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Ïðèìåð 1: çà õîä ìîæíî âçÿòü 1, 2 èëè 3 êàìíÿ
1 #include <iostream>

2 using namespace std;

3 int main () {

4 int n;

5 cin >> n;

6 cout << ((n % 4 == 0) ? "Second" : "First") << endl;

7 return 0;

8 }
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1 #include <iostream>

2 using namespace std;

3 int main () {

4 int n;

5 cin >> n;

6 if (n % 4 == 0)

7 cout << -1 << endl;

8 else

9 while (true) {

10 cout << n % 4 << endl;

11

12 n -= n % 4;

13 int v;

14 cin >> v;

15 if (v == -1)

16 break;

17 n -= v;

18 }

19 return 0;

20 }
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1 #include <cstdio>

2

3 int main () {

4 int n;

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

6 if (n % 4 == 0)

7 printf ("-1\n");

8 else

9 while (true) {

10 printf ("%d\n", n % 4);

11 fflush (stdout);

12 n -= n % 4;

13 int v;

14 scanf ("%d", &v);

15 if (v == -1)

16 break;

17 n -= v;

18 }

19 return 0;

20 }
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Ïðèìåð 3: çà õîä ìîæíî âçÿòü 2, 3 èëè 5 êàìíåé
1 #include <iostream>

2 #include <vector>

3 using namespace std;

4 vector <int> moves = {2, 3, 5};

5 int main () {

6 int n;

7 cin >> n;

8 vector <bool> win (n + 1);

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

10 for (auto k : moves)

11 if (i >= k && !win[i - k])

12 win[i] = true;

13 cout << (win[n] ? "First" : "Second") << endl;

14 return 0;

15 }
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×èñëà Ãðàíäè Ìèíèìàëüíîå èñêëþ÷¼ííîå

Ìèíèìàëüíîå èñêëþ÷¼ííîå

Âèäíî, ÷òî èíôîðìàöèè ¾Â èëè Ï¿ íåäîñòàòî÷íî.

Íàïèøåì â âåðøèíàõ öåëûå íåîòðèöàòåëüíûå ÷èñëà.

Îïðåäåëåíèå 3: Ìèíèìàëüíîå èñêëþ÷¼ííîå (minimal

excludant) �ôóíêöèÿ îò ìíîæåñòâà ÷èñåë: ìèíèìàëüíîå öåëîå

íåîòðèöàòåëüíîå ÷èñëî, êîòîðîå íå âñòðå÷àåòñÿ â ýòîì

ìíîæåñòâå.

mex(S) = min{x ∈ N0 | x /∈ S}

Èâàí Êàçìåíêî et al. (ÌÊÍ ÑÏáÃÓ) Òåîðèÿ èãð 24.09.2025 23 / 41



×èñëà Ãðàíäè Ìèíèìàëüíîå èñêëþ÷¼ííîå

Ìèíèìàëüíîå èñêëþ÷¼ííîå

Âèäíî, ÷òî èíôîðìàöèè ¾Â èëè Ï¿ íåäîñòàòî÷íî.
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íåîòðèöàòåëüíîå ÷èñëî, êîòîðîå íå âñòðå÷àåòñÿ â ýòîì

ìíîæåñòâå.

mex(S) = min{x ∈ N0 | x /∈ S}

Îïðåäåëåíèå 4: ×èñëî Ãðàíäè (Grundy number) â âåðøèíå�

ýòî mex îò ìíîæåñòâà ÷èñåë Ãðàíäè âî âñåõ âåðøèíàõ, êóäà èç

íå¼ ìîæíî ñäåëàòü õîä.
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×èñëà Ãðàíäè Ïðèìåð âû÷èñëåíèÿ

Ïðèìåð âû÷èñëåíèÿ

Âû÷èñëåíèå mex:

0
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Ïðèìåð âû÷èñëåíèÿ

Âû÷èñëåíèå mex:
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×èñëà Ãðàíäè Ïðèìåð âû÷èñëåíèÿ

Ïðèìåð âû÷èñëåíèÿ

Âû÷èñëåíèå mex:

П

В

В

П

В

П

В

В

В
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×èñëà Ãðàíäè ×èñëà Ãðàíäè è âûèãðûø

×èñëà Ãðàíäè è âûèãðûø

Óòâåðæäåíèå 1: ×èñëî Ãðàíäè â âåðøèíå ðàâíî íóëþ ⇔ ýòà

âåðøèíà ïðîèãðûøíàÿ.
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Óòâåðæäåíèå 1: ×èñëî Ãðàíäè â âåðøèíå ðàâíî íóëþ ⇔ ýòà

âåðøèíà ïðîèãðûøíàÿ.

