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% 4 Caption
CEE N
1 2 3 4 5 &
5
Y61 1000000 | 1000000 | 1000000 [ 10000 | TORO000 | 10, 0040
0,000 0, 00 0,000 OG0 (D (LMK
Y02 08,4000 | 1000000 | 100.0000 | 1000000 | 1000008 | 10K 00400
401000 | 397539 | 399998 | 40,0000 | 400000 | 40.0000
FY03 08,8809 | 1004340 | 100.0000 | 100.0000 | 10RO | 10K 0000
809727 | 797268 | T9.999% | 20.0000 | 20.0000 | S0.0000
FY04 09,3532 | 1006450 | 1000000 | 1000000 | TO0.0008 | 104, 0000
1202710 | 1197940 | 120.0000 [ 12000000 | 12000000 | 120.080H)
FY05 1007520 | 1007520 | 100.0000 | 100K | DOLOGO0 | 1040040
1500350 | 1520350 | 160.0000 [ 1600000 | 1600 | Lad.000)
1024780 | 1006830 | 1000000 | 1000000 | 10000 | 1000000
i 200.2420 | 2000720 | 200.0000 | 2000000 | 2000000 | 200,00
o 1050000 | 1004600 | 100000 [ 100UKHK | D000 | LMD
240.0700 | 2401590 | 240.0000 | 240.0000 | 2400000 | 240.0dHH)
FY08 1027630 | 1001680 | 100.0000 [ 1000000 | DOGOKN | 100K
2581.6670 | 2801200 | 2R0.0000 | 2800000 | 2800000 | 28000
— 1013530 | 1000000 | 1000000 | 10K | TG00 | 100 04D
3220100 | 3200000 | 320.0000 | 3200000 | 32000000 | 3200000

B iR 0%

#include<bits/ztdc++.h>

using namespace std;

conat int N = 20;

const double pi = acos(-1.0);

double d[N], theta[N];
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5| struct Point {
9 double x, ¥;

11 Point (double _x = 0, double _y = 0) : x(_xJ), ¥{_¥y) {}

12 double morm({) { return sqrt{x = x + y %= y); }

13 double norm2() { return X *# X + ¥ * ¥; }
14 Point operator + (Point const &b) {
15 return Point(x + b.x, ¥ + b.y);
16 }

17 Point operator - (Point const &b} {
15 return Point{x - b.x, ¥ - h.¥);
19 }

20 Point operator * (double a) {

2] return Point{a *+ x, a * y);

22 }

23 Point operater / (double a) {

24 return Point{x / a, y / a);

23 }

26, IpIN], ass[N];
using Vector = Point;

20 deuble cross(Vector a, Vector h) {

30 return a.Xx * b.y - a.y » b.x;

13| struct Circle {
34 Point O,

35 double r;

it

37 Circle () {}

38 Circle { Point O, double _r} : O_0), ri{_r) {}
39 bool operatoer == (Circle const &b) {

] return (O - b.O) .norm{}) < 1e-5 && abs(r - b.r} < le-5;
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Afoddl L id2, vertex BT ELE Halpha, FIME Hvertex
struct Angle {

int idl, id2;

int vertex;

double alpha;

Angle (int _idl, int _id2, int _ver, double _alpha) {

idl = _idl; id2 = _id2; vertex = _ver; alpha = _alpha;
}
bool operator < (Angle kb) {

return alpha < b._alpha;

¥i

f O FERAMEAFAEAR
£oidl L, id2, vertex FRALE (Wiverfex HTR S ) B i
int gel_angle_ass(int idl, int vertex, int id2) {
assert (idl '= id2 && idl != vertex && vertex != id2}:
if (idl > id2) swap(idl, id2);
if (vertex == 0) {
int del id2 - idl;
if (del > 4) del = & - del;
return 40 * del;
} else if (idl == 0} {
int del = abs{id2 - vertex);
if (del > 4) del = & - del;
return (180 - 40 = del) / 2;
} else {
int del = id2 - idl;
if (del <= 4) {
if (idl < vertex && vertex < id2) {
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104
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1008
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return 180 - 40 = del / 2;
} elze return 40 #* del / 2;
} else {
del = 9 - del;
if (idl < vertex &k verfex < id2) {
return 40 = del / 2;
} else return 180 - 40 = del / 2;

