TO CHUC THE GIFTED BATTLEFIELD TGB Contest #2: Khéi Hanh
DU AN INTELLECTUAL SHOWDOWN NAM HOC 2024 - 2025

HUGNG DAN GIAI — Ban Chuyén mén Tin hoc

Bai 1: So 6 den
Loi giai
Nhén thiy rang néu nhu m - n 14 s6 chin, thi s6 6 den sé = s6 6 tring = . Néu m - n 1a s6 18, thi xét tiép

qua i, j. Néu i v j déu ndm & vi trf c6 thit tu cing chin hodic cling 1&, thi s6 6 den 13 %ﬂ Ngugc lai s6 6

den sé 1a %71

Cai dat (tham khao)

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

3 int main ()

{
long long n,m,i,j;
cin >> n >> m >> i >> j;
long long ans;
if ((m * n) % 2 == 0)
ans = (m * n) / 2;
else
{
if (i % 2 == 0 && j % 2 == 0)
ans = ((m * n) + 1) / 2;
else if (i % 2 !'= 0 && j % 2 != 0)
ans = ((m * n) + 1) / 2;
else ans = ((m * n) - 1) / 2;
}
cout << ans;
return O;
¥

Bai 2: Hinh hop chir nhat

Subtask 1: Vét can

Vin < 100 va ta c6 thé dé& dang nhan thiy x,y, z < n nén ta sé lan lugt thit timg bo ba sb x, y, z va kiém tra
xem néu x -y -z = N thi chon bd 3 ¢6 gid tri z 16n nhat. Do phtic tap O(n?).

Subtask 2: Vét can (optimize)

Tuong tu thudt & subtask 1 nhung ta c6 thé thay rang chi can cé hai gia tri , y thi ta c6 thé x4c dinh gia tri

z= % Va vi N < 5000 nén ta sé dung 2 vong lip dé duyét moi cip gié tri , y sao cho N chia hét cho z -y
N sl 4. ss4+_ N A , 2
va cuc dai héa gid tri z = 7y DO phtic tap O(n*).

Subtask 3: Thuat chuan
Dé mot bo 3 {z,y,2 | x-y-2z= N} va z 1a 16n nhat khi va chi khi gia tri = - y 13 bé nhat.
T nhan xét trén ra c6 thé thiy  sé 1a udc s6 bé nhat ciia N, y 1a uéc s6 bé nhat cta gid tri %, khi d6 N sé
chia hét cho = -y va = - y 1a sé ¢ gié tri bé nhat khi d6 z = % s& mang gié tri 16n nhat.

Dua bai todn vé tim udc bé nhat ctia mot sd. Do phiic tap O(V'N).
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Cai dat (tham khao)

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

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

int n; cin >> n;

int a = 1, b = 1;

for (int i=2; i*i<=n; i++) if(n%i == 0){
a = 1ij;
n /= i;
break;
}
for (int i=2; i*i<=n; i++) if(a%i == 0){
b =1i;
n /= i;
break;
}
if (a == || b == |l n == 1) cout << -1;
else cout << a << ' ' << b << ' ' << n << endl;

return 0;

Bai 3: Cat day
Subtask 1: Vét can

Ta thiy rang néu dit mdi phan ti 1 trong 2 trang thai 1a: ghép vdo nhém cia phan ti sau va két thic mot
nhom, va mac dinh phan tit cudi sé cé trang thai két thic mot nhom, thi moi cach chon céc trang thai cho
n — 1 phan t@ dau tién sé tuong tng véi mot cach cit day.

Do gi6i han n < 21 nén ta hoan toan c6 thé duyét hét toan bo cdu hinh ¢é k trang théi két thiic mot nhom va
tinh chi phi theo dinh nghia dé bai.

o Do phitic tap thoi gian: O(2™).

Subtask 2: Quy hoach dong

Goi dp[i][j] 1& chi phi ti thiéu dé cit 4 phan ti dau tién ctia day o thanh j doan. Ta thit hét tat c cc vi tr
k 1a vi trf ngay trude vi trf bat dau clia doan thit j, néi cach khac, doan thit j sé 14 doan tit phan ti thit k + 1
dén phan tit tht i. Khi d6, k phan ti dau tién sé duge cit thanh j — 1 nhém. Nhu vy, cong thitc truy hoi la:

aplillj] = min (max(aplH][j — 1), (preld] — pre[t])*)

v6i prefi] 1a tong tién t6 do dai i clia day a.
« Do phiic tap thoi gian: O(n?k).

