DU AN INTELLECTUAL SHOWDOWN
BAN CHUYEN MON

HUGNG DAN GIAI

Bai 1. bém Dém Dom Dém

Subtask 1: z =y

PRECONTEST LA GRANDE FINALE 2024

NAM HOC 2024 - 2025

Vi z =y nén lem(a, ) = y v6i moi a la udc ctia x nén chi can dem so udce cta x.

Do phitc tap: O(y/x).

Subtask 2: Khong cé rang budc gi thém

Nhan xét: v6i s6 nguyén t6 p thi ta cé py, pa, px 1an lugt s6 s6 w6e p ma y, a, z ¢6 thi p, = max(pa, ps)-

Goi ans 1a dap an dé bai.
Duyét moi s6 nguyén to p roi xét:

e Néu p, > py thi ans = 0.

e Néu p, = Dy thi p, co thé 1a bat ky s6 nao tit 0 t6i p, nén nhan thém vao ans 1 lugng p, + 1.

e Néu p, < py thi p, phai bing py nén ans khong thay déi.

Do phite tap: O(y/x).

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

const long long Mx = 1e6;

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

long long x, ¥y;
cin >> x >> y;
long long ans = 1;
if (y % x 1= 0) {
cout << 0;
exit (0);
}
for (long long i = 2; i <= Mx; i++) {
long long cntx = 0;
while (x % i == 0) {
cntx++;
x /= 1i;
}
long long cnty = O0;
while (y % i == 0) {
cnty++;
y /= 1i;
}
if (cntx == cnty) ans *= cntx + 1;
}
if (y > 1 && y == x) ans *= 2;
cout << ans;
return O;
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Bai 2. Cay bi an
Dau tién, ta dua ra nhan xét, mang time__in[] v time_ out[] clia mot cAy hop 1é sé thda cdc tinh chat sau:
o Sau khi sdp xép cac dinh theo thit tu time__in[] khong gidm, time_ in[i] = i (1 <i < n).
o time__in[i] < time_ out[i] (1 <i < n).
« Néu dinh j 1a t6 tién ctia dinh 4 thi time__in[j] < time__in[i] < time_ out[i] < time_ out[j]. (1)
Tit nhitng quan sat trén, ta nhan thy rang ta sé sap xép cac dinh theo thit tu méng time__in[] khong gidm
dé thuén tién cho viéc tinh toan.
Subtask 1: n < 10

o V6i mdi dinh i, ta sé thit chon timg dinh j (§ < 4) thoa (1) va dit j 1am cha ctia ¢. Sau khi da duyét qua
hét n dinh, vi cdc dinh da duge sdp xép theo tht tu nén ta chi can duyét dfs qua n dinh va kiém tra
xem thit tu duyét ¢6 ding v6i mang time__in[] va time__out[] hay khong.

» D0 phiic tap: O(n!)

Subtask 2: n < 100

o V&i mbi dinh i, cic dinh thudc cay con ciia i gdm cac dinh k théa (1). Ta nhan xét ring cic cAy con ciia
céc con j truc tiép ciia i sé chia mang ra thanh cac ”block”. Cu thé hon, khi xét qua mot con j ciia i, ta
nhan xét rang j sé 1a cha ctia moi dinh & thoéa (1). Do d6, ta sé duyét tiép cdy con cia j thong qua dé
quy va nhdy t6i phan t tiép theo chit khong xét lai ciy con ciia j.

« Do phiic tap: O(n?)

Subtask 3: Khong cé rang budc gi thém

o Tuong tu nhu subtask 2, ta sé duyét qua cdc dinh nam trong cdy con ctia 4. Tuy nhién, lan nay, ta
nhan xét chi cin duyét qua nhitng dinh cé time__in[] va time__ out[] nam trong khoang [time__in[i],
time_ out[i]] thay vi duyét qua tat cic cac dinh. Vi thé, méi dinh chi duge duyét qua ding mot lan,
giup gidm dd phic tap cla thudt todn trd thanh O(n) cho thao tac duyét.

o Do phitic tap: O(n x logn)

Ngoai thuét todn tui minh néu trén, bai nay ciing c¢6 nhiéu cach tiép can khic, vi du nhu duyét tit cic phan
t 14 di lén, phan suy nghi va cai dat xin nhudng cho ban doc.

