SO CHINH PHUONG

Thuat toan tim trong doan, kiém tra sé |6n bang modulo, va dung thu vién Big Integer
trong C++

1. Khai niém so chinh phuong

M6t s6 nguyén khéng am x dugc goi la sé chinh phuong néu ton tai mét s6 nguyén k sao cho:
x = kA2

Vidu:0,1,4,9,16, 25, 36, 49, 64, 81, 100, ...

No6i cach khac, s6 chinh phuong la binh phuong cia mét s6 nguyén.

2. Thuat toan tim cac s6 chinh phuong trong doan [L, R]
2.1.Y tuédng

Ta can tim cac sé chinh phuong nam trong doan tir L dén R. Khong nén duyét tirng sé trong
doan rdi kiém tra, vi doan c6 thé rat dai.

Thay vao dé, ta tim cac sé nguyén k sao cho:
L<=kA2<=R
Suy ra:
sqrt(L) <= k <= sqrt(R)

Vivay:

+ SO k nhd nhét la a = ceil(sqrt(L)).

+ S6 k 16n nhat la b = floor(sqrt(R)).

+ Cac s6 chinh phuong caninla an2, (a + 1)A2, ..., bA2.
2.2.Vidu

Cho doan L =10, R=50.

*sqrt(10) ~ 3.16, nén a = 4.

*sqrt(50) ~ 7.07, nén b =7.

Cac sb chinh phuong la:

472, 5/2, 672, 7A2

Két qua: 16 25 36 49.

2.3. Thuat toan dang gia ma

Nhap L, R

a = ceil(sqrt(L))

b = floor(sqrt(R))
Véiichaytiradénb,inixi.
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2.4. Code C++ co ban

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

int main() {
long long L, R;
cin >> L >> R;

long long a = ceil(sqrt(L));
long long b = floor(sqrt(R));

for (long long i = a; i <= b; i++) {
cout << 1 * i << " ";
}

r

return 0O;

Code C++ tim s6 chinh phuong trong doan [L, R].
2.5. Code C++ tranh sai s6 can bac hai

Vi s6 1én, ham sqrt() c6 thé cé sai s6 nhd do dung s6 thuc. C6 thé hiéu chinh lai bang cac vong
ldp ki€m tra.
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#include <bits/stdc++.h>
using namespace std;

int main() {
long long L, R;
cin >> L >> R;

long long a = sqrt(L);
while (a * a < L) a++;
while (a > 0 && (a - 1) * (a - 1) >= L) a--;

long long b = sqrt(R);
while ((b + 1) * (b + 1) <= R) b++;
while (b * b > R) b--;

for (long long i = a; 1 <= b; i++) {
cout << i * 1 << " ";
}

return 0O:

Code C++ hiéu chinh bién dé€ trdnh sai sé khi ding sqrt().
2.6. bo phuc tap
Thuat toan chi duyét theo sé lugng can nguyén trong doan, tirc khoang:
O(sqrt(R) - sqrt(L) + 1)

Cach nay tot hon nhiéu so v&i duyét toan bd tir L dén R khi doan rat I6n.
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3. Kiém tra sé chinh phwong rat I&n bang modulo

Néu s6 can kiém tra rat Idn, vi du cé hang tram hodc hang nghin chir s6, kiéu long long khéng
lru dugc. Mot hudng x{r ly nhanh la kiém tra theo modulo.

3.1. Y tuédng

Mot sé chinh phuang khi chia cho mét sé m chi c6 thé cho mot s6 du nhat dinh. Ta goi cac s6
du dé la tap s6 du binh phuong.

Vi du véi modulo 10, s6 chinh phuong chi ¢ thé tan cuing bang:
0,1,4,5,6,9

Vi vdy, néu mdt s6 tan cung bang 2, 3, 7 hodc 8 thi chac chan khdng phai s6 chinh phuong.

3.2. Thuat toan téng quat

* Luu s6 rat I6n N dudi dang chubi.

* Chon moét vai modulo, vi du: 64, 63, 65, 11, 13,17, ...

* V&i méi modulo m, tinh r =N mod m.

* Tao trudc tap cac sé du c6 dang xA2 mod m.

* Néu r khong thudc tap dé thi két luan NO.

« Néu vuot qua nhiéu modulo thi két luan kha nang cao la YES.

Luu y: Cach nay la kiém tra nhanh theo xac suat. Néu két qua 1a NO thi chac chan khéng phai sé
chinh phuong. Néu két qua la YES thi chi la kha nang cao, chua phai chirng minh tuyét déi.

