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1 Modules

A module is a named structure which fields define types, data and operations
on data:

module B_implementation =
struct
type entier = int
let c = ref 1
let i O =c¢ :=
let p v = print_int v; print_newline ()
end;;

lc + 1c ; lc

The type of a module is a signature indicating the types of the fields of the
structure:

% ocaml
Objective Caml version 3.06
# module B_implementation =
struct
type entier = int
let c = ref 1
let i ) =c :='c+ lc; lc
let p v = print_int v; print_newline ()
end;;
module B_implementation :
sig
type entier = int
val ¢ : int ref
val i : unit -> int
val p : int -> unit
end
# #quit;;

The fields of the structure are accessed by its name, followed by a dot and the
name of the field:



# B_implementation.c;;

- : int ref = {contents = 1}
#1i QO35

Unbound value i

# B_implementation.i ();;

- : int = 2

The scope of a structure can be opened to access its fields directly:

# open B_implementation;;
#1i O;;

- : int = 4

# c;;

- : int ref = {contents = 4}
#1 O;;

- : int = 8

#p G O);;

16

- : unit =

#p G O);;

32

- : unit =

2 Signatures

A signature specifies which components of a structure are accessible from the
outside, and with which type. It can be used to hide some components of a
structure (e.g. local function definitions) or export some components with a
restricted type:

# module type A_signature =

sig
type entier
val i : unit -> entier
val p : entier -> unit
end;;

module type A_signature =
sig type entier val i : unit -> entier val p : entier -> unit end

A signature can be used to make a module “abstract” in the sense that some of
its fields and its actual representation as a “concrete” type and can b is hidden:

# module B = (B_implementation:A_signature);;
module B : A_signature

# B.c;;

Unbound value B.c
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#B.i O;;
- : B.entier = <abstr>
# B.p (B.i 0);;

128

- : unit =
# open B;;
#p G O);;
256

- : unit = QO

One can write either:

module B = (B_implementation:A_signature);;

or equivalently:

module B : A_signature = B_implementation;;

3 Functors

A functor maps structures to structures. More precisely, a functor F' parame-
terized with a formal parameter A (along with the expected signature for A)
maps any actual implementation B (B’, B”, ...) of the expected signature for

A to a structure F(B) (F(B'), F(B"), ...).

# module type C_signature =
functor (A: A_signatur e) ->
sig
val i : unit -> A.entier

end;;
module type C_signature =
functor (A : A_signature) ->
sig val i : unit -> A.entier val p : A.entier -> unit end
# module C_implementation =
functor (A: A_signatur e) ->

struct
type ent = A.entier
let £1i = ( )
let i O =f (4.1 O); A.i O
let p = A.p

end; ;
module C_implementation :
functor (A : A_signature) ->
sig
type ent = A.entier
val £ : ’a -> unit

val i : unit -> A.entier

val p : A .entier -> unif
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val p : A.entier -> unit
end
# module C = (C_implementation:C_signature);;
module C : C_signature
# module D = C(B);;
module D : sig val i : unit -> B.entier val p
#D.p (D.i O);

1024

- : unit = ()
# open D;;
#p G O);;
4096

- : unit =

: B.entier -> unit end

4 Example modular program

In summary, the modular program is:

module type A_signature =
sig
type entier
val i : unit -> entier
val p : entier -> unit
end;;

module B_implementation =
struct
type entier = int
let c = ref 1
let i ) =c :='!lc+ lc; lc
let p v = print_int v; print_newline ()
end; ;
module B = (B_implementation:A_signature);;

module type C_signature =
functor (A: A_signature) ->
sig
val i : unit -> A.entier
val p : A.entier -> unit
end;;

module C_implementation =
functor (A: A_signature) ->

struct
type ent = A.entier
let £ i= Q)
let 1 O =f (4.1 O); A.i O
let p = A.p
end;;
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module C = (C_implementation:C_signature);;

module D

C(B);;

D.p D.i O);;

The program p.ml can be interpreted as follows:

ocaml p.ml
4

The program p.ml can also be compiled and executed as follows:

% ocamlc p.ml
% ./a.out
4

5 Separate Compilation

The modules Name of the program can be organized into separate files:

e name.mli, analogous to the inside of a sig ... end construct, for signatures
specifying the module interface;

e name.ml, analogous to the inside of a struct ... end construct, specifying
the module interface.

