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» Motivations, Constraints and Choice
» Objective Caml

o OCamlL : Compiler and Toplevel

» O’Jacare : Interoperability

» Related Work

» Current and Future Work




Motivations :

» To port O’'Caml language and its libraries to the .NET
platform

and to be as compatible as possible with the standard
(Inria implementation).

» To benefit from this platform : tools and
Interoperabllity




Contraints :

To have a good level of compatibility. (compatibility)
To produce managed code. (safety)

Don’'t modify the original language. (compatible)

To follow perpetual evolutions. (easy evolutions)

To have some facilities to interoperate.
(interoperability)

» And if possible, to prevent inefficiencies. (efficiency)

o o o o o




Choice .
» OCamliL is developed as a new back-end of the
O’'Caml compiller.
Benefits are
» More accurate compatibility
» Easier to write
» Easier to maintain

Drawbacks are
» Sticks to O'Caml implementation choices
» Needs a retyping step
» Entalls efficiency penalties




» One of the most popular ML dialect:
s efficient code,

s large set of general purpose and domain specific
libraries,

» automatic memory management,

s used both for teaching (academy) and for writing
high-tech applications (industry).

» Product of research results since 800s in: type theory,
language design and implementation.

» Developped at INRIA (France). http://caml.inria.fr.
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» Functional language, exceptions, imperative extension.
» High-level data types + pattern matching.
s Polymorphism + implicit typing:

» Statically type-checked,

s type inference,
s polymorphic type (most general type is inferred).

» OO extension.

» Multi-paradigm (inside the same typing mechanism):
s ODbject-oriented (class structuration),
s SML-like parametric module.




» functional type :
l et conpose f g = fun x ->f (g X);;
(@—=08)—=(y—a)—=v—p0

» functional type over list :
List.map: (o — fB) —walist—g3list

» Object and functional type :
let toStringNL o = o#toString() ~"\n";;

<toString : unit —string ; .. >— string
let h = map toStringNL; ;
<toString : unit -> string;, .. >list —
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t ype ul anbda =

Uvar of Ildent.t

U et of Ident.t » ulanbda * ul anbda

Udi rect _apply of function_|abel * ulanbda |i st

Ugeneri c_apply of ulanbda * ul anbda |1i st

Ucl osur e of

(function |l abel = Iint * ldent.t list ~ ulanbda) |i st

* ul anbda |1 st

Uof f set of ul anbda * i nt

Uprimof primtive = ulanbda |i st

A-calcul : explicit closures management, control structures
and primitives.




type primtive =

Pmakebl ock of 1 nt

Pfield of int

Psetfield of int

Psequand | Psequor | Pnot

Pnegint | Paddint | Psubint | Pmulint | Pdivint | Pnodint
Pandint | Porint | Pxorint | Plslint | Plsrint | Pasrint
Pi ntconp of conparison

Pintoffloat | Pfloatofint | Pnegfloat | Pabsfl oat

Paddf| oat | Psubfloat | Pnul float | Pdivfl oat

Pfl oat conp of conpari son

Pstringlength | Pstringrefu | Pstringsetu

Pstringrefs | Pstringsets




Main Problem :

» untyped intermediate language AND typed runtime
» Example : integers and blocks

Goals :

s To produce managed code without type erros
» To produce optimized code

Annotate primitives by types to ensure coherence.
2 approaches :

» to rebuild types
» OR to propagate types.




Minimal grammar for types :
T ::=1nt | block | string
| float | closure | unit | any
» To discriminate kinds of blocs
» A different representation (than O’Caml) for sum types.

mplementation :

o'Caml | bool/int | float string unit -> 'a others
retyping | Int float string unit closure | any block
CTS Int32 float64 | StringB | nullivoid | Closure | object | object[]




For sum types, we want an union type :
suntype = int U bl ock

Problem :
type t = Zero | One | Node of t

O’Caml code Cl anbda code
et cut = function | let cut = closure(cut):
| Node n ->n X ->1f (isint x) then x
| X -> X el se (field 0O x)
Type:t ->t Inferred type: sunt ype -> suntype




type t = Zero | One | Node of t

O’Caml code Cl anbda code
let hell a b = | et hell = closure(hell): a ->Db ->
match a with 1 f (isint a) then
| Zero -> One (1f (a!=0) then b else 1)
| _->Db else b
Type:t ->t ->t Inferred type: suntype -> int -> int

the following expression produces an incoherence:
hell| One (Node Zero)




Solution : to modify sum types representation.

