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Jak pripravit ulohu pro béh na GPU kartach

Normalné, jako pro béh na vypocetni stanici nebo na HPC klastru

- Poly, tetra, hexa, hexcore, mix

- Proudéni, turbulence, prestup tepla, porézni zény, moving/sliding mesh
e Ale je nutno respektovat:

e Omezeni funkcionalit GPU resice
- Pressure-velocity coupling jen SIMPLE (coupled bude)
- Jen nestlacitelné proudéni (stlacitelné v beta, ale...)
«  Neni multifaze, DPM (v planu)
- Expression nepodporovany
e Omezeni rozsahu modelu vzhledem k mnozstvi dostupné paméti na karté
« 1 mil poly bunék =~1,2 GB — v single precision, ve stacionaru
- Pro single precision a nestacionar 80 GB RAM pojme ulohy okolo 50 mil bunék
- Double precision ma naroc¢nost asi 1,5x vyssi — na pamét i na vypocetni ¢as
e Verze 2023 R1 je verze jako kazda jina predchozi
« Jiné kontroly kvality sité — Meshing vs. Solver vs. GPU solver
- Néco by mélo fungovat, ale nefunguje — napr. nékteré monitory
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Jak pripravit ulohu pro béh na GPU kartach

Fully Native Multi-GPU Solver in Fluent
7 UTILIZE THE POWER OF MULTIPLE GPUS TO ACCELERATE YOUR CFD SIMULATIONS

Beta support for:

Single/multi-GPU (shared / distributed memory)
Steady & transient simulations
Incompressible & subsonic compressible flows

All mesh types

Ideal Gas and Materials with variable properties
Turbulence: standard k-e, SST, GEKO, RKE, SBES
Solid conduction and CHT

Porous media

Windows and Linux

All previous features released, along with :
= Enhanced numerics

2022 R2

= Enhanced RANS for robustness and accuracy
Beta support for : = Species transport
= Transient scale-resolving = Enhanced LES
simulations = Enhanced monitors: Uniformity, HTC, Porous
* Non-conformal mesh force, Moments, Volume averaging
interfaces = Velocity directions for pressure inlet, Porous
= Moving walls & Moving jump, Intake fan, Outlet vent, Wall thickness
Reference Frame = Enhanced Handling of unsupported features
= Profiles: Primitive variables for boundary
= Setup time reduction & simplified Ul

Enhanced Materials: Piecewise-linear, Polynomia
2023 R’ Piecewise-Polynomial , Viscosity: Sutherland
= |nitialization workflow enhancement
* Launcher enhancement

Beta support for :
= Sliding meshes
= Non-stiff reacting flows

\nsvs
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Jak spustit ulohu na GPU kartach

Launcher — pro GUI (Windows i Linux)
Z radky

fluent 3d —g —t1 —gpu=0

fluent 3d —g —t1 —gpu=3

fluent 3d —g —t2 —gpu=0,1

Pocet pouzitych GPU = pocet fidicich CPU

Jak nespoustét ulohu
fluent 3d —g —t8 —gpu=0,1

Tech=oft D

Fluent Launcher 2023 R1

Fluent Launcher

Home General Options

Solution

Aero

Icing

Materials Processing

(C] show Beta Launcher Options

Meshing Capability Level Enterprise

Parallel Settings Scheduler

Read

-

Recent Files

sdrnl_a45 360 gputn from_cputn.cas.
s4ml_a45 360 gpu tn_from-1000.cas
s4ml_a45 360 gpu testfastcomp.cas.

s4ml_a45 360 gpu slowtest.cas.h5

Working Directory

Start

Reset Cancel

Environment

Dimension

() 3D

Parallel (Local Machine)

CPU Processes 2

GPUs
4 A100-5XM4-80GE 108 5Ms .

HWox1J203

1 DGX Display 4.09351 GB 14 SMs .

]a

fraid/software/ansys_inc/v231/CFD-Post/bin

Help

-

Solver Options
() Double Precision

Native GPU Solver

i)
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Jak uloha bezi?

