at most
1000.

The input is terminated by a block with n = 0.

Output

For each test case in the input, you have to output a single
number followed by a newline. The number should be the
maximum average length of a ring composed from (a subset
of) the words given in the input. The average length should
be presented as a real number with two digits of precision. If
it is not possible to compose a ring from these words, then
output �No solution.� (without quotes). To avoid rounding
problems, we accept solutions with a maximum of ±0.01 error.
Do not print leading zeroes.

Example

standard input

3

intercommunicational

alkylbenzenesulfonate

tetraiodophenolphthalein

0

standard output

21.66
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