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supercomputing?

Weather, Climatology, Earth Science
— degree of warming, scenarios for our future climate.
— understand and predict ocean properties and variations
— weather and flood events
Astrophysics, Elementary particle physics, Plasma physics
— systems, structures which span a large range of different length and time scale
— quantum field theories like QCD, ITER
Material Science, Chemistry, Nanoscience
— understanding complex materials, complex chemistry, nanoscience
— the determination of electronic and transport properties
Life Science
— system biology, chromatin dynamics, large scale protein dynamics, protein
association and aggregation, supramolecular systems, medicine

Engineering

— complex helicopter simulation, biomedical flows,
gas turbines and internal combustion engines, | ‘ J
forest fires, green aircraft, | ", .

— _virtual power plant ' | ‘
(A}



Supercomputing drives science with simulations

Environment Aging Society Materials/ Inf. Tech Energy
Weather/ Climatology Medicine Spintronics  Plasma Physics
Pollution / Ozone Hole Bioloqv Nano-science Fuel Cells



Introduction to parallel computing

» Usually is the program written for serial execution on one processor
» We divide the problem into series of commands that can be executed in parallel

» Only one command at a time can be executed on one CPU

instructions




Parallel programming models

» Threading
» OpenMP —

» Distributed memory model = Message Passing Interface (MPI) —

» Hybrid model OpenMP/MPI




Embarrassingly simple parallel processing

» Parallel processing of the same subproblems on multiple processors

» No communication is needed between processes

problem instructions
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Logical view of a computing
node

» Need to know computer

Supercomputer - each blue
light is a node

Node - standalone

a rCh ite Ctu re Von Neumann computer

CPU / Processor / Socket - each
has multiple cores / processors.

» Interconnect bus for sharing

memory between processors
(NUMA interconnect)

Bus Interconnect




Nodes interconnect

» Distributed computing
» Many nodes exchange
messages on
» high speed,

» low latency interconnect

such as Infiniband




of parallel codes

Good understanding of the problem being solved in parallel

How much of the problem can be run in parallel

Bottleneck analysis and profiling gives good picture on scalability of the
problem

We optimize and parallelize parts that consume most of the computing time

Problem needs to be dissected into parts functionally and logically




communications

» Having little an infrequent communication between processes is the best
» Determining the largest block of code that can run in parallel and still provides
scalability
» Basic properties
» response time
» transfer speed - bandwidth

» interconnect capabilities




Parallel portion of the code determines
code scalability

» Amdahl's law: Speedup = 1/(1-p)
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Direct Solver or Iterative Solver?

* We are solving a set of matrix equations of the form [K]{u} = {f}. Here
[K] is referred to as the stiffness matrix; {f} as the force vector and {u}
as the set of unknownes.

* Several milions of unknowns
* Lot of zeros in K

e Direct solvers: Multfront, MUMPS, and LDLT, Pardiso, ...
* |terative solvers: PETSc and GCPC, ...
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Computer Aided Engineering
open source tools

« CAD/CAM: d, OpenSCAD, LibreCad, Pycam, Camotics,
dxf2gcode & Cura
* FEA, CFD & multiphysic simulation: / Code-Aster,

SalomeCFD/Code-Saturne, HelyxOs/OpenFOAM, Elmer FEM,
with Launcher & CAE GUI, Impact FEM, MBDyn, ,

* Meshing, pre-post, & visualization: , Helyx-OS, Elmer
GUI, VoxelMesher, Tetgen, CGX, GMSH




on the
HPCFS cluster

Demonstration of the work on the cluster by repeating
Access with NX client

Learning basic Linux commands

SLURM scheduler commands

Modules

Development with OpenMP and OpenMPI parallel paradigms

Exercises and extensions of basic ideas

vV v v v v v v v

Instructions available at http://hpc.fs.uni-lj.si/



http://hpc.fs.uni-lj.si/

Machine client

= Setting up the NoMachine client version 6 available for installation at page
https://www.nomachine.com/download-enterprise#NoMachine-Enterprise-Client

or https://bit.ly/1fal6ac NOMACHINE
1. Select New 7 New | G Open Settings
2. Protocol NX Protocol |NX %
3. Host: login.hpc.fs.uni-lj.si Port: 4000 o ~ =
4. Use Password authentication R
5. Don't use proxy ¥ e
6. Done with Connection to login.hpc.fs.uni-lj.si o '1! EEE,;SE?EJ:‘%VW col

% Name = Connection to login.hpc.fs.uni-lj.si|


https://www.nomachine.com/download-enterprise
https://bit.ly/1fal6ac

Connection to
login.hpc.fs.uni-lj.si
& NX

Connection to login.hpc.fs.uni-lj.si 3-Uni-lj-si

1. Select and Connect

Sort | @, Find a type id password to login.

| View

2. Use account credentials -
Username campus79
3. Create desktop e e Cre: Password | meerees

4. Use the Trlnlty (KDE) dESktOp (¥ Save this password in the connection file

Mm (-} NX- prelog-1141 — ) (&) (x)
[ Fuy Press the disconnect buthon to disconnect the running session.
! & &
5. TO press Ctr|+A|t+T ) “ ‘fou will be able to resume the session at later time. Press the
= terminate button bo exit the session and close all the running
rams.
Disconnect from the server R
Disconnect Terminate ......... Cancel

6. To select previous virtual desktop

wdl

Connection to pre,

campus79, KDE virtual /
desktopon:1141 2 0 /



Korak 1: Uvod

Trinity TDE

Welcome to Trinity R14.0.5

This Personalizer will help you config:
Trinity desktop in five quick, easy ste}
your country (for date and time form:

desktop behavior and more.

