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Ââåäåíèå

Ñèòóàöèè, â êîòîðûõ èãðîêè îáúåäèíÿþòñÿ äëÿ ïîëó÷åíèÿ áîëüøåãî

âûèãðûøà, ìîãóò áûòü ïðåäñòàâëåíû â âèäå êîîïåðàòèâíîé èãðû ñ òðàíñ-

ôåðàáåëüíûìè ïîëåçíîñòÿìè (ÒÏ-èãðû). Îäíàêî â ðåàëüíîé æèçíè íå âñå-

ãäà ñóùåñòâóþò âîçìîæíîñòè äëÿ êîîïåðàöèè ïî ñëåäóþùèì ïðè÷èíàì:

• çàêîíîäàòåëüíûå îãðàíè÷åíèÿ,

• îãðàíè÷åíèÿ íà ìàêñèìàëüíîå (ìèíèìàëüíîå) ÷èñëî ó÷àñòíèêîâ â êî-

àëèöèè,

• îãðàíè÷åíèÿ, âûçâàííûå îòñóòñòâèåì êîììóíèêàöèé ìåæäó ó÷àñòíè-

êàìè ïðîöåññà,

• îãðàíè÷åíèÿ, âûçâàííûå òåì, ÷òî èãðîêè äîëæíû ïîëó÷èòü ðàçðåøå-

íèå ñâîèõ ðóêîâîäèòåëåé, ÷òîáû âñòóïèòü â êîîïåðàöèþ.

Êëàññè÷åñêàÿ êîîïåðàòèâíàÿ èãðà èãíîðèðóåò äàííûå ïðè÷èíû, ïîýòîìó

âîçíèêàåò íåîáõîäèìîñòü èñïîëüçîâàòü áîëåå ñëîæíûå ìàòåìàòè÷åñêèå ìî-

äåëè, òàêèå êàê èãðû ñ ðàçðåøåííîé ñòðóêòóðîé.

Îðãàíèçàöèîííàÿ ñòðóêòóðà ìíîãèõ ïðåäïðèÿòèé èìååò èåðàðõèþ

(ðóêîâîäèòåëè - ïîä÷èíåííûå), êîòîðóþ ìîæíî ïðåäñòàâèòü â âèäå íàïðàâ-

ëåííîãî ãðàôà, ïîýòîìó ðàññìîòðåíèå èãð ñ ðàçðåøåííîé ñòðóêòóðîé è íà-

õîæäåíèÿ â íèõ ðåøåíèé ÿâëÿåòñÿ àêòóàëüíîé çàäà÷åé.

Â äàííîé ðàáîòå ðàññìàòðèâàåòñÿ ñëó÷àé, êîãäà èãðîêè äîëæíû ïî-

ëó÷èòü ðàçðåøåíèå íà êîîïåðàöèþ îò äðóãèõ áîëåå ñèëüíûõ èãðîêîâ. Äðó-

ãèìè ñëîâàìè, â èãðå ïðèñóòñòâóåò èåðàðõè÷åñêàÿ ñòðóêòóðà, ïðåäñòàâëÿå-

ìàÿ â âèäå îðèåíòèðîâàííîãî ãðàôà íà ìíîæåñòâå èãðîêîâ. Â çàâèñèìîñòè

îò îãðàíè÷åíèÿ íà êîîïåðàòèâíûå âîçìîæíîñòè èãðîêîâ ðàññìàòðèâàþòñÿ

äâà ñïîñîáà ïîñòðîåíèÿ èãðû ñ ðàçðåøåííîé ñòðóêòóðîé: êîíúþíêòèâíûé

è äèçúþíêòèâíûé.

Ðåøåíèÿ êëàññè÷åñêîé êîîïåðàòèâíîé èãðû, òàêèå êàê C-ÿäðî, âåê-

òîð Øåïëè [1] è α-N -ÿäðî , α ∈ [0, 1], [3] èìåþò ìåñòî è â èãðàõ ñ ðàçðåøåí-

íîé ñòðóêòóðîé. Ó÷èòûâàÿ îñîáåííîñòè ïîñòðîåíèÿ èãð çàäàííîãî êëàññà,

áóäóò ñóùåñòâîâàòü äâà ðåøåíèÿ � ðåøåíèå â êîíúþíêòèâíîì è äèçúþíê-

òèâíîì ïîäõîäàõ.
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Â ìàãèñòåðñêîé äèññåðòàöèè â êà÷åñòâå ðåøåíèÿ èãðû ñ ðàçðåøåííîé

ñòðóêòóðîé ðàññìàòðèâàåòñÿ α-N -ÿäðî, α ∈ [0, 1], ïðåäëîæåííîå â ðàáîòàõ

[2], [4]. Äàííîå ðåøåíèå áûëî âûáðàíî èç-çà åãî èíòåðåñíûõ ñâîéñòâ: îíî

ó÷èòûâàåò êàê êîíñòðóêòèâíóþ, òàê è áëîêèðóþùóþ ñèëó êîàëèöèé â èãðå.

Öåëüþ íàñòîÿùåé ðàáîòû ÿâëÿåòñÿ ïðîãðàììíàÿ ðåàëèçàöèÿ àëãî-

ðèòìà, ïîçâîëÿþùåãî âû÷èñëÿòü α-N -ÿäðî, α ∈ [0, 1], â èãðå ñ ðàçðåøåííîé

ñòðóêòóðîé äëÿ ëþáîãî êîíå÷íîãî ÷èñëà èãðîêîâ. Äëÿ ýòîãî íåîáõîäèìî ðå-

øèòü ñëåäóþùèå çàäà÷è:

1) èçó÷èòü äâà ñïîñîáà ïîñòðîåíèÿ èãð ñ ðàçðåøåííîé ñòðóêòóðîé � êîíú-

þíêòèâíûé è äèçúþíêòèâíûé;

2) ïðîãðàììíî ðåàëèçîâàòü ïîñòðîåíèå îãðàíè÷åííûõ èãð (N, rcυ) è (N, rdυ);

3) ïðåäëîæèòü ñïîñîá ïîñòðîåíèÿ äâîéñòâåííîé äèçúþíêòèâíî-îãðàíè÷åííîé

èãðû (N, rdυ∗);

4) ïðîâåðèòü âûïîëíåíèå ñâîéñòâ äëÿ èãðû ñ ðàçðåøåííîé ñòðóêòóðîé

(N, υα, D);

5) ïðîãðàììíî ðåàëèçîâàòü ïîñòðîåíèå êîîïåðàòèâíîé èãðû (N, υα), îãðà-

íè÷åííûõ èãð (N, rcυα) è (N, rdυα);

6) èçó÷èòü àëãîðèòì ïîñòðîåíèÿ ïðåä-N -ÿäðà â äèçúþíêòèâíî-îðãðàíè÷åííîé

èãðå (N, rdυα), ïðåäëîæåííûé â ðàáîòå [11];

7) ïðîãðàììíî ðåàëèçîâàòü àëãîðèòì ïîñòðîåíèÿ α-N -ÿäðà, α ∈ [0, 1], â

èãðå (N, rdυ);

8) ïðîèëëþñòðèðîâàòü ïîëó÷åííûå ðåçóëüòàòû íà ïðèìåðå;
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1. Êëàññè÷åñêàÿ êîîïåðàòèâíàÿ èãðà

1.1. Îñíîâíûå îïðåäåëåíèÿ è ïîíÿòèÿ

Ïîíÿòèå èãðû ñ ðàçðåøåííîé ñòðóêòóðîé òåñíî ñâÿçàíî ñ ïîíÿòèåì

êëàññè÷åñêîé êîîïåðàòèâíîé èãðû. Â äàííîì ðàçäåëå äàäèì îñíîâíûå îïðå-

äåëåíèÿ è ïðèâåäåì ðåçóëüòàòû, êàñàþùèåñÿ êîîïåðàòèâíûõ èãð n ëèö ñ

òðàíñôåðàáåëüíûìè ïîëåçíîñòÿìè (ÒÏ-èãð).

Îáîçíà÷èì ÷åðåç N = {1, 2, . . . , n} êîíå÷íîå ìíîæåñòâî èãðîêîâ. Ëþ-

áîå íåïóñòîå ïîäìíîæåñòâî S èç N áóäåì íàçûâàòü êîàëèöèåé. Ïîä õà-

ðàêòåðèñòè÷åñêîé ôóíêöèåé èãðû áóäåì ïîíèìàòü âåùåñòâåííîçíà÷íóþ

ôóíêöèþ υ : 2N → R1, òàêóþ ÷òî υ(∅) = 0. Ïàðà (N, υ) îïðåäåëÿåò êîîïå-

ðàòèâíóþ ÒÏ-èãðó.

Íàïîìíèì îñíîâíûå ñâîéñòâà êîîïåðàòèâíîé èãðû. Èãðà (N, υ) íà-

çûâàåòñÿ ìîíîòîííîé, åñëè âûïîëíÿåòñÿ íåðàâåíñòâî

υ(S) 6 υ(T ), S ⊆ T ⊆ N. (1)

Äàííîå ñâîéñòâî îçíà÷àåò, ÷òî êîàëèöèÿ áîëüøåé ðàçìåðíîñòè ïîëó÷àåò

áîëüøèé âûèãðûø, ò. å. èãðîêàì âûãîäíî îáúåäèíÿòüñÿ. Èãðà (N, υ) íàçû-

âàåòñÿ âûïóêëîé (âîãíóòîé), åñëè âûïîëíÿåòñÿ íåðàâåíñòâî âèäà

υ(S) + υ(T ) 6 (>)υ(S ∩ T ) + υ(S ∪ T ) äëÿ âñåõ S, T ⊆ N. (2)

Ïóñòü èãðà (N, υ) ∈ GN , ãäå GN � ýòî ìíîæåñòâî âñåõ ÒÏ-èãð ñ

ôèêñèðîâàííûì êîíå÷íûì ìíîæåñòâîì èãðîêîâ N . Ïîëàãàÿ, ÷òî èãðîêè

ñôîðìèðîâàëè ìàêñèìàëüíóþ êîàëèöèþ N , ðàññìîòðèì çàäà÷ó ðàñïðåäå-

ëåíèÿ âåëè÷èíû υ(N) ìåæäó âñåìè èãðîêàìè.

Îïðåäåëåíèå 1.1. Ìíîæåñòâîì äîïóñòèìûõ âåêòîðîâ âûèãðûøåé â èã-

ðå (N, υ) íàçîâ¼ì ìíîæåñòâî

X∗(N, υ) = {x ∈ Rn : x(N) 6 υ(N)}.

Çäåñü è äàëåå áóäåì ïèñàòü x(S) =
∑
i∈S

xi, S ⊆ N .

Îïðåäåëåíèå 1.2. Ìíîæåñòâî ýôôåêòèâíî-ðàöèîíàëüíûõ âåêòîðîâ âû-
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èãðûøåé â èãðå (N, υ) åñòü ìíîæåñòâî

X0(N, υ) = {x ∈ Rn : x(N) = υ(N)}.

Îïðåäåëåíèå 1.3. Ìíîæåñòâîì äåëåæåé I(N, υ) â èãðå (N, υ) áóäåì íà-

çûâàòü ìíîæåñòâî ýôôåêòèâíî-ðàöèîíàëüíûõ âåêòîðîâ âûèãðûøåé, óäî-

âëåòâîðÿþùèõ óñëîâèþ èíäèâèäóàëüíîé ðàöèîíàëüíîñòè, ò. å. ìíîæå-

ñòâî âåêòîðîâ x ∈ X0(N, υ), òàêèõ ÷òî xi > υ({i}) äëÿ âñåõ i ∈ N .

Ââåäåì ïîíÿòèå ðåøåíèÿ êîîïåðàòèâíîé ÒÏ-èãðû [4].

Îïðåäåëåíèå 1.4. Ðåøåíèåì íà ìíîæåñòâå èãð GN íàçûâàåòñÿ îòîá-

ðàæåíèå f : GN → X∗(N, υ), êîòîðîå êàæäîé èãðå (N, υ) ∈ GN ñòàâèò â

ñîîòâåòñòâèå ïîäìíîæåñòâî f(N, υ) ìíîæåñòâà X∗(N, υ).

Â äàííîé ðàáîòå ðàññìàòðèâàåòñÿ ðåøåíèå êîîïåðàòèâíîé ÒÏ-èãðû

α-N -ÿäðî, α ∈ [0, 1]. Äàííîå ðåøåíèå âûáðàíî èç-çà ñâîåé óíèâåðñàëüíîñòè:

ïðè α = 0 îíî ñîâïàäàåò ñ àíòè-ïðåä-N -ÿäðîì, ïðè α = 1
2 îíî ïðåäñòàâëÿåò

ñîáîé SM -ÿäðî, ïðè α = 1 îíî ñîâïàäàåò ñ ïðåä-N -ÿäðîì.

1.2. N-ÿäðî

Âû÷èñëåíèå α-N -ÿäðà, α ∈ [0, 1], â èãðå (N, υ) ñâÿçàíî ñ âû÷èñëåíèåì

ïðåä-N -ÿäðà â èãðå (N, υα). Ïîýòîìó â äàííîì ðàçäåëå ïðèâåäåì îïðåäå-

ëåíèå ïðåä-N -ÿäðà, îñíîâàííîãî íà ïîíÿòèè ýêñöåññà êîàëèöèè [5, 6].

Îïðåäåëåíèå 1.5. Äëÿ ïðîèçâîëüíîãî x ∈ X0(N, υ) ýêñöåññîì êîàëèöèè

S ⊆ N áóäåì íàçûâàòü âåëè÷èíó

e(x, υ, S) = υ(S)−
∑
i∈S

xi.

Ýêñöåññ êîàëèöèè S îçíà÷àåò ìåðó íåóäîâëåòâîðåííîñòè êîàëèöèè ñâîèì

âûèãðûøåì, êîòîðîå ïðåäïèñûâàåòñÿ âåêòîðîì x.

Âïåðâûå ïîíÿòèå N -ÿäðà áûëî ââåäåíî Øìàéäëåðîì â 1969 ãîäó [6].

Îïðåäåëåíèå 1.6. N -ÿäðîì îòíîñèòåëüíî ìíîæåñòâà X ⊂ X0(N, υ)

(îáîçíà÷àåòñÿ êàê N (X)) íàçûâàåòñÿ ìíîæåñòâî âåêòîðîâ x ∈ X:

N (X) = {x ∈ X : θ (e(x, υ, S)S⊆N) �lex θ (e(y, υ, S)S⊆N) äëÿ âñåõ y ∈ X},
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ãäå θ (e(y, υ, S)S⊆N) � âåêòîð ýêñöåññîâ, ðàñïîëîæåííûõ â ïîðÿäêå íåâîç-

ðàñòàíèÿ. Åñëè X = X0(N, υ), òî ñîîòâåòñòâóþùåå N (X0) íàçûâàåò-

ñÿ ïðåä-N -ÿäðîì èãðû (N, υ) è îáîçíà÷àåòñÿ PN . Åñëè X = I(N, υ), òî

N (X) íàçûâàåòñÿ N -ÿäðîì èãðû (N, υ) è îáîçíà÷àåòñÿ N .

Èç îïðåäåëåíèÿ 1.6 ñëåäóåò ïðîñòàÿ èíòåðïðåòàöèÿ: N -ÿäðî � ýòî

äåë¼æ, íà êîòîðîì ñòåïåíü íåóäîâëåòâîðåííîñòè âñåõ êîàëèöèé, èçìåðÿå-

ìàÿ âåëè÷èíîé èõ ýêñöåññà, ÿâëÿåòñÿ íàèìåíüøåé. Èç ðåçóëüòàòîâ òåîðåìû

Øìàéäëåðà ñëåäóåò, ÷òî ïðåä-N -ÿäðî èãðû (N, υ) âñåãäà ñóùåñòâóåò è ñî-

ñòîèò èç åäèíñòâåííîé òî÷êè [7]. Ýòîò åäèíñòâåííûé ýëåìåíò îáîçíà÷èì

÷åðåç ν(N, υ). Å. Êîëáåðã â 1971 ãîäó ñôîðìóëèðîâàë òåîðåìó, ïîçâîëÿþ-

ùóþ õàðàêòåðèçîâàòü ïðåä-N -ÿäðî ñ ïîìîùüþ ñáàëàíñèðîâàííûõ íàáîðîâ

êîàëèöèé [8]. Òåîðåìà ñôîðìóëèðîâàíà êàê â ðàáîòå [5].

