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Motivation

Question: how does Java use intersection types and λ-expressions?

Our answer: a formal calculus extending Featherweight Java

Atsushi Igarashi, Benjamin C. Pierce, and Philip Wadler
Featherweight Java: A Minimal Core Calculus for Java and GJ
ACM Transactions on Programming Languages and Systems,

23(3):396–450, 2001

trying to formalise Java 8 following

James Gosling, Bill Joy, Guy L. Steele, Gilad Bracha, and Alex Buckley
The Java Language Specification
Java SE 8 Edition, Oracle, 2015.
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Typing λ-expressions

λ-expressions are poly expressions

contexts prescribe target types to λ-expressions

problem: contexts change by reduction

our solution: λ-expressions are decorated by their target types at run time
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Class Declarations

CD ::= class C extendsD implements
−→
I {T f;KM}

ID ::= interface I extends
−→
I {H;M}

K ::= C(
−→
T
−→
f ){super(

−→
f ); this.f = f;}

H ::= Tm(
−→
T−→x )

M ::= H {return t;}
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Method Headers

function A-mh: gives the method headers of abstract methods defined in
interfaces
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Types

Pre-types

ι ::= I | ι&I

τ ::= C | ι | C&ι | boolean

A pre-type τ is a type if mh(τ) is defined

A type ι is a functional type if
A-mh(ι) contains exactly one method header
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Subtyping

CT (C) = class C extendsD implements
−→
I {T f;KM}

[<: C]
C <: D C <: Ij ∀ Ij ∈

−→
I

CT (I) = interface I extends
−→
I {H;M}

[<: I]
I <: Ij ∀ Ij ∈

−→
I

T <: Object [<: Object]

τ <: Ti for all 1 ≤ i ≤ n
[<: &R]

τ <: T1& . . .&Tn

Ti <: τ for some 1 ≤ i ≤ n
[<: &L]

T1& . . .&Tn <: τ
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Terms

t ::=
v
x
t.f
t.m(
−→t )

newC(
−→t )

(τ) t
t? t : t

v ::=
w
−→p → t

w ::=
true
false
new C(−→v )
(−→p → t)ϕ

p ::=
x
T x
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Lookup Functions

fields(C): gives the field names in class C

A-mtype(m; I): gives the type of the abstract method m in interface I

D-mtype(m; I): gives the type of default method m in interface I

mtype(m;T): gives the type of method m in class in interface T

mbody(m;T): gives the formal parameters and the body of method m in
class in interface T
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Some Reduction Rules

we want to decorate only λ-expressions
(also inside conditional branches)
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Some Reduction Rules

we want to decorate only λ-expressions
(also inside conditional branches)

(t)?τ =


(t)τ if t is a pure λ-expression,
t0? (t1)?τ : (t2)?τ if t = t0? t1 : t2
t otherwise
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Some Reduction Rules

mbody(m;C) = (−→x , t) mtype(m;C) =
−→
T → T

[E-InvkNew]
newC(−→v ).m(−→u ) −→ [−→x 7→ (−→u )?

−→
T , this 7→ newC(−→v )](t)?T
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Some Reduction Rules

class C extendsObject {C( ) {super( ); }Cm(I x){return x.n( ); }}

interface I {Cn( ); }

newC( ).m(ε→ newC( )) −→ (ε→ newC( ))I.n( ) −→ newC( )
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Typing arguments

m(Tx)

newC(−→v ) C <: T
−→p → t (−→p → t)T and T is a functional type

Γ ` t : σ σ <: τ

Γ `∗ t : τ

Γ ` (tλ)ϕ : ϕ

Γ `∗ tλ : ϕ

Γ ` (t)?τ : σ σ <: τ
[` `∗]

Γ `∗ t : τ
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Some Typing Rules

Γ ` t : τ mtype(m; τ) =
−→
T → T Γ `∗ −→t :

−→
T

[T-INVK]
Γ ` t.m(

−→t ) : T

fields(C) =
−→
T
−→
f Γ `∗ −→t :

−→
T

[T-NEW]
Γ ` newC(

−→t ) : C

A-mh(ϕ) = Tm(
−→
T−→x ) Γ,−→y :

