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Multiple Inheritance
by Traits and Objects

trait String extends {StandardTotalOrderJStringK,
ZeroIndexedJCharK }

. . .
end

object FlatString extends { String,
DelegatedIndexedJChar, Z32K }

. . .
end
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Multiple Dispatch
by 3 Kinds of Functionals

Dotted methods

trait Z
asString() : String = . . .
add(x : Z) : Z = . . .
subtract(x : Z) : Z = . . .
multiply(x : Z) : Z = . . .
. . .

end

3. multiply(5)
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Multiple Dispatch
by 3 Kinds of Functionals

Top-level Functions

trait Z
asString() = . . .

end

add(x : Z, y : Z) : Z = . . .
subtract(x : Z, y : Z) : Z = . . .
multiply(x : Z, y : Z) : Z = . . .
. . .

multiply(3, 5)
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Multiple Dispatch
by 3 Kinds of Functionals

Functional Methods

trait Z
asString() = . . .
add(self, y : Z) : Z = . . .
subtract(self, y : Z) : Z = . . .
multiply(self, y : Z) : Z = . . .
. . .

end

multiply(3, 5)
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Multiple Dispatch
by 3 Kinds of Functionals

Functional Methods (Operators)

trait Z
asString() = . . .
opr +(self, y : Z) : Z = . . .
opr −(self, y : Z) : Z = . . .
opr ·(self, y : Z) : Z = . . .
. . .

end

3 · 5
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Multiple Dispatch
by 3 Kinds of Functionals

Overloaded Declarations

trait Z
add(self, y : Z) : Z = . . .
. . .

end

add(x : String, y : String): String = . . .
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Multiple Dispatch
by 3 Kinds of Functionals

Function Dispatch

trait Z
add(self, y : Z) : Z = . . .
. . .

end

add(x : String, y : String): String = . . .

add(3, 5)
add(“Hello”, “ Bye”)
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Modularity
by Components and Selective Imports

component IntegerToString
trait Z

asString(self) = . . .
. . .

end
trait N extends Z . . . end

end

component MyProgram
import IntegerToString.{ asString }
asString(x : Boolean): String = . . .
run() = println(asString(42))

end

Sukyoung Ryu — Modular Multiple Dispatch with Multiple Inheritance Mechanized in Coq 10/32



 
MMMM All Started with v · m MFFMM in Coq

Mechanization
by Coq
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Ambiguity
due to Multiple Inheritance

trait Vector
opr ·(r : R, self): Vector
opr ·(self, v : Vector): R

end
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Ambiguity
due to Multiple Inheritance

trait Vector
opr ·(r : R, self): Vector
opr ·(self, v : Vector): R

end

trait Matrix
opr ·(r : R, self): Matrix
opr ·(self, m : Matrix): Matrix

end
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Ambiguity
due to Multiple Inheritance

trait Vector
opr ·(r : R, self): Vector
opr ·(self, v : Vector): R

end

trait Matrix
opr ·(r : R, self): Matrix
opr ·(self, m : Matrix): Matrix

end

object vm extends {Vector, Matrix } end
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Ambiguity
due to Multiple Inheritance

trait Vector
opr ·(r : R, self): Vector
opr ·(self, v : Vector): R

end

trait Matrix
opr ·(r : R, self): Matrix
opr ·(self, m : Matrix): Matrix

end

object vm extends {Vector, Matrix } end
8 · vm (*) Ambiguity due to Multiple Inheritance
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Ambiguity
due to Multiple Dispatch

trait Matrix
opr ·(r : R, self): Matrix
opr ·(self, m : Matrix): Matrix
opr ·(self, v : Vector): Vector
opr ·(v : Vector, self): Vector

end

object vm extends {Vector, Matrix } end
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Ambiguity
due to Multiple Dispatch

trait Matrix
opr ·(r : R, self): Matrix
opr ·(self, m : Matrix): Matrix
opr ·(self, v : Vector): Vector
opr ·(v : Vector, self): Vector

end

object vm extends {Vector, Matrix } end
vm · vm (*) Ambiguity due to Multiple Dispatch
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Ambiguity
due to Modularity

component MatrixLibrary
trait Matrix end

object UnitMatrix extends Matrix end

end

component MyMatrixLibrary
import MatrixLibrary.{Matrix }
object UnitMatrix extends Matrix end

object GenUnitMatrix
gen() = UnitMatrix

end

end

Sukyoung Ryu — Modular Multiple Dispatch with Multiple Inheritance Mechanized in Coq 18/32



