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Motivations

1. Enrich both languages: C# and O’Caml,

Make the use of new libraries easy,

2. Preserve safety: O’Caml static typing, GC,

3. Keep the original languages unchanged.
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O’Caml features

Functional language, exceptions, imperative extension,
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O’Caml features

Functional language, exceptions, imperative extension,

High-level data types + pattern matching,
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O’Caml features

Functional language, exceptions, imperative extension,

High-level data types + pattern matching,

Polymorphism + implicit typing:
statically type-checked,
type inference,
polymorphic type (most general type is inferred).

O’Jacaré.Net – p.4/19



O’Caml features

Functional language, exceptions, imperative extension,

High-level data types + pattern matching,

Polymorphism + implicit typing:
statically type-checked,
type inference,
polymorphic type (most general type is inferred).

Multi-paradigm (inside the same typing mechanism):
Object-oriented (class structuration),
SML-like parametric module,
labels and polymorphic variants.
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Examples of type inference

functional type :
let compose f g = fun x -> f (g x);;

(α → β) → (γ → α) → γ → β

functional type over list :
List.map : (α → β) → α list→ β list

object and functional type :
let toStringNL o = o#toString() ^"\n";;
< toString : unit→ string ; .. >→ string
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Comparing Object Models

Features C# O’Caml Features C# O’Caml

classes
√ √

inheritance ≡ sub-typing? yes no

late binding
√ √

overloading
√

early binding
√

multiple inheritance
√

static typing
√ √

parametric classes
√

dynamic typing
√

packages/modules

sub-typing
√ √

O’Caml is not an object language, but has an object-oriented
extension

a class declaration defines a new object type and a
constructor function

object type = method’s names and types
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Architecture of the interface

Applications

O’CamlC#

reflection API external

jacare.dll

IDL − O’Jacare.net

.NET runtime
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Low-level –jacare.dll

C# – Reflection API

Class searching by name and assembly
(System.Type),
Method identification by name and type of arguments,
Method calls with an array of arguments.

O’Caml specificities

O’Caml object are not map compiled to obvious CTS
objects,
Method identification by name only,
No type introspection on O’Caml side.

Exception
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O’Jacaré.Net, a simple IDL - 1/2

Associate one C# object with one O’Caml object

At the intersection of the two models

Class, abstract class and interface definition,
Single inheritance for classes,
Multiple inheritance for interfaces,
No overloading
(but an name aliases mechanism),
No parametric class.
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O’Jacaré.Net, a code generator - 2/2

Arguments passing

by reference for objects (ex : System.Object)
by copy for base types (ex : int, string)

Typing consistency of the IDL type is checked:
at compile time against O’Caml
and against C# if available
at “load” time between the two implementation
(introspection)

An IDL file is a simple description of CLR classes.
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O’Jacaré.Net : Class Point

File point.idl Generates : point.ml

class Point {

int x;

[name default point] <init > ();

[name point] <init > (int );

void moveTo(int );

string toString();

boolean eq(Point);

}

Abstract type _clr_csPoint

Object type csPoint

Wrapper _wrapper_csPoint

Users classes
default_point, point
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O’Jacaré.Net : Class ColoredPoint

File point.idl Generates : point.ml
class ColoresPoint extends Point

implements Colored {

[name default colored point]

<init > ();

[name colored point]

<init > (int ,string );

[name eq cp]

boolean eq(ColoredPoint);

}
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O’Jacaré.Net : Callback attribute
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O’Jacaré.Net : Callback attribute

��   ¡¢ £ ¤¥ ¥¦   §̈ ¡¦
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let mcp = new

ml_cpoint

"blue" 1
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O’Jacaré.Net : Callback attribute
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mcp#display()
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O’Jacaré.Net : Callback attribute
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mcp#display()

this.toString()
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O’Jacaré.Net : Callback attribute
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O’Jacaré.Net : Callback attribute
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mcp#display()

this.toString()
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O’Jacaré.Net : Callback attribute
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this.toString()
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O’Jacaré.Net : Callback attribute
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mcp#display()

this.toString()

this.getColor()
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O’Jacaré.Net : Callback attribute
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O’Jacaré.Net : Callback attribute

�� � �� � �� �� � � � ��
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mcp#display()
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O’Jacaré.Net : Callback attribute

ÌÍ Î ÏÐ Ñ ÒÓ ÓÔ Î Õ Ö ÏÔ

ÌÍ Î ÏÐ Ñ ÒÓ ÓÔ Î Õ Ö ÏÔ

×Ô ÎÔ ÑÍ ÓÔ Ï Õ Ö ÏÔ

Ø ÙÚÛ Ü Ý Þß à ÙÚá Ü Ý Þ

Ø â Ù Ù Ý â Ø ã
Û Ø ä à Ü Ù ÜÚ å æ ç Ü èé êß à ÙÚá Ü Ý Þë ì í é è ê

î å ê à Ü Ù ÜÚ ß í é è êë ì ä êÚ èé î

Û î å ê à Ü Ù ÜÚ ß í é è êë ì à ÙÚá Ü Ý Þ

ê Ü ï êÚ èé îß í é è êë ì ä êÚ èé î

Û
ê Ü ï êÚ èé îß íé è êë ì à ÙÚ á Ü Ý Þ

æ è ä ð Ù â ñß í é è êë ì í é è ê
ò ó

ô õ ö ÷ øù ú

û Ù
Û Ø ð Ü èé êü ä êÚ èé îë ì èé êë ì èé êë ì í é è ê

î å ê à Ü Ù ÜÚ ß í é è êë ì ä êÚ èé î

ýÓ Ñ Ò Î þ þÔ Ó ÿ Ö � Ö Ñ � �

ýÓ Ñ Ò Î þ Ó Ö ýÓ Ñ Ò Î þ � �

� Ö Ò Ï Ï Ò� � �Í � � �

à â Ù Ù Ý â Ø ã Ø â û Ù
Û Ü Ý Þ

à Ü Ù ÜÚ å æ ç Ü èé ê � à â Ù Ù Ý â Ø ã �

ï êÚ èé î î å ê à Ü Ù ÜÚ � �

ï êÚ èé î ê Ü ï êÚ èé î � �

	 Ü è æ æ è ä ð Ù â ñ � �

mcp#display()

this.toString()

this.getColor()

super#getColor()
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O’Jacaré.Net : Callback attribute


