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Philosophy of the OCaml Object Type System

@ object types represent the methods objects have and are
independent from classes

e in fact, objects can be created without defining classes

e subtype relationships are determined by their structures
(methods they have and their types), not by “how they are
defined (derived)”

e classes do exist, for reusing them by inheritance

e inheritance and subtype are orthogonal. whether a derived
type becomes a subtype of the parent is determined by their
structure
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ATVLY N liB (25 A TH)

@ bb & tosvg LD AYY RERDOATI I (VT ARL
ZfEN D)

# let r = object method bb = (10,10,30,30) method to_svg = "..." end;;
2 [val r : <bb : int * int * int * int; to_svg : string > = <obj>

e object XDV :

object
method £ = X
method g x = X

Ok W N

end

o< ... OB ATV MAI)

e m:tA [AVYY RmERLZTDRD ] DEK

o AVY RIEUH U, 7Tzl bAYVY R& 518 ...
1 | # r#to_svg

2 |- : string =
3 | "<rect x=\"10\" y=\"10\" width=\"30\" height=\"30\"/>"
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Creating an object (without classes)

G W N =

® 6 6 o

1
2
3

an object that has methods bb and to_svg (you can create it
without a class)

# let r = object method bb = (10,10,30,30) method to_svg = "..." end;;
val r : < bb : int * int * int * int; to_svg : string > = <obj>
syntax of object expressions:
object
method f = expr
method g x = expr
end
< ... >represents “object types”
m : t means “it has method m of type t”
AV RECH UK, A7V b#AYw R4 518, ..
syntax of method calls objecttmethod arg . ..
# r#to_svg
- : string =

n<rect x=\"10\" y=\"10\" width=\"30\" height=\"30\"/>"




ATV N eliB (25 AL TH)

o ATV heRIHEU 2FFE~IVANTI VA

1 | # let mk_rect x y width height = object

2 method bb = (x, y, x+width, y+height)

3 method to_svg = "..."

4 | end;;

5 | val mk_rect :

6 int -> int -> int -> int -> < bb : int * int * int * int; to_svg :
string > =

7 <fun>

0 VIARIZWIREDNINT T/
o ATV NEMED ZOEITRE T T AIXNS BN
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Creating an object (without classes)

W N =

o«

write any function that returns an object and it is ~ a
constructor

# let mk_rect x y width height = object
method bb = (x, y, x+width, y+height)
method to_svg = "..."
end;;
val mk_rect :
int -> int -> int -> int -> < bb : int * int * int * int; to_svg :
string > =
<fun>

we already have something like a class, don’t we?

classes are unnecessary if they are just for creating objects
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77 A DHBHATID, BVOATT N

o VI AFHY £7!

# class rect x y width height = object
method bb = (x,y,x+width,y+height)
method to_svg = "..."

end;

=W N

o AVANTIIVREZHLBEDEMTELDLEDLF I NDOLRN
0 VI ARSI FDATI Y ME, new WDKK
X TS

1 [# new rect 0 0 100 100

e DFVnew VIAL BATY =V bEADEBIZRS

1

# new rect ;;
- : int -> int -> int -> int -> rect = <fun>

o 7T ADEAMIEMAT D & TIZEEND (rid)
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So do we have classes?

@ Yes, we do!

1 | # class rect x y width height = object
2 method bb = (x,y,x+width,y+height)

3 method to_svg = "..."

4 | end;;

e the syntax is not very different from defining constructors
with ordinary functions

e when you define a class, you make an object of the class with
new syntax

1 [# new rect 0 0 100 100

e that is new class-name is a function to construct an object

1
2

# new rect ;;
- : int -> int -> int -> int -> rect = <fun>

e the true value of classes is in inheritance (discussed later)
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RINTG A —REHS>7 5 AT AR

o HH: /35 A N v 2 RL KBS OCaml 28 E I HE

# let £ x =x ;;
val £ : ’a -> ’a = <fun>

N

o ATV h&RYBEE Rk

# let cell x = object method get = x end ;;
2 |val cell : ’a -> < get : ’a > = <fun>

o MERMIZINEITT VR VY IBITA] HTED

1 | # let cO
2 | # let ci

cell 3;; (* < get : int > *)
cell "hello"; (* < get : string > *)
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A caveat for classes with type parameters

o review: OCaml automatically infers functions types having

type parameters

# let £ x =x ;3
val £ : ’a -> ’a = <fun>

1
2

e functions returning objects are no different

# let cell x = object method get = x end ;;
val cell : ’a -> < get : ’a > = <fun>

1
2

o we effectively get “generic classes”, with no new mechanism
in OCaml

# let cO = cell 3;; (* < get : int > *)
# let cl = cell "hello"; (* < get : string > *)

1
2
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RINTG A —REHS>7 5 AT AR

o ENHEUL I L% IATES LRENTT —ITRD

# class cell x = object method get = x end ;3
Characters 6-40:
class cell x = object method get = x end ;;

Error: Some type variables are unbound in this type:
class cell : ’a -> object method get : ’a end
The method get has type ’a where ’a is unbound

