Geometry code for calculating convex hulls, polygon area, overlap, plus vectors (dot & cross products) & angles.
· Polygon construction, area, and convex hulls should take ~16 minutes
· Polygon intersection, contains_point: additional 8 minutes (~24 total)

 10/19/2007  Ben Karel <web@eschew.org>

#include <complex> // includes cmath and sstream

#include <string>

#include <vector>

#include <iostream>

#include <list>

#include <set>

#include <functional>

#include <algorithm>

#include <iterator> // for back_inserter, includes cstddef

using namespace std;




 NUMERICAL ROUTINES

// wraps indices around array bounds and angles to the valid range 0..size

// abs(-1) % 360 == 1;  mod(-1, 360) == 359

double mod(double n, double s) { return fmod(s + fmod(n, s), s); }

int    mod(int n, int s)                { return (s + (n % s)) % s; }

// only needed for operator< if "== 0" doesn't work
template <class N>


// returns true if b is between a and c.
bool between(N a, N b, N c) { return (a <= b && b <= c) || (a >= b && b >= c); }

template <class N>
N    sqr(N n) { return n*n; }

template <class N>
N to_num(string s) { stringstream ss(s); N n; ss >> n; return n; }

#define CLOCKWISE -1

int POLY_DIR = -2;

// Generic printing of sets, vectors, lists, etc

template <typename S>

// requires operator<< for
ostream& output(S& v) {

// T::value_type

copy(v.begin(), v.end(),

ostream_iterator<typename S::value_type>(cout, " "));


return cout << endl;

}

// Documentation for ccw():
//  Does going from the line segment ab (a to b) to point c require a

//  clockwise (right, -1) or counterclockwise (left, 1) or no turn (0)?

// The third term (collinear) determines behavior for points on the line

//                             c1

//                            /

// c4----------a-----c5------b-------c2

//                           |

//                          c3

// 0 == ccw(a,b,c5) == ccw(a,b,c[245],true)

// 1 == ccw(a,b,c[12])

//-1 == ccw(a,b,c[34])



GEOMETRY CODE: Points, Lines, Angles, Distances
typedef double Coord;

// Equivalent to a position vector

// complex<> takes care of operator implementations for us!

typedef complex<Coord> P;

namespace std {

    // a < b if: a has smaller y value, or, if they have equal y value, smaller x

    bool operator<(const P& a, const P& b)  {

return imag(b-a) > 0. || imag(b-a) == 0. && real(b-a) > 0.; }
}

typedef set<P> S;

typedef vector<P> PP; // Poly-Points -- not a real polygon, just a collection of points
double e = 1e-5; // acceptable floating-point roundoff error for calculations
double cross(P a, P b) { return -imag(a*conj(b)); }

double   dot(P a, P b) { return  real(a*conj(b)); }

P       proj(P v, P u) { return u * P(dot(u,v)/dot(u,u)); }

#define angle arg

#define len abs

P unit(P v) { return v/len(v); }

// "approximate equals, ignoring floating-point error"

bool approx_eq(const P& a, const P& b) {
return fabs(imag(a-b)) < e && fabs(real(a-b)) < e; }

// Line segment: Conceptually, a position vector and a displacement vector.

// The distinction is important because the type system remains the same as

// a pair-of-points implementation, but the contents of the second point differs.

typedef pair<P,P> Seg;

typedef Seg L;

P p0;

// Utility methods for treating Seg like a pair-of-points implementation

// from_pts(P(1,1), P(3,4)) returns a seg where p = (1,1) and d = (2,3)

Seg from_pts(P a, P b) { return Seg(b-a, a); }

// Given the seg above [(p:d) = (1,1) : (2,3)] head() would return (3,4)

inline P tail(Seg s) { return s.second; }

inline P  pos(Seg s) { return s.second; } 

inline P  dir(Seg s) { return s.first; }

inline P head(Seg s) { return pos(s) + dir(s); }

// angle between two lines
double angle(L a, L b) {  return abs(angle(dir(b)) - angle(dir(a))); } 

// ===================== DEBUG HELPERS ================================ 

ostream& operator<<(ostream& out, const Seg& l) {
return out << "[(p:d) = "<<tail(l) << " : " << dir(l) <<"]"; }

// ====================================================================

int ccw(P a, P b, P c, bool collinear = false) {


P d = b-a, e = c-a;

        Coord diff = cross(d,e);

        if(diff > 0) return  1; 

        if(diff < 0) return -1;

        if(collinear) return 0;

        if(real(d) * real(e) < 0 || imag(d) * imag(e) < 0) return -1;

        if(dot(d,d) < dot(e,e)) return 1;

        return 0;

}
bool sort_by_angle(const P& a, const P& b) {

        int res = ccw(a, b, p0);

        if (res == POLY_DIR) return true;

        else if (res == 0 && len(p0 - a) < len(p0 - b)) return true;

        return false;

}
void poly_sort_hull(PP& p, bool hull_only = false) {

    int n = p.size();

    if(n <= 3) return;


