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Understanding Objects : An Action Semantics Approach

Kyung-Goo Doh'

ABSTRACT

This article uses action semantics to formally specify the meaning of objects and their related operations. The
action-semantics framework, compared to others, is able to not only express object-oriented computation steps more clearly,
but also provide a hint on how to implement them. As a showcase, an action semantics of a variant of Abadi-Cardelli's ¢

-calculus is defined. Then we use an example program to show how to derive the meaning.
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module: LambdaCalculus/Action Semantics.
includes: LambdaCalculus/Abstract Syntax,
LambdaCalculus/Semantic Functions,
LambdaCalculus/Semantic Entities.
endmodule: LambdaCalculus/Action Semantics.
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module: LambdaCalculus/Abstract Syntax.
gramrmar:
(x) Expr = [ “lam” "(" Iden ")" Expr ]]
I [[ Expr "(" Expr )" 1]
| Iden.
(*) Iden = [[ letter (letter | digit)+ 1.
endgrammar.
endmodule: LambdaCalculus/Abstract Syntax.
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module: LambdaCalculus/Semantic Functions.
needs: LambdaCalculus/Abstract Syntax,
LambdaCalculus/Semantic Entities.
introduces: evaluate _
variables: I'lden; EELE2Expr:
(*) evaluate _=Expr -> dctinn[giving a valuel.
(01} evaluate I “lam” "(" 17" E I} =
give closure abstraction of
(furthermore bind 1 to the given abstraction
hence evaluate E).
[02:] evaluate [[ E1 "" E2 ") ]] =
cvaluate E1 then
enact application of the given abstraction
to closure abstraction of evaluate E2.
[03:] evaluate I = enact the abstraction bound to L

endmodule : LambdaCalcutus/Semantic Functions.
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module: ExpCore/Semantic Entities.
includes: Data Notation,
endmodule: ExpCore/Semantic Entities.
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module: ObjectCalculus/Abstract Syntax.
includes: LambdaCalculus/Abstract Syntax
grammar:
(%) Expr =
[[ "[" Methods "1" 1) {214}
| [[ Expr ".” Label J] {#=/dns 3%)
| [[ Expr "." Label ":=" Expr J] {(2=7 1}
| {[ Expr ”.” Label "<="
"sigma” "(" Iden ")” Expr 1] {#l2&x 7 21}
| Iden.
(*} Methods =
[[ Label "="
"sigma” "(" Iden ")" Expr ]] {#]217)
| [[ Label "=" Expr ]] {9x}
I {[ Methods “," Methods 1.
(%) Label = [[ letter+ 11.
endgrammar.
endmodule : ObjectCalculus/Abstract Syntax.
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module: ObjectCalculus/Semantic Functions.
needs: ObjectCalculus/Abstract Syntax.
ObjectCalculus/Semantic Entities.
introduces: evaluate _, build an object with _
variables: M,M1,M2:Methods: EE1,E2-Expr;
L:Label; Ilden:

() cvaluate _Expr -> action.
[04:] evaluate [[ "[” M 1" 11 = build an object with M.
[05] evaluate ([ E " L ] =
evaluate E then
(give the given object at L
and
give the given object) then
((check (the given tag#l is field-tag)
and then
give the given abstraction#2)
or
(check (the given tag#l is method-tag)
and then
enact application of the given abstraction#2
to the given object#3)).
[06:] evaluate [[ E1 "" L =" E2 ]] =
(evaluate El and evaluate E2) then
give overlay
(the map of L to
(field-tag, the given abstraction#2),
the given object#l).
[07:] evaluate
[[ E1 " L "<=""sigma” "(" 1"y E2]] =
evaluate E1 then
give overlay
(the map of L to
(method-tag,
the closure abstraction of
(furthermore bind I to the given object
hence evaluate E2)),
the given object).
[08:] evaluate I = give the object bound to I
or
enact the abstraction bound to L

(*) build an object with _:Methods -> action.
[09:] build an object with
[[L"=" "sigma” "(" 1" EJ =
give map of L to
(method-tag,
the closure abstraction of
(furthermore bind I to the given object
hence evaluate E)).
[10:] build an object with [[ L "=" E ]] =
evaluate E then
give map of L to (field-tag,
the given abstraction).
[11:] build an object with [[ M1 " M2 ]} =
(build an object with M1
and
build an object with M2) then
give the disjoint-union(the given map#],
the given map#2).
endmodule : ObjectCalculus/Semantic Functions
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module : ObjectCalculus/Semantic Entities.
includes : Data Notation.
introduces : object, tag, bindable, label.
(*) object = mapllabel to (tag,bindable)].
(%) tag = field-tag | method-tag.
(*) bindable = abstraction | object.
(*) label = string.

endmodule : ObjectCalculus/Semantic Entities.
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Aaolth 0& Uehl: AAE 4osm e nE
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zero = [case = lam(z)lam(s)z,
succ = sigma(x)x.case : = lam(z)lam(s)s(x)]

o714 case = <=7t 27091 @4 @& VAT
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one = Zero.succ
= zerocase = lam(z)lam(s)s(zero)
= [case = lam(z)lam(s)s(zero),

suce = sigmalx)x.case : = lam(z)lam{s)s(x)]
two = one.succ
= one.case | = lam(z)lam(s)s(one)