Code mau

#include <bits/stdc++.h>
#define pii pair<int, int>

using namespace std;
const int N = 5eb + 5, MOD = 1e9 + 7;

int n;

array<int, 3> al[N];
vector<int> adj[N];
bool flag;

void dfs(int i, int pre) {
int u = alil[2];
int nxt = ali][0] + 1;
for (; nxt <= alil[1]; nxt = alnxt][1] + 1) {
int v = alnxt][2];
if (alnxt][1] > ali]l[1]) {
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}

flag = false;
return;
}
adj[v].push_back(u);
adj [u] . push_back(v);

if (alnxt][0] '= alnxt][1]) dfs(nxt, i);
}
void solve() {
cin >> n;
flag = true;
for (int i = 1; i <= n; i++) {
for (int j = 0; j < 2; j++) cin >> alil[j];
afil[2] = i;
}
if (al1][0] '= 1 && a[1][1] !'= n) flag = false;
sort(a + 1, a + n + 1);
for (int i = 1; i <= n; i++)
if (alfi]l[0] !'= i || alil[1] < al[i][0]) flag = false;

}

i

i

}

}

f (flag) dfs(1, 1);

f ('flag) {
cout << -1 << endl;
else {
for (int i = 1; i <= n; i++) {

sort(adj[i].begin(), adjl[i]l.end());
cout << adjl[i].size() << endl;

for (int x : adj[i]) cout << x << " ";
cout << endl;

51 signed main() {

52

i
@
s
r

os_base::sync_with_stdio (0);
in.tie (0);

olve () ;

eturn O;

Bai 3. Ré6t nudc

Subtask 1: n,m <5 x 10°

M6 phéng cic bude ciia bai toan: Chay qua ting phan ti ciia mang b va duyét tinh tong dap 4n véi cadc phan
t cia mang a.
Do phic tap: O(n x m).

Subtask 2: a;,b; <10° (1 <i<n,1<j<m)

o Nhén xét quan trong: log(n) ~ 1/1 + 1/2 + ... + 1/n (con dugc goi la Harmonic series).

Vi MOI phan tit b;, ta c6 thé chay qua cic boi j ctia b; (v6i j c6 dang j = b; x k, k > 0).

V6i mdi boi nhut vAy, tim cdc phan ti trong mang a c6 gid tri trong khoang [b; x k,b; x (k + 1)], va mdi
phan tit  trong khodng gia tri nhu thé sé déng gép mot luong gia tri 1a & — b; x k vao bién tdong.

Thao téc trén c6 thé st dung chit nhi phan trén mang a sau khi duge sip xép ting dan.

Ta chon b; c6 tong bé nhét, dé chinh 1a ddp an bai toan.

Do phitc tap: O(n x log max, x logn).
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Code mau

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

const int N = 5eb5, M = 5e6;

int n, m;
int a[N + 5], b[N + 5];
;) long long s[N + 5];

int main() {
cin >> n >> m;
for (int i = 1; i <= n; i++) {
cin >> alil;

}

for (int i = 1; i <= m; i++) {
cin >> bl[il;

}

sort(a + 1, a + 1 + n);
sort(b + 1, b + 1 + m);

for (int i = 1; i <= n; i++) s[i] = s[i - 1] + alil;

long long res = 1el8;
for (int j = 1; j <= m; j++) {
if (b[j] == b[j - 1]) continue;
long long val = O;
for (int k = 0; k < alnl; k += b[j]) {

int 1 = lower_bound(a + 1, a + 1 + n, k) - a;
int r = lower_bound(a + 1, a + 1 + n, k + b[j]) - a - 1;
if (1 == n + 1) break;

val += (s[r] - s[1 - 1]1) - (LLL * k * (r - 1 + 1));
res = min(res, val);

cout << res;

Subtask 3: 1 <n<2x10°1<m <2x10°

Céi tién tir Subtask 2, ta cé thé loai bd viéc chit nhi phan bang céch st dung mang cong don trén gia tri
thay vi trén mang a. Poc gia cé thé doc doan code mau dudi diy dé hiéu cach cai dit bai toan.

