DU AN INTELLECTUAL SHOWDOWN CONTEST LA GRANDE FINALE 2024
BAN CHUYEN MON NAM HOC 2024 — 2025

HUGNG DAN GIAI

Bai 1. Thé Giéi Am Nhac
Subtask 1: n < 20
Vét can:
e Vin <20 nén ta cé thé thit hét tat ca 2" cach chon céc phan ti&. Vi mdi cich chon c¢6 s6 lugng phan
tir 1 18, ta ldy tong gid tri cdc phan tit d6 va cdp nhat dap an.
Subtask 2: min(ay,as,...,a,) = max(ay,as, ..., a,)
Tham lam:

« Diéu kién ciia subtask 2 cho ta biét gid tri clia tat cd phan t& ctia mang a déu bang nhau: a; = ay =
.= ap =T

e Do d6 ta sé tham lam:
— Néu z > 0: dap an sé 1a = x (n — n%2) (véi % 1a phép chia lay du).
— Néu z < 0: dap 4n sé bang 0.
Subtask 3: a; >0 (1 <i<n)
Tham lam:
 Véi diéu kién tat cd cidc phan jcfr trong I/nélng a ~c’[éu khong am, ddp 4n sé 13 tong ctia k phan tit 16n nhat
trong cia mang a v6i k = n néu n 1é, neu n chan thi k =n — 1.
Subtask 4: a; > ay > ... > a,
Tham lam:
e Véi céc phan tit da dugc sdp xép, ta goi i 1a vi trf cubi ciing sao cho a; > 0.
e Néuilasolé, dip 4n sé la: a1 +as + ...+ a;.
o Néu i 1a s6 chan, ddn 4n s 1a: max(a; +as + ...+ a;—1, a1 +as+ ... +a;11) néu i+ 1 < n, ngugc lai
dipansélaa; +as+...4+a;_1.
Subtask 5: Rang buéc gbc
Cach 1: St dung quy hoach dong:
« f[i][0] 14 téng phan ti duge chon 16n nhat khi chon chan phan tit tit 1 dén 4.
o f[i][1] 14 tong phan ti duge chon 16n nhat khi chon 1& phan tit tir 1 dén .
o Ta co f[1][0] =0 va f[1][1] = a[1].
o Cong thitc truy hoi (1 <i <n):
f1)[0] = max(f[i = 1][0], f[i = 1][1] + ali])
FIiI01] = max(fi — 11, fTi - 1][0] + ali)
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Cach 2: Tham lam.
« Dau tién ta sé chon hét tat cd cdc phan tit c6 gid tri duong vao tap dap an.
o Néu s6 phan tit duong 14 s6 1é thi ta in téng gia tri clia tap dép an.
« Néu s6 phan tit duong 1 s6 chan thi ta c6 2 trudng hop:

— Trudng hop 1: bo phan t& duong bé nhat ra khéi tap dé tap ddp an hién tai tré thanh tap cé 1é
phan tit.

— Trudng hgp 2: thém mot phan tit x (z < 0) 16n nhit vao tap dé tap dap an hién tai trd thanh tap
c6 18 phan ti (néu ton tai it nhat mot phan ti = < 0).

e Ta thit hai trudng hop va in ra trudng hop mang lai két qua 16n nhat.

Code mau (Cach 1):

#include <bits/stdc++.h>

2/ using namespace std;
3| #define int long long

5 const int MX = 1000005;
5 int n;

int al[MX];

g int £[MX][2];

signed main(){

cin >> n;
for(int i = 1; i <= n; i++) cin >> alil;
memset (f, -0x3f, sizeof f);
f[0][0] = O;
for(int i = 1; i <= n; i++){
f[i][0] = max(£f[i - 1]J([0], £[i - 11[1] + alil);

f[i][1] = max(£f[i - 1]([1], £[i - 1]1[0] + alil);
}
cout << f[n][1];
return O;

Bai 2. Ky thi tranh tai
Subtask 1: n < 20
o V&i subtask nay, ta chi can for qua moi cdch chon (subsets).

o Do phitic tap O(2").

Subtask 2: Moi phan tir trong mang déu chia hét cho 3

e Ta stt dung tham lam trong trudng hop nay. Nhan thay do moi s6 déu chia hét cho 3 nén ta c6 thé chon
tat cd cac phan tit cé gia tri duong.

e Do phitic tap O(n).
Twu Subtask 3 tré di, ta sé st dung:
o Dinh nghia ham f(z) = 2%3.
o Ham fmaz(a,b) sé duge dinh nghia bang phép gin a = maz(a,b).

« Pinh nghia M =% a,. + a,,.
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Subtask 3: n <100
« Dinh nghia dpli][j] 1& tong 16n nhét tao duge dén vi tri 4, va cé f(M) = j.

e Tai vi tri ¢, ta xét toan b cac vi tri j v6i dinh nghia 1a cadc doan dugc chon trude dé < j. Xét toan bo
cac k tit j + 2 dén i, v6i dinh nghia 1a doan mdi dugce chon sé 1a [k, i]. Xét toan bd cac m tit 0 t6i 2, v6i
dinh nghia 13 mod tao dudc & nhitng doan < j. Khi nay ta cé cong thitc truy hoi nhu sau:

fmax(dpli][f(ali] + alk] +m)], dpljllm] + sum(k, 1))

e Vi ta can tinh max clia 1 tién t6, cAp nhat fmax(dpli][j], dpli — 1][j]) (v6i 0 < j < 2).

