T6 CHUC THE GIFTED BATTLEFIELD Educational Contest 2 - DFS Tree
DU AN INTELLECTUAL SHOWDOWN NAM HOC 2023 - 2024

Ngay thi: 24/12/2023
Thai gian 1am bai: 7 ngay
Hudng din gidi gdbm 19 trang, 08 bai

Téng quan dé thi

Tén bai Han ché Han ché

thdi gian bo nhé

Bai 1 | Loai bd 2 gidy 512 MB
Bai 2 | Chuyén trong phong thi 2 giay 512 MB
Bai 3 | Hé théng 2 gidy 512 MB
Bai 4 | Tap thé duc 2 gidy 512 MB
Bai 5 | Gidm thiéu chi phi 2 gidy 512 MB
Bai 6 | Cudc thi hat 2 gidy 512 MB
Bai 7 | Tuy ban 2 giay 512 MB
Bai 8 | D& thi 16n x6n 2 gidy 512 MB

Nhap xuat theo kiéu chuan - standardIO, khong sit dung nhap xuét file.

I. Huéng dan chung

1. Bai thi clia thi sinh duge chdm thi bing phan mém cham thi tryc tuyén (online judge) trén website
https://oj.giftedbat.edu.vn/, sit dung bo test ctia To chitc The Gifted Battlefield — Ban Tin hoc,
ding véi dap an va biéu diém duge néu trong huéng dan cham thi.

2. Diém bai thi dugc xuat tit phan mém cham thi.

Bai 1. Loai bo
Y tudng
e Ta xem d6 thi nhu mot cay DFS (DFS Tree)l!) trong bai nay:

— Céac canh thuodc cay DF'S dudc goi 1a cic “canh nét lién”.
— Cac canh con lai khong thuoc cay DFS dudce goi la cac “canh nét dut”, duge tao ra sau khi qua
trinh DFS két thtc va quay vé dinh ban dau.

e Cay DF'S cua test mau c¢6 hinh dang nhu sau:
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e Cac mang st dung trong cay DF'S:

— num|[]: Tha tu duyét DF'S cla cac dinh.

— low][]: low[u] cho biét thit ty nhoé nhat khi duyet DF'S trén cay con goc u khi di xudng theo cac
canh nét lien va di nguge lén bang canh nét ditt khong qua mot lan.

— tail[]: Cho biét thoi gian két thuc duyet DFS cta dinh do.

Tim cau
e Ta c6 thé dé dang nhan thay ring tinh lién thong khong thé bi &nh hudng béi nhitng canh nét ditt (nhitng
canh khong thuoc cay DFS nay). Vi thé, cac canh cau khéng thé 1a canh nét diit ma la cac canh
nét lién.
e Xét rieng ting thanh phan lién thong ctia do thi. Ta cé thé xét cay DFS clia ving lién thong G nhu sau:

— V6i cay con goc v ta c¢6 cha tryc tiép clia v 1a u, ta c6 canh (u,v) c6 tinh chat nhu sau:

+ Cho A la tap hop céac dinh thuoc cay con goc v, B 1a tap hop cac dinh khong thuoc cay con gdc
v.

+ Khi d6, sau khi x6a di canh (u,v) thi cdc dinh thuoc tap hop A van c6 thé di tryc tiép dén
nhau bing cic canh da cho.

+ Nhung dé cac dinh thuoc tap hgp B mudén di qua A hodic nguge lai thi can phai qua canh (u,v).

— Vi du: Xét canh nét lien (10,3), ta c6 tap A 1a cdc dinh mau hong, con tap B la cdc dinh mau
xanh.

+ Néu loai bé canh (10,3), thi cdc dinh mau hong khong thé di téi cadc dinh mau xanh (hoic
ngugc lai) biang nhitng canh nét lién con lai. Vi du nhu tit dinh 7 khong thé di dén dinh 2 sau
khi x6a canh.

+ Nhu vay, dé cac dinh trong tap A di qua cic dinh trong tap B ta phai thong qua canh (10, 3).

— Vay trong truong hgp khong c6 canh gitta 2 tap dinh A va tap dinh B ngoai canh (u,v) thi khi x6a
di canh (u,v), G sé tach ra thanh 2 vung lién thong A va B. Nhung néu ton tai {t nhat mot canh
nét ditt gitta hai dinh thuoc hai tap nay, do thi van lién thong sau khi x6a canh (u,v).

e Tit d6, ta c6 thé quy bai toan nay vé cau héi “cé ton tai canh nét dit gitta hai dinh thudc tap
dinh A va B hay khong?”:

— Ta c6 thé di tit dinh v dén dinh y c6 numl[y] = low|[v] khi di theo cac dudng nét lién clia cay va di
qua khong qua mot canh nét dit, véi y c6 thit tr tham sém nhat khi DFS tir v.

— Néu y nam trong tap dinh B (tap dinh ngoai cay con v) thi y la t6 tién ctia v. Hay néi cach khac
chac chén numly] < num(v] hodc low[v] < num|v], diéu nay c6 nghia ton tai canh nét dut gitta 1
dinh thudc A va 1 dinh thudc B vi tit mot dinh khong thé di t6i mot t6 tien ctia né ma khong di
qua cac canh nét dut.

