TYUMAAZA XXIX MexayHapoaHasa onvMnnaga
TUYMAADA The 29" International Olympiad

PROBLEMS AND SOLUTIONS

INFORMATICS
NHOOPMATHUKA

3AAAYU U PEHTEHU A

Yakutsk 2022
AkyTCk 2022




XXIX MexkayHapoaHasa onMMnunaza LKOMbHUKOB No MaTeMaTtuke, huamnke
n nHdopmatmke «Tynmaaga». MHOOPMATUKA. — fAkyTck, 2022.

COOpHUK  cofepknT  3afadnm  XXIX MexayHapoaHon onumnuanbl  «Tyinmaana»
no MHPOPMAaTHKe, a TakXKe BO3MOXHble BapuaHTbl pelleHnin. OnMmnuaga NnpoBoAnnach
30 nroHss — 10 nrona 2022 ropa B 1. AkyTtcke. OnuMnuaga npoLina B CMELLaHHOM O4HOM U
AMCTaHUMOHHOM dopmaTax B [Ba COPEBHOBATENbHbIX AHS, B MEPBbIA M3 KOTOPbIX
y4acTHMKaM BbIno NPeaIoXKeHo PeLLUTb YeTbIpe 3a4aqw, BO BTOPOW — NATb.

This booklet contains the problems and possible solutions of the 29t Tuymaada
International Olympiad in informatics. The olympiad was held on June 30 — July 10, 2022 in
Yakutsk, Russia. The olympiad was held both remotely and on-site, in two competition days.
The participants were invited to solve four and five problems on the first and second day,
respectively.
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Problem statements

A. Granopodus

Time limit: 1 second
Memory limit: 256 megabytes

The planet Tau Ceti is home to a delicious fish species called granopodus.
These fish have the shape of a convex polyhedron, the number of faces of
which varies between 4 and 100.

A taucetizen called R2D2 has caught n granopoduses and wants to fry
them. R2D2 can fit only m fish in their pan. It takes 1 minute to fry a single face
of a granopodus. R2D2 has neatly separated their catch into heaps according
to the number of faces of a fish.

What maximal number of fish can R2D2 manage to fry in k minutes?

Input

Input data is given in three lines. First line contains three numbers n, m, k
(n,m, k < 2500). The second line contains the quantities of fish in each of the
heap. Obviously, the sum of these numbers is n. The last line contains the
number of faces for granopoduses in each of the heaps in the same order as
on the second line.

Output
Output one integer — the number of fish.

Scoring
Each test is scored independently.

Example

standard input standard output
34 2

A NN

B. Sum of digits

Time limit; 1 second
Memory limit: 256 megabytes
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An inquisitive novice programmer Petya has noticed that the the sum of
an integer number’s digits behaves peculiarly as the number increases. Some-
times it increases uniformly with the number, but sometimes it falls sharply.
For example, starting from the number 96, the digit sum changes in follow-
ing way: 15, 16, 17, 18, 1, 2, 3, and so on. Petya also also dabbles in math
and knows that among consecutive N integers there will always be one that
is divisible by N. But for the digit sums of consecutive integers, this is not
true. Thus, for example, among the numbers between 92 and 108 none has
the sum of digits divisible for 10.

Petya is considering a number K and wants to find out the maximum num-
ber of consecutive integers, for which the sum of digits is not divisible for K.
Help Petya to find the answer to this question.

Input
A single natural number K (1 < K < 40).

Output

Output on the first line the maximum possible number of consecutive integers
with sum of digits not divisible by K. Output the first number of such sequence
on the second line.

Scoring
Each test is scored independently.
Example
standard input standard output
10 18
1

C. International Olympiad

Time limit: 1 second
Memory limit: 512 megabytes

Everybody loves olympiads in informatics. And everyone loves to partic-
ipate in them. There is no unified international informatics olympiad on the
planet Tau Ceti. But each country holds its own international olympiad for
school students.
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Taucetizens consider an olympiad to be international if, in addition to the
hosting country, at least one student from another country participates in it.
Every host country tries to minimize the costs and, accordingly, to minimize
the number of foreign participants. However, in order not to lose the status
of an international olympiad, it invites all members of the national team from
only one country.

In total on Tau Ceti there are n active participants of the olympiads from
m countries. The strength of a participant is determined by their rating on
a reputable online programming contest site. No two participants have the
same rating. Thus for any two participants we can determine who is stronger.

The hosts can not lose face, so they want the first place to be taken by
a member of their team, and a member from the invited country to take the
last place. Thus, the host country invites the team from another country if the
strongest and weakest participants of the host country are stronger than the
strongest and weakest participants of the invited team, respectively. If there
are several options, the country with the smallest number of participants is
chosen.

Pursuing various goals, the competitors may change their nationality, and
thus can participate for a new country.

You need to handle g requests. Each request belongs to one of two types:

1. A country g wants to host an olympiad. You have to output the number
of the country it will invite.

2. Participant number x changes their citizenship to country g.

Input
The first line contains three integer numbers n,m, g (1 < m < n < 1000,
1 < g < 3-10° — the total number of participants on the planet, the number
of countries and the number of requests, respectively.

The sacond line contains n country numbers describing the participants
in the descending order of their ranking.

The following g lines describe the queries. Each query starts with an inte-
gert (1 <t < 2)— the type of the query, followed by

+ For the query of the first type, the number g — the number of the country
wanting to host an olympiad;
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+ For the second query type, the numbers x and g — the number of the
participant and their new country, respectively.

It is guaranteed that each country has at least one representative at any given
time.

Output

For each query of the first type, print the number of the country that the hosts
willinvite. If there is more than one possible country, print any of them. If there
is none — print —1.

Scoring

A group is solved correctly if each of the inputs it contains is solved correctly.
Points are awarded only for correctly solved groups of inputs. Some subtasks
may also require that all tests in the sample pass. For such subtasks, the letter
S s indicated additionally.

Subtask Constraints Points | Required subtasks
1 T<n,m,g<100 t=1 5 —
2 1<qg<1000, t=1 15 1
3 1 <g <1000 20 S 1,2
4 60 S 1,23
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Examples
standard input standard output

12 4 4 4
112224143233 3
11 -1
12 3
13
14
12 4 6 -1
112224143233 3
212 1 -1
2914 3
11
12
13
14

D. Mex tree

Time limit: 3 seconds
Memory limit: 512 megabytes

Consider a tree of size n (a connected graph consisting of n vertices and
n — 1 edges). Initially all vertices are in off state. When a vertex is turned on,
mex of all numbers in neighboring activated vertices is written to it. The mex
of a list of numbers is defined as the minimum integer non-negative number
not contained in the list. For example, mex of list [3, 0,0, 1] is 2, and for the list
[1,2,3] the mex is 0.

What is the maximal sum of numbers written in the vertices of the tree can
be obtained after switching on all the vertices? It is known that the vertices
are switched on one by one.

Input
The first line contains an integer n (1 < n < 3 - 10°) — the number of vertices
in the tree.

The next n—1 lines contain pairs of integers u, v (1 < u,v < n) —the edges
of the tree.
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Output
Output a single integer, the maximal possible sum of numbers written in the
vertices of the tree.

Scoring
For all subtasks, points are given only when all tests of that and required sub-
tasks have passed correctly.

Subtask | Constraints | Points | Required subtasks
1 n<8 8 —
2 n<13 13 1
3 n < 500 14 1-2
4 n < 5000 15 1-3
5 n<10° 40 1-4
6 n<3-10° 10 1-5
Examples

standard input standard output

4 3

21

32

2 4

4 3

12

4 2

13

5 3

4 5

13

14

4 2
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E. Planet exploration

Time limit: 1 second
Memory limit: 256 megabytes

An expedition of specially constructed rovers was sent to the planet Tau
Ceti from Earth to explore a section of the planet’s surface. It is represented
by a rectangular cell field in which there are no isolated places.

The rovers will be delivered by one landing module. Therefore it is neces-
sary to choose the optimal landing point of the module, that is, a place from
which the path length to the most distant point of the studied area is minimal.
The rovers can move only vertically and horizontally on the site.

Input

The first line contains numbers N, M (1 < N,M < 50) — the number of rows
and columns of the cell grid. Rows and columns are numbered starting from
zero. The next N lines each contain M numbers 0 or 1, where 0 means that
the cell is passable, and 1T means not.

Output

Print two numbers, the row and column coordinates of the cell where the land-
ing module should be dropped. If there are several such places, print any of
them.

Scoring

Points for each test are awarded independently.
7
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Examples
standard input standard output

55 2 2
11111

10001

10001

10001

11111

45 23
10001

10000

111600

10000

F. Table game

Time limit: 1 second
Memory limit: 256 megabytes

The playing field consists of n horizontal and m vertical rows. At the be-
ginning of the game the chip is in the first cell of the first horizontal row. The
goal of the game — move the chip to any cell of the last horizontal row.

Inside each horizontal row the player can freely move a piece, but for mov-
ing between adjacent cells the player receives exactly one penalty point.

The cell j of horizontal row i can be reached in one move from any cell of
horizontal row i — 1 that is not further away than r; cells (horizontally) from it,
and in this case ¢; penalty points are given for this action.

The value of r; = —1 means that it is impossible to make a move to that
cell.

Find the least number of penalty points required to move a piece to the
last horizontal row.

Input

The first line contains two integersnand m (0 < n,m < 2-10%,n-m < 2-10°).
The following n — 1 lines each contain m integers r; (=1 <r; < 10°).
The following n — 1 lines each contain m integers ¢; (0 < ¢; < 109).

8
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Output
Print a single number— the smallest possible number of penalty points re-
quired to reach the game goal.

If it is impossible to reach the last horizontal row, print the number —1.

Scoring
Points for the first subtask are awarded independently.

Points for the second subtask are awarded only if all the tests for this sub-
task and the first subtask have been successfully completed.

Subtasks | Constraints | Points | Required subtasks

ry <20 40 -
2 60 1
Example
standard input standard output
4 4 4
2 -120
113 -1
1-102
3311
4134
2222

G. Underwater cavern

Time limit: 2 seconds
Memory limit: 256 megabytes

This is an interactive problem

Onthe planet Tau Ceti, a group of oceanologists has sent a remote-control-
led submarine on a deep-sea exploration mission. After another submersion,
the submarine got stuck in an underwater cavern which is a multilevel cell grid
maze. After many attempts to recover the submarine, the researchers have
concluded that they could not solve that problem themselves. The submarine

9
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is a pinnacle of engineering and one-of-a-kind technical marvel, so scientists
beg you to help them to recover it.

The exit from the maze is located in the starting cell, but it is closed. The
exit can be opened by finding all the artifacts scattered deep in the cave. The
submarine can detect the presence of an artifact in the cell in which it is cur-
rently located and send readings from its sensors. Based on this data, you
must find a way to retrieve the submarine. It can move between the cells of
the maze in 6 directions — North, East, South, West, Up, Down. You can control
the submarine by sending commands to it.

The scientists have also found that between two different points in the
maze reachable using only horizontal commands there is only one simple
path.

Itis guaranteed that the total number of cells in the cave Q does not exceed
10000.

The artifact scanner has a limited amount of energy, so it can be used at
most Q times.

Interaction Protocol
You start by receiving readings from the submarine’s sensors indicating the
presence of the walls of the cell in 6 directions. A sensor reading string has
the following format: the first word is WALLS, then the sequence of 6 space-
separate digits — either 1 or 0, meaning the presence or absence of the wall,
respectively. The numbers are given in the following order: North, East, South,
West, Up and Down.