� �  � � �� �� � � � �
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� �� � � � �� � ��� � � �

�  � � �  � !
� � " � � � �� # $ % � &' (� � ��� � � �) * + ' & (

, # ( � � � �� � + ' & () * " (� &' ,

� , # ( � � � �� � + ' & () * � ��� � � �

( � - (� &' ,� + ' & () * " (� &' ,

�
( � - (� &' ,� +' & () * � �� � � � �

$ & " . �  /� + ' & () * + ' & (
0 1

2 3 4 5 67 8

9 �
� � . � &' (: " (� &' ,) * &' () * &' () * + ' & (

, # ( � � � �� � + ' & () * " (� &' ,

;� � � � < <� � = � > � � ? @

;� � � � < � � ;� � � � < ? @

A � �   �B C >� D ? @

�  � � �  � ! �  9 �
� � � �

� � � �� # $ % � &' ( E �  � � �  � ! F

- (� &' , , # ( � � � �� E F

- (� &' , ( � - (� &' , E F

G � & $ $ & " . �  / E F

mcp#display()

this.toString()

this.getColor()

super#getColor()
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HI J KL M NO OP J Q R KP

HI J KL M NO OP J Q R KP

SP JP MI OP K Q R KP

T UVW X Y Z[ \ UV] X Y Z

T̂ U U Y T̂ _
W T̀ \ X U XV a b c X de f[ \ UV] X Y Zg h i e d f

j a f \ X U XV [ i e d fg h̀ fV de j

W j a f \ X U XV [ i e d fg h \ UV] X Y Z

f X k fV de j[ i e d fg h̀ fV de j

W
f X k fV de j[ ie d fg h \ UV ] X Y Z

b d l̀ U m̂[ i e d fg h i e d f
n o

p q r s tu v

w U
W T l X de fx ` fV de jg h de fg h de fg h i e d f

j a f \ X U XV [ i e d fg h̀ fV de j

yO M N J z zP O { R | R M } ~

yO M N J z O R yO M N J z } ~

� R N K K N� � |I � } ~

\ ^ U U Y T̂ _ T̂ w U
W X Y Z

\ X U XV a b c X de f � \ ^ U U Y T̂ _ �

k fV de j j a f \ X U XV � �

k fV de j f X k fV de j � �

� X d b b d l̀ U m̂ � �

mcp#display()

this.toString()

this.getColor()

super#getColor()
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Example - a Raytracer program 1/1

Two components:

A raytracer engine in O’Caml, in a class Render.

It has a method compute: *display* -> string -> unit.

Wishes to call a method drawPixel on object display

(drawPixel: int -> int -> int -> int -> int -> unit).

A graphical interface in C# has a class Display.

with a drawPixel method:

void drawPixel (int x, int y, int r, int g, int b).

A file dialog helps selecting a 3D scene, willing to call a

compute method.

Communication is round tripping between the two components.
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Example - a Raytracer program 2/2

This can be implemented with O’Jacaré.Net using cross-language late

binding. Two solutions work:

+ drawPixel(int x, int y, int r, int g ,int b)

Render

+ compute(Display view, string file)

Display

+ drawPixel(int x, int y, int r, int g, int b)

+ Display(Render r)

Display Render

+ compute(Display view,string file)

Display

+ drawPixel(int x, int y, int r, int g, int b)

+ Display(Render r)

Render

+ compute(Display view, string file)

with main in ML

ML

with main in C#

ML

C#

C#
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Combining the two Objects Models

Multiple inheritance of C# classes

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

The file rect.idl The O’Caml program

package mypack;

class Point {

[name point] <init > (int , int );

}

class GraphRectangle {

[name graph rect] <init >(Point, Point);

string toString();

}

class GeomRectangle {

[name geom rect] <init >(Point, Point);

double area();

}

open Rect;;

class geom graph rect p1 p2 =

object

inherit geom rect p1 p2 as super geo

inherit graph rect p1 p2 as super graph

end ;;

let p1 = new point 10 10;;

let p2 = new point 20 20;;

let ggr = new geom graph rect p1 p2;;

Printf.printf "area=%g\n" (ggr#area ());;

Printf.printf "toString=%s\n" (ggr#toString ());;
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Downcasting C# objects in O’Caml

let l = [(ml cp :> csPoint); (wml cp :> csPoint)];;

val l : csPoint list = <obj>

let lc = List.map (fun x −> csColoredPoint of top (x :> top)) l;;

val l : csColoredPoint list = <obj>

The generated O’Caml class hierarchy has root class
top,

O’Jacaré.Net defines type coercion functions from top
to child classes.
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Further work

Enhancements:

Add delegation, genericity . . .
Increase the IDL scope.

Applications:

Embed functional programs,
Promote O’Caml for specific fields of application
(symbolic computations: parsers, compilers),
Experiment new features in O’Caml (remoting . . . )
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