Simpson’s Rule: For Integrating a function where 2m is the number of divisions( the more the better e.g. m = 3)


[image: image1.wmf]a

b

f

x

dx

h

3

f

0

4

f

1

2

f

2

4

f

3

2

f

2

m

2

4

f

2

m

1

f

2

m

h

b

a

2

m

f

i

f

x

i

f

a

ih


Newton’s Method:  If |x – x_0| < 1e-100  then you are done with approximating.  Good for root finding (e.g. an nth root of a number)

while( |x - x_0| < 1e-100)
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Cosine Law/ Dot Product:
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Cross product: Good for finding the area of the parallelogram and triangle(half of parallelogram) defined by a and b
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Scalar Triple Product: Gets the volume of a parallelipiped (half of it is the volume of a tetrahedron).  If the Scalar Triple product is zero  (0), then the 3 vectors are coplanar.

Sine Law:
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Heron's Formula: (Area of a triangle)
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Geometric Algorithms: Vector operations: +, -, *, % (cross product)

int ccw(point p0, point p1, point p2){

    point d1, d2;

    d1 = p1 - p0;

    d2 = p2 - p0;

    if(d1.x * d2.y > d1.y * d2.x) return +1;

    if(d1.x * d2.y < d1.y * d2.x) return -1;

    if((d1.x * d2.x < 0) || (d1.y * d2.y < 0)) return -1;

    if((d1 * d1) < (d2 * d2)) return +1;

    return 0;

}

int intersect(line l1, line l2)

{


return (ccw(l1.p1, l1.p2, l2.p1) * ccw(l1.p1, l1.p2, l2.p2) <= 0)

    
&& (ccw(l2.p1, l2.p2, l1.p1) * ccw(l2.p1, l2.p2, l1.p2) <= 0);

}

point origin;

class compare_angle{


public:



bool operator()(const point& one, const point& two){




return atan2(one.y - origin.y, one.x - origin.x) < 





atan2(two.y - origin.y, two.x - origin.x);



}

};

Simple Closed Path: 

void closed_path(vector<point>& poly)

{ // use '&' to pass "poly" by reference


int min, i;

   poly[poly.size()] = poly[0];

   for(min = 0, i = 1; i < poly.size(); i++)

   
if(poly[i].y < poly[min].y)




min = i;


for(i = 0; i < poly.size(); i++)



if(poly[i].y == poly[min].y)




if(poly[i].x < poly[min].x) min = i;



else if(poly[i].y < poly[min].y)




min = i;

   origin = poly[min];

   swap(poly[0], poly[min]);


sort( poly.begin(), poly.end(),




compare_angle() );

}

Convex Hull

int graham_scan(vector<point>& poly) 

{ // use '&' to pass "poly" by reference    


int M, i;


poly.push_back(poly[0]);


for(M = 2, i = 3; i < poly.size(); i++)


{

        while( ccw( poly[M], poly[M-1], poly[i] ) >= 0 )

            M--;

        M++;

        swap(poly[i], poly[M]);

   }

   M++;

   return M;

}

Green's Theorem: Area of a Polygon or reqion represented by a curve C.  get x, dx, y, dy into a parametric equation.
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double area(vector<point> poly) // by green's theorem

{ // must be a convex polygon


double area = 0.0;


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


{



point cross = poly[i] % poly[i+1];

      area += cross.z;


}


return fabs(area / 2);

}

Point in Polygon:

int inside(point t, vector<point> p)

{

    int i, j = p.size() - 1, count = 0;

    line lt, lp;

    p.push_back(p[0]);

    p.push_back(p[1]);

    lt.p1 = t;

    lt.p2 = t;

    lt.p2.x = numeric_limits<double>::max();

    for (i = 0; i < p.size(); i++)

    {

        lp.p1 = p[i];

        lp.p2 = p[i];

        if (!intersect(lt, lp))

        {

            lp.p2 = p[j];

            j = i;

            if (intersect(lt, lp)) count++;

        }

    }

    return count % 2 == 1;

}

Gaussian-Jordan Elimination:  Good for determining the inverse of a matrix and solving a system of equations.

void gauss_jordan(float **a, int m, int n) 

