2026/04/30 13:29 1/12 KD_Tree

KD Tree

oo

oo UuU o

OOoOooO sonmsunoupooonoon $O0(Nogn)$u OO OO $O0\eft(k\sgrt[1-\frac 1k]n\right)$[]
OO0 sksoooooono

oo

O00000000O00 2D TreeJ0 O KD Tree0O0OOODOOOOO KD TreeO0OOOODOOOO
0000000000 2D Tree

gooogooo

oo oo OO
gobooobooogd

oo oooon
odooooooooooon

$\text{algorithm}$ OO OO 0O $\text{nth element}$ 00000000 $0O(N)$0CO0O0ODOO
O000D00000000D00DO0DU0ooOoDOoooooOoooooon $0(n\og n)$[

oo oo o on
gobogoboogd

gobooobooobbuooobboooobg
gobooobbodbobooobboooboboobobooobbooooboa
gobooobboobobooobobooobbooobobooobooo
gobogoboboodobobooobbooobboobobooobboobobbooobobog

goboogobbooboboooobbooobbuooobooobboooboboooobooobobag
un

oot

0 0 p4l69
aooog
oo

00000000 $n$s000$m$ 0000

CVBB ACM Team - https://wiki.cvbbacm.com/


https://www.luogu.com.cn/problem/P4169
https://www.luogu.com.cn/problem/P4169

Last

;ggg;g:e/u 2020-2021:teams:legal_string:jxm2001:kd_tree https://wiki.cvbbacm.com/doku.php?id=2020-2021:teams:legal_string:jxm2001:kd_tree&rev=1592983636

15:27

O0O0O0000 $(xy)$0

0000000000000 00 $(xy)$00OoOoooooo
o

0000000000000 00000000o0oOoOoOoo s\text{ans}$s00000o0oOoOoOoOoOooOoO
OO0 KD TreelU 0O 0OOD0DOOO $\text{pos}s

000 $\text{pos}$ 0O DODO $(xy)$00000000 $\text{ans}s$[

00000 $(xy)$ 0 $text{pos}$ 00O 0O OO0O000O000O000O000O000O0OO
$d_1$00$d_23[]

0000 4$d is0000000 $d i\gtans$0 OO0

#include <cstdio>
#include <algorithm>
#include <cstring>
#include <cctype>
#define for(i,a,b) for(int i=(a);i<(b);++1)
#define rep(i,a,b) for(int i=(a);i<=(b);++1i)
using namespace std;
typedef long long LL;
inline int read int
int t=0;bool sign=false;char c=getchar();

lisdigit(c sign|=c=="'-";c=getchar();
isdigit(c)){t=(t<<1l)+(t<<3)+(c&l5);c=getchar();
sign?-t:t;

inline void write(LL x
register char c[21],len=0;
I'x putchar('0'),void();
x<0)x=-x,putchar('-");
X)cl++len]=x%10,x/=10;
len)putchar(c/len--1+48);

inline void space(LL x){write(x),putchar(' ');
inline void enter(LL x){write(x),putchar('\n');
const int MAXN=6e5+5,inf=1e9;
const double alpha=0.75;
struct Point

int x,y;

Point(int x=0,int y=0):x(x),yly

int get dis(const Point &P

abs(x-P.x)+abs(y-P.y);

void get min(const Point &a,const Point &b
x=min(x,min(a.x,b.x));
y=min(y,min(a.y,b.y));
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void get max(const Point &a,const Point &b
X=max(x,max(a.x,b.x));
y=max(y,max(a.y,b.y));

struct Node
int ch ,cnt;
Point p,rl,r2;
void build(Point P
p=rl=r2=P;
ch =ch :
cnt=1;

int get value(Point P

max(rl.x-P.x,0)+max(P.x-r2.x,0)+max(rl.y-P.y,0)+max(P.y-

r2.y,0);

node [MAXN | ;
bool isbad(int pos
alpha*node|pos|.cnt<max(node/ node|pos|.ch .cnt,node|node|pos
7true: false;
void maintain(int pos
node|pos|.rl.get min(node/node|pos!.ch .rl,node/node|pos|.ch
node|pos|.r2.get max(node/node|pos!.ch .r2,node/node|pos|.ch
node| pos|.cnt=node|node pos|.ch .cnt+node|node|pos|.ch

int pool[MAXN|,posl,pos2,root,dimension;
Point temp[MAXN];
bool cmp(const Point &pl,const Point &p2
Idimension pl.x<p2.x| | (pl.x==p2.x&&pl.y<p2.y);
pl.y<p2.y||(pl.y==p2.y&&pl.x<p2.Xx);

