akzeptierte Werte .
natural No (natiirliche Zahlen mit 0) | (6} \ﬂ o Q,\n;ll - ld -
1n§ggerl 1 Egange Z?hhzen')]1 T R - - . n rF
TR g([ggﬂgazghlgn)en, riiche b Literal 2 (1, #t, "abc", #<function:e>, ...): [eval_lit] —» lrdl y —* OW\J‘)‘ :Davfi
number C (komplexe Zahlen, umfasst No, Z, 0, R) [e1x “ - N
bt T Bl b > reirmann
;mageg Bilder B Lambda-Abstraktion (lambda (v1 ... vi) e): [eval_A] =
(enum "Mo" "Di" "Mi" "Do" "Fr" "Sa" "So") [(lambda (v4 ... va) €)Ix = (lambda (v4 ... va) &)
B Identifier id: [eval_id]
. o N ‘ ¢ (lambda (r) ( pi ( (lambda (r) (xrr) ) r)))
(dd‘"“' newt  (signae ) Lid]* ¢ [el* , falls (define id e) gilt
Applikation (f eq ... en) .
B, (mxio\ . ) G er o ol oo M% osks e#w\z: / > <
mid: A ofoll , - -
[[e 1%+ & & [e d*+11¥ , [apply_prin] . _ !
&{‘A falls f = #<function:e> / pRiy-p SM"‘d 2 5‘”‘% > 7: —» aLP\M‘\Qe"Y .
(Plzdk\cdukt P ) - [[e{v1->[[e1llk” Vo> en]lk+z}k+ ]]k [apply_)‘] b Dleﬂh
" - falls f = (lanbda (v1...va) e) ° Ad? event
S'a' (¢ = booleay) J¢ H’ [CIFI**" eq ... en)]* , sonst [apply] ger2 © ‘ )
~ N\ |
&M € L— wd ?(AA 6%4»( e e{viseq,...,vooe,} bedeutet: In Ausdruck e wird Identifier
vi durch Ausdruck e: ersetzt. (COMS >/ /)/ /\
Beispiel: (+ (x 4 y) x){x>2,y>10} = (+ (» 4 10) 2). DA
B Fallunterscheidung (cond (t1 eq) (t; e2) ...) . /‘—
« [(cond (else ¢:))I* « e, [cond_else] ( S}
. I[gcond (it 31)1Etz ex) 0 £ e1Tx P [cond_#t] ess - N
o [(cond (#f eq) (t; ez) ..)I¥ *  [cond_#f] { e
. 2 £ [(cond (£ €a) ..)I¥ ¢
(‘P(AAAM tt 1w :
L o [(cond)I* = Abbruch % [cond_fail]
S{\‘\'}'\“‘\“’ o [(cond (t: es) (t. Ik [cond] re c_ov Adsg
& [(cond ([tq]%*" 91) [ e2) . (}Q/W\O )>
‘' wmalke - domo ($+nwd ok, — bt ;)
— DI \CAN
(C_OAA (64 €4) @r‘ o ) QO(‘) AR 7;(70 G dawmo ( aw) )
€ ) A amd) AL F P dumo- eted ( der= /\» st
('én n (EU“ - — ) < ) (~Jl&'1& (ngr* AQAWLO \ 2 x
(,U\ssL ?—nu)) male - demd

€4

(iF ¢, ¢)

B Fallunterscheidung: Spezialform match vergleicht Wert
mit gegebenen Patterns pat:, pat., ..., pat.:

mMmuss  Uein  \ikewrd
(match e/_
pati 913

patg ez
(patn en)
)

4y cabe)
%ﬁgma'— onies 5%“‘3) / (Jamo - gt

ety ([t (G

?r&MﬂJ‘ ) )

(check-property
(for-all ((n string)
(j boolean

maotc h .

Jedes Pattern pat; kann eine von vier Formen annehmen:
1. 2 (Literal):

e matched, falls e w 0.

