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Problems

A. Collection

Young mathematician Talban collects beautiful stones. For now, his collection
contains just 10 different stones. Once in Moscow, during one of the
olympiads, he saw in a shop a special display stand for stones with 10 cells.
Each cell can fit one stone and has a spot light that can produce either blue or
red light. Talban liked this stand very much, so he bought it at once.

At home, he set his stones on the stand right away. While enjoying his
spotlighted stones, Talban wondered how many ways there are to arrange the
stones on the stand? He found that amount very quickly but suddenly noticed
that he hadn't taken into account the colour of spotlights. That problem turned
out to be difficult. After several days, he finally managed to find a solution to
the problem.

He was very tired and proud of himself. But Talban went further and
wondered how to solve this problem in the case of N stones and stand with N
cells. Please help the tired Talban to solve this difficult problem!

Input

Single integer N (N < 10%) — a number of stones in the collection.

Output

Your program should output a single integer — the number of ways to
arrange the collection on a stand. We understand that this number can be
huge, so print it modulo 10° + 7.

Scoring

This problem has two subtasks. Points for each are awarded only if the
solution passes all the tests from this subtask.

Subtask 1 (points: 40)
N<17.

Subtask 2 (points: 60)
N <104



Problem statements

Examples
standard input standard output
3 48
5 3840

B. Rice on the chessboard

You might have heard a legend about an ancient mathematician asking the
ruler of the country for a reward for the invention of the chess. He asked to
place one grain of rice on the first square of the 8 x 8 chess board, two grains
on the second square, four on the third, and so on, each time doubling the
number of grains. But this problem is not exactly about that story.

You have an n x m board. The cell on the intersection of the i-th row and
J-th column contains a; ; rice grains. You want to turn this board into chess-like
one, where each square has the size of k x k, except for squares on the edge
of the board which can have width or height less than k. Each square must
be colored black or white, and squares that have a common side must have
different colors.

Find a coloring of the given board such that the total number of rice grains
on black squares is maximum possible.

Input

First line contains three integers n, m, k (1 < n,m,k < 2000,
k < min(n,m)) — number of rows, number of columns and the size of the
square. Next n lines contain m integers a;; each (0 < g;; < 109).
Output

Output a single integer — maximum possible total number of rice grains on
black cells.
Scoring

This problem has four subtasks. Points for a subtask are awarded only if
solution passes all the tests from this subtask and preceding subtasks.
Subtask 1 (points: 30)

n,m<50k=1.
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Subtask 2 (points: 20)
n,m < 50.

Subtask 3 (points: 20)
n,m < 500.

Subtask 4 (points: 30)
No additional limitations.

Examples
standard input standard output
4 5 2 55
50165
07902
95321
81143
331 25
123
456
7 89
Note

In the first example the optimal coloring is to color (2, 2) — (3, 3) black (after
that, colors of all other cells are determined uniquely).

C. Powerful partition

You are given a string consisting of @ and 1. You have to insert some + signs
into this string in such a way, that calculating the resulting expression in binary
gives a power of two.
Input

Input contains one line S (1 < |S| < 10°) composed of characters @ and 1.

Output

If itisimpossible to place + signs so that the result is a power of two, output
“NO”. Otherwise, if a solution exists, output “YES" on the first line. Then on the
second line print the required expression consisting of ©, 1 and + characters.
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After removing the + signs, the expression must be equal to input string S. The
first and the last characters can not be +, and there must be no adjacent +
signs. Leading zeros are allowed. In case there are multiple correct solutions,
print any one of them.
Scoring

This problem has three subtasks. Points for a subtask are awarded only if
solution passes all the tests from this subtask and preceding subtasks.
Subtask 1 (points: 25)

IS| < 16.

Subtask 2 (points: 35)
S| < 500.

Subtask 3 (points: 40)
No additional limitations.

Examples
standard input standard output
0le01101 YES
01+0+01+1+0+1
11111 YES
1111+1

D. Verkhoyansk

Marcel has planned a trip in the Verkhoyansk Range, a 1200 km mountain
range in the Sakha Republic. The landscape can be seen as an array of N
integers with values between 1 and N, representing the heights of the mountain
peaks along the range.

Marcel has Q friends. Friend i will visit all peaks with indices from L[i] to R[i].
Marcel wants to know, for each of them, what is the smallest positive integer
height of a peak each friend will not visit. He needs to know this in order to
optimally plan his next trip.

For example, if one friend visits peaks with heights 32 51 1 6 3 5, the
smallest positive integer height of a peak he didn't visit is 4.
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Input

The first line contains numbers 1 < N < 300.000 and 1 < Q < 600.000.
The second line contains N integers with values between 1 and N, representing
the heights of mountain peaks. The following Q lines contain 2 numbers, L[i]
and R[i], withO < L[] < R[] <N-—1.
Output

There will be Q lines. Line i contains the smallest positive integer height of
a peak friend number i will not visit.
Scoring

This problem has four subtasks. Points for a subtask are awarded only if
solution passes all the tests of a subtask.
Subtask 1 (points: 20)

N < 1.000 and Q < 10.000.

Subtask 2 (points: 30)

N < 100.000 and Q < 200.000 and all the heights are at most 50.
Subtask 3 (points: 30)

N < 100.000 and Q < 200.000.
Subtask 4 (points: 20)

N < 300.000 and Q < 600.000.

Note
Note that the array of heights is "0-indexed”
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Examples

standard input standard output

14 16
34325167216243
04
05
13
12
12
12
11
11
13
13
13
7
8
8
9
10
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E. Arithmetic progressions

This year, young programmer Grigory has learnt a lot of new mathematics.
In particular, he liked arithmetic progressions very much. He doesn't like dry
theory, so he decided to explore this exciting topic. Grigory took two arithmetic
progressions and wants to know how many common elements they have
inside the segment from [ to r (endpoints included). Help him solve this
problem.

Recall that an arithmetic progression is a sequence of numbers of the form

a;,a;+b,a,+2b,....,a;+(n—"1)b, ...,

that is, a sequence where each member starting with the second one is
obtained by adding a constant b (the difference of the progression) to the
previous one:

a,=a, 1+b.
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The formula for the nth number in the sequence is:
a,=a, +((n—"1)b.

Input

The first line contains two integer numbers aand b (0 < a,b < 107), the
initial term and the difference of the first arithmetic progression. The second
line contains two numbers ¢ and d (0 < ¢,d < 109), the initial term and the
difference of the second arithmetic progression. The third line contains two
integer numbers /and r (0 < | < r < 10°), the endpoints of the segment.

Output

Output the number of common terms of the two progressions inside the
interval [/, r].

Examples

standard input standard output
32 2
56
10 20

30 0 1
15 15
10 1000

Note

This task has four subtasks. Points for a subtask are awarded only if
solution passes all the tests from this subtask and preceding subtasks.

Subtask 1 (points: 20)
a,b,c,d,l,r <103

Subtask 2 (points: 20)
a,b,c,d,l,r<10°.

Subtask 3 (points: 40)
a,b,c,d < 10°.

Subtask 4 (points: 20)
No additional limitations.
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F. Superheroes

For many years, a war has been going on between a team of superheroes and
a gang of supervillains.
Each superhero or supervillain has one of five superpowers:

+ (S) super speed — an ability to move blazingly fast;
(P) super strength — incredible physical strength and health;
- (T) telepathy — an ability to read and control people’s minds;
- (K) telekinesis — an ability to move objects by the force of thought;
(E) energy beam — an ability to shoot at enemies with an energy beam.
The result of a fight of two superpower owners can be predicted by the
following rules:

« super speed defeats telepathy and super strength;

- telepathy defeats super strength and telekinesis;

- super strength defeats telekinesis and energy beam;
- telekinesis defeats energy beam and super speed;

- energy beam defeats super speed and telepathy.

On the eve of the final battle, the superheroes have obtained the list of
supervillains and their superpowers. It is known that the upcoming battle
will consist of a series of one-on-one duels. The number of superheroes in
the battle is equal to the number of supervillains, and each participant fights
exactly once.

Luckily, the team of superheroes can choose who will fight whom. You
must help them to make the right choice to win the maximum number of duels.

Input

The first line of the input data contains an integer N (1 < N < 10°), the
number of participants in the battle on one side.

The second line of the input data contains a string of N characters denoting
the types of superpowers that the supervillains possess.

The third line of the input data contains a string of N characters denoting
the types of superpowers possessed by the superheroes.

Output

Print a string of N characters denoting abilities of the superheroes. This
string must be a rearrangement of the characters of the third line of input
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data. This heroes arrangement must allow them to win the maximal number
of duels.

Each i-th character in it corresponds to a superhero with this type of
superpower who, must fight the supervillain whose superpower is encoded
by the i-th character on the second line of the input.

Scoring

This problem has two subtasks. Points for each test are assigned
individually.

Subtask 1 (points: 30)

There can be heroes and villains with only three abilities: S (super speed),
P (super strength) and K (telekinesis).

Subtask 2 (points: 40)
There can be heroes and villains with all five abilities, N < 100.

Subtask 3 (points: 30)
There can be heroes and villains with all five abilities, N < 10°.

Example

standard input standard output
5 ESTPK
STPKE
STPKE

G. Tygyn

One of Marcel's ancestors, called Manchaary, son of Nyurgun and Sahayaana,
was one of the servants of Tygyn Darkhan, at the beginning of the 17th century.
Tygyn Darkhan, the great leader who unified the Yakutian tribes, seems to have
been very passionate about Number Theory.

One day, he assigned some distinct integers from 2 to M to his N cows.
He decided to group the cows, based on their numbers, into as few herds as
possible. However, he set the following conditions that should be met for all
herds:

+ Let x be the smallest number assigned to the cows in the herd. Each
other number of a cow in the herd is of the form x x k, with k integer.

10
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- All divisors of k (apart from 1) are greater than or equal to any prime
divisor of x, for all cows in the herd.

However, Tygyn is a bit busy with keeping peace in his territory, so he
asked Manchaary to take care of the cows. The task was rather difficult for
Manchaary, but the reward was magnificent: he could then marry beautiful
Sardaana!

We know the end of the story: Manchaary solved the task and Sardaana
became an ancestor of Marcel. However, when Marcel learned about the story,
he thought the task can go back to the lands it originated. That is why the
participants in Tuymaada 2019 have to solve it!

Input

The first line contains integer numbers N, M (1 < N < M < 10°9). The
next line contains N numbers with values between 2 and M, representing the
distinct numbers assigned to the N cows of Tygyn Darkhan.
Output

The first line contains the minimal number of herds Manchaary could group
the cows into.
Scoring

This task has two subtasks. Points for a subtask are awarded only if
solution passes all the tests from this subtask.
Subtask 1 (points: 30)

N < 1000.

Subtask 2 (points: 70)
No additional limitations.

Examples
standard input standard output
5 100 3
2 311 22 12
10 20 9
8 12 20 6 3 7 11 13 19 15
14 20 9
4143571113171912151689
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H. Competition

There are N + 1 people competing in some event for N days. Each day,
exactly one of them is declared the winner of the day. The score of some
participant is equal to the number of days he was winner. After each day, the
participants with the highest score receive a coin. After the competition is over,
each participant has some happiness value, calculated the following way: for
every discretely continuous maximal interval when he receives coin, add to his
happiness the square of the length of the interval.

For example, if some contestant won coins on days 3,4, 10,11,12, 18 and
19, the intervals are [3—4],[10—12] and [18 —19], while his happiness is equal
t0 22 + 32 + 22 = 44+ 94 4 = 17. The outcome of the competition is the sum
of happiness for all participants.

Now Marcel comes in, and he is able to insert, somewhere in the array of
days, one day that will surely be won by participant number 0.

You are given an array of N integers between 0 and N, representing the
winner of each day. Let f(p) = the outcome of the competition if we would insert
number 0 in this array after the p'th element in the array. You need to print
numbers f(0), f(1), ..., f(N).

For example, if the array of 3 elements is 0 1 1, f(0) = the outcome of the
competition 00 1 1. Participant number O receives coins in the days 1, 2, 3 and
4. So his happiness is 4% = 16. Participant number 1 receives a coin on day 4.
His happiness is 12 = 1. Participants 2 and 3 receive no coins. So f(0) = 17.
f(N = 3) = the outcome of the competition 0 1 1 0. Participant number 0
receives coins in the days 1,2, 4 so his happiness is 4 + 1 = 5. Participant
number 1 receives coins in the days 2, 3, 4 so his happiness is 9. So f(3) = 14.

Input

The first line contains a number N (1 < N < 10°), and on the following line
there are N numbers with values between 0 and N, representing the winners of
the competition on each day.

Output
There are N + 1 lines. Line i contains number f(i — 1).

