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set ai noet ts=4 sw=4 bs=2
syn on
mat Keyword "\<foreach\>"
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// Script de compilacdo C++ //////////////////////////////////////7/////////////
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#1/bin/sh

clear
rm -f $1.out

if (ﬁ++ -0 $1 $1.cpp -Wall -pedantic -1m -g) then
o "### COMPILOU ###"
if 1(./%1 < $1.in > $1.out) then
echo "### RUNTIME ERROR ###" >> $1.out

.F
less $1.out
fi
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#1/bin/sh

clear
rm -f $1.out

if (%avac $1.java) then
"## COMPILOU ###"
if !(java $1 < $1.in > $1.out) then
echo "### RUNTIME ERROR ###" >> $1.out

.F
less $1.out
fi
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#include
#include
#include
#include
#include
#include

<stdio.h>
<stdlib.h>
<str1nﬂ h>
<math.h>
<inttypes.h>
<ctype.h>

#include
#include
#include

<algorithm>
<utility>
<iostream>

using namespace std;

#define TRACE(x..
#define PRINTE
#define WATCH

#define
#define
#define

)
.) TRACE(printf(x))
x) TRACE(cout << #x" = " << x << "\n")

_inline(f...) f(QQ___attribute__((always_ 1n11ne))
foreach(lt b, e) for (typeof(b) it = (b); i 12 (e), it++)
#define Z%{23§“Ev> bg zn25e°ECSX2nd<>

#define rall(v) (v).r egln() v).rend)

const int INF = 0x3F3F3F3F

const int NULO = -

const double EPS = 1e—10

_inline(int cmp)(double x double y = 0, double tol EPS) {
return (x <=y + tol) ? (x +tol<y)?-1:0:1,;

int main(Q) {
TRACE(setbuf(stdout, NULL));
return 0;

L11117777717777777/77/77/77/77//77//7/77//7//7/77//7//77//7//7//7//7//7//7///7//7//
// Modelo Java //////////////7/////7//7//7//7//7//7/////////////////7/////7//7//
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import java.util.*;
import java.math. *

class modelo {
static final double EPS =

i i 1l.e-10;
static final boolean DBG =

true;

private static int cm (double x, double 0, double tol = EPS) {

return (x <=y + tol) ? (x + tol < D) ¥ -1t

public static void main(String[] ar v) {
Scanner s = new Scanner(System.in
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#
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ANTES DA PROVA

Revisar os algoritmos disponiveis na biblioteca.
Revisar a referéncia STL.

Reler este roteiro.

Ouvir o discurso motivacional do técnico.

ANTES DE IMPLEMENTAR UM PROBLEMA

Quem for implementar deve relé-lo antes.

Peca todas as clarifications que forem necessdrias.

Marque as_restric¢des e faca contas com os limites da entrada. .

Teste o algoritmo no papel e convenca outra pessoa de que ele funciona.
Planeje a resolucdo para os problemas grandes: a equipe se junta para definir
as estruturas de dados, mas cada pessoa escreve uma fungdo.

DEBUGAR UM PROGRAMA

- Ao encontrar um bug, escreva um caso de teste que o dispare.

Reimplementar trechos de programas entendidos errados.

- Em caso de RE, procure todos os [, / e %
L1117 17777777777777/7/7/7/7777/7/7///777/7/7/7////77/7/7//7////7777/7/7///7/777/7/7/

// Roteiro de

prova //////////////////7// 777/

1117777777777 7777777777777777777777777777777777777777777777777777777777777777777

#

- Daniel

300 MINUTOS: INICIO DE PROVA

Fabio e Daniel comegam lendo os problemas.
Roberto comega digitando ".vimrc", "compila" e "modelo.cpp". )
Roberto gera todos os arquivos-fonte, copiando "modelo.cpp" com -i.
Roberto apaga "modelo.cpp" com -i. ) )
Quando sur%lr um problema fdcil, todos discutem se ele deve ser o primeiro
a ser resolvido.
Quando o primeiro problema for escolhido, Fdbio o implementa, possivelmente
tirando Roberto do computador e interrompendo as digitacdes.
Se surgir um problema ainda mais fdcil que o primeiro, Fdbio passa a
implementar esse novo problema.
Enquanto Fabio resolve o ?rimeiro problema, Daniel e Roberto 1éem os demais.
A medida que Roberto for lendo os problemas, ele os explica para Daniel.

ni greenche a tabela com os problemas até entdo lidos:
Ordem: ordem de resolucdo dos problemas (pode ser infinito).
Escrito: se ja ha cédigo escrito neste problema, mesmo que no papel.
Leitores: pessoas que jd leram o problema.
Complexidade: comglex1dade da solucdo implementada.
Resumo: resumo sobre o problema.
Assim que o primeiro problema comecar a ser compilado, Fdbio avisa Daniel e
Roberto para escolherem o segundo problema mais fdcil.
Assim que o primeiro problema for submetido, Fdbio sai do computador.
Roberto entra no computador, e termina as digitacdes pendentes.
Roberto implementa o segundo problema mais facil.
Fora do computador, Daniel e Fdbio escolhem a ordem e os resolvedores
dos problemas, com base no tempo de implementacdo.
Se nln%uém tiver alguma idéia para resolver um problema, empurre-o para
o final (ou seja, a ordem desse problema serd infinito).
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Quando Roberto submete o segundo problema e sai do computador, ele revé
a ordenacgdo dos problemas com quem ficou fora do computador.

200 MINUTOS: MEIA-PROVA

A equipe deve resolver no maximo trés problemas ao mesmo tempo.

Escreva o mdximo possivel de cédigo no papel. )

Depure com o coédigo do problema e com a saida do TRACE impressos.

> Explique seu cbédigo para outra pessoa da equipe.

> Acompanhe o c6digo linha por linha, anotando os valores das varidveis e
redesenhando as estruturas de dados a medida que forem alteradas.

Momentos nos quais quem estiver no computador deve avisar os outros membros

da equipe:

> Quando estiver pensando ou depurando.

> Quando estiver prestes a submeter, para que os outros membros possam fazer
testes extras e verificar o formato da saida.

Submeta sempre em C++, com extensdo .cpp.

Logo apds submeter, imprima o cédigo.

Jogue fora as versdes mais antigas do cédigo impresso de um programa.

Jogue fora todos os papéis de um problema quando receber Accepted.

Mantenha todos os papéis de um problema grampeados.

100 MINUTOS: FINAL DE PROVA

A equipe deve resolver apenas um problema no final da prova.

Use os baldes das outras equipes para escolher o Ultimo problema:

> 0s problemas mais resolvidos por outras equipes provavelmente sdo mais
faceis que os outros problemas. . .

> Uma equipe mais bem colocada s6 é informativa quando as demais ndo o forem.

Como Fdbio digita mais rdpido, ele fica o tempo todo no computador.

Daniel e Roberto sentam ao lado de Fdbio e ddo sugestdes para o problema.

60 MINUTOS: PLACAR CONGELADO

Preste _atencdo nos melancias e nas comemoracdes das outras equipes:
os baldes continuam vindo!

__ MINUTOS: JUIZES CALADOS

Quando terminar um problema, teste com o exemplo de entrada, submeta

e sO depois pense em mais casos de teste. .

Nos Bltlmos cinco minutos, faca alteracdes pequenas no coédigo, remova o TRACE
e submeta.

L11117777777777777777777/77/77//7/77/77//7//7//7//7//7//7//7//7//7///7//7//7//7//
// 0s 1010 Mandamentos /////////////////////////////////////////////////////////
L1111 777777777777777777777777777777777777777777777777777777777777777777777777777

[l
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Néo dividirds por zero.

. Ndo alocards dinamicamente.

Comparards numeros de ponto flutuante usando cmp().

Verificards se o grafo pode ser desconexo.

Verificards se as arestas do grafo podem ter Teso negativo.
Verificards se pode haver mais de uma aresta ligando dois vértices.
Conferirds todos os indices de uma programacéo dindmica.

Reduzirds o branching factor da DFS.

Fards todos os cortes possiveis em uma DFS.