_ (Don't care, Unterstrich):

e matched immer.

id (Identifier):

e matched immer, im Zweig e: ist id an e gebunden.
(make-t patiq1 ... patix) (Record-Konstruktor, k > 0):
e matched, falls es via (make-t x; ... x«) konstruiert

&)
tn))

X natural .
(string=? (character-name (make-character n j f)) n)))

o Falls pat: das erste auf e matchende Pattern ist, ist wurde und R alle x; auf pat:; (5 = 1..k) matchen.
Zweig e; das Ergebnis des match. Sonst Programmabbruch %. ( KDM\V“L‘HO'\ W\Qﬁe‘.a 312»156“(’, "Dd,(em,i
(M{,\/\ + ¢o Z)
Eet: £.C.. @ied 1 o £0) s > 1))
(et ((idy ex) (¢ A — ) Edeflﬂe f . e
id: e: (L& 2L ) (lambda (... x ...) P hier hat x definitiv Signatur t,
PRCAS ( o« (v»m\:o--'” G y)) (cond ((t1? X) ...)
, ﬁ (ta?%) )
o id1y ..., id, kinnen in e (nur hier %) veruendet werden: L see ) N
1. Auerhalb des let sind die id; unbekannt. - )) hier hat x definitiv Signatur t.
2. In den e; sind die id; unbekannt
(alle e; werden [potentiell] parallel ausgewertet).
(letx ((idr e ) VEMWB\\/& LISI‘Q/V\ o 5\7 WeV\V\
idi e: ) o [> 00N
§1di+1 eisn ) Ed ]; ((115t of t1) -> t2)) ( ™\ 7’(( Z ?S))
i efine f
e) G W (lamhda gxs) ——
o - o (cond ((empty? xs) ...) .
o In es.s sind die Identifier id,...,id; sichtbar. (Ccons? xs) ... (first xs) ... (f (rest xs)) ...))))
e Zirkulare Abhangigkeiten sind so nicht formulierbar. (, f ((llSt of t1) - tz)) :F
(let ((id: e1) B ((lambda (id1 ... ida) e) (de Em .aoJ 8 °
Gdne)) ) e (l?mbda (xs) ((cons Y P&‘j) !
match xs
e 33 "(letrec ((id1 e; )" empty ( ( kae_ - Jémo/ecorJ\ —-‘) ")
Ehe idz ez (consy ys) . . (fys) LIN) —_
et ta g (idn €0 )

b 2

+ab

e

4

Hor:

(R

W’J‘M"‘(“ ¢ Telhor~

(Pt (Cambda (X)) ~> oodean

)

Ed TED ((za -> 7b) (list-of %a) -> (list-of 7b))) (: foldr (zb (%a %b -> 7b) (list-of %a) -> Zb))
erine map
wssen picls otr A’J"\V"‘W‘K (lambda (fg\ (Gaw«bAa (x) ..-) (dgfgggdzo%grcﬂ)\ (ewwa& (6 r) )
Mpnncw Qur ve,ondmbch " (matcgt);s (match XS

Ty v T 7 o) Cep 2 D) {omoty J ys) 2) J (Foldr 2 ¢ y&))))))

L,)a\-(ﬁ&dﬁeh
« leer @ oder
_’Q Paar, bestehend aus
o einem Listenkopf B der Signatur t und
o einer Restliste B der Signatur (list-of t):

f Listen
(define list-of
lambda (t)
(signature (mixed empty-list
(cons- of t (list-of t))))))

T c fold right:
}'Fl%]:l (f h)ag];' /\ Faltung ist
~(map f .)» ¢ y) V1 [T ( ) V1 /c\ rechts-tief
D2 V2 ~(foldr z ¢ .)»
M ~ V2 y2 - A Ergebnis ist
L c im Allgemeinen
yn empty (f ya)  empty /\  keine Liste
yn  empty Yn 2