You will be able to change all the sett
Control Center. You may choose to pt
personalization until later by clicking
changes made so far, will then be rev
country and language settings. Howe
encouraged to use this simple metho

If you already like your Trinity configt
Wizard, click Skip Wizard, then Quit

Izberite vaso drzavo:
Emm Slovenija
Izberite vas jezik:

slovensko

-

System Behavior

Graphical User Interfaces behave difi
Operating Systems. Trinity allows yot
according to your needs.

~Izberite Zeleno obnasanje vasega si

® TDE (TM) M
) UNIX (R) A
Opis:

Window activation: Focus on click
Titlebar double-click: Shade wind
Mouse selection: Double click

Application startup notification:
Keyboard scheme: Trinity default

For motion impaired users, Trinity pr
to activate special keyboard settings

[ ] Omogoci kretnje s tipkovnico, pow

Korak 4: Vsi imajo radi teme

Trinity

Trinity offers many visually appealing
smoothed fonts, previews in the file m
menus. All this beauty, however, com
cost.

If you have a fast, new processor, you
all on, but for those of us with slower
less eye candy helps to keep your des|

Pocasen procesor
(manj uc¢inkov)

1 1 | | | |

Prikazi podrobnosti >>

€ Nazaij

€ Nazaj

Z izbiro ene od spodnjih postavk izber

Tr|n|ty D]l racunainika.
l Slog Opis
Sty e KDE Classic Classic KDE style
Keramik Prejsnji privzeti slog

Plastik Privzeti slog TDE

Platina Slog platine

Redmond Slog s severozahoda ZC
Soncni vzhod Zelo pogosto namizie
Ogled

Zavihek 1
zorno sredisce

Zavihek 2

Datoteka Videz Nastavitve Pomoc

] @
Iskanje: BiBanve Y
® @& Internetin omrezje |
© & Komponente TDE - = T %
&S Nan]lzle ) Datoteka Uredi
@ % Regionalnost in dostopnost Novo

@ @ Sistemsko upravljanje

@® <% Strojni dodatki

@ [, Varnostin zasebnost
— o @ Videzin teme

Navadno besedilo

Izbrano besedilo

povezava obiskana povezava

Odpri

Potisni gumb

~Barvna shema

Use Trinity Control Center to setup colors for Non TDE
programs:

Uncheck “Enforce colors for Non-TDE programs”

Barve ~ Barve gradnikov ———————
i Ikone == TDE privzeta 8 .
& Ohranjevalnik zaslona —Aqua Blue T \Navadno ozadje -
3 Okm?ki oken C——Aqua Graphite oy
M Ozadje —Be0S f
[3d Pisave —mBleda sivina
& Povratna informacija z... cmBuéa
# Slog
Upravitelj tem E-CDE R X Osenci razvrscen stolpec v seznamih
2 up ) mmm Digitalni CDE
24, Uvodni zaslon E=Domino Al Kontrast
@ @ Zvokin vecpredstavnost — ‘ . ”:‘
[ Shrani shemo ... ‘ .
Sibek Mocan
[ Uvozi shemo ... ‘
[ Uveljavi barve pri ne-TDE programih.
‘ Pomo¢ H Privzeto Uveljavi || Ponastavi




FS cluster usage

= Setting GNOME or KDE desktop locale preferences for keyboard, LANG environment
= Using NX client (Disconnect, Terminate, Logout)
" Console commands in Linux

= Editors for programming (emacs, gedit, kate, eclipse, vi, pico, ...) on login only!

Modules (LUA): SLURM batch scheduler

" module avail Compiled-in OpenMPI support

= module help/info e srun --nodes=N --ntasks=n cmd
= module show ) z?iigh SCripEash

= module load/unload . squeue

= module list e Alias for interactive usage of nodes:

* module purge alias node='srun -N1 --time=1:00:00 --pty bash -i




N Jsing SLURM (interactivelly) and Messagee>

Passing Interface (MPI) EURO

[leon@viz mpi]$ module purge &% module load foss/2019a [Lleon@viz mpi]$ mpif90 hello.f90
sy gl ot Bello. iHt [leon@viz mpi]$ LD_PRELOAD= srun -
program hello n 4 --tasks-per-node=2 --kill-on-
use mpi bad-exit --partition=haswell
./a.out

integer rank, size, ierror, strlen,

status(MPI_STATUS_SIZE) cn80 2 4
h ter(1len=MPI_MAX_PROCESSOR_NAME) :: host
character(len ) ostname cn79 0 4
call MPI_INIT(ierror) ch80 3 4
call MPI_COMM_SIZE(MPI_COMM_WORLD, size, ierror) cn79 1 4

call MPI_COMM_RANK(MPI_COMM_WORLD, rank, 1ierror)

call MPI_GET_PROCESSOR_NAME( hostname, strlen, ierror )
print*, trimChostname), rank, size

call MPI_FINALIZE(ierror)

end




#include <stdio.h>
#include <math.h>
#define N 1000000
int main()

{

double area = 0.0;
#pragma omp parallel for reduction(+:area)
for(int i = @; 1 < N; i++)
{
double x = (i+0.5)/N;
area += sqrt(1.0 - x*x);
}
printf("PovrsSina : %141f\n", 4.0*area/N);
return 0;

[leon@cn36 pi]$ module purge && module
load foss/2019a

[leon@cn36 pi]$ gcc -fopenmp pi-
openmp.c -1lm -o pi-openmp

[leon@cn36 pi]$ OMP_NUM_THREADS=4 ./pi-
openmp




Thanks!
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