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Listing 1 C++ I & % 524&H1

1 #include<bits/stdc++.h>

2 using namespace std;

3

4 int main() {

5 string s, t;

[§ cin >> s >> t;

7 int ans = 0;

8 if(s[0] == t[0]) ans++;
9 if(s[1] == t[1]) ans++;
10 if(s[2] == t[2]) ans++;
11 cout << ans << endl;

12 return O;

13}




B: Power Socket
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#include <bits/stdc++.h>

using namespace std;

int A, B; cin >> A >> B;
int ans = 0;
int outlet = 1;

1
2
3
4
5 int main() {
6
7
8
9 while (outlet < B) {

10 —--outlet;

11 outlet += A;

12 ++ans;

13}

14 cout << ans << endl;
15 ¥
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D: ModSum
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A: Tenki

You can compare S and 7" and count the number of corresponding characters.
In this problem the length of string is fixed, so you can get AC by splitting case, without using
loop.

Listing 1 Sample Implementation in C++

1 #include<bits/stdc++.h>

2 using namespace std;

3

4 int main() {

5 string s, t;

6 cin >> s >> t;

7 int ans = 0;

8 if(s[0] == t[0]) ans++;
9 if(s[1] == t[1]) ans++;
10 if(s[2] == t[2]) ans++;
11 cout << ans << endl;

12 return 0;

13}




B: Power Socket

You can find the answer by the simulation of using power strips one by one, until the number
of sockets becomes more than or equal to B. Namely, first assume that there are 1 socket, and
while there are less than B empty sockets, repeat using one power strip and one empty socket
S0 as to increase the number of empty socket by A. The following is an implementation example

in C++.

1 #include <bits/stdc++.h>
using namespace std;

2
3
4
5 int main() {

6 int A, B; cin >> A >> B;
7 int ans = 0;

8 int outlet = 1;

9 while (outlet < B) {

10 —--outlet;

11 outlet += A;

12 ++ans;

13}

14 cout << ans << endl;
15 }

Another solution is like this: every time you use one power strip, the number of empty socket
increases by A — 1, and you ultimately want to increase the number of power socket by B — 1
compared to the beginning, so the answer will be [%1 (B — 1 divided by A — 1, rounded up).
Since [B=1] = | =1£4=2 holds, so it can be calculated rounded-down.

As one more solution (or last resort), you can get AC by calculating all the 400 patterns by

hand and embed into the source code, but it’s not recommended.
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C: Lower

Assume that if you land on i-th square you can move z; times. Then the anwser will be
max{x1,Ta,...,xN}, but if you try to calculate naively, it will need a total of O(N?) time
and it won’t finish in time. If you look at the sequence {x;}, it appears that it will be like
{3,2,1,0,2,1,0,0,5,4,3,2,1,0}, so you can compute x; naively, then compute z,, 12 naively, ...
and so on, you can find the answer in a total of O(N) time. Or otherwise, without looking at the
sequence, you can think like the following: if you can move x; times from the leftmost squares,
you can’t move more times if you start halfway, so think of starting from the next square, .. and
SO on.

Another idea is that, if x; > z;11, then it is better to land on i-th square instead of i + 1-th

square, so avoid computing the case of starting from such squares.
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D: ModSum

Let A mod B be the remainder of A devided by B, then it is optimal to choose the permutation
such that

N(N = 1)

(I1mod 2)+(2mod 3)+...4+((N—1)mod N)+ (N mod 1) =1+4+2+...+ N—-1= 5

The following is the explanation.

In the chosen permutation, each 1,2,..., N appears exactly once. For i = 1,2,..., N, assume
that 4 is x;-the element of the permutation. Then, the objective function (the one we want to
maximize) is

(z1 mod 1) 4 (z2 mod 2) + ... + (zx mod N).
If you focus on each term, it appears that maximum of each termis 0,1,2,...., N—1. Let z; = i—1

for ¢ > 2, and for the remaining N, let x1 = N, then

(Nmod 1)+ (1mod 2)+...4(N—=1)mod N)=0+1+2+ ..+ N -1

actually holds, so the maximum value of the objective function is 0+14+2+...4+ N—1 = w
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E: League

(Original writer: wo0l, preparation and editorial: evima)

The two conditions can be simplified as follows:

e For each 4,7, the match of Player ¢ vs Player A; j41 can only be scheduled one or more

days after the day of the match of Player A; and Player A, ;.

Namely, the players themselves are not so important, and we can assume that the only con-
straint is the order of schedule between some pairs of matches.