Tomards cuidado com pontos coincidentes e com pontos colineares.
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// Limites de representacdo de dados ///////////////////////////////////////////
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tipo | bits | minimo .. mdximo | precisdo decimal
———————————————— i it e e bt
char | 8 | Q0 .. 127 | 2
signed char | 8 | -128 .. 127 | 2
unsigned char | 8 | Q0 .. 255 | 2
short | 16 | -32.768 .. 32.767 | 4
unsigned short | 16 | @ .. 65.535 | 4
int | 32 | -2 x10**9 .. 2 x 10**9 | 9
unsigned int | 32 | 0 .. 4 x 10**9 | 9
int64_t | 64 | -9 x 10**18 .. 9 x 10**18 | 18
uint64_t | 64 | 0 .. 18 x 10**18 | 19
tipo | bits | expoente | precisdo decimal
———————————————— i it det bt et
float | 32 | 38 | 6
double | 64 | 308 | 15
long double | 80 | 19.728 | 18

////////////////////////////////////////////////////////////////////////////////

// Quantidade de nUmeros primos de 1 até 1@**n ////////////////////////////////
/// ////////////////////////////////////////////////////////////////////////////
pi(10**1) = 4
pi 10**2% = 25
p 10**3) = 168
10**4) = 1.229
10**5) = 9.592
10**6) = 78.498
10**7) = 664.579
pi 10**8% = 5.761.455
pi(10**9) = 50.847.534
[E sempre verdade que n / 1n(n) < pi(n) < 1.26 * n / 1n(n).]

L1111 1177777777777777/77/77//77/7//77//7//7//7//7//7//7//7//7//7//7//7///7//7//7//
// Triangulo de Pascal ////////////////////////////////////7//7//7//7//7//7//7//
////////////////////////////////////////////////////////////////////////////////

n\pl © I 12 1 2 I 3 1 4 1 51 6 | 7 1 8 | 9 | 10
——————— s et T S it et S e
0 | 11
1| 11 R
2 | 1| 2 | 1 1_____
31 1| 31 31 1 0_____
4 | 11 41 61 41 1 _____
51 11 51 101 10 | 51 1 1_____
6 | 1| 61 151 20 | 15 | 6 | 1
71| 1| 71 211 351 351 211 71 1 _____
8 | 11 81 281 56| 701 56 1 28 | 8 | 1 _____
9 | 1| 91 36| 8 | 126 | 126 | 84 | 36 | 9 | 1
10 | 11 101 451 120 1 210 | 252 |1 210 | 120 | 45 | 10 | 1
C(33, 16) = 1.166.803.110 [limite do int]
C(34, 17% = 2.333.606.220 [limite do unsigned int]
C(66, 33) = 7.219.428.434.016.265.740 [limite do into4_t]

7.2
14.226.520.737.620.288.370 [limite do uinto4_t]

3

L11177770777777777/77777/77/77/77/77/77//77/77/77/77/77/77//7//77//77//77//7//77//7//
// Fatorial //////////7///7///77///77//77///77//77///77///7////7////7////7////7//
L1771 77777777777777777777777777777777777777777777777777777777777777777777/7777777

Q! = 1

1! = 1

2! = 2

31 = 6

4! = 24

5! = 120

6! = 720

7! = 5.040

8! = 40.320

9! = 362.880

10! = 3.628.800

11! = 39.916.800 ) )
12! = 479.001.600 [limite do (unsigned) int]
13! = 6.227.020.800

14! = 87.178.291.200

15! = 1.307.674.368.000

16! = 20.922.789.888.000

17! = 355.687.428.096.000

18! = 6.402.373.705.728.000

19! = 121.645.100.408.832.000
20! = 2.432.902.008.176.640.000 [limite do (u)int64_t]

i
L1117 7777777777777/777/77/77/77/77/77/77//7/77/77/77/77//77//7//7//7//7//7//7///7//
L1111 77777777777777777777777777777777777777777777777777777777777777777777777/777

p(n) ~ exp(pi * sqrt(2 * n / 3))/(4 * n * sqrt(3))

Os nUmeros pentagonais generalizados sd@o os numeros da for a n*(3*n-1)/2, onde

n=..., -3, ¢, -1, 9, 1, 2, 5, ...

p(n) - p(n-1) - p(n-2) + p(n-5) + p(n-7) - p(n-12) - p(n-15) + ...

A soma é feita sobre p(n-k), k pentagonal generalizado, e o sinal de p(n-k) é
C-D**int((k+1)/2). p(0) é definido como 1

= 0.
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// Primos até 10.000 /////////////////////////////////////////////7////7////////
L1111 77777777777777777777777777777777777777777777777777777777777777//77/777777777

[Existem 1.229 numeros primos até 10.000.]

2 3 5 7 11 13 17 19 23 29 31
37 41 43 47 53 59 61 67 71 73 79

4




L111701177777777777777777/77777/77/77/77/77/77/77/77//7//77//7//7/7//7//7/7//7///7///7//
// Utilidades do lar //////////////////////7////7///7////7///7////7/////7////7////
L1111 77777777777777777777777777777777777777777777777777777777777777//77/777777777

template <class T>
strgct index_1t {

T
1ndex 1t(T& v): v(v) {3

_inline(bool operator ())(lnt int D { . )

return (v[il !'= v[j1) 7 CVEIJ < V[Ji) < 3);

s
template <class T> index_lt<T> make_index_1t(T& v) { return index_1t<T>(Vv); }

bool cmp_eq(double x, double y) % return cmp(x, y) == 0; }
bool cmp_lt(double x, double y) return cmp(x, y) < 0;

int safe_gets(char*& s) } // depois de usar, free(s);
return scanf("%a[A\r\n %*[\r\n]", &s);

L11177777717777777777777/77777/77/77/77/77/77//77//77//7//77//7///7//7//7/7//77///7//7//
// Geometria /////////////////////7////7///7////7///7////7///77///7///77///77///
L1111 77777777777777777777777777777777777777777777777777777777777/777/77/77/777777

#include <vector>

struct point {
double x

p01nt(doub{e X = 0, double y = @): x(x), y(y) {}

point operator +(point q) { return point(x + q X, Y+ q.y); }
point operator -(point gq) { return point(x - q9.x, y - q.y); }
point operator *%double t return p01nt%x + t, y * t%; %
point operator /(double t return point(x / t, y / t);
double operator *(point q) % return x * q.x +y * q.y; %
double operator %(point q) { return x * q.y -y * q.x;

int cmp(point q) const {
if (int t = :cmp(x, q.x)) return t;
return :: cmp(y, qg. yj

ool operator =—%p01nt q% const % return cmp%q% == 0; %
bool operator !=(point q) const return cmp(q) '= 0,
bool operator < (point q) const { return cmp(q) < 0; }

friend ostream& operator <<(ostream& o, p01n§ p) {

return o << "(" << p.x << ", " << p. y <<

static point pivot;
)
point point::pivot;

double abs(point p) { return hypot(p.x, p.y);
double arg(point p) { return atan2(p.y, .x); +

typedef vector<point> polygon;

_inline(int ccw)(point p, point g, point r) {
return cmp((p - r) % (q - r));

_inline(double angle)(p01nt P, point g, point r) {
point u = p -
return atan2Cu % v u v),

L1117 1777777777777777777777777777777/7777/77777/7777/77777/7777/777/7/777777777
;? Decide se g estd sobre o segmento fechado pr.

bool between(point p, point g, point r) {
return ccw(p, q, r) == 0 && cmp((p - q) * (r - q)) <= 0;

L1117 17777777777777777777/77777777777777777777777/777777777777777777777/77777777
;? Decide se os segmentos fechados pgq e rs tém pontos em comum.

bool seg 1ntersect(p01nt p, point g, point r, p01nt s) {
point q-p,B=s-r,C=r-p, D=s - gq;
int a = cmp(A % C) + 2 * cmp(A % D);
int b =cmp(B % C) + 2 * cmp(B % D);
if (a == 3 [l a=-311Db == Il b == -3) return false;
if Ca ll b Il =r || ==5s |l g==r Il g==s5) return true;
int t = (p < g + (p < sg +(@@<r)+(q<s);
return t =0 && t !'= 4;

}

L1111 17777777777/77/777/7/77777777/777777777777/7777777777/7777777777/7/7777777/7
;? Calcula a distdncia do ponto r ao segmento pq.

double seg_ dlstance(p01nt p, p01nt q, point r) {
point A=r - q, r-p, C= p;
double a = A * A b B * B d C * C
if (cmp(b a + cj >= 0) return sqrt(a)
else if (cm ga b + ¢) >= 0) return sqrt(b),
else return fabs(A % B) / sqrt(c);

}

L1117 17777777777777777777777777/77777777777777//7777777777/7777777/7777777777777
// Classifica o ponto p em relacdo ao poligono T.

