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Software requirements
SSH: Secure shell (to connect the HPC system)

http://www.chiark.greenend.org.uk/~sgtatham/putty/download.html
http://mobaxterm.mobatek.net/download.html

X Server / X forwarding (for wxparaver or .pdf readers)

https://sourceforge.net/projects/xming/



PuTTY: ssh configuration

Before open session make sure…



MobaXterm: ssh configuration



System overview (Grendel)
Provided by the GAZ (Computer Architecture Group), from the 
University of Zaragoza. Thanks!!

Single node machine

grendel.cps.unizar.es



gaZ: Computer Architecture Group

• The University of Zaragoza was founded in
1542

• More than 30000 students
and 5000 faculty and staff

• 17 faculty members form
the gaZ (Computer Architecture
group at Univ. Zaragoza)
• Víctor Vinyals (leader)
• Rubén Gran
• Darío Suárez 

Zaragoza



gaZ: Computer Architecture Group

• Memory Hierarchy
• Caches for predictable WCET
• Scheduling in Real Time Systems
• FPGAs, HW/SW codesign

– Heterogeneous execution with
CPU, GPU, FPGAs,
and accelerators

– Load balancing/scheduling/…

– Searching for collaborations!!
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Same average performance with 84% area savings



Account and login information [Grendel]
Get your identifier

Username and password

Example: for identifier 3, account information would be:



System overview (Minotauro)

mt1.bsc.es
mt2.bsc.es



Account and login information [Minotauro]
Get your identifier

Username and password

Example: for identifier 31, account information would be:

Reservation Name: Parallel18



Getting the examples package
Exercises available in http:/pm.bsc.es pm.bsc.es/ompss-docs/examples/README.html

pm.bsc.es/ompss-docs/examples/OmpSsExamples.pdf

pm.bsc.es/ompss-docs/examples/ompss-ee.tar.gz



Extract and configure example package
(1) Extracting the sources

(2) Main directory

(3) Configure
$ tar –xvf ompss-ee.tar.gz
<list of extracted files>
$ tar –xvf ompss-ee.tar.gz
<list of extracted files>

$ source configure.sh
Basic configuration...

Mercurium compiler at /apps/ompss/bin
Extrae library at /apps/extrae/bin
Paraver utility at /apps/wxparaver/bin
...

Aditional libraries...
MPI library at /opt/mpi/bullxmpi/.../lib
MKL library at /opt/.../mkl/lib/intel64/
ATLAS library at /opt/.../ATLAS/3.9.51/lib

$ source configure.sh
Basic configuration...

Mercurium compiler at /apps/ompss/bin
Extrae library at /apps/extrae/bin
Paraver utility at /apps/wxparaver/bin
...

Aditional libraries...
MPI library at /opt/mpi/bullxmpi/.../lib
MKL library at /opt/.../mkl/lib/intel64/
ATLAS library at /opt/.../ATLAS/3.9.51/lib

$ cd ompss-ee
$ ls
00-introduction
01-examples
02-beginners
03-gpu-devices
04-mpi+ompss
05-ompss+dlb
common-files
configure.sh
paraver-cfgs
README.rst

$ cd ompss-ee
$ ls
00-introduction
01-examples
02-beginners
03-gpu-devices
04-mpi+ompss
05-ompss+dlb
common-files
configure.sh
paraver-cfgs
README.rst



Building the example package
(1) nn-session / exercise

(2) Directory contents

(3) README.rst file (script)

(4) Run “make” will create…

» different executable versions (suffixed 
-d, -i and -p)

» different scripts to run your programs
» a extrae.xml file (as default to get 

your paraver traces

$ cd 01-examples/cholesky
$
$ cd 01-examples/cholesky
$

$ ls
cholesky.c
cholesky.h
Makefile
README.rst

$ ls
cholesky.c
cholesky.h
Makefile
README.rst

$ ls
cholesky.c cholesky-d
cholesky.h cholesky-i
cholesky-p extrae.xml
Makefile multirun.sh
README.rst run-once.sh
trace.sh

$ ls
cholesky.c cholesky-d
cholesky.h cholesky-i
cholesky-p extrae.xml
Makefile multirun.sh
README.rst run-once.sh
trace.sh

$ make
Building: program-d, program-i and program-p
Creating: mutirun.sh, run-once.sh, trace.sh and 
extrae.xml

$ make
Building: program-d, program-i and program-p
Creating: mutirun.sh, run-once.sh, trace.sh and 
extrae.xml

