
Mechanized Semantics
• Tests soundness of language semantics

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

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

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

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

Formalized Semantics
• Allows proofs of soundness and formal analysis

Lexing and Parsing

Type Inference

Translation

Abstract Syntax Tree (AST)

AST with Type Annotation

Fortress Program

compiler

...

Executable Code

Intermediate Representation

Expression Typing: ∆; Σ; Γ ! e : τ

[T-Var] ∆; Σ; Γ ! x : Γ(x)

[T-Self] ∆; Σ; Γ ! self : Γ(self)

[T-Obj]

Σ(O) = [
−−−−→
α # N,](

−−−→
x′:τ ′,) # {−→M,}(−→vd; −→fd;)

∆; Σ ! O[−→τ,] ok ∆; Σ; Γ ! −→e :
−→
τ ′′ ∆; Σ ! −→τ ′′ <:

−→
τ ′

∆; Σ; Γ ! O[−→τ,](−→e,) : O[−→τ,]

[T-Field]

Σ(O) = [
−−−−→
α # N,](

−−−→
x′:τ ′,) # {−→M,}(−−−−−−→x : τ = e;

−→
fd;) bound∆(τ ′0) = O[

−→
τ ′′,]

∆; Σ; Γ ! e0 : τ ′0
∆; Σ; Γ ! e0.xi : [

−−→
τ ′′/α]τi

[T-Invk]

mtypeΣ(f, bound∆(τ ′0)) = [
−−−−→
α # N,]

−→
τ ′ → τ0

∆; Σ; Γ ! e0 : τ ′0
∆; Σ ! −→τ ok ∆; Σ ! −→τ <: [

−−→
τ/α]

−→
N

∆; Σ; Γ ! −→e :
−→
τ ′′ ∆; Σ ! −→τ ′′ <: [

−−→
τ/α]

−→
τ ′

∆; Σ; Γ ! e0.f[−→τ,](−→e,) : [
−−→
τ/α]τ0

[T-Wrap]
∆; Σ; Γ ! e : τ
∆; Σ; Γ ! (e) : τ

Theorem (Subject Reduction). If ∆; Σ; Γ ! e : τ and Σ ! e −→ e′

then ∆; Σ; Γ ! e′ : τ ′ where ∆; Σ ! τ ′ <: τ .

Proof. The proof is by case analysis on the evaluation rule applied.

Case [R-Wrap]:
e = E[(v)]
e′ = E[v]

By the well-typedness of e we have ∆; Σ; Γ ! (v) : τ ′ for some τ ′. From
[T-Wrap] we know ∆; Σ; Γ ! v : τ ′. By the Replacement Lemma we

have ∆; Σ; Γ ! E[v] : τ ′′ where ∅; Σ ! τ ′′ <: τ .

Case [R-Field]:
e = E[O[−→τ,](−→v′,).xi]

e′ = E[[
−−→
τ/α][

−−→
v′/x′][O[−→τ,](−→v′,)/self]ei]

By the well-typedness of e we have ∆; Σ; Γ ! O[−→τ,](−→v′,).xi : [
−−→
τ/α]τi

for some τi where Σ(O) = [
−−−→
α # N,](

−−−→
x′ : τ ′,) # {−→M,} (−−−−−−→x : τ = e;

−→
fd;) for

some
−→
N ,

−→
τ ′ ,

−→
M,−−−−−−→x : τ = e;,

−→
fd;.