−→
T `∗ t : T

[T-λUD]
Γ ` (−→y → t)ϕ : ϕ

A-mh(ϕ) = Tm(
−→
T−→x ) Γ,−→y :

−→
T `∗ t : T

[T-λTD]
Γ ` (

−→
T−→y → t)ϕ : ϕ
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Some Typing Rules

fields(C) = Tf if t is a pure λ-expression then
Γ ` (t)T : T else Γ ` t : τ with τ <: T

Γ ` newC(t) : C
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Some Typing Rules

class C extendsObject {C( ) {super( ); }Cm(I x){return x.n( ); }}

interface I {Cn( ); }

fields(C) = ε

` newC( ) : C mtype(m;C) = I→ C

mh(I) = Cn( )

fields(C) = ε

` newC( ) : C

` (ε→ newC( ))I : I

`∗ ε→ newC( ) : I

` newC( ).m(ε→ newC( )) : C
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Intersection Types for Conditionals

Γ ` t : boolean Γ ` t1 : τ1 Γ ` t2 : τ2
[T-COND]

Γ ` t? t1 : t2 : C&I1& . . .&In

where C is the minimal common superclass and I1, . . . , In are the minimal
common super-interfaces of τ1, τ2

if t1 or t2 is a λ-expression the conditional is typed by its target type
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Intersection Types for Conditionals

class C extendsObject {C( ) {super( ); }Cm(I x){return x.n( ); }}

interface I {Cn( ); }

class B extendsObject implements I {C( ) {super( ); }Cn( ){return newC( ); }}

fields(C) = ε

` new C( ) : C mtype(m;C) = I → C

` true : boolean

mh(I) = C n( )

fields(C) = ε

` new C( ) : C

` (ε → new C( ))I : I

fields(B) = ε

` new B( ) : B

` true? (ε → new C( ))I :new B( ) : I

`∗ true? ε → new C( ) :new B( ) : I

` new C( ).m(true? ε → new C( ) :new B( )) : C
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Well-formed Class Table

−→x :
−→
T , this : I `∗ t : T Tm(

−→
T−→x ) ∈ D-mh(I)

[M OK in I]
Tm(
−→
T−→x ){return t; } OK in I

−→x :
−→
T , this : C `∗ t : T Tm(

−→
T−→x ) ∈ mh(C)

[M OK in C]
Tm(
−→
T−→x ){return t; } OK in C

M OK in I mh(I)
[I OK ]

interface I extends
−→
I {H;M} OK

K = C(
−→
U−→g ,

−→
T
−→
f ){super(−→g ); this.f = f; }

fields(D) =
−→
U−→g

−→
M OK in C

mh(C) mtype(m;C) defined implies mbody(m;C) defined
[C OK ]

class C extendsD implements
−→
I {T f;KM} OK
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Properties

Γ ` t : τ τ ∼ C[&ι] σ ∼ D[&ι′]
τ 6<: σ either C <: D or D <: C

[T-UDCAST]
Γ ` (σ) t : σ

Subject Reduction: If Γ ` t : τ without using rule [T-UDCAST] and
t −→ t′, then Γ ` t′ : σ for some σ <: τ .

(B) ((Object) newC( )) −→ (B) newC( )

Progress: If ` t : τ without using rule [T-UDCAST] and t cannot reduce,
then t is a proper value.

(C) (I) (ε→ newObject( )) −→ (C) (ε→ newObject( ))I
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The Power of Intersection Types

x : α&(α→ β)

x : α→ β

x : α&(α→ β)

x : α

xx : α

λx.xx : α&(α→ β)→ α
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Auto-Application in Java

interface Arg {CmArg(C y); } interface Fun {ArgmFun(Arg z)}

C auto(Arg&Fun x){return x.mFun(x).mArg(newC( )); }
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Intersection Types in Java: back to the future

joint work with Paola Giannini and Betti Venneri

Two extensions:

intersection types as types of arguments in objects and methods and
as return types in methods
target types with an arbitrary number of abstract methods

τm(−→τ −→x ) ∈ A-mh(ι) implies Γ,−→y : −→τ `∗ t : τ
[T-λU]

Γ ` (−→y → t)ι : ι
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Questions
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Thank you
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