So a pair of files name.mli and name.ml is equivalent to the definition of a mod-
ule Name (same name as the base name of the two files, with the first letter
capitalized) that would be defined as follows:

module Name: sig (* contents of file name.mli *) end
= struct (* contents of file name.ml *) end;;

A single file name.ml (without corresponding name.mli) is equivalent to the fol-
lowing definition:

module Name = struct (* contents of file name.ml *) end;;

The program p.ml can be decomposed into the following separate files:

® a.mli
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module type A_signature =

sig
type entier
val i : unit -> entier
val p : entier -> unit
end; ;
.mli
open Aj;;

module B : A_signature;;

.ml

open Aj;;
module B_implementation =
struct
type entier = int
let ¢ = ref 1
let i () =c :=!lc+ !lc; lc
let p v = print_int v; print_newline ()
end;;
module B = (B_implementation:A_signature);;

.mli

open A;;
module type C_signature =
functor (A: A_signature) ->
sig
val i : unit -> A.entier
val p : A.entier -> unit
end;;
module C : C_signature;;

.ml

open A;;
module type C_signature =
functor (A: A_signature) ->
sig
val i : unit -> A.entier
val p : A.entier -> unit
end;;
module C_implementation =
functor (A: A_signature) ->
struct
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type ent = A.entier

let £i=0

let 1 O =1 (A.i O); A1 O
let p = A.p

end; ;
16 | module C = (C_implementation:C_signature)

1 open Bj;;
2 open C;;

3 module D

C(®);;

® e.ml

1 open Dj;;

2| D.p (D.1i O));;

The files defining the compilation units can be compiled separately using the
ocamlc -c command (the -c option means “compile only, do not try to link”).
The compilation of a .m1i produces a compiled module interface file .cmi while
that of a .mlo produces a compiled module object file .cmi. When all units have
been compiled, their .mlo files must be linked together using the ocaml -o exec
command to produce an executable file exec (a.out by default):

ocamlc
ocamlc
ocamlc
ocamlc
ocamlc
ocamlc
ocamlc

./a.out
4

Qa0 0o T o e

.mli
.mli
.ml
.mli
.ml
.ml
e.
ocamlc b.cmo c.cmo d.cmo e.cmo

ml

Notice that only top-level structures can be mapped to separately-compiled files,
but not functors nor module types. So the functors or module type signatures
have to be included inside a top-level structure defined in a separate file.

For example, the separately compiled files a.mli, b.mli, b.ml, c.mli, c.ml,
d.ml and e.ml are equivalent to the following single file:

module A =

struct

module type A_signature =

sig

type entier




20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

36

37

38

39

40

42

43

44

45

46

47

48

49

val i : unit -> entier
val p : entier -> unit
end;;
end;;
module B : sig
open A;;
module B : A_signature;;
end = struct
open A;;
module B_implementation =
struct
type entier = int
let ¢ = ref 1
let i () =c :=!c+ lc; lc
let p v = print_int v; print_newline ()
end; ;
module B = (B_implementation:A_signature);;
end;;
module C : sig
open Aj;;
module type C_signature =
functor (A: A_signature) ->
sig
val i : unit -> A.entier
val p : A.entier -> unit
end;;
module C : C_signature;;
end = struct
open A;;
module type C_signature =
functor (A: A_signature) ->
sig
val i : unit -> A.entier
val p : A.entier -> unit
end;;
module C_implementation =
functor (A: A_signature) ->
struct
type ent = A.entier
let £i=0
let i O =f (A.i O); A.i O
let p = A.p
end;;
module C
end;;
module D = struct
open Bj;;
open C;;
module D
end;;
open Dj;;
D.p (D.i O);;

(C_implementation:C_signature)

c®;;
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A Example script

The following script summarizes the OCaml module system.

Script started on Tue Jul 29 11:30:48 2003

% 1s

a.mli
b.ml

b.mli
% make

c.ml e.ml
c.mli makefile scriptfile.ml
d.ml makefile.depend typescript

rm: No match.
make: [clean] Error 1 (ignored)
*** execution of the original program p.ml:

ocaml p.ml

4

***x generic

ocamlc
ocamlc
ocamlc
ocamlc
ocamlc
ocamlc
ocamlc

Qa0 0 o oe

e

separate compilation of the modules:

.mli
.mli
.ml
.mli
.ml
.ml
.ml

ocamlc a.mli b.cmo b.mli c.cmo c.mli d.cmo e.cmo
*x* execution of the compiled code:

./a.out
4

*x*% customed separate compilation of the modules:

ocamlc
ocamlc
ocamlc
ocamlc
ocamlc
ocamlc
ocamlc

-C

a

Qa0 o oo

.mli
.mli
.ml
.mli
.ml
.ml
e.

ml

ocamlc b.cmo c.cmo d.cmo e.cmo
*x* execution of the compiled code:

./a.out
4

*** creation of a script file:
***x ocaml in script mode:
ocaml scriptfile.ml

4

***x compilation of the scriptfile:
ocamlc scriptfile.ml
*x* execution of the compiled code:

./a.out
4

*x* original program p.ml:

module type A_signature =

sig
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type entier

val i : unit -> entier

val p : entier -> unit
end;;

module B_implementation =
struct
type entier = int
let ¢ = ref 1
let i () =c :=!lc+ !'c; lc
let p v = print_int v; print_newline ()
end;;
module B = (B_implementation:A_signature);;

module type C_signature =
functor (A: A_signature) ->
sig
val i : unit -> A.entier
val p : A.entier -> unit
end;;

module type C_signature =
functor (A: A_signature) ->
sig
val i : unit -> A.entier
val p : A.entier -> unit
end;;

module C_implementation =
functor (A: A_signature) ->

struct
type ent = A.entier
let £i= 0
let i O =1f (A.i O); AL Q
let p = A.p
end;;

module C = (C_implementation:C_signature)

module D = C(B);;
D.p (D.i O);;
**x*x modules:

** a.mli

module type A_signature =

sig
type entier
val i : unit -> entier
val p : entier -> unit
end; ;
** b.mli
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open Aj;;
module B : A_signature;;

** b.ml

open Aj;;
module B_implementation =
struct
type entier = int
let c = ref 1
let i () =c :=!lc+ !lc; lc
let p v = print_int v; print_newline ()
end; ;
module B = (B_implementation:A_signature);;

¥ c.mli

open Aj;;
module type C_signature =
functor (A: A_signature) ->
sig
val i : unit -> A.entier
val p : A.entier -> unit
end;;
module C : C_signature;;

** c.ml

open A;;
module type C_signature =
functor (A: A_signature) ->
sig
val i : unit -> A.entier
val p : A.entier -> unit
end;;
module C_implementation =
functor (A: A_signature) ->

struct
type ent = A.entier
let £i=0
let 1 ) = £ (A.i O); A.i O
let p = A.p
end;;

module C = (C_implementation:C_signature)
** d.ml
open Bj;;

open C;;
module D

C(B);;

** e.ml
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160 open Dj;
161 D.p (D.i O);;

163 **x script file:

165 module A = struct
166 module type A_signature =

167 sig

168 type entier

169 val i : unit -> entier
170 val p : entier -> unit
171 end;;

172 end;;

173 module B : sig

174 open Aj;;

175 module B : A_signature;;
176 end = struct

177 open Aj;;

178 module B_implementation =
179 struct

180 type entier = int

181 let ¢ =ref 1

182 let i () =c :=!lc+ !lc; lc

183 let p v = print_int v; print_newline ()
184 end;;

185 module B = (B_implementation:A_signature);;
186 end;;

187 module C : sig

188 open Aj;;

189 module type C_signature =

190 functor (A: A_signature) ->

191 sig

192 val i : unit -> A.entier
193 val p : A.entier -> unit
194 end;;

195 module C : C_signature;;
196 end = struct

197 open Aj;;

198 module type C_signature =

199 functor (A: A_signature) ->

200 sig

201 val i : unit -> A.entier
202 val p : A.entier -> unit
203 end;;

204 module C_implementation =

205 functor (A: A_signature) ->

206 struct

207 type ent = A.entier

208 let £ i = ()

209 let i O =f (A.i )); A.i O
210 let p = A.p

211 end; ;

212 module C = (C_implementation:C_signature)
213 end;;
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module D
open B;;
open C;;
module D
end; ;

open Dj;;
D.p (D.i

*** interactive mode, type:

ocaml
and then:

#use "scriptfile.ml";;

#quit;;

to use "ocaml" interactively with "scriptfile.ml"

% ocaml

# #use "scriptfile.ml";;

struct

c®;;

0)ss

module A :

sig

end

module type A_signature

module B :
module C :

sig

end

module type C_signature
functor (A :

module C :

module D :

sig

end
4
- : unit
# D.p (D.
16
- : unit
# D.p (D.
64
- : unit
# D.p (D.
256
- : unit
# D.p (D.
1024
- : unit
# #quit;;

module D :

Objective Caml version 3.06

sig type entier val i

sig module B :

O
O)ss

O
O)ss

O
O)ss

O
O)ss

O

% make clean

% "D

A.A_signature end

A.A_signature) ->
: unit -> A.entier val p :
C_signature

: unit -> B.B.entier val p :

13

: unit -> entier val p : entier -> unit end

A.entier -> unit end

B.B.entier -> unit end



268 Script done on Tue Jul 29 11:33:35 2003

B reference

http://caml.inria.fr/ocaml/htmlman/manual004.html
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