« Do phiic tap: O(n?).

Subtask 4: n < 1000

e Dua trén tu tudng clia subtask 3, ta nhan ra viéc for qua céc gid tri j nhu trén 1a khong can thiét. Tai
vi trf 4, xét toan bo cdc j < i v6i dinh nghia [4,i] 1& doan méi duge chon. Dé thay, ta sé 1ay max véi
dp[j — 2][m] v6i dinh nghia m nhu subtask bén trén. Céng thitc truy hoi:

fmax(dpli][f(ali] + alj] +m)], dplj — 2|[m] + sum(j, )

o Sau d6 cap nhat lai fmax(dp[i][j], dp[i — 1][j] nhu subtask 3.

« Do phiic tap O(n?).

Subtask 5: n < 10°

« Dinh nghia dp[i][5][0] 14 tong 16n nhat tao duge tinh t6i vi trf 4, gid tri f(M) hién tai la j, va doan gan
nhat chon chua két thic (titc & vi trf nay van tiép tuc thém phan ti).

« Dinh nghia dpli][j][1] 1 tong 16n nhét tao dugc tinh t6i vi tri 4, gia tri (M) hién tai 1a j, va doan gan
nhat chon da két thic (titc & vi trf nay khong thém phan ti).

e O mdi vi trf i, ta s¢ duyét qua céc j 6 thé (0 < j < 3).
 Biét vi trf hién tai 1 i, ta goi = = a;.
e Véi trudng hop doan chua két thiic, ta cé cac trudng hop sau:

— Tiép tuc thém phan ti: fmaz(dp[i][§][0], dp[i — 1][§][0] + )
— Bt dau 1 doan mdi:
« Néu (i < 2): fraaa(dplil[f(@)]0], 2)
« Néu (i > 2): fmaa(dplil[f(z + ](0], dpli — 2 + )
« V6i trudng hop doan da két thic, ta c6 2 trudng hop:
— Doan gan nhat khong phai vi tri hién tai: fmax(dpli][j][1], dp[i — 1][5][1])
— Doéng doan tai vi tri hién tai: fmaz(dpli][f(j + z)][1], dp[i][5][0])

« Do phtic tap: O(n)
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Code mau:

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

5 const int N = 1e6 + 5, INF = 9999999999;
¢ int dp[N][3]1[2], alN];

s void fmax(int &a, int b){
9 a = max(a, b);

10| }

11

12 int f(int x){

13 return (x + INF) % 3;

14| }

15

16 signed main(){

17 ios_base::sync_with_stdio (0);

18 cin.tie(0);

19 int n; cin >> n;

20 for(int i = 1; i <= n; ++i)

21 cin >> alil;

292 for(int i = 0; i <= n; ++i){

23 for(int j = 0; j < 3; ++j)

24 for(int k = 0; k < 2; ++k)

25 dp[i][j1[k] = -1e18;

26 dp[i] [0][1] = 0O;

27 ¥

28

29 for(int i = 1; i <= n; ++i){

30 int x = al[il;

31 for(int j = 0; j < 3; ++j){

32 fmax (dp[i]l[jI1[0], dpli - 1]1[jl[0] + x);
33 if (i <= 2)

34 fmax (dp[i] [£(x)]1[0], x);

35 else

36 fmax(dp[i] [£(x + j)1[0], dpli - 2]1[j]1[1] + x);
37 }

38 for(int j = 0; j < 3; ++j){

39 fmax(dp[i]l[j1[1], dpli - 11[jI1[11);
40 fmax (dp[i][£(j + x)]1[1], dpl[il[jI[0]1);
11 }

12 }

43 cout << dp[n][0][1];

14 return O;

15| F

Bai 3. Ghép cay

Subtask 1: n,m < 102

Xét ting cip dinh (4, j) trong cdy A va B 16i tinh duong kinh clia cdy moi.
Do phiic tap: O((n x m)?).

Subtask 2: n,m < 103

o Thay vi phai tinh lai dudng kinh ctia cAy méi mdi lan thi ta c6 thé tim dudng kinh dai nhat ma chia
canh (i, j) r6i so sanh véi 2 dusng kinh ban dau dé tim dudng kinh ctia cAy moi.

e Goi da; va db; lan lugt 1a khodng cdch xa nhat tit dinh 4 trong cAy A va B t6i 1 dinh.

e Goi D la dudng kinh dai nhat ctia cdy A va B.
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e Goi ans la d4p 4n dé bai.
o Xét ting cap dinh (4, ) trong cdy A va B 16i xét:

— Néu da; + dbj +1 > D thi ans += da; + db; + 1.
— Néu da; + db; +1 < D thi ans += D.