Îïðåäåëåíèå 1.7. Ñáàëàíñèðîâàííûì íàáîðîì êîàëèöèé íàçûâàåòñÿ íà-

áîð B êîàëèöèé, åñëè ñóùåñòâóþò òàêèå ïîëîæèòåëüíûå ÷èñëà λS > 0,

S ∈ B, ÷òî äëÿ âñåõ i ∈ N ∑
S∈B:S3i

λS = 1. (3)

Äëÿ ïðîèçâîëüíîé èãðû (N, υ), å¼ âåêòîðà âûèãðûøåé x ∈ X0(N, υ)

è ÷èñëà γ ∈ R1 îáîçíà÷èì ÷åðåç Bγ(x) ñëåäóþùèé íàáîð êîàëèöèé:

Bγ(x) = {S & N | e(x, υ, S) ≥ γ}.

Cïðàâåäëèâà ñëåäóþùàÿ òåîðåìà.

Òåîðåìà 1 (Êîëáåðãà). Äëÿ òîãî, ÷òîáû x = ν(N, υ) íåîáõîäèìî è äî-

ñòàòî÷íî, ÷òîáû íàáîðû Bγ(x) áûëè ïóñòû èëè ñáàëàíñèðîâàííû äëÿ âñåõ

γ.

Äàííàÿ òåîðåìà îçíà÷àåò, ÷òî äåë¼æ ÿâëÿåòñÿ ïðåä-N -ÿäðîì òîãäà

è òîëüêî òîãäà, êîãäà äëÿ ëþáîãî âåùåñòâåííîãî ÷èñëà γ íàáîð êîàëèöèé

ñ ýêñöåññîì áîëüøå γ ÿâëÿåòñÿ ñáàëàíñèðîâàííûì íàáîðîì. Òåîðåìà Êîë-

áåðãà ïîçâîëÿåò íàõîäèòü ïðåä-N -ÿäðî â èãðå n ëèö.

Äàäèì îïðåäåëåíèå åùå îäíîìó âàæíîìó ïîíÿòèþ.

Îïðåäåëåíèå 1.8. Êîîïåðàòèâíàÿ èãðà (N, υ) íàçûâàåòñÿ ñáàëàíñèðî-

âàííîé, åñëè äëÿ ëþáîãî ñáàëàíñèðîâàííîãî íàáîðà êîàëèöèé B èìååò ìå-
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ñòî íåðàâåíñòâî ∑
S∈B

λSυ(S) 6 υ(N).

Åùå îäèí ñïîñîá âû÷èñëåíèÿ ïðåä-N -ÿäðà áûë ïðåäëîæåí â ðàáî-

òå [9]. Ñ ïîìîùüþ òåîðåìû Êîëáåðãà Õüþáåðìåí äîêàçàë, ÷òî â ñáàëàíñè-

ðîâàííîé èãðå (N, υ) ñóùåñòâåííûå êîàëèöèè è ìàêñèìàëüíàÿ êîàëèöèÿ N

îïðåäåëÿþò ïðåä-N -ÿäðî.

Îïðåäåëåíèå 1.9. Â èãðå (N, υ) êîàëèöèÿ S íàçûâàåòñÿ ñóùåñòâåííîé,

åñëè íå ñóùåñòâóåò òàêîãî ðàçáèåíèÿ äàííîé êîàëèöèè S = S1∪S2∪ . . .∪
Sm, m > 2, ÷òî

υ(S) ≤
m∑
j=1

υ(Sj).

Êîàëèöèè, äëÿ êîòîðûõ íå âûïîëíÿåòñÿ äàííîå îïðåäåëåíèå, íàçû-

âàþòñÿ íåñóùåñòâåííûìè. Çàìåòèì, ÷òî îäíîýëåìåíòíûå êîàëèöèè âñåãäà

ÿâëÿþòñÿ ñóùåñòâåííûìè. Èç îïðåäåëåíèÿ 1.9 ñëåäóåò, ÷òî â èãðå (N, υ)

äëÿ ýêñöåññà íåñóùåñòâåííîé êîàëèöèè S âûïîëíÿåòñÿ ñëåäóþùåå íåðà-

âåíñòâî:

e(S, x) ≤
m∑
j=1

e(Sj, x), äëÿ âñåõ x ∈ Rn.

Ïðèâåäåì íåñêîëüêî ôàêòîâ äëÿ ñáàëàíñèðîâàííûõ èãð, êîòîðûå áó-

äóò èñïîëüçîâàíû â äàëüíåéøåì. Ïóñòü x = ν(N, υ). Îáîçíà÷èì ÷åðåç

e∗(N, υ) ìèíèìàëüíûé íåãàòèâíûé ýêñöåññ â èãðå (N, υ), ò. å.

e∗(N, υ) = min
{S⊂N |S 6=∅}

−e(S, x).

Î÷åâèäíî, ÷òî e∗(N, υ) > 0 òîãäà è òîëüêî òîãäà, êîãäà C-ÿäðî íå ïóñòî,

à, ñëåäîâàòåëüíî, â èãðå (N, υ) ñóùåñòâóåò ïðåä-N -ÿäðî.

Ëåììà 1. Åñëè e∗(N, υ) > 0, òîãäà êàæäàÿ êîàëèöèÿ S ⊂ N , äëÿ ýêñöåññà

êîòîðîé âûïîëíÿåòñÿ óñëîâèå

−e(S, x) = e∗(N, υ), ãäå x = ν(N, υ),

ÿâëÿåòñÿ ñóùåñòâåííîé.

Ðàññìîòðèì íåêîòîðûé íàáîð ñáàëàíñèðîâàííûõ êîàëèöèéB = {S1, . . . , Sk},
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B ∈ B. Ñïðàâåäëèâà ñëåäóþùàÿ ëåììà, ñôîðìóëèðîâàííàÿ â ðàáîòå Àðèíà

è Èííàðà [10].

Ëåììà 2. Åñëè e∗(N, υ) > 0, òîãäà

e∗(N, υ) = min
B∈B

υ(N)−
∑

S∈B:S3i λSυ(S)∑
S∈B:S3i λS

,

ãäå λS ðåøåíèÿ ñèñòåìû (3).

1.3. α-N-ÿäðî

Ïåðåéäåì ê îïðåäåëåíèþ α-N -ÿäðà [4]. Áóäåì ðàññìàòðèâàòü ñèëó êî-

àëèöèè S ⊂ N â èãðå (N, υ) äâîéñòâåííûì îáðàçîì. Ñ îäíîé ñòîðîíû êîà-

ëèöèÿ S ãàðàíòèðîâàííî îáåñïå÷èâàåò ñåáå âûèãðûø υ(S), òåì ñàìûì èñ-

ïîëüçóÿ êîíñòðóêòèâíóþ ñèëó. Ñ äðóãîé ñòîðîíû, êîàëèöèÿ S ìîæåò áëîêè-

ðîâàòü îáðàçîâàíèå ìàêñèìàëüíîé êîàëèöèè N â èãðå (N, υ), îáëàäàÿ áëî-

êèðóþùåé ñèëîé, êîòîðàÿ âûðàæàåòñÿ âåëè÷èíîé υ∗(S) = υ(N)−υ(N \S).

Ò. å. υ∗(S) åñòü âêëàä êîàëèöèè S â ìàêñèìàëüíóþ êîàëèöèþ N â ñëó-

÷àå îáúåäèíåíèÿ ñ êîàëèöèåé N \ S. Åñòü è ïðîñòàÿ èíòåðïðåòàöèÿ � ýòî

öåííîñòü êîàëèöèè S äëÿ âñåãî ñîîáùåñòâà èãðîêîâ â èãðå (N, υ). Òàêèì

îáðàçîì, α-N -ÿäðî ïîçâîëÿåò ó÷èòûâàòü ïðîèçâîëüíûå ñîîòíîøåíèÿ êîí-

ñòðóêòèâíîé è áëîêèðóþùåé ñèë êîàëèöèè S, S ⊂ N , ò. å. ñ âåñîì α êîàëè-

öèÿ èñïîëüçóåò êîíñòðóêòèâíóþ ñèëó, ñ 1−α � áëîêèðóþùóþ. Ïåðåéäåì ê

ôîðìàëüíîìó îïðåäåëåíèþ. Ðàññìîòðèì èãðó (N, υ) ∈ GN . Äâîéñòâåííàÿ

èãðà (N, υ∗) ê äàííîé çàäàåòñÿ ïî ïðàâèëó

υ∗(S) = υ(N)− υ(N \ S), S ⊆ N. (4)

Îïðåäåëåíèå α-N -ÿäðà áàçèðóåòñÿ íà ïîíÿòèè α-ýêñöåññà êîàëèöèè.

Îïðåäåëåíèå 1.10. α-ýêñöåññîì êîàëèöèè S⊆N îòíîñèòåëüíî x∈X0(N,υ)

äëÿ ôèêñèðîâàííîãî α ∈ [0, 1] íàçûâàåòñÿ âåëè÷èíà

eα(x, υ, S) = αe(x, υ, S) + (1− α)e(x, υ∗, S).

Îïðåäåëåíèå 1.11. Äëÿ ôèêñèðîâàííîãî α ∈ [0, 1] α-N -ÿäðîì îòíîñè-
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òåëüíî ìíîæåñòâà X0(N, υ) íàçûâàåòñÿ ìíîæåñòâî âåêòîðîâ x ∈ X0(N, υ):

N α(X0) = {x ∈ X : θ (eα(x, υ, S)S⊆N) �lex θ (eα(y, υ, S)S⊆N)

äëÿ âñåõ y ∈ X0(N, υ)},

ãäå θ (eα(y, υ, S)S⊆N) � âåêòîð ýêñöåññîâ, ðàñïîëîæåííûõ â ïîðÿäêå íåâîç-

ðàñòàíèÿ.

Òàêèì îáðàçîì, äëÿ íàõîæäåíèÿ α-N -ÿäðà ìû ðàññìàòðèâàåì ìíî-

æåñòâî ýôôåêòèâíî-ðàöèîíàëüíûõ âåêòîðîâ âûèãðûøåé è âûáèðàåì ðàñ-

ïðåäåëåíèå, ñîîòâåòñòâóþùåå ìèíèìóìó îòíîøåíèÿ ëåêñèêîãðàôè÷åñêîãî

ïîðÿäêà íà ìíîæåñòâå α-ýêñöåññîâ.

Â õîäå èññëåäîâàíèÿ áóäóò ïðèìåíåíû ñëåäóþùèå òåîðåìû [4].

Òåîðåìà 2. Äëÿ ëþáîãî ôèêñèðîâàííîãî α ∈ [0, 1] α-N -ÿäðî êîîïåðàòèâ-

íîé èãðû (N, υ) ñîâïàäàåò ñ ïðåä-N -ÿäðîì èãðû (N, υα), ãäå

υα(S) = αυ(S) + (1− α)υ∗(S). (5)

Òåîðåìà 3. Äëÿ ëþáîãî ôèêñèðîâàííîãî α ∈ [0, 1] α-N -ÿäðî êîîïåðàòèâ-

íîé èãðû (N, υ) íåïóñòî è ñîñòîèò èç åäèíñòâåííîé òî÷êè.

Îáîçíà÷èì ýòîò åäèíñòâåííûé ýëåìåíò ÷åðåç να(υ).

Äàííûå ðåçóëüòàòû ïîçâîëÿþò íàõîäèòü α-N -ÿäðî â èãðå (N, υ) ïðè

ïîìîùè íàõîæäåíèÿ ïðåä-N -ÿäðà âî âñïîìîãàòåëüíîé èãðå ñ õàðàêòåðèñòè-

÷åñêîé ôóíêöèåé υα, ÷òî ñóùåñòâåííî îáëåã÷àåò çàäà÷ó ïîèñêà ðåøåíèÿ.

Â ðàáîòå [11] ðàññìàòðèâàåòñÿ àëãîðèòì âû÷èñëåíèÿ ïðåä-N -ÿäðà â

èãðå ñ ðàçðåøåííîé ñòðóêòóðîé, â êîòîðîé èãðîêè ÿâëÿþòñÿ ÷àñòüþ èåðàð-

õèè, ïðåäñòàâëÿåìîé â âèäå îðèåíòèðîâàííîãî ãðàôà.

9



2. Èãðà ñ ðàçðåøåííîé ñòðóêòóðîé

Ïåðåéäåì ê îïðåäåëåíèþ èãð ñ ðàçðåøåííîé ñòðóêòóðîé è ñîîòâåñò-

âóþùèõ èì îãðàíè÷åííûõ èãð.

2.1. Îðèåíòèðîâàííûé ãðàô

Îñíîâíîå îòëè÷èå èãðû ñ ðàçðåøåííîé ñòðóêòóðîé îò êëàññè÷åñêîé

êîîïåðàòèâíîé ÒÏ-èãðû çàêëþ÷àåòñÿ â òîì, ÷òî èãðîêàì òðåáóåòñÿ ðàç-

ðåøåíèå íà êîîïåðàöèþ îò äðóãèõ èãðîêîâ. Äàííîå îãðàíè÷åíèå çàäàåòñÿ

îðèåíòèðîâàííûì ãðàôîì.

Îïðåäåëåíèå 2.1. Îðèåíòèðîâàííûé ãðàô åñòü ïàðà (N,D), ãäå N ⊂ N�
ìíîæåñòâî óçëîâ, D ⊆ N ×N � áèíàðíîå îòíîøåíèå íà ìíîæåñòâå N

� ðåáðà ãðàôà, èìåþùèå íàïðàâëåíèå.

Îðèåíòèðîâàííûé ãðàô, èëè îðãðàô, â íîâîì êëàññå èãð íàçûâàåò-

ñÿ ðàçðåøåííîé ñòðóêòóðîé. Ìíîæåñòâî óçëîâ ãðàôà èëëþñòðèðóåò èã-

ðîêîâ. Ïîäãðàôîì îðãðàôà (N,D) áóäåì íàçûâàòü îðèåíòèðîâàííûé ãðàô

(S,D(S)), S ⊆ N , ãäå D(S) = {(i, j) ∈ D | i, j ∈ S}. Òàê êàê ìíîæå-

ñòâî èãðîêîâ ôèêñèðîâàíî, òî â äàëüíåéøåì îðèåíòèðîâàííûé ãðàô áóäåì

îáîçíà÷àòü D, ïîäãðàô D(S). Áóäåì òàêæå ñ÷èòàòü, ÷òî îðãðàô îáëàäàåò

ñâîéñòâîì èððåôëåêñèâíîñòè, ò. å. ïàðà (i, i) íå ïðèíàäëåæèò D äëÿ ëþáûõ

i ∈ D.

Ðàññìîòðèì îñíîâíûå îïðåäåëåíèÿ èç òåîðèè ãðàôîâ. ×åðåç SD(i) =

{j ∈ N | (i, j) ∈ N} îáîçíà÷èì ïîñëåäîâàòåëåé óçëà i, à ÷åðåç PD(i) =

{j ∈ N | (j, i) ∈ N} ïðåäøåñòâåííèêîâ óçëà i â D. Â èãðå ñ ðàçðåøåí-

íîé ñòðóêòóðîé ýëåìåíòû ìíîæåñòâà SD(i) áóäåì íàçûâàòü ïîä÷èíåííûìè

èãðîêà i, à ýëåìåíòû ìíîæåñòâà PD(i) áóäåì íàçûâàòü ðóêîâîäèòåëÿìè.

Îïðåäåëåíèå 2.2. Ïðÿìûì ïóòåì îò i äî j â ãðàôå D íàçûâàåòñÿ ïî-

ñëåäîâàòåëüíîñòü óçëîâ (h1, . . . , ht), ãäå h1 = i, hk + 1 ∈ SD(hk) äëÿ k =

1, . . . , t− 1 è ht = j.

Ïðÿìîé ïóòü (i1, . . . , it), t > 2, íàçûâàåòñÿ öèêëîì, åñëè (it, i1) ∈ D.

Îðãðàô D íàçûâàåòñÿ àöèêëè÷åñêèì, åñëè îí íå ñîäåðæèò öèêëîâ, ò. å.

ãðàô D èìååò õîòÿ áû îäèí óçåë i0 òàêîé, ÷òî PD(i0) = ∅. Òàêèå óçëû áóäåì

íàçûâàòü êîðíåâûìè âåðøèíàìè, à ñîîòâåòñòâóþùèõ èì èãðîêîâ íàçîâåì

íåçàâèñèìûìè èãðîêàìè è îáîçíà÷èì èõ êàê RD = {i ∈ N | PD(i) = ∅}.
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Îðèåíòèðîâàííûé ãðàô D íàçûâàåòñÿ ñëàáî ñâÿçíûì, åñëè äëÿ äâóõ

ðàçëè÷íûõ âåðøèí ãðàôà ñóùåñòâóåò ïî êðàéíåé ìåðå îäèí ìàðøðóò, ñî-

åäèíÿùèé èõ. Ìíîæåñòâî âñåõ èððåôëåêñèâíûõ, àöèêëè÷íûõ è ñëàáî ñâÿç-

íûõ îðãðàôîâ íà N îáîçíà÷èì ÷åðåç DN .