Hostname Core

7de diikaz. 3 $iva GP 1/128 Linux-64 3155275 AMD EPYC 7742 64-Core
€ aukKaz, ze pouziva U midas Linux-64 3155011 AMD EPYC 7742 64-Core

PI Option Selected: intel
Nacte se do pameéti stroje

Kontrola kompatibility s GPU

Upozorni na zmeny setupu pro GPU coupling scheme

rhie chow distance-weighted momentum-weighted
pressure second order
Bézi na GPU density/scheme QUICK 2st-Order Upwind

temperature/scheme QUICK 2st-Order Upwind
Steady k/scheme QUICK 2st-Order Upwind
Unsteady mom/scheme QUICK 2st-Order Upwind

omega/scheme QUICK 2st-Order Upwind
residual scaling global local

> 1t 1ee
Preparing GPU solver, please wait

Device Name Version Memory(GB)

3155275 1/128 1lnamdé4 midas ©/1

TGCh SOft t. Konference uzivateld Ansys 2023 6



Jak monitorovat ulohu na GPU kartach

Tue May 23 22:18:48 2823

Nastroj na monitorovani stavu GPU je nvidia-smi

Persistence-M| Bus-Id Volatile Uncorr. ECC
Perf Pwr:Usage/Cap| GPU-Util Compute M.
v ~ s MIG M.
Prehled vytizeni +
i NVIDIA A10©-SXM... | eeeeeeeo:01:00.0 Off
Vykon PO  194W / | 4013MiB / 81920MiB Default
" | Disabled
Pamet
. NVIDIA A100-SXM... ©00000e0:47:00.0 Off
Spotreba PO  162W / 9127MiB / 81926MiB
Disabled
NVIDIA A100-SXM... 0000000 :81:00.0 Off
Prehled bézicich procesﬁ Po 69W / 3MiB / 8192@MiB Default

Disabled

NVIDIA DGX Display 0eeeeeee:Cl:00.0 On

Spra'vce l:'IOh nestaél’ P8 N/A / 746MiB / 4©96MiB Default

NVIDIA AlGe-SXM... 0000eeee :C2:00.0 Off
5097MiB / 81928MiB Default
Disabled

116584 ...2.8/bin/app.solver.double 4816MiB
2618278 ...2.9/bin/app.solver.double 9124MiB
/usr/lib/xorg/Xorg 142MiB

al Y — M B o -
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Porovnani vykonu uloh na riznych GPU kartach

e Prehled testovanych karet

4x16 4 x 1280 4x4,5
A40 48 84 x 128 37,4
RTX A6000 48 84 x 128 37,4
A100 - PCI 40 108 x 64 19,5
A100-SXM4 * 80 108 x 64 19,5
RTX A6000 Ada Generation 48 142 x 128 91,1
H100 - PCI 80 144 x 128 67

* GNU Linux Ubuntu 20.04, jinak MS Windows 10

[Y] computers®
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Porovnani vykonu uloh na riznych GPU kartach

e Prehled srovnavacich uloh

“m

Sedan 4 M tetra externi aerodynamika; k-epsilon + std wall function; 2nd order discretization
Exhaust 33 M tetra interni; prestup tepla; stlacitelné; porézni zéna, SST k-w; 2nd order discretization
F1 car 140 M tetra externi aerodynamika; k-epsilon + non-eq. wall function; 2nd order discretization
Truck 17M 17 M poly

externi aerodynamika; porézni zéna; SST k-w; 2nd order discretization
Truck 64M 64 M poly
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Porovnani vykonu uloh na riznych GPU kartach