//
// Retorna @, -1 ou 1 dependendo se p estd no exterior, na fronteira
;? ou no interior de T, respectivamente.

int in_| poly(p01nt p, pol¥gon& D {

double a = 0, size();

for (int i = 0; 1 < N; i++)
if (between(T[lj, p, g(1+1) % N%)) return -1;
a += angle(T[1], p, TL(i+1) % N]

return cmp(a) != 0;



L1117/ 77777777777/7/77/7/7777777/77/7/777/7/7777///777/7/77777/77777/777777/7777777777
;; Comparacdo radial

bool radial_lt(point P, point @) {
point P = p - p01nt :pivot, Q = g - point::pivot;
double R = P %
if Cemp(R)) return R > 0;
return cmp(P * P, Q * Q) < 0;

L1117 17717777777777/777777777777777/77777/7777777777/7777//7777/7777/7777777777
;; Determina o fecho convexo de um conjunto de pontos no plano.
;j Destréi a lista de pontos T.

polygon convex_ hull(vector< oint>& T) {
int j = 0, k, n = T.size(); polygon U(n);

point: Elvot *min_element(all(T));
sort%al M radlal _1t);
i >= 0 && ccw(T[@], T[n-1], T[k]) == 0; k--);

reverse((k+lj + all(m));

for (int 1 = 0; 1 < n; i++) {
// troque o >= por > para_manter pontos_colineares
while (j > 1 & & ccw(U[j-1]1, U[3j-2]1, T[il) >= @) j--;
ULj++] = T[T

U. erase(J + all(u));
return U

}

LIVLI117177777077777717777777777777777777777777777777777777777777777777777777777
;j Calcula a drea orientada do poligono T.

double poly_area(polygon& T) {
double s = 0; 1nt n = T 51ze(),
for (int i = ++)
s += T[1i] % T[(1+1) % n],
return s / 2;

LI11177777777777777777777777777/77777777/7777777777777777/7777777777777777777777
;; Encontra o ponto de intersecdo das retas pq e rs.

point line_ 1ntersect(p01nt p, p01nt gq, point r, point s) {
point a=q-p, b=s point(p % q, r %_s);
return p01nt(p01nt(a x, b. x) % c, point(Ca.y, b.y) ¥ c) / (a % b);

L1117/ 7777777777777777/7//777777777//777/7/77777//777//7777//7/77/7/77/7777/7777777777
;; Encontra o menor circulo que contém todos os pontos dados.

typedef pair<point, double> circle;

bool in_circle(circle C, point p){
return cmp(abs(p - C. flrst) C second) <= 0;

point c1rcumcenter(E01nt p, po1nt q, point r) {
point a = p - - r, c = pointCa * (p
return point(c % p01nt(a y, b.y), point(a.x,

o+
v
RN

circle spanning_ c1rcle(vector<p01nt>& T {
int n = T.size()
random_shuffleCall(m);
circle C(p01nt(), -INFINITY)D;
for (int 1 = 0, < n i++) 1f (lin_circle(C, T[i1D)) {
for Emle(Tm" 15§44 if (lin_circle(C, T[H 1),
or (int j i in_circle J
C = c1rc1e((T[1] + T[]]) /2, abs(T[i] - T g])
for (int k k < 35 k++) 1f (lin_ c1rcle( T[k])j {
point o = c1rcumcenter(T[1% T[3]1, TLk1);
C = circle(o, abs(o - T[k]

1
1
return C;

L1117 17777777777/777777/7/77777/77777777/7777/777/777777777777/777/7777/77777777
// Determina o poligono intersecdo dos dois poligonos convexos P e Q

//
;? Tanto P quanto Q devem estar orientados positivamente.

polygon poly_intersect(polygon& P polygon& Q) {
int m = Q.size(), n = P.size
int a =0, b =0, aa = 0, ba = 0, inflag = 0,
pol{ gon R;
while ((aa < n ||l ba < m) & aa < 2*n && ba < 2*m) {

point pl = P[a], p2 = P[(a+1) % n], gl = Q[b], g2 = Q[(b+1) % m];
Dot oss (% % B) ﬁ a ( 2, g2, pl), hb = (g2, p2, qLD;
int cross = cmp a = ccw p2, 92, p ccw q p2, ql);
if (cross == 0 && ccw(pl 0 && c p(A * B) < ) {

it (between(pl, ql, 5 R push back(q s
if Ebetweengpl q2, ng% R.push_ backngg
if (between(ql, pl qZ R push_back(pl
if (between(ql ?ush back(pZ)
if (R.size( Zg return polygon()
inflag = 1; break
} else if (cross 1="0 && seg_ 1ntersect(p1 p2, ql, g2)) {
if (inflag == 0) aa = ba =
R.push_ back(llne 1ntersect(p1 p2, ql, g2));
inflag = ¢(hb > @) ? 1

%f (cross == 0 & hb < 0 & ha < 0) return R;
bool t cross == 0 && hb == 0 & ha == 0;

1F glnflag (cross >= @) ? (ha <=0) : (hb > 0)) {
(1n lag == - push back(g2);
ba++ b++; b %—
} else

{
if (1nf1ag = 1) R.push_back(pZ);
aa++; a++; a %= n;



}

}
1f glnflag T i Q .
if (in_poly s return P;
if Eln poly% E y P%% return Q;
R. erase(unlque(all(R)) R.en ())
1ft(R skze() > 1 & & R.front() == R.back()) R.pop_back();
return

}

L1111 7777777777777/77777/77//77//7//7//7//7//7//7//7//7//7//7//7//7//7//////7/77/
// Campos ////////////7///77///7///77///7//////////////7 15 min. //
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#include <list>
#include <set>

const int TAM = 2000;

typedef pair<point, point> segment;
typedef pair<int, int> barrier;

struct field {
int n, m;
B01nt v[TAM],
arrier b[TAM];
list<int> e[TAM];

field: n(@, m(@) {3}

v01d clear() {
for (1nt01 =0; 1 <n; i++) e[i].clear(Q);
n=m=ao;

_inline(int cew)(int a, int b, int c¢) { return ::ccw(v[a]l, v[b], v[cD); }
void make_barrier(int i %
bEl] 5ush _back(m); e[g] pus _back(m);

m++ barrier(1i,
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;j Remove os casos degenerados de um campo.

void normalize() {
set<segment> T; set<point>_U; )
for (int 1 = 0; i < n; i++) make_ barrier(i, 1i);
for (int i =0; i < m i++) {
point p = v[b[i]. Flrst] q = v[b[i].second];
set<point> S;
S.insert(p); S 1nsert(q),

for (int j = ++) {
point r = v[b[J] Flrst], S = v[b[J] second],
1? Cr =E(p Ir ;:( ))== p0$ . q) continue;
cm - s - ==
' g Betaeen(p, r, q)) S.insert(r);
if (between(p, s, )) .insert(s);

} else if Eseg intersect(p, q, r, 5)3 {
S.insert(line_intersect(p, q, r, s))

3

foreach (st, all(s)) {
if (st S. begln()) T.insert(segment(p, *st));
u. 1nsert(p *st);

clear(Q;

foreach (it, all(U)) v[n++] = *it;

foreach (it, all(T))
vV, v+n, it->first) - v;
Vv, v+n, it->second) - v

int i = 1ower_bound
int j = lower_bound
make_barrier(i, j);

}
}
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;? Algoritmo de Poggi-Moreira-Fleischman-Cavalcante.