void Init(int n
node .r1=Point(inf,inf);
node .r2=Point(-inf,-inf);
int i=n;i>=1;1i--
pool|++posl|=i;

void build(int &pos,int lef,int rig,bool d
lef>rig pos=0,void();

pos=pool|[posl--];
int mid=lef+rig>>1;
dimension=d;
nth _element(temp+lef, temp+mid, temp+rig+1,cmp);
node|pos|.p=node|pos|.rl=node/pos|.r2=temp mid];
build(node|pos|.ch ,lef,mid-1,!d);
build(node|pos|.ch ,mid+1,rig,!d);
maintain(pos);

void build(int n){build(root,1,n,false);

.ch

.rl);
.r2);
.cnt+l;

.cnt

’

’

1
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void dfs(int pos
I'pos ;
dfs(node/pos|.ch :
pool |[++posl|=pos,temp++pos2/=node|pos|.p;
dfs(node/pos|.ch ;

void rebuild(int &pos,bool d
pos2=0;
dfs(pos);
build(pos,1,pos2,d);

void check(int &pos,Point x,bool d
pos
isbad(pos
rebuild(pos,d);

’

dimension=d;
cmp (node[pos|.p,X
check(node|pos|.ch X, 1d);

check(node|pos]|.ch , X, 'd);

void Insert(int &pos,Point x,bool d
I'pos
pos=pool|posl--|;
node|pos|.build(x);

’

node|pos|.cnt++;
dimension=d;
cmp(node|pos|.p,x))Insert(node/pos|.ch X, 1d);
Insert(node|/pos|.ch X, 1d);
maintain(pos);

void Insert(Point x
Insert(root,x, false);
check(root, x, false) ;

int ans;
void query(int pos,Point x
Ipos
y
int min_ans ,dir;
ans=min(ans,node/pos|.p.get dis(x));
min ans|0/=node|pos|.ch ?node | node|pos|.ch .get value(x):inf;
min_ans|1/=node|pos|.ch ?node|node|pos].ch .get value(x):inf;
dir=min _ans|0/<min_ans 70:1;
ans>min_ans|dir|)query(node|pos|.chldir]|,x);dir=!dir;
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ans>min_ans|dir])query(node|pos|.chldir],x);
int query(Point x
ans=inf;
query(root,x);
ans;

int main

int n=read int(),m=read int(),opt,x,y;

Init (MAXN-1);
_rep(i,1,n
temp[i].x=read int(),temp[i!.y=read int();
build(n);
m--
opt=read int(),x=read int(),y=read int();
opt==

Insert(Point(x,y));

enter(query(Point(x,y G

oot
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#include <cstdio>
#include <algorithm>
#include <cstring>
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#include <cctype>
#define for(i,a,b) for(int i=(a);i<(b);++1)
#define rep(i,a,b) for(int i=(a);i<=(b);++1i)
using namespace std;
typedef long long LL;
inline int read int

int t=0;bool sign=false;char c=getchar();

lisdigiti(c sign|=c=='-";c=getchar();
isdigit(c)){t=(t<<1l)+(t<<3)+(c&l5);c=getchar();
sign?-t:t;

inline void write(LL X
register char c[21],1len=0;
I'x putchar('0'),void();
x<0)x=-x,putchar('-");
X)cl++len|=x%10,x/=10;
len)putchar(c|len--|+48);

inline void space(LL x){write(x),putchar(' '
inline void enter(LL x){write(x),putchar('\n'
const int MAXN=1e5+5,inf=1e9;
const double alpha=0.75;
struct Point
int x,y;
Point(int x=0,int y=0):x(x),yly
bool in(int x1,int yl,int x2,int y2
X1<=x&&x<=x2&&y1<=y&&y<=y2;
void get min(const Point &a,const Point &b
x=min(x,min(a.x,b.x));
y=min(y,min(a.y,b.y));

void get max(const Point &a,const Point &b
x=max(x,max(a.x,b.x));
y=max(y,max(a.y,b.y));

struct Node
int ch[2],cnt;
Point p,rl,r2;
void build(Point P

p=rl=r2=P;
ch[0]=ch[1]=0;
cnt=1;

