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Proof of the Fusion Principle. Suppose the contrary. Take the counterexample
with the least number of edges, if there are more such counterexamples, choose
the one with the least number of vertices. Call this graph G. We can deduce the
following facts about G:



e For arbitrary vertices x, y on some cycle in G if we fuse x and y, SG value
of G changes (otherwise we would get a smaller counterexample).

¢ When we remove the vertex 1, G stays connected, otherwise one of the
components and the vertex 1 would form a smaller counterexample.

¢ No pair of nodes in G is connected by three edge-disjoint paths. Suppose
the contrary, let the vertices x, y in G be connected by three edge-disjoint
paths. Fuse x and y. The resulting graph H has to have a different SG
value. The SG values of G and H differ, therefore G+H is a winning
position for the player to move. We play a winning move. We then play
the next move by removing the corresponding edge in the other
component. (E.g. if the winning move cut an edge in G, cut the "same"
edge in H.) We obtain a position G'+H" which has to be winning again.
Note that x and y are still connected by at least two edge-disjoint paths in
G'. However, G' is smaller than G and therefore the Fusion Principle holds
for G'. We may fuse x and y without changing the SG value of G'. But by
fusing x and y in G' we get H'. It follows that G' and H' have the same SG
value. In other words, G'+H' is losing, which is a contradiction.

e Every cycle in G contains the vertex 1. Again, suppose the contrary. G is
connected, therefore at least one of the vertices on the cycle has to be
connected to the vertex 1 (without using edges of the cycle).

If there is exactly one such point, it is an articulation. Take the
"component" of G containing our cycle. It is smaller than G, therefore
Fusion Principle holds and we may fuse the vertices on our cycle without
changing the SG value of the "component". However from the Colon
Principle we may replace the original "component" with the fused one
without changing the SG value of G, which is a contradiction.

If there are more such points, take any two of them. These points are
connected by at least three edge-disjoint paths. (Twice by the edges of
the cycle, at least once through the rest of the graph.) But G contains no
such pair of vertices.

¢ G contains only one cycle. If there were two cycles with a common vertex
x other than the vertex 1, then 1 and x would be connected by three
edge-disjoint paths. Now suppose there are two cycles with only the
vertex 1 in common. When we remove the vertex 1, G has to stay
connected. Therefore there is a path leading through the rest of the graph
that connects some vertex x on the first cycle to some vertex y on the
second cycle. But then these two vertices are again connected by three
edge-disjoint paths.

We now know that G contains only one cycle passing through the vertex 1. There
may be additional vertices and edges in G, they form trees rooted in vertices of



the cycle. To finish our proof we will show that the Fusion Principle in fact holds
for G.

We now have to show that G has the same SG value as the graph G' obtained
from G by fusing the vertices of the only cycle in G. Take the sum of these two
games, we have to show that the position is losing for the first player. If he cuts
an edge in one of the trees in G or G', the second player responds by cutting the
corresponding edge in the other graph. Both graphs are now smaller than G,
moreover we still get one of them by fusing the vertices of the only cycle in the
other one. But for graphs smaller than G the Fusion Principle applies. Therefore
their SG value is the same and thus the whole position is losing.

So the first player has two options left: to cut an edge of the cycle in G or to cut
one of the corresponding loops in G'. Suppose he cut an edge of the cycle in G.
Thereby G is split into two trees. We have to show that this position is winning,
i.e. that its SG value is non-zero. We will show that the SG value of this position
is odd. Recall that when we computed the SG value of a tree, at each vertex we
xor-ed some values. Now if we replace all the xors by addition, the last binary
digit of the result will be the same. Knowing this, we can easily prove by
induction that the parity of the SG value of a tree is the same as the parity of its
number of edges. Our position consists of three trees and together they have an
odd number of edges, therefore its SG value is odd.

The last option for the first player is to cut one of the loops at the vertex 1 in G'.
We omit this part of the (already long) proof and leave it as an exercise to the
reader.
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Famous biologist Herbert Greenstuff recently discovered a new kind
of a plant, the graphius vulgaris, which is apparently endemic to the
Pezinska Baba National Wilderness in western Slovakia. This plant is
quite peculiar. On the first sight it looks just like a normal bush.
However, on the second sight you may notice that its structure is
far more complicated. When two branches of the bush touch each
other they are able to grow together. In fact, they often do. The
result is a bush that is incredibly twisted and dense. (If Herbert
were not a biologist but a computer scientist instead, he would
notice that when you consider the plant as a graph, it is no longer a
tree but a general undirected connected graph.)