ìîæíî äîêàçàòü èíäóêöèåé, ïðîéäÿ ïî âåðøèíàì ãðàôà â

ïîðÿäêå âû÷èñëåíèÿ
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ìîæíî äîêàçàòü èíäóêöèåé, ïðîéäÿ ïî âåðøèíàì ãðàôà â

ïîðÿäêå âû÷èñëåíèÿ

åñëè íåò õîäîâ, òî 0 ↔ Ï
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åñëè íåò õîäîâ, òî 0 ↔ Ï

åñëè åñòü õîä â 0 ↔ Ï, òî íå-0 ↔ Â
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×èñëà Ãðàíäè ×èñëà Ãðàíäè è âûèãðûø

×èñëà Ãðàíäè è âûèãðûø

Óòâåðæäåíèå 1: ×èñëî Ãðàíäè â âåðøèíå ðàâíî íóëþ ⇔ ýòà

âåðøèíà ïðîèãðûøíàÿ.

ìîæíî äîêàçàòü èíäóêöèåé, ïðîéäÿ ïî âåðøèíàì ãðàôà â

ïîðÿäêå âû÷èñëåíèÿ

åñëè íåò õîäîâ, òî 0 ↔ Ï

åñëè åñòü õîä â 0 ↔ Ï, òî íå-0 ↔ Â

åñëè âñå õîäû â íå-0 ↔ Â, òî 0 ↔ Ï

Èòàê, ÷èñëî Ãðàíäè â âåðøèíå ñîäåðæèò, â ÷àñòíîñòè,

èíôîðìàöèþ ïðî âûèãðûøíîñòü ýòîé âåðøèíû.
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×èñëà Ãðàíäè Ïðèìåð

Ïðèìåð

Âåðí¼ìñÿ ê ïðèìåðó:

0

1

1

0

2

0

1

3

2
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×èñëà Ãðàíäè ×èñëà Ãðàíäè è äâå ôèøêè

×èñëà Ãðàíäè è äâå ôèøêè

Óòâåðæäåíèå 2: Èãðà ñ äâóìÿ ôèøêàìè ïðîèãðûøíàÿ ⇔ ÷èñëà

Ãðàíäè ïîä ôèøêàìè ðàâíû.
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×èñëà Ãðàíäè ×èñëà Ãðàíäè è äâå ôèøêè

×èñëà Ãðàíäè è äâå ôèøêè

Óòâåðæäåíèå 2: Èãðà ñ äâóìÿ ôèøêàìè ïðîèãðûøíàÿ ⇔ ÷èñëà

Ãðàíäè ïîä ôèøêàìè ðàâíû.

ñèììåòðè÷íàÿ ñòðàòåãèÿ
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×èñëà Ãðàíäè ×èñëà Ãðàíäè è äâå ôèøêè

×èñëà Ãðàíäè è äâå ôèøêè

Óòâåðæäåíèå 2: Èãðà ñ äâóìÿ ôèøêàìè ïðîèãðûøíàÿ ⇔ ÷èñëà

Ãðàíäè ïîä ôèøêàìè ðàâíû.