$ vi README.rst
$
$ vi README.rst
$



Running the example package (Minotauro)
Checking script configuration

Submitting the script

Exercise directory

Directory after execution

$ vi run-once.sh
$
$ vi run-once.sh
$

$ ls
cholesky.c cholesky-d
cholesky.h cholesky-i
cholesky-p extrae.xml
Makefile multirun.sh
README.rst run-once.sh
trace.sh

$ ls
cholesky.c cholesky-d
cholesky.h cholesky-i
cholesky-p extrae.xml
Makefile multirun.sh
README.rst run-once.sh
trace.sh

$ mnsubmit run-once.sh
Submitted batch job 1234567
$ mnsubmit run-once.sh
Submitted batch job 1234567

#!/bin/bash
# @ job_name = ompss-ee
# @ partition = debug
## @ reservation =
. . .
PROGRAM=cholesky-p
export NX_THREADS=4
. . .
./$PROGRAM 4096 512 1

#!/bin/bash
# @ job_name = ompss-ee
# @ partition = debug
## @ reservation =
. . .
PROGRAM=cholesky-p
export NX_THREADS=4
. . .
./$PROGRAM 4096 512 1

run-once.sh

## @ partition = debug
# @ reservation = ????? $ ls

cholesky.c cholesky-d
cholesky.h cholesky-i
cholesky-p extrae.xml
Makefile multirun.sh
ompss-ee_nnnnn.err ompss-ee_nnnnn.out
README.rst run-once.sh
trace.sh

$ ls
cholesky.c cholesky-d
cholesky.h cholesky-i
cholesky-p extrae.xml
Makefile multirun.sh
ompss-ee_nnnnn.err ompss-ee_nnnnn.out
README.rst run-once.sh
trace.sh



Instrumenting the example package
Checking configuration scripts Exercise directory

Submitting the script

$ vi run-once.sh trace.sh
$
$ vi run-once.sh trace.sh
$

$ submit run-once.sh
Creating: cholesky.prv, cholesky.pcf cholesky.raw
$ submit run-once.sh
Creating: cholesky.prv, cholesky.pcf cholesky.raw

#!/bin/bash
. . .
PROGRAM=cholesky-i
export NX_SMP_WORKERS=4
. . .
./trace.sh ./$PROGRAM 4096 512 1

#!/bin/bash
. . .
PROGRAM=cholesky-i
export NX_SMP_WORKERS=4
. . .
./trace.sh ./$PROGRAM 4096 512 1

run-once.sh

#!/bin/bash
. . .
export EXTRAE_CONFIG_FILE=extrae.xml
export NX_INSTRUMENTATION=extrae

$*

#!/bin/bash
. . .
export EXTRAE_CONFIG_FILE=extrae.xml
export NX_INSTRUMENTATION=extrae

$*

trace.sh

$ ls
cholesky.c cholesky-d
cholesky.h cholesky-i
cholesky-p extrae.xml
Makefile multirun.sh
README.rst run-once.sh
trace.sh

$ ls
cholesky.c cholesky-d
cholesky.h cholesky-i
cholesky-p extrae.xml
Makefile multirun.sh
README.rst run-once.sh
trace.sh



Visualizing paraver traces [1/5]
Running paraver tool Suite exercise directory
$ paraver
$
$ paraver
$

$ ls
cholesky.c cholesky-d
cholesky.h cholesky-i
cholesky-i.pcf cholesky-i.prv
cholesky-i.raw cholesky-p
extrae.xml       Makefile
multirun.sh      README.rst
run-once.sh      trace.sh

$ ls
cholesky.c cholesky-d
cholesky.h cholesky-i
cholesky-i.pcf cholesky-i.prv
cholesky-i.raw cholesky-p
extrae.xml       Makefile
multirun.sh      README.rst
run-once.sh      trace.sh



Visualizing paraver traces [2/5]
Running paraver tool Suite root directory

$ ls
01-examples           02-beginners
03-gpu-devices        04-mpi+ompss
common-files          configure.sh
paraver-cfgs README.rst

$ ls
01-examples           02-beginners
03-gpu-devices        04-mpi+ompss
common-files          configure.sh
paraver-cfgs README.rst

$ paraver
$
$ paraver
$



Visualizing paraver traces [3/5]
Running paraver tool Suite root directory

$ ls
01-examples           02-beginners
03-gpu-devices        04-mpi+ompss
common-files          configure.sh
paraver-cfgs README.rst

$ ls
01-examples           02-beginners
03-gpu-devices        04-mpi+ompss
common-files          configure.sh
paraver-cfgs README.rst

$ paraver
$
$ paraver
$



Visualizing paraver traces [4/5]
Running paraver tool Suite root directory

$ ls
01-examples           02-beginners
03-gpu-devices        04-mpi+ompss
common-files          configure.sh
paraver-cfgs README.rst

