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1 Ìàòåìàòè÷åñêîå îïèñàíèå

1.1 Ôðàêòàëû

Ôðàêòàë � ìíîæåñòâî, îáëàäàþùåå ñâîéñòâîì ñàìîïîäîáèÿ (îáúåêò, â òî÷íî-
ñòè èëè ïðèáëèæ¼ííî ñîâïàäàþùèé ñ ÷àñòüþ ñåáÿ ñàìîãî, òî åñòü öåëîå èìååò òó
æå ôîðìó, ÷òî è îäíà èëè áîëåå ÷àñòåé). Â ìàòåìàòèêå ïîä ôðàêòàëàìè ïîíèìàþò
ìíîæåñòâà òî÷åê â åâêëèäîâîì ïðîñòðàíñòâå, èìåþùèå äðîáíóþ ìåòðè÷åñêóþ ðàç-
ìåðíîñòü, ëèáî ìåòðè÷åñêóþ ðàçìåðíîñòü, îòëè÷íóþ îò òîïîëîãè÷åñêîé, ïîýòîìó èõ
ñëåäóåò îòëè÷àòü îò ïðî÷èõ ãåîìåòðè÷åñêèõ ôèãóð, îãðàíè÷åííûõ êîíå÷íûì ÷èñëîì
çâåíüåâ. Ñàìîïîäîáíûå ôèãóðû, ïîâòîðÿþùèåñÿ êîíå÷íîå ÷èñëî ðàç, íàçûâàþòñÿ
ïðåäôðàêòàëàìè.

1.2 Ïàïîðîòíèê Áàðíñëè

Ïàïîðîòíèê Áàðíñëè � ôðàêòàë, íàçâàíûé â ÷åñòü áðèòàíñêîãî ìàòåìàòèêà
Ìàéêëà Áàðíñëè, âïåðâûå îïèñàí â åãî êíèãå ¾Fractals Everywhere¿ [1]. Äëÿ åãî ïî-
ñòðîåíèÿ èñïîëüçóåòñÿ ÷åòûðå ïðîñòûõ òðàíñôîðìàöèè, êîòîðûå ïðèìåíÿþòñÿ ñëó-
÷àéíûì îáðàçîì ñ îïðåäåë¼ííûìè âåðîÿòíîñòÿìè. Êàæäîå ïðåîáðàçîâàíèå ìàñøòà-
áèðóåò, ïîâîðà÷èâàåò è ñìåùàåò òî÷êè, íà÷èíàÿ ñ îäíîãî íà÷àëüíîãî ïîëîæåíèÿ. Íà
êàæäîì øàãå, â çàâèñèìîñòè îò ñëó÷àéíî âûáðàííîé òðàíñôîðìàöèè, íîâàÿ òî÷êà
ãåíåðèðóåòñÿ íà îñíîâå ïðåäûäóùåé, è ýòîò ïðîöåññ ïîâòîðÿåòñÿ ìíîãîêðàòíî. Ðå-
çóëüòàòîì ñòàíîâèòñÿ èçîáðàæåíèå, íàïîìèíàþùåå íàñòîÿùèå ïàïîðîòíèêè.

T1(x, y) = (0, 0.16y) ,

T2(x, y) = (0.85x+ 0.04y,−0.04x+ 0.85y + 1.6) ,

T3(x, y) = (0.2x− 0.26y, 0.23x+ 0.22y + 1.6) ,

T4(x, y) = (−0.15x+ 0.28y, 0.26x+ 0.24y + 0.44) .

Êàæäîå èç ýòèõ ïðåîáðàçîâàíèé ïðèìåíÿåòñÿ ñ âåðîÿòíîñòüþ:

P (T1) = 0.01, P (T2) = 0.85, P (T3) = 0.07, P (T4) = 0.07.

