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Problem statements

A. Necklace

Time limit; 1 second
Memory limit: 1024 MiB

The necklace is made up of 2N red and blue beads, so that among any K
beads counting from its left edge, the number of the red beads is less or equal
to the number of blue ones.

—O0C0C0CO000—
N N4 N4 N4 N N
How many different necklaces can be made under these conditions?

Input
Positive integer number N (N < 32).

Output
Positive integer number, the answer.

Note
This problem contains three subtasks. Points for each test in each subtask
are awarded independently.

Subtask 1 (points: 20)
N < 10.

Subtask 2 (points: 20)
N < 20.

Subtask 3 (points: 60)
N < 32.

Examples

standard input standard output
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B. Orchestra

Time limit: 1 second
Memory limit: 256 MiB

The conductor of a symphony orchestra once fell ill. Without the conduc-
tor, the musicians found it difficult to play in the common rhythm. To achieve
this, some musicians look at one of their colleagues and try to play in sync
with them. Other musicians just close their eyes and play by ear.

If you trace who is looking at whom, you can construct chains of musicians
where each musician looks at the next person. Sometimes these chains end
up in a loop. Let's assume that a musician cannot appear twice in the same
chain.

Unfortunately, our orchestra has not rehearsed much so far and often
starts to play out of sync. This happens because there are separate groups of
musicians who only look at each other and don't look at musicians from other
groups.

To learn how to play better, the musicians ask you to write a computer
program to analyze the current situation.

Input

The first line of the input data contains N — the number of musicians in the
orchestra (N < 4-10%).

Each of the following N lines contains one colleague's number who the cur-
rent musician is looking at. If the number 0 appears, then the current musician
doesn't look at anyone.

Output

In the first line, your program must output the number of independent groups
of musicians K.

In the next K lines, your program must output the number of musicians in
the maximal-length chain in each group of musicians. These numbers must
appear in ascending order.

Note
The points for each test are awarded independently.
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Examples
standard input standard output
3 1
0 2
1
1
6 2
2 3
3 3
2
5
6
5

C. Find and prevent

Time limit: 5 seconds
Memory limit: 256 MiB

The Ministry of Trasportation of Treeland found out about a forthcoming
illegal protest action in one of the cities of Treeland. Members of a group that
calls itself “Biconnected” are threatening to organize a traffic nightmare by
blocking ways in and out of one of the cities to draw attention to drawbacks
of the current road network. It is known that their goal is to cause maximum
damage to transport connectivity of the whole country.

There are N cities in Treeland and, as you may have guessed, the road
network can be represented as a tree graph. Population of ith city is a; people.
If there are several cities that rebels can choose, then they are going to target
the one with the smallest number.

The Ministry was recently a victim of severe budget cuts, therefore there
is no one able to find out the target city of the activists, so they are asking for
your help.

Transport connectivity of the country is equal to the number of pairs of
people that can reach each other by roads or are living in the same city.

Input
The first line contains a single integer N (1 < N < 1000000).
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The second line contains N numbers a;, ay, ... ,ay (1 < a; < 100).
Each of the following N — 1 lines describing the road system of Treeland
contains 2 integers - pair of cities that are connected by a road.

Output

In the first line, output the number of the city in which the action will take place.
In the second line, print the new value of transport connectivity in the case

that the action succeeds.

Note
This problem has three subtasks. Points for each are awarded only if the so-
lution passes all the tests from this subtask.

Subtask 1 (points: 20)
n < 1000.

Subtask 2 (points: 60)
n < 100000.

Subtask 3 (points: 20)
n < 1000000.

Example

standard input standard output

N

N PR P Ww
W N R

D. Expected xor

Time limit; 1 second
Memory limit: 256 MiB

There's a legend about a holy tree in Romania, with a number M written
around its roots. Under the tree, an old man with a giant book is sitting from
time immemorial, rolling N distinct magical dice. Each dice has A; sides (4, and
M are coprime, i.e. the greatest common divisor of A; and M is 1) numbered

4



Problem statements

from 0 to A; — 1. When the dice are rolled, the old man takes the numbers on
each dice b; and records the value of

b, xor b, Xor ... Xor b,

in his book, where xor is bitwise exclusive OR. According to the legend, the
combinations of the magical dice never repeat, and when they are exhausted,
the world will end. Compute the arithmetic mean of the numbers in the old
man'’s book at world's end modulo M, as described below.

Input
The first line contains positive integers M, N (N < 50000,2 < M < 10% + 7).
The second line contains N positive integers A; (A, < 2%, i=1,...,N).

Output
Print non-negative integer X (X < M) such that, if the answer is the fraction

(—\j (where U and V are integers), then the product of X and V has the same
remainder as U when divided by M:

X-V=U(modM).

Note
This problem has five subtasks. Points for each subtask are awarded only if
the solution passes all the tests of that subtask.

Subtask 1 (points: 20)
N<5M=11A < 28

Subtask 2 (points: 20)
N < 100,M = 997, A < 25.

Subtask 3 (points: 20)
N < 50000, M = 10° + 7, A < 252,

Subtask 4 (points: 20)
N < 1000, M < 1000, A; < 230,

Subtask 5 (points: 20)
N < 50000,M < 107 +7,A; < 2%
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Examples

standard input standard output
11 1 10
10

10 3 8
793

Note
In the first example, the answer is % so we print 10, because

10-2=20=9(mod 11).

In the second example, the answer is %, so we print 8, because

863 = 504 = 4 = 274 (mod 10).

E. 0Odd Taxi

Time limit: 2 seconds
Memory limit: 256 MiB

You have the task to take all the participants of the olympiad home. The
city's roads can be represented as a rooted tree on n numbered vertices. The
location of the Olympiad is in the vertex number 1. Each vertex number / > 1
is connected by a road to the vertex p; (p; < /). You have a contract with a
company ‘0dd Taxi”, which provides two types of cabs:

1. One-passenger, the fare is dist, x x rubles, where dist, — the number of
roads from the root 1 to destination v.

2. Two-passenger, the fare is dist, x y rubles, and the cab driver takes one
passenger to the destination vertex v and can drop off the second pas-
senger at any vertex on the way to v including v.

The cab always takes the shortest path, a two-passenger cab cannot take only
one passenger.

If each vertex / has a; participants living there, what minimum amount of
money should be spent to get everyone home?
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Input
The first line contains the number of vertices n (2 < n
the first and second cab type, x and y, respectively (1
min(2x — 1,10%)).

The second line contains n — 1 numbers a,, ..., a, — the number of partic-
ipants living in each vertex (0 < a; < 10°).

The third line contains n — 1 numbers p,, ..., p, — parents of the vertices
(1 <pi<i).
Output
Output a single number — the amount of money required.

Note
This problem has three subtasks. Points for each subtask are awarded only if
the solution passes all the tests of that subtask and all previous subtasks.

Subtask 1 (points: 20)
n,a; < 50.

Subtask 2 (points: 30)
n < 500.

Subtask 3 (points: 50)
No additional constraints.

5000), the fares of

<
<x<1051<y<

Examples
standard input standard output
523 15
2011
1233
532 12
1011
1223
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Note

The tree from the second sample. It's optimal to order two-passenger cab for
the participants from vertices 2 and 5, one-passenger cab for the participant
from vertex 4. In total we will pay 3y + 2« x = 12.

F. Alien music

Time limit; 1 second
Memory limit: 256 MiB

In the future, humanity has found a way to quickly travel across the galaxy.
Alice is a young researcher from the 22nd century who studies the alien civi-
lization of Rumatas.

In this civilization there is an analogue of earthly music. Alice found out
that alien music is composed of N consecutive notes. Unlike earth music
(which has only 7 different notes), an alien composer can choose from M,
options (1 </ < N) for the i-th note in the melody.

Also, it is important to know that each note has a tone, and the melody as
a whole has an accent tone. It is required that the melody contains exactly 2
notes in an accent tone, to be considered harmonious.

Write a program to calculate the amount of different melodies that comply
with the rule of harmony of alien music.
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Input

The first line of the input data contains a natural number N < 15and an accent
tone number K (0 < K < 20).

The second line contains N natural numbers M, < 10 — the number of
different notes in the melody.

The following N lines contain M; numbers, which indicate the tonality of
each note.

Output

Write down the number of different alien melodies comply with the rule of
harmony.

Note
The points for each test are awarded independently.

Example
standard input standard output
31 8
45 2
12314
12334
12

Note
There will be 3 notes in the melody. The emphasis is on tonality #1.

For the first note there are 4 options, For the second note there are 5 dif-
ferent options (2 of them are of the same tone) and 2 options for the third
note.

If the composer chooses the first and second notes for the accent tone,
then there is only one option for the third note.

If the composer chooses the first and third notes for the accent tone, then
there are 4 variants of the second note.

If the composer chooses the second and third notes for the accent tone,
then there are 3 options for the first note.

Thus, in total, there are 8 different harmonic melody.
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G. Acircuit board

Time limit: 1 second
Memory limit: 256 MiB

The engineers are building a circuit board for a new supercomputer. The
board has a rectangular grid of contacts with N rows and M columns. The
distance between adjacent contacts is T mm. The engineers have a lot of
wiring pieces of length L mm. Each of them can connect two contacts that are
L mm apart. No two wires may touch, even at endpoints. Find the maximum
possible number of wires that can be used.

*——0—0

*——0—0

Input
The numbers N, M, L, each a positive integer not greater than 1000.

Output
Output one integer, the answer.

Note

This problem has three subtasks, worth 20, 30, and 50 points, respectively.
Points for each subtask are awarded only if the solution passes all the tests
of that subtask.

Example

standard input standard output
6 6 3 8

Note
The wires might not be parallel to the sides of the board.

10
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H. Earthquake

Time limit: 2 seconds
Memory limit: 256 MiB

Another earthquake hit the city of Tubeville, and the residential water sup-
ply system stopped working.

Mario, the chief plumber of the city, still a youth then, designed Tubeville's
water supply system to be earthquake-resistant. To achieve it, he broke the
city area into square blocks and made the pipe sections in each block easily
detachable from each other and rotatable around the center of the block into
one of four positions.

Sadly, this architecture has the following problem: when an earthquake oc-
curs, all pipe sections detach from each other and randomly turn around their
block’s center. To fix it, we need to return the pipe sections into position, pre-
venting water from spilling, supplying all houses with water while preventing
leaks. The design of the system precludes moving the pipes from one block
to another.

Input
The first input line contains positive integers N and M describing the size of
the Tubeville (1 < N,M < 10).

Each of the following N lines contains M numbers. Each number is a de-
scription of a city block [i,/] (0 < i< N,0 <j < M).

A house that needs water supply is denoted by the number 2222, and the
area with a water source is denoted by the number 3333. Otherwise, the
number consists of four ones or zeroes, each representing the presence or
absence of a connection to the neighbouring block, starting from the upper
neighbour on the map in clockwise order.

Output

Your program must output N lines of M numbers matching the input data for-
mat. If there are several solutions, then output any of them. We guarantee the
existence of the solution.

Note
The points for each test are awarded independently.