ñèììåòðè÷íàÿ ñòðàòåãèÿ

åñëè ÷èñëà ïîä ôèøêàìè íå ðàâíû, ìîæíî ñäåëàòü èõ

ðàâíûìè, ïîäâèíóâ ôèøêó ñ áîëüøåãî â ÷èñëî, ðàâíîå

ìåíüøåìó� ïî îïðåäåëåíèþ mex òàêîé õîä ñóùåñòâóåò
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×èñëà Ãðàíäè ×èñëà Ãðàíäè è äâå ôèøêè

×èñëà Ãðàíäè è äâå ôèøêè

Óòâåðæäåíèå 2: Èãðà ñ äâóìÿ ôèøêàìè ïðîèãðûøíàÿ ⇔ ÷èñëà
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ðàâíûìè, ïîäâèíóâ ôèøêó ñ áîëüøåãî â ÷èñëî, ðàâíîå

ìåíüøåìó� ïî îïðåäåëåíèþ mex òàêîé õîä ñóùåñòâóåò

åñëè ÷èñëà ïîä ôèøêàìè ðàâíû, ïðèä¼òñÿ ñäåëàòü èõ

ðàçëè÷íûìè�ïî îïðåäåëåíèþ mex íåëüçÿ ñäåëàòü õîä â

òàêîå æå ÷èñëî
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×èñëà Ãðàíäè ×èñëà Ãðàíäè è äâå ôèøêè

×èñëà Ãðàíäè è äâå ôèøêè
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ìåíüøåìó� ïî îïðåäåëåíèþ mex òàêîé õîä ñóùåñòâóåò

åñëè ÷èñëà ïîä ôèøêàìè ðàâíû, ïðèä¼òñÿ ñäåëàòü èõ

ðàçëè÷íûìè�ïî îïðåäåëåíèþ mex íåëüçÿ ñäåëàòü õîä â

òàêîå æå ÷èñëî

ðàíî èëè ïîçäíî ðàâíûå ÷èñëà îêàæóòñÿ íóëÿìè, èç

êîòîðûõ åù¼ è íåò õîäîâ
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Ýêâèâàëåíòíîñòü èãð Îïðåäåëåíèå

Îïðåäåëåíèå ýêâèâàëåíòíîñòè

Ïóñòü A è B�äâå èãðû, êàæäàÿ ñ îäíîé ôèøêîé.
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Ýêâèâàëåíòíîñòü èãð Îïðåäåëåíèå

Îïðåäåëåíèå ýêâèâàëåíòíîñòè

Ïóñòü A è B�äâå èãðû, êàæäàÿ ñ îäíîé ôèøêîé.

Ïóñòü g(E)�÷èñëî Ãðàíäè äëÿ èãðû E ñ îäíîé ôèøêîé: òî

÷èñëî, êîòîðîå ñòîèò ïîä ôèøêîé.
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Ïóñòü g(E)�÷èñëî Ãðàíäè äëÿ èãðû E ñ îäíîé ôèøêîé: òî

÷èñëî, êîòîðîå ñòîèò ïîä ôèøêîé.

Îïðåäåëåíèå 5: Èãðû A è B ýêâèâàëåíòíû, åñëè äëÿ ëþáîé

èãðû C ðåçóëüòàò ïðÿìîé ñóììû A⊕ C (âûèãðûø èëè

ïðîèãðûø) òàêîé æå, êàê ðåçóëüòàò B⊕ C.
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Îïðåäåëåíèå ýêâèâàëåíòíîñòè

Ïóñòü A è B�äâå èãðû, êàæäàÿ ñ îäíîé ôèøêîé.
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èãðû C ðåçóëüòàò ïðÿìîé ñóììû A⊕ C (âûèãðûø èëè

ïðîèãðûø) òàêîé æå, êàê ðåçóëüòàò B⊕ C.

Ìîæíî òàê æå îïðåäåëèòü äëÿ èãð ñ ëþáûì êîëè÷åñòâîì

ôèøåê.
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Ýêâèâàëåíòíîñòü èãð Ñâîéñòâî

Ñâîéñòâî ýêâèâàëåíòíîñòè

Ïîëåçíîå ñâîéñòâî ýêâèâàëåíòíîñòè:
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Ýêâèâàëåíòíîñòü èãð Ñâîéñòâî

Ñâîéñòâî ýêâèâàëåíòíîñòè

Ïîëåçíîå ñâîéñòâî ýêâèâàëåíòíîñòè:

Óòâåðæäåíèå 3: Èãðû A è B, êàæäàÿ ñ îäíîé ôèøêîé,

ýêâèâàëåíòíû ⇔ ÷èñëà Ãðàíäè ïîä ôèøêàìè â íèõ ðàâíû.
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Ýêâèâàëåíòíîñòü èãð Ñâîéñòâî

Ñâîéñòâî ýêâèâàëåíòíîñòè
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ýêâèâàëåíòíû ⇔ ÷èñëà Ãðàíäè ïîä ôèøêàìè â íèõ ðàâíû.