{


for(int i = 0; i < m; i++)


{



// search for pivot row



int max = i; 



for(int j = i+1; j < m; j++) 




if( abs(a[j][i]) > abs(a[max][i]) ) 





max = j;



for(int k = i; k < n; k++)




swap(a[i][k], a[max][k]);



if(a[i][i] == 0)

         // checks for linear independence etc.




break;



// normalize the row vector



float temp = a[i][i];



for(int k = 0; k < n; k++)




a[i][k] /= temp;



// for gauss elimination only use 



// j = i+1 and don't normalize



for(int j = 0; j < m; j++) 



{




if(j == i) 





continue;




float temp = a[j][i];




for(int k = i; k < n; k++)





a[j][k] -= a[i][k] * temp / a[i][i];



}


}

}

Combination set generator: n taken r

Usage:  next_combination(n.begin(), n.end(), r.begin(), r.end())

template<class It> bool next_combination(It nstart, It nend, It rstart, It rend)

{

   --nend; --rend;

   It temp1 = nend; It temp2 = rend;

   if(*temp1 == *temp2)

   {

      while(*temp2 == *temp1 && temp2 != rstart) { temp2--; temp1--; }

      if(temp2 == rstart && *temp2 == *(nend - (rend – rstart)))

         return false;

      while(*temp2 != *temp1) temp1--;

      while(temp2 != rend + 1) *(temp2++) = *(++temp1);

      return true;

   }

   else

   {

      while(*temp1 != *temp2) --temp1;

      *temp2 = *(++temp1);

      return true;

   }

}

Incenter/ Inscribed Circles: Circle inside a triangle where the three sides of the triangle are tangents.  Point of intersection of the angle bisectors

Inradius: (A is the area of the triangle)
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Circumcenter: Point of intersections of perpendicular bisectors of the sides of the triangles

Circumradius: 
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Arc Length of a Curve: (can be used to derive circumferences, etc)
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Areas:

Ellipse
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Sector (radians)
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Solids:


Surface Area
Volume

Pyramid
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Sphere
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Spherical Sector
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Series:

Arithmetic: 
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Geometric: 
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Infinite Geometric: 
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Matrix Transformations:

Rotation: Map the new positions of vectors i, j and k into the newly rotated system

Reflection: Rotate first to the x or y axis, reflect there and then rotate it back (application of the concept of the similarity of matrices).


In 3d, first get the eigenvectors (X) and multiply it with a diagonalized matrix (D) with corresponding eigenvalues for each eigenvector.  The eigenvector for an eigenvalue -1 is the gradient of the scalar function of the plane.  The 2 eigenvectors of eigenvalue 1 are any 2 linearly independent vectors that lies on the plane.


Reflection matrices only have eigenvalues of 1 (multiplicaity n-1) and -1
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Translation: Add a homogenous coordinate system to the matrix. E.g: 
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Scaling:
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Matrix Multiplication:  Places the result of a*b to c

for(int i = 0; i < rows; i++)

    for(int j = 0; j < cols; j++) 

    {

        double sum = 0;

        for(int k = 0; k < n; k++)

            sum += a[i][k] * b[k][j];

        c[i][j] = sum;

    }

Center of gravity of a system of material points Mi( xi, i ) with the masses mi ( I = 1, 2 ,3, …, n ):
x = (mixi) / (mi), y = (miyi) / (mi)

Distance from a point to a line: 
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Area of an ellipse with equation x2/a + y2/b: A = ab 

Parabola: 
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Area of the segment of the parabola PSQ corresponds to 2/3 of the area of the parallelogram QRTP, where S is the vertex.

Length of the arc of the parabola between vertex S and point P(x, y): 
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Radical axis of the two circles is  the straight line through the two intersection points P1 and P2 (common secant of both circles). For the circles x2 + y2 + 2d1x + 2e1y + f1 = 0, center M1( -d1, e1 ) and x2 + y2 + 2d2x + 2e2y + f2 = 0, center M2( d2, e2 ), the equation of the radical axis is 
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Taylor Series: 
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, fk are the k-th derivatives of f​(x) at x  = x0.

