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Pre—processing (FIX2| &tA)) Solve (oll4] H)) Post-processing (ZX{2| &)

AMZ0|M Hatig 2ot 1 HIO|EE | X[™E X| ofiA] HHHZ 7|80 =2 X[ | 6ff& At H[O|HE AlZstolll, S2|H
ZEH[ol= PO =, CH30| &gt HIHAIS off A (71|”)0f04 So|X oy ollMZ 5t 20| Y= HEE &5
- Jlot 2 MY E==227] (CAD) (85, &, +X )2 EAlot= aid & | 5= 1A

« A (mesh) *”“ 3 EZ 20l A

« AAXHY 7<7| X1 ™9l

. M= J_I\kl I‘|9_|

X[ ol EE AE (0f: FVM,
FEM, FDM)

- EH 28 MY
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Pre

+ HA| S=O| TX| off A
+ HF MEe HAl: Solve At BF, UF AZE! HAl: e &4

* CAD — Meshz H2t A| geometry 27

XS0l 2 o5t

I-E

OII

e

T AME A

CPU single—thread, H|22|, C|JAZ |/O

xQ AmEQ]

ANSYS Meshing, ICEM CFED, Pointwise, Gmsh &

Xl AlZh =ger 3Y, 42 HAZ+F X+H2= S/t
ALEAtL W AL Ul 7|2 =XE0| B

« A

€

PU 7|t

7|2 Ex

S A Md (Auto—-meshing, Hex—dominant) ¥112|5 24X
Z|&s} =2l (geometry cleaning, mesh adaptation)
M| & T (Ex: ANSYS Discovery)

(non—-manifold, open surface ) 0| K2
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-

N

J

-  HESI= NUMA-aware, MPI rank mapping, I/0 Z|&{s} ©Q
 Solver QY st (A7 A8 CFL 2, 8 7|& 8% 3)

* Check-pointing & &0 S+ M= HQ (So| ZAIZH oA Al)
= 49
Z A2 MY CPU/GPU 3 A, th2% ti=2l, MP| S4
=Q & Fluent, QpenFOAM, Abaqus, LS-DYNA, ANSYS
Mechanical
i_lal *||7_|' A A|7|' ~ Jk OI (EII-E ED'”Ol 3_7| EslkIOﬂ [[ra|- 7(|-()|)
SEk HPC &40 A MPI + OpenMP, GPU Acceleration Z<4=

« GPU 7|49t Solver 7138} (CUDA, OpenACC, HIP) — 108l O|Ar £ SFA Tt
« Low precision / Mixed precision Solver =8| — HPL-AI2} SA}
Al + Physics—Informed Neural Networks (PINNs) €&} Solver &+
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+ |/O Y5 — Lustre, BeeGFS S 1185 HE MY AAHR TQ
» ol AlZet Al VNC + GPU VDI 2t4 EQ

* B H5 88 g%, down-sampling 7I= A& R

5= 4
= AI2 X} GPU (AZta}), 1/0 bandwidth, C|AT XZEA
=Q = Paraview, Tecplot, ANSYS CFD-Post, Ensight
H|O|E{ 37 28 GB ~ 4= TB 0|4t (Large scale CFD/FEA A))
He o} Qe 1= HE Post X[/ (ex: ParaView—MPI)

on0 * Remote GPU Visualization (TurboVNC, NICE DCV) &7}
o2 HPCOL=APHEO: »  Web 7|t Post (Ex: ParaviewWeb, Plotly Dash) &

| gazRgiys - Al 7[8FZ0 EM Xise (B XU 0| §X|, E8 & 3)
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Pre

AMH| AHE HlE= 2 HAS= HE80| L= 2780] 2R

- Pre: GUI + H|22] =2 =

.- Solve: HPC 832 £  [nfiniband, GPU

. Post: GPU AlZ}8} i = + 2 I} AJAH

JE22 MA| z|XMst= tt25| Solvet W2 A o= AELE, Pre — Solve — Post M|

—_ L

0|Z2fQlg T2{aH0F FTH
. 72 TRHEUSE Pre/PostME HPC B|AAE HH5| 2AY/AIESI6H= 20| 52

H 40
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= Z| &g} ZOIE M& Z=f g8/
- Geometry 25 XtF X Y +F- HA| 27|/4 718t XS - -
<1 X{ S ANSYS Discovery, SimScale Al
A SE/ALE =% =g M= HE- 7|5t H|A ’
HA| ZRI/A|1ZE = H 5} Io_HJgE i Target Qol(Quality of Interest) 7|2t H|A| Mesh, snappyHexMesh
Pre
4
B e ot msay - CAD import — 0| — A% XIS81- 114 A8 A5 aq@g | ¢ T0oNeN Joumal. Fythor
Xre o - GUI 715 7ts¢t GPU .E &&8- RAM 0| 2 =E M8 |Slurm Partition 47, VDI &4
o - - NUMA-aware MPI Rank Mapping— GPU-aware AAH =&
EH =4 ar
SE == SHe 21 | oad Balancing— Dynamic Mesh Load Balancing hwloc, OpenMPI, Slurm GRES
== ——checkpoint-interval
=C} CHH| X2F —_ XHoH &£ =i c :
Solve | oo CiHl Checkpoint AtFat- X0 =4 A}= St hpcctool, Revolve
(A4
. L= — Solver LHE0{|A double—mixed precision X2t— HPL-Al AMGX, TensorFlow PINN
st ’ ’ ’
Mixed Precision && PINN X2 OpenACC
10 B XA - Compute/I0 22| AHEE - HE DY A|ARI0| ZF M7| Lustre, BeeGFS, ADIOS2
e Gjo|E &zl 3H’¥.:LI7E"E} Zu*?—-%_ or 4=~ Domain@ Subdomain Post- Zit ParaView Batch, OpenFOAM
s EHE 2 F= FunctionObject
;P(_)st A|Zt5H 3t 2|x13) —_Turb_oVI_\IC + GPU + Remote Display— Web-based NICE DCV, ParaviewWeb,
(Exg) Visualization (ParaViewWeb) Plotly Dash

