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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 < a;; < 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
079602
05321
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

Ifitisimpossible 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)

IS| < 500.

Subtask 3 (points: 40)
No additional limitations.

Examples
standard input standard output
0lo01101 YES
01+0+01+1+0+1
11111 YES
1111+1

D. Verkhoyansk

Marcel has planned a trip in the Verkhoyansk Range, a 1200 ks 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 32 511 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 1T < N < 300.000 and T < 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[I] < 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

W WE 000Ul UTooOoPHOOWWU O R

OO OO0 UVTWEDNNWOLULO
O 00 00 N

10

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; +(—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<10°.

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.
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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°). 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

Thefirst 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+ 9+ 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 T 0. Participant number 0O
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 < 106
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 2N x N! ways
to set stones on the display stand. This number may be huge, so it is better to
use the following formula a, = ay_; 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 up to 3 - n-m-10% ~ 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) = > &, —
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 (| 7] +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(7%) = 0(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
| 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 < 2k It is always possible to achieve sum 2 by concatenating
adjacent digits into one number. Notice, that concatenating 1 + x — 1x
increases the sumby 1,14+ 0+ x — 10x —by 3,and T+ 1+ x — 11x —
by 4. We will act greedily, concatenating triples of digits while the current sum
doesn't exceed 2k. 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 —
11+ 11+ 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
all in some interval from BxKto (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 or equal 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(NLKN + Q *K) which reaches
its minimum when K equals \%, 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 x v/Q + Q x 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

19




Solutions

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 iff a < k and (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
e
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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
P |22 +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 * 5 % 5 % 7 has
3 % 5% 5 as father, while 2 x 2 x 2 has 2 % 2 as father.
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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 x 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 * (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 I(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 goin 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[O] 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 1(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 /(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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3agauunm

A. Konnekuwus

tOHbIN MaTemaTuk TanbaH KONNEKUMOHMPYET KaMHW. Konnekums y Hero
Hebo/blLLas 1 Noka cocTonT 13 10 pasHbix KaMHel. OaHaXXabl BO Bpems Mno-
e3/1K1 Ha oflHy 13 onumnuag B MOCKBY OH 3aMETUN B MarasmHe noAcTaBky
ONA KaMHen 13 10 OTCEKOB, M MPK 3TOM KaxkAblM OTCEK BMeLLa OANH KaMeHb
1 MOT 6bITb MOACBEYEH MO0 KPaCHbIM, TMH60 CUHMM LIBETOM. OHa eMy TaK Mo-
HpaBMIaCb, YTO OH ee cpasy Kymnus.

[NpuexaB OOMOW, OH Cpasdy pacCTaBuil CBOW KaMHW Ha HOBOW NMOACTaBKeE.
JTrobysAcb KpacnBO NOACBEYEHHBIMM KaMHSAMM, NbITANBbLIA Tanb6aH nogymMan,
a CKOMbKMMM CNocobamMm OH CMOXKET pacCTaBUTb CBOM KaMHW Ha 9TOW NoA-
CTaBKe. 9Ta 3ajada 6bina ObICTPO peLleHa, HO MOTOM, OH 3aMETWUI, YTO He
y4yen UBEeT NOACBETKM KaMHeN. W TyT 3aflada O/15 Hero okasasachb CNOXHOW,
Ha MOWCK peLleHnsa TanbaH NoTpaTu/ HECKObKO AHEN, HO BCe-TaKm peLm
ee.

Mocne mapadoHa ¢ 3TON 3afadvei, Halll OHbIM MaTeMaTK nogymMan: «A
YTO, ecnin 6bl Y MeHst 6b110 He 10, a N KaMHei, KOTopble HY>KHO paccTaBuTb
B @aHanornyHon noactaske ¢ N otcekammn?» [omornte TanbaHy pelwmnTb 3Ty
CNOXHYHO 715 HEro 3afadyy!

¢opmaT BXOAHbIX AaHHbIX

Ha BXOO nporpaMMme AaeTcd e€AMHCTBEHHOE HaTypaljibHOE YKCIO N
(N < 10%).
¢opmaT BbIXOAHbIX AAHHbIX

Mporpamma AosXHa BbIBECTU €AMHCTBEHHOE YNCO — KOMMYECTBO Cro-
COB0OB pPaccTaHOBKM KamMHel. Mbl MOHUMAEM, YTO 3TO YMC/IO MOXKET OblITb
0Y4eHb BOSIbLLVM, MOSTOMY BbIBEAWTE €ro no Moayno 109 + 7.

CncTtema oueHKUn

[aHHana 3aava cogep>xnT ABe noasanadv. bannbl 3a nogsagady Hauvmc-
NAKTCA TOMbKO, ECNM BCE TECTbLI 3TOM NOoA3a4auv NPOMAEHb!.

Nop3apaua 1 (6annbl: 40)
N<17.
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Nop3apaua 2 (6annbl: 60)

N < 10%
Mpumepbl
CTaHAapTHLIW BBOA CTaHAapTHLIM BbiBOA
3 48
5 3840

B. Pwuc Ha waxmaTHoM pocke

BO3MOXHO, Bbl C/bllWasn O NnereHae, no KOTOpon oanH APEBHUI MaTeEMaTUK
NOMNpPOCUN Y NMpaBUTENA CTpaHbl Harpay B Ka4eCTBe PUCOBbIX 3epeH. MaTe-
MaTWUK JOCTan OObIYHYHO LAXMaTHYH AOCKY 8 x 8, NONPOCKA MOAOXKMUTb OAHO
3€PHO Ha MepBYHO KNETKY, [IBa 3epHa Ha BTOPYHO KJIETKY, YETbIpe — Ha Tpe-
TbtO, U TaK Aanee, Ka)kablh pas yaBanBas. Ho aTa 3agaya He COBCEM 06 3TOMN
NCTOPUN.

Y Bac ecTb AOCKa pasMepa n x m. B kneTke, HaxoAsALENCcs Ha nepece-
YEeHWUN CTPOKMN C HOMEPOM | U CTONBLIA C HOMEPOM j HaXOAMUTCS a;; 3epeH. Bol
XOTUTE NpUAAaTh STON AOCKE MMOYTH LaxMaTHYHO PacKpacKy, FAae KaXkabI KBad-
paT MMeeT pasMep K x K KNeToK, HO KBaApaTbl Ha rpaHuLIEe AOCKK MOTYT 6bITb
06pesaHbl N UMETb LUMPUHY MW BbICOTY MeHblLE, YeM K. Kaxkapli kBagpat
packpalleH Mo B YepHbIN, MO0 B 6eNbIN LUBET, 1 Ntobble ABa COCEAHMX MO
rpaHuLe (HO He Mo AvaroHanun) kBagpaTta A0/KHbI UMeTb pa3Hble LBeTa.

HainauTe Takyro NOYTHM LaXMaTHYH pacKkpacKy 3aZlaHHOM JOCKU, YTO CyM-
MapHOe KOIMYECTBO 3ePeH Ha YepHbIX KNeTKax MakcumMasbHOo.

dopmaT BXOAHbBIX AAHHbIX

B nepBoOi CTpoke cogepxaTtcs TpW  Lenblx uucna n, m, K
(1 < n,mk < 2000, k < min(n,m)) — KONMYECTBO CTPOK N CTONBLIOB
[OCKM, a TakxKe pa3Mep KBaapaTa B MOYTH WaxMaTHOM packpacke. Cneayro-
LLye n CTPOK coaepxat no m uncen a;; (0 < a;; < 10°).

¢opmaT BbIXOAHbIX AaHHbIX

BbiBeguTe OAHO YMCIO — MaKCUMalbHOE KOJIMYECTBO 3epeH Ha YePHbIX
KNETKaX, KOTOpoe MOXHO MNOJTY4YUTb.
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CncTtema oueHKHn

[laHHas 3agaya coaepXXuT YeTblpe noal3agayn. bannbl 3a nog3agady Ha-
YMCNSAOTCH, TOMbKO ECNN BCe TeCTbl 3TOM W BCcex NpefblayLmnx noasaaad
nponaeHbl.
Nop3apaua 1 (6annbl: 30)

n,m<50k=1.
Nop3apaua 2 (6annbl: 20)

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

n,m < 500.

Nop3apaua 4 (6annbl: 30)
Be3 onoNHUTENbHBIX OrpaHNYeHMiA.

Mpumepsbl
CTaHAApTHLIA BBOA CTaHAAPTHbLIA BbIBOA
45 2 55
50165
07902
05321
81143
331 25
123
456
7 89
3amMmeyaHune

B nepBOM NpviMepe onTuMasbHOK packpackon 6yAeT NoKpacuTb KBaapaT
(2,2) — (3,3) B YepHbIit LBET (L4BETA BCEX OCTaNbHbIX KNETOK OnpeaenstoTcs
O[IHO3HAYHO).

