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High-Performance Computing Today

Currenthhigh-performance computing relies c
Fortran and C++, which are ill-suited for the t

> They have Iill-defined semantics
> They are unsafe

> Their definitions have no provision for concurre
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High-Performance Computing Today

¥ Programs are unnecessarily long
¥ Errors are fidult to detect

¥ Hardware parallelism fedif to exploit
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We Want to Change the Way that
High-Performance Computing Is Done
¥ Allow scientists to program closer to problem di
¥ Allow for abstraction and reuse without overhee

¥ Make errors easier to detect and correct

¥ Make parallelism and data distribution easier to
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Project Fortress

¥ New language designed for high performan
high programmer productivity

¥ Parallel features built into the core of the lar
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Status

¥ Draft specification and preliminary open sot
release available

¥ BSD license

¥ http://research.sun.com/projects/plrg
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Wherever possible, consider whether a propc
language feature can be provided by a library
than having it wired into the campiler
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Design Strategy

* Devise a specification, implementation, forn
semantics, and library code in parallel

¥ Each providesfdrent insights into the langua

¥ Each provides feedback to the others




Fortran 77/

SUM=0.0
DO 43 1=1,20
43 SUM=SUM+A(I)*X**|




Fortran 90

SUM=0.0

DO 1=1,20
SUM=SUM+A(1)*X**|

END DO
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Fortran 90

SUM((/ A(IY*X**1,1=1,20 /))
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Fortress
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Support for Mathematical Notation

A:Settz" = {1,2 3,4,8,13 21}
B:Settz"={2k|k" A, primek}
C:Setz"=B#{223°|a" A, b" B}
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Fortress is not a sequential language with some featiar
parallelism grafted on; rathert is designed &m the bottom up
to encourage the use of parallelism wdwar possible and

appropriate.
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A Parallel Computation

(T (x), 9(x), h(x))
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A:Setl Z"
B:SetZ"
C:Setl Z"

Parallel Loops

{1,2,3,4,8,13 21}
[2k|k" A, primek}
B#{223"|a" A/b" B}
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Parallel Loops

for k" A, primek do
reault += 2K
end
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Parallel Loops

2k

K<—A
prime K
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Atomic Blocks

atomic do
hist[aij ]+=1
end
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Locality-Guided Execution

for (j,k) " A.indicesdo
Aj K -— Bj K xK
end
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Physical Units and Dimensions as Types

a: R Length/ Time? = 9.8m/ &
m: R Mass= 100kg
F:R Force= ma
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Type Inference

a= 9.8m/ ¢
m = 100kg
F=ma
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Support for Functions and Operators

¥ Functions defined at top-level allow functior
be added to existing types

¥ Overloaded functions are resolved via multi
dynamic dispatch

¥ Lack of runtime ambiguity Is statically ensur
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Support for Functions and Operators

factorial (n) requires {n" 0O} =
If n=0then 1
else nfactorial (n# 1) end
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Support for Functions and Operators

opr (n)! requires {n" 0} =
f n=0then 1
else n(n# 1)! end
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Parallel Factorial

opr (n)! requires {n" 0O} =

11 1:n
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Trait-Based Programming

¥ In Fortress, traits are like Ointerfaces with ¢
> No fields
> Multiple inheritance

> Methods can contain definitions

ems
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trait

List end

29




trait  List
cons(brst'; Z64): List
append(rest': List): List
end
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trait List
cons(first': ZZ64): List
append(rest'’: List): List
end
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trait  List
cons(brst'; Z64): List
append(rest': List): List
end
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Objects

¥ At the leaves of the trait hierarchpjaos types
¥ Objects define fields and methods
¥ Singleton object definitige a single instar

¥ Parametric object definiti@fime constructors

ems
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trait  List

cons(Prst: Z64): List
append(rest': List): List
end

object Empty extends List

cons(Prst': Z64): List = Cons(prst’, self )

append(rest': List): List = rest’
end

object Cons(Prst: Z64, rest: List) extends List
cons(Prst': Z64): List = Cons(prst’, self )

append(rest': List): List = rest.ap
end

end(rest’).cons(prst)
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Functional Methods

¥ Method declarations can specify teatfthe
parameter occurs in an ordinary parameter

¥ Efectivelysuch methods define new top-leve
functions
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trait List
cons(Prst': Z64, self): List
append(self, rest': List): List
end

object Empty extends List
cons(Prst': Z64, self): List = Cons(prst', self)
append(self, rest’: List): List = rest

end

object Cons(prst: Z64, rest: List) extends List
cons(Prst': Z64, self): List = Cons(prst', self)
append(self, rest': List): List = cons(Prst, append(rest, rest'))
end
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trait  List
cons(brst': Z64, self ): List = Cons(Prst’, self )
append(self ,rest': List): List
end

object Empty extends List
append(self ,rest': List): List = rest
end

object Cons(brst: Z64, rest: List) extends List
append(self ,rest': List): List = cons(brst, ap
end

end(rest, rest'))
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Additional Type Constraints