Scoring

This task has four subtasks. Points for a subtask are awarded only if
solution passes all the tests from this subtask and preceding subtasks.
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Subtask 1 (points: 11)

N < 100.
Subtask 2 (points: 13)
N < 3000.
Subtask 3 (points: 39)
N < 10°.
Subtask 4 (points: 37)
N < 10°
Examples
standard input standard output
4 20
0444 20
21
21
20
4 21
1011 17
17
27
26
4 23
2110 23
27
21
21
10 140
1231230123 154
154
154
145
152
157
157
144
149
152
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standard input

standard output

10

4910153410329

218
226
226
226
226
226
226
190
197
202
202
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Solutions

Tutorials

A. Collection

There are N! ways to arrange N stones on a stand with N cells on it. If we take
into account that each cell is lit by one of two colors then there are 2V x N! ways
to set stones on the display stand. This number may be huge, so it is better to
use the following formula ay, = ay_q x 2 x N, with a; = 1. Then the solution of
theinitial problem is the Nth member of this sequence. We are to find it modulo
10° + 7. Hence, one should use this formula: ay = ay_1 x 2 x Nmod (10° + 7).

B. Rice on the chessboard

Subtask 1 can be solved by calculating sum of all cells (r,c), where r + c is
even, r + ¢ is odd, and taking the maximum of these two sums. Since a;; can
be up to 10% their sum can be upto § - n-m-10° 2 10'?, which exceeds the
maximum value of a 32-bit int variable. Don't forget to use 64-bit type in this
calculation.

For k > 1 every chess-like coloring can be described by the size and color
of the left-most top-most rectangle. After the color and the size h x w of the
rectangle are fixed, the colors of each cell on the board can be determined
uniquely. Every such rectangle has size h x w, where h and w are less than or
equal to k.

If we try all possible combinations of h and w, calculating the sum naively
for each combination, we take O(nmk?) time and pass the first two subtasks.

All that is left to do is to find the sum faster. This can be done

using 2D prefix sums. Let's calculate the array sum(i,j) = > a,, —
r<i, c<j

sum on a rectangle (1,1) — (i,j). Using this array and the inclusion-
exclusion principle, we can find the sum of any rectangle (ry,¢4) — (rp,Cy):
sum(r,,c,) —sum(r; —1,¢,) —sum(ry, ¢4 — 1) +sum(r; — 1,¢4 — 1).

Every chess-like coloring contains at most (| 2] +2)(| 2] +2) rectangles of
the same color, and we can calculate the sum of each one of them in constant
time. This way, calculating the sum for a fixed coloring can be done in O(%%)
time. Since there are 2k? different chess-like coloring, the total time complexity
of this solution is O(k?) - O(%%) = O(nm). Good implementation of the solution
above should score 100 points.
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C. Powerful partition

Subtask 1 with |S| < 16 can be solved with brute-forcing all possible
placements of + signs. String of length n has 2"~ different plus placements
(between each pair of adjacent digits we can either put +, or not). Then,
sum all numbers in binary and check if the result is a power of two. This
check can be performed with just one bit operation: x is a power of two iff
x>0 Axand(x—1) =0.

To solve subtask 2 you have to make a following assumption: let the
resulting power of two be small (not exceeding 2'). Then you can implement a
dynamic programming solution: let dp[i][j] be equal to 1, if we can get j using
first i digits, and 0 otherwise. Transition is done in O(/): try all possible lengths
of the next number (up to /). The total time complexity is O(n/2). If we choose
I such that 2/ & n, then the time becomes 0(n? log n), which is fast enough for
the second subtask.

We can implement this solution and check that it finds an answer for all
strings with at least one 1. It's possible to prove that the answer always exists,
moreover for all strings except 11111 the length of each number is at most 3.

Initially, let's place all possible + between all adjacent digits. Current
sum is equal to m, where m is the number of ones in the input string. Let
21 < m < 2% It is always possible to achieve sum 2% by concatenating
adjacent digits into one number. Notice, that concatenating 1 + x — 1x
increases the sumby 1, T+ 0+x — 10x —by3,and 1+ 1+ x — 11x —
by 4. We will act greedily, concatenating triples of digits while the current sum
doesn't exceed 2. After that we'll do the same with pairs of digits. We can
show that for a large enough number of ones (16 is enough), this algorithm
always achieves 2%. For smaller values of m we can check it by hand; but the
algorithm fails form = 5.

Let's solve m = 5 separately. If there is a substring 10x, then we make it
a separate number and get 8. Otherwise, the input string is either 0...011111
or0...0111110. In the first case the answer is 1111 + 1, in the second one —
11411+ 10. This greedy and case handling can be done in linear time, which
gets full score for this problem.
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D. Verkhoyansk

For 20 points. Brute-Force. Process queries online, as you read then from
input. Use a bool array visited and go from the left end to the right end of the
query interval and mark the heights seen as visited. Then go with the supposed
ans from 1 and increase it while visited[and] is true. Don't forget to reset to 0
the values in visited in order to be used correctly for the next queries.

For 80 points. Divide the array of heights into contiguous buckets of size
K. There will be % such buckets. K must not necessarily divide N. The last
bucket can have a smaller size.

We will answer offline to the given mex range queries. For each bucket, we
will consider all queries having the left end in the selected bucket and answer
all of them. After we have taken into consideration all buckets, all queries will
have found their answer and we can print them in order.

Suppose we want to compute the answers for all queries having the left end
in some bucket B. Their right ends can be arbitrarily high, but their left ends are
allin some interval from B« K to (B + 1) * K — 1. We will call the heights found
in this interval special. All other heights are not special.

There are at most K special heights and at most K+ 1 contiguous intervals
of non-special heights. For example, if the special heights are 5 and 23, and
N = 100, the intervals of non-special heights are [1—4], [6—22] and [24—100].

Now, for each query, a non-special height can only be visited outside the
bucket, while the special ones can also be visited inside it. The idea behind
the solution is to keep a partial mex for each interval of non-special heights,
considering only the heights from (B + 1) x K to the right end of the query.

To be more precise, partialMex[x] will keep the smallest integer value
greaterthen orequal to x that can't be found between the heights from (B+1)+K
to the current right end.

Itis also important to notice that it is enough to calculate partialMex|[x] only
for the xs at which an interval of non-special heights start. For the example
above, partialMex[x] is relevant only for x = 1, 6 or 24.

In order to keep these values properly, we will sort the queries (considered
for the current bucket) by their right ends. The first queries will have their right
ends inside the bucket, so we can iterate the heights in the query interval and
calculate their mex in a brute-force manner, as we will make at most K steps.

The next queries will start to increase the right end, and we will mark the
new heights as visited. Note that we only mark heights found outside the
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bucket in the visited bool array. Note, also, that we mark all heights, no matter
they are special or not.

For each of the queries, we will calculate the answer the following way. We
start with ans = 1 and try to increase it. At each step, ans represents a height
which is either special or not. If it is special, increase ans if the height can be
found in the bucket, after (to the right of) left end, or it is marked as visited, else
stop and return ans. If it is not special, it means it belongs to some interval, and
we should ask the corresponding partialMex how much can ans increase. If the
partial mex tells us the hole interval has been seen, we can continue with our
expansion with ans from 1 + right — end — of — the — interval. If we are stuck in
the middle of the interval, it means the partial mex is the answer to the query.
This way, we use exactly all the heights in the query interval.

The official implementation calculates partialMex|x] lazyly (not as we mark
heights as visited, but as we need its value when answering a query). So, when
we have some ans equal to the first non-special height of the current interval,
wetry to increase partialMex[ans] as long as we remain in a non-special interval
of heights and as long as the value has been visited outside the bucket (marked
in the visited bool array). Then we say ans = partialMex[ans] and move on.

To sum it up, for each bucket, as we move the right end along answering
the queries, we keep track of the partial mex of each interval of non-special
heights. This makes it possible that for each query we can see at most 2xK+1
values: the special heights and the K + 1 intervals, which we jump in constant
time because of the partial mex we keep for each of them. Also, the partial
mex for each interval can only increase interval — length times, giving a total
of at most N steps for each bucket.

Let's analyze the complexity of the algorithm. For each bucket, we visit O(N)
positions, because the highest right end of a query is N — 1. We also increase
partialMex O(N) times. For each query, we make O(K) suplimentary steps to
find out the answer. Therefore, the complexity is O(N%(N + Q *K) which reaches
its minimum when K equals \’/\’5, giving a complexity of O(N x v/Q + Q).

However, the solution requires a sorting of the queries by their right ends
for each bucket, so the final complexity is O(N * v/Q + Q * logQ)

For 100 points. We will process the queries offline, in increasing order of
their right ends. As we move along the heights array and answer the queries,
we need to remember, for each height, which was the rightmost position we
encountered it in the array. Suppose we know these values. Then, for each
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query, we need to find out the highest value val such that all values from 1 to
val — 1 have this position greater than or equal to the left end of the query.

We can use a segment tree over the values. More precisely, suppose we
keep this array, rightMostPosition[x] with the meaning, what is the rightmost
position where the height is x, encountered so far (up the right end of the
current query). rightMostPosition[x] = —1 if there was no height equal to x
so far. The segment tree will simply store the minimum over these values.

When we change the right end of the current query, we can simply notify
the array rightMostPosition with the new values encountered. Every change in
rghtMostPosition means O(log N) changes in the segment tree. Therefore, we
know how to update the segment tree, but how to find the mex with it?

We will binary search the answer, using the segment tree. Each node of the
segment tree will tell us whether all values in the node's segment can be seen
in the query interval. The condition is that segmentTree[node] to be greater
than or equal to the left end of the query. Using this condition, we can binary
search the answer while moving along the segment tree in O(log N).

The final time complexity of the solution is O((N + Q) * log N).

E. Arithmetic progressions

The degenerate case when any difference is zero is easily treated separately.

Subtask 1

A brute force computation, for example saving all the members of the
progressions inside the interval [/,r] into arrays and checking for common
values, will solve the problem in O(r?).

Subtask 2

We check if k € [/, r] appears in both progressions, for all k. A number k is
of the form k = a + bn iffa < kand (k — a) is divisible by b. This gives an O(r)
solution.

Subtasks 3, 4

For these subtasks, find the first common member:

a+bn=c+dm, n,m>0
This is a linear Diophantine equation in n, m. It can be solved, for example in
O(max(b, d)) as follows. Rewrite it as
_Cc—a+dsxm
i
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Swapping the progressions if necessary, we'll assume that a < c. It is
sufficient to consider the values of m from 0 to b. If there is no solution in this
interval, then it doesn’t exist at all. This search has complexity O(max(b, d)).
Solving the Diophantine equation using the extended Euclid algorithm gives
an O(log(max(b, d))) solution which allows solving Subtask 4.

Denoting by t be the minimum common member of both progressions, we
note that the common members form an arithmetic progression with initial
value t and the difference of LCM(b, d), where LCM is the least common divisor
function.

Denote by f(a,b,p) the number of the elements of the arithmetic
progression with an initial value a and difference b in the interval from 0 to p:

fla.b.p) — 0 Jifp<a
el 1221 +1  otherwise

Then the answer is f(t, LCM(b, d), r) — f(t, LCM(b, d), — 1)

F. Superheroes

Let's construct a directed bipartite graph 5 x 5. Five vertices on the left side
correspond to superheroes’ superpowers, and five vertices on the right side —
to those of the supervillains. Assign an integer to each vertex on the left — the
number of available superheroes with this superpower. Do the same on the
right for the supervillains. Finally, construct two oriented edges going out from
each vertex on the left in accordance with the rules determining the winner of
a duel from the winner to the loser.

There are several methods allowing us to solve this problem.

For example, we can consider this problem as a flow maximization
problem. From this point of view, the number of superheroes with each
superpower is the capacity of a flow source, while the the number of
supervillians with each superpower is the capacity of the corresponding
sink. After finding maximum flow it will show us which superheroes should
fight which supervillains. Remaining unallocated superheroes can fight any
unallocated supervillains.
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G. Tygyn

The solution is based on a special and innovative tree that contains all natural
numbers. We will call this special tree the Divisor Tree. The root of the tree is
vertex number 1. Each number greater than 1 can be written as a product of
prime numbers. The father of any vertex is the number equal to the number
divided by the largest prime number dividing it. For example, 3 x 5% 5 7 has
3 x 5% 5 as father, while 2 x 2 x 2 has 2 % 2 as father.




Solutions

In order to understand its structure, you can have a look on the image
above. Here you can find a descriptive part of the Divisor Tree. Note that all
prime numbers share an edge with root number 1, and the height of each
vertex is equal to the number of times you should divide it by a prime number
in order to make the number equal to 1 (the sum of exponents of the prime
numbers in its factorisation).

If we have a look at the Divisor Tree, at its properties and structure, in
relationship with the task statement, we will see that one can make a herd of all
the cows whose numbers are in a subtree of an existing cow. Minimizing the
number of herds means creating a heard for each cow, except for the ones who
have an ancestor in the tree. If the cow has an ancestor in the tree, it means
it can go in the herd whose representant (the minimum number in the herd)
is the existing ancestor. This way, both the correctness of the herds and their
minimality are respected.

There are many ways to implement the algorithm. We must somehow
search the tree, so we must keep the highest prime divisor for any number
as we visit all vertices. The official implementation uses BFS on the Divisor
Tree, marking as it goes the herd each vertex belongs to. The input is easily
treated with a bool array marking all given cows.