// Determina um grafo que contém todas as arestas de um eventual menor
;? caminho entre pontos do grafo.

void pmfc(%ra h& G)
1nt sel[TAM][2], actlve[TAM],
for (1nt 1=0;1<n; 1++) {
vector< pa1r<doub1e 1nt> > T,
foreach (1t all(e[lj))

int j = b[*it].first + b[*it].second_-
T.push_ back(make palr(arg(v[]] - v[iD), ])),

sort(all(m))

if (T.em ty(j) T.push_back(make_pair(@, i));

actlve[lﬁ

int p = 51ze(),

for %1n§[%] T d {l[ 1] TL(G+1) % p] d
sel[i = secon sel[i + .second;
if gccw(sel[lgﬁ0] 1][1], ] = 0) {J P

active[i] =
1
G.init(n);
for (int 1= @; i <n; 1++) for (int j =0; j < 1i; j++) {
if ('act1ve[1] [ 'actlve[J]) continue;

if Ccew(i, j, sel[i][0]) * ccw(i, j, sel[i ) ==-1 11\
canct; 1 Setfiiteld + et 1 SRS =
continue;
for (int k = 0; k < m; k++) {
int org = b[k] Flrst dest = b[k].second;
if (org == 1 Il org == j || dest == 1 || "dest == j) continue;
if (seg_intersect(v[i], v[j], v[orgl, v[dest])) goto PROX;

G.aresta(i, j, 1, abs(v[3j]l - v[il));
PROX: ;

}
1
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// Triangulacdes ////////////////////////////////////7/////7////7////7// 15 min. //
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// Depende da struct field.
#include <map>
typedef pair<int, int> edge;

struct trlangulatlon publlc map<edge int> {
edge sym(edge e) return edge(e. second e.first); %
edge lnext%edge e% return edge%e second (*thls)[e% }
edge lprev(edge e return edge (*thls)[e], e.first); }
edge dnext(edge e) % return lprev(sym(lprev(e))); }
edge dprev(edge e) return Lnext(sym(lnext(e)));

v01d Eew tzl(gg { in (1 r) E( » 1 (e)); .}
ESESTE2 ! B neR T  Rhib rprevce - e.secones

// Dlglte esta funcdo apenas para triangulac¢des com restrigdes.
void bdsm(field& F, edge e) {
int a, b, c, d, org = e.first, dest =
edge xt;
edge plihd[TAM],
if Ccount(e)) return;
for (iterator it = Lower _bound(edge(org, 0)); ; it++) {
xt = lnext(it->first); a = xt.first, b = xt.second;
if %b < @) continue;

e.second, topo = 0;

if (seg_intersect(F. v[a] F.v[b], F.v[org], F.v[dest])) break;
while (xt.second != dest) {

p11ha[topo++] xt

xt = F.ccw(org, dest (*thls)[xtj) >= 0 ? lnext(xt) : lprev(xt);

while (topo > 0)
edge ee = pilha[topo-1];
d = ee.first; b = ee.second;

= (*this)[ee]; d = (*thls)[sym ee)];
1f (F.cew(d, c, b) >= |l ccwgc, , a) >= Q) break;
erase(ee); erdse(sym(ee)), xt = edge( s
new_tri(xt, a); new_tri(sym(xt), b g
topo--;
) = F.ccw(org, dest, d) >= 0 ? 1prev(xt) : lnext(sym(xt));
}
1
void trlangulate(fleld& F) {
int J[TAM] k, topo = 0;
edge pllhatT
clear();

for (1nt 1i=0; i <F.n; i++) ]
sort%J J + F.n, make ~index_Lt(
for (i =2; 1 < 'F. n; i++) if (k =
if (1 >= F. n) return

t \]/S
Fleew(I[0], J[1], J[i1)) break;

.F
*eage edi5-1i,’ <3]5 e
new_triCe, (k > 0 J0] : -0

new_tri(sym(e), (k > @) ? -1 : J[1D);

edge 1b(J[i], J[Ck > Q) ?i-1 : @]), ubQ[(k >@ ?2 0 : i-1], I[iD);
for (i++; 1 < F.n; i++)
while (F ccw(lb Flrst 1lb.second, J[i]) >= 0) 1b

= dprev(lb);
while (F.ccw(ub. flrst ub second J[1]) >= 0) ub = dnext(ub);
for (edge e = dnext(lb) 1= ub dnext(e)) p11ha[topo++j
wg11e Etgpo > 0) new_ tr1(p11ha[——topo] JOD;
edge e

new_tri(e, lb 1rst) new_tri(sym(e), ub.second);
1b = 1next(e), ub = dnext(lb)

3
// Dlglte esta llnha somente para triangulacdes com restricgdes.

for (1 = 0; i < F.m; i++) {
) bdsm(F edge(F.b[lj.flrst, F.b[i].second));

1
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// Inteiros de precisdo arbitrdria /////////////////////////////////////////////
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#include <sstream>
const int DIG = 4

const int BASE =
const int TAM =

10000; // BASE**3 < 2**51
2048;

struct blglnt {
int v[TAM
blglnt(lnt X = g
memset(v, 0, 51zeo (v)),
vin++] = x; fixQ;

bigint(char *s): n(1) {
memset(v, 0 51zeof(v)),

int sign =
while % *s && lisdi 1t(*s)) if (*s++ == '-') sign *= -1,
char *t = strdup(sg *p =t + strlen(t),
whlle (p > t
*p = = XCt p_- DIG);
sscanf(p, "%d" &v[n])
vin++] *= sign;

free(t); fixQ;

bigint& fix(int m = @) {
n = max(m, n);
int sign = 0;
for (int i =1, e = e & (n = 1); i++) {

;1 <=n |l
e; e = v[lj '/ BASE; v[lj %= BASE;

v 1] +=
(v[i]) sign = (v[i] > @) ? 1 : -1;
for (int i =n-1; i > 0; i--)

if (v[1] * sign < 0) { v[1] += sign * BASE; v[i+l] -= sign; }
while (n && !v[n]) n--;
return *this;

ks
int cmp(const blglnt& x 0) const {

int 1 = max(n,

while (1) if CCt o cmp(vtlj, x.v[i])) Il i--
ool operator <(const bigint& x)_const { return cmp(x) < 0 }

bool operator ==(const bigint& x) const { return cmp(x) = , 1
bool operator !=(const bigint& x) const { return cmp(x) '— 0; }

== @) return t;

operator string() const {
ostrlngstream S; s << v[n];
for (int i = 1; 0 --) {
s. w1dth(DIG), S. flll( of ), s << abs(v[il);

return s.strQ);

friend ostream& operator <<(ostream& o, const bigint& x) {

return o << (string) x;

1

bl%lnt& operator +=(const bigint& x)_{
int i = 1; 1 <= x.n; 1++) v[1] += x.v[i];
return fix(x. nj

bigint operator +(const bigint& x) { return bigint(*this) += x; }
bigint& operator -=(const bigint& x)_{

or (int i = 1; i <= x.n; i++) v[1] -= x.v[i];

return fix(x. n5

igint operator —Econst bigint& x) { return blglnt(*thls) -= X; }
bigint operator -() { bigint r = @; return r -= *this

void ams(const blglnt& X, int m, int b)_{ // *this +— (x *m) << b;
for (int i =1, e =0; (i <= x.n || e} && (nh =1 b%' ++) {
v[i+b] += x. v[lj *m+ e; e = v[i+b] / BASE; v[i+b] %= BASE;

b1g1nt operator *(const bigint& x) const {
igint r;
for (1nt i=
return r;

1; 1 <= n; i++) r.ams(x, v[i], i-1);

return *this = *this * x; }

élglnt& operator *—(const bigint& x) é
X % y) == cmp(x);

// cmp(x / y) == cmp(x) * cmp(y); cmp
blglnt div(const bigint& x) {
f (x == @) return 0;
blglnt gq; q.n = max(n - x.n + 1, 0);
int d = x.v[x.n] * BASE + x. v[x n- 1j

for (int 1 = q.n; 1 > Q; i--
int j_ = x.n + i-
q.vglj = 1nt((v[J] i double(BASE) + v[j-11) / d);
ams(x, -q.v[1], 1-
i == == 15 break;

) v[j-1] += BASE * v[jl; vlil =
fix(x.n); return q.fixQ;

igint& operator /= Econst bigint& x% g
bigint& operator %=(const bigint& x
bigint operator /(const bigint& x) %
bigint operator %(const bigint& x)
blg%ht pow(int x) {

return *this = div(x);_}
div(x); return *this; }
bigint(*this). d1v(x)
bigint(*this) %= x;

return
return

(x < @) return (*this == 1 || *this == -1) ? pow(-x) :

bigint r = 1;

for (int i = 0; i < x; i++) r *= *this;

return r;

bigint root(lnt x) {

1f (cmﬂ =0 || cmp() < 0 && x % 2 == @) return 0;
E is == 1 || x == 1) return *thlS

1f cmp() < @) return -(-*this).root(x);

bigint a = 1, d = *this;

while (d != 1) {
bigint b = + (d /= 2);

) if Ccmp(b. pow(x)) >=0) {d+=1; a=>b; }

return a;

}
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// Teoria dos numeros ////////////////////////////////////////////7/////////////
L1111 77777777777777777777777777777777777777777777777777777777777777//77/777777777
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;j Calcula o maior divisor comum dos nlUmeros X e y.

int gcd(int x, int y) { return y ? gcdCy, x % y) : abs(x); }
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;j Calcula o minimo multiplo comum de a e b.

uint64_t lcm(int x, int y) {
if (x && y) return abs(x) / gcd(x, y) * uinte4_t(abs(y));
else return uinte4_t(abs(x | y));

LI111111777777717771777777777177777777777777777777777777777777777777777777777777
;j Decide se o inteiro n é primo.

bool is_prime(int n) {
if (n < Q) returnzls _prime(- n),

if(h<51Iln%2=011n%3==0) return (n==2 |l n==3);
int maxP = sqrt(n) + 2;
for (1nt p = 5 p < maxP )

f(h%p= 00l n% (p+2) = Q) return false;

return true;

}

A
/; Retorna a fatoracdo em numeros primos de abs(n).