Subtask 3: Quy hoach dong + CTDL + chat nhi phan

Dé théy, néu tao dugc mot cach cat ¢ chi phi < z thi ta ciing tao dude mdt cach cat c6 chi phi < z + 1. Do
d6, ta c6 thé chit nhi phan trén ham check(x) kiém tra xem c6 ton tai mot cach cit cé chi phi < x hay khong.
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Dé xay dung ham check(z), ta sit dung lai ¥ tuéng Quy hoach dong & subtask 2, nhu bay gi ta dinh nghia
dpli][j] 14 mot gia tri boolean cho biét cé thé cat i phan tit dau tién ctia diy a thanh j doan sao cho chi phi
<z

Ta thiy dp[i][j] = 1 khi ton tai mot vi trf k sao cho (pre[i] — pre[k])? < x va dp[k][j — 1] ciing bang 1. Ma dé
binh phuong clia mot sb s bé hon mot can trén, titc 1a s? < z, thi ta ¢ |s| < /z hay —/z < s < /z. Nhu
vay, ta can chon k sao cho —/z < pre[i] — pre[k] < /7, tiic la:

preli] — [vz] < pre[k] < preli] + [vz]
Dé tbi uu Quy hoach dong, ta nén sb cac gia tri pre[i] r6i sit dung Fenwick Tree dé tim gié tri & can tim.
o Do phtic tap bo nhé: O(nk) hoac O(n) tuy céch cai dat.

« Do phiic tap thai gian: O(log(a®n?) - nklogn).

Cai dat (tham khao)

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

typedef long long 11;

typedef long double 1d;
typedef pair<11,11> 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 = led + 4;

int a[mn], prel[mn], leftBound[mn], rightBound[mn], pos[mn], n, blocks;
vector<int> cmp;
bool dp[2][mn];

11 floorSqrt (11 n) {
11 x = sqrt(n), ans = 0;
for (11 i = x - 2; i <= x + 2; i++)
if (i * i <= n) ans
return ans;

i g

3|

11 ceilSqrt (11 n) {
11 x = sqrt(n), ans = 0;
for (11 i = x + 2; i >=
if (i * i >= n) ans
return ans;

»
|
N

i--)

]
-

}
struct BIT {
vector<int> tr;
BIT (int sz) : tr(sz + 1) {}

int p (int k) { return k & -k; }

void update (int k) {
for (; k < tr.size(); k +

p(k)) trlk]++;

}

int preSum (int k , int ans = 0) {
for (; k; k -= p(k)) ans += trl[k];
return ans;

}

int query (int 1, int r) {

Du 4n Intellectual Showdown — Contest Khdi dong Trang 3/9



I3

}

return preSum(r) - preSum(l - 1);

void refresh() { fill(all(tr), 0); 1}

int lowerBound (int targ) {
return lower_bound(all(cmp), targ) - cmp.begin() + 1; // return 1-indexed

}

bool check (11 ub) {

int

int
for

}

for

BIT
for

}

x = floorSqrt (ub);
(int i = 1; i <= n;

i++) {

leftBound[i] = lowerBound(prel[i] - x);
rightBound [i] = lowerBound(pre[i] + x + 1) - 1;

(int t = 0; t < 2; t++)
for (int i = 0; i <= n; i++) dplt][i]
dp[0][0] = 1;

tree(n + 1);
(int k = 1;
int t = k &

; k <= blocks; k++) {
1

for (int i = 0; i <= n; i++) dplt][i]

tree.refresh();
if (dplt ~ 11[01)

tree.update (pos [0]) ;

for (int i = 1; i <= n; i++) {
dp[t][i] = tree.query(leftBound[i], rightBound[i]);
if (dplt =~ 1]1[i]) tree.update(pos[il);

return dp[blocks & 1] [n]

main ()

ios
cin

cin
for

}

cmp

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

>> n >> blocks;