The solution also requires some knowledge of the prime numbers up to M.
We can use the sieve of Eratosthenes to find them, or the linear sieve for finding
all primes up to some number. The final complexity is O(N + M = log(log M)) or
O(N + M), depending on how the sieve is implemented.

H. Competition

We say competition /(p) is the configuration of winners if we simply inserta 0
between positions p and p+1 in the array. We compute f(p), the total happiness
given competition /(p).

For 11 points. We compute happiness of the competition for each of the
N + 1 instances independently, as follows.

Given the array of winners, just keep a list of the people who receive a coin
(using a frequency array, storing each person's frequency up to the current
day). This list can be updated each day the following way:

case 1: Someone from the list wins the day. This means he will be the only
one to receive a coin on this day. So we can erase all others from the list
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and just keep him.

case 2.1: The one who wins has its frequency incremented up the maximum
frequency so far, so we just add him into the list.

case 2.2: The one who wins still has a lower frequency than the maximum
one, so the people who receive coin the current day are the same. List
does not change.

Each day, after updating the list properly, we can go through the people in
the list and add the happiness received from them this day. It is enough to
know when was the time each person entered the list (if he entered more than
once, we are interested only in the last time he entered the list), so we can keep
an array start[x] = the last time x entered the list. We can keep this array by O(1)
updates on it each day, treating properly the cases.

Because a? = (a—1)?+2a— 1, additional happiness obtained for a person
in the a-th day of consecutive coin receiving is 2a — 1. So we can just add
2 x (day — start[x] + 1) — 1 (for each person in the list) and obtain the current
total happiness.

This is O(N®) because we compute the total happiness of some array of
winners O(N) times. Each computation requires O(N) days, and on each day
we go through all members in the list, and the list may have up to O(N) people.

Note there are easier solutions for 11 points, we showed this one because
it is easier to get to the next step with it.

For 24 points. We just optimize the computation for a given situation
of the competition. Instead of going through the hole list and add
2 x (day — start[x] + 1) — 1 for each of them, just keep this sum and the list
size as two variables. We don't even store the list as an array as before, it will
be stored only conceptually. Let's treat the cases: (suppose person x is the
winner of the current day)

case 1: sum = day — start[x]; size = 1;
case 2.1: start[x] = day; size = size + 1;
case 2.2: do nothing.

Then just add size to sum. Finally, when we want to add the happiness of
the day, just add to our answer 2 * sum — size.
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This is clearly O(N?) because we compute the answer for each of the O(N)
configurations of the competition we just go along the O(N) days and make
some O(1) computation each day.

For 100 points. In order to solve the task in O(N), we must avoid
computing each f(p) independently. The first thing one can notice is that the
coin distribution for /(p) is the same as for /(N) up to position p inclusive, and
from position p + 1 to N + 1 the distribution is the same as for /(0). Here, we
can imagine starting with /(N) and, after position p, simply move on to /(0) and
go on from there. This is because, for positions p + 1 to N, having an artificially
inserted 0 on position p or on position 0, it does not matter, as the order of
numbers in the prefix is no longer relevant, only frequency matters.

Although this way we are able to know the coin distribution only by looking
at 1(0) and I(N), we are still unable to compute f(p) efficiently. We need a
stronger claim.

Suppose you are in /(0) in position p and the days start passing by, and you
only go in case 2. Until one first day, when you have a case 1 situation. Let this
day be called t(p) = first breaking point strictly after day p in /(0). Now we will
use it in the claim:

The distribution of coins in I(p), except for 0, is the same as in /(N) for all
days up to t(p), and from t(p) to N it is the same as in /(0). This is true because
artificially incrementing frequency[0] has no effect on “who receives a coin
each day” until a case 1 situation.

The claim makes it possible to compute f(p) in O(1) due to the fact that
there is only one person who “survives” day t(p). But what do we really need to
compute the answer now?

At first, we will compute some partial sums for the happiness increase each
day in /(0) and I(N). Also, for /(0), we need to keep some information on case
1 days: what day it is, who survives it, the left end of survivor's segment of
coin receiving, the right end of survivor's segment of coin receiving. We can
also compute all t(p) in O(N). Note that the claim excludes 0 from the coin
distributions, so we will compute all we need to know about 0 separately. He
will not enter the computations for the partial sums.

Now we can compute f(p) in O(1). At first, we will add the partial sum
of happiness up to day t(p) in I(N), and the partial sum of happiness from
day t(p) to N in /(0). Now, we must repair the computations for the segment
who survived, because, if the survivor is not 0, the partial sums got him false
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happiness, which we can compute correctly using the data stored for each
breaking point.
We must still treat the happiness of 0, but it can be computed efficiently in
a similar manner, using its segments of coin receiving and some partial sums.
The final complexity is O(N) because we can obtain in O(N) all the
precomputations about /(0) and /(N) and we can print each of the N + 1
numbers using O(1) time.
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3agaum

A. Konnekuwusa

tOHbIN MaTemaTuk TanbaH KONNEKUMOHMPYET KaMHW. KOonnekumsa y Hero
Hebosblasa 1 Noka cocTonT n3 10 pasHblx KaMHeln. OgHaxabl BO BpeMS Mo-
e3/1K1 Ha OfHy 13 onumnuan B MOCKBY OH 3aMETUN B MarasmHe noAcTaBKy
ONA KaMHelr n3 10 OTCEKOB, M NPKY 3TOM KaXkAbl OTCEK BMeLLasl OONH KaMeHb
1 MOT 6bITb MOACBEYEH MO0 KPaCHbIM, 60 CUHUM LiBETOM. OHa eMy Tak Mno-
HpaBWacb, YTO OH ee cpasy Kynu/l.

[NpuexaB OOMOW, OH Cpasy pacCTaBui CBOW KaMHW Ha HOBOW NMOACTaBKeE.
J1robysicb KpacnBO NOACBEYEHHBIMM KaMHSAMM, NbITANBbLIA TanbaH nogymMan,
a CKOMbKMMM CnocobamMm OH CMOXKET pacCTaBUTb CBOM KaMHW Ha 9TOW NoA-
CcTaBKe. 9Ta 3ajada 6bina 6bICTPO peLleHa, HO MOTOM, OH 3aMETUI, YTO He
y4yen UBEeT NOACBETKM KaMHeRN. U TyT 3aflada A5 Hero okasasachb CNOXHOWN,
Ha MOWCK peLleHnsa TanbaH NoTpaTua HECKObKO AHEN, HO BCe-TaKm peLum
ee.

Mocne mapadoHa ¢ 3TON 3aadei, Halll FOHbIN MaTeMaTUK nogyMan: «A
YTO, ecnn 6bl Y MeHs 6b110 He 10, a N KaMHeW, KOTOpble HY>KHO paccTaBuTb
B aHanorn4yHon noactaeke ¢ N otcekammn?» [omornte TanbaHy pelwmnTb 3Ty
CINOXHYHO AN15 Hero 3afjadvy!

<DopmaT BXOAHbIX AAaHHbIX

Ha BXO4 nporpaMMme faetcd eAMHCTBEHHOE HaTypaJibHOe 4KCJIO N
(N < 10%).
¢opmaT BbIXOA4HbIX AAaHHbIX

Mporpamma AofXKHa BbIBECTUN €AMHCTBEHHOE YMCI0 — KOMIMYECTBO Cro-
COO0B pacCcTaHOBKM KaMHe. Mbl MOHUMAEM, YTO 3TO YMCO MOXKET OblTb
0YeHb BOSIbLLM, MOSTOMY BbIBEAWTE ero no Moayno 10° + 7.

Cuctema oueHKM

[aHHana 3ajava coaepXnT Ase noasaaadn. bannbl 3a nogsagady Haymc-
NAKTCA TONbKO, ECNM BCE TECTbI 3TOM NoA3afadn NponaeHbl.

MNop3apgaua 1 (6annbl: 40)
N<17.
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Nopa3apaua 2 (6annbl: 60)

N < 10%
Mpumepsbl
CTaHAapTHLIM BBOA CTaHAapTHLIM BbiBOA
3 48
5 3840

B. Pwuc Ha waxmaTHoOM fockKe

B0O3MOXHO, Bbl C/bllWann O NnereHae, no KOTOpon OOnH APEBHUI MaTeEMATUK
NOMNpoOCKA Y MpaBUTENA CTPaHbl Harpaay B Ka4eCTBe pUCOBbLIX 3epeH. MaTe-
MaTWUK JOCTan 06bIYHYHO LAXMaTHYHO AOCKY 8 x 8, NONpOCKa MOAOXKNTb OAHO
3epHO Ha NepPBYHO KETKY, IBa 3epHa Ha BTOPYHO KIETKY, YeTbIpe — Ha Tpe-
TbtO, 1 TaK Aanee, Kaxkabl pas yaBanBas. Ho aTa 3agaya He COBCEM 06 3TOMN
NCTOPUMN.

Y Bac ecTb AOCKa pasMepa n x m. B kneTke, HaxoAsALLENCs Ha nepece-
YEeHWUWN CTPOKM C HOMEPOM | M CTON6LIA C HOMEPOM j HAXOAMUTCS a;; 3epeH. Bol
XOTUTE NpUaaTh STON AOCKE MOYTH LaxXMaTHYH PACKPACKY, IAe KaXKAbl KBaf-
paT MMeeT pasMep K x K KNeToK, HO KBaapaTbl Ha FpaHuLEe JOCKN MOTYT BbITb
06pesaHbl N UMETb LUMPUHY MW BbICOTY MeHbLLE, YeM K. Kaxxapli kBagpat
packpalleH Moo B YePHbIN, MO0 B 6eNbIN LBET, 1 Ntobble ABA COCEAHMX MO
rpaHuLe (HO He No AvaroHanu) KBagpaTa [O/HKHbI MMETb pa3Hble LBETa.

HanauTe Takyro NOYTU LIaXMaTHYHO pacKpacKy 3aJaHHON JOCKU, YTO CyM-
MapHOe KOJIMYECTBO 3ePEH Ha YepHbIX KNeTKax MakCcumasbHO.

dopmaT BXOAHbIX AaHHbIX

B nepBOi CTpoKke cogepxaTtcs TpW  Uenblx uucna n, m, K
(1 < n,mk < 2000, k < min(n,m)) — KONMYECTBO CTPOK N CTON6LIOB
LOCKW, a TakxkKe pa3Mep KBaJpaTa B MOYTYM LAaxMaTHOM packpacke. Cneayto-
LLye n CTPOK coaepxaT no m uncen a;; (0 < a;; < 10°).

¢opmaT BbIXOAHbIX AAaHHbIX

BbiBeauTe OAHO YMCIO — MaKCUMalbHOE KOJIMYECTBO 3epeH Ha YepPHbIX
KNIETKaX, KOTOPOE MOXHO MOJTYHUTb.
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Cucrtema oueHKM

[laHHas 3afja4a CoAepXKMT YeTbipe Noal3afayn. bannbl 3a nogzagady Ha-
YMCNSAOTCA, TONMbKO ECNM BCE TeCTbl 3TOM M Bcex NpeAblaylmnx noasaaaq
nponaeHbl.
Nop3apaua 1 (6annbl: 30)

nm<50k=1.
MNop3apgaua 2 (6annbl: 20)

n,m < 50.
Nop3apaua 3 (6annbl: 20)

n,m < 500.

MNop3apaua 4 (6annbl: 30)
Be3 1onoNHUTENbHBIX OrpaHNYeHMA.

Mpumepb!
CTaHAApPTHLIA BBOA CTaHAAPTHbLI BbIBOA
45 2 55
50165
07902
05321
81143
331 25
123
456
7 89
3amMeyaHvie

B nepBoM NpvMepe onTrMasnbHOK packpackon 6yAeT NoKpacuTb KBaapaT
(2,2) — (3,3) B YepHbIi1 LiBET (L4BETA BCEX OCTasIbHbIX KNETOK OnpeaenstoTcs
OfIHO3HAYHO).

C. ABownu4Hoe pasbueHune

Bam gaHa cTpoka 13 CUMBOJIOB @ 1 1. BaM HeE0BX0ANMO A06aBUTb B HEE CUM-
BO/bl + TAKMM 06PaA30M, YTO ECMM BbIYUCAUTb MONYYMBLLEECH BbIpaXKeHue,
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paccmaTpuBasi CTPOKM 13 @ 1 1 Kak Yncna B ABOUYHOM CUCTEME CUUCTIEHNS,
TO MOMYYUTCA CTENEHb ABOVKMN.
dopmaT BXOAHbIX AAaHHbIX

BxomHoM daitl CoaepXXnT eanMHCTBEHHYO CTpoky S (1 < [S| < 10°), co-
CTOALLYHO U3 CUMBOJIOB @ 1 1.
dopmaT BbIXOAHBIX AAaHHbIX

Ecnu paccTtaBUTb 3HaKM + HY>KHbIM 06Pa30M HeNb3s, TO BbiBeanTe «NO».
Ecnn pelueHne ecTb, BbiBeanTe «YES», @ BO BTOPOM CTPOKE BbIBEAMTE UCKO-
MOE€ Bblpa)keHune, COCTosILLee TONTbKO U3 CMMBONOB O, 1 1 +. [locne yaane-
HWSI CUMBOJIOB + BblpaxkeHue AOMKHO 6bITb paBHO MCXoAaHOW cTpoke S. MNep-
BblIll M NOCNEAHNIA CUMBOJSIbI HE JOMKHbI ObITb PaBHbI +, @ TAKXXE HE AO/IHKHO
ObITb ABYX + Noapsa. B uncnax paspelueHbl BegyLime Hynu. Ecnu pelueHnia
HECKOJ1bKO, BbIBEANTE NHO60E.