Example-WALLS 1 0 0 1 0 1.

The submarine can accept one of these commands:

* GO N-move one cell North
* GO E-move one cell East

* GO S -move one cell South
* GO W-move one cell West

* GO U-move one cell Up

* GO D-move one cell Down
10
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*+ SCAN - check for the presence of an artifact in the cell, and retrieve it if
present

« ESCAPE - attempt to leave the cave

To communicate with the submarine, you send one of the commands, and
the submarine responds in the following way:

+ to the motion commands GO N, GO E,GO S,GO W, GO U, GO D with
the sensor readings from the cell that the boat arrives at, in the format
described above;

+ tothe SCAN command with the string PICKED_UP if an artifact has been
found and picked up in the current cell, or NOT_FOUND if no artifact has
been found;

+ tothe ESCAPE command with the string SUCCESS if the exit attempt was
successful, and FAILURE otherwise.

Having successfully left the cave, the submarine will stop receiving any
commands.

If the number of scanning requests is exceeded, the test system will dis-
play a WRONG_ANSWER verdict. Your solution can get an IDLENESS_LIMIT_
EXCEEDED verdict if you do not output anything or if you forget to reset the out-
put buffer. If an invalid command is entered, the solution will get the verdict
PRESENTATION_ERROR.

To reset the output buffer, immediately after outputting the query and the
end of line character in the program text, use

« fflush(stdout) or cout.flush() in C++;
+ System.out.flush() in Java;
« flush(output) in Pascal;
* stdout.flush() in Python.
Scoring

Points for each subtask are awarded only if the solution passes all the tests
of that subtask and all required subtasks.

11



Problem statements

Subtask Constraints Points | Required subtasks
1 The cave has only 1 level 20
2 No additional restrictions 80 1

Note

An example of two-level cave:

Communication example:
WALLS 11111

GO N

WALLS 1 20111

GO E

WALLS 1 9060 11

GO S

WALLS @1 1101

GO U

WALLS 1 101160

GO S

12
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WALLS © @ 1 @ 1 1
SCAN

NOT_FOUND

GO E

WALLS © 1 10 1 1
GO N

WALLS 1 00111
GO E

WALLS 111011

H. Numbers and sweet buns

Time limit: 2.5 seconds
Memory limit: 256 megabytes

Arthur loves programming very much! Today he came to school to brag to
Merlin that he wrote a program that generates a random sequence of natural
numbers that has not a single beautiful pair. A pair of numbers (a;,a)) is
called beautiful if there are some integer pair (x,y) that meet the following
requirement:

ax+ay=1.

However, Merlin noticed an interesting thing. The prime numbers that divide
the generated numbers do not exceed p,, where p, is the k-th number in the
series of primes. Merlin informed about the problem to Arthur, but he didn't
believe it and promised him to buy 2 buns for each unique pair of indeces of a
beautiful pair of numbers found from the sequence.

Merlin loves buns very much, so he asked you for help. Calculate the maxi-
mum number of buns he can get. Output the answer modulo 10° + 7.

Input

Thefirst line contains a single integer n — the size of sequence (1 < n < 3-10°).
The second line contains n integers a4, a,, ..., @, whose prime divisors do

not exceed p, (2 < a; < 10'?).

Output
Output the number of pairs of integers (a;, a) that meet the given requirements
modulo 10° + 7.

13
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Scoring

A group is solved correctly if each of the inputs it contains is solved correctly.
Points are awarded only for correctly solved groups of inputs. Some subtasks
may also require that all tests in the sample pass. For such subtasks, the letter
Sis indicated additionally.

Subtask Constraints Points | Required subtasks
1 n < 1000,k < 21 9 S
2 n < 10000,k < 21 11 S 1
3 k<?2 12 —
4 k<15 14 S, 3
5 k <21 25 S, 1-4
6 k <35 29 S, 1-5
Examples
standard input standard output
4 6
46 8 69 3
4 8
3355

Note
Every beautiful pairs of numbers from sample:

+ (46,3): 146 + (—15)+3 =1 (1 and 2)
+ (8,3): 2%8+(=5)*3=1(2and 4)
+ (8,69): 26 %8 + (—3) 69 = 1 (2 and 3)

In total, 2 buns were received for each pair. It can be proved that there are no
more.
In the second sample, there are 4 pairs:

14
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+ (38,5):2%x5+(—3)*3=1(1and3,1and 4,2 and 3,2 and 4)

Note that even though the numbers are the same, the pairs are counted as
distinct.

I. Football

Time limit: 0.8 seconds
Memory limit: 256 megabytes

N kids numbered from 1 to N met to play one football game, found you
around and asked you to be their referee. You soon understand that there are
M pairs of kids who intensely dislike each other. When trying to create the two
teams X and Y, you realize that no matter how you assign each kid to one of X
and Y, there will still be a pair of kids (a, b) who dislike each other in the same
team, be it XorY.

In order to arrange the two football teams so that there is no mutual dislike
inside any of the two teams, you plan to pick one of the M pairs and reconcile
the two kids so that there is no more dislike between the two kids in the pair.
Which are the pairs (a, b) such that after removing the dislike between a and
b (and between b and a), you could create the two teams such that there is no
dislike between two members of the same team?

Input
The first line contains number T of tests (1 < T < 100). Each of the T int the
subsequent lines, has the following format:

« first line contains numbers N and M, separated by a space;

* next M lines each contain two numbers a, b (1 < a,b < N), separated by
a space, describing a relationship of mutual dislike between kids number
aandb.

The pairs are considered to be numbered fromO0to M — 1.

Output
Print answers for each of the test T test consecutively, with each answer con-
sisting of one or two lines as follows:

« first line of each description contains the number of values on the sec-
ond line or O if the second line would have been empty;

15
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+ second line contains, in ascending order, all numbers i from 0 to M — 1
such that, if we were to remove the pair number i, the remaining relation-
ships of dislike would be such that you could create two teams with all
N kids such that there is no dislike between two members of the same

team. If this second line would be empty, just omit it.

Scoring

Let Q be sum of the T numbers M in the input. Let G be the undirected graph

of N vertices and M edges described by the relationships of mutual dislike.

For all tests:

+ 3<N <M< 50000

+ 3<Q<150000;

« G is connected.

For all subtasks, points are given only when all tests of that and required

subtasks have passed correctly.

Subtask Constraints Points | Required subtasks
1 Q < 500 20 -
2 G contains a single cycle 10 —
3 Q < 30000 40 1
4 No other constraints 30 1,2,3

16
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Example

standard output

Moot o®

standard input

MmAaMmMedOoANNS N TooANMSTS N ONM -
MMNcadAaN NSt ddd AN ANMNAHANMS DO O N

17
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Solutions

A. Granopodus

Let r be the maximum number of fish that can be fried in k minutes. Consider
two cases:

1. The frying pan can fit n fish. Then the number r is equal to the number
of fish with faces not exceeding the number k.

2. The number n is greater than m. In this case, consider the number
z = m x k. Sort the fish in ascending order of the number of faces.
Let t; be the number of fish in the pile with number i. Find sequentially in
ascending order i the sums t; x i and t;, denoting these sums by p; and
q;, respectively.

Consider the differences z — p;. If these differences are non-negative
even when we consider the last pile, then r = n. Suppose z — p; be-
comes negative or equal to zero when the last heap has not yet been
considered. If the difference is zero, then r equals g;. Otherwise, we re-
turn to the previous p; and g;. Let us fix these p; and g;. To emphasize
this, we denote these quantities by p and g respectively. Let us now se-
quentially add i to p (we denote the number of addition operations by f),
and one to g until z— (p + f x i) is less than or equal to zero. If it is equal
to zero, thenr = g + f, but if it is less than zero, thenr =g +f—1.

Another way to look at this problem is to prove that if the sum of faces
does not exceed mk and the number of faces of each fish does not exceed k,
then they can be cooked in time.

Consider pairs (p,t) denoting the period from (t — 1)th to tth minute at
position p on the frying pan. Sort them lexicographically and give these pairs
to each fish consecutively. That is, the pairs (1,1),(1,2),...,(1,9;) will go to
the first fish with g, faces, (1,9, + 1), ..., (1,k), (2, 1), ... will go to the second
fish. Distribution is impossible only when some fish is at different positions
at the same time. But since the number of faces of any fish does not exceed
k, this cannot happen in our distribution. Hence, we must choose the fish in
increasing order of the number of faces.

18
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B. Sum of digits

1. If the series of such numbers is completely in the same group, you can
find it this way. Consider the residues from dividing by K all numbers
from 0 to 99999. Find the largest row of consecutive numbers that do
NOT contain any residue R. Suppose there are L such numbers. Then
before each number of this series, add a prefix with the sum of digits
equal to K — R. No number in this series has a sum of digits divisible by
K.

2. If series we seek begins in one group and ends in the next group, then by
varying the number of nines in the barrier, as well as different prefixes
(digits preceding the nines of the barrier) it is possible to find this series
with a little exhaustive search. Note that it is sufficient to consider pre-
fixes that have different remainders modulo K. The number of nines in
the barrier can also be limited to K.

Note. An analysis of all the resulting solutions showed that the prefix
can be taken to be zero everywhere.

C. International Olympiad

To process the queries for optimal country search queries in the first subtask,
run through all the countries. For each country, search for all participants, the
number of participants, the strongest and the weakest member of the team.
Among all matching countries, find the country with the minimum number of
participants.

To solve the second subtask, precalculate the answers for each country.
Answer the query by printing the saved answer.

To solve the third subtask, we will put the indices of each country's par-
ticipants into a set. When a participant changes citizenship, we will remove
their index from the old set and add it to the new one. In this way we can an-
swer queries of the second type in O(logn). Also, we can check in a constant
amount of time whether the next candidate is suitable. Thus we can answer
a query of the first type in O(n).

There is a way to answer a query of the first type in O(Iog2 n). Denote by
x; and y; the indices of the strongest and weakest participant from country i
(1 <x;, y; <n). Then country i can invite country jif x; < x;and y; < y;. Plotm

19
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points corresponding to each country with coordinates (x;, y;) in a Cartesian
coordinate system. The value at the point will be the number of participants
in the corresponding country. Then the optimal candidate for country i is the
point with the minimum value in the rectangular area (x; < x < n, y; <y <n).
To find this point efficiently, we can build a 2D segment tree on the region
(1 <x<n, 1 <y<n),which will allow us to answer both types of queries

for O(log? n). The final asymptotic is O(q - Iog2 n).

D. Mex tree

For O(n!) it is enough to enumerate all possible ways to switch the vertices on.

For O(3") let us iterate over all possible correct ways to choose vertices
with value 0. A subset is considered correct if no two vertices from the subset
are neighbors, and every vertex not from the subset is a neighbor of some
vertex from the subset. In this case, the sum for the current set is equal to the
answer for the forest consisting of unselected vertices, plus the size of that
forest.

Note that the values in the vertices do not exceed log,(n).

