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videokartem un MATLAB integraciju ar citam
programmeésanas valodam: C/C++ un Python
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https://hpc.rtu.lv/hpc/klastera-rokasgramata/klasteru-tehniskais-apraksts/

KOPEJIE SISTEMAS PARAM ETRI

35 skaitloSanas mezgli

2736 CPU kodoli

25 TB RAM (lidz 2 TB uz vienu procesu)

28 grafiskie paatrinataji (GPU)

240 TFlops kopéja veiktspéja (134 Tflops x86 + 106 Tflops GPU)
1.6 PB datu glabasanas vieta

10-100 Gb/s piekluves tikls

56-200 Gb/s Infiniband mezglu starpsavienojums

EuroCC Latvija




. Login node ui-1.hpc.rtu.lv
Head node — job

manager

Interconnection
100Gbps

Compute
nodes

Data storage

EuroCC Latvija




Superdatora izmantosanas scenariji

N

~ N
( / Palaizot matlabu uz login-node \
Parejot uz réekinasanas mezgla vai no virtualas masinas, vai Sagatavojot jau visu ieprieks,
(paslaik esam uz login-node) no sava matlaba (to Faila run_job.sh
Palaizot matlabu tur konfiguréjot), un iesitot un sutot specialus

un pildot uzdevumus tur, ka uzdevumus Job no terminala, nemaz matlabu
Parasti mes to daram klase uz @ pasa matlaba ka job-failus epalaizot
Sava datora

N

Izmantosim So



Ka pieklit HPC?

Organizations MR Maris Térauds

@ maris.terauds@rtu.lv

El Projects

88 Resources

User dashboard Credentials v Notifications Permission requests Al

Resources in all visible projects

All resources Roles and permissions ' user@testinguz1306: ~

Virtual Desktops File Edit View Search Terminal Help

Scope type Scope name To run a command as administrator (user "root"), use "sudo <command>".

HPC :
See "man sudo root” for details.

Analysis portals Project levadkurss Matlab 2025
Private clouds Project RTR207 Elektroinzenieru matematikas datorrealizacija

Storage

Show 1 more

E Marketplace

EuroCC Latvija
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Waldur login

Jusu interneta parluka rakstam adresi: nohap.hpc-net.1lv
e lzvélamies Sign in with RTU HPC
* |zvelésimies MyAccessID

e tad atkariba no login veida:

Ortusa login laucina Login With: sakam rakstit savas universitates nosaukumu,
paradisies (Riga Technical University (office 365))

e Eparakstam izvelésimies Login with eIDAS kur izveélésimies Latviju




Waldur login

Sadala Resources -> Virtual Desktops nospiezam Add un izveidojam
VI rtua IO maéTn u . L Virtual Desktops resources | RTI X | & testinguz1306 f e Private browsing

& c Q8 hpc-net.iv/re

-2] Import bookmarks... Aizdevumi uznemumi... * Channel content - You... €3) Darba laika uzskaite () New Tab

Qs

Virtual Desktops < & Import

@

Eh Organizations

Q, Search... ™ Export

Projects

oo

oo Resources 5 Offering =  Organization =  Projel Actions

RTRI

Resources in all visible projects Virtuala

: 2 ALDP Elekt "
v testing-uz-1306_final @ ® @ Darba K :
projekts mate
All resources Virsma -

Virtuala RTU HPC I
evat i
s testing_uz 1306 @ © @ Darba :
o 0o Centre Matli

Virtual Desktops

Virsma
HPC

Matlab_2024a_ful_60MT_meg ®  ""Y3@  cryhpe ieval s
v v Darba :
Analysis portals Cls. : Centre Matl;
Virsma

Matlab2024a_full{sign_in_reqg)_hpc-  virtuala
v integration_60_raw_add_python @ Darba

Private clouds RTU HPC levat "

Centre Matli
Storage Virsma

RTRZ



Add resource

Select an organization and project, then choose a category, an offering, and follow the prompts

:1_ RTU HPC Centre X v levadkurss Matlab 2025 X v

Q, Search an offering

Categories Offerings
L
. Jupyter Hub (test
3 Virtual Desktops 3 offerings JHT Py ; fest) _ ) ,
JupyterHub is an open-source graphical programming envir

“I vLDVv Virtuala Darba Virsma

vLDV Virtuala Darba Virsma (Windows) testing




Additional configuration

Select desktop imaae *

Matlab2024a_fullsigninreq_hpcintegration_python_60_raw

Select flavor *

large 4vCPU-8GB-CEPH

Select disk size *

60

Sadala name - ierakstiet kaut ko saistitu ar jusu vardu , jo péc tam
masina bus jaatrod starp visu lietotaju izveidotajiem, un bus gruti atrast
savu.