2.2. Îãðàíè÷åííàÿ èãðà

Ââåäåì îïðåäåëåíèå èãðû ñ ðàçðåøåííîé ñòðóêòóðîé [11].

Îïðåäåëåíèå 2.3. Òðîéêà (N, υ,D), ãäå N ⊂ N � ìíîæåñòâî èãðîêîâ,

υ ∈ GN � õàðàêòåðèñòè÷åñêàÿ ôóíêöèÿ ñîîòâåòñòâóþùåé ÒÏ-èãðû,

D � îðãðàô íà N , íàçûâàåòñÿ èãðîé ñ ðàçðåøåííîé ñòðóêòóðîé.

Â ðàáîòå ñäåëàíû ñëåäóþùèå ïðåäïîëîæåíèÿ:

1) îãðàô D ∈ DN , ò. å. ÿâëÿåòñÿ èððåôëåêñèâíûì, àöèêëè÷åñêèì è ñëàáî

ñâÿçíûì.

2) èãðîê 1 ÿâëÿåòñÿ íåçàâèñèìûì èãðîêîì, ò. å. ñîîòâåòñâóþùèé óçåë åñòü

êîðíåâàÿ âåðøèíà îðãðàôà D, RD = {1}.

3) ìàêñèìàëüíàÿ êîàëèöèÿ N ÿâëÿåòñÿ íåñóùåñòâåííîé â èãðå (N, υ,D).

Â çàâèñèìîñòè îò âèäà ãðàôà ñóùåñòâóþò äâà ïîäõîäà ê ïîñòðîåíèþ

èãðû ñ ðàçðåøåííîé ñòðóêòóðîé: êîíúþíêòèâíûé è äèçúþíêòèâíûé [12].

Îñíîâíîå îòëè÷èå äàííûõ ñïîñîáîâ ïîñòðîåíèÿ çàêëþ÷àåòñÿ â íàáîðå âîç-

ìîæíûõ êîàëèöèé. Èãðó ñ ðàçðåøåííîé ñòðóêòóðîé, ïîñòðîåííóþ â êîíú-

þíêòèâíîì èëè äèçúþíêòèâíîì ïîäõîäå, áóäåì íàçûâàòü îãðàíè÷åííîé èã-

ðîé.

Êîíúþíêòèâíûé ïîäõîä

Â êîíúþíêòèâíîì ïîäõîäå ïðåäïîëàãàåòñÿ, ÷òî èãðîêó íåîáõîäèìî

ðàçðåøåíèå íà êîîïåðàöèþ ñ äðóãèìè èãðîêàìè îò âñåõ ñâîèõ ðóêîâîäè-

òåëåé. Â äàííîì ïîäõîäå êîàëèöèÿ âîçìîæíà òîãäà è òîëüêî òîãäà, êî-

ãäà äëÿ êàæäîãî èãðîêà ðàññìàòðèâàåìîé êîàëèöèè âñå åãî ðóêîâîäèòåëè

òàêæå ñîäåðæàòñÿ â äàííîé êîàëèöèè. Ôîðìàëüíî, íàáîð êîíúþíêòèâíî-

âîçìîæíûõ êîàëèöèé çàäàåòñÿ êàê:

Φc
D = {S ⊆ N | PD(i) ⊆ S äëÿ âñåõ i ∈ S}.
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Äëÿ êàæäîé êîàëèöèè S ⊆ N îáîçíà÷èì ÷åðåç σcD(S) =
⋃

F∈ÔcD|F⊆S
F ìàêñè-

ìàëüíóþ êîíúþíêòèâíî-âîçìîæíóþ êîàëèöèþ äëÿ S.

Îïðåäåëåíèå 2.4. Êîíúþíêòèâíî-îãðàíè÷åííàÿ èãðà åñòü ïàðà (N, rcυ,D),

ãäå N � êîíå÷íîå ìíîæåñòâî èãðîêîâ, rcυ,D : 2N → R � õàðàêòåðè-

ñòè÷åñêàÿ ôóíêöèÿ, êîòîðàÿ îïðåäåëÿåò äëÿ S ⊆ N â êà÷åñòâå âûèãðû-

øà çíà÷åíèå åå ìàêñèìàëüíîé êîíúþíêòèâíî-âîçìîæíîé êîàëèöèè, ò. å.

rcυ,D(S) = υ(σcD(S)) äëÿ âñåõ S ⊆ N .

Äèçúþíêòèâíûé ïîäõîä

Äèçúþíêòèâíûé ïîäõîä èìååò àëüòåðíàòèâíóþ èíòåðïðåòàöèþ: èã-

ðîêó òðåáóåòñÿ ðàçðåøåíèå íà êîîïåðàöèþ õîòÿ áû îò îäíîãî ñâîåãî ðóêî-

âîäèòåëÿ. Â ýòîì ñëó÷àå êîàëèöèÿ âîçìîæíà, åñëè â íåé ñîäåðæàòñÿ èãðîê

ïî êðàéíåé ìåðå ñ îäíèì ñâîèì ðóêîâîäèòåëåì è íåçàâèñèìûå èãðîêè. Ôîð-

ìàëüíî, íàáîð äèçúþíêòèâíî-âîçìîæíûõ êîàëèöèé åñòü

Φd
D = {S ⊆ N | PD(i) ∩ S 6= ∅ äëÿ âñåõ i ∈ S \RD}.

Äëÿ êàæäîé êîàëèöèè S ⊆ N îáîçíà÷èì ÷åðåç σdD(S) =
⋃

F∈ΦdD|F⊆S
F ìàêñè-

ìàëüíóþ äèçúþíêòèâíî-âîçìîæíóþ êîàëèöèþ äëÿ S.

Îïðåäåëåíèå 2.5. Äèçúþíêòèâíî-îãðàíè÷åíííàÿ èãðà åñòü ïàðà (N, rdυ,D),

ãäå N � êîíå÷íîå ìíîæåñòâî èãðîêîâ, rdυ,D : 2N → R � õàðàêòåðè-

ñòè÷åñêàÿ ôóíêöèÿ, êîòîðàÿ îïðåäåëÿåò äëÿ S ⊆ N â êà÷åñòâå âûèã-

ðûøà çíà÷åíèå ìàêñèìàëüíîé äèçúþíêòèâíî-âîçìîæíîé êîàëèöèè, ò. å.

rdυ,D(S) = υ(σdD(S)) äëÿ âñåõ S ⊆ N .

Èç ïóíêòà 2 ïðåäïîëîæåíèÿ î âèäå èãðû ñ ðàçðåøåííîé ñòðóêòóðîé

ñëåäóåò, ÷òî rdυ,D(S) = 0, êîãäà 1 /∈ S. Òàêæå ñîãëàñíî òåîðåìå, ñôîðìó-

ëèðîâàííîé â ðàáîòå [13], ìàêñèìàëüíàÿ êîàëèöèÿ N âñåãäà ñîäåðæèòñÿ â

íàáîðå Φd
D.

Â äàëüíåéøåì áóäåì èñïîëüçîâàòü ñëåäóþùèå îáîçíà÷åíèÿ:

• (N, rdυ) äëÿ äèçúþíêòèâíî-îãðàíè÷åííîé èãðû, ñîîòâåòñòâóþùåé èãðå

ñ ðàçðåøåííîé ñòðóêòóðîé (N, υ,D),

• rdυ äëÿ õàðàêòåðèñòè÷åñêîé ôóíêöèè äèçúþíêòèâíî-îãðàíè÷åííîé èã-

ðû,
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• Φc äëÿ íàáîðà êîíúþíêòèâíî-âîçìîæíûõ êîàëèöèé,

• σc(S) äëÿ ìàêñèìàëüíîé êîíúþíêòèâíî-âîçìîæíîé êîàëèöèè S,

• Φd äëÿ íàáîðà äèçúþíêòèâíî-âîçìîæíûõ êîàëèöèé,

• σd(S) äëÿ ìàêñèìàëüíîé äèçúþíêòèâíî-âîçìîæíîé êîàëèöèè S.

Â ðàáîòå ðàññìàòðèâàåòñÿ èãðà ñ ðàçðåøåííîé ñòðóêòóðîé (N, υ,D) è ñî-

îòâåòñòâóþùàÿ åé äèçúþíêòèâíî-îãðàíè÷åííàÿ èãðà (N, rdυ).

2.3. Ïðèìåð ïðîãðàììíîé ðåàëèçàöèè ïîñòðîåíèÿ îãðà-

íè÷åííûõ èãð (N, rcυ) è (N, rdυ)

Äëÿ èëëþñòðàöèè ïîíÿòèé, îïèñàííûõ âûøå, ïðèâåäåì ïðèìåð.

Ðàññìîòðèì èãðó ñ ðàçðåøåííîé ñòðóêòóðîé ÷åòûðåõ ëèö (N, υ,D) íà

ìíîæåñòâå èãðîêîâN = {1, 2, 3, 4}, ñ ãðàôîìD = {(1, 2), (1, 3), (2, 4), (3, 4)},
ïðåäñòàâëåííîì íà ðèñóíêå 1, ñ õàðàêòåðèñòè÷åñêîé ôóíêöèåé υ(S):

υ({1}) = 1, υ({2}) = 5, υ({3}) = 6, υ({4}) = 8,

υ({12}) = 7, υ({13}) = 9, υ({14}) = 11, υ({23}) = 14, υ({24}) = 16,

υ({34}) = 17, υ({123}) = 18, υ({124}) = 21, υ({134}) = 23, υ({234}) = 24,

υ({1234}) = 30.

Ðèñ. 1: Ãðàô D èãðû (N, υ,D)
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Íàéäåì ìíîæåñòâî ïîñëåäîâàòåëåé è ïðåäøåñòâåííèêîâ äëÿ êàæäîãî

óçëà (ïîä÷èíåííûõ è ðóêîâîäèòåëåé äëÿ èãðîêà)

SD(1) = {2, 3}, PD(1) = ∅,

SD(2) = {4}, PD(2) = {1},

SD(3) = {4}, PD(3) = {1},

SD(4) = ∅, PD(4) = {2, 3}.

Íåçàâèñèìûì èãðîêîì ÿâëÿåòñÿ ïåðâûé èãðîê.

Êîíúþíêòèâíûé ïîäõîä

Îïðåäåëèì íàáîð êîíúþíêòèâíî-âîçìîæíûõ êîàëèöèé â äàííîé èãðå

Φc = {{1}, {12}, {13}, {123}, {1234}}.

Äëÿ êàæäîé êîàëèöèè S ⊆ N íàéäåì ìàêñèìàëüíóþ êîíúþíêòèâíî-âîçìîæíóþ

êîàëèöèþ â íàáîðå Φc

σc({1}) = {1}, σc({2}) = ∅, σc({3}) = ∅, σc({4}) = ∅,

σc({12}) = {12}, σc({13}) = {13}, σc({14}) = {1}, σc({23}) = ∅,

σc({24}) = ∅, σc({34}) = ∅, σc({123}) = {123}, σc({124}) = {12},

σc({134}) = {13}, σc({234}) = ∅, σc({1234}) = {1234}.

Êîíúþíêòèâíî-îãðàíè÷åííóþ èãðó (N, rcυ) ïîñòðîèì ïî îïðåäåëåíèþ.

rcυ({1}) = υ(σc{1}) = υ({1}) = 1,

rcυ({2}) = υ(σc{2}) = υ(∅) = 0,

rcυ({3}) = υ(σc{3}) = υ(∅) = 0,

rcυ({4}) = υ(σc{4}) = υ(∅) = 0,

rcυ({12}) = υ(σc{12}) = υ({12}) = 7,

rcυ({13}) = υ(σc{13}) = υ({13}) = 9,
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rcυ({14}) = υ(σc{14}) = υ({1}) = 1,

rcυ({23}) = υ(σc{23}) = υ(∅) = 0,

rcυ({24}) = υ(σc{24}) = υ(∅) = 0,

rcυ({34}) = υ(σc{34}) = υ(∅) = 0,

rcυ({123}) = υ(σc{123}) = υ({123}) = 18,

rcυ({124}) = υ(σc{124}) = υ({12}) = 7,

rcυ({134}) = υ(σc{134}) = υ({13}) = 9,

rcυ({234}) = υ(σc{234}) = υ(∅) = 0,

rcυ({1234}) = υ(σc{1234}) = υ({1234}) = 30.

Äèçúþíêòèâíûé ïîäõîä

Ðàññìîòðèì äèçúþíêòèâíûé ïîäõîä ê ïîñòðîåíèþ èãðû ñ ðàçðåøåí-

íîé ñòðóêòóðîé. Îïðåäåëèì íàáîð äèçúþíêòèâíî-âîçìîæíûõ êîàëèöèé:

Φd = {{1}, {12}, {13}, {123}, {124}, {134}, {1234}}.

Îïðåäåëèì äëÿ êàæäîé êîàëèöèè S ⊆ N ìàêñèìàëüíóþ äèçúþíêòèâíî-

âîçìîæíóþ êîàëèöèþ â íàáîðå Φd

σd({1}) = {1}, σd({2}) = ∅, σd({3}) = ∅, σd({4}) = ∅,

σd({12}) = {12}, σd({13}) = {13}, σd({14}) = {1}, σd({23}) = ∅,

σd({24}) = ∅, σd({34}) = ∅, σd({123}) = {123}, σd({124}) = {124},

σd({134}) = {134}, σd({234}) = ∅, σd({1234}) = {1234}.

Äèçúþíêòèâíî-îãðàíè÷åííóþ èãðó (N, rdυ) ïîñòðîèì ïî îïðåäåëåíèþ.

rdυ({1}) = υ(σd{1}) = υ(∅) = 1,

rdυ({2}) = υ(σd{2}) = υ(∅) = 0,

rdυ({3}) = υ(σd{3}) = υ(∅) = 0,
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rdυ({4}) = υ(σd{4}) = υ(∅) = 0,

rdυ({12}) = υ(σd{12}) = υ({12}) = 7,

rdυ({13}) = υ(σd{13}) = υ({13}) = 9,

rdυ({14}) = υ(σd{14}) = υ({1}) = 1,

rdυ({23}) = υ(σd{23}) = υ(∅) = 0,

rdυ({24}) = υ(σd{24}) = υ(∅) = 0,

rdυ({34}) = υ(σd{34}) = υ(∅) = 0,

rdυ({123}) = υ(σd{123}) = υ({123}) = 18,

rdυ({124}) = υ(σd{124}) = υ({124}) = 21,

rdυ({134}) = υ(σd{134}) = υ({134}) = 23,

rdυ({234}) = υ(σd{234}) = υ(∅) = 0,

rdυ({1234}) = υ(σd{1234}) = υ({1234}) = 30.

Òàêèì îáðàçîì, ïîñòðîåíû îãðàíè÷åííûå èãðû (N, rcυ) è (N, rdυ).

Â õîäå èññëåäîâàíèÿ èãð ñ ðàçðåøåííîé ñòðóêòóðîé ïðîãðàììíî ðåà-

ëèçîâàí àëãîðèòì ïîñòðîåíèÿ êîíúþíêòèâíî- è äèçúþíêòèâíî-îãðàíè÷åííûõ

èãð íà ÿçûêå Java. Âõîäíûìè äàííûìè ïðîãðàììû ÿâëÿþòñÿ: ÷èñëî èãðî-

êîâ N , õàðàêòåðèñòè÷åñêàÿ ôóíêöèÿ ÒÏ-èãðû υ è îðèåíòèðîâàííûé ãðàô

D. Ðåçóëüòàòîì ðàáîòû ÿâëÿþòñÿ ñîîòâåòñòâóþùèå îãðàíè÷åííûå èãðû

(N, rcυ) è (N, rdυ). Êîä ïðîãðàììû ïðåäñòàâëåí â Ïðèëîæåíèè 1. Ïðèâåäåì

ïðèìåð ðàáîòû ïðîãðàììû íà îñíîâå èãðû, ðàññìîòðåííîé âûøå.

Ôîðìàò âõîäíûõ äàííûõ � ôàéë ôîðìàòà txt, ïðåäñòàâëåííûé íà

ðèñóíêå 2. Â íà÷àëå ââîäèòñÿ êîëè÷åñòâî èãðîêîâ, äàëåå ãðàô èãðû â âè-

äå ïàðû (i, j) ÷åðåç ïðîáåë, äàëåå âûèãðûøè êîàëèöèé, ðàñïîëîæåííûõ â

ëåêñèêîãðàôè÷åñêîì ïîðÿäêå.