Do phtc tap: O(n x m).

Subtask 3: n,m < 10°
« Trong subtask 2: V&i mdi dinh trong cdy A thi ta phai phai can O(m) dé di qua hét dinh trong ciy B.

« Nhan xét: véi méi dinh 4 trong cdy A, tat cd dinh j trong cdy B sé dudc chia thanh mét trong hai
truong hop dude néu & subtask 2. Nhu vdy, ta chi can tim ra cong thitc tinh nhanh cho méi truéng hop,
thay vi xét riéng tung dinh trong m dinh.

« Nhan thiy diéu kién dé chia hai trudng hop 1a diéu kién vé quan hé so sanh (Idn hon, bé han), ta c6 thé
st dung ¥ tudng chat nhi phan, v6i muc dich tim ra "ranh giGi” gitta cdc dinh roi vao truong hgp mot va
cac dinh roi vao truong hgp hai.

« Dau tién sort lai mang db, goi sb; 1 tong tir db; t6i dby,.

 Xét tumg dinh i trong cdy A, goi j 1a chi s6 bé nhat sao cho da; + db; + 1 > D, ta tim dugc cong thitc:
ans += D x (j — 1) + sb; +da; x (m —j + 1)) + m — j + 1. Phan gidi thich cong thic sé duge dé lai nhu
mot bai tap cho doc gia.

Do phitc tap: O(n x log(m)).

Code mau:

1 #include<bits/stdc++.h>
2| #define 11 long long

4/ using namespace std;

5 const int N = 2eb5 + 5;

611 dis[N];

7 vector<1l> adj[N];

8 11 n, m, da, db;

9911 £fi[N], se[N], out[N], best[N], pref[N];

1 void dfs1(1l u, 11 par) {
12 for (auto v: adjl[ul) {

13 if (v == par) continue;

14 dfsi(v, u);

15 if (£ilv] + 1 > fi[ul) {

16 selul = filul;

17 fi[ul = filv] + 1;

18 } else if (filv] + 1 > sel[ul) {
19 se[ul] = fil[v] + 1;

}

%)

(S

}

NN N
w N

4 void dfs2(1ll u, 11 par) {
for (auto v: adjlul) {

26 if (v == par) continue;

27 if (filul == fil[v] + 1) {

28 out [v] = max(se[u] + 1, out[u] + 1);
29 } else {

30 out [v] = max(fi[u] + 1, out[u] + 1);
31 }

32 dfs2(v, u);
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}

int main() {

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

cout.tie(0);

cin >> n >> m;

for (int i = 1; i < n; i++) {
11 a, b;
cin >> a >> b;
adj[al].push_back(b);
adj[b].push_back(a);
}
for (int i = 1; i < m; i++) {
11 a, b;
cin >> a >> b;
a += n;
b += n;
adj[a].push_back(b);
adj[b].push_back(a);
}
dfs1(1, 0);
dfsi(n + 1, 0);
dfs2(1, 0);
dfs2(n + 1, 0);
for (int i = 1; i <= n + m; i++) {
best[i] = max(fi[i], out[i]);
}
for (int i = 1; i <= n; i++) {
da = max(da, best[i]);
}
for (int i = 1; i <= m; i++) {
db = max(db, best[i + nl]);
}
sort(best + 1, best + n + 1);
for (int i = 1; i <= n; i++) {
pref[i] = pref[i - 1] + best[il;
}
11 ans = 0;
for (int i = 1; i <= m; i++) {
11 1o = 1, hi = n, pos = 0;
while (lo <= hi) {
11 mid = (lo + hi) / 2;
if (best[mid] + best[i + n] + 1 <= max(da, db)) {
pos = mid;
lo = mid + 1;
} else {
hi = mid - 1;
}
}
ans += pos * max(da, db) + (n - pos) * best[i + n] + pref[n]
}

cout << ans;

Bai 4. AND Table

Subtask 1: 1 <n,m <50

- pref[pos] + n - pos;

Duyét qua tat cd hinh chit nhit con, dé tinh tong AND trong O(1), ta duy tri mang calc[i][f][u][v] 1& tong
AND ctia hinh ch nhat con c¢6 géc trén trai la 6 (7, j) va gbéc dudi phai 1la 6 (u,v). Ta ¢ cong thitcc quy hoach
dong:
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39

caleli][j][ul[v] = calcli][j][u — 1[v] & calcil[j][ullv — 1] & a[u][v]

Do phitc tap: O(n? x m?).