åñëè g(A) ̸= g(B), ðàññìîòðèì C = A:
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Ýêâèâàëåíòíîñòü èãð Ïëàí ðåøåíèÿ

Ïëàí ðåøåíèÿ çàäà÷

Ìû õîòèì íàó÷èòüñÿ óçíàâàòü äëÿ ïðÿìîé ñóììû íåñêîëüêèõ

ñëîæíûõ èãð, êàêèì áóäåò ðåçóëüòàò ïðè ïðàâèëüíîé èãðå.
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Òåîðåìà Øïðàãà�Ãðàíäè Äâà íèìà

Äâà íèìà

Êàê äëÿ äâóõ íèìîâ íàéòè èãðó, ýêâèâàëåíòíóþ èõ ïðÿìîé

ñóììå?
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Òåîðåìà Øïðàãà�Ãðàíäè Òàáëèöà

Òàáëèöà
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Òåîðåìà Øïðàãà�Ãðàíäè Òåîðåìà

Òåîðåìà Øïðàãà�Ãðàíäè

Òåîðåìà Øïðàãà�Ãðàíäè (Sprague�Grundy):

Ïóñòü A è B�äâå èãðû.

Òîãäà g(A⊕ B) = g(A) xor g(B).
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Òåîðåìà Øïðàãà�Ãðàíäè (Sprague�Grundy):

Ïóñòü A è B�äâå èãðû.

Òîãäà g(A⊕ B) = g(A) xor g(B).

çäåñü xor � ïîáèòîâàÿ îïåðàöèÿ ¾èñêëþ÷àþùåå èëè¿

ïðèìåð:

x = 5 = ...01012

y = 3 = ...00112

z = 6 = ...01102 = x xor y
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Òåîðåìà Øïðàãà�Ãðàíäè Äîêàçàòåëüñòâî

Äîêàçàòåëüñòâî òåîðåìû

Äîêàæåì òåîðåìó:

áóäåì ñòðîèòü òàáëèöó äëÿ ïðÿìîé ñóììû èíäóêöèåé ïî

ðàçìåðó: 1× 1, 2× 2, 4× 4, 8× 8, . . .

ðàññìîòðèì ïîäðîáíî ïåðåõîä 4× 4 −→ 8× 8

êàê ïîëó÷àåòñÿ âåðõíèé ëåâûé êâàäðàò 4× 4?

ñíèçó â êàæäîì ñòîëáöå åñòü ÷èñëà 0, 1, 2, 3

çíà÷èò, ìîæíî ñ÷èòàòü, ÷òî âû÷èñëåíèå mex ïðîñòî

íà÷èíàåòñÿ íå ñ 0, à ñ 4

â îñòàëüíîì ýòîò êâàäðàò ñòðîèòñÿ ñîâåðøåííî òàê æå, êàê

è íèæíèé ëåâûé

ïîýòîìó îí ïîëó÷àåòñÿ èç íèæíåãî ëåâîãî êâàäðàòà, åñëè ê

êàæäîìó ÷èñëó ïðèáàâèòü 4
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áóäåì ñòðîèòü òàáëèöó äëÿ ïðÿìîé ñóììû èíäóêöèåé ïî
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êàê ïîëó÷àåòñÿ íèæíèé ïðàâûé êâàäðàò 4× 4?
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çíà÷èò, ìîæíî ñ÷èòàòü, ÷òî âû÷èñëåíèå mex ïðîñòî

