"

[/ R UTRRAR

const double eps = le-38;
const double inf = 1e20;
const double pi = acos(-1.0);

const int maxp = 1010;

// Compares a double to zero’

int sgn(double x){

if(fabs(x) < eps)return 0;

if(x < 0)return -1;
else return 1;

}
//square of a double

inTine double sqr(double x){return x*x;}

/*
* Point

* point()
* dnput()

* output()

* operator ==

* operator <

operator -

operator A
* operator *
* Ten(Q)
* Ten2()
* distance(Point p)
operator + Point b
operator * double k
* operator / double k
* rad(Point a,Point b)
Point
* trunc(double r)
to r
* rotleftQ
* rotright(Q)
* rotate(Point p,doubl

7':/
struct Point{
double x,y;

Point(O{}

Point(double _x,double _y)

e

- Empty constructor

doubTle input

%.2f output
compares x and y
compares first by x, then by y

return new Point after subtracting curresponging x and

- constructor

cross product of 2d points
dot product
gives length from origin

gives square of length from origin
gives distance from p

returns
returns
returns
returns

new
new
new
the

Point
Point
Point
angle

return Point that

returns 90 degree
returns 90 degree

after adding curresponging x and y
after multiplieing x and y by k
after divideing x and y by k

of Point a and Point b from this

if truncated the distance from center

ccw rotated point
cw rotated point

angle) - returns Point after rotateing the Point
centering at p by angle radian ccw

Point(double _x,double _y){

X = _X;
y = _Y;

}

void input(){

scanf ("%1f%1f",&x,&y) ;

}
void output(){

printf("%.2f %.2f\n",x,y);


af://n0

}

bool operator == (Point b)const{
return sgn(x-b.x) == 0 && sgn(y-b.y) == 0;

}

bool operator < (Point b)const{
return sgn(x-b.x)== 0?sgn(y-b.y)<0:x<b.x;

}

Point operator -(const Point &b)const{
return Point(x-b.x,y-b.y);

}

/[ X

double operator A(const Point &b)const{
return x*b.y - y*b.x;

}

/[ AR

double operator *(const Point &b)const{
return x*b.x + y*b.y;

}

/ /R

double Ten(){
return hypot(x,y);//FE¥%

}

/ /IR )7

double Ten2(){
return X*x + y*y;

}

/ /IR AP R B S

double distance(Point p){
return hypot(x-p.x,y-p.y);

}

Point operator +(const Point &b)const{
return Point(x+b.x,y+b.y);

}

Point operator *(const double &k)const{
return Point(x*k,y*k);

}

Point operator /(const double &k)const{
return Point(x/k,y/k);

// i5ipa A1 pb ¥

[/ iR EAN S Ea, b TR A

// IR Light031203°

double rad(Point a,Point b){
Point p = *this;
return fabs(atan2( fabs((a-p)A(b-p)), (a-p)*(b-p) ));

}

/) WK A

Point trunc(double r){
double 1 = Ten(Q;
if(!sgn(1))return *this;
r/=1;
return Point(x*r,y*r);

3

[/ TERTET TR0

Point rotleft(){
return Point(-y,x);

}

// £ TR 90



Point rotright({
return Point(y,-x);
}
// GRFEp s A iefkangle”
Point rotate(Point p,double angle){
Point v = (*this) - p;
double ¢ = cos(angle), s = sin(angle);
return Point(p.x + v.X¥C - V.y*s,p.y + V.X*S + V.y*C);

3
3
/%
* Stores two points
* Line() - Empty constructor
* Line(Point _s,Point _e) - Line through _s and _e
* operator == - checks if two points are same
* Line(Point p,double angle) - one end p , another end at angle degree
* Line(double a,double b,double c) - Line of equation ax + by + c = 0
* dnput() - inputs s and e
* adjust() - orders in such a way that s < e
* Tength(Q - distance of se
* angle(Q) - return 0 <= angle < pi
* relation(Point p) - 3 if point is on line
& 1 if point on the left of line
& 2 if point on the right of line
* pointonseg(double p) - return true if point on segment
* parallel(Line v) - return true if they are parallel
* segcrossseg(Line v) - returns 0 if does not intersect
& returns 1 if non-standard intersection
returns 2 if intersects
* Tinecrossseg(Line v) - Tine and seg
* Tinecrossline(Line v) - 0 if parallel
S 1 if coincides
2 if dintersects
* crosspoint(Line v) - returns intersection point
* dispointtoline(Point p) - distance from point p to the Tine
* dispointtoseg(Point p) - distance from p to the segment
* dissegtoseg(Line v) - distance of two segment
* Tineprog(Point p) - returns projected point p on se line
* symmetrypoint(Point p) - returns reflection point of p over se
7‘:/
struct Line{
Point s,e;
LineO{}
Line(Point _s,Point _e){
s = _sS;
e = _e;
}
bool operator ==(Line v){
return (s == v.s)&&(e == v.e);
}

// R S A ang T elfi £ B2k, O<=angle<pi
Line(Point p,double angle){
S =p;
if(sgn(angle-pi/2) == 0){
e = (s + Point(0,1));
}

else{



e = (s + Point(1l,tan(angle)));

}
//ax+by+c=0
Line(double a,double b,double c){
if(sgn(@ == 0){
s = Point(0,-c/b);
e = Point(1l,-c/b);
3
else if(sgn(b) == 0){
Point(-c/a,0);
Point(-c/a,l);

3
else{
s = Point(0,-c/b);
e = Point(1,(-c-a)/b);
3
}
void input(){
s.input(Q);
e.input(Q);
}

void adjust(Q{
if(e < s)swap(s,e);

}

/RGBS

double Tength(){
return s.distance(e);

}

// IRIEIELMmR A O<=angle<pi”

double angle(){
double k = atan2(e.y-s.y,e.x-s.X);
if(sgn(k) < 0)k += pi;
if(sgn(k-pi) == 0Ok -= pi;
return k;

}

/] EAMELRR

//° 1 fEAMT

/772 tEAMT

//°3 fEHZ LS

int relation(Point p){
int ¢ = sgn((p-s)A(e-s));
if(c < 0)return 1;
else if(c > 0)return 2;
else return 3;

