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Transient and undefined extraction

BEN GREENMAN, Northeastern University

CHRISTOS DIMOULAS, Northwestern University

Before the transient semantics of Vitousek et al. [1] reports a blame error, it collects relevant types from a blame map and extracts

relevant parts of the types. The extraction metafunction is partial; this document shows an example program that ends up invoking

the extraction function on arguments outside its domain.

The goal is to give a well-typed expression es and an untyped context C0 such that the evaluation of C0[es ]:

(1) adds the type int→ int to the blame map,

(2) evaluates to a runtime error dereferencing the argument to a function,

(3) and asks for extract (Arg : Deref, int→ int).

Since extract (Deref, int) is undefined, the example program has undefined behavior.

Source expression

See figure 2 [1] for the grammar.

es = f0 (f1 f2)

where:

f0 = fun f0 (x0 : (⋆→⋆)) → (int→ int). x0

f1 = fun f1 (x1 : (ref int→ int)) → (⋆→⋆). x1

f2 = fun f2 (x2 : ref int) → int. !x2

C0 = □ v0

where:

v0 = refv1

v1 = ref 4

Source-to-target translation

Translation of es to the target language (· ⊢ es ⇝ e : int). See figure 3 [1] for the definition.

Let: T0 = ⋆→⋆ and T1 = int→ int and T2 = ref int→ int

Authors’ addresses: Ben Greenman, Northeastern University; Christos Dimoulas, Northwestern University.
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2 Ben Greenman and Christos Dimoulas

(f0 :T0→T1), (x0 :T0) ⊢ x0 ⇝ x0 : T0

int ∼ ⋆ int ∼ ⋆

T1 ∼ T0

· ⊢ fun f0 (x0 : (⋆→⋆)) → (int→ int). x0 ⇝ fun f0 x0. (letx0=x0 ⇓ ⟨→; f0;Arg⟩ in x0) : T0→T1

...0

(f1 :T2→T0), (x1 :T2) ⊢ x1 ⇝ x1 : T2

ref int ∼ ⋆ int ∼ ⋆

T2 ∼ T0

· ⊢ fun f1 (x1 : (ref int→ int)) → (⋆→⋆). x1 ⇝ fun f1 x1. (letx1=x1 ⇓ ⟨→; f1;Arg⟩ in x1) : T2→T0

...2

(f2 :T2), (x2 : ref int) ⊢ x2 ⇝ x2 : ref int ref int ▷ ref int fresh(x3) fresh(ℓ2)

(f2 :T2), (x2 : ref int) ⊢!x2 ⇝ letx3= (x2 :: ref int⇒ℓ2 ref int) in !x3 ⇓ ⟨int;x3;Deref⟩ : int

...4

...4

(f2 :T2), (x2 : ref int) ⊢!x2 ⇝ e3 : int

· ⊢ fun f2 (x2 : ref int) → int. !x2 ⇝ fun f2 x2. (letx2= (x2 ⇓ ⟨ref; f2;Arg⟩) in e3) : T2

...3

...2

· ⊢ f1 ⇝ e1 : T2→T0

...3

· ⊢ f2 ⇝ e2 : T2 T2→T0 ▷ T2→T0 T2[∼ T2 fresh(f1) fresh(ℓ1)

· ⊢ f1 f2 ⇝ let f1=e1 :: (T2→T0)⇒
ℓ1 (T2→T0) in (f1 e2)⇓ ⟨→; f1;Res⟩ : T0

...1

...0

· ⊢ f0 ⇝ e0 : T0→T1

...1

· ⊢ f1 f2 ⇝ e1 : T0 T0→T1 ▷ T0→T1 T0 ∼ T0 fresh(f0) fresh(ℓ0)

· ⊢ f0 (f1 f2)⇝ let f0=e0 :: (T0→T1)⇒
ℓ0 (T0→T1) in (f0 (e1 ::T0⇒

ℓ0T0))⇓ ⟨→; f0;Res⟩ : T1

Reduction

See figure 4 for the reduction rules, figure 5 for casts-to-types (JK), and figure 6 for blame [1].

Claim 1. C0[e] steps to a state for which 7−→ is undefined
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Transient and undefined extraction 3

Proof. Let: σ0 := ∅ and B0 := ∅

⟨C0[let f0=e0 :: (T0→T1)⇒
ℓ0 (T0→T1) in (f0 (e1 ::T0⇒

ℓ0T0))⇓ ⟨→; f0;Res⟩],σ0,B0⟩

7−→ ⟨C0[let f0=a0 :: (T0→T1)⇒
ℓ0 (T0→T1) in (f0 (e1 ::T0⇒

ℓ0T0))⇓ ⟨→; f0;Res⟩],σ1,B0⟩

by:

– e0 = fun f0 x0. (letx0=x0 ⇓ ⟨→; f0;Arg⟩ in x0)