C. ABownuyHoe pasbueHue

Bam gaHa cTpoka 13 CUMBOJIOB @ 1 1. BaM HEOBX0AMMO J06aBUTb B HEE CUM-
BOJIbl + TAKMM 0OPA30M, YTO ECNM BbIYMCAUTL MOMYYMBLLEECS BblpaXkeHue,
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paccmaTpuBasi CTPOKM 13 @ 1 1 Kak Yncna B ABOVYHOM CUCTEME CUUCTIEHNS,
TO MOJYYMTCA CTeMNEeHb ABOVIKM.
dopmaT BXOAHbIX AAaHHbIX

BxomHoW daiin CoaepxXuT eamHcTBeHHyo cTpoky S (1 < |S| < 10°), co-
CTOALLYIO U3 CUMBO/IOB @ 11 1.
dopmaT BbIXOAHbIX AAHHbIX

Ecnu paccTtaBUTb 3HaKM + HY>KHbIM 06Pa30M HeNb3s, TO BbiBeaMTe «NO».
Ecnn pelueHne ecTb, BbiBeanTe «YES», @ BO BTOPOW CTPOKE BbIBEAMTE UCKO-
MOE€ BblpaXkeHue, CoCTosLIee TO/IbKO U3 CMMBONOB O, 1 1 +. [locne yaane-
HWSI CUMBOJIOB + BblpaxkeHue AOMKHO BbITb paBHO MCXoAHOM cTpoke S. MNep-
BbIl 1 NOCNEAHNIA CUMBOJSIbI HE JOMKHbI ObITb PaBHbI +, @ TAKXE HE AO/HKHO
ObITb ABYX + Noapsa. B uncnax paspelleHbl BegyLime Hynu. Ecnu pelieHnia
HECKOJIbKO, BblBEANTE JTHO60E.

Cncrtema oueHKM

[aHHas 3ajava coaepyknT Tpy noasagayn. bannel 3a noasagady Haumc-
NATCA, TONbKO €CNK BCE TECTbI 3TOM M BCeX NpeablayLUmMx noasanad npo-
JleHbl.

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

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

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

Mpumepbl
CTaHAApTHLIA BBOA CTaHAAPTHLIA BbIBOA
0lo01101 YES
01+0+01+1+0+1
11111 YES
1111+1
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D. BepxosiHCcKu xpebeT

Mapcenb nnaHupyeT noceTuTb BepxosiHckuin xpebeT B Pecnybnunke Caxa
(AkyTns) npoTsxkeHHocTbro 1200 KM. JlaHawadT aToro xpebTa MOXHO npes-
CTaBWTb B BUAEe MaccuBa N HaTypasbHbIX Yncen U3 nHtepsana oT 1 ao N,
NpeacTaBASHOLMX BbICOTbI MMKOB BAOSb XpebTa.

Y Mapcens Q apysei. Ero gpyr ¢ Homepom i 6yaeT nocellaTb Bce Bep-
LWWHbI C MHAeKcamu OT L[i] Ao R[i]. Ans KaXx[oro n3 ceoux Apysent Mapcenb
XOYET y3HaTb, KaKOBa MUHMMaSIbHas BbICOTa ropbl, KOTOPYHO OH HE MOCETUT B
3TOT pa3. 9Ta MHhOopMaLMa eMy HeOBXoAMMa, YTOBbI Hanbonee oNTMManbHO
CMJIaHMPOBATbL CleytoLLyo MOe3Ky.

Hanpumep, ecnv oanH 13 Apy3seit Mapcens noceLlaeT BEPLUVHbI C BbICO-
TamMn 325711635, TO HaUMeHbLLAsA BbICOTa BEPLUMHbI, KOTOPYHO OH HE CMOr
NMOCETUTb, paBHa 4.

dopmaTt BXOAHbIX AAHHbIX

MepBasi CTpoKa coAep>XUT HaTypanbHble uucna N uM (1 < N < 300000,
1 < M < 600000). Bo BTOpoit cTpoke AaHbl N LienbIX YNCEN CO 3HAYEHUSIMU
n3 MHTepBasia oT 1 Ao N BKIKOUYMTENBHO, NpeACcTaBsoULME BbICOTbI BEPLUMH
BepxosiHckoro xpe6ta. Janee cnegyroT Q CTPOK, COAePXXaLUMX No ABa Y1cna
L[] R]i], Takne yto O < L[] < R[] < N —1.
dopmMaT BbIXOAHBIX AAaHHbIX

BbiBegnTe Q CTPOK, Kaxaast U3 KOTOPbIX COAEPXKUT HaUMeEHbLLee HaTy-
panbHOE YUCNO — BbICOTY BEPLLMHbI, KOTOPYHO i APYr HE MOCETUT B STY MO-
e3[Ky.

Cunctema oueHKM

[aHHas 3aga4a coaepXXuT YeTbipe noasagadn. bannbl 3a noasagady Ha-
YMCNAKOTCA, TONBKO €CM BCe TECTbI 9TON NoAsafayn NponaeHbi.

Nopa3apaua 1 (6annbl: 20)
N <1000 1 Q < 10000.

Nop3apaua 2 (6annbl: 30)
N < 100000 n Q < 200000, BbICOTbI BEPLUMH He npeBbIWwatoT 50,

Nop3apaua 3 (6annbl: 30)
N < 1700000 1 Q < 200000.
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Nop3apaua 4 (6annbl: 20)

N < 300000 1 Q < 600000.

Mpumepbl
CTaHAApPTHLIA BBOA CTaHAAPTHbLI BbIBOA

14 16
34325167216243
04
05

13

12

12

12

11

W W E 0000 Ul UulTloOoHOOWWU O R

A OO0 UVTWEDNDNDWOLOUO
=
w

3ameuyaHue

CnenyeT OTMETUTD, YTO HYMepaLms B MaCCUBE BbICOT BEPLUMH HAYMHAET-
cacO.

E. ApudmeTunyeckme nporpeccumn

B aTOM y4e6HOM roay HoHbIM NPOrpaMMMUCT MPUropwmii y3Han MHOMO HOBOIO MO
MaTeMaTuhKe, B YaCTHOCTM €My O4YeHb MOHPaBUINCh apnudMeTMYecKme Npo-
rpeccumn. OH He NIBUT TepPATb BPeMSs BNYCTYHO M MO3TOMY peLlnna nccneao-
BaTb MOHPABUBLLYOCA eMy TeMy. [puropuii B3an Ase apudmMeTmyeckmne npo-
FPECCUM 1 XOYET y3HaTb, CKOJIbKO COBMaJatoLLMX 3/IEMEHTOB NiexaT Ha npo-
MEeXYyTKe OT | 0 I BKIIOUUTENBbHO. [TOMOrnTe eMy pellnTb NOCTaBNEHHYHO 3a-
Jady.
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HanoMHmMm, 4To apudmeTmyeckas Nporpeccusa — aTo YMcoBasa Nocneao-
BaTeNbHOCTb BMAA

a;,a;+b,a;+2b,...,a;,+Mn—"1)b, ..,

TO CTb MOCNeA0BATENIbHOCTb YNCES], B KOTOPOW Ka)40e YnCo, HaunHas co
BTOPOro, Moy4YaeTcs U3 NpeablayLiero 4o6aBneHnemM K Hemy nocTOsTHHOrO
ymcna b (wara, i pazHOCTU NPOrPECCUN):

a,=a,_1+b.

JTto6oit (n-i) YneH Nporpeccum MOXeT GbITb BblYMCIEH MO GopMyne 06-
LLiero yneHa:
a,=a;+(n—-"1)b.

¢opmaT BXOAHbIX AaHHbIX

B nepBoOi CTpOKe BXOAHbIX AaHHbIX HAaXOAATCA ABa LEbIX Yucna a u
b (0 < a,b < 10% — HayanbHOe 3HaueHWe W War nepsoit apudmMeTy-
Yeckor nporpeccuun. Bo BTOpoW CTpoke HaxoasTcs ABa Lefblx yucna c, d
(0 < c¢,d < 10% — HavyanbHOe 3Ha4yeHWe U war BTOPOiA apubmeTun-
YeckoW mporpeccun. 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
apudmMeTn4ecKnx Nporpeccun Ha otpeske [/, r].
Mpumepbl
CTaHAapTHLI BBOA CTaHAApTHLI BbIBOA
32 2

56
10 20

30 0 1
15 15
10 1000

3amMmeyaHue

[aHHasa 3afjava COAEPXKMUT YeTblpe noasagadv. bannbl 3a nogsagadvy Ha-
YUCNAKOTCHA, TONbKO €CNU BCE TeCTbl STOM WM BCEX MpeablayLinMxX noAsanad
NPONAEHDI.
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Nop3apgaua 1 (6annbl: 20)
a,b,c,d,l,r <109

MNop3apaua 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& MHOIO JIET, CKPbITHO OT MPOCTbIX JIKOAEN, MAET BOMHA MeX Ay KOMaHOOon
cyneprepoeB v 6aHAoM Cynep3noaees.

