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Analyze the serial version of the code

do j=1,N
do i=1,N

do k=1,N
p(i,j) = p(i,j) + v1(i,k)* v2(k,j)

enddo
enddo

enddo





Profiling Tools at HPC2N

• Intel Vtune, Intel Inspector

• SCALASCA, Score-P, Cube

• Extrae/Paraver

• Allinea DDT

J. Eriksson, P. Ojeda, T. Ponweiser, T. Steinreicher (2017)



OpenMP

Credits: JCTC, 13, 3525 (2017)



Brief history

• OpenMP was introduced in 1996

• Version 3.0 offered support for tasking 

• Version 4.0 started to work with offloads

• Version 4.5-5.0 better support for tasking, for instance taskloop, 
task_reduction



Processes communication

𝑇𝑝 =
𝑇𝑠
𝑃
+ 𝑇𝑐𝑜𝑚𝑚



OpenMP directives





Loop-level parallelism



Task-level parallelism

Credits: JCTC, 13, 3525 (2017)



Thread synchronization

Barriers are expensive! 



SIMD instructions

SSE

128 bit

AVX

256 bit

AVX-512

128 bit

float sum = 0.0f
#pragma omp for simd
reduction(+:sum)

for (int k=0; k<n; k++)
sum += a[k] * b[k];

Very useful for KNL processors. Functions can be vectorized as well.
Check if your compiler is vectorising important loops (-qopt-report=5)



Matrix-matrix multiplication

do j=1,N
do i=1,N

do k=1,N
p(i,j) = p(i,j) + v1(i,k)* v2(k,j)

enddo
enddo

enddo

!$omp parallel do private(i,j,k) shared(p,v1,v2) collapse(2)
do j=1,N

do i=1,N
s=0.0d0
do k=1,N

s = s + v1(i,k)* v2(k,j)
enddo
p(i,j) = s

enddo
enddo

!$omp end parallel do

gfortran -O3 -fopenmp -ffast-math







How to specify the number of threads

•pragma omp parallel num_threads(N)

•omp_set_num_threads(N)      [function]

•export  OMP_NUM_THREADS=N   [env. var.]



OpenMP code is not scaling?

• Loops are not sufficiently large

• Inner loops not being vectorized

• Outermost loops are better suited for parallelization

• Maybe a task-based approached is needed

• Couple multiple parallel regions into a single one

• False sharing



False sharing

#pragma omp parallel num_threads(NUM_THREADS)
{
int thread = omp_get_thread_num();
D[thread][0] = 0;
#pragma omp for schedule(static)
for (i=0; i<=n; i++)

D[thread][0] += i%10;
#pragma omp atomic
sum+=D[thread][0];
}

#pragma omp parallel num_threads(NUM_THREADS)
{
int thread = omp_get_thread_num();
D[thread] = 0;
#pragma omp for schedule(static)
for (i=0; i<=n; i++)

D[thread] += i%10;
#pragma omp atomic
sum+=D[thread];
}



www.openmp.org/specifications/



OpenMP+Accelerators



Accelerators

GPU showing the independent units  
Streaming Multiprocessors (SM).

KNL, composed of several Tiles 

Single tile



KNL

Credits: PRACE Best practice KNL (2017)

#SBATCH --constraint=a2a,cache

#SBATCH --gres=hbm:4G



KNL Thread affinity

There are physical 68 cores 
with 4 hyperthreads on each.

Hello from rank 0, thread 0, on b-cn1209.hpc2n.umu.se. (core affinity = 0)
Hello from rank 0, thread 1, on b-cn1209.hpc2n.umu.se. (core affinity = 0)
Hello from rank 0, thread 2, on b-cn1209.hpc2n.umu.se. (core affinity = 0)
Hello from rank 0, thread 3, on b-cn1209.hpc2n.umu.se. (core affinity = 0)
Hello from rank 1, thread 0, on b-cn1209.hpc2n.umu.se. (core affinity = 
1,69,137,205)
Hello from rank 1, thread 1, on b-cn1209.hpc2n.umu.se. (core affinity = 
1,69,137,205)
Hello from rank 1, thread 2, on b-cn1209.hpc2n.umu.se. (core affinity = 
1,69,137,205)
Hello from rank 1, thread 3, on b-cn1209.hpc2n.umu.se. (core affinity = 
1,69,137,205)



KNL Thread affinity

Bind the threads by using OpenMP env. var.
export OMP_NUM_THREADS=4
export OMP_PROC_BIND=spread
export OMP_PLACES=cores

srun -n 68 -c 4 --cpu_bind=cores a_knl.out

Alternatively, use Intel var.

There are physical 68 cores 
with 4 hyperthreads on each.