– σ1 := σ0[a0 7→ λx0.letx0=x0 ⇓ ⟨→;a0;Arg⟩ in x0]

7−→ ⟨C0[let f0=a0 in (f0 (e1 ::T0⇒
ℓ0T0))⇓ ⟨→; f0;Res⟩],σ1,B1⟩

by:

–

σ1(a0) = (λx0.letx0=x0 ⇓ ⟨⋆;a0;Arg⟩ in x0)

hastype (σ1,a0,→)

– J⋆→⋆⇒ℓ0 int→ intK = Jint⇒ℓ0⋆K→ϵ J⋆⇒intK = intϵ →ϵ intℓ0

– ϱ(B0,a0, intϵ →ϵ intℓ0 ) = B0[a0 7→ {intϵ →ϵ intℓ0 }] = B1

7−→ ⟨C0[(a0 (e1 ::T0⇒
ℓ0T0))⇓ ⟨→;a0;Res⟩],σ1,B1⟩

by:

– ⟨(let f0=a0 in e4),σ1,B1⟩ −→ ⟨(e4[a0/f0]),σ1,B1⟩

= ⟨C1[let f1=e1 :: (T2→T0)⇒
ℓ1 (T2→T0) in (f1 e2)⇓ ⟨→; f1;Res⟩],σ1,B1⟩

by:

– e1 = fun f1 x1. (letx1=x1 ⇓ ⟨→; f1;Arg⟩ in x1)

– C1 = C0[(a0 (□ ::T0⇒
ℓ0T0))⇓ ⟨→;a0;Res⟩]

7−→ ⟨C1[let f1=a1 :: (T2→T0)⇒
ℓ1 (T2→T0) in (f1 e2)⇓ ⟨→; f1;Res⟩],σ2,B1⟩

by:

– e1 = fun f1 x1. (letx1=x1 ⇓ ⟨→; f1;Arg⟩ in x1)

– σ2 := σ1[a1 7→ λx1.letx1=x1 ⇓ ⟨→;a1;Arg⟩ in x1]

7−→ ⟨C1[let f1=a1 in (f1 e2)⇓ ⟨→; f1;Res⟩],σ2,B2⟩

by:

–

σ2(a1) ∈ λx .e

hastype (σ2,a1,→)

– Jref int→ int⇒ℓ1⋆→⋆K = J⋆⇒ℓ1 ref intK→ϵ Jint⇒⋆K = refint
ℓ
1

ℓ1→
ϵ intϵ

– ϱ(B1,a1, refint
ℓ
1

ℓ1→
ϵ intϵ ) = B1[a1 7→ {refint

ℓ
1

ℓ1→
ϵ intϵ }] = B2

7−→ ⟨C1[(a1 e2)⇓ ⟨→;a1;Res⟩],σ2,B2⟩

7−→ ⟨C1[(a1 a2)⇓ ⟨→;a1;Res⟩],σ3,B2⟩

by:

– e2 = fun f2 x2. (letx2= (x2 ⇓ ⟨ref; f2;Arg⟩) in e3)

– σ3 := σ2[a2 7→ λx2.(letx2= (x2 ⇓ ⟨ref;a2;Arg⟩) in e3)]

– f2 < fvs (e3)

7−→ ⟨C1[(letx1=a2 ⇓ ⟨→;a1;Arg⟩ in x1)⇓ ⟨→;a1;Res⟩],σ3,B2⟩

by:

– σ3(a1) = λx1.letx1=x1 ⇓ ⟨→;a1;Arg⟩ in x1
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4 Ben Greenman and Christos Dimoulas

7−→ ⟨C1[(letx1=a2 in x1)⇓ ⟨→;a1;Res⟩],σ3,B3⟩

by:

–

σ3(a2) ∈ λx .e

hastype (σ3,a2,→)

– ϱ(B2,a2, ⟨a1,Arg⟩) = B2[a2 7→ {⟨a1,Arg⟩} = B3

7−→ ⟨C1[a2 ⇓ ⟨→;a1;Res⟩],σ3,B3⟩

7−→ ⟨C1[a2],σ3,B4⟩

by:

–

σ3(a2) ∈ λx .e

hastype (σ3,a2,→)

– ϱ(B3,a2, ⟨a1,Res⟩) = B3[a2 7→ {⟨a1,Arg⟩, ⟨a1,Res⟩} = B4

= ⟨C0[(a0 (a2 ::T0⇒
ℓ0T0))⇓ ⟨→;a0;Res⟩],σ3,B4⟩

7−→ ⟨C0[(a0 a2)⇓ ⟨→;a0;Res⟩],σ3,B5⟩

by:

–

σ3(a2) ∈ λx .e

hastype (σ3,a2,→)