16



Ðèñ. 2: Ôàéë ñ âõîäíûìè äàííûìè

Âûáîð ôàéëà ñ äàííûìè ïðîèçâîäèòñÿ èç èíòåðôåéñà ïðîãðàììû ïî-

ñðåäñòâîì ñòàíäàðòíûõ ñïîñîáîâ îïåðàöèîííîé ñèñòåìû (ðèñ. 3).

Ðèñ. 3: Âûáîð ôàéëà ñ âõîäíûìè äàííûìè

Â ïðîãðàììå ñóùåñòâóåò âîçìîæíîñòü âûáîðà âû÷èñëåíèÿ: ïîñòðîå-

íèå èãðû ñ ðàçðåøåííîé ñòðóêòóðîé â êîíúþíêòèâíîì èëè äèçúþíêòèâíîì
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ïîäõîäàõ. Âû÷èñëåííàÿ èãðà ñ ðàçðåøåííîé ñòðóêòóðîé â êîíúþíêòèâíîì

ïîäõîäå ïðåäñòàâëåíà íà ðèñóíêå 4.

Ðèñ. 4: Êîíúþíêòèâíî-îãðàíè÷åííàÿ èãðà (N, rcυ)

Âû÷èñëåííàÿ èãðà ñ ðàçðåøåííîé ñòðóêòóðîé â äèçúþíêòèâíîì ïîä-

õîäå, ïðåäñòàâëåíà íà ðèñóíêå 5.

Ðèñ. 5: Äèçúþíêòèâíî-îãðàíè÷åííàÿ èãðà (N, rdυ)

Òàêèì îáðàçîì, ðåàëèçîâàíà ïðîãðàììà, êîòîðàÿ ïîçâîëÿåò ñòðîèòü

îãðàíè÷åííûå èãðû äëÿ ëþáîãî êîëè÷åñòâà èãðîêîâ.
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3. Äèçúþíêòèâíî-îãðàíè÷åííàÿ èãðà (N, rdυα)

3.1. Ñïîñîá ïîñòðîåíèÿ èãðû (N, rdυα)

Ðåøåíèÿ êëàññè÷åñêèõ êîîïåðàòèâíûõ èãð èìåþò ìåñòî è â èãðàõ ñ

ðàçðåøåííîé ñòðóêòóðîé (N, υ,D). Äëÿ íàõîæäåíèÿ α-N -ÿäðà â îãðàíè-

÷åííîé èãðå (N, rdυ) áóäåì îïèðàòüñÿ íà òåîðåìó 2, ñîãëàñíî êîòîðîé α-N -

ÿäðî ðàâíî ïðåä-N -ÿäðó â èãðå ñ õàðàêòåðèñòè÷åñêîé ôóíêöèåé υα(S). Ïî-

ýòîìó ðàññìîòðèì ïîñòðîåíèå èãðû ñ ðàçðåøåííîé ñòðóêòóðîé (N, υα, D).

Õàðàêòåðèñòè÷åñêàÿ ôóíêöèÿ υα çàäàåòñÿ ôîðìóëîé (5), ãäå υ∗(S)

âû÷èñëÿåòñÿ ïî ôîðìóëå (4). Ïîñòðîèì äèçúþíêòèâíî-îãðàíè÷åííóþ èãðó

(N, rdυα), ñîîòâåñòâóþùóþ èãðå ñ ðàçðåøåííîé ñòðóêòóðîé (N, υα, D) äâóìÿ

ñïîñîáàìè.

Ïåðâûé ñïîñîá

1) Ïîñòðîèì äèçúþíêòèâíî-îãðàíè÷åííóþ èãðó (N, rdυ), ñîîòâåòñòâóþùóþ

èãðå ñ ðàçðåøåííîé ñòðóêòóðîé (N, υ,D), ïî îïðåäåëåíèþ

rdυ(S) = υ(σd(S)) äëÿ âñåõ S ⊆ N.

2) Îïðåäåëèì äèçúþíêòèâíî-îãðàíè÷åííóþ èãðó (N, rdυ∗) äëÿ äâîéñòâåí-

íîé èãðû (N, υ∗) ñëåäóþùèì îáðàçîì

rdυ∗(S) = υ∗(σd(S)) = υ(N)− υ(N \ σd(S)) äëÿ âñåõ S ⊆ N.

3) Äèçúþíêòèâíî-îãðàíè÷åííóþ èãðó (N, rdυα), ñîîòâåòñòâóþùóþ èãðå ñ

ðàçðåøåííîé ñòðóêòóðîé (N, υα, D), çàäàäèì êàê

rdυα(S) = α · rdυ(S) + (1− α) · rdυ∗(S), ãäå α ∈ [0, 1].

Âòîðîé ñïîñîá

1) Ïîñòðîèì äâîéñòâóþ êîîïåðàòèâíóþ èãðó (N, υ∗) ê èãðå (N, υ).

2) Ïîñòðîèì êîîïåðàòèâíóþ èãðó (N, υα), ãäå õàðàêòåðèñòè÷åñêàÿ ôóíê-

öèÿ èãðû âû÷èñëÿåòñÿ ïî ôîðìóëå (5).
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3) Ïîñòðîèì äèçúþíêòèâíî-îãðàíè÷åííóþ èãðó (N, rdυα), ñîîòâåòñâóþùóþ

èãðå ñ ðàçðåøåííîé ñòðóêòóðîé (N, υα, D), ïî îïðåäåëåíèþ

rdυα(S) = υα(σd(S)), äëÿ âñåõ S ⊆ N. (6)

Óòâåðæäåíèå 1. Ïåðâûé è âòîðîé ñïîñîáû ïîñòðîåíèÿ äèçúþíêòèâíî-

îãðàíè÷åííîé èãðû (N, rdυα) ýêâèâàëåíòíû.

Äîêàçàòåëüñòâî. Ïîäñòàâëÿÿ âèä õàðàêòåðèñòè÷åñêîé ôóíêöèè υα(S) â

ðàâåíñòâî (6), ïîëó÷èì

rdυα(S) = αυ(σd(S)) + (1− α)υ∗(σd(S)) =

= α · rdυ(S) + (1− α) · rdυ∗(S), äëÿ âñåõ S ⊆ N.

Ïðè ýòîì ïîëó÷àåì ôîðìóëó äëÿ âû÷èñëåíèÿ õàðàêòåðèñòè÷åñêîé ôóíê-

öèè rdυα

rdυα = αυ(σd(S)) + (1− α)(υ(N)− υ(N \ σd(S)), (7)

ãäå S ⊆ N, α ∈ [0, 1].

Ñîãëàñíî óòâåðæäåíèþ 1 äèçúþíêòèâíî-îãðàíè÷åííàÿ èãðà (N, rdυα)

ìîæåò áûòü ïîñòðîåíà ïóòåì âçâåøèâàíèÿ äèçúþíêòèâíî-îãðàíè÷åííûõ

èãð (N, rdυ) è (N, rdυ∗) èëè ïóòåì ïîñòðîåíèÿ êîîïåðàòèâíîé èãðû (N, υα)

è ñîîòâåòñòâóþùåé åé äèçúþíêòèâíî-îãðàíè÷åííîé èãðû ïî îïðåäåëåíèþ

2.5. Ïåðâûé ñïîñîá âû÷èñëåíèÿ óäîáíî èñïîëüçîâàòü â ñëó÷àå íàëè÷èÿ ïî-

ñ÷èòàííûõ äèçúþíêòèâíî-îãðàíè÷åííûõ èãð (N, rdυ) è (N, rdυ∗), â äðóãèõ

ñëó÷àÿõ óäîáíåå èñïîëüçîâàòü âòîðîé ñïîñîá âû÷èñëåíèÿ. Òàêæå ðåçóëü-

òàò óòâåðæäåíèÿ 1 ïîçâîëÿåò èñïîëüçîâàòü ôîðìóëó (7) äëÿ ïîñòðîåíèÿ

äèçúþíêòèâíî-îãðàíè÷åííîé èãðû (N, rdυα), ÷òî äåëàåò àëãîðèòì ïîñòðîå-

íèÿ âû÷èñëèòåëüíî ïðîùå, óáèðàÿ ïðîìåæóòî÷íûå âû÷èñëåíèÿ.

3.2. Ïðèìåð ïðîãðàììíîé ðåàëèçàöèè ïîñòðîåíèÿ îãðà-

íè÷åííîé èãðû (N, rdυα)

Êàê áûëî ñêàçàíî ðàíåå, ñîãëàñíî òåîðåìå 2 âû÷èñëåíèå α-N -ÿäðà â

èãðå (N, rdυ) ñâîäèòñÿ ê âû÷èñëåíèþ ïðåä-N -ÿäðà â èãðå (N, rdυα). Ïîýòîìó

â õîäå èññëåäîâàíèÿ èãð ñ ðàçðåøåííîé ñòðóêòóðîé ïðîãðàììíî ðåàëèçî-
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âàí àëãîðèòì ïîñòðîåíèÿ èãðû (N, rdυα) íà ÿçûêå Java. Âõîäíûìè äàííû-

ìè ïðîãðàììû ÿâëÿþòñÿ: ÷èñëî èãðîêîâ N , õàðàêòåðèñòè÷åñêàÿ ôóíêöèÿ

ÒÏ-èãðû υ, îðèåíòèðîâàííûé ãðàô D è ÷èñëî α ∈ [0, 1]. Ðåçóëüòàòîì ðàáî-

òû ÿâëÿþòñÿ ñîîòâåòñòâóþùàÿ äèçúþíêòèâíî-îãðàíè÷åííàÿ èãðà (N, rdυα).

Êîä ïðîãðàììû ïðåäñòàâëåí â Ïðèëîæåíèè 1.

Ïðèâåäåì ïðèìåð ðàáîòû ïðîãðàììû. Ðàññìîòðèì èãðó ÷åòûðåõ ëèö,

îïèñàííóþ â ðàçäåëå 2.3. Â ïðîãðàììå ðåàëèçîâàíà âîçìîæíîñòü âûáî-

ðà âû÷èñëåíèÿ: ïîñòðîåíèå äâîéñòâåííîé èãðû, äâîéñòâåííîé ðàçðåøåííîé

èãðû â êîíúþíêòèâíîì è äèçúþíêòèâíîì ïîäõîäàõ, êîîïåðàòèâíîé èãðû

(N, υα), îãðàíè÷åííûõ èãð (N, rcυα) è (N, rdυα).

Ðåçóëüòàò ïîñòðîåíèÿ êîîïåðàòèâíîé èãðû (N, υα), ãäå α ∈ [0, 1],

ïðåäñòàâëåí íà ðèñóíêå 6.

Ðèñ. 6: Èãðà (N, υα)

Ðåçóëüòàò ïîñòðîåíèÿ êîíúþíêòèâíî-îãðàíè÷åííîé èãðû (N, rcυα), ñî-

îòâåòñòâóþùåé èãðå ñ ðàçðåøåííîé ñòðóêòóðîé (N, υα, D), ïðåäñòàâëåí íà

ðèñóíêå 7.
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Ðèñ. 7: Èãðà (N, rcυα)

Ðåçóëüòàò ïîñòðîåíèÿ äèçúþíêòèâíî-îãðàíè÷åííîé èãðû (N, rdυα), ïðåä-

ñòàâëåí íà ðèñóíêå 8.

Ðèñ. 8: Èãðà (N, rdυα)

Òàêèì îáðàçîì, ðåàëèçîâàíà ïðîãðàììà ïîñòðîåíèÿ êîîïåðàòèâíîé

èãðû (N, υα), α ∈ [0, 1], è ñîîòâåòñòâóþùèõ îãðàíè÷åííûõ èãð äëÿ N ëèö.
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4. Àëãîðèòì âû÷èñëåíèÿ ïðåä-N-ÿäðà

4.1. Ñâîéñòâà èãðû (N, υα, D)

Â ðàáîòå [11] ïðèâåäåí àëãîðèòì âû÷èñëåíèÿ ïðåä-N -ÿäðà â äèçúþíêòèâíî-

îãðàíè÷åííîé èãðå (N, rdυ), ñîîòâåñòâóþùåé èãðå ñ ðàçðåøåííîé ñòðóêòó-

ðîé (N, υ,D). Äàííûé àëãîðèòì èìååò ïîëèíîìèàëüíóþ ñëîæíîñòü. Äëÿ

åãî ïðèìåíåíèÿ íåîáõîäèìî, ÷òîáû èãðà (N, υ,D) óäîâëåòâîðÿëà ñâîéñòâàì

ñëàáîé îðãðàôíîé ìîíîòîííîñòè è ñëàáîé îðãðàôíîé âîãíóòîñòè.

Îïðåäåëåíèå 4.1. Áóäåì ãîâîðèòü, ÷òî èãðà ñ ðàçðåøåííîé ñòðóêòóðîé

(N, υ,D) óäîâëåòâîðÿåò ñâîéñòâó ñëàáîé îðãðàôíîé ìîíîòîííîñòè, åñëè

âûïîëíÿåòñÿ íåðàâåíñòâî

υ(S) 6 υ(N) äëÿ âñåõ S ∈ Φd. (8)

Äàííîå ñâîéñòâî îçíà÷àåò, ÷òî â èãðå (N, υ,D) öåííîñòü êàæäîé âîç-

ìîæíîé êîàëèöèè â äèçúþíêòèâíîì ïîäõîäå äîëæíà áûòü íå áîëüøå öåí-

íîñòè ìàêñèìàëüíîé êîàëèöèè N . Äàííîå ñâîéñòâî ÿâëÿåòñÿ áîëåå ñëà-

áûì, ÷åì ñâîéñòâî ìîíîòîííîñòè êëàññè÷åñêîé êîîïåðàòèâíîé èãðû, òàê

êàê íåðàâåíñòâî (1) äîëæíî âûïîëíÿòüñÿ äëÿ T = N è äëÿ âñåõ êîàëèöèé

èç äèçúþíêòèâíî-âîçìîæíîãî íàáîðà.

Îïðåäåëåíèå 4.2. Áóäåì ãîâîðèòü, ÷òî èãðà ñ ðàçðåøåííîé ñòðóêòó-

ðîé (N, υ,D) óäîâëåòâîðÿåò ñâîéñòâó ñëàáîé îðãðàôíîé âîãíóòîñòè, åñ-

ëè äëÿ êîàëèöèé S, T , S ∪ T = N , âûïîëíÿåòñÿ íåðàâåíñòâî

υ(S) + υ(T ) > υ(S ∩ T ) + υ(N) äëÿ âñåõ S, T ∈ Φd. (9)

Äàííîå îïðåäåëåíèå îçíà÷àåò, ÷òî ñâîéñòâî âîãíóòîñòè êëàññè÷åñêèõ

êîîïåðàòèâíûõ èãð, ò. å. íåðàâåíñòâî (2) äîëæíî âûïîëíÿòüñÿ äëÿ äèçúþíêòèâíî-

âîçìîæíûõ êîàëèöèé, îáúåäèíåíèå êîòîðûõ åñòü ìàêñèìàëüíàÿ êîàëèöèÿ

N .

Ïðîâåðèì âûïîëíåíèå ñâîéñòâà ñëàáîé îðãðàôíîé ìîíîòîííîñòè äëÿ

èãðû ñ ðàçðåøåííîé ñòðóêòóðîé (N, υα, D). Ñôîðìóëèðîâàíî è äîêàçàíî

ñëåäóþùåå óòâåðæäåíèå.

Óòâåðæäåíèå 2. Åñëè èãðà (N, υ,D) óäîâëåòâîðÿåò ñâîéñòâó ñëàáîé îð-
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ãðàôíîé ìîíîòîííîñòè, à õàðàêòåðèñòè÷åñêàÿ ôóíêöèÿ υ(S) ÿâëÿåòñÿ

íåîòðèöàòåëüíîé, òî èãðà (N, υα, D) òàêæå óäîâëåòâîðÿåò ñâîéñòâó

ñëàáîé îðãðàôíîé ìîíîòîííîñòè.

Äîêàçàòåëüñòâî. Ðàññìîòðèì èãðó ñ ðàçðåøåííîé ñòðóêòóðîé (N, υα, D),

ãäå õàðàêòåðèñòè÷åñêàÿ ôóíêöèÿ υα(S) çàäàåòñÿ â âèäå (5). Ïîäñòàâëÿÿ

õàðàêòåðèñòè÷åñêóþ ôóíêöèþ äâîéñòâåííîé èãðû υ∗(S), âû÷èñëÿåìóþ ïî

ôîðìóëå (4), â ïðåäñòàâëåíèå ôóíêöèè υα, ïîëó÷èì

υα(S) = αυ(S) + υ(N)− υ(N \ S)− αυ(N) + αυ(N \ S).