Termination data: droSi vien izveidojiet kaut ko saistitu ar 19-06-2025




Waldur login

h Organizations

Projects = -
J 59 HPC_alokacija_matlab_kursi_ievads_matlab2025

Resources @O

Resources in all visible projects

All resources o

Te vajadzetu atrast un

piefiksét savu user name:

Your user name: hpc

Virtual Desktops () Piefikséjiet So informaciju, to
izmantosim velak.

]

Analysis portals
Private clouds

Storage
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Turpinam ar prezentaciju
CPU un GPU atskiribas




GPU ierices indentifikacija

gpuDeviceTable

gpuDevice

tf = canUseGPU

gpuDeviceCountgpuDeviceTable
("available")

https://www.mathworks.com/help/parallel-computing/run-matlab-functions-
on-a-gpu.html




GPU ierices indentifikacija

gpuArray

gpuDeviceTable

gpuDevice

tf = canUseGPU

gpuDeviceCountgpuDeviceTable
("available")

https://www.mathworks.com/help/parallel-computing/run-matlab-functions-
on-a-gpu.html




RUN matlab on GPU

Lielaka dala funkciju atbalsta palaiSanu uz videokartes
Tos, pec seminara, varés apskatities Seit:
https://www.mathworks.com/help/parallel-computing/run-
matlab-functions-on-a-gpu.html

Soreiz més palaidisim




Matlab + GPU

1.Sagatavosanas darbi:

A = rand(1000); % tiek izveidota
1000x1000 elementu matrica

2.Dati tiek sutiti uz GPU

A _gpu = gpuArray(A); %matrica tiek
parsutita uz videokarti

3.Tiek veikta rekinasana uz videokartes
B_gpu = A_gpu*A_gpu’;

4. Dati tiek atgriezti no GPU
B = gather(B_gpu)




Element-wise operacijas

Ja ir paredzamas operacijas kurus secigi veic
kada masivu elementiem, tad mes pielietojam
arrayfun.

A = gpuArray([1, 2, 3, 4]);

B = gpuArray([10, 20, 30, 40]));

% Define a function that takes two inptL
f=@(x,y)X+Yy."2; C(i) = A7) + B(i)2
% Apply element-wise using arrayfun
C = arrayfun(f, A, B);




Atminas monitorings
g = gpuDevice;

disp(g.FreeMemory);
disp(g.TotalMemory);

Atminas atbrivosana
Atminas aiznemsana




Double un single precizitates operacijas

% Create a large matrix d

N = 5000;

% Double precision

A_double = gpuArray.rand(N, 'double’);
tic;

B_double = A_double * A_double';
toc;

% Single precision

A_single = gpuArray.rand(N, 'single’);
tic;

B_single = A_single * A_single’;

toc;




Lai parliecinatos ka Matlab var lietot GPU
canUseGPU




Matlab + C

1.MEX faili (MATLAB Executable):

1. C/C++ kods tiek kompilets ka MEX fails.
2. To var izsaukt tieSi no MATLAB ka funkciju.
3. Loti noderigj, ja nepiecieSama atra izpilde.

2.MATLAB Coder:
1. Genere C/C++ kodu no MATLAB koda.

2. Noder iegulto sistemu izstrade vai veiktspejas
uzlaboSanai.

3.DLL izmantoSana:

1. C valoda rakstitas dinamiskas bibliotekas (DLL) var tikt
izmantotas MATLAB vide.




Matlab + Python




Atrdarbiba

Profiler (Run and Time)

tic, . toc
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Tikhdz virtuala masina ir izveidota, més piek|usim pie tas:
Resources -> Virtual Desktops -> atrodam savu virtualo masinu

Organizations

Q Search... = b ™ Export
Projects
Resources = N Name [ \L Offering = Organization = Project = State [ = Createdat Actions
; i i Virtuala RTU HPC 2025-086-10 .
Resources in all visible projects v Matlab_2024a_full_60_MT_meg ® ©& 3 i levadkurss Matlab 2025 OK :
Darba Virsma  Centre 21:24
Al Matlab2024a_full{sign_in_req)_hpc- Virtuala RTU HPC — W pe 2025-06-10 .
resources L EI . . evadkurss Matla :
integration_60_raw_add_python ® & Darba Virsma  Centre 09:39
i Virtuala RTR207 Elektroinzenieru 2025-06-06 5
Virtual Desktops v jaunavirtuaala MT® © 3 . ALDP projekts =3 L OK :
Darba Virsma matematikas datorrealizacija 15:40
HPC . Virtuala RTU HPC 2025-04-07 w
|~ JelizavetaPalcevska_HPC_MatLAB @ & 2 levadkurss Matlab 2025 0K B
Darba Virsma  Centre 16:15
Analysis portals Virtuala RTU HPC 2025-04-07 :
~  Vija_JursevicaHPC_07042025® @ . levadkurss Matlab 2025 OK :
Darba Virsma  Centre 16:10
Private clouds ) Virtusla ) RTR207 ElektroinZenieru 2025-03-24 .
v  aldp-pro-1-rtr207-e-1-virtuala-1-1® @ . ALDP projekts . R OK .
Darba Virsma matematikas datorrealizacija 1110

