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We interrupt this 
program …







vs
Lightweight double blind

Double blind



… We now return to our 
regularly scheduled 

programming



Any questions?



 Would you be interested in helping us get polymorphism 
right (and/or figuring out what “right” means) for some 

future version of Go? — Rob Pike



OOPSLA, 1999;  TOPLAS 2001



Java vs Go

Java

Classes and Interfaces
Nominal

Closed set of super types
Erasure

Go

Structs and Interfaces
Structural

Open set of super types
Monomorphisation



Java vs Go

Haskell

Datatypes and Type Classes
Structural

Closed set of super types
(Monad and Functor)
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Functions in
Featherweight Go



type Any interface {}

type Function interface {
  Apply(x Any) Any
}



type incr struct { n int }
func (this incr) Apply(x Any) Any {
  return x.(int) + this.n
}

type pos struct {}
func (this pos) Apply(x Any) Any {
  return x.(int) > 0
}



type compose struct {
  f Function
  g Function
}
func (this compose) Apply(x Any) Any {
  return this.g.Apply(this.f.Apply(x))
}



func main() {
  var h Function =
    compose{incr{-5},pos{}}
  var b bool = h.Apply(3).(bool)
} 



Functions in
Featherweight Generic Go



type Any interface {}

type Function(type a, b Any) interface {
  Apply(x a) b
}



type incr struct { n int }
func (this incr) Apply(x int) int {
  return x + this.n
}

type pos struct {}
func (this pos) Apply(x int) bool {
  return x > 0
}



type compose(type a, b, c Any) struct {
  f Function(a, b)
  g Function(b, c)
}
func (this compose(type a, b, c Any))
    Apply(x a) c {
  return this.g.Apply(this.f.Apply(x))
}



func main() {
  var h Function(int,bool) =
    compose(int,int,bool){incr{-5},pos{}}
  var b bool = h.Apply(3)
}



List and Map



type List(type a Any) interface {
  Map(type b Any)(f Function(a, b)) List(b)
}
type Nil(type a Any) struct {}
type Cons(type a Any) struct {
  head a
  tail List(a)
}



func (xs Nil(type a Any))
    Map(type b Any)(f Function(a,b)) List(b) {
  return Nil(b){}
}
func (xs Cons(type a Any))
    Map(type b Any)(f Function(a,b)) List(b) {
  return Cons(b)
    {f.Apply(xs.head), xs.tail.Map(b)(f)}
}



func main() {
  var xs List(int)  =
    Cons(int){3, Cons(int){6, Nil(int){}}}
  var ys List(int)  = xs.Map(int)(incr{-5})
    // Cons{-2, Cons{1, Nil{}}}
  var zs List(bool) = ys.Map(bool)(pos{})
    // Cons{false, Cons{true, Nil{}}}



Equal



type Eq(type a Eq(a)) interface {
  Equal(that a) bool
}

type Int int
func (this Int) Equal(that Int) bool {
  return this == that
}

type Bool bool
func (this Bool) Equal(that Bool) bool {
  return this == that
}



type Pair(type a, b Any) struct {
  first a
  second b
}

func (this Pair(type a Eq(a), b Eq(b)))
    Equal(that Pair(a, b)) bool {
  return this.first.Equal(that.first) &&
         this.second.Equal(that.second)  
} 



Expression Problem



  The goal is to define a data type by cases, where one can 
add new cases to the data type and new functions over the 

data type, without recompiling existing code, and while 
retaining static type safety.  — Philip Wadler, 1998



  One can think of cases as rows and functions as columns 
in a table.  In a functional language, the rows are fixed 

(cases in a datatype declaration) but it is easy to add new 
columns (functions).  In an object-oriented language, the 
columns are fixed (methods in a class declaration) but it is 

easy to add new rows (subclasses).  We want to make it 
easy to add either rows or columns.



Eval String

Num

Plus

1

2

3

4



Eval on Num

type Evaler interface {
  Eval() int
}
type Num struct {
  value int
}
func (e Num) Eval() int {
  return e.value
}



Eval on Plus
type Plus(type a Any) struct {
  left a
  right a
}
func (e Plus(type a Evaler)) Eval() int {
  return e.left.Eval() + e.right.Eval()
}



String on Num

type Stringer interface {
  String() string
}
func (e Num) String() string {
  return fmt.Sprintf("%d", e.value)
}



String on Plus

func (e Plus(type a Stringer))
    String() string {
  return fmt.Sprintf("(%s+%s)",
    e.left.String(), e.right.String())
}



Tie it all together

type Expr interface {
  Evaler
  Stringer
}
func main() {
  var e Expr = Plus(Expr){Num{1}, {Num{2}}
  var v int = e.Eval() // 3
  var s string = e.String() // "(1+2)"
}



Monomorphisation



type Top struct {}
type Function<int,int> interface {
  Apply<0> Top
  Apply(x int) int
}
type incr struct { n int }
func (this incr) Apply<0> Top {
  return Top{}
}
func (this incr) Apply(x int) int {
  return x + this.n
}



type Function<int,bool> interface {
  Apply<1> Top
  Apply(x int) bool
}
type pos struct {}
func (this pos) Apply<1> Top {
  return Top{}
}
func (this pos) Apply(x int) bool {
  return x > 0
}



type List<int> interface {
  Map<2>() Top
  Map<int>(f Function<int,int>) List<int>
  Map<bool>(f Function<int,bool>) List<bool>
}
type Nil<int> struct {}
type Cons<int> struct {
  head int
  tail List<int>
}
func (xs Nil<int>) Map<2>() Top {
  return Top{}
}
func (xs Cons<int>) Map<2>() Top {
  return Top{}
}



func (xs Nil<int>)
    Map<int>(f Function<int,int>) List<int> {
  return Nil<int>{}
}
func (xs Cons<int>)
   Map<int>(f Function<int,int>) List<int> {
 return Cons<int>
   {f.Apply(xs.head), xs.tail.Map<int>(f)}
}
func (xs Nil<int>)
   Map<bool>(f Function<int,bool>) List<bool> {
 return Nil<bool>{}
}
func (xs Cons<int>)
   Map<bool>(f Function<int,bool>) List<bool> {
 return Cons<bool>
   {f.Apply(xs.head), xs.tail.Map<bool>(f)}
}



type List<bool> interface {
  Map<3>() Top
}
type Nil<bool> struct {}
type Cons<bool> struct {
 head bool
 tail List<bool>
}
func (xs Nil<bool>) Map<3>() Top {
 return Top{}
}
func (xs Cons<bool>) Map<3>() Top {
 return Top{}
}



func main() {
 var xs List<int> =
   Cons<int>{3, Cons<int>{6, Nil<int>}}
 var ys List<int> = xs.Map<int>(incr{-5})
 var zs List<bool> = ys.Map<bool>(pos{})
}



FG
Featherweight Go

Formalised









FGG
Featherweight Generic Go

Formalised









Future Work

Featherweight Go
Welterweight Go
Cruiserweight Go



Impact



 I want to thank you and your team for all the type theory 
work on Go so far—it really helped clarify our understanding 

to a massive degree. So thanks! — Robert Griesemer
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