Íà ðèñóíêàõ 1-3 ïðèâåäåíû ïðèìåðû ïàïîðîòíèêà Áàðíñëè äëÿ ðàçíîãî êîëè-
÷åñòâà òî÷åê (n). Âî âñåõ ïðèìåðàõ â êà÷åñòâå íà÷àëüíîé áûëà âûáðàíà òî÷êà ñ
êîîðäèíàòàìè (0, 0).
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Ðèñ. 1. Ïàïîðîòíèê Áàðíñëè äëÿ n = 500.

Ðèñ. 2. Ïàïîðîòíèê Áàðíñëè äëÿ n = 5000.

Ðèñ. 3. Ïàïîðîòíèê Áàðíñëè äëÿ n = 50000.
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1.3 Äèëåììà çàêëþ÷¼ííîãî

Äèëåììà çàêëþ÷¼ííîãî � ôóíäàìåíòàëüíàÿ ïðîáëåìà â òåîðèè èãð, ñîãëàñíî
êîòîðîé ðàöèîíàëüíûå èãðîêè íå âñåãäà áóäóò ñîòðóäíè÷àòü äðóã ñ äðóãîì, äàæå
åñëè ýòî â èõ èíòåðåñàõ. Ïðåäïîëàãàåòñÿ, ÷òî èãðîê (¾çàêëþ÷¼ííûé¿) ìàêñèìèçèðóåò
ñâîé ñîáñòâåííûé âûèãðûø, íå çàáîòÿñü î âûãîäå äðóãèõ. Â êëàññè÷åñêîì âàðèàíòå
äèëåììû çàêëþ÷¼ííîãî äâà èãðîêà ìîãóò âûáðàòü îäíî èç äâóõ äåéñòâèé:

� Ñîòðóäíè÷åñòâî: Èãðîê ðåøàåò ñîòðóäíè÷àòü ñ äðóãèì èãðîêîì, íå ñäàâàÿ
åãî âëàñòÿì.

� Ïðåäàòåëüñòâî: Èãðîê ðåøàåò ïðåäàòü äðóãîãî, ñäàâàÿ åãî âëàñòÿì, ñ öåëüþ
ïîëó÷åíèÿ ëè÷íîé âûãîäû.

Â çàâèñèìîñòè îò äåéñòâèé îáîèõ èãðîêîâ âîçìîæíû ñëåäóþùèå èñõîäû:

� Åñëè îáà èãðîêà ñîòðóäíè÷àþò, îíè îáà ïîëó÷àþò óìåðåííîå íàêàçàíèå.

� Åñëè îäèí èãðîê ñîòðóäíè÷àåò, à äðóãîé ïðåäà¼ò, òî ïðåäàòåëü ïîëó÷àåò ñâî-
áîäó, à ñîòðóäíè÷àþùèé � ìàêñèìàëüíîå íàêàçàíèå.

� Åñëè îáà èãðîêà ïðåäàþò äðóã äðóãà, îáà ïîëó÷àþò óìåðåííûå íàêàçàíèÿ,
îäíàêî õóæå, ÷åì ïðè ñîòðóäíè÷åñòâå.

Â òàáëèöå 1 ïðåäñòàâëåíû âàðèàíòû èñõîäîâ äèëåììû çàêëþ÷¼ííîãî, êîòîðûå
ðàññìàòðèâàëèñü â ýòîì âàðèàíòå ëàáîðàòîðíîé ðàáîòû.

Òàáëèöà 1. Èñõîäû äèëåììû çàêëþ÷¼ííîãî

Äåéñòâèå èãðîêà 1 Äåéñòâèå èãðîêà 2 Íàêàçàíèå èãðîêà 1 / Íàêàçàíèå èãðîêà 2

Ñîòðóäíè÷åñòâî Ñîòðóäíè÷åñòâî 1 ãîä / 1 ãîä

Ñîòðóäíè÷åñòâî Ïðåäàòåëüñòâî 10 ëåò / 0 ëåò

Ïðåäàòåëüñòâî Ñîòðóäíè÷åñòâî 0 ëåò / 10 ëåò

Ïðåäàòåëüñòâî Ïðåäàòåëüñòâî 5 ëåò / 5 ëåò

Â ïîâòîðÿþùåéñÿ äèëåììå çàêëþ÷¼ííîãî èãðà ïðîèñõîäèò ïåðèîäè÷åñêè, è êàæ-
äûé èãðîê ìîæåò ¾íàêàçàòü¿ äðóãîãî çà íåñîòðóäíè÷åñòâî ðàíåå.