$ ls
01-examples           02-beginners
03-gpu-devices        04-mpi+ompss
common-files          configure.sh
paraver-cfgs README.rst

$ paraver
$
$ paraver
$



Visualizing paraver traces [5/5]
Running paraver tool Suite root directory

$ ls
01-examples           02-beginners
03-gpu-devices        04-mpi+ompss
common-files          configure.sh
paraver-cfgs README.rst

$ ls
01-examples           02-beginners
03-gpu-devices        04-mpi+ompss
common-files          configure.sh
paraver-cfgs README.rst

$ paraver
$
$ paraver
$
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Compile and execute
Exercise’s location: 01-examples Hands-on session’s contents
~ompss-ee:$ ls
01-examples 02-beginners
03-gpu-devices            04-mpi+ompss
...

~ompss-ee:$ ls
01-examples 02-beginners
03-gpu-devices            04-mpi+ompss
...

Remember to configure your system

Check running script (before submit)

Documents at http:/pm.bsc.es

Compile and execute (guidelines)
$ source configure.sh
Basic configuration...
$ source configure.sh
Basic configuration...

$ vi run-once.sh
$
$ vi run-once.sh
$

Exercise 3.2: Cholesky kernel
Exercise 3.3: Stream (barr | deps) bmarks
Exercise 3.4: Array sum kernel



Exercise 3.2: Cholesky kernel
Location: 01-examples / cholesky
Source code description

Compile and execute the program

Things to do:

#pragma omp task inout([ts][ts]A)
void omp_potrf(double * const A, int ts, int ld)
{ ... }

#pragma omp task inout([ts][ts]A)
void omp_potrf(double * const A, int ts, int ld)
{ ... }



Exercise 3.4: Array sum kernel
Location: 01-examples / array-sum-fortran
Source code description

Compile and execute the program

Things to do:

!$OMP TASK OUT(VEC1(I:I+BS-1), VEC2(I:I+BS-1), RESULTS(I:I+BS-1))&
!$OMP PRIVATE(J) FIRSTPRIVATE(I, BS) LABEL(INIT_TASK)

DO J = I, I+BS-1 ...

!$OMP TASK OUT(VEC1(I:I+BS-1), VEC2(I:I+BS-1), RESULTS(I:I+BS-1))&
!$OMP PRIVATE(J) FIRSTPRIVATE(I, BS) LABEL(INIT_TASK)

DO J = I, I+BS-1 ...



Exercise 3.3: Stream benchmark
Location: 01-examples / stream-xxxx (where xxxx = barr | deps )
Source code description

Compile and execute the programs

Things to do:

for (j=0; j<N; j+=BSIZE)

#pragma omp task

...

#pragma omp taskwait

for (j=0; j<N; j+=BSIZE)

for (j=0; j<N; j+=BSIZE)

#pragma omp task

...

#pragma omp taskwait

for (j=0; j<N; j+=BSIZE)

for (j=0; j<N; j+=BSIZE)

#pragma omp task in([bs]a) out([bs]c)

...

for (j=0; j<N; j+=BSIZE)

#pragma omp task in([bs]a) out([bs]c)

for (j=0; j<N; j+=BSIZE)

#pragma omp task in([bs]a) out([bs]c)

...

for (j=0; j<N; j+=BSIZE)

#pragma omp task in([bs]a) out([bs]c)
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OmpSs Fundamentals
Exercise’s location: 02-beginners Hands-on session’s contents
~ompss-ee:$ ls
01-examples               02-beginners
03-gpu-devices            04-mpi+ompss
...

~ompss-ee:$ ls
01-examples               02-beginners
03-gpu-devices            04-mpi+ompss
...

Remember to configure your system

Check running script (before submit)

Documents at http:/pm.bsc.es

OmpSs Fundamentals (guidelines)
$ source configure.sh
Basic configuration...
$ source configure.sh
Basic configuration...

$ vi run-once.sh
$
$ vi run-once.sh
$

Continue previous session’s exercises
Exercise 4.1: Matrix multiply kernel
Exercise 4.2: Dot product kernel
Exercise 4.3: Multisort kernel (rec.)



