Objective CamiU U0 ododooogn

Jacques Garrigue
00000 ODOO0O00o0oogn

http://www.math.nagoya-u.ac.jp/ garrigue/papers/



Jacques Garrigue — OCam/O 000000000000 2

[0 0 Objective Caml

DO0000ooooon Objective CamliD O OO0

o 0000000000000 O0000O0000000O

o 000000000000000000000000

o 00GC(DOO0DDOOO)OOD

o 000000000000000000000000000
0000000000000000000000000000000

OO00do0dooo0oooooooooogooooooooooooono
Standard MLO HaskellODOOOOOO O

Jbobotddbodubogdboboodboogtdbboogtdd



Jacques Garrigue — OCam/O 000000000000 3

OCamiUbouonooogon

OO0000000 OCaml-HumpOOOOOOOOOO OCamlOOOOOOnO
Dooodboododton
O000: Coq, HOL-Light, Focalize, Why
OO0O0O0dd: OCaml, MTASC, CIL, CCured, XDuce, CDuce
O0o0o000ood: Frama-C, SLAM
OO0oood: MLDonkey, Unison, Marionnet, spamoracle, SKS
Jo00: FFTW(OODOODOO), FaCiLe(DDOO)
O0O000: ADvi, ANT(Tex), Hevea(Tex—Html), Mana(O OO O)
Jo000o0d: FreeBSDOO 7400000000 package

DO00D000000 (O0dodooOdooooOooooo)oooDooooago
Joobootdoogdod



Jacques Garrigue — OCam/O 000000000000

HRERERERERERE

>0000000
0o0oooo
000000 (@oo)oon
0000000 000OoDooO

guobdgbotdboodgogubtgd



Jacques Garrigue — OCam/O 000000000000 5

HRERERERE

OCamlUonoooooodn
Joobotdbobbotdbdbogdboootd

Jbobootdbobbotddbobootdd
Jobootdbobbotdtdbbbotddug

$ ocaml «— ocaml[] J[J
Objective Caml version 3.11.1

# let average x y = (x +y) / 2 ;;

H
)
val average : int -> int -> int = <fun> <«
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# average 10 20;;

- : int = 15

# average 10 "20";;

Error: This expression has type string but an
expression was expected of type int

# print_string (average 10 20);;

Error: This expression has type int but an
expression was expected of type string

# average 10 (int_of_string "20");;

- ¢ int = 15
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# let pair x y = (x, y) ;; — gooboggn
val pair : ’a -> ’b -> ’a x ’b = <fun>

¢’a,’b 0000000000 Vave, a— 03— axp
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# let me = pair "Jacques" 38;;

val me : string * int = ("Jacques", 38)
# let append 11 12 = 11 @ 12;;
val append : ’a list -> ’a list -> ’a list = <fun>

# let 1 = append [1;2] [3;4];;

val 1 : int list = [1; 2; 3; 4]

# let 1’ = append [1;2] ["Jacques"];;

Error: This expression has type string but an expression

was expected of type int
# let first arr = arr.(0);;
val first : ’a array -> ’a = <fun>
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# let foldl = List.fold_left;; — Qoo nbnbnbt
foldl (B) a [b1; ...; bn] = a & bl & ... & bn
val foldl : (Pa -> ’b => ’a) -> ’a -> ’b list -> ’a = <fun>

# let sum_int 1 = foldl (fun a b -> a + b) 0 1;;
val sum_int : int list -> int = <fun>

# let sum_float = foldl (+.) 0. ;; — pouoogood
val sum_float : float 1list -> float = <fun>

# sum_float [1.5; 2.0; 3.1] ;;
- : float = 6.6
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# let foldl2 = List.fold_left2;; — 200000000 foldl
val foldl?2
(’a -> b -> ’¢c => ’a) -> ’a -> ’b list -> ’c list -> ’a = <fun>