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

typedef long long 11;

typedef long double 1d;
typedef pair<11l,11> pl;
typedef pair<int,int> pii;
typedef tuple<int,int,int> tt

>

#define all(a) a.begin(), a.end()

#define filter(a) a.erase(uni

que (all(a)), a.end())

int a[100][100], calc[100][100], n, m, L, R;

8| +

Subtask 2: 1 < n,m < 300

5/ bool ok (int i, int j, int u, int v) {
int area = (u - i + 1) *x (v - j + 1);
return L <= area && area <= R;
int main()
{
ios::sync_with_stdio (0);
cin.tie (0);
cin >> n >> m >> L >> R;
for (int i = 1; i <= n; i++)
for (int j = 1; j <= m; j++) cin >> alil[j];
int ans = 0;
for (int i = 1; i <= n; i++) {
for (int j = 1; j <= m; j++) {
calc[i][j] = alil([j];
for (int u = i + 1; u <= n; u++)
calc[ul[j] = (calclu - 11[j] & alulljl);
for (int v = j + 1; v <= m; v++)
calc[il[v] = (calcl[illv - 1] & al[ill[v]);
for (int u = i + 1; u <= n; u++)
for (int v = j + 1; v <= m; v++)
calc[u][v] = ((calc[u - 1]1[v] & calc[ullv - 1]) & al[ull[v]);
for (int u = i; u <= n; u++)
for (int v = j; v <= m; v++)
if (ok(i, j, u, v)) ans = max(ans, calc[ul[v]);
}
}
cout << ans;
return O;
}

Nhéan xét: Khi da c¢6 mét hinh nhit nhat con c¢6 dién tich > L roi thi viéc mé rong né chac chian khong cai

thién duge dap an.

Duyét moi cip dong (R1, R2), v6i méi lan nhu vay tinh day pi,pa,- -+ ,pm vOi p; 1a tong AND ctia céc phan
tl trén cot j, dong Ry dén Ro, tic la:

pj = ar, j&ag,+1;& - &ap,

Du an Intellectual Showdown — Cuéc thi La Grande Finale 2024 Trang 7/17



https://oj.giftedbat.edu.vn/contest/lgf24

Tinh szmin 12 gid tri nhé nhat sao cho (Re — Ry + 1) X 82min > L. Néu (Ra — Ry + 1) X szmin < R thi tinh
téong AND ctia moi doan con c¢6 do dai szmiy clia p, c¢6 thé ding sparse table.
Do phitc tap: O(n? x mlogm).

#include <bits/stdc++.h>

2/ using namespace std;

=8

w N

SIS

© = O

WoWw NN NN NN NN NN
S & o B 7

typedef long long 11;

5| typedef long double 14;
typedef pair<11,11> pl;

7| typedef pair<int,int> pii;

s| typedef tuple<int,int,int> tt;

#define all(a) a.begin(), a.end()
#define filter(a) a.erase(unique(all(a)), a.end())

int a[1010][1010], spt[1010][11], n, m, L, R;

5/ int query (int 1, int r) {

int p = 31 - __builtin_clz(r - 1 + 1);

return (spt[1]1[p]l & sptlr - (1 << p) + 11[pl);
}

int main ()

{
ios::sync_with_stdio (0);
cin.tie (0);

cin >> n >> m >> L >> R;
for (int i = 1; i <= n; i++)
for (int j = 1; j <= m; j++) cin >> alil[j];

int ans = 0;
for (int rl1 = 1; rl1l <= n; ri++) {
vector<int> p(m + 1, (1 << 30) - 1);
for (int r2 = rl; r2 <= n; r2++) {
for (int j = 1; j <= m; j++) pl[jl = (p[j]l & alr2]1[jl);

int sz_min = L / (r2 - r1 + 1);
if (L % (r2 - r1 + 1)) sz_min++;
if ((r2 - r1 + 1) * sz_min > R) continue;

for (int j = 1; j <= m; j++) spt[jl[0] = p[jl;
for (int s = 1; (1 << s) <= m; s++) {
for (int j = 1; j + (1 << s8) - 1 <= m; j++) {
int pp = s - 1;
spt[jl1[s] = (sptl[jllppl & sptlj + (1 << pp)]llppl);

}
}
for (int j = 1; j + sz_min - 1 <= m; j++)
ans = max(ans, query(j, j + sz_min - 1));

}

cout << ans;

return O;

Subtask 3: 1 <n,m <1000 va R =n xm

Luu ¥, 6 subtask ndy chting ta chi quan tam cén dudi L, khong can quan tAm cén trén R.

Goi ham check(mask) 1a ham tinh xem cé ton tai mot cdch chon ra hinh chit nhat con sao cho tong AND 13
mot tap cha ctia mask (tic la AN D&mask = mask).
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V)

1
2
3
3

1
5

6

Nhin xét 1: Néu check(mask) thoa thi check(submask) ciing théa v6i submask&mask = submask.

Nhan xét 2: R6 rang check(mask) khong phai 1a mot ham don diéu, nhung ta van cé thé chit nhi phan theo
bit trén ham nay, dua vao ¥ tudng tham lam dé 1a ta sé c¢6 gang bat bit 16n nhat ctia mask 1én. Néu cé thé,
viéc bat bit 16n nhat 1én chic chin sé tot hon tat ci céc trudng hop c6 thé xay ra tiép theo néu ta khong bat
bit do.

Tém lai, ta cé thé chat nhi phan theo céch nhu sau:

int ans = 0;
for (int i = 29; i >= 0; i--)
if (check(ans | (1 << i))) ans |= (1 << i);

Nhéan xét 3: Dé tinh ham check(mask), ta nhan xét rang mot tap cic sb c6 tong AND la tap cha clia mask
khi moi phan ti trong tap dé 1a tap cha clia mask.

