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— BET 2NV TTANEE £V 22— V% hs] & L THRF

module Mark ( Mark(..), isEmpty, next ) where
-- Mark(..) TR/ ZOWMETHET I AR—}
-- Mark TFT=FRIZDIHRT 7 AR— b

data Mark = 0 -- O, SGFOF)

| x -- %, BFOH

| U - Z=E, MHEITVRW

| B - BEEY, MHETEN
deriving Eg

HEXADPIRREIIM S EAN T u pBEEYPEINzB L L, REUOIYALZEFHFIISLToRx &
BELHDET B,

instance Show Mark where
show O = "O"
show X = "X"
show U = "."
show B

isEmpty :: Mark -> Bool
isEmpty = (U ==)

next :: Mark -> Mark - FHEr 10D S
next 0 = X
next X = O

Jrbilil DA

WIZ R % 39 Position €Y 22— VA EH 4. JH (position) 1E, 1) 0 & X KIZEH S DOFF (turn) 20, 2) W
DHETH (table), ZHMAAFDLEZLDE L, Position 7T— ¥ B L LTHEFET . 72& 2 IXLVTIZET72JET poso 1,
HATFTORTRBODFETHLHILEZRLT A,

pos0 = +———- +
Pos O [ [X, U, U], |x .
(o, o, ul, = |. o .|
(U, X, 0] ] |. x o] T&ix o OF
+-———- +

module Position where

- IIZAR=FYANERETE, $NCOME, B, 7 I9ADPT 7 AKR—-FEN5L

- WERIZEENDE T A 7T LKL BROEY 2—)b import HE CTHLD A
import Mark ( Mark(..), isEmpty, next )

import Data.List ( transpose )

-- Positon( &) WOFHFLEMAL LD

-- Table ( #Ifi ) YA RO AT 2 RITOUIH % EF

-- AlOZE) A FORESIFHFELVSDLET S
data Position = Pos { turn :: Mark, table :: Table }
type Table = [[Mark]]

mkPos :: Int -> Int -> Position -- rowl * coll OEM~a u THD/FM
mkPos rowl coll = Pos O (replicate rowl (replicate coll U))
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gameLimit :: Int
gameLimit = 3 —— n HIER®D n

instance Show Position where
show (Pos p pss) = "-———————- > " ++ show p ++
concatMap showLine pss ++ "\t\t"
where
showLine c¢cs = "\n" ++ unwords (map show cs)

2RITOBMNIHT L, £k (0,0) &5 2EETIRESINDL Y ADMEZHIES 5 B% getcell, putCell & EF
5. FRMEBEELZITIRY, ROFFIIGLTYAZEH L72H LV RIHZ RSB % updatePosition &
5.

getCell :: (Int,Int) -> Table -> Mark

getCell (x,y) pss
| %<0 || row<x || y<0 || col<y = error "Illegal move"
| otherwise =pss !l x 1! vy
where (row,col) = row_col pss

putCell :: (Int,Int) -> Mark -> Table -> Table

putCell (x,Vy) P pPsSs
| %<0 || row<x || y<0 || col<y = error "Illegal move"

| not $ isEmpty p0 error "Not empty"

| otherwise = pss'
where
(row,col) = row_col pss
(pss0, ps:pssl) = splitAt x pss
(ps0, pO:psl) = splitAt y ps
ps' = psO0 ++ p:psl
pss' = pssO ++ ps':pssl

—— JAMNDA YT 7 A (0BT L) DERELTHNLZDOTIYAFA 1 LTHEL

row_col tab = (length tab - 1, length (head tab) - 1)
updatePosition :: (Int,Int) -> Position -> Position
updatePosition (x,y) (Pos p pss) = Pos (next p) (putCell (x,y) p pss)

Bl allLines &, B2 5 T XTCOMHE, 1 FoOOTAHOIW I E2AERKL, £EHgameLimit YLED b D%
JAMILTEY. Ballcells &, BWEICEINLTXTOTAHEZY) A ML TET.

