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- Blame Theorem
- Gradual guarantee
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Gradual Typing [1]—smooth integration of static typing and dynamic typing

- Conservativity over Untyped λ
- Conservativity over System F
- Type safety 
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Our Work —                      : A gradually typed extension of System F
Goal: Prove all the five desired criteria [3].
Remark: Blame for All [2] studies a cast calculus with  
polymorphism, but does not cover the criteria.

Approach: 
Design a new type consistency relation
Redesign a cast calculus: 

The criteria

Technical Detail
1. Type consistency with ∀-types

For all terms not containing     , typing of 
should be the same as that of System F.

?

2. Static and gradual type abstractions

� ` s : T11 ! T12 � ` t : T1 T11 ⇠ T1

� ` s t : T12

Progress: 4.5 / 5

1. Relax typechecking for
the dynamic type:   
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Gragual typing between System F and the untyped λ-calculus
Our Goal

?
2. Insert casts to detect

runtime type errors
3. Reduce in a cast calculus

Intuition:
?

could be replaced with type variables.?
A non-∀ type containing     could be used as a ∀-type 
by replacing     with type variables.

?

Formal definition:

Remark: ftv(B) is a set of free type variables in B.

A ⇠ B B 6= 8Y.B0 X 62 ftv(B)

B contains at least one ? .
8X.A ⇠ B

Also ill-typed in                    because                       .

Result:
is ill-typed in System F.

Enfoce parametricity at runtime with 
type bindings [2]

Problem:
Generation of type bindings is sometimes redundant.

Solution:

Background:

Our new consistency enforces               . 

Results:
Clear correspondence to semantics of System F
Efficient runtime semantics reflecting the distinction 
(informally demonstrated by a prototype of an interpreter)

Typing rule for application Type consistency A ~ B Typing rule for cast

?

conservativity over typing of System F

distinguish the redundant cases by static and 
gradual type abstractions

Surface language Internal language (cast calculus)

Proved!

� ` t : A A ⇠ B
� ` (t : A ) B) : B

X::S 6⇠ ?

; . (⇤X::S. v) A �! ; . v[X := A]

; . (⇤X::G. v) A �! X := A . v

�! error

(⇤X. (�x:X. (x : X ) X))) A v

�! X := Int . (9 : X ) ? ) Int)

�! X

:= Int . (�x:X. (x : X ) ? ) Int)) 9

; . (⇤X. (�x:X. (x : X ) ? ) Int))) Int 9

8X.Int 6⇠ Int

(�x:8X.Int. x) 42

8X.X ! X? ! ?
(�x: ? . x) (⇤X. (�x:X. x))

System FG

System FG

System FG

System FC

�!? �42(�x: ? . negate (x : ? ) Int)) (42 : Int ) ?)(�x: ? . negate x) 42  