Ta tao bang b c6 cung kich thuéc véi a sao cho b; j =1 néu a; j 1a tap cha cia mask, nguge lai thi b; ;. Nhiém
vu con lai 1a tim hinh chit nhat con 16n nhat trong bang b, nhu viy bai todn quy vé bai Hinh chit nhat 0 1 trén
VNOJ.

Do phtic tap: O(n x m x a(m)) hodac O(mn) tuy cach cai dat.

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

typedef long long 11;
typedef long double 1d4;
typedef pair<11,11> pl;

7 typedef pair<int,int> piij;

19

w N = O

=

S © ® 3 O

WoWw NN NN NN NN NN
' S o o 7

RS

~

o

39
10
11
42

13

typedef tuple<int,int,int> tt;

#define all(a) a.begin(), a.end()
#define filter(a) a.erase(unique(all(a)), a.end())

int a[1010][1010], n, m, S;

5 bool check (int mask) {

vector<vector<bool>> b(n + 1, vector<bool>(m + 1));

for (int i = 1; i <= n; i++)
for (int j = 1; j <= m; j++)
b[i]l[j] = ((al[il[j] & mask) == mask ? 1 : 0);

int best = 0;

vector<int> h(m + 2);

h[0] = hlm + 1] =il g

for (int i = 1; i <= n; i++) {
for (int j = 1; j <= m; j++) h[j]l = (b[i]1[j] ? h[j] + 1 : 0);
vector<int> 1b(m + 1), rb(m + 1);

stack<int> st; st.push(0);

for (int j = 1; j <= m; j++) {
while (st.size() && hlst.top()] >= h[j]l) st.pop(Q);
1b[j] = st.top() + 1;
st.push(j);

}

while (st.size()) st.pop(); st.push(m + 1);

for (int j = m; j >= 1; j--) {
while (st.size() && hlst.top()] >= h[jl) st.popQ;
rb[jl = st.top() - 1;
st.push(j);

}

for (int j = 1; j <= m; j++)
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63

best = max(best, h[j]l * (rb[j]l - 1b[j] + 1));

}
return best >= S;
¥
int main ()
{
ios::sync_with_stdio (0);
cin.tie (0);
int R; cin >> n >> m >> S >> R;
for (int i = 1; i <= n; i++)
for (int j = 1; j <= m; j++) cin >> alil[j];
int ans = 0;
for (int i = 29; i >= 0; i--)
if (check(ans | (1 << i))) amns |= (1 << i);
cout << anmns;
return O0;
¥

Subtask 4: 1 <n,m <1000 va 0 <a;; <1

O subtask nay, dap an chi c6 thé 1a 0 hoac 1. Do d6 ta tao mot ham kiém tra xem cé ton tai mot hinh chit
nhét con trong bang a sao cho:

« Dién tich nam trong khoang [L; R).
« Chi chita toan s6 1.

Dé viét ham kiém tra, ta duyét qua timg dong i va dit 13 bién dudi clia cac hinh chit nhat dang dude duyét va
duy trl mot mang h c6 do dai m véi h; la do cao 16n nhat sao cho tat ci cac gid tri & cot j, tit dong i — hj+1
dén dong i déu cé gid tri 1a 1.

Ta s& thit moi do cao ctia mot hinh chit nhat (tit 1 dén n), v6i mot do cao H bat ki, tim doan dai nhat cdc vi tri
lién tiép thoa hj > H, goila szpyax. Nhuvay, ta da tim dugce cac hinh cht nhat H x1, Hx2, Hx3,--- , H X szpax.
Néu c6 mot hinh chit nhat nao cé dién tich nam trong khoang [L; R] thi ta da tim dugc mét hinh chit nhat
con thoa.

Dé duy tri cdc doan céc vi trf lién tiép théa h; > H, ta duyét H tit n trd vé 1 va sit dung cAu tric dit lieu
(CTDL) Disjoint Set Union (DSU), c6 thé sit dung ki thuat khac dé c6 d6 phiic tap O(1).

Do phiic tap: O(n(n +m) x a(m)) hoac O(n(n + m)) tiy cach cai dat.

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

typedef long long 11;

typedef long double 1d;
typedef pair<1l1l,11> pl;
typedef pair<int,int> pii;
typedef tuple<int,int,int> tt;

#define all(a) a.begin(), a.end()
#define filter(a) a.erase(unique(all(a)), a.end())

int a[1010][1010], n, m, L, R;
struct DSU {

vector<int> lab, weight;
int best;
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DSU (int sz) : lab(sz + 1, -1), weight(sz + 1), best(0) {}

int get (int u) {
if (lab[u] < 0) return u;
return lab[u]l = get(lab[ul);
}

void incr (int u) {
weight [u]l++, best = max(best, weight[ul);
}

int getWeight (int u) {
return weight[get(u)l;

int getBest () {
return best;