1.4 Ðàâíîâåñèå Íýøà

Ðàâíîâåñèå Íýøà � îäíî èç êëþ÷åâûõ ïîíÿòèé òåîðèè èãð. Òàê íàçûâàåòñÿ íà-
áîð ñòðàòåãèé â èãðå äëÿ äâóõ è áîëåå èãðîêîâ, â êîòîðîì íè îäèí ó÷àñòíèê íå ìîæåò
óâåëè÷èòü âûèãðûø, èçìåíèâ ñâîþ ñòðàòåãèþ, åñëè äðóãèå ó÷àñòíèêè ñâîèõ ñòðàòå-
ãèé íå ìåíÿþò.

Îïðåäåëèòü ñòðàòåãèþ, ïðè êîòîðîé íàñòóïàåò ðàâíîâåñèå ìîæíî ñ ïîìîùüþ
ôîðìóëû:
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ui(s
∗
i , s−i) ≥ ui(si, s−i) äëÿ âñåõ si,

ãäå:

� ui(s
∗
i , s−i) � âûèãðûø èãðîêà i, åñëè îí âûáèðàåò ñòðàòåãèþ s∗i , à îñòàëüíûå

èãðîêè âûáèðàþò ñòðàòåãèè s−i;

� s−i � íàáîð ñòðàòåãèé âñåõ èãðîêîâ, êðîìå èãðîêà i;

� si � ñòðàòåãèÿ èãðîêà i.

Â ñëó÷àå ñ äèëåììîé çàêëþ÷¼ííîãî ðàâíîâåñèå Íýøà äîñòèãàåòñÿ, êîãäà îáà èã-
ðîêà âûáèðàþò ñòðàòåãèþ ïðåäàòåëüñòâà (Ï). Åñëè èãðîê 1 âûáèðàåò ñîòðóäíè÷åñòâî
(Ñ), òî èãðîê 2, âûáèðàÿ ïðåäàòåëüñòâî (Ï), ïîëó÷àåò 0 ëåò (ëó÷øèé ðåçóëüòàò äëÿ
íåãî), à èãðîê 1 � 10 ëåò. Åñëè èãðîê 1 âûáèðàåò ïðåäàòåëüñòâî (Ï), òî èãðîê 2,
òàêæå âûáèðàÿ ïðåäàòåëüñòâî (Ï), ïîëó÷àåò 5 ëåò, à èãðîê 1 � 5 ëåò.

1.5 Ïðîùàþùàÿ ñòðàòåãèÿ

Ïðîùàþùàÿ ñòðàòåãèÿ çàêëþ÷àåòñÿ â òîì, ÷òî èãðîê íå ïðåäàåò, ïîêà ýòî íå
ñäåëàåò îïïîíåíò, äàëåå ìñòèò îäèí õîä è ñíîâà âîçâðàùàåòñÿ ê ñîòðóäíè÷åñòâó, åñëè
îïïîíåíò íå ïðîäîëæàåò ïðåäàâàòü.

si(t) =

{
Ñ, åñëè sj(t− 1) = Ñ,

Ï, åñëè sj(t− 1) = Ï.

