NAPREDNA RACUNALNISKA ORODJA

UCNI NACRT PREDMETA/COURSE SYLLABUS

Predmet: Napredna racunalniska orodja

Course title: High-end computing tools

Clanica nosilka/UL UL FS

Member:

Studijski programi in Studijska smer Letnik Semest Izbirn
stopnja ri ost
Strojnistvo - razvojno Ni ¢lenitve (Studijski 3. letnik 1.seme  izbirni
raziskovalni program, prva program) ster

stopnja, univerzitetni

Univerzitetna koda predmeta/University 0562777
course code:

Koda ucne enote na clanici/UL Member 2036-U
course code:

Predavanj Seminar Vaje Klini¢ne Druge Samostoj ECT

a /Seminar /Tutorials vaje oblike no delo S
/Lectures /Clinical studija /Individua

tutorials /Other 1 student
forms of work
study

30 30 40 4
Nosilec Janez Povh, Leon Kos
predmeta/Lecturer:

Izvajalci predavanj:
Izvajalci seminarjev:
Izvajalci vaj:

Izvajalci klini¢nih vaj:
Izvajalci drugih oblik:

Izvajalci prakticnega
usposabljanja:

Vrsta predmeta/Course Splosni izbirni predmet /Elective general course




type:

Jeziki/Languages: Predavanja/Lectures: Slovenscina
Vaje/Tutorial: Slovenscina
Pogoji za vkljucitev v delo oz. za Prerequisites:

opravljanje studijskih obveznosti:

Izpolnjevanje pogojev za vpis v
Univerzitetni Studijski program I.
stopnje StrojnisStvo - Razvojno
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Vsebina:

Uvod v Mathematico: osnove dela z
Mathematico, izvajanje temeljnih
racunskih operacij z Mathematico,
simbolno racunanje z Mathematico.

2. Mathematica: programiranje v
jeziku Wolfram, vizualizacija podatkov in
matematicnih funkcij, Mathematica v
oblaku.

3. Uvod v Matlab: spoznavanje Matlab
sintakse, izvajanje vhodno izhodnih
operacij, izvajanje temeljnih ra¢unskih
operacij v Matlabu. Matlab v oblaku.

4. Matlab: izvajanje zahtevnejsih
numericnih izracunov (resevanje enacb,
faktorizacija matrik, numericno
integriranje in odvajanje).

5. Uvod v LaTeX: temeljne znacilnosti
LaTeX-a, predstavitev klju¢nih
distribucij, urejevalniki teksta,
prilagojeni za LaTeX, pisanje
kompleksnih dokumentov v Latex,
izdelava drsnic v okolju Beamer, LaTeX.
sodelovalna okolja v oblaku
(ShareLaTeX, OverLeaf).

6. Uvod v Github: Razvoj z Git po vejah
in zlivanje datotek z zahtevki, sledenje in
pregled kode, integracija tekstov in
dokumentiranje z restuktuiranim
tekstom.

7. Uvod v C++: osnove C++ sintakse,
razvojna okolja za C++ (urejevalniki
kode, prevajalniki, razhroscevalniki),
kazalci, funkcije.

8. Osnove objektnega programiranja s

Meeting the enrollment conditions for
the Academic study programme of
Mechanical Engineering - Research and
Development program.

Content (Syllabus outline):

Introduction to Mathematica:
environment fundamentals, basic
numerical computing with Mathematica,
symbolic computing with Mathematica.
2. Mathematica: programming in
Wolfram language, data and functions
visualization , Mathematica in the cloud.
3. Introduction to Matlab: Matlab
syntax fundamentals, Input/Output
operations, basic computing operations
in Matlab, Matlab in the cloud.

4. Matlab: performing advanced
numerical calculations (equation solving,
matrix factorizations, numerical
integration and derivation).

5. Introduction to LaTeX: LaTeX
fundamentals, popular LaTeX
distributions, text editors for LaTeX,
preparing complex document with
LaTeX, slides with Beamer, LaTeX
collaborative cloud environments
(ShareLaTeX, OverLeaf).

6. Introduction to Github:
Development with Git by branches and
merging with pull requests, tracking and
code review, integrating texsts and
documenting with restructured text.

7. Introduction to C++: C++ syntax
fundamentals, C++ development
environments (code editors, compilers,
debuggers), pointers, functions.

8. Basics of object programming with
C++: classes and objects, constructor,
destructor, name mangling, inheritance,



C++: razredi in objekti, konstruktor,
destruktor, prikrivanje, dedovanje,
polimorfizmi.