bool in(int x1,int yl1,int x2,int y2
x1l<=rl.x&&yl<=rl.y&&x2>=r2.x&8y2>=r2.y;
bool out(int x1,int yl,int x2,int y2
x2<rl.x||y2<rl.y||x1>r2.x]||yl>r2.y;
node  MAXN | ;
bool isbad(int pos
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alpha*node|pos|.cnt<max(node! node|pos|.ch .cnt,node|nodelpos]|.ch .cnt
?true: false;
void maintain(int pos
node/pos|.rl.get min(node/ node|pos!.ch .rl,node [ node/pos|.ch .rl);
node/pos|.r2.get max(node/ node|pos!.ch .r2,node| node|pos|.ch .r2);
node|pos|.cnt=node  node|pos|.ch .cnt+node|node|pos].ch .cnt+1;

int pool[MAXN|,posl,pos2,root,dimension;
Point temp | MAXN];
bool cmp(const Point &pl,const Point &p2
ldimension pl.x<p2.x| | (pl.x==p2.x&&pl.y<p2.Yy);
pl.y<p2.y| | (pl.y==p2.y&&pl.x<p2.Xx);

void Init(int n
node .r1=Point(inf,inf);
node .r2=Point(-inf,-inf);
int i=n;i>=1;i--
pool|++posl|=i;

void build(int &pos,int lef,int rig,bool d
lef>rig pos=0,void();

pos=pool|posl--];
int mid=lef+rig>>1;
dimension=d;
nth _element(temp+lef, temp+mid, temp+rig+1,cmp);
node| pos|.p=node|pos|.rl=node|[pos|.r2=temp mid];
build(node|pos].ch ,lef,mid-1,!d);
build(node|pos|.ch ,mid+1,rig,!d);
maintain(pos);

void build(int n){build(root,1,n, false);
void dfs(int pos
I'pos ;
dfs(node/pos|.ch :
pool |[++posl =pos,temp ++pos2/=node|pos|.p;
dfs(node/pos|.ch ;

void rebuild(int &pos,bool d
pos2=0;
dfs(pos);
build(pos,1,pos2,d);

void check(int &pos,Point x,bool d
pos
isbad(pos
rebuild(pos,d);

’

dimension=d;
cmp (node[pos|.p,X
check(node|pos|.ch X, 1d);
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check(node|pos]|.ch , X, 1d)

void Insert(int &pos,Point x,bool d
Ipos
pos=pool|posl--];
node|/pos|.build(x);

’

node|pos|.cnt++;
dimension=d;
cmp(node|pos!.p,X))Insert(nodepos!.ch X, 1d);
Insert(node/pos!.ch X, 1d);
maintain(pos);

void Insert(Point x
Insert(root, x, false) ;
check(root, x, false) ;

int query(int pos,int x1,int yl,int x2,int y2
Ipos
node|pos|.in(x1l,yl,x2,y2
node|pos|.cnt;
node|pos|.out(x1l,yl,x2,y2

.
’

query(node|pos!.ch ,X1,yl,x2,y2)+query(node|pos]|.ch ,X1,y1l,x2,y2)+node
pos|.p.in(x1,yl,x2,y2);

int query(int x1,int yl,int x2,int y2
query(root,xl,yl,x2,y2);

int main

int n=read int(),m=read int(),opt,x,y;
Init(MAXN-1);
m--
opt=read int(),x=read int(),y=read int();
opt==
Insert(Point(x,y));

enter(query(1l,y,x,n));

https://wiki.cvbbacm.com/ Printed on 2026/04/30 13:29



2026/04/30 13:29 9/12 KD_Tree

goo

[0 0 p3810
0o

0000000 $n$ 000000 $1\simn$000 $flil$ 00000 $is00000 $x i\t x_jy it
yjz Ntz j$ 0 $i\nej$0$j$0000

0000 $f[0\sim n-1]$0]
00

3D Tree0000OOO0OODOOODOOODOODOO

0%$z2$00000000%x$00000000%y$00000000O000ODOO0OOODOO $x0y$00O
gooboooooood

OO00b0oo00o0ob00obOobo TLepbob0bo0obobDoobo0obobooobobobooobo

O00000000000000 $(x,y)$000000000000 $ent$0000000O00OODOOO
000 $os0

0000000000 $ent$0 000 $ent$ 0000 ACO

OO00O0 KD TreedOOODOOOOODOON

#include <cstdio>
#include <algorithm>
#include <cstring>
#include <cctype>
#define for(i,a,b) for(int i=(a);i<(b);++1)
#define rep(i,a,b) for(int i=(a);i<=(b);++1i)
using namespace std;
typedef long long LL;
inline int read int
int t=0;bool sign=false;char c=getchar();

lisdigit(c sign|=c=='-";c=getchar();
isdigit(c t=(t<<l)+(t<<3)+(c&l5);c=getchar();
sign?-t:t;

