PROGRAMMEERIMISKEELED

Milleks tutbid?

e Mida teeb jargmine programmijupp?

Xy = "Pilisiinuson: ";
Xo = 3.1415926;
print Xo,

print (sin(X1));

e Eitea (loodetavasti siiski mitte midagi vaga hullu :-)
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PROGRAMMEERIMISKEELED

Milleks taubid?
e Peaeesmark on valtida selliste vigade tekkimist

e |dee:
— Seome vaartustega/muutujatega/. .. tuubid
— Kontrollime, kas tutbid klapivad
e SoOltuvalt titbikontrolli toimumise ajast jaotatakse
keeled:
— dunaamiliselt thubitu#eeled

— staatiliselt tiubitukeeled

e TuUUpimata = tapselt Uks taup!
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PROGRAMMEERIMISKEELED

DUnaamiline tutpimine

e TUUbikontroll toimub programmi taitmise ajal

X » Int | 123

e Scheme, Lisp, APL, AWK, Tcl/Tk, Perl, ...
e Vaga paindlik ¢-+)
e Ebaefektiivhe {)

e TuUbivigade leidmine raske{)
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PROGRAMMEERIMISKEELED

Staatiline tutpimine

e TUUbikontroll toimub programmi transleerimise ajal

X Int > 123

e Fortran, Cobol, Algol, Pascal, C, Java, ...
e TlUbivigade leidmine lihtne{+)

e Efektiivhe (+)

e Tugevalt (?!) kitsendav-{-)
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PROGRAMMEERIMISKEELED

Staatiline tutpimine

e TuUbikontroll onrange kui korrektselt titbitud
programm ei saa anda ttubivigu

— Pascal vs. C

e Paljud (enamus ?!) staatiliselt titbitud keeled nGuavad
muutujate/protseduuride/. .. tulpide deklareerimist

e MOned keeled (ML, Haskell, ...) kasutavadipide
tuletamist(ingl. type inference
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PROGRAMMEERIMISKEELED

e Slntaks:

(exp =

Lihtne tuubitud keel

(integer-literal | true | false lit (datum)
(varref) varref (var)
(operaton (operands app (rator rands)

if (exp then (exp else (exp

1f (test-exp then-exp else-exp)

proc (varlist) (exp proc (formals body)
let (decls in (exp let (decls body)
letrec (declg in (exp letrec (decls body)
assert (type : (exp assert (type exp)
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PROGRAMMEERIMISKEELED

Lihtne tuubitud keel

e SUntaks (jarg):

(type-lish = ()
| ({type {,({type }")
(type = (prim-type
| (arrow-type tcons (name types)
(prim-typeé = int | bool
(arrow-type = ( —> (type-list (type)
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PROGRAMMEERIMISKEELED

Tuubikontroll

e Naited:
-—> "let decr = assert (-> (int) 1int) : proc (n) +(n,-1);
comp = assert (-> ((-> (int) bool), (> (int) 1int))
(=> (1nt) bool))
proc (f, g) assert (-> (int) bool)
proc (n) f(g(n))
in let 1sone = comp(zero, decr)
in isone (2)"
false : bool
-—> "letrec fac = assert (> (int) 1int)
proc (n) 1f zero(n) then 1 else *(n,fac(-(n,1)))
in fac(bH)"
120 : 1int
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PROGRAMMEERIMISKEELED

Tuubikontroll
Abifunktsioonid:

(define domains (compose cdr tcons—->types))

(define range (compose car tcons->types))

(define integer-type (make-tcons ’"int ' ()))

(define boolean-type (make-tcons "bool ' ()))

(define type-of-datum
(lambda (datum)
(1f (1nteger? datum) 1nteger-type boolean-type)))
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PROGRAMMEERIMISKEELED

Tuubikontroll
Abifunktsioonid (jarg):

(define proc-type?
(lambda (type)
(and (tcons? type) (eg? "'—-> (tcons->name type)))))

(define make-proc-type
(lambda (domain-types range-type)

(make-tcons '-> (cons range-type domain-types))))

VARMO VENE
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PROGRAMMEERIMISKEELED

Tuubikontroll

e TuUUpide vordlemine:

(define match-types
(letrec
((same-type?
(Lambda (typel type2)
(let ((typesl (tcons->types typel))
(types2 (tcons->types type2)))
(and (eg? (tcons->name typel) (tcons->name type2))
(= (length typesl) (length types2?))
(andmap2 same-type? typesl types2))))))
(Lambda (typel type?2)
(1f (not (same-type? typel type2))
(type-error "Incompatible types:" typel type2)))))
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PROGRAMMEERIMISKEELED