alllLines :: Table -> [[Mark]]
alllines tab = [ line | line <- rows++cols++diags, length line >= gameLimit ]
where
rows = tab
cols = transpose tab
diags = [ [ getCell (i,j) tab | i<-[0..row], let j=k+i, 0<=j && j<=col ]
k <- [-row..col] ] ++

|
[ [ getCell (i,3j) tab | i<-[0..row], let j=k-i, 0<=j && j<=col ]
| k <= [0..row+col] ]

row_col tab

(row, col)

allCells :: Table -> [Mark]
allCells tab = concat tab

HHREH»STRELRTNTOIRLT (move) & >72 L EOROFE %) A ML TR allMoves, %5
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W27 = D) &) DI 570D winlosegame, drawgame * 5E#& T 5.

-— JRH pos KL, ROTRTOREBERD ) A b ZKT
allMoves :: Position -> [Position]
allMoves pos@(Pos _ pss)

| winlosegame pos || drawgame pos = []
| otherwise = [ updatePosition (x,y) pos |
x <- [0 .. rowl],
vy <- [0 .. coll],
isEmpty (getCell (x,y) pss) ]
where (row,col) = row_col pss
winlosegame :: Position -> Bool
winlosegame (Pos p pss) = or [ fin line | line <- allLines pss ]
where
fin :: [Mark] -> Bool
fin gs = fin' 0 gs -— gs OWIZ p' A n MIEATHIUL True
where
fin' n [] = False

fin' n (g:gs)

| g ==p' = let nl = n+l in
if nl >= gameLimit then True else fin' nl gs
| otherwise = fin' 0 gs
p' = next p
drawgame :: Position -> Bool

drawgame (Pos _ pss)
= and [ not $ isEmpty cell | cell <- allCells pss ]

= AR RS TORE

RBICHETAEY 2= e LT, A — A Z{EA L TR L WREFOHERIL—F %2, AR & ORFEE
PR % &t TicTacToe EY 2 — VEED L. TFHRDOICKDF— &2 #BIET 202D —F 1) 571 4
BrERT 5.

module TicTacToe where

import Data.Char ( digitToInt )
import Data.Tree ( Tree(..) )
import Mark ( Mark(..), isEmpty, next )

import Position

size :: Tree a -> Int -- HiOERD %
size (Node x ts) = 1 + sum (map size ts)

depth :: Tree a -> Int —— KOBES%RD L
depth (Node x []) = 0

depth (Node x ts) = 1 + maximum (map depth ts)

—— ITRTOFGARIC £ 2@ALZDO0 SR ENLH7:KENED
mapSubTree :: (Tree a -> b) -> Tree a -> Tree b

mapSubTree f n€@(Node x ts) = Node (f n) (map (mapSubTree f) ts)

-- x ZICIL, BDEL £ ZEAL TV DET LT HRENED
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repTree :: (a -> [a]) -> a -> Tree a
repTree £ x = Node x (map (repTree f) (f x))

2 ANDE DI HIC TR LRI B ERET Ay — 41, Y= 2AREZHCWTRHOHRERT LN TX S,
COEERES—2OBICIZLT ORI Y 7.

K = A
i (/—1F) 15k ST (position)
W Orv—1) A O T

53 fBLTF

B gameTree ZH A HHEZFIHICZE ), FORICKHELS TRTOREE / — FIEH L5 —2aK%2Rd. F72,
HEPIRECEBEREZUIL EN2 VL) ARER OB, B prune VT2 S nE 225/ — FE XD AA
EAREHWDS.

type GTree = Tree Position

gameTree :: Position -> GTree

gameTree pos = repTree allMoves pos

prune :: Int -> Tree a -> Tree a

prune 0 (Node x _) = Node x []

prune (m+1) (Node x ts) = Node x (map (prune m) ts)

B L, £ DRHEDSROFEHFETHF AR > 2 #IHES 20 static ZERT 5. 2 OFFlE
BOWKN Ty — 20 E 2 EGT 57, UWTIERL static 3EFTRHEALILT (E, B, #o) oML,
TS eval TROZAGHEZGF L bOZFFliHEE T 5.

static :: Position -> Int

static (Pos p pss) = sum [ eval p line | line <- alllines pss ]

B eval 1X, TITICETNDL o x DA Z B LTS, KICUTFORANZ L o TITH 72 1) DIRHE RO 5.