11
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Example
standard input standard output
34 3333 0111 0101 2222
3333 1101 1010 2222 0110 1001 0000 0000
1100 0011 0000 0000 1100 0101 2222 0000
0110 0101 2222 0000

Note
Some pipe segments may be spare and not used in the water supply system.
In that case, they must not be connected to a water source to prevent wa-
ter leaks. Houses cannot occupy an block adjacent to a water source. Also,
houses cannot pass water through to other houses.

Scheme of the water supply system from the example:

!:"—I B

e L

I. The maze of the RoboBear

Time limit; 2 seconds
Memory limit: 256 MiB

Today Darina has received an email. It claims that the latest breakthrough
of Sakha Dynamics, the RoboBear, has learned to pass mazes with the mini-
mum number of turns along the way.

‘Anyone who can go through this maze in fewer turns will receive a barrel of
delicious coffee”, the email says. Darina doubts if she needs so much coffee,
but she asks you to help her calculate the minimum number of turns to pass
the maze. Then, knowing the answer, she can decide whether she should try
to beat the RoboBear.

Input

Thefirstline contains twointegers, Nand M (1 < N,M < 10°,1 < NxM < 10°).
Each of the following N lines contains M characters. Symbols . and *

denote an empty square or a wall, respectively. The letter E denotes the exit

12



Problem statements

from the maze. The starting point is marked by one of the letters: U, D, L, R,
depending on the direction that the robot is facing initially (Up, Down, Left, or
Right, respectively).

Output

Your program must write positive integer number, the problem'’s answer, or
—1 if RoboBear can not reach the exit without breaking the walls.

Note

The points for each test are awarded independently.

Examples

standard input standard output
4 4 3
D.*.
-**

J. 1D Arkanoid

Time limit: 4 seconds
Memory limit: 256 MiB

Sargylana is learning game development, her first project is Arkanoid in
1D. The game looks as follows: there is an infinite tape divided into square
cells, some cells contain obstacles. You can put the ball into any cell without
an obstacle and push it to the left or to the right. To simplify the problem, we
consider the obstacles to be infinitely thin and the ball to be infinitely small.
Every second the following happens:

* The ball moves to the next cell according to its current direction,

« If the cell contains an obstacle, then the ball changes its direction to the
opposite, the next second it will begin moving in the reverse direction.

13
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The obstacle it hit is destroyed, and the ball will be able to pass through
it in the future.

To make sure there are no bugs in the game, Sargylana is going to the
part of the game engine responsible for the ball's movement. She made some
tests: given initial obstacle locations and many queries “if we put the ball in
the cell x; and push it left or right, where would it be after t; seconds?”. Note
that all queries and independent: obstacles destroyed during a query will be
present again for the next one.

Input

The first line contains two integersnand m (1 <n<10%1<m<3-10° —
the number of obstacles and the number of queries. The next line contains
nintegers x; < X, < ... < X, (|x] < 10°) — numbers of cells containing
obstacles, in the increasing order. Next m lines contain queries. Every line
contains acharacter L or Rand two integers p;and t; (|p;| < 10% 0 < t, < 10'8).
If the character is L, then the ball starts moving to the left, if it's R, then the ball
starts moving to the right.

It's guaranteed that the cell p; does not contain an obstacle.

Output
For each query print an integer — the position of the ball in the /-th query after
t; seconds.

Note
This problem has five subtasks. Points for each subtask are awarded only if
the solution passes all the tests of that subtask and all previous subtasks.

Subtask 1 (points: 16)
n=1m=1,1t,lx],|p] < 100.

Subtask 2 (points: 18)
n,m <100, t;,|x]l, |p;] < 100.

Subtask 3 (points: 24)
n,m < 1000, t;, |x], |p;| < 108,

Subtask 4 (points: 29)
n,m < 50000.

14
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Subtask 5 (points: 13)
No additional constraints.

Examples
standard input standard output

11 14
6
L 8 10
4 5 3
14609 5
L5160 0
R 5 20 14
R 315 -10
R 8 12
L -55

15
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Solutions

A. Necklace

Several different methods may solve this problem with varying degrees of ef-
ficiency.

Itis possible to represent a necklace as a binary number of 2n digits, where
ones and zeros correspond to the beads of different colors. Unfortunately,
solutions of this kind are usually ineffective. They can only pass the tests of
the first subtask for 20 points.

Another group of solutions uses the method of mapping. These solu-
tions introduce an additional array to store the difference between blue and
red beads. Such solutions work more efficiently. They can pass tests of two
subtasks and get 40 points.

The most effective are solutions that apply formulas for Catalan numbers.
As a result, they will successfully pass all tests and achieve the maximum
score.

Let's explain the solution using an explicit formula for the Catalan num-
bers. Denote by C(k) the number of variants for constructing a necklace with
k beads. Consider first the case of an even number of beads k. Thus, k— 1 is
odd and, by the conditions of the problem, the kth bead can be of any color.
That is, in the case of even k, we have

C(k) = 2C(k — 1).

Now consider the case of odd k. Consequently, k — 1 is even, and we can
add a blue bead to the existing kK — 1 beads without breaking the rules.

However, if we add a red bead to the same k — 1 beads, some variants will
be excessive. These variants appear when we add a red bead to the equal
number of blue and red beads.

Let m = (k—1)/2. It is known that if the number of red and blue beads
is equal, and at the same time, the number of blue beads is always greater

than or equal to red, then the number of variants for constructing a necklace

is equal to the Catalan number ——(,™,) (where () stands for binomial coef-

m+1
ficient). Therefore, if k is odd:

C(k):ZC(k—U—ml](kr_n]).
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Naturally, C(1) = 1 and C(2) = 2. Now, using the above recurrent formulas,
you can easily calculate the number of necklace variants.

B. Orchestra

Let's build a directed graph where the musicians will correspond to the ver-
tices.

After analyzing the conditions of the problem, it is easy to understand that
there can't be more than one cycle in each connected component (for strict
proof, try to construct a counterexample).

You can use a standard graph traversal algorithm (either breadth-first or
depth-first search) to count the number of connectivity components. Notice,
itis better toimplement graph traversal in an iterative style since it will prevent
stack overflow.

It is also easy to see that the graph often contains specific vertices that
have no incoming arcs. Let's call them “tails” for definiteness. You can place
such vertices into a separate list during the reading of input data.

Every chain is starting at one of such tails. To find the chain of maximal
length, you can write a loop to check them. Inside it, you will need a WHILE-
type loop to count the vertices of the chain.

OO0

C. Find and prevent

Let's select vertex root as the root of the tree (you can always choose vertex
1 as the root).

17
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We need to count sums in all subtrees. That can be done with simple

depth-first search algorithm. Denote the sum in a subtree with root i as STS][1].

Now we can easily calculate required value for any vertex — if we remove

edges connected to vertex /, transport connectivity can be found by the for-
mula:

D.

(STS[root] — STSJi])(STS[root] — STS[i] — 1) N Z STS[I(STS[)] — 1)

2 Jjechildren(i] 2

Final algorithm complexity is O(N).

Expected xor

The main ideas of the full solution are;

+ Mean xor can be computed by finding the probabilities for each of the

63 bits that they will be set to 1 and adding these probabilities weighted
by 2% where k is the bit index.

* The probabilities can be computed independently of each other.

* Once we fix the bit k (where k is from 0 up to 62) whose probability that it

will be set to 1 in the xor sum we want to compute, we can loop through
the array and update this probability as we encounter new numbers.

+ If the probability that the xor sum of the numbers in the array prefix con-

sidered so far contains bit k set to 1 is g, and the probability that the
newly encountered number (by which we extend the aforementioned
prefix) has 1 in bit k is p, the probability g’ that the xor sum for the ex-
tended prefix is p(1 — q) + (1 — p)q.

« Initially, when the considered prefix is null, g is 0. Finally, when the con-

sidered prefix is the whole array, g is the required probability. As per a
previous observation, we just add g x 2¥ to the answer.

+ To compute the probability p that a certain number b that is randomly

chosen from the set {0,1,...,A — 1} has bit k set to 1 is a matter of
0(1) calculation. Hints: (A >> (k+ 1) << k); if (A&(1 << k)) consider
A&((T << k) —1)).

18
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+ To work with modular probabilities, here it's enough to think about di-
vision by A as multiplication by modular_inverse(A). Since As are all co-
prime with the modulo number M, these modular inverses exist for each
A and can be computed in O(log M) time after precomputing the number
of numbers less than M that are coprime with M.

E. Odd Taxi

For each node, we want to determine how many participants will sit in a two-
passenger cab with some of the descendants of the root of the subtree. To do
this, let us calculate dpl[v][cnt] — the cost of the subtree v if we add cnt partic-
ipants (participants without pairs from ancestors) to the root of the subtree.
Note that in the optimal answer cnt < number of leaves in subtree, otherwise
there’s a pair of participants in the subtree that lie on the same path from the
root, it's more profitable to put them in one cab. How do we compute this
value?

We need to match cnt participants with the descendants, this is a back-
pack problem, where dp|u][cnt;] is an item with weight cnt,. This will add up
to O(n?). It remains to take into account the participants who were left without
a pair at the root of the subtree. Suppose there are cnt left, you have to pay

depth|v] * L%mj * y + depth|v] * (cnt % 2) * x
(integer division and modulo remainder). These values with the same parity
form an arithmetic progression, so you can calculate the values dplv|[cnt] us-
ing dp[v][cnt; < cnt] by maintaining two minima. The answer will be in dp[1][0].

F. Alien music

After analyzing the condition of the problem, you can understand that the
number of options can be large, so you should use the int64 (long long int)
type variable to store it.

When reading the input data, you need to create two linear arrays: let de-
note them a and b. In the array a, we will store the number of notes with an
accent tone. And in the array b — the number of other notes.

First, we create a double loop to check all the two-note variations with ac-
cent tone.

19
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Then, for each selection of two notes with an accent tone, you need to
count the number of options for all the remaining notes with other tones.

0

)
Q0

3

Y
S\
N
U\
N
N N
NN
Nt K

On this diagram two notes are selected (i = 2,/ = 4). In this case, The
number of options can be obtained by the formula:

Here is a listing for the main part of the program on C:

long long int answer = 0;
for (int i=0; i<n; i++) {
for (int j=i+1; j<n; j++) {

long long int count = 1;
for (int k=0; k<n; k++) {

if ((k !'=1) && (k = 3)) {
count *= b[k];

}

answer += a[i] * a[j] * count;

}

20
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G. Acircuit board

Check whether L can be the hypotenuse of a right-angled triangle with integral
legs.

In case it cannot, the wires may only be parallel to the sides of the board.
A greedy solution obtained for one of the two possible orientations will be
optimal. We fill the available space with horizontal wires arranged in columns,
going from left to right while possible. If space remains after that, we fill it with
vertical wires arranged in rows similarly. This should be tried for both possible
orientations of the board. An example for L = 3 on a board of size 5 x 10 is
shown.

To prove the maximality of this solution, color the nodes along the diago-
nals into L + 1 colors. Because the wires may only be vertical or horizontal,
each wire takes up exactly L + 1 nodes of different colors. So the greedy al-
gorithm leaves the nodes of the colors that have more nodes. In the picture
above, they are colors 1 and 2.