Horner’s Scheme: 
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Binomial Theorem:
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/****

Permutation generator

****/

  public boolean nextPerm(int[] a) {

    int temp;

    int j = a.length - 2;

    while (j >= 0 && a[j] > a[j+1]) j--;

    if (j < 0) return false;

    int k = a.length - 1;

    while (a[j] > a[k]) k--;

    temp = a[k]; a[k] = a[j]; a[j] = temp;

    int r = a.length - 1;

    int s = j + 1;

    while (r > s)

    {

      temp = a[s]; a[s] = a[r]; a[r] = temp;

      r--; s++;

    }

    return true;

  }

/****

Combination generator

****/

  public boolean nextComb(int[] a, int n) {

    int r = a.length;

    int i = r - 1;

    while (i >= 0 && a[i] == n - r + i) i--;

    if (i < 0) return false;

    a[i]++;

    for (int j = i + 1; j < r; j++) a[j] = a[i] + j - i;

    return true;

  }

/****

Partition generator

****/

  public boolean nextPart(int[] a, int n) {

    int k = a.length;

    if (p[k-1] != 1) { p[k-1]--; p[k-2]++ return true; }

    int incPos = k -3;

    while (true) {

      if (incPos < 0) return false;

      int sum = 0;

      for (int i = 0; i < incPos; i++) sum += p[i];

      sum += k – incPos – 1;

      int max = n – sum;

      if (p[incPos] == max) incPos--;

      else {

        p[incPos]++;

        p[k-1] = n – (sum – (k–incPos-1) + p[incPos]);

        for (int i = incPos + 1; i < k-1; i++) { p[i] = 1; p[k-1]--; }

        break;

      }

    }

    return true;

  }

  // given k number of parts, n total lengths

  int[] p = new int[k];

  for (int i = 0; i < k-1; i++) p[i] = 1;

  p[k-1] = n – k + 1;

/****

GCD and LCM

****/

long gcd(long n, long m)
{

long a = n > m ? n:m; //larger


long b = n < m ? n:m; //smaller


long r = a % b;


while ( r > 0)


{



a = b; b = r; r = a % b;


}


return b;

}

long lcm(long n, long m) { return n*m/gcd(n,m); }

long gcd(long a[])
{

// GCD of many ints

 
long g = a[0];


for (int i =1; i < a.length; i++) g = gcd(g, a[i]);


return g;

}

long lcm(long a[]) {
// LCM of many ints

{


long m = a[0];


for (int i =1; i < a.length; i++) m = lcm(m,a[i]);


return m;

}

/*Number Theory Functions*/

public static int inverse ( int a, int modulo )

{


int ld[] = linearDiophantine ( a, modulo, 1 );


return ld[0];

}

public static int[] linearDiophantine( int a, int b,int c )

{


int s[], t[], q[], r[];


int MAX = 50;//increase if neccessary


s = new int[MAX];


r = new int[MAX];


q = new int[MAX];


t = new int[MAX];

r[0] = Math.max(a,b);


r[1] = Math.min(a,b);


r[2] = r[0] % r[1];


s[0] = 1;


s[1] = 0;


t[0] =0;


t[1] =1;


q[1] = r[0] / r[1];


int i =1;


while ( r[i] != 0 )


{


r[i+1] = r[i-1] % r[i];



q[i] = r[i-1] / r[i];


  
s[i+1] = s[i-1] - q[i]*s[i];


  
t[i+1] = t[i-1] - q[i] * t[i];


  
i++;


}


int ans[] = new int[2];


//note: r[i-1] is the gcd.


if ( c % r[i-1] == 0)


{



ans[0] = a > b ? s[i-1] : t[i-1];



ans[1] = a < b ? s[i-1] : t[i-1];



ans[0] *= (c/r[i-1]);



ans[1] *= (c/r[i-1]);


}


else


{



ans[0] = ans[1] = 0; //both zero if impossible


}


//Note if x0 = ans[0] and y0 = ans[1];


// then other solutions to the linear diophantine equations are:


// x = x0 + d/a, y = y0 -  d/b, where d = gcd (a,b);

    
return ans;

}

//Chinese Remainder theorem

// Computes the solution to the systems of congruences

// x = ci mod mi.