Code mau

#include<bits/stdc++.h>
#define int long long
#define all(x) x.begin(), x.end()

using namespace std;
const int maxn = 5e6 + 5;
int n, m;

; int al[maxn], pf[maxn][2];
vector<int> b;

signed main ()

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

Du én Intellectual Showdown — Cuéc thi Precontest La Grande Finale 2024 Trang 4/9



https://oj.giftedbat.edu.vn/contest/pre_lgf24

19

cin >> n >> m;

for (int i = 1; i <= n; i++)
cin >> alil,
pflalil][0] += alil,
pflalil][1] += 1;

for (int i = 1, x; i <= m; i++)
cin >> x,
b.emplace_back(x);

sort (all(b));

b.resize (unique(all(b)) - b.begin());

for (int i = 1; i < maxn; i++)
for (int j = 0; j < 2; j++)

pf[il[j] += pfli - 11[j1;

int res = 1el8;
for (int val : b)
{
int cur = 0;
for (int k = 0;; k++)
{
int 1 = k * val, r = min(maxn - 1, (k + 1) * val - 1);

if (1 >= maxn) break;
int sum = pfl[r][0] - pf[1]1[0], cnt = pflr][1] - pf[1]1[1];
cur += sum - 1 * cnt;

res = min(res, cur);

}

cout << res;

Bai 4. Traffics

Subtask 1: R =0

Thuat toan: Dijkstra
Véi R = 0 thi d6 thi khong khéc gi d6 thi vo hudng c6 trong sb6 binh thuong, goi d[i] 1a duong di ngan nhat ti
1 dén i, v6i mdi x; dép an sé 1a d[z;] x 2.

Do phitc tap: O((n+m) x logn)

Subtask 2: 1 < k<10

Thuat toan: Dijkstra

e Vi k bé nén véi subtask nay v4i mdi c6 ngudi yéu ta sé thuc hién 2 1lan dijkstra: dé tinh thoi gian di ti
1 dén x; va tinh thoi gian di tit o; vé 1.

« Ta nhan xét rang chi can dijkstra tim dudng di nhanh nhat 1a dugc, néu gip dén dé thi cong thoi gian
chd dén do vao thai gian di chuyén.

o Xét riéng timg trusng hop z (2 13 nha ngudi yéu), goi d1[i] 1a thoi gian ngin nhat dé di tit 1 dén ¢ khi,
khi & dinh 4, ta kiém tra xem tai thdi diém d6é dang 13 dén xanh hay dén do, néu 1a dén xanh thi cé thé
di tiép, ngugc lai thi phai cong thém thdi gian chg dén dé. Sau dé, goi d2[i] 1a thoi gian ngin nhat dé di
tit = dén ¢, cich tinh d2 tuong tu nhu cach tinh d1.

¢ Ban dau memset hai mang d1 d2 duong vo cing. Gan d1[1] = 0, tinh d1 xong, gén d2[z] = d1[z] sau d6
tinh d2. Két qua bai toan la d2[1].

Do phite tap: O((n+m) x logn x k)
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Subtask 3: Khong cé rang budc gi thém
Thuat toan: Dijkstra

Dau tién ta thuc hién Dijkstra dé tim thoi gian ngén nhat dé di ti 1 dén moi dinh con lai.
K& tiép, ta c6 thé thdy, tin hi¢u deén tai mét dinh phu thudc vao thdi gian hién tai, va chi c6 téi da B + R thoi

diém lam anh huéng dén tin hiéu déen. Vi du: G = 4, R = 5.

thoi diém 0 1 2 3 51| 6 8 9
t dém ngugc 4 3 2 1 4 1 3 1 4
mau xanh | xanh | xanh | xanh | dé | d6 | d6 | d6 | d6 | xanh

Do d6 ta goi f[i][t] 1a thoi gian ngin nhat dé di tit 1 dén i va f[i][t|%(B + R) = t.