21} o4 Xrs3t

U0l 45, 58 2 Ass- Al 7[2 TE FHX|, RAF AL

PyTorch, Scikit-learn,
SHAP/LIME, Yolo+Post
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| £\ X3} ZOIE MF F=f 8#EIle/E
e L0 =2t -Pre>Solve>Post £t T Akl 2t TH AHS 38 X Snakemake, Airflow, bash pipeline
A& =t 2| ' '
Workflow
A xbel %= 2 -CHAI Y DHE|MH 22 (PreE, Solve &, PostE2)- Solve &= Slurm miJIti-step job script,
== A|ZH0|| Pre/Post H| = 7| & X 2| Backfill &
MAIZFBUEE -Job ME/mC Ot A|ZE M)A SA YA BY o Slurm srenen/sdueue

Slack/Telegram &2l &
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DT = Geometry HH2|+H, He, ) Mesh 444 Auto/Manual, Solver 48 ZAS A, A .,
- AN 2 Hex-dominant 2, 37|54
AL NY
e Checkpointing
Solve EHA MPI #1244t

—  JobHZ Slum A32E

GPUAE

D R TEIEERE W OSHEPt AU YN A3 U 4Y) TEEY
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B8 Unsaved Project - Workbench - O X
Fle View Tools Units Extensions Jobs Help

TeBe

0SB’/ [Feroject |

) mport... ‘Eqmecanect ) Refresh Project # Update Project | B3 ACT Start Page

Toolbox : atic Properties of Schematic A2: Geometry

A o m—

Ll static Acoustics A

& static Structural "
¥ steady-State Thermal 2
4 structural Optimization 3
B Substructure Generation 4
B} Thermal-Electric .
B Transient Structural
® Transient Thermal 8
& Turbomachinery Fluid Flow 7 Used Licenses
5. Componen Systams | 5| lmomevssdicomes ||
. ACP (POSt} g9 = Basic Geometry Options
o® ACP (Pre) 10 Solid Bodies v
Bl Autodyn 11 Surface Bodies [l
B BladeGen 12 Line Bodies
B crx N 13 Parameters Independent =l
= Chemkin Geometry \ 3 l. Mesh 7. 14 Parameter Key ANS;DS
g o M= s
B External Data |\ 16 Named Selections
@ Bxernal Model . 17 Material Properties
. Fluent = Advanced Geometry Options
B Fluent (with Fluent Meshing) ' 19 Analysis Type
B rorte |\ 2 Use Associativity
@ Geometry 21 Import Coordinate Systems
ER Granta MI 2 Import Work Points
B Granta Selector '. ﬂ @ Mesh 7, s Reader Mode Saves Updated Fie
& et BT - 2
) 25 Smart CAD Update ¥
Bil Mechanical APDL
@ Mechanical Model 2% Compare Parts On Update No =l
@ Mesh | 27 Endlosure and Symmetry Processing
& Microsoft Office Excel I H 28 Decompose Disjoint Geometry
& Performance Map |\ |2 29 Clean Geometry On Import
B Folyflow 52| @ Geometry P 30 Stitch Surfaces On Import None
B Polyflow - Blow Molding 4 = Mixed Import Resolation Mo
= — e 7 2 Import Facet Qualty Source |
Results Mesh type 3
E system Coupling w
€ Turbo Setup
. TurboGrid
B vista AFD
B vista ccD
¥ vista CPD
Vista RTD
’m Custom Systems .
T Mmoo Moo e i m e
|1’ View All / Customize. .. | < 5

i@ Double-ciick component to edit. IE‘___

N DPS Connection | 1 Show Progress | % Show O Messages -
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A

2=
="T1 L-

ANSYS Workbench

COMSOL Multiphysics

Altair HyperWorks

Tx /73 / EM

HyperMesh, OptiStruct,
AcuSolve & 94|

Autodesk Fusion 360

CAD + CAE

2 MiF 2A H ERE
SHAI0] XI5t
L =

Simcenter (Siemens)

CFD / ##& / NVH

NXet s, 15 /TS
ol ks

SolidWorks Simulation

CAD 7|2t FEA

>

A7{-5H o1 FA

HRAM X5

Oo O

o

OpenFOAM + ParaView
+ GMSH

QEAA CFD

QGHK|RH S8t Uli= Ot

LS-DYNA + LS—-PrePost

=
=

>
ol

=, dHoiY

MH2I/SH2| 7ts,
SEEEECHE:
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VNC (Virtual Network Computing)

Server
Server
vglrun OpenGL App
X Server GU| 2t& l
l VirtualGL Interceptor

N

TurboVNC Server (JPEG
GPU (HW Render)

/ Encoder)
3loi M4 RFB 913 M4 0iRA/7|HC / N
\ / JPEG &= 2tH M& 0OfIRA/F|RE 4F
\‘ Client / \\ / /
Client
VNC Viewer Client
TurboVNC Client
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RUN-UP! VNC (Virtual Network Computing)

