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Japanese triangle 2_ #F3: 3 2 B
Research on Japanese triangle
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Abstract

The paper explores the problem concerning the Japanese triangle mentioned in Problem 5 of the

2023 IMO. Let n be a positive integer. A Japanese triangle consists of 1+2+---+n circles
arranged in an equilateral triangular shape such that for each i=1,2,---,n, the i" row contains

exactly i circles, exactly one of which is coloured red. A ninja path in a Japanese triangle is a
sequence of n circles obtained by starting in the top row, then repeatedly going from a circle to one
of the two circles immediately below it and finishing in the bottom row. Our research is divided into
two directions:
1. Interms of n, find the greatest k such that in each Japanese triangle there is a ninja path
containing at least k red circles.
2. Interms of n, find the smallest k such that in each Japanese triangle there is a ninja path
containing at most k red circles.
In our research, we generalize the number of red circles in each column to be any natural number

¢ (if the total number of circles in the column is less than ¢, the color will be colored based on the

total number of circles in the column), and extend the problem to the case of a spatial triangular

stack. Finally, we extend the case of ¢=1 to high-dimensional spaces.
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(n) S, —{EERAAEE (s Jor KD ERHYEKE e, MRS e, ‘

1 1 (1,1,1) 1 3 1
2 3 (2,2,2) 3 6 2
3 6 (3,3,3) 6 10 3
4 10 (4,1,1) 1 3 3
5 15 (5.4,3) 9 14 4
6 21 (6,3,2) 5 9 4
7 28 (7,1.7) 28 36 5
8 36 (8,7,6) 27 35 5
9 45 (9,7,5) 26 34 5
10 55 (10,7,4) 25 33 5
11 66 (11,7,3) 24 32 5
12 78 (12,7,2) 23 31 5
13 91 (13,7,1) 22 30 5
14 105 (14,6,6) 21 28 5
15 120 (15,6,4) 19 26 5
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17 153 (17,5.,5) 15 21 5
18 171 (18,5,2) 12 18 5
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22 253 (22,22,13) 244 267 6
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1. 64th International Mathematical Olympiad. H{H https://www.imo-official.org/problems.aspx -
2. Eric Shen(2023). IM0O2023. HY{H http://ericshen.net/exams/IM02023.pdf -
3. A005428. H{H The On-Line Encyclopedia of Integer equences® o
4. lterated logarithm. - H{H https://en.wikipedia.org/wiki/lterated_logarithm -
5. Hyperoperation - HY H https://en.wikipedia.org/wiki/Hyperoperation -
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URES
(2= — J*(n)]

#include<bits/stdc++.h>
using namespace std;
#pragma GCC target("avx2,popcnt™)

#pragma GCC optimize("03,unroll-loops,fast-math")
#define I0S() ios::sync_with_stdio(@),cin.tie(0)

void solve(int n,int 1) {
vector<int> a;
int x=1,y=1,z=1,k=0;//x:i_t y:j_ t z:k_t
while(1) {
if(((long long)y*(y-1)>>1)+z<=1) {
k++;
a.push_back(x);
}
if(x>=n) break;
if(((long long) (x+1)*(x+2)>>1)<1l) {
X=y=z2=X+1;
continue;
}
X++,y++,z+=1+1;
while(1) {
if(x<y) y-=x;
else if(y<z) z-=y,y++;
else break;

}

for(int i=0@;i<a.size();i++) cout<<a[i]««

cout<<"I("<<n<<", "<k1lk<") = "<<k<<endl;
}
signed main() {

I0S();

int n,1;

while(cin>>n>>1) {

solve(n,l);
}

return 0;
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(= — 1*(n)]

#include<bits/stdc++.h>
using namespace std;
#pragma GCC target("avx2,popcnt™)
#pragma GCC optimize("03,unroll-loops,fast-math")
#define IOS() ios::sync_with_stdio(@),cin.tie(0)
void solve(int n,int 1) {
vector<int> a;
int x=1,y=1,z=1,k=0;//x:i_t y:j_ t z:k_t
while(1) {
if(((long long)y*(y-1)>>1)+z<=1) {
k++;
a.push_back(x);
}
if(x>=n) break;
if(((long long) (x+1)*(x+2)>>1)<1l) {
X=y=2=X+1;
continue;
}
z-=1;
while(1) {
if(y<1l) y+=x,z+=X;
else if(z<1l) z+=y-1,y--;
else break;
}
X++,Y++,Z++;

}

for(int i=0;i<a.size();i++) cout<<a[i]««

';coutc<'\n';

cout<<"I("<<n<<", "<k1l«<") = "<<k<<endl;
}
signed main() {

I0S();

int n,1;

while(cin>>n>>1) {

solve(n,l);
}

return 0;
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