— Vi vay, phi dinh quy luat trén, ta c6 low[v] > num[v] chdc chdn y thudc tap dinh A khi d6 khong
ton tai canh nét diit ndi gitta 1 dinh thudoc A vé6i 1 dinh thuoe B.
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— Nhung ta c6 thé thiy rang low[v] < num[v] vi dinh v luon t6i duge chinh né.
e Két luan: Néu low[v] = num[v] thi (u,v) 14 mot canh cau trong do thi.

Tim khép
e Ta sé xét rieng ting thanh phan lién thong ctia do thi. Xét ving lién thong G nhu sau:

— Ta c6 thé dé dang két luan ring néu ton tai it nhat mot dinh v 14 con truc tiép ctia cay con gbc u
c6 cung di ngugc lén to tién ctia u, thi khi loai bé u, c6 thé do thi vAn cé tinh lien thong vi tit t6
tien ctia u do, c6 thé di sang v vi qua mot vai hay tham chi tat ca dinh c¢6 u 1a to tien, tir d6 gitt
nguyén s6 thanh phan lien thong ctia do thi. Ngugc lai, néu moi nhanh con clia cay con goc u deu
¢6 cung di ngudc len dén t6 tien ciia u (low[v] < numlu], v 1 tat ci con tryc tiép clia u trén cay
DFS) thi chic chan dinh u khong phéi 1a khdp.

+ Vi du: Dinh 3 khong phai 1a khép vi tat cd 3 nhanh con ctia n6 (4,7, 6) déu c¢6 cung nguge len

t0 tien cua 3.

— Trong trudng hgp u khong phéi 1a dinh gbc cia cay DF'S: néu ton tai mot v sao cho low[v] > num/[u]
(v6i v 1a mot con tryc tiép bat ki ciia u trén cay DF'S) thi dinh u 1a khép. Diéu kién low([v] > num/[u]
mang ¥ nghia: trong cay con gdc v (v 1a con tryc tiép clia u), khong c6 dinh nio c6 thé di bing
cung nguge dé tham dudc cac to tien ctia u = Khi loai b dinh u thi cay con gbéc v trd thanh mot
mién lién thong clia rieng né ma khong c6 duong di dén bat ki dinh nao khéic trong do thi.

+ Vi du: Dinh 2 14 dinh khép vi théa hai diéu kién: khong phai 1a dinh gbc cay DF'S va cac dinh
con khong cé cung ndi lén to tién ciia 2.
()
(U

— Néu u 1a dinh gbc ctia cay DF'S, thi u 1a dinh khép khi va chi khi w ¢6 it nhat 2 nhanh con. Khi u
¢6 2 nhanh con thi duong di gitta hai dinh thuoc hai nhédnh con dé bat budc phéi di qua u (vi tinh
chét ctia cay DF'S, sé khong ton tai canh nét ditt noi gitta hai nhanh con ctia mot dinh). Vi thé nén
viéc loai b6 dinh u sé lam tang s6 thanh phan lién thong ctia do thi.

+ Vi du: Dinh 10 I& dinh khép vi dinh 10 1a dinh gbc ctia cay DF'S va c6 t6i 3 nhanh con.
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— Két luan: Dinh v la dinh khép khi:

+ Dinh u khong phai 1a gbc ctia cay DFS va low[v] > num[u] (v6i v 1a mot con truc tiép bat ki
ctia u trong cay DF'S). Hoac
+ Dinh u 1a goc ctia cay DF'S va ¢6 it nhat 2 con tryc tiép trong cay DFS.

Code mau

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

2

3/ using namespace std;

4

5, const int N = 10010;

7 int n, m;

s/ bool isKhop[N]; // Danh diu dinh khép
9 int timeDFS = 0, cau = O0;

10 int low[N], num[N];

11 vector<int> gl[NI];

13/ void DFS(int u, int pre) {

14 int child = 0; // Dém ludng con truc tiép cta dinh u trong cay DFS
15 num[u] = low[u] = timeDFS++; // num[ul=low[u] vi u ludn cé thé& di téi chinh nb
16 for (int v : glul]) { // Xét moi nhé&nh con cla u

17 if (v == pre) continue;

18 if ('mum([v]) {

19 DFS(v, u);

20 low[u]l] = min(low[ul, lowl[v]);

21 if (lowl[v] == num[v]) cau++;

22 child++;

23 if (u == pre) { // Trudng hop u 1la dinh gbc clha cay DFS

24 if (child > 1) isKhop[u]l = true;

25 ¥

26 else if (low[v] >= num([u]) isKhop[u] = true;

27 i

28 else low[u]l] = min(low[ul]l, numl[v]);

29 ¥

30| }

32 int main() {

33 cin >> n >> m;

34 for (int i = 1; i <= m; i++) {
35 int u, v;

36 cin >> u >> v;

37 glul] . push_back(v);

38 glv].push_back(u);

10 for (int i = 1; i <= n; i++)
1 if ('num([i]) DFS(i, i);

13 int khop = 0;
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14 for (int i = 1; i <= n; i++) khop += isKhop[il;
15
16 cout << khop << ’ ’ << cau;

17| }

Do phiic tap: O(N + M).

