Jak zrychlit CFD vypocty?
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CFD je problem omezeny propustnosti pameti, coz

souvisi s poctem pamétovych kanalu a jejich
rychlostl.

* Intel Xeon = 6 pamétovych kanall na CPU
« AMD EYPC = 8 pamétovych kanall na CPU

« Proto moderni procesory s vysokym poctem jader dosahuji

maximalni skalovatelnosti jiz pri zatizeni kolem 50-25 %.

Propustnost pameéti u hardware
« AMD 3rd Gen EYPC = 205 GB/s
 A100 40GB = 1555 GB/s

- A100 80GB = 2039 GB/s

« 40 48GB = 960 GB/s

Porovnavejte uzly/servery, nikoliv pouze pocet jader!]
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onri¥ice  Zakladni moZnosti
= Nakup nového pocitace

= \lypocet na vice jadrech

"  Preneseni vypoctl na GPU

=  (prava/zjednoduseni modell
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Nakup noveho HW
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xonrerence  Nakup nového pocitace

= \yvoj rychlosti HW v Case.

= \lyznamny skok u procesord z roku 2023 - DDR5 + AVX512

Rok
2018
2019
2020
2022
2023
2025
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Model
AMD Ryzen
2990WX
3970X
3975WX
5975WX
7975WX
9975WX

Cinebench

R23
29 639
45 513
41 357
54 433
60 991
90 895

TDP [W]
250
280
280
280
350
350

Max memory
bandwidth

[GB/s]
87,42
95,37
2048
204,8
332,8
409,6

Gen.
/en+
Zen?
Zen?
/en3
Zenk
/en5

Cache
memory
[MB]

04
128
128
128
128
128

Zrychleni

72 %
110 %
100 %
132 %
147 %
220 %
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konrtitkee  Nakup nového pocitace
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System?

Linux vs Windows

Aggregate performance of Ansys Fluent 2022 R1 on identical 5975WX hardware based on 14 standard benchmarks (lower is better)

1.20
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1.00
0.83
0.80
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040

0.20

0.00
Cent0S 8.4 Windows 10

FIGURE 1: ANSYS FLUENT 2022R1, THREADRIPPER PRO 5975WX, DEFAULT BIOS, 32 PROCESSES

Zdroj: mv-concept-ansys-fluent-white-paper.pdf
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https://www.amd.com/content/dam/amd/en/documents/products/processors/ryzen-threadripper/mv-concept-ansys-fluent-white-paper.pdf
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Vypocet na vice jadrech




konresiee  Skalovani vypoctu

= Ansys Fluent velmi dobre Skaluje az do tisicl jader.

= Zavislost na pouzitych modelech a konkrétnim HW.

8 1 —— Ideal Speedup
—&— Speedup
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CFD without HPC

Ansys CFD-HPC Ultimate
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Konrskekice  Ansys CFD HPC Ultimate w%
Co je Ansys CFD HPC Ultimate? :

" Jedna se o nastroj, ktery umoznuje vyuziti resicu na Grovni CFD Enterprise na libovolném poctu
CPU jader nebo GPU, bez nutnosti dalsich HPC licenci. *

- Napriklad lze spustit jednu ulohu ve Fluentu na 1jadru nebo na 10 000 jadrech za stejnou
cenu (cena Fluentu je zahrnuta).

= Kdy je Ansys CFD HPC Ultimate dostupny?

- ReSiCe Fluent pro CPU i GPU jsou dostupné od 12. Gnora 2025 ve verzi 2025 R1 SP1 (je nutné
mit nainstalovany Service Pack).

- Podpora dalsich CFD Enterprise resicu je planovana na verzi 2025 R2.
= Je potfeba aktualizovat licencni server (license manager)?
- Ne, lze nadale pouzivat license manager verze 24Rx nebo 25RxStarsi verze by mely fungovat

take, ale nebyly testovany.
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Pfeneseni vypoctu na GPU




KonreNice  Podporované moznosti vypoctu

"  Ano:
- Vsechny zakladni funkce
- VOF
- Chemickeé reakce (FR, EDM, FGM)
- Turbo-aplikace (Full-wheel, Frozen Rotor, TRS) i
- Potential model + Battery + Joule Heating ’
- DPM

" Ne:
- Eulerian/Mixture Multiphase
- Pitch Scale, Mixing Plane
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KORFkENe GPU jsou kli¢ové pro pFisti generaci vysoce vykonnych vypoctli (HPC) <2

Inzenyri chteji vyuzivat

o Slm U lace I? tom u’ aby ZjIStI“, . Peak Memory Bandwidth (GB/s) I Peak Double Precision (GFLOPs)
jak se jejich navrhy budou i =coy w0
chovat pri ptisobeni miliont s o
promennych. ”
= Velké mnoZstvi simulaci 11 -
| Zkréceni éasu uvedeni na trh 0zooe 10; 2010 2012 2014 2016 2018 2020 2022 Ozooo 2008 2010 2012 2014 2016 2018 2020 2022

= Potreba vyrazne zvysit propustnost simulaci

-> Bez kompromisu v presnosti!!

