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O-1 language

O-1 is a simple language, that follows from a first-order calculi. It
includes object and class-based constructs, first-order object types
with subtyping and variance annotations, recursion and typecase
construct.
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A B = types
X type variable
Top the biggest type
Object(X)[/;v; : B/t object type (/; distinct)
Class(A) class type
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A B = types
X type variable
Top the biggest type
Object(X)[/;v; : B/t object type (/; distinct)
Class(A) class type

O-1 includes object types and class types. For simplicity, it does
not include standard basic types (like booleans), or function types.
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Syntax of O-1 types

A B = types
X type variable
Top the biggest type
Object(X)[/;v; : B/t object type (/; distinct)
Class(A) class type

O-1 includes object types and class types. For simplicity, it does
not include standard basic types (like booleans), or function types.

Object type is written in the form Object(X)[/;v; : Bi{ X}/,

where X is a type variable, each /;, v;, Bi{X} is a label, variance
annotation (7,°,or™) and a type, respectively.
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Variance annotations

The variance annotation T identifies read-only attributes, while
© stands for read-write attributes. Typically proper methods are
read-only attributes and fields are read-write attributes, but we
don't require this.

Additionally, we include the variance annotation ~ for write-only
attributes, but we won't use it in examples.
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Syntax of O-1 terms

a,b,c:= terms

X variable

object(x : A)l; = bi-"end direct object construction

a.l field selection/method invocatior

a.l:=»b update with term

a.l := method(x : A)b end update with a method

new ¢ object construction from a class

root root class

subclass of ¢ : C with(x : A) subclass
l; = bEntLonm additional attributes
override /; = bl’:eo‘”g“"end overriden attributes

c*l(a) class selection

typecase a when(x : A)b; typecase

else b, end
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O-1 includes object-based and class-based constructs. Dropping
object-based constructs (object construction and method update)
would result in a language similar to a traditional class-based
programming, while dropping class-based (root class, subclass,
new, class selection) constructs gives an object-based language.
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O-1 includes object-based and class-based constructs. Dropping
object-based constructs (object construction and method update)
would result in a language similar to a traditional class-based
programming, while dropping class-based (root class, subclass,
new, class selection) constructs gives an object-based language.

Also, we don't formalize the operational semantics of these terms.
It's important to distinguish fields from proper methods (for
example by using naming convention), because different evaluation
orders are appropriate for imperative semantics. Therefore syntax
could be read either functionally or imperatively.
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Additional notations

Root £
Class(Object(X)[])

class with(x : A) [; = bi*" end £
subclass of root:Root with(x : A)/; = b/<!" override end

subclass of ¢ : C with(x : A) ... super./ ... end =

subclass of ¢ : C with(x: A) ... ¢"/(x) ... end

object(x : A) ... | copied from c ... end =
object(x : A) ... | = c"I(x) ... end
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Example 1

Point = Object(X)[x : Int,eq" : X — Bool, mv* : Int — X]
CPoint = Object(X)[x : Int,c : Color,eq™ : Point — Bool,
mv* . Int — Point]
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Example 1

Point = Object(X)[x : Int,eq" : X — Bool, mv* : Int — X]
CPoint = Object(X)[x : Int,c : Color,eq™ : Point — Bool,
mv* . Int — Point]

pointClass : Class(Point) =
class with (self:Point)
x =0,
eq = fun(other:Point) self.x = other.x end,
mv = fun(other:Point) self.x := self.x+dx end
end
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Example 1

cPointClass : Class(CPoint) =
subclass of pointClass: Class(Point)
with (self:CPoint)
¢ = black
override
eq = fun(other:Point)
typecase other
when (other’:CPoint) super.eq(other’) and self.c=other’.c
else false
end
end
end

cPoint:CPoint £ new cPointClass
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Example 2

Calls to mv lose the color information. To access color of a moved
point, a typecase is needed.

movedColor:Color =
typecase cPoint.mv(1)
when (cp:CPoint) cp.c
else black
end

CPoint2 = Object(X)[x : Int, c : Color, eq™ : Point — Bool,
mv't : Int — X]
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cPointClass2:Class(CPoint2) =
subclass of pointClass : Class(Point)
with (self:CPoint2)
¢ = black
override
eq = fun(other:Point)
typecase other
when (other’:CPoint2)super.eq(other’) and self.c = other’.c
else false
end
end,
mv = fun(dx:Int)
typecase super.mv(dx)
when (res:CPoint2)res
else ... (error)
end
end
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Judgements

Ero environment E is well-formed

EFA Ais a well-formed type in E

E-FA< B Ais a subtype of B in E

EFVvA<:Vv/B Ais asubtype of B in E, with variance annotations v
Eta:A a has type Ain E
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Environments