KaxablIn cyneprepow Unm cynepsnoaen obnagaer OgHom M3 NsaTn cynep-
CMOCOBHOCTEN:

+ (S) cynepckopocTb — CMOCOBHOCTL ABUraTbCsA BO MHOMO pas bbIcTpee
06bl4YHbIX NFOAEN;

- (P) cynepcuna — HeBeposATHasA dbuanyeckasn cuna n 30poBbE;

- (T) Tenenatnsi — CMOCOBHOCTb YNTATb 1 BHYLLIATb APYrM OASM MbIC-
nw;

+ (K) TeneknHes — cnocobHOCTb NepemMellaTb NPeAMETbI CUA0M MbICAK;

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

Mpn CTONKHOBEHWUM ABYX obnajaTenein cynepcnocobHOCTel peadynbTaT
onpeensaeTca No CneaytoLwymM npaBuiam:

* CYMEePCKOPOCTb MOBEXAaeT TeNenaTuio 1 cynepeuny;

- TenenaTua No6exaaeT cynepeuny 1 TeNneknHes;

- cynepcuna nobexaaeT TeNeKUHES U SHEPreTUYecKne Nyun;

- TeneknHes NoGeXxXaaeT SHEPreTUYECKME NTyUn U CYnepcKopoCTb;
* 9HEPreTUYecKmne Nyum NoBeXJatoT CyrnepcKopoCTb M TenenaTuio.
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HakaHyHe hu1HanbHOro cpa)keHus, cynepreposiM ctan M3BecTeH COCTaB
Cyrnepanofeen, KOTOPbIE MPUMYT B HEM y4acTue, C yKa3aHMeM T1na ux cynep-
CNOCOBHOCTEN. N3BECTHO, YTO BUTBbI TAKOro poda COCTOAT U3 psaa ayasb-
HbIX MOEMHKOB, MPUYEM Ka[ibli1 y4aCTHNK CpaXkaeTcs POBHO oAuH pa3. Ko-
NMYECTBO Cyneprepoes B NpeAcTosiLLeNn 6BUTBE paBHO KONIMYECTBY Cynep3no-
JeeB.

Bnarofapsa c4acTIMBOMY CTEYEHUO 06CTOSITENbCTB, Cyrneprepon MoryT
BblOpaTb KTO C KeM BY[eT cpaxkaTbcs. [ToMornte um caenaTb NpaBUbHbIiA
BbIGOP, TakK YTO6bI 0AepXKaTb N06ey B MaKCMMaibHOM KOMMYECTBE Ayanen.

dopMaT BXOAHbIX AaHHbIX

B nepBOWi CTPOKE BXOAHbIX AaHHbIX 3agaHo Lenoe uncio N (1 < N < 10°)
— KOSIMYECTBO Y4aCTHMKOB BUTBbI C OJHON CTOPOHbI.

Bo BTOpOW CTpOKE BXOAHbIX AaHHbIX AaHa CTpoka 13 N CMMBOJIOB — TUMb
cynepcun, KOTopbiMy 061a[aroT Cynep3noaen.

Bo TpeTbei CTpoKe BXOAHbIX AaHHbIX AaHa CTpoka M3 N CUMBOOB — TU-
Mbl Cynepcus, KOTopbIMK 06/1aAatoT Cyneprepou.

dopmaT BbIXOAHBIX AAHHbIX

BbiBeanTe cTpoky 13 N CMMBOJIOB — MEPECTaHOBKY TUMOB Cynepcun cy-
neprepoes, 06ecneymBatoLLyto MM Nobeay B MaKCUManbHOM KONMYECTBE Ay-
anen.

Kaxkabi i-h1 CUMBOJT B HEN COOTBETCTBYET CYMEPTrepPOd C TakMM TUTIOM
CYNepcnocobHOCTEN, KOTOPbIV JOMMKEH BCTYMUTb B CXBATKY C CyNep3/I0AeeM,
CYNepcnocobHOCTb KOTOPOro 3aKOAMPOBAHA -M CUMBOJSIOM BTOPOW CTPOKM
BXOAHbIX AaHHbIX.

CncTtema oueHKUn

3ajava coaepyK1T ABe noasagaqn. bannbl 3a Kax bl TECT HAYUCAKTCA
HEe3aBWCKMMO ApYr OT Apyra.

Nop3apaua 1 (6annbl: 30)

B 6UTBe NPUHUMAIOT y4acTue repov 1 3n0fen TONbKO C TPEMS PasHbIMU
cnoco6HocTAMK: S (cynepckopocTb), P (cynepcuna) n K (TeneknHes).
Nop3apaua 2 (6annbl: 40)

B 61TBe NpMHMMAIOT y4acTue repon 1 3/10[en CO BCEMM NMATbIO BUAAMM
cnoco6bHocTen, N < 100.
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Nop3apgaua 3 (6annbl: 30)

B 6UTBE NPUHUMAIOT Y4acTVe repou U 3M104eN CO BCEMMU MATLIO BUAAMM
cnoco6HocTen, N < 10°.

Mpumep
CTaHAapTHLIA BBOA CTaHAapTHLIA BbIBOA
5 ESTPK
STPKE
STPKE

G. 3apaHwue TbiIrbiHa

OamH 13 npeakos Mapcena — MaH4aapsl, CbiH HbypryHa 1 CaxalaaHbl KO-
TOpbI B Havane 17 Beka, 6611 cnyroi ToirblH JapxaHa. ToirblH JapxaH —
BENNKNIA BOX /b, KOTOPbIN 06beaAVHU AKYTCKME MNIEMEHA, KaXeTCs, O4YEHb
yBeKasncsa Teopuen Ymcen.

OfHax bl OH HasHa4u N CBOMM KOpOBaM MOMapHO pasfnyHble HoMepa
N3 MHTepBana oT 2 0o M. 3aTeM, CNOMb3ys ST HOMEPA, OH PELUN Crpyn-
NMpoBaThb UX B MO BOSMOXXHOCTU MUHKMasbHOE KOM4ecTBo cTaf. OAHako,
OH YCTaHOBW/ ONpefeneHHble NpaBuna, KOTopble B 06513aTeIbHOM NopsAaKe
JOMKHbI COBAATLCS N5 KaXXA0ro cTaja:

1. TlyCTb X — HAMMEHbLLUKIA HOMEP KOPOBbI B CTaZe. HomMepa ocTasibHbIX
KOPOB CTafda A0/MKHbI UMETb BUA X X Kk, rae K — Lenoe Ynco.

2. Bce penutenn umcna k (kpome 1) gonkHbl 6bITb 60SblUE MAN PaBHbI
NO6OMY MPOCTOMY AENUTENHO YMCa X 415 KaXK0N KOPOBbI B CTaje.

Tak KaK TbIrblH 6bl1 04eHb 3aHAT O6eCneYyeHneM M1pa Ha CBOeN Teppu-
TOPWUK, OH MpKKasan cBoeMy ciyre MaH4yaapbl pa3fenMTb KOpoB Ha cTaja
COrnacHoO onucaHHbIM MpaBunam. 3ajlada okasanacb CloXHoOM ans MaHuya-
apbl, HO BO3Harpa)aeHune 6b1710 O4eHb XXenaHHbIM: eMy Oblna obeLljaHa B »e-
Hbl NpekpacHas CapaaaHal

HaM n3BecTeH KOHeL| 3ToM ncTopun: MaH4yaapsb! yaanoch CrpynnmpoBaTth
KOpPOBbI MO NpaBunam TbirbiHa, 1 NpekpacHaa CapfaaHa ctana ero XXeHoi.
Y3HaB aTy UCTOpMIO, Mapcenb peLnn, YTo 3ajada O/MKHA BEPHYTHCH B Me-
CTa, rae oHa 6blna chopMympoBaHa. BOoT nosToMy y4acTHMKaMm Tyimaaabl—
2019 npennaraeTcs peLwnTs ee!
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dopmaT BXOAHbBIX AAHHbIX

MepBasn CTpoKa coaepuT uenble uncna N v M (1 < N < M < 10°). Cne-
AyroLLasd CTpoka coaepXunT N nonapHO pasiivyHbIX LesbiX Ynucen — Homepa
KOPOB, 3HaYeHMs KOTOPbIX NieXaT B MHTepBane ot 2 1o M.
dopmaT BbIXOAHBIX AAaHHbIX

NepBas CTpoKa A0/PKHa codep)kaTb MUHUMaIbHOE KOIMYECTBO CTaj, Ha
KOTOpble MaH4Yaapbl CMOXET pasdtunTb KOPOB ThIrbiHa.
Cuctema oueHKU

[aHHada 3afjava cogepxunT Ase nofasagayn. bannibl 3a nofgsagady Haumc-
NAKOTCH, TONbKO €CNIV BCE TECTbI 3TOW NoA3aadn NPOnLeHbI.
Nopa3apaua 1 (6annbl: 30)

N < 1000.

Nop3apaua 2 (6annbl: 70)
Bes NononHUTENbHbIX OrpaHUYeHWiA.

Mpumepsbl
CTaHAApTHLIA BBOA CTaHAApPTHLIA 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. WTorm cnaptakuagbl

N + 1 y4aCTHUKOB COPEBHYIOTCA B HEKOTOPOW cnapTakuaae, kotopas OuT-
cs N gHen. Kaxkablh AeHb OAMH M3 CMOPTCMEHOB NMpU3HaeTcsa nobeantenem
OHA. YHaCTHMKaM NPUCY>XOakTCH OYKW, PaBHble KOMYECTBY OHEN, B KOTO-
PbIX OHW CTAHOBWMCH No6eanTeNsIMN. B KOHUE KaXaoro AHS Y4aCTHUKMK C
HanbOMbLIMM KOMYECTBOM OYKOB MOJy4atoT N0 MoHeTe. Nocne cnapTakmna-
Obl ON1A KaXKA0ro y4aCTHUKA BbIYUCIAETCH NOKa3aTelb CHACTb4 MO Chneayto-
LLIEN CXEME: KaX bl HEMPEPbIBHbBIN MHTEPBAN HOMEPOB AHEN, KOr[4a OH Mo-
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ny4an MOHEeTbI, J06aBISET K ero NoKasaTesto CHacTbs KBaapaT A/IMHbI 3TOro
NHTepBana.