CncTtema oueHKHn

[aHHas 3ajada coaepyXnT Tpy noasagadn. bannbl 3a nogsafady Haumc-
NATCA, TONbKO €CNv BCe TeCTbl 3TOM M BCex NpeablayLmMx nogsanad npoi-
JleHbl.

MNoasagaua 1 (6annbl: 25)
IS| < 16.

Nop3apaua 2 (6annbl: 35)
S| < 500.

Nop3apaua 3 (6annbl: 40)
Be3 AonoNHUTENBHbBIX OrpaHNYEHNIA.

Mpumepsbl
CTaHAApTHLIA BBOA CTaHAAPTHLIA BbIBOA
0le01101 YES
01+0+01+1+0+1
11111 YES
1111+1
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D. BepxosiHCKuA xpebeT

Mapcenb nnaHupyeT noceTuTb BepxosiHckuin xpebeT B Pecnybnunke Caxa
(AkyTuns) NnpoTsixkeHHocTbo 1200 KM. JlaHawadT aToro xpebTa MOXHO npes-
CTaBUTb B BUAEe MaccuBa N HaTypasibHbIX Yncen us nuHtepsana oT 1 o N,
NpeacTaBASHOLMX BbICOTbI MMKOB BAOSb XpebTa.

Y Mapcens Q apysei. Ero gpyr ¢ HomMepoMm i byaeT nocellaTb Bce Bep-
LWWHbI C MHAeKkcamu OT L[i] go R[i]. Ana Kaxgoro 13 csoux apysen Mapcenb
XOYET y3HaTb, KaKOBa MUHMMaSIbHas BbICOTa ropbl, KOTOPYHO OH HE MOCETUT B
3TOT pa3. 9Ta MHhOopMaLKMa eMy HEOBXOAMMA, YTOBbI Hanbonee ONTUManNbLHO
CMJIaHNPOBATbL CleayoLLyO MOE3KY.

Hanpumep, ecnv oanH 13 apysein Mapcens nocellaeT BepLIVHbI C BbICO-
TamMn 325711635, TO HaMMeHbLLAs BbICOTa BEPLUMHbI, KOTOPYHO OH HE CMOT
NMOCETUTb, paBHa 4.

dopmaT BXOAHbIX AAaHHbIX

MepBasi CTpoOKa coaepKMT HaTypanbHble Yucna N uM (1 < N < 300000,
1T < M < 600000). Bo BTOpO# CcTpoke AaHbl N LefbIX YMCcen CO 3HaYEHNSIMM
n3 nHTepBana oT 1 4o N BKIIKOYUTENBHO, NPEACTABNAOLLME BbICOTbI BEPLUNH
BepxosiHckoro xpe6ta. Janee cnegyroT Q CTPOK, COAePXXaLUMX No ABa Y1cna
L[ifnR]i], Takne yto 0 < L[] < R[] < N—1.
dopmMaT BbIXOAHbBIX AAHHbIX

BbiBeguTe Q CTPOK, Kax[ast U3 KOTOPbIX COAEPXKMUT HaUMEHbLLee HaTy-
pasibHOe YMCNO — BbICOTY BEPLUMHbI, KOTOPYHO i~ IPYT HE MOCETUT B STY MO-
e3[Ky.

Cuncrtema ouyeHKM

[aHHas 3aa4a CooepXXnT YeTbipe noasagayn. bannbl 3a nogsagady Ha-
YMUCNAKOTCA, TONBKO €CNY BCe TECTbI 3TON NoAsafayun NponaeHbI.

Nop3apgaua 1 (6annbl: 20)
N <1000 1 Q < 10000.

MNop3apgaua 2 (6annbl: 30)
N < 100000 1 Q < 200000, BbICOTbI BEpLUMH He npeBblwatoT S0.

MNop3apgaua 3 (6annbl: 30)
N < 100000 n Q < 200000.
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Nopa3apaua 4 (6annbl: 20)

N < 300000 1 Q < 600000.

Mpumepbl
CTaHAApTHLIA BBOA CTaHAAPTHbLIA BbIBOA

14 16
34325167216243
04
05
13
12
12
12
11
11
13
13
13
7

W W k= 0000 Ul Ul oo pHOWWWU O

8
8
9

OO OO0 UVTWENNWWOLUULO

10

3amMmeyaHue

CnenyeT OTMETUTD, YTO HYMepaL s B MaCCUBE BbICOT BEPLUNH HaYMHaeT-
cacO.

E. ApudmeTuyeckme nporpeccumn

B aTOM y4e6HOM rogy FoHbIM NPOrpaMMMUCT IPUropuii y3Haa MHOMO HOBOMO MO
MaTemMaTuhKe, B YHaCTHOCTN eMy O4YeHb MOHPaBUINChL apnudMeTUYECKMe Npo-
rpeccumn. OH He NIOBUT TePATb BPeMS BNYCTYHO M NMO3TOMY peLuna nccneao-
BaTb MOHPABUBLLYOCA eMy TeMy. [pUropuii B3an [iBe apudMeTnyeckmne npo-
FPECCUN U XOYET y3HaTb, CKOMTbKO COBMaZatoLLMX 3/1IEMEHTOB f1IEXaT Ha Mpo-
MEXYTKe OT | 10 I BKOUUTENBbHO. [TOMOrnTe eMy pellnTb NOCTaBIEHHYHO 3a-

aauy.
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HanomHmm, 4To apudmeTmyeckas Nporpeccusa — aTo YncnoBasa nocneao-
BaTeNbHOCTb B1AA

a,,a;+b,a;+2b,...,a;,+(n—-"1b, ..,

TO eCTb MOCNeA0BaTENIbHOCTb YNCES], B KOTOPOW Kay0e YNCO, HauMHas Co
BTOPOro, MofyyaeTcs U3 NpeaplayLlero o6aBneHnemM K Hemy nocTOsHHOrO
ymcna b (wara, nnn pasHoOCTY NPOrPECCUN):

a,=a,_1+b.

JTto6oit (n-i1) YneH Nporpeccun MOXeT 6bITb BbIYMCAEH MO GopMyie 06-
LLiero YseHa:
a,=a,;+((n—-"1)b.

¢opmaT BXOAHbIX AAaHHbIX

B nepBOi CTPOKe BXOAHbIX AaHHbIX HAaxXOAATCA ABa LEeblX Yucna a u
b (0 < a,b < 10% — HavyanbHOe 3HaueHWe W war nepsoit apudmMeTy-
Yyeckow nporpeccuun. Bo BTOpOK CTpoKe HaxoasTcs ABa Lenblx yucha c, d
(0 < c¢,d < 10% — HavanbHOe 3Ha4yeHWe U war BTOPOi apubmeTu-
Yeckow nporpeccun. B TpeTbelt CTpoKe HaxoAaTcs ABa Uenblx uvcna |/, r
(0 <1< r < 10% — Havano 1 KoHeL, MPOMEXyTKa.

dopmMaT BbIXOAHbIX AAHHbIX
BbiBeaMTe OAHO YMCAO — KOMMYECTBO COBMafatoLLMX 3NEMEHTOB ABYX
apnMMETUNYECKNX MPOrpPeccuin Ha oTpeske [/, r].
Mpumepbl
CTaHAapTHLIA BBOA CTaHAApTHLI BbiBOA
32 2

56
10 20

30 0 1
15 15
10 1000

3amMmeyaHue

[aHHasa 3afja4a CoAepPXXMT YeTblpe noasadavdn. bannbl 3a nogsagady Ha-
YUCNAKOTCHA, TONbKO €CNU BCE TECTbl STOM WM BCEX Npefblaylivx noasanad
NPONAEHbI.
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Nopa3apaua 1 (6annbl: 20)
a,b,c,d,l,r <108

Nop3apaua 2 (6annbl: 20)
a,b,c,d,l,r<10°.

Nop3apaua 3 (6annbl: 40)
a,b,c,d < 10°.

Nop3apaua 4 (6annbl: 20)
Be3 AonoNHUTENbHbBIX OrpaHNYEHNIA.

F. Cyneprepou

Y>Ke MHOrO NeT, CKPbITHO OT MPOCTbIX JOAEN, WAET BOMHA MeX Ay KOMaHLoWn
cyneprepoeB v 6aHA0M Cynep3noaees.

Kaxxabln cyneprepo Unu cynepsnoaen obnagaeT OgHoM U3 Natun cynep-
CMOCOBHOCTEN:

+ (S) cynepckopocTb — CMNOCOBHOCTL ABMraTbCsA BO MHOMO pas bblcTpee
06blYHbIX NK0AEN;

- (P) cynepcuna — HeBeposATHasA dhuanyeckasn cuna n 340poBbE;

- (T) Tenenatns — CNOCOBHOCTb YNTATb M BHYLLIATb APYrvM NHOASM MblC-
nw;

+ (K) TeneknHes — cnocobHOCTb NepemMeLlaTb NPeAMETbI CUOM MbICAK;

+ (E) sHepreTuyeckme nyunm — CNOCOBGHOCTb CTPENATb B MPOTUBHMKOB
3HEepPreTUYECKMM Nydamm.

Mpn CTONKHOBEHWUM ABYX obnajaTesnieit CynepcnocobHOCTel pedynbTaT
onpefensaeTca No CNeayoLwymM npaBuiam:

* CYNEePCKOPOCTb NoBeXJaeT TeNnenaTuio 1 cynepeuny;

- TenenaTusa No6exaaeT Cynepeuny 1 TeNeknHes;

- cynepcuna no6exnaeT TeNeKMHEs U SHEPreTUYecKme yyn;

- TeneknHes NoGexaaeT SHEPreTUYECKINE NTyUM U CYNnepcKopoCTb;
» 9HEpreTUYecKme NyUm NoBEXJatoT CynepcKopoCTb M TenenaTuto.
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HakaHyHe hu1HanbHOro cpa)keHus, cynepreposiM ctan M3BecTeH COCTaB
Cynepanofeen, KOTOPbIe MPUMYT B HEM y4acTue, C yKasaHMeM T1Mna ux cynep-
CnocobHOCTEN. 3BECTHO, YTO BUTBbI TAKOro poda COCTOAT U3 psiia Ayanb-
HbIX MOEANHKOB, MPUYEM KayK[ibli1 Y4aCTHUK CpaXkaeTca POBHO OAMH pas. Ko-
NIMYECTBO Cyneprepoes B NpeAcTosiLen 6UTBe paBHO KOIMYECTBY Cynep3o-
JeeB.

Bnarofapsa c4acTIMBOMY CTEYEHUIO 06CTOSITENBbCTB, Cyrneprepon MoryT
BblOpaTb KTO C KeM ByaeT cpaxkaTbcs. [loMornte um caenaTb NpaBUbHbIiA
BbIOOP, TakK YTO6bI 0AepXKaTb No6ey B MaKCMMaibHOM KOMMYECTBE Ayanen.

dopMaT BXOAHbIX faHHbIX

B nepBOWi CTPOKE BXOAHbIX AaHHbIX 3a4aH0 Lesoe uncino N (1 < N < 10°)
— KOJINYECTBO Y4aCTHUKOB BUTBbI C OHON CTOPOHbI.

Bo BTOpOW CTPOKE BXOAHbIX AaHHbIX AaHa CTpoka 3 N CUMBOIOB — TUMb
cynepcun, KOTopbiMy 061afaroT Cynep3noaen.

Bo TpeTben CTpoKe BXOOHbIX AaHHbIX AaHa CTpoka 13 N CMMBOJIOB — TK-
Mbl Cynepcusl, KOTopbIMK 06/1aAatoT Cyneprepou.

dopmaT BbIXOAHbIX AAaHHbIX

BbiBeanTe cTpoky 13 N CMMBOOB — MepecTaHOBKY TUMOB Cynepcun cy-
neprepoes, 06ecnevmBatoLLyto UM Nobeay B MaKCUManbHOM KONMYECTBE Ay-
anen.

Kaxxabi i~ CUMBOJT B HEN COOTBETCTBYET CYMEPTrepO0 C TakUM TUTOM
CYnepcnocobHOCTEN, KOTOPbI JOMKEH BCTYMUTL B CXBATKY C Cynep3/10Aeem,
CYNepcnocobHOCTb KOTOPOro 3aKOAMPOBAHa -M CUMBOJSIOM BTOPOW CTPOKM
BXOAHbIX AaHHbIX.