}

[/ RAELREL LI

bool pointonseg(Point p){
return sgn((p-s)A(e-s)) == 0 && sgn((p-s)*(p-e)) <= 0;

}

// PR G B PATEES)

bool parallel(Line v){
return sgn((e-s)A(v.e-v.s)) == 0;

}

/) PIERBUHAE F

// "2 MFEAEAS

/771 AEREEARAE

// 70 AR



int segcrossseg(Line v){

int dl1 = sgn((e-s)A(v.s-s5));

int d2 sgn((e-s)A(v.e-s));

int d3 sgn((v.e-v.s)A(s-v.s));

int d4 = sgn((v.e-v.s)A(e-v.s));

if( (d1Ad2)==-2 && (d3Ad4)==-2 )return 2;

return (d1==0 && sgn((v.s-s)*(v.s-e))<=0) ||
(d2==0 && sgn((v.e-s)*(v.e-e))<=0) ||
(d3==0 && sgn((s-v.s)*(s-v.e))<=0) ||
(d4==0 && sgn((e-v.s)*(e-v.e))<=0);

}
// " BELERFNL BAH 28 4
// -*this Tline -v seg’
// "2 PR
// "1 AERTEARAE
//°0 AR
int linecrossseg(Line v){
int d1 = sgn((e-s)A(v.s-s));
int d2 = sgn((e-s)A(v.e-s));
if((d1Ad2)==-2) return 2;
return (d1==0]|d2==0);
}
// HHELRAR
//°0 P47
// 1 EES
// "2 AT
int linecrossline(Line v){
if((*this).parallel(v))
return v.relation(s)==3;
return 2;
3
[/ REELAE R
[/ BRI EAA AT ES
Point crosspoint(Line v){
double al = (v.e-v.s)A(s-v.s);
double a2 = (v.e-v.s)A(e-v.s);
return Point((s.x*a2-e.x*al)/(a2-al),(s.y*a2-e.y*al)/(a2-al));
3
// B HE PR
double dispointtoline(Point p){
return fabs((p-s)A(e-s))/Tength(Q);
3
[/ FE S B I BEE
double dispointtoseg(Point p){
if(sgn((p-s)*(e-s))<0 [| sgn((p-e)*(s-e))<0)
return min(p.distance(s),p.distance(e));
return dispointtoline(p);
}
// IR B BN R B PR S
// IR BIAAARE, FCIER 20T
double dissegtoseg(Line v){
return
min(min(dispointtoseg(v.s),dispointtoseg(v.e)),min(v.dispointtoseg(s),v.dispoint
toseg(e)));
}
// IRIBl g pfEE L
Point Tineprog(Point p){
return s + ( ((e-s)*((e-s)*(p-s)))/((e-s).Ten2()) );



}
// IR S p I T EH A IRTIR AL
Point symmetrypoint(Point p){
Point q = Tineprog(p);
return Point(2*%q.x-p.x,2%q.y-p.y);

I

/ /&

struct circle{
Point p;//ld0
double r;//3¥4%

circleO{}
circle(Point _p,double _r){
p=_p;
r=_r;
3
circle(double x,double y,double _r){
p = Point(x,y);
r=_r;
3

// =AM

// FEEPointil+ / rotate() LlKLinefficrosspoint()’

// " RIS ) rh 2 445 31 [0

// Wk: uvA12304°

circle(Point a,Point b,Point c){
Line u = Line(Ca+b)/2,((a+b)/2)+((b-a).rotleft()));
Line v = Line((b+c)/2,((b+c)/2)+((c-b).rotleft()));
p = u.crosspoint(v);
r = p.distance(a);

}

/) =HTRRN IR

// Z¥bool tEAIEMH, HZ&R 1AL AMEE k£ X 5

// Mik: UvA12304°

circle(Point a,Point b,Point c,bool t){

Line u,Vv;
double m = atan2(b.y-a.y,b.x-a.x), n = atan2(c.y-a.y,c.x-a.x);
u.s = a;
u.e = u.s + Point(cos((n+m)/2),sin((n+m)/2));
V.S = b;
m = atan2(a.y-b.y,a.x-b.x) , n = atan2(c.y-b.y,c.x-b.x);
v.e = v.s + Point(cos((n+m)/2),sin((n+m)/2));
p = u.crosspoint(v);
r = Line(a,b).dispointtoseg(p);
}
/ /AN
void input(){
p.input();
scanf("%1f",&r);
3
/ /it

void output(){
printf("%.21f %.21f %.21f\n",p.x,p.y,r);

}
bool operator == (circle v){

return (p==v.p) && sgn(r-v.r)==0;
}

bool operator < (circle v)const{
return ((p<v.p) || ((p==v.p)&&sgn(r-v.r)<0));



}

/ /T

double area(){
return pi*r¥r;

3

/ /7%

double circumference(){
return 2%*pi*r;

3

// AR R

// 0 [H@4h°

// 1 HE°

//°2 "W

int relation(Point b){
double dst = b.distance(p);
if(sgn(dst-r) < 0)return 2;
else if(sgn(dst-r)==0)return 1;
return 0;

}

// BB KR

/7" R R 0 B R BRI PR S AR I G &R

int relationseg(Line v){
double dst = v.dispointtoseg(p);
if(sgn(dst-r) < 0)return 2;
else if(sgn(dst-r) == 0)return 1;
return 0;

3

// BHLEREMKR

[/ B RO B B R I B B A AR R R

int relationline(Line v){
double dst = v.dispointtoline(p);
if(sgn(dst-r) < 0)return 2;
else if(sgn(dst-r) == 0)return 1;
return 0;

3

[/ FEREER

//°5 HES

// 4 s)°

//°3 Mz

//°2 Wl

//°1 AET

// TEPointidistance’

// Wk: uUvA12304°

int relationcircle(circle v){
double d = p.distance(v.p);
if(sgn(d-r-v.r) > 0)return 5;
if(sgn(d-r-v.r) == 0)return 4;
double 1 = fabs(r-v.r);
if(sgn(d-r-v.r)<0 && sgn(d-1)>0)return 3;
if(sgn(d-1)==0)return 2;
if(sgn(d-1)<0)return 1;