#include <map>

typedef map<int, int> prime_map;

void squeeze(prime_map& M, int& n, int p) { for (G n % p == 0; n /= p) M[p]++; }
prime_map Factor(lnt n) {
prime_map M
if En < @ return factor(-n);
if (n < 2) return M;
squeeze(M, n, 2), squeeze(M
int maxP = sqrt(n) +
for (int p = 5; p < maxP p +

squeeze(M, n, p); squeeze(M

1f (n > 1) M[n]++;
return M;

n, 3);

=6
n? é+2);
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// Teorema de Bézout /////////////////////////////7/////7////////7//7//7//7//7//
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////////////////////////////////////////////////////////////////////////////////
;? Determina a e b tais que a * x + b * y == gcd(x, y).

typedef pair<int, int> bezout;

bezout flnd_bezout(int x, int y) {
if (y == @) return bezout(l 0),
bezout u = find_bezout(y, x % y);
return bezout(u.second, u.first - (x/y) * u.second);
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// Acha a menor solugdo ndo-negativa de a*x (mod m).

//
;? Retorna -1 se a congruéncia for impossivel.

int mod(int x, int m) { return x ¥m + (x < @) ? m :
int solve_mod(int a, int b, int m) {
if (m< 0) return’ solve mod(a b, —m);
ifCa<@Illa>=mllb<®1 )
return solve mod(modga m% mod(b, m), m);

0; }

bezout t = find_bezout(a, m
int d = t.first * a + t.second * m;
if (b % d) return -1;

) else return mod(t. first * (b / d), m);

L1111 1177777777777777/77/77/77/77//77/77//77//7//77/77//7//7//7/77//7//7//7//7//7//
// Triangulo de Pascal /////////////////////////////////7//7//////////////7/////
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const int TAM = 30;
int C[TAM][TAM];

void calc_pascal() {
memset(C, 0, 51zeoF(C)),
for (int'i =0; i < TAM

crife) - cm [i] =

int j = i
C[l][J] C[l ]

i++) {

<'I.,]

+)
[j-11 + C[i-11[37;
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// Algebra Linear /////////////////////////7////7///7////7////////7/////////////
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const int TAM = 100;

struct ivet {
int m, u[TAM];

ivet(int m

?):
for (int i =

0;
b
1nt& operator [J(int i) { return ul[i]; }

m(m) {

i 1 <m; i++) uli] =

ivet operator ~() {
ivet v(m);
for (int 1
return v;

}
};

struct dvet {
int m; double u[TAM];

0) m(m) {

, sizeof(u));

0; i <m;

i++) v[u[il] =

dvet(int m
memset(u, 0

double& operator [](int i) { return u[i]; }

dvet operator %(ivet p) {
dvet r(p.m);

for (int 1 = 0; 1 < p.m; i++) r[i] = ulp[il]l;
return r;

dvet& operator +=(dvet v) {
for (int 1 = 0; 1 < m; i++) u[i] += Vv[il;

return *this;

dvet operator +(dvet v) { dvet r = v; return r += *this;
dvet& operator -=(dvet v) { )
for (int i = 0; 1 < m; i++) u[i] -= v[i];
return *this;
dvet operator *(double t) {
dvet r(m); ) )
for (int 1 = 0; 1 < m; i++) r[i] = u[i] * t;
return r;
dvet operator -0 {
dvet r = *this; ) ) )
for (int 1 = 0; i <m; i++) rfi] = -r[i];
return r;

double operator *(dvet v) {
double r = 0;
for (int i = 0;
return r;

1<m; i++) r +=

ulil * v[il;
1

}

11

struct mat {

1

int m, n; dvet u[TAM];
mat(int m = @, int n = @): m(m), n(n) {
for (int i = 0; i < m; i++) uli] = dvet(n);

dvet& operator [J(int i) { return u[i]; }

mat operator %(1vet p) {
mat r(p.m, n

for (int 1 é; i< p.m; i++) r[i] = ulp[il]l;
return r;
mat operator ~() {
?at E(n m); 0 3
or (int j =0; j < n; j++
for (int. 1 =0;_ 1 <m; i++)
r[310] = uli103T;
return r;
dvet operator *(dvet v) {
dvet r(m);
for (int 1 = 0; 1 < m; i++) r[i] = u[i] * v;
return r;
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// Sistemas lineares /////////////////////////////////////////////7/////////////
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struct linsys {
ivet P, Q; dvet D; mat L, U;
int m, n, r;

void complle (const mat& A) {

m=Am; n= A.n .
P = 1vet(m), = mat(m), = dvet(); U = A; Q = ivet(n);
for (r.=0; r <min(m, n); r++) {

double best 0; 1nt p, q;
for (int i = ; 1++) for (int j = r; j <n; j+)
1f{(cmp(fabs(U[1][g be?_tb (U[)][ D: 3
est abs 1107
if (cmi(best %5

swap(P } E ]), swap(U[r] ULp]); swap(LLr], LL[p1D;
swap(Q[r], Q[ql);
for (int 1 = 0; 1 < m; i++) swapCU[i]l[r], U[illal);
D[r] =1/ U[rj rl;
ulr] = UCr] * D[r];
foE (1Et]1 =Ur j[l Ls j i++) {
1][r] = U[i][r r
UEi} -= U[rE * UEI][F

for (int i = r; 1 <m; i++) U[i][r] =

;1 <m; i++) L[i].m = r;
=r

//////////////////////////////////////////////////////////////////////
;; Encontra uma solucgdo do sistema A * x = b.

;j x.m = @ caso o sistema seja impossivel.

dvet solve(dvet b) {
dvet x =
for (int
for Elnt i
for (int i
X.m = n;
for (int i
X =x % ~Q;
return x;

}
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;j Retorna a fatoracdo LU de ~

’

o

; i <m; i++) x[i1] -= L[1i] * x;
; 1< r; i++) x¥1] *= DEI},
;1< m;y i++) if Cemp(x[i]) !'= @) return dvet();

r-1; i>=0; i--) x[i] -= U[i] * x;

3 S@'U

linsys operator ~() {

linsys F;

F.P = Q; 'F. Q=P; F.D =D; F.L = ~U; F.U = ~L;
F.m=n;, Fn=m, F.r =r;

return F;

1

12
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// Simplex ///////////////7///77///7////7///77///7////////7////7////////7////7//
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struct simplex {
int m, n, p, Q;
double s,
dvet x, y, sx, sy, C;
ivet N ;
mat AT
llnsys F;

simplex() {3}
51mp1exgdvet c):

mCO), nCc.m), y(-o) {

\JJS

5§+ {
nd( '/ double(RAND_MAX);

//////////////////////////////////////////////////////////////////////////////
;? Adiciona a restricdo A*x <= b.

void constraint(dvet a, double b)

for (int 0; j < n j++) AT[JI[m] = a[j];

AT[AT. m++i[AT n++] = 1

for (int k = 0; k < AT, m; k++) AT[k].m

for (int i = 0; i < B.m; 1++) b -= a[B[1]] * x[1],

x[x.m++] = b;

sx[sx.m++] = 1le-2 * (1. + rand() / double(RAND_MAX));
) B[B.m++] = n + m++;

void find_entering(int m, dvet& x, dvet& sx, int& p, int& q) {
for (int 1 = 0; 1 < m 1++) {
double t = - x[i] / sx[il;
if (cmp(sx[1]) >0 && cmp(t, s) > 0) {
=t;p=-1;, q9=1;

1
}
1
int Elﬂd 1egv1ng(1nt m, dvet& x, dvet& dx, dvet& sx) {
in = -1;
double r = 0.'
for (int i ; Lo<my iv+) {

if (cmp(x[ljj 0 8 cmp(dx[i]) ==_0) continue;
double t = dx[1 gx[lj + s * sx[1 DR
if Cemp(t, r) > @) =t; k =1;

return k;

void pivot(dvet& x dvet& dx, int q) {
double t = x[q] / dx[q]; x -= dx * t; x[q] = t;

double solve(dvet& r) {
dvet dx, dy;



while (true) {
s=0.; p=-1; q= —1
Elng enterlnggm X, p, q%,
in enterlng q, p);
if Cemp(s) = 05 greaﬁ
F. complle(AT
if (p = -1 {
(~F). solve(AT[N[p]]),
q find _leaving(m, x, dx, sx

if (q == -1) return INFINITY
dvet eq(m),
q[q]