Bai 2. Chuyén trong phong thi

e Tru6c hét ta sé sort lai danh siach canh theo w ting dan va chit nhi phan diém cit mid: véi nhiing canh
6 trong sd w sao cho w < mid thi ching ta sé thém vao do thi.

e Bay git bai toan chiing ta can giai sé 14 cho mot do thi c6 huéng, hay xac dinh xem c6 ton tai mot dudng
di tt u; — v; hay khong.

e D@ c6 thé gidi bai toan nay ta sé nén do thi thanh cac thanh phan lién thong manh dé dé xit 1.

e Ta c6 méang bool reachable; ; = true néu ching ta c6 thé c6 thé dén thanh phan lién thong thit j khi bat
dau di ¢ thanh phan lién thong thit i (ké ca chinh né).

e D@ c6 thé xay mang reachable ta sé duyét cac thanh phan lién thong manh theo thit tu toposort ddo nguge,
néu ¢6 canh noi gitta hai thanh phan lien thong manh i, j thi reachable; = reachable; OR reachable;.

e Dép an sau khi chiang ta chat nhi phan sé 1a wgns.

e Liic nay do phitc tap ctia chiing ta sé 1d O((n? + k) x log M) vi ¢6 log M lan kiém tra véi chi phi cho méi
lan 1a n? + k.

e D& ¢6 thé t6i wu hon nita ta sé luu n mang reachable dudi dang bitset2,
Code mau

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

4 const int MaxN 2e4;

5 const int MaxM = 1leb;
7 bitset<MaxN + 1> reachable[MaxN + 1];

9 struct SCC{

10 int n;

11 vector<vector<int>> adj,adjRev,sAdj;
12 vector<int> order,comp;

13 vector<bool> visited;

14 SCC(int n) :n(n){

15 adj.resize(n + 1);

16 adjRev.resize(n + 1);

17 comp = vector<int>(n + 1,0);

18 visited = vector<bool>(m + 1,0);
19 T

20 void addEdge (int a,int Db){
adj[al.push_back(b);

adjRev [b].push_back(a);

¥

23 }
24 void topoSorting(int u){
25 visited[u] = true;
26 for(int v : adjlul){
27 if (tvisited[v]){
28 topoSorting (v) ;
29 }
30 }
31 order .push_back (u) ;
32 }
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void dfsSCC(int u,int cnt){

comp [u] = cnt;
for(int v : adjRev[ul){
if (compl[v] == 0){
dfsSCC(v,cnt) ;
}
}
}
void buildscc (){
for(int i = 1;i <= n;++i){
if ('visited[i]){
topoSorting (i) ;
}
}
reverse (order .begin () ,order.end());
int cnt = 0;
for(int u : order){
if (comp[u] == 0){
dfsSCC(u,++cnt) ;
}
}
sAdj.resize(cnt + 1);
for(int i = 1;i <= n;++i){
for(int v : adjl[il){
if (comp[i]l !'= compl[v]){
sAdj [comp[il].push_back (compl[v]);
}
}
}
}

void prepare (){
reverse (order .begin () ,order.end());
for(int u : order){
reachable [comp[ul].set (comp[ul);
for(int v : adjlul){
if (comp[ul] !'= compl[v]){
reachable [comp[ul]] |= reachable[comp([v]];

}

}
}
bool isReachable(int u,int v){
return reachable[comp[ul]].test(compl[v]);
}
};
struct Edge{
int u,v,w;
bool operator < (const Edge &other){
return (w < other.w);

}

5}

int n,m,k;
pair<int,int> queries[MaxM + 1];
Edge edgelist[MaxM + 1];

void readData (){
cin >> n >> m >> k;
for(int i = 1;i <= m;++i){
cin >> edgelist[i].u >> edgelist[i].v >> edgelist[i].w;

}
for(int i = 1;i <= k;++i){

cin >> queries[i].first >> queries[i].second;
}

sort (edgelist + 1,edgelist + m + 1);
}
bool check(int it){
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SCC graph(n);
for(int i = 1;i <= it;++i){
graph.addEdge (edgelist [i].u,edgelist [i].v);
}
graph.buildSCC();
graph.prepare () ;
for(int i = 1;i <= k;++i){
if (! graph.isReachable(queries[i].first,queries[i].second)){
return false;
}
}

return true;

3 int solve (){

int lo = 1,hi = m,ans = m + 1;
while(lo <= hi){
int mid = (lo + hi) / 2;
if (check(mid)) {

ans = mid;
hi = mid - 1;
}elseq{
lo = mid + 1;
}
}
if(ans == m + 1){
return -1;
}

return edgelist[ans].w;

}

int main(){
ios_base::sync_with_stdio(false);
cin.tie(nullptr);
readData () ;
cout << solve();
return O0;

}

Do phiic tap: O((g—; + k) x log M).

Bai 3. Hé thong

e Ta nhan xét ring doan xung yéu dé bai néi t6i thuc chat 13 mot cau ciia do thi. Dinh nghia vé cau c6
thé xem & day: VNOI Wiki - DFS Treel). Nhu vay, bai toan tré thanh: Can them it nhat bao nhieu canh
dé do thi ban dau cta ching ta khong con cau.

e Khi nay ta c6 thé nén do thi ban dau lai thanh mot cay: V6i méi dinh 1a mot mién lien thong khong ton
tai cau, v mdi canh 14 mot cau. Ki thuat nay con dude biét dén véi tén goi 1a Bridge Tree.

e Sau khi ta xay dyng dugc Bridge Tree, ta c6 bai todn : can thém bao nhiéu canh vio mot cay dé cay
khong con cau. Ta c6 thé sit dung thuat toan tham lam va thém cac canh gitta cac dinh 14. Goi s6 lugng
14 1a m. D& thay s6 dap an bai toén la (m + 1)/2.