MpeanonoXmnMm, HEKOTOPLIN YyHaCTHUK Mosydan MOHETbI B cnefyroume
OHn: 3,4, 10,11, 12, 18 n 19. HenpepbiBHble HTEpBanbl ANa Hero — [3—4],
[10-12], [18—-19]. Torga nokasaTenb cYacTbaA 4S9 9TOr0 yYacTHUKa ByAeT pa-
BeH 22 + 32 422 = 4 + 9 4 4 = 17. WTor cnapraxkvagbl BbIUUCAAETCA KaK
CYMMa nokasaTesieill CHaCTbs BCEX YHaCTHUKOB.

Mapcenb B pe3ynbTaTbl cnapTakmaibl MOXET A06aBUTb OANH A€Hb, B KO-
TOpOM NnobeanTenem Ha3HayaeTcs y4acTHUK nog Homepom 0.

HaH maccuB N uesnblx Yncen, 3HavyeHnsa KoTopbix nexat mexay 0 M N — Ho-
Mepa nobeauTenein Kaxaoro AHs. MycTb f(p) — uTor cnapTakuabl B ciyyae,
ecnu Mapcenb BcTaBUT O B 3TOT MaccuKB Nocse p-ro afemeHTa. PacnevaTtai-
Te uncna f(0), f(1), ..., f(N).

K npumepy, ecnu macems coaepyknt umcna 0 1 1, To f(0) — 970 uTOr cnap-
Taknabl ¢ pedynbratammn 0 0 1 1. Y4acTHUK nof HoMepoM O B 3TOM cly4vae
nonyvaeT MoHeTbl B 1,2, 3 1 4 AiHW, CNefoBaTesIbHO, €ro nokasaTe b CHacTbs
4? = 16, y4aCTHUK MOf HOMEPOM 1 MONy4YaeT MOHETY TOMbKO B 4 ieHb, MO3TO-
My ero rokasaTesib c4acTbd 12 = 1. YYaCTHUKM 2 1 3 He MOSy4aroT MOHET.
Ntor aToit cnaptakmagpl f(0) = 17. Bbiumcnmm £(3), pesynbTaTbl 9TON cnap-
Taknadbl — 011 0. YyacTHMK nod HoMepoMm O nonyyaeT MOHEeTbI B AHU 1,2 1
4, TOrfa ero nokasaTesib cHacTbd paBeH 4 + 12 = 5. YyacTHUK nog HOMEPOM
T nony4YaeT MOHeTbI BO 2, 3, 4 IHW 1 ero nokasaTteflb cHacTbs paBeH 9. Ntor
cnaptakumagpl f(3) = 14.

dopmaT BXOAHbIX AAaHHbIX

MepBas cTpoka coaepsknT uncno N(1 < N < 10°), a B cnegytoLei gaHbl
N uenbix yncen ot 0 go N: HomMepa nobeamTenet Ka)xaoro AHs.
dopmaT BbIXOAHbIX AAaHHbIX

Mporpamma AomkHa BbiBeCTU N + 1 CTPOK, KaXkaas i-a CTPOKa COAePXKNT
3HadveHue f(i — 1).
Cnctema oueHKM

[laHHana 3afja4a coaepXMT YeTbipe noasagaydn. bannbl 3a noasaaady Ha-
YMCNSAKOTCSA, TOMbKO ECAM BCEe TeCTbl 3TOM W Bcex NMpeAblaylmx noasaaad
nponaeHbl.
Nop3apauva 1 (6annbl: 11)

N < 100.
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Nopa3apaua 2 (6annbl: 13)
N < 3000.

Nop3apaua 3 (6annbl: 39)
N <10°.

Nop3apaua 4 (6annbl: 37)
N < 10°.

Mpumepbl

CTaHAApPTHbLIA BBOA

CTaHAAPTHbIA BbIBOA

4
0444

20
20
21
21
20

21
17
17
27
26

21160

23
23
27
21
21

10
1231230123

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

CTAHAAPTHLIA BbiBOA

10

4910153410320

218
226
226
226
226
226
226
190
197
202
202
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PeweHus

A. Konnekuwusa

PacctaButb N kamHen no N oTcekam noactaBky MoxkHO N! crocob6amu. Ecnu
YYUTbIBATb, YTO Kaxk/blh OTCEK MOACTABKM NOACBEYMBAETCS, TO KOMMYECTBO
PasHbIX CNOCO60B PacCTaBUTb KaMHW C pa3HOM MOACBETKOM OyaeT paBHa
2N % NI BbluncnaTh HanpsMyto 3TO YMCIO 3aTPYAHUTENBHO, NOSTOMY BOC-
MONb3yeMCs PEKYPPEHTHON POPMYNION ay = ay_q X 2 x N, npuatom ag = 1.
Torga 3afjada CBOAMTCA K HaxoXAeHUO N-ro afieMeHTa 3Ton nocsefjoBa-
TeNbHOCTK. Tak Kak Nno 3aAaHnio HEOOXOAMMO HANTW OCTATOK OT AENEHUSA Ha
10° 47, To cneayeT NPUMEHNUTD CREAYHOLLYHO GOPMYIY [/18 HaxoxaeHus N-ro
uneHa: ay = ay_; x 2 x Nmod (10° + 7).

B. Pwuc Ha WaxmaTHOM pocke

Moasagaya 1 MOXET 6bITb pelleHa MyTeM NoACYETa CyMMbl YMCEN Ha KeT-
Kax (r, C), rae r+c YeTHO, r+C HEYETHO, 1 BbIGOpa MakCUMasbHOM U3 TUX [1BYX
CyMM. [oCKONbKY YnCna a; ; MOryT 6biTb nopaaka 1 07, TO MX CyMMa MOXKET [0-
CTUraTb 3Ha4YeHUS %-n .m-10% ~ 10"2, 410 NPEBOCXOANT MaKCHUMalbHOe 3Ha-
YyeHue 32-6UTHOro TUNa int. Hy>KHO He 3abbiBaTb UCMONb30BaTb 64-OUTHbIN
TN ANA NOACHETA.

Onsk > 1, kKaxxaas No4TH LaxMaTHasa packpacka MOXET 6bITb OxapaKTe-
pU30BaHa pa3MepoM 1 LIBETOM CaMOro JIEBOTO BEPXHErO MPAMOYTONbHNKAE B
packpacke. J1to601 Takon NPAMOYTrOfbHUK UMeET pasmep h x w, rae h n w He
NPeBOCXOANAT K. [Tocne TOro, Kak LBET 3TOro NPSIMOYIrONbHUKA, a Takxke h n w
3adVKCHpPOBaHbI, UBET BCEX OCTalIbHbIX KNETOK BbIYNCIAETCH OAHO3HAYHO.
Ecnu nepebpaTb pasmep, 1 3aTeM NPOCYMMMUPOBATL BCE KNETKM HAMBHO, TO
pelleHne paboTtaeT 3a O(nmk?) 1 NPOXOANT NepBbIe ABE NOArPYNMbI.

OcTanocb Hay4nTbCA BbICTPO CYMTATb CyMMY ANs GUKCUMPOBAHHOW pac-
Kpacku. 3TO MOXHO CAlenath C MOMOLLbIO IBYMEPHbIX YaCTUYHbBIX CYyMM. 10~

CYNTaeM 3HadeHne sum(i,j) = Z 8,70 — CyMMa Ha nognpamMoyrosibHuKe
r<i,c<j

(1,71) = (i,)). C nomMoLLbto Takoro MaccmBa, MCnosb3ys hopMyy BKIKOUEHNIA-
VICKITFOYEHWIA, MOXKHO HakT1 CyMMY NMPOM3BOSIbHOMO NMPSIMOYrofbHKUKa (ry, C4)
= (ry,c,): sum(ry, c,) —sum(r; — 1,¢,) —sum(ry,cq — 1) +sum(r, — 1,¢4 — 1).

Tenepb, MOCKOMbKY B M0G0 MOYTK LAXMaTHOWM packpacke He 60sblue
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(L3 + 2(LF] + 2) ogHOUBETHbIX NPAMOYIrONBHUKOB, @ CYMMY B KaX<[OM 113
HUX MOXHO HalTu 3a O(1), To cyMMy A9 GUKCUPOBAHHOM PACKpPacKm Mbl CUM-
Taem 3a O(52). MocKonbKy BCEro pasHbIx PacKpacok 2k?, cyMMapHas Crox-
HOCTb peLleHs paBHa O(k?)- O(75!) = O(nm). AKKypaTHas peanuaaLms Takoro
pelleHns nonyyaet 100 6annos.

