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Ðàçáîð çàäà÷è ¾H. Âåëèêèé Ôëàòëàíäñêèé Çàáîð¿

Àâòîðû çàäà÷è � æþðè îëèìïèàäû, àâòîð ðàçáîðà � À. Ëàõíî

Ðåøåíèå íà 30 áàëëîâ

Îòìåòèì, ÷òî ðåøåíèå ìîæíî èñêàòü â êëàññå K-óãîëüíèêîâ. Åñëè ñóùåñòâóåò Çàáîð,
ñîäåðæàùèé ìåíåå K áàøåí è îãðàíè÷èâàþùèé ïëîùàäü S, òî ñóùåñâóåò è Çàáîð,
ñîäåðæàùèé ðîâíî K áàøåí è îãðàíè÷èâàþùèé ïëîùàäü íå ìåíåå S.

Çàáîð îäíîçíà÷íî çàäà¼òñÿ íîìåðàìè âêëþ÷àåìûõ â íåãî áàøåí. Ïðè óñëîâèè N ≤ 20
îãðàíè÷åíèå ïî âðåìåíè ïîçâîëÿåò ÿâíî ïåðåáðàòü âñå ñî÷åòàíèÿ èç N ïî K, çàäàþùèå
âîçìîæíûå âàðèàíòû ïîñòðîåíèÿ Çàáîðà. Ïîñêîëüêó â ñëó÷àå âûïóêëîé ãðàíèöû âñå
äèàãîíàëè öåëèêîì ëåæàò âíóòðè Ôëàòëàíäèè, òî äëÿ ðåøåíèÿ çàäà÷è äîñòàòî÷íî èç âñåõ
çàäàâàåìûõ ñî÷åòàíèÿìè âàðèàíòîâ âûáðàòü òîò, êîòîðîìó ñîîòâåòñòâóåò ìíîãîóãîëüíèê
íàèáîëüøåé ïëîùàäè. Àñèìïòîòèêà òàêîãî ðåøåíèÿ ñîñòàâëÿåò O(CK

N ·K).

Ðåøåíèå íà 60 áàëëîâ

Â ñëó÷àå íåâûïóêëîé ãðàíèöû íåêîòîðûå äèàãîíàëè ìîãóò âûõîäèòü çà ïðåäåëû
Ôëàòëàíäèè. Èç ìíîæåñòâà âñåõ ñî÷åòàíèé èç N ïî K, çàäàþùèõ âàðèàíòû ïîñòðîåíèÿ
Çàáîðà, íåîáõîäèìî ðàññìàòðèâàòü òîëüêî òå, êîòîðûå íå ñîäåðæàò òàêèõ äèàãîíàëåé.

Äèàãîíàëü (Pi, Pj), 1 ≤ i < j ≤ N , öåëèêîì ëåæèò âíóòðè ìíîãîóãîëüíèêà (P1, P2, . . . , PN),
åñëè âûïîëíåíû ñëåäóþùèå òðè óñëîâèÿ:

• Ñóììà ïëîùàäåé ÷àñòåé (Pi, Pi+1, . . . , Pj) è (Pj, Pj+1, . . . , PN , P1, . . . , Pi) ðàâíà ïëîùàäè
âñåãî ìíîãîóãîëüíèêà (P1, P2, . . . , PN).

• Äèàãîíàëü íå ïåðåñåêàåò íè îäíó èç ñòîðîí ìíîãîóãîëüíèêà, çà èñêëþ÷åíèåì, áûòü
ìîæåò, ïåðåñå÷åíèé ïî âåðøèíàì. Ñèòóàöèÿ, êîãäà ñòîðîíà öåëèêîì ëåæèò íà
äèàãîíàëè, òàêæå íå ñ÷èòàåòñÿ çà ïåðåñå÷åíèå.

• Ðàññìîòðèì ìíîæåñòâî âåðøèí, ëåæàùèõ íà äèàãîíàëè (Pi, Pj) çà èñêëþ÷åíèåì ñàìèõ
Pi è Pj. Ñðåäè ñìåæíûõ ê íèì íå äîëæíî ñóùåñòâîâàòü âåðøèí, ëåæàùèõ ïî ðàçíûå
ñòîðîíû îò ïðÿìîé (Pi, Pj).