Aoidl, id2, vertex EFRFral (Wlvertex HTME ) &Y ko

double get_angle_real (int idl, int vertex, imnt id2) {
assert{idl '= jd2 && idl '= vertex && vertex != id2);
double 11

1]

(plvertex] - plid1]} .morm() ;

double 12 (plvertex] - plid2]) .norm();

double 13 (plid1] - plid2]} norm(};

double tmp = (11 = 11 + 12 * 12 - 13 = 13) / (2 = 11 * 12);
assert{=1.01 <= tmp && tmp <= 1.01);

if (tmp > 1) tmp = 1;

if {(tmp < -1) tmp = -1;
double alpha = acos{tmp);
return alpha;

LB, O, vertex EFEEAA (Blvertex AT L) 8 )
double gel_angle_real {Point P, Point vertex, Point Q) {
double 11

{vertex - P} .norm({};

deuble 12 (vertex - Q) .norm();

double 13 (P - Q) .norm () ;

double tmp = (11 =+ 11 + 12 * 12 - 13 = 13) / (2 # 11 * 12);
assert(-1.01 <= tmp && tmp <= 1.01);

]

if (tmp > 1) tmp = 1;
if (mp < -1) tmp = =-1;
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double alpha = acos (tmp);

return alpha;

int sgn{double x) {
if {x » 0) return i;
if (x < 0) return -1;
return 0;

A AP, QMR Halphath§
Circle get_circle (int id, Peint P, Point Q, double alpha} {
Point O, 01, 02, M,
M= (P+0Q / 2;
Vector v(Q - P);
double h = v.norm() / 2 % tan{abs{pi / 2 - alpha));
double r;
if (abs{pi / 2 - alpha) > 1le-5) {
r=h/ sin{abs{pi / 2 - alpha));
} else {
r = v.norm({) / 2;
}
v =v / v.norm{} = h;
swap(v.x, v.¥);
¥.X %= -1;
Ol =M+ v; 02 =M - v;
int 1 = sgn{cross{plid] - P, Q - P));
int 2 = sgn{cross(O1 - P, Q - P));
if (alpha > pi / 2) {
if (f1 == 2) O = 02;
elzse O = O1:
} elze {
if (f1 == 2) O = 0O1;
elze O = (O2;
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}

return Circle(Q, r);

29

C ki ~RICAHURELS Stk A%

#include<bits/stdc++.h>
#include "geometry. hpp”

using namespace sid;

Point findpos_3drones (int id, vector<Angle> ang) {

int idl1, id2;

double alpha, beta;
for (auteo i : ang) {
if (i.idl &% i.id2) {
idl = i.idl; id2 = i.id2;

}
for (auto i : ang) {
if (i.idl + i.id2 == idl)} {
alpha = i.alpha;
} else if (i.idl + i.id2 == id2) {
beta = i.alpha;

}

Circle O1, 0O2;

01 = gel_circle{id, ass[0], ass[idl], alpha);
02 = get_circle(id, ass[0], ass[id2], betia};
double x1 = O1.0.x, vl = O1.0.y, x2 = 02.0.x,

¥2 = 02.0.¥%;

double lambda = (x2 *= (x2 - x1) + ¥2 * (y2 - y1}}

S (01,0 - 02.0) norm2{) ;
Point tmp = O1.0 = 2 * lambda + O2.0 = 2 * (1

return tmp;

- lamhbda) ;
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Point find_position{int id, vector <int> drone) {

sort {(drone . begin(), drone.end());
vecior <Angle> ang;
for (int i = 0; i < drone.size{); ++i) {

for (int j = i + 1; j < drome.size(); ++j) {

double 11 = (plid] - pldrone[il]) . .morm{};
double 12 = {plid] = pldrone[j]]) . norm({);
double 13 = (pldronelil]l - pldrone[jl]).norm() ;

double a = acos((I1 = 11 + 12 » 12 - 13 = 13} 7 2 / 11 /
ang . push_back (Angle{drone[i], drone[j], id, a));