C. [ABouuHoe pa36bueHue

Moasazavy 1 ¢ |S| < 16 MOXHO 6bI710 peLnTb NOMHbIM Nepebopom paccTa-
HOBOK 3HAKOB +. [J19 CTPOKM ASIMHbI N cyLlecTByeT 2"~ paccTaHOBOK M-
COB (Mexay KaXkaow napow coceaHnx LUmdp MOXHO NGO NOCTaBUTb MAHOC,
nM6o HeT). Janee Hy>KHO NMPOCYMMWPOBATb YMcia B ABOUYHON cucTeMe, U1
NPOBEPUTb, ABMASETCS NN Pe3yNbTaT CTENEHbIO ABOMKM. 3Ty NPOBEPKY MOXK-
HO cAenaTb O4HOM GUTOBOW oNepaLmelt: X ABNSETCS CTENEHbIO ABOVKM Toraa
v TONbKo TOraa, koraax > 0Ax and (x—1) =0.

Ana peweHns noasagadn 2 MOXXHO cenaTb Clefyrollee npennonoxe-
HWe: MyCTb CTeNeHb ABOWKM, KOTOpas NMoy4YnTcs B UTore, 6yAeT HeOObLLOW
(0o 2'). Tormga MOXHO peannsoBaTth pelleHne ¢ MOMOLLBIO AMHAMUYECKOrO
nporpaMMupoBaHns: NycTb dpli][j] paBHO 1, eCiv UCNOMb3YA NEPBbIE | CUM-
BOJIOB MOXHO HabpaTb cymMmy Jj, u 0 nHave. Mepexoa nponssoamtes 3a O(/):
nepebupaem AnnHY HOBOro Yncna (He 6osbliue, Yem /), 1 cyMMapHO peLleHne
pa6oTaeT 3a O(n/2)). Ecnun Bbi6paTh | Tak, uto 2/ ~ n, TO NOAy4nTCH Bpems
pa6oTbl O(n? log n), 4TO MPOXOAWT MO BPEMEHW BTOPYIO NoA3aaady.

Takoe pelleHne MOXHO peann3oBaTb, U MPOBEPUTb, HTO OHO HAaXOAMUT OT-
BET Ha BCEX CTPOKaX, rAe eCcTb XOTA 6bl oaHa 1. [lecTBUTENbHO, MOXHO A0-
KasaTb, YTO Ha BCEX TakMX CTPOKaX OTBET CYLLIECTBYET, 60nee TOro, Ha BCeX,
KpomMe 11111, AnvHa CTPOKK B pa3bneHn He MpeBOCXOAMT 3.

PaccTaBnM M3HavabHO 3HaKM + MeXxay BCEMM NapamMu COCeAHMUX LMdP.
Tekyllaa cyMMa paBHa m, rae m — 3TO KOIMYECTBO eANHULL B M3Ha4albHON
ctpoke. MycTb 21 < m < 2K Temepb nyTem CKEAKM COCEAHUX YNCEN B
OfHO yBeMUMM oTBeT A0 2X. 3ameTuM, YTo cknemBaHue 1 4+ x — 1x Bcerga
yBennumeaetr cyMmy Ha 1,1+ 0+ x — 10x —Ha 3,a1+ 1+ x — 11x —
Ha 4. bygem aenctBoBaTh XaAHO, NPOBOAMUTL CKEMBaHWE TPoeK Undp, No-
Ka CymMa He npesocxoauT 2% Mocne sToro cefiaeM To e CaMoe, TONbKO C
napamu cocefHux undp. MoXHO nokasaTb, YTO MpU JOCTAaTOYHO OOJbLLIOM
KonunuecTBe eanHuL (16 eAnHUL AOCTATOYHO), TaKOW anropuT™ Bceraa nosny-
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anT cyMmMy 2K, 119 MEHbLLIMX 3HAYEHWIA M MOXHO NMPOBEPUTD, YTO alropUTM
He paboTaeT TObKO Npu m = 5.

Pasbepem cnyyaht m = 5 otaenbHo. Ecnm ecTb noactpoka 10x, TO HyX-
HO BbIAEUTb €e B OTAeSIbHOE YKUCNO, U MONyYnuTCs cymma 8. ViHade, Halla
cTpoka Bbirngaut kak 0...0711111 namn 0...0111110. B nepBoM cnydae OTBET
1111+ 1,aBoBTOPOM — 11 + 11 4+ 10. TaKyro XaaHYr CTpaTeruto n paséop
C/ly4aeB MOXHO peasim30oBaTh 3a JIMHENHOE BPEMS, YTO AaeT NOJHbIN 6ann
3a 3afau4y.

D. BepxosiHCcKu xpebeT

MepBas noa3agava. [1ns pelleHnsd nepBon Nofsagady OCTATOYHO pea-
NM30BaTb NepebopHbI anropnt™. byaem obpabaTbiBaTb 3anNpoChbl MO Mepe
cunTbiBaHWA. 3aBefeM 6yneBblt MaccuB visited v 6yaem ABUraTbCA cresa
HanpaBO MHTepBasa 3anpoca 1 0TMeYaTb BCe BEPLUMHbI M3 3aaHHOMO UH-
TepBana Kak nocelleHHble. MIHMUnannanpyem nepeMeHHyro ans = 1 1 byaem
yBENMYMBAaTb ero noka visited[ans| nCTUHHO. He cTouT 3abbIBaTb cOpachbiBaThb
3HaYeHnda MaccuBa visited, iNA TOro YTobbl KOPPEKTHO 0bpabaTbiBaTh Cledy-
FOLLIMIA 3ampOcC.

BTopas n TpeTbA noa3agayn. PaszenvM MaccyB BbICOT BEPLUMH Ha
CMeXKHble nogmMaccuBbl AnuHbl K. Becero yaet % nogmMaccmBoB. N He 065-
3aTeNbHO JOMKHO AeNNTLCA Ha K, Mpy 3TOM NOCNEeAHNIN NOAMACCUB MOXET
MMETb MEHbLLYIO OSINHY.

3anpocbl CHUTAEM MOSTHOCTBIO B NaMaATb. [19 KaxXAoro nogmaccrBa pac-
CMOTPWM BCe 3anpochl, fieBas rpaHumLia KOTOPbIX NIEXUT BHYTPU paccMaTpu-
BaeMOro NogmMaccuBa v BbI4MCIIMM OTBETbHI Ha BCe 3anpochl. Kak TONbKO Mbl
PacCMOTPMM BCe NOAMACCUBbI Mbl HaeM OTBETbI Ha 3arnpoChbl N CMOXKEM
MX pacneyartaTb B HY>KHOM MOpsKe.

MpeanonoXmM, YTO Mbl XOTUM BbIYMCIUTL OTBETbI Ha 3anpocChl, NeBas
rpaHmLa KOTOPbIX MPUHAANEXMT HEKOTOPOMY NnoAmaccuey B. X npaBble rpa-
HULIbI MOTYT ObITb OCTATOYHO OOMNBLUNMM, HO NIEBbIE FPaHKLbl MPUHAANEXAT
nHTepBany oT BxK go (B+ 1) *K— 1. HazoBeM BepLUMHbI 13 3TOrO MHTepBana
cneunanbHbIMK.

CyulecTByeT He 60n1ee K cneunanbHbIX BEPLUNH 1 K+1 CMeXHbIX MHTepBa-
NTOB He crneunanbHbix BeplnH. K npuMepy, eciv cneymanbHbIMy BepLUMHaMM
ABNAOTCA BEPLUMHBI 5 1 23, 1 N = 100, nHTepBasibl He CreymanbHbIX BEPLUMH:
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[1—4], [6—22]n[24—100].

Tenepb, ANS KaXXLOro 3anpoca He crneumanbHas BeplUMHa MOXET OblTb
noceLleHa TONbKO BHE NMOAMACCKUBA, KOraa Kak creuymnanbHasa BepLiMHa Mo-
XKET ObITb NocelleHa BHYTPU Hee. aes pellueHns 3ak/o4aeTcs B Bbluuce-
HUW 1 XPaHEHUN YaCTUYHbIX MeX A7 KaXXA0ro nHTepBasna He cneumanbHbiX
BbICOT BepLUMH, paccMaTpuBas BepLUMHbI TONbKO OT (B + 1) * K A0 npaBo
rpaHuLbl 3anpoca.

Bonee TO4HO, B partialMex[x] 6yLeM XpaHWUTb MUHWMaNbHOE 3Ha4eHue
6onblLUee N paBHOE X, KOTOPOE HE MOXET ObiTb HAMAEHO B MHTepBane oT
(B+ 1) * K 0o NpaBoit rpaHu1Lbl TeKyLLEro 3anpoca.

BaXXHO OTMETUTb, YTO AOCTATOYHO BbIYUCIUTL partialMex[x] Tonbko And
3HAYEHWN X, Ha KOTOPbIX MHTEPBasIbl He CreunanbHbIX BEPLUMH HAYMHAETCS.
[1nqa BbienpuBeaeHHOro npuMepa partialMex|x] OyLeT BbIMUCAATHCA TONBKO
anax =1,6unun 24.

