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Thuat toan Euclid
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1 Gidi thiéu

N

Ué6c chung 16n nhat (GCD, viét tat ctia tit Greatest Common Divisor) ctia hai
hay nhiéu s6 1& s6 nguyén duong 16n nhat ma 13 u6c chung (common divisor)
clia tat ca cac s6 d6. (Vi du: GCD clia 6 va 10 12 2 vi 2 1a s6 nguyén duong 16n
nhat ma 1a u6c chung ctia 6 va 10.

2 Thuat toan ngay tho

Ta c6 thé duyst tat ca cac sb tit min(A, B) dén 1 va kiém tra xem s6 dang xét
c6 phai 1a wéc ciia clia A va B hay khong. Néu ding nhu vay thi s6 dang xét sé
la GCD cia A va B.

int gecd(int A, int B) {

}

for (int i = min(A, B); i > 0; --1i)
if (A % i == 0 & B % i == 0)
return 1i;

Do phiic tap cia thudt toan: O(min(A,B)).
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3 Thuat toan Euclid

Thuat toan Euclid dya trén tinh chat sau ctia uéc chung 16n nhat GCD(A, B) =
GCD(B, A%B). Thuat toan sé quy nap cho dén khi A%B = 0.

int gecd(int A, int B) {

if (B == 0) return A;

else return gcd(B, A % B);
}
Vi du:

Gia st A=16, B=10.

GCD(16,10) = GCD(10,16%10) = GCD(10, 6)
GCD(10,6) = GCD(6,10%6) = GCD(6, 4)
GCD(6,4) = GCD(4,6%4) = GCD(4,2)
GCD(4,2) = GCD(2,4%2) = GCD(2,0)

Vi B =0 nén GCD(2,0) sé tra vé gia tri 2.

Do phiic tap cia thudt toan: O(log max(A,B)).

4 Thuat toan Euclid md rong (Extended Euclid
Algorithm)

Day 1a mot thuat toan md rong ciia thuat toan Euclid 6 tren. GCD(A, B) ¢6
mot tinh chéit rat dac biet: N6 luon c6 thé duge bidu dién dusi dang phuong
trinh Az + By = GCD(A, B).

Thuat toan sé cho ta biét mot cap gia tri (x;y) théa man phuong trinh nay va
nhd d6 gitp ta tinh Modular Multiplicative Inverse. Gia tri clia = v& y bing
khong ho#ic am. Chuong trinh sau doc hai s6 A vi B v in ra GOCD(A, B) ciing
nhu mot cip s6 (z;y) thda man phuong trinh trén.

int d, x, y;
void extendedEuclid(int A, int B) {
if (B == 0) {
d = A;
x = 1;
y = 0;
}
else {
extendedEuclid (B, A%B);
int temp = x;
X = y;
y = temp - (A/B)x*y;
}

}

int main() {
int A, B;
cin >> A >> B;
extendedEuclid (A, B);
cout << "gcd(" << A << ", " << B << ") = " << d << endl;
cout << "x, y: " << x << ", " << y << endl;
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return O;

}
Input:
A = 16
B = 10
Output:

gcd (16, 10) = 2

X, y: 2, -3
Ban dau, thuat toan Euclid md rong sé chay nhu thuét toan Euclid cho dén khi
ta c6 GCD(A, B) hodc cho dén khi B béng 0 va khi d6 thuat todn sé dat z = 1
vay =0. Vi B=0va GCD(A,B) la A trong thoi diém hién tai nén phuong
trinh Az 4+ By = 0 trd thanh A.1 + 0.0 = A.
Gia tri ciia cac bién d,x,y trong ham extendedEuclid() sé 1an lugt trg thanh:
d=2,x=1,y=0
d=2,2=0,y=1—(4/2).0=1
=22=1,y=0-(6/4).1=—1
=2,0=-1y=1-(10/6).(-1) =2
=2,0=2y=-1-(16/10).2 = —3
Do phiic tap cia thuat toan: O(log max(A,B)).

QU X

5 Mot s6 bai tap
Codechef - GCD and LCM

UVA - Gift Dilemma


https://www.codechef.com/problems/FLOW016
https://onlinejudge.org/index.php?option=com_onlinejudge&Itemid=8&page=show_problem&problem=4628
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