(int i = 1; i <= n;

cin >> alil;

prel[i]l = prel[i - 1]

cmp . push_back (pre[i]

.push_back (0);

3

i++) {

+ alil;

)

sort(all(cmp)), filter(cmp);

]
o

]
o

i++) pos[i] = lowerBound(prel[il);

for (int i = 0; i <= n;

if (check(0)) return cout << 0, O0;
11 ans = 0;

for (11 msk = 1LL << 57;

}

msk > 0; msk >>=

if (!check(ans | msk)) ans |= msk;

cout << ans + 1;

return O;

1 {

value
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Bai 4: Uéc chinh phuong

Subtask 1: Vét can

Tinh trudce f(n) v6i moi n € [1;100]. Dé tinh mot gia tri f(n) bat ki, ta duyét moi cap udc roi tinh theo dinh
nghia trong O(n?). Véi moi truy van, ta chi viéc duyét trau cc gia tri tit L dén R r6i dua ra két qua.

« Do phiic tap thoi gian: O(N? + T - N).

Subtask 2: Sang nguyén té

Dé mot s6 14 s6 chinh phuong thi trong phéan tich thita sé nguyén t6 ciia né, moi s6 mi déu la sé chan. T
d6, ta c6 thé rat ra nhan xét rang trong phan tich thita sé cia @ va b, sé mil clia ciing mot thita sé nguyén t6
phéi c6 cling tinh chan/1é.

Do céc thita sé nguyén t6 1a doc 1ap nhau, ta c6 thé tinh cho ting thita s6 rdi nhan ching lai dé c6 dap an
cudi ciing. Cu thé, véi phan tich thita s6 nguyén td n = pit - py? - ik, ta c6 cong thitc tinh f(n):

f(n) = H calc(ay)
1<i<k

v6i ham calc(r) 13 ham tinh s6 cip (a,b) c6 cling tinh chén/1é sao cho a,b < x. Viéc xdy dung cong thitc tinh
calc(x) sé dugc nhuong lai cho doc gia.

V6i cong thitc nay, ta hoan toan cé thé tinh f(n) véi moi n € [1;105] trong khoang O(N In N), két hop thuat
toan Sang nguyén t6 dé c¢é thé phan tich thita s6 nguyén t6 mot cach hiéu qua.

Dé tra 16i cc truy van, ta chi viéc xay dung prefix sum cho ham f rdi tinh téng doan [L; R] trong O(1).

o D0 phitic tap thoi gian: O(NIn N 4+ T).

Subtask 3: Sang nguyén t6 m& rong

Ta ¢6 thé tinh truc tiép ham f bing mot lan chay Sang nguyén t6 duy nhit. Y tudng 1 v6i moi s6 nguyén td
p, ta can tinh s6 mi ctia né trong céc bdi can duyét, didu nay cé thé duge thuc hién bang Quy hoach dong co
bén.

Ngoai ra, doc gid ciing c6 thé tham khao dang mé rong clia thuit todn Sang nguyén t6 & Chuyén dé S6 nguyén
t6 sap t6i ctia du 4n Chicken Minds (The Gifted Battlefield).

o Do phitic tap bd nhé: O(N).

o D0 phtic tap thoi gian: O(NInln N + 7).

Cai dat (tham khao)

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

typedef long long 11;

typedef long double 14;
typedef pair<11,11> pl;
typedef pair<int,int> piij;
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 = 1e7 + 7, MOD = 1e9 + 7;

int sieve[mn], vpl[mn];

int add (int a, int b) {
assert(0 <= a && a < MOD && O <= b && b < MOD);
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return a + b - (a + b < MOD ? O : MOD);

int sub (int a, int b) {
assert(0 <= a && a < MOD && O <= b && b < MOD);
return a - b + (a - b > 0 ? 0 : MOD);

int mul (int a, int b) {
assert(0 <= a && a < MOD && O <= b && b < MOD);
return 1LL * a * b % MOD;

int sq (int a) { return mul(a, a); }
int odd (int k) { return sq((k + 1) / 2); }

; int even (int k) { return sq((k + 2) / 2); }

int main ()