» To represent all constructors (including constants) by
blocs.

» More elegant solutions don’t work (because polymorphic
variants)

» Une solution plus fine ne marcherait pas (a cause des
variants polymorphes)

It Is a first modification before our back-end.




Uniform Representation:

» All values can be represented by an Cbj ect
» boxing/unboxing for scalar values

Closures: o Each abstraction (f un) becomes a class,
» Sub-class of the abstract class Cl osur e.
» A closure is an intance of their corresponding class.

Application:
» direct apply

» using a general mechanism :
s Which can create a new closure (with a richer
environment)

s Or can execute the real code (body of abstraction)
L orjeeCamon NeTpaTa




Exceptions:
» Sub-classes of .NET exceptions
Obijects:

» only records (instance variables and virtual methods
table)

» general application :
0.mal a2 ==> GET(o,n) o al a2

Functors:

» represented by closures too




Libraries :

standard library
Graphics
Threads
Dynlink

N
N
N
N

Compatibility :

» Bootstrapped compiler
» Toplevel




ML MSIL ML pre- MSIL ML MSIL ML MSIL
ocami | ocam | ocam | ocam |
(src) (src)
ML ML miB miB ML ML pre- MSIL | MSIL
ocam ¢ ocami |
miB miB
Building Steps
miB miB
% p
ML MSIL ML MSIL ML MSIL ML MSIL
ocami | ocam | -2 ocam | ocam | -3
(src) (src)
ML ML MSIL | MSIL ML ML MSIL | MSIL
ocami | ocam | -2
MSIL MSIL
Bootstrapping Steps
MSIL MSIL
CLR CLR
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low-level FFI, using static methods .NET.

external il _getenv: string -> string =
"string" "System Environnent:: Get Envi ronnent Vari abl e"
"string"
| et getenv var = match il _getenv var wth
| "" -> raise Not found
| s ->s

Example : implementation of Sys. get env




Interoperability : Low Level FF
i = BX]

[ESCAMIL) Objective Caml version 3.06+camil
#let zodiac = Listmap (fun i-= String.make 1 {char_of_int 1))
[Cw@f 20 0 7 20h,0xB64e,0x5 1 54 0xBT99: 0xB0c 7, 0xBabe,0n 7188, 0x 7334, 0x0e21 O 72d 7,07 323]
val zodiac : string list = ['E&"; "5 ERY R AR R St SR R R e
# List sort String.compare zodiac;;
- String.tlist =["&"; ", a0, E E R R e S R T
# type culture_info;;
type culiure_info
# external create_culture:string -= culfure_info = "class System. Globalization. Culturelnfo”
"Systermn. Globalization. CultureInfo” "CreateSpecificCulture” "string”;;
external create_culiure : string -> culture_info = "CreateSpecificCulture” "CreateSpecificCulfure”
# exdternal uni_compare: string -= string -= bool -= culture_info -= int = "int" "Systern. String”
"Compare” "string” "string” "bool” "class System. Globalization. Culturelnfo®;;
external uni_compare ; string -= string -»> boaol -= culture_info -= int = "Compare” "Compare”
# let pinyin_compare s1 52 =

let chinese = create_culture "zh-CHN" in

uni_compare 51 s2 frue chinese;;

val pinyin_compare : string -= string -> int = <fun=
# List.sorf pinyin_compare zodiac;,
- String.tlist =["a"; Y&, "HE; IS T e R R
#
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Features C# | O'Caml || Features C# | O’Caml
classes vV vV inheritance = sub-typing? | yes no
late binding V V overloading V *
early binding V * multiple inheritance * V
static typing vV vV parametric classes * vV
dynamic typing | +/ * packages/modules * *
sub-typing V V

IDL : an intersection of the two models : for which inheritance and

subtypingrelations are equivalent, overloading and binary

methods are not allowed. No multiple inheritance nor parametric

classes.