3

// R ARIAL A, REIOFRRK A A, REILE AN, 224

// FEErelationcircle’

// Mik: UvA12304°

int pointcrosscircle(circle v,Point &pl,Point &p2){
int rel = relationcircle(v);
if(rel == 1 || rel == 5)return 0;

t

=
B

S



double d p.distance(v.p);
double 1 = (d*d+r*r-v.r*v.r)/(2*d);
double h = sqrt(r*r-1*1);
Point tmp = p + (v.p-p).trunc(l);
pl = tmp + ((v.p-p).rotleft().trunccCh));
p2 = tmp + ((v.p-p).rotright().trunccCh));
if(rel == [l rel == 4)

return 1;

return 2;
}
[/ RELMEAMAS 5, IR A S AN
int pointcrossline(Line v,Point &pl,Point &p2){
if(!'(*this).relationline(v))return 0;
Point a = v.lineprog(p);
double d = v.dispointtoline(p);
d = sqrt(r*r-d*d);
if(sgn(d) == 0){

pl = a;
p2 = a;
return 1;

3
pl = a + (v.e-v.s).trunc(d);
p2 = a - (v.e-v.s).trunc(d);
return 2;
}
// & Eda, bW AL SRR Ar LA R
int gercircle(Point a,Point b,double rl,circle &cl,circle &c2){
circle x(a,rl),y(b,rl);
int t = x.pointcrosscircle(y,cl.p,c2.p);
if('t)return 0;
cl.r = c2.r = r;
return t;
}
[/ BEISELuET, S, BN r IR
// Wk: uvA12304°
int getcircle(Line u,Point q,double rl,circle &cl,circle &c2){
double dis = u.dispointtoline(q);
if(sgn(dis-r1*2)>0)return 0;
if(sgn(dis) == 0){
cl.p = g + ((u.e-u.s).rotleft().trunc(rl));
c2.p =g + ((u.e-u.s).rotright(Q).trunc(rl));
cl.r = c2.r = rl;
return 2;
}
Line ul = Line((u.s + (u.e-u.s).rotleft().trunc(rl)),(u.e + (u.e-
u.s).rotleft().trunc(rl)));
Line u2 = Line((u.s + (u.e-u.s).rotright().trunc(rl)),(u.e + (u.e-
u.s).rotright().trunc(rl)));
circle cc = circle(q,rl);
Point pl,p2;
if(!cc.pointcrossline(ul,pl,p2))cc.pointcrossline(u2,pl,p2);
cl = circle(pl,rl);

if(pl == p2){
c2 = cl;
return 1;
}

c2 = circle(p2,rl);
return 2;



}

// ER S EZu, vl SRR r1IE

// k: uvA12304°

int getcircle(Line u,Line v,double rl,circle &cl,circle &c2,circle
&c3,circle &c4){

if(u.parallel(v))return 0;//M HL& 47
Line ul = Line(u.s + (u.e-u.s).rotleft().trunc(rl),u.e + (u.e-

.rotleft().trunc(rl));

Line u2 = Line(u.s + (u.e-u.s).rotright().trunc(rl),u.e + (u.e-

.rotright().trunc(rl));

Line vl = Line(v.s + (v.e-v.s).rotleft().trunc(rl),v.e + (v.e-

.rotleft().trunc(rl));

Line v2 = Line(v.s + (v.e-v.s).rotright() .trunc(rl),v.e + (v.e-

.rotright().trunc(rl));

}

cl.r = c2.r = c3.r = cd.r = rl;
cl.p = ul.crosspoint(vl);

c2.p = ul.crosspoint(v2);

c3.p = u2.crosspoint(vl);

c4.p = u2.crosspoint(v2);
return 4;

// FER SRR ex, ey, EEANrligE "
// iR uvAa12304°
int getcircle(circle cx,circle cy,double rl,circle &cl,circle &c2){

circle x(cx.p,rl+cx.r),y(cy.p,rl+cy.r);
int t = x.pointcrosscircle(y,cl.p,c2.p);
if(!'t)return 0;

cl.r = c2.r = rl;

return t;

// i AR R BT b S AR 98 R)
// Dhk: uvAa12304°
int tangentline(Point qg,Line &u,Line &v){

}

int x = relation(q);
if(x == 2)return 0;

if(x == 1){
u = Line(q,q + (g-p).rotleft());
VvV = u;
return 1;

}

double d = p.distance(q);

double 1 = r*r/d;

double h = sqrt(r*r-1*1);

u = Line(q,p + ((g-p).trunc(1) + (g-p).rotleft().truncCh)));
v = Line(q,p + ((g-p).trunc(l) + (q-p).rotright().truncch)));
return 2;

[/ RPBAHAZ R

double areacircle(circle v){

int rel = relationcircle(v);

if(rel >= 4)return 0.0;

if(rel <= 2)return min(Carea(),v.area());
double d = p.distance(v.p);

double hf = (r+v.r+d)/2.0;

double ss = 2*sqrt(hf*(hf-r)*(hf-v.r)*(hf-d));
double al = acos((r*r+d*d-v.r*v.r)/(2.0%r*d));
al = al*r*r;



double a2 = acos((v.r*v.r+d*d-r*r)/(2.0*v.r*d));
a2 = a2*v.r*v.r;
return al+a2-ss;

}

// REF=FIEpabfA s mAs

// Wlik: POJI3675 HDU3982 HDU2892"

double areatriangle(Point a,Point b){
if(sgn((p-a)A(p-b)) == 0)return 0.0;
Point q[5];
int len = 0;
gllen++] = a;
Line 1(a,b);
Point pl,p2;
if(pointcrossline(l,q[1],q[2])==2){

if(sgn((a-q[1]1)*(b-q[1]1))<0)q[len++] = q[1];
if(sgn((a-q[2])*(b-q[2]))<0)q[Tlen++] = q[2];
}
gllen++] = b;

if(len == 4 && sgn((q[0]-q[11)*(ql[2]1-q[11))>0)swap(q[1],ql[2]);
double res = 0;
for(int i = 0;i < len-1;i++){
if(relation(q[i])==0]| |relation(q[i+1])==0){
double arg = p.rad(q[i]l,ql[i+1]);
res += r*r*arg/2.0;