;Signatur list-length-13 als KOmbination aus (list-of t) und listlengthl3

(exsr-of—3)

define list-of-13
lambda (t
signature

SIAN ATUR

combined (list-of t) listlengthl3

jAus listlengthl3-pred eine Signatur erstellen
define listlengthl3

;Funktion die testet ob eine Liste die Lange 13 hat

: listlengthl3-pred
define listlengthl3-pred
lambda (xs
= (length xs) 13

list-of %a) —> boolean

signature (predicate listlengthl3-pred

;Erstellen der Funktion und lberpriifen der Lange

: composition ((list-of (%a —> %a

check-expect ((composition

define composition

lambda (xs
;Signatur match xs
empty (lambda (x) x
cons y ys) (lambda (x) (y

: make-tuple (%a %b —> (tuple-of %a %b

1 tuple? any -> boolean

i tuple-fst tuple-of %a %b) —> %a

: tuple-snd tuple-of %a %b) —> %b

define-record (tuple-of t1 t2

make-tuple ;Konstruktor
tuple? TU PLE irradikat
tuple-fst t1 ;Selektor

tuple-snd t2 J/ %)l"l’ wem_ ;Selektor

(: foldl (%b (%b %a —> %b) (list-of %a) —> %b))
(define foldl

list (lambda (x

composition ys

COMPOSE  (listof  fuuchn)

-> (%a —> %a

+x1 lambda (x) (% 2 x 2

COMPOSE

X
;s Komposition von f und g (f nach g

( compose ((%b -> %c) (%a -> 7b) > (/a -> 7))

\'—'—OLIDI— (lambda (z c xs) (1':,;;3: E?mpose
Moy e §§3)“ »
L X a
((cons y ys) (c (foldl z c (reverse ys)) y)))))
cons foldl 2 ¢ B ; n-fache Kompn<1t on von f mit sich selbst
7 e H/ \4 (: repeat (natural (%a -> %a) -> (%a -> Za)))
A i
2 /C“"S\ /°\ : (c (C (( 24) ra ) 3 ) (cond ((= n 0) (lambda (x) x)) ; id
P o (> n 0) (compose (repeat (- n 1) f) f))
4/ }mnt Z/ \1

MENGE WV Neue Mug(
(define set-of

(lambda (t) MMM

(signature (t —> boolean))))

(: list->set ((list-of %a) —> (set-of %a)))
(define list->set

(lambda (xs)

(fold empty-set set-insert xs)))

(: empty-set (set-of %a))
(define empty-set

(lambda (x)

#f))

(: set-insert (%a (set-of %a) —> (set-of %a)))
(define set-insert

(: indexed-foldr (%b (natural %a %b —> %b) (list-of %a) —> %b))
(define indexed-foldr
(lambda (z c xs)
(letrec ((ifoldr-worker (lambda (z c xs n)
(match xs
(empty z)

(ifoldr-worker z ¢ xs 0))))

LEREC

((cons y ys) (c ny (ifoldr-worker 2z ¢ ys (+ n 1))

REPEATE

©r & E0)2(F b 4 (oot
(o &4 6—1) (.F {1 (ad )
#41

(ng a)

(check-expect (...) value)

TESTS

(check-error (...) ,message”) (let ((ids e1)
(check-within (...) value +/-...) Cida ea))
(property) e)

= (& « #4f #t)

((lambda (id1 ... idn) e)
) e1 OGS en

(lambda (x S)
(lambda (y)
(or (equal? y x)
(Sy))))

(lambda (x S)
(S x)))

(define set-member?

