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Proiectul CLOUDUT CloudUT ge%

Titlu: Cloud Cercetare UTCN — CLOUDUT _II_

(http://cloudut.utcluj.ro)
* MySMIS ID: 124493 _

UNIVERSITATEA TEHNICA
DIW CLUJ-NAPOCA

e Contractnr: 235/21.04.2020
* Tip Proiect: Program Operational Competitivitate 2014-2020 (POC)

* Axa prioritara 1: Cercetare, dezvoltare tehnologica si inovare (CDI) in
sprijinul competitivitatii economice si dezvoltarii afacerilor

e Actiunea 1.1.2: Dezvoltarea unor retele de centre CD, coordonate la nivel
national si racordate la retele europene si internationale de profil si
asigurarea accesului cercetatorilor la publicatii stiintifice si baze de date
europene si internationale

* Finantare: Fonduri Europene pentru Dezvoltare Regionala, Valoarea
totala: 4.955.000 RON, din care 4.950.000 RON din fonduri Europene.
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Introducere

e Simulariin inginerie
e Computational Fluid Dynamics (CFD)
e Finite Element Analysis (FEA)

 Computational Electromagnetics (CEM)
* Nevoie de resurse de calcul

* Flexibilitate

e Scalabilitate

e Accelerare calcule

» Accelerare trasare grafica

 Solutia - rularea simularilor in Cloud
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Infrastructura Cloud

20 x 16 core CPU, 2GHz, suport pentru virtualizare VMWare si
hyperthreading

2 servere GPU. Fiecare server este echipat cu 2 x 20 core CPU,
512GB RAM, 1TB stocare, 2 x GPU cu 5120 nuclee CUDA, 32
GB, suport pentru virtualizare

 16GB RAM per nucleu CPU, capacitate de stocare 70TB, RAID
5

e Conectivitate interna si externa de 25Gbps
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Infrastructura Cloud

* 2 x Dell Poweredge R740
* (fiecare cu) 2 x NVIDIA V100 GPU, 32 GB

Optimizat pentru
accelerarea calculelor

Dell Poweredge R740 [4]

Optimizat pentru
GPGPU

NVIDIA V100 (PCle) [1]
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NVIDIA V100 — Specificatii

Specificatie V100 PCle V100 SXM2 V100S PCle
Arhitectura GPU NVIDIA Volta

Nuclee Tensor 640

Nuclee CUDA 5120

Performante in 7 TELOPS 7.8 TELOPS 8.2 TFLOPS
precizie dubla

Performante in 14 TELOPS 17.7 TFLOPS 16.4 TFLOPS
precizie simpla

Performante Tensor 112 TFLOPS 125 TFLOPS 130 TFLOPS
Memorie GPU 32 GB /16 GB HBM2 32 GB HBM2
Latime de banda 900 GB/sec 1134 GB/sec
memorie

API-uri de calcul CUDA, DirectCompute, OpenCL, OpenACC

Specificatii NVIDIA V100 [2]

CloudUT .... Cloud Cercetare UTCN - CLOUDUT - Workshop, 15 martie 2021



NVIDIA V100 — Exemplu Accelerare

HPC: Un server V100 inlocuieste pana la 135 de servere doar cu CPU-uri

MILC - 35
Chroma -
CPU |1
0 20 40 60 80 100 120 140 160

Servere inlocuite [3]

16x V100-SXM2-32GB in NVIDIA HGX-2™ | Application (dataset): MILC (APEX Medium) and Chroma
(szscl21_24 128) | CPU server: dual-socket Intel Xeon Platinum 8280 (Cascade Lake) [2]

Detalii suplimentare despre performante in HPC -
https://developer.nvidia.com/hpc-application-performance
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NVIDIA V100 — Virtualizare

e Virtualizare GPU

e Solutii software NVIDIA
Apps and VM Virtual GPU

... s compute e « NVIDIA GRID (Virtual PC
or NVIDIA Guadro Driver (GRID vPC) si Virtual Apps
(GRID vApps)) (VDI)

 NVIDIA Quadro Virtual

VvGPUs

Software o Workstation (Procesare
Hypervisor G raﬁ Cé )

* NVIDIA Virtual Compute
NVIDIA GPU Server (Virtualizare pentru

sarcini complexe de calcul)

Stiva NVIDIA de virtualizare GPU [3]
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ANSYS

Structural Mechanics - Suita de aplicatii de analiza structurala Ansys, rezolva cu usurinta probleme
complexe de analiza liniara si neliniara statica si dinamica.