b
else{
res += fabs((q[il-p)A(qli+1]-p))/2.0;
3
}
return res;
3
i
/-.‘:
* n,p Line 1 for each side
* qnput(int _n) - inputs _n size polygon
* add(Point q) - adds a point at end of the 1ist
* getline() - populates Tine array
* cmp - comparision in convex_hull order
* norm() - sorting in convex_hull order
* getconvex(polygon &convex) returns convex hull in convex
* Graham(polygon &convex) returns convex hull in convex
* isconvex() checks if convex
* relationpoint(Point q) returns 3 if g is a vertex
& 2 if on a side
& 1 4if inside
0 if outside
* convexcut(Line u,polygon &po) left side of u in po
* gercircumference() returns side length
* getarea() returns area
* getdir(Q) returns 0 for cw, 1 for ccw
* getbarycentre() returns barycenter
*/
struct polygon{

int n;
Point p[maxp];
Line T[maxp];



void input(int _n){
n=_n;
for(int i = 0;7 < n;i++)
plil.input();

}

void add(Point q){
pln++] = q;

}

void getline(){
forCint i = 0;1i < n;i++){
1[i] = Line(p[il,p[CGi+1)%n]);

3
3
struct cmp{
Point p;
cmp(const Point &p0){p = p0;}
bool operator() (const Point &aa,const Point &bb) {
Point a = aa, b = bb;
int d = sgn((a-p)A(b-p));
ifdd == 0){
return sgn(a.distance(p)-b.distance(p)) < 0;
3
return d > 0;
3
55

[/ AT AT
// EeTER R T AR A
// WEEHSEPoIntH < HAERFMmink =)
void norm(){
Point mi = p[0];
for(int i = 1;i < n;i++)mi = min(mi,p[il);
sort(p,p+n,cmp(mi));
}
// EEN AL
// AR B AL B s g 5 208\ sim$n-11)
// BRI
[/ ERIMAEA R, BRI A AL, B AR RS O
// I Light0J1203 Light031239°
void getconvex(polygon &convex){
sort(p,p+n);
convex.n = n;
for(int i = 0;i < min(n,2);i++){
convex.p[i] = p[i];
3
if(convex.n == 2 && (convex.p[0] == convex.p[l]))convex.n--;//%¢¥|
if(n <= 2)return;
int &top = convex.n;
top = 1;
for(int i = 2;i < n;i++){
while(top && sgn((convex.p[top]-p[i]l)A(convex.p[top-1]-p[i])) <= 0)
top--;
convex.p[++top] = p[il;
3
int temp = top;
convex.p[++top] = p[n-2];
for(int i = n-3;i >= 0;i--){
while(top != temp && sgn((convex.p[top]-p[i]l)A(convex.p[top-1]-
plil)) <= 0)



top--;
convex.p[++top] = p[il;
}
if(convex.n == 2 && (convex.p[0] == convex.p[1l]))convex.n--;// /%]
convex.norm() ;// " JERAT BN RN EHI s, HE S 10T
}
// S ENN AL S AT
// Mk Light031203 Light031239°
void Graham(polygon &convex) {
norm();
int &top = convex.n;
top = 0;
if(n == 1){
top = 1;
convex.p[0]
return;

p[0];

3
if(n == 2){
top = 2;
convex.p[0] p[0];
convex.p[l] = p[1];
if(convex.p[0] == convex.p[1l])top--;

return;
3
convex.p[0] = p[0];
convex.p[1] = p[1];

top = 2;
for(int 1 = 2;i < nji++){
while( top > 1 & sgn((convex.p[top-1]-convex.p[top-2]1)A(p[il-
convex.p[top-2]1)) <= 0 )
top--;
convex.p[top++] = p[il;
3
if(convex.n == 2 && (convex.p[0] == convex.p[1]))convex.n--;//%H
3
/7 HIWT AR )
bool isconvex(){
bool s[2];
memset(s,false,sizeof(s));
for(int i = 0;1 < n;i++){
int j Gi+1)%n;
int k = (j+1)%n;
s[sgn((p[j1-p[iDDA(p[kI-p[i1))+1] = true;
if(s[0] && s[2])return false;

}
return true;
}
// " WS RYE R Z AR R R
/77 3 Mk
/7 2 daE
/77 1 ER
//° 0 AhES

int relationpoint(Point q){
forCint i = 0;1i < n;i++){
if(p[i] == q)return 3;
}
getline();
for(int i = 051 < n;i++){



if(1[i].pointonseg(qg))return 2;

3
int cnt = 0;
for(int i = 0;i < n;i++){
int j = (i+1)%n;
int k = sgn((g-p[iDAPLi1-p[i1));
int u = sgn(plil.y-q.y);
int v = sgn(p[jl.y-q.y);
if(k > 0 & u < 0 && v >= 0)cnt++;
if(k <0 & v < 0 & u >= 0)cnt--;
h
return cnt !'= 0;

3
[/ BZub)EINZ Y M
// EBREL N
// ik: HDU3982"
void convexcut(Line u,polygon &po){
int &top = po.n;//EE5IH
top = 0;
for(int i = 0;i < n;i++){
int d1 = sgn((u.e-u.s)A(p[i]l-u.s));
int d2 = sgn((u.e-u.s)A(p[(i+1)%n]-u.s));
if(dl >= 0)po.p[top++] = p[il;
if(dl*d2 < 0)po.p[top++] = u.crosspoint(Line(p[i]l,pl[(i+1)%n]1));