PRIMITIVES:

(match xs

: set-delete (%a
define set-delete

set-of %a) —> (set-of %a

(empty

Llooe (O\BMNL«)
ceiling (o)

((backwards-worker
(lambda (xs acc)

U JoRKE ™

acc)

((cons y ys) (backwards-worker ys (cons y acc))

(max — ) (gonmee @)

(define ca+

lambda (x S
lambda (z
if (equal? z x

#f

Sz

Differenzenguotient von f mit Differenz h
E diff- guut ? 1 (real -> real) -> (real -> real)))
deflne iff qua
(lamhd

(
(/G (F Gxh) (F0) )

;s Ableitung o’ (/’J‘fby enzenquouaht mit Differenz h nahe
; ((derive f) x) = f'(
E derive ((real -> ngal) -> (real -> real)))

define derive

((curry diff-quot) 0.00001))

(match xs

Q/Co\wh’av. )RR
( empty

(&3+—r4 (e [o . -]
(appemd v (4 y))

0)

)

(1ambda (xs ys)

(Ccons 2 =s)
(cons z (cat 2s ys))

C: cat ((list-of »a) (listof~29)

— Clist-0f23)))

dog

Rekursion
(fordr Y¥s
ys) cons
xs)

F&\\%AWWM

(define snoc
(lambda (xs n)
(match xs
(empty (cons n empty))
((cons y ys) (cons y (snoc ys n))))))

(define reversed
(lambda (xs)
(match xs
(empty empty)
((cons y empty) (cons y empty))
((cons y ys) (snoc (reverse ys) y)

(define list-max
(lambda (xs)
(match xs
(empty (violation "Liste leer"))
((cons y empty) y)
((cons y ys) (max y (list-max ys))))))

(define all-equal?
(lambda (xs)
(match xs
(empty #t)
((cons y empty) #t)
((cons y (cons z zs))
(and (equal? y z) (all-equal? (cons z zs))

(: curry (CZa %b -> %c) -> (Ya -> (/b -> /c))))
(define currg —_—

(lambda (f . 'd
(lambda (x) 1 Ergebnis von
ﬂaMda(? (curry f)

(Fxy) J

E: uncurry ((Za -> (%b -> %c)) -> (Va %b -> %c)))
define uncurry ———

(lambda (f) /’
(lambda (x y) ] Ergebnis von
f x) y)g J (uncurry f)

—-M&.g/f‘ 74&.&

(define insert-sorted X=y
(lambda (n xs)
(match xs
(empty (cons n empty))
((cons y ys) (if (> y n)
(cons n (cons y ys))
(cons y (insert-sorted n ys))

£ - §G)

(define nth

(define sort-list

(lambda (n xs)
((compose first (repeat (- n 1) rest)) xs)))

nat. Jahl

TLCMLLV$f0V‘

(lambda (xs)
(match xs E
(empty empty)
((cons y empty) (cons y empty))
((cons y ys) (insert-sorted y (sort-list ys))

define f
(lambda (n)

G

(define drop (: f.(patural -> t))
(lambda (n xs) (dfﬁ:;:d); (n)
(match xs (cond (égvgng)
(empty empty) 5om7 n ..
((cons y ys) (if (> n @) £ (uatural -> t))
(drop (- n 1) ys) Edefmef
(cons y ys)))))) (h!“a ?Zn ?
(define every-nth ; g 13

(lambda (n xs)
(if (= @ n) xs

f.(natural -> t))

(fFG-nM) ..

M)

ooy

e By F

f

oafack

GnD) o (F n2)) .0

(match xs
(empty empty)
((cons y ys) (cons y (every-nth n (drop (- n 1) ys))

(define split-list
(lambda (xs)
(match xs
(empty (make-tuple empty empty))
((cons y empty) (make-tuple (cons y empty) empty))
((cons y (cons z zs))
(make-tuple (cons y (tuple-fst (split-list zs)))
(cons z (tuple-snd (split-list zs)))))

(define weave-lists
(lambda (tpl)
(match tpl
((make-tuple empty empty) empty) (lambda (tpl)
((make-tuple empty Liste) Liste) (let ((a
((make-tuple Liste empty) Liste) (b
((make-tuple (cons y ys) (cons z zs))
(cons y (cons z (weave-lists (make-tuple ys zs))))))))

(define weave-lists2

(tuple-fst tpl)

(tuple-snd tpl)))
(match a
(empty b)

((cons y ys) (cons y (weave-lists2 (make-tuple b ys))