Çàìåòèì, ÷òî

υα(N) = αυ(N) + υ(N)− αυ(N) = υ(N).

Äëÿ èãðû (N, υα, D) ïðîâåðèì ñâîéñòâî ñëàáîé îðãðàôíîé ìîíîòîí-

íîñòè. Äëÿ ýòîãî íåîáõîäèìî ïîêàçàòü, ÷òî äëÿ âñåõ äèçúþíêòèâíî-âîçìîæ-

íûõ êîàëèöèé âûïîëíÿåòñÿ íåðàâåíñòâî (8). Ðàññìîòðèì ðàçíîñòü

υα(N)− υα(S) = υ(N)− αυ(S)− υ(N) + υ(N \ S) + αυ(N)− αυ(N \ S) =

= −αυ(S)+υ(N \S)+αυ(N)−αυ(N \S) = α(υ(N)−υ(S))+(1−α)υ(N \S).

(10)

Îöåíèì ñëàãàåìûå â äàííîì ðàâåíñòâå. Òàê êàê èãðà ñ ðàçðåøåííîé ñòðóê-

òóðîé (N, υ,D) ïî óñëîâèþ òåîðåìû óäîâëåòâîðÿåò ñâîéñòâó ñëàáî îðãðàôíî-

ìîíîòîííîñòè, òî υ(N) − υ(S) > 0 äëÿ âñåõ S ∈ Φd. Òàêæå ïî óñëîâèþ

α ∈ [0, 1], ñëåäîâàòåëüíî, ñëàãàåìîå α(υ(N) − υ(S))) íå ìåíüøå íóëÿ. Òàê

êàê α ∈ [0, 1], òî (1 − α) > 0, à υ(N \ S) íåîòðèöàòåëüíî ïî óñëîâèþ,

ñëåäîâàòåëüíî (1−α)υ(N \S) òàêæå íå ìåíüøå íóëÿ. Òàêèì îáðàçîì ñóì-

ìà äâóõ ñëàãàåìûõ â (10) íå ìåíüøå íóëÿ, ò. å. υα(S) 6 υα(N), à çíà÷èò

èãðà ñ ðàçðåøåííîé ñòðóêòóðîé (N, υα, D) óäîâëåòâîðÿåò ñâîéñòâó ñëàáîé

îðãðàôíîé ìîíîòîííîñòè.

Ñîãëàñíî äàííîìó ðåçóëüòàòó â àëãîðèòìå âû÷èñëåíèÿ ïðåä-N -ÿäðà

â èãðå (N, υα, D) äîñòàòî÷íî ïðîâåðÿòü ôóíêöèþ υ íà ñâîéñòâî ñëàáîé îð-

ãðàôíîé ìîíîòîííîñòè è íà íåîòðèöàòåëüíîñòü. Ñâîéñòâî âîãíóòîñòè â ïðî-

24



ãðàììíîé ðåàëèçàöèè àëãîðèòìà áóäåì ïðîâåðÿòü äëÿ ôóíêöèè υα.

4.2. Ñóùåñòâåííûå è âîçìîæíûå êîàëèöèè

Â äàííîì ðàçäåëå ïðèâåäåì îñíîâíûå óòâåðæäåíèÿ, êîòîðûå ëåãëè

â îñíîâó àëãîðèòìà âû÷èñëåíèÿ ïðåä-N -ÿäðà â èãðå (N, rdυ). Ðåçóëüòàòû

ñôîðìóëèðîâàíû êàê â ðàáîòå [11].

Ëåììà 3. Ïóñòü (N, υ,D) èãðà ñ ðàçðåøåííîé ñòðóêòóðîé. Åñëè S ⊆ N ,

ãäå | S |> 2, ñóùåñòâåííàÿ êîàëèöèÿ â îãðàíè÷åííîé èãðå (N, rdυ), òî S

ÿâëÿåòñÿ âîçìîæíîé êîàëèöèåé.

Ñîãëàñíî ïåðâîé ëåììå ëþáàÿ ñóùåñòâåííàÿ êîàëèöèÿ, ñîäåðæàùàÿ

ïî êðàéíåé ìåðå äâóõ èãðîêîâ, ÿâëÿåòñÿ âîçìîæíîé.

Ââåäåì äëÿ êîàëèöèè S ⊂ N è îãðàíè÷åííîé èãðû (N, rdυ) ñëåäóþùóþ

âåëè÷èíó

τ(S, rdυ) =
rdυ(N)− rdυ(S)

| N \ S | +1
. (11)

Â äàëüíåéøåì áóäåì ðàññìàòðèâàòü íàáîð äèçúþíêòèâíî-âîçìîæíûõ

êîàëèöèé áåç ìàêñèìàëüíîé êîàëèöèè, ò. å. íàáîð Ωd = Φd \ {N}.

Ëåììà 4. Ïóñòü (N, υ,D) èãðà ñ ðàçðåøåííîé ñòðóêòóðîé. Åñëè (N, υ,D)

óäîâëåòâîðÿåò ñâîéñòâó ñëàáîé îðãðàôíîé ìîíîòîííîñòè, òîãäà

e∗(N, rdυ) = min
S∈Ωd

τ(S, rdυ).

Ëåììà 5. Ïóñòü èãðà ñ ðàçðåøåííîé ñòðóêòóðîé (N, υ,D) óäîâëåòâî-

ðÿåò ñâîéñòâó ñëàáîé îðãðàôíîé ìîíîòîííîñòè. Ðàññìîòðèì êîàëèöèþ

U ∈ Ωd, äëÿ êîòîðîé âûïîëíÿåòñÿ τ(U, rdυ) = e∗(N, rdυ), è âåêòîð y ∈
Rn, äëÿ êîòîðîãî âûïîëíÿþòñÿ óñëîâèÿ: y(U) = r(U) + τ(U, r) è yj =

τ(U, rdυ) äëÿ âñåõ j /∈ U . Òîãäà x = ν(N, rdυ) óäîâëåòâîðÿåò x(U) = y(U) è

xj = yj äëÿ âñåõ j /∈ U .

Äàííûå ðåçóëüòàòû äàþò îñíîâíóþ èäåþ äëÿ àëãîðèòìà âû÷èñëåíèÿ

ïðåä-N -ÿäðà. Ñîãëàñíî ëåììå, êîàëèöèÿ U èç íàáîðà Ωd, äëÿ êîòîðîé âåëè-

÷èíà τ(U, rdυ) ÿâëÿåòñÿ ìèíèìàëüíîé, åñòü êëþ÷åâàÿ êîàëèöèÿ â òîì ñìûñ-

ëå, ÷òî ìîæíî íàéòè äåëåæ, ñîîòâåòñòâóþùèé ïðåä-N -ÿäðó, èãðîêîâ âíå

äàííîé êîàëèöèè, ò. å. èãðîêîâ j /∈ U , è îí áóäåò ðàâåí τ(U, rdυ). Â äàëüíåé-

øåì áóäåì èñïîëüçîâàòü îáîçíà÷åíèå τ ∗(rdυ) = e∗(N, rdυ). Íà ïåðâîì øàãå
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àëãîðèòìà áóäåì èñêàòü êîàëèöèþ U1 ∈ Ωd, óäîâëåòâîðÿþùóþ óñëîâèþ

τ(U1, r
d
υ) = τ ∗(rdυ) è | U1 |= max

{U∈Ωd|τ(U,rdυ)=τ∗(rdυ)}
| U | . (12)

Òàêèì îáðàçîì áóäåò îïðåäåëåíà êîàëèöèÿ U1 6= N , ïðèíàäëåæàùàÿ íà-

áîðó äèçúþíêòèâíî-âîçìîæíûõ êîàëèöèé Ωd, ìàêñèìàëüíîé ðàçìåðíîñòè,

äëÿ êîòîðîé âåëè÷èíà (11) áóäåò ìèíèìàëüíîé. Íà ýòîì æå øàãå âñåì èãðî-

êàì j /∈ U1 ïðåä-N -ÿäðî ïðåäïèñûâàåò âûèãðûø ðàâíûé τ ∗(rdυ) = τ(U1, r
d
υ),

è îñóùåñòâëÿåòñÿ ïåðåõîä ê ñëåäóþùåìó øàãó àëãîðèòìà. Íà âòîðîì øàãå

ðàññìàòðèâàåòñÿ èãðà ñ ðàçðåøåííîé ñòðóêòóðîé (U1, υ1, D1), ãäå (U1, υ1)

íîâàÿ êîîïåðàòèâíàÿ èãðà, (U1, D1) � íîâûé îðãðàô. Ïîäðîáíûå øàãè àë-

ãîðèòìà îïèñàíû â ñëåäóþùåì ðàçäåëå.

4.3. Àëãîðèòì

Ïðèâåäåì àëãîðèòì, ïîçâîëÿþùèé âû÷èñëÿòü ïðåä-N -ÿäðî â äèçú-

þíêòèâíî-îãðàíè÷åííîé èãðå (N, rdυ).

Øàã 1

Ïóñòü k = 0. Ðàññìàòðèâàåì èãðó ñ ðàçðåøåííîé ñòðóêòóðîé (N, υ,D).

Íà äàííîì øàãå U0 = N, υ0 = υ,D0 = D è r0 = r. Ïåðåõîäèì ê øàãó 2.

Øàã 2

Íàõîäèì ìíîæåñòâî Uk+1 ⊂ Uk, óäîâëåòâîðÿþùåå óñëîâèÿì (12) è

ñîîòâåòñòâóþùåå èãðå ñ ðàçðåøåííîé ñòðóêòóðîé (Uk, υk, Dk), ò. å.

τ(Uk+1, r
d
υk

) = τ ∗(rdυk) è | Uk+1 |= max
{U∈Ωd|τ(U,rdυk )=τ∗(rdυk )}

| U |,

ãäå τ ∗(rdυk) = min
U∈Ωd

τ(U, rdυk), τ(U, rdυk) =
rdυk (Uk)−rdυk (U)

|Uk\U |+1 .

Êàæäîìó èãðîêó èç ìíîæåñòâà Uk \Uk+1 îïðåäåëÿåòñÿ âûèãðûø xj =

τ ∗(rdυk). Ïåðåõîäèì ê ñëåäóþùåé èòåðàöèè.

Øàã 3

Åñëè Uk+1 = 1 � ïåðâûé èãðîê, òîãäà ïåðåõîäèì ê øàãó 4.

Èíà÷å, ïóñòü ik+1 êîðíåâàÿ âåðøèíà ïîäãðàôà (Uk \ Uk+1, Dk(Uk \ Uk+1))

ñîîòâåòñòâóþùåãî îðãðàôà (Uk, Dk). Îïðåäåëèì íîâóþ èãðó ñ ðàçðåøåí-

íîé ñòðóêòóðîé (Uk+1, υk+1, Dk+1), ãäå êîîïåðàòèâíàÿ èãðà (Uk+1, υk+1), U ⊆
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Uk+1, âû÷èñëÿåòñÿ ñëåäóþùèì îáðàçîì

υk+1(U) =

υk(U), åñëè PDk
(ik+1) ∩ U = ∅,

υk(U ∪ (Uk \ Uk+1))− τ(Uk+1, r
d
υk

)· | Uk \ Uk+1 |, èíà÷å.

Îðãðàô (Uk+1, Dk+1) íîâîé èãðû îïðåäåëÿåòñÿ êàê

(i, j) ∈ Dk+1, åñëè

[
(i, j) ∈ Dk èëè,

i ∈ PDk
(ik+1) è j ∈ SDk

(Uk \ Uk+1) ∩ Uk+1.

Äàëåå âû÷èñëÿåòñÿ äèçúþíêòèâíî-îãðàíè÷åííàÿ èãðà rdυk+1
ñîîòâåò-

ñâóþùàÿ èãðå ñ ðàçðåøåííîé ñòðóêòóðîé (Uk+1, υk+1, Dk+1), ïîñòðîåííîé

íà ýòîì øàãå. Ïóñòü k = k + 1, ïåðåõîäèì ê øàãó 2.

Øàã 4 Âû÷èñëèì âûèãðûø ïåðâîãî èãðîêà

x1 = υ(N)−
∑

j∈N\{1}

xj.

Àëãîðèòì îñòàíàâëèâàåòñÿ.

Ñëåäóþùèé ðåçóëüòàò [11] ïîêàçûâàåò, ÷òî îðãðàô íîâîé èãðû ñ ðàç-

ðåøåííîé ñòðóêòóðîé áóäåò óäîâëåòâîðÿòü ïóíêòó 1 ïðåäïîëîæåíèÿ.

Ëåììà 6. Ïóñòü Uk+1 = {1}, òîãäà äëÿ ëþáîãî k = 0, 1, . . . , K− 1 îðãðàô

(Uk+1, Dk+1) óäîâëåòâîðÿåò ïóíêòó 1 ïðåäïîëîæåíèÿ.

Ñîãëàñíî ñëåäóþùåìó óòâåðæäåíèþ, âåêòîð, ïîëó÷åííûé â ðåçóëüòà-

òå ïðèìåíåíèÿ àëãîðèòìà, áóäåò ÿâëÿòüñÿ ïðåä-N -ÿäðîì.

Òåîðåìà 4. Ïóñòü èãðà (N, υ,D) óäîâëåòâîðÿåò ñâîéñòâó ñëàáîé îðãðàô-

íîé ìîíîòîííîñòè è ñëàáîé îðãðàôíîé âîãíóòîñòè, òîãäà àëãîðèòì äà-

åò ïðåä-N -ÿäðî èãðû (N, rdυ).

4.4. Ïðèìåð ïðîãðàììíîé ðåàëèçàöèè àëãîðèòìà âû-

÷èñëåíèÿ α-N-ÿäðà

Ðåçóëüòàòîì äàííîé ðàáîòû ÿâëÿåòñÿ ïðîãðàììíàÿ ðåàëèçàöèÿ àë-

ãîðèòìà âû÷èñëåíèÿ ïðåä-N -ÿäðà â èãðå (N, rdυα), ïðèâåäåííîãî â ðàçäå-

ëå 4.3. Äàííûé ïîäõîä ïîçâîëÿåò âû÷èñëÿòü α-N -ÿäðî â äèçúþíêòèâíî-
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îãðàíè÷åííîé èãðå (N, rdυ). Êîä ïðîãðàììû ïðåäñòàâëåí â Ïðèëîæåíèè 1.

Ïðèâåäåì ïðèìåð, èëëþñòðèðóþùèé ðàáîòó ïðîãðàììû.

Ðàññìîòðèì èãðó ñ ðàçðåøåííîé ñòðóêòóðîé ïÿòè ëèö,N = {1, 2, 3, 4, 5}.
Îðãðàô èãðû, ïðåäñòàâëåí íà ðèñóíêå 9.

Ðèñ. 9: Îðãðàô èãðû (N, υ,D)

Êîîïåðàòèâíàÿ èãðà (N, υ) çàäàåòñÿ â âèäå:

υ({1}) = 1, υ({2}) = 2, υ({3}) = 0, υ({4}) = 3, υ({5}) = 4,

υ({12}) = 3, υ({13}) = 1, υ({14}) = 5, υ({15}) = 5,

υ({23}) = 3, υ({24}) = 5, υ({25}) = 8, υ({34}) = 4, υ({35}) = 6, υ({45}) = 10,

υ({123}) = 3, υ({124}) = 10, υ({125}) = 9, υ({134}) = 9, υ({135}) = 8,

υ({145}) = 11, υ({234}) = 8, υ({235}) = 10, υ({245}) = 12, υ({345}) = 11,

υ({1234}) = 13, υ({1235}) = 13, υ({1245}) = 13, υ({1345}) = 13

υ({12345}) = 13.

Ââîä â ïðîãðàììó îñóùåñòâëÿåòñÿ ñ ïîìîùüþ ôàéëà ôîðìàòà txt (ðèñóíîê

10).
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Ðèñ. 10: Ôàéë ñ âõîäíûìè äàííûìè

Â íà÷àëå ïðîãðàììû ïðîâåðÿåòñÿ ñâîéñòâî ñëàáîé îðãðàôíîé ìîíî-

òîííîñòè è íåîòðèöàòåëüíîñòü äëÿ ôóíêöèè υ(S). Äàëåå âû÷èñëÿåòñÿ èãðà

ñ ðàçðåøåííîé ñòðóêòóðîé (N, υα, D) (êîîïåðàòèâíàÿ èãðà (N, υα)), äëÿ

êîòîðîé ïðîâåðÿåòñÿ âûïîëíåíèå ñâîéñòâà ñëàáîé îðãðàôíîé âîãíóòîñòè.