If L is a hypotenuse in an integral-side right-angled triangle, we must addi-
tionally consider the “diagonal” direction of the wires. If the legs are coprime,
each wire takes up only 2 nodes. Horizontal or vertical wires will take up more
nodes. So if the wires run diaganally parallel to each other, their number is
only a little less than half the number of nodes. An example for L = 5on a
board of size 6 x 8 is shown.
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D RN N
NN
NN

NAANANA

Nonparallel wires will “get in each other's way". Thus, it is almost obvious
that we should try running the wires diagonally parallel to each other in each
of the possible directions.

H. Earthquake

To solve the problem you should organize an iterate over all available options.
To optimize performance, you can take advantage of some features:

+ the search does not include squares with values 0000, 1111, 2222, 3333;

+ straight pipes can be aligned in the process of recursively checking the
correctness of the pipeline;

* pipes cannot lead to 0000 and outside the city.

Thus, the enumeration involves cells with two and three ones, as well as pipes
adjacent to the water source.

To check the correctness of the option, you should use a recursive bypass
of the pipeline with the number of connected houses.

I. The maze of the RoboBear

To solve the problem, we need two basic things: dynamic programming and
BFS.

The main thing of the problem is to calculate the minimum number of turns
for each point individually, and then, knowing first points we reach from them
other points.
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Firstly, let us define a mechanism for visiting cells. When we arrive some
cell, we memorize two parameters for that cell: how many turns we needed
to get this and whether we arrived it — vertically or horizontally. If we visited
that square both vertically and horizontally, we don't need to work on it later,
because all the squares on the left, right, top, and bottom sides have already
been visited.

Then, mark the movement from each cell to the next. If we have visited a
square horizontally, we goes from here vertically, otherwise horizontally. For
each cell visited from point A we put the number of turns to A plus 1.

The last one point: squares visiting order. The next square to visit is the
square that needs the minimum number of turns we have available. By go-
ing around this way, we ensure that we take the minimum number of turns to
get to each square we visit, because otherwise we would have another start-
ing square that we haven't yet reached, and that has a smaller path than the
current one, which can't be the case.

So, having understood these main points, we can safely solve this problem.

Problems asymptotic is O(NLog(N)) when prioritized via ordered_queue,
and O(N) when implemented carefully.

J. 1D Arkanoid

We're going to answer each query independently. First of all, let's figure out
how many obstacles the ball is going to destroy. We will use binary search: to
use it, we need to be able to find out how many seconds the ball will need to
destroy k obstacles.

Without loss of generality, we will consider a ball that is pushed to the
right. That ball will destroy (%} obstacles to the right of its initial position, and
Léj obstacles to the left. Time required to do that can be calculated with a
straightforward simulation (this solution gets 58 or 87 points, depending on
how quick your solution is).

To get 100 points, we can use prefix sums. Let the positions of left obsta-
cles be xq, ..., X, and the positions of right obstacles are y;, ..., y,,. The sum
of times when the ball moved from left torightis y; —p;+y, — X1 + .. +Vm—Xm_1 -
Rearranging this sum, we get y; +y, +...+ ¥, — (0 + X7 + ... + X,_1), Which can
be calculated with prefix sums. Similarly, we can calculate the time it takes to
move the ball of right to left. Implement this part carefully to deal with all the
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parity cases. Now, we can use binary search to calculate the time it takes to
destroy these k obstacles, find the remaining time and find the final position
of the ball. This solution works in O(n + mlog n).
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3agauunm

A. Oxxepenbe

OrpaHuyeHue no BpeMeHU: 1 cekyHAa
OrpaHuyeHve No namaTu: 1024 Mba

Oxkepenbe cocTaBneHo 13 2N KpacHbIX 1 CUHUX BYCUHOK, MPY 9TOM Cpeaw
N6bIX K 6YCMHOK, OTCYMTaHHbIX C ero NeBoro Kpasi, KONIM4eCcTBO KPaCHbIX
6YCMHOK MEHbLLE U PaBHO KONNMYECTBY CUHWX.

’/”"\\ /""\\ TN\ TN\ //"'\\\\ //"'\\\
G0 S 00000000 =
N4 N4 N N N N
CKOJbKO Pa3JINYHbIX o>+<epenl/||7| MO>XXHO COCTaBUTb Mpn 3TNX yCJ'IOBI/IFlX?

dopmaTt BXOAHbIX AAHHbIX
Llenoe nonoxutenbHoe yncno N (N < 32).

¢opmaT BbIXOAHbIX AAaHHbIX
Llenoe nonoxmnTesnbHoOe YNCI0 — MCKOMbIN OTBET.

Cunctema oyeHBaHUSA

[aHHana 3a1a4a COAePXKUT TpK noasadayn. bansbl 3a Ka)abi TECT Kaxkon
noAsagady Ha4McIarTCa HE3aBMCUMO.

Nop3apaua 1 (6annos: 20)

N < 10.
Nop3apaua 2 (6annos: 20)
N < 20.
Nopa3apaua 3 (6anno.: 60)
N < 32.
Mpumepbl BXOAHOIO 1 BbixogHoOro ¢paiinos
CTaHAApTHLIA BBOA CTaHAAPTHLIA BbiIBOA
1 2
2 6
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B. OpkecTp
OrpaHunyeHne No BPEMEHN: 1 cekyHAaa
OrpaHuyeHue no NaMaTu: 256 Mb

OfHaxabl B CUMGbOHNYECKOM OpKecTpe 3abonen ampukep. bes Hero My-
3blKaHTaM OYeHb TPYAHO MrpaTb B OAHOM pUTME. YToGbl AOBUTHCA 9TOrO,
HEKOTOPblE My3bIKaHTbl CMOTPSAT Ha OAHOMO U3 CBOMX KOMJEr U CTaparoTcs
NOACTPOUTLCA NOA Hero. [pyrve My3sblKaHTbl 3aKpbIBaKOT rasa U UrparoT Ha
CRyX.

Ecnu npocneanTb, KTO Ha KOrO CMOTPUT, TO MOXHO NMOCTPOUTb LIEMOYKM
13 My3bIKaHTOB, KOTOpPbIE NMOCNeAoBaTelbHO CMOTPAT APYr Ha Apyra. MiHoraa
Takme LenoYky 3aUmKnnBatoTcs. byaem cunTtaTh, YTO My3bIKaHT HE MOXKET
MOBTOPHO BXOAWTb B OfAHY U Ty XKe LIeNoYKy.

K coxxaneHunto, Hall OpPKECTP NoKa Maso peneTMpoBasn U 4acTo HadnHaeT
UrpaTb He B TaKT, MOCKOJIbKY B HEM 06pasyoTCA OTAeNbHbIE FPYMMbl My3bl-
KaHTOB, KOTOPbIle CMOTPAT TOMbKO APYr Ha Apyra 1 He CMOTPAT Ha My3blKaH-
TOB U3 ApYrvx rpynn.

YTOObI HAY4YMTbCA UrPaTh JydLlle, My3blKaHTbl MPOCAT BaC HanucaTb Npo-
rpamMMmy [1st aHanmaa TekyLLlen CuTyaLmm.

dopmMaT BXOAHbIX AAHHbIX
B nepBoW CTPOKe 3a[jaHo HaTypasibHoe Y1cio N — KONMYeCTBO My3blKaHTOB
B opkecTpe (N < 4 - 10%).

B kaxxaow 13 nocneayroLmx N CTpoK 3aaHo no ogHoMy HOMepy Kosine-
W, Ha KOTOPOro CMOTPWT TEKYLLIMIA My3blKaHT. Ecnv sanncaro yucino 0, To
MY3bIKaHT H1 Ha KOr0 HE CMOTPWT.

dopmaT BbIXOAHbIX AAHHbIX

B nepBoWt CTPOKe BbiBeANTE KONMNMYECTBO HE3ABUCKMbIX APYr OT Apyra rpynmn
My3blKaHTOB K.

B cnegyrownx K CTpOKaX BbiBEANTE KOJINHECTBO MY3bIKaHTOB B MaKCW-
MaSlbHO AJIMHHOW LIeMNOYKe B KaXK oM rpynne My3blKaHTOB. 9T uncna HY>XHO
BbIBECTN B NOpPAAKE BO3paCTaHUA.

Cuctema oueHMBaHUA
Bannbl 3a KaXabl TECT HAYNCNAOTCA HE3ABUCUMO.
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MprMmepbl BXOAHOTO 1 BbIXOAHOro ¢alinioB

CTAHAApTHLIW BBOA CTaHAApTHLIM BbIBOA
3 1
%] 2
1
1
6 2
2 3
3 3
2
5
6
5

C. HaiATu n npepoTBpaTUTDL

OrpaHuyeHve no BpeMeHU: 5 cekyHA
OrpaHu4eHme no NnaMaTu: 256 Mb

MuHucTepcTBO TpaHcnopTa JpeBnsHANM y3HaN0 0 roTOBALLENCSA HECaHK-
LIMOHUPOBAHHOM aKLMX B OAHOM M3 FOPOAOB CTpaHbl. AKTUBUCTbI 13 «[IBY-
CBSIBHOCTM» YrPOXatoT YCTPOUTb TPAHCMOPTHbIN KOMnanc, nepekpblB Bbes-
Abl 1 Bble3dbl K OAHOMY M3 rOPOAOB, YTOHbI 06PaTUTb BHUMAHME Ha Heao-
CTaTKM AOPOXKHOM CeTU. NI3BECTHO, YTO OHM XOTAT HAHECTU MaKCUMasbHbI
Bpea TPaHCMOPTHOM AOCTYMHOCTH BCEN CTPaHbI.

B [peBnaHann N ropofoB, 1, Kak Bbl MO AorafaTbCs, OPOXKHANA CETb
npeAcTaBnseT cobomn AepeBo. B /-M ropofie NpoXmBaEeT a; 4enoBek. Ecnn ecTb
HECKOJIbKO CMOCOO0B BbIbpaTh rOpoA, TO aKTUBUCTbI BbI6EPYT TOT, KOTOPbIN
NMEET MEHbLLNN HOMEP.

MWHNCTEPCTBY HeJaBHO ype3anu GUHaHCMPOBaHMe, Tak YTO He HaLLOCh
HM OAHOrO cneynanncTa, CNOCOBHOro ONpeaenTb Leb akTUBUCTOB, 1 MO-
9TOMY OHW MPOCKT BaC CNpaBUTbCA C 3TOM 3afaqen.

TpaHcnopTHasA JOCTYNHOCTb BCEN CTPaHbl paBHa KONMMYECTBY Nap Ntoaen,
KOTOpble MOryT Ao6paTbCs APYyr A0 Apyra, ABUraschb Mo AOPOram, Uiam Haxo-
[AATCS B OQHOM ropoje.
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dopmaT BXOAHbIX AAHHbIX
B nepBoi cTpoke 3aaaHo ofHo Lenoe yncno N (1 < N < 1000000).
Bo BTOpoOW cTpoke 3agaHbl N LenbIX Yncen a,, a,, ..., ay (1 < a; < 100).
Hanee B N — 1 cTpokax faHO onuncaHune aopor. B -1 cTpoke 3agaHo 2 Lie-
NbIX YMCNa — HOMEepa ropoioB, MeX Ay KOTOPbIMK eCTb 0POra.

dopmaT BbIXOAHBIX AAHHbIX
B nepBoit CTpoKe BbiBeAMTE rOPO/, B KOTOPOM NMPOM30MAET aKLmS.