Vi ta khong thé tim thoi gian di chuyén ngan nhét ti ting dinh z; vé 1 nén ta sé phai tinh thoi gian bang

cach di tir 1 v6i moi thoi diém 0 <t < B+ R — 1.

Véi cach tinh thoi gian nguge (tru deén tai cdc dinh cliing sé chay ngugce).
Cubi cung, v6i mdi dinh z;, ans = min(d[z;] + flxi][t] + g(d[z:],t)) v6i g(t1,£2) 1a gia tri bé nhat sao cho

(t1 + g(t1,t2))%(B + R) = t2.

Do phic tap: O((n x (B + R) +m) x log(n x (B + R))).

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

using namespace std;

typedef pair<int, int> pii;

typedef tuple<int, int, int> tpiii;
const int INF = 1e18;

const int MX = 100005;

int n, m, k, B, R, BR;

int x[MX];

int 1[MX1, r[MXI;

int d[MX];

3 int £ [MX][60];

vector<pii> G[MX];

void nhap() {
cin >> n >> m >> k >> B >> R;
for (int i = 1; i <= k; i++) cin >> x[i];
for (int i = 1; i <= m; i++) {
int u, v, c;
cin >> u >> v >> c;
G[ul] . push_back ({v, c});
G[v].push_back({u, c});

}

for (int i = 1; i <= n; i++) {
cin >> 1[il;
r[i] = 1[i] + R - 1;

}

int ttb(int x, int id) { /// time to green

int d = x % BR;

return d >= 1[id] && d <= r([id] ? r[id] - d + 1 : 0;
}

void dijkstra() {
priority_queue<pii, vector<pii>, greater<pii>> Q;
for (int i = 0; i <= n; i++) d[i] = INF;
d[1] = 0;
Q.push({d[1], 1});
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while (Q.size()) {
int du, u;
tie(du, u) = Q.top(Q);
Q.pop);
if (du '= d[u]) continue;
for (pii &tmp : G[ul) {
int v, c;
tie(v, c) = tmp;
c = c + d[ul + ttb(d[ul, u);
if (dlv] > ¢) {
dlv] = c;
Q.push({d[v], v});

}

void dijkstra2() {
priority_queue<tpiii, vector<tpiii>,
memset (f, 0x3f, sizeof f);
for (int i = 0; i < B + R; i++) {
f[1]1[i] = O;
Q.push({0, i, 1});
¥
while (Q.size()) {
int du, t, u;
tie(du, t, u) = Q.topQ);
Q.popO);
if (du !'= f[ul[t]) continue;

for (pii &tmp : G[ul) {
int v, c;
tie(v, c) = tmp;
int nt = (t - ¢) % BR;
if (nt < 0) nt += BR;

greater<tpiii>> Q;

if (ttb(nt, v) == 0 && fl[v][nt] > du + c) {

flv][nt] = du + c;
Q.push({du + c, nt, v});

int nt =t - 1;

if (nt < 0) nt += BR;

if (£f[ullnt]l > du + 1) {
f[u]l[nt] = du + 1;
Q.push({du + 1, nt, ul});

}

void solve() {
BR = B + R;
dijkstra();
dijkstra2();

for (int i = 1; i <= k; i++) {
int x = ::x[i];
int ans = 1el8;

for (int j = 0; j < BR; j++) {
int ¢ = (j - d[x]) % BR;
if (c < 0) c += BR;
ans = min(ans, f[x][j] + c);
}

cout << ans + d[x] << ' ';
}

int32_t main() {
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ios_base::sync_with_stdio(false);
cin.tie(0);

nhap () ;
solve () ;

return O;

Bai 5. Cat day

Subtask 1: 2 <k.n <12

o Thit hét tat ca (}) cach cit ddy a va (}) cdch cit ddy b va chon cdch t6t nhat.
. 2
« Do phiic tap: 02" + () x n)

Subtask 2: 1 <k <10

e Do k=2 nén day a va b sé dudc cit thanh 2 phan tién t6 va hau td. Bai toan trd thanh biéu thic:

max |preg[i] — preplj]| + |sufa[i + 1] — sufp[j + 1]
1<4,5<n

o V&i preg, prep 1a mang tong tién t6 clia a, b va suf,, suf, 14 mang téng hau tb cia a, b.

