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for (int 1 = 2; 1 <= sgrt(n 1++
if (n%i1i == return false
return true



Number Theory
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for (int p = 2; p <= sqrt(n); p++) {
int t = 9;
while (n%p == 0) n /= p, t++;
if (t) factors.push back({p, t});
}

if (n != 1) factors.push back({n, 1});
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Number Theory
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Sieve of Eratosthenes

£ 2 FRYE - MiiE 2 BUIEEN



Sieve of Eratosthenes

£ 2 FE - MR 2 RIS &
?iﬂ: B AR MR - 3 E 3 - MR 3 FIEE




Sieve of Eratosthenes

?ﬂz_

2

N, ——

— &
1

£ 2 Fda

=]

MiliE 2 BYE 2N

AR
AR

IRRVEL - BE 3 -
3R AVEL - 2] 5

MiliE 3 AU

- fil3E 5 FUEEN



Sieve of Eratosthenes
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Sieve of Eratosthenes

2 3 4 5 & 7 a8 a 10 Prime numbers

11 12 1% 14 15 16 17 18 19 20
21 22 23 24 25 26 27 28 29 3D
31 32 33 34 35 36 37 38 38 40
41 42 43 44 45 46 47 48 49 50
21 52 53 54 55 56 57 8 50 6D
61 62 63 64 B5 66 67 BB 69 70
7L ¥2 T3 74 Y5 T ¥Y 7@ 79 BO
81 82 B3 B4 85 86 BY BB B9 90
91 92 93 %94 95 96 97 98 99 100
101 102 103 104 105 106 107 108 109 110

111 112 113 114 115 116 117 118 119 120
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Sieve of Eratosthenes

vector<bool> 1s p(maxn, true
is p|1| = false

for (1nt n 2; n < sgrt(maxn n++
if (!is p[n continue
for (Int m = n; m < maxn; m+=n
is p[m| = false
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Sieve of Eratosthenes

vector<bool> is p(maxn, true);
is p[1l] = false;

for (int n = 2; n < sgrt(maxn); n++) A
if (!is _p[n]) continue;
for (int m = n*n; m < maxn; m+=n)
is p/m| = false;
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Linear Sieve Algorithm
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Linear Sieve Algorithm

vector<bool> is_p(maxn, true);
is_p[1] = false;

for (int n = 2; n < maxn; n++& .
if (is_p[n]) prime.pusﬁ_bac (n);

>

for (int p: primeg { AR
if (p*n >= maxn) break; //&BHEFiREs

is *n| = false;
if_?ggp 1= ©) break;
) }

tlly

>0
>
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Calculation
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Calculation
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Calculation

» Gauss's complex multiplication algorithm
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Calculation

» Karatsuba algorithm



Karatsuba algorithm
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Karatsuba algorithm
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Karatsuba algorithm

X =am+ b
y = cm + d

Xy = acm? + (ad + bc)m + bd



Karatsuba algorithm

Xy = acm? + (ad + bc)m + bd
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Karatsuba algorithm

Xy = acm? + (ad + bc)m + bd

(ad + bc) = ad + ac + bc + bd - bd - ac
= (a + b)(c + d) - bd - ac

z, = ac

z, = bd

(a + b)(c + d)



Karatsuba algorithm
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Karatsuba algorithm

Xy = z,m* + (23-2,-2Z,)m + Z,
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Karatsuba algorithm
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int k(int x, int y) {
if(x < 10 || y < 10) return x*y;

int len = min(loglo(x), loglo(y));
int m = pow(10, len/2 + 1);

div(x, m); // since c++17

div(y, m);

int z1 = k(a, ¢), z2 = k(b, d), z3 = k(a+b, c+d);
return z1*m*m + (z3-z1-z2)*m + z2;

}

auto [a, b]
auto [c, d]
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Calculation

» Fast exponentiation



Exponentiating by Squaring
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int x =1, a = 3;
while (n) {

if (n&l) x *= a;

X 7%= 1000007,

a *= a;
a %= 1000007 ;
n >>= 1;

Y // X e =
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https://zerojudge.tw/ShowProblem?problemid=b525

Questions?
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Floating-Point Precision
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if (0.69 * 10 * 1.000..1 >= 6.9
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if (abs((0.69*10) - 6.9) <= 6.9*%*1e-14
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