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Motivation

The DARPA HPCS program has created the o '\pnl\ggl\_tll_a;kaimplements global array semantics in Local Benchmarks Global Benchmarks
HPCchallenge benchmark suite in an effort to q q q ' Local RandomAceess
redefine how we measure productivity in the — Global array semantics allow indexing and general * gﬁEiM:VI)(matrlx X matrix : Ifrfsgg:%'gh Performance
HPC domain element access for distributed data ply
* STREAM * PTRANS — parallel matrix
i i — COPY, SCALE, ADD, TRIAD transpose
. . ) Implementing the HPCchallenge benchmarks usin 2 0 g

MATLAB® is the primary high level language pMpatIab aIIov%s a unique oppo?tunity to explore thg * RandomAccess * RandomAccess o
used within the signal processing community; merits of pMatlab with respect to high performance * FFT * FFT Temgoral locality RandomAccess
increasingly used for embedded computing

— large system simulations

— processing data in the field
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Implement and analyze the performance
of HPCchallenge benchmarks using
pMatlab

* Four key benchmarks have significant
Software Code Size Software Code Size relevance to HPEC

\ [ CIMPI | pMatlab | Ratio | _ [ CiMPI | [Ratio| — FFT: Distributed corner turn

[sLoc[ 2509 | 72 [ 35 | [stoc| 603 | 101 | 6 | and FFTs important in multi-sensor signal

i processing
* pMatlab memory scalabilit;
zomparable to (¥[Mp| (128xy — RandomAccess: Random data accesses
on 128 CPUs) typical of “post detection” operations

. — Top500: Matrix-matrix multiplies typical of
* pM':tIab execution o multi-element beamforming
g(leMglrmance COmparabioflo — STREAM: Distributed vector operations
common to signal processing
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Optimize and add functionality to the
pMatlab toolbox
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*pMatlab memory scalability
comparable to C/MPI (128x
on 128 CPUs)

*pMatlab ti
Compare traditional C/MPI with MATLAB Rerformance comparable to

using global array semantics. CIMPI (55x on 128 CPUs)

Measurements of productivity include: ’ s 16 m o w2 epMatlab code size is 35x 2 « w2  * pMatlab code size is 6x

— Maximum problem size: Largest problem smaller than C/MPI smaller than the C/MPI
that can be solved or fit into memory implementation

— Execution performance: Run-time
performance of the benchmark

— Code size: Software lines of code (SLOC) FFT RandomAccess
required to implement the benchmark (Corner-turn) (Detection)
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Execution Performance
(GFLOPS)
Execution Performance
RandomAcces 0.5 “GUPS’

* Multiple implementations
— C/Fortran, C/Fortran+MPI, MATLAB, pMatlab
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pMatlab Software Architecture Top500 Results STREAM Results Benchmark Results Summary
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. v 0O Vv g«:;. ) " polpife Algorithm * Memory scalability comparable to C/MPI
Application mf—. L Joutou] - Copy: A AT =5 on nearly all of HPCchallenge (for 128

CPUs). Allows MATLAB users to work on
User o much larger problems.
Parallel Library Layer (pMalab) Interface .‘ I Sy
* substitution
to solve for x
Software Code Size

Librar: A
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[Messaging (MatiabMPI)[_Math (MATLAB) | I[N GlaE=1o-
Parallel [ Sa— - [ [ CIMPI | pMatlab | Ratio |
Hardware sz [sLoc| 15,561.\ 235 | 66 |
* pMatlab maximum problem
size scales 86x on 128 CPUs
— * pMatlab execution
— S performance scales 3x
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— Removing index calculation
overhead will significantly improve

pMatlab
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128 pdd: A @I =8 [T + c [N

Triad: A [FIET5] = B [T + ¢ w15 ¢ Execution performance comparable to

C/MPI on nearly all of HPCchallenge (for
Code Size 128 CPUs). Allows MATLAB users run

I [ CIMPI | [Ratio | their programs much faster.
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*pMatlab memory scalability ¢ Code size much smaller. Allows MATLAB

25« comparable to C/MPI (128x users to write programs much faster than

on 128 CPUs) C/MPI
*pMatlab execution
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« Can build a parallel library « Can build applications
with a few messaging with a few parallel
pri ives structures and functions
« MatlabMPI provid i « pMatlab provides
messaging capability: Fara:l_el arrays and performance comparable to * pMatlab allows MATLAB users to
ot g 2 e we  * pMatlab code size is 66x @ om C/MPI (128x on 128 CPUs) effectively exploit parallel computing, and
e e o ey | ¥ = meros mamys smaller than C/MPI *pMatlab code size is 8x can achieve performance comparable to

= £EL(X); implementation smaller than C/MPI
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BenChmark Platform HPCchallenge Benchmark Results: C/MPI vs. pMatlab
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ock-cyclic. Defaults to block in this will be distributed over 1 processor while incoln Laboratory ) L
case.  Block Cyclic ) @ columns will be distributed over 2 processors. gabit Ethernet LLGRID Size Performance pMatlab ratio
[T g ‘Specifies which processors to distribute the +80 Node dual 2.8 & 3.06 GHz Random Access | Comparable (128x) Comparable 6x
Block-cyclic matrix over. In this case, processors 0 and 1. — e Cluster i fontotie
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66x

Switch
‘mapA and mapB are used to create distributed = : :GB;:A(;gmhen;o;x per node
Assignment of A onto B results ina A = rand(m,n, mapA); matrices A and B with the following resulting To wo ard drives per Comparable (128x) Comparable (55x) 35x
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