}

void unite (int a, int b) {
a = get(a), b = get(b);
if (a == b) return;
if (-labl[a]l < -lab[bl) swap(a, b);
weight[a] += weight[b], lab[al] += lab[b], lab[b] = a;
best = max(best, weightl[al);

};

7 bool check() {

vector<int> h(m + 1);
for (int i = 1; i <= n; i++) {
for (int j = 1; j <= m; j++) h[jl = (alil[j] ? h[j] + 1 : 0);

vector<vector<int>> pos(n + 1);
for (int j = 1; j <= m; j++)
pos[h[jl].push_back(j);

DSU dsu(m + 1);
for (int high = n; high >= 1; high--) {
for (int p : pos[highl) {
dsu.incr(p);
if (p > 1 &% dsu.getWeight(p - 1)) dsu.unite(p - 1, p);
if (p < m && dsu.getWeight(p + 1)) dsu.unite(p, p + 1);

int sz_max = min(dsu.getBest(), R / high);
if (L <= sz_max * high) return 1;

}

return O;

int main ()
2| {
3 ios::sync_with_stdio (0);
cin.tie (0);

cin >> n >> m >> L >> R;
for (int i = 1; i <= n; i++)
for (int j = 1; j <= m; j++) cin >> alil[j];

cout << check();

return O;
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Subtask 5: 1 < n,m < 1000

Cubi cuing, ta diing nhén xét & subtask 3 d¢ chat nhi phan trén ham check ciia subtask 4 dé ra dugc thuit
toan chuan cho bai toan.

Do phiic tap: O(n(n + m)loga; x a(m)) hoac O(n(n + m)loga;) tuy cach cai dit.

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

typedef long long 11;

typedef long double 1d;
typedef pair<11l,11> pl;
typedef pair<int,int> pii;
typedef tuple<int,int,int> tt;

#define all(a) a.begin(), a.end()
#define filter(a) a.erase(unique(all(a)), a.end())

3 int a[1010][1010], n, m, L, R;

struct DSU {

5[ F;

vector<int> lab, weight;
int best;

DSU (int sz) : lab(sz + 1, -1), weight(sz + 1), best(0) {}

int get (int u) {
if (lab[u] < 0) return u;
return lab[u] = get(lablul);
}

void incr (int u) {
weight [u]l++, best = max(best, weight[ul);
}

int getWeight (int u) {
return weight[get(u)l;

int getBest () {
return best;

}

void unite (int a, int b) {
a = get(a), b = get(b);
if (a == b) return;
if (-lab[a] < -lab[b]l) swap(a, b);

weight [a] += weight[b], lab[a]l += lab[b]l], labl[b]

best = max(best, weight[al);

bool ok (int mask) {

vector<vector<bool>> b(n + 1, vector<bool>(m + 1));

for (int i = 1; i <= n; i++)
for (int j = 1; j <= m; j++)
b[i]l[j] = ((alil[j] & mask) == mask 7 1

vector<int> h(m + 1);
for (int i = 1; i <= n; i++) {

for (int j = 1; j <= m; j++) h[jl = (b[i][j] ? h[j]l + 1

vector<vector<int>> pos(n + 1);
for (int j = 1; j <= m; j++)
pos[h[j]].push_back(j);

DSU dsu(m + 1);
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for (int high = n; high >= 1; high--) {
for (int p : pos[highl) {
dsu.incr(p);
if (p > 1 && dsu.getWeight(p - 1)) dsu.unite(p - 1, p);
if (p < m && dsu.getWeight(p + 1)) dsu.unite(p, p + 1);
}

int sz_max = min(dsu.getBest(), R / high);
if (L <= sz_max * high) return 1;
}
}
return O;

}

int main ()

71 {

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

cin >> n > m > L >> R;
for (int i = 1; i <= n; i++)
for (int j = 1; j <= m; j++) cin >> alil[j];
int ans = 0;
for (int i = 29; i >= 0; i--)
if (ok(ans | (1 << i))) ans |= (1 << i);

cout << ans;

return O0;

Bai 5. Dai Hoa Nhac

Subtask 1: 1 <n,c,qg <5000

Thuyc hién mo6 phéng. Vi mdi séng am chi di O(n) bube va c6 t6i da O(q) séng am duge sinh ra, do phitc tap
la O(ngq).

Subtask 2: ¢ =1

Nhén xét: Néu cho séng 4m di chuyén theo mot thit tu vu tién: séng 4m gan gbc hon di chuyén trude va séng
am xa goc hon di sau, thi khi mot séng am di vao mot dinh da day am lugng thi séng 4m nay sé khong con
déng gép gi thém trong tuong lai nita (khong thay d6i thém Am lugng ctia bat ky dinh nao nita) — Cé thé x6a
(dimg theo doi) séng 4m nay.

Do d6 ta thuc hién moé phéng: méi dinh chi cé thé cé t6i da ¢ séng am di vao do dé do phiic tap 1a O((nc +
q) x logn), logn dén tit viéc phai luu thong tin tdng am lugng trong cay con gbc u bang moét CTDL don gian
(Vi du nhu Fenwick Tree) dé tra 15i truy van count u.