[case = lam(z)lam(s)s(one),

suce = sigma(x)x.case : = lam(z)lam(s)s(x)]
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pred = lam(njn.case(zero}lam{p)p)

Z, twoel Az b T 2ol TR

pred(two) = two.case(zero)lam(p)p)
= (lam(z)lam(s)s{one))(zero){lam(p)p)
= (lam(p)p)(one)
= one
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evaluate "zero”

= evaluate
[[ {case = lam(z)lam(s)z,
succ = sigmalx)x.case : = lam(z)lam(s)s(x)] 1]
=> 1041

build an object with

([ case = lam(z}lam(s)z,

suce = sigma(x)x.case : = lam(z)lam{s)s(x) ]

=> [111]
(build an object with [[ case = lam(z)lam(s)z 1]
and
build an object with

[[ succ = sigma(x)x.case : = lam(z)lam(s)s(x) 1)
then give the disjoint-union of

({the given map#l,the given map#2).
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build an object with [[ case = lam(z)lam(s)z 1]
=> [10]
evaluate [[ lam(2)lam(s)z ]] then
give the map of "case” to
(ficld-tag, the given abstraction)
=> [01:]
give closure abstraction of
(futhermore bind "z” to the given abstraction
hence
give closure abstraction of
(furthermore bhind “s” to the given abstraction
hence enact the abitrdctx()n bound to "z"))
then give map of "case” to
(field-tag, the given abstraction)
=>
give map of "case” to
(field-tag,
closure abstraction of
(futhermore hind "z” to the given abstraction
hence
give closure abstraction of
(furthermore bhind "s” to the given abstraction
hence enact the abstraction bound to "z")))
= give map of "case” to (field-tag,Y1)
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build an object with

[ suce = sigmalx)x.case : = lam{z)lam(s)s(x) 1]
=> [097]
give map of "succ” to
{method-tag,
closure abstraction of
(furthermore bind “X” to the given object
hence
evaluate [[ x.case:= lam(z)lam(s)s(x) 1)
=> [06]
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(evaluate "X
and
evaluate [[ lam(z)lam(s)s(x) 1
then
give overlay
(the map of "case” to
(field-tag, the given abstraction#2),
the given object#l)
& 7] 4]
evaluate "x”
=> [08]
give the object bound to "x”
Wi ini
evaluate [[ lam(z)lam(s)s(x) ]]
=> [01]
give closure abstraction of
(furthermore bind “z” to the given abstraction
henee
give closure abstraction of
(furthermore bind "s” to the given abstraction
hence
(enact the abstraction bound to "s” then
cnact application of the given abstraction
to closure abstraction of
give the object bound to "x™)))
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{enact the abstraction bound to "s” then
enact application of the given abstraction
to closure abstraction of
give the ohject hbound to "x"))),
the object bound to "x™)
= give map of "succ” to (method-tag,Y2)
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=>
give the disjoint-union
(map of "case” to (field-tag,Y1),
map of "succ” to (method-tag,Y2))
= give ZERO
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give overlay
(the map of "case” to
(field-tag,
closure abstraction of
(furthermore bind “z” to the given abstraction
hence
give closure abstraction of
(furthermore bind "s” to the given abstraction
hence
(cnact the abstraction bound to "s” then
enact application of the given abstraction
to closure abstraction of
give the object bound to "x")))),
object bound to "x")
=>
give map of "succ” to
(method-tag,
closure abstraction of
(furthermore bind "x” to the given object
hence give overlay
(the map of "case” to
closure abstraction of
(furthermore bind "z" to the given abstraction
hence
give closure abstraction of
(furthermore bind "s” to the given abstraction
hence

evaluate [[ zero.succ 1}
=> [06:]
evaluate "zero” then
(give the given object at "succ”
and give the given object) then
((check (the given tag#l is field-tag) and then
give the given abstraction#2)
or
(cheek (the given tag#l is method-tag) and then
enact application of the given abstraction#2
to the given object#3))
=>
- (give (method-tag,Y2) and give ZERO) then
({check (the given tag#] is field-tag) and then
give the given abstraction#2)
or
(check (the given tag#l is method-tag) and then
enact application of the given abstraction#2
to the given object#3))
=>
enact application of Y2 to ZIERO
=>
(furthermore bind "x” to ZERO
hence
give overlay
(the map of "case” to
(field-tag,
closure abstraction of
(furthermore bind "z" to the given abstraction
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hence
give closure abstraction of
(furthermore
bind "s” to the given abstraction
hence
(enact the abstraction bound to “s” then
enact application of the given abstraction
to closure abstraction of
give the object bound to "x")))
the object bound to "x"))
=>
give overlay
(the map of "case” to
(field-tag,
closure abstraction of
(furthermore bind "z" to the given abstraction
hence
give closure abstraction of
(furthermorg bind "s” to the given abstraction
hence
(enact the abstraction bound to ”s” then
enact application of the given abstraction
to closure abstraction of
give ZERO))),
ZERQO))
= give overlay
(the map of "case” to (field-tag,Y3),ZERO)
= give disjoint-union
(the map of “case” to (field-tag,Y3),
the map of "succ” to (method-tag,Y2))
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