Ïðîâåðêà ýòèõ óñëîâèé äëÿ îäíîé äèàãîíàëè ïðîèçâîäèòñÿ çà O(N). Ñîîòâåòñòâåííî
ïðîâåðêà âñåõ äèàãîíàëåé ìîæåò áûòü ðåàëèçîâàíà çà O(N3). Îáùàÿ àñèìïòîòèêà ðåøåíèÿ
ñîñòàâëÿåò O(N3 + CK

N ·K).

Ïðàâèëüíîå ðåøåíèå

Ðàññìîòðèì ãðàô G, â êîòîðîì âåðøèíàì ñîîòâåòñòâóþò áàøíè, à ð¼áðàì � äèàãîíàëè, èõ
ñîåäèíÿþùèå. Ãðàô ÿâëÿåòñÿ îðèåíòèðîâàííûì � äèàãîíàëè (Pi, Pj) ñîîòâåòñòâóþò ñðàçó
äâà ðåáðà: (i → j) è (j → i). Âåñ ðåáðà (i → j) îïðåäåëèì êàê ïëîùàäü îòñåêàåìîé
äèàãîíàëüþ (Pi, Pj) ÷àñòè Ôëàòëàíäèè. Îòñåêàåìîé ÿâëÿåòñÿ òà ÷àñòü, êîòîðàÿ îñòà¼òñÿ ïî
ïðàâóþ ñòîðîíó îò äèàãîíàëè ïðè äâèæåíèè îò áàøíè i ê áàøíå j.
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Â âûøåîïèñàííûõ òåðìèíàõ çàäà÷à ïîñòðîåíèÿ
îïòèìàëüíîãî Çàáîðà ñâîäèòñÿ ê íàõîæäåíèþ â ãðàôå G
öèêëà ìèíèìàëüíîãî âåñà, ñîäåðæàùåãî ðîâíî K ð¼áåð.
Îáîçíà÷èì ÷åðåç Ak

N×N ìàòðèöó äëèí êðàò÷àéøèõ ïóòåé,
ñîäåðæàùèõ ðîâíî k ð¼áåð. Ýëåìåíò ak

ij ñîäåðæèò äëèíó
êðàò÷àéøåãî ïóòè èç âåðøèíû i â âåðøèíó j. Â ÷àñòíîñòè,
A1 ñîâïàäàåò ñ ìàòðèöåé âåñîâ ð¼áåð ãðàôà G. Ìàòðèöà
AK ìîæåò áûòü âû÷èñëåíà ïðè ïîìîùè ñîîòíîøåíèÿ
Ak = Ak−1 × A1, ãäå îïåðàöèÿ óìíîæåíèÿ C = A × B
çàäà¼òñÿ ñëåäóþùåé ôîðìóëîé:

cij = min
k

(aik + bkj).

Ïëîùàäü, îãðàíè÷èâàåìàÿ îïòèìàëüíûì Çàáîðîì, ðàâíà min(aK
ii |i = 1 . . . N).

Âðåìÿ ïåðåìíîæåíèÿ äâóõ ìàòðèö ðàçìåðîì N ×N ñîñòàâëÿåò ïîðÿäêà O(N3). Èòîãîâàÿ
àñèìïòîòèêà îïèñàííîãî ðåøåíèÿ � O(N3 · K). Åñëè æå äëÿ âû÷èñëåíèÿ Ak âìåñòî
ñîîòíîøåíèÿ Ak = Ak−1 × A1 èñïîëüçîâàòü àëãîðèòì áûñòðîãî âîçâåäåíèÿ â ñòåïåíü, òî
çàäà÷à ìîæåò áûòü ðåøåíà çà O(N3 log K).