N O U W N =

o Billl: 75 ADIV AN 7 AR (Z DHITD new cell) A’
ZHHBIZERDS (ZOHITIR a > < get : ’a>)JH, TN
EUWRINZ Y T ADRINT A= ZIZIRET BB DH %

1 [# class [’a] cell (x : ’a) = object method get = x end j;;

Ay

He(xo a) 3 ZEBIRIYICIRE T
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A caveat with classes with type parameters

o the same example will raise an error if written using classes,
however (just an implementation glitch?)

# class cell x = object method get = x end j;;
Characters 6-40:
class cell x = object method get = x end ;;
Error: Some type variables are unbound in this type:
class cell : ’a -> object method get : ’a end
The method get has type ’a where ’a is unbound

B B I S e R

e rule: when a class constructor (new cell in this example)
becomes polymorphic (a -> < get : ’a> in this
example), you must indicate that with a type parameter

1 [# class [’a] cell (x : ’a) = object method get = x end j;;

note : (x : ’a) is a syntax to explicitly specify a type of a

variable
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th 2 278 7Y = 7 ML) < B

o tosvg E\WD AV RETZMES A% FIFEX, TOREKIT
[tosvg 2RiDA TV U NRLMTE OKJ AR S

# let svg_of s = s#to_svg ~ "\n";;

1

2 | val svg_of : < tosvg : string; .. > -> string = <fun>

@ < to_svg : string; .. >I&, stringZRIT AV YR
to_svg ZFib, MIZEFEF>TWanE LNV ATI s b
DI

@ TDEDIRATI LY NRLIRATH svg_of (ZiHHMHE

# class circle cx cy radius = object
method to_svg = "
method radius = radius
end;;
# svg_of (new rect 30 30 100 100);;
# svg_of (new circle 100 100 50);;

o circle DFFD AV Y R (AAHHDHE A Ed X T) rect &[F—
TRWI LT

S G W N =
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Polymorphic functions applicable to various
objects

e if you write a function that uses only to_svg method, it can
accept “any object having to_svg method”

1 | # let svg_of s = s#to_svg ~ "\n";;
2 | val svg_of : < tosvg : string; .. > -> string = <fun>

@ < to_svg : string; .. > represents the type of objects
having to_svg method returning string, possibly with others
e we can svg_of to any such objects

# class circle cx cy radius = object
method to_svg L
method radius
end;;
# svg_of (new rect 30 30 100 100);;
# svg_of (new circle 100 100 50);;

radius

D Ut s W N

@ note that methods of circle are not the same as those of

rect
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AV RURBWT 4 — IV RIEHDATI N
o 74— JVRIE, Y ET! ik val B = fH

1 | # let o = object
2 val x = 100
3 method add y = y + x
4 | end ;;
o 7+ —I)VRIFZTDORIZIFHENZ N
#0 ;3
2 |- : <add : int -> int > = <obj>
o JA—NVRIEATIVZI NDANLT V2 ATEIRN
1 | # o#x ;;
2 | Characters 0-1:
3 o#x ;;
4 -
5 | Error: This expression has type < add : int -> int >
6 It has no method x

o MMET I AU TN (05ID) AV Y RIZTHIERW
o flid OCaml DEKIFARL, (77 AN hTIE) immutable



We have methods, but do we have fields?

@ Yes we do! syntax: val name = expr

1 | # let o = object

2 val x = 100

3 method add y = y + x
4 | end ;;

o fields are not revealed as the type of the object

# o0 ;;
2 |- : <add : int -> int > = <obj>

e fields are not directly accessible from outside the object

# o#x ;;
Characters 0-1:
o#x ;;
Error: This expression has type < add : int -> int >
It has no method x

o Ut A W N

e if you want to make it externally accessible, make it a

method (with zero input parameters)
1 o ot OV Va1 crmnt Tl T e LT i s A fo Tt g 119/ 82



74 =)V R (val) vs. IR LD AY w R

object
val z = e

end

&, AN EBITV S

object
method = = e

end

JEL:

o 74— IVRIEATY Y MMM OEIET 7R ATEY B
TV AN

o 7« —J)b ME mutable (ZTE % (f&ih)

o 7+ —I)U NI BFMEHE TE D (k)
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Fields (val) vs. methods with no arguments

object
val z = e

AW N e

end

is similar to:

object
method =z = e

=W N =

end

how they differ:

e fields are not accessible from outside the object and are not
part of types

e fields can be mutable (later)

e fields can be functionally updated (later)
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mutable 7% 7 4 —J)V R

e mutable 27 4 —J)L RiZdhH V) 7!
o Xik£: val mutable B4 = fH
o X <-2HW5

# class accumulator x = object
val mutable x = x
method inc y = x <- x + y; X
end ;;
# let a = new accumulator 3 ;;
# a#inc 4;;
- :int =7
# a#inc 10;;
- : int = 17