Code mau

#include <bits/stdc++.h>

using namespace std;

vector< vector<int> > adj, adj2;
vector<int> low, in, par;

int dfs_time, tree_node;

void dfs_find(int u) {
low[u] = in[u] = ++dfs_time;
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for(int v: adjlul) if (v != par[u]) {
if (tinlv]) {

par[v] = u;

dfs_find (v);

low[u] = min(low([ul, lowl([v]);
}
else low[u] = min(low([u]l, in([v]);

void dfs_build(int u, int node) {
for(int v: adjlul) {
if (parl[v] == u) {

if (lowl[v] > inf[ul) {
++tree_node;
adj2[node].push_back(tree_node) ;
adj2[tree_node].push_back(node);
dfs_build (v, tree_node);

}

else dfs_build(v, node);

array<int, 2> dfs(int u, int par) {
array<int, 2> ans = {u, 0};
for(int v: adj2[ul) if (v !'= par) {
array<int, 2> tmp = dfs(v, u);
if (tmp[1] > ans[1]) ans = tmp;
}

return {ans[0], ans[1] + 1};

void solve() {
int n, m;
cin >> n >> m;

dfs_time = 0;

adj.assign(n + 1, vector<int>());
adj2.assign(n + 1, vector<int>());
low.assign(n + 1, 0);

in.assign(n + 1, 0);

par.assign(n + 1, 0);

tree_node = 1;

wvhile(m--) {
int u, v;
cin >> u >> v;
adj [ul] . push_back(v);
adj [v].push_back (u);
}

dfs_find (1) ;
dfs_build (1, tree_node);

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

leaf += (adj2[i].size() == 1);
}
cout << (leaf + 1) / 2;
}
signed main() {
ios_base::sync_with_stdio (0);
cin.tie (0);
solve () ;
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78 return O;

79| }

Do phiic tap: O(n).

Bai 4. Tap thé duc

e "Huy chon mot s6 ngdi lang dé di bo qua sao cho néu bo bat ky ngoi lang nao ra thi Huy vAn c6 thé di
qua cac ngdi lang con lai duge bang nhitng dudng noi cac lang trong s6 do".

e Ta c6 thé thay, v6i cac ngoi lang thdéa man con dudng di tap thé duc ctia Thanh Huy, tao thanh mot do
thi song lien thong, vay ta phét biéu lai bai toan:

e N6i mot canh lai dé s6 dinh trong mién song lien thong 16n nhat 1 16n nhat.

Y tudng

e Day 1a mot tng dung ctia Block cut tree. Ban doc c6 thé tim hiéu them & day: Khai niem Block cut
tree 3] .

e Sau khi bién déi do thi gbc thanh BCT, bai toan cé nhiéu cach giai, c6 thé ké dén nhu:

— Véi cac dinh gbc ban dau, gan trong s6 cho dinh dé la —1.

— V6i cac dinh 4o tugng trung cho cac mién song lién thong, gan trong s6 dinh dé6 1a do 16n clia mién
song lién thong.

— Bai toan dudgc bién déi thanh tim dudng kinh ctia cay c6 trong sb.

— Phan con lai dé lai cho ban doc tit nghi.

Code mau

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

2

3/using namespace std;

4 const int maxn = 1e6 + 5;

5 int n, m, cnt, ans, ncc, f;

6 int num[maxn], low[maxn], nodel[maxn], val[maxn], h[maxn];
7 pair<int, int> mx[maxn], edge;

g vector<int> adj[maxn], bcc[maxn];

9 stack<pair<int, int>> st;

inline void add(int u, int v)

11
12| {

13 adj [u] . emplace_back(v);

14 adj[v].emplace_back(u);
15}

16

17 void read ()

18| {

19 cin >> n >> m;

20 for (int 1 = 1, x, y; i <= m; i++)
21 cin >> x >> vy,

22 add(x, y);

23 }

24

25/ void dfs(int x, int p)

26| {

27 num[x] = lowl[x] = cnt++;
28 for (int i : adjl[x])

29 {

30 if (i == p) continue;
31 if ('numl[il)

32 {
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st.push({x, il});

dfs (i, x);

low[x] = min(low[x], lowl[il);
if (lowl[i] >= numl[x])

{
ncc++;
bcc[ncc].emplace_back(x);
pair<int, int> tmp, cmp = {x, i};
while (tmp != cmp)
{
tmp = st.top();
st.pop();
bcc[ncc].emplace_back(tmp.second) ;
}
ans = max(ans, (int)bccl[ncc].size());
}

}

else lowl[x]

min(low[x], numl[il);

void get_ans(int val, int x, int y)

{

void dfs3(int x

{

if (ans < val)

{
ans = val;
edge = {x, y};

1, int p = 1)

i

h[x] = h(p] 1;

for (int i : adjl[x]) if (i != p) dfs3(i, x);

void dfs2(int x = 1, int p = 1)