{ gAT % N) * F.solve(eq);
else

dvet eq(m),
e [q]
(AT % N) * solve(eq),
p find 1eav1ng(n
1F ( = -1) return —INFINIT¥
(~F).solve(AT[N[p1D);

%1vot%x dx, q% plvotgsx dx, q%
pivot { dy, pivot(sy, dy, p);
SnapCNTB1; BLGTS:;

= dvet(n);
for (int i =0; 1 <
if (B[i] < nd r[Bflj] = X[l],

return c * r;

};
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L11117777777777777/77777/77/77/77/77/77//7/77/77/77/77//77//7//77/////77//7//77//7//
// Poker //////////////7//7//7//7//7//7//7//7//7//7//7//7/////7//7//7//7//7//7//
L1771 77777777777777777777777777777777777777777777777777777777777777777777/7777777

const char* rank_names
const char* suit_names

"*%23456789TIQKA";
"CDHS";

struct card {
int rank, suit;

int read()
char ch[Z
if (scanf( %c%c", &ch[@], &ch 1]) == EQOF) return 0;
for Erank = 0; rank_ namesErank = chE@}; rank++3
fog suit = 0Q; suit_names[suit i= ch[1 ; Suit++
return 1;

}
void print() { printf("%c%c", rank_names[rank], suit_names[suit]); }
struct freq_1t {
Frea LLCiAt® freq): freaCfreq) {}
reg_lt(int req req
bool operator ()gconst card A, const card B) const {

if (int t = freq[A. rank] - freq[B.rank]) return t > 0,
else return A.rank > B.rank;

}
1

struct hand {
card CES%
int typeQ) { .
int freq[15]; memset(freq, 0, sizeof(freq));

sort(C C+5 freq_lt(freq));

bool flush = true, straight = true;

for (int i Q; 1 <5; i++) {

if El && CEI% suit i= C[1 1].suit) flush = false;

if (i 8& I(C[i].rank == 5 && C[i-1].rank == 14) && \
C[i].rank 1= C[i- 1] rank - 1) stralght false;

freq[C[1]. rank]++

sort(C, C+5, freq_1t(freq));

1nt kind[5]; memset(klnd 0, sizeof(kind));
for (int 1 = 2; 1 <= 14; i++) k1nd[freq[1]j++
if (straight && flush) return 8;

else if (kind[4]) return 7;

else if (kind[3] && klnd[Zj) return 6;

else if Eflush) return 5;

else if stra1ght) return 4;

else if (kind[ ]) return 3;

else return kind[2

bool operator <Chand H) {
if (int t =t pe() - H.type(Q) return t < 0;
for (int i = < 5; i++
if (int t = C[l] rank - H.C[1].rank) return t < 0;
return false;

1



L1111 77777777777777777/77/77777/77/77/77/77/77/77/77/77/77//7//7//7//77//7///7//7//
// Grafos //////7///7////7///77///7///77///7////7///7////7///77///7/////7////7////
L1111 77777777777777777777777777777777777777777777777777777777777777//77/777777777

#include <queue> // Apenas para Fluxos

1010;
VT *'VT;

const int VT =
const int AR =

struct grafo {
L1117 17777777777777/7/77777777/7777777777/77777777/7/77/7777777777777/77777777
;; Definicdes compartilhadas.

int dest[2 * AR]; // "2 *" apends para CFC.

int adj[VT][2 * VT] // "2 *" apenas para Fluxos e CFC.

int nadj[VT], nvt, nar;

_inline(int inv)(int a) { return a A @x1; } // Apenas para Fluxos e PP.

L1117/ 11717 7777777777777 77777/77777/77777777777777777/77/7/7/77/77/7777/77777
;; Definicdes especificas para Fluxos.
int cap[AR], fluxo[AR], ent[VT];

inline(int orig)(int a) { return dest[inv(a)]; }
1n11ne%1nt capres)(int a) { return cap[a] - %iuxo[a]' }

L1117 77777/77777777/7/7777777/7//77/77/7/7//777//7/777/7777777/77777/7/77777/777777
;; Definicdes especificas para Fluxo Mdaximo.
int padj[VT], 1im[VT], nivel[VT], qtd[VT];
L1117 77777/77777777/7/7/777777/7//7/7777/77/777/////77//7777/777//777/7/7777/777777
;; Definicdes especificas para Fluxo a Custo Minimo.
int imb[VT], marc[VT]
double custo[AR], pothT] dlst[VT],
_inline(double custores)(int a) {
return custo[a] - pot[orig(a)] + pot[dest[al]l;

L1117 177777777777/7/77777777/7/77/7777777/77777777/7/77/777777777/77777777777
;; Definicdo especifica para Conexidade.

int prof[VT];

L1117 17777777777777/7777777777/777777777777/77777/7/7/7//77777/777//77/77777777
// Definicdes especificas para Pontos de Articulacdo e Pontes.

ponte[AR];

char partEVT}
npart, nponte;

int menor[VT

14

L1117 71777/7777777777//77777777//7/7/77/777/77/7777/7///777/7777/77777/7777/777777
;? Definicdes especificas para Componentes Fortemente Conexas.

int ord[VT], comp[VT], repcomp[VT], nord, ncomp;

_inline(int transp)(int a) { return (a & 0x1); }

LI11171777777777777777777777777/7/7/777777777777777777777777777777777777777777
// Definicdes especificas para 2 SAT.

1n11neglnt verd)(int v) { return 2 * v + 1; }
inline(int falso)(int v) { return 2 * v; }

L1117 777777777777777777777777777777777777777777777777777/77777777777/77777777/
;? Funcdes compartilhadas.

L1111 7777777777777777777777777777777777777777777777777777777777777777/77777777
;? Inicializa o grafo.

void inic(int n =
nvt = n;
nar = 0;
memset(nadj, 0, sizeof(nadj));
memset(imb, O, 51zeof(1mb)3; // Apenas para FCM

0 {

L1111 111777777777777777777777777777777777777777777777777777777777/7777777777777
;? Adiciona uma aresta ao grafo.

// "int u" "double c"
//

apenas para Fluxos; apenas para FCM.

int aresta(int 1,
int ar = nar;

int j, int u = @, double c = @) {

custo[nar] = c; // Apenas para FCM.
cap[nar]_= u; // Apenas para Fluxos.
dest[nar] =
ad3[1][nad3[1j++] = nar++;
custo[nar] = -c; // Apenas para FCM.
cap[nar]_= 0; /7 Apenas para Fluxos.
dest[nar]
adj[J][nadj[Jj++] = nar++;
return ar;

}

L1117 7777777777777777777777/777777/7/77777777777777777/7777777777/777/77/777777
;? Funcbes especificas para Fluxo Mdximo.

void revbfs(int ini,
int i, no, viz, ar

int fim) {

queue<int> fila;



memsetgnlvel NULO, sizeof(nivel));
memset(qtd é 51zeof(qtd))

nivel[fim] = @; fila.push(fim);

while (!fila. empty()) {
no = fila.front(); fila.pop(Q);
gtd[nivel[no]l]++;

for (1 = @; i_< nadj[no]; i++) {
ar = adj fno][lj sz = dest[ar];
if CCGEEGPJ -0 && nivel[viz] == NULO) {
nivel[viz] = nivel[no] + 1; fila.push(viz);

}
}
}

int admissivel(int no) {
while (padj[no] < nadj[no]) {
int ar = JEno][padJ noll;
if (nivel[no] == nive [dest[ar]] + 1 && capres(ar) > @) return ar;
padj[no]++;

padj[no] =
return NULO;

int retrocede(int no) {
int i, viz, menor = NULO;
if (——qtdtnlveI[no]] = @) return NULO;

for (1 = i < nadj[no]l; i++) {
deno 101i]; vgz = dest[ar];
1f (capres(ar) <= @) continue;

if (menor == NULO || nivel[viz] < nivel[menor]) menor = viz;
if Emenor 1= NULO) nlvel[no] = nivel[menor];
qtd ++n1vel[no]} )
return ((ent[no] == NULO) ? no : orig(ent[nol));