© 00 N OO Ae W N
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mutable fields

@ Yes, we do have mutable fields!
@ syntax: val mutable name = expr

e updates use <-

# class accumulator x = object
val mutable x = x
method inc y = x <- x + y; X
end ;;
# let a = new accumulator 3 ;;
# a#inc 4;;
- :int =7
# a#inc 10;;
- : int = 17

© 00 N OO Ae W N

23 /82



A7V b Oa— B X UBEKRER

e object XTI,

£ e A

©

10
11
12

{< 74— R =4&; ...; 740K =K >}

T, [ZOATVLI NDT A=V REEFE LA LW AT

Vb #EKRT S

# let o = object
val x = 1
method inc = {< x = x + 1 >}
method get = x

end ;;

val o : < get : int; inc : ’a > as ’a = <obj>
# let p = o#inc ;;

val p : < get : int; inc : ’a > as ’a = <obj>

# o#get ;;

- :int =1

# p#get ;;

- :int = 2

o XU, (<>} THRDIE—] IZ8%
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Copy objects and functional updates

@ inside an object expression:

{< field = expr;

means a (new) object with fields updated as specified

(functional updates)

.. field = expr >}

# let o =
val x =
method
method

end ;;

val o :

# let p =

val p : <

0w N O U W N

©

10 |- : int

object

1
inc
get

< ge

1

11 | # p#get ;;

12 | - : int

2

{<x=x+1>}

X

t
o#inc ;;

get :
# o#tget ;;

int;

int;

inc :

inc :

’a > as ’a = <obj>

’a > as ’a = <obj>

e in particular, {< >} is a copy of itself
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ATV N ODY— (BRI ER) L ER
{2

o BB ZTEH NI, THRDLRUE] OATY 2 M2lid
DITER D . HI:

1 [class c = object method copy = {< >} end ;;

o DU &AIANE S D

1 [class c = object method copy = new c end ;;

o cHMKI N L ITEWIAEENDS. c 2K L Td 21E>
Ve
» {< >, AIZBVWTIERAIZARD
» new c i, H ETc (HR)
o LHIZM/KTRERHIRNAR T — X &2 EHT DM BLELIC
A
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Copy objects (functional updates) and recursive
types

e functional updates can be used to create an object of “the
same type with itself.” ex:

1 (class c = object method copy = {< >} end ;;

e any different from this?

1 [class c = object method copy = new c end ;;

o the difference arises when c is extended. when c is extended
to derive d:
» {< >} isof typedind
» new c, obviously, remains of type c

@ it is a powerful weapon to define a recursive data type that is
flexibly inheritable
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self

@ object(s) ... end&§BHILT, EHEINTWVWIA TV
J NEE%Z s TSRTED
» HEIFIZIE, BHAORDMDAY Y REFCHT L SITHND

1 | class cell x = object(s)
2 method get = x + 1
3 method get2 = s#get + s#get
4 |end ;;
@ object(s:’s) ... end& 9B LT, 'sHNTOREZIRTD
» TEDLFEUE] 2 AV R (74 —)VR) CTHRAHE
1 | class cell x = object(s : ’s)
2 method get = x + 1
3 method cmp (o : ’s) = s#get = o#iget
4 |end ;;

» cmp (o:cell) & FT2DLDENL? = RIEY cell AKX
Nz JIEVPEEND
* cmp (o : cell) : MEAINTE cmp I cell ZZITHLSD
* cmp (o : ’s) : MAINEZLHLVWI T AEZITHDS
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self

@ object(s) ... end allows you to reference the object being
defined as s
» typically used to call a method of itself

1 | class cell x = object(s)
2 method get = x + 1
3 method get2 = s#get + s#get
4 |end ;;
@ object(s:’s) ... end allows you to refer to its type
» allow methods (or fields) referencing “the same type as itself”
1 | class cell x = object(s : ’s)
2 method get = x + 1
3 method cmp (o : ’s) = s#get = o#get
4 | end ;;

» any different from cmp (o:cell) ? = again, a difference
arises when cell is inherited
* cmp (o:cell): continues to receive cell in the child classes
* cmp (o:’s): receives the new (child) type in the child classes
29 /82



OCaml DA TV =7 h & b (1)