ãäå:

� si(t) � ñòðàòåãèÿ èãðîêà i íà øàãå t,

� sj(t− 1) � ñòðàòåãèÿ îïïîíåíòà íà øàãå t− 1.
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2 Îñîáåííîñòè ðåàëèçàöèè

2.1 Ïàïîðîòíèê Áàðíñëè

2.1.1 Àôôèííûå ïðåîáðàçîâàíèå òî÷åê

Ôóíêöèè, êîä êîòîðûõ ïðåäñòàâëåí â ëèñòèíãå 1, ðåàëèçóþò ÷åòûðå àôôèí-
íûõ ïðåîáðàçîâàíèÿ, èñïîëüçóåìûõ äëÿ ïîñòðîåíèÿ ôðàêòàëà ïàïîðîòíèêà Áàðíñëè.
Êàæäîå ïðåîáðàçîâàíèå ïðèíèìàåò íà âõîä òî÷êó â äâóìåðíîì ïðîñòðàíñòâå (êîîð-
äèíàòû x è y) è âîçâðàùàåò íîâóþ òî÷êó, êîòîðàÿ ÿâëÿåòñÿ ðåçóëüòàòîì ïðèìåíåíèÿ
ñîîòâåòñòâóþùåãî ïðåîáðàçîâàíèÿ.

1 type Point = (Float, Float)
2
3 transformation1 :: Point => Point
4 transformation1 (_, y) = (0, 0.16 * y)
5
6 transformation2 :: Point => Point
7 transformation2 (x, y) = (0.85 * x + 0.04 * y, =0.04 * x + 0.85 * y + 1.6)
8
9 transformation3 :: Point => Point
10 transformation3 (x, y) = (0.2 * x = 0.26 * y, 0.23 * x + 0.22 * y + 1.6)
11
12 transformation4 :: Point => Point
13 transformation4 (x, y) = (=0.15 * x + 0.28 * y, 0.26 * x + 0.24 * y + 0.44)
14

Ëèñòèíã 1. Êîä ôóíêöèé, ðåçàëèçóþùèõ àôôèííûå ïðåîáðàçîâàíèÿ íàä òî÷êàìè
äëÿ ïîñòðîåíèÿ ïàïîðîòíèêà Áàðíñëè.

2.1.2 Ãåíåðàöèÿ íîâîé òî÷êè

Ãåíåðàöèÿ íîâîé òî÷êè ïðîèñõîäèò ñ ïîìîùüþ ôóíêöèè genNextPoint è âñïî-
ìîãàòåëüíîé ôóíêöèè applyTransformation, êîä êîòîðûõ ïðåäñòàâëåí â ëèñòèíãå 2.
applyTransformation ïðèíèìàåò íà âõîä èñõîäíóþ òî÷êó è ñëó÷àéíîå ÷èñëî îò 0
äî 1, çàòåì âûáèðàåò è ïðèìåíÿåò ê òî÷êå òðàíñôîðìàöèþ â ñîîòâåòñòâèè ñ çà-
äàííûìè âåðîÿòíîñòÿìè, è âîçâðàùàåò íîâóþ òî÷êó. genNextPoint ïðèíèìàåò íà
âõîä èñõîäíóþ òî÷êó, ãåíåðèðóåò ñëó÷àéíîå ÷èñëî îò 0 äî 1, ïðèìåíÿåò ôóíêöèþ
applyTransformation è âîçâðàùàåò íîâóþ òî÷êó.

1 import System.Random (randomRIO)
2
3 applyTransformation :: Point => Float => Point
4 applyTransformation point random
5 | random < 0.01 = transformation1 point
6 | random < 0.86 = transformation2 point
7 | random < 0.93 = transformation3 point
8 | otherwise = transformation4 point
9
10 genNextPoint :: Point => IO Point
11 genNextPoint point = do
12 random <= randomRIO (0.0, 1.0 :: Float)
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13 return $ applyTransformation point random
14

Ëèñòèíã 2. Êîä ôóíêöèé äëÿ ãåíåðàöèé íîâûõ òî÷åê â ïàïîðîòíèêå Áàðíñëè.