By typing rules [T-Obj], [T-FldInO], and [W-Object] we have:

(1a) ∆; Σ; Γ ! −→v′ : −→τv
(1b) ∆; Σ ! −→τv <:

−→
τ ′

(2a)
−−−→
α # N,; Σ;

−−−→
x′ : τ ′, self : O[−→τ,] ! ei : τ ′i

(2b)
−−−→
α # N,; Σ ! τ ′i <: τi

(3b) ∆; Σ ! −→τ <: [
−−→
τ/α]

−→
N

(4a) ∆; Σ; Γ ! O[−→τ,](−→v′,) : O[−→τ,]

By the Weakening Lemma and the Term Substitution applied to (2a)

and (4a) we have:(5a) ∆,
−−−→
α # N,; Σ; Γ,

−−−→
x′ : τ ′ ! [O[−→τ,](−→v′,)/self]ei : τ ′′i

(5b) ∆,
−−−→
α # N,; Σ ! τ ′′i <: τ ′i

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

(6a) ∆,
−−−→
α # N,; Σ; Γ ! [

−−→
v′/x′][O[−→τ,](−→v′,)/self]ei : τ ′′′i

(6b) ∆,
−−−→
α # N,; Σ ! τ ′′′i <: τ ′′i

By the Type Substitution Lemma applied to (6a) and (3b) we have:

(7a) ∆; Σ; [
−→
τ/x]Γ ! [

−−→
τ/α][

−−→
v′/x′][O[−→τ,](−→v′,)/self]ei : τ ′′′′i

(7b) ∆; Σ ! τ ′′′′i <: [
−−→
τ/α]τ ′′′i

By the Weakening Lemma, the Type Substitution Lemma, and

[S-Trans] we have:(8b) ∆; Σ ! τ ′′′′i <: [
−−→
τ/α]τi

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

Case [R-Method]: . . .

Evaluation Rules: Σ !e E[R] −→ E[e]

[R-Field] Σ !e E[O[−→τ,](−→v,).xi] −→ E[[
−−→
τ/α][

−−→
v/x ′][O[−→τ,](−→v,)/self]ei]

(provided Σ(O) = [
−−−→
α#N ,](

−−−→
x ′:τ ′,) # {−→M ,}(−−−−−→x :τ ′′=e;

−→
fd;))

[R-Method] Σ !e E[O[−→τ,](−→v,).f[−→τ ′,](−→v ′,)] −→ E[[
−−→
v/x ′′][O[−→τ,](−→v,)/self][−−→v ′/x ]e]

(provided Σ(O) = [
−−−→
α#N ,](

−−−−→
x ′′:τ ′′,) # {−→M ,}(−−→vd; −→fd;)

mbodyΣ(f[
−→
τ ′,],O[−→τ,]) = (−→x,).e)

[R-Wrap] Σ !e E[(v)] −→ E[v]
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Typing Rules

Evaluation Rules

Type Soundness Proof

Reductions of the Example Program using PLT Redex

Formalism in the Fortress Programming Language

Suppose Σ = {Main !→ []() ! {Object} (myself:Main[] = self;

identity[](x:Object):Object = x;)}
If ∅; Σ; ∅ $ Main[]().identity[](Main[]().myself) : Object
and Σ $ Main[]().identity[](Main[]().myself) −→∗ Main[]()
then ∅; Σ; ∅ $ Main[]() : Main[] where ∆; Σ $ Main[] <: Object.
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Soundness of the Example Program

The Value of Formal Methods

Ariane 5

16 bit floating point from 
legacy Ariane 4 code was 
used with client code 
expecting 32 bit numbers, 
causing an uncaught 
overflow. As a result, the 
launcher was destroyed 40 
seconds into the flight.

The launch cost of an Ariane 
5 is $180 million in 2000 U.S. 
Dollars. 

Mars Climate Orbiter

Orbiter software represented 
Force Time in Ns. Ground 
software represented Force 
Time in lbf s. Result: Loss of 
spacecraft. 

 Cost: $327,600,000.

Patriot Missile Failure

Accumulated rounding error in 
patriot missile software caused 
a missile to track its target 
incorrectly.

Result: SCUD missile was able 
to strike an army barrack, 
resulting in 28 Americans killed.
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object Main[]() traits {Object}
myself:Main[] = self
identity[](x:Object):Object = x

end

Main[]().identity[](Main[]().myself)
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Example Program in Fortress
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