@ object

object
method f x = ---
method g v y = ---
end

[SVER

(9
%
<
U

o A7V NRDM: < f 1 .., g .. > T
AV REFROATI I N ORI
e 714 —J)VR

object
val a
val mutable b

Ok W N

end
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Summary of OCaml objects (1)

@ object expression:

object
method f z = ---
method g x y = -
end

=W N

e type of object expressions: <f : ---; g: ---> type of
“objects having such and such methods of such types”

e fields (immutable by default; can be labeled mutable)

object
val

a =
val mutable b =

end

G W N =
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OCaml DA TV =7 M & &8 (2)

o H (self) LT

1 [object(s :/8) = -

o RRIRITRERT (<-)

object
val mutable b = ...
method f x = b <- b + x
end

HODDb 22 H
o PHBNEER ({< >})

object

val b = ...

method f x = {< b =b + x >}
end

bZEb + xIIEBELZ FRYVIFESLEL)FILWATY
7k

1
2
3
4

=W N
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Summary of OCaml objects (2)

e self object and its type

1 [object(s :7s) = -

e destructive updates (<-)

object
val mutable b = ...
method f x = b <- b + x
end

AW N =

update b of itself
e functional updates ({< >})

object

val b = ...

method f x = {< b =b + x >}
end

=W N

a new object with b being b + x (and other fields being
intact)
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OCamlDA 7Y =7 M E L (3)

o class

1
2

class Cz y --- =
object ... end

» FADA T2 NOBIZ C WD TR DTS
» new C ~ CTLLFRD !

let C' z y -+ =
object ... end

1
2

o class IZARKTHEA TV B LU EDOMITH B
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Summary of OCaml objects (3)

@ class

1
2

class Czxzy - =
object ... end

» name the type of right-hand side C'
» “new C” ~ (' defined below

let O’z y -+ =
object ... end

1
2

e there are objects and their types before classes
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Q OCaml DA TV =7 b+ #BIE UL WEELLHET/ Objects in OCaml
© OCaml DA TV =7 |k : #84H1/ OCaml objects : subtypes
©Q (0VIT) MAIZTDUWT / about inheritance (finally)

Q (fiid) OCaml DRgF & L 21— K/ (Appendix) arrays and

records in OCaml
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BB TR BB Z 1579 %

e rect IX to_svg & side, circle I¥ to_svg & radius XV Y K%
or92

o BINME—THRVWATY I/ M2V ANIREEDL [TDFZE
Tl TS —I28%

1 |# [ new circle 0 O 10 ; new rect 0 0 10 10 1;;

2 | Characters 22-40:

3 [ new circle 0 O 10 ; new rect 0 O 10 10 1;;

N T R TP PSS

5 | Error: This expression has type rect but an expression was expected of
type

6 circle

7 The second object type has no method radius

o BHOMMEX 5721 2 N (HF, ete.) % &5 ISR
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Specifying a static type by type coercion

@ say rect has to_svg and side methods; and circle to_svg
and radius methods

e putting elements of different static types in a single list will
raise a static type error

1 |# [ new circle 0 0 10 ; new rect 0 0 10 10 1;;

2 | Characters 22-40:

3 [ new circle 0 0 10 ; new rect 0 0 10 10 1;;

P L L LT LT TP PR YRS

5 | Error: This expression has type rect but an expression was expected of
type

6 circle

7 The second object type has no method radius

e how to make such heterogeneous lists (arrays, etc.)?
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BB TR BB Z 1579 %

o ~HERHDVALE, Ttosvg2FfDA 7V hDY A
EUTHD Z &gz
o [rect ¥ circle®, < tosvg : string >HI T (side®
radius XN T)J tmb\fyb\
o TNEIHRT B 7/20HIT, THIGRH (coercion)] Wdh 2
» Xk GNoo> B

1 |# [ (new circle 0 0 10 :> < to_svg : string >);
2 (new rect 0 0 10 10 :> < to_svg : string >) 1;;
3 |- : < to_svg : string > list = [<obj>; <obj>]

o C/CH+® JavaDF ¥ A M ELTETA. ..
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Specifying a static type by type coercion

e it is reasonable to treat the above list as “a list of objects
having to_svg”

e we wish to say “both circle and rect have type < to_svg :
string > (and forget radius or side)”

e “type coercion” just does that

» syntax: (expression :> tlype)

1 |# [ (new circle 0 0 10 :> < to_svg : string >);
2 (new rect 0 0 10 10 :> < to_svg : string >) 1;;
3 |- : < to_svg : string > list = [<obj>; <obj>]

e somewhat similar to the type cast as you know it in C/C++
and Java ...