Bo BTOPOW CTPOKE BbiBEAUTE 3HAYEHNE TPAHCMOPTHON AOCTYMHOCTH, €C-
NV aKLUMKO He yaacTcs NpefoTBpaTuTb.

Cuctema oueHMBaHUA
[aHHasa 3agadva CoOAep>kUT Tpu nofsagadn. bannbl 3a nofgsagady HauyncIsa-
FOTCS TONbKO, EC/IM BCE TECTbI 3TON NOA3aAauN NPONAEHbI.

MNop3apaua 1 (6annos: 20)
n < 1000.

Nop3apaua 2 (6annos: 60)
n < 100000.

MNop3apaua 3 (6annos: 20)
n < 1000000.

Mprmep BXoAHOro 1 BbixogHOro ¢aiinos

CTaHAApTHLIA BBOA CTaHAAPTHLIA BbiIBOA

N

1 0

NBR PR W
wN R

D. Oxugaembin XOR

OrpaHunyeHme no BpeMeHu: 1 cekyHAaa
OrpaHuyeHue no NamMaTu: 256 Mb

CornacHo ofHOI nerexHfe, rae-To B PyMbIHUM €CTb CBALLEHHOE AepeBo,
BOKpPYr CTBOJ/Ia KOTOPOro 3anmcaHo Yncnio M. MNoa AepesoM CManT ¢ OrpoM-
HOW KHUroM cTapel v kugaeT N BonwebHbIX UrpanbHbiX KOCTEN. Kaykaaa Bosi-
WebHast KOCTb OT/IMYAETCH OT APYrnX U UMEET A; rpaHei, NpoHyMepOBaHHbIX
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ot 0 go A; — 1, npuyem A; B3anMHO NpocTo ¢ M (TO ecTb HanbonbLLnii 06-
WM fenntens Ymucen A;u M paseH 1). lNocne kaXkaoro 6pocka KocTen cTapel
CMOTPUT Ha BblNasLUWE Ha HUX Y1Cna b; 1 3anncbiBaeT 3Ha4eHue

b, xor b, Xor ... xor by,

B KHWIY, FAe Xor — onepaumsa nobnTtoBoro ncktoyatowlero M. CornacHo
nereHae, KOMBMHaLMM Ha KOCTSIX HUKOrAa He MOBTOPSAKOTCS, U KOrAa cTapel
NONYyYMT MUX BCE, HACTYNUT KOHeL, CBeTa. BblumcnuTe cpefHee apudmMeTnye-
CKOe 4uces1, KOTopble 6yayT 3anvcaHbl UM B KHUTY K TOMY MOMEHTY, MO MO-
Aynto M, Kak onmcaHo HuxKe.

dopmMaT BXOAHbBIX AAHHbIX

B nepBoW CTpoke AaHbl Lienble NonoxutensHble uncna M, N (N < 50000,
2 <M< 109 + 7). Bo BTOpoW cTpoke AaHbl N NONOXUTENbHBIX LESbIX Yi-
cenA; (A <2%,i=1,..,N).

dopmMaT BbIXOAHBIX AAHHbIX
BbiBeAMTeE HEOTPULATENBHOE Lienoe Yncno X (X < M) Takoe, 4To eciinm OTBET —

U .
3TO ApObb v (rae U V — Lenble ymcna), To npouseeaeHne X n V aaeT Takom
K€ OCTaToK OT geneHunsa Ha M, yto u U:

X-V=U(modM,).

Cuncrtema oueHMBaHUA
[aHHas 3afadva CoOAep>XMT NSATb Noal3anad. bannbl 3a nogsagavy Hauncsa-
FOTCA TOJbKO, ECJIM BCE TECTbI 9TON NOA3aaun NPOMNAEHDI.

Nopa3apaua 1 (6annos: 20)
N<5M=11,A <25

Nop3apaua 2 (6annos: 20)
N < 100, M = 997, A; < 25.

Nopa3apaua 3 (6annos: 20)
N < 50000, M = 10° + 7, A < 252,

Nopa3apaua 4 (6annos: 20)
N < 1000, M < 1000, A; < 230,

Nop3apaua 5 (6annos: 20)
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N < 50000, M < 10° +7,A. < 262,

Mpumepbl BXOAHOrO U BbiIXxogHOro ¢paiinos

CTAHAAPTHLIA BBOA CTAHAAPTHbLIA BbIBOA
11 1 10
10
10 3 8
793
3ameyaHue

* B nepBoM npuMepe cpeHee apuGMETUYECKOE PaBHO 3, 1 BbIBOAUTCS
10, Tak kak 10 -2 = 20 = 9 (mod 17).

. 274 _
Bo BTOpoM npumepe cpefHee apudMeTUHeCKoe PaBHO <=, U BbIBOAUT

cA 8, Tak Kak 8- 63 = 504 = 4 = 274 (mod 10).

E. «Odd Taxi»

OrpaHunyeHne No BPEMEHN: 2 CeKyH[bl
OrpaHuyeHme no NaMaTu: 256 Mb

OnuMnunaaa NPoOXoAnT B rOpofie, A0POXKHAs CETb KOTOPOro npefcTaBnseT
cobol NoABeLLeHHOe AepeBO 13 N MPOHYMEPOBAHHbIX BePLUNH-AOMOB. Me-
CTO MPOBeAEeHNs ONMMMMaAbl HAXOAUTCS B BeplUMHe HomMep 1. Kaxxaas u3
BEPLUMH C HOMEPOM / > 1 cBsi3aHa A0POroW ¢ BepLUMHON p; (p; < ).

OpraHmsaTop ofiMMnmaabl 06a3ancst pa3BecTy BCeX y4acTHUKOB MO [0-
MaMm ¥ /1t 9TOro 3ak/toum JOroBOP C KOMMaHWer nog HassaHvem «0dd
Taxi», KOTOpasi NpeloCcTaBAAET ABa BMAA YCNYT:

1. MNepeBoO3Kka 04HOro Naccaxxvpa, Tapud — dist, = x pybnen, rae dist, —

YMCAO AOPOr OT BEPLUMHbI 1 0 MeCTa HasHa4YeHns V.
2. TMNepeBo3Ka ABYX NacCaxunpoB, Tapud — dist, x y pybnemn, npu4ém Tak-
CUCT Be3eT OAHOIr0 Naccaxknpa Ao BePLUMHbI V 1 MOXET BbiCaauTb BTO-
pOro naccaxknpa B 060K BEPLUMHE HA MYTU A0 V, BKIOYAS V.
Takcu Bceraa efeT KpaTyanLLnmm nyTem; Takcu BTOPOro TUMa He MOXET B3ATb
TONIbKO OAHOr0 Maccaxkunpa.
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Ecnu B KaXKLOM I-M JOME NMPOXMBAET a; yHaCTHUKOB, Kakoe MUHUMaIIbHOE
KOMMYECTBO AEHEr HY>KHO MOTPaTUTb OpraHmM3aTopy, YTobbl BCe A06panmchb
no goma?

dopmaT BXOAHbIX AAHHbIX
B nepBolt cTpoke AaHbl Yncno BepwnH n (2 < n < 5000), Tapudbl x 1 y
(1 < x<10%1 <y < min2x —1,10%) nepsoro 1 BTOPOro Tuna Takcy,
COOTBETCTBEHHO .

Bo BTOpOW CTpoKe AaHbl N — 1 4ncen a,,...,a, — YUCN0 Yy4aCTHUKOB B
kax oM gome (0 < a; < 10°).

B TpeTbel cTpoke AaHbl N — 1 4ncen py, ..., p, — POAUTENN KaXAON 13
BepLUMH, HaymHas co BTopoit (1 < p; < i).

¢opmaT BbIXOAHbIX AaHHbIX
BbiBeanTe eAMHCTBEHHOE YUCTIO — Tpe6yeMoe KOMM4eCTBO AEHer.

CucTtemMa oL,eHUBaHMA

[laHHada 3afada cCoaepy»kKnT Tpy nofasagaqn. bansbl 3a Kaxayro noasaaady Ha-
YNCNAOTCS TONBbKO B CllyYae, eCnvi BCe TECTbI A1 9TOW NoA3aaaqm U npeabl-
AyLWX noAasagad yenewHo npoiaeHbi.

MNop3apaua 1 (6annos: 20)
n,a; < 50.

Nopa3apaua 2 (6annos: 30)
n < 500.

Nopa3apaua 3 (6annos: 50)
HeT oONONHUTENbHbIX OrpaHNYeHNIA.

MprMmepbl BXOAHOTO 1 BbIXOAHOrO ¢$aiisioB

CTaHAApPTHLIA BBOA CTAHAAPTHbLI BbIBOA
523 15
2011
1233
532 12
1011
1223
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3ameyaHue

[epeBo 13 BTOporo npumepa. BbirofHee Bcero 3akasaTtb TakCy BTOPOro Tuna
[NA Y4aCTHUKOB M3 BEPLUMH 2 1 5, NepBOro Tuna A8 y4acTHUKa 13 BEPLUNHbI
4. Bcymme 3annatum 3y + 2 x x = 12.

F. VNHonnaHeTHasaA My3blKa

OrpaHunyeHne No BPEMEHN: 1 cekyHAaa
OrpaHuyeHme no NaMaTu: 256 Mb

B 6yayLLeM 4enoBeYeCTBO HaLLNo Cnocob HbICTPOro NepemeLLeHns no ra-
nakTuke. Anuca — MOSIOAOM UCCeloBaTeNb 13 22 BeKa, KOTopas 3aHNMaeT-
CA N3yYeHMeM MHOMNAHETHOM UMBMAM3aumnm PymaToB.

B aTOM UMBMAN3ALMM CYLLIECTBYET aHaOr 3eMHON My3blku. Annca Bbisic-
HWNa, YTO MHOMNaHETHasA My3blka NpeAcTaBnseT co6or Menoammn na N nocne-
[0BaTesbHbIX HOT. B OTAMYME OT 3eMHOM My3bIKKM (B KOTOPOW BCEro 7 HOT),
VHOMNaHeTHbIN KOMMO3WUTOP MOXET BblopaTb U3 M; BapuaHTtoB (1 < 7 < N)
ANS - HOTbl B MENOANM.

Kpome Toro, Ana NOHUMaHUS MHOMIAHETHOM MY3bIKM BaXKHO 3HaTb, YTO
KaxAast HoTa obnafaeT TOHANbHOCTBIO, @ MENOANS B LIeSIOM — aKLEeHTHOW
TOHaNbHOCTLIO. [1n TOro, YTobbl Menoansa cumMTanacb rapMoHUYHOR, Tpeby-
eTcs, UTO6bl B MeNoAMM 6b110 POBHO 2 HOTbI B @KL|EHTHOW TOHaNbHOCTM.
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Hanunwnte nporpaMmy, Kotopaad rnpn 3safaHHbIX OrpaHNY4eHnNAX BbIMNCTTNT
KOJIN4YECTBO PA3J/IMYHbIX MEenNoaui, CO6J'II-O,£I,8I—OLLI,I/IX npaBmiIo rapMoHNM NHO-
nnaHeTHOM MY3bIKW.

dopmaT BXOAHbIX AaHHbIX

B nepBoK CTpoke 3afiaHo HaTypasibHoe Yncno N < 15 1 HoOMep aKLeHTHOW
ToHanbHocTM K (0 < K < 20).