//assumes mi's are relatively prime.

//answer is unique modulo product of mi's.

public static int  CRT ( int c[], int m[] )

{


int M[] = new int[m.length];


int y[] = new int[m.length];


int prod = 1;


for ( int i=0; i < M.length; i++)


{



prod*= m[i];


}


for ( int i=0; i < M.length; i++)


{



M[i] = prod / m[i];



y[i] = inverse ( M[i] , m[i] );


}


int sol = 0;


for ( int i=0; i < M.length; i++)


{



sol = (sol + M[i]* y[i] * c[i] ) % prod;


}


return sol;

}

--------------------------------

CHAPTER 24 Elementary Geometric Methods 

struct point { int x, y; char c; };

struct line { struct point p1, p2; };

struct point polygon[Nmax];

int ccw(struct point p0, 

        struct point p1, 

        struct point p2 )

  {

    int dx1, dx2, dy1, dy2;

    dx1 = p1.x - p0.x; dy1 = p1.y - p0.y;

    dx2 = p2.x - p0.x; dy2 = p2.y - p0.y;

    if (dx1*dy2 > dy1*dx2) return +1;

    if (dx1*dy2 < dy1*dx2) return -1;

    if ((dx1*dx2 < 0) || (dy1*dy2 < 0)) return -1;

    if ((dx1*dx1+dy1*dy1) < (dx2*dx2+dy2*dy2)) 

                                        return +1;

    return 0;

  }

int intersect(struct line l1, struct line l2)

  {

    return ((ccw(l1.p1, l1.p2, l2.p1)

            *ccw(l1.p1, l1.p2, l2.p2)) <= 0)

        && ((ccw(l2.p1, l2.p2, l1.p1)

            *ccw(l2.p1, l2.p2, l1.p2)) <= 0);

  }

float theta(struct point p1, struct point p2)

  {

    int dx, dy, ax, ay;

    float t;

    dx = p2.x - p1.x; ax = abs(dx);

    dy = p2.y - p1.y; ay = abs(dy);

    t = (ax+ay == 0) ? 0 : (float) dy/(ax+ay);

    if (dx < 0) t = 2-t; else if (dy < 0) t = 4+t;

    return t*90.0;

  }

int inside(struct point t, struct point p[], int N)

  {

    int i, count = 0, j = 0;

    struct line lt,lp;

    p[0] = p[N]; p[N+1] = p[1];

    lt.p1 = t; lt.p2 = t; lt.p2.x = INT_MAX;

    for (i = 1; i <= N; i++)

      {

        lp.p1= p[i]; lp.p2 = p[i];

        if (!intersect(lp,lt))

          {

            lp.p2 = p[j]; j = i;

            if (intersect(lp,lt)) count++;

          }

      }

    return count & 1;

  }

--------------------------------

CHAPTER 25 Finding the Convex Hull

int wrap(point p[], int N)

  {

    int i, min, M;

    float th, v;

    for (min = 0, i = 1; i < N; i++)

      if (p[i].y < p[min].y) min = i;

    p[N] = p[min]; th = 0.0;

    for (M = 0; M < N; M++)

      {

        swap(p, M, min);

        min = N; v = th; th = 360.0;

        for (i = M+1; i <= N; i++)

          if (theta(p[M], p[i]) > v)

            if (theta(p[M], p[i]) < th)

              { min = i; th = theta(p[M], p[min]); }

        if (min == N) return M;

      }

  }

int grahamscan(point p[], int N)

  {

    int i, min, M;

    for (min = 1, i = 2; i <= N; i++)

      if (p[i].y < p[min].y) min = i;

    for (i = 1; i <= N; i++)

      if (p[i].y == p[min].y)

        if (p[i].x > p[min].x) min = i;

    swap(p, 1, min);

    shellsort(p, N);

    p[0] = p[N];

    for (M = 3, i = 4; i <= N; i++)

      {

        while (ccw(p[M], p[M-1], p[i]) >= 0) M--;

        M++; swap(p, i, M);

      }

    return M;

  }

--------------------------------

CHAPTER 28 Closest-Point Problems  

int comp(struct node *t)