1990 2000 2010

40 Years of Microprocessor Trend Data

https:/ /www.nextplatform.com/2019/07/10/a-decade-of-accelerated-
computing-augurs-well-for-gpus/
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Konrebehnce Pameétova narocnost - hlavni bariera nasazeni
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SIMPLE je Uspornéjsi na pameét nez CPU resic,
zatimco Coupled ma podobné naroky jako CPU

SBES/LES bézZici se schématem SIMPLEC vyzaduje
vice RAM

- Priblizné 168 GB pro octree sit 0 128 milionech
bunék v single precission (1,31 GB / milion bunék)

- To je asi 0 30 % vice nez RANS pro stejny pripad
Sliding mesh vyzaduje double precission
SBES + sliding mesh = 4-5 GB / milion bunék

GPU je robustnéjsi pri vypoctech v single precission

Jak zrychlit CFD vypocty?

Memory
SIMPLE Coupled
Case Precisi CPU GPU GPL/ CPUL GPLU GPU/
on GB,/m GB/m CPU GE/m GB/m CPU
cells cells cells cells
Sedan-4m 3d 123 0.77 0.63 2.07 2.00 0.97
tet
LiE 3ddp 1.85 1.25 (.68 3.51 3.58 1.02
Truck-6m 3d 189 1.05 0.56 280 276 098
I
(poly) 3ddp 278 163 0.59 4.60 4.84 1.05
DCrivaer- 3d 174 086 0.50 248 218 0.88
50
m 3ddp 243 1.35 0.57 414 3.86 0.93
(hex)
Car-105m 3d 163 0.97 0.55 2.41 2.47 1.02
(hex)
3ddp 2.37 1.20 (.63 3.92 432 1.10




33'\nsys
KONFERENCE

15

======

Skladaji se ze streamovacich
multiprocesort (SM), které
obsahuji CUDA jadra.

Skladaji se z vypocetnich
jednotek (CU), které
obsahuji stream procesory.

Licencovani HPC pro GPU resic je zalozeno na
celkovém poctu SM (u NVIDIA) nebo CU (u
AMD) napfic¢ vsemi pouzitymi GPU kartami

GPU karty se skladaji z mnoha SM/CU,
pricemz kazdy SM obsahuje radu CUDA jader
| stream procesoru

Vykonnejsi GPU karty obvykle obsahuji vice
SM/CU

Jak zrychlit CFD vypocCty?

Licencovani — NVIDIA & AMD (B)

Fluent Car 2M Octree, Flow + Turbulence, Speedup "«
single GPU vs 1 CPU node

5.0
A
37 38

3.2
2.3 2.3
1.9

10 1.2

AMD  P100  RTX RTX AMD  L40 RTX A100 A100 H100
Milan 6000 A6000 MI210 6000 40GB 80GB 80GB
128 Ada

cores
# SMs | A P | | |
or P56 b 72 0 84 1 104 1 142 % 142 1 108 1 108 1 114
CUs i i i i i i i i
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33 \ns s M - - B Fluent Launcher 2023 R1 _ y
KONFERENCE L icencovani Fluent Launcher
Capability Level |Enterprise = o |
e 40 SM/CU je zahrnuto v ramci licence CFD Enterprise — o i

aircraft_wing_14m.cas.h3

Parallel (Local Machine)
bluntCone-1-00500.cas

CPU Processes 1 :

 DalSi SM/CU lze zpristupnit pomoci licenci Ansys HPC / Packs
/ Workgroups

« 1HPC Uloha =1 dodatecny SM/CUHPC Packs se skaluj; GPU (1 RTX A2000 Laptop GPU 4.29451 GE

standardnim zplsobem (napf. 3 balicky umoznuji 128 dodatecnych
SM/CU) oo =1

[:] Show Beta Launcher Options

GPU (1 RTX A2000 Laptop GPU 4.29451 GB 20 SMs)

Start Reset Cancel Help o

Poznamka:

«  Pfedzpracovani a post-processing ve Fluentu pro GPU Fesi¢ muzZe vyuzivat vice CPU bez spotieby
dodatecnych HPC iloh

« Licencovani je zalozeno na celkovém poctu SM/CU napfri¢ vSemi GPU, bez ohledu na pocet pouzitych GPU
karet

*  Fluent Launcher a Fluent TUI zobrazuji pocet aktualné vyuzivanych SM/CU

« Na GPU karté jsou vzdy vyuzity vSechny dostupné SM/CU; neni mozné omezit vyuZiti pouze na jejich
podmnozinu