Let’s assume a directed graph consisting of N(NN — 1)/2 vectors, each of which corresponds
to each match, such that if match y can only be scheduled one or more days after the match
x, there exists an edge © — y. If this graph contains any cylces, it is impossible to meet the
conditions. If there are no cycles in it, you can schedule all the matches in minimum days in the
following way: for each day, do all the matches whose corresponding vectors’ indegree is0 (the
vectors without any incoming edges), and remove the vectors and all the outgoing edges from
them. (This is because it is meaningless to postpone the matches whose corresponding vectors’
indegree is 0.) The minimum number of days is equal to the number of vectors in the longest
path in the graph.

Therefore, if you scan cycles and calculate the length of longest path with DFS, you can solve
the problem in a total of linear time of the number of vectors and edges, that is, in a total of
O(N?) time.

13



F: Engines

(Original writer: squarel001 4+ E869120, preparation and editorial: square1001 + E869120)

% Acknowledgment
The editorial may be a little bit difficult because it is explained in mathematical ways, but we

tried to explain as easy as possible, so please forgive us.

% Main idea

Let’s try to move towards the direction of vector (A, B) as much as possible. In this case, we
call the engine that enables him to move from coordinates (X,Y) to (X +x;,Y +y;) ”the engine
that moves in the direction of vector (x;,y;).” Then, if he use the engine such that the angle
between vector (A4, B) and vector (x;,y;) is no more than 90 degrees, he can move towards the

direction of (A, B) as much as possible.

EHT-WHIE

For example, in order to maximize the ”progressed distance towards the desired direction”
("the desired direction” is drawn with blue arrow in the diagram above), it is sufficient if you

only use the red vectors. The following example may be easier to understand:

e If he wants to move towards the positive X direction (towards the direction of vector
(1,0)), it is sufficient to choose such engines that enables him to move positively in the X
direction (that is, engines such that x; > 0).

e If he wants to move towards the negative Y direction, it is sufficient to choose such engines
that enables him to move negatively in the Y direction (that is, engines such that y; < 0).

e If he wants to move towards the direction of X axis rotated by 45 degrees counterclockwise

(towards the direction of vector (1, 1)), it is sufficient to choose such engines that z;+y; > 0.
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All of them are the examples of choosing the engines such that the angle between its

progression direction and the desired direction is no more than 90 degrees.

% First, how to judge if the angle between two vectors are less than 90 degrees?

The condition of the angle between the direction (vector) (az,ay) and the direction (vector)
(bz, by) is less than 90 degrees is that axbx 4+ ayby > 0, or that inner product of two vectors is
positive, which is pretty easy. It is commonly used not only in competitive programming but
also other mathematical problems, so it will be good for you to remember.

Let’s think about several solutions.

% Solution A: Brute force all the ”desired directions” (TLE solution)

First, the most naive solution is to brute force all the desired directions (or vectors). However,
the constraints are the following:

1. N <100

2. —1 000 000 < x4, y; <1 000 000

It means that there is a possibility of ending up with coordinates (100 000 000, 100 000 000)

at most. There are about 4 x 10'¢ possible desired vectors, so it will lead to TLE.

% Solution B: Limit the number of desired directions

One important point is that “even if the desired direction and the ultimate position does not
coincide, it’s no problem if the selected engines are optimal.”

For example, in the diagram below, no matter which of those three desired directions (the blue

arrows) you choose, the selected set of engines are all the same.

EHf-LHm EHTWAR

EhfzVHm

Then isn’t it possible to limit the number of desired directions? For example, if you limit
the desired direction to (x;,v:), (—vi, xi), (—zi, —y;) and (y;, —z;) for 1 <4 < N, the number
of desired directions are at most O(N). If you only add those 4 patterns it will end up with
WA so you have to split border cases properly. If you choose the solution described below, the

implementation and border judgement will be a little bit easier.
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% Solution C: Use ”sort by angles”

Let i be the angle from x-axis to the direction of engine i, rotated counterclockwise. For
instance, the r; value for the engine that enables him to move in the direction of (1,2) is about
64 degrees.

Pay attention to the two diagrams in the editorial, then you see that only the engines such
that L < r; < R are selected. (However, if it passes the border of 0 degrees and 360 degrees, it
will hold that L < r; or r; < L.)

Therefore, let’s sort the engines by the angles of directions of them. (Tip: this sort can be
achieved in O(N log N).) Then, the set of engines will be a segment of the sorted sequence.

Finally, if you brute force the segment to choose, you can solve it in a total of O(N?3) or O(N?)
time. If you use sliding window properly, it can be solved in O(N log N), but border judge and

implementation is fairly hard.

% Sample Code (C++)
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