# let scalar vl v2 = foldl2 (funr xy > r +. x *. y) 0. vl v2;;
val scalar : float list -> float list -> float = <fun>

# let scalar’ “plus "mult “zero vl v2 = — ggooogg
f0ldl2 (fun r x y -> plus r (mult x y)) zero vl v2;;
val scalar’ : plus:(’a -> ’b -> ’a) -> mult:(’c -> ’d -> ’b) ->

zero:’a -> ’c list -> ’d list -> ’a = <fun>

# let scalar_float = scalar’ “plus:(+.) "mult:( *.) “zero:0. ;;
val scalar_float : float 1list -> float list -> float = <fun>
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plus: (’a -> ’b -> ’a) -> mult:(’c -> ’d -> ’b) ->
zero:’a -> ’c list -> ’d 1list -> ’a
o U000 plus, mult U zero UHOOUOOUOOUOOO20000000000O0
o 20000000000 mult UOOODOOOOOOOOOOODO plus O
OO0 zero OO OO OOOO O
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# let scalar’ "plus "mult “zero vl v2 =
f0ldl2 (fun r x y -> mult x y) 0. vl v2;;
val scalar’
plus:’a -> mult:(’b -> ’c -> float) ->
zero:’d -> ’b list -> ’c list -> float

JO00db00Oplus U zero UOOUOODOOOOOOOOON
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let scalar’’ “ops vl v2 =
foldl2 (fun r x y -> ops#plus r (ops#mult x y)) ops#zero vl v2
val scalar’’
ops:<mult:’a -> ’b -> ’c; plus:’d -> ’c -> ’d; =zero:’d; .. > ->
’a list -> ’b list -> ’d = <fun>
class float_ops = object
method plus x y = x +. y
method mult x y = x *. y
method zero = 0
end
let scalar_float = scalar’’ “ops:(new float_ops)

val scalar_float : float list -> float list -> float = <fun>
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module type PseudoRing = sig — oo oobogbgbn
type t — gogon
val plus : t -=> t -> t — guoogd

val neg : t -> t
val zero : t
val mult : t -=> t -> t

end

module Vector (R : PseudoRing) = struct — goooogd
type t = R.t list — ogogggg
let plus : t -=> t -> t = List.map2 R.plus — gogboodood

let scalar = fo0ldl2 (fun r x y -> R.plus r (R.mult x y)) R.zero

end
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type ’a list = Nil | Cons of ’a * ’a list
let 1 = Cons (1, Cons (2, Nil))
val 1 : int 1list

Joboooooboooddtdttdn

let rec length = function
Nil -> O
| Cons(hd, tl) -> 1 + length tl
val length : ’a list -> int
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let rec map f = function
Nil -> Nil
| Cons(hd, tl1) -> Cons (f hd, map f tl1) ;;
val map : (’a -> ’b) -> ’a list -> ’b list

map (fun x -> x+1) 1 ;;

- : int 1list = Cons (2, Cons (3, Nil))
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Nil

type ’a list =
| Cons of ’a * ’a list
|

Append of ’a list * ’a list
JUOOUOAppend UULDOUOOUOUOOOODOUOLOOOOOOOODON

Warning: this pattern-matching is not exhaustive.
Here is an example of a value that is not matched:
Append (_, _)

Juootdbogtdbtobotdbootdbtobbotbgdn

| Append (11, 12) -> length 11 + length 12
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0 =00 |00 |040|0x0|(@)

5x2+3 (3+y) x 12
000000

type expr =
Num of int
| Var of string
| Plus of expr * expr
| Mult of expr * expr
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let map_expr f e = match e with
| Num _ | Var _ -> e
| Plus (el, e2) -> Plus (f el, f e2)
| Mult (el, e2) -> Mult (f el, f e2)
val map_expr : (expr -> expr) —-> expr -> expr