Bo BTOpou cTpoke 3afaHbl N HaTypanbHbix Yncen M; < 10 — Konnm4ecTBo
PasNYHbIX HOT B MENOANN.

B nocnegyrowwmx N cTpokax 3afiaHo no M; 4ncen, 03Ha4atoLLmMx ToHasb-
HOCTb KaXXJoW HOTbI.

¢opmaT BbIXOAHbIX AAHHbIX
BbiBeaMTE KOMYECTBO BO3MOXHbIX BapMaHTOB rapMOHNYHbIX MeNoann.

Mpumep BXxoaHOro U BbixogHoro ¢aiinos

CTaHAApTHLIA BBOA CTaHAAPTHLIA BbiIBOA

PR R DMW
NN VTR
wwN
w b

3ameuvaHue
B Menoammn 6yaeT 3 HOTbI. AKLEHT AenaeTcs Ha ToHanbHOCTb NOT.

[nsa nepBon HOTbI ecTb 4 BapnaHTa, 14 BTOpOW HOTbl — 5 pasHbIx Bapu-
aHTOB (2 13 HWX OAHOWM TOHANbHOCTW) U 2 BapuaHTa TPeTbeN HOTbI.

Ecnu KoMNo3uTop BbIGUPAET NEPBYHO M BTOPOI HOTbI AN aKL|eHTHOW To-
HaNbHOCTK, TOra OCTaeTCcs TONbKO OANH BapuaHT TPeTbeN HOTbI.

ECnm KoMNo3nTop BbIBUMPAET NEPBYIO N TPETbHO HOTbI A1 aKLIEHTHOM TO-
HaNbHOCTW, TOrAa MMeeTcst 4 BapMaHTa BTOPOM HOTbI.

ECnn KOMNO3nTOp BbIBMPAET BTOPYHO M TPETHIO HOTbI /151 aKLIEHTHOM TO-
HaNbHOCTW, TOrAa MMeeTcs 3 BapuaHTa NepBOM HOTbI.

TaknM 06pa3oM, BCEro y KOMMO3MTopa eCTb 8 pasfiMyHbIX BApUaHTOB Me-
noamu.
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G. MoHTa)XHasa naarta

OrpaHuyeHue No BpeEMEHMU: 1 cekyHAaa
OrpaHuyeHme no NaMaTu: 256 Mb

NH>XeHepbl pa3MeLLatoT Ha 60/1bLLON NPSMOYrONbHOM MOHTaXKHOKW nnate
9/1EMEHTbI MPOEKTMPYEMOrO CYNePKOMMbIoTepa. [naTta COCTOUT U3 OTAENb-
HbIX KOHTaKTOB, 06Pa3yoLLMX PeLeTKy 13 N ropnsoHTanbHbIX U M BepTH-
KanbHbIX PSAOB. PaccTtosHMe No BePTUKaAM U MO FOPU3OHTaNN Mexay Co-
CeAHNMM KOHTaKTaMmn paBHO 1 MM. Y pa3paboTUnKOB eCTb 60SbLLIOE KONnYe-
CTBO NPOBOAKOB A/MHbI L MM, Ka)Xbl 13 KOTOPbIX MOXXHO NpUNasTb Mexay
KOHTaKTaMK, paCCTOAHME MeXAY KOTOPbIMM TOXe paBHO L MM. JTobble ABa
MPOBOAKA HE JOMKHbI MMETb OBLLMX TOYEK, Aaxke KOHLUOB. TpebyeTcs pac-
CUMTaTb, KaKoe HanbosblLee KOMYECTBO NPOBOAKOB MOXKHO PAa3MECTUTb Ha
nnare.

*——0—0

*——0—0

dopmaT BXOAHbIX AAHHbIX
N, M, L — HaTypanbHble 4ncna, He npesbiwatoline 1000.

dopmMaT BbIXOAHBIX AAHHbIX
OaHO YNCo — OTBET.

Cuncrtema oueHMBaHUA

[laHHas 3aja4a CoAep>KUT TP NoAsadayn. bannbl 3a Kaxkayto nofsagady Ha-
YUCNAOTCS TOSIbKO B ClyYae, eC/v BCe TeCTbl A1A 3TOM noasagadun ycrnewHo
nponaeHbl.

Nop3apaua 1 (6annos: 20)

Nop3apaua 2 (6annos: 30)
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Nop3apaua 3 (6annos: 50)

Mpumep BXoAHOrO 1 BbixogHoOro ¢paiinoB

CTaHAapTHbIﬁ BBOA4 CTaHAapTHbIVI BbiIBO4
6 6 3 8

3amMmeyaHue
MpoBOAKM HE 06513aTENBHO A0KHbI Pa3MeLLaTbCA NapaniebHO Kpasm nna-
Thbl.

H. 3emneTpsaceHue

OrpaHunyeHme no BpeMeHM: 2 CekyHAb
OrpaHuyeHne no NnamaTu: 256 Mb

B ropone Tpy6BuAb MPOM30LLIO OYepejHOEe 3eMMETPSICEHME, U B ropofe
HapyLLNAOChb BOAOCHaAGKEHME.

[MaBHbIN CaHTeXHWK ropoaa, Mapuo, ellle B CBOM tOHble FOfibl CIPOeKTH-
poBan TpybonpoBoA YCTONYMBbLIM K 3eMAETPACEHMAM. 119 3TOro oH pastun
ropof Ha KBagpaTHble y4aCTKM, Ha KOTOPbIX 1 pacnofaratoTcs Tpyobl. Coeam-
HATBCA MOTYT TONIbKO TPYGbl CMEXHbIX Y4aCTKOB (CMEXHbIMW Ha3bIBAKOTCS
Te y4acTKK, KOTOPble MMET 06LLYH CTOPOHY). MaBHas 0co6eHHOCTb BOAO-
NpOBOAa 3aK/IKOYaeTCsA B TOM, YTO TPYObl NIErKO OTCOeANHSAOTCS APYr OT ApY-
ra 1 BpallatoTCa OTHOCUTENBHO LieHTPa KBaApaTHOro y4acTka, Ha KOTOPOM
OHW PacnosoXKeHbI.

Hoy Tako apXxmnTeKTypbl eCTb HE6OMbLLIOW N3bSIH: KOrAa MPOUCXOAUT 3eM-
neTpsiceHne, Bce TpyObl OTCOEAMHAOTCS APYr OT Apyra 1 cny4yalHbiM 06-
Pa30M NPOKPYYMBAOTCA OTHOCUTENbHO LieHTpa. YTo6bl MOYMHUTBL BOAOMPO-
BOA, HY>XHO COeANHUTb ero parMeHTbl TakKnM 06pa3oM, YTOBbl BOAa MOCTY-
nana Bo Bce joMa 6e3 npoTeyek. [epemelatb TpyObl Ha APYron y4acToK
CaAHTEXHWUKN He MOryT.

MNomoruTe caHTexHnKam Tpy6BUAAS BOCCTAHOBUTb BOAOCHabGeHWE ro-

poaa.
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dopmaT BXOAHbIX AAHHbIX

B nepBoi cTpoke 3aaaHbl Lienble yncna N u M — paamepbl ropoga Tpy6Bunsb
(1 < N,M < 10). Bnocnegytolmx N cTpokax 3anmncaHo no M uuncen, rae Kax-
[oe vucno ssnaeTcs onucanvem yydactka [1,j] (0 <1< Nu0 < j < M). Ecnm
YMCNO PaBHO 2222, TO Ha 3TOM y4aCTKe PacrosioXeH A0M, B KOTOPbIN HEO6-
XOAMMO NOABECTM TPYyOONPOBOA. YHaCcTOK, Ha KOTOPOM PacrofiOXeH UCTOY-
HVK BOAbl, 0603Ha4eH Yncnom 3333. B ocTanbHbIX ClyYasx YMCI0 COCTOUT
N3 YeTbIpex Hynem nnm eauHnL, OTBeYaroLLIMX 3a Hanndne CoeIMHEHNS C Ye-
ThIPbM$ CMEXHbIMK Ha MJiaHe ropofa ydacTkaMu, HaumHas C BEPXHEro Mo
4aCOBOW CTperKe.

dopmaT BbIXOAHBIX Al AHHbIX

BbiBecTn B N cTpoKax no M ymcen aHanorm4Ho hopmMaTy BXOAHbIX AaHHbIX.
Ecnn pelueHnin HeCKoNbKO, TO BbIBECTM HOHB0OE M3 HUX. [apaHTMpyeTCs, YTO
pelleHne ecTb Bceraa.

CucTtema oueHMBaHUA
Bannbl 3a KaXkAblM NPONAEHHBIN TECT HAYNCNAOTCA HE3ABUCUMO.

Mpumep BXxoAHOro U BbiIxogHoOro ¢paiinos

CTaHAapTHLIN BBOA CTaHAapTHLIN BbIBOA
34 3333 90111 @101 2222
3333 1101 1010 2222 0110 1001 0000 0000
1100 0011 0000 0000 1100 0101 2222 0000
0110 0101 2222 0000

3ameyaHune
HekoTopble GparmMeHTbl TPY6 MOryT 6bITb 3aNacHbIMU U He MCMOIb30BaTbCSA
B Tpybonposoae. OAHaKO, OHN He AOMKHbI 6bITb COeANHEHbI C MCTOYHUKOM
BOAbI, MOCKOSMbKY HENb3s A0MycKaTb NPOTeYKy. JJloMa He MOryT HaxoaMTbCs
Ha COCeAHEM y4acTKe C UCTOYHMKOM BOfbl. [JloMa He MOryT MpOBOANTL BOAY
OpYromMy AoMy Yepes cebs.

CxemaTuyHoe NpeacTaBneHne TpybonpoBoda U3 npumepa:

I ._
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I. JlJabupuHT pobomepBeas

OrpaHuyeHue No BpeMeHu: 2 CeKkyHbl
OrpaHuyeHve No namaTu: 256 Mb

CerogHs JapvHe NpuLLio NMcbMo. B HeEM yTBEPXKAaeTCs, YTO HOBeNLLAas
paspaboTka KoMnaHum «Caxa fanHaMmKe» — pobomMeaBe/lb — Hay4Yncsa Npo-
XOAUTb NabUPUHTbBI 38 MUHMMasbHOE KONIMYECTBO MOBOPOTOB Ha MyTH.

OAHAKO OHW XOTSHT BCE-Taku NPOBEPUTL aNlfOPUTM, 3aSI0XKEHHbIV B MNOBe-
feHne pobomMeaseast, N YyCTpanmBaroT KOHKYPC. «JTt060K, KTO CMOXET Mpowt-
TV 3TOT NAbUPUHT 3a MeHblLIEee KOTMYEeCTBO MOBOPOTOB, MOSYYUT 60YKY Hau-
BKYCHeWLLEero Kode», — roBOPUTCS B MUCbME.

