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Simple Objects
Syntax pie bl
AB:= type
Records [lju;:B; iel-n] object type (v; € {-,9,*}, |; distinct)
AB:= type ab:= term
[lu;:B; i€l] record type (u; € {-°,*}, |, distinct) [li=¢(x;:A)b; Te2-1] object  (I; distinct)
al method invocation
ab::= , term o al=¢(x:A)b method override
[li=b; iet-n] record (|; distinct) .
) ) clone(a) cloning
al field selection
al:=b field update Object with Self
AB = type
Obj (X)[1;u;:Bi{ X} <] object type (v; € {=°,*}, |; distinct)
ab:= term
obj (X=A)[1l;=¢(X;:X)by iel-n] object (l; distinct)
al method invocation
al=¢(Y<:AX:Y)b method override
clone(a) cloning
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Ambient Syntax

TypeRules
AB:= .. type
X type variable Judgments
Top maximum type ] )
V(X<A)B bounded universal type EFo WeII-Tormed environment judgment
EFA type judgment
ab:= term EFA<B subtyping judgment
X variable EFu, A< u,B component subtyping judgment
A(X<:A)b type abstraction EFa:A value typing judgment
b(A) type application
let x:A=ainb call-by-value let
Field Notation: [...I=b...] standsfor  lety:?=bin[..I=¢(X)y..] withy¢b
al:=b standsfor  lety:?=binal=¢X)y withy¢b
Functions: are definable
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Ambient Type Theory
(Va Subsumption) (va x)
(Envg) Envy) EnvX) ErFa:A EFA<B E'xAE Fo
EFA  x¢dom(E) EFA  Xg¢dom(E) ErFa:B EXAE FxA
gFo ExXAF o EX<AFo (Va Fun2) (Va Appl2)
EX<AFb:B EFa:V(X<AB{X} EFA < A
(TypeX) (TypeTop) (Type V) EFAQb: V(X<:A)B EFa):B{A"}
EX<AE ko EFo EX<AFB
VN A P ) (va Let)
E X<AE FX EFTop EF V(X<:A)B
Era:A ExAFRDb:B
(Sub Refl) (Sub Trans) EF letx:A=ainb: B
EFA EFA<B EFB<C
EFA<A EFA<C
(Sub X) (Sub Top) (Sub )
EX<AE ko EFA EFA'<<A EX<A'FB<DB

EX<AEBE EFX<A EFA< Top

EF V(X<A)B <: V(X<:A')B’
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Records

(TypeRecord) (l; distinct)
EFB,  Viel.n
EF [l,u;:B; ieln]
(Sub Record) (I; distinct)
El_Ui Bi <:Ui' Bi’ Yiel.n
E F [l,u;:B; iel-mm] < [luy":B;’ €11

(val Record) (I, distinct)
E bi . Bi Viel.n
EF [Ii:bi iEl"n] A

(Val Record Select)
EFa:[lju:B <t ue{o*}

(where A=[l,u;:B; ie-n)

jel.n

El—alj:Bj

(Va Record Update)

(where A’ =[l,u;:B; i€-n)

EFa:A EFA<A EFb:B; ue{°} jeln

(Sub Invariant) (Sub Covariant) (Sub Contravariant) Elral:=b:A

EFB EFB<:B ve{°*} EFB <:B ve{°o}
EF°B<:°B EFuB< *B’ EFuB<-B
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Simple Objects (val SimpleObject) (I; distinct)  (Where A=[l,v;:B; €M)

L dis E x:A Fb;:B; Viel.n
T Simple Object ; distinct )
(Type Simple Object) @ ) EF [l=c(x A, 1] : A
EF B Viel.n
E F [l;u;:B; i€l (Va Simple Object Select)
o EFa:[ljuiBi <t  uve{°*} jeln
(Sub Simple Object) (I; distinct)
. EF a,lj : Bj