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

for (int i = 1; i < mn; i++) sieveli] = 1;
for (int p = 2; p < mn; p++) {
if (sievel[p] != 1) continue; // p is composite
for (int i = 1; p * i < mn; i++) {
vplil = (i % p 2 0 : vpli / pl + 1);
sieve[p * i] = mul(sievel[p * i], add(odd(vp[i] + 1), even(vp[i] + 1)));
}

for (int i = 1; i < mn; i++)
sieve[i] = add(sievel[i - 1], sievel[il]);

int TC; cin >> TC;
while (TC--) {
int L, R; cin >> L >> R;
cout << sub(sieve[R], sieve[L - 1]) << "\n";

}

return O;

Bai 5: Xau nhi phan
Subtask 1: Xét truong hgp
Véi n = 3, ta chi can xét 2 trudng hop nhu sau:

o Néu sb lugng ky tu 1 trong xau s 1a 0 hodic 3, ta khong thé tao ra hai vi trf khac nhau, nhu viy dap an
la 0.

o Néu s6 luong ky tu 1 trong xau s 1a 1 hodc 2, ta c¢b ging dua xau vé dang 010 hoic 101, nhu vAy dap an
la 1 hoac 2.

Y tudng chung

Trude hét, ta can xdy dung mot cong thitc dé tinh s lan hodn déi t6i thiéu dé bién d6i mot sau nhi phan S
thanh T

R6 rang, viéc hoan déi hai ky tu giéng nhau sé lam xau khong thay d6i nhung lai tén thém mot thao tac. Do
dé, ta chi thue hién cac thao tac hodn déi ky tu 0 v6i 1 hoiic ngudc lai. Tit d6, ta ciing dua ra nhan xét: ky tu
1 thit i trong xau S s& tuong tng véi ky tu 1 thit i trong xau 7. Diéu nay ding bdi vi néu ky tu 1 tht i trong
xAu S tuong ting véi ky tu 1 thit j (v6i i # j) trong xau T thi ta da thuc hién hodn déi ky tu 1 thit i v6i cc
ky tu 1 ndm gitta i va 7, va nhu da phéan tich, diéu nay 1a phung phi. Piéu tuong tu ciing ding véi ky tu 0.
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Nhu vay, dé tinh s6 1an hoan ddi, ta chi can quan tdm dén s lan ma céc ki tu 1 bi hoan ddi vi trf v6i ky tu
1. Két hop v6i nhan xét néu trén, ta thiy rang hai ki tu bat ki sé bi hoan déi véi nhau khi va chi khi:

e Goi 4,4 lan lugt 1a vi tri ctia chiing trong xau S, ta c6 i < j.

e Goi i, 4" 1an lugt 1a vi tri ctia ching trong xau T, ta c6 i > j'.

Nhu vay, v6i mdi ky tu 1, ta can tinh chénh léch ciia s6 ky ti 0 nam & bén trai né & xau S va T. Tic la ta c6
cong thitc tinh s6 lan hoan d6i nhu sau:

Z |countZerog[i] — countZeror|pos|i]]| = Z |i — posl]i]|
1<i<n,S[i]=1 1<i<n,S[i]=1

v6i countZerog[i] va countZeror[i] lan lugt 14 s6 lugng ky tu 0 trong tién t6 do dai i & xau S va T, posli] 1a
vi tri tuong tng cia ky tu th ¢ cia xdu S 6 xau T.

Do s6 luong ky tu 1 nam bén trai ky tu 1 thit 4 trong ca xau S va T 14 nhu nhau nén ta cé thé rit gon cong
thitc nhu vé sau ctia céng thiic trén.

Subtask 2: Vét can

Duyét hét cac xau t ¢6 cling s6 luong ky tu 1 véi xau s ban dau va dung coéng thiic trén dé tinh sé lugng thao
tac t6i thiéu. Néu sd thao tdc < k thi ¢ 14 mot xau hop 16, ta cAp nhat dap an theo dinh nghia dé bai.

« Do phtic tap: O(2" - n).

Subtask 3: Quy hoach dong

T cong thitc tinh nhu trén, ta sé st dung Quy hoach dong dé quan 1y déng gép clia ting ki tu 1 vao tong sd
thao tac (Contribution to the Sum).