}
// BREK
// IR Light031239°
double getcircumference(){
double sum = 0;
for(int i = 0;7 < n;i++){
sum += p[i].distance(p[(i+1)%n]);
3
return sum;
3
// AR
double getarea(){
double sum = 0;
forCint i = 0;1i < n;i++){
sum += (p[ilAp[Gi+1)%n1);
3
return fabs(sum)/2;
}
7= vach
[/ 1 TR, ORI RN 4
bool getdir(){
double sum = 0;
for(int i = 0;i < n;i++)
sum += (p[ilAp[Gi+1)%n]);
if(sgn(sum) > 0)return 1;
return 0;
3
// BREL
Point getbarycentre(){
Point ret(0,0);
double area = 0;
for(int i = 1;i < n-1;i++){
doubTe tmp = (p[i]l-p[0IDA(p[i+1]-p[01);



if(sgn(tmp) == 0)continue;
area += tmp;
ret.x += (p[0].x+p[i].x+p[i+1].x)/3*tmp;
ret.y += (p[0].y+p[i].y+p[i+1].y)/3*tmp;
I
if(sgn(area)) ret = ret/area;
return ret;
}
// " ZIATERIEAS KRR
// Wlik: POJI3675 HDU3982 HDU2892"
double areacircle(circle c){
double ans = 0;
for(int i = 0;1 < n;i++){
int j = (i+1)%n;
if(sgnC (p[jl-c.p)A(p[il-c.p) ) >= 0)
ans += c.areatriangle(p[il,pl[i]);
else ans -= c.areatriangle(p[il,pl[ji]);
3
return fabs(ans);
3
[/ ZIFAEK R
[/ 2 BmEEZUMN
//° 1 BAEZG R, ®3 7 2dRiaRt

//° 0 Hes

int relationcircle(circle c){
getline();
int x = 2;

if(relationpoint(c.p) !'= 1) return 0;//FC/ATEH

for(int i = 0;7 < n;i++){
if(c.relationseg(1[i])==2)return 0;
if(c.relationseg(1[i])==1)x = 1;

}
return X;
}
I
// AB X AC’

double cross(Point A,Point B,Point C){
return (B-A)A(C-A);
}
// AB*AC”
double dot(Point A,Point B,Point C){
return (B-A)*(C-A);
}
[/ BANEICINARE &5
/77 A A (T B 8 Ay )
//° WK uvA 10173°
double minRectangleCover(polygon A){
// EREAIA LN < 3fELLC
if(A.n < 3)return 0.0;
A.p[A.n] = A.p[0];
double ans = -1;
intr=1, p=1, q;
for(int i = 0;i < A.nji++){
// RHEDA.p[i] - A.p[i+1]HZEH A
while( sgn( cross(A.p[i],A.p[i+1],A.p[r+1]) -
cross(A.p[il,A.p[i+1],A.p[r]) ) >= 0 )
r = (r+1)%A.n;
// FHAp[i] - A.p[i+1]17 A LIE R nfam i



while(sgn( dot(A.p[i],A.p[i+1],A.p[p+1]) - dot(A.p[il,A.p[i+1],A.p[p]) )
>=0 )
p = (p+1)%A.n;
if(i == 0)q = p;
[/ FHAp[I] - A.p[i+1105 1A B G fem i
while(sgn(dot(A.p[i],A.p[i+1],A.p[g+1]) - dot(A.p[il,A.p[i+1],A.p[ql))

<= 0)
g = (g+1)%A.n;
double d = (A.p[i] - A.p[i+1]).1en2Q);
double tmp = cross(A.p[i],A.p[i+1],A.p[r]) *
(dot(A.p[il,A.p[i+1],A.p[p]l) - dot(A.p[i]l,A.p[i+1],A.p[ql))/d;
if(ans < 0 || ans > tmp)ans = tmp;
3

return ans;

VA=Y VIILES Uk
[/ 2 RTERE, fEqla2m) el
// ik :HDU3982"
vector<Point> convexcut(const vector<Point> &ps,Point ql,Point qg2){
vector<Point>qs;
int n = ps.size();
forCint i = 0;i < n;i++){
Point pl = ps[i], p2 = ps[Gi+1)%n];
int d1 = sgn((q2-q1)A(pl-ql)), d2 = sgn((q2-q1)A(p2-ql));
if(dl >= 0)
gs.push_back(pl);
if(dl * d2 < 0)
gs.push_back(Line(pl,p2).crosspoint(Line(ql,q2)));
}
return gs;
}
[/ RS
// Wik P03I3335 PO11474 P0OJ1279°
[/ 3 A g e e e e e el e el e ke
struct halfplane:public Line{
double angle;
halfplane(Q{}
// RonIAlE s -> e e CAEM) [ 2-~T-1i
halfplane(Point _s,Point _e){

s = _S;
e = _e;

}

halfplane(Line v){
S = V.S;
e = v.e;

}

void calcangle(){
angle = atan2(e.y-s.y,e.x-5.X);

}

bool operator <(const halfplane &b)const{
return angle < b.angle;

}

Irg

struct halfplanes{
int n;

halfplane hp[maxp];
Point p[maxp];



int quel[maxp];

int st,ed;

void push(halfplane tmp){
hp[n++] = tmp;

}
//EE
void unique(){
intm=1;
for(int i = 1;i < n;i++){
if(sgnChp[i].angle-hp[i-1].angle) != 0)
hp[m++] = hp[i];
else if(sgn( (hp[m-1].e-hp[m-1].s)AChp[i].s-hp[m-1].s) ) > 0)
hp[m-11 = hp[i];
3
n=m;
}

bool halfplaneinsert(){

for(int i = 0;i < n;i++)hp[i].calcangle();

sortChp,hp+n);

unique(Q);

que[st=0] 0;

queled=1] = 1;

p[1] = hp[0].crosspointChp[1]);

for(int i = 2;i < n;i++){
while(st<ed && sgn(Chp[i].e-hp[i].s)A(p[ed]-hp[i].s))<0)ed--;
while(st<ed && sgn(Chp[i].e-hp[i].s)A(p[st+1]-hp[i].s))<0)st++;
que[++ed] = 1i;
ifChp[i].parallelChp[que[ed-1]]))return false;
pled]=hp[i].crosspoint(hp[queled-1]]);

3
while(st<ed && sgn(Chp[que[st]].e-hp[que[st]].s)A(p[ed]-hp[que[st]].s))
<0)ed--;
while(st<ed && sgn(Chp[quel[ed]].e-hp[que[ed]].s)A(p[st+1]-
hp[quel[ed]].s))<0)st++;
if(st+l>=ed)return false;
return true;
}
VAR E b= IR S AR ETTRE Sl
// FHESHHhalfplaneinsert() Hik[Fltrue®
void getconvex(polygon &con){
plst] = hp[que[st]].crosspointChp[queled]]);
con.n = ed-st+1;
for(int j = st,i = 0;j <= ed;i++,j++)
con.p[il = p[jl;