{

{

mx [x] = {val[x], nodelx]};
vector<pair<int, int>> v;
for (int i : adjlx]) if (i != p)
{

dfs2(i, x);

v.emplace_back (mx[il]);
}
sort(v.begin(), v.end(), greater<pair<int,
if (v.size()) get_ans(vall[x] + v[0].first,
second) ;

int>>(0));
(x <= n ? x

bccl[x - nl.back()), v[0].

if (v.size() >= 2) get_ans(vall[x] + v[0].first + v[1].first, v[0].second,

if (v.size() && v[0].first > 0)

mx[x] = {vallx] + v[0].first, v[0].second};

5 bool cmp(int a, int b)

return h[al > h[b];

void solve ()

{

for (int i = 1; i <= n; i++)
if (!num[i]) dfs(i, 1i);

for (int i = 1; i <= n; i++)
adj[i].clear ();

f = 1;

for (int i = 1; i <= ncc; i++)

for (int j : beclil)

v[1].second);
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113| }

add(i + n, j);

dfs3();
for (int i = 1; i <= n; i++)
val[i]l = -1,
node [i] = i;
for (int 1 = n + 1; i <= n + ncc; i++)
{
val[i]l = beccl[i - n]l.size();

sort (bcc[i - n].begin(), bccl[i - nl.end(), cmp);
node[i] = bcc[i - n].front();

X

edge = {1, 1};

dfs2();

cout << edge.first << " " << edge.second;

115 signed main ()

116 {

118
19| //
120/ //
121
122

123| }

ios_base::sync_with_stdio(false);

cin.tie(0); cout.tie(0);
freopen("test.inp", "r", stdin);

w", stdout);

freopen("test.out",
read () ;
solve () ;

Do phic tap: O(n x logn).

Bai 5. Giam thiéu chi phi

Loi giai

e Dé dé hinh dung, ta coi thanh phé clia ta nhu mot dd thi, véi mdi thanh phé 1a mot dinh vh mdi con
duong 1la mot canh.

e Ta nhan xét ring mot con dudng quan trong chinh 13 mot cau ctia do thi. Dinh nghia vé cau c¢6 thé xem
& day: VNOI Wiki - DFS Treelt,

e Khi nay ta c6 thé nén do thi ban dau lai thanh mot cay: Véi méi dinh 13 mot mién lien thong khong ton
tai cau, vd mdi canh 13 mot cau. Ki thuat nay con duge biét dén véi tén goi 1a Bridge Tree.

e Sau khi ta xay dung dugc Bridge Tree, ta nhan xét rang sé c6 mot vai dinh trong cay nay khong can
thiét khi gidi bai todn véi k dinh dé cho. VA vi ta can tim dap 4n tdi wu, ta sé loai boé nhitng dinh nay.

e Vi mot dinh trong cay mdi nay thé hién cho mot tap céc dinh ctia do thi ban dau, nén ta c6 thé dinh
nghia mot dinh trong yéu trén cay la mot dinh sao cho bén trong né cé chita mot trong s6 k& dinh can
Xét.

e Goi Final Tree I cay cudi cing sau khi da loai bé nhitng dinh khong can thiét.

e Khi nay néu ta dit goc clia cay mdi tai mot trong sb6 cac dinh trong yéu, thi diéu kién can va da dé
mot dinh thuoc Final Tree 13 trong cdy con clia né ton tai mot dinh trong yéu.

e Goi d = duong kinh (diameter) ctia cay Final Tree.

e Dap 4an sé chinh biang s6 canh trong cay Final Tree trit cho d.

Code mau

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

i const int N = 1leb + 5;

5
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38

39

vector<int> adj[N];
int low[N], num[N], color[N];
stack<int> st;

bool init[N], need[N];
int timer = 0, node = 0;

void dfs(int u = 1, int p = 0){ // dung cdy Bridge Tree
st.push(u);
low[u] = num[u] = ++timer;
for(int v : adjl[ul){
if (v == p) continue;
if (!num[v]){
dfs(v, u);
low[ul = min(low([ul, lowl[v]);
}
else low[u] = min(low([u]l, numl[v]);
}
if (low[u]l > num([p]l){
++node;
while (1){
int v = st.top(); st.pop();
color[v] = node;
need[node] |= initl[v];
if (v == u) break;

vector<int> adj2[N];
bool ok[N]; // kiém tra dinh cé thudc Final Tree hay khéng

void dfs2(int u, int p = -1){ // dung cdy Final Tree
if (need [u]) ok[u]l = 1;
for(int v : adj2[ul){

if (v !'= p){
dfs2(v, u);
ok[ul |= okl[v];
}

int edge = 0, diameter = 0;

int dfs3(int u, int p = -1){ // tim b&n kinh cta cay Final Tree
int mx1 = 0, mx2 = 0;
for(int v : adj2[ul){
if(v '= p && ok[v]){

int cur = dfs3(v, u);
if (cur >= mx1){
mx2 = mx1;
mxl = cur;
}
else mx2 = max(mx2, cur);
}
}
diameter = max(diameter, mxl + mx2);

return mx1l + 1;

int main(){
ios_base::sync_with_stdio (0);
cin.tie (0) ;

int n, m, k; cin >> n >> m >> k;
while(m--){
int u, v; cin >> u >> v;
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116

