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— parametric polymorphism vs. ad hoc polymorphism
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# let moi = object
val age = 33
method name = "Jacques"
method age = age
method birthday = {< age = age+l >}

end; ;
val moi : < age : int; birthday : ’a; name : string > as ’a
# let next_age pers = pers#birthday#age;;
val next_age : < birthday : < age : ’a; .. >; .. > -> ’a
# next_age moi;;
- : int = 34
# (moi : <age: _; birthday: ’a; ..> as ’a

:> <age: _; birthday: ’b> as ’b);;
- : < age : int; birthday : ’a > as ’a = <obj>
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type abbrev memo =
Mnil

| Mcons of Path.t * type expr * type expr * abbrev memo
| Mlink of abbrev_memo ref

-Jr - e Lo VTl . lnt}
type type.desc = ...

| Tconstr of Path.t * type expr list * abbrev memo ref

Tconstr (U UOUOOODOOO p, OO 1, UOOODOOO a)
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let rec unify env tl1 t2 =
(x First step: special cases (optimizations) *)

and unify2 env tl1 t2 =
(* Second step: expansion of abbreviations *)
let t1’ = expand_head env tl and t2’ = expand_head env t2 in

if t1’ == t2’ then () else
if (t1 == t1’) || (t2 !'= t2’) then unify3 env tl t1’ t2 t2’

else unify3 env t2 t2’ t1 tl’

and unify3 env tl1 t1’ t2 t2’ =
(* Third step: truly unification *)
(* Assumes either [tl == t1’] or [t2 != t2’] *)
let d1 = t1’.desc and d2 = t2’.desc in
occur env tl1’ t2;
update_level env tl1’.level t2;
link_type t1’ t2;
match (d1, d2) with

13



Jacques Garrigue — Objective Caml NGO

001 00000o00d

14

oottt otdboodouoton
Joodoodoooooboodoogod

let rec unify env t1 t2 =
let t1 = repr tl in
let t2 = repr t2 in
if t1 == t2 then () else
match (tl.desc, t2.desc) with
| (Tconstr (pl, [], al), Tconstr (p2,

update_level env tl.level t2;
link_type t1 t2

-> unify2 env tl t2

[1, a2)) when Path.same pl p2 ->
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| (Tconstr (pl, [], al), Tcomstr (p2, [1, a2))
when Path.same pl p2
&& not (has_cached_expansion pl !al
| | has_cached_expansion p2 !'a2) ->
update_level env tl.level t2;
link_type t1l t2
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let £ = format (1it "Up for " ~°~
int ~~ (1it " day") ~~ str °° (1it ", ") °°
int °~~ (1it " hour") ~°~ str °° (1it ", ") °°
int ~° (1it " minute") ~~ str ~° (Qit ", ") °°
(1it "and ") ~°°

int °~ (1it " second") °~ str °° (it ". ") ~°°

(1it "I have used ") ~~ flt ~~ (1lit " seconds of CPU time.")
“~ (1it " I have allocated ") ~~ flt °~

(1it " bytes since I was started. ") °°

(1it "I currently contain ") ~~ int ~°

(1it " bytes on my heap."))
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let somefun ... =

let module G = Gdome in
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type type_expr =
{mutable desc: type_desc; mutable level: int; id: int}
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type (’a,’®) a = A of ’a | Bof (°b -> ’a, ’a -> ’b) b
and (’a,’b) b = A’ of (’a,’b) a | B> of (’b -> unit)
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type (+’a,-’b) u = (’a,’b) a
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Objective Caml version 3.08.2

# type ’a expr = Var of ’var | App of ’app | Abs of ’abs

constraint ’a = <var:’var; app:’app; abs:’abs; ..>;;
# (Var 3 :> <var:bool; ..> expr);;
- : < abs : ’a; app : ’b; var : bool; .. > expr = Var <unknown constructor>

O bbbttt btbotdbootdbotdbtoobogbotdboodn
Joogoodo

00 Objective Caml 3.08.3 000000000 0OOOOOOOOOO0O0O
oottt btbotdbootdbogun
Joodoodotoobotobotdbobodogd



Jacques Garrigue — Objective Caml NGO 21

HRERERERERE

D000 MLOOOOOOOO0OO0ODOOO0O Objective CamlOdodooooon
Jogogg

Joodbootdooubotobbotdgbotdbootdbotbotoboodboodoogo
oottt btobotdbootdbogun
oot

Objective CamlU OO 0OO0OOOODODOOOOOOOOOOOOOOOOOO
oottt btbotdbootdbooun
Juootdboodbootubtgbbotdbotdboogtdogn

oottt ogdnon
Joodoodooboodoouogn

VaB.ax B — Bxa=Vd3 .0/ xa —ad x

D0000a«— B 0B« J/000000000000000O0O0O0OOOOOO



Jacques Garrigue — Objective Caml NGO

o4 00douooodgn

22

O bbotdboodooubtgud

Objective Caml version 3.05

# type lop = {list: ’a. ’a -> ’a list};;
# let lop =
{list = let r = ref [] in fun x -> let 1 = !r in r := [x]; 1};;
val lop : lop = {list = <fun>}
# lop.list 3;;
- : int list = []
# lop.list true;;
- : bool list = [<unknown constructor>]

00 O00dodododdodvalue restruction D000 odoooogog

o oggod 3.0 0ot
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# fun (x : <m:’b. ’b * <p:’d. ’d * ’c * ’a> as ’c> as ’a) —> x#m;;
- : (<Km: ’b. ’b*x <p: ’d. °d * ’c * ’a > as ’c > as ’a) ->
(’f x <p:’g. ’gx*x’ex*x ’a>as ’e)

J00o0b00oooooooodooooodonDbDidier Rémy

00 [ICFP04])0 Pottierd GauthierO FpOOOOODODOODODOO
Joodogd
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<m> <m>

Dcx DO(

<m

<m :Va.aa — (o X v)> as v
DB

<m :Va.a — (a X <m :VG.8 — ~v> as v)> Cé

>
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Objective Caml version 3.08.2

# let f x =
(x : <m : ’a. ’a -> (’a *x <m:’c. ’c -> ’bar> as ’bar)>
:><m : ’a. ’a -> (Pa *x ’foo)> as ’foo);;

# let o =
object method m : ’a. ’a -> (’a * <m:’c. ’c -> ’bar> as ’bar) =
fun x ->
(x, object (self) method m : ’c. ’c -> _ = fun y -> (x, self) end)
end; ;

val o : <m : ’a. ’a-> (Pa*x<m: ’c. ’c -> ’b > as ’b) > = <obj>
# let (X ) = (f o)#m 3;;

val x : = 3

val o : <m : ’b. ’b -> ’b *x ’a > as ’a = <obj>
# let x’ = fst (o’#m true);;

val x’ : bool = <unknown constructor>
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