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grandchild(X, Z) :- child(X, Y), child(y, Z).
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child(hidetada, ieyasu).
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grandchild(X, Z) :- child(X, Y), child(Y, 2).

child(hideyasu, ieyasu).
child(hidetada, ieyasu).
child(yoshinao, ieyasu).
child(yorinobu, ieyasu).
child(yorifusa, ieyasu).

child(iemitsu, hidetada).
child(tadanaga, hidetada).
child(masayuki, hidetada).

child(ietsuna, iemitsu).

child(tsunayoshi, iemitsu).
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?- grandchild(hidetada, ieyasu).
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?- grandchild(iemitsu, ieyasu).

Yes
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?- grandchild(X, ieyasu).
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X = tadanaga ;
X = masayuki ;
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?- grandchild(X, ieyasu).
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grandchild(X, Z) :- child(X, Y), child(Y, 2).
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child(hideyasu, ieyasu).
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?- child(X, ieyasu).
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Prolog OO OOOOODappend D OO OOOOOOOODOOOOOOOO

append([], Y, Y).
append([H|X], Y, [H|Z]) :- append(X, Y, Z).
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myconcat([], [1).
myconcat([Xs|Xss], Ys) :- append(Xs, Zs, Ys), myconcat(Xss, Zs).

000000000000000000000O00O0O0000O000O0
?- myconcat([[1, 2], [3, 4], [5, 6]1, Xs).

Xs = [1, 2, 3, 4, 5, 6] ;
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append 00 2000 ZsOOOO myconcat OO O0O00O00O0O0O0OOappendd 0 3000 YsOO

ggobobooooooboobobbobboobboboboogd

00000 cdrJ00000000DO0ODODOOODO OopenlisO00 0000000

Prologd D000 OO0OOOOOOOOOODODOOOODOOO
OO0 Prologd 000000000 append0 000000000 DOOOOOOOODOO
?- append(X, Y, [1, 2, 3]).

X=1[]

Y =1[1, 2, 3] ;
X = [1]

Y =1[2, 3] ;

X =[1, 2]

Y = [3] ;

X =1[1, 2, 3]
Y=1[1;

No
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Utio D000 Amb0O FailOOOODOODOOO

data Expr = Const Value | Let Decl Expr | Var String
| Lambda String Expr | App Expr Expr | If Expr Expr Expr

| Letrec Decl Expr | |

Amb mi1 m00ml1 000 m00000000O0OD00O0O000OD0Fail0000000000000
gbooboobooooooao

Expr — ... | amb Expror Expr | fail Expr
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data List a = Cons a (List a) | Failure String;
type M a = List a;

nil :: List a;

nil = Failure ;

append :: List a -> List a -> List a;
(Cons x xs) ‘append‘ ys = Cons x (xs ‘append‘ ys);

(Failure s) ‘append‘ (Failure "") = Failure s;
(Failure s) ‘append‘ ys = ys;

unitM :: a -> M a;

unitM a = Cons a nil;

bindM :: Ma -> (a -> M b) -> M b;

(Cons x xs) ‘bindM‘ k = k x ‘append’ (xs ‘bindM‘ k);
(Failure m) ‘bindM‘ k = Failure m;

UO000OList al0O00000 a0000000D00O0DDD string0000O0OOODOOODODO
O00uwmitMD bindMO OO00O0O0O0O0O0O0O0DO0O00O0O000O0 unit :: a -> [a]l0 bind ::
[a] > (a —> [b]) > []OOO00OO0OODOOOOOMOODODODOOOOOOODDODDODO
googd
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failM :: String -> M a;

failM message = ;

U000Amb0 FailO OO O interp0 0000000000O

interp (Amb ml m2) e
interp (Fail el) e

interp el e ‘bindM‘ \ v ->
failM (showValue v);

Amb ml m20 ml,m20 20000000000 append0 00000 ODOO0O0OOODOO

V-7



0000000000 0000000000000 failMOODDOOOO0OO0O0OO000O
Fun (\ v —>
case v of {
Num ¢ -> unitM (Fun (\ w ->
case w of {
Num ® -> failM "Division by 0";
Num d -> unitM (Num (c/d));
-> failM "Number expected"

D);

-> failM "Number expected"

000 0run0O00000O0
run :: String -> String;
run prog = showL (interp (myParse prog) initEnv);

showValue a ++ or " ++ showL (Cons b cs);
showValue a;
"Failure: "

showL (Cons a (Cons b cs))
showL (Cons a _)
showL (Failure str)

++ str;

00000000 Orun "(amb 1 or 2) * (amb 3 or 4)"OOOO"3.0 or 4.0 or 6.0 or 8.0"0(
O0OOrun "Camb 1 or 2) / (amb O or 4)"O OO "0.25 or 0.5"0 0 00O 0O0OOOODOOO
00o0odooooboooooooboon

000000 HaskellDOODOOOODOODOODOODOODODOODODODOOOO0OO0OOO0OO run

"(amb 1 or 2) * (amb 3 or AH"OOODOOOOOOOONO

nondetTest = (unitM 1 ‘append‘ unitM 2) ‘bindM‘ x
(unitM 3 ‘append‘ unitM 4) ‘bindM‘ vy -
unitM (x*y);

O00U0D00ODOD0ODO nondetTestO [ x*y | x <- [1,2], y <- [3,4]1]000000000O0OO
goobgd

O00OrunO0 000
runl :: String -> String;

runl prog = showValue ( (interp (myParse prog) initEnv));

hdL :: List a -> a;
hdL (Cons a _) = a;
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U0b0b00bD00Orunl "(amb 1 or 2) / (amb 0 or )"0 OO "0.25"0000000O0O0ODOO
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MyState -> ([a], MyState);
MyState -> [(a, MyState)];

type M a
type M a
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