íà÷èíàåòñÿ íå ñ 0, à ñ 4

â îñòàëüíîì ýòîò êâàäðàò ñòðîèòñÿ ñîâåðøåííî òàê æå, êàê

è íèæíèé ëåâûé

ïîýòîìó îí ïîëó÷àåòñÿ èç íèæíåãî ëåâîãî êâàäðàòà, åñëè ê

êàæäîìó ÷èñëó ïðèáàâèòü 4
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Äîêàæåì òåîðåìó:

áóäåì ñòðîèòü òàáëèöó äëÿ ïðÿìîé ñóììû èíäóêöèåé ïî

ðàçìåðó: 1× 1, 2× 2, 4× 4, 8× 8, . . .

ðàññìîòðèì ïîäðîáíî ïåðåõîä 4× 4 −→ 8× 8

êàê ïîëó÷àåòñÿ âåðõíèé ïðàâûé êâàäðàò 4× 4?

ñíèçó â êàæäîì ñòîëáöå åñòü ÷èñëà 4, 5, 6, 7

ñëåâà â êàæäîé ñòðîêå åñòü ÷èñëà 4, 5, 6, 7

ýòîò êâàäðàò ñòðîèòñÿ ñîâåðøåííî òàê æå, êàê è íèæíèé

ëåâûé, è ÷èñëà 4 è áîëüøå íå ïîëó÷àþòñÿ, çíà÷èò, îíè íå

âëèÿþò íà ðåçóëüòàò

ïîýòîìó ýòîò êâàäðàò� ïðîñòî êîïèÿ íèæíåãî ëåâîãî

êâàäðàòà áåç èçìåíåíèé
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Äîêàçàòåëüñòâî òåîðåìû

Äîêàæåì òåîðåìó:

áóäåì ñòðîèòü òàáëèöó äëÿ xor èíäóêöèåé ïî ðàçìåðó:

1× 1, 2× 2, 4× 4, 8× 8, . . .

ðàññìîòðèì ïîäðîáíî ïåðåõîä 4× 4 −→ 8× 8

êàê ïîëó÷àåòñÿ âåðõíèé ëåâûé êâàäðàò 4× 4?

êîïèðóåì íèæíèé ëåâûé êâàäðàò è ïðèáàâëÿåì ê êàæäîìó

÷èñëó 4

êàê ïîëó÷àåòñÿ íèæíèé ïðàâûé êâàäðàò 4× 4?

êîïèðóåì íèæíèé ëåâûé êâàäðàò è ïðèáàâëÿåì ê êàæäîìó

÷èñëó 4

êàê ïîëó÷àåòñÿ âåðõíèé ïðàâûé êâàäðàò 4× 4?

êîïèðóåì íèæíèé ëåâûé êâàäðàò áåç èçìåíåíèé

èòàê, äâå òàáëèöû ðàâíû ïî ïîñòðîåíèþ, ÷òî è

òðåáîâàëîñü äîêàçàòü
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Ðåøåíèå çàäà÷ Òðè êó÷êè êàìíåé

Ðåøåíèå èñõîäíîé çàäà÷è

×òî, åñëè ñêîìáèíèðîâàòü òðè èãðû?

òðè êó÷êè: a, b è c êàìíåé

çà õîä ìîæíî âçÿòü ëþáîå ïîëîæèòåëüíîå ÷èñëî êàìíåé,

íî òîëüêî èç îäíîé êó÷êè

êòî ïîáåäèò?

Èâàí Êàçìåíêî et al. (ÌÊÍ ÑÏáÃÓ) Òåîðèÿ èãð 24.09.2025 36 / 41
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Ðåøåíèå èñõîäíîé çàäà÷è

×òî, åñëè ñêîìáèíèðîâàòü òðè èãðû?

