BASICS OF NUMBER THOERY

What is Number Theory?

Notations:
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https://codeforces.com/problemset/problem/616/E

Output
Print integer s — the value of the required sum|modulo 107 + 7

https://codeforces.com/problemset/problem/981/H
Output

Print the number of ways to select k enumerated not necessarily distinct simple paths in such a way that for each edge either it is not
contained in any path, or it is contained in exactly one path, or it is contained in all k paths, and the intersection of all paths is non-empty.

R ————
As the answer can be large, print itjmodulo 998244353.

# NOTE:

- Use long Io%//'

Example 1: - // int ans = 0;
l [/C [Zj long long ans = 0;

=) o pi
—_— for(inti=0;i < N; ++i){

/I ans += C[il;
- Take Modulo at ea;h step % ans = (ans 4 C[i]) % MOD:;
- Take care of negative values
' }
printf("%d\n", ans % MOD);
P N
(Assume 0 <= Ali], B[i], C[i], DIi] < MOD)
N -
Example 2:
E /‘ long long ansl = 0, ans2 = 0;

for(inti=0;i < N; ++i){

//ansl = (ansl + A[i] * B[i] * C[i] * D[i]) % MOD;

& A A L ansl = (ansl +w* D[i]) % /L]%) % MOD;
\7‘\___—.—:)
— //ans2 = (ans2 + A[i] - B[i] + C[i] - D[i]) % MOD;
W\—) ans2 = (ans2 + A[i] - B[| + C[i] - E[BgFC\OD * 2) % MOD;
& Q } —

printf("%d %d\n", ansl, ans2);




PRIME NUMBERS: Y,
4/ S N m(}ﬁ ﬁﬂ? %UL@M/ 4, -

PRI MALITY TESTI NG (/Given a number n (assume n > 1) check if n is a prime or not
\

1 4  bool isprime(long long n){ k

5 for(long long i = 2; i < n; ++i){< L 2 /Z, < 7 %"Dn
6 if(n % i==0){ /) ) /
7 return false;
8 }
9 }

o 10 return true;
11 }




3102, 102} §<:_gfvw“t(m)

2 - booi\{;prime(long long
5 for(long long 1 = 2; 1 * 1 <= n; ++i){
6 ifnsi=0){ =~
7 return false;
8 }
9 }
10 return true; KQ;
11







Lemma: Except 2 and 3, every prime p is either of the form (6k + 1) or (6k - 1)

4
3 4  bool isprime(long long n){
5 N ifln =2 || n=3){ I
6 return true;
7 }
8 1(n%2==0 || n%3==0){ _ 776 F
9 return false; =
16 } (2D (1-)Em N
11 for(long long 1 =6; 1 *1i <=n; 1 +=6){
12 if(n % (1 - =0 || n%(1+1)==0){ \
13 retufrn false;
}

}
\J/ return true;




PRIMALITY TESTING (contd.)




Sieve of Eratosthenes:

2345 07 890
11 2 10 1a 15 10 17 10 10
BECEECED)
o1 2 30 2425 30 o7 38 20 0
o1 2 10 w45 0 47 0 0 0
o1 5250 4 55 50 57 58 30 0

o1 62 00 o4 5 00 o7 8 00 0
172 70 e 75 70 1 8 70
o1 2 00 o4 05 00 o7 9 00 0
o1 52 05 54 95,00 57 8 00 0
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Sieve of Eratosthenes (contd.):

ot 15 46 47 10 40 0

wmmaaaaam

68 69 70
47 Y:ggéiﬁfsprime[MAXN]; |
43 : 77 | 78 79
49 [ (void sieve(){ -\
50 | | ——soRti—maang T CM 1= 0 uy 20 10 88
51 isprime[i] = tr 92 |93 94 |95 |96 | 97 98
52 } —
53 isprime[0] = isprime[l] = false;
54 (int 1 = 2; 1 < MAXN; ++i){

(isprime[i]){
(Iint j =1 % 2; j <MAXN; j += 1i){
isprime[j] = false;

The sieve of Eratosthenes is a popular way to benchmark computer performance.!*3! The time complexity of calculating all primes below n in the random access machine

model is O(n log log n) operations, a direct consequence of the fact that the prime harmonic series asymptotically approaches log log n. It has an exponential time




FERMAT'S LITTLE THEOREM
















40
41

44
45

Ll long long rﬂ
11 MOD = 1e9 + 7; 0“\
oSt INNYS %%

(n %2 = 1) a * fxp(a, n - 1) % MOD;

. e == ~A
y RGeS BT £ = Lep (o, m/6)s sewun Bre s Mods
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MODULAR INVERSE: FERMAT'S THEOREM REVISITED

https://www.codechef.com/NOV2 0A/problems/CHEFSSM

. . P
The expected number of operations can be represented as a fracuon{ﬁz where P

is a non-negative integer and (Q a positive integer coprime with 998, 244, 353.
You should calculat{f - @ '{modulo 998, 244, 353, where Q! denotes the

ey

multiplicative inverseof (Q modulo 998, 244 353.



39 Ll long long

40 1L MOD = 169 + 7; ﬂ\ @C %
41

42 (11 fxp(11 a, 11 n){ —»*//;;7

43 (n = 0)
44 (n%2=1) a * fxp(a, n - 1) % MOD;
45 fxp(a * a %$ MOD, n / 2);

46 Mod -2
Joé —= O\

48 11 inv(11 a){
}
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APPLICATION IN COMBINATORICS
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#define 11 long long
const 11 MOD = 1e9 + 7;

11 fxp(ll a, Ll n){ «ayw

if(n = 0) return 1

if(n % 2 == 1) return a * fxp(a, n - 1) % MOD; [;hk

return fxp(a * a % MOD, n / 2);
}

11 inv(1l a){
return fxp(a % MOD, MOD - 2);

const 11 MAXN = 2e5 + 5;
11 fact[MAXN + 1], ifact[MAXN + 1];
void init(){

fact[0] = ifact[0] = ( e 1 C| ) < M AXN F + 2) {

Igg}l;l = fact[i - 1] * i % MOD;
ifact[i] = inv(fact[i]);

Yy ——

}

1L C(1l n, 11 r){
return (r>n || r<0) ?2 0 : (ifact[r] * ifact[n - r] % MOD * fact[n] % MOD);

} | | — — S













MATRIX EXPONENTIATION
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PROBLEMS:

* https://codeforces.com/problemset/problem/577/A
* https://codeforces.com/problemset/problem/1051/B
* https://codeforces.com/problemset/problem/1325/A
* https://codeforces.com/problemset/problem/1149/A
* https://codeforces.com/problemset/problem/230/B
* https://codeforces.com/problemset/problem/1658/B
* https://codeforces.com/contest/1662/problem/H