[apnHa oboxaeT Kode, M03TOMY MPOCUT BAC MOMOYb € — MOACKaXM1Te,
3a Kakoe MUHUMabHOEe KOJIMYeCTBO NOBOPOTOB MOXHO MPOMTK BECH NabK-
PUHT?

dopmMaT BXOAHbBIX AAHHbIX

B nepBoit cTpoke 3anucaHbl ABa uenbix ymucna N u M (1 < N,M < 10°,
T < NM < 105). B cnepytowmx N cTpokax 3afaHo no M crumBonioB. Kax-
[bll CMMBOA — 3TO NGO oaHa BykBa M3 Habopa U, D, L, R — Touka cTapTa C
nepBOHaYanbHbIM HanpaBneHneM (BBepPX, BHM3, HANeBO, HaNpaBo COOTBET-
CTBEHHO), 60 E — BbIxoa 13 nabupuHTa, Nn6o * — cTeHKka, MMb0o . — NyCcTom
npoxoA.

dopmaT BbIXOAHBIX AAHHbIX
BbiBegMTE OAHO LieNoe YMCNOo, OTBET, MO0 —1, eCNn MeABeib HE CMOXXET Bbl-
6paTbCa 13 NabUPUHTA, He IoMas CTEH.

Cuncrtema oueHMBaHUA
Bannbl 3a KaXAbI TECT HAYMCNAOTCA HE3ABUCKMO.
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Mprmepbl BXOAHOTO 1 BbiIXOAHOro ¢$alinoB

CTaHAapTHLIN BBOA CTaHAapTHLIN BbIBOA

4 4 3

D.*.

. ** .

. E

22 2

u.

E.

J. 1D Arkanoid

OrpaHunyeHme no BpeMeHN: 4 cekyHAbl
OrpaHuyeHue no namaTw: 256 Mb

CaprbinaHa nsydaeT paspaboTKy Urp, U ee NepBbIM NPOEKTOM CTas OfHO-
MepHbI1 apkaHona. Mrpa B 0fHOMEPHbIN apkaHoW BbIrAAMT CleayroLiMm
06pa3oM: ecTb 6ECKOHEYHAst MOMOCKa 13 KBAAPATHbIX KNETOK, B HEKOTOPbIX
KneTkax ecTb NpensaTcTBus. B nobyto CBOGOAHYIO OT NPensaTCTBMA KNeTKy
MOXHO NOMECTUTb LLIAPWK M TONKHYTb ero BNEeBO 1AM BNpaeo. 18 NpocToThl
6yeEM CUYMTATb, YTO MPENATCTBUS MMEIOT NpeHebpexxnTenbHO Manyto Tos-
LWMHY, a WapuK — NpPeHedtpeXMTeNbHO Manbli AnamMeTp. 3a oAHy CeKyHay
MPOVCXOAUT CreaytoLlee:

+ LllapmK 3a cekyHy NepemMecT1TCs B CNeAyHOLLYH MO HanpaBAeHWIo ABK-
YKEHUS KNETKY.

+ Ecnu ke B 9TON KeTKe 0Kasanochb NpensaTcTBUE, TO LWAPWUK USMEHUT
CBOE HanpasJ/ieHne Ha NPOTMBOMONOXHOE, 1, HAYMHASA CO CreayroLLEel
CeKyHabl, ByfeT ABUraTbCA B 06paTHOM HanpaBfieHnn. [pensaTcTeue
NpKY 3TOM YHUYTOXMUTCS, M LWapWK 6eCnpensaTCTBEHHO NPOMAET Yepes
9Ty KNETKY B ByAYyLLIEM.

[na Toro, 4Tobbl B Urpe He 6b1n0 6aro, CaproifiaHa Xxo4eT NpoTecTMpo-
BaTb YaCTb MFPOBOro ABMXKKA, MOAENMPYHOLLYHO ABMXKEHME LapuKa. [1na aTo-
ro OHa co3/asna HECKOJbKO TECTOB: JaHO Ha4YaibHOe pacrooXeHne NpensT-

38



3agauu

CTBUS, a TakyKe HECKO/bKO 3anpoCcOoB BMAA: «€CAM LAPUK MOMECTUTb B KIeT-
KY X; 1 TONKHYTb BAIEBO MM BNPaBO, MAe OH OKaXeTcs vepes t; cekyHa?». 06-
paTuTe BHUMaHKe, YTO NPenaTCTBUSA, YHUUTOXEHHbIE BO BPEMSI UCMOSTHEHNS
3anpoca, 6yayT BOCCTaHOBMEHbI Nepej UCMOSTHEHWEM CReayoLLEro.

dopmaT BXOAHbIX AaHHbIX

B nepBoOM CTpOKe coaepxkaTcs ABa Ynucia N M m — YWUCNO NPenATCTBUIA Ha
nosnocke 1 yneno sanpocos (1 < n < 10°% 1 < m < 3-10%. B cnegyrowei
CTPOKe cofepyKaTca nyncen X; < X, < ... < X, — HOMepa KJ1eTOK, B KOTOPbIX
HaxoAATCA NpensaTcTBuWS, B BodpacTatollem nopsaake (1x;| < 10°). Cneayto-
e m CTPOK OMMCbIBatOT 3anpocbl. Kaxaas CTpoKa COAEPXKUT CUMBON L
mnn R gga uncna p; n t; (|p;] < 10% 0 < t; < 10'8). Ecnm cumBon paseH L, To
LapuK Ha4YMHaeT CBOE ABWXKEHWE BEBO, eCnn R, TO BNpaBo.
[apaHTUpYeTCH, YTO B KNETKE p; HET NPENATCTBUSA.

dopmaT BbIXOAHBIX AAHHbIX

[1na Kaxk[oro 3anpoca BbiBeAWTe OAHO YMCIO — MO3ULMIO LapuKa B /-M 3a-
npoce Yepes t; CekyHA.

Cuncrtema oueHMBaHUA

[aHHad 3afaqa cogepsKuT NaThb noasagad. bannbl 3a Kaxayro nogsagady Ha-
YMCNAKOTCA TOMbKO B Cllydae, eC/i BCe TeCTbl 414 9ToW noAsagadv 1 npefbl-
AyLWWX nofsagad yernewHo npoiaeHbi.

Nop3apaua 1 (6annos: 16)
n=1m=1,1t,|x],|p] < 100.

Nop3apaua 2 (6annos: 18)
n,m < 100, t, |, |p;] < 100.

Nop3apaua 3 (6annos: 24)
n,m< 1000, t/'a |X/|¢ |p/‘ < 10°.

Nopa3apaua 4 (6annos: 29)
n,m < 50000.

Nop3apaua 5 (6annos: 13)
HeT LONONHUTENBbHbIX OrPaHNYEHNIA.
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Mprmepbl BXOAHOTO 1 BbiIXOAHOro ¢$alinoB

CTaHAapTHbIA BBOA

CTaHAa pTHbIVI BbiIBO

11 14
6

L 8 10

4 5 3

14609 5

L 510 %]

R 5 20 14
R 3 15 -10
R 8 12

L -55
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PeweHus

A. Oxepenbe

3agava MOXeT ObITb pellleHa C pa3Hon cTeneHbro aheKTUBHOCTM HECKOSb-
K1MK cnocobamu.

Mpy NepBOM crnocobe NCcnonblyeTca nepedop Ha H6ase ABOUYHOIO YmC-
na AnuHbl 2n. 30ecb eAMHNLbI U HYIM UTPaKoT Posib BYCUMHOK PasHOro LIBETA.
PellleHna Takoro Tuna, Kak npaBunio, Heah®eKTMBHbI, MOTYT MPONTX NNLLb
TeCcTbl NepBo NoA3agadn, KoTopble oLeHmBaroTes B 20 6an10B.

Mpy BTOpOM crnocobe Mcnonb3yeTcss MeTo[ 0ToOpakeHnin. 3aeck BBO-
ANTCA AONONHUTENbHbBIM MacCUB A5 NOACYETa pasHULbl MEXAY CUHUMU U
KpacHbIMK BycrHKamMu. Takune pelleHns paboTatoT 6onee ahdeKTUBHO, MO-
ryT NPOWTM TECTbI ABYX NOA3a[ay, 1 Y4aCTHUKM MOTYT Nony4nTb 40 6annoB.

Hanbonee ahdeKTUBHBIM CNOCOHOM ABAAETCA MPUMEHEHMEe GopMy A5
yucen KatanaHa. 34ecb pelleHns y4acTHUKOB NPOXOAAT BCe TECTbI U OLIEHW-
BatOTCS Ha MakKCUMManbHbI 6ann.

MpuBeném pasbop peLleHns ¢ NpUMeHeHeM ABHON hopMybl ANS YMcen
KaTtanaHa. 0603Ha4mMm Yepes C(k) 4Mcno BapnaHTOB NMOCTPOEHNS OXepesbs
13 k 6ycnHOK. PacCcMOTpUM CHavana cny4ai YETHOro Ymncna 6ycuHok k. Toraa,
k — 1 — HEYETHO 1, N0 YCNOBMAM 3agaum, k-A 6YCUHKA MOXKET ObITb 1H0H0ro
uBeTa. To ecTb, B cfnydae 4éTHoro k, C(k) = 2C(k — 1).

Tenepb pacCMOTPUM Ciydar HEYETHOro k. To eCTb K— 1 — YETHO U K nMe-
toLmMes k— 1 6ycrHKaM Mbl MOXKEM, He HapyLas npaBu, 406aBUTb CUHIOHD
BYCUHKY.

OpaHako, ecnu K aTuM »e k — 1 6ycuHkam fobaBnseTcs KpacHas OycuH-
Ka, TO HEKOTOpble BapuaHTbl 6yayT NUHMMK. OHM NOSIBASKOTCA NpW 06aB-
NEHUM KPacHOM BYCUHKN K BYCMHKaM, Fae YMCAO CUHMX U KPaCHbIX 6YCUHOK
PaBHO.

Myctb m = (k — 1)/2. V13BECTHO, 4TO €CM YNCNO KPACHbBIX U CUHMX BY-
CMHOK paBHO, 1 NMpW 3TOM, KOIMYECTBO CUMHMX BYCMHOK, BCeraa 60nblue nam
PaBHO YeM KpacHbIX, TO KONIMYECTBO BapMaHTOB MNOCTPOEHNS OXKePeNbs, paB-
HO 4ncny KaTanaHa mL( ™) (roe 3anuch (§) 03Ha4aeT GYHOMMANbHbIA KO-

A1 k=1
atddurumeHT). MoaToMmy, B crydae ecim k — HEYETHO:

C(k):zqk_w)_rnl](kﬁ).
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EcTecTBeHHO, uTo C(1) = 1 1 C(2) = 2. Tenepb, NCNONb3ysa NpUBEAEHHbIE
peKyppeHTHble GOPMYIIbl, MOXHO IEMKO BbIYUCANTL KOMMYECTBO BapMaHTOB
oXepenbsi.

B. OpkecTp

MoCcTpOMM OpUEHTMPOBAHHbIN rpad, B KOTOPOM My3blKaHTbl ByayT COOTBET-
CTBOBATb BePLUMHAM.

Mocne aHanun3a ycnoBust 3aja4n Nerko NoHSTb, YTO B KaXKJ0M KOMMOHEH-
Te CBA3BHOCTM rpada He MOXET CyLlecTBOBaTb 60sblie OAHOMO UmKna (Ana
CTPOroro fjokasaTenibCTBa NonpobdyTe NOCTPOUTL KOHTPIPUMED).