Let us calculate the answer using dynamic programming. Root the tree at
some vertex. In dp[v][up][cur] we will store the maximum sum for a subtree
with root v, ancestor value up, and value in vertex cur. To calculate the answer,
we need to have neighbors with values from 0 to cur — 1. To do this, we will
calculate the auxiliary dynamics over subsets subDP[bitmask], where the ones
indicate that a given value is taken. The value in the child does not exceed
log,(size,) + 1, where size, — the size of the subtree u. If we order the children

by size and for each child update subDP in O(size,), we get a solution for 0(n?)
(omitting logarithms). We can ignore the largest child in subDP and just go

through its value, then we get a solution working for O(n Iog3 n) with a small
enough constant.

E. Planet exploration

1. For each cell with value 0 do the following:

(@) Using BFS find the minimum distances to each zero cell from the
selected cell

20
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(b) Select the maximum value from the obtained distances and store
it for the selected cell

2. Select the minimum value from the obtained values of the maximum
distances and display its coordinates

F. Table game

The problem is solved by dynamic programming. Let dp[i][j] be the minimal
number of penalty points to reach the cell j of row i. Inrow i = 0, dp[i][j] =J.

Next, we do the following: first, set dpli][j] be equal to the minimal dp[i—1][j’]
among all j* such that |j" — j| < rli][j], plus c[i][j]. The cells that cannot be
reached must have dp|i][j] = co. Then we go from left to right, updating each
dpli][j] to account for horizontal movement, and walk from right to left in the
same way.

For the first subtask, a simple implementation of this algorithm is enough.

For the second subtask, one needs to use a data structure that allows to
quickly handle requests of minimum over ranges of numbers (where you need
to find the minimal dpli][j’]) — such as sparse table, segment tree, Fenwick
tree. For each new row, the structure needs to be built anew.

The time complexity of the algorithm is O(nmlogm).

G. Underwater cavern

By reading the statements, you can understand that you can traverse the cav-
ern using simple DFS and should output SCAN command on every cell exactly
once. The most difficult part is to carefully implement the interaction with the
system and store every visited cell not to overflow the scanning limit.

H. Numbers and sweet buns

Formally it is required to find all pairs of coprime numbers.

For the first subtask, it's enough to brute through all pairs and check the
coprimality using the Euclidean algorithm, with complexity @(n? log(a;)).

For the second subtask, we also iterate over all pairs, but now store the
numbers as bitmasks, where the ith bit in the mask is 1 if p;|a (p; divides a),
and 0 otherwise. Complexity of ©(n?).

21



© o N o o A~ W N =

Solutions

For further improvement, we need to use slightly different approach. Note
that if all prime divisors do not exceed p, = 3, then the numbers are of the
form a; = 2%« 3. The numbers a; and a; are coprime if and only if, without
Iossofgenaeh@aonehasthefowna,::ZKthecﬁherbj::Q.Lefskeeptwo
counters that count the number of such numbers and at the end we will output
the product of these counters.

For the fourth subtask, we store the number of numbers with mask. Then
iterate over just the subpatterns of the inversion. Complexity of 9(3% + nk).
Using sum over subsets with dynamic programming (SOSDP), we can improve
it to O(nk + k - 2¥)

Let ay,ax 1, ..., a is some sequence of numbers and R(a;) — amount of
numbers divisible by a;. Then according to the inclusion—exclusion principle:

R(—u’:?k, _‘ak+-| g een ,_‘a/) -

=N-=> R@)+ > R@,a)—..(-1)" Ry, ac1,...,a)
k<i<l k<i<j<l
In other words, this is the amount of coprime numbers with our sequence
ag, a1, ---»4a,. Let's sort all our masks, create such an array R and at each
iteration we will recalculate the answer by submasks.

std: :sort(mask.begin(), mask.end());
uint64_t ans = 0;
uinte4_t 1 = 9;
for(int i = 0; 1 < n; ++i) {
1++;
if (1 + 1 < n &% mask[i] == mask[i + 1])
continue;
uint64_t m = mask[i];
ans += (i - 1 + 1) * 1;
for (uinté4_t submask = m; submask > 9;
submask = (submask - 1) & m) {
if (__builtin_popcountll(submask) % 2 == 1) {
ans -= R[submask] * 1;
}
else {
ans += R[submask] * 1;
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}
R[submask] += 1;

std::cout << (ans * 2) % mod;

I. Football

G is not bipartite, so in the case of subtask 2 we know G has a single odd
cycle. Removing any of the edges of this cycle makes G a tree, which is always
bipartite. Removing any of the edges outside the cycle maintains the odd
cycle of G, which makes G still not bipartite. Thus, a solution to subtask 2 is
to write up the edges that form the cycle.

For other subtasks, build the Depth-First-Search tree T of G by starting a
DFS from any of the nodes of G, say node 1, and note that because G is undi-
rected, every edge of G either belongs to T or is a back-edge. For our purposes,
it's useful to denote a back-edge to be black when it connects two vertices
that have the same height modulo 2 in T, and white when it connects two ver-
tices that have different heights modulo 2 in T. We also say a back-edge (c, d)
traverses an edge (a,b) in T if (a,b) is on the path in T from ¢ to d. Then the
index of an edge (a, b) should be in the output if and only if one of the below
is true:

* it's the only black edge in the tree, or;

+ it'san edge of T which is traversed by all black edges and not traversed
by any white edges.

These properties can be checked in O(1) per input edge after an O(N + M)
precomputation thatincludes one DFS, leading to a linear solution in both time
and memory.
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3agaum

A. TpaHonopaychl

OrpaHnyeHme no BpeMeHn: 1 cekyHAaa
OrpaHuyeHue no NamaTu: 256 merabant

Ha nnaHeTte Tay Knta BognTCA 04eHb BKYCHas pbliba — rpaHonoayc, Teno
KOTOPOWM MMeeT GOPMY BbIMYKIOrO MHOrOrpaHHmKa. Y1Cno rpaHen y pasHblx
PbI6 MOXKeT BapbupoBaTbes oT 4 o 100.

TayknTaHuH R2D2 BbIIOBW N TPAHOMOAYCOB U XO4YET UX NoXapuTb. Ha
€ro CKOBOPO/KE YMELL@eTCsA m pbib. VI3BECTHO, 4TO KaXKAYy+o rpaHb OAHOM Pbl-
Bbl HY>XHO >XapuTb POBHO OAHY MUHYTY. R2D2 akkypaTHO pasfioxus ynoB Ha
KYYKM 13 Pbib C OAMHAKOBbIM KOIMYECTBOM FPaHen.

Kakoe MaKcrMmManbHoe Kom4ecTBO pblb R2D2 cMOXeT NpUroToBmTb 3a K
MUHYT?

dopmaT BXOAHbIX AAaHHbIX
BxofAHble fAaHHble 3anmcaHbl B TPEX CTPOKaX.

B nepBoi cTpoke — Tpu vmcnan, m, k (n,m, k < 2500), BO BTOpPOWM — 4unc-
na, 03HaYatoLLMe KONMYEeCTBO pbl6 B KyyKax. [TOHATHO, YTO CyMMa YnCen aTom
CTPOKM paBHa n. M, HaKoHeL, B TpeTbel CTPOKE COAEPXKaTCs YnCna, O3Havatko-
LL{Me KONMYECTBO rpaHen pblibbl M3 COOTBETCTBYHOLLEN KyYKM BTOPOW CTPOKM.

dopmaT BbIXOAHBIX AAHHbIX
BbIBECTW OAHO MCKOMOE YMCIIO — OTBET.

Cucrtema oyeHNBaHNA
Bannbl 3a KaX /bl TECT HAYMCNAKOTCA HE3aBUCKUMO.

Mpumep BXoAHOro 1 BbixoAHoro ¢aiinos

CTaHAApTHLIA BBOA CTaHAApPTHLIA BbiIBOA
34 2

A NN

B. Cymma undp

OrpaHnyeHme no BpeMeHN: 1 cekyHaa
OrpaHuyeHue no NamaTu: 256 Mmerabant
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JTtobo3HaTeNbHbIN HAaYNHAOLWMIN MHDOPMATUK [eTs 3aMeTus, 4To CyM-
Ma UMdp Yncna N3MeHsIeTCs C POCTOM YMcAa MO He COBCEM MOHATHOMY 3a-
KOHY — MHOr4a OHa PaBHOMEPHO PacCTET, a MHOMAa Pe3Ko YMeHbLLaeTca. Ha-
npuMmep, HaumHasa ¢ Yncna 96 oHa naMeHseTcd Tak: 15,16, 17,18, 1, 2, 3, 1
T. 0. [1eT9 HEMHOI0 MHTEpPEeCcyeTCa MaTeMAaTUKOWM, U 3HaET, 4To cpean N noa-
PS4 MAYLMX HaTypanbHbIX Yncen 06a3aTeflbHO HAaNAETCA YMCNO, Aensllee-
cs Ha N. A BOT Npo cyMMy UMdp noapaa MAYLIMX HaTypasbHbIX YMcen 3Toro
CKasaTb Henb3qa. Tak, HanpuMmep, cpean Ymcen ot 92 ao 108 HET HKM OAHOTO,
cymMMa umdp KoToporo agenutcs Ha 10.

MNeTa B35 4715 UCCNedOBaHNA HEKOTOPOE YNCTO K U peLuns OnpeaennTh,
CKOJTbKO MOoAPAA NAYLMX HaTypanbHbIX YMCEN MOXET UMETb CYMMY LIMDP, He
Jensduyrocd Ha K. lNomMoruTe Nete HanTn OTBET Ha 3TOT BOMPOC.

dopmaT BXOAHbBIX AAaHHbIX
OfHo HaTypanbHoe uncno K (1 < K < 40).

¢opmaT BbIXOAHbIX AaHHbIX

BbiBeOnTe B I'IepBOVl CTpOKe Hambosbllee BO3MOXHOE KOIMYeCTBO NOCNea0-
BaTeJIbHbIX HATypaJibHbIX YNCEST C CyMMOI7I Ll,l/ld)p, He gensaulencs Ha K, BO BTO-
p0171 — NnepBoe 4YMCNo nocnegoBaTesibHOCTW.

Cnctema oueHMBaHUA
Bannbl 3a KaXablt TECT HAYUCNAOTCS HE3ABUCKMO.

Mpumep BXogHOro 1 BeixogHoro ¢aiinos

CTAHAApTHLIW BBOA CTaHAApPTHLIM BbIBOA
10 18
1

C. MexxayHapoaHasi onMMmnumaga

OrpaHuyeHne no BPEMEHU: 1 cexkyHaa
OrpaHuyeHve No namaTu: 512 mera6ant

Bce ntob6aT onvmnmaabl No nHpopmatmke. M Bce NoBAT B HUX y4aCcTBO-
BaTb. Ha nnaHeTe Tay KuTa HeT eAMHOMN 06LLEN MeXAYHapOAHON OAMMANaabl
no nHbopMaTuke. 3aTo Kaxkaast CTpaHa NpOBOANT CBOHO COOGCTBEHHYH MeX-
AYHAPOAHY ONMMMAMAAY LLUKONbHUKOB.

25



3agaun

TayKUTAHE CUMTArOT OIMMNNAAY MEXAYHapOAHOW, eECNK B HEW, MOMUMO
CTpaHbl OpraHn3aTopa, y4acTBYET XOTHA 6bl OAMH LUKOSbHWK U3 APYrom CTpa-
Hbl. Kaxaasi CTpaHa-opraHn3aTop CTapaeTca MUHUMU3MPOBATb U3AEPXKKY,
TO eCTb MUHUMM3MPOBATb KOIMYECTBO MHOCTPAaHHbIX y4acTHUKOB. OgHakKo,
YTOObI HE MOTEPATb CTATyC MEXAYHAPOAHOW ONMMMMa/bl, OHa NpurnawaeTt
BCEX YNIeHOB COOPHOWM KOMaH/Ab! TOSTbKO U3 OHOM CTPaHbI.