[ina NpaBWAbHOrO XpaHeHWs 3TWX AaHHbIX OTCOPTUPYEM 3ampochl (Ans
paccmMaTpMBaeMoro noAmaccuBa) no npaBovt rpaHule. MNpaBble rpaHuLpbl
NepBbIX 3aMpocoB 6yAyT NpUHaANexaTb NOAMACCHBY, TaK YTO Mbl MOXEM
MPOCTO NPOATUCH MO MHTEPBAy 3anpoca 1 BblYUCIATb MX MeX NepebopoMm,
YTO B XyALIEM Clyvae 3aiUMeT K LWaros.

Mocneayrollme 3anpochl 6yayT YBENMYMBATL NPaBY rpaHuLy, 1 Mbl 6y-
[leM OTMeYaTb HOBble BEPLUMHbBI KaK MOCELLEHHbIE. 3aMETUM, HTO Mbl MOXEM
OTMeYaTb TObKO BbICOTbI BEPLUMH BHE pacCMaTp1MBaeMoro nogmMaccuBa, a
TaKXXe Mbl OTMEYaeM BCE BEPLUMHbI HE 3aBMCUMO OT TOrO ABISETCA Cneum-
a/lbHbIM WK HET.

[ns KaXx4oro 3anpoca OTBET BblYNCAEM CReAyHOLLMM 06pa3oM: UHULW-
annsunpyem ans = 1 1 nonpobyem ee yBeNninTb. Ha KaxkoM Luare ans npea-
CTaBMSET BbICOTY, KOTOPas ABMAAETCA MO0 CreumnanbHON, TMbo HeT. Ecnv oHa
cneymanbHas, TO yBeNMYMBAEM ans, €CM OHa HaxoaMTCst B nogmMaccuee (Mo-
C/le NeBOW rpaHuMLbl M 10 MPaBOit) MM OTMeYeHa Kak nocelleHHas. MiHave Bbl-
XOAMM M3 UMKNa 1 BO3BpaLLlaeM ans. ECNm 4acTUYHbIA mexX rOBOPUT O TOM,
YTO BECb MHTEPBa 6bla PACCMOTPEH Mbl MOXEM MPOAOIKUTL paccMaTpu-
BaTb ans ¢ 1 + right — end — of — the — interval. Ecnun mMbl 3aCTpsinn no cepe-
[IMHE NHTepBana, Tor4a YacTUYHbIN Mex SBNSeTC OTBETOM 3anpoca. Taknm
06pa3oM, Mbl TOYHO MCMOMNb3YeM BCE BbICOTbI B MHTEpBase 3anpoca.

OTanoHHoE peLleHune BbluncnseT partialMex|x] neHnBo (He oTMeYaeM Kak
MOCeLLEHHbIe, MONyYaeM ero 3HaveHne, Korga HaMm HeobXo4MM OTBET Ha 3a-
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npoc). Koraa Mbl nonyYaemM Kakon-To ans, KOTOpbI paBeH NepBoit He crie-
LmanbHOM BEPLUMHE, Mbl MblTaeMca yBeNn4uMBaTh partialMex[ans] noka oHa
OCTaeTCA B MHTepBasne He creunanbHbIX BEPLUMH, U OHa MoCeLleHHas BHe
nogmaccuBa (0TMeYeHa B MaccuBe visited). Toraa Mbl MOXeEM CKa3aTb, Y4TO
ans = partialMex[ans] n NpofosXaTb.

[ns TOro, 4To6b! NOABECTM UTOT, 415 KaXKAOr0 NOAMAacCKBa, N0 Mepe ABU-
XKEHWA BMPaBO, M OTBEYAs Ha 3ampochbl, Mbl aHaAM3UPYyeEM YacTUYHbIE MeX
KaXxJoro MHTepBarna He cneumasnbHbIX BEPLUWH. ITO AaeT HAM BO3MOXXHOCTb
0715 KaXkKZOoro 3anpoca Mbl MOXEM PacCMOTPETb MakCUMyM 2 x K + 1 3Ha-
YEeHWUI: cneumrasnbHble BepwnHbl U K 4+ T MHTEPBAsoB, KOTOPble Mbl paccMarT-
PUBAEM 3a KOHCTaHTHOE BPEMS, T.K. HaCTUYHbIE MEX, KOTOPbIE Mbl XpaHUM
[N KaK0ro U3 HUX. TakyKe YacTU4Hble mex 6yayT YBENMYMBATLCA TONbKO
interval —lenght pas, B pesynsTaTe B UTOre noy4yaem Makcumym N Lwaros ans
KaKZoro nogmaccumaa.

MpoaHanuanpyem CnoXHOCTb anropuTMa. a8 KaXkaoro noAMHOXeCTBa
Mbl nocelaem O(N) nosmunia, T.K. Hambonbliee 3Ha4YeHVe NpaBasi rpaHuLa
paBHa N — 1. Mbl Tak e yBenuumsaem partialMex O(N) pa3. ns Kaxaoro 3a-
npoca Mbl coBepluaem O(K) oononHuTenbHblx Wara. CnefgosaTensHo, obLlas
C/IOXKHOCTb anropnTMa O(N;gN + Q x K), KoTOpas AoCTMraeT MMHUMYyMa Korfaa
K paBHO %, KoTopas B utore gaet cnoxHocTs O(N * v/Q + Q).

OpHako, pelleHne TpebyeT COPTUPOBKM 3ampoCOB MO MpaBoOW rpa-
HULE [NA KaXKAoro nogmaccuBa, YTO B WUTOre HaM JaeT CIIOXKHOCTb
O(N * v/Q + Q % logQ).

MonHoe pelweHue. bygem obpabaTbiBaTb 3anNpochl N0 Mepe yBennye-
HWS X NPaBOM rpaHnLbl. KOr4a Mbl ABUXXEMCS MO MacCUBY BbICOT U OTBEYa-
€M Ha 3anpochbl, HaM HEO6XOANMO 3aNoMUHaTb A5 KaXKA0N BEPLLWHbI, Kakas
13 HWUX Hanbonee NpaBas, KOTOPYHO Mbl paccMaTpuBanu B maccuse. MNpeano-
NIOXMM Mbl 3HAEM 3TU 3Ha4YeHUA. Toraa ans Kaxaoro 3anpoca HaM Hy>KHO
BbIACHUTb Hanbonbllee 3Ha4yeHue val, Takoe YTo Bce 3HadeHnsa oT 1 go val—1
60/blE NI PaBHO NTIEBOW MPaHuLbl 3anpoca.

Mbl MOXeM MCMNOoMb30BaTb [OEPEBO OTPE3KOB MO 3TUM 3HAYEHUAM.
MpeanonoxmnMm, Mbl XpaHWM 3TOT Maccus, rightMostPosition[x] co 3Ha-
YeHMAMM Hambonee npaBoOi MO3ULMK, TOEe BbICOTa paBHaA X, PACCMOT-
peHHas K AaHHOMYy MOMEeHTY (40 MpaBoOi rpaHWLbl TeKyLLIEro 3amnpoca).
rightMostPosition[x] = —1 eCnu Mbl He HaLLNW BEPLUXHbBI PAaBHOM X Noka. [e-
PEBO OTPE3KOB BYAET XPAHUTb MUHMMATbHOE 3HAaYeHNe 3TOro MaccuBa.
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Korga mMbl noMeHsieM MpaBytO FPaHuLly TeKyLLero 3amnpoca, Mbl MPOCTO
MOXEM 3aMeHWTb 3HaYeHNst B Maccmee. Kaxkast 3aMeHa B MaccuBe 03Hava-
eT O(logN) nameHeHnit B aepeBe 0Tpe3koB. Mbl 3HaeM Kak M3MeHUTb AepeBO
OTPE3KOB, HO Kak HalnTK MeX MCNoNb3ys ero?

Mlcnonbayem anroputm 6MHApHOMO MomUcKa no AepeBy OTPE3KOB As Mo-
ncka oTBeTa. Kaxkabl y3en aepeBa NokasbIBaET, BCE N 3HAYEHNS y3na Npw-
Hagnexar nHTepBaJsy 3anpoca. YCnoBue TakoBo: segmentTree[node] BONXHO
6bITb 60/bLLE WM PABHO NEBOW FPaHumLe 3anpoca. Vicnonbays AaHHOe YCro-
BUWE, Mbl MOXEM MCKaTb OTBeT B AepeBe oTpe3koB 3a O(log N).

NToroeaa cnoxHocTb faHHoro petterns O((N + Q) * log N).

E. ApudmeTunyeckme nporpeccumn

Cny4yal, korga xoTsa 6bl B OAHOM M3 Nporpeccuii war paseH 0, paccMmaTpuea-
eTcA oTAeNbHO. [JaHHble cnyyaun Nerko pasduparoTcs.

PeweHne nogsagaunm 1

[na pelleHnsa AaHHOM 3aa4m AOCTAaTOYHO NOMHOMO Nepedopa. [ns nep-
BOW NpOrpeccuu NponaeMcs Nno BCEM Sf1EMEHTaM, KOTOPbIe MeHbLLIE I, COXpa-
HAS 3HaYeHWs, KOTOPbIE 1eXkaT Ha npomexxyTke [/, r]. Y onsa BTopon nporpec-
CUM cAenaeMm Te Xe caMble AencTBuA. [IpOCTbIM MOACHETOM COBMaAaroLLMX
S/1EMEHTOB MO/TYYEHHbIX MHOXECTB, HaxXoMM OTBET Ha 3aAad4y. [JaHHbIN cro-
cob pa6oTaet 3a 0(r?).

