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Binary Lifting

int pot(int x, int n) {
if (n == 1) return x;
if (n % 2 == 0) return pot(mul(x, x), n / 2);
return mul(x, pot(x, n - 1));



Binary Lifting

int pot(int x, int n) {
if (n == 1) return x;
if (n % 2 == 0) return pot(x * x, n / 2);
return x * pot(x, n - 1);



Analisis

pot(x', 11)
= x' * pot(x', 10)
= x' * pot(x?, 5)
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Analisis

int ps[logn]; // i -> pot(x, pot(2, 1))
void init(int x)

ps[1] = x;

forr(i, 2, logn) ps[i] = ps[i-1] * ps[i-1];
}

int pot(int n) {
inty = 1;
forn(i, logn) if (n&(1<<i)) y *= ps[i];
return y;

}
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CSES - Counting Towers

int simple = 1, doble = 1;
forn(i, n-1) {
tie(simple, doble) = make_pair(
4 * simple + doble,
simple + 2 * doble);
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struct mat2x2 { int a, b,
c, d; };
mat2x2 operator*(mat2x2 x, mat2x2 y) {
return { x.a*y.a + x.b*y.c, x.a*y.b + x.b*y.d,
X.c*y.a + x.d*y.c, x.c*y.b + x.d*y.d };
}

struct vec2 { int a,
b; };
vec2 operator*(mat2x2 A, vec2 x) {
return { A.a*x.a + A.b*c.b,
A.a*x.c + A.b*c.d };



CSES

auto

auto
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Counting Towers

= vec2{1,
1},
= mat2x2{4, 1,
1, 2};

= pot(A, n-1) * x;
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Suma geomeétrica

int geom(int x, int n) {
if (n == 1) return 1;
if (n % 2 == 0) return (1 + x) * geom(x * x, n / 2));
return 1T + x * geom(x, n - 1);

}



Suma geomeétrica

int geom(int x, int n) {

int r = 9;
forn(i, n) r = x * r + 1;
return r;

}
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Suma Geomeétrica 2: Electric Boogaloo

struct fn { int a, b; };
fn comp(fn f, fn g) A
return { f.a * g.a, f.a * g.b + f.b };
}
int geom(int x, int n) {
return pot(fn{x, 1}, n).b;
}
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using baile = vector<int>;

baile operator*(baile f, baile g) {
baile h(f.size());
forn(x, f.size()) h[x] = flglx]];
return h;

}



int n; long long k; cin >> n >> k;

baile a(n); forn(i, n) cin >> al[i];

baile b = pot(a, k);

vector<int> cant(n, 9);

forn(i, n) cant[b[i]]++;

forn(i, n) cout << cant[i] << " \n"[i==n-1];






Dodo un acbol |, deginimos:
. flu)=padre de wen T
o (“{u): k-ésimo oncestro de w e T

Responder Q consultos
f“lwi) para a=1.Q

Q<0 (Tl<q08



S‘11 (u) - I;mnm) _ ﬂ ;:\ ;:( W)

ldea: precalculor ¢ LS

evaluar (“(ws) “de o saltos’



Obligatory Ancestor Query Slide

using arbol = vector<int>;
arbol ps[logn];

int eval_iter(int k, int u) {
forn(i, logn) if (k&(1<<i)) u = ps[i]lu];
return u;

}
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Obligatory LCA Slide

int first_true(int u, auto&& check) {
if (check(u)) return u;
dforn(i, logn) if (!check(ps[i][u])) u = ps[i][ul];
return ps[0][u];

}

bool ancestro(int u, int v) {
return tinf[u] <= tin[v] && tout[v] <= tout|[u];
}

int lca(int u, int v) {
return first_true(u, [&](int w) { return ancestro(w, Vv); });
}
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Sparse Table: trivialized

struct fn { int di; vector<int> a; };

fn comp(fn f, fn g) A

fn h{f.di + g.di, vector<int>(g.a. e()—f.
]= al[i] +

forn(i, g.a.size()-f.di) h.a[i

return h;

}

pair<int,int> eval(fn f
return {i+di, x+a[i]};

}

)

int i, int x) {

int range_sum(int 1, int r) {
return eval_iter(1l, 9,

}

r-1).second;



Extra

- truquito para detectar ciclos en grafo funcional

- funciones afines en espacios vectoriales o cuerpos (e.g. suma geométrica de
matrices, hashes de strings repetidas)

- queries de suma/max/gcd en caminos en arboles/grafo funcional

- funciones biyectivas / permutaciones (charla de Mateo, mafana)

- en gral. composicion de funciones "lindas"

- concatenar polinomios / hashes de strings repetidas

- multiplicar polinomios / convolucion

- en gral. potencias en cualquier semigrupo



