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S
U

M
M

A
R
Y

1.
O

’C
am

lin
few

w
ords

2.
O

bject
extension

3.
coca-ml

extension

4.
A

pplications

•
C

lasses
hierarchy

•
D

esign
patterns

•
P
ersistence
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#$

O
b
jectiv

e
C

a
m

l
in

p
ra

ctice

•
O

ne
ofthe

m
ost

popular
M

L
dialect:

–
effi

cient
code,

–
large

set
ofgeneralpurpose

and
dom

ain
specific

libraries,

–
autom

atic
m

em
ory

m
anagem

ent,
–

used
both

for
teaching

(academ
y)

and
for

w
riting

high-tech
applications

(industry)

•
P

roduct
of

research
results

since
80’s

in:
type

theory,language
design

and
im

plem
entation.

•
D

evelopped
at

IN
R

IA
(France).
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#$

O
b
jectiv

e
C

a
m

l
fea

tu
res

•
Functionallanguage

+
im

perative
extension,

•
H

igh-leveldatatypes
+

pattern-m
atching,

•
P
olym

orphic
+

im
plicit

typing:

–
strongly

and
static

typed,

–
types

are
inferred,

–
types

are
polym

orphic
(the

m
ost

generalones).

•
D

ifferent
program

m
ing

styles
(in

a
com

m
on

typing
fram

ew
ork):

–
C

lass
based

object
oriented

program
m

ing,

–
H

igh-levelm
odules

(SM
L

style)

–
M

ore
recently:

labels
and

variants
added.
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#$

A
S
m

a
ll

E
x
a
m

p
le

#
let

rec
map

f
l

=

if
(l

==
[])

then
[]

else
(f

(List.hd
l))

::
(map

f
(List.tl

l));;

val
map

:
(’a

->
’b)

->
’a

list
->

’b
list

=
<fun>

map
:
∀
α
β
.(α
→

β)→
α

list→
β

list

#
(
map

(fun
x

->
x

+
1)

[1;2;3],

map
(fun

x
->

not
x)

[true;
false]);;

-
:
int

list
*

bool
list

=
([2;

3;
4],

[false;
true])
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O
b
ject

ex
ten

sio
n

It’s
n
ot

an
ob

ject
L
an

gu
age:

•
class

declaration
defines

an
object

type
and

a
constructor

•
class

instance
has

its
object

type

•
object

type
containts

m
ethod

nam
es

and
m

ethod
types

•
no

access
to

instance
variables,only

via
m

ethods

•
only

static
typing,no

dynam
ic

typing

•
inheritance,late-binding

•
abstract

class,param
etrized

class,m
ultiple

inheritance

•
subtyping

is
not

inheritance

•
inclusion

polym
orphism
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S
y
n
ta

x

class
stru

ctu
ration

:
class

[virtu
al]nam

e
[
p
1

p
2

...
p

n
]=

ob
ject

[(
p

)
]

in
h
erit

nam
e
c

[
p

i
p

j
]

con
straint

typeexpr
=

typeexpr

val
[m

u
tab

le]ident
=

expr

in
itializer

expr

m
eth

od
[p

rivate][virtu
al]nam

e
m

=
expr

en
d

A
class

declaration
com

putes
:

a
type

abbrevation
for

the
types

of
objects

A
N

D
a

constructor
function.
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#$

A
b
a
sic

ex
a
m

p
le

:
cla

ss
p

class
p

x_i
y_i

=

object

val
mutable

x
=

x_i

val
mutable

y
=

y_i

method
gx

=
x

method
mv

(a
,
b)

=
x

<-
a;

y<-
b

method
ts

()
=
Printf.sprintf

"(%d,
%d)"

x
y

end•
type

p
:
type

p
=

<
gx

:
int;

mv
:

(int*int)
->

unit;

ts
:

unit
->

string
>

•
constructor

:
int

->
int

->
p
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#$

In
sta

n
ces

a
n
d

m
eth

o
d
s

creatin
g

in
stan

ces
:
new

p
rim

itive:

#
let

p1
=

new
p

10
20;;

val
p1

:
point

=
<obj>

C
allin

g
a

m
eth

od
:

sh
arp

n
otation

:

#
p1#get_x;;

-
:
int

=
10

#
p1#ts

();;

-
:
string

=
"(

10,
20)"
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#$

In
h
erita

n
ce

fro
m

p

class
c_p

x_i
y_i

c_i
=

object
(self)

inherit
p
x_i

y_i
as

super

val
mutable

c
=

c_i

method
gc

=
c

method
ts

()
=
super#ts()

^
self#gc

•
type

c
p

=
<

gc
:

string;
gx

:
int;

mv
:

(int*int)

->
unit;

ts
:

unit
->

string>

•
constructor

:
int

->
int

->
c_p
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#$

L
a
te

b
in

d
in

g

class
nc_p

x_i
y_i

c_i
=

object

inherits
c_p

x_i
y_i

c_i

method
gc

=
"NO

COLOR"

•
gc

is
redefined

but
ts

no.

#
let

p7
=

new
c_p

10
20

"blue";;

#
let

p8
=

new
n_c_p

10
20

"blue";;

#
p7#ts();;

-
:
string

=
"(10,

20)
blue"

#
p8#ts();;

-
:
string

=
"(10,

20)
NO

COLOR"
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A
b
stra

ct
cla

ss

class
virtual

printable
()

=

object(self)

method
virtual

ts
:
unit

->
string

method
print

()
=

print_string
(self#ts())

end

•
type

printable
:
<print

:
unit

->
unit;

ts
:

unit
->

string>

•
no

constructor
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M
u
ltip

le
in

h
erita

n
ce

class
pp

x_i
y_i

=

object

inherit
printable

()
as

super1

inherit
p
x

y
as

super2

end

•
declaration

order
to

bind
m

ethods

•
distinguishing

inherited
m

ethods
by

nam
es

ofsuper-classes
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P
a
ra

m
etrized

cla
ss

•
introduce

param
etric

polym
orphism

in
the

object
m

odel

class
[’a]

queue
()

=
object

val
mutable

q:’a
list=[]

method
enq

x
=

q
<-

q@[x]

method
deq

=
match

q
with

[]
->

failwith"Empty"
|

h::r
->

q<-r;
h

end•
type

’a
queue

=
<

deq
:

’a;
enq

:
’a

->
unit>

•
constructor

:
unit

->
’a

queue

#
let

q
=

new
queue

();;

#
q#enq

3;;

#
q;;

(*
-
:

int
queue

=
<obj>

*)
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O
b
jects

a
n
d

ty
p
es

op
en

typ
es:

#
let

f
o

=
(o#ts())

^
"\n";;

val
f

:
<

ts
:

unit
->

string;
..

>
->

string
=

<fun>

argum
ent

of
f

has
an

object
type

w
hich

containts
a

m
ethod

ts
:

#
f
(new

p
10

20);;

#
f
(new

c_p
10

20
"blue");;

typ
e

in
feren

ce:

•
no

free
type

variables
in

a
type

(class)
declaration,

•
open

types
contain

a
free

variable
..

(row
-polym

orphism
),

•
no

open
types

inside
a

m
ethod

type.
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R
ecu

rsiv
e

ty
p
es

class
p_eq

x_i
y_i

=

object
(self

:’a)

inherit
p
x_i

y_i

method
eq

(p
:
’a)

=
self#gx

==
p#gx

end

•
type

p
eq

:
µ
’a.<eq

:
’a

->
bool;

gx
:int;

mv
:

(int*int)
->

unit;
ts

:
unit

->
string>

•
constructor

:
int

->
int

->
p
eq
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#$

U
sin

g
su

b
ty

p
in

g
to

ca
st

o
b
ject

•
relation

betw
een

types

•
an

object
o

oftype
ot1

can
be

considerated
as

an
object

of
type

ot2
iff

ot1
is

a
subtype

of
ot2

•
(up)cast

is
explicit

:
(

o
:

ot1
:>

ot2)