40 /82



OCaml DRIGRGH] #£ F ¥ A K~

o 7: OCaml DREIGRHE] ((e :> 1)) 1%, e OFIZRTIN t DE
BTHDE5EDHHER D (upcast)

o C/C++D cast, Java D downcast & 1Fi#E S £ D

o [l (e :> < tosvg : string >) LELDIFREVDT,
AETE AT 2T ED T 6 ND

1 | # type svg = < to_svg : string >};;

2 | type svg = < to_svg : string >

3 |# [ (new circle 0 0 10 :> svg); (new rect 0 0 10 10 :> svg) 1;;
4 |- : svg list = [<obj>; <obj>]
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Type coercion of OCaml # the cast as you know
it

e note: type coercion of OCaml ((e :> t)) is valid only when
the static type of e is a subtype of ¢ (upcast)

o unlike the cast in C/C++ or the downcast in Java

@ you can give a name to a type, to avoid verbosely writing (e
:> < to_svg : string >) every time

# type svg = < to_svg : string >;;

type svg = < to_svg : string >

# [ (new circle 0 0 10 :> svg); (new rect 0 0 10 10 :> svg) 1;;
- : svg list = [<obj>; <obj>]

W N =

42/82



Upcast (widening) vs. downcast (narrowing)

R ZRIZFVYARTDREOSTELUTD 2D 0IED

e Upcast (Widening)
» o ODEARBILY <t ( T EAH (supertype)
:\:JVZ }\J ) Upcast (widening)
» X TEEELI tBITEDLD. - TNEFHFL t

P NTRFIHCHT S — A% 5 2 X134
» BICHRIRE 2 KX 5 - dDEETH
AIND
e Downcast (Narrowing) Downcast (narrowing)
» t <t (= [HDEL (subtype) NDF ¥ A ] )
b AT, ¢ 13 H(F 7 T DM ) TR
LLhan

> TEAFRHCE 2 AT B 0O/ L LTE
AEND (LT —WORE L~ )
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Upcast (widening) vs. downcast (narrowing)

there are two kinds of casting expression €’ to type ¢

e upcast (widening)
» the natural type of ¢’ : ¢/ <t (“casting to
supertype”) Upcast (widening)
» ¢’ is of type t to begin with — it never causes t

a type error at runtime
» the main purpose is simply to help a static

type checker pass (already type safe) programs

e downcast (narrowing) Downcast (narrowing)
» ¢ <t' (= “casting to subtype”)
» ¢/ may not be of type t (or its subtype) at
runtime

» the purpose is to type check at runtime
(behavior upon an error varies)
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Downcast (Narrowing) i3 & € DA5H]

e Java: ¥ A MEX (1)¢
o C++:

» BF ¥ A b dynamic_cast<t>(e’)
» BEDOF Y AL (D

o Eiffel: {17 A v : t 7= ¢
e OCaml: Y FXHFA

TT— (e Wt OF BT o 12 IF) DZEH)

Java ¥ ¥ A b WA SR
CH++ 8+ v AN | null /R1 V&
C++ Fr¥ A b RIEF

Eiffel i&A47%A null K1 > &
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The syntax and behavior of downcast (narrowing)

e Java: cast expression (¢)¢

o C++:
» dynamic cast dynamic_cast<t>(e’)
» traditional cast ((¢)e€’), static cast, reinterpret cast, const
cast

o Kiffel: assignment attempt v : ¢ ?= ¢

e OCaml: none

behavior upon error (when €’ is not of type ¢ or its subtype)

Java cast exception
C++ dynamic cast null pointer
C++ traditional cast undefined
Eiffel assignment attempt | null pointer

46 /82



OCaml DE DT 2 FH N D

e Coercion =\
(€ :>1)
PSRRI % 38 D ME DT, OCaml 2% ¢’ D HARREL (¢ &3
%) %t OWHIMEE STV PN ETED
o #i

1 | # class a = object method x = 0 method y = 1 end ;;

2 | # class b = object method x = 0 end ;;

3 |# (new a :>b) ;; (x OK a <= b *)

4 |# ([ new a ] :> b list) ;; (*x OK a list <= b list *)
5 | # ...

e OCaml I Eiffel % Java & [d U2 U TWRWDE | HED
OOHND (cf FHHE)
» (a DEEHI > b DEFFY) ?
» (int 25 a DA > int 225 b OEEHEY) 2
» (a5 int DRI > b 25 int OEAETY)
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Checking OCaml subtype relationship

e by checking if a coercion expression
(€ :>1)
passes the static type check, you can learn if OCaml thinks

the (naturally infered) type of €’ (say t') is a subtype of ¢
° ex.

class a = object method x = 0 method y = 1 end ;;
class b = object method x = 0 end ;;

(new a :>b) ;; (*x 0K a <= b *)

([ new a ] :> b list) ;; (*x OK a list <= b list *)

TR W N
H H HHH

e you can check if OCaml makes the same mistake as Eiffel or
Java (see exercise)
» (array expression of a :> array type of b) 7
» (function of int to a :> function type int to b) ?
» (function of a to int :> function type b to int) ?

