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FFMM

o Featherweight Fortress with Multiple Dispatch and Multiple
Inheritance

@ A subset of the Fortress programming language

@ Multiple dispatch
To select the best method to call, the runtime engine uses the
dynamic types of all the arguments

o Multiple inheritance
A type may have multiple super types
@ Two different kinds of type
Traits: Types without field
Objects: Leaves of type hierarchy containing field
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FFMM Mechanization
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What Is Next?

Adding functions and modules
to FFMM
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Functions and Modules

Adding Functions
@ Enhances function extensibility

@ Allows programmers to express mathematical notation as closely as
possible

Adding Modules
@ Provides a unit of compilation and a unit of code distribution
@ Allows programmers to develop large software mostly independently

@ Allows programmers to handle namespace efficiently
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Functional Declarations in Fortress

@ Dotted methods
@ Top-level functions

@ Functional methods
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Dotted Methods

@ Similar to method declarations in Java™

trait Vector
multiply(m: Matrix): Vector = . ..
end

trait Matrix excludes Vector
multiply(v: Vector): Vector = . ..

end
m.multiply (v)
v.multiply (m)
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Top-level Functions

@ Allow to extend an existing class with entirely new functionality

trait Vector end
trait Matrix excludes Vector end

multiply (m: Matrix, v: Vector): Vector
multiply(v: Vector, m: Matrix): Vector

multiply (m, v)
multiply (v, m)
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Functional Methods

o Allow one self parameter in a parameter list
@ Inherited to subtypes

@ Overloaded with top-level functions

trait Vector

trait Matrix excludes Vector
multiply(self, v: Vector): Vector = ...
multiply(v: Vector, self): Vector = ...
end

multiply (m, v)
multiply (v, m)
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Functional Methods

o Allow one self parameter in a parameter list
@ Inherited to subtypes

@ Overloaded with top-level functions

trait Vector

trait Matrix excludes Vector
opr -(self, v: Vector): Vector = . ..
opr -(v: Vector, self): Vector = ...
end

<
3 <
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Module System of Fortress

@ Fortress divides a program into components
@ Components may import declarations in other components via APls,
which serve as “interfaces” of the components.

@ Each component is modularly checked at compile time
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Module System

component A @ Declarations in component

end
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Module System

component A
trait Matrix end

end
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Module System

component A @ Declarations in component
trait Matrix end o Trait declarations
object SparseMatrix extends Matrix o Object declarations

getSize():N = ...
multiply(self, m: Matrix) = ...
end

end
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Module System

component A @ Declarations in component
trait Matrix end o Trait declarations
object SparseMatrix extends Matrix o Object declarations
getSize():N = ... o Top-level functions

multiply(self, m: Matrix) = ...
end
multiply (m: Matrix, m: Matrix)
end
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Module System

component A
trait Matrix end
object SparseMatrix extends Matrix
getSize():N = ...
multiply(self, m: Matrix) = ...

end

multiply (m: Matrix, m: Matrix)
end

component B

import A.{ }

end
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Module System

component A
trait Matrix end
object SparseMatrix extends Matrix
getSize():N = ...
multiply(self, m: Matrix) = ...

end

multiply (m: Matrix, m: Matrix)
end

component B

import A.{SparseMatrix }

end
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Module System

component A
trait Matrix end
object SparseMatrix extends Matrix
getSize():N = ...
multiply(self, m: Matrix) = ...

end

multiply (m: Matrix, m: Matrix)
end

component B

import A.{SparseMatrix, multiply}

end
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@ Declarations in component

o Trait declarations
o Object declarations
o Top-level functions

@ Import items

o Types
o Functions
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Restrictions Related to Functional Declarations

@ A top-level function declaration must not be more specific than a
functional method declaration with the same name.
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Restrictions Related to Functional Declarations

@ A top-level function declaration must not be more specific than a
functional method declaration with the same name.

trait Matrix
multiply(self,z:Z) ...
end multiply (m, 3)
multiply(m: Matrix, t: Object) . ..
object SparseMatrix extends Matrix

multiply(self, n:N)...
end

multiply (sm: SparseMatrix, z: Z) . . .
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Restrictions Related to Functional Declarations

@ A top-level function declaration must not be more specific than a
functional method declaration with the same name.

trait Matrix
multiply(self,z:Z) ...

end multiply (m, 3)

multiply(m: Matrix, t: Object) . .. l}

object SparseMatrix extends Matrix mUltiP/y (sm, 3)
multiply(self, n:N)...

end

multiply (sm: SparseMatrix, z: Z) . . .
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Restrictions Related to Functional Declarations

@ A top-level function declaration must not be more specific than a
functional method declaration with the same name.

trait Matrix
multiply(self,z:Z) ...
end

multiply (m, 3)
multiply(m: Matrix, t: Object) . ..

object SparseMatrix extends Matrix
multiply(self,z:Z) ...
multiply(self, n:N). ..

end
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Restrictions Related to Functional Declarations

@ A top-level function declaration must not be more specific than a
functional method declaration with the same name.

trait Matrix
multiply(self,z:Z) ...

end multiply (m, 3)
multiply(m: Matrix, t: Object) . .. l}
object SparseMatrix extends Matrix multiply (sm, 3)

multiply(self,z:Z) ...
multiply (self, n:N) ...
end
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Restrictions Related to Functional Declarations

@ self parameters must be in the same position of two functional
method declarations if they do not satisfy the exclusion rule or the
subtype rule.

@ Inherited functional methods must be checked for overloading rules
even when they are not explicitly imported.
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Calculus

m

T

function and method name

trait name

_—
mp import M.{ i} e

f field name
O object name

prograi

Mitle
component M import M.{7} d end compo
A

2 function/method parameter name

Valid top-level function declarations: [ p - validTopFunc(M) | p - validTopFunc'(M) | p - validTopFunc”(M)]

[VALIDTOPFUNC]

p validTopFunc'(M) p validTopFunc" (M)

p + validTopFunc(M)

import:
[ m W{(M,Object, fd), (M",Object, fd')} C visible TopFunc,,(M°).
d n= td top-lev fd # fd', (not same declaration)
| og fd=m(_ :‘rx):r’
| s Ja' =m(_:7) .
T T type 5 — |
o [VALIDTOPFUNC'] p F walid(m, M,Object, 7¢ — 7, M’,Object, 7% — 77", ProvidedFunc,(M°))
¢ z exprest pF validTopFunc' (M°)
V(M. Object, fd) C wisible TopFunc, (M®).
(M’ ,Object, md') C ProvidedFuncMeth,(M®).
fi=m(Z iy,
fd top-lev md =m(_ )i
md m(zT7 self’ T7):7=¢ methoc I A o —
pr .. r Mo 1y . n
W "aitTexEPds(?) i ona witde  [vaLbTOPFUNC'] (71 £ 17 )V (@677 £ (7Y Apk (M7 <: (ML, 7%)
od = object O(f:7) extends {7} md end object P validTopFunc”(M°)
Figure 1: Syntax Figure 12: Rules to check valid top-level function sets
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Conclusion

@ Define a core calculus of the Fortress programming language
Three kinds of functional declarations

Multiple dispatch

Multiple inheritance

o Modular checks

o Will mechanize its type safety using CoQ
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Any Questions?
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