« Do phiic tap: O(n?)

Subtask 3: Khong cé rang budc gi thém

o Nhéan xét: |a — b] = max(a — b,b — a)

« Diéu nay dong nghia véi viec, dé cuc dai héa tong clia céc tri tuyét ddi, véi |a — b|, ta chi can lay mot
c4i mang dau cong va mot cai mang dau trit. Véi cach lam nay, néu mot phuong 4n nao d6 vi pham quy
tac tinh tri tuyét dbi thi sé tu dong bi ham max loai ra.

o MBbi tri tuyét d6i c6 2 cach xét dau, nhu vay ta c¢é 2% cach xét dau tri tuyét ddi. Mdi cach xét dau nhu
véy sé duge biéu dién bang moét day bit. Vi bit thit j bang 1 nghia 1a aj mang dau cong va b; mang dau
trit, ngugc lai 14 a; mang dau trir va b; mang dau cong.

« Bai toan lic nay duge don gidn héa thanh bai todn cit day a thanh k doan sao cho céc phan ti cia
doan thit j bi ddo dau néu bit thit j ctia mask bang 0 va cuc dai héa téng day a. Lam tuong tu véi day
b, nhung v6i day bit ngugc lai.

« D& thiy, ta c6 thé gidi bai toan trén bang Quy hoach dong:

0 i=0vaj=0

—00 (t>0vaj=0)hodc (i=0vaj>0)
max(dpg[i — 1][j], dpali — 1][j — 1]) + a[z] bit thi j clia mask la 1

max (dpg[i — 1][j], dpa[i — 1][j — 1]) — a[é] Dbit thit j cia mask 1a 0

dpylil[j] =

e Xay dung mang dpy theo y tudng tuong tu.
o Cudi cting, dap 4n 1a dp,[n][k] + dps[n][k].

« Do phiic tap O(2F x nk).
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#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/ const int mn = led4 + 4;

11 dp_almn] [20], dp_b[mn][20], almn], b[mn];

bool getCur (int mask, int pos) {
return mask & (1 << pos);

3| 3

11 add (11 a, 11 b) {
if (min(a, b) == LLONG_MIN) return LLONG_MIN;
return a + b;

}
int main ()
{
ios::sync_with_stdio (0);
cin.tie(0);
int n, k; cin >> n >> k;
for (int i = 1; i <= n; i++) cin >> al[i]l;
for (int i = 1; i <= n; i++) cin >> b[i];
11 ans = LLONG_MIN;
for (int msk = 0; msk < (1 << k); msk++) {
int mask = msk << 1; // turn to 1l-indexed
for (int i = 0; i <= n; i++)
for (int j = 0; j <= k; j++)
dp_alil[j] = dp_bl[il[j] = LLONG_MIN;
dp_al[0][0] = dp_b[0][0] = O;
for (int i = 1; i <= n; i++) {
for (int j = 1; j <= k; j++) {
11 cur_a = (getCur(mask, j) ? alil : -alil);
11 cur_b = (getCur(mask, j) ? -b[i] : b[il);
dp_alil[j] = add(max(dp_ali - 1]1[jl, dp_ali - 11[j - 11),
dp_b[il[j] = add(max(dp_bl[i - 1I1[jl, dp_bl[i - 11[j - 11),
¥
}
ans = max(ans, add(dp_aln][k], dp_b[nl[kl));
}
cout << ans;
return O0;
¥

cur_a) ;
cur_b);
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