File poi nt . i dl Generates : poi nt .
Object type CcSPoI nt

class Point {
int x: Wrapper _Wr apper _csPoi nt

Users classes

[name default_point] <init > (); defaul t _poi nt, poi nt

[name point] <init > (int);

_wrapper_jPoint
clr_obj: Clr.obj
_wrapper_csPoint: Clr.obj -> csPoint
void moveTo(int); get_x: unit -> int
set_x: int -> unit
string toString(); mongo: int -> unit

toString: unit -> string

eq: csPoint -> bool

boolean eq(Point);
i R

} point default_point
point: int -> csPoint || default_point: unit -> csPoint




File poi nt . i1 dl Generates : poi nt. i

class ColoredPoint extends Point

_wrapper_csPoint
clr_obj: Clr.obj
_wrapper_csPoint: Clr.obj -> csPoint
get_x: unit -> int
set_x: int -> unit
moveTo: int -> unit
toString: unit -> string
eq: jPoint -> bool

|
|
|
|
|
|
|
|
<init > (); |
|
.
|
|
|
|
|

implements Colored {

[name default_colored_point]

_wrapper_csColored

___point ___ cIr_obj: Cir.obj
point: int -> csPoaint _wrapper_Colored: Clr.obj -> csColored
[name colored_pomt] default_point getColor: unjt -> string
default_point: unit -> csPoint ||LsetColor: string -> unit

<init > (int,string );

_wrapper_csColoredPoint
clr_obj: Clr.obj
_wrapper_csColoredPoint: Clr.obj -> csColoredPoint

[name eq_cp] : csColoredPoint -> bool

boolean eq(ColoredPoint); default_colored_point
point: int -> csColoredPoint default_point: unit -> csColoredPoint

}




C# oCaml

Point

ColoredPoint

A

ColoredPointStub

colored_point

callback _colored_point

.......................................... I I
Legend mixed_colored_point colored_point_ml
—
Keeps a reference upon... ;.
I P 1

Generated code (starting from the IDL) Generated code with the callback attribute ~ Hand-written code




» Multiple inheritance of C# classes.
» Downcasting C# objects in O’Caml.




Thefilerect. i dl The O’Caml program
package mypack; open Rect;;
class Point { class geom_graph_rect pl p2 =
[name point] <init > (int, int); object
} inherit geom_rect pl p2 as super_geo
class GraphRectangle { inherit graph_rect pl p2 as super_graph

[name graph_rect] <init >(Point, Point)] end;;
string toString();
} let p1 = new point 10 10;;

class GeomRectangle { let p2 = new point 20 20;;

[name geom_rect] <init >(Point, Point); let ggr = new geom_graph_rect pl p2;;
double area(); Printf.printf " area=%g\n" (ggr#area ());;

} Printf.printf " toString=%s\n" (ggr#toString ());;




let | = [(ml_cp :> csPoint); (wml_cp :> csPoint)];;

val | : csPoint list = <obj>
let Ic = List.map (fun x —> csColoredPoint_of_top (x :> top)) I;;

val | : csColoredPoint list = <obj>

» The generated O’'Caml class hierarchy has root class
t op,

» O’Jacaré.Net defines type coercion functions fromt op
to child classes.




Interoperability

# interface for OCaml raytracer

File Options

d. €
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2 http:/iwww. pps. jussieu.fr/~-montela/raytracer/ - Microsoft Internet Explorer

Fichier — Edition  Affichage  Faworis  Oukils 7 ;#'
- i 2 ’ i ) : - __ »
e Précédente. - 1&3 E @ If;j ’\j Rechercher 'E  Favaris e Média @I 8" ,H_;: W - D
Bdresse |@ htkp: /v, pps. jussieu. frf~montelafravtracer) *"| ok |3 Liens 3

O CamlT Web Control

Click on windowy to close

Eun | =elect Scene |

&] Terming ® Internet




s F#
s An Caml-Light Core : no functors, no O’Caml objects.

s Nombreuses autres petites incompatibilités

s Well integrated C# object model (not the
O’Caml model)

s o toplevel
s Similar efficiency

s SML.NET
s compatibility with SML
s Integration of a C# syntax
s Nno toplevel
s better efficiency (global monomorphisation)

r ‘llgll g ll ll!lllll S



to propagate types from types syntax tree
» Introducing a typed intermediate language

