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Programmierung:
Musterlösung zum 12.Übungsblatt

Prof. GertSmolkaundThorstenBrunklaus

Aufgabe12.1: Syntaxbäume(2+2+2)

ty

atty

"("

ty

atty

"bool" "->"

ty

atty

"int" "->"

ty

atty

"bool" ")" "->"

ty

atty

"int"

Esgibt genaueinenSyntaxbaum,denndie Grammatikist eindeutig.

exp

asexp

mulexp

mulexp

mulexp

atexp

constant

"3" "*"

atexp

"("

exp

asexp

asexp

mulexp

mulexp

atexp

constant

"2" "*"

atexp

identifier

"y" "+"

mulexp

atexp

identifier

"x" ")" "*"

atexp

identifier

"z"



Esgibt genaudreiSyntaxbäume,entwederbeginnendmit demoberstenexp, asexp odermulexp.
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Aufgabe12.2: Mehrdeutige Grammatik (8)

(a) (i) exp

exp

exp

"x"

exp

"x"

exp

"x"

(ii) exp

exp

"x"

exp

exp

"x"

exp

"x"

(b)

exp � "x"
�

exp "x"

Aufgabe12.3: Darstellung von Typen(8)

fun ty (Arrow(t,t’)) = atty t ^ "->" ^ ty t’
| ty t = atty t

and atty Bool = "bool"
| atty Int = "int"
| atty t = "(" ^ ty t ^ ")"



Aufgabe12.4: Darstellung von Ausdrücken(8)

datatype ops = Add | Sub | Mul | Leq

datatype exp = Con of int | Op of exp * ops * exp

fun exp (Op(e,Leq,e’)) = asexp e ^ "<=" ^ asexp e’
| exp e = asexp e

and asexp (Op(e,Add,e’)) = asexp e ^ "+" ^ mulexp e’
| asexp (Op(e,Sub,e’)) = asexp e ^ "-" ^ mulexp e’
| asexp e = mulexp e

and mulexp (Op(e,Mul,e’)) = mulexp e ^ "*" ^ atexp e’
| mulexp e = atexp e

and atexp (Con n) = Int.toString n
| atexp e = "(" ^ exp e ^ ")"

Aufgabe12.5: Ausdrückemit Consund Applikation (8+4+8)

(a) datatype ops = Cons | Append

datatype exp = Id of string
| Op of exp * ops * exp
| App of exp * exp

datatype token = CONS | APPEND | LPAR | RPAR
| ID of string

fun lex’ ts nil = rev ts
| lex’ ts (#" " ::cs) = lex’ ts cs
| lex’ ts (#"\n"::cs) = lex’ ts cs
| lex’ ts (#" �"::cs) = lex’ ts cs
| lex’ ts (#":" :: #":" ::cs) = lex’ (CONS::ts) cs
| lex’ ts (#"@" ::cs) = lex’ (APPEND::ts) cs
| lex’ ts (#"(" ::cs) = lex’ (LPAR::ts) cs
| lex’ ts (#")" ::cs) = lex’ (RPAR::ts) cs
| lex’ ts (c ::cs) = if Char.isAlpha c

then lexA ts [c] cs
else raise Error

and lexA ts xs cs =
if not(null cs) andalso Char.isAlphaNum(hd cs)
then lexA ts (hd cs::xs) (tl cs)
else lex’(ID(implode(rev xs)) :: ts) cs

fun lex s =lex’ nil (explode s)

(b)

exp � apexp ��� "::"
�

"@" � exp �
apexp � atexp apexp

�

apexp
�
� � atexp apexp

�
�

atexp � identifier
�

"(" exp ")"



(c) (*

exp = apexp [ ("::" | "@") exp ]

apexp = atexp apexp’

apexp’ = [ atexp apexp’ ]

atexp = identifier | "(" exp ")"

*)

fun match (a,ts) t = if null ts orelse hd ts <> t
then raise Error
else (a, tl ts)

fun combine a ts p f = let val (a’,tr) = p ts
in (f(a,a’), tr)
end

fun opa ops (a,a’) = Op(a,ops,a’)

fun firstAtexp (ID _ ::_) = true
| firstAtexp (LPAR ::_) = true
| firstAtexp _ = false

fun exp ts = case apexp ts of
(a, CONS ::tr) => combine a tr exp (opa Cons)

| (a, APPEND::tr) => combine a tr exp (opa Append)
| ats => ats

and apexp ts = apexp’(atexp ts)

and apexp’(a,ts) = if firstAtexp ts
then apexp’(combine a ts atexp App)
else (a,ts)

and atexp (ID s ::ts) = (Id s, ts)
| atexp (LPAR ::ts) = match (exp ts) RPAR
| atexp _ = raise Error

fun parse ts = case exp ts of
(a, nil) => a

| _ => raise Error