> ...
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OCaml D {5 2

o <a,f<pETD

» o list < o list

» o array € a array

»ra—> 3 <a—p
a—B<d =8
(R, o = pLa — B)
<get :ta—f/><< get :a— B>
< set 'oz—>5><< set :a — >

INFETITRREZ )N —)L & 52812 —5

v vV VvV VY
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Subtypes in OCaml

Assume o/ < o, ' < 8
» o/ 1list < a list
» o array £ a array
ra—f<a—p
»ra—p<ad —=p
(in particular, o/ — SLa — f)
» <get ta—f/><< get :a— B>
» < set :a—fA><< set :a = >

v

they totally matches subtype relationships described so far
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o Bl ZIZ,

class b = object
method cmp (x : b) = ()
method hi = "hi"

end

1
2
3
4

(3

class a = object
method cmp (x : a) = O

3 | end
DI HLTIE RN

o AV Y RERMP LA (HLIELAL) MOHARIZAZ L E->TIE
W A

o AL /I T AZDVWTHFAMRIZETITED
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Subtypes between classes

o for example,

class b = object
method cmp (x : b) = ()
method hi = "hi"

end

=W N

is not a subtype of

class a = object
2 method cmp (x : a) = O
3 | end

e adding a method to (extending) a class does not
automatically make a subtype of it

@ it is true even when you inherit classes

52 /82



IR A TS =7 hDR

object(s : ’s)

method get = 3

method cmp (o : ’s) = s#get = o#get
end ;;

W N =
©

DRLIE?
o BHA:

# object(s : ’s)
method get = 3
method cmp (o : ’s) = si#get = o#get
end ;;
- :<cmp : ’a->bool; get : int > as ’a = <obj>

Ol W N

DFEY,
C= <cmp : C -> bool; get : int >

R A ORARER !
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Types of recursive objects

e what is the type of

1 | object(s : ’s)

2 method get = 3

3 method cmp (o : ’s) = s#get = ot#get
4 | end ;;

?

e let’s ask OCaml the answer:

1 | # object(s : ’s)

2 method get = 3

3 method cmp (o : ’s) = s#get = ot#iget

4 end ;;

5 |- :<cmp : ’a->Dbool; get : int > as ’a = <obj>

that is, C' that satisfies:
C= <cmp : C -> bool; get : int >
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Q OCaml DA TV =7 b+ #BIE UL WEELLHET/ Objects in OCaml
Q OCaml DA TV 7 b : #843#L/ OCaml objects : subtypes
@ (D) MAKIZ DT / about inheritance (finally)

Q (fiid) OCaml DRgF & L 21— K/ (Appendix) arrays and

records in OCaml
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Xi%: object ...end DHIZ inherit IV A KT 7 4K

# class point x y = object
method norm2 = x * x + y *x y
end; ;

W N =

# class cpoint x y (c : string) = object
inherit point x y
method color = ¢
end;;

linherit f] ~ AL T3 27T ADEH = TDHIZO

Y—] LS TEFIERW
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Inheritance

e syntax: inherit constructor expression inside object
.end

# class point x y = object
2 method norm2 = x * x +y * y
3 end;;

# class cpoint x y (c : string) = object
inherit point x y
method color = ¢
end;;

W N =

e you may consider: “inherit clause &~ copy&paste the
definition of the inherited class”
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o MK & B B IXERZDOBRIT AW
o JHHI:
s ATV N ATV N RO
» FERE LT IR (TDIIADLEENE ATV b
D) A 7Y 7 NUDHIET 2
» ATV Y NEIDEHBBERIZ T OME (LABRT A=V R
RbHEnoDORMMIH) ZIFTHRES
o = MU /-EE, MM TELEE HNIEZT D THRVEE
»HB
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Inheritance and subtype

e there are no direct relationship between inheritance and
subtype
e principle:
» an object has an “object type”
» a class naturally corresponds to a type (of objects created by
the class)
» subtype relation between object types is solely determined by
their structures (fields and their types)
e = a class made by inheritance may or may not be a subtype
of the base
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o fljHLZHI

=W N =

=W N

class cell x = object
val x = x + 1
method get = x + 1
end ;;

% Mk (get2 % 3EHN)

class cell2 x = object
inherit cell x
method get2 = x + 2
end ;;

cell2 < cell »?

# (new cell2 10 :> cell) ;;
- : cell = <obj>

— YES
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Inheritance and subtype

@ a simple example:

=W N

W N =

class cell x = object
val x = x + 1
method get = x + 1
end ;;

inherit this (add get2)

class cell2 x = object
inherit cell x
method get2 = x + 2
end ;;

cell2 < cell?

