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High-level Parallel Programming
[ le]

Parallel Programming: Past and Future

Characteristics of parallel programming in thest:
@ on dedicatedsupercomputers

©

architecture-dependent
low-level control of the code
done by specialist programmers

6 6 ©

mainly numerical computation
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Parallel Programming: Past and Future

Characteristics of parallel programming in ttieture :
@ on o -the-shelf hardware such aswulti-core machines
@ architecture-independent
@ high-level control of the code
@ done by domain experts
o all areas of computing, especially symbolic computation
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Parallel Programming: Past and Future

Characteristics of parallel programming in ttieture :
on o -the-shelf hardware such asulti-core machines
architecture-independent

]
]
@ high-level control of the code
@ done by domain experts

]

all areas of computing, especially symbolic computation

=) Desktop parallelism
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High-level Parallel Programming
@0000

The Next Generation of Parallel Languages

Common overriding design goal:
improve programmer productivity
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High-level Parallel Programming
@0000

The Next Generation of Parallel Languages

Common overriding design goal:
improve programmer productivity

Characteristics of X10 (IBMhttp://x10-lang.org/
@ asynchronous, anonymous threads
@ no explicit communication
@ uses partitioned global address space (virtual shared nrgjno
o dependent types to express location constraints
@ support for generic programming
e Java-like computation language
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High-level Parallel Programming
(o] Jele]e]

The Next Generation of Parallel Languages

Characteristics of Fortress (Sun)
http://projectfortress.sun.com/

o \type-safe Fortran"
@ implicit parallelism
most parallelism is delegated to libraries

©

picks up concepts from Haskell, ML, Scala
\platform-independent”

shared global address space (virtual shared memory)
algebraic constraints

object-oriented computation language

6 6 6 ¢ ¢
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High-level Parallel Programming
00e00

The Next Generation of Parallel Languages

Characteristics of Chapel (Cray)
http://chapel.cs.washington.edu/

@ \provides a higher level of expressign”
@ anonymous threads
@ program abstractions to control parallelism

@ \separation between algorithmic expression and
implementation”

@ language constructs to control data locality
@ supports object-oriented concepts and generic prograngnin
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High-level Parallel Programming
(e]e]e] o]

Developing a Parallel Program

The PCAM approach to parallelisation (Foster):
e Partitioning : divide the computation into tasks of potential
parallelism

@ Communication : identify data dependencies between the
tasks

@ Agglomeration : combine several tasks to achieve parallelism
of suitable granularity

@ Mapping: de ne where to execute the tasks
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High-level Parallel Programming
0000e

Classification of Parallel Languages

Language  Partitioning =~ Communication Agglomeration Mapgi

GpH annotations implicit annotations implicit
& implicit
Eden processes channels process implicit
abstractions abstractions
X10 asynchr, anon. explicit explicit implicit
threads wait-for-all
Fortress libraries lock-free: libraries libraries
& explicit ST™M
Chapel anonymous implicit: par. program  implicit
threads sync. vars abstractions
C/MPI forked message explicit explicit
process passing
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High-level Parallel Programming
[ ]

GpH in a Nutshell

Goal of the language design:
Control parallel execution of a program with only minimald=
changes ¥ low-pain parallelism.
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High-level Parallel Programming
[ ]

GpH in a Nutshell
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GpH in a Nutshell
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High-level Parallel Programming
[ ]

GpH in a Nutshell

Goal of the language design:

Control parallel execution of a program with only minimald=
changes ¥ low-pain parallelism.

GpH extends Haskell with 2nnotations: par, seq.

X ‘par’ e means\evaluate x in parallel toe"

X ‘seq’ e means\rst evaluate x, then evaluatee"

Xs ‘using’ parList rnf
means\evaluate all elements of the lists in parallel"
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Case study: LinSolv

Case study: a linear system solver

Given: A2 Z" ""p2Z"n2 N
Find: x2 Z",st. Ax=Db

Method: multiple homomorphic images:

@ map the input data into several homomorphic images,
® compute the solution in each of these images, and

® combine the results of all images to a result in the original
domain.
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Case study: LinSolv

Structure of the parallelism

a b
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Case study: LinSolv

Sequential GpH Code

linSolvab =
let
{- Step1: forward mapping -}

{ Step2: Computation of solutions in Z/p -}

xList = map get_homSol primes -- Infinite list of hom. solutions of a*x=b in Z_p
get_homSolp =
let { b0 =toHom p b; a0 = toHom p a; modDet = toHom p (determinant a0) ;

pmx = let {lua=Iupa0; (lLu) =split_lu p lua;
y = fwd_subst p | bO;
x =bwd_substpuy}
in x}
in p: modDet: pmx

{- Step3: lifting via list-based CRA -}

primeList = projection 0 xList -- primes (bases for the hom ims)
detList = projection 1 xList -- dets in all hom ims

det =snd (list_cra pBound primeList detList detList)

x_ii  =snd (list_cra pBound primeList x_i_List detList)

where x_i_List = projection (i+2) xList
-- overall solution:
X = vector (map x_i [0..n-1])
in
X ‘using” strat
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Case study: LinSolv

Improved Parallel Strategy

Improved parallelism over the homomorphic images:

strat =
\res ->
rmf noOfPrimes ‘seq”
parListN  noOfPrimes par_sol_strat xList “par’
parList  rnf Xx
where par_sol_strat :: Strategy [Integer]
par_sol_strat =\ (p:modDet:pmx) -> mf modDet ‘seq”
if modDet /=0
then parList  rnf pmx
else ()
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Case study: LinSolv

on a 16 Processor Network
LinSolv: Speedups

Speedups

Speedup

O L L
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Processors

Hans-Wolfgang Loidl High-level Parallel Programming in Glasgow Parallel Haske ||




Tuning Parallelism

Tuning Parallelism in GpH

Most of the behavioural aspects of the execution amlicit :
@ synchronisation,
@ communication,
@ task placement.
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Tuning Parallelism

Tuning Parallelism in GpH

Most of the behavioural aspects of the execution amlicit :
@ synchronisation,
@ communication,
@ task placement.

