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prime :: Integer —> Bool 1 3 !
Brime n = TnoZ8) o7 mot (any (divides n) (2N ELUHCTITLY ).

where divides nm = n mod m == 0

geate threads t pert

queens :: Conf —> [Conf] ead attr_init(&attr);
queens board = ead attr setdetachstate(&attr, PTHR

if (solution board) then [board] r _

clse flatten (map damen (filter legal [suce: i < NUMTHRDS; 1++) { (£) =
primes :: [Integer] 2 € Const Mf)y=vr.t—int Tk £:
primes - sieve [2..]
where sieve [] =1 3 - . i

cieve (p : xs) = p : sieve [x | x <= X:ThH2:int]| @ £ int —int

qsort :: [Integer] -> [Integer] [,f:vr.7 —int
gsert [] =11 N "
qsort (p:psh = {gsort [z | = <- ps,

AaIR SINC G LR R e read att- destroy(sattr); r

[[Flet £=Ax.2inf (ftn

bal :: RedBlackTree t -> RedBlackTree t t on the other thread
bal (Node Elack (Mode Red (Hode Red a % b) ¥ i < NUMTHRDS; i++) {
(Node REed (Node Black a z b) y (Node Blae join(callThd[i], &status);
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Listen im \-Kalkiil AT

rekursive data-Typen: darstellbar im A-Kalkil, z.B. Listen:
[1,2,3] ~ Ac. An.c1(c2(c3n))

w méglicher Typ: 7y i 5¢(a) = (@ = = ) = 8 —= 3
a: Elementtyp

a aber: Funktionstypen passen nicht
tail = M cn. | (Ax xsi.ix(xsc)) (M. n) (Ax xs. xs)

b tail : (a2 — (@ = ag) = (ag = ag = og) = ag) = (a5 = a1) = (ag = a7 = a7) = ag) > a — a1 — ag

® zumindest nicht: 7155t (a) = T1ist(a)

Erweitere A\-Kalk(il um Listen

® Cons,Nil,head,tail, null

m null (Cons i b) = False nullNil = True
head (Cons ty b) = t tail (Const b) = b

® head Nil # (Laufzeitfehler) head 42 (Typfehler)
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Typregeln fiir Listen AT

Typvon Cons,Nil, head, tail, null abhangig von Elementtyp:
m erweiterte Typsyntax

T = Basistyp | Var | T — T2 | list ()
\ , ~—~ ' ~—
int,bool a,ap,B,7,..- 2—stelliger Typkonstruktor 1 —stelliger Typkonstruktor

m keine fixen Typen Tcons, Theads - -- = heue Typregeln
Typregeln far Listen

Cons NIL
[ Cons t b : list(7) - Nil:list(7)

HEAD TAIL

I headt:list(7) M tailt:list(7)

NULL
I nullt: bool
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Typregeln fiir Listen AT

Typvon Cons,Nil, head, tail, null abhangig von Elementtyp:
m erweiterte Typsyntax

T = Basistyp | Var | T — T2 | list ()
——— ~~ ~~
int,bool a,ap,B,7,..- 2—stelliger Typkonstruktor

1—stelliger Typkonstruktor

m keine fixen Typen Tcons, Theads - -- = heue Typregeln

Typregeln far Listen

F}—t1:7- r}—tQZ"St(T)

C N
T I Cons ty & : list(7) T F Nil:list(7)
[t list(r) [t list(r)
TAIL
Y T head ¢ list(r) [E tailt: list(r)
[t list(7)
NULL

I nullt: bool
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Typregeln fiir Listen AT

Typ von Cons,Nil, head, tail, null abhangig von Elementtyp:
m erweiterte Typsyntax

T = Basistyp | Var | T — T2 | list ()
——— ~~ =~
int,bool a,ap,B,7,..- 2—stelliger Typkonstruktor 1 —stelliger Typkonstruktor

m keine fixen Typen Tcons, Theads - - - — erweiterte Typannahmen

Mist = Cons:Va.a — list(a) — list(a),
Nil : Ve.list(«),
head : Va.list (o) — list (o),
tail : Vaulist(a) — list (),
null : Velist(«) — bool

Funktionen in Haskell: polymorphe Definition erweitert I um Typschema

length :: [a] -> Int I"=T,length : Va.list(a) — int
length list = ...
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Typinferenz fiir Listen AT
Wie zuvor: [t, b, ..., ty] fir Cons t; (...(Cons t,Nil)...)

Mist Fnull:iag Tiige H [l ar
Mise |- &6 oy . .
Mise Fnull[]: as Mise Fnull:ag  Tige [1,2,3]:
Mise b null[1,2,3]: oy

Mist | && (null(]): ag
Mise b (null[]) ss (null[1,2,8]): oy

C= {Oég: , 03 = (\g — O, \g = (x5 — ('3,
a4 = bool — (bOOl — b00|), g = Q7 — (5, (g = (X9 — Ol4
ag = 1777
ag = 1777
a7 = 7777}
Mise =

null : Va.list (o) — bool,
Nil : Vaulist (a)
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Typinferenz fur Listen A\K"‘

Wie zuvor: [t, b, ..., ty] fir Cons t; (...(Cons t,Nil)...)
Mise | 665 a Mise Fnull:oag Tiise [ a7
list Toy Mise - null(]: as Mist - null:ag Mise - [1,2,3]
Mist | && (null(]): ag Mise | null[1,2,3]: aq

Mist F (null(]) &s& (null[1,2,3]) : oy

C= {Oég: , 03 = (\g — O, \g = (x5 — ('3,
a4 = bool — (bOOl — b00|), g = Q7 — (5, (g = (X9 — Ol4
ag = list (81) — bool
ag = list(f2) — bool
az = list ()}

Mise =
null : Va.list(«) — bool,
Nil : Valist(«)
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