# (new cell2 10 :> cell) ;;
- : cell = <obj>

— YES
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cell2 < cell DHEfHE

o kKD Z LiTEND
o TNTNDOMZE ATV =7 MNil%E > THIZENT, ol
= YE
»celOA 7YV N < get : int >
»cel2DA TV b < get : int; get2 : int >
7= UInIZ,

< get:int;get2:int > < < get:int >
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understanding cell2 < cell

e forget about inheritance
e explicitly write their object types and judge their subtype

relationship

» cell object : < get : int >

» cell2 object : < get : int; get2 : int >
indeed,

< get:int;get2:int > < < get:int >
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AL ER B . Bz sl Bule o AV w R

e LV 7 A

class cell x = object(s : ’s)
val x = x + 1
method get = x + 1

method cmp (o : ’s) = s#get = o#tget
end ;;

g W N

o MARMDMSIZeHU

class cell2 x = object
inherit cell x
method get2 = x + 2
end ;;

=W N
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Inheritance and subtype : a method taking the
type of self

@ base class

1 | class cell x = object(s : ’s)

2 val x = x + 1

3 method get = x + 1

4 method cmp (o : ’s) = s#get = ottget
5 | end ;;

e the inheriting class is exactly the same

1 | class cell2 x = object
2 inherit cell x

3 method get2 = x + 2
4 | end ;;
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AL ER B . Bz sl Bule o AV w R

@ cell2 < cell A7

1 | # (new cell2 10 :> cell) ;;
2 | Characters 0-22:
3 (new cell2 10 :> cell) ;;
T T
5 | Error: Type cell2 = < cmp : cell2 -> bool; get : int; get2 : int >
6 is not a subtype of cell = < cmp : cell -> bool; get : int >
7 | Type cell = < cmp : cell -> bool; get : int > is not a subtype of
8 cell2 = < cmp : cell2 -> bool; get : int; get2 : int >
— NO
o TE: NEMMEZRLDTHNY DH5WVAH, HET THHNZR]
MRAED T 5 —
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Inheritance and subtype : a method taking the
type of self

@ cell2 < cell?

[C e e A

# (new cell2 10 :> cell) ;;
Characters 0-22:
(new cell2 10 :> cell) ;;
Error: Type cell2 = < cmp : cell2 -> bool; get : int; get2 : int >
is not a subtype of cell = < cmp : cell -> bool; get : int >
Type cell = < cmp : cell -> bool; get : int > is not a subtype of
cell2 = < cmp : cell2 -> bool; get : int; get2 : int >

— NO

note: this is a static (prior-to-execution) error, though not
very clear in the interactive environment
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B cell2 < cell TR W H?

o BRI BLDKIAN % N4

@ cell: < cmp : <cell -> bool; get : int >

@ cell2: < cmp : cell2 -> bool; get : int; get2 :
int >

°

cell2 < cell
= cell2 — bool < cell — bool
= cell < cell2

723, cell2 iZDHget2 AV W RAH DD T I NIEFE.
-,
cell2 £ cell
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Why not cell2 < cell?

e remember subtype between function types

@ cell: < cmp : cell -> bool; get : int >

@ cell2: < cmp : cell2 -> bool; get : int; get2 :
int >

°

cell2 < cell
= cell2 — bool < cell — bool
= cell < cell2

contradiction as only cell2 has get2 method. therefore,

cell2 £ cell
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WONTAENTZ? BIRDF &8O

o ATV MEMEFMIIAMITT D] 22D TIEWVITARN
o MulFHnRIL AZLTH OK»] EUKEET D DMK
» BB (ot <s—t <= s<dandt/ <t)
» L IJ— R, immutable 2354 & mutable 235 &
o [k DRERHTL ZEMNHBIH DRI 2Z B> T
=AYy RN
» EOBANTEETHNIEFEEN 2L O IE AW
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Exhausted? final summary

e ‘“statically typing object oriented languages” is no easy
matter
@ solid understanding of “what is subtype of what” is the basic
» function: (8 2t/ <s—t < s<s andt <t)
» record: immutable and mutable fields
e never think “inheritance” always creates a subtype
» no need to worry if you follow the above rules
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Q OCaml DA TV =7 b+ #BIE UL WEELLHET/ Objects in OCaml
Q OCaml DA TV 7 b : #843#L/ OCaml objects : subtypes
© (DT MEAKIZDWT / about inheritance (finally)

Q (Hi/d) OCaml D4 & L 21— K/ (Appendix) arrays and

records in OCaml
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A few notes on what I didn’t cover about OCaml

@ arrays

e records (not objects)
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el

o il

#let a= [l 1; 2; 311 ;3

val a : int array = [I1; 2; 3I]
# a.(0) ;

- :int =1

# a.(1) <- 10 ;;

- : unit = QO

#a;;

- : int array = [|1; 10; 3]|]

W 7 3 Ok W

e OCaml Array €Y 2 —I)LDXR—T % %
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Array

ex.