Ta goi dp[diff][one][zero][val] I s6 thao tdc dé bién doan one + zero ki tu dau tién (gom one ki tu 1, zero
ki ti 0) thanh doan c6 diff cip lién ke khic nhau va gid tri cudi ciing 1a val (v6i val = 1 hogc val = 0).

Y tuéng chung la ta sé tinh gid tri cla dp[...] v6i moi diff tit 1 dén n 16i ldy diff 16n nhit sao cho
min(dp[diff][...][0], dp[diff][...][1]) < k.

Dé tinh dp[diff][one][zero][val], ta thiy:

e Néu val = 0, ttic 1a ky tu cudi trong xau dang xét 1a 0, ky tu nay sé khong déng gép vao tong va ta truy
hoi vé trang thai c6 one ky tu 1 va zero — 1 ky tu 0.

o Néu val = 1, ttic 1a ky tu cudi trong xau dang xét 1a 1. Dé tinh déng goép ctia ki tu nay, ta tinh gia tri p
14 vi trf ctia ky tu 1 tht one trong xau s. Ta biét duge rang ky tu 1 nay sé dude dit & vi trf one + zero
trong xAu mai nén déng gép ciia né 14 |p — (one + zero)|. Sau dé, ta truy hoéi vé trang thaii c6 one — 1
ky tu 1 va zero ky tu 0.

Viéc xay dung céng thitc Quy hoach ddng cu thé sé duge nhudng lai cho doc gia.
« Do phitc tap bo nhd: O(n?).

« Do phiic tap thoi gian: O(n?).

Cai dat (tham khao)

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

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

#define
#define

pair<int,int> pii;
tuple<int,int,int> tt;

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

int dp[303][303][303]1[2], onePos[303];

{

ios:
cin.

int

5 int main ()

:sync_with_stdio (0) ;
tie (0);

n, k; cin >> n >> k;

string s; cin >> s;

s =" " + s
/// pre-calculations
int zeroCount = 0, oneCount = 0;
for (int i = 1; i <= n; i++) {
if (s[i] == '1') onePos[++oneCount] = ij;
else zeroCount++;
}
/// setup base-cases
for (int diff = 0; diff <= n; diff++)
for (int i = 0; i <= zeroCount; i++)
for (int j = 0; j <= oneCount; j++)
for (int last = 0; last < 2; last++) dpl[diff][i][j][last] = INT_MAX;
dp [0] [0] [0] [0] = dpl[ol[o]l[0]l[1] = O;
/// run DP
for (int diff = 1; diff <= n; diff++) {
for (int zCur = 0; zCur <= zeroCount; zCur++) {
for (int oCur = 0; oCur <= oneCount; oCur++) {
if (!'zCur && 'oCur) continue;
// calculate dp[diff] [zCur] [oCur][1]
if (oCur) {
int oldPos = onePos[oCur], newPos = zCur + oCur, cost = abs(oldPos - newPos
);
if (diff) { // place a '0O' before it
int recur = dp[diff - 1] [zCur][oCur - 1][0];
if (recur !'= INT_MAX)
dp[diff] [zCur] [oCur][1] = min(dp[diff][zCur] [oCur][1], recur + cost
);
}
if (true) { // place a '1' before it
int recur = dp[diff][zCur] [oCur - 1][1];
if (recur !'= INT_MAX)
dp[diff] [zCur] [oCur][1] = min(dp[diff][zCur] [oCur][1], recur + cost
);

}

// calculate dp[diff] [zCur] [oCur][0]
if (zCur) {
if (diff) { // place a 'l' before it
dp[diff] [zCur] [oCur] [0] = min(dp[diff] [zCur] [oCur] [0], dp[diff - 1][

zCur - 1] [oCurl[1]);

}
if (true) { // place a '0O' before it
dp[diff] [zCur] [oCur] [0] = min(dp[diff][zCur] [oCur][0], dp[diff][zCur -

1] [oCur] [0]) ;

}
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int ans = 0;
for (int diff = 2; diff <= n; diff++) {

if (min(dp[diff] [zeroCount] [oneCount] [0], dp[diff] [zeroCount] [oneCount] [1]) <= k) ans =

diff - 1;
}

cout << ans;

return O;
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