inline void write(LL x
register char c[21],1len=0;
I'xX putchar('0'),void();
x<0)x=-x,putchar('-");
X)cl++len|=x%10,x/=10;
len)putchar(c|len--|+48);

inline void space(LL x){write(x),putchar(' ');
inline void enter(LL x){write(x),putchar('\n');
const int MAXN=1e5+5,inf=1e9;

struct Pt
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int a,b,c;
bool operator < (const Pt &y)const
c<y.c||(c==y.c&&a<y.a) || (c==y.c&&a==y.a&&b<y.b);

bool operator == (const Pt &y)const
a==Yy.a&&b==y.b&&c==y.C;

A[MAXN|,B[MAXN ;
int dimension,q x1,q yl,q x2,q y2;
struct Point

int x,y;

Point(int x=0,int y=0):x(x),y(y

bool in g X1<=x&&x<=q x2&&q yl<=y&&y<=q y2;
bool operator == (const Point &b)const

x==b.x&&y==b.y;

int cmp(const Point &b
Idimension
x<b.Xx ;
==b.Xx
y<b.y ;

y<b.y ;
y::b . y
x<b.Xx ;
X::b X -

void get min(const Point &a,const Point &b
X=min(x,min(a.x,b.x));
y=min(y,min(a.y,b.y));

void get max(const Point &a,const Point &b
x=max(x,max(a.x,b.x));
y=max(y,max(a.y,b.y));

’

struct Node

int ch ,cnt,sz;

Point p,rl,r2;

bool in g Xl<=rl.x&&q yl<=rl.y&&q x2>=r2.x&&q y2>=r2.y;
bool out g x2<rl.x||q_y2<rl.y||q x1>r2.x||q yl>r2.y;
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node MAXN | ;
void maintain(int pos

node|pos|.rl.get min(node/node|pos!.ch
node/pos|.r2.get max(node/ node|pos!.ch

int pool/MAXN|,posl,pos2,root;

Point temp/MAXN!,q X;

bool cmp(const Point &pl,const
ldimension

Point &p2

.rl,node/node/pos|.ch
.r2,node/nodepos|.ch

.rl);
.r2);

pl.x<p2.x| | (pl.x==p2.x&&pl.y<p2.y);

pl.y<p2.y|| (pl.y==p2.y&&Epl.x<p2.X);

void Init(int n
node .r1=Point(inf,inf);
node .r2=Point(-inf,-inf);
int i=n;i>=1;1i--
pool|++posl|=i;

void build(int &pos,int lef,int rig, bool d
lef>rig pos=0,void();
pos=pool|[posl--];
int mid=lef+rig>>1;
dimension=d;

nth _element(temp+lef, temp+mid, temp+rig+1,cmp);
node|pos|.p=node|pos|.rl=node pos|.r2=temp mid];

build(node|pos|.ch
build(node|pos]|.ch
maintain(pos);

, lef,mid-1,!d);
,mid+1,rig,!d);

void build(int n){build(root,
void Insert(int &pos,bool d
dimension=d;
int dir=q_x.cmp(node[pos]|.p);
dir==-
node|pos|.cnt++;

,n,false);

Insert(node(pos|.chidir],!d);
node| pos|.sz++;

void Insert(Point x
q_X=X;
Insert(root, false);

int query(int pos
I'pos
node[pos|.in
node|pos|.sz;
node|pos|.out

?

query(node|pos|.ch +query(node|pos|.ch

+node|pos|.cnt*nodelpos|.p.in
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int query(int x1,int yl,int x2,int y2
g x1=x1,q yl=yl,q x2=x2,q y2=y2;
query(root);

int fIMAXN];
int main

int n=read int(),k=read int(),m, rep=0;

_for(i,0,n

Ali|.a=read int(),Ali].b=read int(),Ali|.c=read int();

sort(A,A+n);

_for(i,0,n

Blil=A[il;

m=unique(B,B+n)-B;

_for(i,0,m
temp[i+l].x=B[i].a;
temp/i+l].y=Bli].b;

sort(temp+1,temp+m+1l,cmp);
m=unique (temp+1,temp+m+1) -temp-1;
Init (MAXN-1);

build(m);

int i=0, j=0;i<n;i++

Ali+1|==B|j
Insert(Point(Ali]l.a,Ali]l.b));
rep++;

flquery(l,1,Ali]l.a,A[i].b) |+=rep+1;
Insert(Point(A[i].a,Ali].b));
j++; rep=0;

_for(i,0,n
enter(f[i]);
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