¥ excludeslauses ensure that two types do nc
a subtype

¥ compriseslauses restrict the set of immedia
subtypes of a type

ems
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trait LISt excludes {Z64}
cons(Prst': Z64, self): List = Cons(prst’, self)
append(self, rest': List): List
end

object Empty extends List
aprend(self, rest': List): List = rest’
end

object Cons(prst: Z64, rest: List) extends List
append(self,rest': List): List = cons(brst, ap
end

end(rest, rest’))
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trait  List excludes {Z64} comprises { Empty, Cong
cons(prst’: Z64, self ): List = Cons(prst’, self )
append(self |, rest’: List): List
end

object Empty extends List
append(self ,rest’: List): List = rest’
end

object Cons(Prst: Z64, rest: List) extends List

append(self ,rest’: List): List = cons(Prst, ap
end

end(rest, rest’))
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Value Traits and Value Objects

¥ Avalueobjecimust not contain mutable fields

¥ Avalue tratan be extended only by other va
traits and value objects

¥ Value objects can be copied

¥ Copies are identified
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value trait List excludes {Z64} comprises { Empty, Consg}
cons(Prst': 764, self ): List = Cons(Prst', self )
append(self ,rest': List): List

end

value object Empty extends List
append(self |, rest': List): List = rest’
end
value object Cons(pPrst: 764, rest: List) extends List
append(self |, rest': List): List = cons(prst, append(rest, rest’))
end
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Generic Types

¥ Trait and object definitions (and method ar
function definitions) can be parametric

¥ Parametric instantiations are retained at rt

ems
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value trait List!T" excludes {1} comprises { Empty!T", CondT"}
cons(Prst': T, self ): List! T" = Cons(prst', self )
append(self ,rest':List!T"): List!T"

end

value object Empty!T" extends List!7T"
append(self ,rest: List!T"): List!T" = rest
end
value object CondT"(brst:T,rest: List!T") extends List!T™
append(self ,rest': List!T™): List! T" = cons(Prst, append(rest, rest'))
end
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Hidden Type Variables

¥ Type definitions can be universally quantif
respect to additional, hidden, type variable
are not type parameters

ems
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value trait List!T" excludes {1} comprises { Empty, Cond 71"}
cons(Prst': T, self ): List! 7" = Cons(prst', self )
append(self ,rest:List!T"): List! T"

end

value object Empty extends List!T" where {71 extends Object}
append(self ,rest':List!T™): List! T" = rest

end

value object CondT"(brst:T.rest: List!T") extends List!T"
append(self ,rest: List!T"): List! T" = cons(brst, append(rest, rest’))

end
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value trait List!T extends U" extends List!U" where {U extends Object}
excludes {T}
comprises {Empty, Cond T"}
cons(brst': U, self ): List!U" = Cons(prst', self )
append(self ,rest: List!U"): List!U"
end

value object Empty extends List!T" where{T extends Object}
append(self ,rest: List! T"): List! T" = rest
end

value object Cond T extends U"(brst: T,rest:List!T") extends List!U"
where {U extends Object}
append(self ,rest: List!U"): List!U" = cons(brst, append(rest, rest'))
end
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Encapsulated Upgradable Components

¥ Separate program components are decoupl
compiled agaidd®ls

¥ Components with matcARI$ can be linked, ¢
constituents can be upgraded

¥ Components provide the sharing and upgra
of dynamic linking with the robustness of st:
linking

48




Executable

: : : Fortress.|
Physical Simulation =270 S|O<':lfP

SolveSystem

MatrixSolve SparseMat
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Executable

: : : Fortress.|
Physical Simulation =270 S|O<':lfP

SolveSystem

CoolSolve SparseMat
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Domain-Specibc Languages

¥ Syntax for domain-specific languages can &
defined In libraries

¥ Programmers can write expressions in dom
specific languages, inlined with the rest of il
program

¥ These expressions are parsed and checkec
with the rest of the program
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Domain-SpecibPc Languages

S|eeCtr

alClasq(star : SourceAssenbly) = sql

SELECSEptral _classFROM

Pnish

SELECT star FROIdtars
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Fostering Community Development

¥ An eflective language needs good compilers, to
development environments, libraries, tutorials

¥ An eflective language should belong to the com

¥ An diective language shouldulby the commun
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Establishing an Open Source
Community

¥ Establish open source projects as enabling tecr
¥ Provide Initial code and participate in extension:

¥ Establish Cooperative Research agreements wi
external teams (in academia, Inadustirprofits)
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http://research.sun.com/project
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