Ansys® Mechanical Pro: Analiza structurald cu Ansys Mechanical Pro ofera posibilitatea efectuarii
analizelor, rapide si precise, in domeniul structural, termic, analize modale si de obloseala.

Ansys® LS-DYNA: Ansys LS-DYNA combina capacitatile matematice de analiza structurala atat in
domeniul liniar cat si neliniar, cu facilitati complete de 'pre' si 'post' procesare.

Fluid Dynamics (CFD)- Software-ul de simulare Ansys pentru calculul dinamicii fluidelor (CFD)
va permite sa determinati, cu incredere, impactul curgerii fluidului asupra unui produs - in faza
de proiectare cat si in cea de fabricatie, precum si in timpul utilizarii acestuia

Ansys Fluent: Ofera o gama completa de modele fizice ce pot fi utilizate pentru un spectru larg
de aplicatii, din diverse industrii.

Ansys TurboGrid: Ansys Turbogrid este un instrument special creat pentru inginerii proiectanti
si analisti ce lucreaza in domeniul masinilor rotative.

Electromagnetics: Ansys ofera cele mai performate instrumente de analiza in domeniul
electromagnetic, utilizate cu precadere pentru masini si echipamente electrice, circuite si
echipamente electronice de inalta performanta, precum si pentru o mare varietate de
dispozitive electromecanice.

Frecventa joasa (LF): Ansys® Maxwell Ansys® Simplorer Ansys® Pexprt Ansys® Optimetrics
Frecventa inalta (HF): Ansys HFSS Ansys Siwave Ansys Q3D Extractor Ansys DesignerRF
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Exemplu - Ansys SIWave analiza DC/IR drop

Intel Galileo PCB design

Layer stack
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Rezultate SIWave - DC and IR drop

43300V

+3441E+08 Afm*2

Current distribution
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Utilizata Tn calculele distributiei termice -> IcePack

1.000e-09 W
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Exemplu — Maxwell 3D + Workbench

Tncdlzirea prin inductie electromagnetic3

oly | Layout | Sketch | Evaluate | SOLIDWORKS Add-Ins |Electri..|Pi..[Tu..Us..

M...

® B«
7.

BLPEBE O v @0

File  view Tools  Units

Frg= s s

ﬂ Unsaved Project - Workbench

Extensions

Help

8] coil-rod (Default<Display St o = =y ] [H project
4 History @ ] Import.... | 0 Reconnect Refresh Project # Update Project | @@ ACT Start Page
Sensors B L B Bl Project Schematic
¥ Annotations —
Modal Acoustis 2
|_;_| Front Plane e
) W& Q3D 2D Bxtractor
lﬁ Top Plane % Q3D Extractor hd A
[1) Right Plane 28 fili RandomvVibration 1
L, origin i fili ResponseSpectnm [ —
3 % coil<1= (Default) s % Rigid Dynamics |m New DesignModeler Geometry...
G
' % red<1> (Default) — 22 RMxprt E MNew SpaceClaim Geometry. ..
n
4 @@ Mates ) SPEQS Import Geometry »
Static Acoustic
m Az Geometry - DesignModeler
< » J File Create Concept Tools Units View Help
© J Refresh Input
[T Model | 3D Views | Motion Study T | J__g Start Over (Ctrl+ NJ
JRKS Edu...  Fully Defined | Editing Assembly MMGS -~ & J_ % Load DesignModeler Database... (Ctrl+ O)
b D Save Project (Ctrl+ 5)
J_ E Export...
J—@ Attach to Active CAD Geometry
J @ Import External Geometry File...
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Exemplu — Maxwell 3D + Workbench

Rezultate: distributia de densitatii de curent, inductiei magnetice si a pierderilor Joule.