Bcero Ha Tay KTa eCTb n aKTWBHbIX YH4aCTHUKOB ONMMMMan U3 m CTpaH.
Cuna y4YaCTHWKa onpefenseTcs peMTUHIOM Ha aBTOPUTETHOM CaiTe C Co-
PEBHOBaHNSAMM MO MPOrPaMMUPOBAHUIO. Y KaXKAOro y4acTHMKA — CBOW YHU-
KanbHbIN PEUTUHT. TakM 06pa3oM MOXHO OAHO3HAYHO ONPeAENTb, KTO N3
[BYX Y4aCTHWUKOB CUJIbHee.

X03aika onMMNnaabl He MOXET YAapUTb B rPA3b SIMLIOM, MO3TOMY OHa XO-
YeT, 4TOObI MePBOE MECTO 3aHsJT yHaCTHUK ee COOPHOW, a NoCnejHee MecTo —
YYaCTHMK W3 NpUrNalleHHOM CTpaHbl. TakuM 06pa3oM, CTpaHa-OpraHn3aTop
npurnawaeT COOPHYKO U3 APYron CTpaHbl, €CNIN CUbHENLLNIA 1 CRabeniumm
YYaCTHMKM U3 CTPaHbl-OpraHmM3aTopa CUfibHee CUTbHENLLEro 1 cnabenwero
y4YaCTHMKa NpurnalleHHon cbopHOM COOTBETCTBEHHO. ECv BapnaHTOB Hec-
KOSIbKO, M3 HNX BbIOMPaeTCsa CTpaHa C HaMMEHbLLNM KONTMYeCTBOM y4acTHM-
KOB.

Mpecneays pasHble Lesnn, HEKOTOPbIe YH4aCTHUKM MOTYT MOMEHATL rpaXk-
[AHCTBO, 1, CNefoBaTe/IbHO, MOTYT BbICTYNaTb 3@ HOBYHO CTPaHYy.

Bam TpebyeTcsa 06paboTaTh g 3anNpoCoB ABYX TUMOB:

1. CTpaHa g xo4eT NpoBeCTH onumnuagy. Hy>Ho BbIBECTU HOMEP CTPaHbI,
KOTOPYHO OHa MpUraacuT.

2. Y4yaCTHuMK nog HOMEPOM X MEHAET MPaXXAaHCTBO Ha CTPaHy g.

dopmaT BXOAHbIX AAaHHbIX
B nepBon cTpoke 3agaHbl Tpu Uenbix yicnan, m, g (1 < m < n < 1000,
1<g<3- 105) — 0bLLee KONMYECTBO YHaCTHUKOB Ha NaHeTe, KONMYEeCTBO
CTPaH W KOMMYECTBO 3aMnpoCOB COOTBETCTBEHHO.

B BTOpOW CTPOKe AaHbl N Y1cen — HOMepa CTPaH, 3a KOTOPbIN BbICTYNaroT
YYaCTHVKM, B MOPSAKE YObIBAHMA UX PENTUHTA.

B cnenytouimx g CTpoKax onmncaHbl 3anpochl. Kaxkabi 3anpoc HauMHaeT-
cacuenorouncnat (1 <t < 2)— Tuna sanpoca.
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« [1na nepBOro 3anpoca gafnee AaHo YNCN0 g — HOMepP CTPaHbl, MPOBO-
Asuen onumnnagy;

« [nga BTOPOro 3arnpoca — 4ncia x 1 g — HoMep y4aCTHUKa 1 ero Hoead
CTpaHa COOTBETCTBEHHO.

FapaHTMpyeTCs, YTO B SIFOO0M MOMEHT BPEMEHM Y KaXK[10M CTPaHbl €CTb XOTS
Obl OIMH NPeACTaBUTENb.

¢opmaT BbIXOAHbIX AaHHbIX

[1na kaxkaoro sanpoca NepBoro Tuna BbiBeAMTe HOMeP CTpaHbl, KOTOPYHD
npurnacuT 3afjaHHas ctpaHa. ECnm Takux HeCKoNbKo, BbiBeanTe Niobyto. Ec-
NN TaKoW HeT — BbIBeanTe —1.

Cnctema oueHMBaHUA

Bannbl 3a Kaxayro noasagady HauynMcnatoTCa TONbKO B Cly4ae, ecnn Bee Te-
CTbl ANs 9TOW Nofsafadn 1 HeobXxoAMMbIX Nof3adady yCrewHo NponaeHbI.
[1ns HeKoTOpbIX NoA3adad MOXET TakxKe TpeboBaTbCs, YTO6b! 6bIN NPOK-
[leHbl BCe TECTbI M3 ycnoBwms. [ns Taknx noasagay 4oNoNHUTENbHO yKasaHa
6ykBa VY.

Noasapaua OrpaHuyeHus Bannsl Heobxoanmele
nogsapaun
1 1<n,m g<100 t= 5 _
2 1<q<1000, t= 15 .
3 1<g <1000 20 V12
: 60 ¥1,2,3
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MprMepbl BXOAHOTO 1 BbIXOAHOrO ¢paiinoB

CTAHAAPTHLIA BBOA CTAHAAPTHbLIA BbIBOA

12 4 4 4
112224143233 3
11 -1
12 3
13

14

12 4 6 -1
112224143233 3
2121 -1
2914 3
11

12

13

14

D. Mekc gepeBo

OrpaHnyeHme no BpeMeHN: 3 cekyHAbl
OrpaHuyeHue no NnamaTu: 512 merabant

[aHo aepeBo pa3mepa n (CBA3HbIN rpad, COCTOALLMN U3 N BEPLUMH NN —1
pebpa). MisHa4anbHO BCce BepLUMHbI HAXOASTCS B BbIK/IFOYEHHOM COCTOSIHMMN,
[Mpn BKITHOYEHWM BEPLLUNHDBI B HEE 3aMMCbIBAETCA MEX BCEX YMCEN B COCEAHMNX
aKTMBMPOBAHHbIX BEPLUMHAX. MeX CMCKa YMcen — 3TO MUHUMAabHOE Lienoe
HeoTpMLaTENbHOE YMUCIO, HE CoAepKallleecs B CNnMcKe. Hanpumep, mex cnnc-
Ka [3,0,0,1] paBeH 2, a cnucka [1,2, 3] paBeH 0.

Kakyto MaKCuMasnbHyto CyMMY YMCes, 3anncaHHblX B BepLUMHAX AEPEBa,
MOXXHO MOYYMTb NOC/E BKKOYEHMS BCEX BEPLUMH? MI3BECTHO, YTO BEPLUMHDI
BKJTHOYAOTCA MOoYepeaHo.

dopmaT BXOAHbIX AAaHHbIX
B nepBsot cTpoke 3anucaro Lenoe uncnon (1 < n < 3-10°) — konndecTso
BEPLUMH B AepeBe.
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Cnepyrolume n—1 cTpoK cogepykaT napbl Lenbixumcenu, v (1 < u,v < n) —
pEbpa aepe.a.

dopMaT BbIXOAHbIX AaHHbIX

BbiBeOnTe Lenoe Y1Cno — MakcnumMasbHO BO3MOXXHYHKO CYMMY 4KMCen, 3arn-
CaHHbIX B BEPLWMHaX AepeBa.

Cuncrtema oyeHNBaHUA

Bannbl 3a Kaxkyro nofsagady HauMcnstoTCa TONbKO B Crly4yae, ecin Bce Te-
CTbl 4719 9TOM NoA3aAadn U HeOEXOAMMbIX NoA3afay YCrneLHo NponaeHb!.

NMop3apaua | OrpaHnyeHus | bannsbl Heobxoanmbie
noasagauv

T n<8 8 -

2 n<13 13 1

3 n < 500 14 1-2
4 n < 5000 15 1-3
5 n<10° 40 1-4
6 n<3-10° 10 1-5
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MprMepbl BXOAHOTO 1 BbIXOAHOrO ¢paiinoB

CTaHAAPTHLIA BBOA CTAHAAPTHbLI BbIBOA

N

w

AR PRLPPU|RPDRLRD|I NDNWND
N

N A wwum

E. OcBoeHMe nnaHeTbl

OrpaHunyeHue no BpeMeHu: 1 cekyHaa
OrpaHuyeHue No namaTu: 256 Mmerabant

Ha nnaHety Tay KnuTa ¢ 3emMau oTnpaBuin akcneanumio cneumanbHo no-
CTPOEHHbIX MIIAaHETOXOA0B ANA UCCNENOBAHNA y4acTKa NOBEPXHOCTU MiaHe-
Thbl. 3TOT y4aCTOK NpeAcTaB/eH NPAMOYrOfIbHbIM KIETOYHbIM MOMEM, B KOTO-
POM HET U30MMPOBAHHbIX MECT.

MaHeTOXoAbl AOCTaBAAKTCS Ha MIAHETY OL4HUM NOCaA04HbIM MOAYEM.
HeobxoamMmo BbibpaTb ONTUMasbHYHO TOYKY NOCaAKM MOAYNA, TO ECTb Takoe
MECTO, OT KOTOPOro AJsIMHa NyTu A0 MakCUMasbHO YAaneHHOM TOYKK ncchne-
YEMOro y4acTKa ABASETCA MUHMMaNbHOW. [naHeToxoApbl Mo y4acTKy MOryT
nepemeLLaTbCA TONbKO MO BEPTUKAN U MO FOPU30HTASIN.

dopmaT BXOAHbIX AAaHHbIX
B nepBol cTpoke 3afdanbl uncna N, M (1 < N,M < 50) — KoIM4ecTBO CTPOK
M CTONBLOB KNeTo4YHOro nons. CTPOKM 1 CTONOLbI HYMEPYHOTCS, HauMHas C
Hynsa. B nocneayrouimx N cTpokax 3anucaHbl no M ducen 0 mnn 1, rae 0 —
KJieTka npoxoanma, 1 — nHave.
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dopmaT BbIXOAHbIX AAHHbIX
BbiBeaMTe ABa YMCNa — KOOPAMHATbLI (CTPOKY M cTONGEL), Kyaa cneayeT Bbi-
caguTb Moay/b. Ecnm Takmx MecT HECKOMBbKO, TO BbIBEAMTE NIFOBON U3 HUX.

Cuctema oueHMBaHUA
Bannbl 3a KaXablh TECT HAYUCNAOTCS HE3ABUCKMO.

Mprmepbl BXOAHOr0 N BbIXOAHOIO ¢alifios

CTaHAapTHbIﬁ BBOJ CTaHAapTHbIﬁ BblIBO4
2 2

PO R
PO O R
R R R RR

23

RRRRAN RRRRRLWO
OCROOUVI ROO®O®R WU

OrOoOo
OO0 0®
OO0 0Rr

F. HacTtonbHas urpa

OrpaHunyeHme no BpeMeHu: 1 cekyHAaa
OrpaHuyeHme no NamMaTu: 256 Mmerabant

MrpoBoe NpsiMOYrosibHOE KIeTOYHOE MoJsle COCTOUT U3 N rOpU30HTasb-
HbIX M M BEPTUKANbHbIX PSA0B. B Hauane nrpbl GuULLIKa HaXOANTCS B NepBOM
KNeTKe NepBOro rOPU30HTaNbHOro paaa. Lienb urpbl — nepeMecTuTb QULLIKY
B NtO6YHO KIETKY NOCNeAHEro ropu3oHTanbHoOro psiaa.