JREE G
OXM12b&EENR, T3 0 X MRS 0 5
HDEIDS a i, MHFOEID 0 1 10° 1
HTFOED b BT, HSOED 0 —10" &

COEFRE A X n OB Tn HBIENETEEZREBVWT2RIRTE L)Y, FNUNOSGEIIRETZER LIRS
BWOTHEEPLETH L., ZOEPIZHFFHMEBIEIE F ST LEBIEZIONLDT, MnW7a 75 A %ELI21F
O ELRTLELINTHA Y.

eval :: Mark -> [Mark] -> Int
eval p gs = eval' (count p gs)
where
count :: Mark -> [Mark] -> (Int,Int)
count p [] = (0,0)
count p (g:gs)
| g == = (a+l,b)
| @ ==p" = (a,b+l)
| otherwise = (a,b)
where (a,b) = count p gs
p' = next p
eval' :: (Int,Int) -> Int
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eval' (0,0) =0
eval' (a,0) = 10"a
eval' (0,b) = -10"b
eval' ( ) =0

WIROTZFHIEZ I LT, BDE2ROFOEMPORGE L 2LHF2ROLODOHIGEED L. T2 TIX,
FOHD LA UREFOMETELT) LIRET S, n BIERE—Tih 0 A5 MED w Th % & SHF0 5 A5
L —w &0, FRTF— A EFENLEEZRED. COLI) R =228 5L LT, IROFIIIZHT 55
B HHFO/EER/NNIT L L) LFE2ERTLb0L L, ZOEKIEI =~ v 7 A (minimax) & XN 5.

JHH bR ET 2 KD 5 720 DB dynamic DEAEIZLTDO L H 1274 5.

LEE m A Y RAALETY — DK nl &AW

2. ¥ static 2L D), ROZRENIRIGT % BAFHHfE 2 KD %

3. ¥ minimax 124 0, REFIHIG LI =y 7 AHR2 2KD 5
4. B select_pos 12L& 1) 3. TROMEN SRDOREE HRET S

Iy I AL L, A DL )22 oo RBmEICH LEHMEEZ RO T 5, bl, b2, al (12X 5 SHIE
2RO, —b1> -2 THAHIZEDNS ARETANORIZHINT 5 F28IRT 5.

bl = —(min 3020) = —20
b2 = —(min 65 (—40)) = 40
al = —(min b1 b2) =20

-1 3=V v I REICLDIREFORE

dynamic :: Int -> Position -> Position
dynamic m pos = select_pos (-x2) ts2 tsl
where nl@ (Node x1 tsl) = (prune m . gameTree) pPoOsS
Node x2 ts2 = (mapSubTree minimax . fmap static) nl -- minimax KX
- Node x2 ts2 = (mapSubTree minimax' . fmap static) nl -- a-BH ( i)

type ITree = Tree Int

select_pos :: Int -> [ITree] -> [GTree] -> Position
select_pos u (Node v : its) (Node p _ : gts)

= if u==v then p else select_pos u its gts

minimax :: ITree -> Int -— MFOBAEZHRNNIT S L) T2 ER
minimax (Node x []) = x
minimax (Node x ts) = -1 * minimum (map minimax ts)

22wy 7 AETIE, RE LTRSS C TN AA LD T — ARIZBIT 59X TORmOHIZ 6 LRFEMifE % K
DTV, 3=y 7 ZAOMWEDP LA L o TLFHliBROEI A2 EBTE5 2L b H 5.
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A (a1)
JED B TIE b2 = 30 DSFEE

B @ @ = al = —(min 20 b2) = —20
=2 AFTD ? OJFH OFFHAME XA
A (30) 20 @309 (2)(2)

X-2 FHEEOEZEKTE 36

2OBTIE, A AKRD I =<y 7 ZAENRE 2 5 ENOEGARIH S HFHEED ERE 52 Twb. 2o X

N, TTIEME L2FHEEZ FRE LT, 222680 EOFMERS L WL FENaB EThHL Ik
ERALT 572012, FIRHH minimax OEFHRER bnx #F 2 5. bmx LT OVEE % H0.