117

adj [ul] . push_back (v);
adj [v].push_back (u);

while(k--){
int u; cin >> u;

init[ul] = 1;
}
dfs () ;
if (st.size )){
++node;
while(st.size ()){
int u = st.top(); st.pop();
color [u] = node;
}
}
for(int u = 1; u <= n; ++u)
for(int v : adjl[ul)
if (color[u] !'= color[v])
adj2[color [ul].push_back(color[v]);
for(int u = 1; u <= node; ++u){
sort(adj2[u] .begin (), adj2[ul.end());
adj2[u].erase(unique (adj2[u].begin(), adj2[ul.end()),
}
int root;
for(int u = 1; u <= node; ++u)
if (need[ul]){
root = u;
break;
}
dfs2 (root) ;
for(int u = 1; u <= node; ++u)
if (ok[ul)
++edge;
--edge;
dfs3(root);
cout << edge - diameter;
return O;
}

Do phic tap: O(n +m).

Bai 6. Cudc thi hat
Prerequisites
e Ciap ghép (Chi cAn hiéu dinh nghia).

e Thanh phan lién thong manh!?.

Loi giai

adj2[ul.end ) ;

e Ta coi cac moi quan hé giita ban nam thit ¢ va nit thit 4 14 mot canh trong mot cap ghép hoan haoll, cac

mbi quan hé con lai 1a cac canh khong dude ghép clia cap ghép.

— Goi S 1a tap ban nam va ban nit dugc chon théa yéu cau bai toan.

— Goi tap gom céc ban nam tit 1 t6i n 1a L, tap gom cac ban ni tir 1 t6i n 1a R.

— Dinh nghia:
+ A la tap cac phan tit trong L N S.

T8 chitc The Gifted Battlefield — Educational Contest #2 - DFS Tree (N3m hoc 2023 — 2024)

Mén thi: Tin hoc — Ngay lam bai thi: 24/12/2023

Trang 13/19


https://www.giaithuatlaptrinh.com/?p=2169
https://chuyenhalong.ucode.vn/blog/do-thi-thanh-phan-lien-thong-manh-3541
https://en.wikipedia.org/wiki/Perfect_matching

+ B la tap cac phan t trong L khong xuat hién trong A.
+ A’ 1a tap cac phan ti trong cip ghép thudoc R c¢6 duong di t6i A.
+ B’ 1a tap cac phan tit con lai trong R khong thuoc A’'.

— Dé thay rang S = AU B’ vi cac dinh § R khong duge c6 duong di dén A. Ta dinh huéng cac canh
cta do thi nhu sau:
+ V6i cac canh thudc ciap ghép, ta sé dinh huéng né tt R qua L.
4+ VGi cac canh con lai, ta sé dinh huéng ching tit L sang R.
— Sau khi thém cac canh thudc cap ghép, ta c6 do thi nhu sau:

® -~
Hinh 1: [ D6 thi sau khi them cac canh thuoc cip ghép hoan hio

— Sau khi thém day di cac canh ciia do thi, do thi clia ta nhin nhu sau:

Hinh 2: ) D6 thi day du

e Nhan thay rang cac dinh 6 A khong c6 dudng di téi B’ vi theo cach dinh huéng va chia tap sé khong
c6 canh tit A t6i B', A t6i B, A’ t6i B va A’ t6i B’ . Ta sé st dung thuat toan tim cac thanh phan lién
thong manh Tarjan hoic Kosaraju dé nhém doé thi thanh cédc mién lien thong manh. Ta cé cac trudng
hgp sau:

— Néu chi c6 mot thanh phan lién thong manh thi bai toan khong c6 dap an théa do v6i moi dinh
thudc R sé luon c6 duong di tit cac dinh thudc L t6i dinh d6. Vi thé ching ta sé khong c6 cach chon
thda diéu kién cac giam khao va thi sinh khong duge quen biét nhau.

— Néu nhu c6 it nhat 2 thanh phan lién thong manh thi ta chon mot thanh phan lam gbc va goi né
13 Q. Gid st B’ = Q N R va goi A 1a tat ca nhitng nut thudc L khong c6 canh trong cip ghép véi
cac nit thudoc B’. Ta chi can ching minh rang khong cé nit nio cia A nam trong Q. That vay, xét
cac dinh thuoc LN Q, gid st cac dinh nay nam trong cting mién lién thong manh vdéi cac dinh thuoc
B’ nén bat buodc phai ton tai duong di tit cic dinh nay t6i cac dinh thudc B’. Ma theo cach dinh
huéng canh, cac dinh thuoc A khong c6 duong di t6i B’ nhu da néi nén céc dinh thudoc A sé nam &
cidc mién lién thong manh con lai, qua d6 thoéa diéu kién khong c6 duong di tit A t6i B’.

e Dap an clia tap hgp chiing ta can tim 1a B’ U A.

