
Basic Types b ::= α | x : τ → τ | C τ̄ r̄ | τ τ
Types τ ::= {v : b | r} | Cl τ̄

Abstract Refinements π ::= ∀ 〈p:τ〉 .π | τ
Type Schemata σ ::= ∀α.σ | π

Refinements r ::= (ar, cr)

Abstract Refinements ar ::= [] | p ē, ar
Concrete Refinements cr ::= k [e/x] | pr | cr ∧ cr

Predicates pr ::= true | false |
∧
p̄r |

∨
p̄r | ¬pr | pr ⇒ pr | pr ⇔ pr

| e | e [=|6=|>|<|≥|≤] e

Expressions e ::= c | n | x | c ē | if pr then e else e | e [+ | − | ∗ | / | %] e

Figure 1: Syntax of liquidHaskell

NV:♣ TODO :
1. Add termination checker.♣

Constraint Generation (without the termination checker)
Type synthesis Γ ` e ↑ σ;C

(x, {v : b | e}) ∈ Γ

Γ ` x ↑ {v : b | e ∧ x = v}; ∅
(x, σ ∈ Γ) σ 6= {v : b | e}

Γ ` x ↑ σ; ∅

Γ ` c ↑ {v : ty(c) | v = c}; ∅

Γ ` e ↑ ∀α.σ;C
τ ′ = if isGeneric(α, σ) then freshTy(τ) else trueTy(τ)

Γ ` e [τ ] ↑ σ [τ ′/α] ; (WfC Γ τ ′, C)

Γ ` e1 ↑ τ1;C1 Γ ` e2 ↓ τx;C2

(τ ′1, Cp) = freshPreds(Γ, τ1) x : τx → τ = τ ′1
Γ ` e1 e2 ↑ τ [e2/x] ; (C1, C2, Cp)

Γ ` e ↑ σ;C

Γ ` [Λα] e ↑ ∀α.σ;C

Γ, x : τx ` e ↑ τ ;C tx = freshty(varType x)

Γ ` (λx.e) ↑ (x : τx → τ); (WfC Γ τx, C)

Γ ` e ↑ σ;C

Γ ` Tick t e ↑ σ;C

Γ ` Cast e c ↑ trueTyExpr(Cast e c); ∅
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Γ ` Coercion c ↑ trueTyExpr(Coercion c); ∅

σ = freshTy(e) Γ ` let xi = exi
in e ↓ σ;C

Γ ` let xi = exi
in e ↑ σ; (WfC Γ σ,C)

σ = freshTy(e) Γ ` Case e x alti ↓ σ;C

Γ ` Case e x alti ↑ σ; (WfC Γ σ,C)

Type checking Γ ` e ↓ σ;C

τx = userTypes(x) Γ ` ex ↓ τx;Cx

Γ, x:τx ` e ↓ σ;C

Γ ` let x = ex in e ↓ σ; (Cx, C)

x /∈ userTypes Γ ` ex ↑ τx;Cx

Γ, x:τx ` e ↓ σ;C

Γ ` let x = ex in e ↓ σ; (Cx, C)

Γ, xi : τxi
` e ↓ σ;C

(Cxi , τxi) = varTemplate(xi) Γ, xi : τxi ` exi ↓ τxi ;C
′
xi

Γ ` let xi = exi in e ↑ σ; (Cxi , C
′
xi
, C)

Γ ` e ↑ τx;Cx (Γ, x : τx);x ↓ alti:σ;Ci

Γ ` Case e x alti ↓ σ; (Cx, Ci)

Γ ` e ↓ σ [α/α′] ;C

Γ ` [Λα] e ↓ ∀α′.σ;C

Γ, x : τy ` e ↓ τ [x/y] ;C

Γ ` λx.e ↓ (y : τy → τ);C

Γ ` e ↓ σ;C

Γ ` Tick t e ↓ σ;C

σ′ = trueTy(Cast c e)

Γ ` Cast c e ↓ σ; (C,SubC Γ σ′ σ)

Γ, p:τ ` e ↓ σ;C

Γ ` e ↓ ∀ 〈p:τ〉 .σ;C

Γ ` e ↑ σ′;C (σ′′, Cp) = freshPreds(Γ, σ′)

Γ ` e ↓ σ; (C,Cp,SubC Γ σ′′ σ)

Γ;x ↓ alt:σ;C

(x, τ0x) ∈ Γ τ0x = {v : C tCl rCj | r} ty(C) = ∀αlpj .y1:t1 → . . . yn:tn → t

θ = [tCl/αl]
[
rCj/pj

]
[xi/yi]

τxi
= θti τx = θt ∧ τ0x ∧ dataConTy(C, xi)

Γ, x:τx, xi:τxi
` e ↓ σ;C

Γ;x ↓ (C, xi, e):σ;C
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Helper Functions
isGeneric(α, σ) – not constrained by class predicates

isGeneric(α, σ)⇔ α /∈ ClassConstraints(σ)

classConstraints(∀α.σ) = classConstraints(σ)

classConstraints(∀p.σ) = classConstraints(σ)

classConstraints(Cαi → τ) = αi ∪ classConstraints(τ)

freshTy(σ) – type with liquid variables for all refinements

freshTy({v : α | r}) = {v : α | fref}
freshTy({v : x : τx → τ | r}) = {v : x : freshTy(τx)→ freshTy(τ) | tref}
freshTy({v : C τ r | r}) = {v : C freshTy(τ) fref | fref}
freshTy({v : τ1 τ2 | r}) = {v : freshTy(τ1) freshTy(τ2) | tref}
freshTy(Cl τ̄) = Cl τ̄
freshTy(∀α.σ) = ∀α.freshTy(σ)
freshTy(∀ 〈p:τ〉 .σ) = ∀ 〈p:τ〉 .freshTy(σ)

where fref = ([], ki), tref = ([], true)
trueTy(σ) – type with true for all refinements

trueTy({v : α | r}) = {v : α | tref}
trueTy({v : x : τx → τ | r}) = {v : x : trueTy(τx)→ trueTy(τ) | tref}
trueTy({v : C τ r | r}) = {v : C trueTy(τ) tref | tref}
trueTy({v : τ1 τ2 | r}) = {v : trueTy(τ1) trueTy(τ2) | tref}
trueTy(Cl τ̄) = Cl τ̄
trueTy(∀α.σ) = ∀α.trueTy(σ)
trueTy(∀ 〈p:τ〉 .σ) = ∀ 〈p:τ〉 .trueTy(σ)

freshPreds(Γ, σ) – replace predicate occurrences with liquid variables

freshPreds(Γ,∀α.σ) = (∀α.σ′, C) where (σ′, C) = freshPreds(Γ, σ)
freshPreds(Γ,∀ 〈p:τ〉 .σ) = (σ′ [ki/p] , (C,WfC Γ′ ki)) where (σ′, C) = freshPreds(Γ, σ)

x1:τ1 → . . . xn:τn → Prop = τ
Γ′ = Γ, x1:τ1 → . . . xn−1:τn−1

freshPreds(Γ, τ) = (τ, ∅)

trueTyExpr(e) – type of expression with true for all refinements
varTemplate(x) – type for variable x, user specified type or a fresh type

dataConTy(C, xi) =


Prop v C = True
¬(Prop v) C = False
v = x1 C = I#
v = Cxi otherwise
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