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Applicativity granularity & Abstraction safety
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with
[x]

= (struct

(s:t) =
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Example of encoding into F*

Source code Signature
1 | module M = struct

2 module X1 : S = struct

3 type t = int

4 let x = 42

5 type u = t -> int

6 end

7 module X2 = struct

8 type t = X1.t * bool
9 type u = X1.t * string
10 end

11 | end

12

Encoded module
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Example of encoding into F*

Source code

module M = struct

module X1 : S = struct
type t = int
let x = 42

type u = t -> int
end
module X2 = struct
type t = X1.t * bool
type u = X1.t * string
end
end

Encoded module

e =

Signature
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module Xi :

module X5 :

end

sig type t = «

val x : «
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sig type t = a X bool

type u = « X string end
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16 (6)/ 27



Example of encoding into F*

Source code Signature

1 | module M = struct Ja.sig

2 module X1 : S = struct dule X: © si

3 type t = int module X1 : sig typet = «

4 let x = 42 val x - o

5 type u = t -> int .

3 end type u = a — int end
U modulepX28=istruct module X; : sig type t = a x bool

8 type t = X1.t * bool .

9 type u = X1.t * string type u = a X string end
10 end ad

11 | end

12

Encoded module
e—= pack(int, {€x1 = {€: = {int)), & = 42,4, = {(int X int))}})

16 (7)/ 27



Example of encoding into F*

Source code Signature
1 | module M = struct Ja.sig
2 module X1 : S = struct dule X: © si
3 type t = int module X1 : sig typet = «
4 let x = 42 val x - o
5 type u = t -> int .
3 el type u = a — int end
’ moduleRX28=Sstruct module X; : sig type t = a x bool
8 type t = X1.t * bool .
9 type u = X1.t * string type u = « X string end
10 end ad
11 | end
12
Encoded module
e= pack(int, {x1 = {ls = (int)), &x = 42,4, = ((int x int)}})

{€x2 = {£: = {a x bool)), £,

= (@ xinth}}

16 (8)/ 27
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Source code Signature

1 | module M = struct Ja.sig

2 module X1 : S = struct

5 — module X3
4 let x = 42

5 type u = t -> int

6 end

7 module X2 = struct module X :
8 type t = X1.t * bool

9 type u = X1.t * string

10 end e

11 | end

12

Encoded module

D sigtypet =«

val x : «
type u = a — int end
sig type t = a X bool

type u = « X string end

e = unpack(q, y1) = pack(int, {€x1 = {l: = {int)), b = 42,4, = {(int X int))}})

in {€x2 = {£: = {a x bool)), £,

= (axinth}}
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1 | module M = struct Ja.sig

2 module X1 : S = struct dule X: © si

3 type t = int module X1 : sig typet = «

4 let x = 42 val x - o

5 type u = t -> int .

3 el type u = a — int end
’ moduleRX28=Sstruct module X; : sig type t = a x bool

8 type t = X1.t * bool .

9 type u = X1.t * string type u = « X string end
10 end ad

11 | end

12

Encoded module
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1 | module M = struct Ja.sig

2 module X1 : S = struct dule X: © si

3 type t = int module X1 : sig typet = «

4 let x = 42 val x - o

5 type u = t -> int .

3 end type u = o — int end
U moduleRX28=Sstruct module X3 : sig type t = o x bool

8 type t = X1.t * bool .

9 type u = X1.t * string type u = « X string end
10 end ad

11 | end

12

Encoded module
e = unpack{a, y1) = pack(int, {lx1 = {{: = ((int)), & = 42,4, = {(int X int)}})
in unpack(”, y2) = {€x2 = {¢: = (@ X bool)), L, = (a X int))}}
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Lifting existentials

V" Through products/records types — repacking pattern : (3a.7,0) ~ Ja.(7,0)

= Through arrow types : (7 — Ja.o) ~ Ja.(t — o)
X unsound in general !

F A(b : bool). if b then (pack (int,42) as Ja.x) : bool — Ja.«v
else (pack (string, "EPFL") as Ja.cx)

wrong to give it the type : Ja.bool — «

= Through forall types : (Vf.3a.7) ~ 3o/ .(VE.7[a — &' (B)])
X not expressible in F*

The key intuition

= Existentials can be used for abstraction only, not for compatibility

= Dependencies on type parameters can be lifted via higher order types
17 (18)/ 27
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Seal = Aa.Ap.A\(x : ¢ a).pack (o, x) as FTa. ¥«
e0 = { Repack = Aa. AP \(x : P a). ANy \(f : Ya. pa — P a).(f ax)
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Back to applicative functors

E-Typr-Mobp-AprPFCT

ES:Xa.C, Fo,Y : CabFM:3B.C~ e

FE(Y:S)—=M:3"3 Va.C, — C[B — B(a)]
~ ift" lift™ (Aa. MY 1 C,). €)

oY :C,ke

FEAaA(Y :C,).e

[ H1ift” (Aa A(Y 1 Cy). e)

[ it lift ™ (Aa. A(Y < C,). €)

3773.C
Va.C, — 3776.C
Va.3778.C, — C

. 38 Ya.C, — C
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