H W 2= TigerVNC (EE = €5 VNCQ) TurboVNC + VirtualGL
AHE U AZEYO 6PU BF= 0]
Qf = g Al Tight, RFB tile 2} Al SIMD JPEG, Hi} = H = Qf=
SEHJd 2 GUIE, 7t 2 & & 3D/BH/A|E0|HE, 185
B X|OF=3 2|0 22|~ EFY lag 50 MP/sec O| & M& =0 Jts
_ CAD, Paraview, HPC, A|=2{|O0|M
» ABN AT A o - =0
208 HPCO|iztof1 v =
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RDP(Remote Desktop Protoco) Vs VNC (Virtual Network Computing)

o= RDP TurboVNC + VirtualGL
B =
OpenGL XIZ 1.1 SW 020} orapy V71 (NVIDIA, AMD =57
A d ] XNH CPU EE= GDI AP NH GPU 2™ A=
- 74t
Xotoh of =tz GUI (Excel, notepad) XESG;SG Iﬁarla':,ieGVL\j Ié?tarCCI\/H,
2N o UM HIH A (Native HEHZ)
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' Development Customer
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Management Batch System

Tools Scheduler

Operating System

Hardware
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' Development Customer
Management Tools Application Batch System

Tools Scheduler

Operating System

Hardware
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Operation System
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MPI (Message Passing Interface)

Main Features

. MP
. MP
?o
(&
0|5
. MP
=0

. MP

= standard specificationg g2t 20| +1210| O|FX|= A E 7HE

= MPP(massively parallel processor)2t workstation clusterd0A 2] T Hs2 X|& of7|

O ARl =

PVMO| =7|0|= workstation clusterE X|&otA St=SHR/CHH, MPl= Z==MPP Vendor(|

O TEXMOZE OISR AHOZ 2/3AH|0|M HOt= MPPO| SHXO = 11 AHIO| OH=S0{RILCE.)
= G| AR /IO Z7HH M Vendord| Clol Ml&E == HMO| £&XlotH &= H2 MPI

T Lo —
O|K|2 &IX &t A 0|2

= T A3

= &9 M R A4, LreFel Aokl FH AZAL HE0A TS0 M=

o

10 O
9
I n

Configuration
- MPP Vendor specific 78, Workstation based 7181 & CHst 1540| ZXH5HH, I 181 HHA10]
[Cret MAFEFZEOIC). 22 HIAX| If S t0[E 22| & otLtel P4S 7|22 = F13iE MPICH/ 26
AE &L U= HO|LT,
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PVM (Parallel Virtual Machine)

Main Features
- H/W architecture, data format, computing speed, machine’s load, network traffic load 7}
242t S AREHOM =t JtsotlH, 24X Win320|NE = /IS
- £ OSU H/WE| EE ot FeatureS AMZoA| P! 7121610 C SourceHIZ HIXE EHE MER
7180 28 7t
- Run—timed| Z|CH(4096-1)7H(17H= daemon)?| hostE VMO|| =7} &t 4= QIOMH O|EXO 2 of
Hostd 218-17H2| EfAIE 2l &f = U
- HostL} network®@| failure EHA| Ats S1olA| 2L, =+lots =285 &g o = QU
OIE{IH|0| A H|Z(polling/notification primitives)

Configuration
- PVM A[ABIZ 2 AABINM = E[= daemon=8| HE=Z L dEH, AFEAL taske= PVM  Library
SRS AEol0 daemonl| 5ot VME +d &€ = US
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-UJPI
AUNEURE T MPI e o2
Node : Rack :
3ol o I
L SapMo = =l Lo Al = AEO! « Rankz= MPI Z2 10| A E[= SHLEC
* Node= =2[HO = oL AH, Al SAEQILICE, O 2 M| A(process)E LIEHHLILCE.
= Of: 10He| Z2| MY, 10He] 7FETHAI(VM), - 5, Yot =TS Adliol= 24210 S MO D= A
S3IOC QIABIA B [} + Rank= H HZIE02 193t ID #5(0 ~ N-1) 2 Z&LCH
= MPI_Comm_rank 2 &%l 7t
£4 =S
* ofL+29| Node 2t0f|= 042 CPU &0, 30|, 22|, + Rank= mpirun £= mpiexec & [ -np SMOZ & I}
GPU7 U + U3 ==X 2
+ 02| NodeE S01 5ILtQ| HPC SRIAHEZ 05 - mpirun -np 8 ./myapp — Rank 0~7

LIO| Node 2t (2 Rank7t /U2 = US

: Node 1CH0| Rank 0~3 (47 T2 XM|A)

Pl Z=]H0|M 2= 8412 "Rank 7 84”2 = Ho|E
F1(E4 Rank)7t 714! Rank)di| & ELi=X]|

JZRo
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AUNEURE - MPI o2

ol

715t ZHEtSt Hello World 04| |

r

#include {mpi.h)
#include (stdio.h)

int main(int argc, char** argv) {
|:_|-7;|| M int world_size, world_rank;
— = O

1. =7\t MPI_Init - MPI 2t8= =718} I/\/I/P1I Il\r?ii)(l&frjgl?&argv);

MPI_Comm_size (K| /] 2. BN E2MI M o
2. D2 MHA M oI 2 A A _JIK_), MPI_Comm_size(MPI_COMM_WORLD, &world_size);