BHYTPW KayK[0ro ropnu3oHTanbHoOro paga Mrpok MoXeT cBO60AHO nepe-
ABUraTb GMULLIKY, HO 33 Mepexoa Mexy COCeAHNMM KNeTKaMmn UrPoKy Haumc-
NAETCst POBHO OAHO LUTPachHOE 0YKO.

B KNeTKy j ropM30HTanbHOMO pAfa i MOXHO cienaTh XoA 13 060 KNeTKM
npeablayLLero ropu3oHTanbHOro psaai—1, KoTopasa pacrnono)eHa He aanee,
4eM Ha r;; KJIETOK MO FOpU30HTasIM OT Hee. 3a Takoe [IeNCTBYE HaYuCnseTcs
Cjj LUTPa(HbIX O4YKOB.
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3HayeHve r; = —1 03Ha4aeT, YTO B JaHHYIO KNIETKY HEBO3MOXHO CAienaThb
XOf] 3 NpeApblayLlero psaa.

OnpeaennTe, C KaknMM HanMeHbLLIMM YUCIOM LUTPAdHbIX 0YKOB MOXHO
bULLIKY NepeMecTUTb Ha NOCNEeAHWUI FOPU30HTaNbHbIV PAS.

dopmaT BXOAHbIX AAaHHbIX
B nepsow cTpoke gatoted Asa Uenbix uncnanuvm (0 < n,m < 2 - 109,
n-m<2-10°).
B cneaytoLmx n — 1 cTpoKax faHbl M0 m UesbIX Yncen ry (-1< rj < 109).
B cnepyrolmx n — T cTpokax fjaHbl Mo m LesbIX Yncen ¢; (0« Cc;j < 10°).

dopmaT BbIXOAHbIX AAHHbIX
BbIBECTW €NHCTBEHHOE LIENOE YNCNIO — HAaVMEHbLLEE BO3MOXHOE KONNYe-
CTBO LUTPahHbIX OYKOB 3a JOCTUXKEHME LIENN UMPbI.

ECnn HEBO3MOXHO NepeMeCTUTb (ULLIKY Ha NMOCNEAHNA FTOPU3OHTaNbHbIN
psA, TO BbIBECTM Ymco —1.

Cucrema oueHnBaHnA
bannbl 3a nepByro noasafgady Ha4ncJidrTCA HE3aBNCMMO.

bannbl 3a BTOPYtO noAsafady Ha4ncraroTCA TOJIbKO B Clly4ae, eCiin BCe
TeCTbl 4715 9TOW NoA3agayn u I'IepBOIZ noagsagadun ycrewHo I'IpOI7I,D,eHbI.

Heo6xogumble
Moa3apauva | OrpaHUyeHusa | bannbl
noasagaum
1 ry <20 40 —
2 60 1
Mpumep BXoaHOro u BbixogHoOro ¢pavinos
CTaHAapTHLIA BBOA CTaHAAPTHbLI BbIBOA

NDNWRERNDD
1
=
)
N
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G. NoaBopgHas newiepa

OrpaHuyeHne No BPEMEHU: 2 CeKyHabl
OrpaHuyeHme no NnamMaTu: 256 Mmerabant

3To MHTepaKTUBHas 3ajaya

[pynna okeaHONOroB nnaHeTbl Tay Kuta oTnpaBuna AnMCTaHUMOHHO-YM-
paBNAEMYHO NOABOAHYHO NOAKY B rTyOOKOBOAHYHO UCCNEef0oBaTENIbCKYH MIUC-
cuto. IMpr o4epeaHOM MOrPY>XXEHWM NoAKa OKasanacb B MOABOLHOM NeLlepe,
npeacTaBAsAoLEN COBOM MHOrO3TaXKHbIN KNETOYHbIN NabUPUHT. [1ocne MHO-
YKECTBA TLETHbIX MOMbITOK YYEHbIE MOHASIN, YTO CaMM OHM HE CMOTYT BEPHYTb
e€. OTa noABoAHas NoAKa — eAUHCTBEHHOE B CBOEM POE HY0 MHXKEHEPHOW
MbICJ/M, MO3TOMY YYeHble O4EHb NMPOCHT BAaC NOMOYb BEPHYTL NOAKY.

Bbixoa 13 nabupuHTa PacrnosioKeH B CTAPTOBOM KNETKE, HO OH 3aKpbIT.
Ero MOXKHO OTKPbITb, OTbICKaB BCe apTedaKTbl, PaCNONOXeHHble B ryonHe
nellepbl. [TogBoAHaA NoaKa MOXET 0OHapYXXNTb Hanndme apTedaxkTa B TOW
KNeTKe, B KOTOPOM OHa HaxoaMTCA, M NMOCbI1aTb NOKa3aHWA CBOUX AaTYMKOB.
OCHOBbIBasiCb Ha 3TUX AaHHbIX, Bbl JO/KHbI HAUTM CNOCO6 BEPHYTb NOABOA-
Hyto noaKy. OHa MOXET ABMIraTbCs MexXay KneTkamMmu nabuprHTa B 6 Hanpas-
neHusax — Ha Ceep, BocTok, tOr, 3anag, Beepx, BHN3. Bbl MOXeTe ynpaBnaThb
NOABOAHOM NTOJAKOW, NOChIIas en KOMaHbl.

YueHble Takxe YCTaHOBUIN, YTO MeXIy padHbiMu ABYMSA TOYKaMu na-
OUPUHTA, IOCTUXKMMbIMU C MCMOSIb30BAHUEM UCKITHOUUTENIbHO KOMaH ropu-
30HTasIbHOr0 NepPeMELLEHNS, CYLLIECTBYET TOJIbKO OAMH NPOCTON NyTb.

FapaHTMpyeTCs, YTO 06LLee KONMYECTBO KNETOK B nellepe Q He NpeBblLLa-
eT 10000.

CkaHep apTe(®aKTOB MMEET OrpaHNYeHHOe KOMNYECTBO SHEPTMM, MOSTO-
MY €ro MOXXHO MPUMEHUTb MakcuMyM Q pas.

MpoTokon B3anmopaeincTemsa
BHayane Bbl MonyyaeTe nokasaHnsa aT4MKOB NOABOAHOM NIOLAKM, YKa3blBato-
LLMe Ha Ha/n4ue CTeH B 6 HanpaBieHUaAX.

MokasaHns AaTYMKOB NPEeACTaBAAT COO60M CTPOKY crneayrollero Gop-
MaTa — nepBoe c1oBo WALLS, 3aTeM nocnenoBaTenbHOCTb M3 6 undp, pas-
feneHHbix npobenamu — nnoo 1, Mmoo 0. OHW NOKasbIBaKOT HaMuyme nunm oT-
CYTCTBME CTEHbl COOTBETCTBEHHO. LIMdpbl cneayroT B cneayrollemM NopsaakKe,
NnokasblBasa Hanmyme CTeHbl B onpefesieHHOM HanpasfeHun: Cesep, BoCcTok,
tOr, 3anaz, BBepx n BHu3.
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Mpumep: WALLS 1 0 0 1 0 1.
[NoaBofHasa nodka MOXET NPUHATL Of4HY U3 CNedyroLLMX KOMaHA;

* GO N — nepemMecTuUTbCS Ha OfHY s4erKky Ha Cesep
* GO E — nepemMecTuUTbCa Ha OfHY A4einKy Ha BocTok
* GO S — NepemMecTUTbLCA Ha OLHY AYenKy Ha tor

* GO W — nepemMecTuTbCs Ha OAHY A4elky Ha 3anaj
* GO U — nepemMecTuUTbCs Ha OfHY A4erky Beepx

* GO D — nepemMecTuUTbCA Ha OHY A4enKy BHI3

* SCAN — npoBepuTb Hannune aptedakTa 1, Npy Hanu4nMK, NogodbpaThb
ero

« ESCAPE — nonbITaTbCA NOKMHYTb NeLLepy

O6LLIEHNE C NOABOAHOM NOAKON OCYLLECTBNAETCS ClieayoLMM 06pa3om —
Bbl OSKHbI MOCNaTb OAHY U3 KOMaH/, B OTBET NOABOAHASA NIoAKa oTBeYaeT
cneanyoLunmmM 06pasom:

* Ha KoMaHZbl ABM>XeHna GO N,GO E, GO S,GO W,GO U, GO D — oTnpaB.-
NAr0TCA 3Ha4YeHNA AaTUYMKOB U3 KITETKW, B KOTOPYHO ST0Ka NepeEMecTU-
nacb, B paHee onMcaHHoOM opmarTe;

* Ha KoMaHay SCAN oTtnpasnsietcss PICKED_UP, ecnu B TeKyLLEN KNeTKe
apTedaKT 6bIn HanaeH 1 nogodpaH, nam NOT_FOUND, ecnu apTedakT He
Obl1 OBHaAPY>KeEH,;

* Ha KomaHZy ESCAPE otnpasnaetca SUCCESS, ecnn nonbITKa BbIXo4a
6blna ycneLHon, MHave byaeT oTnpaBneHo FAILURE.

YcnewHo NoKMHYB netlepy, NoaBoAHAanA NoAKa NepecTaHeT NpUHUMaTh Ka-
Kne-nmbo KoMaHAbl.

Mpu NpeBbILLEHNM KOIMYECTBA 3aMpOCOB Ha CKaHNPOBaHMe CUCTEMOM Te-
CTUpPOBaHus OyaeT BbiBefeH BepanKT HeBepHbii oTBeT/WRONG_ANSWER.
Balle pelueHne MOXeT Nony4mTb BepanKT PeweHne 3aBucno/IDLENESS
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LIMIT_EXCEEDED, ecnu Bbl HUYErO He BbiBeAETE UMK 3abyaeTe CopocUTb by-
(bep BbIBOAa. ECnv BBeAeHa HeKOppeKTHas KOMaHza, PeLleHe MoTyyuT Bep-
AVKT Ownbka npe3eHTaumum/PRESENTATION_ERROR.

[ns Toro, 4Tobbl cbpocKTb Bydep BbIBOAA, Cpasy NOCE BbIBOAA 3anpoca
¥ CMMBOMa KOHL|a CTPOKM B TEKCTe MPOrpaMMbl MCMOMb3YHTE:

« fflush(stdout) nnm cout.flush() B C++;
« System.out.flush() B Java;
+ flush(output) B Pascal;
+ stdout.flush() B Python.
Cuctema ouyeHnBaHUA

Bannbl 3a Kaxkayro noasagadvy HauyncnsoTCa TONbKO B ClyYae, ecnin Bee Te-
CTbl A/151 9TOM Nof3afaun U HeOHXOAMMbIX NoA3aAay YCreLHO NPoaeHb!.