  { return (pass == 1) ? t->p.x : t->p.y; }

struct node *merge(struct node *a, struct node *b)

  {

    struct node *c; 

    c = z;

    do

      if (comp(a) < comp(b)) 

        { c->next = a; c = a; a = a->next; }

      else

        { c->next = b; c = b; b = b->next; }

    while (c != z);

    c = z->next; z->next = z;

    return c;

  }

check(struct point p1, struct point p2)

  {

    float dist;

    if ((p1.y != z->p.y) && (p2.y != z->p.y))

      {

        dist = sqrt((p1.x-p2.x)*(p1.x-p2.x)

                   +(p1.y-p2.y)*(p1.y-p2.y));

        if (dist < min)

          { min = dist; cp1 = p1; cp2 = p2; };

      }

  }

struct node *sort(struct node *c, int N)

  {

    int i;

    struct node *a, *b;

    float middle;

    struct point p1, p2, p3, p4;

    if (c->next == z) return c;

    a = c;

    for (i = 2; i <= N/2; i++) c = c->next;

    b = c->next; c->next = z;

    if (pass == 2) middle = b->p.x;

    c = merge(sort(a, N/2), sort(b, N-(N/2)));

    if (pass == 2)

      {

        p1 = z->p; p2 = z->p; p3 = z->p; p4 = z->p;

        for (a = c; a != z; a = a->next)

          if (fabs(a->p.x - middle) < min)

            {

              check(a->p, p1);

              check(a->p, p2);

              check(a->p, p3);

              check(a->p, p4);

              p1 = p2; p2 = p3; p3 = p4; p4 = a->p;

            }

      }

    return c;

  }

z = new node; z->p.x = max; 

              z->p.y = max; z->next = z;

h = new node; h->next = readlist();

min = max;

pass = 1; h->next = sort(h->next, N);

pass = 2; h->next = sort(h->next, N);

--------------------------------

CHAPTER 43 Linear Programming  

pivot(int p, int q)

  {

    int j, k;

    for (j = 0; j <= N; j++)

      for (k = M+1; k >= 1; k--)

        if (j!=p && k!=q)

          a[j][k] = a[j][k]-a[p][k]*a[j][q]/a[p][q];

    for (j = 0; j <= N; j++) 

      if (j != p) a[j][q] = 0;

    for (k = 1; k <= M+1; k++) 

      if (k != q) a[p][k] = a[p][k]/a[p][q];

    a[p][q] = 1;

  }

for (;;)

  {

    for (q = 0; (q<=M+1) && (a[0][q]>=0); q++) ;

    for (p = 0; (p<=N+1) && (a[p][q]<=0); p++) ;

    if (q>M || p>N) break;

    for (i = p+1; i <= N; i++)

      if (a[i][q] > 0)

        if (a[i][M+1]/a[i][q] < a[p][M+1]/a[p][q]) 

          p = i;

    pivot(p,q);

  }

vector < vector < int >>dijkstra (vector < vector < int >>, int);

int

main ()

{

  vector < vector < int >>adjMatrix;

  vector < int >ins;

  int i = 0, j = 0, nvertices = 5, temp;

  ifstream in ("graph.txt");

  //initialize adjacency matrix

  for (i = 0; i < nvertices; i++)

    {

      for (j = 0; j < nvertices; j++)


{


  in >> temp;


  ins.push_back (temp);


}

      adjMatrix.push_back (ins);

      ins.clear ();

    }

  vector < vector < int >>path = dijkstra (adjMatrix, 0);

  cout << endl;

  for (i = 0; i < nvertices; i++)

    cout << endl << path[0][i] << '\t' << path[1][path[0][i]];

  system ("PAUSE");

  return 0;

}

vector < vector < int >>

dijkstra (vector < vector < int >>adjMatrix, int start)

{

  int i, currentVertex, tempMin;

  vector < vector < int >>path;

  vector < int >S, Q, V;

  //graph vertex are represented by integers

  // S - vertices selected in order for the path, V -

  set of vertices

    //Q - contains path lenght corresponding to each graph

    vertex vector < int >::iterator vItr, tempItr;

  for (i = 0; i < adjMatrix[0].size (); i++)