 // don't bother sorting a line or triangle
    sort(p.begin(), p.end()); 

// make sure lowest-left point is pivot
    p0 = p[0];

    sort(p.begin() + 1, p.end(), sort_by_angle);
    if(hull_only) {

        PP chull;


  bool done;

        chull.push_back(p[0]); chull.push_back(p[1]);

        for(int i = 2; i < n; ++i) {

            done = false;

            while(!done && chull.size() > 1) {

                P last = chull[chull.size() -1];

                P n2l =  chull[chull.size() -2];

                if(ccw(last, p[i], n2l) != POLY_DIR)

chull.pop_back();

                else done = true;

            }

            chull.push_back(p[i]);

        }

        p.swap(chull);

    }

}
struct Poly {


vector<Seg> lines;


double area;


Poly(PP p) : area(0.0) {



poly_sort_hull(p, true); // Think! Does the problem require convex hulls?


int n = p.size(), m, l;



for(int i = 0; i < n; ++i) {




m = mod(i+1, n);




l = mod(i-1, n);




area += real(p[i]) * imag(p[m] - p[l]);




lines.push_back(from_pts(p[i], p[m]));



}



area = fabs(area/2.);


}


bool contains(P&); // see definition below, if required
};



POLYGON INTERSECTION/OVERLAP

int intersect_status;

#define X_WAS_PARALLEL (intersect_status & 4)

#define X_WAS_COLLINEAR (intersect_status & 8)

bool intersect(L a, L b, P& p) { // returns if the intersection is on both segments


Coord r0 = cross(pos(b) - pos(a), dir(b));


Coord s0 = cross(pos(b) - pos(a), dir(a));


Coord d = cross(dir(a), dir(b));


Coord r =  r0/d, s = s0/d;


p = pos(a) + dir(a)*P(r);


bool on_a = between(0.,r,1.), on_b = between(0.,s,1.);


intersect_status = 0;


if(d == 0) intersect_status |= 4; // parallel


if(r0 == 0) intersect_status |= 8; // collinear

if(on_a) intersect_status |= 1;


if(on_b) intersect_status |= 2;


return on_a && on_b;

}
bool onseg(P p, Seg l) { return 0 == ccw(tail(l), head(l), p); }
// consider segs_i([a,b], [c5,c2]) above: intersect() returns false (which is right).

//
Still, 2 of the 4 possible endpoint-on-other-seg will always be true,

// 
so we can just test three of them

bool segs_intersect(Seg ab, Seg cd, P& i) {


return intersect(ab,cd, i) || ((intersect_status & 12) == 12 &&



(onseg(tail(cd), ab) || onseg(head(cd), ab) || onseg(tail(ab), cd)));

}

S overlap(Poly a, Poly b) {


S s; P ai, x; int as = a.lines.size();


for(int i = 0; i < as; ++i) {



ai = tail(a.lines[i]);



if(b.contains(ai)) { // if you just want whether two Polys intersect at all,



s.insert(ai); // you can omit the rest of this if-statement




// finds intersections between (ai's before & after lines) & poly b




for(int j = 0; j < b.lines.size(); ++j) { int h = mod(i-1, as);





if(segs_intersect(a.lines[h], b.lines[j], x)) s.insert(x);





if(segs_intersect(a.lines[i], b.lines[j], x)) s.insert(x);




}



} else { 

// debug?                
}


}


return s;

}

// find the overlapping points from a in b (and their intersections with b's lines),

// and for b in a, and take their union.

PP poly_intersection(Poly pa, Poly pb) {


PP p;


S a = overlap(pa, pb);


S b = overlap(pb, pa);


set_union(a.begin(), a.end(), b.begin(), b.end(), back_inserter(p));


return p;

}
// If a point is on any line in the polygon, the polygon contains the point.

// Otherwise, the polygon contains the point only if a (theoretically)

// infinite ray crosses an odd number of lines.

// http://tog.acm.org/editors/erich/ptinpoly/

bool Poly::contains(P& p) {


P xs;
bool inside = false;


Seg vert = Seg(P(0,1e37), p); // pseudo-infinite vertical ray (not line!)

for(int i = 0; i < lines.size(); ++i) {

if(onseg(p, lines[i]))

return true;
// xs check makes polygon vertices count as one, not two, intersections

if(segs_intersect(vert, lines[i], xs) && xs != head(lines[i])) {

inside = !inside;

}

}



return inside;

}

int main() {

    POLY_DIR = -CLOCKWISE;

    int k, n, x, y;

    while(cin >> n) {

      





 //cerr << "n: " << n << endl;

        vector<P> vp;

        for(int p = 0; p < n; ++p) {

           cin >> x >> y;

           vp.push_back(P(x,y));

          




//cerr << "x,y: " << x << ", " << y << endl; 

        }

       




 //cerr << "vp: " << output(vp) << endl;

        Poly pol = vp;

        printf("%.1lf\n", pol.area);

    }

}