+EFbmx a b t = a ‘max’ (minimax t) ‘min’ b

ca,blZIXTIR, EEZIEET S

ca==b D& Xbmx a a t = a THAHDTminimax t OFFHlIAAELE

e TRTCOFH p 128 LT -m<= static p <=m TH 5 L) ZE m I

= minimax t = bmx (-m) m t

B dynamic O CIFA TV 2 minimax # L F D minimax' TEEHZ L L, ap 7V TY XL EHWTRHE
BAREFOREEDTZ AL R 5.

minimax' :: ITree -> Int
minimax' = bmx (-max_sval) max_sval
where
max_sval = 2731 - 1 -- as Infinity
bmx :: Int -> Int -> ITree -> Int
bmx a b (Node x []) = (a "max x) ‘min’ b
bmx a b (Node x ts) = cmx a b ts
cmx :: Int -> Int -> [ITree] -> Int
cmx a b [] = a
cmx a b (t:ts) = if a' == b then a' else cmx a' b ts
where a' = - bmx (-b) (-a) t

R, B EFERNOTHFELIIBICE D HEEW 2L EIT) tictactoe &, EFRDOWIE L £ & 72 main,
main' %%E#* T 4. main THEFEFED, main' THRFEOZHERPZAY — b3 5. F/28F prune_val 12X -
T, WHEFEHETIEOBMN) OES ZI/RET LI EANMET, TITESTALESFEEITHRULIICILTH
b, BEDPIXIBEORZETaBEZHVA L XIEZZOLNVTHETTHETH L8, BEAKE WV E X IZEN
DDOWS /NS LAV EFRERHAE R, FEEPIKROF 2L TN B RO THEREI N2,

main, main' :: IO ()
main = tictactoe (mkPos 3 3) O
main' = tictactoe (mkPos 3 3) X
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tictactoe :: Position -> Mark -> IO ()
tictactoe pos p0
= do putStr $ show pos

(if p0 == O then loop0 else loopl) pos
where
loop0 pos - 2—YDOFF
= do putStr "Xy : "
(cl:c2:_) <- getLine
let [x,y] = map digitToInt [cl,c2]
let pos' = updatePosition (x-1,y-1) pos
putStr $ show pos'
finGame loopl pos'
loopl pos —— BIEEROTFE
= do putStr "\n"
let pos' = dynamic prune_val pos
putStr $ show pos'
finGame loop0 pos'
where prune_val = 5

finGame next_loop pos
| winlosegame pos = putStrLn $ "You " ++ if p==p0 then "lose." else "win!"
| drawgame pos = putStrLn "Game is draw."
| otherwise = next_loop pos
where p = turn pos

o707 T AFETLLEZLTIORY MEOHEIZ LD 3F2EAT). JHULLETIFEROBITDH 577,
BFTHLANEDPBRo72F (CFHD32x) 2LdE, 2060 T ILITAPINLIETVPRTENLTHS ).

$ hugs TicTacToe.hs ~ ————————- >0 mmmme———— > X
(...) P 0
Type :? for help . 0 . . 0
TicTacToe> main' . X 0 X X Xy : 21
————————— > 0 -——————--->X -—===-=----> 0
O O
(0] X 0 .
X . XYy : 33 O X X
————————— > X -———=—=—---> 0 —————————-> X
) 0] 0]
O (6] X 0O
R XYy : 32 . X X 0 X X You lose.
(PRDFI~N ) (ERDFI~ )
SE X
1) Bird, R. and Wadler, P.: Functional Programming, Prentice-Hall (1988). (F8#R : i IEAN: B% 70 775 3 7 REFE4E (1991)).
CFHL 17410 H 20 H52A$)
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