Subtask 3: ¢ = 10°
Notations:

e begin(v) va end(v) 1a thit tit vao va thoat dinh v trong trinh tu DFS ctia ciy (ddc gid c6 thé tim hiéu ve
Euler Tour).

e depth(v) 13 do sau clia dinh v trong ciy, ting dan tit gbc dén 14.
e wave_ starting_position 1a vi tri (dinh) clia séng Am tai thsi diém clap.

o wave__current__position 1a vi tri (dinh) cla séng am tai thoi diem hién tai.
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Xét mot truy van count u:

o Céc séng Am c6 anh huwdng Am lugng 1én cdy con gdc u ndy phai xudt phéat trong ciy con gbc wu:
begin(u) < begin(wave_ starting_position) < end(u). Do dé chi can quan tAm tdi cic séng 4m trong
khoang nay.

e Ta sé mudn phéan tach séng 4m ra lam 2 nhém: séng 4m van con trong ciy con va séng am da di ra khoi
cay con.

— S6ng Am van con trong cdy con: depth(wave__current_position) > depth(u). V6i moi séng &m nay,
no6 sé dong gop vao dap an mot lugng:

depth(wave__starting__position) — depth(wave__current__position)

— Séng am da ra khoi ciy con: depth(wave__current__position) < depth(u). V6i moi séng 4m nay, né
sé dong gép vao dap an mot lugng:

depth(wave__starting_ position) — depth(u)

¢ Qua d6 ta thiy can phai theo ddi séng am qua 2 chiéu 1 begin(wave_starting position) va
depth(wave__current_position) dé c6 thé xem xét va phan loai céc séng Am gitp tra 16i truy van.
Va khi trd 16i truy van count thi ta sé can s6 lugng séng, tong depth(wave_ starting position), tong
depth(wave__current_ position) ctia nhém séng 4m muc tiéu — Ta can mot CTDL 2 chiéu, & day tac
gia st dung Fenwick2D (BIT2D) nén.

Néu ban tinh ¥, ban sé dé y depth(wave__current_position) bi bién dong bsi phép travel, dé c6 thé giai quyét
van dé nay va tiép tuc duy tri dudc séng nay trong CTDL thi c¢6 thé sit dung ky thuat tinh tién ngay tit khi
sut kién clap xay ra: luu trong CTDL biang mot depth &o 1a depth(wave_ starting position) + sumg, vA tinh
tién moi séng lai mot lugng —sumg khi truy van count xay ra. (sumg 1 tong ciia céc d trong cac phép travel
cho t6i su kién hién tai).

Do phitic tap 1a O(n + g x logn x log(n x q)).

Subtask 4: Khong cé gidi han gi thém

Két hop nhan xét & subtask 2 va CTDL & subtask 3.
Ta sé mudn chia séng 4m lam 2 loai: séng am da dimg déng gép trong tuong lai, va séng Am van tiép tuc déng
gop.

« Dbi v6i céc séng am tiép tuc déng gbp, sé 1a hoan toan 6n néu ta luu ching trong CTDL ciia subtask 3
dé tinh todn tac dong ciia loai séng 4m nay (bdi nhitng téc dong clia nhitng séng 4m nay khong bi gidi
han béi gidi han 4m lugng).

« Dbi v6i cac séng am da dimg déng gép: nhitng tac dong con sot (trude khi xéa) 1a tinh, nhitng séng
am nay khéng con di chuyén nén viéc sit dung ky thuit tinh tién & subtask 3 sé la khong
6n — Ta nén xéa né khéi CTDL ctia subtask 3 va luu chiing vao mét CTDL riéng biét (cé
thé tiép tuc diing Fenwick2D hodic mot ciu tric khic nhu Segment Tree trén cay).

o Khi tra 18i truy van count, dap an sé la téng cta tic dong cua 2 loai séng Am trén.

Do d6, v6i mdi séng 4m, ta nén tim duge thoi diém va vi tri ma séng am d6 dimg déng gép trong tuong lai.
Va khi t6i thoi diém dé thi thuce hién chuyén déi CTDL cho séng 4m nay.
Do phitic tap 1a O(n + g x logn x log(n x q)).
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Code mau:

#include <bits/stdc++.h>
#define int long long

using namespace std;

const int N = 1leb + 10;

int

n, C, q, m;

vector <int> adjl[N];

int
int
int
int

par [20] [N];

in[N], out[N], cnt = 0;
4a[N];

hold[N];

void dfs(int x, int p, int dep = 0) {

int

par [0] [x] = p;

d[x] = dep;
in[x] = ++cnt;
for (int i = 1; i < 20; i++)

par[i] [x] = par[i-1]([par[i-1]1[x]];
for (int i : adjl[x])
if (i !'= p)
dfs(i, x, dep + 1), hold[x] = 1i;
out [x] = cnt;

find_par (int x, int k) {
for (int i = 19; i >= 0; i--) {
if ((1 << 1) <= k) {
k -= (1 << i);
x = par[i][x];