EFu;B < vy B} Yiel.n

EF [l,u;:B; iet-mm] < [Luy":B;" €] (va Simple Object Override) (where A’ =[l,0;:B; i<L-1])
EFa:A EFA<A’ E.XAFb:B; uye{%} jel.n
(Sub Invariant) (Sub Covariant) (Sub Contravariant)
EFal=¢(xA)b: A

EFB EFB<:B ve{o*} EFB' <:B ve{°}

EroB<:°B ErFuB<: *B’ E+uB<:-B’ (Val Simple Object Clone) (where A’ =[l,u;:B; i€-n))
EFa:A EFA<A’
El clone(@) : A
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Objects with Sdif

' (TypeObject) (|; distinct)  (B{X*} £B covariantin X)
EX<TopkBi{X*} Viel.n
EF Obl(x)[||U|B.{X} iel..n]

| (subObject) (| dlstinct)
CEY<Obj(X)[10i:B{X} <t o B{Y} <tvi’ B'{Y} Viel.n
EF Obj(X)[;u;:Bi{ X} TeL-mm] <: Obj(X)[I;0;":B; { X} feln]

| (Sub Invariant) (Sub Covariant) (Sub Contravariant)

‘ EFB EFB<:B ve{°*} EFB <B ve{o}
EF°B<:°B EFuUB<*B EFuB<-B
Quly 16,1994 7:49AM ML 2000, Princeton 13

(ve Object) (I; distinct) (where A=0bj(X)[l;u;:B;{X} iel-n])
E x:A Fbi{A} :B{{A} Viel.n
E F obj(X=A)[li=¢(x;:X)b{X} -1 : A

(Val Select) (where A’=0bj(X)[l;u;:B;{ X} i€t-n)
EFa:A  EFA<A’ ue{%'} jeln

EFal;: Bi{A}
(val Override) (where A’=0bj(X)[l;u;:B;{ X} iet-n)

EFa:A EFA<A E, Y<A, XY FDb{YX}:B{Y} ve{°%} jel.n
EFal=q(Y<A, xY)b{Y X} : A

(val Clone) (where A’ =0bj(X)[l;0;:B,{ X} <L)
EFa:A EFA<A

El cloneg(a) : A
Ay 16,1994 7:49AM ML2000, Princeton 14

Variationsfor ML 2000

1) Records/Objects components may be permutable (multiple subtyping) or non
permutable (prefix subtyping). The latter allows direct access. The former allows
practically-constant-time access, but with afactor of 3-5 in performance.

2) Subsumption of invariant components into covariant components may be
allowed (enables “write-protection” of fields after initial definition) or forbidden
(allows better compiler flow analysis).

3) Fields should be separated from methods, instead of being regarded as
encoded from methods (otherwise fields can be overridden with methods and
viceversa). Thisis necessary to allow fast accessto fields. It is not clear, though,
what is the best place to make this distinction, along the path between surface
syntax and code generation.
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Encoding of Class Types

TOOPL style:

Requires F-bounded quantification and recursive types, but only simple objects.
Allows binary methods. Causes widespread loss of subsumption. The latter can
be remedied by F-bounded matching, but the effect is to force widespread F-
bounded parameterization.

Objects-with-Self style:

Requires ordinary bounded quantification and built-in Self types. Disallows
binary methods, requiring them to be defined as binary functions. (Actualy,
binary methods can still be emulated by recursive types; this may be satisfactory
in practice.) Causes no loss of subsumption.
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TOOPL style

A = ObjectType(X)[l;;:B,{X} €11 2 u(X)[l,v;:B{X} ieLn]
A(C) 2 [lju;B{C} i<tn]

ClassType(X)[;u;:Bi{{X} i1 £ [new: A, |;: V(X< AX)X - Bi{X}]
Objectswith-Self style

A = ObjectType(X)[l;uiBi{ X*} <11 £ Obj(X)[1;v;:Bi{X*} et
ClassType(X)[l;u;:Bi{ X*} iel-n] & [new: A, |;: V(X<:A)X - B{{X}]