[1na noacyeTa KonmyecTBa KOMMOHEHT CBSA3HOCTM MOXHO MCMOMb30BaTb
TMMOBOWM anropuT™M obxofa rpada (MOXHO MCMOAb30BaTb Kak MOWUCK B LUW-
PUHY, Tak 1 B ry6uHy). Jlyylle peannsoBaTb 06xoa rpada B UTEpaTUBHOM
CTWE, MOCKOSIbKY 3TO MOMOXET NPeAoTBPaTUTb NepenosiHeHMe CTeka.

Tak>ke nerko BMAETb, YTO YacTo B rpade 6yayT NpucyTCTBOBATb M30/M-
POBaHHbIE BEPLLUMHbI, Y KOTOPbLIX HET BXOAALLMX Oyr. HasoBeM 1x anga onpe-
JENEHHOCTU «XBOCTaMm». VX MOXHO MOMECTUTb B OTAENbHbIN CMUCOK eLLlé
Ha aTane YTeHnsa JaHHbIX.

Kaxk[asa Luenoyka HaunHaeTcs ¢ OAHOM0 N3 TaKMX XBOCTOB. YTOObI HalTH
LIeNoYKy MakCUManbHOM SIMHbI, MOXHO B LIMKS1E NepebpaTth BCe XBOCTbI, 415
KaXk[10ro XBOCTa NOACUMUTATb KONTMYECTBO BEPLUMH B LIEMOYKE.

<O

OO0 0<0
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C. HaiiTu n npegoTBpaTUTL

MoaBecunM AepeBo 3a BepLUNHY root (3a KopeHb Bcerga MOXHO NPUHSATbL Bep-
LnHY 1).

MNocymTaem cymMmy No BcemM nogaepeBbamM. O603Ha4MM CyMMy B Noae-
peBe C KOpHeM B/ Kak STSJ/].

Tenepb NpoMaeMCcs No BCEM BEPLLMHAM 1 HalngeM Tpebyemoe 3HaueHne —
npu yaaneHuu pebep, COeANHEHHbIX C BEPLUMHOW | TPAHCMOPTHAs AOCTYn-
HOCTb paBHa:

(STS[root] — STS[i))(STS[root] — STS[i] — 1) N Z STS[(STS[] — 1)
2 Jjechildren(i] 2

NToroast acumnToTuka anroputma — O(N).

D. Oxxupaembiii XOR

OCHOBHbIE naen NoJIHOro peLleHna BKpaTLe TaKoBblI:

+ [ToCKOMbKy Xor — onepauusa nopaspsaaHas, To ANa HaxoXAeHns cpe-
Hero 3Ha4eHuns Xor 0CTaTOYHO He3aBUCUMO APYr OT ApYra BblYUCINTb
BEPOATHOCTW PaBEHCTBA eANHULIE AN KaXK0ro 13 63 ABONYHbIX pas-
PSAOB, @ 3aTEM CNOXUTL UX ¢ Becamu 2K, roe k — vHaeke paspsaga.

+ Ecnu paccmaTpmBaTb HekoTopyto cTeneHb ABorkn k (0 < k < 62) 1
BbIUMCIUTb BEPOSITHOCTb PaBEHCTBA eAnHNULIE k-r0 BUTa B CyMME XOr,
MOXXHO ABMraTbCs MO MaccuBy A, OBHOBNSS 3Ha4YeHWe BEPOSTHOCTM MO
Mepe 06paboTKM NOCeayrOLIMX YACEN.

+ Ecnv ana gaHHoro k-ro 6uTa Xor-cyMMbl BEpOSITHOCTb paBeHCTBa ean-
HWLe ANst HEKOTOPOro Npedurkca Macc1Ba paBHa g, @ BEPOSATHOCTb A1s
HOBOrO YMcna A;, KOTOpoe Mbl MpUCOeAMHSIEM K NpeduKCy, MMeTb ean-
HULY B k-M BUTE paBHa p, TO BEPOSTHOCTb §' A1 PACLUMPEHHOro npe-

tukca paBHa p(1 —q) + (1 — p)q.

+ BHauane, korga korga npedukc nycT, g = 0. B KoHLUe, Korga npeduke
paBeH BCEMY MaCCKBY, g CTb UICKOMas BEPOATHOCTb AJ151 AaHHOMO pas-
paga. Kak 0TMeYeHo Bbille, K OTBETY Mbl MPOCTO Jo6asageM q - 2¢.
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+ [1ns BblYMCNEHMSA BEPOSITHOCTM TOrO, YTO HEKOTOPOE Ynco b, Hayrag
Bbl6paHHOe 13 MHoXecTBa {0, 1,...,A— 1}, UMeeT eanHnLy B k-M 6U1TE,
TpebyeTcs BblumcneHue cnoxHocTn O(1). PaccMoTpuM ans npumepa

A=87=1010111,, k=4.

HeoTpuuaTenbHbIX LiesbIX YNCes, MEHbLUMX A, C eAnHMLER B k-M 6uTe
cyuwectByet 39 = 2 - 16 + 7. [lepBOe cnaraeMoe COOTBETCTBYET ABYM
(10,) rpynnam Buaa 001 * % x x, 1 011 % * * *,, BTOPOE — YMCNaM OT
1010000, go 1010110,. 3aeCb XMPHbIM BblAeNIeH MHTEPECYIOLLMI Hac
k-n 61T, a 3BE3A0YKaMM 0603HAYEHbI YeTbIpe paspsiaa, KOTopble MOryT
6bITb 3anoHeHbl No6bIM 13 16 = 2K = 10000, cnoco6os. B obliem
Cny4Yae OTBET Hambosee KOMMAKTHO 3anmncbiBaeTCst C MCMONb30BaHW-
eM MOBUTOBbIX Onepauumn M &, caura BleBo << 1 BApaBo >>. Konnde-
CTBO YMCen B NepBoOK rpynne 3agaeTcst BeNMunHom (A >> (k+1) << k),
K KoTopoW cneayeT NpubaBuTb (A& ((1 << k) — 1)) B cnydae, ecnu k-i
61T umcna A paBeH eanHnLe, T.e. ecnn (A& (1 << k)) # 0.

+ [1ng HaxoXAeHna OTBeTa Mo MOAYMO M crneflyeT 3aMeHnUTh AeNeHne Ha
A yMHOXeHneM Ha A~ roe A~ — 9T0 MyJIbTUNIIMKATUBHbBIN 0BPaTHbLIN
K A 3fIEMEHT, TO eCTb Takoe HaTypasibHOe YNCSIO, MeHbllee M, 4To Npo-
nsBegeHne AA~! naet octatok 1 no MOZynto M. TToCcKosbKy Kaxaoe A
B3aUMHO MPOCTO C MoAyneM M, Takoe A~! CyLLeCTBYET 1 MOKET BbITb
HafeHo 3a BpemMa O(log M), Hanpumep, Npu NOMOLLX PaCLUMPEHHOrO
anropuT™Ma EBknnaa, nmbo 6bIcTporo BosBeaeHnst A B cteneHb o(M)—1,
roe o(M) ecTb KONMYeCTBO Ynces, MeHbLUMX M 1 B3aUMHO NMPOCTbIX C
HUM.

E. «Odd Taxi»

[ins KaXKA0M BEPLUMHBI Mbl XOTVM KaK-TO OMpeAesinTb, CKOJIbKO Y4aCTHNKOB
CALET B IBYXMECTHOE TaKCK C KEM-TO 13 MOTOMKOB KOPHSA noagepesa. [nd
3TOro nocymTaem dp[v][cnt] — CTOMMOCTb NOAAEPEBA V, eCNV OHABUTL B KO-
peHb NoaAepeBa cnt y4acTHUKOB (y4acTHUKM 6e3 nap U3 NpeakoB). 3amMeTuM,
YTO B ONTMMAaSIbHOM OTBETE CNt < KOM-BO JIMCTbEB B MNOAAEPEBE, HAYe Hat-
[leTCA Napa BEPLUNH B NOAAEPEBE, NNeXalLMX Ha OAHOM MY TH OT KOPHS, X 060~
VX BbIFOAHO NMOCaAUTb B BYXMECTHOE Takch. Kak BbIMUCIINTL 9TO 3HaYeHne?
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HaM Hy>KHO HabpaTb cnt y4aCTHUKOB M3 MOTOMKOB. 3TO 3aZia4a O paHLie,
roe dplul[cnt,] aABnaeTcsa npegMeToM C BeCOM cnty. CyMMapHO 3To cpaboTaeT
3a 0(n?). OcTanoch y4ecTb y4aCTHUKOB, KOTOPbIE OCTaNMCh 6€3 napbl B KOPHE
noafepesa. [IonycTnM 1nx 0CTanoch cnt, 3a HUX Hao 3annaTuTb

cnt

depth|v] = | 5

| * y + depth|v] = (cnt % 2) * x
(UenoymcneHHoe feneHne 1 B3sTME OCTaTKa Mo MOAY/0). TN CTOMMOCTY
06pasytoT apuPMeETUHECKYHO MPOrPECCUIO ANA OAMHAKOBbIX YETHOCTEN, NO-
3TOMY MOXHO NocuuTaThb 3HadveHua dp|v][cnt] Yepes dp|v][cnt, < cnt], noa-
AepxmBan Ba MUHUMYyMa. OTBeT 6yaeT HaxoauTbes B dp[1][0].

F. WHonnaHeTHasa My3blKa

Mocne aHanusa ycnoBus 3aa4m MOXHO NMOHATb, YTO KOIMYECTBO BapMaHTOB
MOXET 6bITb BECbMa BEINKO, MOSTOMY A1 UX MOACHETa ClneayeT UCMOb30-
BaTb TMN int64 (long long int).

Mpy YTEHUN BXOAHbBIX AaHHbIX HEOOXOANMMO CO3AaTb ABa IMHENHbIX Mac-
cvBa pa3mMepa N: a n b. B maccuse a 6yaemM xpaHUTb KONMYECTBO HOT C aK-
LIEHTHOWM TOHANIbHOCTbHO, @ B MacCHBe b — KONMMYECTBO OCTalbHbIX HOT.

CHavana opraHunayem ABOWHOW LMK, 4TOBbI NepebpaTb BCe BapuaHTbl 13
[IBYX HOT aKL|EHTHOW TOHaIbHOCTW.

3aTteMm, 41 KaXJoro Bbibopa ABYX HOT C aKL|EHTHON TOHAIbHOCTBHO HYX-
HO NOACYMTaTb KONMYECTBO BapMaHTOB A5 BCEX OCTaBLLMXCS HOT C APYTrMM
TOHANBHOCTAMM.
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Ha cxeme BbiGpaHbl ABe HOTbI (i = 2, j = 4). Konn4yecTBO BapMaHTOB B 9TOM
cry4Yae MOXKET 6bITb NOY4YEHO Mo hopMyne:

HpVIBe,EleM JMCTUHI ANnA OCHOBHOW 4acTu nporpaMMbl Ha A3blIKe C

long long int answer = 0;
for (int i=0; i<n; i++) {
for (int j=i+1; j<n; j++) {

long long int count = 1;
for (int k=0; k<n; k++) {

if ((k !'= 1) && (k !'= 7)) {
count *= b[k];

answer += a[i] * a[j] * count;

G. MoHTa)XHas nnarta

BbiicHAeM, SBAAETCS NN L rMNOTEHY30M NPSIMOYrOSIbHOrO TPEeYrofibH1Ka C
LenbIMy KaTeTamu.