Interest
» allows to represent more preciselly O’'Caml types
» Dbetter efficiency and easier debug

difficultgy

» propagation during all optimazation steps (pattern
matching, ...)
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Type information is available in syntax tree, but is not
propagating in intermediate languages.

typet = Aof int ~t | B of int

let f = function
A(O,u) , Bi -> A(i,u)
( A(x,2) » Aly,_) | Bx, By ) -> B(xty)
Al ,u , _->u
->BO




param - >
catch 1 x' vy
let left = (field O param in
switch left
O ->let x = (field O left) in
catch 3
if (x '=0) then <junp 3> else
let right0 = (field 1 param in
switch rightO
0 -> <junp 3>
1 -> [makeblock O (field O rightQ)
(field 1 left)]
c-with(3) let rightl = (field 1 param in
switch rightl
O -><junmp 1 x (field O rightl)>
1 -> (field 1 left)
1 ->1let right = (field 1 param in
swtch right
0 ->1[1. 0]
1 -><junmp 1 (field O left) (field O right)>
c-with(1) [makeblock 1 (x +y’)]
o Objective Camlon NET-p37/43




paramitxt ->
catch 1 (x’:int) (y' :int)
let left:t = (field O param in
switch left
O ->let x:int = (field O left) in
catch 3
if (x !'=(0:int)):bool then <junp 3>t else
let rightO:t = (field 1 paran) in
switch rightO
0O -> <junp 3>:t
1 -> [makeblock O (field O rightO):int
(field 1 left):t]:t
c-with(3) let rightl:t = (field 1 param in
switch rightl
O -><junp 1 x (field O rightl):int>:t
1 -> (field 1 left):t
1 ->1let right:t = (field 1 param in
switch right
O ->[1: 0]:t
1 -><junp 1 (field O left):int (field O right):int>:t
c-with(l) [makeblock 1 (x +y’):int]:t
o Objective Camlon NET-p38/43




paramitxt ->
catch 1 (x’:int) (y' :int)
let left:t = (field O param in
switch left
O ->let x:int = (field O left:t.A in
catch 3
if (x !'=(0:int)):bool then <junp 3>t else
let rightO:t = (field 1 paran) in
switch rightO
0O -> <junp 3>:t
1 -> [makeblock O (field O rightO:t.B):int
(field 1 left:t.A):t]:t
c-with(3) let rightl:t = (field 1 param in
switch rightl
O -><junp 1 x (field O rightl:t.A:int>:t
1 -> (field 1 left:t.A):t
1 ->1let right:t = (field 1 param in
switch right
O ->[1: 0]:t
1 -><junmp 1 (field O left:t.A:int (field O right:t.B):
c-with(1l) [makeblock 1 (x +y’):int]:t
o Objective Camlon NET-p39/43




Grammar for retyping :

O’Caml type "ar = {x:"a; y:int; z:('ax’a) r}

retypage | record(r, Xx:any, y:int, z:.r)

CTS class r {object x; int vy, r z;}

O’Caml typet = Aof t ~t | B of iInt
suntype(t, t.A t.B)

retypage record(t. A x0:t, x1:t)
record(t.B, x0:int)

class t {int get tag();}
CTS class t Ainherits t {t x0; t x1;}

class t B inherits t {int xO0;}




» More precise types for primitives and best representation
for sum types and records.

» More difficult to implement
» deeper modifications of the O’Caml compiler




The following benchmarks ran on a Windows XP Pentium IV
2,4GHz station. They are designed to run in about a second
under the native O’Caml compiler (ocani opt ).

ocamlopt | ocamlc | OCamILR| | OCamILP | F# | sml.net
Boyer 1.45 5.21 55.8 50.4 52.1 | 36.8
KBGr 1.14 1.31 11.9 11.7 11.8 | 6.18
KBGeo | 1,34 2.75 59.3 59.2 66.1 | 28.5
Nucleic | 0.81 5.82 11.5 7.62 7.48 | 0.81
Performance tests (real time in seconds).




» To complete the types propagation version, and to
compare both

» To implement some optimizations (closures, exceptions)
and to use generic IL.

» to build a debugger thaht explores O’Caml values
» to parameterize backend to produce other byte-codes
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