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Software requirements

SSH: Secure shell (to connect the HPC system)
— Linux: has native support of secure shell “ssh user@host”

— Windows: need to install a ssh program
» PUuTTY http://www.chiark.greenend.org.uk/~sgtatham/putty/download.html
» MobaXterm http://mobaxterm.mobatek.net/download.html

X Server / X forwarding (for wxparaver or .pdf readers)
— Linux: has native support (remember to connect with|"ssh -X user@host’

— Windows: need to install a X server program
» Xming https://sourceforge.net/projects/xming/
» MobaXterm already includes a X server within the package




PuTTY: ssh configuration
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MobaXterm: ssh configuration

® MobaXterm
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System overview (Grendel)

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

Single node machine

— 4 cores Intel(R) Core(TM) i7-7700 CPU @ 3.6GHz (2-way hyperthreaded)
— 32 Gbytes RAM

— 2TBytes disk

— NVIDIA Corporation GK104 [GeForce GTX 760 OEM] (rev a1)

— Intel/Altera Corporation Device ab00 (rev 01)...
» $ aoc --list-boards
» Board list:

» debnet a7 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 5
the gaZ (Computer Architecture il

group at Univ. Zaragoza)

* Victor Vinyals (leader)

Nantes

e Rubén Gran

aaaaaaaa

 Dario Suarez



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!!

Shared Last-Level Cache (SLLC)

size

Data 1/2
1

8MB Conventional Reuse Cache
Same average performance with 84% area savings




Account and login information [Grendel] @

Get your identifier
— |ldentifiers are single digit numbers [0-5]

Username and password
— Usernane: olpss~your 1d hiere>
— Password: ompsspact

Example: for identifier 3, account information would be:

— Username: ompss3
= Bageword: onmpsgspact



System overview (Minotauro)

— 39 nodes
» 2 Intel E5649 6C at 2.53 GHz
» 2 M2090 NVIDIA GPU Cards (Fermi)
» 24 GB of Main memory

» Peak Performance: 88.60 Tflop/s
= M2090: 81.20 Tflop/s
» £5649: 7.40 Tflop/s

» 250 GB SSD as local storage
» 2 Infiniband QDR (40 Gbit each)

— 61 nodes
» 2 Intel Xeon E5-2630 v3 (Haswell) 8 core 2.4GHz
» 2 K80 NVIDIA GPU Cards
» 128 GB of Main memory

» Peak Performance: 250.94 Tflops
= K80: 226.98 Tflop/s
= £5-2630: 23.96 Tflop/s

» 120 GB SSD as local storage
» 1 PCle 3.0 8GT/s Mellanox ConnectX 3FDR 56 Gbit
» 4 Gigabit Ethernet ports

mtl.bsc.es
mt2.bsc.es



©

Account and login information [Minotauro]

Get your identifier
— |ldentifiers are two digit numbers [26-37]

Username and password
— Usernane: netlli<your 1d herc>
= Pageword: InParallelOctl s, 0Kyour id lieres

Example: for identifier 31, account information would be:
— Username: nct01031
— Password: InParallelOctl8.031

Reservation Name: ParallellS8
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Getting the examples package

Exercises available in http:/pm.bsc.es

Home

The main objective of the Programming Models group is to investigate
programming paradigms towards productive programming and their
implementation through intelligent runtime systems that effectively
exploit performance out of the target architecture (from multicore and
SMT processors to shared- and distributed-memory systems, small and large-scale cluster systems, including both
homogenous and heterogenous systems that use accelerators like GPUs).

ek i
OmpSs Examples and Exercises

= 1. Introduction
o 1.1. System configuration
o 1.2. The make utility
@ 1.3. Building the examples
o 1.4. Job Scheduler: Minotauro
o 1.5. Job Scheduler: Marenostrum

o 1.6. Liablity Disclaimer
« 2. Examples Using OmpSs
o 1. Cholesky kernel
o 2. Stream Benchmark
o 3. Array Sum Benchmark (Fortran version)
= 3. Beginners Exercises
@ 1. Dot Product
o 2. Matrix Multiplication
o 3. Multisort application
= 4. GPU Device Exercises
o 1. Saxpy kernel
o 2. Krist kernel
o 3. Matrix Multiply
= Our Mercurium source-to-source compiler provides the necessary support for transf; OmpSs Examples and Exercises » next | index

directives into a parallelized version of the application.