Joggg

let rec subst env = function
| Var x when List.mem_assoc x env -> List.assoc x env
| e —=> map_expr (subst env) e

val subst : (string * expr) list -> expr -> expr

Uil map U
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UOUOUO mapexpr U eval U U DOOUNL

let rec eval e = match map_expr eval e with
| Plus (Num x, Num y) -> Num (x + y)
| Mult (Num x, Num y) -> Num (x * y)
| e’ -> e’

val eval : expr -> expr = <fun>

let e = subst ["x", Num 3; "y", Var "x"]
(Plus (Var "y", Mult (Var "x", Num 2)));;
val e : expr = Plus (Var "x", Mult (Num 3, Num 2))
let e’ = eval e;;
val e’ : expr = Plus (Var "x", Num 6)
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let rec print_expr 7(prio=0) ppf e = «— 7prio UOODOOOOO
let printf fmt = Format.fprintf ppf fmt in
match e with
| Num x -> printf "/d" x
| Var x -> printf "%s" x
| Mult (el, e2) —>
printf "@[%a *@ %a@]" (print_expr “prio:1) el
(print_expr “prio:1) e2
| Plus (el, e2) as e -> | (printf <fmt>) 0O prio OO0O
if prio > 0 then (printf "(%a)") print_expr e else
(printf "@[%a +@ %a@]") print_expr el print_expr e2
val print_expr : 7prio:int -> Format.formatter -> expr -> unit
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print_expr Format.std_formatter (big 10);;
(2+2) x (65+3+7)+3x*x(8+ 1) +5+8+5) *
((9+6+7) « (3% (8+5)+4+0+0) +

(6+7) x (6+6+ 1) +5*x (8+8) +0+ 2+ 2)

Joodoodoobootdoodotoboodbogdn

let print_expr’ ppf = print_expr ppf;; «— prio OO
val print_expr’ : Format.formatter -> expr -> unit
#install_printer print_expr’;; — gutboogod
€55

- : expr = x + 3 * 2
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#load"dynlink.cma";;

#load"camlp4o.cma";;
Camlp4 Parsing version 3.11.1

open Genlex;;

let lexer = Genlex.make_lexer ["+";"x";"(";")"] ;;

val lexer : char Stream.t -> Genlex.token Stream.t = <fun>
let s = lexer (Stream.of_string "1 2 3 4");;

val s : Genlex.token Stream.t = <abstr>

(parser [< ’ x >] -> x) s ;;

— : Genlex.token = Int 1

(parser [< ’Int 1 >] -> "ok") s ;;

Exception: Stream.Failure

(parser [< ’Int 1 >] -> "one" | [< ’Int 2 >] -> "two") s ;;
- : string = "two"
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stream U000 O OO0O0OOOO

Juootdogdbtobootdbootn

let rec accumulate parse accu = parser
| [< e = parse accu; s >] -> accumulate parse e s
| [< >] -> accu

val accumulate : (’a -> Genlex.token Stream.t -> ’a) ->
’a —-> Genlex.token Stream.t -> ’a

Jootdboodogd

let left_assoc parse op wrap =
let parse’ accu =
parser [< ’Kwd k when k = op; s >] -> wrap accu (parse s) in
parser [< el = parse; e2 = accumulate parse’ el >] -> e2
val left_assoc : (Genlex.token Stream.t -> ’a) ->
string -> (’a -> ’a -> ’a) -> Genlex.token Stream.t -> ’a
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let rec parse_simple = parser
| [< ’Int n >] -> Num n
| [< ’Ident x >] -> Var x
| [< ’Kwd"("; e = parse_expr; ’Kwd")" >] -> e
and parse_mult s =
left_assoc parse_simple "*" (fun el e2 -> Mult(el,e2)) s
and parse_expr s = — oo
left_assoc parse_mult "+" (fun el e2 -> Plus(el,e2)) s

let parse_string s = parse_expr (lexer (Stream.of_string s));;

val parse_string : string -> expr = <fun>

let e = parse_string "5+x*x(4+x)";;

val e : expr = Plus (Num 5, Mult (Var "x", Plus (Num 4, Var "x")))
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