Heo6xoanmble
Moa3apaua OrpaHuyeHus bannbi
noasajauu
1 MNeulepa nMeeT 1 ypOBEHb 20
OMOSNTHUTESbHbIX
2 A ) 80 1
OrpaHUYeHu HeT

3amMmeyaHue
MpuMep ABYXYPOBHEBOM MNeLlepbl:
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MprUMep KOMMYHUKaLNK:
WALLS 11111
GO N
WALLS 1 060111
GO E
WALLS 1 60011
GO S
WALLS 11101
GO U
WALLS 11061160
GO S
WALLS 9061011
SCAN
NOT_FOUND
GO E
WALLS 1 1011
GO N
WALLS 1 060111
GO E
WALLS 111011
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H. Ywucna n 6ynoukm

OrpaHnyeHme no BpeMeHM: 2.5 cekyHf
OrpaHuyeHne No namaTu: 256 Mmerabant

ApTYp OYeHb IOBUT NporpaMmmMupoBaHme! CeroaHa oOH NPULLEN B LIKOSY
noxeBacTaTbCst MepnuHy, 4To Hanmucan NporpaMMmy, KoTopas reHepupyeT co-
BEPLLUEHHO C/y4YaiHyto NoCnef0oBaTeNlbHOCTb HAaTypasbHbIX YMCEN, TAe HET
HU OfIHOV KpacuBoiA naps!. MNapa Yncen (a;, a;) Ha3bIBAETCA KPACKBOM, CIN
HaraeTcs Takasa napa Uenbix yncen (X, y), Ans KOTOPbIX BbIMOMHEHO Cneayto-

Lee:

OaHako MepnvH 3aMeTWUA MHTEePECHbIN haKT: NPOCTble YMCAa, KOTopble
AENAT reHepupyeMble Y1UCna, He NMPEBOCXOAAT Py, FAE Py — 3TO K-€ Mo Nopsa-
Ky Y1CN0 B psay NPOCTbIX Yncen. MepnnH cpasy e 3asaBui 06 3ToM ApTypy,
HO TOT He MOBEPUIT eMY M NOOBELLAN 33 KaXK Ay YHUKaNbHYO Napy MHAEKCOB
KpacuBOW Nnapbl YMCes 13 NOCNeA0BaTENbHOCTU KYMUTb €My 2 BYNTOHKN.

MepsIMH o4eHb NHOBUT ByN0YKM, MO3TOMY 06PaTUIICS 3@ MOMOLLBHO K BaM.
MocunTanTe, Kakoe MakCUManbHOe KOMMYECTBO BY0YeK OH MOXET MOoy-
unTb. OTBET BbiBEANTE Mo Moaysto 10° + 7.

dopmMaT BXOAHbIX A@HHbIX
B nepBsoit cTpoke 3agaHo uncnon (1 < n < 3-10°) — gnvHa nocnegosartesib-
HOCTW.

Bo BTOpOW CTpoKe 3ajaHa cama NocnefoBaTeNnbHOCTb ay,ay, ..., 8, Mpo-
CTblE AENUTENN KOTOPbIX He NPeBocxoadaT py (2 < a; < 10'2).

dopmMaT BbIXOAHBIX AAaHHbIX
BbiBegnTe OTBET Ha 3aga4vy — KOIMYECTBO KPaCKBbIX Nap B 3aaHHOM Nnoche-
[0BaTENbHOCTM MO MOAYNHO 10% + 7.

Cuctema oL,eHUBaHVSA

Bannbl 3a Kaxayro noasafadvy Ha4ynMCnsoTCS TObKO B ClyYae, ecnin Bee Te-
CTbl A1 9TON NoA3afadn M Heob6xoAMMbIX MoA3azay YCMeLHO NPonAeHbI.
[1ns HeKOTOpbIX NoA3aAay MOXET TakxKe TpeboBaTbCs, YTOObI ObIN MPOW-
JleHbl BCe TECTbI 13 ycnoBus. [1na Takmx noasagay AONOSHUTENbHO YKasaHa
bykBa Y.
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MNop3apaua | OrpaHnyeHusa | bannel Heobxoanmeie
nogsagauv
1 n < 1000,k < 21 9 y
2 n < 10000,k < 21 11 Y
3 k<2 12 _
4 k<15 14 v 3
> k<21 25 Y 1-4
0 k<35 29 Y 1-5

Mpumepbl BXOAHOrO 1 BbixogHOro ¢paiinos

CTaHAa pTHbII7I BBOA

CTaHAa pTHbIﬁ BbiIBO4

4
46 8 69 3

4
3355

3amMmeyaHue

Bce kpacuBble Napbl U3 NepBOro NpuMepa:

* (46,3):1-46 +(—15)-3=1(1n2)

+ (8,3):2-8+(—5)-3=1(2u4)

+ (8,69):26 -8+ (—3)-69 =1(213)

Bcero 3a Kaxayro napy nosiy4eHo no 2 6ynoukin. MoxHo AokasaTb, YTo Kpa-

CMBbIX Nap 60/blLe HET.

Bce KpacuBble napbl 13 BTOPOro npumepa:

+ (3,5):2-5+(-3)-3=1(113,114,2u13,2u4)

O6paT|/|Te BHMMaHME, 4TO HECMOTPA Ha TO, YTO YMCJ1a O ANHAKOBbI, Mapbl CHN-
TaroTCA Pa3J/IN4YHbIMU.
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. ®PyT60NbHbIE KOMaHAbI

OrpaHuyeHve no BpeMeHu: 0.8 cekyHf
OrpaHu4eHme no NnaMaTu: 256 Mmerabant

N neTen B dhyTtbonkax ¢ Homepamn oT 1 go N cobpanncb urpaTb B dyT-
6071 1 NoNpocuan Bac 6biTb KX Cy[bein. Bckope Bbl MOHANN, YTO eCTb M nap
[ieTen (a,b), Takmx 4TO AeTU C HOMepamun a 1 b UCMbITbIBAKOT APYr K APYyry
HenpuA3Hb. HazoBeM TaKyto Napy «HEXOPOLLIEN».

Bbl nonbiTanncb coctaBuTh ABe KoMaHAbl X 1Y, HO NMOHANN, 4YTO Hesa-
BMCUMO OT TOrO, KaK Bbl Ha3HauMUTe Kaxk[0oro pebeHka B 0fHy 13 koMmaHa X
nnn'Y, Bceraa HanaeTcs no KpamHen Mepe ofiHa «HexopoLlaa» napa AeTewn,
nonaBLUMX B OHY KoMaHAy, 6yab To X nnmn Y.

C Lenbto COCTaBUTb ABE KOMaH/bl TakK, YTOHbI HX B OAHOM U3 HUX He 6bIfo
B3aVIMHOW HEMPUS3HM, Bbl PELLMN Bbl6paTb OAHY M3 M «HEXOPOLUMX» Nnap U
NOMUPUTL [ieTeln B aToM nape. KakoBbl «HexopoLuve» napbl (a, b), obnagato-
LLiMe TeEM CBOMCTBOM, YTO MOC/Ee NPUMUPEHNS AeTen a 1 b, Bbl CMOXETE CO-
CTaBWTb [iBe KOMaHfbl TaK, YTO HW B OHOW M3 HUX He BYAET «HEXOPOLUMX»
nap?

dopmaT BXOAHbIX AAHHbIX

MepBaa CTPOKa COAEPXKMUT Yncno T — KONIMYEeCTBO TECTOBbIX HABOPOB AaH-
HbiX (1 < T < 100). Kaxkapli n3 T TeCTOBbIX HABOPOB 3anmncaH B NOCneayto-
LLIMX CTPOKaX:

* nepBasi CTpoka coaep>kuT umcna N n M, pasgeneHHble Npobenom;

* KaXk[asi U3 cneayrowmx M cTpok Coaep>XUT pasfeneHHble Npo6enom
aBauvcnaawnb (1 < a,b < N), 03Ha4aroLLIMX «<HEXOPOLLME» Mapbl AeTel
C HOMepamm a n b.

lNoapasymeBaeTca YTO caMu Napbl MPOHyMepoBaHbl 0T 0 go M — 1.

dopmaT BbIXOAHbIX AAaHHbIX
BbiBeaMTE OTBET Ha KaxkAbl M3 T TeCTOBbIX HABOPOB [jaHHbIX B CReayHoLeM
BUIE:

* NepBas CTPOKa KaXK[0oro OTBETa COAEPXKMUT KOMMUYECTBO 3HAYEHNIA BO
BTOPOIA CTPOKeE, 60 O, ecnn BTopasi CTpoka ByfeT nycTa;
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* BTOpasa CTPOKa, eClin OHa MPUCYTCTBYET, COAEPXKUT BCe yncna i ot O
00 M — 1 Takue, 4TO Mocre yaaneHnsa napbl C HOMEpPOM f, OCTaBLLMe-
CSH «<HEXOPOLLMeE» NMapbl He MOMeLIatoT Co3[aTb ABe KoMaHabl n3 N fe-
Tew, He coaepyKallme 6e3 B3aMMHOW HEMPUA3HKM BHYTpY KOMaHAbl. Ecnu

BTOpaa CTPOKa 6bina obl MyCTa, BbIBOANTb €€ HE HY>XHO.

Cucrtema oyeHNBaHUA

MycTtb Q — cyMmMa T umcen M 13 BXoAHbIX AaHHbIX. [yCTb G — HEOPUEHTUPO-
BaHHbIN rpad 13 N BepLUnH 1 M pebep, ONUCbIBaKOLLMIA OTHOLLEHNS HENPUSA3-

H.
[lns BCex TecToB:

* 3N <M< 50000;

+ 3 < Q< 150000;

* G 9BNAETCHA CBA3HbIM.

bannbl 3a Ka>XAYHro noasaaavy HavncnaroTCA TONbKO B Cilydae, eCJin BCe
TecTbl A5 9TOM NoA3agadn U HeobxoANUMbIX Nof3ahau yCcrnewHo ﬂpOl7I,£l,eHbI.

OrpaHUYeHunin HeT

NMoa3apaua OrpaHuyeHus Bannbl | Heo6xoanmble
noasagaum
1 Q < 500 20 —
G COAEPXUT OAMH LMK 10 —
Q < 30000 40 1
4 JONONHUTENbHbBIX 30 193
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Mpumep BXoAHOro n BbixoaHoOro ¢aiinos

CTaHAAPTHLIA BBOA

CTaHAAPTHLIM BbiBOA

NOOUuPdA,WNRNWNMNRPRPRRPAWNNR WW
P w~NOOuUVuPpWNOOPRPPWPAWNOR WDNW

O hhOOW

=
Ui
N
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PeweHusn

A. TpaHonopaychl

MyCTb I — MaKCUMasbHOE KONIMYECTBO NMPOXKaPEHHbIX Pbl6. PaccMoTpuM [Ba
cnyyas:

1. KonmyecTBO pbl6 N MOMeLLaeTCs B CKOBOPOAKY. Toraa YMcio r paBHO
4YnUcny pbid C rpaHsaIMu, He NPeBbILLALLMMUK Ymcha k.

2. Ymcno n 6onbliue m. B aToM cy4ae paCCMOTPUM YMCo Z = m x k. OT-
COPTMPYEM Pbl6 MO BO3PACTaHMIO YMCSa rpaHei. [yCTb t; — 4nucno pblo
B Ky4Ke C HOMepOM /. Hainiem nocnefoBaTesibHO B NOPSAKe BO3pacTa-
HUS | CYyMMbI t; X i 1 t;, 0603HAYMB 3TV CYMMbl COOTBETCTBEHHO Yepes
P q;.
PaccMoTpuM pasHocTw Z—p;. ECv aTn pasHoCTKM ByayT HeoTpuuaTenb-
Hbl AaXke, KOra Mbl PaCCMOTPUM MOCAEOHIO KY4KY, TO r = n. [ycTb
Z — p; CTaHeT oTpuLaTeNbHbIM UV PaBHbIM HYMHO, KOrAa noc/ieaHAs
KydKa elle He paccMoTpeHa. Ecnu pa3HOCTb paBHa Hymto, TO r paBHa
g;- B npoTMBHOM Cly4ae BO3BpaLlaeMcs K NpeablayLLnm p; 1 g;. 3admk-
CUpyeM 3Tu p; 1 q;. YTOBbI NOAYEPKHYTb 3TO, 0603HAYMM WX COOTBET-
CTBEHHO Yepe3 p 1 q. byaem Tenepb K p nocnegoBaTenbHO NpUbaBiATb
i (Konn4yecTBO onepaumin cnoXxeHns 0603Ha4YMM 3a f), a K ¢ — eanHULY
[0 Tex nop, noka Z— (p+f x i) He CTaHET MeHbLLIE HYN1A UM PABHO HYJHO.
B cnyuae, ecnm 0HO paBHO HYMO, I = q + f, €CNK Xe OHO MeHbLLIE HyNA,
Tor=q+1f-—1.