= Our Nanos++ runtime library provides the parallel services to manage al
application, including task creation, synchronization and data mowv,
heterogeneity.

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

| E ompss-ee.tar.gz ...|

Documentation

- OmpSs Specification (html) (pdf)
- OmpSs User Guide (html) (pdf)

- Omps Examples and Excrdlsce Tl ot G m.bsc.es/ompss-docs/examples/OmpSsExamples.pdf
= OmpSs Developer Manuals
= Mercurium Compiler Developer Manual (trac) |

« Nanos++ RTL Developer Manual (trac) OmpSS Examples and Exercises
Release

— Exercise scripts in .html and .pdf formats
— A single package including all source files
— Simple to configure, compile and execute

Barcelona Supercomputing Center
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(1) Exfracting the sources

$ tar -xvf ompss-ee.tar.gz

<list of extracted files>

(2) Main directory

$ cd ompss-ee

$ 1s
00-introduction
0l1-examples
02-beginners
03-gpu-devices

04-mpi+ompss
05-ompss+dlb
common-files
configure.sh
paraver-cfgs
README. rst

SUEENT configure example package

(3) Configure

$ 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/3.9.51/1ib
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Building the example package
(1) nn-session / exercise (4) Run “make” will create...

$ cd 01l-examples/cholesky $ make

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

(2) Directory contents —]

# 1s » different executable versions (suffixed
cholesky.c d. -i d

cholesky.h __’ -lan _p?

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

(3) README.rst file (script) your paraver traces)

$ 1s
cholesky.c

$ vi README.rst
$

cholesky.h
extrae.xml

Makefile
README. rst
trace.sh
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Running the example package (Minotauro)

@

Chcking script configuration

$ vi run-once.sh

$
__run-once.sh |

#!'/bin/bash
# @ job name = ompss-ee
# @ partition = debug

## @ reservation

PROGRAM=cholesky-p
export NX THREADS=4

./éPl.ROGRAM 409¢ { #¥ @ partition = debug

Submitting the script

$ mnsubmit run-once.sh
Submitted batch job 1234567

Exercise directory

$ 1s
cholesky.c

cholesky.h
extrae.xml
Makefile
README.rst
trace.sh

Directory after execution

$ 1s
cholesky.c
cholesky.h
extrae.xml

Makefile

README.rst
trace.sh
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Instrumenting the example package
Checking configuration scripts = Exercise directory

$ vi run-once.sh trace.sh $ 1s
$ cholesky.c
cholesky.h
#!'/bin/bash m extrae.xml
... Makefile
PROGRAM=cholesky-i README. rst
export NX SMP WORKERS=4 trace.sh
./trace.sh ./SPROGRAM 4096 512 1 Submlttlng the Scrlpt
#!'/bin/bash m $ submit run-once.sh

Creating: cholesky.prv, cholesky.pcf cholesky.raw

export EXTRAE CONFIG FILE=extrae.xml
export NX INSTRUMENTATION=extrae

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

$ 1s
cholesky.c

Running paraver tool

$ paraver

$
— Load a Paraver trace

cholesky.h

extrae.xml Makefile
README.rst
trace.sh

r@{ Load Trace b . ] |

= ||__|: home || bscs6 | |G| bs5c56678

Places MName ' | Size Maodified
@a Search i app ._ L
| Recently Used Bl apps 05/24/2013
o | B bus 01/14/2013
i__u' File System D dev 03/21/2013
Ml o= dir=ciory | [ sort 05/16/2013
o4 r_:] app = |=5] tests 05/27/2013
4 l:_J o RS |"___| tmp Friday {
P [ bugs I [P e
b [l dev 1 i ™
b Bl sort Add Paraver trace (*. prv;* prv.gz) =0
b [EF tests i
Bl tmp [~ Cancel Open |
| Paraverfiles C'
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Visualizing paraver traces [2/5]
Suite root directory

