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Example Program in Fortress

object Main[] () traits {Object}
myself:Main[] = self
identity[] (x:0bject) :0bject = x
end

Main[] () .identity[] (Main[] () .myself)
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Formalized Semantics

 Provides unambiguous specification for compiler writers
- Fewer insidious bugs
- More portable code

Typing Rules > N
Expression Typing: |A; X 'Fe: 7
[T-VAR] AT FEa:D(x)
[T-SELF] A; ;T F self : I'(self)
S(0) = [a<aN,1:7,) «{M, }(vd; fd;)
— —
T-0 A; Y F O[T, ok JAND 31 R S ol A;ZI—T"<:7
[T-On] AT TF ORI : O]
$(0) = [aaN,1G ) <{M}FT7=¢! fd;)  bounda(7)) = O[]
AT F eyt 7
[T-FIELD] 252 T AT
AT Eoey.ay: [T/ alm
mtypes,(f, bounda(7))) = [a< N, ] P
A YT F e 7
ASE7 ok  AYFF < [r/a]N
ASTHE 7 ASET < [r]a]7
[T-INVK] ) €T ) T < [T/O[]T
NS T Ee. fIT,1(E)) 2 [1/alm
AT Re: T
[T-WraP] ASTE (o) 7

Evaluation Rules> N\

Evaluation Rules: |X F, E[R] — FElel

Sk ELOIF1(T0) 0] — Ellr/al[v/2][O[771(57) /self]e;]
(provided ¥(0) = [a<N,1(x":7,) <{M, }(z:7"=e; fd}))

[R-FIELD]

[R-METHOD] ¥ b, ELOIF1 (@) . fI7,1 (0 )] — Elo/a"[O[771 (57) /self][v//z]€]
(provided X(0) = [a<N,1 (" :7",) <{M,}(vd; fd;)
mbodys(f 7,1, O[T;1) = (T7).¢)

Y E[(0)] — Efv]

Mechanized Semantics

- Tests soundness of language semantics
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<Reductions of the Example Program using PLT Redex

oy

- Allows proofs of soundness and formal analysis

Type Soundness Proof ) N

Theorem (Subject Reduction). If A;¥:T'Fe:7and X Fe— ¢
then A;Y;T'F ¢ : 7/ where A; X F 7' <: 7.

Proof. The proof is by case analysis on the evaluation rule applied.
e=E[(v)]
¢ = E[v]
By the well-typedness of e we have A; ¥; '+ (v) : 7 for some 7/. From
[T-WRAP| we know A; ;T F v: 7/. By the Replacement Lemma we
have A;3;T'FE[v] : 77 where 0; X F 77 <: 7.
N
e=E[O[7T](V,).1;]
_ — e
¢ =ELl7/al [V/ZTLO0T,1(V,) /self]e;]
— —
By the well-typedness of e we have A; 3T F O[7T,1(V,) .2 : [7/al 7
_ — — —
for some 7; where X(0) = [a< NI : 7)) <{M,} (z77=¢ fd)) for
é

— — —
o
some N, 7, M, z:7=¢,fd..

Case [R-WRAP]:

Case [R-FIELD]:

By typing rules [T-OBJ], [T-FLDINO], and [W-OBJECT] we have:

- =
la) ASTEH O 7
H
) AYET <7
20) a<N;Y¥: o 7' self : O[T,1F ¢ : 7]
—

) a<N;YbH7 <7

—
) ASET < [r/al N

—a —
da) AETFOLT1W) - Ol7]

By the Weakening Lemma and the Term Substitution applied to (2a)
IV —q 7 "
and (4a) we have:(5a) A,a<N;S; 0,2 7' F [O07,1(V,) /self]e; : 7
R —
(5b) A,a<N;YX b7/ < 7]

By the Weakening Lemma and the Term Substitution Lemma applied
to (5a), (1la), and(1b) we have:
—

(6a) A a<aN;STk [W/Z1I0I7](V,) [selfle; : 7"
—
(60) AaaNiDh < r

By the Type Substitution Lemma applied to (6a) and (3b) we have:
H ﬂ
(7Ta) ANX; [r/210F [/l [V /21 L0071 (W) /self]e; 7"
—4
(70) AT < [r/alT”

By the Weakening Lemma, the Type Substit_u;cion Lemma, and
[S-TRANS] we have:(8b) A; X F 7" <: [7/al7;

Applying the Replacement Lemma to judgements (7a) and (8b) we fin-

ish the case.

Case [R-METHOD]: ... ]

Soundness of the Example Program)

Suppose ¥ = {Main — []1() <{0bject} (myself:Main[] = self;
identity[] (x:0bject) :0bject = x;)}

If 0;%;0FMain[]().identity[] (Main[] () .myself) : Object
and X FMain[] ().identity[] (Main[] () .myself) —* Main[] ()

then  0;3;0 FMain[]1 () : Main[] where A;XF Main[] <: Object.

/

((invk
(Main (tas)
(identity
(tas)
(vas

(invk
(Main (tas) (vas))
(myself)))))

Object)

( (invk
(Main (tas)
(identity
(tas)
(vas (Main (tas)
Object)

(vas)) (vas))

(vas)))))

-

((Main (tas) (vas))
(Main (tas)))
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