Cucrtema oueHKM

3afada coaepkuT ABe NoAsaaadn. banbl 3a KaXabI TECT HAUUCASHOTCA
He3aBWCKMMO ApYr OT Apyra.
MNop3apaua 1 (6annbl: 30)

B 61UTBe NPUHUMAIOT y4acTue repou 1 3n0fen TONbKO C TPeMS PasHbIMM
cnoco6HocTAMK: S (cynepckopocTb), P (cynepcuna) n K (TeneknHes).

Nop3apaua 2 (6annbl: 40)

B 61TBe NPUHMMAIOT y4acTme repou 1 3/104en CO BCeEMM NMATbIO BUAaMM
cnoco6HocTen, N < 100.
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Nopa3apaua 3 (6annbl: 30)

B 6UTBE NPUHUMAIOT Y4aCTVE repou U 3/104eN CO BCEMU MATHIO BUAaMU
cnoco6HocTeln, N < 10°.

Mpumep
CTaHAapTHLI BBOA CTaHAapTHLIK BbIBOA
5 ESTPK
STPKE
STPKE

G. 3apaHue TbiIrbiHa

OavH 13 npeakos Mapcena — MaH4aapsl, CbiH HbypryHa 1 CaxalaaHbl KO-
TopbI B Havane 17 Beka, 6611 cnyroit ToirblH JapxaHa. ToirblH JapxaH —
BENNKNIA BOX b, KOTOPbIN 06beNHWIT AKYTCKME NIEMEHA, KaXKeTCs, O4eHb
yBIeKancs Teopuein Ymcer.

OfHaxkbl OH HazHauma N CBOMM KOpOBaM MonapHO pas/iMyHble HoMepa
N3 MHTepBana oT 2 Ao M. 3aTeM, MCNONb3ys 3TN HOMEPA, OH PELUWT Crpyn-
MMPoOBaTb UX B MO BOSMOXXHOCTU MUHKUMaSIbHOE KOMYecTBO cTaf. OaHako,
OH YCTaHOBW OMpeeneHHble NpaBunaa, KOTopble B 06513aTeIbHOM NopsAaKe
JOMKHbI CO6AATLCS NS KaXXA0ro cTaja:

1. TlyCTb X — HAMMEHbLUKUIA HOMEP KOPOBbI B cTade. HomMepa ocTanbHbIX
KOPOB CTajla AO/IKHbI UMETb BUA X X K, FAe K — Liesioe 4ncho.

2. Bce genutenn yncna k (kpome 1) A0MKHbI 6bITb 60MblLE UM PaBHbI
NHOOOMY MPOCTOMY AENUTENHO YMCa X 415 KaXK0W KOPOBbI B CTae.

Tak KakK TbIrbIH 6bl1 04eHb 3aHAT 06ecnedYyeHneM Mnpa Ha CBOEN Teppu-
TOPWK, OH MpKKasan cBoeMy cnyre MaH4yaapbl pa3feMTb KOpoB Ha cTaja
COrnacHoO onucaHHbIM NpaBunam. 3ajjlada okasanacb CIoXHOM Ang MaH4ya-
apbl, HO BO3HarpaxjeHue 6bI10 04eHb XXenaHHbIM: eMy Oblna obelliaHa B XKe-
Hbl NpekpacHas CapiaaHal

HaMm n3BecTeH KOHeL, 3ToM ncTopun: MaH4aapb! yaanocb CrpynnmpoBaTth
KOPOBbI MO NpaBunam TbirbiHa, 1 NpekpacHasa CapfaaHa cTana ero »XXeHoi.
Y3HaB aTy UCToputo, Mapcenb pelnn, YTo 3agada JOMKHa BEPHYTbCSH B Me-
CTa, rae oHa 6bl1a chopmMympoBaHa. BOoT nosToMy y4acTHMKam Tyimaaabl—
2019 npepnaraetcs pewmTs ee!
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dopmaT BXOAHbIX AAHHbIX

MepBan CTpoKa coaepkuT uenble uncna N M (1 < N < M < 108). Cne-
AyroLasa CTpoka coaepXuT N nonapHO pasiivyHbIX LesbiX Ynucen — Homepa
KOPOB, 3HA4YeHMNs KOTOPbIX NeXaT B MHTepBasne ot 2 1o M.
dopmaT BbIXOAHBIX AAHHbIX

NepBas CTpoKa A0/KHa codepyKaTb MUHUMaIbHOE KOJIMYECTBO CTaj, Ha
KOTOpble MaH4Yaapbl CMOXET pa3dtunTb KOPOB TbIrbiHa.
Cunctema oueHKM

[aHHada 3afiada cogepxuT Ase nofsagadun. bannbl 3a nofgsagady Havumc-
NAKOTCH, TONbKO €CNW BCE TECTbI 3TOM NoA3aZadu NponaeHb!.
Nop3apaua 1 (6annbl: 30)

N < 1000.

MNop3apaua 2 (6annbl: 70)
Bes NonoNHUTENbHbIX OrpaHUYeHWiA.

Mpumepbl
CTaHAApTHLIA BBOA CTaHAAPTHLIA BbIBOA
5 100 3
2 311 22 12
10 20 9
8 12 20 6 3 7 11 13 19 15
14 20 9
414357111317 1912151689

H. WTorum cnaptakuagbl

N + 1 y4aCTHUKOB COPEBHYKOTCSA B HEKOTOPOW CnapTakmane, Kotopas anuT-
cs N oHen. Kaxkablh AeHb OAMH M3 CNOPTCMEHOB NMpU3HaeTcsa nobeantenem
OHA. YHaCTHUKaM NPUCYXOatoTCsA OYKM, PaBHble KOMYECTBY AHEN, B KOTO-
PbIX OHW CTAHOBWUAMCH No6eanTensMn. B KOHUE KaXaoro AHS y4aCTHUKK C
HanMbOMbLIMM KOMYECTBOM OYKOB MOJy4atoT Mo MoHeTe. Nocne cnapTakmna-
Obl J19 KaXKA0ro y4aCTHMKA BbIYMCNAETCH NOKa3aTe b CHACTbsA MO Cleayro-
LLIEV CXEME: KaX bl HEMPEPbIBHbBIN MHTEPBAN HOMEPOB AHEN, KOraa OH Mo-
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nydan MOHEeTbI, J06aBIAET K ero NoKasaTesto CHacTbs KBaapaT A/MHbI STOr0
NHTepBana.

MpeanonoXXmnMm, HEKOTOPbIN YHaCTHUK Mosydan MOHETbl B cnefyrouime
AHV: 3, 4,10, 11, 12, 18 n 19. HenpepbiBHble MHTEpBanbl ANa Hero — [3—4],
[10-12], [18—-19]. Torga nokasaTenb cYacTba 4S9 9TOrO yYacTHMKa BydeT pa-
BeH 22 4+ 32 4+ 22 = 4 4+ 9 4 4 = 17. WTOr cnaprakuagbl BblUUCNAETCA KaK
CyMMa nokasaTesieil CHaCTbs BCEX YHAaCTHUKOB.

Mapcenb B pesynbTaTbl cnapTakmaibl MOXET 406aBWTb OANH A€Hb, B KO-
TOpOM NobeanTenem Ha3Ha4yaeTcs y4acTHUK nog Homepom 0.

HaH maccuB N uesnblx Yncen, 3HaveHns KoTopbix nexaT mexay 0 u N — HO-
Mepa nobeauTeneit Kaxxaoro AHs. MycTb f(p) — utor cnapTakmabl B ciy4yae,
ecnn Mapcenb BcTaBUT O B 9TOT MaccuKB MNocre p-ro afieMeHTa. PacnevaTam-
Te uncna f(0), f(1), ..., f(N).

K npumepy, ecnu maccus coaepxkut umcna 0 1 1, To f(0) — aTo UTOr cnap-
Taknagbl ¢ pedynbratamm 0 0 T 1. Y4acTHUK nog HoMepoM O B 3TOM clyvae
nofy4aeT MoHeTbI B 1, 2, 31 4 AiHW, CNnefoBaTesIbHO, €ro NokasaTe b CHacTbs
4? = 16, y4aCTHUK Nog HOMEPOM 1 Mony4aeT MOHETY TOMbKO B 4 IeHb, MO3TO-
My ero rokasaTesib c4acTbd 12 = 1. YYaCTHUKM 2 U 3 HEe MOSy4akoT MOHET.
Wtor aToit cnaptakmagpl f(0) = 17. Bblumcnum f(3), pesaynbTaTbl 3TOM cnap-
Taknadbl — 0 11 0. YyacTHuK nof HoMepoMm O nofyyaeT MOHeTbI B AHU 1,2 1
4, TOrfa ero nokasartesib cHacTbs paBeH 4 + 12 = 5. YYaCTHUK Nnog HOMEPOM
T nony4YaeT MOHeTbI BO 2, 3, 4 IHW 1 ero nokasaTteflb cHacTbs paBeH 9. Ntor
cnaptakuagpl f(3) = 14.

dopmMaT BXOAHbIX AaHHbIX

MepBas cTpoka coaepxknT uncno N(1 < N < 10°), a B cnegytoLlel aaHbl
N uenbix yncen ot 0 oo N: Homepa nobeamTeneit Kayaoro AHs.
dopmMaT BbIXOAHbIX AaHHbIX

Mporpamma fosmkHa BbiBecTM N + 1 CTPOK, KaXkAas i-A CTPOKa COAEPXKUNT
3HadveHwe f(i — 1).

CncTtema oueHKUn

[aHHada 3afjava COAepXUT YeTblpe noasazavdv. bannbl 3a nogsagavy Ha-
YUCNAOTCA, TONIbKO €C/v BCe TECTbl 3TOM WM BCEX Mpeablaylimx noasagad
nponaeHbl.

Nop3apaua 1 (Gannbl: 11)
N < 100.
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Nop3apaua 2 (6annbl: 13)
N < 3000.

MNop3apgaua 3 (6annbl: 39)
N < 10°.

Nop3apaua 4 (6annbl: 37)
N < 10°.

Mpumepbl

CTaHAApPTHbLIA BBOA

CTaHAAPTHLIA BbIBOA

4
0444

20
20
21
21
20

=

011

21
17
17
27
26

N B

110

23
23
27
21
21

10
1231230123

140
154
154
154
145
152
157
157
144
149
152
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CTAHAApTHLIW BBOA

CTaHAAPTHLIM BbIBOA

10

4910153410329

218
226
226
226
226
226
226
190
197
202
202
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PeweHusn

A. Konnekuusa

PacctaButb N kamHen no N otcekam noactaBky MoxXHO N! crnocobamu. Ecnu
YUUTbIBATb, YTO Kaxk/blh OTCEK MOACTABKMN NOACBEYMBAETCS, TO KOIMYECTBO
Pa3HbIX CNOCOBOB pacCTaBWUTb KaMHW C Pas3HOM MOACBETKOW 6yaeT paBHa
2N x N!. BblMMCNATL HAMPAMYIO STO YUCIIO 3aTPYAHUTESIBHO, NMOSTOMY BOC-
MOMb3YeMCS PEKYPPEHTHON POPMYION ay = ay_q X 2 x N, npu atoM ay = 1.
Torga 3ajjada CBOAMTCA K HaxoXAeHWto N-ro a/1ieMeHTa 3ToM nocfefjoBa-
TeNbHOCTU. Tak Kak Nno 3agaHnro HEOOXOAMMO HANTW OCTATOK OT AENEHUSA Ha
10° 47, To cneayeT NPUMEHNUTL CReAyHoLLYHO GOPMYITY A5 HaxoxgeHus N-ro
uneHa: ay = ay_; x 2 x Nmod (10° + 7).

B. Pwuc Ha WaxmaTHoOWM gocke

Moasafava 1 MOXET 6bITb pelleHa MyTeM NoACHETa CYMMbl YMCEN Ha KIEeT-
Kax (r, ¢), rAe r+C YeTHO, r+C HEYEeTHO, U BbIGOpa MakCUManbHOM U3 3TUX ABYX
CyMM. [OCKONbKY YnCna a; ; MOryT 6biTb Nopsaka 1 07, TO UX CyMMa MOXET 0-
CTUraTb 3Ha4YeHus %-n -m-10° ~ 10"?, yTo NPeBOCXOANT MaKCMMarlbHOEe 3Ha-
YyeHue 32-6UTHOro TUNa int. Hy>KHO He 3abbiBaTb MCMONBb30BaTb 64-OUTHbIN
TUN 418 nofcyera.