Storage

2 Marketplace

Spiezam uz tas, tad paradisies poga Access Resource

Spiezam uz linka

Getting started Access resource v

To access aldp-pro-1-rtr207-e-1-virtuala-1-1, please select one of the supported methods from dropdown on the right



Piekluve ar ssh atslegam

Saja seminara veiksim pieslegsanu pie HPC centra
datoriem uzreiz no matlaba. Lai to izdaritu matlabam

jabut attiecigi konfiguretam (un versijai jaatbilst konfiguracijaj
Lidz ar to to imitésim ar virtualas maSinas matlabiem.
Konfiguracijas failus un instrukcijas, lai tas viss stradatu
no darba datora, vares paprasit HPC centram.
Piekluve pie HPC ir iesp&jama tikai ar atslegam

¥ Applications

s Run Program...

ﬁ Terminal Emulator ’
_] | File Manager
[Z] Mail Reader f_"'lT__Lf'-'\B

2024a
ﬁ Web Browser

BE Settings L4

B Accessories b ﬁé
. & Education Ll ng_Start-
& Graphics Vith_Se...
é Internet 4

B Multimedia b

¥ Office b

&7 Systermn 4

if About Xfce

Application->Terminal Emulator
Terminali rakstam ssh-keygen
Jautajuma par file name spiezam (enter)

o wbhPE

Lai nokopetu publisko atslegu rakstam
cat ~/.ssh/id_rsa.pub

Atslegu iekrasojam nokopejam ﬂ)

Passphrase nebus - spiezam enter (laikam vélreiz prasis

i@ Log Out

Firefox Web
Browser

©®

: $ cat ~/.ssh/id rsa.pub
ssh-rsa AAAAB3NzaClyc2EAAAADAQABAAABgQDULM/wK8mLepwKtkPmMCqGnFYuHUOW3Tg6hClhr3a8
OnE9xxWIDtYCBoJ1Ittelvd60+2Y+YZTb35NF7SP/0ONL701fUxL4vvML1pK2QbX2952DvExtDSaEoBlY
GfeBxhlLs+jiIEy/VaFYL52dvmX06 tXRHWktx1SNPTtfSXU9hk7CK1iQPk95i0z01MafVVhWsodHH/CRzN
ipdmzFJIB2elOYkSUam8TOqxGb03xvX3z09muaw/Wt51FeCXCAN1yVADNt+EnhWd10HZkrP4Mpsis9fe
EPCFuPj9JHSblscWOpX5WVqoUncY7s86YYx12Nu/606q25futpW+VWBDvcKg3job33Mic7dY7651/Wil
D66VHXdPsn6sro8iPqrzlC4Tyt2FbON7w807gim/ZIIkaE/piH6+61r9EK+LBgxbI2rOTGbEQmkvm4Pd
UNOMSUV rxnQKZBPHkGLX/HfvHHhV8aYIb+9i1G80kgl0LsvigmQzH6Co+L j6EwBamGp+seoE= user@te




Piekluve ar ssh atslega

Tad ejam-uz citu interneta parluka tab,
kur bija atverts logoSanas portals -
(nohap.hpc-net.lv), taja atdodam sevi
(augseja labaja stun)

1.KlikSkinam uz varda -> 2.Credentials -
> 3.SSH keys

4 Add key

Laucina Public key (5) leliekam
iepriekSéja slaida iekopéto atslegu.

Key name (6) - briva forma ierakstam
atslegas nosaukumu (piem. mana
atslega)

Import Key (7)
Atslegas importam bus vajadzigas

~Bmin, lidz ar to darisim nakamas
aktivitates

Orgarizations | ALDP projekts / Projects / RTR2...cija | HPC / HPC al

HPC alokacija Matlab (7 = ok

Offering name: RUDENS (RTU HPC) [Show of
d  Usage R data v
Getting started

Your user name:  (TYEEE
Account (qsub=A): hpc_mt_18b34_hpcalokaci janatlab

Access using the Open OnDemand portal

Web based access. No SSH password or keys required.
Go to Open OnDemand and look for the Clusters tab. Select RUDEN

For details, please see 00D instructions

Access using SSH B SSH keys

Note: $SH requires a terminal via PuTTY, MobaXterm, WSL, or Linus

In case of a Linux/macOS terminal, copy this command.