A7 MPI_Comm_rank (2! // 3. W rank 27|
o2 A9 |D) MPI_Comm_rank(MPl_COMM_WORLD, &world_rank);
/] 4. &=
3. EAl RIA MPI Send, MP| Recv S printfl("HeIIo world from rank %d out of %d processors\n", world_rank,
world_size);
= alive - St =
MPI_Finalize();
0r0 :
208 HPCO|iztof1 v om0
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fujru

S 0| X| (Send/Recv) : Rank 0 - Rank 12 4t 425 ™ E

#include {mpi.h)
#include (stdio.h)

int main(int argc, char** argv) {

ml M int rank, size;
= :” =o MPI_Status status;
%73 BAS 57|38
1 7|2t MPI_Init - MPl EE5 712k MPI_Init(&argc, &argv);
MPI_Comm_rank(MPI_COMM_WORLD, &rank);
MP| Comm size (Idi.” MPI_Comm_size(MPI_COMM_WORLD, &size);
2. EEA'”A JgE HEk”A ‘Jlk‘), iInt number;
A7 MPI_Comm_rank (!
o2 MAQ| ID) if (rank == 0) {
number = 42,
_ MPI_Send(&number, 1, MPI_INT, 1, 0, MPI_COMM_WORLD);
3. 54 & MPI_Send, MPl_Recv & printf("Rank 0 sent number %d to Rank 1\n", number);
}else if (rank == 1) {
4. =2 MPI_Finalize : MPI &tz =2 . tl\/ll;_I_Recv(&number, 1, MPLINT, 0, 0, MPI_COMM_WORLD,
status);
printf("Rank 1 received number %d from Rank O\n", number);
}
0r0
208 HPCO|iztof1 v o
ovo MPI_Finalize();
return O;
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w2 o2

15 E
Lr=a) ZL.

Q| I} 20| node01 2(1,35,7, 9....

T5tA &[0 0|2 &otA k= FZ0]CY,

10077HX| Got= 21O = Broadcast A2t Reduce Y42 o= K
node0 nodel?
Q9)7/tX| &2 node02 = (2,4,6,8,10 ... 100)7+X|9

8‘
=

A=}
=
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RUN-UP!

#include {stdio.h)
#include {(sys/time.h)
#include "'mpi.h"

static struct timeval time_value1;
static struct timeval time_value?2;

#define START_TIMER gettimeofday (&time_value1, (struct timezone *) 0)
#define STOP_TIMER gettimeofday (&time_value2, (struct timezone *) 0)
#define ELAPSED TIME ((double) ((time_value2.tv_usec - time_valuel.tv_usec)*0.001 +

((time_value2.tv_sec — time_valuel.tv_sec) * 1000.0)))
208 HPCOficHo[ o

| eazagy
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int main (int argc, char *argvl])
{

int done = 0;

iInt number = 0;

Int sum;

iInt mysum = 0;

Int iproc;

Int nproc;

Int 1
MPI_Init (&argc, &argv);

MPI_Comm_size (MPI_COMM_WORLD, &nproc);
MPI_Comm_rank (MPI_COMM_WORLD, &iproc);
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while (Idone)

{
if (iproc == 0)
{
if (number == 0) number = 100;
else number = 0;

START_TIMER;

J

MPI_Bcast (&number, 1, MPI_INT, 0, MPI_COMM_WORLD);
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if (number == 0) done = 1;
else
{
for (i = iproc + 1; i {= number; i+= nproc) mysum += i;
MPI_Reduce (&mysum, &sum, 1, MPI_INTEGER, MPI_SUM, 0, MPI_COMM_WORLD);
if (iproc == 0)
{
STOP_TIMER;

printf ("sum is %d\n", sum);

printf ("elapsed time is %.3fms\n", ELAPSED_TIME);
J

J
J
MPI_Finalize ();
J
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OI
ol

AH| 0] 22 IS M3

=

1 CPU ARE A

[baron@node01 TEST]$ mpirun -np 1 SUM
sum is 5050

elapsed time is 0.061Tms

2 CPU A2 A

[baron@node01 TEST]$ mpirun —np 2 SUM
sum is 5050

elapsed time is 3.647ms

Al -

HE X[ =+ ot O] 2V} LIR= O|R=

[ 23 Cisat 20
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Development Tools

“The Free Lunch is Over”
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Development Tools

A0 3t S8k
A0 CiEt X HSY
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Development Tools

Intel oneAPI

iia & X

SCALAR VECTOR MATRIX SPATIAL
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Development Tools

intel Intel® One API Base Toolkit intel
1 JHLRIZ 5tHZ CPU, GPU2H FPGA B 1
- 44X 4t 0| SHo SBLETHMS n
MR 75511, EIAE, BZE & QU X|2i5Hs Of oneAPt
BASE TOOLKIT 7|E 9'5 HPC TOOLKIT

Intel® oneAPI| Data Analytics Library

Intel® oneAP| Deep Neural Networks Library
Intel® oneAP|I DPC++/C++ Compiler

Intel® oneAP| DPC++ Library

Intel® oneAP| Math Kernel Library

Intel® oneAPI| Threading Building Blocks
Intel® oneAPI Video Processing Library
Intel® Advisor

Intel® Distribution for GDB*

Intel® Distribution for Python*

Intel® DPC++ Compatibility Tool

Intel® FPGA Add-on for oneAP| Base Toolkit
Intel® Integrated Performance Primitives
Intel® VTune™ Profiler

High—Performance Computing
SHE0| 7Hs St W2 C++, Fortran, OpenMP2}
MPl 22Tz ]H#H2 HZ