Onsk > 1, kaxkaasa no4TH WaxmaTHas packpacka MOXET 6biTb OxapaKTe-
pr30BaHa pasMepoM U1 LIBETOM CaMOro JIEBOIO BEPXHErO NPSAMOYrofibHMKa B
packpacke. JIo60oi Takon NPSMOYroNbHUK MMeET pasmep h x w, rae h u w He
NPeBOCXOANAT K. [locne TOro, Kak LiBET STOro NPsiMOYrofibHMKA, a Takxe h n w
3a(UKCMPOBaHbI, LBET BCEX OCTasIbHbIX KIIETOK BbIYUCNSETCA OAHO3HAYHO.
Ecnu nepebpaTb pa3mep, 1 3aTeM NPOCYMMMPOBATL BCE KNETKN HAMBHO, TO
peleHune paboTaeT 3a O(nmk?) v NPOXOANT NepPBbIe [BE NOATPYNMbI.

OCTanocb Hay4nTbCs ObICTPO CYUTATb CYMMY ANA GUKCUPOBAHHOW pac-
Kpacku. 3TO MOXHO CAef1aTb C NMOMOLLbIO BYMEPHbIX HYaCTUYHbIX CYMM. [1o-

CYNTaeM 3HadeHne sum(/',j) = Z a,,c — CyMMa Ha nognpamMoyrosibHnKe
r<i,c<j

(1,7) = (i,)). C nomMoLLbto Takoro MaccKBa, Mcnonbays hopmyny BKAKOUYEHWIA-
VICKITHOYEHWI, MOXHO HatT1 CyMMY NMPOM3BOSIbHOrO MPSIMOYTroNbHKKa (ry, C1)
= (ry,c,): sum(r,, c,) —sum(r; — 1,¢,) —sum(ry,cq — 1) +sum(r, — 1,¢4 — 1).

Tenepb, NOCKOMbKY B M0G0 MOYTK LIAaXMaTHOWM packpacke He 60sblue
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(L3 + 2(LF] + 2) ogHOUBETHbIX NPAMOYIONEHUKOB, @ CYMMY B KaX<[0M 113
HWUX MOXXHO HalnTK 3a O(1), To cyMMy A9 GUKCUPOBAHHOM PACKPaCKM Mbl CHM-
Taem 3a O(52). Mockonbky BCEro pasHbIx PacKpacok 2k%, cyMMapHas Criox-
HOCTb peLleHs paBHa O(k?)- O(75!) = O(nm). AkKypaTHas peanuaaLms Takoro
pelleHns nonyyaet 100 6annos.

C. /ABounyHoe pa36ueHune

Moasagayy 1 ¢ |S| < 16 MOXHO 6bI710 PeLnTb NOMHbIM NEPebopoM paccTa-
HOBOK 3HAKOB +. [J19 CTPOKM ASIMHbI N cyLecTsyeT 2"~ paccTaHOBOK M-
coB (Mexay KaXkaow napow coceHnx UmMdp MOXHO 60 NOCTaBUTb MAHOC,
NM6o HeT). danee Hy>KHO NMPOCYMMMPOBATb YMCNa B ABOMYHON cucTeMe, 1
NPOBEPUTb, ABNAETCA NN Pe3yNbTaT CTeNeHbio ABONKM. 3Ty MPOBEPKY MOXK-
HO cAenaTb OAHOM BUTOBOW ONepaLnelt: X ABASETCS CTENEHbIO ABOVKM Toraa
v Tonbko Toraa, korgax > 0A X and (x—1)=0.

Ona pewenns nofsafadn 2 MOXXHO cAenaTb Cledyrollee npennonoxe-
HMeE: MYCTb CTeNeHb ABOWKM, KOTOpast NOyYnTCa B UTOre, 6yAeT HEOObLLOW
(no 2'). Torga MOXHO peann3oBaTth peLleHne ¢ MOMOLLBIO AMHAMUYECKOrO
nporpaMMmpoBaHus: NycTb dpli][j] paBHO 1, ecn UCNONb3yA NepBble | CUM-
BOJIOB MOXHO HabpaTb cymmy j, u 0 nHade. Mepexoa npounssoamtes 3a O(/):
nepebupaem AnnHY HOBOro Yncna (He 6osblue, YeMm /), 1 CyMMapHO pelleHne
pa6otaet 3a 0(n/2)). Ecnu BbIGpaTh | Tak, uto 2/ ~ n, To Nony4uTea Bpems
pa6oTbl O(n? log n), 4TO MPOXOAWT MO BPEMEHU BTOPYHO NOA3aAauy.

Takoe pelueHre MOXHO peann3oBaThb, U MPOBEPUTb, YTO OHO HAXOAUT OT-
BET Ha BCeX CTPOKaXx, rAe ecTb XOTA 6bl oaHa 1. [leMCTBUTENBHO, MOXHO A0-
KasaTb, YTO Ha BCEX TaKMX CTPOKaX OTBET CYLLECTBYET, 60fee TOro, Ha BCeX,
KpomMe 11111, AnnHa CTPOKK B pa3bneHn He MpeBOCXoamnT 3.

PaccTaBnM M3Ha4YaIbHO 3HaKM + Mexy BCEMM Napamu CoOCeaHMX Lndp.
Tekyllaa cyMMa paBHa m, rae m — 9TO KOIMYECTBO eAnHKLL B M3Ha4aIbHOM
ctpoke. MycTb 21 < m < 2K Temepb NyTem CKMENKM COCEAHUX YNCEN B
O[HO yBEeNMYMM OTBET A0 2X. 3ameTuM, 4To cknensaHue 1 4+ x — 1x Bcerga
yeennumeaet cyMmmy Ha 1,1+ 0+x — 10x —Ha 3,a1+ 1+ x — 11x —
Ha 4. byaem aencTBoBaThb XaAHO, NPOBOAUTL CKeMBaHWe Tpoek Lndp, no-
Ka cymMa He npesocxoauT 2K Mocne sToro cenaeM To e CaMoe, TONbKO C
napamu cocefHux undp. MoXHO nokasaTtb, YTO MpU JOCTAaTOYHO OO0JbLLIOM
KonnuecTBe eanHuL (16 eAnHUL OCTATOYHO), TaKOW anropuTM Bceraa nosy-
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unT cyMmmy 2K, 119 MEHbLLUMX 3HAYEHWI M MOXHO NMPOBEPUTD, YTO aNropuUTM
He paboTaeT To/IbKO Npy m = 5.

Pasbepem cnydail m = 5 oTaenbHo. Ecnm ecTb noacTpoka 10X, TO HyXK-
HO BbIAEUTb ee B OTAe/IbHOE YUCMO, U MONyYnuTes cymma 8. ViHade, Halla
cTpoka BbirngamnT kak 0...0711117 namn 0...0111110. B nepBoM cnydae OTBET
1111+ 1,aBo BTOPOM — 11 + 11 + 10. TaKyro XaAHYH CTpaTermo n paséop
C/ly4aeB MOXHO peanim3oBaThb 3a JIMHENHOE BPEMS, YTO AaeT NOSHbIN 6ann
3a 3afauy.

D. BepxosiHCcKuiA xpebeT

MepBas noa3agava. [1nd pelleHnd nepBon nofsazady 4OCTATOYHO pea-
NM30BaTb NepebopHbI anropuTtM. byaem obpabaTbiBaTb 3anpoChl MO Mepe
cunTbiBaHMA. 3aBefem 6yneBbli MaccuB visited v 6yaem ABUraTbCA cresa
HanpaBO WHTepBasa 3anpoca M OTMeYaTb BCE BEPLUMHbBI N3 3aJaHHOMO WH-
TepBasna Kak nocelleHHble. IHMUnanmanpyem nepemMeHHyro ans = 1 1 byaem
yBENMYMBAaTb ero noka visited[ans| nCTUHHO. He CTOWT 3abbiBaTh cOpachbiBaThb
3HaYeHnss MaccuBa visited, AN TOro YTOObl KOPPEKTHO 06pabaTbiBaTh Clesy-
FOLLIMIA 3ampocC.

BTopas n TpeTbs noa3aaayvn. PaszenvM MaccyvB BbICOT BEPLUMH Ha
CMeXKHble nogmMaccuBbl AnnHbl K. Becero byaet % nogmMaccuBoB. N He 065-
3aTefIbHO JO/MHKHO AeNNTbCS Ha K, MpY 9TOM NOCAEeAHNA MOAMACCUB MOXKET
UMETb MEHbBLLYIO OSINHY.

3anpocbl CHUTaAEM NMOJSTHOCTBIO B NaMsATb. [1119 KaXkaoro nogmaccurBa pac-
CMOTPWM BCe 3anpochbl, IeBas rpaHmLia KOTOPbIX NIEXUT BHYTPU paccMaTpu-
BaeMOro NogmMaccu1Ba v Bbl4UCIMM OTBETbI Ha BCe 3anpochl. Kak TONbKO Mbl
PacCMOTPUM BCE NOAMACCHBbI Mbl HaEeM OTBETbI Ha 3aMpoChl 1 CMOXEM
UX pacneyartaTb B HY>XKHOM MOPSALKE.

MpeanonoXmnM, YTO Mbl XOTUM BbIYMCIUTL OTBETbI Ha 3anpoChl, NeBas
rpaHuLia KOTOPbIX MPUHAANIEXMUT HEKOTOPOMY NoaMaccuBy B. VX npaBble rpa-
HULIbI MOTYT O6bITb JOCTATOYHO OONBLUNMM, HO NIEBbIE FPaHKLIbl MPUHAANEXaT
nHTepBany oT BxK go (B+ 1) *K — 1. HazoBeM BepLUMHbI 13 3TOrO MHTepBana
crneunanbHbIMK.

CyuiecTByeT He 60n1ee K cneumnanbHbIX BEPLUMH 1 K+1 CMEeXHbIX MHTepBa-
OB He cneunanbHbix BepLlnH. K npuMepy, eciv cneymanbHbiMy BepLUMHaMM
ABNAOTCA BEPLUMHDBI 5 1 23, N = 100, nHTepBasbl He CrelmanbHbIX BEPLUVH:
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[1—4], [6—22]vn[24—100].

Tenepb, ANs KXKAOro 3anpoca He crneupanbHas BeplmHa MOXET OblTb
noceLleHa TONMbKO BHE NMOAMAacCHBa, KOrAa Kak creuuvanbHaa BepLunHa Mo-
XKET OblITb NocelleHa BHYTPU Hee. aes pelueHns 3ak/io4aeTcs B Bblunce-
HUW 1 XpPaHEeHMW YaCTUYHbIX MeX A5 KaXL0ro MHTepBana He creumanbHbIx
BbICOT BEpLUMH, paccMaTpmBas BepLUMHbI TONbKO OT (B + 1) * K 40 NpaBoi
rpaHuLbl 3anpoca.

Bonee To4HO, B partialMex|x] ByLeM XpaHWTb MUHWMaNbHOE 3Ha4eHue
6onbllee nan paBHOE X, KOTOPOE HE MOXET ObiTb HAMAEHO B MHTEpPBane oT
(B+ 1) * K 0o npaBoi rpaHuLibl TeKYLLEro sanpoca.

BaXXHO OTMETUTb, YTO OCTATOYHO BbIYUCIUTL partialMex[x] Tonbko And
3HAYeHWN X, Ha KOTOPbIX NHTEPBAsbl HE CnelmnanbHbIX BEPLUMH HaYMHaAETCA.
[1nq BbienpuBeaeHHOro NpuMepa partialMex|x] OyLeT BbIMUCAATHCA TONbKO
anax =1,6 unun 24.

[ing NpaBWAbHOrO XpaHeHWs 3TWX AaHHbIX OTCOPTMPYEM 3ampochl (41s
paccMaTpvBaeMoro noAmaccuea) no npaBov rpaHue. MNpaBble rpaHuLpbl
NepBbIX 3aMpocoB 6yayT NpUHaANexaTb NOAMACCHBY, Tak YTO Mbl MOXEM
MPOCTO MPOMATUCH MO MHTEPBAY 3anpoca U BbIYUCIATb MX MeX NepebopoMm,
4YTO B XyALLEM Cnyvae 3alnMeT K LWaros.

Mocneayrollme 3anpochl 6yayT YBeNMYMBaTb NpaByo rpaHnLly, 1 Mol 6y-
[leM OTMeYaTb HOBble BEPLLUMHbI KaK MOCeLLeHHble. 3aMETUM, YTO Mbl MOXEM
OTMeYaTb TOJIbKO BbICOTbI BEPLUMH BHE pacCMaTpMBaeMoro nogMaccumBa, a
TaKXe Mbl OTMeYaeM BCE BEPLUMHbI HE 3aBUCUMO OT TOrO ABNAETCH creum-
allbHbIM WM HET.