$ paraver

$

— Load a Paraver trace
— Load a configuration file

Running paraver tool

$ 1s
0l-examples
03-gpu-devices
common-files

02-beginners
04-mpi+ompss
configure.sh
README. rst

S = —=
Load Configuration = .. — X
l :__";,r‘l | < II share |, doc || nanox || paraver_configs |, OIMPss || tl!kl!
----- | | 1 1
Flaces Name ~ | Size Modified l:-!
|8y searc = ——— E i
| search || 3dn_ipc task.cfg 5.4 KB Friday

Iﬁi—- Recently Used
|[E8 bscsEETE
E,' File System

| 3dh_LZmr_task.cfg

|7 | 3dR_L2Tmr task.cfg
=l in_task.cfg

| ! task_number.cfg_
||| task_priority.cfg

8.5 KB Friday
8.6 KB Friday
1.5 KB Friday
SO KB Friday
4.4 KB Friday
1.5KB Friday

| Parawver configuration file (*.cfg) 2 |

Cancel

| Open |
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Visualizing paraver traces [3/5]
Suite root directory

Running paraver tool

$ paraver

$

— Load a Paraver trace
— Load a configuration file

— Trace analysis (zoom in, details)

. Function Name @ cg-ins- - 8 00 =™

$ 1s
0l-examples
03-gpu-devices
common-files

s

02-beginners
04-mpi+ompss

configure.sh
README. rst
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Visualizing paraver traces [4/5]

Running paraver tool

$ paraver

Load a Paraver trace

Load a configuration file

Trace analysis (zoom in, details)
Histograms to summ

arize traces

| Jgpfs/home/bsc56/bsc566

Suite root directory

$ 1s

0l-examples 02-beginners

03-gpu-devices 04-mpi+ompss

common-files configure.sh
README. rst

]




Visualizing paraver traces [5/5]
Running paraver tool

$ paraver
$ 03-gpu-devices 04-mpi+ompss

— Load a Paraver trace common-files configure.sh
— Load a configuration file README TSt
— Trace analysis (zoom in, details)
— Histograms to summarize traces
— Other configuration files

» ompss / runtime / thread_state.cfg

» ompss / runtime / nanos_API.cfg

» ompss / tasks /

task_name_and_location.cfg
» ompss /cuda/ ...
» hwc / papi / performance / ...

Suite root directory

$ 1s
0l-examples 02-beginners

— more info about paraver
instrumentation tool

http://pm.bsc.es/ompss-docs/user-quide
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Compile and execute @

Exercise’s location: 01-examples Hands-on session’s contents

~ompss-ee:$ 1s Exercise 3.2: Cholesky kernel

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

02-beginners
03-gpu-devices 04-mpi+ompss

Compile and execute (guidelines) Remember to configure your system

— Code is com.pleltely an.notated, you DON'T $ source configure.sh
need to modify it. Review source code, Basic configuration...

check different directives and their clauses

— Run corresponding executable version Check running script (before submit)
» program-p - performance’s version
» program-i = instrumentation’s version $
» program-d - debug’s version — Scripts run-once.sh, multi-run.sh or trace.sh
— Check scalability > compute speed-up — Executable program’s version (-p, -i or -d)
— Runtime options (schedulers, ... ) — Job scheduler configuration (queue)
- ?et task dependency graph / paraver — Other runtime’s options used in the script
races

Documents at http:/pm.bsc.es




Exercise 3.2: Cholesky kernel

Location: 01-examples / cholesky
Source code description

— cholesky.c = main code
— cholesky.h-> headers

Compile and execute the program

#pragma omp task inout([ts][ts]A)
void omp potrf (double * const A, int ts, int 1d)
{ ...}

