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OCaml AV /NS AT

ocamlc (/N\fka—KRa2/813)

ocamlopt (RAT473A—ka/1(3)

I
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Locamirun (T34 L)

ocamlyacc (/\—14)

ocamldep (K fFEEHT) camlp4 (F1) 7O+t vH)
ocamibuild (EJLF X T L)
ocamldoc (FFa AV R T L)
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ocamlc (/N ka—ka/\1(3)
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ocamllex (FafRH) |\
ocamlyacc (/\—H) /1
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OCaml AV /N SAHER

Y

lexer, parser

Parsetree

y
typing
:
bytecomp
Y Y
bytelink asmcomp
l asmlink
\



L exer/Parser

J—2

parsing/
lexer.mll
parser.mly
parser.mii

y

lexer, parser

@setree

parsing/
parsertree.mii

\ lex yacc Z 5L T#a!
ocamlyacc [ZLALR(1)



@setree

@edtree

Typing

typing

typing/
typecore.ml
typemod.ml

*type*.ml

typing/
typedtree.mli

STAITMLEIS X TF L
D ENE NS



Bytecomp

@edtree

bytecomp

CLambda

bytecomp/

trans
trans
trans

core.ml
mod.ml
*.ml

bytecomp/
lambda.mli

MNTEOHBEMIANE
ocamlc -dlambda



Bytecomp LA &G TH AL X

=

bytelink

bytecomp/*.ml

|

o

asmcomp
asmlink

asmcomp/*.ml

l
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(+) & (+.) BNV F A KR!

(+) [& int B
#1+1;
-:int=2

(+.) I& float EEFE
#1.2+.34;;

- . float=4.6
_d_< FEﬁ E 6 +/+. user report

#1.2+ 34 from an undetermined source

Characters 0-3:
Error: This expression has type float
but an expression was expected of type int

B intorelable
M used to it
acceptable

M OCaml,
WTF?

B | use Haskell




(+) & (+.) BV F A LR

+ —Z[ZL7T=LY

SML'97 A=



(+) Z int & float A

(+) AY int — int — int 225 Pervasives.(+) IZ
#1+2;, = Pervasives.(+) 1 2
-.int=3

(+) A float — float — float £z 5 Pervasives.(+.)
#1.2+34;;, = Pervasives.(+.) 1.2 3.4
- . float=4.6

sseocumLn \(ANON)/

SML'97 A=
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Parsetree

OCaml| A /N SAER

+E*

‘ bytelink‘ asmcomp
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L exer/Parser

J—z

y

@setree

parsing/
lexer.mll
parser.mly
parser.mii

parsing/
parsertree.mii



Parser: + 455129 %

parsing/parsetree.mli : expression_desc #1i5E

type expression _desc =
Pexp ident of Longident.t

| Pexp _constant of constant

| Pexp_super_plus



Parser: + 455129 %

parsing/parser.mly |~ Pexp super plus M4 gk

O—kZEN
et mkoperator name pos =

If name = "+" then
{ pexp_desc = Pexp super_plus;
pexp loc =rhs_loc pos }

else

{ pexp_desc = Pexp_ident(Lident name);
pexp _loc =rhs_loc pos }

1+ 2 £E<& Pexp_ldent (Lident “+”) Tl&7%:< Pexp_super_plus [,



make core

INATATZEaAI/INT)L
make world [ZFEL AT LAVINAILT B, ELY,
make core X7+, BLY,

AV IR1SEEDRE —R a5 !

T N

TINVT make core

‘\M

R AR Ih -)



make core

$ make core

File "parsing/printast.ml”, line 203, characters 2-3450:
Warning P: this pattern-matching is not exhaustive.
Here is an example of a value that is not matched:
Pexp super plus

File "parsing/printast.ml”, line 1, characters 0-1:
Error: Error-enabled warnings (1 occurrences)

EEDOECAITEOH T, T
$ make core




make core

Typing ERIE TR EM=EYEL
$ make core

File "typing/typecore.ml”, line 1018, characters 2-
23911

Warning P: this pattern-matching is not exhaustive.
Here is an example of a value that is not matched:
Pexp_super plus

File "typing/typecore.ml”, line 1, characters 0-1:
Error: Error-enabled warnings (1 occurrences)



make core

$ make core

File "parsing/printast.ml”, line 203, characters 2-3450:
Warning P: this pattern-matching is not exhaustive.
Here is an example of a value that is not matched:
Pexp super plus

File "parsing/printast.ml”, line 1, characters 0-1:
Error: Error-enabled warnings (1 occurrences)

EEDOECAITEOH T, T
$ make core




@setree

@edtree

Typing

typing/
typecore.ml
typemod.ml

*type*.ml

typing/
typedtree.mli



Typedtree Z{i5E

Parsetree.Pexp super plus 25319 5%
Typedtree 23BN

type expression_desc =
Texp ident of Path.t * value description
| Texp _constant of constant

|. .'I.'exp_super_plus



Typing rule Z#L5k

Pexp super plus & Texp super plus [Z9 3% )L—
JL% typecore.ml, type expr BEEKIZ1E A0

let rec type _exp env sexp =
match sexp.pexp desc with
| Pexp _ident lid —

| Pexp_super_plus —
??7?