Tips : Ta c6 thé luu mot dinh tugng trung cho canh giita ban nam va ban nit thit ¢ thay vi luu 2n dinh dé tiét
kiém bd nhé cling nhu thuan lgi cho viéc cai dat.
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Code mau:

#include <bits/stdc++.h>

3 using namespace std;

const int N = 1e6 + 5, MOD
int n, m, label[N], num([N],

bool dell[N];
vector<int> adj[N];
;. stack<int> st;

void dfs(int i){

num[i] = low[i] = ++timedfs;

st.push(i);
for(int x : adjl[il){

if (del[x]) continue;

if (!num[x]){

dfs (x);
low[i] = min(lowl[i],
} else{
low[i] = min(lowl[il],
}
}
if (low[i] == num[i]){
int u = -1; ++sccs;
while(u !'= i){
u = st.topQ);
del[u] = true,
}
}

}
void solve (){
cin >> n >> m;

for(int i = 1; i <= m; i++){
int x, y; cin >> x >> y;
if(x == y) continue;
adj [x].push_back(y);

}

for(int i = 1; i <= n; i++){ if('num[il){
dfs (i) ;

}r

vector<int> vi1, v2;

for(int i = 1; i <= n; i++){
if (label[i] == 1) v1.push_back(i);
else v2.push_back(i);

}

if (sccs == 1){
cout << "No\n";

} else{
cout << "Yes\n";
cout << vl.size() << " " << y2.
for(int x : vl) cout << x << "
cout << endl;
for(int x : v2) cout << x << "
cout << endl;

}

timedfs = sccs = 0;

for(int i = 1; i <= n; i++) adjli].

while (st.size()) st.pop();

signed main(){

ios_base::sync_with_stdio (0);
cin.tie (0);

//freopen(task".inp", "r", stdin);
//freopen(task".out", "w", stdout);
int t = 1; cin >> t;

while (t--){

size() << endl;
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solve () ;
}
return O;

}

Do phuc tap: O(n).

Bai 7. Tuy ban

Loi giai

e Xay dung cay DFS cho d6 thi vA nhin vao cau tric canh nguge clia cay.

— Néu tim dugc mot canh nguge ndi hai dinh c6 khoang céch 16n hon hoac bang [v/n], thi ta da tim

duge mot chu trinh théa cong viéc 2.

— Néu khong tim duge, d6 thi don ching t6 méi dinh ¢6 it hon [y/n] — 1 canh ngugc ndi lén trén (theo
nguyén 1§ Dirichlet). Vay néu ta xét chon dinh theo thit ty con trudc cha sau, néu dinh hién tai
van chon dugc (true day chua chon dinh nao ké né) thi nén chon né vao tap to hop doc lap hien
tai. Dé y sau khi chon nhu vay, chi c6 chua téi [\/n] dinh khac bi cadm chon sau nay. Do dé c6 thé

chon dugc mot t6 hgp doc lap théa cong viec 1.

e C6 thé con c6 rat nhidu gidi thuat khac va heuristic dé giai bai nay.

Code mau

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

int n, m;

int sqrtn;

vector<vector<int>> adj;
vector<bool> vis(n, false);
vector<int> depth(n);
vector<int> parent (n) ;
vector<bool> is_bad(n, false);
vector<int> independent_set;

3l void dfs(int u, int p) {

vis[u] = true;
parent [u] = p;
depth[u]l = p == -1 ? 0 : depth[p] + 1;

for (int v : adjl[ul) {
if (v == p) {
continue;

}

if (Mvis[v]) {
dfs (v, u);
continue;

if (depth[u] - depth[v] + 1 >= sqrtn) { // big
cout << 2 << ’\n’;
cout << depth([u] - depth([v] + 1 << ’\n’;
do {
cout << u + 1 << 7 7
u = parent [ul;
} while (u !'= v);
cout << u + 1 << ’\n’;
exit (0) ;

cycle found
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int

3| }

if (!'is_bad[ul) {
independent_set.push_back(u);

is_bad[u] = true;

for (int v : adjlul) {
is_bad[v] = true;

}

main () {
ios::sync_with_stdio(false);
cin.tie(nullptr);

cin >> n >> m;

sqrtn = 1;
while (sqrtn * sqrtn < n) sqrtn++;

adj.resize(n);
vis.resize(n, false);
depth.resize(n) ;
parent.resize(n) ;
is_bad.resize(n, false);

for (int i = 0; i < m; i++) {
int u, v;
cin >> u >> v;
u--;
v==3
adj [ul] . push_back (v);
adj [v].push_back(u);
}

dfs (0, -1);

// dfs terminated without exitting => big independent set found
cout << 1 << ’\n’;
independent_set.resize(sqrtn);
for (int u : independent_set) {
cout << u + 1 << 7 7,
}
cout << ’\n’;
exit (0) ;

Do phic tap: O(n).

Bai 8. D6 thi 16n xon

Tinh chit bai toan

e Nhan xét 1: V6i ciing kich thude n, thit tuw mang af] dé bai cho khong quan trong. Tat ca thit tu khac

nhau clia mang a[] s& déu cho ra cing mot két qua.

Ly do: Véi moi két qua clia mot thit ty dfs bat ky duge cho trong mang af], ta luon cé thé danh sé lai
dinh ctia dé thi sao cho thit ty dfs méi la 1,2,3,...,n. Vi dy, véi af] = {3,1,2}, ta danh s6 lai dinh 3
thanh 1, dinh 1 thanh 2, va dinh 2 thanh 3, nhu vay thi tu dfs méi sé tré thanh {1,2,3}. Viéc danh sb
nay khong lam tang hay gidm s6 do thi thoa diéu kién nén khong anh hudng dén két qua bai toan.

