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R (Root)
&= (Parent)
FLE3 (Child)
556 (Sibling)

HF (Leaf)
5RIIE (Degree)
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Bi& SR ERins
WERERRIE parent[i] HERER HIEKR L@

PIEFXE vector<int> G[N] e H, e
ZFRBERRE  child[i] + sib[i] ZXME_XR (FIFEFEN)
? SEIEE: PIEXRE ==E O(n), H{ERBFIET
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#tinclude <vector>
using namespace std;

const int N = 100005;
vector<int> G[N]; // G[u] &% u HIFrE 745 5

/] WSIN—250 (RXE5R u, T4/ V)
G[u].push_back(v);

/] TR AR L, WHSNT parent #4H
int parent[N];
parent[v] = uj;

PEEREFE—IRIAITNEL TV, iGN
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int parent[N]; // parent[i] = %454 i HIRZ SRS
// R4S parent[root] = 0 (B -1)

[/ BEWER u MATA T4 R WENra4 s 0(n)

for (int v = 1; v <= n; v++) {
if (parent[v] == u) {
// v & u B%T
}

S1=K
o V¥ HRER 0(1)
o I TFEERDHENEA
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int child[N];
int sib[N];

BT BRI

/] FH AT
/] R CARED

// ®E: child[u] = -1, sib[u] = -1
/] INET v BIE R u

if (child[u] ==
else {

-1) child[u] = v;

sib[v] = child[u];
child[u] = v;

SMESRGRMEE : BT + F— R
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A= {F5iEHR (DFS) - —RsiH

void dfs(int u) {
// ViR EEISE A ou BT
cout << u << " ";

/7 SR B T4

for (int v : G[u]) {
dfs(v);
}

=1 cout EEIAZRE, NWABHEHR (Fizf, BiR)
* [ESZRE: O()

c FESRE: OME) (E)F=)
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1B[HIEEY ][5 []E2 454 (A -> B,C,D; B->E,F)

FIRER 1R - 7R - FR2 - .. ABEFCD

BHRER 1 - Fi#2 - .. -8 EFBCDA
FRIBHS XM FERRI, BEAFEXDER
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["E{f%iEh (BFS) - BiXiEHR

#include <queue>

void bfs(int root) {

queue<int> q;

q.push(root);

while (!q.empty()) {
int u = q.front(); g.pop();
cout << u << " ";
for (int v : G[u]) {

q.push(v);

/] 1R 5

o [EFEAGY, I
. TERTESMESNER GRE)

o [AIEZE O(n), TRIEHZE OFEE)
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int height(int u)
int maxH 0;
for (int : G[u]) {

maxH = max(maxH, height(v));

}

return maxH + 1;
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int countNodes(int u) {
int sum = 1; // HEig S
for (int v : G[u]) {

sum += countNodes(Vv);

}

return sum;

w_EASFZaEERe] LUEID DFS + BiRIER (B/EFAL) fk



-y s g .
ATREEERK
'.\113/’ HENAN EXPERIMENTAL HIGH SCHOOL

E NN

TP

87
41
42

13
15
26
27

RO R IR SRR

BUEa: HemRiZF (—2E 11336)
M m FZRFH, FHNER, B

£

= == P rYYN

xSHERNEZT

o {3 parent FRICRR
» {3 childCount BUBIEREMERII TN
o BHHRARFIRAE

parent = 0

—H/ g



-;f G HHER TR

HENAN EXPERIMENTAL HIGH SCHOOL

EEE—E=%

#include <iostream>
#include <vector>
using namespace std;

int main() {
int n, m;
cin >> n >> m;
vector<int> parent(n+l, 0);
vector<int> childCount(n+1, 0);

for (int i = 0; 1 < m; i++) {

int x, y;

cin >> x >> y;

parent[y] = Xx; childCount[x]++;
}

int root = 0;
for (int i = 1; i <= n; i++)
if (parent[i] == @) root = i;

int maxNode = 1;
for (int i = 1; i <= n; i++)
if (childCount[i] > childCount[maxNode]) maxNode = i;

cout << root << endl << maxNode << endl;
for (int i = 1; i <= n; i++)

if (parent[i] == maxNode) cout << i << " ";
return 0;
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MRIERE—CRISEI (BFS)

int d[N]; // BRESEA
int bfs(int start) {//&H T HRETCHEM

memset(d, -1, sizeof(d));
queue<int> q;
g.push(start);
d[start] = ©;
int farthest = start;
while (!q.empty()) {
int u = q.front(); qg.pop();
for (int v : G[u]) {
if (d[v] == -1) {
d[v] = d[u] + 1;
q.push(v);
if (d[v] > d[farthest]) farthest = v;

}
}

return farthest;

getDiameter() {
int u = bfs(1);
int v = bfs(u);
return d[v]; // BEREKE
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minMax = INF;

int sz[N], maxSub[N], center = 0,
void dfs_center(int u, int fa) {
sz[u] = 1;
maxSub[u] = ©;
for (int v : G[u]) {

if (v == fa) continue;

dfs_center(v, u);

sz[u] += sz[v];

maxSub[u] = max(maxSub[u], sz[v]);
}
maxSub[u] = max(maxSub[u], n - sz[u]); // Loy
if (maxSub[u] < minMax) {

minMax = maxSub[u];

center u;




LCA (Lowest Common Ancestor): RN ERAIATLHESFRESRABAF

MA: % ERmREEE = depth[u] + depth[v] - 2*depth[lca]

HZ i HXES
f&t8i% O(nlogn) O(log n)

Tarjan  O(n) O(1)
&l O(n) O(log n)
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int f[NJ[LOG]; // f[il[j]: i B 2~ ZH%
int depth[N];

void dfs_lca(int u, int fa) {
depth[u] = depth[fa] + 1;
f[u][0] = fa;

for (int j = 1; j < LOG; j++)
flulli] = f[fLullJ-1]1]1[]-1];
for (int v : G[u])
if (v != fa) dfs_lca(v, u);
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int lca(int x, int y) {

if (depth[x] < depth[y]) swap(x, y);
[/ F x EREE y F—RE
int diff = depth[x] - depth[y];
for (int j = @; j < LOG; j++)

if (diff & (1 << j)) x = f[x][7];
if (x == y) return x;
// —iE B EB L GAHE
for (int j = LOG-1; j >= 0; j--)

if (F[x1[31 !'= flyl[3]) A

x = f[x][3];
; y = flyl[3il;

return f[x][0];
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flull0] ANk u, LAu ARAFRRISARE  f[ull0] = Z max(fv][0], fv][1])
flullll & u, LLu ARAFRRIRA(E  flull1] = vallu] + X f[v][0]

ZZ2Z = max(f[root][0], flroot][1])
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int val[N];
int f[N][2];

void dfs _dp(int u, int fa) {

flu][1] = val[u];

flu][e] = o;

for (int v : G[u]) {
if (v == fa) continue;
dfs _dp(v, u);
flul[1] += f[v][O];
flu][@] += max(f[v][e], f[v][1]);

}

// . dfs_dp(root, 0);
/] &% max(f[root][@], f[root][1])

WDPREEFRENEES R, SUEERE
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https://oi-wiki.org/graph/tree-basic/