Ecnn He aBnAeTcs, TO pacnonoXeHne NPOBOAKOB AOMKHO 6bITb CTPOro
napanfiensHo KpasM nnatbl. ONTUMasbHbIM NMPKY 9TOM SABJIAETCH Pacrosio-
YKEeHWe, NoflyHdaeMoe »alHbIM anropuTMOoM. OH 3aKNFOYaEeTCA B TOM, YTO CHa-
Yana nNpoBOASATCHA MPOBOAKM MOAPAL B BEPXHEN rOPU30OHTaSM ClieBa Hamnpa-
BO, 3aTeM B cneaytoulen . a. lNocne npoBefeHus ropnsoHTanbHbIX NPOBO/-
KOB TaKMM >Ke 06pa3oM MPOBOASTCS M BepTMKanbHble. Takom npouecc chne-
OyeT NPOBECTU /1A KaXKA0N 13 ABYX BO3MOXHbIX OpUeHTaUmMin nnatbl. Mpn-
Mep npu L = 3 Ha nnate 5 x 10 NpuBedEH Ha PUCYHKE.
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L[lokazaTb ONTUMasIbHOCTb MOXXHO Tak. [lokpacuM y35bl B L + 1 pasnuny-
HbIX LIBETOB MO AMaroHanaM. Tak Kak NPOBOAKM MOTYT 6bITb PaCroSIOXKeEHb!
TOJIbKO BEPTUKAJIbHO UM FOPU30HTAsTbHO, TO IEMKO BUAETD, YTO KaXK bl MPO-
BOZIOK 3aHUMaET L + 1 y3es pasHblx UBETOB. XXaAHbl anropnut™M OCTaBnaeT
CBOHOAHDBIMM Y31bl, KOTOPbIX 60/blUE. B cnyyae Ha pycyHKe — 3T0 y37bl 1-ro
N 2-ro UBEeTOB.

Ecnu L aBnaeTca runoTeHy3om NpAaMOyrofibHOMO TPeYrofibHUKa ¢ Lenbl-
MW KaTeTamMu, TO, KPOME MPAMOro pacrnonoXxXeHus npoBOAKOB, ONUCAHHOMO
B MNpefblAyLleM cllyvae, Hago pacCMOTPETb BCE BO3MOXHbIE «AuaroHasb-
Hble» PacroNoXeHNA NPOBOAKOB. [1py 3TOM Kax bl MPOBOAOK UCKJIIHOYa-
eT U3 PaCCMOTPEHNA TONbKO [1Ba y3na CETKW. [1pK MPSMOM pPacnoNOXeHUN
KaXKZblM NPOBOAOK 3aHMMaET H0bLUee KOMYECTBO Y3/10B. TaknMm 06pasom,
€CNV NPOBOAKM PACMONOXeHbI NapasnnensHo Apyr APYry, TO Ux obLiee KO-
4ECTBO MLb HEMHOIO MeHbLLIE OOLLIErO KONMYEeCTBa Y3/10B, AENEHHOMO Ha 2.
Huxxe npmeeaeH npumep npn L = 5 Ha nnate 6 x 8.

R, N, N\ N
NN\
NN

Ecnu ke cpeav NPOBOAKOB €CTb HenapannesbHble, TO OHM «<MeLlaroT» ApYr
Aapyry. Takum 06pasoMm, NoYTK O4YeBMAHO, YTO B 9TOM Cilydae chefyeT Ans
Kak[10ro BO3MOXKHOI0 HamnpaBieHust pacnonaraTb NPOBOAKM MO «AMaroHa-
NAM» BAOSb 9TOr0 HanpaBieHus.
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H. 3emneTpsiceHue

[1ns pelleHnsa 3aaadn HeO6X0AMMO OpraHM3oBaTh Nepebop BapuaHToB. A4
NOBbILLIEHWSA MPOU3BOANTENBHOCTI MOXHO YYECTb CledyHoLLee:

+ BNepebope He y4acTBYHOT KBaapaTbl co 3HadeHnamm 0000, 1111,2222,
3333;

* NpsiMble TPy6bl MOXHO BbIpaBHMBATL B MpoLiecce pekypcuBHON Npo-
BEPKM KOPPEKTHOCTM TPy6ONpPOBOAa;

* Tpy6bl He MoryT yBoamTb B 0000 1 3a npeaenbl ropoaa.

TaknM 06pa3oMm, B nepebope y4acTBYHOT KNETKM C ABYMS U TPEMS eUHW-
LlamMK, a TakxKe TPyObl, COCEACTBYHOLLME C UCTOYHUKOM BOfbI.

[1na NpoBepKnN KOPPEKTHOCTW BapuaHTa creayeT UCronb30oBaTh PeKyp-
CUBHbIN 06x0/ TPyH6ONPOBOAA C MNOACHYETOM MOAKHOYEHHbBIX JOMOB.

. JlJabupuHT pobomepaBeasn

[Ins pelleHns 3agayn HaMm NOHaA0OUTCS ABa OCHOBHbIX MeToAa: ANHaMMYe-
CKOE MporpaMmMmpoBaHmne 1 MOUCK B LLUMPUHY.

CyTb 3afja4s B TOM, YTOObI MNOACHMTATb MUHMMANBHOE KOMYECTBO MO-
BOPOTOB /1A KaXXJJ0M TOYKN MO OTAENbHOCTH, a faslee, 3Has TOYKN, KOTopble
Mbl JOCTUIraeM U3 KaXk oW KNETKU, BbICHNTbIBATb MUHUMabHOE KONNYECTBO
NMOBOPOTOB A/1A Hee.

[na Havana onpeaenum MexaHnaMm nocelleHns kneTok. Korga Mbl npuxo-
OVIM B OMpefeneHHyro KNeTKy, Mbl 3aNOMUHaeM [/19 3TOW KNeTKM ABa napa-
MeTpa: Kakoe KONMMYeCTBO NOBOPOTOB HaM MOHAA06UIOCH A1 9TOM KNETKM
N KaK Mbl K HEA NPULLIM — BEPTUKANbHO UMM FOPU30HTaNbHO. ECiv Mbl no-
CETUNN 3TY KNETKY 1 BEPTUKASbHO, M FOPU3OHTAsbHO, TO B AasIbHENLIEM 06-
pabaTblBaTb 3Ty KMETKY HE HY>XHO, Beb BCe KNEeTKM CNeBa, cnpaBa, CBepXy
1 CHU3Y Y>Ke ObININ MOCELLEHDI.

[anee 0603Ha4YMM ABWMXKEHWNE OT KaXXA0W KNeTKN Ao creaytoulen. Koraa
Mbl MOCETUNN KETKY FOPU3OHTANIbHO, Mbl MYyCKaeM OT Hee MOCELLEHUS Mo
BepTMKaNu, MHade — No ropnaoHTann. nsa Kaxkaon NoceLeHHOM 13 TOYKM A
KNeTKM 3arnoMmMHaemM KoMmM4ecTBO NOBOPOTOR [0 A, yBEMYEHHOE Ha 1.
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N, HaKoHeLl, onpeaenvMm ovepe/ib NocelleHns knetok. Cneaytollas Ha no-
CellleHme KNneTKa — 3TO KJIeTKa, A0 KOTOPOW HY>XXHO MUHUMAIIbHOE KOMnye-
CTBO NMOBOPOTOB N3 BCEX AOCTYMHbIX HaM. O6X0AA NyTb TaknM 06pa3oM, Mbl
rapaHTUpyeMm, YTO 0 KaXKA0W MOCeLEeHHON HaMW1 TOYKM Mbl MOTPATUIN MU~
HVYMaslbHOE KOIMYECTBO NOBOPOTOB, BeAlb MHAYe Y Hac 6blna bbl Apyras, eLle
He 06paboTaHHaa CTapToBasa KNeTKa, NyTb A0 KOTOPOW MeHbLUE TeKyLLen, Ye-
ro He MOXeT OblITb.

TaknM 06pa3oM, NOHAB 3TN OCHOBHbIE MOMEHTbI, Mbl MOXXEM CMOKONHO
peLnTb 3Ty 3adady.

AcumnToTmka 3agayn O(Nlog N) npu 3agade npuopuTeTa Yepesa CTPYKTY-
py AaHHbIx ordered_queue, npu akkypaTtHoi peanusaumm — O(N).

J. 1D Arkanoid

Bygem oTBevaTb Ha KaxAbl 3anpoc HesaBMCKMMO. [na Hayana y3Haewm,
CKOJbKO MPEnATCTBMI paspyLmnT Wwapuk. Onsa atoro 6yaemM Mcnonb3oBaTb
JBOWYHbIM MOUCK: HY>KHO YMETb NPOBEPSTb, 3@ CKOSIbKO CEKYH[, LLIapuK pa3-
PYLUMT K NpensiTCTBUNA.

MycTb, He yManasa 06LHOCTHN, LapUK M3HaYalbHO ABUXKETCS BNpaBo. Mbl
3HaeM, YTO OH PaspyLUnT [%} NPenaTCTBUA cnpaBa OT HavYabHON NO3ULUN,
7 ng NpensaTCTBUIA ceBa OT HavanbHOM NO3MUMK. Bpems, Hy>KHOe, YTObb!
NPOMTIN 9TOT Ny Tb, MOXHO BbIYUCINTb MOAENMPOBAHNEM (M MONYYNTb 58 nnu
87 6annoB B 3aBMCUMOCTM OT akKypaTHOCTH).

[ns Toro, 4Tobbl nony4nTb 100 6anN0B, HY>KHO MCMONBb30BaTb NpedUKCc-
Hble CyMMbl. [1yCTb KOOPAMHATbI MO3NLKIM MPENATCTBUIM CNEBA 3TO X, ... , Xy,
a NpensaTcTBUiA CnpaBa — Y, ..., Y. CyMMa BCeX BPEMEH ABWMKEHUA LLapK-
Ka cnesa HanpaBo paBHa y; — P+ Yo — Xy + ... + Vi — X7 [lEpenuncas oty
bopmyny, TOAYUUM Yy + Vo + ...+ Y, — (D;+Xq + ...+ X,_1), YTO NIEFKO BbIYMCS-
eTcA NpedUKCHbIMM CyMMaMu. AHANOrMYHO (He 3abblB NPO pasHble cryvan
B 3aBMCMMOCTM OT YETHOCTU k), MOXKHO BbIYMCINTb BPEMS, KOTOPOE LLapuK
TpaTUT Ha ABMXKEHMe cnpaBa Haneso. [lanee, Mbl yMeeM ABOVYHbBIM MOUCKOM
Haxo4MTb YNCNO CIOMaHHbIX MPENATCTBUI, HAXOAMM OCTaBLUEECA BPEMS, U

BbluMCsfeM BuHaNbHYHO No3nLUmto. PellieHne paboTaeT 3a O(n + mlogn).
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