•
no

dow
ncast

#
let

p12
=

new
c_p

10
20

"blue";;

val
p12

:
c_p

=
<obj>

#
let

p13
=

(p12
:
c_p

:>
p);;

val
p13

:
p

=
<obj>
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#$

S
u
b
ty

p
in

g
b
etw

een
o
b
ject

ty
p
es

Let
t=

<
m

1
:
τ
1 ;...

m
n

:
τ
n

>
and

t ′=
<

m
1

:
σ

1
;
...;

m
n

:
σ

n ;m
n
+

1
:
σ

n
+

1 ;etc
...

>
w

e
shallsay

that
t ′is

a
subtype

of
t,

denoted
by

t ′≤
t,ifand

only
if

σ
i ≤

τ
i

for
i∈

{1,...,n}.

S
u
b
typ

in
g

of
fu

n
ction

al
typ

es.
T

ype
t ′→

s ′is
a

subtype
of

t→
s,denoted

by
t ′→

s ′≤
t→

s,ifand
only

if

s ′≤
s

and
t≤

t ′

T
he

relation
s ′≤

s
is

called
covarian

ce,and
the

relation
t≤

t ′is
called

contravarian
ce.
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#$

S
u
b
ty

p
in

g
a
n
d

in
h
erita

n
ce

class
printable_p_eq

x_i
y_i

=

object

inherit
printable

()
as

super1

inherit
p_eq

x_i
y_i

as
super2

end;;

•
printable

p
eq

is
subtype

of
printable

•
printable

p
eq

is
N

O
T

subtype
of

p
eq

:
contravariance

for
the

functionaltype
ofthe

eq
m

ethod
because

the
m

ethod
print

can
be

used
in

the
body

ofm
ethod

eq

:
((new

printable
p
eq

10
20

)
:>

p
eq)#eq(new

p
eq

10

20)
is

dangerous
and

forbidden!!!
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#$

In
clu

sio
n

p
o
ly

m
o
rp

h
ism

•
subtyping

+
late-binding

⇒
inclusion

polym
orphism

#
let

q
=

new
queue

();;

#
q#enq(new

p
10

20);;

#
q#enq((new

c_p
10

20
"blue")

:>
p);;

#
q;;

-
:
p

=
<obj>

#
q#deq#ts();;

-
:
string

=
"(10,

20)"

#
q#deq#ts();;

-
:
string

=
"(10,

20)blue"
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#$

R
em

a
rk

s

•
object

types
are

statically
inferred

:
no

”m
ethod

not
found”

exception
but

no
overloading

•
to

calla
m

ethod
is

less
effi

cient
that

to
apply

a
function

:
no

optim
ization

to
detect

a
totalapplication

•
row

polym
orphism

(record
ofm

ethods
w

ith
a

row
type

variable)
for

object
types

:
very

close
to

subtype

•
late-binding

allow
s

to
m

odify
behaviours

of
softw

are
com

ponents
w

ithout
sources

•
it’s

an
object

extension
:

can
be

needed
to

use
functionaland

object
paradigm

s
to

solve
a

problem

•
can

be
encapsulated

in
m

odule
declaration

(see
next

section)
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#$

c
o
c
a
-
m
l

E
x
ten

sio
n

(1
)

T
ype

constraints
w

ith
dynam

ic
typechecking!!!

M
otivation

s

1.
expressivity

ofthe
language

•
building

classes
hierarchy

•
using

D
esign

P
atterns

2.
P
ersistence

3.
Interfacing

betw
een

object
languages
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#$

c
o
c
a
-
m
l

E
x
ten

sio
n

(2
)

To
allow

cast
(m

ainly
d
ow

n
cast)

inside
a

classes
hierarchy.

Id
ea

:
dynam

ic
checking

ifconstruction
class

ofan
instance

has
inheritance

and
structuralsubtyping

relations
to

the
target

class.