 
MMMM All Started with v · m MFFMM in Coq

Ambiguity
due to Modularity

component MatrixLibrary
trait Matrix end

object UnitMatrix extends Matrix end

end

component MyMatrixLibrary
import MatrixLibrary.{Matrix }
object UnitMatrix extends Matrix end

object GenUnitMatrix
gen() = UnitMatrix

end

end
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Ambiguity due to Modularity

component MatrixLibrary
trait Matrix end

object UnitMatrix extends Matrix end

end

component MyMatrixLibrary
import MatrixLibrary.{Matrix }
object UnitMatrix extends Matrix end

object GenUnitMatrix
gen() = UnitMatrix

end

end
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Ambiguity due to Modularity

component MatrixLibrary
trait Matrix end

object UnitMatrix extends Matrix end

end

component MyMatrixLibrary
import MatrixLibrary.{Matrix }
object UnitMatrix extends Matrix end

object GenUnitMatrix
gen() = UnitMatrix

end

end

import MatrixLibrary.{Matrix, UnitMatrix }
import MyMatrixLibrary.{GenUnitMatrix }
toString(x : Matrix) :String = “Matrix”
toString(x : UnitMatrix) :String = “UnitMatrix”

toString(GenUnitMatrix.gen()) (*) Ambiguity due to Modularity
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Subtype Rule

trait Matrix end

object UnitMatrix extends Matrix end

toString(x : Matrix) : String = “Matrix”
toString(x : UnitMatrix) : String = “UnitMatrix”

toString(UnitMatrix)
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Subtype Rule

trait Matrix end

object UnitMatrix extends Matrix end

toString(x : Matrix) : String = “Matrix”
toString(x : UnitMatrix) : String = “UnitMatrix”

toString(UnitMatrix)

|C a| = |C a′ | j = k

actualTyp(M, C) actualTyp(M, C a) 6= actualTyp(M
′, C ′) actualTyp(M

′, C a′)

p ` (M′, C ′) <: (M, C) p ` (M′, C a′) <: (M, C a) p ` (M′, C r′) <: (M, C r)

p ` valid(m, M, C , C a → C r , j , M′, C ′, C a′ → C r′ , k, S)
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Meet Rule

trait Matrix end

object UnitMatrix extends Matrix end

toString(x : Matrix, y : UnitMatrix) : String = “MU”
toString(x : UnitMatrix, y : Matrix) : String = “UM”

toString(UnitMatrix, UnitMatrix)
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Meet Rule

trait Matrix end

object UnitMatrix extends Matrix end

toString(x : Matrix, y : UnitMatrix) : String = “MU”
toString(x : UnitMatrix, y : Matrix) : String = “UM”
toString(x : UnitMatrix, y : UnitMatrix) : String = “UU”

toString(UnitMatrix, UnitMatrix)

l = |C a| = |C a′ | C a
0 = C C a′

0 = C ′

actualTyp(M, C) actualTyp(M, C a) 6= actualTyp(M
′, C ′) actualTyp(M

′, C a′)

∃(M′′, C a′′
0 , md ′′) ∈ S .

(md ′′ = m( : C a′′ ) : ) ∧ (j = k = selfIndex(md ′′)) ∧ (l = |C a′′ |) ∧
(∀ 0 ≤ n ≤ l . p ` meet({actualTyp(M, C a

n), actualTyp(M
′, C a′

n )}, actualTyp(M
′′, C a′′

n )))

p ` valid(m, M, C , C a → C r , j , M′, C ′, C a′ → C r′ , k, S)
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Exclusion Rule

trait Vector end
trait Matrix

opr ·(self, v : Vector): Vector
opr ·(v : Vector, self): Vector

end

object v extends Vector end
object m extends Matrix end

(v ·m) + (m · v)
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Exclusion Rule

trait Vector end
trait Matrix excludes Vector

opr ·(self, v : Vector): Vector
opr ·(v : Vector, self): Vector

end

object v extends Vector end
object m extends Matrix end

(v ·m) + (m · v)

|C a| = |C a′ | p ` ((M, C a)) ♦ ((M ′, C a′))

p ` valid(m, M, C , C a → C r , j , M ′, C ′, C a′ → C r ′ , k, S)
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Functions vs Functional Methods

Overloaded Declarations

trait Z
add(self, y : Z) : Z = . . .
. . .

end

add(x : Number, y : Number): Number = . . .

∀(M, C , fd) ∈ visibleTopFuncp(M
m).

∀(M′, C ′, fd ′) ∈ visibleFuncMethp(Mm).

fd = m( : C a) : C r ∧ fd ′ = m( : C a′ ) : C r′ =⇒
(|C a| 6= |C a′ |) ∨
(p ` ((M, C a)) ♦ ((M′, C a′))) ∨
(actualTyp(M, C a) 6= actualTyp(M

′, C a′) ∧
p ` (M′, C a′) <: (M, C a) ∧ p ` (M′, C r′) <: (M, C r))

p ` validBtwFunc(Mm)
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Type Identity

component MatrixLibrary
trait Matrix end

object UnitMatrix extends Matrix end

end

component MyMatrixLibrary
import MatrixLibrary.{Matrix }
object UnitMatrix extends Matrix end

object GenUnitMatrix
gen() = UnitMatrix

end

end

actualTyp(M, C) =

8>>>><>>>>:
(Top,Object) if C =Object

(M, C) if C end ∈ classTablep(M)

actualTyp(M
′, C) if component M import M.{i} end ∈ p ∧

M′.C ∈ M.{i}
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MFFMM in Coq
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MFFMM in Coq

“Well-typed programs do not have any
undefined or ambiguous calls at run time.”
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Questions ?

Sukyoung Ryu
sryu.cs@kaist.ac.kr

Sukyoung Ryu — Modular Multiple Dispatch with Multiple Inheritance Mechanized in Coq 32/32


	MMMM
	All Started with v m
	MFFMM in Coq