9. Uvod v Linux: opis najbolj
razsSirjenih Linux operacijskih sistemov,
shell, terminal in konzola, osnovne
operacije nad datotekami, navigiranje
med direktoriji.

10. Linux: napredni ukazi,
vhodno/izhodno preusmerjanje tokov,
CentOS.

11. Uvod v visokozmogljivo
raCcunalnistvo (HPC) :

* Razumevanje HPC in njegovih
moznih aplikacij.

* Pregled razpolozljivih zmogljivosti,
zgodovina, trendi.

* Heterogeni racunalniski sistemi -
GPU vs. CPU.

* HPC na FS - kako se prijaviti, kako
oddati nalogo, kako spremljati potek
dela.

* Knjiznice za ucinkovito paralelno
racunanje: Blas, LaPack, Eigen,...

12. Socasnost, vzporednost in
porazdeljeni sistemi

* Socasnost in vzporednost;.

* Paralelizacija racunskih nalog v
Matlabu, Mathematici in Pythonu.

* Pisanje C++ kode za HPC z deljenim

spominom z uporabo OpenMP in za
porazdeljene sisteme z uporabo
vmesnika za posiljanje sporocil (MPI).
13. Multifizika

* Pregled modulov multifizike;
priprava modelov CAD za simulacije.

* Izdelava sheme v okolju Workbench;
vezava vstopnih podatkov med moduli
(geometrija, materialni parametri,
vkljucevanje rezultatov prve analize kot
vstopne podatke druge).

* Predstavitev glavnih oblik
konstrukcijskih modelov za simulacije
(linijski nosilci, lupine, telesa).

* Parametri porazdelitve problemov na

HPC, vzporedni datotecni sistemi,
Uporaba oddaljenega racunanja (RSM).
* Vizualizacija in VirtualGL

* Ansys v oblaku.

14. Programska orodja za simulacije
CFD

polymorphisms.

9. Introduction to Linux: description of
the most common Linux distributions,
shell, terminal and console, basic file
operations, directory navigation.

10. Advanced Linux Commands:
Input/Output redirections, CentOS

11. Introduction to High Performance
Computing (HPC):

e Understanding HPC and possible
applications.

* Overview of available capacities,
history, trends.

* Heterogeneous Computer Systems -
GPU vs. CPU.

* HPC on UL FME - how to apply, how
to submit a job, how to monitor
workflow.

* Libraries for efficient parallel
computing: Blas, LaPack, Eigen,...

12. Concurrency, parallelism and
distributed systems

* Concurrency and parallelism.

* Parallelization of computational
tasks in Matlab, Mathematica and
Python.

* Writing C++ code for shared
memory HPC using OpenMP and for
multi-node systems using message
passing interface (MPI).

13. Multiphysics:

* An overview of multiphysics
modules; preparation of CAD models for
simulations.

* Creating a workflow in Workbench
environment; binding input data
between modules (geometry, material
parameters, integration of the results of
the first analysis as input data of the
second).

* Presentation of the main shapes of
construction models for simulations (line
beams, shells, bodies).

* Parameters of problem parallelism in
HPC, parallel file systems, using remote
computing (RSM).

* Visualization and VirtualGL

* Ansys in the cloud.

14. Software tools for CFD simulations
* Overview of codes, operations and
manipulations of open fields.



* Pregled kode, operacije in
manipulacije odprtega polja.

* Predprocesiranje, izdelava in
pretvorba mrez, domenska
dekompozicija za HPC.

* Solverji za CFD, zgorevanje,
elektromagnetiko, mehaniko trdin.

* Orodja za rekonstrukcijo,
postprocesiranje in vizualizacijo.

15. Simulacije z odprtokodnimi okolji
* Pregled modulov SALOME.

* Uporaba zunanjih solverjev z
modulom za paketno obdelavo na HPC.
* Integracija in programiranje
vmesnikov za solverje na HPC.

* Programiranje CAD geometrije in
mrezenje.

e Multifizika z Elmer in povezava
Medcoupling.

* ParaView in povezave z IOR.

Temeljna literatura in viri/Readings:

* Preprocessing, generation and
conversion of meshes, domain
decomposition for HPC.

e Solvers for CFD, combustion,
electromagnetics and solids mechanics.
* Tools for reconstruction, post-
processing and visualization.

15. Simulations with open-source
environments

* Overview of SALOME modules.

* Using external solvers with batch
processing module for HPC.

* Integration and programming of
interfaces for solvers for HPC.

» CAD geometry programming and
meshing.