    V.push_back (i);

  S.push_back (start);

  for (i = 0; i < adjMatrix[0].size (); i++)

    Q.push_back (MAX);

  Q[start] = 0;

  currentVertex = start;

  tempItr = find (V.begin (), V.end (), start);

  V.erase (tempItr);

  while (!V.empty ())

    {

      // calculate the new weight matrix wrt to the current

      vertex for (vItr = V.begin (); vItr != V.end (); vItr++)


{


  if (adjMatrix[currentVertex][*vItr] != 0)


    {


      //core of the algorithm so if we intend to maximize we


      change the condition



if (Q[*vItr] > Q[currentVertex] +



    adjMatrix[currentVertex][*vItr])



  Q[*vItr] = Q[currentVertex] + adjMatrix



  [currentVertex][*vItr];


    }


}

      // select lowest Q value from the set of V

      vItr = V.begin ();

      tempMin = Q[*vItr];

      tempItr = vItr;

      for (; vItr != V.end (); vItr++)


{


  if (tempMin > Q[*vItr])


    {


      tempMin = Q[*vItr];


      tempItr = vItr;


    }


}

      S.push_back (*tempItr);

      currentVertex = *tempItr;

      V.erase (tempItr);

    }

  path.push_back (S);

  path.push_back (Q);

  return path;

}

// Assume that classes are already given for the objects:
//    Point and Vector with
//        coordinates {float x, y, z;}
//        operators for:
//            == to test equality
//            != to test inequality
//            Point  = Point ± Vector
//            Vector = Point - Point
//            Vector = Scalar * Vector    (scalar product)
//            Vector = Vector * Vector    (3D cross product)
//    Line and Ray and Segment with defining points {Point P0, P1;}
//        (a Line is infinite, Rays and Segments start at P0)
//        (a Ray extends beyond P1, but a Segment ends at P1)
//    Plane with a point and a normal {Point V0; Vector n;}
//===================================================================

#define SMALL_NUM  0.00000001 // anything that avoids division overflow
// dot product (3D) which allows vector operations in arguments
#define dot(u,v)   ((u).x * (v).x + (u).y * (v).y + (u).z * (v).z)
#define perp(u,v)  ((u).x * (v).y - (u).y * (v).x)  // perp product (2D)
 

// intersect2D_2Segments(): the intersection of 2 finite 2D segments
//    Input:  two finite segments S1 and S2
//    Output: *I0 = intersect point (when it exists)
//            *I1 = endpoint of intersect segment [I0,I1] (when it exists)
//    Return: 0=disjoint (no intersect)
//            1=intersect in unique point I0
//            2=overlap in segment from I0 to I1
int
intersect2D_Segments( Segment S1, Segment S2, Point* I0, Point* I1 )
{
    Vector    u = S1.P1 - S1.P0;
    Vector    v = S2.P1 - S2.P0;
    Vector    w = S1.P0 - S2.P0;
    float     D = perp(u,v);

    // test if they are parallel (includes either being a point)
    if (fabs(D) < SMALL_NUM) {          // S1 and S2 are parallel
        if (perp(u,w) != 0 || perp(v,w) != 0) {
            return 0;                   // they are NOT collinear
        }
        // they are collinear or degenerate
        // check if they are degenerate points
        float du = dot(u,u);
        float dv = dot(v,v);
        if (du==0 && dv==0) {           // both segments are points
            if (S1.P0 != S2.P0)         // they are distinct points
                return 0;
            *I0 = S1.P0;                // they are the same point
            return 1;
        }
        if (du==0) {                    // S1 is a single point
            if (inSegment(S1.P0, S2) == 0)  // but is not in S2
                return 0;
            *I0 = S1.P0;
            return 1;
        }
        if (dv==0) {                    // S2 a single point
            if (inSegment(S2.P0, S1) == 0)  // but is not in S1
                return 0;
            *I0 = S2.P0;
            return 1;
        }
        // they are collinear segments - get overlap (or not)
        float t0, t1;                   // endpoints of S1 in eqn for S2
        Vector w2 = S1.P1 - S2.P0;
        if (v.x != 0) {
                t0 = w.x / v.x;
                t1 = w2.x / v.x;
        }
        else {
                t0 = w.y / v.y;
                t1 = w2.y / v.y;
        }
        if (t0 > t1) {                  // must have t0 smaller than t1
                float t=t0; t0=t1; t1=t;    // swap if not
        }
        if (t0 > 1 || t1 < 0) {
            return 0;     // NO overlap
        }
        t0 = t0<0? 0 : t0;              // clip to min 0
        t1 = t1>1? 1 : t1;              // clip to max 1
        if (t0 == t1) {                 // intersect is a point
            *I0 = S2.P0 + t0 * v;
            return 1;
        }