Åñëè äàííûå ñâîéñòâà íå âûïîëíÿþòñÿ, òî â èíòåðôåéñå ïðîãðàììû âûâî-

äèòñÿ ñîîáùåíèå ¾Function doesn't satisfy required properties¿. Ïðèìåð íà

ðèñóíêå 11.
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Ðèñ. 11: Ñîîáùåíèå îá îøèáêå ïðîãðàììû

Åñëè èãðà óäîâëåòâîðÿåò äàííûì ñâîéñòâàì, òî îñóùåñòâëÿåòñÿ ïå-

ðåõîä ê øàãó 1 àëãîðèòìà âû÷èñëåíèÿ ïðåä-N -ÿäðà. Íà ðèñóíêå 12 ïðåä-

ñòàâëåíî âû÷èñëåíèå SM -ÿäðà â ïðîãðàììå.

Ðèñ. 12: Âû÷èñëåíèå SM -ÿäðà

Äàëåå ïðèâåäåíà òàáëèöà 1 âû÷èñëåííûõ α-N -ÿäåð, α ∈ [0, 1], â èãðå

(N, rdυ) ñ ïîìîùüþ ïðîãðàììû.
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Òàáëèöà 1: α-N -ÿäðà â èãðå (N, rdυ)

Çíà÷åíèå α α-N-ÿäðî

1 (8, 5, 0, 0, 0)

0, 9 (7.7, 0.1, 4.9, 0.1, 0.2)

0, 8 (7.4, 0.2, 4.7, 0.3, 0.4)

0, 7 (7, 0.3, 4.6, 0.5, 0.6)

0, 6 (6.7, 0.4, 4.5, 0.6, 0.8)

0, 5 (6.4, 0.5, 4.4, 0.7, 1)

Ýìïèðè÷åñêè ïîëó÷åí ñëåäóþùèé ðåçóëüòàò. Ïðè α ∈ [1
2 , 1] èãðà ñ

ðàçðåøåííîé ñòðóêòóðîé (N, υα, D) óäîâëåòâîðÿåò ñâîéñòâó ñëàáîé îðãðàô-

íîé âûïóêëîñòè, ïðè α ∈ [0, 1
2 ] äàííîå ñâîéñòâî íå âûïîëíÿåòñÿ (ðèñóíîê

13). Äàííîå óòâåðæäåíèå áûëî ïîëó÷åíî ïîñëå íàõîæäåíèÿ α-N -ÿäåð ñ ïî-

ìîùüþ ïðîãðàììû äëÿ äâàäöàòè ïðèìåðîâ.

Ðèñ. 13: Îøèáêà âûïîëíåíèÿ ñâîéñòâà ñëàáîé îãðàôíîé âîãíóòîñòè äëÿ èãðû ñ ðàçðå-
øåííîé ñòðóêòóðîé (N, υα, D)

Òàêèì îáðàçîì, âîçíèêàåò âîïðîñ î ñëàáîé îðãðàôíîé âîãíóòîñòè èã-

ðû ñ ðàçðåøåííîé ñòðóêòóðîé (N, υα, D), êîòîðûé ÿâëÿåòñÿ êëþ÷åâûì äëÿ
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äàëüíåéøèõ èññëåäîâàíèé.

Ïðîàíàëèçèðóåì ïîëó÷åííûå ðåøåíèÿ. Ïðè óìåíüøåíèè çíà÷åíèÿ α

îò 1 ê 1
2 âûèãðûø ïåðâîãî èãðîêà óìåíüøàåòñÿ íåçíà÷èòåëüíî, â îòëè÷èå

îò âòîðîãî èãðîêà, âûèãðûø êîòîðîãî ðåçêî óìåíüøàåòñÿ ïðè ïåðåõîäå îò

α = 1 ê α = 0, 9, à äàëåå âûèãðûø âòîðîãî èãðîêà íà÷èíàåò ðàñòè íà 0, 1

ïðè óâåëè÷åíèè α íà 0, 1. Âûèãðûø òðåòüåãî èãðîêà èìååò ñîâåðåøåííî

ïðîòèâîïîëîæíóþ òåíäåíöèþ: ïðåä-N -ÿäðî ïðèïèñûâàåò âûèãðûø ðàâíûé

0, 0, 9-N -ÿäðî äàåò âûèãðûø 4, 9, à äàëåå âûãðûø óìåíüøàåòñÿ ïðè óìåíü-

øåíèè çíà÷åíèÿ α. Âûèãðûøè ÷åòâåðòîãî è ïÿòîãî èãðîêîâ óâåëè÷èâàþòñÿ

ïðè óìåíüøåíèè çíà÷åíèÿ α. Èçìåíåíèå âûèãðûøåé èãðîêîâ ïðîèëëþñòðè-

ðîâàíî íà ãðàôèêå.

0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1 1.05

0

1

2

3

4

5

6

7

8

α

ν
α
(υ
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x1
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5. Çàêëþ÷åíèå

Â ðàáîòå ïðåäñòàâëåíà èãðà ñ ðàçðåøåííîé ñòðóêòóðîé (N, υ,D), êî-

òîðàÿ ïîçâîëÿåò ó÷èòûâàòü èåðàðõèþ èãðîêîâ è îãðàíè÷åíèÿ íà êîììó-

íèêàòèâíûå ñïîñîáíîñòè ó÷àñòíèêîâ êîîïåðàöèè. Òàêæå ðàññìîòðåíî äâà

ïîäõîäà ê ïîñòðîåíèþ òàêèõ èãð: êîíúþíêòèâíûé è äèçúþíêòèâíûé. Â

êà÷åñòâå ðåøåíèÿ èãðû ñ ðàçðåøåííîé ñòðóòóðîé (N, υ,D) âûáðàíî α-N -

ÿäðî, α ∈ [0, 1], èç-çà åãî èíòåðåñíûõ ñâîéñòâ: îíî ó÷èòûâàåò êàê êîíñòðóê-

òèâíóþ, òàê è áëîêèðóþùóþ ñèëó êîàëèöèé â èãðå.

Â ðàáîòå ïðåäëîæåí ìåòîä ïîñòðîåíèÿ äâîéñòâåííîé èãðû ñ ðàçðå-

øåííîé ñòðóêòóðîé (N, υ∗, D). Òàêæå ïîëó÷åíà è äîêàçàíà òåîðåìà î òîì,

÷òî äâà ñïîñîáà ïîñòðîåíèÿ äèçúþíêòèâíî-îãðàíè÷åííîé èãðû (N, rdυα) ýê-

âèâàëåíòíû.

Â õîäå èññëåäîâàíèÿ áûëî äîêàçàíî, ÷òî èãðà ñ ðàçðåøåííîé ñòðóê-

òóðîé (N, υα, D) óäîâëåòâîðÿåò ñâîéñòâó ñëàáîé îðãðàôíîé ìîíîòîííîñòè.

Äëÿ íàõîæäåíèÿ α-N -ÿäðà, α ∈ [0, 1], â äèçúþíêòèâíî-îãðàíè÷åííîé

èãðå (N, rd) ðåàëèçîâàí àëãîðèòì íàõîæäåíèÿ ïðåä-N -ÿäðà èãðû (N, rdυα).

Òàêæå ýêñïåðèìåíòàëüíî íàéäåíû èíòåðâàëû äëÿ α, íà êîòîðûõ äëÿ

èãðû ñ ðàçðåøåííîé ñòðóêòóðîé (N, υα, D) âûïîëíÿåòñÿ ñâîéñòâî ñëàáîé

îðãðàôíîé âîãíóòîñòè. Òàêæå âîïðîñ âîãíóòîñòè èãðû ñ ðàçðåøåííîé ñòðóê-

òóðîé (N, υα, D) ïëàíèðóåòñÿ ðàññìîòðåòü ïðè äàëüíåéøåì èññëåäîâàíèè.

Ðåçóëüòàòû äàííîé ðàáîòû ìîæíî èñïîëüçîâàòü äëÿ èãðû çàãðÿçíå-

íèÿ ðåê.
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6. Ïðèëîæåíèå 1

1 package en t i t y ;

3 import java . u t i l . ∗ ;

5 public class Coa l i t i on implements Comparable<Coa l i t i on> {

public f ina l List<Player> p laye r s = new ArrayList <>() ;

7

public Coa l i t i on copy (Map<Integer , Player>

newPlayerMap ) {

9 Coa l i t i on c o a l i t i o n = new Coa l i t i on ( ) ;

for ( Player p laye r : p l ay e r s ) {

11 c o a l i t i o n . addPlayer ( newPlayerMap . get ( p laye r . key ) ) ;

}

13 return c o a l i t i o n ;

}

15

public void addPlayer ( Player p laye r ) {

17 p l aye r s . add ( p laye r ) ;

}

19

public void removePlayer ( Player p laye r ) {

21 p l aye r s . remove ( p laye r ) ;

}

23

public List<Player> getP laye r s ( ) {

25 return new ArrayList <>(p l aye r s ) ;

}

27

public boolean conta in s ( Player p laye r ) {

29 return p l aye r s . conta in s ( p laye r ) ;

}

31

public boolean conta in s ( Li s t<Player> p laye r s ) {
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33 for ( Player p laye r : p l ay e r s ) {

i f ( ! conta in s ( p laye r ) ) {

35 return fa lse ;

}

37 }

return true ;

39 }

41 public boolean conta in s In ( Li s t<Player> p laye r s ) {

for ( Player p laye r : this . p l ay e r s ) {

43 i f ( ! p l ay e r s . conta in s ( p laye r ) ) {

return fa lse ;

45 }

}

47 return true ;

}

49

public boolean s t rongConta ins ( Li s t<Player> p laye r s ) {

51 i f ( this . p l ay e r s . s i z e ( ) != p l aye r s . s i z e ( ) ) return

fa lse ;

53 return conta in s ( p l aye r s ) ;

}

55

public boolean isEmpty ( ) {

57 return p l aye r s . isEmpty ( ) ;

}

59

public List<Player> computeDiff ( Coa l i t i on c o a l i t i o n ) {

61 List<Player> r e s u l t = new ArrayList <>() ;

for ( Player p laye r : this . p l ay e r s ) {

63 i f ( ! c o a l i t i o n . p l aye r s . conta in s ( p laye r ) ) {

r e s u l t . add ( p laye r ) ;

65 }

}
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67 return r e s u l t ;

}

69

public St r ing g e tT i t l e ( ) {

71 S t r i ngBu i l d e r bu i l d e r = new St r i ngBu i l d e r ( ) ;

bu i l d e r . append ( "{" ) ;

73 // Co l l e c t i o n s . s o r t ( p l a y e r s ) ;

for ( int i = 0 ; i < p l aye r s . s i z e ( ) ; i++) {

75 Player p laye r = p laye r s . get ( i ) ;

bu i l d e r . append ( p laye r . key ) ;

77 i f ( i != p l aye r s . s i z e ( ) − 1) {

bu i l d e r . append ( " ,  " ) ;

79 }

}

81 bu i l d e r . append ( "}" ) ;

return bu i l d e r . t oS t r i ng ( ) ;

83 }

85 @Override

public St r ing toS t r i ng ( ) {

87 return p l aye r s . t oS t r i ng ( ) ;

}

89

@Override

91 public boolean equa l s ( Object o ) {

i f ( this == o ) return true ;

93 i f ( o == null | | g e tC la s s ( ) != o . ge tC la s s ( ) ) return

fa lse ;

Coa l i t i on c o a l i t i o n = ( Coa l i t i on ) o ;

95 return Objects . equa l s ( p layers , c o a l i t i o n . p l aye r s ) ;

}

97

@Override

99 public int hashCode ( ) {

return Objects . hash ( p l aye r s ) ;
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101 }

103 @Override

public int compareTo ( Coa l i t i on c o a l i t i o n ) {

105 int compare = In t eg e r . compare ( p l aye r s . s i z e ( ) ,

c o a l i t i o n . p l aye r s . s i z e ( ) ) ;

i f ( compare == 0) {

107 for ( int i = 0 ; i < p l aye r s . s i z e ( ) ; i++) {

int f i r s tKey = p laye r s . get ( i ) . key ;

109 int secondKey = c o a l i t i o n . p l aye r s . get ( i ) . key ;

i f ( f i r s tKey != secondKey ) {

111 return I n t eg e r . compare ( f i r s tKey , secondKey ) ;

}

113 }

}

115 return compare ;

}

117 }

package en t i t y ;

119

import java . u t i l . ∗ ;
121

public class Coa l i t i o nU t i l s {

123 public static List<Coa l i t i on>

c r e a t eCoa l i t i o n s ( Player [ ] p l ay e r s ) {

Lis t<Coa l i t i on> c o a l i t i o n s = new ArrayList <>() ;

125 for ( int i = 1 ; i < Math . pow(2 , p l ay e r s . l ength ) ;

i++) {

c r e a t eCoa l i t i o n ( i , p layer s , c o a l i t i o n s ) ;

127 }

return c o a l i t i o n s ;

129 }

131 private static void c r e a t eCoa l i t i o n ( int n , Player [ ]

p layer s , L i s t<Coa l i t i on> r e s u l t ) {
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Coa l i t i on c o a l i t i o n = new Coa l i t i on ( ) ;

133 for ( int i = 0 ; i < p l aye r s . l ength ; i++) {

i f ( ( ( n >> i ) & 1) == 1) {

135 c o a l i t i o n . addPlayer ( p l ay e r s [ i ] ) ;

}

137 }

r e s u l t . add ( c o a l i t i o n ) ;

139 }

}

141 package en t i t y ;

143 import java . u t i l . ∗ ;

145 public class Game {

public Player [ ] p l ay e r s ;

147 public f ina l Map<Coa l i t i on , Float> coa l i t i o n sVa l u e =

new HashMap<>() ;

public Coa l i t i on coa l i t i onWi thA l lP l aye r s ;

149 private f loat balancedParam ;

151 public Game( Player [ ] p l ay e r s ) {

this . p l ay e r s = p laye r s ;

153 }

155 public Game copy ( ) {

Player [ ] p l ay e r s = new Player [ this . p l ay e r s . l ength ] ;

157 for ( int i = 0 ; i < p l aye r s . l ength ; i++) {

p l aye r s [ i ] = this . p l ay e r s [ i ] . copy ( ) ;

159 }

Game r e s u l t = new Game( p l aye r s ) ;

161 Map<Integer , Player> copyPlayersMap = new

HashMap<>() ;

for ( Player p laye r : p l ay e r s ) {

163 copyPlayersMap . put ( p laye r . key , p laye r ) ;

}
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165 for ( Coa l i t i on c o a l i t i o n : c o a l i t i o n sVa l u e . keySet ( ) )

{

r e s u l t . putCoa l i t i on ( c o a l i t i o n . copy ( copyPlayersMap ) ,

c o a l i t i o n sVa l u e . get ( c o a l i t i o n ) ) ;

167 }

r e s u l t . c oa l i t i onWi thA l lP l aye r s =

coa l i t i onWi thA l lP l aye r s . copy ( copyPlayersMap ) ;

169 r e s u l t . balancedParam = balancedParam ;

return r e s u l t ;

171 }

173 public void putCoa l i t i on ( Coa l i t i on c o a l i t i o n , f loat

value ) {

c o a l i t i o n sVa l u e . put ( c o a l i t i o n , va lue ) ;

175 i f ( c o a l i t i o n . p l ay e r s . s i z e ( ) == p laye r s . l ength ) {

coa l i t i onWi thA l lP l aye r s = c o a l i t i o n ;

177 }

}

179

public void setBalancedParam ( f loat balancedParam ) {

181 this . balancedParam = balancedParam ;

}

183

public Game computeBalancedGame ( ) {

185 Game dualGame = computeDualGame ( ) ;

Game balancedGame = new Game( Arrays . copyOf ( p layer s ,

p l ay e r s . l ength ) ) ;

187 for ( Coa l i t i on c o a l i t i o n : c o a l i t i o n sVa l u e . keySet ( ) )

{

f loat c oa l i t i onVa lu e = balancedParam ∗
c o a l i t i o n sVa l u e . get ( c o a l i t i o n )

189 + (1 − balancedParam ) ∗
dualGame . c o a l i t i o n sVa l u e . get ( c o a l i t i o n ) ;

balancedGame . putCoa l i t i on ( c o a l i t i o n ,

c oa l i t i onVa lu e ) ;
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191 }

return balancedGame ;