3
//***************************

const int maxn = 1010;
struct circles{
circle c[maxn];
double ans[maxn];// ans[i]&/ i %
double pre[maxn];
int n;
circlesO{}
void add(circle cc){
cln++] = cc;

=
-

%i
=
=
il



[/ xBE Ly
bool inner(circle x,circle y){
if(x.relationcircle(y) != 1)return 0;
return sgn(x.r-y.r)<=071:0;
3
/ /A BT AR I 2 5 75 149154
void init_or({
bool mark[maxn] = {0};
int i,3j,k=0;
for(i = 0;i < n;i++){
for(j = 0;3 < n;j++)
if(i = j && mark[j]1){
ifC (c[il==c[3jD | linner(c[i],c[j]) dbreak;
b
if(j < n)mark[i] = 1;
3
for(i = 0;1 < nji++)
if(mark[i])
clk++] = c[i];
n = k;
}
// " B RITHFRAE E 4 NS 3R
void init_add(){
int i,3,k;
bool mark[maxn] = {0};
for(i = 051 < n;i++){
for(j = 0;j < n;j++)
if(i = j && !mark[j]1){
if( (c[i]l==c[3D) | linner(c[j1,c[i]) )break;
3
if(j < nmark[i] = 1;
3
for(i = 0;1 < nji++)
ifClmark[i])
clk++] = c[i];
n = k;
}
VAR = 6] o117 P Ve R DS DA NS BT A
double areaarc(double th,double r){
return 0.5*r*r*(th-sin(th));
3
// MiASPOIVCIRCLES SPOJCIRUT’
// SPOIVCIRCLESKRn/NEH AR, FFEM Einit\_orQ EHESE (HBMIWA)
// SPOJICIRUT KRB MGk, Afehninit\_or(”
// AT RE S 2 /DU A, AReEUEEE, T HARE init\_or(Q
// REAWAIE, FTEinit\_or, Hi—AH w2 bl F
void getarea(){
memset(ans,0,sizeof(ans));
vector<pair<double,int> >v;
for(int i = 0;1 < n;i++){
v.clear(Q);
v.push_back(make_pair(-pi,1));
v.push_back(make_pair(pi,-1));
for(int j = 0;3 < n;j++)
ifGi = j){
Point q = (c[jl.p - c[il.p);
double ab = g.len(),ac = c[i].r, bc = c[j].r;
if(sgn(ab+ac-bc)<=0){



v.push_back(make_pair(-pi,1));
v.push_back(make_pair(pi,-1));
continue;

}

if(sgn(ab+bc-ac)<=0)continue;

if(sgn(ab-ac-bc)>0)continue;

double th = atan2(q.y,q.x), fai = acos((ac*ac+ab*ab-

bc*bc)/(2.0*%ac*ab));

double a0 = th-fai;

if(sgn(a0+pi)<0)a0+=2*pi;

double al = th+fai;

if(sgn(al-pi)>0)al-=2%pi;

if(sgn(a0-al)>0){
v.push_back(make_pair(a0,1));
v.push_back(make_pair(pi,-1));
v.push_back(make_pair(-pi,1));
v.push_back(make_pair(al,-1));

3

else{
v.push_back(make_pair(a0,1));
v.push_back(make_pair(al,-1));

}

sort(v.begin(),v.end());
int cur = 0;
for(int j = 0; < v.size(Q;j++){
if(cur && sgn(v[j]l.first-prelcur])){
ans[cur] += areaarc(v[j].first-pre[cur],c[i].r);
ans[cur] += 0.5%
(Point(c[i].p.x+c[i].r*cos(prel[curl]),c[i].p.y+c[i].r*sin(pre[cur]))APoint(c[i].
x+c[i].r*cos(v[j]l.first),c[i]l.p.y+c[i]l.r*sin(v[j].first)));
3
cur += v[j].second;
prel[cur] = v[j].first;

3

3

for(int i = 151 < n;i++)
ans[i] -= ans[i+1];

e

ZHRF

const double eps = 1le-8;
int sgn(double x){
if(fabs(x) < eps)return 0;
if(x < 0)return -1;
else return 1;
}
struct Point3{
double x,y,z;
Point3(double _x = 0,double _y = 0,double _z = 0){
X = _X;
y = Y;
z = _z;
}
void input(){


af://n3

scanf("%1f%1f%1f",&x,_&y,&z);
3
void output(){
scanf("%.21f %.21f %.21f\n",x,y,2);
}
bool operator ==(const Point3 &b)const{
return sgn(x-b.x) == 0 && sgn(y-b.y) == 0 && sgn(z-b.z) == 0;
}
bool operator <(const Point3 &b)const{
return sgn(x-b.x)==07?(sgn(y-b.y)==07sgn(z-b.z)<0:y<b.y) :x<b.Xx;
}
double Ten(){
return sqrt(xX*x+y*y+z*z);
}
double 1en2(){
return X*xX+y*y+z*z;
}
double distance(const Point3 &b)const{
return sqrt((x-b.x)*(x-b.x)+(y-b.y)*(y-b.y)+(z-b.z)*(z-b.2));
3
Point3 operator -(const Point3 &b)const{
return Point3(x-b.x,y-b.y,z-b.z);
3
Point3 operator +(const Point3 &b)const{
return Point3(x+b.x,y+b.y,z+b.z);
}
Point3 operator *(const double &k)const{
return Point3(x*k,y*k,z*k);
}
Point3 operator /(const double &k)const{
return Point3(x/k,y/k,z/k);
}
/[ R
double operator *(const Point3 &b)const{
return x*b.x+y*b.y+z*b.z;
}
/ [/ 3P
Point3 operator A(const Point3 &b)const{
return Point3(y*b.z-z*b.y,z*b.x-x*b.z,x*b.y-y*b.x);
}
double rad(Point3 a,Point3 b){
Point3 p = (*this);
return acos( ( (a-p)*(b-p) )/ (a.distance(p)*b.distance(p)) );
}
/ /B
Point3 trunc(double r){
double 1 = Ten(Q);
if(!sgn(1))return *this;
r/=1;
return Point3(x*r,y*r,z*r);