# SMs HPC Workgroup  HPC Packs
1- 40 0 0
Ll
o 41 = 48 1-8 1 _
= 49 — 7> 9- ) CPU Hardware
>4 e 318 . jednoho uzivatele
169 - 552 129 - 512 4
553 - 2088 513 - 2048 5
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«onrthehice  Vysledky: porovnani CPU hardwaru - SIMPLE . .. .. W%

Porous Flow RTX 5000 Quadro RTX A2000 Quadro RTX
ADA 16GB P5200 16GB 8GB (2023) 6000 24GB (2018)
(2023) (2018)
76 SM 20 SM 20 SM 72 SM
Xeon 32 cores 118 22 30 66
EYPC 120 234 L4 58 130
cores
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konres¥iee  Vysledky: porovnani CPU hardwaru - Coupled

Porous Flow RTX 5000 Quadro RTX A2000 Quadro RTX
ADA 16GB P5200 16GB 8GB (2023) 6000 24GB (2018)
(2023) (2018)
76 SM 20 SM 20 SM 72 SM
Xeon 32 cores 65 21 2% 60
EYPC 120 129 41 3* 118
cores
EYPC 36 cores 52 16 1% 48

* Model size exceeded the GPU card memory

18 Jak zrychlit CFD vypocCty?
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Hardware je stale dostupnejsi
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Nejnovejsi pracovni stanice lze konfigurovat az se 4 GPU

Cena je vyrazné nizsi nez u ekvivalentnitho CPU reseni

« Priklad: 2x RTX A6000 = 96 GB paméti a 168 SM

« AZ 100 milionu bunék, coz odpovida priblizné ~10
vypocetnim uzlum se 3 HPC balicky

Herni GPU mohou byt pouzitelné pro malé a stredne velke

modely

CE

Zhodnoceni

LI
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Ludl NVILIAY KA AS4DUU,

20 GB GDDR6, 4 DPF, 7960T

+£3,607.50

Dual NVIDIA® RTX™ A6000,
48 GB GDDR6, 4 DF, 7960T

+£10,822.50

Triple NVIDIA® RTX™ A4000,

16 GB GDDRE, 4 DP, 7960T

+£3.409.38

Triple NVIDIAR RTX™ A6000,

48 GB GDDRE, 4 DR, 7960T

+£16,615.56

Quad NVIDIA® RTX™ A4500,

20 GB GDDR&, 4 DR, 7960T

+£7,389.72

Ludl Nvidid KA JuUY Aud
Generation, 32 GB GDDR6, 4
DP

+£10468.16
Dual NVIDIA® RTX™ A6000,
48 GB GDDR6, 4 DF, NVLink,

7960T

+£11,105.64

Triple NVIDIA® RTX™ A4500,

20 GB GDDR6, 4 DR, 7960T

+£5,409.30

Triple Nvidia RTX 6000 Ada
Generation, 48 GB GDDR6, 4
DP

+£27 403.74
Quad Mvidia RTX 5000 Ada
Generation, 32 GB GDDRS, 4

DP

+£20,966.40

Ludl NVILIAY LA ADDUY,

24 GB GDDRS, 4 DP NVlink,
7960T

+£8,806.20

Dual Nvidia RTX 6000 Ada

Generation, 48 GBE GDDR6G, 4

DP
+£18,249.66
Triple MNvidia RTX 5000 Ada
Generation, 32 GB GDDR6G, 4
DP
+£15724.80
Quad NVIDIA® T1000, 8 GB
GDDR&, 4 mDP to DP
adapters, 7960T
+£1,768.26
Quad NVIDIA® RTX™ A5500,
24 GB GDDR®, 4 DP NVLink

x2,7960T

+£18,002.40
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KonrENice  Success at Baker Hughes: 2.2B Cell Model Solved in 1.5 Hours

2.2-billion-cell Fluent model from Baker Hughes
30

25,7
25

20 18,6

Speed Up
o

12,1

6,9

1
0 i—
3728 CPU cores 128 GPUs 256 GPUs 512GPUs 1024 GPUs

Largest commercial CFD simulation ever conducted.
Baker Hughes + Ansys + Oak Ridge National Laboratory reduced simulation run time
from 38.5 Hours to just 1.5 Hours using the Frontier Exascale Supercomputer and 1,025
AMD Instinct MI250X GPUSs.
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https://www.ansys.com/blog/ansys-baker-hughes-groundbreaking-cfd-simulation

konrtkkee  Vypocet navratnosti pofizeni nové GPU karty

Introducing the GPU ROl Estimator Tool for Fluent, Mechanical Software

21 Jak zrychlit CFD vypocCty? SVS FEM


https://www.ansys.com/blog/introducing-gpu-roi-estimator-tool
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Sledujte SVS FEM ve
sveteé socialnich siti

©@ 000
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Diky za pozornost
a zustanme ve spojeni

@ Jifi Vondal
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