Intel® oneAP| DPC++/C++ Compiler
Intel® oneAP| DPC++ Library

Intel® Cluster Checker

Intel® Fortan Compiler (Beta)

Intel® Fortran Compiler Classic
Intel® Inspector

Intel® MPI Library

Intel® Trace Analyzer and Collector

| |
oneAPI

intel Internet of Things

1

|
oneAPIL

loT TOOLKIT

000
208 HPCOficHo[ o
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HIE A K|X|(Network Edge)HA A3E|=
58501 YOI TN 22MS 11X
Intel® oneAP| DPC++/C++ Compiler
Intel® C++ Compiler Classic

Intel® Inspector

Eclipse* IDE

loT Connection Tools

Linux* Kernel Build Tools

RRRRRRRR G TOOLKIT

Intel® Embree

Intel® Open Volume Kernel Library
Intel® Open Image Denoise
Intel® OpenSWR

Intel® OSPRay

Intel® OSPRay Studio

Intel® OSPRay for Hydra*
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5= Intel oneAP! AMD AOCC NVIDIA CUDA AMD ROCm
THLEAY Intel AMD NVIDIA AMD
xo pn ey OIS BRe S%S CPU 2R2h BIEH (LLVM  \\viDIA GPU 821 T2 7249 |AMD GPU #2 #im =2z

(CPU/GPU/FPGA)

7%

EF OF7 | &5

Intel CPU, GPU, FPGA (Xe)

AMD Zen A€ CPU

NVIDIA GPU (Ampere,
Hopper &)

AMD GPU (CDNA
MI200/300 A€ S

X2 10] 2 AP

DPC++ (SYCL), C/C++,
Fortran, OpenMP

C/C++, Fortran, OpenMP

CUDA C/C++, CUDA Fortran,

Python

HIP (CUDA &2!), OpenCL,
OpenMP

=Q 7N QA

DPC++, oneMKL, oneDNN,
VTune, Advisor

AOCC Angig], AOCL
TEEE

cuBLAS, cuDNN, TensorRT,
Nsight

HIP, MIOpen, rocBLAS,
rocFFT, rocProfiler

. . Linux . . .
= e =
INEERON) Linux, Windows (RHEL/CentOS/Ubuntu) Linux, Windows, WSL2 Linux M& (Ubuntu, RHEL §)
DI — ==
CUDA ZE 0|44  |dpctZ CUDA — DPC++ B3t |13 X}% CUDA ZE hipify= CUDA — HIP A3

et

o0 22f=] HEfA

oneAPI| Toolkit (oneMKL,
oneDNN £)

AOCL (BLIS, FFT, Libm £)

CUDA-X, cuDNN, cuBLAS,
NCCL

ROCm libs (MIOpen,
rocBLAS, RCCL §)

Al inference, HPC (PyTorch,

HIX[Or=2 z[™et LY |HPC, Al, 282 2d, CFD HPC, LLVM 7|82} =X s} Al, HPC, 121, =] ¢Zl TensorFlow)
_ A]19-|J:r|_=_| == _ _ _ 7|4t == 4l

Intel VTune, Advisor,

GDB, LLVM Profiler

Nsight Compute, Nsight

rocprof, rocTracer

Inspector Systems
g 99 2c GROMACS, OpenFOAM, SPEC CPU, Fluent, PyTorch, TensorFlow, cuDNN |PyTorch, TensorFlow (with
T TensorFlow (SYCL) OpenFOAM (CPUE) 7|4t o HIP)

QEAA O

S5 QEAA (DPCH 5)

LLVM 7|8t @EAA AOCC

s A (U
2fo|=2{2)= BIHE)

s QEAA

—Z

2025 =M HAE J|E

oneAPI 2025.1

AOCC 4.x

CUDA Toolkit 12.x

ROCm 6.x
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Intel oneAPI AMD AOCC NVIDIA CUDA AMD ROCm
DPC++, OpenMP LLVM 7|tk CUDA API HIP, MIOpen
Intel CPU/GPU/FPGA AMD CPU NVIDIA GPU AMD GPU
20 2= =5 2 Hat CH2ar OF7|El K AR =X (E2) Al
DPC++ . -
- - Intel CPU/GPU, & Al inference, 1Fst A|At
of FXF EH 24 ’ , L1 :
(Datzé-l:f)rallel O] (SYCL &%) CPU/GPU g&3} NVIDIA/AMD Intel oneAPI 0|7|= Z2|AF
- CPU, &5 GPU(OpenMP 5.0 HE|ALE RO HH}
b 24 HE|T O] HR|E ’ =
OpenMP 121 AP ZEIZO| WK |y GCC, Intel, AOCC S | &= = 7
LLVM 7|8t
low Level | ZIMYU3) ZAYT MU WAIE | 742 BE |SA AOLC, Llang, oneAPI i%fo?é1c;72?’ Flang
Virtual Machine < == =
CUDA AP T2 7249 AP NVIDIA GPU B2ix{2| |NVIDIA GPU XE NVIDIA CUDA Toolkit |-y Toreh. TensorFlow
GPU backend
HIP
Heterogeneous- CUDA ZE g2t AldH
Compute T27249) AP CUDA <« AMD 2t |AMD GPU = CH4 AMD ROCm HIP (e.g.,
Interface for hipLaunchKernel)
Portability
cuDNN CHA|
MIOpen | Taid 2toj=az) Al GiAF E[Z{3E | AMD GPU ﬁ%@ﬁfﬁm * (Convolution, BN,