¥

return findpos_3drones (id, ang);

double evaluate() {

double ans = 0;
for (int i = 0; i <= §; ++i) {

ans += (pl[i] - ass[i]).norm2(};
1

return ans;

pair<double, int> search{int deep, int las) {

if {(deep == 0} {
return make_pair{evaluate (), las);
¥
Point tmp[N];
for (imt i = 0; i <= 9; ++i) tmp[i] = plil;
double ans = 1eldl, 5 = =1;
for (int i = 2; i <= 9; ++i}) {
vector <int> drone;

12);
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drone . push_back {0} ; drone.push_back (1}; drone.push_back(i};
for (int j = 2; j <= 9; ++j) {
if {j == i) continue;
Point pnt = find_position{j, drone):
plil = pljl + ass[jl - pnt;
,
pair<double, int> nw = search{deep - 1, i);
if (nw.first < ans) {
ans = nw.first; s = i;
}
for (imt j = 2; j <= 9; ++j) {
plil = tmp[j]l;

}

return make_pair{ans, s);

int main{} {

srand (time (0) ) ;

int m = 9;

for {int i = 0: i <= 9: ++#i} {
cin »» d[i] »» thetali];

}

for (dnt i = 1; i <= 9; ++i) {
thetal[i] = thetali]l / 180 * pi;

plil.x = d[i] * cos(theta[i]);
plil.y = d[i] = sin(thetalil);
ass[il.x = 100 * cos(40.0 = (i - 1) / 180 * pi);
ass[il.y = 100 » sin{40.0 = (i - 1) / 180 = pi);

coult << evaluate () << endl;

for (int i = 1; i <= 20; ++i) {
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32

double ans = 1elll); int s = search (3, -1).second;

" eg § << endl << "use: 01

vector <int> drone;

cout << "times:

<< & << endl;

drone . push_back (0} ; drone. push_back{1}; drone.push_back{s};

for {(int j = 2; j <= 9; ++j) {
if (j == s} continue;
Point pnt = find_position(j, drone};
pljl = plj] + ass(j] - pnt;
}
for (int i = 0; i <= 9; ++i) {
cout << plil.x << * 7 << plil.y << endl;
}

coul << evaluate() << endl;

}
for (int i = 0; i <= 9; +#i) {
<< ass[il.y << endl;

cout << ass[i]l.x <<

}

pats f et N

raturn 0;

/e input data
00

00 0

OR 40.10

112 80.21

105 119.75

08 150 .86

112 199.96
105 240.07

o8 280.17
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112 320.28
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#include<bits/stdc++ . h>
#include "geomefry. hpp”

using namespace std;

Point findpos_3drones (int id, vector<Angle> ang) {
int idl, id2;
double alpha, beta;
for (auto i : ang) {
if (i.idl &% i.id2) {
idl = i.idl; id2 = i.id2;

}
for {auto i : ang) {
if (i.idl + i.id2 == idl) {
alpha = i.alpha;
} alae if (i.idl + i.id2 == id2) {
beta = i, alpha;

}
Circle O1, 0O2;
Ol = get_circle(id, ass[0], ass[idl], alpha);
02 = get_circle (id, ass[0], ass[id2], beta};
double x1 = 01.0.x, yl = O1.0.y, x2 = 02.0.x, y2 = 02.0.y;
double lambda = (x2 = (x2 - x1) + ¥2 = (y2 - yl1))
/(01,0 - 02.0) .norm2 () ;
Point tmp = 01.0 % 2 % lambda + O2.0 = 2 % (1 - lambda};

return tmp;
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Point fimd_position{(int id, vector<int> drone);

Point findpos_4drones (int id, vector<int> &drone) {
Point O1, 02, 03;
vector <int> v;
v.push_back (0); v.push_back(1); v.push_back (drone[2]);
Ol = find_position (id, v);
v.clear () ;
v.push_back(0); v.push_back(1); v.push_back (drone[3]};
02 = find_position (id, v);
v.clear () ;
return (01 + Q2 / 2;