Pexp super plus D& {F(+

1+ 2 =275 int - int — int
1.2 + 3.4 1=o1-5 float — float — float
Ledh. ZnLlstd?

(funx —> X+ Xx) e

e DEMNRELIENE + DEANRDHONIZN,
(R TEADIDENBE



)\tglg

(B2 TEZAHIDE: BIZT

MR TLOEHR: REDHRIIEH
fuhx - x+Xx +[&'a—'a—'a

(fun X — X + x) 2 F(X 'a (X int TLT=,
+ [L int — int — int [Z

(funx - x+x)1.2 [ 'a & float F=o7=,
+ [ float — float — float

XX 'a & OOTLTz = BE—1k( unification )



£ types.mli

type type expr =
{ mutable desc: type desc;
mutable level: int; }

and type desc =

Tvar

Tarrow of type expr * type expr
Ttuple of type expr list

Tconstr of Path.t * type expr list
Tlink of type expr

BTN
t—t
t*t

int, float
)27

o151



#- Tlink [Z& % unification

'a— 'a—'a Int — int — Iint

(=)

-

0

o fo

/_\



Pexp super plus M EI4{

let rec type_exp env sexp = match sexp.pexp desc with

| Pexp_super_plus —
(*'az1Ed )
let tvar = Btype.newty2 Btype.lowest_level Tvar in
lettyp=(*'a—'a—>'a®%% ")
Ctype.newty (Tarrow (tvar,
Ctype.newty (Tarrow(tvar, tvar)))

In
{ exp_desc = Texp_super_plus;
exp_type = typ; } (* type [X typ *)

o151



Bytecomp

bytecomp/
@edtree translcore.m|
transimod.ml
i trans|*.ml
Y
bytecomp/
@m b@ lambda.mli

BFE

\J

s FE P> THHEIZ Lambda 50 AEENIEDLD2EMNE D,



Texp super plus Za/\1I)LT %

translcore.ml : transl_exp Z i
Typedtree.expression — Lambda.lambda

Texp_super_plus D —AMEKEELDTEET 5:
9?'175\
Int — int — int 7Z&5 %addint (23> /N1 )L
float — float — float %5 %addfloat (23 /AL
FRLAITAY . IS5—FbH,



Lambda.lambda (23> /\1 )L

let rec transl_exp e = match e.exp_desc with
| Texp_ident(path, {val _kind = Val _prim p}) — ...
| Texp_super_plus —
let ty = match e.exp_type.desc with
| Tarrow (_, ty, , )ty (fty—-oty—>ty ¥
| — assert false in
let prim = match ty.desc with  (* ty TDBEE ST *)
| Tconstr (p, [], ) when Predef.path_int=p —
{ Primitive.prim_name = "%addint"; }
Tconstr (p, [], ) when Predef.path_float=p —
{ Primitive.prim_name = "%addfloat"; }

In
transl_primitive prim

o151



make core I

FHYE !

)

TI\J make core

Mlﬂ ! J g3 |



make coreboot




make coreboot

 Bootstrap IZ&BXL =5 make restore
« &< Makefile ZfERLI=IFIH LKLY

 Bootstrap IZEZIL 7= make ocaml
e ocaml toplevel

e TARLED!
#1+1;
-int=2
#1.2+34:
- :float = 4.6



make world opt opt.opt
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iy (WA ANl fatiilia

e letdouble x =x + X Z&ESTBH
o double 1 % double 1.2 HLEIKEKDIZT 5:

- let double x = x + X In
double 1, double 1.2

- 7R k@ overloading Zh (&30

* (let double x = x + x in double 1,
let double x = x + x in doube 1.2 );;

- CNIETEBIFE BEHDOLARILESTEGRH>TOLALE
ULMFZRLY, B o EMEEIKE0Y,



iy (WA ANl fatiilia

e Polymorphism EBIZEEHDL AL

type type_expr =
{ mutable desc: type desc;
mutable level: int; }

 Level = let polymorphism ANLFLANJL

o BTHDLANIL = BEHNHIRT H5—FIMAD let
ANFLANIL

« IBFZLTHLVE polymorphic ZEFR M SHE TEELY




FxlL

o L OE—HRRYICIFELLM)Z overload 95,

« 7R kD overloading Z{E5:
double : {Num'a}=>'a->"'a->"'a
« OCaml IZIEXEALTHHD,
o :hh“_%aft\o
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