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Levels are an old idea:	
Rémy (1992) called them ranks.
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Levels are an old idea:	
Rémy (1992) called them ranks.

Structure of this talk:
• Introduce levels	
• Use in OCaml	
• Use in GHC
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Generalization

id α αx = x
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Generalization

id α αx = xα → α
∀ a. a → a inferring

inferred
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Generalization

swub x y = (x, not y)
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Generalization
swub x y

= (x ,

not y

)

α

α

β

βBool→	
Bool

Bool

Bool

α × Bool

α→Bool→	
α×Bool
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Generalization
swub x yα Boolα→Bool→	

α×Bool

swub : ∀ a. a → Bool	
          → a × Bool
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Generalization

frob x =
let mk y z = ([x; y], z) in
(mk 3, mk 'z')

w

w w
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Generalization
frob x =

let mk y z =

([x ; y ] ,z

) in

(mk 3 ,
mk 'z' )

α

β γ

α β γα

α

List α

List α × γ

α→γ→List α × γ

w

w
w

∀ a b. a→b→List a × b

ε→ζ→List ε × ζ

δ

δ
δ

δ→ζ→List δ × ζ Iδ→I→List δ × I
η→θ→List η × θδ→θ→List δ × θ Cδ→C→List δ × C

α→δ→(List δ × Ι)	
   ×(List δ × C)
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Generalization

frob x =
let mk y z = ([x; y], z) in
(mk 3, mk 'z')

w

w w

α→δ→(List δ × Ι)	
   ×(List δ × C)

but x and w are in 
a list together!
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Don't generalize variables 
that are already in scope.
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Generalization
frob x =

let mk y z =

([x ; y ] ,z

) in

(mk 3 ,
mk 'z' )

α

γ

α γα

α

List α

List α × γ

α→γ→List α × γ

w

w
w

δ

δ
δ

α:1 δ:1

γ:2
∀ b. α→b→List α × b

α→ε→List α × ε

α

α
α

Iα→I→List α × I
α→ζ→List α × ζ Cα→C→List α × C

α→α→(List α × Ι)	
   ×(List α × C)

∀ a. a → a → (List a × Ι)	
           × (List a × C)
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D. Clément, T. Despeyroux, G. Kahn, and J. Despeyroux. 
A simple applicative language: mini-ML. LFP '86

Slow to compute when 
the context is big.

Use levels instead.



15

Oleg Kiselyov:	
Generalization by levels 

echoes avoiding use-after-
free errors in memory 

management.

https://okmij.org/ftp/ML/
generalization.html
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Levels in OCaml
Types
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Types are graphs.
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no unique id on Tvar!	
use pointer equality on the 

enclosing type_expr
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Levels are mutable!	
And they're stored on types.
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What's the level of a type?

α:1 → β:2 → int
This type makes sense 

only at level 2 or greater.

The max of the levels of its vars.
at least

components
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Why are levels mutable?

Types are graphs.

Unification and generalization 
change levels.
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α:1 → α:1
generalizes to
α:∞ → α:∞

(         ):1

(         ):∞
Only a generic type can contain 

generic variables.
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α:1 → α:1
generalizes to
α:∞ → α:∞(         ):∞

(         ):1
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generalizes to
α:∞ → α:∞(         ):∞
There is no ∀.

copies and lowers levels

α:1 → α:1(         ):1



26

If a type's level is less than 
∞, we do not need to look 
inside during instantiation.
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let add x = x + 1
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let add x    =	

  (+) 	

    x    1
int → int → int

α

αint

int

We update the level for the 
int to match α's level.
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The level differentiates	
what we can be sure of	

vs	
what we are inferring.
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f1 is accepted (warned with -principal)	
f2 is rejected

inferred type t1 is not at level ∞
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Levels in GHC
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QLInstVar acts like ∞	
(we will ignore it)



33



34

Types are trees.	

Levels are on variables.
(GHC loses the instantiation 
optimization that OCaml has.)
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α:1 → α:1
generalizes to
∀ {a}. a → a
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α:1 → α:1
generalizes to
∀ {a}. a → a

Key step implemented in	
candidateQTyVarsOfType.
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Unification

outer x   = () where	

  inner y   = [x, y]
α:1

β:2

α:1 ~ β:2

β := α α := β✅
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Unification

Key step implemented in	
uUnfilledVar1.
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Skolem Escape
data Ex where MkEx :: a -> Ex

f (MkEx y) = y
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Skolem Escape
data Ex where MkEx :: a -> Ex

f arg = case arg of
MkEx y -> y



41

Skolem Escape
data Ex where MkEx :: a -> Ex

f arg = case arg of

MkEx y -> y

α:1 α:1β:1Ex Ex

a:2 a:2

β:1 ~ a:2

β:1 := a:2 a:2 := β:1
no: levels no: skolem



In both OCaml and GHC:

When done with a 
construct, we must 

generalize, promote (update 
the level), or error.



Conclusion

Levels are a convenient 
mechanism in type 
inference, powering 

generalization among other 
inference decisions.
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