TFAE Grammar

<TFAE> := <nunp
{+ <TFAE> <TFAE>}
{- <TFAE> <TFAE>}
<| d>
{fun {<id> : <TE>} <TFAE>}
{ <TFAE> <TFAE>}
<TE> = num
| bool

| (<TE> -> <TBE>)



TFAE Expressions and Types

(define-type TE
[ nunTE]
[ bool TE]
[arrowlE (arg : TE)
(result : TE)])

(define-type Type
[ numr]
[ bool T]
[arrowl (arg : Type)
(result : Type)])

(defi ne-type TypeEnv
[ nt Env]
[aBi nd (nanme : synbol)

(type : Type)
(rest : TypeEnv)])



TFAE Type Checker

(define typecheck : (FAE TypeEnv -> Type)
(1l anbda (fae env)
(type-case FAE fae

o))



TFAE Type Checker

(define typecheck : (FAE TypeEnv -> Type)
(1l anbda (fae env)
(type-case FAE fae

[num (n) ...])))

[ - <nunN®™ : num



TFAE Type Checker

(define typecheck : (FAE TypeEnv -> Type)
(1l anbda (fae env)
(type-case FAE fae
[num (n) (numl)])))

[ - <nunN®™ : num



TFAE Type Checker

(define typecheck : (FAE TypeEnv -> Type)
(1l anbda (fae env)
(type-case FAE fae
[add (I 1)
(typecheck | env) ...
. (typecheck r env) ...])))

[ - e : num [ - e : num

FI—{+ e1 92} . Num



TFAE Type Checker

(define typecheck : (FAE TypeEnv -> Type)
(1l anbda (fae env)
(type-case FAE fae
[add (I 1)
(type-case Type (typecheck | env)
[ numl' ()
... (typecheck r env) ...]
[else (type-error | "nuni')])])))

[ - e : num [ - e :

FI—{+ e1 92} . Num



TFAE Type Checker

(define typecheck : (FAE TypeEnv -> Type)
(l anbda (fae env)
(type-case FAE fae
[add (I 1)
(type-case Type (typecheck | env)
[ numl ()
(type-case Type (typecheck r env)

[ numl () (numnl) ]
[else (type-error r "num')])]

[el se (type-error | "num')])])))

[ - e : num [ - e : num

FI—{+ e1 92} . Num



TFAE Type Checker

(define typecheck : (FAE TypeEnv -> Type)
(1l anbda (fae env)
(type-case FAE fae

[1d (name) ...])))

[ <id>cT ..]F <id>: T



TFAE Type Checker

(define typecheck : (FAE TypeEnv -> Type)
(1l anbda (fae env)
(type-case FAE fae
[1d (name) (get-type nane env)])))

[.. <id>eT ..]F <id> :

T

10



TFAE Type Checker

(define typecheck : (FAE TypeEnv -> Type)
(1l anbda (fae env)
(type-case FAE fae
[fun (nanme te body)

..-1)))

F[<| d><—T1] F e . T

[ - {fun {<id>: 1.} €}

(T1 - Tp)

11



TFAE Type Checker

(define typecheck : (FAE TypeEnv -> Type)
(1l anbda (fae env)
(type-case FAE fae
[fun (nanme te body)
. (parse-type te) ...
. (typecheck body ...) ...]1)))

F[<| d><—T1] F e . T

[ - {fun {<id>: 1.} €}

(T1 - Tp)

12



TFAE Type Checker

(define typecheck : (FAE TypeEnv -> Type)
(1l anbda (fae env)
(type-case FAE fae
[fun (nanme te body)
(local [(define arg-type (parse-type te))]

. (typecheck body (aBi nd nane
arg-type
env))

o)1)

F[<| d><—T1] F e . T

[ - {fun {<id>: 11} e} : (11 - To)

13



TFAE Type Checker

(define typecheck : (FAE TypeEnv -> Type)
(1l anbda (fae env)
(type-case FAE fae
[fun (nanme te body)
(local [(define arg-type (parse-type te))]
(arrowl arg-type
(typecheck body (aBi nd nane

arg-type
env))))1l)))

F[<| d><—T1] F e . T

[ - {fun {<id>: 11} e} : (11 - To)

14



TFAE Type Checker

(define typecheck : (FAE TypeEnv -> Type)
(1l anbda (fae env)
(type-case FAE fae

[app (fn arg)
...1)))

r|—el:(T2—>T3) |_|—ez:

T2

FI—{61 ez} N )

15



TFAE Type Checker

(define typecheck : (FAE TypeEnv -> Type)
(1l anbda (fae env)
(type-case FAE fae
[app (fn arg)
(typecheck fn env) ...
(typecheck arg env) ...])))

r|—el:(T2—>T3) |_|—ez:

T2

FI—{61 ez} N )

16



TFAE Type Checker

(define typecheck : (FAE TypeEnv -> Type)
(1l anbda (fae env)
(type-case FAE fae
[app (fn arg)
(type-case Type (typecheck fn env)
[arrowl (arg-type result-type)
(typecheck arg env) ...]
[el se (type-error fn "function")])])))

r|—el:(T2—>T3) r|—ez:T2

FI—{61 ez} N )

17



TFAE Type Checker

(define typecheck : (FAE TypeEnv -> Type)
(1l anbda (fae env)
(type-case FAE fae
[app (fn arg)
(type-case Type (typecheck fn env)
[arrowl (arg-type result-type)
(if (equal? arg-type
(typecheck arg env))
result-type
(type-error arg
(to-string arg-type)))]
[else (type-error fn "function")])])))

r|—el:(T2—>T3) r|—ez:T2

FI—{61 ez} N )

18



Pairs

{with {pair : (num-> (num-> (num-> num))
{fun {x : num
{fun {y : nun
{fun {s : nunt
{110 s X y}}}}}
{with {fst : ((num-> num -> num
{fun {p : (Nnum-> num}
{p O}}}
{with {snd : ((num-> num -> num
{fun {p : (Nnum-> num}
{p 1}}}
{snd {{pair 1} 2}}}}}

19



Pairs

{with {pair : (bool -> (bool -> (num-> bool)))
{fun {x : Dbool}
{fun {y : Dbool}
{fun {s : nuni
{1T0 s xX y}}}}}
{with {fst : ((num-> bool) -> bool)
{fun {p : (num-> bool)}
{p O}}}
{with {snd : ((num-> bool) -> bool)
{fun {p : (num-> bool)}

{p 1}}}
{snd {{pair true} false}}}}}

20



Pairs

{wth {pair : (num-> (bool -> (num-> ..)))
{fun {x : nuni
{fun {y : Dbool}
{fun {s : num
{1T0 s x y}}}}}
{with {fst : ((num-> ..) -> ..)
{fun {p : (num-> ..)}
{p O}}}
{with {snd : ((num-> ..) -> ..)
{fun {p : (num-> ..)}
{p 1}}}
{snd {{pair 1} false}}}}}

No possible type for ...

21-22



<TE>

TPFAE Grammar

<TPFAE> := <nunp

<| d>
{ <TPFAE> <TPFAE>}

{fst <TPFAE>}
{snd <TPFAE>}

num
| bool
| (<TE> -> <TE>)
| (<TE> * <TE>)

[ e ! T1 [

{+ <TPFAE> <TPFAE>}
{- <TPFAE> <TPFAE>}

{fun {<id> : <TE>} <TPFAE>}

{pair <TPFAE> <TPFAE>}

e . 1o

[ - {pair e; ey}

(T1 X T2)

N\\2

23-24



<TPFAE>

<TE>

TPFAE Grammar

<nunv

{+ <TPFAE> <TPFAE>}
{- <TPFAE> <TPFAE>}

<l d>
{fun {<id> :
{ <TPFAE> <TPFAE>}

{pair <TPFAE> <TPFAE>}

{fst <TPFAE>}
{snd <TPFAE>}

num
bool
(<TE> -> <TBE>)
(<TE> * <TEBE>)

[ + e

<TE>} <TPFAE>}

(T1 X T2)

[ - {fst e}

T1

N\\2

25



<TPFAE>

<TE>

TPFAE Grammar

<nunv

{+ <TPFAE> <TPFAE>}
{- <TPFAE> <TPFAE>}

<l d>
{fun {<id> :
{ <TPFAE> <TPFAE>}

{pair <TPFAE> <TPFAE>}

{fst <TPFAE>}
{snd <TPFAE>}

num
bool
(<TE> -> <TBE>)
(<TE> * <TEBE>)

[ - e

<TE>} <TPFAE>}

(T1 X T2)

[ - {snd e}

T2

N\\2

26



