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Purpose

“If you only know how to use a hammer,
everything looks like a nail” — author unknown

* This lecture is to show you there are other tools
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Gfx10 intel10
256 core, 32 node graphics cluster installed in 1504 core, 188 node cluster.installed
2010. Each graphics node ncontains two nVidia in 2010. Each node contains eight

Tesla M1060 GPGPU accelerators with 240 GPU 2.4 GHz Intel Xeon cores, 24 GB of
cores and 4GB GPU Ram each, eight RAM, and 250 GB of
2.4 GHz Intel Xeon cores, 18 GB local disk.
purchasedin  of RAM, and 250 GB of local
hard disk.

amd09
144 core, 5 node cluster installed in 2009.
Four contain 32 2,7 GHz AMD Opteron cores,
256 GB RAM, and 292 GB of local disk and
one 16 2.8 GHz AMB Opteron cores and

128 GB of RAM.

intel11
Mixed 512GB - 2TB RAM nodes
with 32--64 core 2.66 GHZ Xeon

E7-8837 processors.

|
ICER

re, 128 node cluster installed in 2007.
de contains eight 2.3 GHz Intel Xeon
B of RAM, and 250 GB of local disk.

1CER

e for Cyber Enabled

iCER) at Michigan State

(MSU) was established to

e and support multidisciplinary
or computation and

ional sciences. The Center's goal
nce MSU's national and

nal presence and competitive
sciplines and research thrusts

n advanced computing.
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. . []
fic Programming
[l
Inputs (Data) u
Computation -
[l
Outputs (Results)
[l
[]
Thread Jobs
[l
One CPU can only m
run one thing at a
time. (sort of) o
[l
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. Example: Boundary simulations

1. Divide a 2D or 3D simulation
space into a grid of cells

2. Define information that is
transferred at the boundary of
the cells

3. Simulate the dynamics of the
cell during a time interval

4. Repeat steps 2 and 3

Image Provided by Dr. Mantha Phanikumar, MSU

(I

. Boundary Simulations

* Fluid dynamics

* Finite element analysis
* Molecular dynamics

* Weather

BREtC.

ENZO Simulation, Drs. O’Shea and Smith

» System of PDE (Partial Differential equations)

* Mathematically equivalent to inverse of a
matrix

1]
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t data file

features,
h or filter
in some way

ut Results

mages from, “Understanding the H, Emission from the Crab Nebula”, I‘
.T. Richardson, J.A. Baldwin, G.J. Ferland, E.D. Loh, Charles A. Huehn, A.C. Fabian, P.Salomé [}
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Commodity Cluster

Most computers at HPCC fall into this
category:

— Racks of commodity Nodes

— Connected with network

— Uses a scheduler to run jobs.

Processors /
Sockets

Chassis

High Speed Network

3/20/13
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dev-gfx11-4x
gsub
dev-gfx11
qsub
o)

dev-intel10
qsub

déV<g!x1 0
b
qsul
dev-amd09
qsub

dev-intel09

sub
_dsub

dev-gfx08

qsub
dev-intel07

gsub

dev-amd05

intel11

intel10

» |.|

/mnt/scratch/

amd05

samba

Key

files.hpcc.msu.edu

/mnt/home/

. Simple Job Array

#!/bin/bash -login
#PBS -1 walltime=00:05:00,mem=2gb
#PBS -1 nodes=1:ppn=1, feature=gbe

#PBS -t 1-200

cd ${PBS_O_WORKDIR}

./myprogram ${PBS ARRAYID}.in > ${PBS ARRAYID}.out

gstat —-f ${PBS_JOBID}

3/20/13
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Nachie 252681

Machine (24GB)

| NUMANGode #0 (12GB)

Socket #0

| L3 £0 (12MB)

| L2 #0 (256KB) || L2 #1 (256KB) || L2 #£2 (256KB)

|| L2 #3 (2565KB) |

L1 #0 (32KB) | | L1 #1 (32KB) | | L1#2 (32KB)

[| o

#3 (32KB) |

| NUMANode #1 (12GB)

Socket #1

| L3 #1 (12MB)

| L2 #4 (256KB) Il L2 #5 (256KB) || L2 #6 (256KB)

|I L2 #7 (256KB) |

L1 #4 (32KB) | | L1 #5(32KB) | | L1 #6 (32KB)

| | L1#7 (32KB) |

PU #14

PU #15
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. OpenMP is easy

for (i=0;i<100;++i) {

A(I) = A(I) + B

MICHIGAN STATE
UUUUUUUUUU

£

. Compile OpenMP Jobs

* Use compiler option openmpi.
—fopenmp
e Example:

gcc —fopenmp mycode.cc —o mycode

MICHIGAN STATE
UUUUUUUUUU

£
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. Running OpenMP code

export OMP NUM THREADS=2

. /myCode

=

. Network parallelization

* Message Passing Interface (MPI)

» C/FORTRAN library that allows programs
to pass “messages” between computers
over the internet.