e Sedan 4M - vysledky: ¢as na provedeni 100 iteraci

e Shrnuti — moc mala uloha na poradné provéreni

0:00:39
0:00:35

Al16

A40

A100 - PCI

A100-SXM4

2x A100-SXM4

RTX A6000 Ada Generation

H100 - PCI

00:34

00:17

00:10

00:09

00:09

00:10

00:09

0:00:30
0:00:26
0:00:22
0:00:17
0:00:13
0:00:09
0:00:04

0:00:00
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H100

RTX6000

A100-SXM 2x A100-SXM
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Porovnani vykonu uloh na riznych GPU kartach

e Exhaust 33M - vysledky: ¢as na provedeni 100 iteraci
e Stlacitelnost — problémy s chovanim resice — rozdilné na Win vs. Linux
e Shrnuti — A16 zajimava; malé rozdily mezi A100 a H100; A100-SXM vali

“m -

0:36:00

CPU 16 jader 38:12
Ale6 07:31 0:28:48
A40 11:54
0:21:36
A100 - PCI 05:22
A100-SXM4 02:54 01424
2x A100-SXM4 01:07 00715
RTX A6000 Ada Generation 05:46 I I .
H]_OO — PC| 0445 00000 16 CPU Al6 A40 A100 H100

RTX6000

A100-SXM 2x A100-SXM
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Porovnani vykonu uloh na riznych GPU kartach

e F1 car 140M - vysledky: ¢as na provedeni 500 iteraci
e Read case: 128 CPU jader: 2 minuty; GPU: 40 minut!
e ANSYS FLUENT 2023 R2 trochu lepsSi nez R1

e Shrnuti— 2x A100-SXM jsou lepsSi nez 8x A6000 AG

m .
0:43:12

CPU 128 jader (NTC) 43:27 0:36:00

3x RTX A6000 Ada Generation 16:55 0:28:48
4x RTX A6000 Ada Generation 15:25 0:21:36
8x RTX A6000 Ada Generation 11:55 oz
0:07:12

2x A100-SXM4 09:38
0:00:00
2)( AlOO-SXM4 @ 2023 RZ 0855 CPU 128 3x A6000 AG 4x A6000 AG 8x A6000 AG 2x A100-SXM4  2x AlZ%gSS)R(g/M @
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Porovnani vykonu uloh na riznych GPU kartach

e Truck 17M - vysledky: €¢as na provedeni 500 iteraci

e Pomeér vykonl stacionarniho a nestacionarniho resice stejny
e Shrnuti— 1 karta A100-SXM je jako 400 CPU jader

“m -
12:00

CPU 64 jader (NTC)

CPU 128 jader (NTC)
1x A100-SXM4
2x A100-SXM4
3x A100-SXM4

A6000 (=A40)

Tech=oft D

12:22

06:20

03:35

02:40

02:08

07:36

9:36

7:12

CPU 64 jader
(NTC)
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CPU 128 jader
(NTC)

1x A100-SXM4

2x A100-SXM4

4:48
- I .

3x A100-SXM4

A6000 (=A40)



Porovnani vykonu uloh na riznych GPU kartach

e Truck 64M — vysledky: cas na provedeni 1000 iteraci

e Pomeér vykonl stacionarniho a nestacionarniho resice stejny

e Shrnuti— 2 karty A100-SXM jsou stejné vykonné jako 4 karty A6000 AG
e Zrychleniu verze 2023 R2

0:57:36
0:50:24

CPU 128 jader (NTC) 0:48:20 0:43:12
0:36:00
2x A100-SXM4 0:14:34

0:28:48
2x A6000 AG 0:18:48 100% e
4x A6000 AG 0:14:15 75% 0:14:24

8x A6000 AG 0:09:12 50% nore I I . |
0:00:00

8X AGOOO AG @ R2 0,06,08 CPU(&_Zl_é(B:J)ader 2x A100-SXM4 2x A6000 AG 4x A6000 AG 8x A6000 AG 8x A6000 AG @
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Porovnani vykonu uloh na riznych GPU kartach

e Truck poly 64M motivace
Detaily, velka doména

Nestacionarni resic

SR
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Porovnani vykonu uloh na riznych GPU kartach

e Truck poly 64M motivace
Nestacionarni resic¢

i

A 'ijﬂ%m{ 'Ail gyl Mm MM AN umu‘ﬁum
T i i

—Signal —Signal Running Average

Cely béeh ulohy na 2 GPU trva 24h misto asi
? 20 ? dni na 128 jadrech HPC klastru