2.1.3 Ðåêóðñèâíàÿ ãåíåðàöèÿ ïàïîðîòíèêà Áàðíñëè

Ôóíêöèÿ barnsleyFern, êîä êîòîðîé ïðåäñòàâëåí â ëèñòèíãå 3, ðåàëèçóåò ðåêóð-
ñèâíûé àëãîðèòì ãåíåðàöèè ñïèñêà òî÷åê, èç êîòîðûõ ñîñòîèò ïàïîðîòíèê Áàðíñëè.
Ôóíêöèÿ ïðèíèìàåò íà âõîä íà÷àëüíóþ òî÷êó è ÷èñëî � êîëè÷åñòâî øàãîâ ðåêóðñèè,
à âîçâðàùàåò ñïèñîê òî÷åê ïàïîðîòíèêà Áàðíñëè.

1 barnsleyFern :: Point => Int => IO [Point]
2 barnsleyFern _ 0 = return []
3 barnsleyFern startPoint n = do
4 x' <= genNextPoint startPoint
5 xs <= barnsleyFern x' (n = 1)
6 return (startPoint : xs)
7

Ëèñòèíã 3. Êîä ôóíêöèè äëÿ ïîñòðîåíèÿ ïàïîðîòíèêà Áàðíñëè.

2.2 Ïîâòîðÿþùàÿñÿ äèëåììà çàêëþ÷¼ííîãî

2.2.1 Ðàâíîâåñèå Íýøà

Ôóíêöèÿ nashEquilibriumStrategy, êîä êîòîðîé ïðåäñòàâëåí â ëèñòèíãå 4, ðåà-
ëèçóåò ðàâíîâåñèå Íýøà. Ôóíêöèÿ ðåêóðñèâíàÿ, îíà ïðèíèìàåò íà âõîä ñïèñîê äåé-
ñòâèé îïïîíåíòà, ñïèñîê óæå ñãåíåðèðîâàííûõ äåéñòâèé è ÷èñëî � ñ÷¼ò÷èê êîëè÷å-
ñòâà õîäîâ. Ôóíêöèÿ çàâåðøàåòñÿ, êîãäà äîñòèãàåòñÿ ìàêñèìóì õîäîâ, ëèáî êîãäà
çàêàí÷èâàþòñÿ õîäû îïïîíåíòà. Òàêæå îíà èñïîëüçóåò âñïîìîãàòåëüíóþ ôóíêöèþ
indexOf. Îíà ïðèíèìàåò íà âõîä íåêîòîðûé ñïèñîê è ýëåìåíò ýòîãî ñïèñêà, à âîç-
âðàùàåò èíäåêñ ïåðâîãî ñîâïàâøåãî ñ óêàçàííûì ýëåìåíòà. Îíà âîçâðàùàåò ñïèñîê
õîäîâ èãðîêà â ñîîòâåòñòâèè ñî ñòðàòåãèåé.

1 indexOf :: (Eq t) => [t] => t => Int
2 indexOf [] _ = =1
3 indexOf (x : xs) target
4 | x == target = 0
5 | otherwise = 1 + indexOf xs target
6
7 nashEquilibriumStrategy :: [Char] => [Char] => Int => [Char]
8 nashEquilibriumStrategy opponentMoves generatedMoves n =
9 if n <= 100 && length opponentMoves > 0
10 then
11 nashEquilibriumStrategy (tail opponentMoves) (generatedMoves ++ [nextStep]) (n + 1)
12 else generatedMoves
13 where
14 cases = [[' Ï', ' Ñ'], [' Ï', ' Ï']]
15 results = [[0, 10], [5, 5]]
16 result =
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17 [ min (results !! 0 !! 1) (results !! 1 !! 1),
18 max (results !! 0 !! 0) (results !! 1 !! 0)
19 ]
20 nextStep = cases !! indexOf results result !! 1
21

Ëèñòèíã 4. Êîä ôóíêöèé, ðåçàëèçóþùèõ ñòðàòåãèþ â ñîîòâåòñòâèè ñ ðàâíîâåñèåì
Íýøà.