$ | ssh hpcee22sgui-2.hpc.rtu.lv

Before connection, your SSH public key must be uploaded to Waldur

For details, please see SSH instructions A PI to ke n

User guide
https://hpe-guide.rtulv

Import public key X

Key name
S

Public key *

4

?

Remote accounts

Hello
MT
IO ( )Méris

Maris Terauds

maris.terauds@rtu.lv

MT

User dashboard

ZCredentials

Notifications

Permission requests

Audit loas




Piekluve ar ssh atslegam (3)

Ta ka atslégas importéSana sistéma aiznems kadas 5 min, vélak
turpinasim darbu ar to , pagaidam vienkarsi darbosimies matlaba.
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Piemera funkcija - Mandelbrot Set
Mandelbrot Set

i1 = Eﬁ + 20, Kk=0.1,...

Mandelbrota kopa ir slavens fraktalis, kas sastav no tiem
komplekso skaitu c, kuriem iteracija:

Z,.1=2,%+C,z2,=0

Zzn+1=zn2+c,

z0=0

neizraisa bezgaligu pieaugumu (t.i., paliek ierobezota)

Youare

here
I



Failu parnesana ar Midnight Commander
Ir sagatavota mape ar failiem. Lai pieklutu tai:

Virtuala masina palaizam terminali:

Applications -> terminal

Taja rakstam mc

Atversies Midnight Commander

Faili kas ir vajadzigi Sodienai tiek glabati attalinata serveri. Tiekam lidz
tam

Left -> Shell Link

Taja rakstam

xstudent@213.175.92.15:30022

Sadi més piekllsim attalinatam serverim , uz kura glabasies faili.

Password: RTU20241ab (mazie, lielie burti ir svarigi), kad jus rakstisiet
password linux vidé neradisies ne zvaigznes, nekas vispar, vienkarsi
ierakstiet un nospiediet enter)




NP
Failu parnesana ar Midnight Commandei L§ e |

/ .cache May 118 ,".ﬁATLABConnector 46 Mar 24
. . R — — — . - . /.confi Ma b : .MathWorks 4 Jan 7
Tad midnigh commander kreisaja dala atvérsies faili kas ir uz 5.{avaf :--:ai 9 15. -.CBE?J Jin 10
— = = — . . . . loca May - .config un
attalinata servera. Musu uzdevums ir uzlikt mapi: /.matlab Eaat Bl e
. /.pki - I:I:y p. %;\C/: Ozt
/home/EIMDR/GPU_seminars2 i s ot o e i 3
/marks May : .mozilla Oct
/shared May 3 4 /.pki Oct
d By 21 L6 |-rvan o
Lai parvietotos direktorija uz augsu jaspiez zime /.. (att.1.) | -hash_Log HNow 2% Z021) |/ueskiop i

Esot home spiezot bultinu uz augsu, vai page up nonakam lidz
EIMDR (att.2.)

Tad enter, un izvélésimies GPU_seminars2

e Modify time .n Name Size Modify time
! A Jun 11 16:48 ata UP--DIR|Aug 26 2022
/171RECO48 Nov 2 2022||/.MATLABConnector 4096 [Mar 24 11:12
/181RDB210 2 | Nov 2022 .MathWorks 4096(Jan 7 13:16
/181REB344 Nov 2022 .cache 4096 (Jun 23:27
/181REB345 Nov 2022 ||/.config 4096 |Jun 13:56
/181REB346 Nov 2022 .dbus 4096 |Aug 2 2022
20
20

2
P
2

/181REB357 Nov 22 .gnupg 4096 |Aug 2022

/181RMBOO3 92 | Nov 22| |/.java 4096 |0ct 2023
.local 4096 | Aug 2022

/cadence 20 [May 14:28| (/.matlab 4096 |Mar 11:15

/grader May 14:36 | |/.mozilla 4096 |0Oct 2023

/hansi 92|Dec 6 2023|(/.pki 4096 |0ct 17

/harki 275 Dec 2023 | |/ .pyenv 4096 | Jun

/harko Dec 20 2023||/.ssh 4096 (Apr

/harme Dec 20 2023||/Desktop 4096 | Jun

Hint: If you want to see your .* files, say so in the Configuration dialog.
user@aldpprolrtr2@7elvirtualall:~$ l
1 2 3 4 5




lzvélésimies GPU_seminars2, tad spiezam F5 lai kopétu to uz labo pusi.