        // they overlap in a valid subsegment
        *I0 = S2.P0 + t0 * v;
        *I1 = S2.P0 + t1 * v;
        return 2;
    }

    // the segments are skew and may intersect in a point
    // get the intersect parameter for S1
    float     sI = perp(v,w) / D;
    if (sI < 0 || sI > 1)               // no intersect with S1
        return 0;

    // get the intersect parameter for S2
    float     tI = perp(u,w) / D;
    if (tI < 0 || tI > 1)               // no intersect with S2
        return 0;

    *I0 = S1.P0 + sI * u;               // compute S1 intersect point
    return 1;
}
//===================================================================

// inSegment(): determine if a point is inside a segment
//    Input:  a point P, and a collinear segment S
//    Return: 1 = P is inside S
//            0 = P is not inside S
int
inSegment( Point P, Segment S)
{
    if (S.P0.x != S.P1.x) {    // S is not vertical
        if (S.P0.x <= P.x && P.x <= S.P1.x)
            return 1;
        if (S.P0.x >= P.x && P.x >= S.P1.x)
            return 1;
    }
    else {    // S is vertical, so test y coordinate
        if (S.P0.y <= P.y && P.y <= S.P1.y)
            return 1;
        if (S.P0.y >= P.y && P.y >= S.P1.y)
            return 1;
    }
    return 0;
}
//===================================================================

// intersect3D_SegmentPlane(): intersect a segment and a plane
//    Input:  S = a segment, and Pn = a plane = {Point V0; Vector n;}
//    Output: *I0 = the intersect point (when it exists)
//    Return: 0 = disjoint (no intersection)
//            1 = intersection in the unique point *I0
//            2 = the segment lies in the plane
int
intersect3D_SegmentPlane( Segment S, Plane Pn, Point* I )
{
    Vector    u = S.P1 - S.P0;
    Vector    w = S.P0 - Pn.V0;

    float     D = dot(Pn.n, u);
    float     N = -dot(Pn.n, w);

    if (fabs(D) < SMALL_NUM) {          // segment is parallel to plane
        if (N == 0)                     // segment lies in plane
            return 2;
        else
            return 0;                   // no intersection
    }
    // they are not parallel
    // compute intersect param
    float sI = N / D;
    if (sI < 0 || sI > 1)
        return 0;                       // no intersection

    *I = S.P0 + sI * u;                 // compute segment intersect point
    return 1;
}
//===================================================================

// intersect3D_2Planes(): the 3D intersect of two planes
//    Input:  two planes Pn1 and Pn2
//    Output: *L = the intersection line (when it exists)
//    Return: 0 = disjoint (no intersection)
//            1 = the two planes coincide
//            2 = intersection in the unique line *L
int
intersect3D_2Planes( Plane Pn1, Plane Pn2, Line* L )
{
    Vector   u = Pn1.n * Pn2.n;         // cross product
    float    ax = (u.x >= 0 ? u.x : -u.x);
    float    ay = (u.y >= 0 ? u.y : -u.y);
    float    az = (u.z >= 0 ? u.z : -u.z);

    // test if the two planes are parallel
    if ((ax+ay+az) < SMALL_NUM) {       // Pn1 and Pn2 are near parallel
        // test if disjoint or coincide
        Vector   v = Pn2.V0 - Pn1.V0;
        if (dot(Pn1.n, v) == 0)         // Pn2.V0 lies in Pn1
            return 1;                   // Pn1 and Pn2 coincide
        else 
            return 0;                   // Pn1 and Pn2 are disjoint
    }

