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The Analogy In Pictures — Dirills

Here is a very simple hand drill...
Easy to use, very portable
Hard to hurt yourself
Will get the job done, but not fast

© 2009, Interactive Supercomputing, Inc. and its licensors. All rights reserved. sl.'\qclaétlmﬁlﬁuﬁng



Which Drill is Right?

An eIeCtriC hand d”” (this one from my grandfather’s hardware store, ear |y 1950’s)
Faster and not hard to learn
But you can hurt yourself and it has a power cord
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If you have some serious drilling to do....

Where do | put the bit?
Training is required
Lots of setup per job

FYI, here are the
specs, but what do

they mean? -g_g”m —
Carlton Radial Drill 4'11" . et |
(1) Used 4' 11" Carlton R4 i A : IS

S/N 1A2916 13 e o
Three Way Base (48" X 4
Spindle Taper #4
Spindle Speeds 80 to 2,0(
Spindle Travel 10"
Spindle Feeds (6) .004, .0
Column to Spindle Max 4§
Power Clamping
Spindle Motor 5 H.P. 3/60
Coolant in Base
Box Table

Can be tested under powse

=
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Which is the right tool for the scientist?

Excel

Basic

MATLAB®
Python, R, Ruby

FORTRAN
C/C++
(with libraries)

But walit, there’s
another kind of drill
now used by plenty
of professionals...
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No Contractor Is Complete Without

Cordless electric (or pneumatic) drills
Portable
Easy to use
More $s than simple hand or electric drills

Some overhead in provisioning charged
batteries or compressed air

Usually represents a compromise

Star-P®, MATLAB® PCT/DCS,
REvolution R, Parallel Python

Ease of use of desktop tools

Deliver performance approaching that of more
complete (difficult to learn / use) methods
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What we are about...

Interactive Supercomputing makes a product,

Star-P®, which allows domain experts to
easlily solve bigger problems, faster.
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Domain Experts Improve Our Lives — For Example;

Biologist “Let’s cure cancer.” Intelligence “I find the small
subset of people planning terror.”

Engineer “We can generate
renewable energy.”

Climatologist “Whatis Financial Analyst “There are
happening to our climate? better ways to measure risk!”

'l#t

Engineer “We can design
more efficient vehicles.”

INTERACTIVE
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Domain Experts are NOT Computer Scientists

A PhD biologist is not a PhD computer scientist

Because of this, the vast majority of technical com puting
still happens on single desktop PC, even though the cost of
servers and supercomputers has been dropping stead ily.

Supercomputer

~4 million domain
experts are stuck

in this box... Small Server
Cluster

Desktop PC

Lo % & '( # !
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Star-P® allows domain experts to use their
familiar desktop environment while computing
on high performance systems

Departmental
Cluster

Pt
\

Corporate
Resource

User

Result: Bigger problems solved faster



Technical Computing Survey
335 Respondents, ~75% Are Technical

Roughly 60% use high level tools (Python, MATLAB®,
Excel) and 40% use lower level tools
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More Results

See all the results at;
http://blog.interactivesupercomputing.com/2009/07/0 7//survey-says/

© 2009, Interactive Supercomputing, Inc. and its licensors. All rights reserved.



GPU Surve%/
~50 Subjects

© 2009, Interactive Supercomputing, Inc. and its licensors. All rights reserved.



© 2009, Interactive Supercomputing, Inc. and its licensors. All rights reserved.



An Interesting Answer...

8. Anything else you'd like to tell us about or ask  ?

My answers are an approximate mapping of the
complexities of the real situation to the
preconceptions of the questionnaire. The actual
situation doesn't fit those preconceptions.
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Recent GPU Application Speed-Up

Application is radio frequency tomography
Paper has been accepted to HPEC 09

32 Node System

Original application written in M language with MAT LAB®
1. Algorithm is developed in the M language using MATLAB®
2. Compute kernel was migrated to CUDA to run on a GPU
3. Star-P® is used to add parallelism across GPUs
4. CUDA routines are called directly by Star-P.

» Each node has 2 x86
[ I I processors and 2 GPUs

Single task performance increase fifty times

Aggregate performance increased nearly  seven hundred times

Star-P Distributes Data and Tasks and

Schedules Execution
cuba LuULA wULA CUDA A
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Star-P Moves Work From Desktop to Server

Goal is to remove bottlenecks related to;
Insufficient compute cycles
Lack of memory
Lack of I/O Bandwidth
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Task-parallel computation

Use Star-P function “ppeval”

Ppeval splits data over compute
nodes

Performs operations in parallel
Combines the results

Think about processing brain
scan layers

Send layers to separate compute
nodes.