(Env @)
gko

(Env X <)
EFA X ¢ dom(E)
E X< AFo

(Env x)
EFA X ¢ dom(E)
E,x:AkFo
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(Type X)
E'X < AE"Fo
E' X <:AE" FX
(Type Top)

_EFo
E+ Top

(Type Object) (/; distinct, v; € (°,”,*)
E,X<:TopkBj Viel.n

E F Object(X)[ljv;BI€™"

(Type Class) (where A= Object(X)[/iViBi{X}iel..n])
CUEraAl
E F Class(A)
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Subtyping

(Sub Refl)
EFA
EFA< A

(Sub Trans)
EFA< B EFB<C
EFA<C

(Sub X)
EX< AE Fo

EX<AE FX< A

(Sub Top)
EFA
E-A<: Top
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(A = Object(X)[/iv; : B{X}€L-n+m] A" = Object(X)[/;v! : BI{X'}€1n])
EFA  EFA  EX< AFvBI{X)< VB{A} Viel.n
Et+Top

(Sub Invariant)
EFB
EF °B<: °B

(Sub Covariant)
EFB<: B ve{°T}
EFvB<: B

(Sub Contravariant)
EFB <:B vel}
EFvB<: ~B
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(Val subsumption)
EFa:A EFA< B
Er-a:B

(Val x)
E' x:AE" Fo
E',x:AE"Fx:A

(Val Object) (where A = Object(X)[/;jv; : B;{X}€-n])
E,x:AF b : B{A} Viel.n

E - object(x : A)l; = bi€*" end : A
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(Val Select) (where A = Object(X)[/;v; : Bi{X}'€%")
EFa:A vie{° T} jel.n
EFali: B{A}

(Val Update) (where A = Object(X)[/;v; : Bi{X}'€*")
Era:A  EFb:B{A}  vie{®7} Jjeln
Erali:=b:A
(Val Method Update) (where A = Object(X)[/;v; : Bi{X}/€1-"])
EFa:A  Ex:Atb:B{A} ve{°"} jelun

E F a.l; := method(x : A)b end : A

(Val New)
E |- c: Class(A)

Etnewc:A
(Val Root)

EFo
E F root:Class(Object(X
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(Val Subclass) (where A = Object(X)[/jv; : B;{X}€tntm],
A’ = Object(X')[/;v! : BI{X}ELn])

E + ¢’ : Class(A)
EFA< A
E+ B{A} < B{A}  Viel.n—Ow
E,x:AlF b;: Bi{A} Vie OvrUn+1.n+m

E + subclass ofc’ : Class(A')with(x : A)J; = b]/S"H1-mtm
override/; = b{9"end : Class(A)
(Val Class Select) (where A = Object(X)[/;v; : Bi<1-"])
Er-a:A EFc:Class(A) jel.n
Erc'li(a) : Bi{A}

(Val Typecase)
Eta: A E.x:AFby:D E-by: D
E I typecase a when(x : A)bl else b, end : D
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Translation

We relate O-1 to our calculi by translation. It is done by adding
some type information to terms, and then proceeding by induction
on the syntax of the source language.

We only need to add one rule and type information to field update:
(a: A).l; := b (instead of a.l; := b)

(Val Update) (where A = Object(X)[/;v; : Bi{X}/€1"
Eta:A  EFb:B{A} ve{°7} jelun
EF(a:A).j:=b:A

Artur Jarocki Model object oriented languages



Syntax
Examples
Typing
Translation

Translation of O-1 types

<X>= X

< Top> 2 Top

< Object(X)[liv; : BI€™" > 2 p(X)[hvi i< B; €11
< Class(A) > 2 [newt i< A >< B> {< A>>}HELn]
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Translation of O-1 environments

<T>L2 2
CEX<A>E2<CES X<<KA>
CEXA>E<KES>x<A>
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Preliminary translation of O-1 terms

<x>2 x
< object(x : A)l; = bi-"end > £ [ = ¢(x < A>) < by >I€Ln
<al>2<a>.l
<(a:A)=b>2<a> .l =<b>
< (a.] :=method(x : A)bend £ <a> ./ <¢(x <K A>) < b>
< newc > £< ¢ > .new
< root > = [new=[]]
< subclass ofc’ : Class(A')with(x : A)/; = /€™ T1-ntm
override /; = b,’-'eo‘” end > £
[new = ¢(z :< Class(A) >)[l; = ¢(s : < A >)z.[i(s)'Lntm],
Ii —< c > 'Iil..nfovr’ Ii — )\(X < A >>) < b,’ >>i€0ern+1..n+m
<cla)> 2 <> (< a>)
< typecase a when(x : A)b; else by end > =
typecase < a > |[(x K A>) < b > | < b >
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