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Pair of Languages

€g =X
| eses
| A(X:T)es
| ....

| dyn T €p

T =Int
| Nat
| (T X T)
| (T ->T)

€p =X
| ep€p
| A(x)ep
| ....

| stat T eg




Typing judgment(s)
- ep

= €p g . T
—dyntep:T — stat T eg







"types enforce levels of abstraction”

f dyntvp =N Vs

then Vg :T




Boundary Terms

dyn Int v —»N Vb if Vp isaninteger
dyn Nat vp —»y Vo if Vp isanatural
dyn (txt)vp —»N (dynTv,dynT'V)

if Vp= (V, V')

dyn (t->T) vp =N (mon (T ->T) V)

If Vp Iis afunction
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Soundness (Natural Embedding)

If — e:T then either:

- e—>’f\l Vg and Vg : T

- e _"Ik\l BoundaryErr

- @ —V}k\l E[eD] and €p _>N DynErr

- @ diverges







"types should not affect semantics"”

f dyntvp —»g v

then ~V




Boundary Terms

dyn Int vp —>

dyn Nat v —>c

dyn(txt)vp —>g

dyn (t->T) vp =g




Core Language

Same as the surface language!




Soundness (Erasure Embedding)

If — e:T then either:
- e —>’E V and ~V
- e —>’|‘E BoundaryErr
- @ —>¢ DynErr

- @ diverges







"types prevent undefined behavior”




"types prevent undefined behavior”

(12) — (-3 *-4) : Nat

(fst #<fun>)

(#<fun> + #<fun>)




"types prevent undefined behavior”




"types prevent undefined behavior”

If dyn T VD _>LD \'}
then ~v: | T
where |Int] = Int | Nat | = Nat

(txT);=Pair [(t->7);=Fun




Boundary Terms

dyn Int vp > p Vb

dyn Nat vp = p Vb

dyn(txt)vp = p Vo

dyn(t->T) vp =»1p Vo

If
if

if

if

IS an integer

IS a natural

IS a pair

IS a function




< (2 + (dyn Int #<fun>))

¥ (2 + (fst (dyn (Int x Int) (#<fun>, #<fun>))))

¥ (2 + ((dyn (Int->Int) #<fun>) 3))




(2 + (dyn Int #<fun>))

(2 + (fst (dyn (Int x Int) (#<fun>, #<fun>))))
~~> (2 + (check Int (fst ....)))

(2 + ((dyn (Int->Int) #<fun>) 3))
~~> (2 + (check Int ((dyn ....) ....)))




(A(x : Nat) (x * x))

~ o~ D>




(A(x : Nat) (x * x))
~~> (A(x : Nat) (check Nat x) ; (x * x))




Core Language

€g = ....
| check | T eg

check |Tjv = pV

If Vv _matches constructor | T |

—e:T ~~> @

— e ~~> e




Soundness (Locally-Defensive)

If —e:T then -e:T ~~> e and either:
- @ —»'pVs and Vs @ | T
I *
- € =—>r'n BoundaryErr
- e —VtDE[eD] and €p _>LD DynErr

- e' diverges




Constructor Sound
Type Sound

Type-Agnostic




Performance?

e.T
l m—p>
LD
Constructor Sound
Type Sound 1 ow'
| | Type-Agnostic €SS Slow
slow

"no overhead"




Performance
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Metatheory




Metatheory

* Classic type soundness for —>N —>E _>LD
boundary-freeterms e : T

* For boundaries of base type, _’N == _’LD
* For boundaries of base type, =®g =/= =P

» For errors, =P < _>LD < _’E