In either style one can define classes (members of ClassTypes) and subclasses
that reuse or override methods of superclasses. The Objects-with-Self style may

in fact be used together with simple recursive definitions to support binary
methods, but without possibility to inherit them.
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Compatibility of Subtyping and Method Overriding
When does this inclusion hold?
ObjectType(X)[l;v;:Bi{ X} ‘et-mm] <: ObjectType(X)[l;u;":B;’{ X} iel-n]
(1) In Objects-with-Self style (by the rules of object types with Sdif) it holdsif:
X<:0ObjectType(X)[l;u;:B;{ X*} ieL.rm] implies v; Bi{{X*} <:v;" B{"{X*}

Morale: subtyping is incompatibe with method overriding for methods whose
types contain contravariant occurrences of Self types (binary methods).
However, covariant occurrences of Self types cause no problems, since the
inclusion aboveis easily satisfied.

Quly 16,1994 7:49AM ML 2000, Princeton 18

(2) In TOOPL-style (by the rulesfor p and simple objects) it holdsiif:
X<:Y implies v; B{X} <:v; B;{Y}

This condition can be further analyzed as follows:

If X,Y occur in matching contravariant positions (binary methods), the
requirement is Y<:X, hence there can be no inclusion. So let’s assume there are
only covariant occurrences.

If v;=v;"=° then we have inclusion only if B;{X*} = B;{Y*}, that isif X,Y do
not occur at al. In this case we can have inclusion and method override, but the
types of the overridden methods cannot contain any instance of the Self type.

If y;=v;'=* then we have inclusion if B;{X*} <: B;’{Y*}; matching occurrences
of X,Y cause no problem. Here we can have inclusions, but method overriding is
precluded by uv,;=v;'=*.

Morale: subtyping is incompatibe with method overriding for methods whose
types contain Self types, either contravariantly or covariantly.

Ay 16,1994 7:49AM ML 2000, Princeton 19

Motivationsfor Objectswith Self

The motivations for moving from simple object to objects with self are;

1) Full support for delegation (i.e. overriding even methods that return self, as
just explained.)

2) Disallowing contravariant occurrences of Self, so that subsumption is not
impeded. (Actualy, one can still code binary methods, and impede subsumption,
“by hand” with recursive definitions. However, these binary methods, unlike in
TOOPL-style, cannot then be easily inherited.)

3) Removing the need for F-bounded quantification, and the associated need for
equality of recursive types up to unfolding. That is, simplifying the necessary
ambient type theory.
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Laws

1) Subsumption is good: it shoud not be impeded.

2) Sdlf isgood, provided it does not impede (1).

3) Delegation is good provided it does not impede (1,2).
No other features shall impede (1,2,3).

N.B. the popular “Inheritance is not subtyping” view favors binary methods and
F-bounded quantification over subsumption and bounded quantification.

Expectations:
Class-based languages will evolve into delegation-based languages, because the
latter are both simpler and more powerful.

Class mechanisms can be derived from delegation mechanisms, in a suffuciently
rich ambient type theory.

Therefore, class and delegation mechanisms can be be smoothly integrated in a
del egation-based framework.
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Class and Prototyping Constructs

AB =
X, A-B
Object(X)[1jvi:Bi{ X*} '¢1]
Class(X)[l;v;:B{X*} ']

ab:=
X, A(X:A)b, b(a)
class (x:X<:A) |;=b; il end

Bonus
V(X<:A)B
variance annotations

Bonus
A(X<A)B, b(A)

extend awith (x:X<:A) |;=b; i end
override aby (x:X<:A) I;=b; '« end

new(@) object (x:X=A) |;=b; i end
al

agets[li=h; '] modify aby (x:X<:A) I;=b; i< end
Class-based Prototype-based

N.B. Both features are avail able when adopting Objects withSelf.
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