Point find_position (int id, vector<int> drome) {
sort (drone. begin(), drone_end(}};
if {drone.size() == 3) {
vector <Angle> ang;
for (int i = 0; i < drone.size(); ++i) {
for (int j = i + 1; j < drone.size(); ++j) {

double 11 = (plid] - pldronel[i]]).norm{);
double 12 = (plid] - pldrone(jl]}.norm{);
double 13 = (pldrone[i]] - pldrone[jl]} . norm();

double a = acos((11 * 11 + 12 = 12 - 13 = 13) / 2/
ang . push_back (Angle (drone[i], drone[j], id, a));

}

return findpos_3drones(id, ang);

}

else return findpos_ddrones (id, drone};

double evaluate() {

B

11

/

12);
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double ans = 0;
for (int i = O; i <= §; ++i}) {
ans += (pl[i]l - ass[i]).norm2();
¥

return ans;

pair<double, pair<int, int>> search{int deep, pair<int, int> las)

if (deep == 0) {

return make_pair{evaluate(), las);

}
Point tmp[N];
for (imt i = 0; i <= 9; ++i) tmpl[il = plil;

double ans = 1el(i;
pair<int, int> s = make_pair(-1, -1};
for (int i = 2; i <= 9; ++#i} {
vector <int> drone;
dromne . push_back (0); drone.push_back(1}; drone.push_back{i};
for {int j = 2; J <= §; ++j) o
if (j == i) continue;
Point pnt = find_position(j, drone);
plil = pljl + ass(j] - pnt;
}
pair<double, pair<int, int>> nw;
nw = search(deep - 1, make_pair(i, -1));
if (nw. first < ams) {
ans = nw. first; s = make_pair(i, =-1);
}
for {int j = 2; jJ <= 8; ++j) {
plil = tmp[jl;

r
for {imt i = 2; 1 <= 9; ++i} {
for (int j = i + 1; j <= 9; ++j) {
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vector <int> drone;
drone . push_back (0} ; drone. push_back (1) ;
drone . push_back(i); drone.push_back{j};
for (int k = 2; k <= 9; ++k) {
if (k == i || k == j) continue;
Point pnt = find_position (k, drone};
plk] = p[k] + ass[k] - pnt;
;
pair<deuble, pair<int, int>> nw;
nw = search(deep - 1, make_pair{i, j));
if (nw.first < ans) {
ans = nw.first; s = make_pair(i, j);
}
for (int k = 2; k <= 9; ++k) {
plk]l = tmpl[k];

return make_pair{ans, s);

int main{} {
srand {time {0) ) ;

for (dnt i = 0; i <= 0; ++i) {

}

cin »> d[i] »> thetalil;

for (int i = 1; i <= 9; ++i)} {

thetali]l = thetalil / 180 = pi;
plil.x dli] * cos(thetal[i])};
plil.y = d[i] * sin(thetal[i]};
ass[i]l.x = 100 * cos(40.0 = (i - 1) / 180 #* pi);
ass[i]l.y = 100 * sin{40.0 = (i = 1) / 180 = pi);

=
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for (int i = 1; i <= 6; ++i) {
cerr << Ttimes: 7 << i << endl;
double ans = 1lelihy;
int d = min(2, 7 = i);

pair<int, int> s = search{d, make_pair(-1, -1}).second;

coul << "fimes; " << 0 << endl << Tuse: 0 I 7 << s, first
if (s.second != -1) cout << s, second,;

coul << endl:

vector <int> drone;

drone . push_back {0} ; drone.push_back (1} ;

drome . push_back(s. First)};

if (s.second != -1} drone.push_back(s.second);
for (int j = 2; j <= 9; ++}) {
if (j == s.first || j == s5.second) continue,

Point pnt = find_position(j, drone);
pljl = plj) + ass(j] - pnt;

}
for (int j = 0; j <= 9; ++j) {
cout <% W2 << pljlix'<< 7 << plJl.y <5 ')’ %<
}
puts{”7);
coul << evaluate() << endl;
PUuts { Ve e e ):
}
for {int i = 0; i <= 9; ++i) {
coul << assfil.x << ' 7 << ass[i]l.y << endl;
}
puts { " )3
raturn 0;

e input data
0 0

BEL,

<<
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Q8 4010
112 80.21
105 I19.75
98 [59. 86
112 1949 95
105 240.07
98 280.17
112 320.28
w2/