* Elmer Multiphysics and Medcoupling
* ParaView and IOR connectectivity.
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Cilji in kompetence:

Cilji:

1. Nauciti Studente osnov Linuxa in
kako uporabljati racunalnisko orodja
za kreiranje kompleksnih
dokumentov ter za soCasno projektno
delo.

2. Nauciti Sstudente osnov Matlaba,
Mathematice in C++.

Objectives and competences:
Objectives:

1. To teach students the basics of Linux
and how to use computer tools to
create complex documents and usage
for collaborative tasks.

2. Introduce students to fundamentals
of Matlab, Mathematica and C++.

3. Prepare students to be able using
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https://guides.github.com/introduction/git-handbook/
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http://www.docs.is.ed.ac.uk/skills/documents/3722/3722-2014.pdf

3. Nauciti Studente, da uporabljajo

superracunalnike kot orodja za
resevanje zahtevnih racunskih
problemov.

Nauciti Studente, da znajo prenesti
tezke naloge iz svojih prenosnih ali
namiznih racunalnikov na
superracunalnik in jih tam resiti.
Nauciti studente, kako izvajati s
sodobnimi racunalniskimi orodji
priprave, simulacije, analize in prikaz
rezultatov razli¢nih fizikalnih
modelov.

Kompetence:

1.

S1-RRP: Sposobnost za opredelitev,
razumevanje in ustvarjalno reSevanje
strokovnih izzivov z uporabo
naprednih racunalniskih orodij.

. S2-RRP: Razvijanje sposobnosti

kriticnega, analiticnega in
sinteticnega misljenja s poudarkom
na reSevanju razli¢nih inzenirskih
problemov z naprednimi
racunalniskimi orodji in na kriti¢ni
presoji dobljenih resitev.

. S5-RRP: Sposobnost uporabe IKT, Se

posebej superracunalniske
tehnologije, za reSevanje tezkih
racunskih problemov s podrocja
strojnistva.

S4-RRP: Sposobnost strokovnega
sporazumevanja in pisnega izrazanja,
vkljucno z uporabo tujega
strokovnega jezika in naprednih
racunalniskih orodij za pisanje
kompleksnih dokumentov in za
obvladovanje kompleksne
dokumentacije, ki nastaja v
projektnih timih.

. P2-RRP: Student se zna prijaviti na

enega od slovenskih
superracunalnikov in tam izvajati
osnovne naloge v okolju Linux.

. P2-RRP: Student zna kreirati

kompleksne dokumente v okolju
Latex.

. P2-RRP: Student zna prenesti

podatke o svojem problemu na
superracunalnik in tam zagnati
sodobna programska orodja za
resevanje teh problemov.

4.

5.

supercomputers as a tools to solve
complex computational problems;
To teach students how to model and
transfer computationally demanding
tasks from their laptops or desktop
computers to supercomputers and
solve them remotely.

To teach students how to prepare,
simulate, analyze and visualise the
results of various physical models
using advanved computer tools;

Competences:

1.

S1-RRP: The ability to define,
understand and creatively solve
professional challenges using
advanced computing tools.

. S2-RRP: Development of creative,

analytical and synthetic thinking with
an emphasis on (i) solving various
engineering problems using
advanced computer tools and (ii) on
critical evaluations of the solutions.
S5-RRP: The ability to use ICT,
especially supercomputer technology,
to solve difficult computational
problems related to mechanical
engineering.

S4-RRP: Professional communication
and writing communication skills,
including the use of foreign technical
language and advanced computer
tools to write complex documents
and to master complex
documentation generated by project
teams.

P2-RRP: Student can login to one of
the Slovenian supercomputers and
perform basic tasks in Linux
environment.

P2-RRP: Student is able to create
complex documents in the Latex
environment.

P2-RRP: Student is able to transfer
data of a computational problem to a
supercomputer and run advanced
software tools to solve these
problems.

P2-RRP, P4-RRP: Student can write
basic programs in C++, MATLAB,
Mathematica, and utilizing advantage



8. P2-RRP, P4-RRP: Student zna
napisati osnovne programe v okoljih
C++, MATLAB, Mathematica, ki
izkoriSCajo moznost paralelizacije na
superracunalnikih.

9. P6-RRP: Student zna uporabljati
okolje Git za obvladovanje sprememb
pri skupinskem razvoju programske
kode ali druge dokumentacije.

10.P4-RRP: Student zna uporabiti
napredna racunalniska orodja, kot so
Ansys., OpenFOAM in Salome, za
resevanje kompleksnih inzenirskih
problemov.

