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⊢ [x := a]l : Σ → Σ Ass

[skip]l : Σ → Σ Skip

⊢ S1 : Σ → Σ S2 : Σ → Σ
Seq

⊢ S1;S2 : Σ → Σ
‘

⊢ S : Σ → Σ
While

⊢ while[b]l doS : Σ → Σ

⊢ S1 : Σ → Σ ⊢ S2 : Σ → Σ
Cond

⊢ if[b]l thenS1 elseS2 : Σ → Σ

Figure 1: Trivial types system for while

Γ(x) = τ
Var

Γ ⊢ x : τ

Γ, x:τ1 ⊢ e : τ2
Abs

Γ ⊢ fn πx ⇒ e : τ1 → τ2

Γ ⊢ e1 : τ1 → τ2 Γ ⊢ e2 : τ1
App

Γ ⊢ e1 e2 : τ2

Figure 2: Simple type system
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Γ̂(x) = τ̂
Var

Γ̂ ⊢ x : τ̂ :: ∅

Γ, x:τ̂1 ⊢ e : τ̂2 :: φ
Abs

Γ ⊢ fnπx ⇒ e : τ̂1
φ∪{π}→ τ̂2 :: ∅

Γ̂ ⊢ e1 : τ̂1
φ→ τ̂2 :: φ1 Γ̂ ⊢ e2 : τ̂1 :: φ2

App
Γ̂ ⊢ e1 e2 : τ̂2 :: φ ∪ φ1 ∪ φ2

Table 1: Call tracking

⊢ [x := a]l′ : RD → RD \{(x, l) | l ∈ Lab} ∪ {(x, l′)} ass

⊢ [skip]l : RD → RD skip

⊢ S1 : RD1 → RD2 ⊢ S2 : RD2 → RD3
Seq

⊢ S1;S2 : RD1 → RD3

⊢ S1 : RD1 → RD2 ⊢ S2 : RD1 → RD2
If

⊢ if[b]l thenS1 elseS2 : RD1 → RD2

⊢ S : RD → RD
While

⊢ while[b]l doS : RD → RD

⊢ S : RD′
1 → RD′

2 RD1 ⊆ RD′
1 RD′

2 ⊆ RD2
Sub

⊢ S : RD1 → RD2

Table 2: Annotated base types
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[x := a]l : Σ {x}
−→
{(x,l)}

Σ Ass [skip]l : Σ ∅−→
∅

Σ Skip

S1 : Σ X1−→
RD1

Σ S2 : Σ X2−→
RD2

Σ
Seq

S1;S2 : Σ X1∪X2−→
RD1 \X2∪RD2

Σ

S1 : Σ X−→
RD

Σ S2 : Σ X−→
RD

Σ
If

if[b]l thenS1 elseS2 : Σ X−→
RD

Σ

S : Σ X−→
RD

Σ
While

while[b]l doS : Σ ∅−→
RD

Σ

S : Σ X′

−→
RD′

Σ X ⊆ X ′ RD′ ⊆ RD
Sub

S : Σ X−→
RD

Σ

Table 3: Annotated constr.

Exercise 1. Remember from the constraint solving part the analysis about CFA. The call-tracking
analysis of today is rather similar. Try to formulate a CFA in the style of the call-tracking analyis.

Hint: The CFA can be formulated with judgments of the form

Γ ⊢ e : τ̂ (1)

where the annotated types τ̂ are of the same form as in the call tracking analysis, i.e., function types
are annotated as

τ̂1
φ→ τ̂2 (2)

?
T-Var

Γ ⊢ X :?

? ⊢?
T-Abs

Γ ⊢ fn
π
X ⇒ e :?

? ⊢? ? ⊢?
T-App

Γ ⊢ e1 e2 :?
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