193 }

195 public Game computeDualGame ( ) {

Game dualGame = new Game( Arrays . copyOf ( p layer s ,

p l ay e r s . l ength ) ) ;

197 for ( Coa l i t i on c o a l i t i o n : c o a l i t i o n sVa l u e . keySet ( ) )

{

dualGame . putCoa l i t i on ( c o a l i t i o n ,

computeDualValue ( c o a l i t i o n ) ) ;

199 }

return dualGame ;

201 }

203 private f loat computeDualValue ( Coa l i t i on c o a l i t i o n ) {

Coa l i t i on dua lCoa l i t i on =

computeDualCoal it ion ( c o a l i t i o n ) ;

205 i f ( dua lCoa l i t i on == null ) {

return c o a l i t i o n sVa l u e . get ( c o a l i t i o n ) ;

207 }

return c o a l i t i o n sVa l u e . get ( coa l i t i onWi thA l lP l aye r s )

− c o a l i t i o n sVa l u e . get ( dua lCoa l i t i on ) ;

209 }

211 private Coa l i t i on computeDualCoal it ion ( Coa l i t i on

c o a l i t i o n ) {

for ( Coa l i t i on c o a l i t i o n 1 :

c o a l i t i o n sVa l u e . keySet ( ) ) {

213 i f ( i sDual ( c o a l i t i o n , c o a l i t i o n 1 ) ) {

return c o a l i t i o n 1 ;

215 }

}

217 return null ;

}
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219

private boolean i sDual ( Coa l i t i on c o a l i t i o n , Coa l i t i on

c o a l i t i o n 1 ) {

221 List<Player> p laye r s = c o a l i t i o n . ge tP laye r s ( ) ;

L i s t<Player> p laye r s1 = c o a l i t i o n 1 . ge tP laye r s ( ) ;

223 i f ( p l aye r s . s i z e ( ) + p laye r s1 . s i z e ( ) !=

this . p l ay e r s . l ength ) return fa lse ;

225 for ( Player p laye r : p l ay e r s ) {

for ( Player p layer1 : p l aye r s1 ) {

227 i f ( p laye r == player1 ) {

return fa lse ;

229 }

}

231 }

return true ;

233 }

235 public boolean checkMonotonic ( ) {

// System . out . p r i n t l n (" va lue s : " + coa l i t i on sVa l u e ) ;

237 for ( Coa l i t i on c o a l i t i o n : c o a l i t i o n sVa l u e . keySet ( ) )

{

i f ( c o a l i t i o n == coa l i t i onWi thA l lP l aye r s ) continue ;

239 i f ( c o a l i t i o n sVa l u e . get ( c oa l i t i onWi thA l lP l aye r s ) <

coa l i t i o n sVa l u e . get ( c o a l i t i o n ) ) {

System . out . p r i n t l n ( " a l l  p l ay e r s :  " +

coa l i t i onWi thA l lP l aye r s ) ;

241 System . out . p r i n t l n ( " value :  " +

coa l i t i o n sVa l u e . get ( coa l i t i onWi thA l lP l aye r s ) ) ;

System . out . p r i n t l n ( " c o a l i t i o n :  " + c o a l i t i o n ) ;

243 System . out . p r i n t l n ( " value :  " +

coa l i t i o n sVa l u e . get ( c o a l i t i o n ) ) ;

return fa lse ;

245 }

}
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247 return true ;

}

249

public boolean checkConcave ( ) {

251 for ( Coa l i t i on c o a l i t i o n : c o a l i t i o n sVa l u e . keySet ( ) )

{

for ( Coa l i t i on c o a l i t i o n 1 :

c o a l i t i o n sVa l u e . keySet ( ) ) {

253 i f ( c o a l i t i o n == co a l i t i o n 1 ) continue ;

255 i f ( ! i sFu l lP l a y e r s S e t ( c o a l i t i o n 1 . ge tP laye r s ( ) ,

c o a l i t i o n . ge tP laye r s ( ) ) ) continue ;

257 Coa l i t i on i n t e r s e c t i o n =

compute Inte r sec t ion ( c o a l i t i o n 1 , c o a l i t i o n ) ;

f loat i n t e r s e c t i onVa lu e = i n t e r s e c t i o n == null ?

0 : c o a l i t i o n sVa l u e . get ( i n t e r s e c t i o n ) ;

259

261 boolean b = coa l i t i o n sVa l u e . get ( c o a l i t i o n ) +

coa l i t i o n sVa l u e . get ( c o a l i t i o n 1 )

>=

coa l i t i o n sVa l u e . get ( coa l i t i onWi thA l lP l aye r s )

+ in t e r s e c t i onVa lu e ;

263 i f ( ! b ) {

return fa lse ;

265 }

}

267 }

return true ;

269 }

271 private Coa l i t i on compute Inte r sec t i on ( Coa l i t i on

c o a l i t i o n 1 , Coa l i t i on c o a l i t i o n 2 ) {

List<Player> p laye r s1 = c o a l i t i o n 1 . ge tP laye r s ( ) ;
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273 List<Player> p laye r s2 = c o a l i t i o n 2 . ge tP laye r s ( ) ;

Coa l i t i on i n t e r s e c t i o n = new Coa l i t i on ( ) ;

275 for ( Player p layer1 : p l aye r s1 ) {

for ( Player p layer2 : p l aye r s2 ) {

277 i f ( p layer1 == player2 ) {

i n t e r s e c t i o n . addPlayer ( p layer1 ) ;

279 }

}

281 }

for ( Coa l i t i on c o a l i t i o n : c o a l i t i o n sVa l u e . keySet ( ) )

{

283 i f ( c o a l i t i o n . equa l s ( i n t e r s e c t i o n ) ) {

return c o a l i t i o n ;

285 }

}

287 return null ;

}

289

private boolean i s Fu l lP l a y e r s S e t ( Li s t<Player>

players1 , L i s t<Player> p laye r s2 ) {

291 f o r I :

for ( Player p laye r : p l ay e r s ) {

293 for ( Player p layer1 : p l aye r s1 ) {

i f ( p laye r == player1 ) {

295 continue f o r I ;

}

297 }

for ( Player p layer2 : p l aye r s2 ) {

299 i f ( p laye r == player2 ) {

continue f o r I ;

301 }

}

303 return fa lse ;

}

305 return true ;
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}

307

public Game computeConjunctiveGame ( ) {

309 List<Coa l i t i on> con jun c t i v eCoa l i t i o n s =

computeConjunct iveCoal i t ions ( ) ;

Map<Coa l i t i on , Coa l i t i on> coal i t ionMap = new

HashMap<>() ;

311 for ( Coa l i t i on c o a l i t i o n : c o a l i t i o n sVa l u e . keySet ( ) )

{

Coa l i t i on bestCompareCoal it ion =

f indBestCompareCoal i t ion ( c o a l i t i o n ,

c on j un c t i v eCoa l i t i o n s ) ;

313 coa l i t ionMap . put ( c o a l i t i o n , bestCompareCoal it ion ) ;

}

315 Game dis junct iveGame = new

Game( Arrays . copyOf ( p layer s , p l ay e r s . l ength ) ) ;

for ( Coa l i t i on c o a l i t i o n : coa l i t ionMap . keySet ( ) ) {

317 Coa l i t i on key = coal i t ionMap . get ( c o a l i t i o n ) ;

Float va lue = key . isEmpty ( ) ? 0 f :

c o a l i t i o n sVa l u e . get ( key ) ;

319 dis junct iveGame . putCoa l i t i on ( c o a l i t i o n , va lue ) ;

}

321 return disjunct iveGame ;

}

323

private List<Coa l i t i on> computeConjunct iveCoal i t ions ( )

{

325 List<Coa l i t i on> r e s u l t = new ArrayList <>() ;

for ( Coa l i t i on c o a l i t i o n : c o a l i t i o n sVa l u e . keySet ( ) )

{

327 boolean isCon = true ;

for ( Player p laye r : c o a l i t i o n . p l ay e r s ) {

329 Lis t<Player> pr ede c e s s o r s =

p laye r . g e tPr edec e s s o r s ( ) ;

i f ( ! c on ta i n sA l l ( c o a l i t i o n , p r ed e c e s s o r s ) ) {
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331 isCon = fa l se ;

}

333 }

i f ( isCon ) {

335 r e s u l t . add ( c o a l i t i o n ) ;

}

337 }

return r e s u l t ;

339 }

341 public List<Coa l i t i on> computeDi s junct iveCoa l i t i ons ( ) {

Lis t<Coa l i t i on> r e s u l t = new ArrayList <>() ;

343 for ( Coa l i t i on c o a l i t i o n : c o a l i t i o n sVa l u e . keySet ( ) )

{

boolean i sD i s = true ;

345 for ( Player p laye r : c o a l i t i o n . p l ay e r s ) {

Lis t<Player> pr ede c e s s o r s =

p laye r . g e tPr edec e s s o r s ( ) ;

347 i f ( ! containsOne ( c o a l i t i o n , p r ed e c e s s o r s ) ) {

i sD i s = fa l se ;

349 }

}

351 i f ( i sD i s ) {

r e s u l t . add ( c o a l i t i o n ) ;

353 }

}

355 return r e s u l t ;

}

357

public static Map<Player , Float> computeDivis ion (Game

game , Coa l i t i on be s tCoa l i t i on , L i s t<Coa l i t i on> set ,

Map<Player , Float> r e s u l t ) {

359 Pair<Coa l i t i on , Float> newBestCoal i t ion =

f i ndBe s tCoa l i t i on (game , set , b e s tCoa l i t i on ) ;

L i s t<Player> outPlayers =
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be s tCoa l i t i on . computeDiff ( newBestCoal i t ion . f i r s t ) ;

361 for ( Player p laye r : outPlayers ) {

r e s u l t . put ( player , newBestCoal i t ion . second ) ;

363 }

i f ( newBestCoal i t ion . f i r s t . p l ay e r s . s i z e ( ) == 1 &&

newBestCoal i t ion . f i r s t . p l ay e r s . get (0 ) . key == 1) {

365 return r e s u l t ;

}

367 Player [ ] newPlayers = new Player [ game . p l aye r s . l ength

− outPlayers . s i z e ( ) ] ;

int i = 0 ;

369 loop :

for ( Player p laye r : game . p l aye r s ) {

371 for ( Player outPlayer : outPlayers ) {

i f ( p laye r == outPlayer ) {

373 continue loop ;

}

375 }

newPlayers [ i ] = p laye r ;

377 i++;

}

379 Player outPlayersRoot = outPlayers . get (0 ) ;

for ( Player outPlayer : outPlayers ) {

381 boolean f i nd = true ;

for ( Player outPlayer1 : outPlayers ) {

383 i f

( outPlayer . c on ta in s InPrede c e s s o r s ( outPlayer1 ) )

{

f i nd = fa lse ;

385 }

}

387 i f ( f i nd ) {

outPlayersRoot = outPlayer ;

389 break ;

}
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391 }

List<Player> outRootPredecessors =

outPlayersRoot . g e tPredec e s s o r s ( ) ;

393 Set<Player> a l lCh i l d r en = new HashSet<>() ;

for ( Player outPlayer : outPlayers ) {

395 Lis t<Player> ch i l d r en = outPlayer . ge tChi ldren ( ) ;

for ( Player ch i l d : c h i l d r en ) {

397 i f ( ! outPlayers . conta in s ( c h i l d ) ) {

a l lCh i l d r en . addAll ( ch i l d r en ) ;

399 }

}

401 }

for ( Player p laye r : newPlayers ) {

403 for ( Player outPlayer : outPlayers ) {

p laye r . removePredecessor ( outPlayer ) ;

405 p laye r . removeChild ( outPlayer ) ;

}

407 i f ( outRootPredecessors . conta in s ( p laye r ) ) {

for ( Player ch i l d : a l lCh i l d r en ) {

409 ch i l d . addPredecessor ( p laye r ) ;

}

411 }

}

413

Game newGame = new Game( newPlayers ) ;

415 for ( Coa l i t i on c o a l i t i o n :

game . c o a l i t i o n sVa l u e . keySet ( ) ) {

i f ( c o a l i t i o n . conta in s ( outPlayers ) ) continue ;

417

i f ( c o a l i t i o n . conta in s ( outRootPredecessors ) | |

c o a l i t i o n . conta in s In ( outRootPredecessors ) ) {

419 Coa l i t i on c o a l i t i o n 1 = f i ndCoa l i t i o n (game ,

c o a l i t i o n , be s tCoa l i t i on ,

newBestCoal i t ion . f i r s t ) ;

Float u l = game . c o a l i t i o n sVa l u e . get ( c o a l i t i o n 1 ) ;
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421 Float ur = newBestCoal i t ion . second ;

int down = be s tCoa l i t i o n . p l aye r s . s i z e ( ) −
newBestCoal i t ion . f i r s t . p l ay e r s . s i z e ( ) ;

423 f loat value = ul − ur ∗ down ;

newGame . c o a l i t i o n sVa l u e . put ( c o a l i t i o n , va lue ) ;

425 } else {

Float va lue =

game . c o a l i t i o n sVa l u e . get ( c o a l i t i o n ) ;

427 newGame . c o a l i t i o n sVa l u e . put ( c o a l i t i o n , va lue ) ;

}

429 }

431 return

computeDivis ion (newGame . computeDisjunctiveGame ( ) ,

newBestCoal i t ion . f i r s t ,

newGame . computeDi s junct iveCoa l i t i ons ( ) , r e s u l t ) ;

}

433

private static Coa l i t i on f i n dCoa l i t i o n (Game game ,

Coa l i t i on i n i tCoa l i t i o n , Coa l i t i on be s tCoa l i t i on ,

Coa l i t i on newBestCoal i t ion ) {

435 List<Player> p laye r s =

be s tCoa l i t i on . computeDiff ( newBestCoal i t ion ) ;

p l aye r s . addAll ( i n i tC o a l i t i o n . p l aye r s ) ;

437 for ( Coa l i t i on c o a l i t i o n :

game . c o a l i t i o n sVa l u e . keySet ( ) ) {

i f ( c o a l i t i o n . s t rongConta ins ( p l aye r s ) ) {

439 return c o a l i t i o n ;

}

441 }

return null ;

443 }

445 private static Pair<Coa l i t i on , Float>

f i ndBe s tCoa l i t i on (Game game , Lis t<Coa l i t i on> set ,
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Coa l i t i on be s tCoa l i t i on ) {

Coa l i t i on newBestCoal i t ion = null ;

447 f loat bestValue = Float .MAX_VALUE;

for ( Coa l i t i on c o a l i t i o n : s e t ) {

449 i f ( c o a l i t i o n . p l ay e r s . s i z e ( ) ==

game . p l aye r s . l ength ) continue ;

451

453

f loat tau = tau (game , be s tCoa l i t i on , c o a l i t i o n ) ;

455 i f ( tau < bestValue ) {

newBestCoal i t ion = c o a l i t i o n ;

457 bestValue = tau ;

} else i f ( tau == bestValue ) {

459 i f ( newBestCoal i t ion == null ) {

newBestCoal i t ion = c o a l i t i o n ;

461 bestValue = tau ;

} else i f ( c o a l i t i o n . p l ay e r s . s i z e ( ) >

be s tCoa l i t i on . p l ay e r s . s i z e ( ) ) {

463 newBestCoal i t ion = c o a l i t i o n ;

bestValue = tau ;

465 }

}

467 }

return new Pair<>(newBestCoal it ion , bestValue ) ;

469 }

471

private static f loat tau (Game game , Coa l i t i on

be s tCoa l i t i on , Coa l i t i on t e s tCo a l i t i o n ) {

473 Float best = game . c o a l i t i o n sVa l u e . get ( b e s tCoa l i t i on ) ;

Float t e s t = game . c o a l i t i o n sVa l u e . get ( t e s tCo a l i t i o n ) ;

475

return ( bes t − t e s t )
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477 / ( b e s tCoa l i t i o n . p l aye r s . s i z e ( ) −
t e s tCo a l i t i o n . p l aye r s . s i z e ( ) + 1) ;

}

479

public Game computeDisjunctiveGame ( ) {

481 List<Coa l i t i on> d i s j u n c t i v eCo a l i t i o n s =

computeDi s junc t iveCoa l i t i ons ( ) ;

Map<Coa l i t i on , Coa l i t i on> coal i t ionMap = new

HashMap<>() ;

483 for ( Coa l i t i on c o a l i t i o n : c o a l i t i o n sVa l u e . keySet ( ) )

{

coa l i t ionMap . put ( c o a l i t i o n ,

f indBestCompareCoal i t ion ( c o a l i t i o n ,

d i s j u n c t i v eCo a l i t i o n s ) ) ;