[ns KaXx4oro 3anpoca OTBET BbIYUCAEM CNEAYHOLLMM 06Pa3oM: MHULIK-
anuanpyem ans = 1 1 nonpobyem ee yBeNnM4nTb. Ha KaxxaoM Lare ans npej-
CTaBMSET BbICOTY, KOTOpPas ABNAETCA MO0 CreumanbHO, TMbo HeT. Ecnv oHa
cneymanbHas, TO yBeNMYMBAEM ans, ECv OHa HaxoAMTCs B noamMaccumBe (Mo-
C/le NeBOW rpaHuMLbl M 10 MPaBOiA) MM OTMeYeHa Kak nocelleHHas. MiHave Bbl-
XOAVM M3 LUMKNa 1 BO3BpaLLlaemM ans. ECm 4acTUYHbIA mex roBOPUT O TOM,
YTO BECb MHTEpBan HblN1 PACCMOTPEH Mbl MOXEM MPOAOCIKUTL paccMaTpu-
BaTb ans ¢ 1 + right — end — of — the — interval. Ecnu Mbl 3aCTpsinin No cepe-
[AVIHE MHTepBana, Toraa YacTUYHbIN MeX ABNAETCH OTBETOM 3anpoca. Taknum
06pa3oM, Mbl TOYHO MCMOMb3YEM BCE BbICOTbI B MHTEpBasie 3anpoca.

OTanoHHoe peLleHne BbluncaseT partialMex|x] neHnBo (He oTMeYaeM Kak
NOCeLLEeHHble, MOoyYaeM ero 3HaveHne, Korga HaMm HeoOXOAMM OTBET Ha 3a-
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npoc). Koraa Mbl nony4yaemM Kakoi-To ans, KOTOpbIi paBeH NepBoit He crie-
LmanbHOM BEPLUMHE, Mbl MbITaeMca yBeNn4MBaTh partialMex[ans| noka oHa
OCTaeTCs B MHTepBasne He creunasnbHbIX BEPLUMH, U OHa MoceLleHHas BHe
nogmaccyvBa (0TMedeHa B MaccuBe visited). Toraa Mbl MOXeM CKasaTb, YTO
ans = partialMex[ans] n npofosxaTb.

[1na Toro, 4To6bl NOABECTW UTOT, 415 KX A0r0 NOAMAacCuBa, No Mepe 8-
YKEHVA BMPaBO, M OTBeYast Ha 3anpocChl, Mbl aHaM3NPYeM YacTUYHble MeX
KaXkIoro MHTepBasna He cneumanbHblX BEPLUMH. ATO AaeT HaM BO3MOXHOCTb
JNS KaXKA0ro 3anpoca Mbl MOXEM PacCMOTPETb MakcuMyM 2 * K + 1 3Ha-
YEHWI: cneymnanbHble BepLMHbI U K + T MHTepBasoB, KOTOPbIe Mbl paccMart-
pMBaeM 3a KOHCTAHTHOE BPeMs, T.K. YaCTUYHble MeX, KOTOPblE Mbl XPaHUM
JNS KaXA0ro U3 HKUX. TakyKe YacTuuHble mex 6yayT yBeNn4MBaTbCA TONbKO
interval—lenght pas, B pe3ynbTaTe B UTOre nosydaem makcumym N LwaroB ans
KaXk[oro nogmaccuBa.

[NpoaHanuanpyem CoXHOCTb anroputMa. g KaXk4oro noAMHOXeCTBa
Mbl nocetaem O(N) nosuunia, T.K. Hambonblliee 3Ha4YeHVe NpaBasi rpaHMLa
paBHa N — 1. Mbl Tak xe yBenununsaeM partialMex O(N) pa3. Ina kaxaoro 3a-
npoca Mbl coBepluaem O(K) oononHuTenbHblx Wara. CnegoBaTenbHo, obLas
CITOXHOCTb aniroputMa O(N;;N + Q %K), KoTOpasa AoCTMraeT MMHUMYyMa Koraa
K paBHO %, KoTopas B utore gaet cnoxkHocTb O(N * v/Q + Q).

OfaHako, pelleHve TpebyeT COPTMPOBKWM 3anpocoB MO MNpaBov rpa-
HULUE [NA KaXKAoro nogmMaccuBa, YTO B WUTOre HaM AaeT ClIOXKHOCTb
O(N % v/Q + Q % logQ).

MonHoe pelweHue. bygem o6padatbiBaTb 3anpochl N0 Mepe yBennye-
HWS UX NPaBOW rpaHuLbl. KOraa Mbl ABMXEMCS MO MaCCUBY BbICOT 1 OTBEYa-
€M Ha 3anpochbl, HAM HEO6XOAMMO 3aNOMUHATb A1A KaXKA0N BEPLUMHbI, Kakas
13 HUX Hanbonee NpaBas, KOTOPYHO Mbl paccMaTpuBanu B maccuse. lNpeano-
JIOXWM Mbl 3HAeEM 3TU 3Ha4eHuA. Torga 418 KaXk4oro 3anpoca HaM HY>KHO
BbIACHUTb Hanbonbllee 3HavYeHue val, Takoe YTo Bce 3HadeHnsa oT 1 go val—1
60/IbLLE MW PaBHO JIEBOW rpaHMLbl 3anpoca.

Mbl MOXEM UWCMOMb30BaTbh [AEPEBO OTPE3KOB MO 3TUM 3HAYEHUAM.
MpeanonoxuMm, Mbl XpaHuM 3TOT MaccuB, rightMostPosition[x] co 3Ha-
YeHVAMM Haubonee npaBOW MO3WLMKW, FAe BbiCOTa paBHa X, PacCMOT-
pPEHHaa K AaHHOMY MOMEHTY (OO MpaBoW rpaHuLbl Tekyllero 3amnpoca).
rightMostPosition[x] = —1 eCnu Mbl He HaLLNW BEPLUXHbI PaBHOM X noka. [e-
PEBO OTPE3KOB 6YAET XPaHWUTb MUHMMAbHOE 3HaYeHne aTOro MaccumBa.
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Korga mMbl momMeHsieM MpaByro FpaHuLLy TeKyLLero 3anpoca, Mbl MPOCTO
MOXEM 3aMeHUTb 3HaYeHNst B Maccuee. Kaxkasi 3aMeHa B MaccuBe 03Hava-
eT O(logN) nameHeHnii B aepeBe 0Tpe3koB. Mbl 3HaeM Kak M3MeHUTb AepeBo
OTPE3KOB, HO KaK HalTK MeX NCMNoMb3ys ero?

lcnonbayem anropntm 6MHApHOMO MoMcKa Mo AepeBy OTPE3KOB A/1s Mo-
vcka oTBeTa. Kaxkabli y3en aepeBa NokasbIBaeT, BCE Nv 3HAYeHNs y3na npw-
Hagnexart MHTepBaJsy 3anpoca. YCIoBue TakoBo: segmentTree[node] BONXHO
6bITb 60/bLLIE WM PABHO NEBOW FPpaHuLe 3anpoca. Micnonb3ys AaHHOe yCio-
BUWE, Mbl MOXEM MCKaTb OTBeT B iepeBe oTpe3koB 3a O(log N).

MToroBasa cnoxHocTb fgaHHoro petenns O((N + Q) = log N).

E. ApudmeTuyeckme nporpeccumn

Cny4yal, korga xoTsa 6bl B OAHOM 13 Nporpeccuii war paseH 0, paccMaTpuBa-
eTcs 0TAeNbHO. [JlaHHble cnyvan nerko paséuparoTes.

PeweHne nog3apaum 1

[ns pelleHnsa gaHHOM 3aa4m AOCTATOYHO NOMHOMO Nepebopa. [Ansa nep-
BOW MPOrpeccum NpornaeMCs No BCEM 3/1EMEHTaM, KOTOPble MeHbLLIE r, COXpa-
HAS 3HaYEHWs!, KOTOPbIe 1eXkaT Ha npomexxyTke [/, r]. 1 nns BTopow nporpec-
CUM cAenaeM Te Xe caMble AencTBuA. [IpOCTbIM NOACHETOM COBMAAArOLLMX
5/1EMEHTOB MOJTYYEHHbIX MHOXECTB, HaxX0MM OTBET Ha 3aAayy. [JaHHbIN cro-
cob paboTaet 3a 0(r?).

PeweHne nogsagaunm 2

Mpoxoasach No BCeM Yncnam OT | o r NPOBEPSIEM, SBNAETCA T TeKyLLee
YMCNO 31EMEHTOM 06eunx MPorpeccuin. PaccMoTpUM, Kak NPOBEPUTL YMCO
Ha MPUHAANEXHOCTb K nporpeccuu. MNycTb Ymcno 6yaeT K, a HayanbHoe 3Ha-
YeHwue 1 Lar Nporpeccum — a n b COoTBETCTBEHHO. ECnn BbINOAHAETCS yCo-
BYE

k=a+bn

JU151 KaKoro-Hnbyb HeOTpMLIATENIbHOIO LIESIoro N, TO YUCNO K ABNAeTCS ane-
MEHTOM AJaHHOW Nporpeccun. Takoe YNCAO N CYLLECTBYET TOrfa v TOSIbKO TO-
roa, koraa a < kv (k — a) KpaTtHo b.

[aHHoe pelueHne paboTaeT 3a O(r) BpeMeHM.

PeweHwne noasagaum 3, 4

[ins pelleHnst AaHHOM Nof3aayn HaneM HauMeHblLee YMCNo, KOTOpoe
aBnseTCA 06LMM ANA 06enx nporpeccuii. Hago pelwnTs cneaytollee ypaBHe-
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Hue
a+bn=c+dm.

[laHHOe BblpaXkeHWe ABASETCA MHENHbIM AMOMAHTOBbLIM ypaBHEHMEM.
EcTb ABa cnocoba pewmnTb 3TO ypaBHeHMWe. [1epBbiit cnocob noTpebyeTt
O(max(b, d)) BpemeHu. MNpeobpasyemM ypaBHEHNE U NPUBEAEM K CNEYHOLLIEMY
BMAY

_Cc—a+dm

= - .

MpeanonoxmMm, 4to a < ¢ (ecnm He Tak, TO MOXKEM MOMEHSITb MPOrpeccum
MecTamn). locTaTouHO nepebpaTb 3Ha4veHns ans m ot 0 go b. Ecnu pelue-
HMSA eCTb, TO €CTb PelLleHre U B 3TOM MHTepBane. Ecnm B aTOM MHTepBane
HeT peLleHms, TO He CYLLIeCTBYET Takoro n, KOTOPbIA YAOBNETBOPSET ypaBHe-
HUtO. Takoe HaxoxeHue pelleHnsa 3aimeT O(max(b, d)). Ecnu pelunTb faH-
HOe ypaBHeHMe C MOMOLLbH PACLLUMPEHHOIO anroputMa EBkANAa, TO HaXoX-
fieHne pelleHns 3aimeT O(1), YTo AaeT BOZMOXKHOCTb peLlnTb noasazady 4.

MycTb t 6yaeT HaMMEHbLLMM YUCNOM, KOTOpoe 6yaeT obLmMM AN 06enx
nporpeccuii. Torga MOXHO 3aMeTUTb, YTO O6OLLIME Yncna ByayT NpeacTaBNsATb
13 cebst apnuPMETUYECKYHO NMPOrPECCUIO C HaYalbHbIM 3HAYEHMEM t 1 C La-
rom (b, d), rae HOK — aTo GyHKLMS HAXOXAeHWS! HaMeHbLLIEero o6LLIEero Kpat-
HOro.

Onpepenum dyHKUKto f(a, b, p) NoMcka KONMYECTBa 91EMEHTOB apudme-
TNYECKOM NPOrpeccun ¢ HayasbHbIM 3HAYEHNEM a U C LWaromM b Ha oTpeske
ot 0 go p:

0 ,ecnmp < a
152 +1 | vHave

Torpa otBeTom 6yaeT f(t, (b, d),r) — f(t,(b,d), — 1)

fla,b,p) =

F. Cyneprepou

[oCTPOMM OPUEHTUPOBAHHBIM ABYAObHbBIV rpad 5 x 5. MyCTb NATb BEPLUMH
C NNTeBON CTOPOHbI 6yayT COOTBETCTBOBATL CYNepcrnocobHOCTAM Cyneprepo-
€B, a NSTb BEPLWMH C NPaBOW CTOPOHbI — CYNePCNOCOBHOCTSAM Cynep3noje-
eB. Kaxxioi BepLiVHe CneBa HagHauyMM YUCIO — KONMMYECTBO Cyneprepoes C
3TOM CynepcnocobHOCTbIO. Caenaem TO Xe camMoe crnpaBa Ans cynepsnoae-
eB. HakoHeLl, co3aaanM HanpaBfeHHble pebpa 13 Kaxkon BepLUMHbI CieBa
COrNlacHO NpaBuaaM onpeaenenns NnobeanTensa ayanew.
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CyLLECTBYET HECKO/bKO METOOB PELIEHNS 9TON 3aauMn.

Hanpumep, MOXXHO pacCMOTPETb 3afady Makcummsaumm notoka. C aToi
TOYKM 3PEHUS UCTOYHMKAMMN BYayT CNY>KUTb BEPLLUMHbBI C CYNepreposmu, a
CTOKaMM — BEPLUMHbI C Cynep3nofeamn (C TeM >XKe YCnexoM MOXHO pac-
CMOTPETb 3epKanbHyto 3aa4y). [ocne HaxoXAeHU MaKCUManbHOro noTo-
Ka OH MOKaXKeT, KaKmne Cyneprepoun ¢ KakvMm 31104esiMU A0MKHbBI CpakaTbes.
OcTaBLUMeCs HepacnpeaeneHHbIMK Cyreprepon MoryT cpaxaTbest ¢ Ntobbl-
MW HepacnpeaeneHHbIMIN CynepanoaeamMum.