2.2.2 Ïðîùàþùàÿ ñòðàòåãèÿ

Ôóíêöèÿ forgivingStrategy, êîä êîòîðîé ïðåäñòàâëåí â ëèñòèíãå 5, ðåàëèçó-
åò ïðîùàþùóþ ñòðàòåãèþ. Ôóíêöèÿ ðåêóðñèâíàÿ, îíà ïðèíèìàåò íà âõîä ñïèñîê
äåéñòâèé îïïîíåíòà, ñïèñîê óæå ñãåíåðèðîâàííûõ äåéñòâèé è ÷èñëî � ñ÷¼ò÷èê êîëè-
÷åñòâà õîäîâ. Ôóíêöèÿ çàâåðøàåòñÿ, êîãäà äîñòèãàåòñÿ ìàêñèìóì õîäîâ, ëèáî êîãäà
çàêàí÷èâàþòñÿ õîäû îïïîíåíòà. Îíà âîçâðàùàåò ñïèñîê õîäîâ èãðîêà â ñîîòâåòñòâèè
ñî ñòðàòåãèåé.

1 forgivingStrategy :: [Char] => [Char] => Int => [Char]
2 forgivingStrategy opponentMoves generatedMoves n
3 | n > 100 || length opponentMoves == 1 = generatedMoves
4 | n == 0
5 = forgivingStrategy opponentMoves (generatedMoves ++ Ñ['']) (n + 1)
6 | head opponentMoves == Ñ''
7 = forgivingStrategy (tail opponentMoves) (generatedMoves ++ Ñ['']) (n + 1)
8 | otherwise
9 = forgivingStrategy (tail opponentMoves) (generatedMoves ++ Ï['']) (n + 1)
10

Ëèñòèíã 5. Êîä ôóíêöèè, ðåàëèçóþùåé ïðîùàþùóþ ñòðàòåãèþ.

2.2.3 Ïîäñ÷¼ò î÷êîâ

Ôóíêöèÿ getScore, êîä êîòîðîé ïðåäñòàâëåí â ëèñòèíãå 6, ïîäñ÷èòûâàåò êîëè÷å-
ñòâî ëåò çàêëþ÷åíèÿ äëÿ êàæäîãî èãðîêà. Ôóíêöèÿ ðåêóðñèâíàÿ, îíà ïðèíèìàåò íà
âõîä ñïèñîê äåéñòâèé ïåðâîãî èãðîêà, ñïèñîê äåéñòâèé âòîðîãî èãðîêà, è äâà ÷èñëà
� êîëè÷åñòâî ëåò çàêëþ÷åíèÿ äëÿ ïåðîâîãî è âòîðîãî èãðîêîâ. Ôóíêöèÿ âîçâðàùàåò
ïàðó èç äâóõ ÷èñåë � êîëè÷åñòâà ëåò çàêëþ÷åíèÿ äëÿ èãðîêîâ.

1 getScore :: [Char] => [Char] => Int => Int => (Int, Int)
2 getScore moves1 moves2 score1 score2 =
3 if length moves1 == 0 then (score1, score2)
4 else getScore (tail moves1) (tail moves2) newScore1 newScore2
5 where
6 cases = [[' Ñ', ' Ñ'], [' Ñ', ' Ï'], [' Ï', ' Ñ'], [' Ï', ' Ï']]
7 results = [[1, 1], [10, 0], [0, 10], [5, 5]]
8 newScore1 = score1 + results !! indexOf cases [head moves1, head moves2] !! 0
9 newScore2 = score2 + results !! indexOf cases [head moves1, head moves2] !! 1
10

Ëèñòèíã 6. Êîä ôóíêöèè äëÿ ïîäñ÷¼òà ëåò çàêëþ÷åíèÿ.
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2.2.4 Îðãàíèçàöèÿ èãðû