Labaja puse€ ir pasreiz€jais dators.

up
4096 | Ju : y Connector
ks
4096
/cadenc D2 86
/grade 142

/html

/neural
/pdf

E 4 5 6 8 9 10



...75.92.15:30022/home/EIMDR :
N Size Modify time o Size Modify time

Jf

/Gru_ i ————— Copy
Copy vy "GPY_seminars2"™ with source mask:

/cade
/cade [x] Using shell patterns
/gradjsss

/html
/matl
Wy | [ ] Follow links [ 1 Dive into subdir if exists
/pdf [x] Preserve attributes [ ] Stable symlinks

[< OK >] [ Background ] [ Cancel ]

1 J )
T a .s .= s —
rJ
i TR

=R RN
Sh Wwiinpdp WA MO

(e N N
2 o0

=

MM
o DD e

[

D WM N
Ln

w

| /Desktop | 4096 |Jun 11

Hint: If you want to see your .* files, say so in the Configuration dialog.
user@aldpprolrtr207elvirtualall:~$
1 2 3 4 5 6 7 8 9 10




Sakuma nedarbosies terminali rakstisim komandas!
rm -rf ~/.MathWorks
rm -rf ~/.matlab

Matlab

Kad mc vairs nav vajadzigs, to var minimizet ar Ctrl+o
Tagad klikskinot uz ikonas
palaizam matlab

Matlaba komandas loga

(Command Window) rakstam
cd GPU_seminars2

Un atvérsim pirmo failu




Atversim pirmo failu
edit sim_Mandelbrot
edit draw_Mandelbrot

Palaidisim draw_Mandelbrot

Tas fails izsauc sim_Mandelbrot
un uzzimeé redzamo figure

Ta ir |oti maza dala

no visas Mandelbrota kopas. Jautajums ka varetu paatrinat

rekinus, lai uzzimetu arvien lielaku kopas dalu.

Youare _
here r




Programmas atrdarbibas analize

Musu Sodienas stasts ir par atrdarbibu. Pirms
kerties tam ka més paatrinam failu uz
superdatora, palaizam profiler jeb Run and
time. Tas paradis visas lenas un atras vietas
musu programmai. (palaidisim
sim_Mandelbrot)

D @5 il
1@ Step Stop

T

= Run: sim_Mandelbrot

' Run: type code to run

A Run and Time
r)_ Run code and profile to improve performance

BRREAKFOINTS



sim Mandelbrot 5.955
——-1—) sim Mandelbrot>Mandelbrot fun 3.965
imagesc 1.850
newplotimagewrapper 1.103
0.004 26 count = ones(size(z0)); Tatad kritiska
< 0.001 1 27 z=28; rekinasana ta
< 0.001 1 29 for n = @:maxIterations
2.417 501 30 z =2z."z it
1.229 501 31 inside = abs(z)<=2;
0.272 501 32 count = count + inside;
< 0.001 501 33 end




Klastera konfiguresana

Nakamos uzdevumos veiksim uz rékinasanas klastera.

Darbs uz klastera var noritét gan interaktivaja, gan uzdevumu sutiSanas
rezima. Interaktivais rezims butu ja més palaistu matlab tieSi uz
vajadzigas rékinasanas nodes.

Cits panémiens ir sagatavot uzdevumus un satit. Soreiz sitisim
uzdevumus tiedi no matlab (tos var sitit arT no terminala). Soreiz ta ir
virtuala masina, bet tikpat labi tas varétu but ar jlusu lokalais dators ar
attiecigo konfiguracijas failu.




‘ New to MATLAB? See resources for Getting Started.

Pirma uzdevuma sutisana uz HPC 4] - ol s
Piek! uve Caur SSh atSIegam(turpinajumS) Complete. Default cluster profil'e set to "Rudens R2024a".

ﬂ Komandloga rakstam configCluster noradisim lietotaja vardu kas bija

jai € ida ﬁrc = parcluster;
jaiegaumé 9.slaida. P = b

Tad rakstam: ¢ = parcluster; lai nokonfiguretu klasteri. To javeic tikai
pasu pirmo reizi.

Tad varam sutit uzdevumus uz klasteri, rakstam:
job = c.batch(@pwd,1,{}, 'CurrentFolder',"'.", 'AutoAddClientPath’',false)

User Credentials itz (36

e—

BParédeies dialogs kura bus jaizvelas ldentity File

Select an authentication method to log in to ui-2.hpc.rtu.lv

Password |m Cancel

Tag bus jaizvelas privata ssh atslega (4.att) user->.ssh ->id _rsa

r‘ Select Identity File to use ~ X
e i = =
ook (G e )  EaEEE 5.ta ka r_)ar‘oles
3 .MATLABConnector(d Downloads =) .bashrc I’] e b 1 J a b u S
3 .mozilla 3 Music JICEauthority o= o R
3 .pki 3 Pictures £ .profile J alzve l adsS «no»
£3 .pyenv £3 Public B wiminfo
37 ssh I Templates E) .xauthority.ogon
es C3 videos [ .xsession-errors
rks 3 Desktop 2 .bash_history mylog.txt i }
3 Documents [ .bash_logout P authorized_keys
< I P D E Id_rsa
File Name: | [z] 1d_rsa.pub
Files of Type: ‘AII Files (+.%) - @ kn own hosts
Cancel

P



lesutitais uzdevums

Ko tad meés sutijam. Més iesutijam funkciju pwd , kas vienkarsi parada
darba direktoriju. Pie palaiSanas més noradam cik ir ieejas un izejas

argumenti

job=c.batch(@pwd,1,{%iigiiiiifFoldep-,-_.,
leejas argumenti
izejas argumentu skaits

Parejie parametri nav svarigi, bet tiem jabut lai viss darbotos, kur izpildit
failu, un vai kopeét izpildamo failu celus.