Exercise 4.1: Matrix multiplication kernel
Location: 02-beginners / matmul
Source code description

Creating tasks

Things to do:

for (i = 0; i < DIM; i++)
for (j = 0; j < DIM; j++)
for (k = 0; k < DIM; k++)
matmul ((double *)A[i][k], (double *)B[k][j], (double *)C[i][j], NB);

for (i = 0; i < DIM; i++)
for (j = 0; j < DIM; j++)
for (k = 0; k < DIM; k++)
matmul ((double *)A[i][k], (double *)B[k][j], (double *)C[i][j], NB);



Exercise 4.2: Dot product kernel
Location: 02-beginners / dot-product
Source code description

Creating tasks

Things to do:

for (long i=0; i<N; i+=CHUNK_SIZE) {
actual_size = (N-CHUNK_SIZE>=CHUNK_SIZE)?CHUNK_SIZE:(N-CHUNK_SIZE);
C[j]=0;
for (long ii=0; ii<actual_size; ii++) {

C[j]+= A[i+ii] * B[i+ii];
}
acc += C[j];
j++;

}

for (long i=0; i<N; i+=CHUNK_SIZE) {
actual_size = (N-CHUNK_SIZE>=CHUNK_SIZE)?CHUNK_SIZE:(N-CHUNK_SIZE);
C[j]=0;
for (long ii=0; ii<actual_size; ii++) {

C[j]+= A[i+ii] * B[i+ii];
}
acc += C[j];
j++;

}



Exercise 4.3: Multisort kernel
Location: 02-beginners / multisort
Source code description

Creating (nested) tasks

Things to do:

multisort(n/4L, &data[0], &tmp[0]);
multisort(n/4L, &data[n/4L], &tmp[n/4L]);
...
merge(n/4L, &data[0], &data[n/4L], &tmp[0], 0, n/2L);
merge(n/4L, &data[n/2L], &data[3L*n/4L], &tmp[n/2L], 0, n/2L);

merge(n/2L, &tmp[0], &tmp[n/2L], &data[0], 0, n);

multisort(n/4L, &data[0], &tmp[0]);
multisort(n/4L, &data[n/4L], &tmp[n/4L]);
...
merge(n/4L, &data[0], &data[n/4L], &tmp[0], 0, n/2L);
merge(n/4L, &data[n/2L], &data[3L*n/4L], &tmp[n/2L], 0, n/2L);

merge(n/2L, &tmp[0], &tmp[n/2L], &data[0], 0, n);
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OmpSs + CUDA
Exercise’s location: 03-gpu-devices Hands-on session’s contents
~ompss-ee:$ ls
01-examples               02-beginners
03-gpu-devices 04-mpi+ompss
...

~ompss-ee:$ ls
01-examples               02-beginners
03-gpu-devices 04-mpi+ompss
...

Remember to configure your system

Check running script (before submit)

Documents at http:/pm.bsc.es

OmpSs + CUDA (guidelines)
$ source configure.sh
Basic configuration...
$ source configure.sh
Basic configuration...

$ vi run-once.sh
$
$ vi run-once.sh
$

Continue previous session’s exercises
Exercise 5.2: SAXPY kernel
Exercise 5.3: Krist kernel
Exercise 5.4: Matrix multiply

+ CUDA 8.0 & gcc 4.9.x



Exercise 4.1: SAXPY kernel
Location: 03-gpu-devices / saxpy-cuda
Source code description

The NDRange clause

Things to do:

#pragma target device(cuda) copy_deps ndrange( /*???*/ )
#pragma omp task in([n]x) inout([n]y)
__global__ void saxpy(int n, float a,float* x, float* y);

#pragma target device(cuda) copy_deps ndrange( /*???*/ )
#pragma omp task in([n]x) inout([n]y)
__global__ void saxpy(int n, float a,float* x, float* y);



Exercise 4.2: Krist kernel
Location: 03-gpu-devices / krist-cuda
Source code description

Target and task directives (device support)

Things to do:

#pragma omp target device(cuda) ...
#pragma omp task ...
__global__ void cstructfac(int na, int number_of_elements, int nc, float f2, int NA,

TYPE_A* a, int NH, TYPE_H* h, int NE, TYPE_E* output_array);

#pragma omp target device(cuda) ...
#pragma omp task ...
__global__ void cstructfac(int na, int number_of_elements, int nc, float f2, int NA,

TYPE_A* a, int NH, TYPE_H* h, int NE, TYPE_E* output_array);



Exercise 4.3: Matrix Multiply
Location: 03-gpu-devices / matmul-cuda
Source code description

Declare a CUDA task

Things to do:

// Kernel declaration as a task should be here
// Remember, we want to multiply two matrices (A*B=C)
// Matrix sizes are NB*NB

// Kernel declaration as a task should be here
// Remember, we want to multiply two matrices (A*B=C)
// Matrix sizes are NB*NB
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Thank you!

For further information please contact

xavim@ac.upc.edu