Predvideni Studijski rezultati:
Znanja:

Z1: Poglobljeno strokovno teoreti¢no in
prakti¢no znanje na dolocenem
podrocju, podprto s Sirso teoreti¢no in
metodolosko osnovo: razumevanje in
sposobnost uporabe naprednih
racunalniskih orodij za resevanje
inzenirskih problemov ter za
obvladovanje kompleksne
dokumentacije;

Spretnosti:

S1.1: Sposobnost uporabe nekaterih
standardnih racunalniskih programov, ki
jih Studentje srecajo tekom Studija, na
superracunalniku in z njimi u¢inkovito
resevati tezke inzenirske probleme.

S1.2: Sposobnost samostojno izdelati
kompleksne dokumente, vklju¢éno z
drsnicami za predstavite, z orodjem
LaTeX in Beamer in kako obvladovati
kompleksno dokumentacijo z orodji Git.

S1.4: Studentje se naucijo osnov
programskega jezika C++ ter uporabe
knjiznic za komunikacijo v okoljih z
deljenim in porazdeljenim spominom.

S1.4: Studentje se naucijo napisati
preproste racunalniske programev
okoljih Mathematica, Matlab, C++, ki
vkljucujejo paralelizacijo izvajanja nad
sodobnimi superracunalniskimi
arhitekturami.

of parallelization on supercomputers.

9. P6-RRP: Student knows how to use
the Git environment to control code
or documentation changes within
collaborative development
environment.

10.P4-RRP: Student can use advanced
computing tools, such as Ansys,
OpenFOAM or Salome, to solve
complex engineering problems.

Intended learning outcomes:
Knowledge:

Z1: In-depth professional theoretical and
practical knowledge in a specific field,
supported by a broader theoretical and
methodological basis: understanding
and ability to use advanced computer
tools to solve engineering problems and
to master complex documentation;

Skills:

S1.1: Ability to use some standard
computer programs encountered by
students during their studies, on a
supercomputer to efficiently solve hard
engineering problems.

S1.2: Ability to produce complex
documents on your own, including
presentation sliders, with LaTeX, and to
handle complex documentation using Git
tools.

S1.4: Students learn the basics of the
C++ programming language and how to
link libraries for processor
communication in shared and
distributed memory systems.

S1.4: Students learn to write simple
computer programs in Mathematica,
Matlab and C++ languages, which
include parallelization over modern
supercomputing architectures.



Metode poucevanja in ucenja:

P1: Avditorna predavanja z reSevanjem
izbranih - za podrocje znacilnih -
teoreticnih in prakticno uporabnih
primerov.

P2: Obravnava snovi po urejeni in
vnaprej razlozeni sistematiki.

P3 Avditorne vaje, kjer se teoreticno
znanje s predavanj podkrepi z
racunskimi primeri.

P4 Laboratorijske vaje z namenskimi

didakti¢nimi pripomocki:

e namizni rac¢unalnik s primerno
programsko oporemo,

* programi za oddaljeni dostop,

* okolje za pisanje programske kode v
C++,

* okolje za izvajanje analiz
velepodatkov,

* oddaljeni superracunalnik.

P5 Uporaba Studijskega gradiva v obliki:

* Zapiskov in drsnic,

* Tiskanih in e-knjig,

* e-verzije predavanj (video
predavanja).

P6 Interaktivna predavanja.

P8 Izdelava in predstavitev aplikativnih
seminarskih nalog.

P12 Individualizirane domace naloge v
spletni ucilnici.

P13 Individualizirani kolokviji in izpiti s
samodejnim popravljanjem.

P15 Uporaba video vsebin kot priprava
na predavanja in vaje.

Learning and teaching methods:

P1 Auditorial lectures with solving
selected domain-specific theoretical and
applied use cases.

P2 Presenting the content according to
the explained systematics.

P3 Auditorial tutorials, where the
theoretical content from the lectures is
supplemented with practical examples.

P4 Laboratory exercises with special-
purpose didactic devices:

* Desktop computer with appropriate
software,

* Clients for remote access,

* C++ programming environment

* Big Data analysis tools,

* supercomputer via remote access.

P5 Application of different study
materials:

* lecture notes and slides,

* printed and eBooks,

e e-versions of lectures (video
lectures).

P6 Interactive Lectures.

P8 Preparation and presentation of
application oriented seminars.

P12 Individualized homeworks in e-
classrooms.

P13 Individualized mid-term exams and
self-evaluating exams.

P15 Video contents for preparing
students for lectures and tutorials.

Nacini ocenjevanja: Delez/ Assessment:
Weight

Teoreticni izpit. 40,00 % Examination.

Projekt. 20,00 % Project.

Domace naloge. 20,00 % Coursework.
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