Tuubikontroll
e TUUpide vordlemine (jarg):

(define andmap?2
(Lambda (predicate listl 1list2)
(or (null? listl)
(and (predicate (car listl) (car list2))
(andmap2 predicate (cdr listl) (cdr list2))))))

(define match-types-pairwise
(lLambda (typesl types2)
(for-each match-types typesl types2)))
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PROGRAMMEERIMISKEELED

Tuubikontroll

e Avaldise tuubikontroll:

(define type-of-exp (lambda (exp tenv)

(let ((answer

answer) ) )

(variant-case exp

(11t (datum) (type-of-datum datum))
varref (var) (apply-tenv tenv var))
1f (test-exp then-exp else-exp) ...)
app (rator rands) ...)

et (decls body) ...)

etrec (decls body) ...)

assert (type exp) ...)

roc (formals body) ...)

O

(
(1
(
(1
(1
<
(
(

else (error "Invalid syntax:" exp)))))
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PROGRAMMEERIMISKEELED

Tuubikontroll

e Tingimusavaldise tuubikontroll:

(1f (test-exp then-exp else-exp)

(let ((test-exp-type (type-of-exp test-exp tenv))
(then-exp-type (type-of-exp then-exp tenv))
(else-exp-type (type-of-exp else-exp tenv)))

(match-types test-exp-type boolean-type)
(match-types then-exp-type else-exp-type)
then-exp-type) )
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PROGRAMMEERIMISKEELED

Tuubikontroll

e Aplikatsiooni tutbikontroll:

(app (rator rands)
(type-of-app (type-of-exp rator tenv)

(types-of-rands rands tenv)))

(define types-of-rands (lambda (rands tenv)

(map (lambda (rand) (type-of-exp rand tenv)) rands)))

(define type-of-app (lambda (rator-type rand-types)
(Lf (proc-type? rator-type)
(match-types-pairwise (domains rator-type) rand-types)
(type—error "Not a procedure type:" rator-type))
(range rator-type)))
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PROGRAMMEERIMISKEELED

Tuubikontroll

e Let-avaldiste tutbikontroll:

(Let (decls body)
(type-of-exp body
(extend-tenv
(map decl->var decls)
(types-of-let-rands decls tenv)

tenv)))

(define types-of-let-rands
(Lambda (decls tenv)
(types—-of-rands (map decl->exp decls)

tenv)))
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PROGRAMMEERIMISKEELED

Tuubikontroll

e Letrec-avaldiste tutbikontroll:

(Letrec (decls body)
(for-each (compose check-letrec-decl-exp decl->exp)
decls)
(type-of-exp body (letrec-tenv decls tenv)))

(define check-letrec—-decl-exp
(Lambda (exp)
(1f (not (and (assert? exp) (proc? (assert->exp exp))))

(error "Invalid declaration expression:" exp))))
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PROGRAMMEERIMISKEELED

Tuubikontroll

e Letrec-avaldiste ttubikontroll (jarg):

(define letrec-tenv
(Lambda (decls tenv)
(let ((vars (map decl->var decls))
(assert-exps (map decl->exp decls)))
(Let ((var-types (map assert->type assert-exps)))
(let ((new-tenv (extend-tenv vars var-types tenv)))

(for-each

(Lambda (assert-exp)
(type-of-exp assert—-exp new-tenv))

assert-exps)

new-tenv)))))
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PROGRAMMEERIMISKEELED

Tuubikontroll

e Assert-avaldiste ja protseduuride ttubikontroll:

(assert (type exp) (type-of-assert type exp tenv))
(proc (formals body) (type-of-proc formals body tenv))

(define type-of-proc
(Lambda (formals body tenv)

(error "Procedure not inside an assert:" formals body)))
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PROGRAMMEERIMISKEELED

Tuubikontroll

(define type-of-assert
(Lambda (type exp tenv)
(variant-case exp
(proc (formals body)
(Lf (proc-type? type)
(1f (= (length formals) (length (domains type)))
(match-types (range type)
(type-of-exp body
(extend-tenv formals (domains type) tenv)))
(type-error "Wrong number of formals" formals type))
(type-error "Assert type 1s not a procedure:" type)))
(else (match-types (type-of-exp exp tenv) type)))
type))
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PROGRAMMEERIMISKEELED

Jargmiseks korraks
e Lugeda labi EOPL ptk. 13.1, 13.2
e (EOPL ptk. 13 veebis saadaval!!)

e “Mangida” interpretaatorigdoeng23.ss
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