}

i

struct Line3

{
Point3 s,e;
Line3O{}

Line3(Point3 _s,Point3 _e)
{



e = _e;
}
bool operator ==(const Line3 v)
{
return (s==v.s)&&(e==v.e);
}
void input()
{
s.input();
e.input();
}
double length()
{
return s.distance(e);
3
// B ELEE
double dispointtoline(Point3 p)
{
return ((e-s)A(p-s)).len()/s.distance(e);
}

[/ BB BE
double dispointtoseg(Point3 p)

{
if(sgn((p-s)*(e-s)) < 0 || sgn((p-e)*(s-e)) < 0)
return min(p.distance(s),e.distance(p));
return dispointtoline(p);
}

// IRE S p e E L FRR T
Point3 Tineprog(Point3 p)
{
return s + ( ((e-s)*((e-s)*(p-s)))/((e-s).Ten2()) );
}
// pERk R Erarg A
Point3 rotate(Point3 p,double ang)

{
if(sgn(((s-p)A(e-p)).Ten()) == O)return p;
Point3 fl = (e-s)A(p-s);
Point3 f2 = (e-s)A(fL);
double 1len = ((s-p)A(e-p)).len()/s.distance(e);
fl = fl.trunc(len); f2 = f2.trunc(len);
Point3 h = p+f2;
Point3 pp = h+fl;
return h + ((p-h)*cos(ang)) + ((pp-h)*sin(ang));
3
// RAEEZES
bool pointonseg(Point3 p)
{
return sgn( ((s-p)A(e-p)).len() ) == 0 && sgn((s-p)*(e-p)) == 0;
}
it
struct Plane
{
Point3 a,b,c,o;// il LHI=AN A, LR
Plane() {}
Plane(Point3 _a,Point3 _b,Point3 _c)
{



b = _b;

c=_cC;
= pvec(Q;
}
Point3 pvec()
{
return (b-a)A(c-a);
}

// ax+by+cz+d = 0°
Plane(double _a,double _b,double _c,double _d)
{
o = Point3(_a,_b,_o);
if(sgn(_La) !'= 0)
a = Point3((-_d-_c-_b)/_a,1,1);
else if(sgn(_b) != 0)
a = Point3(1,(-_d-_c-_a)/_b,1);
else if(sgn(_c) != 0)
a = Point3(1,1,(-_d-_a-_b)/_c);
}
// " RAEI E W
bool pointonplane(Point3 p)

{
return sgn((p-a)*o) == 0;
}
YVARAES:R
double angleplane(Plane f)
{
return acos(o*f.o)/(o.len()*f.o0.7en());
}

// CFIHAE LA 5, IR EUE A AN
int crossline(Line3 u,Point3 &p)

{
double x = o*(u.e-a);
double y = 0*(u.s-a);
double d = x-y;
if(sgn(d) == 0)return 0;
p = ((u.s*x)-(u.e*y))/d;
return 1;

}

/7" BRI T R (R BeRe)
Point3 pointtoplane(Point3 p)

{
Line3 u = Line3(p,p+0);
crossTline(u,p);
return p;

}

// FIHASERIAC 28
int crossplane(Plane f,Line3 &u)

{
Point3 oo = oAf.o;
Point3 v = 0A00;
double d = fabs(f.o*v);
if(sgn(d) == O)return 0;
Point3 q = a + (v¥(f.o*(f.a-a))/d);
u = Line3(q,qg+00);
return 1;
}



FHERER

const int MAXN = 100010;
const double eps = 1le-8;
const double INF = 1e20;
struct Point{
double x,y;
void input(){
scanf("%1f%1f",&x,&y) ;

};
double dist(Point a,Point b){
return sqrt((a.x-b.x)*(a.x-b.x) + (a.y-b.y)*(a.y-b.y));
}
Point p[MAXN];
Point tmpt[MAXN];
bool cmpx(Point a,Point b){
return a.x < b.x || (a.x == b.x & a.y < b.y);
}
bool cmpy(Point a,Point b){
return a.y < b.y || (a.y == b.y & a.x < b.x);
}
double Closest_Pair(int left,int right){
double d = INF;
if(left == right)return d;
if(left+l == right)return dist(p[left],p[right]);
int mid = (left+right)/2;
double dl1 = Closest_Pair(left,mid);
double d2 = Closest_Pair(mid+1,right);
d = min(dl,d2);
int cnt = 0;
for(int i = left;i <= right;i++){
if(fabs(p[mid].x - p[i]l.x) <= d)
tmpt[cnt++] = p[il;
}
sort(tmpt,tmpt+cnt, cmpy) ;
for(int i = 0;i < cnt;i++){
for(int j = i+1;j < cnt && tmpt[jl.y - tmpt[i]l.y < d;j++)
d = min(d,dist(tmpt[i],tmpt[j]1));

3
return d;
}
int main(){
int n;
while(scanf("%d",&n) == 1 && n){
for(int i = 0;i < n;i++)p[i]l.input(Q);
sort(p, p+h,cmpx) ;
printf("%.21f\n",Closest_Pair(0,n-1));
}
return 0;
}

=408

const double eps = le-8;


af://n5
af://n7

const int MAXN = 550;
int sgn(double x){
if(fabs(x) < eps)return 0;
if(x < 0)return -1;
else return 1;
}
struct Point3{
double x,y,z;
Point3(double _x = 0, double _y = 0, double _z = 0){

X = _X;
y = .Y;
z = _27;

3

void input(){
scanf("%1f%1t%1f",&x,&y,&2) ;

3

bool operator ==(const Point3 &b)const{
return sgn(x-b.x) == 0 && sgn(y-b.y) == 0 && sgn(z-b.z) == 0;

}

double Ten(){
return sqrt(xX*x+y*y+z*z);

}

double 1en2(){
return X*xX+y*y+z*z;

}

double distance(const Point3 &b)const{
return sqrt((x-b.x)*(x-b.x)+(y-b.y)*(y-b.y)+(z-b.z)*(z-b.z));

}

Point3 operator -(const Point3 &b)const{
return Point3(x-b.x,y-b.y,z-b.z);

3

Point3 operator +(const Point3 &b)const{
return Point3(x+b.x,y+b.y,z+b.z);