Im
p
lem

entation
:

program
s

transform
ation

using
camlp4

Interest
:

object
paradigm
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#$

O
p
era

to
r

a
n
d

R
ela

tio
n
s

•
cc(o)

:

•
c1

inherits
from

c2

•
c1

sub-inherits
from

c2
iff

c1
inherits

from
c2

A
N

D
c1
≤

c1

cast
o

to
c

is
allow

ed
iff

cc(o)
sub-inherits

from
c
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#$

S
y
n
ta

x
ex

ten
sio

n
(1

)

P
redicates

:

•
o

of
c

:
cc(o)

=
c

•
o

in
stan

ceof
c

:
cc(o)

=
c

O
R

cc(o)
inherits

from
c

•
o

su
b
in

stan
ceof

c
:
cc(o)

=
c

O
R

cc(o)
sub-inherits

from
c
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#$

S
y
n
ta

x
ex

ten
sio

n
(2

)

T
ype

constraints
:

•
cast

o
to

c
:

–
o

is
considerated

as
type

c
O

R

–
an

exception
is

raised
if
o

sub-inherits
from

c
is

FA
LSE

•
u
p
cast

o
from

d
to

c
A

N
D

d
ow

n
cast

o
from

d
to

c

introduce
som

e
static

typechecks
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#$

S
y
n
ta

x
ex

ten
sio

n
(3

)

C
lass

declaration
:

•
su

b
in

h
erit

class
name

[
p

i
p

j
]

→
inheritance

and
structuralsubtyping
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#$

E
xam

p
le

:
cast

(cast
(new

z)
to

a)
to

m;;

a
sub-inherits

of
m

m<=az <=

m
sub-inherits

of
a

a<=mz <=

O
K

O
K
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#$

E
xam

p
le

:
cast

(cast
(new

z)
to

a)
to

m;;

m
and

a
are

independant

a

<=

m

z

<=

z
is

not
a

sub-type
of

m

a

<=

m

z <=

O
K

C
LA

SH



L
isp

C
o
n
feren

ce’2
0
0
2

c
o
c
a
-
m
l

3
0

!"

#$

Im
p
lem

en
ta

tio
n

(1
)

•
using

camlp4
:

a
toolfor

m
acro-expansion

in
O

’C
am

l

•
no

types
m

anipulation
during

evaluation

a
class

d
eclaration

generates
:

•
an

unique
ID

for
each

class

•
new

m
ethods

for
predicates

•
a

type
constraint

for
sub-inheritance
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#$

Im
p
lem

en
ta

tio
n

(2
)

p
red

icates
and

cast
are

transform
ed

to
:

•
expr

predicate
c

:
appropriate

m
ethod

callto
the

object
o

•
cast

expr
to

c

let
o

=
expr

in

if
o#check_subinstance_of(key_c)

then
((Obj.magic

o
)

:
c)

else
raise

(Cast_failure
loc

...)
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#$

E
x
a
m

p
le

z
inherits

from
a

and
z

sub-inherits
from

m
:

l
e
t

_
_
_
z

=
(
(

C
a
s
t
.
m
a
k
e
_
i
d

(
)
)

:
C
a
s
t
.
i
d

)
;
;

c
l
a
s
s

z
=

o
b
j
e
c
t

i
n
h
e
r
i
t

a
a
s

_
_
_
s
u
p
e
r
_
0

i
n
h
e
r
i
t

m
a
s

_
_
_
s
u
p
e
r
_
1

m
e
t
h
o
d

_
_
_
c
h
e
c
k
_
i
n
s
t
a
n
c
e
o
f
_
i
d

(
k

:
C
a
s
t
.
i
d
)