}

int avanca(int no, int ar) {
int viz = dest[ar];

entEviz} =ar;
lim[viz] = min(lim[no], capres(ar));
return viz;

int aumenta(int ini, int fim) E
int ar, no = fim fmax = lim[fim];
while (no 1= 1n15
Fluonar = ent[no] += fmax;
fluxo 1nv%ar%j -= fmax;
no = orig(ar);

return fmax;
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L1117 77777777777/71777777777/777777777777/7/7777/777777777777/777/777/777/7/77777/77777

;? Funcdo especifica para Fluxo a Custo Minimo.
;? Algoritmo de Dijkstra: O(m * log n)

void dijkstra(int ini) {
int i, j, k, a;
double d;

priority_queue<pair<double, int> > heap;
memset(ent, NULO, sizeof(ent));
memset(marc 0, 51zeof(marc)),

for (i = 0; i < nvt; i++) d15t[1] = INFINITY,
heap. push(make palr(dlst[lnlj = 0.0, ini));

while ('heap empty()) é
i = heap.to (g second; heap.popQ);
if (marc[ljg contlnue marc[i] = 1;
for (k = 0; k < nadj[lj k++) é
a= adjtljg %; j = dest[a] = dist[i] + custoEes(a),

if (capres >= delta && cmp(d dlSt[]]) <
heap. ush(make pair( -(dist[j] = d),730;
ent[jﬁ
} }
}
}

L1117 77777777777/707777777777777777777/77/77/77/7777//77/777/777/777/777/777/77/77777

;? Funcdo especifica para Pontos de Articulacdo e Pontes.

int dfs_partponte(int no, int ent) {
int i, ar, viz, nf = 0,

1< nad][no], i++) {

For (1 =
dest[ar];

= adjtno][lj, viz

if (prof[viz] == NULO) {
menor[viz] = prof[viz] = prof[no] + 1;
dfs_partponte (viz, ar), nf++;

if (menor5v1z] >= prof[no]) {
part[no 1;
if (menor[v1z]

= prof[viz]) ponte[ar] = ponte[inv(ar)] =
else menor[no] = min(menor[no], menor[viz]);

else if (inv(ar) != ent) menor[no] = min(menor[no], prof[viz]);

return nf;



L1117 77/777777777/7/77777777//7/77/7/777/77/777/7/77/77/7777777/7/777/7/77777/777777
;; Funcbes especificas para Componentes Fortemente Conexas.

;; Ordenacgdo Topolégica (duas primeiras funcdes).
void dfs topsort(lnt no) {

for (int 1 = @; i_< nadj[no]; i++) {
int ar = adj fno][lj, viz = dest[ar];

if (!trans (ar) && prof[viz] == NULO) {
prof[v1z§ prof[nho] + 1; dfs_topsort(viz);

ord[--nord] = no;

void topsort() {

memset(prof, NULO, sizeof(prof));
nord = nvt;
for (int 1 = 0; 1 < nvt; i++)

if (prof 1] == NULO) {
prof[i] = 0; dfs_topsort(i);

}

void dfs_compfortcon(int no) {

compEno] = ncomp;
for (int 1 = 0;

int ar = adj

if (transp(ar) && comp[viz] =

1< nadj[nol; i++) {
nol[i], viz = dest[ rl;
NULO) dfs_compfortcon(viz);

}

L1117 177777777777/77777777/77//77777777777777777777777777777777777/77777777777
;j Funcgéo especifica para 2 SAT.

// Adiciona ao grafo as arestas correspondentes a clausula

// ((x = valx) ou (y = valy))

void clausula(int x, bool valx,
int hipA, teseA, hlpB teseB;

if (valx) { hipA = falso(x); teseB =

int y, bool valy) {

verd(x); }
}

else { hipA = verd(x); teseB = falso(x);
if (val { hipB = falso(y); teseA = verd(y); }
else { %1pB = eerd(y), tegeA falso(y); }y

arestaghlpA teseA);
arestaChipB, teseB);
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//////////////////////////////////////////////////////////////////////////////
;? Fluxo Maximo: 0(nA2 * m)

int fim) {
" fmax = 0;

int maxflow(int ini,
int ar, no = ini,

memset(fluxo, @, sizeof(fluxo));
memset(padj, 0, sizeof(padj));

revbfs(ini, fim);
1im[in1] = INF; NULO;

while (nivel[ini] < nvt & & no != NULO) {
if ((ar = admissivel(no)) = NULO) no =
else if ((no = avanca(no, ar) fim) {
fmax += aumenta(ini, flm)
no = ini;

ent[lnlj

retrocede(no);

return fmax;

//////////////////////////////////////////////////////////////////////////////
;? Fluxo a Custo Minimo: O(mA2 * log n * log U)

// Parametro global especifico: imb
double mincostflow() {

int a, i, j, k, 1, U = 0;
double C'="0.;

memset(pot, @, sizeof(pot));
memsetgfluxo 0@, sizeof(fluxo));

for (a =0; a < nar ; a++) {
if (cmp(custo[a]) > @) C += custo[a];
U = max(Ccap[a], U);

3
for (i = 0;
for (delta

imb[nvt] = nadj[nvt]

for (i = 0; i < nvt; 1++5
arestagl, nvt, U, C);
aresta(nvt, i, U, O);

< nvt;

i ++) U = max(imb[i], max(-imb[i], U));
0x40@0é00@

delta > U; delta /= 2);
*= 2 * nvt; C *

nvt++;

while (delta >= 1) {
for (a = 0; a < nar ; a++3 {
i= or1g(a), = dest[a
if (delta <= capres(a) &é capres(a) < 2 * delta &
cmpEcustores(a)) <0 {
fluxo[inv(a)] -= capres(a);
1mb[1% -= capres(a), 1mb[3j += capres(a);
fluxo[a] = cap[a



while (true) {
for (k

=0 ; k < nvt & imb[k] < delta; k++);

for (l=nvt -1;1>= 08 imb[1] > —delta 1--);
if (k == nvt II 1< @) break;

dijkstraCk);

for (i1 =0 ; i < nvt ; i++) pot[i] -= dist[i];

for (a = ent[1];
fluxo[a] += d

) imb[k] -= delta;
delta /= 2

a !'= NULO; a = ent[orl (a)]) {
elta fluxotlnv(a)] -= g lta;

imb[1] += delta;

C=20.;
for (a = 0; a < nar;
return C;

}

L1117 7777777777/7777777777777/7/77/7777777//777/7777777/7777777/77777/7/77777/777777
;; Encontra os Pontos de Articulacdo e as Pontes.

a++) if (fluxo[a] > @) C += fluxo[a] * custo[a];

void partponte() {
memset(part, 0, sizeof(part));
memset%ponte Q, 51zeof(ponte)%
memset(prof, NULO, sizeof(prof 5
memset(menor NULé sizeof(menor
npart = nponte = ;

for (int i = 0; i < nvt;
if (prof[lj == NULO) {
menor[1] = prof[i

if (dfs_ partponte(l,

;

i++)

NOLO) < 2) part[i] = 0;

for (int 1 = 0; i < nvt; i++) if (part[i]) npart++;
for (int 1 = 0; 1 < nar; i++) if (ponte[i]) nponte++;
nponte /= 2;

}

L1117/ 77777777777777777/777/7/7/777/77/777/7777/7/77777/7777777/7/777/7/77777/777777
;; Encontra as Componentes Fortemente Conexas.

int compfortcon() {

memset(comp, NULO, sizeof(comp));
ncomp = 0;
topsort(),
for (int 1 = 0; i < nvt; i++)
if (comp[ordt1]] == NOLO) {

repcomp[ncomp] = ord[i
dfs compfortcon(ord[E] ;
ncomp++;

return ncomp;

17
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L1111/ 77777777777777777777777/77777777777777777777/77////77/77777777777/7777/
;? Decide se a conjuncdo das cldusulas pode ser satisfeita.

int twosat(int nvar) {
compfortcon();
for (int i 0; i < nvar
if (Ccomp[verd(i)]
return 0;
return 1;

1++)
comp[falso(1)])



L1117 77777771/77777777777/77/77/77/77/77/77//77/77//7//7//7//7///7//7//7/7//7///7//7/7/
// Anho-Corasick //////////////////7////////7////7///7////7///7////7////7////////
L1111 77777777777777777777777777777777777777777777777777777777777777//77/777777777

#include <map>
#include <list>
#include <queue>
#include <string>

const int MAX_NO = 100010;
const int MAX_PAD = 1010;

typedef map<char, int> mapach;
typedef map<str1ng, int> mapastr

struct automato {
mapach trans[MAX_NOJ;
mapastr pad;
list<int> pos[MAX AD] ;
int falha[MAX_NO], flnal[MAX NOJ], tam[MAX_PAD], numNos;

automato(): numNos(@) {}

//////////////////////////////////////////////////////////////////////////////
;; uncdo de inicializacgdo.