# let a = [| 1; 2; 3 1] ;;

val a : int array = [I1; 2; 3I]
# a.(0) ;

- :int =1

# a.(1) <- 10 ;;

- : unit = QO

#a;;

- : int array = [I1; 10; 3]]

W 1 3 Ok W

e see OCaml Array Modules page
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o ATY N, NUTUVNEMTHRDZEDIZL a— RH
N b
o H/RMZ T 4 =)V R ZEFRD. ~ C DMER

# type point = { x : int; y : int };;

1
2 | type point = { x : int; y : int; }
3 (#{x=35y=41};;

4 |- : point = {x = 3; y = 4}

5 |# p.x ;

6 |- : int = 3

77/ 82



Record types

e there are record types, similar to but different from object

S G W N =

types or variant types

(unlike variants) records have field names ~ struct in C

# type point =
type point = {
#{x=3;y-=
- : point = {x
# p.x ;;

- :int =3

[

w

X

int; y :
:int; y
y = 4}

s

int };;
int; }
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L O— ROEH

o WYIEMEEW. A 7Y =2 MNAEKK, 7+ —JV K% mutable (2T
x5

1 | # type mpoint = { mutable x : int; mutable y : int; mutable z : int };;
2 | type mpoint = { mutable x : int; mutable y : int; mutable z : int; }
3 |#letp={x=3;y=4; z=51};;

4 |val p : mpoint = {x = 3; y = 4; z = 5}

5 |# p.x <- 30 ;;

6 |- : unit = O

7T |#p ;s

8 |- : mpoint = {x = 30; y = 4; z = 5}

o BB, { X withz = ...; y= ...}

1 | # type point = { x : int; y : int; z : int };;

2 | type point = { x : int; y : int; z : int; }

3 |#letp={x=3;y=4;2z=51};;

4 |val p : point = {x = 3; y = 4; z = 5}

5 |# let q = { p with x = 30; y = 40 };;

6 |val q : point = {x = 30; y = 40; z = 5}

7 | # Dp;5s

8 |- : point = {x = 3; y = 4; z = 5}
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Updating records

e destructive (in-place) update; fields can be made mutable
(like objects)

1 | # type mpoint = { mutable x : int; mutable y : int; mutable z : int };;
2 | type mpoint = { mutable x : int; mutable y : int; mutable z : int; }
3 |#letp={x=3;y=4; z=51};;

4 |val p : mpoint = {x = 3; y = 4; z = 5}

5 |# p.x <- 30 ;;

6 |- : unit = )

7T |#p ;s

8 |- : mpoint = {x = 30; y = 4; z = 5}

e functional updates; { expr with = = ...; y = ...}

1 | # type point = { x : int; y : int; z : int };;

2 | type point = { x : int; y : int; z : int; }

3 |#letp={x=3;y=4; z=51};;

4 |val p : point = {x = 3; y = 4; z = b}

5 |# let q = { p with x = 30; y = 40 };;

6 |val q : point = {x = 30; y = 40; z = 5}

7| # pss

8 |- : point = {x = 3; y = 4; z = 5}
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T4 =)V RZIFEART—E

e HDT7 4 — IV RFERDL I— REIZV LD UNENZW (KX

N O Uk W

oo

MO % —RIZHER T B 72 D)
U744 =V RERKROLVI—-RE2EREET DL, BT
BINBNZEDT 4 —I)V REHD

# type xy = { x : int ; y : int };;
type xy = { x : int; y : int; }
# type xyz = { x : int ; y : int ; z : int };;
type xyz = { x : int; y : int; z : int; }
#{x=10; y =20 };;
Characters 0-19:

{x=10; y =20 };;

Error: Some record field labels are undefined: =z

object B1D & 5 722, width subtyping 3L — 7 1 —IL K%
% RTINS —BITRE S

o 74— )WVRELZDEEEZMWITZ-DIZIFTEYa—ILEHNS
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Field names must be globally unique

@ you can make only one record type with a given field name

(so that a record expression can be uniquely typed)

e when you define multiple records having the same name, the

© 0 N O U e W N

one defined last owns it

# type xy = { x : int ; y : int };;
type xy = { x : int; y : int; }
# type xyz = { x : int ; y : int ; z : int };;
type xyz = { x : int; y : int; z : int; }
#{x=10; y =20 };;
Characters 0-19:

{x=10; y=201};;

Error: Some record field labels are undefined: =z

unlike object types, there is no width subtyping between
records — a single field uniquely determines the type

e to avoid conflicts of field names, use modules
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