485 }

Game dis junct iveGame = new

Game( Arrays . copyOf ( p layer s , p l ay e r s . l ength ) ) ;

487 for ( Coa l i t i on c o a l i t i o n : coa l i t ionMap . keySet ( ) ) {

Coa l i t i on key = coal i t ionMap . get ( c o a l i t i o n ) ;

489 Float va lue = key . isEmpty ( ) ? 0 f :

c o a l i t i o n sVa l u e . get ( key ) ;

dis junct iveGame . putCoa l i t i on ( c o a l i t i o n , va lue ) ;

491 }

return disjunct iveGame ;

493 }

495 private Coa l i t i on f indBestCompareCoal i t ion ( Coa l i t i on

c o a l i t i o n , L i s t<Coa l i t i on> se t ) {

Coa l i t i on best = new Coa l i t i on ( ) ;

497 int bes tScore = −1;
for ( Coa l i t i on element : s e t ) {

499 int s c o r e = sco r e ( c o a l i t i o n , element ) ;

i f ( s c o r e > bes tScore ) {

501 best = element ;

be s tScore = sco r e ;
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503 }

}

505 return best ;

}

507

private static int s c o r e ( Coa l i t i on roo tCoa l i t i on ,

Coa l i t i on mappedCoalit ion ) {

509 List<Player> mappedPlayers =

mappedCoalit ion . ge tP laye r s ( ) ;

L i s t<Player> roo tP laye r s =

roo tCoa l i t i o n . ge tP laye r s ( ) ;

511 i f ( mappedPlayers . s i z e ( ) > roo tP laye r s . s i z e ( ) ) {

return −1;
513 } else {

i f ( c on ta i n sA l l ( r oo tCoa l i t i on , mappedPlayers ) ) {

515 return mappedPlayers . s i z e ( ) ;

}

517 return −1;
}

519 }

521 private static boolean containsOne ( Coa l i t i on

c o a l i t i o n , L i s t<Player> p laye r s ) {

i f ( p l aye r s . s i z e ( ) == 0) return true ;

523 for ( Player p laye r : p l ay e r s ) {

i f ( c o a l i t i o n . conta in s ( p laye r ) ) return true ;

525 }

return fa lse ;

527 }

529 private static boolean con ta in sA l l ( Coa l i t i on

c o a l i t i o n , L i s t<Player> p laye r s ) {

i f ( p l aye r s . s i z e ( ) == 0) return true ;

531 for ( Player p laye r : p l ay e r s ) {

i f ( ! c o a l i t i o n . conta in s ( p laye r ) ) return fa lse ;
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533 }

return true ;

535 }

537 @Override

public St r ing toS t r i ng ( ) {

539 S t r i ngBu i l d e r s t r i n gBu i l d e r = new St r i ngBu i l d e r ( ) ;

L i s t<Coa l i t i on> copy = new

ArrayList <>(coa l i t i o n sVa l u e . keySet ( ) ) ;

541 Co l l e c t i o n s . s o r t ( copy ) ;

543 for ( Coa l i t i on c o a l i t i o n : copy ) {

s t r i n gBu i l d e r . append ( c o a l i t i o n ) . append ( " :  

" ) . append ( c o a l i t i o n sVa l u e . get ( c o a l i t i o n ) ) . append ( "\n" ) ;

545 }

return s t r i n gBu i l d e r . t oS t r i ng ( ) ;

547 }

}

549 package en t i t y ;

551 public class Pair<T, E> {

public T f i r s t ;

553 public E second ;

555 public Pair (T f i r s t , E second ) {

this . f i r s t = f i r s t ;

557 this . second = second ;

}

559

@Override

561 public St r ing toS t r i ng ( ) {

return "Pair {" +

563 " f i r s t=" + f i r s t +

" ,  second=" + second +

565 ' } ' ;
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}

567 }

package en t i t y ;

569

import java . u t i l . ∗ ;
571

public class Player {

573 public f ina l int key ;

private f ina l Set<Player> pr ede c e s s o r s = new

HashSet<>() ;

575 private f ina l Set<Player> ch i l d r en = new HashSet<>() ;

577 public Player ( int key ) {

this . key = key ;

579 }

581 public Player copy ( ) {

Player p laye r = new Player ( key ) ;

583 for ( Player pred : p r ed e c e s s o r s ) {

p laye r . addPredecessor ( pred . copy ( ) ) ;

585 }

return p laye r ;

587 }

589 public void addPredecessor ( Player p r edec e s s o r ) {

p r ed e c e s s o r s . add ( p r ede c e s s o r ) ;

591 p r edec e s s o r . c h i l d r en . add ( this ) ;

}

593

public void removePredecessor ( Player p r edec e s s o r ) {

595 p r ed e c e s s o r s . remove ( p r edec e s s o r ) ;

p r edec e s s o r . c h i l d r en . remove ( this ) ;

597 }

599 public void removeChild ( Player ch i l d ) {
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ch i l d r en . remove ( ch i l d ) ;

601 ch i l d . p r ed e c e s s o r s . remove ( this ) ;

}

603

public boolean i sTopPlayer ( ) {

605 return p r ed e c e s s o r s . isEmpty ( ) ;

}

607

public List<Player> ge tPredec e s s o r s ( ) {

609 return new ArrayList <>(p r ede c e s s o r s ) ;

}

611

public List<Player> getChi ldren ( ) {

613 return new ArrayList <>(ch i l d r en ) ;

}

615

public boolean con ta in s InPrede c e s s o r s ( Player p laye r ) {

617 return p r ed e c e s s o r s . conta in s ( p laye r ) ;

}

619

public static Player [ ] c r e a t eP l ay e r s ( int n) {

621 Player [ ] p l ay e r s = new Player [ n ] ;

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

623 p l aye r s [ i ] = new Player ( i + 1) ;

}

625 return p l aye r s ;

}

627

@Override

629 public boolean equa l s ( Object o ) {

i f ( this == o ) return true ;

631 i f ( o == null | | g e tC la s s ( ) != o . ge tC la s s ( ) ) return

fa lse ;

Player p laye r = ( Player ) o ;

633 return key == playe r . key ;
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}

635

@Override

637 public int hashCode ( ) {

return Objects . hash ( key ) ;

639 }

641 @Override

public St r ing toS t r i ng ( ) {

643 return St r ing . valueOf ( key ) ;

}

645 }

package gameTheory ;

647

import en t i t y . Coa l i t i on ;

649 import en t i t y . Co a l i t i o nU t i l s ;

import en t i t y .Game ;

651 import en t i t y . Player ;

import j ava fx . app l i c a t i o n . App l i ca t ion ;

653 import j ava fx . c o l l e c t i o n s . FXCol lect ions ;

import j ava fx . c o l l e c t i o n s . Observab leL i s t ;

655 import j ava fx . geometry . I n s e t s ;

import j ava fx . scene . Node ;

657 import j ava fx . scene . Scene ;

import j ava fx . scene . c on t r o l . ∗ ;
659 import j ava fx . scene . layout .HBox ;

import j ava fx . scene . layout .VBox ;

661 import j ava fx . s tage . F i l eChooser ;

import j ava fx . s tage . Stage ;

663

import java . i o . F i l e ;

665 import java . i o . FileNotFoundException ;

import java . u t i l . ∗ ;
667

import static gameTheory . Type .CONJUNCTIVE;
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669 import static gameTheory . Type . va lue s ;

671 public class Main1 extends Appl i ca t ion {

private Fi leChooser f i l eChoo s e r ;

673 private Scanner scanner ;

private Game initGame ;

675 private TextFie ld a lphaFie ld ;

private TextArea answerArea ;

677 private ComboBox<Type> gameTypeDropdown ;

679 public static void main ( St r ing [ ] a rgs ) {

launch ( args ) ;

681 }

683 @Override

public void s t a r t ( Stage s tage ) {

685 s tage . s e tT i t l e ( "Game s o l v e r " ) ;

687 f i l eChoo s e r = new Fi leChooser ( ) ;

f i l eChoo s e r . s e tT i t l e ( " S e l e c t  data f i l e " ) ;

689

VBox root = new VBox( ) ;

691 root . setPadding (new I n s e t s (10) ) ;

root . s e tSpac ing (20) ;

693

HBox contentBox = new HBox( ) ;

695 contentBox . se tSpac ing (30) ;

697 contentBox . getChi ldren ( ) . add (new Label ( "Alpha :  " ) ) ;

a lphaFie ld = new TextFie ld ( ) ;

699 a lphaFie ld . textProperty ( ) . setValue ( " 0 .1 " ) ;

contentBox . getChi ldren ( ) . add ( a lphaFie ld ) ;

701

Button startButton = new Button ( ) ;

703 startButton . setText ( "Compute" ) ;
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s tartButton . setOnAction ( event −> run ( ) ) ;

705 contentBox . getChi ldren ( ) . add ( startButton ) ;

707 answerArea = new TextArea ( ) ;

answerArea . setMinHeight (400) ;

709 contentBox . getChi ldren ( ) . add ( answerArea ) ;

711

713 Node header = createHeader ( s tage ) ;

root . ge tChi ldren ( ) . add ( header ) ;

715 root . ge tChi ldren ( ) . add ( contentBox ) ;

717 s tage . s e tScene (new Scene ( root , 1024 , 512) ) ;

s tage . show ( ) ;

719 }

721 private void createGame ( Scanner scanner ) {

Player [ ] p l ay e r s =

Player . c r e a t eP l ay e r s ( scanner . next Int ( ) ) ;

723 initGame = new Game( p l aye r s ) ;

725 for ( int i = 0 ; i < p l aye r s . l ength ; i++) {

int from = scanner . next Int ( ) ;

727 int to = scanner . next Int ( ) ;

p l ay e r s [ to − 1 ] . addPredecessor ( p l aye r s [ from − 1 ] ) ;

729 }

731 List<Coa l i t i on> c o a l i t i o n s =

Coa l i t i o nU t i l s . c r e a t eCoa l i t i o n s ( p l aye r s ) ;

c o a l i t i o n s . s o r t ( Coa l i t i on : : compareTo ) ;

733 for ( Coa l i t i on c o a l i t i o n : c o a l i t i o n s ) {

initGame . putCoa l i t i on ( c o a l i t i o n ,

scanner . nextFloat ( ) ) ;

735 }
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}

737

private Node createHeader ( Stage s tage ) {

739 HBox header = new HBox( ) ;

header . s e tSpac ing (200) ;

741

Label f i l eNameLabel = new Label ( "" ) ;

743

Button f i l eChoose rButton = new Button ( "Open f i l e " ) ;

745 f i l eChoose rButton . setOnAction ( act ionEvent −> {

F i l e f i l e = f i l eChoo s e r . showOpenDialog ( s tage ) ;

747 System . out . p r i n t l n ( f i l e ) ;

i f ( f i l e != null ) {

749 try {

scanner = new Scanner ( f i l e ) ;

751 createGame ( scanner ) ;

f i l eNameLabel . t extProperty ( ) . setValue ( f i l e . getName ( ) ) ;

753 } catch ( FileNotFoundException ignored ) { }

}

755 }) ;

757

ObservableList<Type> types =

FXCol lect ions . obse rvab l eArrayL i s t (new

ArrayList <>(Arrays . a sL i s t ( va lue s ( ) ) ) ) ;

759 gameTypeDropdown = new ComboBox<>(types ) ;

gameTypeDropdown . va lueProperty ( ) . s e t (CONJUNCTIVE) ;

761

763 HBox box = new HBox( ) ;

box . getChi ldren ( ) . add ( f i l eChoose rButton ) ;

765 box . getChi ldren ( ) . add ( f i leNameLabel ) ;

box . s e tSpac ing (10) ;

767

header . ge tChi ldren ( ) . add ( box ) ;
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769 header . ge tChi ldren ( ) . add (gameTypeDropdown) ;

return header ;

771 }

773 private void run ( ) {

i f ( initGame == null ) return ;

775 try {

initGame . setBalancedParam ( Float . par seF loat ( a lphaFie ld . textProperty ( ) . get ( ) ) ) ;

777 } catch (NumberFormatException e ) {

e . pr intStackTrace ( ) ;

779 initGame . setBalancedParam (0 . 5 f ) ;

}

781 Type currentType =

gameTypeDropdown . va lueProperty ( ) . get ( ) ;

S t r i ngBu i l d e r s t r i n gBu i l d e r = new St r i ngBu i l d e r ( ) ;

783 switch ( currentType ) {

case CONJUNCTIVE:

785 s t r i n gBu i l d e r . append ( "Conjunct ive :  \n" ) ;

s t r i n gBu i l d e r . append ( initGame . computeConjunctiveGame ( ) . t oS t r i ng ( ) ) ;

787 break ;

case DISJUNCTIVE:

789 s t r i n gBu i l d e r . append ( " D i s j unc t i v e :  \n" ) ;

s t r i n gBu i l d e r . append ( initGame . computeDisjunctiveGame ( ) . t oS t r i ng ( ) ) ;

791 break ;

case DUAL_GAME:

793 s t r i n gBu i l d e r . append ( "Dual :  \n" ) ;

s t r i n gBu i l d e r . append ( initGame . computeDualGame ( ) . t oS t r i ng ( ) ) ;

795 break ;

case BALANCED_GAME:

797 s t r i n gBu i l d e r . append ( "Balanced :  \n" ) ;

s t r i n gBu i l d e r . append ( initGame . computeBalancedGame ( ) . t oS t r i ng ( ) ) ;

799 break ;

case CONJUNCTIVE_BALANCED:

801 s t r i n gBu i l d e r . append ( "Conjunct ive  balanced :  \n" ) ;

s t r i n gBu i l d e r . append ( initGame . computeBalancedGame ( ) . computeConjunctiveGame ( ) . t oS t r i ng ( ) ) ;
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803 break ;

case DISJUNCTIVE_BALANCED:

805 s t r i n gBu i l d e r . append ( " D i s j unc t i v e  balanced :  \n" ) ;

s t r i n gBu i l d e r . append ( initGame . computeBalancedGame ( ) . computeDisjunctiveGame ( ) . t oS t r i ng ( ) ) ;

807 break ;

case ALPHA_NUCLEOLUS:

809 s t r i n gBu i l d e r . append ( a lphaFie ld . textProperty ( ) . get ( ) ) . append ( "−nuc l e o l u s  
o f  (N,  r ) :  \n" ) ;

Game balancedGame =

initGame . computeBalancedGame ( ) . copy ( ) ;

811 Lis t<Coa l i t i on> c o a l i t i o n s =

balancedGame . computeDi s junct iveCoa l i t i ons ( ) ;

813 boolean i sMonotonic = initGame . checkMonotonic ( ) ;

boolean i sConcave = balancedGame . checkConcave ( ) ;

815 i f ( ! ( isConcave && isMonotonic ) ) {

s t r i n gBu i l d e r . append ( "Function doesn ' t  s a t i s f y  

r equ i r ed  p r op e r t i e s .  \n" ) ;

817 s t r i n gBu i l d e r . append ( "monotonic i ty :  

" ) . append ( isMonotonic ) . append ( "\n" ) ;

s t r i n gBu i l d e r . append ( " concav i ty :  

" ) . append ( isConcave ) . append ( "\n" ) ;

819 break ;

}

821

Game balancedDis =

balancedGame . computeDisjunctiveGame ( ) ;

823

Map<Player , Float> playerFloatMap = new

HashMap<>() ;

825 Game . computeDivis ion ( balancedDis ,

balancedDis . coa l i t i onWithAl lP laye r s ,

c o a l i t i o n s , playerFloatMap ) ;

f loat sum = 0 ;

827 for ( Player p laye r : playerFloatMap . keySet ( ) ) {
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sum += playerFloatMap . get ( p laye r ) ;

829 }

playerFloatMap . put (

831 balancedDis . p l aye r s [ 0 ] ,

balancedDis . c o a l i t i o n sVa l u e . get ( balancedDis . c oa l i t i onWi thA l lP l aye r s )

− sum

833 ) ;

s t r i n gBu i l d e r . append ( playerFloatMap . va lue s ( ) . t oS t r i ng ( ) ) ;

835 }

answerArea . setText ( s t r i n gBu i l d e r . t oS t r i ng ( ) ) ;

837 }

}

839 package gameTheory ;

841 public enum Type {

CONJUNCTIVE,

843 DISJUNCTIVE,

DUAL_GAME,

845 BALANCED_GAME,

CONJUNCTIVE_BALANCED,

847 DISJUNCTIVE_BALANCED,

ALPHA_NUCLEOLUS

849 }
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