;j Uma chamada por insténcia, antes de todas as outras funcdes.

void inicg) {
memset% alha, NULO, 51zeof%falha%%
memset flnal NULO sizeof(final
for (int i = 0; 1 < numNos; i++) trans[lj clearQ);
pad.clear(); numNos = 1;

L1117/ 7777777777/77/777777777///77/7777/77//777/77/7777/777777/77777/7/77777/777777
;; Funcdo que adiciona um padrdo ao autémato reconhecedor.

// Uma chamada por padréo, depois da inicializacgdo.
;; Retorna o indice de acesso a variavel global pos.

int adiciona_padrao(char* s) {
pair<mapach::iterator, bool> pch;
int i, no = 0, numPad’ = pad. 51ze(),

if (pad.count(s)) return pad[s];
else pad.insert(make_pair(s, numPad)),

for (1 = 0; s[il; i++) {
((pch trans[no].insert(make_pair(s[i], numNos))).second) numNos++;
pch. first- >second;

tam[numPad] =i ? i : 1;
return final[no] = numPad;

18
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//////////////////////////////////////////////////////////////////////////////
;? Funcdo que gera o tratamento de falh

;? Uma chamada por instdncia, depois da adicdo de todos os padroes.

void gera_ Falhas() {
queue<int> fila;
int filho;
foreach }t, all(trans[@])} {
falha[filho = it->second] = 0;
fila.push(filho);

while (!fila.empty()) {
int atual = fila.front(); fila.popQ);

foreach (it, all(trans[atuall)) {
char ¢ = it- >first; filho = it->second; int ret = falha[atual];

while (ret != NULO && !'trans[ret].count(c))
ret = falha[ret];

if (ret != NULO) {
Falha[Fllho] trans[ret][ 1;
if (flnal[fllhoj NULO && flnal[falha[fllhojj = NULO)
final[filho] = flnal[falhagfll o%
} else if (trans[@].count(c)) falhal fho] trans[0][c];

) fila.push(filho);

3
3

L1117 777777777777777777777777777777777777/7777777777/777777777777/77777/777777
;? Fungdo que busca os padrdes em uma cadeia de consulta.

// Uma chamada por consulta, depois da geracdo do tratamento de falhas.
;? Preenche a varidvel global pos.

void consulta(char* s) {
int ret, atual =0, i = 0,

int N = pad.size();
for (int j = @; j < N; j++) pos[j]l.clearQ);

do {

while (atual != NULO && 'trans[atual].count(s[i]))
atual = Falha[atual

atual = (atual == NULOj ? @ : trans[atual][s[i]];

for (ret = atual; ret !'= NULO && final[ret] != NULO ret = falha[ret]) {
pos[final ret]j ush_back(i - tam flnal[ret]}
while (falha[ret] !'= NULO && final[falha[ret]] = Flnal[ret])
ret = falha[ret];

} %hile Cs[i++1);



LI1L11777777777777777777/77/77/777/77777/77/77/77//77//77//7//7//7/7//7//77//7///7///7//
// Arvore de segmentos /////////////////////////////7/////7//7//7//7//7//7//77/7
L1177 77777777777777777777777777777777777777777777777777777777777777/77/777777777

struct segtree {

)

segtree *L
double len

int a, lbd, rbd; // s6 para union_perimeter()

seg}rge(ing E,1§nt e): B(b), ECe), len(@), C(@), a(d), 1bd(@), rbd(@) {
(B +E)/ 2;
R = new segtree
R = new segtreeEB B3
osgtrees int b, int e) {
if (b < 8

int M =

EB M;
} else if (E -

E, BE);
} else L = NULL
void 1nsertg
<=b |1l B == E) return;

else { L >insert(b, e); R- >1nsert(b e); }

L = new segtree B3
="1){
L = new segtree
delete L; delete R; }
if (e <= B
= B && E <= e) C++;

update();

void erase(int b, int e) {
if Ee <= B <= B == E) return;
if (b <= B & E <= % C -5
else { L->erase(b, e); R->erase(b, €); }
update();

void update();

struct rect {
double x1
rect%

x1
const int TAM = 110;
double y[2 * TAM];
void segtree::update() {
1en 2 y[E] - y[B],

lbd rbd =

else {

len = L->1en + R->len;

d=1L->a + R->a - 2 * L->rbd * R->rbd;
lbd = L->1bd; rbd = R->rbd;

yl, x2, y2;
double xi =0, Ydouble

= @, double x2 = @, double y2 =
x1), yl(yD), x2(x2),

\
y2ly2) 11
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double union_area(vector<rect>& R) {
int n = R.size(); i = Q) return 0;

vector< palr<double int> > E;

int m = 0, .

for (int 1 =0; i < n; 1++) {
E.push_| back(make palr(RE } x1, 1));
E.push_| back(make pair(R x2, ~1));

Y] = KR

sort(all(E)); sort(y, y + m); m = unique(Cy, y + m, cmp_eq) - VY;
double last = E[@].first, r = 0;
segtree T(0, m-1);
for (int 1 = 0; 1 < 2*n; i++) {
int k = E[i].second; bool in (k >= 0); if (!in) k = ~

double dx = E[i].first - last, dy = T.len;
r += dx * dy;

int a = lower_bound(y, y + m, R[k].yl, cmp_1lt) - vy;
int b = lower_ bound(g, + m, R[k].y2, cmp_1t) - y;
if (in) T. 1nsert(a DR
else T.erase(a, ),
last += dx;
return r;
1
double union_ per1meter(vector<rect>& R) {
int n = R.size(); 1 @) return 0;
vector< pa1r<doub1e, 1nt> > E;
int m = 0,
for (int 1 =0; i <n; i++) {
E.push_| back(make pa1r(R[1] x1 1)%5
~1

E.push_back(make_pair(R[1].x2
y[m++ R[1].y1;
yLm++ i].y2;

}

sort(all(E)); sort(y

double Tast = E[0].Firs

segtree T(0, m-1);

for (int 1 = @; 1 < 2*n; i++) {
int k = E[i].second; bool in

m); m =dun1q8e(y, y +m, cmp_eq) - y;

st r=0,dy =

(k >= 0); if ('in) k = ~k;

double dx ? E[i].first - last;
.a;

r += dx *
int a = lower_bound m, REk}
m, R[k

int b = lower_bound
if (in) T. 1nsert(a

cmp_lt

18

cmp_lt

.yl,

-y
-ye,

b, "

else T.erase(a, ),
r += fabs(dy - T.len);
dy = T.len;
last += dx;
return r;
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#include <complex>
#include <vector>

typedef complex<double> cdouble;

int cmp(cdouble x, cdouble y

@, double tol = EPS) {
return cmp(abs(x), abs(y), tolj

const int TAM = 200;

struct poly {
cdouble poly[TAM], int n;
poly(int n = @): n(n) { memset(p, , sizeof(p)); }
cdouble& operator E](lnt i) { return p[i]; }
poly operator ~()
poly r(n-1);

for (int 1 = 1; i <= n; i++ %
rfi-1] = p[lj * cdouble(1
return r;

pair<poly, cdouble> ruffini(cdouble z) {
if (n == @) return make_pair(poly(), 0);
poly r(n-1);
for (int i = n; i i--) r[i-1] = r[i] * z + p[i];
return make_ palr(r rf@] *z + p[0]);

cdouble operator ()(cdouble z) { return ruffini(z).second; }
cdouble find_one_root(cdouble x) {
poly p@ = *this, pl = ~p@, p2 = ~pl;

1nt m = 1000;
while (m--) {
cdouble y@ = p@(x);
if (cmp(y@) @) break;
cdouble G = pl(x) / y@;
cdouble H =G * G- p2(x
cdouble R = sgrt(cdouble(n 1§ i (H * cdouble(n) - G * G));
cdouble D1 D2

cdouble a = cdouble(n) / (cmp(Dl D2) > @ ? D1 : D2);
X -= a;
if (Ccmp(Ca) == @) break;

return x;

vector<cdouble> roots() {

poly q = *this;

vector<cdouble> r;

while (g.n > 1) g
cdouble z(rand() / double(RAND_MAX), rand() / double(RAND_MAX));
z = q.find_one_root(z); z = find_one_root(z);
g = q.ruffini(z).first;
r.push_back(z);

return r;
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