G. 3apaHue TbiIrbiHa

PaccMoTpum 0coboe AepeBO, KOTOPOE HAa30BEM AePEBOM AenmTenei. Ero ya-
Jibl MOMEYEHbI LIeNbIMU YUCTIaMK, B KOPHE €r0 HaXOAMTCH eAnHnLa, a Poan-
TeNemM KaXkoro ysnan > 1 aBnaetcsa n/p, rae p — MakCcUMasibHbIn MPOCTOM
nenutenb n. Hanpumep, poanTeneM 4ncna 525 = 3-5- 5- 7 ABNAETCA YMCNo
75=3-5-5 apognteneM8 =2-2-2—4ucno 2 - 2.

47



Pelienuns

Ha pucyHke npvBefeHa YacTb AepeBa AenuTeneit. 3aMeTuM, 4To BCe Npo-
CTble YMcna ABNAOTCA AeTbMM y3na 1, a BbICOTa KaXAoro y3na paBHa Yuc-
Ny MHOXWTENEN B pa3noXKeHn COOTBETCTBYHOLLErO YMca B Npon3BeaeHmne
NpocTbIX (MM CyMMe MokasaTenielt MPoCTbIX AenuTeneit B 9TOM passioxe-
HUN).

CTafno, cobpaHHOe 13 BCEX KOPOB, HaXOAALLMXCA B MoAAepeBe y3na, COOT-
BETCTBYIOLLEr0 HEKOTOPOW KOPOBE, YAOBNETBOPSET TPEOOBAHMAM TbirbiHa.
CosaaB Takoe CTafo 415 KaXKA0M KOPOBbI, HE MMELLIEN NpedKa B AepeBe, U
OTHECSH KaxAyHo U3 BCEX OCTallbHbIX KOPOB K CTa/ly CBOEro CaMoro OTAaneH-
HOrO NpeakKa, Mbl MOYYMM peLleHne 3a8aun.

B03MOXHbl pa3Hble cnocobbl NoNy4YeHns peLleHns. [1na novucka no aepe-
BY HaM Hy>XHO BYJIET 3HaTb MaKCKMaslbHbI NPOCTOM AENUTEND A1 KaXA0ro
yana. PelleHne Xopn MCMONb3YEeT NOUCK B LLUMPUHY, COXPaHAS ANA KaxKAoro
NOCELLAeEMOro y3fa cTafo, KOTOPOMY OH MPUHAANEXNT. [pn YTeHUN BXOAHbIX
JlaHHbIX OTMeYaeM KOpOoB B 6yN1eBCKOM MaccuBe.

[ns pelieHna Takxe TpebyeTca 3HaHWe BCex NpoCTbix ynucen M. MoxHO
MCNoNb30BaTb pelleTo JpaTtocheHa nnm NnMHerHbIn otceB. CAOXHOCTb Ta-
koro pelwenust pasHa O(N + Mlog(log M)) nam O(N + M) B 3aBMCUMOCTUN OT
peanusaumun pewera.
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H. WTorm cnaptakuagbl

0603HauMM Yepes /(p) copeBHOBaHME, KOTOPOe MOJly4aeTcs B pesy/braTe
BCTaBKM Nobefibl y4acTHNKA HoMep O B CNMCOK Mexay aHamu p v (p + 1).
0603Ha4MM Yepes f(p) obLMIA CyMMapHbIi MoKa3aTenb cyacTbs 45 /(D).

3a 11 6annoB. Vuiem HezaBucnmo Bee N+ 1 3HadeHwi f(p). byaem BecTu
CMUWCOK L Ntofel, NONyYMBLLMX MOHETY B TEKYLLUMIA ieHb, TO eCTb MMEROLLMX K
3TOMY [IHIO MaKcUMasibHoe Yncno nobes, KoTopoe 0603Ha4YMM M. 3TOT crnu-
COK 0B6HOBSIETCH TaK. BO3MOXHbI cyyau:

1) MNobeantenem AHs CTan HeKOTOpbIA X € L. Torga ero 4icno nobef — Ho-
BbIll MakCcMMyM, M + 1, 1 Mbl yaansiem n3 L Bcex oCTasnbHbIX.

2a) [NobeanTtenemM AHA CTan HEKOTOPbIN X ¢ L, HOBOE YMco Nobes KOTOPOro
cpaBHsioch ¢ M. Toraa Mbl NpocTo Ao6aBNsSAeM X K L.

26) MNobeantenem AHS cTan HEKOTOPbIV X ¢ L, KOTOPbI BCE eLlle MMEET YnC-
N0 nobes, MeHbllee MakCUMabHOro. L He MeHsAeTCs.

PaccMoTpuM fo6aBeHHble 3a 3TOT AeHb KaXKbIM Y4aCTHMKOM L NoKasaTe-
v cyacTbd. Mockonbky a2 = (a — 1)? + 2a — 1, TO B a-1 ieHb K NoKasaTeso
BYepalLHero AHsA aobasnsetcd 2a — 1. bygem xpaHuTb B MaccuBe start|x|
ANs Kaykaoro x € L feHb, Korga x noasuncs B L (B nocneaHnii pas cHosa
BOLLIES B CMIMCOK, €C/NN X MOSABASNCA B L HECKOMNbKO pas). PaccmaTpusast ciy-
Yau, BUAMM, YTO OOHOBSIEHME 3TOr0 MaccuBa B S060M AeHb BbIMOMHAETCH 3a
KoHcTaHTHoe Bpemst O(1). CyMMapHbIii TekyLLuiA mokasaTeSlb cHacTbsl BO3-
pacTaeT nNpw nepexoae Ko AHro day Ha 2 x (day — start[x] + 1) — 1 ans kaxaoro
xeL.

970 peLueHne nmeeT cnoxHocTb O(N®), Tak Kak Mbl BbIUUCISEM CyMMap-
HbIt nokasaTtenu cyactbsa ans /(0), ... [(N). [Ans Kaxaoro BblYMcneHns Tpeby-
eTcst nponTrch No O(N) AHSM, U B KaXblih AeHb Haao 06paboTaTb BCEX NH0-
[leil B Ccnivcke L, KOTopblii MOXeT cofiepxkaTb Ao O(N) YenoBek.

3aMeTUM, 4TO CyLLLECTBYHOT 60J1ee NPOCTble pelleHns 3a 11 6annoB, HO OT
TaKoro flierye NepenTn K cneaytolemy nyHKTY.

3a 24 6anna. s 3ajaHHOro COpeBHOBaHMA (D) W AHS, BMe-
CTO NO0YepenHOro Ao6aBfeHMA K MOKa3aTeNto cYaCTbsl CraraemMblx BuAa
2 % (day — start[x] + 1) — 1 ana kaxgoro x € L 6yaem 3anoMuHaTb 3Hade-
HMEe 3TOW CYMMbl SUM W ANIMHY CrucKa size. [1py 9TOM HaM faxke HEeT Heob-
XOAMMOCTUW XPaHUTb caM CcnMcoK. Ecnm x nobeamTens o4epeHoro AHs, TO B
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COOTBETCTBUM C pa306paHHbIMU BbiLLe CyYasmu
1) sum = day — start|x]; size = 1;
2a) start[x] = day; size = size + 1;
26) HMYero He MeHsieTCS.
3aTeM npubaBnsem size K sum. HakoHel, Ans noAcyeTa CyMMapHOro no-
Ka3aTens 3a AeHb, NprHaBNseM K OTBETY 2 * Sum — size.

O4eBUAHO, CIIOXHOCTb Takoro petlerns pasHa O(N?), MOCKObKY Mbl Mo-
npexHeMy paccMaTpuBaeM Bce copeBHoBaHMs /(0) .../(p) No oTAeNbHOCTY U
o6pabaTbiBaemM O(N) AHen A0 Kaxaoro, BbINonHAs kakue-To O(1) onepaumn.

3a 100 6annoB. [NonyyeHuto pelleHnst 3a O(N) NpenaTcTBYeT TO, YTO Mbl
Bbluncnsaem kaxaoe f(p) HeaaBMUcUMO. MOXHO 3aMETUTb, YTO COPEBHOBaHME
I(p) oo AHa p BKAtoUMTENbHO coBnaaaeT ¢ I(N), @ HauMHaa c aHa p + 1 1 ao
N + 1 BkntounTtenbHo — ¢ /(0). Taknm 06pa3oM B HaLLMX BbIYUCAEHNUSX Mbl
MoxeM nepekntountbes ¢ I(N) Ha /(0) HaumHana ¢ aHA p + 1, Tak Kak Ha Bpy-
YeHWe MOHET BNAET TOMbKO KOMYECTBO Nobes K HAacTOsLLEMY AHKO, @ He
MOMEHT BCTaBKM hanblinMBoi nobeabl. XOTs 9TO MO3BONSET CBECTU A0 K
PaACCMOTPEHUIO ToNbko copeBHoBaHMi 1(0) 1 I(N), 3Toro HeloCTaTOUYHO A1s
athdekTVBHOrO BbluncneHus f(p). PaccMoTpum aieHb p B copeBHoBaHMM 1(0).
[yCTb NOCE HEro MPOUCXOAUT TOMBKO ClyYan 2, BMIOTb 0 HEKOTOPOro AHS,
B KOTOPOM MpoucxoauT cnydait 1. 9TOT AeHb Ha30BEM NePeNoMHbIM 1 060-
3Ha4MM 4Yepes t(p) — nepsblit AeHb cTporo nocne p B /(0), rae nosiBasieTcs
HOBbI MakcUMyM. PacnpefieneHme MOHeT B /(p), AN BCEX KPOMe y4acTHMKA
0, coBnagaet c pacnpeaeneHnem B I(N) ans Bcex aHer fo t(p), ac t(p) m ao N
OHO coBMafaeT ¢ pacnpeneneHnem B /(0). Y1cno BbIMIPbILLEN HYNEBOTO Ur-
pOKa He BMSIET Ha NOMTy4YeHne MOHET APYrMMM yHaCTHUKAMMN A0 NOSABEHUS
cnyyas 1. 3To HakoHel| NO3BONSET BbluMcNATb f(p) 3a O(1) Tak Kak CnMcok L
nocne fHs t(p) COCTOWT TOMbKO U3 OAHOMO y4acTHMKA. [1nst Takoro Bblymcse-
HUS HaM HY>XHbl MHKPEMEHTbI YaCTUYHbIX CyMM Ans Kaxkaoro aHa B /(0) nI(N).
Tak>ke HaM Heo6XoaMMbIl HEKOTOPbIe fAaHHble 0 AHsX TMna 1 B8 /(0): Homep AHS,
«BbIXXMBAKOLLMI» B L yHaCTHUK, NEBbLIN 1 MPaBbli KOHLIbI OTpe3Ka, rae OH Mno-
ny4yaeT MOHeTbI. Bee t(p) MoxkHO HaltTv 3a O(N). Halle yTBepyaeHWe UCKIto-
YaeT M3 paCCMOTPEHUS y4acTHMKa HoMep 0, TaK YTO A5t HEro Hy>KHo 6yaeT
NPOBOAWTbL BblYMCIEHUs OTAEeNbHO. OH He BXOAWT B paCHET YaCTUYHbIX CYMM.
NTaK, Mbl MOXeM HaxoauTb f(p) 3a O(1). CHa4ana Mbl CNOXMUM BCE YacTWy-
Hble CyMMbI MoKasaTesel c4acTbs 10 NepesioMHoro axs t(p) B I(N), n yacTuy-
Hble CyMMbl MoKa3aTenei cuacTbs oT AHs t(p) Ao N B /(0). OcTaeTcs ckoppek-
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TUPOBATb BbIYMCNEHNS /151 OTPE3KA BbIXKMBLLErO, MOCKOSbKY, eC/ 9TO He 0,
4aCTUYHbIE CYMMbI at0T HEBEPHOE 3HAaYEHNe MoKasaTessi cHacTbs, KOTOpoe
Mbl MCMpaBASieEM MNPV MOMOLLIM NPeABbIYMCNEHHbIX AN KaXA01 NepeoMHOM
TOYKM fiaHHbIX. Bce ellle ocTaeTca pacCMOTPETh NokasaTesb cyacTbs Ans 0,
HO 3TO MOXET OblITb cAaenaHo ahhEKTUBHO aHaNorMyHo, C UCMoNb30BaHNEM
YaCTUYHBIX CYMM W OTPE3KOB NOMyYeHWst MOHeT. OKOHYaTENbHO CMOXHOCTb
peltenna O(N), nockonbky Bce npeasblumcneHnst 06 /(0) n [(N) MoryT 6biTb
npoBeseHbl 3a O(N), a BbluncneHne kaxaoro na N + 1 4mcen — 3a 0(1).
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