E ) AU

#include<bits/stdc++ h>
#include “geometry. hpp”
using namespace 5id;

Point intersection {Circle O1, Circle 02} {
double x1 = 01.0.x, ¥1 = 01.0.y, x2 = 02.0.x, ¥2 = 02.0.y;
double lambda = (x2 = (x2 - x1) + y2 *= (y2 - yl))
010 - 02.0) norm2() ;
Point tmp = O1.0 = 2 * lambda + O2.0 = 2 * (1 - lamhda};

return tmp;

wvoid imit () {
A B ERBEEAMMNAEART
ass[1] = Point{0, 0);
ass[2] = Point{-25 * sqrt{3), 25);
ass[4] Point (-50 * sqrt{3), 50};
ass[7] Point {-75 * sqrt{3), 75};
ass[11] = Peint(-100 * sqri(3}, 100};
for (int i = 3; i <= 15; ++i) {

il
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if (i == Il i == |l i == 11) continue;
ass5[i] = Point(ass[i - 1].x, ass[i - 1].y - 50);

s

O REEAREAEAEE N —p ML
for (int i = 2; i <= 15; ++i) {
double r = 1.0 #* rand() / RANDMAX * 5;
1.0+ rand (3 / RANDMAX = pi + 2;
Vector del = Vector(r = cos(alpha), r = sin(alpha))};

double alpha

plil = ass[i]l + del;
1
pl5] = ass[5];

Point find_pos{int id, int idl, int id2)} {
double alpha = get_angle_real (1, id, idl);
double beta = get_angle_real (1, id, id2};
double gama = get_angle_real {idl, id, id2);
Circle Ol
Circle get_circle (id, ass[1], ass[id2], beta);
if (O 02) return ass[id];
return intersection (01, O2);

vet_circlelid, ass[1], ass[idl], alpha);

i 8

o Hra, b, cRTRLE
boel on_line(int a, int b, int ¢} {
if (abs{cross(ass[a] - ass[c], ass[b] - ass[c])) < 1le=3)
return 1i;

} else return 0;

[ PWra, b, c. FYOI AT W L 4B
boel on_circle{int a, int b, int c¢) {
double al = get_angle_real{ass[a], ass[1], ass[b]l);
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55 double bhe = get_angle_real (ass[al, ass[ec], ass[b]l};

56 return abs{al - be}) < le-6 || abs{al + be - pi) < le-6;
37| T

5%

S0 deuble evaluate() {

Wl double ans = 0;

Bl for (imt i = 1; i <= 15; ++i} {
62 ans += (pli] - ass[il) . norm2{};
63 }

64 return ans;

65| F

66

67 int main{} {

&% srand {2) ;

6o init (),

0 for (dimt j = 1; j <= 15; ++j) {

71 coul << pljl.x << ° 7 << pljl.y << endl;
72 }

3 puts{ "———————————— 1K

T4 int T = 10

TS for {int i = 1: i <= 100; ++i) {

76 int a = §;

[ int b = rand() % 14 + 2;

'8 while (on_line(1, a, b))} {

i) b = rand{) ¥ 14 + 2;

80 }

81 if (i 4T == 0) {

82 a=2; b= 3;

53 T

84 coul << "fimes; 7 << i <<

b cout << Muse: ! " << a <¢ ' " << b << endl;
& for {(int j = 2; J <= 15; #++j) {

87 if (i $ T == 0 & j !'= 13) continue;

bt if (j == a || j == b) continue;
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}

if (on_line(j, a, 1)) continue;
if (on_line(j, b, 1)} continue;
if (on_line(j, a, b)) continue;
if (on_circele(j, a, b)) continue;
Point pnt = find_pos(j, a, bh);
plil = plj) + ass(j] - pnt;

}
for {int j = 1; j <= 15; ++j)} {
cout << pljl.x << ' 7 << pljl.y << endl;
}
coul << evaluate() << endl;
[T G — )

for {(int k = 1; kK <= 15; ++k) {

}

coul << ass[kl.x << ° ' << ass[k].y << endl;

return 0;

41