AnbTepHaTBHOE peLueHue. [lokaXkeM, YTO eC/iM CyMMa rpaHel He NpeBoC-
XOAUT M - K U KOIMYECTBO rpaHei Kaxkaowm pbibbl He MPeBOCXOAUT K, TO UX
MOXXHO yCNeTb NPUroTOBUTb.

PaccmoTpum napbl (p,t) — nepwof ¢ t — 1 Mo t MUHYTY Ha NO3MUMM p.
OTcopTupyeM 1x nekcukorpaduyecky 1 6yaemM BblaBaTb 9TV Napbl KaxJow
pbl6e no nopsiaky. T.e. napoi (1, 1),(1,2), ..., (1,g;) oTONAYT NepBON pbibe C g,
rpaHamu, (1,97 + 1), ..., (1,k),(2,1), ... oToayT BTOpON pbibe. Pacnpenene-
HWe HEBO3MOXHO TOMbKO B TOM Cilyyae, Koraa pblba HaxoAmMTCsA Ha pasHblIx
NO3ULMAX B OIMH U TOT XXe MOMEHT BpeMeHM. Ho Tak Kak KOIM4YecTBO rpa-
HEl He MPEBOCXOAMT K, TaKOro He MOXET 6bITb NPW HaLLeM pacnpeaeneHuu.
OTcrofia BUAHO, YTO HaZl0 BbIGUPaTb Pbibbl MO BO3paCTaHMIO KONMYecTBa rpa-
Hewn.
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B. Cymma undp

3ameTuMm, 4To B Kaxkaown rpynne 13 100 000 yncen, KOTopasi HAYMHAETCA C
4ncna ... 00000 1 okaHYMBaETCS YMCNOM ... 99999, ecTb BCe YUCIa C CyMMOM
umdp ot X + 0 go X + 45, rae X — cyMmma Bnepeay uaywimx undp, T.e. ecTb
4ncno, cyMmma Lmdp KOTOporo Aenmtces Ha K. 3HauuT, ICKOMbIN pag dncen
NM6B0 NOMHOCTLIO NEXMT B NpeAenax OAHOM Takow rpynnbl, IM60 HauMHaeTCS
B OHOW rpynne, nepexoamT 6apbep (YMC0, OKaHUYNBaOLWAACSA NATHHO AeBAT-
KaMu) 1 3aKkaH4MBaeTCcs Bo BTopor rpynne. O6a aTu cyyas n Hafo paccMoT-
PEThb.

1. ECnv CKOMbI pajg Takux YUcen MOSHOCTLIO NEXUT B OOHOM rpymnne,
TO HaNTK €ero MOXKHO TaK. PacCMOTpUM OCTaTKM OT AesneHns Ha K Bcex
ymncen ot 0 40 99999. Hanaém HanboNbLUNIA PAA NAYLLMX MOAPSA Yncen,
cpeaun KoTopbix HE BCcTpeyaeTcs kakor-nnbo octatok R. [yCcTb Takmx
yucen L. Torga gonvuemM nepes KaxkabiM YACIoM 3Toro psiia npedumkce,
cyMMma umdp KoToporo paBHa K — R. H 0AHO YMC0 NONyYeHHOro psaaa
He 6yaeT MMeTb CyMMy LMdP, AensLlytocs Ha K.

2. Ecnu nckoMmblii psif HAYMHAETCA B OAHOM rpynne, a 3akaH4nMBaeTcs BO
BTOPOW, TO, BapbMpys KOMMYECTBO AEBATOK B Gapbepe, a TakxKe pas-
Hble npedukcebl (Undpbl, NpeaLlecTByYOLLMe AeBATKAM 6apbepa) MOX-
HO He6ONbLLIMM NepebopPOM HaMTK 3TOT psAd. 3aMeTUM, YTO JOCTAaTOUYHO
paccMOTpeTb NpeduKebl, AatoLmne pasfMdHble 0CTaTKM Mo MOAYIH K.
KonnuecTBO AeBSATOK B 6apbepe TOXe MOXHO OrpaHnUYmTb YMcioMm K.

3ameyaHue. AHaNU3 Bcex MONYyYMBLUMXCA PeLLeHnin nokasarsn, Yto npe-
bUKC BE3AE MOXKHO B3ATb HyNEBbIM.

C. MexxayHapoaHasi onMMmnumaga

YT06bI 06paboTaTh 3aNPOChI MOUCKa ONTMMAIbHOM CTPaHbl B NepBoi Noa3a-
flade, nepebepem Bce cTpaHbl. 115 Kax Ao CTpaHbl NepeGepem BCex yyacT-
HUKOB, HalMEM KONIMYECTBO YY4aCTHUKOB, CUIIbHENLLEro 1 criabenLuero YneHa
cbopHot. Cpean BCex NOAXOAALLIMX CTpaH HalaeM CTpaHy ¢ MUHUManbHbIM
KONMMYECTBOM YYaCTHUKOB.

[1na pelleHnst BTOPO Noasafayn npeanofcynmTaeM OTBETbI Ha 3anpochl
ANs Kaxk[ow cTpaHbl. OTBeYas Ha 3anpoc, 6yAeM BbIBOAUTb COXPaHEHHbI
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OTBeT.

[lnst NpoxoXkaeHns TpeTbel nofasafadn NOMeCcTUM MHAEKCh y4aCTHUKOB
Kaxkaon cTpaHbl B set. [pn cMeHe y4aCTHMKOM rpaxkaaHcTBa 6yaem yaa-
NSITb €ro MHAEKC W3 CTaporo ceTa v J06aBNSATb B HOBbIV. Takum 06pasom,
Mbl Hay4MAMCb OTBeYaTb Ha 3anpockl BToporo Tuna 3a O(logn). Tak MOXKHO
3a KOHCTaHTHOe BpeMsi MPOBEPUTb, NOAXOAUT NN oYepeHON KaHanaaT. Ha
3anpoc NnepBoro TMna Mbl oTBevaem 3a O(n).

Hay4unmca oTBevaTb Ha 3anpoc nepsBoro Tuna 3a O(Iog2 n). 0603Ha4YUM
Yyepes X; U y; NHOEKCbI CUMTbHENLLEro N CnabenLlero y4acTHUKa U3 CTpaHbl i
(1 < X, y; < n). Torna cTpaHa i MOXET MpUrNacuTb CTpaHy j, ecin x; < X
ny; <y MocTponm fAekapToBy CUCTEMY KOOPAWMHAT 1 0603Ha4MM Ha Hell
m TOYEeK, COOTBETCTBYHOLLIMX KaXKAO0W CTpaHe, C KoopanHaTamu (X;, y;). 3Hade-
HVYEM B TOUKe 6YAeT KOMMYECTBO YH4aCTHMKOB B COOTBETCTBYHOLLIEN CTPaHe.
Torga onTUManbHbIN KaHANAAT 4718 CTPaHbl | — 3TO TOYKa C MUHUMAIbHbIM
3Ha4YeHneM B NPAMOYronbHOM 06nacTu (x; < X < n, y; < y < n). YT06b1 30-
(EKTMBHO Haxo4MTb 3Ty TOUKY, MOCTPOUM JBYMEPHOE JEPEBO OTPE3KOB Ha 06-
nactn (1 < x < n, 1 <y<n). Takum 06pa3oM MOXKHO OTBeYaTb Ha 3anpochl

2 2
n3MeHeHns n MuHMyma 3a O(log™ n). MTorosast acumnToTmka — O(q-log” n).

D. Mekc gepeBo

[ns O(n!) gocTaTouHO NepebpaTb BCe BOZMOXKHbIE CMOCOObI BKKOYNTb BEP-
LWWHbI.

[na O(3") nepebepem Bce BO3MOXHbIE KOPPEKTHbIE CNOco6bl BbIGPaTh
BEPLUMHbI CO 3HaveHnem 0. NOAMHOXECTBO CUMTAETCA KOPPEKTHbLIM, eCy
HUKaKune ABe BEepPLUMHbI U3 MNOAMHOXECTBA He ABNAKOTCH COCeAAMM, N KaxK-
[aa BEPLUMHA He 13 NOAMHOXECTBA ABNAETCA COCEJOM KaKON-HNbyab Bep-
LLMHbBI U3 MOAMHOXeCTBa. B 9TOM cnyvae cyMMa ANA TeKyLLEero MHOXecCTBa
paBHa OTBETY A4 Jleca, COCTOSALLENO U3 He BblOPaHHbIX BEPLUMH, NIIKOC pas-
Mep 3TOro feca.

3amMeTyM, YTO 3HaYeHNs B BEPLUMHAX He NpeBbIatoT 10g,(n).

Bbi4mcvM OTBET € MOMOLLBHO AMHAMUYECKOTO NPOorpaMMupoBanuns. [og-
BECWM [lePeBO 3a Kakyro-HWOyaAb BepLunHy. B dp[v][up][cur] Byaem xpaHuTb
MaKCUMaslbHYtO CYMMY AN15 NMOAAEPEBa C KOPHEM V, 3HAYEHVEM MNpeaKka —
Up, 3HaYeHNeM B BEPLLIMHE — cur. YTOBbI MOCUYMUTATb OTBET, HaM HYXHO, YTOObI
6blnv coceam co 3HadeHnsamu ot 0 Ao cur—1. 118 9TOro Mbl MOCHUTaEM BCMO-
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MOraTeflbHyto AMHAMUKY MO NOAMHOXecTBaM subDP[mask], rae eanHNYHble
OUTbl 0603HAYaOT, YTO JAHHOE 3HaYeHMe B3STO. 3HaYeHe B pebeHke He npe-
BbiWaeT log, (size,) + 1, rae size, — pasmep noagepesa u. ECiin ynopagounTb
[eTeit No pa3mMepy 1 AN Kaxgoro pebeHka o6HoBWTL subDP 3a O(size,), TO
Mbl MOMy4MM peleHme 3a 0(n2) (onyckast norapndmsl). MOXKHO HE yuuTbI-
BaTb CaMOro 60blOro pebeHka B SUbDP, a NpocTo nepebupaTtb ero 3Hade-
HWe, Toraa Mbl NMOsyYnM pelleHne, paboTatolliee 3a O(n Iog3 n) ¢ 4OCTaTOYHO
MasieHbKON KOHCTaHTOM.