KNL Thread affinity

#export OMP_PROC_BIND=spread, close, etc.
#export OMP_PLACES=threads, cores, etc.
export OMP_NUM_THREADS=4
srun -n 16 -c 4 --cpu_bind=cores ./xthi

Hello from rank 0, thread 0, on b-cn1209.hpc2n.umu.se. (core affinity = 0)
Hello from rank 0, thread 1, on b-cn1209.hpc2n.umu.se. (core affinity = 68)
Hello from rank 0, thread 2, on b-cn1209.hpc2n.umu.se. (core affinity = 136)
Hello from rank 0, thread 3, on b-cn1209.hpc2n.umu.se. (core affinity = 204)
Hello from rank 1, thread 0, on b-cn1209.hpc2n.umu.se. (core affinity = 1)
Hello from rank 1, thread 1, on b-cn1209.hpc2n.umu.se. (core affinity = 69)
Hello from rank 1, thread 2, on b-cn1209.hpc2n.umu.se. (core affinity = 137)
Hello from rank 1, thread 3, on b-cn1209.hpc2n.umu.se. (core affinity = 205)



Intel Xeon Phi Coprocessor vs. GPU

JCTC, 10, 908 (2014)



OpenMP Offloads

• Starting from version 4.0 OpenMP offers support for offloading tasks 
to accelerators



OpenMP Offloads

• C/C++         #pragma omp target 

• Fortran       !$omp target  

• Team concept (useful for GPUs):

Team 0

Thread0 Thread2 …

Team 2

Thread0 Thread2 …

Team 1

Thread0 Thread2 …



Compiling code

• OpenMP offloads can be done on KNLs using common compiler 
chains:

GNU:      gcc/gfortran -march=native -mtune=native <source>

Intel:      icc/ifort –O3 –xHost <source>        (KNL build node)

icc/ifort –O3 -xMIC-AVX512   <source>  (login node)

• OpenMP offloads to GPU:

• GNU:      gcc/gfortran –fopenmp <source>



OpenMP Offloads common issues
GPUs:

• Size of the loop and matrices

• Data transfer from and to GPUs

• Amount of FLOP 

KNLs:

• Size of loops and matrices

• Binding of threads

• Vectorization 

• For Hybrid MPI/OpenMP codes, number of MPI processes



Practical example GPUs

!$omp parallel do collapse(2) 
private(j)

do i=1,N
p(i) = a* v2(i)+p(i)

enddo
!$omp end parallel do

!$omp target teams distribute parallel do collapse(2) 
private(i,j)

do i=1,N
p(i) = a* v2(i)+p(i)

enddo
!$omp end target teams distribute parallel do



Practical example GPUs

!$omp parallel do collapse(2) 
private(j)

do i=1,N
p(i) = a* v2(i)+p(i)

enddo
!$omp end parallel do

!$omp target map(tofrom:p) map(to:v2,i,a)
!$omp teams distribute parallel do collapse(2) 
private(i,j)

do i=1,N
p(i) = a* v2(i)+p(i)

enddo
!$omp end teams distribute parallel do
!$omp end target

It is more efficient to copy the date once at the beginning
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34 #pragma omp parallel for schedule(guided)
35   for (int ii = startParticle; ii < endParticle; ii += tileSize) {
36
37       // Components of the gravity force on particles ii through ii+tileSize
38       float Fx[tileSize], Fy[tileSize], Fz[tileSize];
39       Fx[:] = Fy[:] = Fz[:] = 0.0f;
40
41       // Avoid singularity and interaction with self
42       const float softening = 1e-20f;
43
44       // Loop over particles that exert force
45 #pragma unroll(tileSize)
46       for (int j = 0; j < nParticles; j++) {
47
48         // Loop within tile over particles that experience force
49 #pragma unroll(tileSize)
50         for (int i = ii; i < ii + tileSize; i++) {
51
52           // Newton's law of universal gravity
53           const float dx = particle.x[j] - particle.x[i];
54           const float dy = particle.y[j] - particle.y[i];
55           const float dz = particle.z[j] - particle.z[i];
56           const float rr = 1.0f/sqrtf(dx*dx + dy*dy + dz*dz + softening);
57           const float drPowerN32  = rr*rr*rr;
58
59           // Calculate the net force
60           Fx[i-ii] += dx * drPowerN32;
61           Fy[i-ii] += dy * drPowerN32;
62           Fz[i-ii] += dz * drPowerN32;
63         }
64       }



NAMD

• Based on charm++ 
communication protocol

• It is object-oriented 
• Versions: single node, multi-

node, GPU, and KNL
• Highly scalable

JCC, 151, 283 (1999)



NAMD (SMP)

#!/bin/bash
#SBATCH -A staff 
#Asking for 10 min.
#SBATCH -t 00:50:00
#Number of nodes
#SBATCH -N 1
#Ask for 28 processes
#SBATCH -n 28
#SBATCH --exclusive
#Load modules necessary for running NAMD
module add icc/2017.1.132-GCC-6.3.0-2.27 impi/2017.1.132
module add NAMD/2.12-nompi
#Execute NAMD
namd2 +p 28 +setcpuaffinity step4_equilibration.inp > output_smp.dat