}

Point3 operator *(const double &k)const{
return Point3(x*k,y*k,z*k);

}

Point3 operator /(const double &k)const{
return Point3(x/k,y/k,z/k);

}

/[

double operator *(const Point3 &b)const{
return x*b.x + y*b.y + z*b.z;

}

// X5Fe

Point3 operator A(const Point3 &b)const{
return Point3(y*b.z-z*b.y,z*b.x-x*b.z,x*b.y-y*b.x);

I
struct CH3D{
struct face{
//FRm A — AN R =A SRS

int a,b,c;
[/ BIRZI R E T R A A LT
bool ok;

e
//RTUETI S AL

int n;



Point3 P[MAXN];

/ /PR = AR

int num;

/ /BRI = M

face F[8*MAXN];

int g[MAXN] [MAXN];

/ /X

Point3 cross(const Point3 &a,const Point3 &b,const Point3 &c){
return (b-a)A(c-a);

}

[/ ZATRHR*2

double area(Point3 a,Point3 b,Point3 c){
return ((b-a)A(c-a)).Tlen(Q);

}

// VUTHAAA A TR 6

double volume(Point3 a,Point3 b,Point3 c,Point3 d){
return ((b-a)A(c-a))*(d-a);

}

// 1E: sAETHE

double dblcmp(Point3 &p,face &f){
Point3 pl = P[f.b] - P[f.a];
Point3 p2 = P[f.c] - P[f.a];
Point3 p3 = p - P[f.a];
return (plAp2)*p3;

}
void deal(int p,int a,int b){
int £ = g[a][b];
face add;
if(F[f].ok){
if(dblcmp(P[pl,F[f]) > eps)

dfs(p,f);
else {

add.a = b;

add.b = a;

add.c = p;

add.ok = true;
glpl[b]l = glallp]l = glbl[a]l = num;
F[hum++] = add;

3
/ /IR 2R BT AT 12 A A Pk ) T
void dfs(int p,int now){
F[now] .ok = false;
deal(p,F[now].b,F[now].a);
deal(p,F[now].c,F[now].b);
deal(p,F[now].a,F[now].c);
}
bool same(int s,int t){
Point3 &a P[F[s].al;
Point3 &b P[F[s].b];
Point3 &c = P[F[s].c];
return fabs(volume(a,b,c,P[F[t].a])) < eps &&
fabs(volume(a,b,c,P[F[t].b])) < eps &&
fabs(volume(a,b,c,P[F[t].c])) < eps;

}
/ /A =4,
void create(){



num = 0;
face add;

/ / B R R e e A b b b S A L R A e S R R L S R e e S
/ /MBS T ARUERTIYAS s
bool flag = true;
for(int i = 1;i < n;i++){
if(1(PLO] == P[i1)){
swap(P[1],P[i1);
flag = false;
break;
I
3
if(flag)return;
flag = true;
for(int i = 251 < n;i++){
iF( ((P[11-P[O1)ACP[i1-P[01)).Ten() > eps ){
swap(P[2],P[11);
flag = false;
break;
b
3
if(flag)return;
flag = true;
for(int i = 351 < n;i++){
if(fabs( ((P[1]1-P[OIDA(P[2]-P[01))*(P[i]-P[0]1) ) > eps){
swap(P[3]1,P[i1);
flag = false;

break;
I
3
if(flag)return;
[ ¥ de e e e g e dede e de e
for(int i = 0;1 < 4;i++){
add.a = (i+1)%4;
add.b = (i+2)%4;
add.c = (i+3)%4;
add.ok = true;
if(dblcmp(P[i],add) > 0)swap(add.b,add.c);
gladd.a]l[add.b] = g[add.b][add.c] = g[add.c][add.a] = num;
F[hum++] = add;
3

for(int i = 4;i < n;i++)
for(int j = 0;j < num;j++)
if(F[j].ok && dblcmp(P[i],F[j]) > eps){
dfs(i,j);
break;

int tmp = num;

num = 0;

for(int i = 0;1 < tmp;i++)

if(FLi].0k)
Flnum++] = F[i];

}
/ /R
// Wik: HDU3528°
double area(){



e

double res = 0;
if(n == 3){
Point3 p = cross(P[0],P[1],P[2]);
return p.len()/2;
3
for(int i = 0;i < num;i++)
res += area(P[F[i].a],P[F[i].b],P[F[i].c]);
return res/2.0;
3
double volume(){
double res = 0;
Point3 tmp = Point3(0,0,0);
for(int i = 0;i < num;i++)
res += volume(tmp,P[F[i].al,P[F[i].b],P[F[i].c]);
return fabs(res/6);
3
/ /R =MIAEL
int triangle(){
return num;
3
/ /R Z AT
// Mik: HDU3662°
int polygon(){
int res = 0;
forCint i = 0;i < num;i++){
bool flag = true;
for(int j = 0;j < i;j++)
if(same(i,j)){

flag = 0;
break;
3
res += flag;
3
return res;
3
[/ E L

// Mik: HDU4273"
Point3 barycenter(){
Point3 ans = Point3(0,0,0);
Point3 o = Point3(0,0,0);
double all = 0;
for(int i = 0;i < num;i++){
double vol = volume(o,P[F[i].a],P[F[i].b],P[F[i].c]);

ans = ans + (((Co+P[F[i].al+P[F[i].b]+P[F[i].c])/4.0)*vol);

all += vol;

3
ans = ans/all;
return ans;

}

/ / BB )R

// MiR: HDU4273"

double ptoface(Point3 p,int i){
double tmpl
doubTle tmp2
return tmpl/tmp2;

CH3D hull;

fabs(volume(P[F[i].al,P[F[i].b],P[F[i]l.c],p));
(CPLFLi].b]l-P[F[il.alDACP[F[i].c]-P[F[i].al)).Ten();



int mainQ
{
while(scanf("%d",&hull.n) == 1){
for(int i = 0;i < hull.n;i++)hul1.P[i].input();
hull.create();
Point3 p = hull.barycenter();
double ans = 1e20;
for(int i = 0;i < hull.num;i++)
ans = min(ans,hull.ptoface(p,i));
printf("%.31f\n",ans);
}

return 0;



	二维
	三维板子
	平面最近点对 
	三维凸包 