3.3. Code C++ kiém tra s6 I6n dang chudi
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#include <bits/stdc++.h>
using namespace std;

long long modString(const string &s, long long mod) {
long long res = 0;
for (char c : s) {
res = (res * 10 + (¢ - '0')) % mod;
}

return res;

}

bool checkByMod(const string &s, int mod) {
vector<bool> squareResidue(mod, false);

for (int 1 = 0; 1 < mod; i++) {
squareResidue[(ILL * i * i) % mod] = true;
}

int r = modString(s, mod);
return squareResidue[r];

}

bool isProbablySquare(const string &s) {
vector<int> mods = {64, 63, 65, 11, 13, 17, 19, 23, 29, 31};

for (int m : mods) {
if (!checkByMod(s, m)) {
return false;

}
}
return true;
}
int main() {
string n;
cin >> n;

if (isProbablySquare(n)) cout << "YES";
else cout << "NO";

return 0;

Code C++ kiém tra s6 chinh phuong 16n bdng nhiéu phép chia modulo.
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4. Thu vién Big Integer trong C++

Big Integer la thu vién dung dé x(r ly s6 nguyén rat I6n, vugt qua gidi han cda cac kiéu dir liéu
théng thudong nhu int, long long.

Trong C++, c6 thé dung thu vién Boost Multiprecision:

#include <boost/multiprecision/cpp_int.hpp>
Ki€u dir liéu chinh la cpp_int. Ki€u nay c6 thé luu cac s6 nguyén cé rat nhiéu chit s6, mién la bod
nh¢& con du.

4.1. Vidu dung cpp_int

#include <bits/stdc++.h>
#include <boost/multiprecision/cpp_int. hpp>

using namespace std;
using namespace boost::multiprecision;

int main() {
cpp_int a, b;
cin >> a >> b;

cout << a + b << '\n"';
cout << a * b << '\n';

return 0;

Code C++ nh@p hai s6 rdt I6n réi tinh tong va tich bang cpp_int.

4.2. Mot s6 phép toan vdi cpp_int
VGi cpp_int, ta c6 thé s&r dung cac phép toan quen thudc:

*a+b:cdng.

*a-b:tru.

*a * b: nhan.

* a/ b: chia nguyén.

*a % b: chia lay du.

sa==Db,a<b,a>b:sosanh.

5. Kiém tra sé chinh phuong chinh xac bang cpp_int

Vi cpp_int, ta khong dung truc tiép sqrt() nhu long long. Ta c6 thé tim cdn nguyén bang tim
ki€m nhj phan.
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Muc tiéu la tim s6 nguyén x sao cho:
XA2=n
Néu tim dugc x thi n la s6 chinh phuong, ngugc lai khong phai.
5.1. Y twéng tim ki€ém nhi phan
* bat left =0, right =n.
* Lay mid = (left + right) / 2.
« Néu mid * mid = n thi tra vé YES.
* Néu mid * mid < n thi tim ti€p bén phai.

« Néu mid * mid > n thi tim ti€p bén trai.

5.2. Code C++ kiém tra chinh phuong véi cpp_int
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#include <bits/stdc++.h>
#include <boost/multiprecision/cpp_int.hpp>

using namespace std;
using namespace boost::multiprecision;

bool isPerfectSquare(cpp_int n) {
if (n < 0) return false;

cpp_int left = 0, right = n;

while (left <= right) {
cpp_int mid = (left + right) / 2;
cpp_int sgq = mid * mid;

if (sq == n) return true;
if (sq < n) {
left = mid + 1;
} else {
right = mid - 1;
}
}

return false;

}

int main() {
cpp_int n;
cin >> n;

if (isPerfectSquare(n)) cout << "YES";
else cout << "NO";

return 0;

Code C++ kiém tra chinh phuong chinh xdc bdang cpp_int va tim kiém nhj phan.
6. Khi nao dung cach nao?
Truong hop Cach nén dung

N <= 1078 Dung long long va sqrt(), ¢ hiéu chinh sai so.
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Can liét ké s6 chinh phuong Duyét i tlr ceil(sqrt(L)) dén floor(sqrt(R)), in i
trong doan [L, R]

N rat 16n, chi can loc nhanh Dung kiém tra modulo theo chubi.
N rat I1&n, can két qua chinh xac Dung cpp_int va tim ki€ém nhj phan can nguyén.

Ghi nha: néu dé bai chi yéu cau kiém tra sé trong pham vi long long, khéng can dung cpp_int. Néu
dé bai cho s6 c6 rat nhiéu chit s6, can dung chubdi, modulo hodc cpp_int tly yéu cau chinh xac.
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