FUNKTSIONAALPROGRAMMEERIMISE MEETOD

Kaheinimese mangud

e Mangupuu definitsioon
data Gree a = Node a [Gree 3]

e Naide
Node 5 [Node 3 [Node 1 [],
Node 2 []],
Node 4 []]

e Kasulikke funktsioone

genGree :: (a->[a]) ->a->QGree a
genGree f x = Node x [genGree f t | t < f X]

mapGree :: (a ->b) -> Gree a->Gree b
mapGree f (Node x ts)
= Node (f x) [mapGree f t | t <- ts]

VARMO VENE



FUNKTSIONAALPROGRAMMEERIMISE MEETOD

Kaheinimese mangud

e Mangupuu ehitamine

noves .. Position -> [Position]

ganetree :: Position -> Gree Position
ganetree p = genGree noves p

e Puu korguse kéarpimine

prune :: Int -> Gree a -> Gree a
prune 0 (Node x ts) = Node x []
prune (n+l) (Node x ts) = Node x [prune nt | t <- ts]

VARMO VENE



FUNKTSIONAALPROGRAMMEERIMISE MEETOD

Seisu hindamine
e lga seisu hinnang on numbriline vaartus;

e Kui Uhe maigija seisukohalt on hinnang w, siis vastasméngija
seisukohalt on hinnang —w;

e Antud seisu hinnang vordne selle I6ppseisu hinnaguga milleni
joutakse, kui mélemad méngijad teevad oma parimad kaigud.

e Naide:

VARMO VENE



FUNKTSIONAALPROGRAMMEERIMISE MEETOD

Seisu hindamine
e "Minimax”-algoritm

mnimax .. Gree Int -> Int
mnimax (Node x []) = X
mninmax (Node x ts) = - mnimum[mnimax t | t <- ts]

e Seisu hinnangu leidmine

static . Position -> Int

evaluate :: Int -> Position -> Int
evaluate n = mnimax . mapGree static
prune n . gametree

VARMO VENE



FUNKTSIONAALPROGRAMMEERIMISE MEETOD

Kaigu valimine

e Kui algseisu hinnang on w, siis valida tuleb kaik mis viib seisuni
hinnanguga —w.

makeMove :: Int -> Position -> Position
makeMove n p = chooseM n (head ps) (tail ps)
where ps = [(p' ,evaluate n p') | p° <- noves p]

chooseMn (p,w) [] P
chooseMn (p,w) ((p',wW):Xxs)

=

A

=
1

chooseMn (p,w xs
chooseMn (p',wW ) Xs

| otherw se

VARMO VENE



FUNKTSIONAALPROGRAMMEERIMISE MEETOD

Seisu hindamine

e Toodud algoritm pole optimaalne!

e Naide:

©
O O
@ @

e Esitatud puus ony > 30 ja seega

X = - mnimm[20,y] =-20

VARMO VENE



FUNKTSIONAALPROGRAMMEERIMISE MEETOD

Seisu hindamine

e Uue algoritmi tuletamine
mnimax = - mnimum. mx
mx (Node x []) = [-X]
mx (Node x ts) = map mnimx ts

e VOrrandi mmx (2) teisendamine:

map mnimx ts
=mp (-mninmum. mMx) ts
= (map (-mnimun . map mMx) ts
= mapmn (map mMmx ts)

where mapmn = map (-m ni num

VARMO VENE



FUNKTSIONAALPROGRAMMEERIMISE MEETOD

o /[3-algoritm

Seisu hindamine

mnimax = - mnimm. mx
mx (Node x []) = [-X]

mx (Node x ts)
mapm n (Xs: XSS)
omt n []

omt n (XS:Xss)

mnleq n []
mnleq n (X:xs)

mapmn (map mMmx ts)

-n : omt n XSS
where n = m ni num xs

[]

mnleq n xs = omt n XSS

otherwmse =-v : omt v XSS
where v = mni num xs

Fal se

X <=n || mnleq n xs

VARMO VENE



FUNKTSIONAALPROGRAMMEERIMISE MEETOD

Seisu hindamine

e Algoritm to0tab efektiivsemalt siis, kui parimaid kadike vaadeldakse
esimestena

mnimax = - mninmum. mx . bestfirst
bestfirst (Node x ts)

= Node x (sortBy cnp (map bestfirst ts))
cnp (Node x ) (Node y ) = conpare x y

e Seis vOib hindamiseks olla liiga diinaamiline

dynamc :: Position -> Bool

prune 0O (Node X t5s)
| dynam c x
| otherw se
prune (n+l) (Node x ts)

Node x [prune Ot | t <- ts]
Node X |[]
Node x [prune nt | t <- t§g]

VARMO VENE



FUNKTSIONAALPROGRAMMEERIMISE MEETOD

Minimax moodul

modul e M ni max where
type Player = Bool
machi ne = True

pl ayer Fal se
opponent = not

cl ass Position pos where

noves .. pos -> [pos]

static :: pos -> Int

dynam c :: pos -> Bool

W n .. Player -> pos -> Bool

VARMO VENE
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FUNKTSIONAALPROGRAMMEERIMISE MEETOD

Tikumang

| mport M ni max

data Board = Board Player Int Int Int
initial Board = Board player 3 57

nmovesP (Board pl x y z)
= [Board pl" x vy z
++ [Board pl" xy z | y < [0..y-1]]
++ [Board pl" xy z' | 22 < [0..z-1]]
where pl’ = opponent pl

| x* <- [0..x-1]]

winP pl’ (Board pl 00 0) =pl’ == pl
winP pl’ (Board pl x y z) = Fal se

VARMO VENE
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FUNKTSIONAALPROGRAMMEERIMISE MEETOD

Tikumang

staticP (Board pl x vy z)
= case ws of
[] -> 1
[ X] ->if x /=1then 1 else -1
[X,y] ->if mnxy=1]|| x/=y then 1l else -1
_ -> 0
where ws = 1[i]| I<-[Xx,y,2z], | [= 0]

dynam cP (Board pl xy z) =x>08&& Yy >08&%z >0

| nstance Position Board where
moves = novesP
static = staticP
dynam ¢ = dynam cP
W n = wnP

VARMO VENE
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