= D& bai c6 thé dudc dinh nghia lai thanh: Cho n, dém s6 do thi vo hudéng lien thong khac nhau gom n
dinh sao cho do thi d6 ton tai mot thi ty dfs c6 dang 1,2,3,...,n.

Nhan xét 2: Thit ty dfs ctia do thi sé dude dac trung bdi DFS Tree ctia do thi d6. Mdi do thi sé dung
ra mot va chi mot DFS Tree, vd mdi DFS Tree sé cho ra dugc mot vai thit tu dfs phan biét.

= Nhu vay, ta can dém s6 lugng DFS Tree gom n dinh théa diéu kién: trong tat ca thi tu dfs ma DFS
Tree do6 cho ra, ton tai mot thi tir c6 dang 1,2,3, ..., n.
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— Ghi cha:

+ Tat c& n dinh ctia DFS Tree déu phéi lién thong

+ 2 DFS Tree dugc coi la khac nhau khi ton tai canh (u,v) trong cay nay nhung khong ton tai
trong cay kia.

+ Goc ctia DFS Tree 1a dinh 1 (vi ta sé dfs tit gbc clia cay va ta mudn c6 duge thit tu 1,2, 3,...n).

Hudng giai quyét

Goai y: Quy hoach dong

e Ta lan lugt dat cac dinh 1,2, 3,...n theo thi ty tit nhé dén 16n vao DFS Tree.

e Goi dp[u][h] 1& s6 DFS Tree thoa: cay c6 u dinh, dinh u dang nim & do sau h (d6 cao danh s tir 0),
h ciing chinh 1a s6 lugng to tién cia dinh u, va cay thoéa diéu kien cho ra duge thi tu dfs c6 dang
1,2,3,..n.

e Cong thiic truy hoi:

dp[1][0] = 1

H
dplul[n] = 2" > Y dplu — 1][K]
k=h—1

Véi H 1 do sau t6i da c6 thé ciia cay DFS Tree gom u — 1 dinh (thuc t&é H = u — 2).

e Giai thich:

— Khi dat dinh thém dinh u vao do thi, ta phai dit dinh « lam con ctia mot dinh nam trén duge di ti

u—1 ve dinh 1 (bao gom c& u — 1 va 1). Sau khi goi ham dfs(u — 1), ta da c6 day 1,2,3,...,u — 1.
Khi d6, hodc 1a ham sé tiép tuc goi t6i df s(u) (néu u 1a con clia u — 1), hodc 1a ham sé callback vé
mot trong nhitng to tién ctia u — 1 (sé khong c6 thao tac thém dinh vao af] trong qua trinh nay), roi
tit dinh nay tiép tuc goi dfs(u) = Thoa diéu kién cho ra thi tu dfs af] méila {1,2,3,...,u — 1,u}.
S6 DFS Tree thoa diéu kién "dat duge dinh u tai do sau h, dong thoi u 13 con ciia mot dinh nidm
tren duge di tit u — 1 vé 1"chinh 1a biéu thite 2, | dp[u — 1][k] (s6 lugng cay c6 dinh u — 1 nim
4 do sau it nhat 1a A —1). Néu v — 1 ndim & do sau h — 1, ta n6i u lam con ctia v — 1 thi u s8 & do
cao h; con néu u — 1 & do sau > h — 1, sé ton tai mot to tien ctia u — 1 ndm & do sau h — 1, khi d6
ta c6 thé néi u lam con ciia dinh nay.

Vi ta dang dém s6 lugng DFS Tree, ta sé can xét cd truong hgp canh nguge (back edge) clia cay.
Khi thém dinh u vao do sau h, c6 h — 1 to tien (khong tinh dinh cha) ma u c6 thé néi canh ngugce
vao = C6 2" cach ndi canh ngugc.

Code mau

Sau khi hiéu dugc y tuéng ding sau cong thiic quy hoach dong, viéc cai dat bai toan tré nén kha don gian. Ta
chi can stt dung cac vong for 1ong nhau dé xit 1y bai todn nhu nhiéu bai tap QHD khac. Luu ¥ ta can sit dung
ky thuat cong don hodc prefiz sum dé tinh nhanh téng S5, | dplu — 1][k].

#include <bits/stdc++.h>

using namespace std;

const int N = 5e3, M = 1eb5, mod = 998244353;

int n;

long long dp[N + B5][N + 5];
long long power [N + 5];

void process () {
cin >> n;
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for (int i = 1; i <= n; i++) {
int x;
cin >> x;

}

power [0] = 1;
for (int i = 1; i <= n; i++) power[i] = power[i - 1] * 2 7% mod;

dp[11[0] = 1;
for (int i = 2; i <= n; i++) {
long long sum = O;
for (int j =1 - 1; j >= 1; j--) {
sum += dp[i - 1][j - 1];
sum %= mod;
dp[i]l[j] = sum * power[j - 1] % mod;

}
}
long long res = 0;
for (int i = 0; i < mn; i++) res += dp[n][il;

cout << res % mod;

int main() {
ios_base::sync_with_stdio(false);
cin.tie (0);

process () ;

return O;

D6 phiic tap: O(n?).
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