Pooling §)




2. 2d2AH HY

[/ =SA:Y][i] = a* X]i] + Y]i]
// 12 float *X, *Y; float a;
/] &2 AM Z Y]]
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#include <stdio.h>
#include <stdlib.h>

void daxpy(int n, float a, float *x, float *y) {
for (inti=0;i<n; ++i) {
yli]l = a * x[i] + y[il;
}
}

int main() {
int n = 1000000;
float a = 2.0f;

float *x = (float *)malloc(n * sizeof(float));
float *y = (float *)malloc(n * sizeof(float));

/] Z=71=t

for (inti=0;i<n;++i){
x[i] = 1.0f;
yli] = 2.0f;

}

daxpy(n, a, x, y);

for (inti=0;i<5; ++i) {
printf("y[%d] = %f\n", i, y[i]);
}

free(x);
free(y);
return O;
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NEW= HPC

AUNTURE S DPC++ (SYCL) HZ ZQIE

buffer<float> x_buf(x, range<1>(N));
buffer<float>y_ buf(y, range<1>(N));

g.submit([&](handler &h) {
auto x_acc = x_buf.get_access<access::mode::read>(h);
auto y_acc =y_buf.get_access<access::mode::read_write>(h);

h.parallel_for(range<1>(N), [=](id<1> i) {
y_accli] =a * x_acc[i] +y_acc]i];
),
),
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AOCC (OpenMP) tHA TOIE
#tinclude <omp.h> // BFEA| L&t

void daxpy(int n, float a, float *x, float *y) {
#pragma omp parallel for // B 23t X|A| &
for(inti=0;i<n;++i){
yli] =a * x[i] + yli];
}
}

void daxpy(int n, float a, float *x, float *y) {
for (inti=0;i<n;++i){
ylil = a * x[i] + ylil;
}
}
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CUDA HZE HQIE

__global __ void daxpy(float *x, float *y, float a, int N) {
int i = blockldx.x * blockDim.x + threadldx.x;
if (i<N)
yli] =a * x[i] + y[i];
}
/| 2E5F
daxpy<<<numBlocks, blockSize>>>(d x, d vy, a, N);
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HIP (ROCm) HZ E2IE

__global  void daxpy(float *x, float *y, float a, int N) {
int i = blockldx.x * blockDim.x + threadldx.x;
if (i <N)
yli] =a * x[i] + y[i];
}
/| 225
hipLaunchKernelGGL(daxpy, dim3(numBlocks), dim3(blockSize), O, 0, d x,
d vy, a, N);
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RUN-UPI HZ JOIE QO
ot CH4 12 CIZE DPC++ OpenMP CUDA / HIP
or 22 for (=011, RIS EnoeC Spregmaomp - _loel oo
HL_(L)'; float *x, *y bufferdfloat) =9 ﬂ‘()gtpzdaf’;e‘j)—y
A3 9|%|  CPU CHY A3 '%”te' GPU/CPU cpy migja NVIDIA/AMD GPU
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Toolkit N =10M N = 100M N=1B
CUDA (NVIDIA) 0.06s 0.48s 4.2s
ROCm (AMD) 0.08s 0.52s 4.5s
AOCC (OpenMP) 0.18s 1.6s 15.0s
DPC++ (oneAPI) 0.25s 2.3s 22.1s
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RUN-UP! Batch System — Scheduler

' Development Customer
Management Tools Application Batch System

Tools Scheduler

Operating System

Hardware
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Batch System — Scheduler

° Batch System = Scheduler"**E HPC(ZMs AGg), 2{AH, HIO|E MEOA HE

w8 AEE

— (- o =
Y Q4 EL:
AEXS| 2 (Job)S CH7|E0| 211, Al 20| SFE[H =AU =
Batch System AlSHSH= A|AEN
Scheduler Zt JobQ| 24&9, At AEH, HA S5 1ol O™ Jobs X KA
ook A™ol= ATERH AXHE
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512 AHEY oS AHEY QS
= HA
MAME Y ASAI M ssh WA Fay 0O IO DD S SE
I|'O'| = O
xess oo STEOICPU/GPUS SAOL o) 22 oi0) 25102 4
OTT 7|'3
sicr 2imyy | S2Y AR (OfE LEE T 5
7| BE] 9l - BN 2 AR OrSrHE 7] 7|8t - 2R O MAL]
AIN/RIAIEL BE] A TfAIS TO A= AR 2 HZEOIE K|S
A2 RQI BE 45 AJEE ZH LQ Mo R a0 S
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Batch System — Scheduler

- 20204 6E0]

« SGE(Son of Grid Engine) ¥ Torque &% AH|IE| AIRS STSICH Ht

 ParallelCluster HHX 2.0.0 - 2.7.00|= 23 AE

2 SF A —
A = U= HY

0= QX| &2|ote QLE AA AHE2HO0|X|PF Y™ 7[7F S9H2016-SGE, 2018-Torque)

NEEA| B

L|CT.

dWsS

M 2 M
O H L

(Slurm 2! AWS Batch 2|0)S Sl
AAISHZE SGE & TorqueZt E&E|USLICEH SGE & Torque= LI E[0I[A]

gus

gl


https://github.com/aws/aws-parallelcluster/wiki/Deprecation-of-SGE-and-Torque-in-ParallelCluster
https://github.com/aws/aws-parallelcluster/wiki/Deprecation-of-SGE-and-Torque-in-ParallelCluster
https://github.com/aws/aws-parallelcluster/wiki/Deprecation-of-SGE-and-Torque-in-ParallelCluster

ASZA HPC
HYEL HPC
RUN-UP!