Things to do:
— Code is completely annotated, you DON'T need to modify it
— Review source code, check different directives and their clauses
— Check different versions (performance, instrumented & debug)
— Check other runtime options (schedulers, ... )
— Check (scalability), execute for different number of thread - compute speed-up
— Get a task dependency graph to analyse dependences
— Get different paraver traces and visualize them: thread state, task name,...
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Exercise 3.4: Array sum kernel

Location: 01-examples / array-sum-fortran
Source code description
— array_sum.f90 - main code (single file)

Compile and execute the program

1$SOMP TASK OUT (VEC1 (I:I+BS-1), VEC2(I:I+BS-1), RESULTS(I:I+BS-1))s&
1$OMP PRIVATE (J) FIRSTPRIVATE (I, BS) LABEL (INIT TASK)
DO J = I, I+BS-1 ...

Things to do:
— Code is completely annotated, you DON'T need to modify it
— Review source code, check different directives and their clauses
— Check different versions (performance, instrumented & debug)
— Check other runtime options (schedulers, ... )
— Check (scalability), execute for different number of thread - compute speed-up
— Get a task dependency graph to analyse dependences
— Get different paraver traces and visualize them: thread state, task name,...
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Exercise 3.3: Stream benchmark

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

— stream-xxxx.c = main code (single file)

Compile and execute the programs

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

#pragma omp task #fpragma omp task in([bs]a) out([bs]c)
#pragma omp taskwait for (j=0; J<N; Jj+=BSIZE)

for (j=0; j<N; J+=BSIZE) #fpragma omp task in([bs]a) out([bs]c)
Things to do:

— Code is completely annotated, you DON'T need to modify it. Review source code, check
different directives and their clauses. Compare the two parallelization approaches (one based
in the taskwait, the other in dependences)

— Check different versions (performance, instrumented & debug) and other runtimes options

— Check (scalability), execute for different number of thread - compute speed-up

— Get a task dependency graph to analyse dependences

— Get different paraver traces and visualize them: thread state, task name,...
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OmpSs Fundamentals ((@

Exercise’s location: 02-beginners Hands-on session’s contents

~ompss-ee:$ 1s Continue previous session’s exercises

Exercise 4.1: Matrix multiply kernel
Exercise 4.2: Dot product kernel
Exercise 4.3: Multisort kernel (rec.)

01-examples
03-gpu-devices 04-mpi+ompss

OmpSs Fundamentals (guidelines) Remember to configure your system

— Complete. the.source cer annotation using $ source configure.sh
OmpSs directives (creating tasks) Basic configuration...

— Include OmpSs synchronization directives

when needed (synchronize tasks) Check running script (before submit)
— Run corresponding executable version
» program-p - performance’s version $
» program-i = instrumentation’s version — Scripts run-once.sh, multi-run.sh or trace.sh
» program-d - debug’s version — Executable program’s version (-p, -i or -d)
— Check scalability > compute speed-up — Job scheduler configuration (queue)
— Runtime options (schedulers, ... ) — Other runtime’s options used in the script
— Get task dependency graph / paraver

Documents at http:/pm.bsc.es

traces



Exercise 4.1: Matrix multiplication kernel

Location: 02-beginners / matmul
Source code description

— matmul.c 2 main code (single file)
Creating tasks

for (i = 0; i < DIM; i++)
for (j = 0; Jj < DIM; J++)

for (k 0; k < DIM; k++)
matmul ((double *)A[i][k], (double *)B[k][j], (double *)C[i][j],
Things to do:

— Look for candidate to become a task
— Don't forget to wait for all task before completion

— Check scalability (for different versions), use runtime options (schedulers, ..

