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« Hard to efficiently
program

low level programming model MPI, OpenMP

« Performance depends on

Application. data size, comm/comp pattern

Architecture. CPU, bandwidth, ...
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» High performance
« Easy to manipulate
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- Programming Model

- Cost model
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- Set of Processors
- Point to point communication
- Synchronization

« Experimental Parameters

P: Number of processors
r. CPU speed (FLOPS)

g: Communication speed (sec/byte)

L: Synchronization time (sec)
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T =) 0

O0=W_max+maxh.g+L
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 Notion of Parallel vector

* Functional programming support

Boost.Phoenix and C++ lambda-function
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Y . Explicit synchronization, MPI or OpenMP barrier

* proj . result_of::proj<T> proj (par<T> &)

* put: result_of:: put<function<T(int)> > put (par<function<T(int)> >& )

Orléans K. Hamidouche DI, L, 2000
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# include<bsppp/bsppp.hpp>
int main (int argc, char** argv)

{

BSP SECTION(argc, argv)

{
par<vector<double> > v;
par< double > r;
// step 1 : perform local inner-product
*r=std::inner_product( v->begin(), v->end(), v->begin(), 0.);
// the global exchange
result of::proj<double> exch = proj (r);
// step 2 : accumulate the partial results
*r= std::accumulate (exch.begin(), exch.end() );
sync ();

}
}
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Hybrid programming support

Objection of BSP is the of

(dominant for parallel machines)

Table. Variation of L (in ms) and g (in second per M b) on
A 4x4 cores machine (AMD machine)

MPI OpenMP
4 8 16 4 8 16
0.087 | 0.22 | 1.69 | 0.025 | 0.069 | 0.68
4.46 | 20.8 294 | 8.13

of OpenMP: synchronization is up to & times faster

machines with

the hybrid BSP machine into
different values of L and
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double omp_inner_prod (vector<double> const& in, int argc, char ** argv )
{
double value;
BSP_SECTION(argc, argv)
{
par<vector<double> > v= split (in);
par<double> r,
*r = std::inner_product(v->begin(), v->end(), v->begin(), 0.);
result_of::proj exch = proj(r);
value = std::accumulate (exch.begin(), exch.end());

}

return value;

}

BSP_SECTION(argc, argv)
{ par<vector<double>>  data;
par<double> result;
*result= omp_inner_prod (*data, argc,argv);
result_of::proj<double> exch= proj(result);
*result= std::accumulate (exch.begin(), exch.end() );
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* gccd.3, OpenMP 2.0 and OpenMPI 1.3 5450

2- CLUSTER machine: | . = &7™ o
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2- BSP++: MPI vs OpenMP:

* AMD machine

* Inprod, Matrix-vector Multiplication GIMV, Matrix-matrix Multiplication
GMM and Text Count function of the google MAP reduce Algorithm
Benchmarks

3- BSP++: MPI vs Hybrid:

* Cluster machine
* Same benchmarks
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< Same performances

< No overhead of the generic template implementation
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InProd
MPI vs OMP
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MAP
MPI vs OMP
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InProd
MPI vs Hybrid
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GMV
MPI vs Hybrid
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MAP
MPI vs Hybrid
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» Simplify the design of Hybrid MPI+OpenMP codes

* Using the same code

» Support a large number of practical development idioms
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% Select the best configuration (number of MPI process and
number of OpenMP) for each step

s Generate the corresponding code using the BSP++ library

Orléans K. Hamidouche DIEE, 18, 2010



XML file

Farallel Algorithm

Code generation

Graph & Dijkstra

System Prodile

N

List of sequentil
function

e

Benchmarks & sphinx

BEP++ Library

Analyser
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Clang: generates the byte-code for the user function

LLVM: New pass in the compiler to count the number of cycles
in the byte-code

d Communication time : estimate the value of g and L for MP| and OpenMP

Using runtime benchmarks: probe-benchmark and Sphinx tool
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<% Generator : generates the corresponding code for each configuration

in the shortest path by using the BSP++ library
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Hybrid MP1+OpenMP+GPU

*» BSP based containers and algorithms:
Write a subset of C++ standard library as BSP algorithm

Orléans K. Hamidouche DI, L, 2000
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