=

(
_
_
_
z

=
=

k
|
|

_
_
_
s
u
p
e
r
_
1
#
_
_
_
c
h
e
c
k
_
i
n
s
t
a
n
c
e
o
f
_
i
d

k
)

|
|

_
_
_
s
u
p
e
r
_
0
#
_
_
_
c
h
e
c
k
_
i
n
s
t
a
n
c
e
o
f
_
i
d

k

m
e
t
h
o
d

_
_
_
c
h
e
c
k
_
s
u
b
i
n
s
t
a
n
c
e
o
f
_
i
d

(
k

:
C
a
s
t
.
i
d
)

=

(
_
_
_
z

=
=

k
|
|

_
_
_
s
u
p
e
r
_
1
#
_
_
_
c
h
e
c
k
_
s
u
b
i
n
s
t
a
n
c
e
o
f
_
i
d

k
)
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#$

m
e
t
h
o
d

_
_
_
c
h
e
c
k
_
s
u
b
c
l
a
s
s

(
k
1

:
C
a
s
t
.
i
d
)

(
k
2

:
C
a
s
t
.
i
d
)

=

i
f

(
_
_
_
z

=
=

k
1
)

t
h
e
n

i
f

(
k
1

=
=

k
2
)

t
h
e
n

t
r
u
e

e
l
s
e

_
_
_
s
u
p
e
r
_
1
#
_
_
_
c
h
e
c
k
_
s
u
b
c
l
a
s
s

k
2

k
2

e
l
s
e

_
_
_
s
u
p
e
r
_
1
#
_
c
h
e
c
k
_
s
u
b
c
l
a
s
s

k
1

k
2

.
.
.

e
n
d
;

f
u
n

_
_
_
x

-
>

(
_
_
_
x

:
z

:
>

m
)
;
;
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#$

E
xam

p
le

:
m

ultiple
inheritance

t

a 

get_a : int

b

get_b : int

c

get_c : int

abc

get_abc : int * int * int 

<=
<=

<=

<=
<=

<=

cast
(cast

(new
z)

to
a)

to
b;;

O
R

upcast
(

downcast
(upcast

(new
z)

from
z

to
a)

from
a

to
z

)
from

z
to

b



L
isp

C
o
n
feren

ce’2
0
0
2

c
o
c
a
-
m
l

3
5

!"

#$

C
om

p
atib

ility,
cost

an
d

lim
itation

S
yntax

:
keyw

ords,added
m

ethods

op
erator

:>
:

is
allow

ed
by

it
doesn’t

check
est

autorisé
m

ais
ne

vérifie
pas

l’appartenance
à

la
hiérarchie

de
clas

ses
C

ost

•
very

low
ifyou

don(t
use

it

•
depends

ofthe
hierarchy

deep
+

partialapplication
(m

ethods)

L
im

itation

•
can’t

be
used

for
param

etric
classes

:

cast
(

cast
(new

alpha_pile
1)

to
top

)

to
float

alpha_pile
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#$

C
la

sses
h
iera

rch
y

:
th

e
cla

ss
t
o
p

top
clone : top
eq : top -> bool
print : unit
to_string : string

left

eq : top -> bool
get_l : int 
to_string : string 

right

eq : top -> bool
get_r: int 
to_string : string

<=
<=
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#$

m
a
in

cla
ss

:
to

p

class
virtual

top
=

object(self)

method
virtual

to_string
:

string

method
print

=
print_string

(self#to_string)

method
clone

=
Oo.copy(self)

method
eq

(a
:
top)

=
true

end;;
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#$

su
b
cla

ss
:

left

class
left

(x
:

int)
=

object
(self

)

subinherit
top

val
l

=
x

method
get_l

=
l

method
to_string

=
string_of_int

l

method
eq

(
x

:
top)

=

let
xl

=
downcast

x
from

top
to

left
in

l
=

(xl#get_l)

end;;
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#$

P
ro

g
ra

m

let
l

=
new

left
10;;

let
l2

=
new

left
10;;

let
r

=
new

right
10;;

if
l#eq(cast

l2
to

top)
then

print_string
"OK"

else
print_string

"PB";;

tryignore(l#eq
(cast

r
to

top));

print_string
"PB"

with
Cast.Cast_failure

_
->

print_string
"OK";;
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#$

P
ersisten

ce

M
ain

problem
s

:

•
for

the
values

:
read-w

rite
ofdata

structures,share
or

copy,
circular

structures
and

functionalvalues

•
for

the
types

:
guaranteeing

the
type

w
hen

reloading
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#$

O
’C

a
m

l
M

a
rsh

a
llin

g

T
he

tw
o

m
ain

functions
are

:

•
to

string
:
∀
α
.α
→

ex
tern

f
laglist→

strin
g

•
from

string
:
∀
α
.strin

g
→

in
t→

α

N
O

guaranteeing
the

type
w

hen
reloading

values!!!



L
isp

C
o
n
feren

ce’2
0
0
2

P
ersisten

ce
4
2

!"

#$

D
a
n
g
er

#
let

magic_copy
a
=

let
s

=
Marshal.to_string

a
[Marshal.Closures]

in
Marshal.from_string

s
0;;

val
magic_copy

:
’a

->
’b

=
<fun>

→
benefit

ofthe
static

typechecking
is

lost
:

#
(magic_copy

3
:
float)

+.
3.1;;

Segmentation
fault
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#$

P
ersisten

ce
u
sin

g
c
o
c
a
-
m
l

Id
ea

:
To

resolve
typing

problem
s

w
ith

the
dynam

ic
object

cast.

E
ach

class
auto-sub-inherits

from
serialize

class
ancestor

⇒
to

dow
ncast

a
reread

object
to

its
originalclass

or
to

an
interm

ediate
class

betw
een

this
one

to
serialize.
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#$

Im
p
lem

en
ta

tio
n

•
to

define
an

unique
ID

for
each

class
:

M
D

5
digest

from
A

ST
;

•
to

find
the

M
ethods

Table
(unique

for
each

class)
:

partial
application

ofthe
constructor;

•
to

build
a

globalhash-table
(ID

,M
T

)

•
to

linearize
circular

structures;
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#$

N
ew

m
o
d
u
le

:
D
u
m
p
t
o

•
to

string
:
∀
α
.α
→

strin
g

•
from

string
:

strin
g
→

serialize
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#$

E
x
a
m

p
le

#
let

o
=

let
s

=
DumpTo.to_string

l

in
DumpTo.from_string

s;;

o
:
serialize

=
<obj>

#
let

t
=

cast
o

to
top;;

t
:
top

=
<obj>

#
let

lt
=

cast
o

to
left;;

lt
:

left
=

<obj>

#
lt#eq(t);;

-
:
bool

=
true

#
let

r
=

cast
o

to
right;;

#
let

r
=

cast
o

to
right;;

Uncaugth
exception

:
...
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#$

L
im

ita
tio

n

1.
im

plem
entation

choice
:

w
e

do
not

treat
functionalvariable

instances;

2.
restriction

for
a

class
declaration

to
find

safely
its

m
ethods

table;

3.
restriction

from
param

etric
polym

orphism
;

→
only

for
the

object
part

:
no

test
ticheck

correct
link

w
ith

global
variable
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#$

R
ela

ted
w

o
rk

•
E

xtended
M

O
B

Y
(F

isher
-
R

eppy)
:

inheritance-based
subtyping

but
no

dow
ncast

•
D

ynam
ics

(Leroy
-

M
auny)

:
type-case

pattern
m

atching
only

exact
type

•
T

ypes
reconstruction

(A
ditya

-
N

aro)
:

needing
added

types
inform

ations
for

application
(

side-effects,exceptions)

•
Structralpersistence

(Furuse
-

W
eis)

:
w

orks
only

on
value

representations
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#$

C
o
n
clu

sio
n

coca-ml
opens

the
P
andora

B
ox

(dynam
ic

typechecking)

B
U

T
:

•
casts

are
explicit

•
no

good
solution

w
hen

types
are

not
generated

by
its

ow
n

program