òðè êó÷êè: a, b è c êàìíåé

çà õîä ìîæíî âçÿòü ëþáîå ïîëîæèòåëüíîå ÷èñëî êàìíåé,

íî òîëüêî èç îäíîé êó÷êè

êòî ïîáåäèò?

a xor b xor c = 0 ⇔ ïîáåäèò âòîðîé èãðîê
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êòî ïîáåäèò?

a xor b xor c = 0 ⇔ ïîáåäèò âòîðîé èãðîê

ïðèìåð a = 1, b = 2, c = 3: a xor b xor c = 1 xor 2 xor 3

= 3 xor 3 = 0, çíà÷èò, ïîáåäèò âòîðîé èãðîê

Èâàí Êàçìåíêî et al. (ÌÊÍ ÑÏáÃÓ) Òåîðèÿ èãð 24.09.2025 36 / 41



Ðåøåíèå çàäà÷ Òðè êó÷êè êàìíåé

Ðåøåíèå èñõîäíîé çàäà÷è

×òî, åñëè ñêîìáèíèðîâàòü òðè èãðû?

òðè êó÷êè: a, b è c êàìíåé

çà õîä ìîæíî âçÿòü ëþáîå ïîëîæèòåëüíîå ÷èñëî êàìíåé,

íî òîëüêî èç îäíîé êó÷êè

êòî ïîáåäèò?

a xor b xor c = 0 ⇔ ïîáåäèò âòîðîé èãðîê

ïðèìåð a = 1, b = 2, c = 3: a xor b xor c = 1 xor 2 xor 3

= 3 xor 3 = 0, çíà÷èò, ïîáåäèò âòîðîé èãðîê

ïðèìåð a = 24, b = 47, c = 55:

a xor b xor c = 24 xor 47 xor 55

= 55 xor 55 = 0, çíà÷èò, ïîáåäèò âòîðîé èãðîê

Èâàí Êàçìåíêî et al. (ÌÊÍ ÑÏáÃÓ) Òåîðèÿ èãð 24.09.2025 36 / 41
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Ðåøåíèå èñõîäíîé çàäà÷è

×òî, åñëè ñêîìáèíèðîâàòü òðè èãðû?

òðè êó÷êè: a, b è c êàìíåé

çà õîä ìîæíî âçÿòü ëþáîå ïîëîæèòåëüíîå ÷èñëî êàìíåé,

íî òîëüêî èç îäíîé êó÷êè

êòî ïîáåäèò?

a xor b xor c = 0 ⇔ ïîáåäèò âòîðîé èãðîê

ïðèìåð a = 1, b = 2, c = 3: a xor b xor c = 1 xor 2 xor 3

= 3 xor 3 = 0, çíà÷èò, ïîáåäèò âòîðîé èãðîê

ïðèìåð a = 24, b = 47, c = 55:

a xor b xor c = 24 xor 47 xor 55

= 55 xor 55 = 0, çíà÷èò, ïîáåäèò âòîðîé èãðîê

ïðèìåð a = 23, b = 48, c = 55:

a xor b xor c = 23 xor 48 xor 55

= 39 xor 55 = 16, çíà÷èò, ïîáåäèò ïåðâûé èãðîê
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Ðåøåíèå çàäà÷ Âûáîð õîäà

Âûáîð õîäà

Ïðåäïîëîæèì, ÷òî ïîçèöèÿ âûèãðûøíàÿ.

Êàê âûáèðàòü ïðàâèëüíûé õîä?

ñàìîå ïðîñòîå:

ïåðåáðàòü âñå âîçìîæíûå õîäû
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Âûáîð õîäà

Ïðåäïîëîæèì, ÷òî ïîçèöèÿ âûèãðûøíàÿ.

Êàê âûáèðàòü ïðàâèëüíûé õîä?

ñàìîå ïðîñòîå:

ïåðåáðàòü âñå âîçìîæíûå õîäû

ïåðåñ÷èòàòü ÷èñëî Ãðàíäè ïîñëå êàæäîãî âîçìîæíîãî õîäà
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Êàê âûáèðàòü ïðàâèëüíûé õîä?
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ïåðåáðàòü âñå âîçìîæíûå õîäû

ïåðåñ÷èòàòü ÷èñëî Ãðàíäè ïîñëå êàæäîãî âîçìîæíîãî õîäà

âûáðàòü òîò õîä, ïîñëå êîòîðîãî îíî ðàâíî íóëþ
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Âûáîð õîäà

Ïðåäïîëîæèì, ÷òî ïîçèöèÿ âûèãðûøíàÿ.