    // Pn1 and Pn2 intersect in a line
    // first determine max abs coordinate of cross product
    int      maxc;                      // max coordinate
    if (ax > ay) {
        if (ax > az)
             maxc = 1;
        else maxc = 3;
    }
    else {
        if (ay > az)
             maxc = 2;
        else maxc = 3;
    }

    // next, to get a point on the intersect line
    // zero the max coord, and solve for the other two
    Point    iP;               // intersect point
    float    d1, d2;           // the constants in the 2 plane equations
    d1 = -dot(Pn1.n, Pn1.V0);  // note: could be pre-stored with plane
    d2 = -dot(Pn2.n, Pn2.V0);  // ditto

    switch (maxc) {            // select max coordinate
    case 1:                    // intersect with x=0
        iP.x = 0;
        iP.y = (d2*Pn1.n.z - d1*Pn2.n.z) / u.x;
        iP.z = (d1*Pn2.n.y - d2*Pn1.n.y) / u.x;
        break;
    case 2:                    // intersect with y=0
        iP.x = (d1*Pn2.n.z - d2*Pn1.n.z) / u.y;
        iP.y = 0;
        iP.z = (d2*Pn1.n.x - d1*Pn2.n.x) / u.y;
        break;
    case 3:                    // intersect with z=0
        iP.x = (d2*Pn1.n.y - d1*Pn2.n.y) / u.z;
        iP.y = (d1*Pn2.n.x - d2*Pn1.n.x) / u.z;
        iP.z = 0;
    }
    L->P0 = iP;
    L->P1 = iP + u;
    return 2;
}

// area3D_Polygon(): computes the area of a 3D planar polygon
//    Input:  int n = the number of vertices in the polygon
//            Point* V = an array of n+2 vertices in a plane
//                       with V[n]=V[0] and V[n+1]=V[1]
//            Point N = unit normal vector of the polygon's plane
//    Return: the (float) area of the polygon
float
area3D_Polygon( int n, Point* V, Point N )
{
    float area = 0;
    float an, ax, ay, az;  // abs value of normal and its coords
    int   coord;           // coord to ignore: 1=x, 2=y, 3=z
    int   i, j, k;         // loop indices

    // select largest abs coordinate to ignore for projection
    ax = (N.x>0 ? N.x : -N.x);     // abs x-coord
    ay = (N.y>0 ? N.y : -N.y);     // abs y-coord
    az = (N.z>0 ? N.z : -N.z);     // abs z-coord

    coord = 3;                     // ignore z-coord
    if (ax > ay) {
        if (ax > az) coord = 1;    // ignore x-coord
    }
    else if (ay > az) coord = 2;   // ignore y-coord

    // compute area of the 2D projection
    for (i=1, j=2, k=0; i<=n; i++, j++, k++)
        switch (coord) {
        case 1:
            area += (V[i].y * (V[j].z - V[k].z));
            continue;
        case 2:
            area += (V[i].x * (V[j].z - V[k].z));
            continue;
        case 3:
            area += (V[i].x * (V[j].y - V[k].y));
            continue;
        }

    // scale to get area before projection
    an = sqrt( ax*ax + ay*ay + az*az);  // length of normal vector
    switch (coord) {
    case 1:
        area *= (an / (2*ax));
        break;
    case 2:
        area *= (an / (2*ay));
        break;
    case 3:
        area *= (an / (2*az));
    }
    return area;
}

_90209580.unknown

_90210484.unknown

_90914332.unknown

_91648684.unknown

_91897300.unknown

_91857524.unknown

_91270156.unknown

_91295164.unknown

_91413948.unknown

_91119812.unknown

_91157428.unknown

_90219740.unknown

_90198660.unknown

_90177748.unknown

_90187876.unknown

_89420468.unknown

_90161676.unknown

_89448508.unknown

_89471964.unknown

_90129404.unknown

_90127252.unknown

_89525276.unknown

_89479596.unknown

_89478236.unknown

_89464892.unknown

_89432028.unknown

_52830508.unknown

_88699092.unknown

_52891300.unknown

_88655012.unknown