"AutoAddClientPath',false);

(to nav)




Rezultatu iegusana
Rezultatu ieguSana paradita uz bildes
State - vai uzdevums jau izpildijas
fetchOutputs - iegut izejas argumentus

diary - parada pazinojumus

Bet labak tos izméginasim uz nakama pieméra.

>> job.State
ans =
'finished'
>> job.fetchoutputs

ans =

1x1 cell array

{' /mnt/home/hpco0229'}

job.diary
- Start Diary ---
- End Diary ---




legusim kadu informaciju par rékinasanas function [atb1,atb2,atb3] = node_info

klasteri

Nedaudz apskatisim klasterl. Kada videokarte ir uzinstaleta,

vai varam to izmantot, un ka saucas klasteris. To visu apkopojam
faila

node_info

Fails palaiz bet, tas automatiski nenozimé ka videokarte bus, jo HPC
centram ir rekinaSanas mezgli gan ar gan bez videokartes.

Tikhdz palaists, ir japaskatas uz rezultatiem:

job2 = c.batch(@node_info,3,{}, 'CurrentFolder',"'.",...

"AutoAddClientPath',false);
job2.State

job2.diary

atb = job2.fetchOutputs,

PieverSam uzmanibu videokartes neesamibai un hosname, to visu
izskaidos nakamais slaids

% ileglsim informaciju par tekoso direktoriju
atbl = pwd;

% te prasisim esosas videokartes parametrus
atb2 = gpuDevice;

% te prasisisim vai varam izmantot videokarti
atb3 = canUseGPU;

% ar izsaukuma zimi var izpildit operidciondlas
% |sistémas komandas

lhostname




Mezgla vards

wno1

wn02-wn11

wnd4

wnd5-wn55

wn43, wns6-wn58

wn53-wne0

wnbl

wnbo2-wnbd

https://hpc.rtu.lv/hpc/klastera-rokasgramata/klasteru-tehniskais-apraksts/

Tips Fiziska atmina
(RAM)

compute-smp high 148 TB
mem

compute 384 GB
compute-gpu 512 GB
compute 128 GB
compute-gpu 128 GB
compute-gpu 192 GB

compute high-mem 27B

compute 512 GB

CPU

Gold 6140

Gold 6154

Gold 6348

E5-2680 v3

E5-2680 v3

Gold 6130v

Epyc 7F72

Epyc 7713

Kodolu skaits

72

56

24

24

32

48

128

GPU skaits

Lokals disks

/scratch

/scratch

/scratch 5.8 TB

fscratch

/scratch

fscratch

/scratch 1.8 TB

/scratch

Parametri (qsub

features)

dell vasara highmem

centos7 largescratch

dell vasara centos?
largescratch

golde154

lenovo gpu a100

dell rudens centos7

dell rudens gpu k40

centos’/

vasara vasara-32

gpu v100 centos?

epyc/fi2

largescratch

epyc epyc/713

centos?




Pielagosim darbam ar GPU

Lai varetu rekinat uz videokartes, noradisim papildus parametrus:
c.AdditionalProperties.GPUsPerNode=1;
c.AdditionalProperties.Feature="140s";

Palaizam vélreizi ieprieksejo funkciju:

job2 = c.batch(@node_info,3,{}, 'CurrentFolder',"'.",...
'AutoAddClientPath’',false);

job2.State
job2.diary
atb = job2.fetchOutputs,




Tatad parveidosim musu failu darbam ar
GPU: parsauksim to
edit sim_Mandelbrot

Save as -> sim_Mandelbrot_GPU

Tad klikSinam uz pirmo rindu ar funkcijas nosaukumu labo taustinu un
Replace function name by name, (funkcijas nosaukumam un faila
nosaukumam ir jasakrit).

function [x,y,count,sec]=sim_Mandelbrot
tic . Replace function name by file name. Alt+Enter

maxIterations = 5@0; sl s
et At aa _ annn. Open Message or Expand Details Ctri+M

function [x,y,count,sec]=sim_Mandelbrot_GPU
tic
maxIterations = 5€0;
ArAAC =2 — 1000



Tatad parveidosim musu failu darbam ar

GPU:

Sakuma izdalisim rekinasanu atseviSkaja funkcija.