Êàê âûáèðàòü ïðàâèëüíûé õîä?

ñàìîå ïðîñòîå:

ïåðåáðàòü âñå âîçìîæíûå õîäû

ïåðåñ÷èòàòü ÷èñëî Ãðàíäè ïîñëå êàæäîãî âîçìîæíîãî õîäà

âûáðàòü òîò õîä, ïîñëå êîòîðîãî îíî ðàâíî íóëþ

ýòî è áóäåò õîä â ïðîèãðûøíóþ (äëÿ ïðîòèâíèêà) ïîçèöèþ
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Ðåøåíèå çàäà÷ Ïðèìåð

Ïðèìåð

Âîò åù¼ îäèí ïðèìåð.

n êó÷åê êàìíåé: a1, a2, . . . , an êàìíåé

çà õîä ìîæíî âçÿòü 2, 3 èëè 5 êàìíåé, íî òîëüêî èç îäíîé

êó÷êè

êòî ïîáåäèò?
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çà õîä ìîæíî âçÿòü 2, 3 èëè 5 êàìíåé, íî òîëüêî èç îäíîé

êó÷êè

êòî ïîáåäèò?

äëÿ êàæäîãî âîçìîæíîãî êîëè÷åñòâà êàìíåé k â êó÷êå

çàðàíåå ïîñ÷èòàåì ÷èñëî Ãðàíäè g(k)
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çà õîä ìîæíî âçÿòü 2, 3 èëè 5 êàìíåé, íî òîëüêî èç îäíîé

êó÷êè

êòî ïîáåäèò?

äëÿ êàæäîãî âîçìîæíîãî êîëè÷åñòâà êàìíåé k â êó÷êå

çàðàíåå ïîñ÷èòàåì ÷èñëî Ãðàíäè g(k)

g(k) = mex{g(k− 2),g(k− 3),g(k− 5)}
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êó÷êè

êòî ïîáåäèò?
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çàðàíåå ïîñ÷èòàåì ÷èñëî Ãðàíäè g(k)

g(k) = mex{g(k− 2),g(k− 3),g(k− 5)}
ïåðåä âû÷èñëåíèåì è äîáàâëåíèåì êàæäîãî g(k− x)
ïðîâåðÿåì, ÷òî k− x íåîòðèöàòåëüíî
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ïðîâåðÿåì, ÷òî k− x íåîòðèöàòåëüíî

íàêîíåö, âû÷èñëèì g(a1) xor g(a2) xor . . . xor g(an)
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ïðîâåðÿåì, ÷òî k− x íåîòðèöàòåëüíî

íàêîíåö, âû÷èñëèì g(a1) xor g(a2) xor . . . xor g(an)

åñëè ïîëó÷èëñÿ 0, òåêóùàÿ ïîçèöèÿ ïðîèãðûøíàÿ
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åñëè ïîëó÷èëñÿ 0, òåêóùàÿ ïîçèöèÿ ïðîèãðûøíàÿ

åñëè ïîëó÷èëñÿ íå 0, òåêóùàÿ ïîçèöèÿ âûèãðûøíàÿ
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Ðåøåíèå çàäà÷ Êîä

Êîä

Êîä äëÿ ïðåäûäóùåãî ïðèìåðà.
1 #include <iostream>

2 #include <set>

3 #include <vector>

4 using namespace std;

5 vector <int> moves = {2, 3, 5};

6 int const limit = 100;

7 int main () {

8 vector <int> g (limit + 1);

9 for (int v = 0; v <= limit; v++) {

10 set <int> s;

11 for (auto k : moves) if (v >= k) s.insert (g[v - k]);

12 g[v] = 0; while (s.count (g[v])) g[v] += 1;

13 }

14 int n; cin >> n;

15 vector <int> a (n);

16 int total = 0;

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

18 cin >> a[i]; total ^= g[a[i]];

19 }

20 cout << (total == 0 ? "Second" : "First") << endl;

21 return 0;

22 }
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