* Generally requires a high speed network
such as 10gigE or Infiniband

£
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. MPI program (1 of 4)

/* Needed for printf'ing */
#include <stdio.h>
#include <stdlib.h>

/* Max number of nodes to test */
#define max nodes 264

/* Largest hostname string hostnames */
#define str length 50

3

. MPI program (2 of 4)

int main(int argc, char **argv)
{
/* Declare variables */
int proc, rank, size, namelen;
int ids[max_nodes] ;
char hostname[str length] [max nodes];

char p name[str_ length];

3/20/13
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. MPI program (3 of 4)

if (rank==0) {
printf (" : %s
$d of %d\n",p_pame, rank+l, size);
for (proc=1;proc<size;proc++) ({
(&hostname[0] [proc], \\
str_length,MPI_INT,proc, \\
1,MPI_COMM WORLD, &status) ;
(&ids[proc], \\
str_length,MPI INT,proc, \\
2,MPI_COMM WORLD, &status) ;
printf (" : %-20s
%d\n" , ghostname[0] [proc], ids[proc]+l, size);

%$d of

} else { // NOT Rank 0

srand (rank) ;

int t = rand()%10+1;

sleep(t);
(&p_name,str_ length, \\
MPI_INT,0,1,MPI_COMM WORLD) ;
(&rank,str length, \\
MPI_INT,0,2,MPI_COMM WORLD) ;

return(0) ;

3/20/13
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PU working together

Thread Execution Control Unit

Device Memory

(I
[l
on the GPU
[l
on the CPU
GPU (slow-ish) N
reads on GPU (very fast)
back to CPU (slow-ish) N
of clever ways to fully N
GPU and CPU.
[l
iz
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. Pros and Cons

* Benefits * Drawbacks

— Lots of processing cores. — Can be difficult to

— Works with the CPU as a program.
Co-processor — Memory Transfers

— Very fast local memory between GPU and CPU
bandwidth are costly (time).

— Large online community — Cores typically run the
of developers same code.

— Errors are not detected
(on older cards)
— Double precision

calculations are slow (On
older cards)

I

#include <iostream>
using namespace std;

void printGrid(float an_array[16][16]) {
for (int i = 0; i < 16; i++){

for (int j = 0; j < 16; j++) {
cout << an_array[i] []];

}
cout << endl;

27



. CUDA program (2 of 5)

void (float * our_ array)

// This is array flattening,
// (Array Width * Y Index + X Index)

our_array[ (gridDim.x * blockDim.x) * \\
(blockIdx.y * blockDim.y + threadIdx.y) + \\
= \\

(blockIdx.x * blockDim.x + threadIdx.x)]

= 5;

int main()

{

for (int 1 = 0; i < 16; i++) {
for (int j = 0; j < 16; j++) {

14
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. CUDA program (4 of 5)

float * our_array d;
int size = sizeof (float) *256;

cudaMalloc((void **) &our array d, size);

cudaMemcpy (our_array d, our_array, size,

cudaMemcpyHostToDevice) ;

. CUDA program (5 of 5)

dim3 blockSize(8,8,1);
dim3 gridSize(2,2,1);

<<<gridSize, blockSize>>>(our_array d);

printGrid(our_array) ;
cudaMemcpy (our_array, our_array d, size, \\

cudaMemcpyDeviceToHost) ;
cout << " " << endl;
printGrid(our_array) ;

29



n CPU and GPU
tium | cores
han GPU

e than GPU

[l
e CUDA Jobs
[l
Pl, to compile an cuda
u need to use the cuda O
rappers:
PP - o
le.cu -o simple_cuda
[l
[l
iz
) [l
eon Phi
[l

3/20/13

30



3/20/13

proach is the best? -
[l
t you are doing? [l
much communication [
]
t hardware you have. O
much time you have. i
[l
]
[l
]
]
st O
[l
» Communication B
* Scaling H
* Accelerator Cards N
]
]
[l
]
[l
]

31



3/20/13

ICER

32