208 HPCOficHo[ o

2. 2dAH 1Y

AAEH= 5ot Z218s AAEC|C} ol=0

Batch System — Scheduler 01 M2

« X1 (Resource)

AEe GEMO = CPU, H2e| AT HERZ S AARUM A} 0|Zote 442 14
QAES Tobot= 718

otLte| H[QIE2 =(Main Board) (Node) 0l £Xlst= 2ASE =E(Node) 2t HEZE BE

« &% (Job) & H|AZ (Task)

M2 ABAEAHE 2E9 5 QYo ALZE ot E= 0 LEE oY IS = 2 HE0l= A0
ot @ HEL} old AHENA e 01%E'—I91|0|*._ SES Eeot

« AAHIE2{(Scheduler) & HIE} AAH|=2{(Meta Scheduler)
RIMSE| o] A|AE! = oL
Moab, Maui, GRMS, GridWay & 2% AAHZ2= 2HAEY}I Ot J2|E A|AHEIY| L} 50

AANEE 7|52 ot=0l 0|28 AAHZHE HIEH AH=2 (Meta Scheduler) 2t StCt



ASZA HPC
L@ HPC
RUN-UP!

000
8@3 HPC O|icto} B

2. 2dAH 1Y

Batch System — Scheduler 01 M2

« RJMS(Resource and Job Management System)

AAEHE ARE AHEE AEAE HE0 AZdlix= A= Aol At

L—- OTT O T —

ISLE A=

ri0

It XAS Oj & (matching)ste AHES

JMS(Job Management System), RMS(Resource Management System), LRMS(Local Resource
Management System), A#|Z2{(Scheduler), Queuing System, HiX| A|AE (Batch System), HiX|
AAZ2(Batch Scheduler), Workload Management System(Platform)

« 12|=(grid) & E2{AE (Cluster)
J2|E AREE (Grid Computing) 12|E ARE 2 24t HE ARFEQ| of
Area Network) S HZE MZE CHE 7|52| (heterogeneous) ZAEEH=2 |0 Pé>*9-| ezt I'_éi% AOHZE

T35t L9 it A =2 WEF Xl 2 +dol=s A= =N

i
o
HU
>
0
N
]
Ofm
r:
=
>
Z.
=
o
@))

- - T H /|-

=HAH (cluster)= 02 M2 HARES0| HZE 0 oLt A|ARKME Siiol=s AREHS2 HES ottt SHAES
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= HPC

AUNEUR xR M3 DUEY 3b

» StarCCM
HE X8

- = = 643 ()
@StarCCM H{X MEH

AlSH

= O
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I HPC
HFI{EUMI-\T—TU Pl - 1. Job Declaration and Submission
' Batch System — Scheduler =& BRI} K2l(Job)S HiE

— RIMS7} X4 S w0t

2. Scheduling and Resources Matching
RIMSZ} oixf S2{AE X HEIE X9

— Resource Availability 2 E Solf 0| E0f 2HES HiX|& & U=X] HH

@

— @ 3. User Authentication and Authorization
and submission - MEE & ArEX C1E 2 Hot 20l
Scheduling and \______»
Resources Matching ::j Reszources Availabilities 4 Permission Granted
3 IZ0| AZ5HH &t Alsl 57}
-___‘_‘\____) User Authentication
@ ____| and authorization
Parmission granted | .- 5- Job Launchlng
el S—C S O HUS AN M| I3t 7|5 1Y
0 instances propagation . . .
[ so0 pracement — Job instances propagation: 2| .= =0j| 2/} Z2X| I}
® — Job Placement: Zf .LLE0f| RS AK|2 HYX]
Job Monitoring | e
Job Montorng Accounting (&7 6. Job Monitoring / Accounting ) _
viatzaton | XH10| A3El= SOt BLIEY U AIE XIR 7|S(E) 43
L0 Somrotel —_— AMEXTE &Y MEE A|ZHOZ 2101 Jts
@ Dehmandfrc:-r
job modifications ——~__‘__\\__* Job modifications o .
7. Demand for Job Modifications
hesourons - — [ en rerminate AEX7L A Z7H - Q™ 7ts (M= HE, F A, 2AA MZH S)
Job results |
collection 8. Job Modifications / Job Terminated
080 X #e|X7F ™= BH90t Jobs =MoL S =
ég HPCO|Ho|MBH — Ap¢ 2t X{2| (Relieve of Resources)

9. Job Results Collection
Xl AuE AR KOl A B

tol

ARt }
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Resource Manager

Batch System — Scheduler 01 M2

AREX
=2

M2EA HPC
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Job Manager
Scheduler

Accounting/Policy Engine
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RUN-UP! Batch System — Scheduler 01 M|

g 7ls

- At 48
- ZX (Hierarchy), LFE[ M (Partitions)

e AFOI = X|

S (Job Launching) 1174&d (High Availity)

= L ° O‘”MX'__Q__% Ener Efficienc
AHR 22| . 7S.Fo.z,”(._'UiHJob Propagation) « EEZX| OI(7(| I:|Hg7»é| (Topolog/ aware
o AR A 22| (Job Execution Control) Iacement)l_
o 22 HiX|(Task Placement) P
E Z 2 X| (Topology), HF 2! 2 (Binding)
. O|= icati
« A M A (Job Declaration) iy .(A}Jth.enucatlocr)\) -
E o ’ K| 2k(limitations), E 9t(security)
S (type), = ‘3 (Characteristics) . QoS
Aot atg| « AFA Z2| (Job Control)