— Get a task dependency graph and/or paraver traces

NB) ;

)

G
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Exercise 4.2: Dot product kernel

Location: 02-beginners / dot-product
Source code description

— dot-product.c - main code (single file)
Creating tasks

for (long i=0; i<N; 1i+=CHUNK SIZE) {
actual size = (N-CHUNK SIZE>=CHUNK SIZE) ?CHUNK SIZE: (N-CHUNK_ SIZE) ;
C[31=0;
for (long 1i=0; ii<actual size; ii++) {
C[jl+= A[i+didi] * B[i+ii];
}
acc += C[]];
I 2
}

Things to do:

— Complete the annotation of tasks. Think how they must be synchronized

— Check different parallelization approaches: concurrent, atomics, commutatives...
— Check scalability (for different versions), use runtime options (schedulers, ... )

— Get a task dependency graph and/or paraver traces
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Exercise 4.3: Multisort kernel

Location: 02-beginners / multisort
Source code description

— multisort.c 2 main code (single file)
Creating (nested) tasks

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);

Things to do:

— Think how the tasks must be synchronized

— Check different parallelization approaches: taskwait/dependences

— Check scalability (for different versions), use runtime options (schedulers, ... )
— Get a task dependency graph (different domains) and/or paraver traces
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OmpSs + CUDA ©

Exercise’s location: 03-gpu-devices Hands-on session’s contents

~ompss-ee:$ 1s Continue previous session’s exercises

Exercise 5.2: SAXPY kernel
Exercise 5.3: Krist kernel
Exercise 5.4: Matrix multiply

01-examples 02-beginners
04-mpi+ompss

OmpSs + CUDA (guidelines) Remember to configure your system

— Complete existent OmpSs annotation as $ source configure.sh
required (devices, ndrange, copies,
dependences,...) , . :

— Complete the source code annotation using _Check running script (before submit)

OmpSs directives (target directive) $ vi run-once.sh
— Include OmpSs synchronization directives b

when needed (synchronize tasks) — Scripts run-once.sh, multi-run.sh or trace.sh
— Run corresponding executable version — Executable program’s version (-p, -i or -d)

» program-p = performance’s version — Job scheduler configuration (queue)

» program-i - instrumentation’s version — Other runtime’s options used in the script

» program-d - debug’s version Documents at http:/pm.bsc.es




Exercise 4.1: SAXPY kernel

Location: 03-gpu-devices / saxpy-cuda

Source code description

— File kernel.cu = saxpy CUDA version (definition)
— File saxpy.c 2 main code, kernel invokation

— File kernel.n - kernel header (partially annotated)

The NDRange clause

#pragma target device(cuda) copy deps ndrange( /*???2%*/ )
#pragma omp task in([n]x) inout([n]y)
__global void saxpy(int n, float a,float* x, float* y);

Things to do:

— Complete the OmpSs annotation (NDRange clause)

— Check execution and behaviour for different thread hierarchy configurations
— Check different runtime options (devices, max mem, prefetch, overlap...)
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Exercise 4.2: Krist kernel

Location: 03-gpu-devices / krist-cuda

Source code description

— File kernel.cu - cstructface CUDA version

— File krist.c 2 main code, kernel invokation

— File kernel.h - kernel header (partially annotated)

— File clocks.c = get time support to measure performance (support)

Target and task directives (device support)

#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):;

Things to do:

— Complete the target directive (copies, thread hierarchy,...)
— Complete the task directive (dependences,...)
— Try different complile- (ndrange,...) and run- time options (devices, prefetch,...)
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Exercise 4.3: Matrix Multiply

Location: 03-gpu-devices / matmul-cuda
Source code description
— File matmul.c = main code, kernel invokation
— File kernel.cu - Muld CUDA version
— File kernel.h - kernel header (lack of declaration)
— Support files = cclocks, check, driver, gendat and prtspeed
Declare a CUDA task

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

Things to do:
— Write the target directive (device, copies, thread hierarchy,...)
— Write the task directive (dependences,...)
— Check program execution verification
— Try different complile- (ndrange,...) and run- time options (devices, prefetch,...)

35



Barcelona

Supercomputing

Center

Centro Nacional de Supercomputacion

Thank you!

For further information please contact

Xavim@ac.upc.edu
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