Ôóíêöèÿ game, êîä êîòîðîé ïðåäñòàâëåí â ëèñòèíãå 7, çàïóñêàåò èãðó. Îíà ïðè-
íèìàåò íà âõîä ñïèñîê äåéñòâèé ïåðâîãî èãðîêà è ôóíêöèþ, ðåàëèçóþùóþ ñòðàòåãèþ
èãðû. Ôóíêöèÿ âîçâðàùàåò ñïèñîê îòâåòíûõ õîäîâ, âûáðàííûõ â ñîîòâåòñòâèè ñ óêà-
çàííîé ñòðàòåãèåé.

1 game :: [Char] => ([Char] => [Char] => Int => [Char]) => [Char]
2 game playerMoves gameStrategy
3 | null playerMoves = []
4 | otherwise = gameStrategy playerMoves [] 0
5

Ëèñòèíã 7. Êîä ôóíêöèè äëÿ ïîäñ÷¼òà ëåò çàêëþ÷åíèÿ.
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3 Ðåçóëüòàòû ðàáîòû ïðîãðàììû

Íà Ðèñ. 4 äåìîíñòðèðóåòñÿ ðàáîòà ïðîãðàììû äëÿ ãåíåðàöèè òî÷åê ïàïîðîòíèêà
Áàðíñëè íà ïðèìåðå ñ 20 òî÷êàìè.

Ðèñ. 4. Ðåçóëüòàò çàïóñêà ïðîãðàììû äëÿ ãåíåðàöèè òî÷åê ïàïîðîòíèêà Áàðíñëè.

Íà Ðèñ. 5 ïðåäñòàâëåíà ïîâòîðÿþùàÿñÿ äèëåììà çàêëþ÷¼ííîãî äëÿ ïðîùàþùåé
ñòðåòåãèè ïðè çàäàííûõ õîäàõ èãðîêà: ['Ñ', 'Ï', 'Ñ', 'Ñ', 'Ï', 'Ï', 'Ñ', 'Ñ',
'Ï', 'Ï']. À íà Ðèñ. 6 äëÿ ðàâíîâåñèÿ ïî Íýøó.

Ðèñ. 5. Ïîâòîðÿþùàÿñÿ äèëåììà çàêëþ÷¼ííîãî ïðè ïðîùàþùåé ñòðàòåãèè.

Ðèñ. 6. Ïîâòîðÿþùàÿñÿ äèëåììà çàêëþ÷¼ííîãî äëÿ ðàâíîâåñèÿ ïî Íýøó.

11



Çàêëþ÷åíèå

Â õîäå âûïîëíåíèÿ ëàáîðàòîðíîé ðàáîòû áûëè ðåàëèçîâàíû äâå ïðîãðàììû íà
ÿçûêå ïðîãðàììèðîâàíèÿ Haskell. Ïåðâàÿ ïðîãðàììà ãåíåðèðóåò òî÷êè äëÿ ïàïîðîò-
íèêà Áàðíñëè ñ ïîìîùüþ ðåêóðñèâíîãî àëãîðèòìà ñ çàäàííûì êîëè÷åñòâîì øàãîâ
ðåêóðñèè. Âòîðàÿ ïðîãðàììà, ãåíåðèðóåò äåéñòâèÿ âòîðîãî çàêëþ÷¼ííîãî ïðè çàäàí-
íîé ñòðàòåãèè è äåéñòâèÿõ ïåðâîãî çàêëþ÷¼ííîãî. Â ðàìêàõ ëàáîðàòîðíîé ðàáîòû
ðåàëèçîâàíû äâå ñòðàòåãèè: ïðîùàþùàÿ ñòðàòåãèÿ è ñòðàòåãèÿ îñíîâàííàÿ íà ðàâ-
íîâåñèè ïî Íýøó.
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