NAMD (GPU)   (single CPU)
#!/bin/bash
#SBATCH -A staff 
#SBATCH -t 00:50:00
#SBATCH -N 1
#SBATCH -n 28
#SBATCH –exclusive
#Ask for 2 GPU cards
#SBATCH --gres=gpu:k80:2
#Load modules necessary for running NAMD
module add GCC/5.4.0-2.26  CUDA/8.0.61_375.26  OpenMPI/2.0.2
module add NAMD/2.12-nompi
#Execute NAMD
namd2 +p 28 +setcpuaffinity step4_equilibration.inp > output_smp.dat



NAMD (KNL)
#!/bin/bash
##SBATCH -A SNIC2017-1-56
#SBATCH -A staff
#SBATCH -J namd
#SBATCH -t 00:50:00
#SBATCH -N 1
#SBATCH -n 68
#SBATCH -p knl
#SBATCH --threads-per-core=4
#SBATCH --constraint=hemi,flat

numactl -m 1 /Linux-KNL-icc/namd2 +setcpuaffinity +ppn 126 input.inp
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Amber

• Collection of 
independent 
routines

• It uses 
Sander/PMEMD for 
solving the Newton’s 
equations

• It offers a robust set 
of analysis tools

module load icc/2017.1.132-GCC-5.4.0-2.26  CUDA/8.0.44  
impi/2017.1.132
module load ifort/2017.1.132-GCC-5.4.0-2.26  CUDA/8.0.44 
ml Amber/16-AmberTools-16-patchlevel-20-7-hpc2n 
srun pmemd.MPI -O -i input.mdin
srun pmemd.cuda.MPI -O –I input.mdin

JCTC, 9, 3878 (2013)
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GROMACS
#SBATCH -n 4
#SBATCH -c 7
# Asking for 2 GPUs
#SBATCH --gres=gpu:k80:2
#SBATCH -p batch

ml GCC/5.4.0-2.26  
ml CUDA/8.0.44
ml OpenMPI/2.0.1
ml GROMACS/2016-hybrid

if [ -n "$SLURM_CPUS_PER_TASK" ]; then
mdargs="-ntomp $SLURM_CPUS_PER_TASK"

else
mdargs="-ntomp 1"

fi

srun -n $SLURM_NTASKS gmx_mpi mdrun $mdargs -npme 0 -dlb yes  -v -deffnm step4.1_equilibration
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Tensorflow

Matrix 
Multiplication

Addition

Relu

W X

B

Tensor



Tensorflow
#!/usr/share/python

import tensorflow as tf
hello = tf.constant('Hello, TensorFlow!')
sess = tf.Session()
print(sess.run(hello))

name: Tesla K80
major: 3 minor: 7 memoryClockRate (GHz) 0.8235
pciBusID 0000:0f:00.0
Total memory: 11.17GiB
Free memory: 11.10GiB
2017-12-05 17:13:03.555397: W 
Found device 1 with properties: 
name: Tesla K80
>>> print(sess.run(hello))
b'Hello, TensorFlow!'

#!/bin/bash
#SBATCH -A staff
#SBATCH -t 00:50:00
#SBATCH -N 1
#SBATCH --exclusive
#SBATCH --gres=gpu:k80:2

ml icc/2017.1.132-GCC-5.4.0-2.26 
ml ifort/2017.1.132-GCC-5.4.0-2.26  
mlCUDA/8.0.44  impi/2017.1.132
ml Python/3.6.1
ml Tensorflow/1.3.0-Python-3.6.1



Tensorflow
#!/usr/share/python
import tensorflow as tf

#Parameters
W = tf.Variable([.3],tf.float32)
b = tf.Variable([-.3],tf.float32)
#Input and output
x = tf.placeholder(tf.float32)
linear_model = W*x+b
y = tf.placeholder(tf.float32)

#Loss 
square_delta = tf.square(linear_model-y)
loss = tf.reduce_sum(square_delta)
#Optimize
optimizer = tf.train.GradientDescentOptimizer(0.01)
train = optimizer.minimize(loss)

init = tf.global_variables_initializer()
sess = tf.Session()
sess.run(init)

for i in range (1000):
sess.run(train,{x:[1,2,3,4],y:[0,-1,-2,-3]})

print(sess.run([W,b]))

Computing the loss

name: Quadro K6000
major: 3 minor: 5 memoryClockRate (GHz) 0.9015
pciBusID 0000:06:00.0
Total memory: 11.92GiB
Free memory: 11.82GiB
Creating TensorFlow device (/gpu:0) -> (device: 0, name: Quadro K6000, pci bus id: 
0000:06:00.0)

[array([-0.9999969], dtype=float32), array([ 0.99999082], dtype=float32)]



GAUSSIAN

Integral=(FineGrid,Acc2E=10) Constants=2006