PeweHune nogsagaunm 2

Mpoxoasach No BCeEM Ynciam OT | 10 r NPOBEPSIEM, SBNAETCA /T TeKyLee
YMCNO 3NEMEHTOM 06enx NPorpeccuint. PaccMoTpuM, Kak NPOBEPUTL YUCIO
Ha NPUHAANEXHOCTb K nporpeccuu. MNycTb Ymcno 6yaeT K, a HayanbHoe 3Ha-
YeHue 1 LWar Nporpeccum — a u b COOTBETCTBEHHO. ECnn BbINOAHAETCS YCo-
BUE

k=a+bn

[U151 KaKoro-HMbyAb HeoTpMLaTeNIbHOrO LIEIoro N, TO YUCNO K ABASeTCS ane-
MEHTOM ZJaHHOW NpOrpeccun. Takoe YACNOo N CYLIECTBYET TOrAa v TONbKO TO-
roa, koraa a < k w (k — a) KpaTtHo b.

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

PeweHune nogsagaun 3, 4

[ins pelleHnss aaHHOM NoA3afayn HalnaeM HauMeHblLee YMCNOo, KOTopoe
ABNSETCH 06LMM A9 06enx Nporpeccuii. Hago pelwnTb cneaytollee ypaBHe-
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Hue
a+bn=c+dm.

[laHHOe BblpaXkeHWe ABNSETCA NMHENHbIM ANOMAHTOBbIM ypaBHEHMWEM.
EcTb aBa cnocoba pelmnTb 3TO ypaBHeHue. [lepBblii cnocob noTpedyeT
O(max(b, d)) BpemeHu. MNpeobpasyemM ypaBHEHWNE U NPUBEAEM K CNEAYHOLLIEMY
BUAY

_Cc—a+dm

= 7 .

Mpeanonoxmm, 4to a < ¢ (ecnu He Tak, TO MOXEM MOMEHATb MPOrpeccum
MecTamun). [loctaTouHo nepebpaTb 3HadyeHus ans m ot 0 go b. Ecnm pelwe-
HMSA eCTb, TO €CTb PeLleHre U B 3TOM MHTepBane. Ecnm B aTOM MHTepBane
HeT peLleHmns, TO He CYLLEeCTBYET Takoro n, KOTOPbIN YAOBNETBOPSET ypaBHe-
HUtO. Takoe HaxoxeHue pelleHnsa 3aimeT O(max(b, d)). Ecnu pelwnTb aaH-
HOe ypaBHeHMe C MOMOLLbK PACLUMPEHHOIO anropnutMa EBknaa, To Haxox-
fieHne pelleHns 3aimeT O(1), YTo AaeT BOZMOXHOCTb pellnTb noasagady 4.

MycTb t 6yaeT HaMMEHbLLIMM YUCNOM, KOTOpoe 6yaeT obLmMM AN 06enx
nporpeccuit. Torga MOXHO 3aMeTUTb, YTO O6LLMe Ynucna 6yayT NpeacTaBNsaTb
13 ceba apnOMETUYECKYHO MPOrPEeCCUIO C Ha4albHbIM 3HAYeHneM t 1 C LWa-
rom (b, d), rae HOK — aTo yHKLIMS HAXOXAEHNS! HAMMEHbLLIEro OBLLIErO KpaT-
HOrO.

Onpenennm dyHkumto f(a, b, p) noncka KonM4ecTBa anemMeHToB apubme-
TWUYECKOW NPOrPeCCUN C Ha4abHbIM 3HAYEHWEM a U C LaroM b Ha oTpeske
ot 0 go p:

fla.b.p) Op_a ,ecnmp < a
e Il , UHa4e

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

F. Cyneprepou

MoCcTpOMM OPUEHTUPOBAHHbLIV ABYAObHbBIM rpad 5 x 5. MyCTb NATL BEPLUMH
C NNeBOWN CTOPOHbI 6yayT COOTBETCTBOBATbL CYNepCcrnoCcoO6HOCTAM Cyneprepo-
€B, a NATb BEPLUMH C NPaBOW CTOPOHbI — CYNEPCNOCOBHOCTAM Cynep3noae-
eB. Kaxxoi BepLUVHe cneBa HagHauMM YUCNO — KOMMYECTBO Cyneprepoes C
3TOM CynepcnocobHOCTbLIO. Caenaem TO Xe camMoe crpaBa A4 cynepsnoae-
eB. HakoHel, cos3faanM HanpaBfeHHble pebpa 13 Kaxk[on BepLUMHbI CieBa
COrNlaCHO NpaBuaaM onpeaenenns NnobeanTensa ayanem.
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CyLLEeCTBYET HECKO/IbKO METO0B PELIEHNS 9TON 3a4auMn.

Hanpumep, MOXXHO pacCMOTPETb 3aady Makcummsaumm notoka. C aToi
TOYKW 3PEHMS UCTOYHUKAMMN BYayT CNYy>KUTb BEPLLUMHbBI C Cynepreposamu, a
CTOKaMM — BEPLLUMHbI C Cynep3nofeamMmn (C TeM Xe YCNeXoM MOXHO pac-
CMOTPETbL 3epKasbHyto 3aaady). Mocne HaxoXAeHUa MakCcMManbHoro noTo-
Ka OH MOKaXKeT, KaKmne Cyneprepon ¢ KakvMm 3/10A4esiM1 A0MKHbI CpaaTbes.
OcTaBLUMecs HepacrnpeaeneHHbIMU Cyneprepon MoryT cpaxkaTbesi ¢ NHo6bl-
MW HepacrnpeaeneHHbIMIN Cynep3noaeaMu.

G. 3apaHue TbiIrbiHa

PaccMoTpunM 0coboe AepeBO, KOTOPOE HAa30BEM AEPEBOM AennTenei. Ero ya-
Jibl MOMEYEHbI LieNbIMU YMCTIaMK, B KOPHE ero HaxoauTes eainHuLa, a poan-
TeneM KaXkoro ysnan > 1 aBnaetcsa n/p, rae p — MakCcrMasbHbIN MPOCTOM
nenutenb n. Hanpumep, poanTenem Yncna 525 =3 - 5- 5- 7 aBNAeTcs YMcno
75=3-5-5 apoauteneM8 =2-2-2 —4ucno 2 - 2.
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Ha pucyHke nprBefeHa YacTb AepeBa AenuTeneil. 3aMeTuM, YTo BCe Npo-
CTble Yncna ABNATCS AeTbMM y3na 1, a BbicoTa KaXJoro y3na paBHa 4muc-
Ny MHOXUTENEN B pas3noXeHnn COOTBETCTRYHOLLErO YMca B Npom3BeaeHme
NpocTbIX (MM CyMMe MnokasaTenel NpocTbIX AenuTeneit B 9TOM passioxe-
HUN).

CTafno, cobpaHHOe 13 BCeX KOPOB, HAaXOAALLMXCH B MoAAepeBe y3Na, COOT-
BETCTBYIOLLErO HEKOTOPOW KOPOBE, YAOBNETBOPSET TPEOOBAHMAM TbirbiHa.
CosaaB Takoe CTago 418 KaXkaon KOPOBbI, HE MMEIOLLIEN NpefKa B OepeEBe, U
OTHECSH KaXAyHo U3 BCEX OCTallbHbIX KOPOB K CTafly CBOEro caMoro oTasneH-
HOrO NpeaKa, Mbl MOYYMM peLLleHne 3a8aqun.

B03MOXHbl pa3Hble Cnocobbl MONy4YeHns pelleHns. [na nomcka no aepe-
BY HaM HY>XHO BYJ1ET 3HaTb MaKCKMaslbHbI NMPOCTOM AENUTEND A1 KaXKA0ro
yana. PelleHve XHopu MCNONb3YET NOUCK B LLMPUHY, COXPaHSAN ANA KaxKAoro
NOCELLAeMOro y3na cTafio, KOTOPOMY OH MPUHAANEXMUT. [pn YTeHUN BXOAHbIX
JlaHHbIX OTMeYaeM KOpoB B 6yN1eBCKOM MaccuBe.

[ns pelweHns Takxe TpebyeTca 3HaHWe BCex NpoCTbixX yncen M. MoxHO
MCNOMb30BaTb pelleTo IpaTtocheHa nm NMHenHbIn otceB. CAOXHOCTb Ta-
koro peuwenus paHa O(N + Mlog(log M)) nnn O(N + M) B 3aBMCUMOCTU OT
peanusaumu pelera.
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H. WTorm cnaptakuagbl

O603HauMM Yepes /(p) copeBHOBaHMe, KOTOPOe Mofly4aeTcs B pesy/braTe
BCTaBKM Nobefibl y4acTHUKA HoMep O B CNMCOK Mexay aHAMu p v (p + 1).
0603Ha4MM Yepes f(p) obLMIA cyMMapHbIA MoKa3aTenb cyacTbs 415 /(D).