2 Time[s] ®

Tech=oft D
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Co se stane, kdyz ...

e ..sezajimam o frekvenci monitorovani iteraci a vysledkd

e Vypisy rezidui kazdou iteraci
Zpomali vypocetni odezvu malo: 03:48

Zapnuti intervalu na 20: 03:35

e Vypisy hodnot monitorovanych velicin (sila na truck) kazdou iteraci
Zpomali vypocetni odezvu vyrazné: 06:10
Zapnuti intervalu na 20: 03:43

e Na HPC klastru nejsou v tomto rozdily — obsluhuje to vice jader
Na GPU jen 1, 2, 3 procesy

o Zavér /solve set report-interval 26

Co nejméné vystupl
Sledovat doporuceni ANSYSu, navody
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Co se stane, kdyz ...

e ... pouziji vic CPU jader nez mam GPU karet
e Celé se to pokazi:

e Ziskam rychlé cteni dat a i zapis
e Za cenu vyrazného zhorseni vypocetni odezvy

e Vhodné tak pro veliké ulohy pro testovani nastaveni, ne pro simulace

e Priklad:
1x A100-SXM4 @ 1core: 03:35
1x A100-SXM4 @ 2cores: 05:29
1x A100-SXM4 @ 8cores: 09:19
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Jak FLUENT vidi GPU karty

Propustnost; pPamétj —
e Informace o propustnosti primo z vypisu ANSYS FLUENTu

(V zdvorce hodnoty NVIDIA)

awicel | coonceus | Memon banduidh | ieemmecion | ercmnection
Al6 16 10 x 128 191 (4x 200)
A40 48 84 x 128 663 (696)
RTX A6000 48 84 x 128 733 (768)
A100-PCI 40 108 x 64 1483 (2000) 1,78 26,6
A100-SXM4 80 108 x 64 1944 (2000) 4,44 8,19
RTé(eﬁ?:g c;:da 48 142 x 128 915 (864) 0,77 24,4
H100 - PCI 80 144 x 128 1944 (2000)
CPU HPC klastr 5 1,6-5-16 1,6
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Licencovani ANSYS FLUENT GPU solveru
Fluent GPU Solver Licensing

* HPC licensing for the Fluent GPU solver is now based on the total number of streaming
multiprocessors (SMs) used across all GPU cards
- GPU cards are comprised of many SMs, and each SM contains many CUDA cores
- More-powerful GPU cards typically contain more SMs

Quadro P6000 28
Quadro RTX 4000 36
SM Tesla P100 56
Quadro RTX A5000 64
Quadro GV100 80
Tesla V100 80
TeslaA100 108

Numbers of streaming multiprocessors in
several common GPU cards

Tesla P100 Layout: 56 SMs, 3584 CUDA cores

Y A ncve
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Licencovani ANSYS FLUENT GPU solveru

Fluent GPU Solver Licensing

 CFD Enterprise-level capabilities* are required to use the Fluent #SM’s  HPC Workgroups  HPC Packs
Multi-GPU Solver 1-40 0 0
* 40 SMs are included with CFD Enterprise s 52 L
49-72 9-32 2
* Additional SMs can be enabled with HPC licensing ch o o :
- 1HPCTask=15M 169 — 552 129-512 4
- HPC Packs scale as usual (e.g., 3 Packs enable 128 additional SMs) 553 — 2088 513 — 2048 5

Notes:
* Fluent pre/post-processing for the GPU solver can use multiple CPUs without consuming additional HPC tasks

*  When using multiple GPUs, licensing is based on the total number of SMs across all GPUs irrespective of the number
of GPUs

* On startup, the Fluent TUI displays the number of SMs in use, e.g.: GPU Solver SMs: 56

* All available SMs are used on a GPU card. It is not possible to restrict usage to a subset of SMs.