– T0 = int→ int

– Jint→ int⇒ℓ0 int→ intK = Jint⇒int ℓ0K→ϵ Jint⇒int ℓ0K = intϵ0 →ϵ intϵ0

– ϱ(B4,a2, intϵ0 →ϵ intϵ0 ) = B4[a2 7→ {⟨a1,Arg⟩, ⟨a1,Res⟩, intϵ0 →ϵ intϵ0 }] = B5

7−→ ⟨C0[(letx0=a2 ⇓ ⟨→;a0;Arg⟩ in x0)⇓ ⟨→;a0;Res⟩],σ3,B5⟩

by:

– σ3(a0) = λx0.(letx0=x0 ⇓ ⟨→;a0;Arg⟩ in x0)

7−→ ⟨C0[(letx0=a2 in x0)⇓ ⟨→;a0;Res⟩],σ3,B6⟩

by:

–

σ3(a2) ∈ λx .e

hastype (σ3,a2,→)

– ϱ(B5,a2, ⟨a0,Arg⟩) = B5[a2 7→ {⟨a1,Arg⟩, ⟨a1,Res⟩, intϵ0 →ϵ intϵ0 , ⟨a0,Arg⟩}] = B6

7−→ ⟨C0[a2 ⇓ ⟨→;a0;Res⟩],σ3,B6⟩

7−→ ⟨C0[a2],σ3,B7⟩

by:

–

σ3(a2) ∈ λx .e

hastype (σ3,a2,→)

– ϱ(B6,a2, ⟨a0,Res⟩) = B6[a2 7→ {⟨a1,Arg⟩, ⟨a1,Res⟩, intϵ0 →ϵ intϵ0 , ⟨a0,Arg⟩, ⟨a0,Res⟩}] = B7

7−→ ⟨(a2 (refa3)),σ4,B7⟩

by:

– σ4 = σ3[a3 7→ 4]

7−→ ⟨(a2 a4),σ5,B7⟩

by:

– σ5 = σ4[a4 7→ a3]
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Transient and undefined extraction 5

7−→ ⟨letx2= (a4 ⇓ ⟨ref;a2;Arg⟩) in letx3= (x2 :: ref int⇒ℓ2 ref int) in !x3 ⇓ ⟨int;x3;Deref⟩,σ5,B7⟩

by:

– σ5(a2) = λx2.(letx2= (x2 ⇓ ⟨ref;a2;Arg⟩) in e3)

– e3 = letx3= (x2 :: ref int⇒ℓ2 ref int) in !x3 ⇓ ⟨int;x3;Deref⟩

7−→ ⟨letx2=a4 in letx3= (x2 :: ref int⇒ℓ2 ref int) in !x3 ⇓ ⟨int;x3;Deref⟩,σ5,B8⟩

by:

–

σ (a4) = a3

hastype (σ6,a4, ref)

– ϱ(B7,a4, ⟨a2,Arg⟩) = B7[a4 7→ {⟨a2,Arg⟩} = B8

7−→ ⟨letx3= (a4 :: ref int⇒ℓ2 ref int) in !x3 ⇓ ⟨int;x3;Deref⟩,σ5,B8⟩

7−→ ⟨letx3=a4 in !x3 ⇓ ⟨int;x3;Deref⟩,σ5,B9⟩

by:

–

σ (a4) = a3

hastype (σ5,a4, ref)

– Jref int⇒ℓ2 ref intK = refJint⇔
ℓ
2intK ϵ = refint

ϵ
ϵ

– ϱ(B8,a4, refint
ϵ
ϵ) = B8[a4 7→ {⟨a2,Arg⟩, refint

ϵ
ϵ} = B9

7−→ ⟨!a4 ⇓ ⟨int;a4;Deref⟩,σ5,B9⟩

7−→ ⟨a3 ⇓ ⟨int;a4;Deref⟩,σ5,B9⟩

7−→ UNDEFINED

because:

–

σ5(a3) = 4

¬hastype (σ5,a3, int)

–

B9(a4) = {⟨a2,Arg⟩, refint
ϵ
ϵ}

...0

collectblame (Deref,B9, ⟨a2,Arg⟩)

extract (Deref, refint
ϵ
ϵ) = intϵ label (intϵ ) = ϵ

collectblame (Deref,B9, refint
ϵ
ϵ) = ∅

blame (σ5,a3,a4,Deref,B9)

–

B9(a2) = {⟨a1,Arg⟩, ⟨a1,Res⟩, intϵ0 →ϵ intϵ0 , ⟨a0,Arg⟩, ⟨a0,Res⟩}
...1

collectblame (Arg;Deref,B9, intϵ0 →ϵ intϵ0 ) · · ·

collectblame (Deref,B9, ⟨a2,Arg⟩)

...0
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6 Ben Greenman and Christos Dimoulas

–

extract (Arg;Deref, intϵ0 →ϵ intϵ0 ) = extract (Deref, intϵ0 ) = UNDEFINED

collectblame (Arg;Deref,B9, intϵ0 →ϵ intϵ0 )

...1

□
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