3a 11 6annoB. /uiem HezaBucumo Bee N+ 1 3HadeHwi f(p). Byaem BecTu
CMUWCOK L Nrofer, NONYYMBLLNX MOHETY B TEKYLLUMIA ieHb, TO eCTb MMEROLLMX K
3TOMY [IHIO MaKcUMasbHoe Yncno nobes, KoTopoe 0603Ha4YMmM M. 3T0T cnu-
COK 06HOBNSIETCH TaK. BO3MOXHbI cnyyau:

1) MNobeantenem AHs CTan HeKOTOpbIK X € L. Toraa ero Yncno nobed — Ho-
Bbl MakcumMym, M + 1, u Mbl yaansiem na L Bcex OCTanbHbIX.

2a) MNobeanTenem Hs CTan HEKOTOPbIN X ¢ L, HOBOE Yncio Nobes KOTOPoro
cpaBHsiiochb ¢ M. Toraa Mbl NpocTo A06aBNAEM X K L.

26) NobeanTenem AHA CTan HEKOTOPbIV X ¢ L, KOTOPbIN BCE eLLe UMEET YNC-
no nobep, MeHblliee MakCUManbHOro. L He MeHAETCS.

PaccMoTpuM go6aBneHHble 3a 3TOT AeHb KaXAbIM Y4aCTHMKOM L noKasaTe-
v cyacTbd. Mockonbky a2 = (a — 1)? + 2a — 1, To B a-1 JieHb K NoKasaTesio
BYepalLHero AHsA gobasnsetca 2a — 1. bygem xpaHuTb B MaccuBe start[x|
NS Kaykaoro x € L feHb, Koraa x noasuncs B L (B nocneaHnii pas cHoBa
BOLLIES B CMIMCOK, €C/N X MOSABASANCA B L HECKOMbKO pas). PaccmaTpusas cny-
Yyau, BUANM, YTO OBHOB/IEHME STOMO MaccKBa B 060N [ieHb BbINMOMHSETCS 3a
KoHcTaHTHoe Bpemst O(1). CyMMapHbIi TekyLMiA MokasaTeslb cHacTbsl BO3-
pacTaeT nNpv nepexofe Ko AHto day Ha 2 * (day — start[x] + 1) — T Ansa kaxzgoro
xe L.

970 peLueHne nmeeT cnoxHocTb O(N®), Tak Kak Mbl BbIUUCISEM CyMMap-
HbI nokasaTtenu cyactba ans /(0), ... [(N). Ans Kaxaoro BbluncneHnst Tpeby-
eTcs nponTrch No O(N) AHSM, U B KaX /bl AeHb Hago 06paboTaThb Beex J1to-
[leil B cnivcke L, KOTopblin MOXET cofep>kaTb 1o O(N) Yenosek.

3aMeTMM, UTO CYLLECTBYHOT 60/1ee NPOCTble pelleHns 3a 11 6annoB, HO OT
TaKoro ferye nNepenTn K cneaytolemy nyHKTy.

3a 24 6anna. [J1s 3afaHHOrO COPeBHOBaHWMA [(p) W AHS, BMe-
CTO NOOYepenHOro Ao6aBfeHMS K MOKa3aTeNto CcYaCTbs CraraemblxX Buja
2 x (day — start[x] + 1) — 1 and kaxgoro x € L 6yaemM 3anoMuHaTb 3Haue-
HWMEe 3TON CYMMbI SUM W ANMHY Criucka size. [py 3TOM HaM Aaxke HeT Heob-
XOAMMOCTU XpPaHUTb caM CnMCcoK. Ecnm x nobeamTtens o4epeHoro AHs, To B
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COOTBETCTBUM C pPa306paHHbIMM BblLLE CllyYasiMy
1) sum = day — start|x]; size = 1;

2a) start[x] = day; size = size + 1;

26) HMYero He MeHsieTcs.

3aTeM NpubaBnseMm size K sSum. HakoHeL, Ans nogcyeTa CyMMapHOro no-
KasaTens 3a AeHb, NPUGaBAsSeEM K OTBETY 2 x SUM — Size.

OYeBUAHO, CMIOXHOCTb Takoro peluerns pasHa O(N?), NOCKOMbKY Mbl Mo-
npexxHeMy paccMaTpuBaeM Bce copeBHoBaHMs /(0) .../(p) No oTAENbHOCTA U
o6pabaTbiBaemM O(N) AHen A0 KaX0ro, BbINofHsAa kKakme-1o O(1) onepaumu.

3a 100 6annoB. [onyyeHnto pelueHnst 3a O(N) NpenaTcTBYeT TO, YTO Mbl
Bbluncnsem kaxaoe f(p) HeaaBuUcMO. MOXHO 3aMETUTb, YTO COPEBHOBaHME
I(p) oo aHs p BKAtoUUTENbHO coBnagaeT ¢ /(N), a HaumHaa ¢ aHs p + 1 v o
N + 1 BkntounTtenbsHo — ¢ 1(0). Taknm 06pa3oM B HaLLMX BbIYUCAEHUAX Mbl
MoxeM nepekntountbes ¢ I(N) Ha /(0) HaumHana ¢ aHA p + 1, Tak Kak Ha Bpy-
YeHne MOHET BNMSET TOMbKO KOMMYECTBO Nobes K HAaCTOsALWEMY AHIO, a He
MOMEHT BCTaBKM hanbluneoi nobeabl. XOTs 3TO MO3BONSET CBECTU A0 K
PacCMOTPeHMIo ToNbko copeBHoBaHWit /(0) u I(N), aToro HegoCTaTOYHO ANs
athdekTMBHOrO BbluncneHns f(p). PaccMoTpum aieHb p B copeBHoBaHMM 1(0).
[yCTb NOCHE HEro NPOUCXOAUT TOMBKO Cly4an 2, BMIOTb 40 HEKOTOPOro AHS,
B KOTOPOM MpoucxoauT cnydait 1. STOT AeHb Ha30BEM NEPENIOMHbBIM U 060-
3Ha4MM 4Yepes t(p) — nep.blii AeHb cTporo nocne p B /(0), rae nosiBAsieTcs
HOBbI MakcUMyM. PacnpefieneHmne MOHeT B /(p), 4719 BCEX KPOMe y4aCTHMKA
0, coBnagaet c pacnpeaeneHunem B I(N) ans Bcex aHer fo t(p), ac t(p) m ao N
OHO coBMafaeT ¢ pacnpeneneHvem B /(0). YMcno BbIMIPbILLER HyNeBOro ur-
poKa He BAVSIET Ha NOy4YeHne MOHET APYrMMM yHaCTHUKAMMN A0 NOSBAEHUS
cnyyas 1. 3To HakoHel| NO3BONSET BbluMcAATb f(p) 3a O(1) Tak Kak Cnncok L
nocne aHsA t(p) COCTOUT TOMbKO 13 OAHOMO yYacTHMKA. [1na Takoro Bbluncne-
HUS HAM HY>KHbl MHKPEMEHTbI YaCTUYHbIX CyMMm Ans Kaxkaoro aHa B 1(0) n/(N).
Tak>ke HaM Heo6XoAMMbl HEKOTOPbIe faHHble 0 AHsX TMna 1 B8 /(0): Homep AHS,
«BbIXXMBAKOLMI» B L yHaCTHUK, NEBbIA 1 MPaBblil KOHLbI OTPEe3Ka, rae OH Mo-
ny4yaeT MOHeTbI. Bee t(p) MoxkHO HalTv 3a O(N). Halue yTBepxaeHWe UCKIHo-
YaeT U3 PaCCMOTPEHNS yHacTHMKA HoMep 0, TaK YTO A/151 HEro Hy>KHO 6yaeT
NPOBOAWTbL BblYMCeHUs OTAeNbHO. OH He BXOAMT B pacUeT YaCTUYHBIX CYMM.
NTaK, Mbl MOXeM HaxoauTb f(p) 3a O(1). CHa4ana Mbl CNOXUM BCE YacTuy-
Hble CyMMbl MoKasaTesel cyacTbs 10 NepesioMHoro aHs t(p) B I(N), 1 YacTny-
Hble CyMMbl MoKa3aTenei cuacTbs oT AHs t(p) 4o N B /(0). OcTaeTcs ckoppek-
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TUPOBATb BbIYMCIEHNS [/151 OTPE3Ka BbIXXMBLLErO, MOCKOSbKY, eC/ 3TO He 0,
4aCTUYHblE CYMMbI 1at0T HEBEPHOE 3HAYEHME MoKasaTessi cHacTbs, KOTOpoe
Mbl MCMPaBsSieEM NPV MNOMOLLM NPeABbIYNCIEHHbIX AN KaXA01 NepesloMHOM
TOYKM fiaHHbIX. Bce elle ocTaeTcs pacCMOTPETh NoKasaTenb cyacTbst Ans 0,
HO 3TO MOXET 6bITb cAenaHo ahhEKTUBHO aHanorM4Ho, C CMNob30BaHNEM
4aCTUYHbBIX CYMM 1 OTPE3KOB MOJyYeHUst MOHeT. OKOHYaTEeNbHO COXHOCTb
pewenmsa O(N), nockonbky Bce npeasblumcieHns o6 /(0) n I[(N) moryT 6biTb
npoBeaeHbl 3a O(N), a BbluncneHne kaxaoro na N + 1 ymcen — 3a 0(1).
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