E. OcBoeHMe nnaHeThbl

1. Ons kaxkaom KNeTkn co 3HadeHrem 0 BbINOMHUTL creaytolee:

(@) ncnonbays BFS, HaNTWU MUHUMabHbIE PACCTOSAHNUS A0 KaX 10N Hy-
NEBOW KNETKM OT paccMaTpuBaeMon;

(b) BbIGPaATb M3 NONYYEHHbIX PACCTOSIHWI MaKCUMasbHOe 3Ha4YeHne 1
3aMoMHUTb €ro [/1s1 paccMaTprUBaeMow KNeTKM.

2. BblbpaTb 13 Nony4YeHHbIX MakCUMasbHbIX PACCTOAHNIA MUHMMAbHOE
3HaYyeHWe 1 BbIBECTM KOOPAMHATbLI KNETKM.

F. HacTtonbHas urpa

[ins pelleHns 3agavn MCNonb3yeTcs MeTod AMHAaMNYeCKoro MporpaMmMmpo-
BaHuA. [ycTb dp[i][j] — MUHMMaNbHOE KONMYECTBO LUTPadHbIX O4KOB A1 A0-
CTUXXEHUA KNeTkW j psapa i. B page i = 0 dpli]j] =J.

[anee BbinonHsaem crnegyrowme aenctena. CHavana dplil[j] npupasHaem
MUHMManbHOMY 3HaveHuto dp[i— 1][j'] cpeaw Bcex " Takux, uto |j' —j| < r[i][j],
nntoc cli][j]. KneTku, 8O KOTOPbIX HEBO3MOXHO A06PaThCs, AOMKHbI UMETH
dpli][j] = co. 3aTemM HeEOHXOAMMO MPONTUCH CeBa Hanpaso, 06HOBNAA dpli]]j]
MO rOPU30HTaNIbHbIM NEPEMELLIEHUAM, U TaK e NPOWTUCH CrpaBa Haneso.

[ina nepBon nofsafayv NpoCTon peanusaLunm 3Toro anroputMa BrnosiHe
xBaTaer.

[ina BTOpOW Noasagayn HEO6XOANMO UCMOMb30BaThb CTPYKTYPY AaHHbIX,
MO3BOSIAOLLYHO ObICTPO 06pabaTbiBaTb 3aNpPOChl MUHUMYMa MO AVanasoHam
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uncen (Tam rae Haao HaxoAMTb MUHMMaNbHbIN dpli][j’]) — Takue, Kak pa3pe-
XXeHHasa Tabnunua, AepeBo 0TPe3KoB, AepeBo OeHBuKa. [119 KaXA0ro HOBOro
pafa HeOHXOAMMO 3aHOBO CTPOUTL CTPYKTYPY.

BpemeHHasa cnoxxHocTe anroputMa — O(nmlog m).

G. NoaBopgHas newiepa

MpounTaB ycnoBme 3aa4m, MOXHO MOHSATb, YTO MPONTM BCHO NeLLEPY MOXKHO,
ncnonbays MeTof o6xofa B rinybuny (DFS). MNpu obxoae TpedyeTcs BbIBOAUTb
kKomaHay SCAN 15 Kaxkaom KNeTKu pOBHO 0fMH pa3. CaMoe CNoXHoe — 3TO
aKKypaTHO peann3oBaTb B3aMMOAENCTBUE C CUCTEMOM M MOMeYaTb KaXKayHo
MOCELLEHHYIO KNETKY, YTOObI HE BbINTY 3a Mpeaesbl IMMUTa CKaHMPOBaHNS.

H. Ywucna n 6ynoukn

dopManbHO TpebyeTcst HaNTK BCe Napbl B3aUMHO NMPOCTbIX YUCE.

[ns nepBon nof3agayn AOCTaTOYHO nepebpaTth BCe Mnapbl U NPOBEPATb
B3aVMIMHYHO MPOCTOTY Yepes anropntM Esknga. CNoxXHOCTb anropnutMa —
O(n?log(a))).

[ns BTOpo Nofsaaayn Toxxe nepebrpaem BCe napbl, HO YXKe XpaHUM Ymc-
na Kak 6UTOBble MacKw, rie i-n 61T B Macke paBeH 1, ecnu p;|a, Hade 0. Cnox-
HOCTb 3TOro BapuaHTa — O(n?).

[anee Mbl 0TKasblBaeMcs 0T nepebopa. 3aMeTUM, Y4TO eCNM BCE MPOCTble
AENUTENN He NMPEBOCXOAAT P, = 3, TO Ymncna umetoT Bug a; = 2% - 3. Yucna a;
W & B3aMMHO NPOCTbI TOrAa 1 TOJbKO TOrAa KorAa, 6e3 orpaHnyeHHs 06LLHO-
CTW, OOVH UMEET BN a; = 2k, apyron bj = 3/. 3aBeeM ABa cUETUMKA, KOTOpble
CUMTAOT KONMMYECTBO TakKMX YMCEeN, 1 B KOHLIE BbIBEAEM NPOU3BEAEHME STUX
CYHETYMKOB.

[ns pelleHns 4eTBepTom 1 NSTON NoA3aadm XpaHUM KOSTMYECTBO Yncen
Cc mask. YTo6bl onpeaennTb KONMYEeCTBO B3aMMHO MPOCTbIX Yncen ¢ mask,
MOXHO ero MHBEPTUPOBATb 1 Janee paboTaTb C HUM. CIoxHOCTb O(3K + nk).
MO>XHO MPUMEHNTb NOACHET CYMM MO NOAMHOXECTBAM Npu MOMOLLN ANHA-
MUYeckoro nporpammmnposaHmsa (SOSDP) 1 Taknm 06pa3omM yaydLLnTb acuM-
NTOTUKY 80 O(nk + k - 2).

MycTb ay, a8y 1, --- » @ — KaKOWM-TO Habop uncen v R(a;) — KOIMYECTBO Yu-
cen, fenawmxes Ha a;. Torga no opMyne BKITKOHYEHWUN-UCKITIOYEHNIA BEPHO
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cnepyroilee:
R(_‘ak7 _‘ak+-| PR _‘a/) ==
=N-— Z R(a) + Z R(@;,a) — ... (= 1) R(@y, asq, -, @).
k<ig! k<i<j<!

[lpyrviMu cnoBamu, 3TO KOMMYECTBO YMCEN, B3aUMHO MPOCTbIX C HALLMM
HaBOPOM ay, 8y, 1, --- , @. OTCOPTMPYEM BCE HaLLIM MacKW, 3aBefieM TaKoi Mac-
CUB R, N Ha KayKaoi nTepaumm 6yaem nepecymTbiBaTh OTBET MO NMOAMACKaM.

std: :sort(mask.begin(), mask.end());
uint64_t ans = 0;
uinte4_t 1 = 9;
for(int i = 0; i < n; ++i) {
1++;
if (i + 1 < n &% mask[i] == mask[i + 1])
continue;
uinté4_t m = mask[i];
ans += (i - 1 + 1) * 1;
for (uint64_t submask = m; submask > 0;
submask = (submask - 1) & m) {
if (__builtin_popcountll(submask) % 2 == 1) {

ans -= R[submask] * 1;
}
else {

ans += R[submask] * 1;
}

R[submask] += 1;

}

std::cout << (ans * 2) % mod;

. ®PyT60NbHbLIE KOMaHAbI

CornacHo ycnoBuam 3agauu, rpad G, onmcbiBatoLLMiA B3aUMOOTHOLLEHMS fle-
Tel, He ABNAETCS ABYAONbHbIM.
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PaccMoTpuM noasafavy 2: NOCKosbKy rpad G He ABYAONbHbIA U B HEM
MPUCYTCTBYET TOSIbKO OAMH LMK (COrnacHo orpaHuyeHraM noasagayn), To
MoNy4YaeTcs, YTO 3TOT LMK COCTOUT M3 HEYETHOrO Yncna pebep. YaaneHue
ntoboro pebpa M3 3TOro UMKIa npesBpallaet rpad G B AepeBo U, crnefoBa-
TeNbHO, B ABYAOSbHbIN rpad. YaaneHve apyrmx pebep He pa3pbiBaeT HEYET-
HbIW LMK, ¥ rpad OCTaeTcsa He ABYAOSbHBIM. TakMM 06pa3oMm, ANs pelleHns
noAsagaudvn 2 Hy>KHO BbIBECTU BCe PEOPA eAMHCTBEHHOMO LIMKIA.

[ns pewenns apyrux nogsagad Hy>kHo Ha 6ase rpada G ¢ NOMOLLbHO NOo-
ncka B rnyéuHy (Depth-First Search, DFS) nocTpouTb fepeBo T. B kavecTBe
KOPHA AepeBa MOXHO Bbl6paTb Nto6yto BeplumHy (Hanpumep, 1). Mpn aTom
Kaxkoe pebpo B G nMBO NpUHaaNexuT gepesy T, MO0 ABNAETCA 3aMbIKaro-
wummM ymkn peépom (back-edge).

[1na Kaxaon BepLUMHBI B AepeBe HYy>XHO OTMETUTb paccTosiH1e (Konnye-
CTBO péBep) OT KOPHS fepeBa [10 He€ (TO eCTb BbICOTY BepLUMHbI). Takxe OT-
MEeTUM 3aMbikarolyme Unkia péepa (back-edge) Kak «4epHble» B Ciydae, ecnm
BbICOTbI 06eMX COeANHAEMbIX M BEPLLNH UMEIOT OAMHAKOBbLIE YETHOCTM, N~
60 Kak «6efble» B MPOTUBHOM Ciydae. TakiMM 06pasoM, MONYyUUTCS, YTO «4ep-
Hble» pEbpa 06pasyoT LMKJIIbl C HEYETHBIM KONMYECTBOM PEGEP, a «befble» —
C YETHbIM.

Bynem roBopuTb YTO 3ambikaroLiee LK pe6po (¢, d) 06xoamnT apyroe ped-
po (a,b) B nepese T, ecnu (a,b) BxoauT B NyTb OT ¢ A0 d (NOCKONbKY ¢ U d
BXOAAT B 1EPEBO, TO TAKOW MyTb TOMBbKO OAMH).

ocne aToro CTaHOBWUTCS MOHATHBIM, YTO OTBETOM Ha 3aAady, ABNAOTCS:

* «4yepHoe» pebpo B rpade, ECNN OHO OAHO;

* pebpo B AepeBe T, KOTOPOE 0OXOAMNTCS BCEMU «4EPHBbIMU» PEBPAMK 1
HU OfHUM «6enbiM» PebpoM (MHbIMX CNOBaMK, 3TO Pebpo BXOAMT BO
BCE YETHbIE LIMKIIbl, HO HE BXOAUT HN B OAWH HEYETHbBIV LK),

Bce 9TV cBOMCTBA MOTYT 6bITb MPOBEPEHbI aNTOPUTMOM CO CIIOXKHOCTBHO
0(1) Ha Kaxkpoe pebpo nocne NpeaBapuUTENbHbIX BbIYMCAEHWUIA CO CNOXHO-
cTbto O(N + M), kKoTopble BKOYaKOT B cebst 06x0f rpada NoMcKoM B riy6u-
Hy (DFS). Takum 06pasom, MOXHO NOSTyYUTb anropuTM C JIMHENHOI CNOXHO-
CTbHO PeLleHns Mo BPEMEHN ¥ MaMATML.
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