But we want to improve the parallel performance by

@ combining the execution of related tasks to improve
granularity

@ minimisedata-dependencies to avoid sequential bottlenecks
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Case study: sumEuler
[ le]

Specification of the Euler Totient Function

Given: n2 N
Find: L, ' (i), where' (i))=jfm2N j m<i m?igj
(i.e. the number of values relative prime 19
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Case study: sumEuler
o] ]

Sequential Version

euler :lInt->Int
euler n = length (filter (relprime n) [1..(n-1)])

sumEuler ::Int-> Int
sumEuler = sum . map euler . mkList
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Case study: sumEuler
[ ]

Tuning Parallelism: Granularity Control

Idea: Group several list elements intdusters to increase the
granularity of computations.
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Case study: sumEuler
[ ]

Tuning Parallelism: Granularity Control

Idea: Group several list elements intdusters to increase the
granularity of computations.

Thread 1 Thread 2
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Case study: sumEuler
[ ]

Tuning Parallelism: Granularity Control

Idea: Group several list elements intdusters to increase the
granularity of computations.

sumEuler ::Int->Int-> Int
sumEuler z n = sum ( map euler (mkList n)
‘using’
parListChunk z rnf )
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Case study: sumEuler
[ ]

Tuning Parallelism: Granularity Control

Idea: Group several list elements intdusters to increase the
granularity of computations.

sumEuler ::Int->Int-> Int
sumEuler z n = sum ( map euler (mkList n)
‘using’
parListChunk z rnf )

Good News: The sequential code is unmodi ed.
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Case study: sumEuler
[ ]

Tuning Parallelism: Granularity Control

Idea: Group several list elements intdusters to increase the
granularity of computations.

sumEuler ::Int->Int-> Int
sumEuler z n = sum ( map euler (mkList n)
‘using’
parListChunk z rnf )

Good News: The sequential code is unmodi ed.

Bad News: Parallel performance is poor due to the sequential
sum operation.

Hans-Wolfgang Loidl High-level Parallel Programming in Glasgow Parallel Haske ||



Case study: sumEuler
[ Jelelele]

Tuning Par: Minimise Data-dependencies

We de ne generic clustering on a range of data-types as follows:

class (MMonad c) => Cluster ¢ where
singleton tca->c(ca)
cluster cint->ca->c(ca)
decluster tc(ca)->ca
lift t(ca->b)->(c(ca)->ch)

singleton = munit
decluster = mjoin
lift =mmap
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Case study: sumEuler
[ Jelelele]

Tuning Par: Minimise Data-dependencies

We de ne generic clustering on a range of data-types as follows:

class (MMonad c) => Cluster ¢ where
singleton tca->c(ca)
cluster cint->ca->c(ca)
decluster tc(ca)->ca
lift t(ca->b)->(c(ca)->ch)

singleton = munit
decluster = mjoin
lift =mmap

This builds on the existing monad class:

class MMonad m  where

munit ra->ma
mjoin tm(ma)->ma
mmap t(@->b)->(ma->mb)
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Case study: sumEuler
[o] le]ele]

Basic Identities

Since we build on the monad class we get some identities & fr

lift F g) = (liftf) (liftg) (Mii)

From the Haskell prelude we haveum= fold (+) O.

For an algebramalg we have identities like this

malg mmap malg = malg mjoin (All)
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Case study: sumEuler
[e]e] lele]

Basic Identities

If f is an algebra homomorphism then

f = decluster |liftf cluster n  (lift)

fo (%@ L& (c b)

cluster n decluster
ca It b
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Case study: sumEuler
[e]e]e] le]

Deriving a generic clustering version

With these identities we can derive an improved parallelsicn:

sumEuler
= sum map euler (unfold)
= sum decluster lift (map euley cluster z (lift)
= sum lift (sum) lift (map euley  cluster z (All)
= sum lift (sum map euley cluster z (Mii)
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Case study: sumEuler
[e]e]e]e] )

Generic Clustering Version

The parallel generic clustering version is:

sumEuler ::Int->Int-> Int
sumEuler z n = sum ((lift worker) (cluster z (mkList n))
‘using”  parList  rnf )
where worker = sum . map euler
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Case study: sumEuler

Performance Results

Speedup of sumEuler
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generic clustering -
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no clustering ——
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Summary

Performance tuning in GpH
@ is based on a model dfigh-level parallelism

@ separates control from computation through non-intrusive
evaluation strategies

@ allows forgeneric control of granularity
@ allows for formalprogram transformations
@ allows forcode reuse and transformation reuse
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Summary
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