Faila iekrasojam rindinas no select from this lidz select till this

Spiezam ar labo taustinu un Convert to Local Function
Uzreiz rakstam jauno nosaukumu
process_mandelbrot_element

to kas ir funkcijas iekSa rékinasim uz videokartes

[%Grid,yGrid] = meshgrid(x,y);

count = [l ELGERL IS = Sta ( xGrid, yGrid, maxIterations);
-Function(x&r‘id, yGrid,maxIterations)
% select from this

z® = complex(xGrid,yGrid);
%

Y

[xGrid,yGrid] = meshgrid(x,y);

% select from this
z8® = complex(xGrid,yGrid);

count = ones(size(z@));

zZ = ZO;

@:maxIterations
= Z.%Z + z0;
inside = abs(z)<=2;
count = count + inside

count = log(count);
% select till this

Evaluate Selection in Command Window F9

Open Selection Ctri+D

Help an Selection F1

Cut Ctri+X

Copy Ctri+C
Paste Ctri+V
Wrap Comments Ctri+)
Comment Ctri+R
Uncomment Ctri+Shift+R
Duplicate Line(s) Ctri+Shift+C
Change Case Ctri+Shift+A
Smart Indent Ctri+l
Convert to Function

Convert to Local Function

Section Break Ctri+Alt+Enter




Tagad vajadzétu datus aizsutit uz GPU. Lai to izdaritu visus funcijas ieejas
datus sutitisim uz GPU ar gpuArray

y = linspace{ylim(1),ylim(2),gridsi ZE‘)j

[xGrid,yGrid] = meshgrid(x,y); i —
| =D
count = prnl:ess_mandelbmt_element(xﬁrid,yGrid,maxIteratinns)_;/ 2
\——\’
function count = process_mandelbrot_element(xGrid,yGrid,maxIterations)
t.i. vieta «1» iestarpinam
XGrid = gpuArray(xGrid);

yGrid = gpuArray(yGrid);
axlterations = gpuArray(maxlterations);

Tad izejas datus , kas ir count - sutit no GPU
t.i. «2» rakstit count = gather(count);




Tiklidz viss gatavs iesutam

.job3 = c.batch(@sim_Mandelbrot_GPU,3,{}, 'CurrentFolder',"'.",.
'AutoAddClientPath’',false);

Uzmanibu, ja rakstisiet viena rinda, ... nav vajadzigi

job3.diary pievérst uzmanibu izpildes laikam.




Veiksim turpmakos uzlabojumus ar GPU:
parsauksim to
edit sim_Mandelbrot_GPU

Save as -> sim_Mandelbrot_GPU2

Tad klikSinam uz pirmo rindu ar funkcijas nosaukumu labo taustinu un
Replace function name by name, (funkcijas nosaukumam un faila
nosaukumam ir jasakrit).

Replace function name by file name. Alt+Enter
Suppress Message...

Open Message or Expand Details Ctri+M

tic
maxIterations = 5@0;

e AC A —a — AAA.

function {x,y,count,sec]:sim_MandelbrTf




Tatad parveidosim musu failu darba ar GPU:

Saja versija pievérsisim uzmanibu tam, ka visa darbiba notiek ar
vektoriem, un atceramies, ka mes darbibai ar vektoriem: (pasvitroti) ir
labak izmantot arrayfun.




Tatad process_mandelbrot_element aizvietojam ar arrayfun

- e
@= arrayfun(@process_mandelbrot_element, xGrid,yGrid,maxIteration@
N
23 yGrid = gpuArray(yGrid);
24 maxIterations = gpuArray(maxIterations); Apa
25
26 C£é323= process_mandelbrot_glement(xGrid,yGrid,maxIterati?fEEE>
27 —_—
28 - count = gather(count);
290  function count = process_mandelbrot_element(xGrid,yGrid,maxIterations)
38 % select from this




Vel izmainas

Vel nelielas izmainas, de| ta ka arrayfun neatbalsta ones..

19 maxIterations =-ghuhrrﬁy{maxIteratinns};
20
21 |=20 = complex(xGrid, yGrid);
22 icnunt = ones(size(z0));

23 count = gpuArray(count);

24 count = arrayfun(@process_mandelbrot_element,

25 xGrid, yGrid, maxIterations, count);

26 .