A few days later the bushes were discovered for the second time by
two computer science students, Alice and Bob. You probably know
them, they are famous for playing games (and executing
cryptographic protocols) day and night. They were in the middle of
a simple game of NIM when Alice noticed the bushes. Immediately
the simple NIM was forgotten. These bushes were an ideal
opportunity to play a far more interesting game.

Given is a connected graph (the bush) on N vertices. The vertices
are numbered from 1 to N. Edges represent branches of the bush,
vertex 1 represents the ground. Players alternate in making moves,
Alice moves first. A move consists of two steps. In the first step the
player selects an edge and removes it from the graph. In the
second step he/she removes all the edges that are no longer
connected to the ground. (The player cuts a branch of the bush and
removes the part of the bush he cut away.) The first player who has
no legal move (nothing to cut) loses. You may assume that both
Alice and Bob play optimally.

Your task is so simple you probably expect it already. You have to
save the bushes before Alice and Bob destroy them. For each of the
bushes you have to find out who will win if they play their game on
it. After you tell them the results you will spoil them all the fun and
they'll leave the bushes alone. Please hurry, the bushes are really
rare!

Input file specification

On the first line of the input file is the number B of bushes. B blocks
of data follow, each of them describes one bush.

Each block begins with two numbers N, M separated by
whitespaces, where N is the number of vertices and M the number



of edges of the respective bush. Descriptions of M edges follow. For
each edge the input file contains the numbers of the vertices it
connects. All these numbers are separated by whitespaces.

Output file specification

For each block in the input file, output a single line containing the name of the
player who will win the game on the given bush (e.g. either Alice or Bob).

Example

Input file
2

~ o o B w = B
o J o o b w N

oo NN w N

1
1
3
1
5
4

Output file:



Alice

Bob
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Problem A
Robot

Input File: rabotin

There is a robot in each grid of an N = M Grid. Thess robots can executs commands,
Commands includa:

NORTH All robots move one grid north.

SOUTH Al roboias move one grid south.

WEST All robota move one grid west.

EAST All robots move one grid east.

If a robot stays outside of the Grid after executing the command, it will be destroyed imme-
diately.

Given the total number of each type of command, you task is to arrangs an order of these
ocommands, so that the maximized numbsr of commands {i.e. the maximal sum of the number
of commands exeentad by each robot are exeonted by these N o« M robots, (Note o dastroyed
robaot ean not execute commands anymars. |

Input

Input contsins several casas,

The first line of each cage contains two positive integers N and M indieating the number
of rows and columns in the grid (1 < & M < 10°7). The second line contains four integers
indicating the numbser of each type of command : NORTH, SOUTH, WEST and EAST
reapectively. Each of the four mumbers will not exeesd 105,

The last case is followad by a line eontaining two zaros.
Cutput

For each case, output an intager indicating the maximized numbsr of commands that these
robots can execute. The answer will b= fit in a 64-bit signed integer.

Sample Input Output for the Sample Input
22 Casa 10 4

1000 Caza 2 0

22

1111

oa
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XI Olympiad in Informatics 2003/2004
Task: gra
Game

I stage competition

Source file: gra.xxx (xxx=pas,c,cpp)

Memory limit: 32 MB

Let us consider a game on a rectangular board m x 1 consisting of m
elementary squares numbered successively from 1 to m. There are n pawns
on the board, each on a distinct square. None of them occupies the square
with number m. Each single move in the is the following action: the moving
player picks a pawn from any occupied square chosen at will and places it on
the first unoccupied square with a larger number. The two players make
moves in turn. The one who puts a pawn on the last square, i.e. the square
with a number m, wins.

In the case presented in the figure (m = 7), a player is allowed to move a
pawn from square no. 2 to 4, from square no. 3 to 4 or from square no. 6 to 7.
The latter ends the game.

6

1 2 3 4 D

We say a player's move is winning if after making it he can win the game, no
matter what moves his opponent makes.

Task

Write a programme that:

e reads the size of a board and the initial setup of pawns from the standard
input,

e determines the number of distinct winning moves the starting player may
choose in the given initial situation,

e writes the result to the standard output.

Input

The first line of the input contains two integers m and n (2 <= m <= 10°, 1 <=
n <= 10°, n < m) separated by a single space. The second line contains n



increasing numbers - these are the numbers of squares the pawns are set on.
Numbers in the line are separated by single spaces.

Output

The first and only output line should contain the number of distinct winning
moves possible for the starting player in the given initial situation.

Example

For the following input data:
52

1 3

the correct answer is:

1

For the following input data:
5 2

2 3

the correct answer is:

0
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