}

return x;

array<int, 3> operator+ (array<int, 3> x, array<int, 3> y) {

}

return {x[0] + y[0], x[1] + y[1], x[2] + y[21};

array<int, 3> operator- (array<int, 3> x, array<int, 3> y) {

}

return {x[0] - y[0], x[1] - y[1]l, x[2] - y[21};

struct Fenwick2D {

int n;
long long m;
vector<vector<array<int, 3>>> bit;
vector<vector<long long>> f;
Fenwick2D(int n, long long m) : n(n), m(m), bit(n + 1), f(n + 1)
void fakeAdd(int i0, long long jO) {
for (int i = i0 + 1; i <=n; i += i & -i) {
for (long long j = jO + 1; j <=m; j += j & -j) {
f[i].push_back(j);

}
}
}
void work () {
for (int i = 1; i <= n; i++) {
f[i].push_back(0);
sort (f[i] .begin(), f[i].end());
f[i] . resize(unique(f[i].begin(), f[i]l.end()) - £[i].begin());
bit[i].resize(f[i].size(), array<int, 3>({0, 0, 0}));
}
}

{3
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void add(int iO, long long jO, array<int, 3> x) {
for (int i = i0 + 1; i <= n; i += i & -i) {
for (int j = lower_bound(f[i].begin(), f[il.end(), jO + 1) - f[i]l.begin(); j < (int
YE[i]l.sizeO; j += j & -j) {
bit [i]1[j] = bit[il[j] + x;
}

}
array<int, 3> sum(int iO, long long jO) { // [i, jO)
array<int, 3> res = array<int, 3>({0, 0, 0});
for (int 1 = i0; i > 0; i -= i & -i) {
for (int j = (int) (upper_bound(f[i].begin(), f[i].end(), jO) - f[i]l.begin()) - 1; j
>0; j =3 & -j) Ao
res = res + bit[i][j];

}
return res;

}

array<int, 3> sum(int x1, int yi1, int x2, int y2) { // [x1, x2), [yl, y2)
return sum(x2, y2) - sum(xl, y2) - sum(x2, y1) + sum(xl, y1);

}

50 F;

N O

NN NN NN
® b

int lazy[N];
multiset <array<int, 3>> nodes[N];

void dfs2(int x, int p) {
for (int i : adjl[x])
if (4 '= p) {
dfs2(i, x);
if (nodes[x].size() < nodes[i].size())
swap (nodes [x], nodes[i]);
for (auto j : nodes[il])
nodes [x] . insert (j);

}

while (nodes[x].size() > C) {
auto j = *nodes([x].rbegin();
nodes [x] . erase (nodes [x].£ind (j));
int id = j[1]1;
lazy[id] = hold[x];

}

signed main() {
ios_base::sync_with_stdio(false);
cin.tie(NULL);
cin >> n >> C >> q;
for (int i = 1; i < n; i++) {
int u, v; cin >> u >> v;
adj [ul] . push_back(v);
adj[v].push_back(u);

}
fill_n(lazy, q+1, 1);
dfs (1, 0);

vector <pair<string,int>> qu(q);
int m = 2e10;
Fenwick2D f = Fenwick2D (n + 10, m);

for (int 1 = 0, T = 0; i < q; i++) {
cin >> qul[i].first >> quli].second;
if (quli].first == "travel")
T += qul[i].second;
else if (qul[i].first == "clap") {
int u = qul[i].second;
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131
132
133

134

if (u != 1) nodes([par[0] [u]].insert({d[u] + T, i});
}

dfs2(1, 1);
for (int i = 0, T = 0; i < q; i++) {
if (qul[i].first == "travel")
T += qul[i] .second;

else if (qu[i].first == "clap") {
int u = qul[i].second;
int v = lazyl[i];
f.fakeAdd (in[ul,(d[u]l + T));
if (v != 0)
f.fakeAdd(in[v], (dlv] + T + dlu] - dlv1));
}
}
f.work();

multiset<array<int, 4>> ms;
for (int i = 0, T = 0; i < q; i++) {
if (qul[il.first == "travel") {
T += qul[i].second;
while (!ms.empty() && (*ms.begin())[0] <= T) {
auto j = *ms.begin();
ms.erase(ms.find (j));
int v = j[1];
int T = j[0];
f.add(in[v], (d[v] + T), array<int, 3>({-1, T, -dlv]}));
}
}
else if (qu[i].first == "clap") {
int u = qu[i].second;
int v = lazyl[i];
f.add(in[ul], (d[u]l + T), array<int, 3>({1, -T, dl[ull}));
if (v '= 0) {
int T2 = T + d[u]l - dlv];
ms.insert ({T2, v});
}
}
else {
int u = qu[i].second;
int L = in[ul; int R = out[u]; int R2 = m - (d[u] + T);
array<int, 3> vall = f.sum(L, d[u] + T, R + 1, m);
array<int, 3> val2 f.sum(L, 0, R + 1, d[u] + T);
int ans = valil[1] + val2[2] - d[u] * val2[0] + T * valll[0];
cout << ans << endl;
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