1 Ohmic-Loss

J [Alcm*2] B [tesla] Wim*3]
2.1075E+03 1.3973 6.6732E406
1.0675E+02 0.7562 i 3.7196E+08
5.4071E+00 0.4082 2.0129E+06
2.7388E-01 0.2215
e 4 oe = - 1.0B93E+06
3873 2 : i =: 5.8951E+05
7.0269E-04 o T 0.0649 4 5 3.1903E+05
3.5503E-05 2 — 0.0351 ; 3 1.7265E+05
1.8029E-06 Ry 0.0190 = z 034376404

a3 s < -

I 9.1320E-08 el T l 0.0103 2 = 5.0562E+04
4.6256E-09 __ 0.0056 - N ——
2.3430E-10 : -

E' I ' 1.480BE+04
1.1868E-11 --" 0.0016 1 ¥ Y 8.0136E+03
6.0113E-13 . 0.0009 4.3387E+03
3.0449E-14 0.0005 2 3469E+03
1.5423E-15 0.0003 1.2701E+03
78122E-17 0.0001 6.8732E+02
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Exemplu — Maxwell 3D + Workbench

Rezultate: distributia de temperatura si a deformarilor mecanice.

CloudUT .... Cloud Cercetare UTCN - CLOUDUT - Workshop, 15 martie 2021
N—

15



Accelerare GPU — Teste de referinta

PCG Lanczos eigensolver, symmetric matrix, 4.6m DOFs, modal, Ilnear structural analysis

requesting 10 modes. j——
Dimensiuni model de calcul:

Elemente = 3.151.390
DoF = 4.687.947

Timp de simulare:
8CPU, 1GPU: 599s
8CPU: 944s

Accelerare: 37%

File Options View

Processes Performance Users Details Services
uuuuuuuuuuuu N A
o CPU
51% 2.09 GHz
O Memory
50/128 GB (39%)
Dedicated GPU memory usage 30.0GB
O Ethernet
S: 72.0 Kbps R: 56.0 Kbps
O GPUD
MNVIDIA GRID V100D-320 Shared GPU memory usage 64.0GB
0%
Utilization Dedicated GPU memory  Driver version: 27.21.1..
0% 14.7/30.0 GB Driver Fe e 1231/ ..
DirectX version: 12(FL ...
GPU Memary Shared GPU memaory Physical location: PCl bu...
1 56/940 GB 1 0/640 GB Hardware reserved memory: 173 MB
v

Fewer details 'S' Open Resource Monitor
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Accelerare GPU — Teste de referinta

’

PCG solver, symmetric matrix, 8.98m DOFs, static, linear, structural analysis

ANSYS
Dimensiuni model de calcul:

Elemente = 8.090.449
DoF = 8.980.591

Timp de simulare:
8CPU, 1GPU: 669s
8CPU: 892s

Accelerare: 25%

1B Task Manage - m} X
File Options View
Processes Performance Users Details Services
uuuuuuuuuuuuuuuuuuuuuuuuuu n
O CPU
52% 2.09 GHz
0.000 0200 0400 (m)
[ B |
(@) Memory 0100 0300
72/128 GB (57%)
Dedicated GPU memaory usage 30.0GB
O Ethernet
S: 80.0 Kbps R: 56.0 Kbps
O GPUO
NVIDIA GRID V100D-320 Shared GPU memory usage 64.0GB
12%
Utilization Dedicated GPU memaory  Driver version: 27211,
12% 20 4/30 0GB Driver date: 12/31/7..
: ) DirectX version: 12 (FL..
GPU Memary Shared GPU memaory Physical location: PCl bu...
21 6/940 GB 1 2/640 GB Hardware reserved memory: 173 MB
v

':: | Fewer details @ Open Rescurce Monitor
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Studii de caz

e Studiu de caz 1 - Proiectarea si trasarea grafica a obiectelor si

scenelor 3D complexe in aplicatii CAD folosind accelerare
GPU

Software CAD utilizat - Blender - set de unelte software gratuite si
open-source folosite pentru crearea filmelor de animatie, a efectelor
vizuale, a modelelor 3D, a animatiei grafice, a aplicatiilor 3D
interactive, a continutului pentru realitate virtuala si a jocurilor pe
calculator

 Studiu de caz 2 — Modelarea fenomenului de incalzire prin

inductie prin cuplarea de fenomene electro-termo-mecanice,

Tmbunatatire calcul utilizand GPU.

Software de simulare utilizat - Ansys — Software utilizat pentru
analiza FEM/BEM a fenomenelor structural mecanice, CFD,
electromagnetic, analizei modale de structuri mecanice, s.a.

CloudUT %
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Concluzii

e Rularea simularilor pe Cloud

Flexibilitate

Scalabilitate

Performante

Eficienta

 Accelerare GPU

* Pentru trasare grafica in aplicatii CAD

* Pentru calcule
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