* Provided by Ansys CFD Enterprise, Ansys CFD Enterprise Solver, Ansys Mechanical CFD or Ansys Mechanical CFD Maxwell \ neve
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Prinosy GPU resice

e Vhodné pro fadu uloh
- Dlouhé simulace — typicky nestacionarni s velkym pocétem casovych krok(
- Lze zapnout data sampling

e Co je nevhodné s GPU reSicem provadeét
«  Moc monitorovat
- Casto zapisovat data
- Pouzivat vice karet pro malé ulohy
- Brzo to vzdat kvili nestabilitdm nebo podivnému chovani

e Co nelze s GPU reSicem provadeéet
« Nelze pouzit jen ¢ast GPU karty — vSechno, nebo nic
- Provadét postprocesing na béhu
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Faktory ovlivnujici vypocCetni odezvu

e Vybér konkrétni karty
« Lze ovlivnit — nejlépe testovanim pro typickou ulohu
e Operacni systém a drivery

- Lze ¢astecné ovlivnit instalaci doporucenych balikd

e Konkrétni aplikace
- Nelze ovlivnit, Ize jen doufat, Ze to bude lepsi a lepsi
- 2023 R2 je vykonnegjsi 0 15% — je kompilovana lépe?
«  Vliv portace vidime i na HPC klastru (Linux)

e Charakter pocitané ulohy
- Velikost, slozitost, zapojeni rdznych model( (stlacitelnost, porozita, teplo)
- Lzejen korigovat s prihlédnutim k nutnosti dosdhnout potrebnych vystup(
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Doporuceni a zjisténi zaverem

e Pred nakupem zkousejte a testujte
«  Pro konkrétni aplikaci, pouziti, rozpocet na HW i na SW

e Téste se na novy release ANSYS FLUENTu — GPU resSice a na novy GPU hardware

e A kdyz se potomek zepta?

Cim se chcete zabyvat ... ... Cim se doopravdy zabyvate ... ... jak to komunikujete
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Jsme pripraveni Vam
pomoci vyresit Vase
ulohy



Backup Slides
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Porovnani vykonu uloh na riznych GPU kartach

Sedan

e 4 milcells

e External aerodynamic

e Turbulent viscous flow

e Stationary

e Constant air density

e Symmetry boundary condition
e Velocity inlet

e Pressure outlet

e = e N N T e

k-epsilon
3D Single Stacionar no Standard Wall
Function

. Momentum,
Typ Pressure-velocity turbulent Pressure
couplin . . .. discretization

pling diskretization

Least Squares Cell
Based

Pressure based Simple Second order Second order

Te'ChSOft t. Konference uZivatelli Ansys 2023



Exhoust system

e Internal aerodynamic

e Turbulent viscous flow

e Stationary

e Ideal gas

e Porous zone, laminar zone
e Mass flow inlet

e Pressure outlet

e 33 milcells

e e e [ [

SST k-omega
Standard Wall Function

Pressure-velocity Momentum, turbulent . . .
Typ . . . .. Pressure discretization
coupling diskretization

Pressure based Simple Least Squares Cell Based Second order Second order

3D Single Stacionar yes
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F1 Car

e External aerodynamic
e Turbulent viscous flow
e Stationary

e Air konstant density

e Symmetry

e Velocity inlet

e Pressure outlet

e 140 mil cells

e e e [ [

K-epsilon
3D Single Stacionar no Non-Equilibrium Wall
Function
Pressure-velocity Momentum, turbulent . . .
Typ . . . .. Pressure discretization
coupling diskretization
Pressure based Simple Least Squares Cell Based Second order Second order

Te'ChSOft t. Konference uZivatelli Ansys 2023