27 -~ count = gpuArray(count); _
28 function count = process_mandelbrot_element(xGrid, yGrid, maxIterations,count)
29 % select from this

30 - %

31 z0 = complex(xGrid, yGrid);

32 %count = ones(size(z0));

33 B

34 z = z0;




Palaizam

job3 =
c.batch(@sim_Mandelbrot_GPU2,3,{}, 'CurrentFolder','.",.
'AutoAddClientPath',false);

P.S. Ja gadijuma neiznaca - pareiza versija
atbildes/sim_Mandelbrot_GPU2




Optimizesim vel

Talakie optimizacijas soli nav tik uzskatami, bet for cikls, tiek aizvietots
uz while, tad tam bus vajadzigs mazaks iteraciju skaits.
sim_Mandelbrot_GPU3

Atkariba no atlikusa laika to var palaist




Visbeidzot visatraka realizacija
Kritiskais koda gabals tiek aizvietots ar C++ cuda kodu.
Lai varetu to palaist mums ir vajadzigi cu faili.

Viens no tiem ir paradits nakamaja slaida. Ta struktlra nav sareZgita un
to var uzrakstit manuali. Matlaba ir atrodami pieméri ka tos failus rakstit.

Tiklidz tas fails ir izveidots, més varam generét nepiecieSamos papildus
failus, matlaba rakstam:

mexcuda -ptx processMandelbrotElement.cu

(PTX fails CUDA ir starpkods, kas |lauj optimizét GPU kodu un kompilét
dazadam NVIDIA iericém izpildes laika.)

lzveidosies ptx fails.
Tad mes varam sutit uzdevumu pildities uz klaster.

Diemzel Seit radijas problémas ar realizaciju, un piemérs netiek
piedavats




include <stdio.h>
#include <cuda_runtime.h>

// This function is executed by each thread in the CUDA kernel.

__global__ void processMandelbrotElement(const double* xGrid, const double* yGrid, int maxIterations, int* count, int numElements) {
// Get the index of the element being processed by this thread.
int index = blockDim.x * blockIdx.x + threadIdx.x;

// Check if the index is within the bounds of the input data.
if (index < numElements) {
// Get the x and y coordinates for the current element.
double ¢_real = xGrid[index];
double ¢_imag = yGrid[index];

// Initialize the complex number and iteration count.
double z_real = 8.8;
double z_imag = ©.9;
int iterations = 8;

// Perform the Mandelbrot set calculation.
while (iterations < maxIterations &% (z_real * z_real + z_imag * z_imag) < 4.8) {
double z_real_temp = z_real * z_real - z_imag * z_imag + c_real;
z_imag = 2 * z_real * z_imag + c_imag;
z_real = z_real_temp;
iterations++;

}

// Store the iteration count in the output array.
count[index] = iterations;
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Areio valodil intefeisi

Categories

C++ with MATLAB
Directly call C/C++ library functionality from MATLAB or write modern C++ programs that call MATLAB functions

Java with MATLAB
Directly call Java® library functionality from MATLAB or write Java programs that work with MATLAB

Python with MATLAB
Directly call Python'ﬁ‘ library functionality from MATLAB or write Python programs that work with MATLAB

.NET with MATLAB
Directly call .NET library functionality from MATLAB or write .NET programs that work with MATLAB

COM with MATLAB
Access COM components from MATLAB or write COM programs that work with MATLAB

Web Services with MATLAB
Communicate with Web services from MATLAB using HTTP (Hypertext Transfer Protocol) or WSDL (Web Services Description Language)

C with MATLAB
Directly call C library functionality from MATLAB using calllib or write C programs that call MATLAB functions using mxArray to access or create MATLAB variables in C

Fortran with MATLAB
Write Fortran subroutines that work with MATLAB



Matlab + C, C++ faili

Panemsim failu add_numbers.c

Varam to atvert, paskatities kas ir iesksa, bet butiba, ka tas ir kods kas
generé divu skailu saskaitiSanu

mex add_numbers.c

Péc kompilacijas mes varam izsaukt:

result = add_numbers(3, 5);
disp(result); % Output: 8

|lzméginat ar piedavatiem failiem




Matlab + C, C++ faili

To pasu izméginat ar arrayProduct.cpp




Python izmantosana
Komandu izmantoSana
Funkciju/skriptu izmantoSana

Datu izmantoSana




Lai izmantotu Pythonu matlaba jabut
uzinstalletam Pythonam

Rakstam:
pyenv('Version', '/home/user/.pyenv/versions/3.10.13/bin/python');

Saja komanda més tie3i noradam celu 1lidz pythona instalacijai.

Tad jau més varam izsaukt pythonu no matlaba:

py.print('hello from matlab’)

Lidzigi varam izpildit parejas komandas.




Python izmantosana

Seit més rékinasim kvadratsakni no 16 pythona.
result = py.math.sqrt(16)

Pytona bibliotékas izmantoSana:

np = py.importlib.import_module( ' numpy');
a = np.array({1,2,3});

Pythona faila palaiSana:
py.runpy.run_path('Mandelbrot py.py')

|zejas argumentu ieguSana no pythona faila

result = py.runpy.run_path('Mandelbrot py.py');




Inara
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