Íèæå ïðèâåä¼í òåêñò ðåøåíèÿ ñ èñïîëüçîâàíèåì àëãîðèòìà áûñòðîãî âîçâåäåíèÿ â
ñòåïåíü:

#include <stdio.h>

#include <stdlib.h>

#include <string.h>

#include <limits.h>

const char inpfile[] = "h.in";

const char outfile[] = "h.out";

const int NMAX = 305;

const int MMAX = 20;

const int INF = INT_MAX / 2;

struct Point

{

int x, y;

};

Point border[2*NMAX];

int square;

int n, k;

int a[MMAX][NMAX][NMAX];

int b[MMAX][NMAX][NMAX];

int prev[MMAX];

int m = 1;

int Vc(const Point &p1, const Point &p2)
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{

return p1.x * p2.y - p1.y * p2.x;

}

int Vc(const Point &p1, const Point &p2, const Point &p3, const Point &p4)

{

return (p2.x - p1.x) * (p4.y - p3.y) - (p2.y - p1.y) * (p4.x - p3.x);

}

int Sc(const Point &p1, const Point &p2, const Point &p3, const Point &p4)

{

return (p2.x - p1.x) * (p4.x - p3.x) + (p2.y - p1.y) * (p4.y - p3.y);

}

int Sign(int x)

{

if (x > 0)

return 1;

else if (x == 0)

return 0;

else

return -1;

}

void BuildFenceSegment(int i, int j)

{

int s1 = Vc(border[j], border[i]);

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

s1 += Vc(border[k], border[k + 1]);

int s2 = Vc(border[i], border[j]);

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

s2 += Vc(border[k], border[k + 1]);

bool ok = abs(s1) + abs(s2) == square;

bool sn[3];

memset(sn, 0, sizeof(sn));

if (ok)

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

if (Vc(border[i], border[j], border[i], border[k]) == 0

&& Sc(border[k], border[i], border[k], border[j]) < 0)

{

int k1 = k > 0 ? k - 1 : n - 1;

int k2 = k + 1;

sn[Sign(Vc(border[i], border[j], border[i], border[k1])) + 1] = true;
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sn[Sign(Vc(border[i], border[j], border[i], border[k2])) + 1] = true;

if (sn[0] && sn[2])

{

ok = false;

break;

}

}

if (ok)

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

if (Sign(Vc(border[k], border[k + 1], border[k], border[i])) *

Sign(Vc(border[k], border[k + 1], border[k], border[j])) < 0

&& Sign(Vc(border[i], border[j], border[i], border[k])) *

Sign(Vc(border[i], border[j], border[i], border[k + 1])) < 0)

{

ok = false;

break;

}

if (ok)

{

a[0][i][j] = s1;

a[0][j][i] = s2;

}

else

{

a[0][i][j] = INF;

a[0][j][i] = INF;

}

}

void Mul(int w1[][NMAX], int w2[][NMAX], int r[][NMAX], int p[][NMAX])

{

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

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

{

r[i][j] = INF;

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

if (r[i][j] >= w1[i][k] + w2[k][j])

{

r[i][j] = w1[i][k] + w2[k][j];

p[i][j] = k;

}

}

}
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void RestoreFence(int m, int i, int j)

{

if (m > 0)

{

RestoreFence(m - 1, i, b[m][i][j]);

printf("%d ", b[m][i][j] + 1);

RestoreFence(prev[m], b[m][i][j], j);

}

}

int main()

{

freopen(inpfile, "r", stdin);

freopen(outfile, "w", stdout);

scanf("%d%d", &n, &k);

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

{

scanf("%d%d", &border[i].x, &border[i].y);

border[i + n] = border[i];

}

square = 0;

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

square += Vc(border[i], border[i + 1]);

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

a[0][i][i] = INF;

for (int i = 0; i < n - 1; i++)

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

BuildFenceSegment(i, j);

int r = 1;

while (k >> r)

r++;

for (int h = r - 2; h >= 0; h--)

{

Mul(a[m - 1], a[m - 1], a[m], b[m]);

prev[m] = m - 1;

m++;

if (k & (1 << h))

{

Mul(a[m - 1], a[0], a[m], b[m]);

prev[m] = 0;

m++;
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}

}

int res = INF;

int v = 0;

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

if (a[m - 1][i][i] < res)

{

res = a[m - 1][i][i];

v = i;

}

printf("%.5lf\n", (square - res) / 2.0);

printf("%d\n", k);

printf("%d ", v + 1);

RestoreFence(m - 1, v, v);

return 0;

}
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