Process each layer independently
Combine the results

Advantage: Speed evaluation of
repetitive tasks. Unroll for loops.
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Data Parallel Computation

Use Star-P’s *p construct
Global parallelism
Variables become parallel
Propagation occurs
Results are parallel
Functions performed on parallel data

A =rand(4000 *p,4000 *p);
X =randn(4000 *p, 1),
y = zeros(size(x));
while norm(x-y) / norm(x) > le-11
y=2Xx
X = A*X;
X = X / norm(x);
end;

© 2009, Interactive Supercomputing, Inc. and its licensors. All rights reserved.




The Same “Algorithm” in C with MPI
Courtesy of Prof John Gilbert at UCSB

#include <stdio.h> count = 0;
#include <stdlib.h> while (fabs(norm-norm_old) > TOL) {
#include <math.h> count++;
#include "mpi.h" o o norm_old = norm; .
ﬁd&ﬂg? )A(I § (1.0/((1.0%(i)+()))*(1.0%(i)+(j)+1 )12 for (i=0; i<num_components; i++)
void errorEX|t<v0|d localli] = 0;
double norma |ze(c)iouble* X, int mat_size); y- U
int main(int argc, char **argv) or (i=0; iknum_components &&
{ (i+num_components*rank)<mat_size; i++)
int num_procs;
int ran for (j=mat_size-1; j>=0; j--)
int mat_. 'size = 64000;

int num_components; y_local[i] += A(i+rank*num_components,j) * x[j];
double *x = NULL; if QO = mat_size % num_procs)
num_components = ma size/num _procs; }
elSe num_components = (mat_size/num_procs + 1); If (MPI_SUCCESS != MPI_Al ather(y local,
mat_size = num_components™ num_ procs; num_components, MPI UgB
maII (gz__) rank) printf(*Matrix Size = %d\n", EnU{'n components, MPI_ DOUBLE MPI_COMM_WORLD))
errorexi
if (0 == rank) rlntf("Num Components = %d\n", norm = norngue(x mat_size);
num_componen
|f(0 rank) prlntf( Num Processes = %d\n", If (0 == rank)
num
(dou le*) malloc(mat_size * S|zeof(doublez) printf("result = %16.15e\n", norm);
y Jocal = (double*) malloc(num_components
S|zeofgdoubl )); ree(x);
if ((NULL ==X) || (NULL ==y _local)) free(y_local);
MPI_Finalize();
free(y_local exit
errozr%qt() ) } ©) o
void errorExit(void)
If (0 ==rank)
) . ) ) |nt rank
for (i=0; i<mat_size; i++) |_Comm_rank(MPI_COMM_WORLD,&rank):;
} R/Irmff %d d|ed\n" ,rank);
X[i] = rand(); inalize()
norm = normahzedx ,mat_size); doub{1 normallze(double* X, int mat_size)
double *y local
double norm_old = 1; inti;
double norm™= 0; double norm = 0;
intij; for (i=mat_size-1; i>=0; i--)
int count; {
if (MPI_SUCCESS != MPI _Init(&argc, &argv)) exit(1); norm += x[i] * x[i];
if (MPI_SUCCESS !=
MPI _Comm S|zegMPI ‘COMM _WORLD,&num_procs)) errorExit 0; norm = sqrt(norm);
if (MPI_SUCTCE for (i=0; i<mat_size; i++)
MPI_Bcast(x, mat_size, MPI_DOUBLE, 0, {
MPI_COMM_WOR D)) errorEX|t() X[i] /= norm;

i ) ) o _ return norm;
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More Benchmarks

64 Nodes
2 Processors / Node
4 cores / Processor

=512 cores
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HPL Performance

100%
Performance of dense linear system in double precision arithmetic of
various size random matrix
75%
. Over 2.7 TFLOPS
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FFT2 Benchmark

Process 32K -1024x1024
Images in less than 50 seconds
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Summary

Big problems can be solved with accelerated desktop tools
Fast development time
Easy to modify
Additional performance available through libraries or section rewrites

Delivered performance will likely be lower than wit ~ h C/C++,
FORTRAN + MPI

Only the user knows which is more valuable
The last 20 or 30% of performance
Or the development time and flexibility retained

Thank Youl!

drich at interactivesupercomputing dot com
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