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GHC is full.
SIMON MARLOW (shortly before arrow notation was added)

Simple type rules

Let’s assume that ordinary Haskell type judgements have the form Γ ` e :: τ , ignoring type constraints
for simplicity. The rules below define a new judgement of the form

Γ |∆ `a c :: τ1 ⇀ · · · τn ⇀ τ

The components of this judgement are as follows:

Γ an ordinary Haskell environment, for variables introduced outside the current proc-expression.

∆ typings of variables introduced in the current proc-expression.

a the arrow type of the command being constructed.

c a command: a new syntactic category. Many of the forms resemble expression forms, but have a
different semantics.

τi the types of a stack of additional, anonymous inputs to the command. τ1 is the type of the top
element.

τ the type of values returned by the command.

Note that ⇀ is not a type constructor; τ and τi are ordinary Haskell types, but τ1 ⇀ · · · τn ⇀ τ is
something else.
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p :: τ ⇔ ∆p

Γ |∆p `a c :: τ ′

Γ ` proc p→ c :: a τ τ ′

Γ ` f :: a (τ, τ̄) τ ′

Γ,∆ ` e :: τ
Γ |∆ `a f −≺ e :: τ̄ ⇀ τ ′

Γ,∆ ` f :: a (τ, τ̄) τ ′

Γ,∆ ` e :: τ
Γ |∆ `a f −≺≺ e :: τ̄ ⇀ τ ′

Γ,∆ ` e :: Bool
Γ |∆ `a c1 :: τ̄ ⇀ τ
Γ |∆ `a c2 :: τ̄ ⇀ τ
Γ |∆ `a if e then c1 else c2 :: τ̄ ⇀ τ

Γ |∆,∆binds `a c :: τ̄ ⇀ τ
Γ |∆ `a let binds in c :: τ̄ ⇀ τ

p :: τ ⇔ ∆p

Γ |∆,∆p `a c :: τ̄ ⇀ τ ′

Γ |∆ `a λ p→ c :: τ ⇀ τ̄ ⇀ τ ′

Γ |∆ `a c :: τ ⇀ τ̄ ⇀ τ ′

Γ,∆ ` e :: τ
Γ |∆ `a c e :: τ̄ ⇀ τ ′

Γ ` e :: ∀w. ai (w, τ̄i) τi → a (w, τ̄) τ
Γ |∆ `ai ci :: τ̄i ⇀ τi
Γ |∆ `a (|e c1 . . . cn|) :: τ̄ ⇀ τ

Γ | ∆ `a c :: τ
Γ | ∆ `a do { c } :: τ

Γ | ∆,∆binds `a do { s } :: τ
Γ | ∆ `a do { let binds; s } :: τ

Γ | ∆ `a c :: τ
Γ | ∆ `a do { s } :: τ ′

Γ | ∆ `a do { c; s } :: τ ′

p :: τ ⇔ ∆p

Γ | ∆ `a c :: τ
Γ | ∆,∆p `a do { s } :: τ ′

Γ | ∆ `a do { p← c; s } :: τ ′

Typing and translation rules for arrow notation

These rules take a judgement
Γ |∆ `a c :: τ1 ⇀ · · · τn ⇀ τ

and produce an expression c∗ such that

Γ ` c∗ :: a (. . . ((τ∆), τ1), . . . , τn) τ

where (τ∆) means a tuple of the types of ∆.
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p :: τ ⇒ ∆ 7−→ k = λ p→ (∆)
Γ | ∆ `a c :: τ ′ 7−→ c∗

Γ ` proc p→ c :: a τ τ ′ 7−→ arr k ≫ c∗

Γ ` f :: a (τ, τ̄) τ ′ 7−→ f
Γ,∆ ` e :: τ
Γ | ∆ `a f −≺ e :: τ̄ ⇀ τ ′ 7−→ arr (λ ((∆), τ̄)→ (e, τ̄)) ≫ f

Γ ` f :: a (τ, τ̄) τ ′

Γ,∆ ` e :: τ
Γ | ∆ `a f −≺≺ e :: τ̄ ⇀ τ ′ 7−→ arr (λ ((∆), τ̄)→ (f, (e, τ̄))) ≫ app

Γ,∆ ` e :: Bool 7−→ k = λ ((∆), τ̄)→ if e then Left ((∆1), τ̄)
else Right ((∆2), τ̄)

Γ | ∆1 `a c1 :: τ̄ ⇀ τ 7−→ c∗1
Γ | ∆2 `a c2 :: τ̄ ⇀ τ 7−→ c∗2
Γ | ∆ `a if e then c1 else c2 :: τ̄ ⇀ τ 7−→ arr k ≫ (c∗1 ||| c∗2)

∆, binds ⇒ ∆′ 7−→ k = λ ((∆), τ̄)→ let binds in ((∆′), τ̄)
Γ | ∆′ `a c :: τ̄ ⇀ τ 7−→ c∗

Γ | ∆ `a let binds in c :: τ̄ ⇀ τ 7−→ arr k ≫ c∗

∆, p :: τ ⇒ ∆′ 7−→ k = λ (((∆), p), τ̄)→ ((∆′), τ̄)
Γ | ∆′ `a c :: τ̄ ⇀ τ ′ 7−→ c∗

Γ | ∆ `a λ p→ c :: τ ⇀ τ̄ ⇀ τ ′ 7−→ arr k ≫ c∗

Γ | ∆′ `a c :: τ ⇀ τ̄ ⇀ τ ′ 7−→ c∗

∆′ ⊆ ∆
Γ,∆ ` e :: τ

}
7−→ k = λ ((∆), τ̄)→ (((∆′), e), τ̄)

Γ | ∆ `a c e :: τ̄ ⇀ τ ′ 7−→ arr k ≫ c∗

∆i ⊆ ∆ 7−→ ki = λ ((∆), τ̄i)→ ((∆i), τ̄i)
Γ ` e :: ∀w. ai (w, τ̄i) τi → a (w, τ̄) τ 7−→ e
Γ | ∆i `ai ci :: τ̄i ⇀ τi 7−→ c∗i
Γ | ∆ `a (|e c1 . . . cn|) :: τ̄ ⇀ τ 7−→ e(∆) (arr ki ≫ c∗i )
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Do notation

Γ | ∆ `a c :: τ 7−→ c∗

Γ | ∆ `a do { c } :: τ 7−→ c∗

∆, binds ⇒ ∆′ 7−→ k = λ (∆)→ let binds in (∆′)
Γ | ∆′ `a do { s } :: τ 7−→ s∗

Γ | ∆ `a do { let binds; s } :: τ 7−→ arr k ≫ s∗

∆ ⊆ ∆1 ∪∆2 7−→ k = λ (∆)→ ((∆1), (∆2))
Γ | ∆1 `a c :: τ 7−→ c∗

Γ | ∆2 `a do { s } :: τ ′ 7−→ s∗

Γ | ∆ `a do { c; s } :: τ ′ 7−→ arr k ≫ first c∗ ≫ arr snd ≫ s∗

∆ ⊆ ∆1 ∪∆2 7−→ k = λ (∆)→ ((∆1), (∆2))
Γ | ∆1 `a c :: τ 7−→ c∗

p :: τ,∆2 ⇒ ∆′ 7−→ k′ = λ (p, (∆2))→ (∆′)
Γ | ∆′ `a do { s } :: τ ′ 7−→ s∗

Γ | ∆ `a do { p← c; s } :: τ ′ 7−→ arr k ≫ first c∗ ≫ arr k′ ≫ s∗
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