Checkpoint, accounting
* Interfacing
MPI libs, APls, debuggers

« D LIE & (Monitoring)
H 11 (Reporting), 7tA| 2} (Visualization)

« A= 8 Y 2|F(Scheduling Algorithm)  * Advanced Reservation

. +r| (Queues Management) * Application Licenses

o

000
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Batch System — Scheduler — 0|7|F X}& &2[2] Mzt S&d S

+ 7IZ AABO= 01715 SEHO| IR0l CHGHANS THEIM(Partition) ©2 T2 X|0f 242t0] IE| M0 Chah SUBH X0
SEIS ESOITE TAGIZLE 012] STAEZ TEE 3 S2AHS HY AE27} Balols YACR 29

+ 25E9| ol=HI0 2= At ARHIE LEHCE 1= ok= A0
X

=7 %ﬁ 717|(Accelerator or Co—processor)
Q] 07|15 IH’.:E" S¢& &2|oliof o= HHZ2=E 2loj S &

ol= +d8 ECt S&otA oiCt.

|
I
@ _|_|-7-|°| :I'I'x ST A AEY
- A2 FEEE TE| M(Partition) Tt &
- 2t OtE[MZ2 St CcPu/O 22| +7d

=g E

CPU + GPU + FPGA + HBM

o] EH2LE —ofLte| 2HECHZE ST L T
1ESHE S8 A E
o BTYo| 3} we |
+ 7}%7|(Accelerator, GPU )7t H 242 &8 R — e’

« IIEINMOZ Ct= A 20| B7ls

« CPU/GPU/FPGA/HEZ| =238} —
- SH X gt A= MEO| N ot EH

Partition A
= CPU AHA

Cral AT |

EP
Partition B /

GPU tE 78
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Batch System — Scheduler

gtz Torque OAR Platform LSF Condor Slurm UGE
=720 A0 C Perl, Ruby, Ocaml C C++ C C
IS SSH, Munge SSH SSH GSl, SSL, Kerberos, Munge, Kerberos PAM 7|8t Q15
Password
- = Triple DES Munge/Kerberos 7|t ==
ot 7|Ht 7|H} Ht ’ St H} OF
1S ot SSH 71&t SSH 7[¢! SSH 7|4 BLOWFISH or5 5 PAM 7|8t &< 3}
£44 712 M= 712 M= 712 M= MD5 XS 712 MS Integrity XIS
NFS, Lustre, HDFS RS 25 (NFS
MA 11l AHEI ’ ’ ’ ’
o M A|A Any, NFS None, NFS NFS None, NFS, AFS AFS Lustre £)
AAHLE LY 07| M yes yes yes yes yes yes
e LU yes yes yes yes yes yes
18 M=% yes yes yes yes yes yes
T SiEf programmable programmable programmable fairshare, multifactor, fairshare Qittok HEH X&t
< programmable ’ cco, o H
SMP Q1X| yes yes yes basic yes yes
Z|Cf A & tested tested 80K tested 10,000 tested 120K tens of thousands tens of thousands
Z|C & M= tested tested ) 20K tested 100K tested 100K tested 100K > 300K
CPU scavenging yes yes yes yes no yes
42 MY yes yes yes MPI, OpenMP, PVM yes yes
MZZOIE ves (BLCR) ves (BLCR) yes yes ves (BLCR) ves (AtEXt/71E)
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Batch System — Scheduler

gtz Torque OAR Platform LSF Condor Slurm UGE
=720 A0 C Perl, Ruby, Ocaml C C++ C C
IS SSH, Munge SSH SSH GSl, SSL, Kerberos, Munge, Kerberos PAM 7|8t Q15
Password
- = Triple DES Munge/Kerberos 7|t ==
ot 7|Ht 7|H} Ht ’ St H} OF
1S ot SSH 71&t SSH 7[¢! SSH 7|4 BLOWFISH or5 5 PAM 7|8t &< 3}
£44 712 M= 712 M= 712 M= MD5 XS 712 MS Integrity XIS
NFS, Lustre, HDFS RS 25 (NFS
MA 11l AHEI ’ ’ ’ ’
o M A|A Any, NFS None, NFS NFS None, NFS, AFS AFS Lustre £)
AAHLE LY 07| M yes yes yes yes yes yes
e LU yes yes yes yes yes yes
18 M=% yes yes yes yes yes yes
T SiEf programmable programmable programmable fairshare, multifactor, fairshare Qittok HEH X&t
< programmable ’ cco, o H
SMP Q1X| yes yes yes basic yes yes
Z|Cf A & tested tested 80K tested 10,000 tested 120K tens of thousands tens of thousands
Z|C & M= tested tested ) 20K tested 100K tested 100K tested 100K > 300K
CPU scavenging yes yes yes yes no yes
42 MY yes yes yes MPI, OpenMP, PVM yes yes
MZZOIE ves (BLCR) ves (BLCR) yes yes ves (BLCR) ves (AtEXt/71E)
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Batch System — Scheduler H| 1!

Common
User Commands

PBS/Torque Slurm LSF SGE LoadlLeveler
Job o L Lo L : o
submission gsub [script file] sbatch [script file] bsub [script file] gsub [script file] llsubmit [script file]
Job deletion gsub [job id] scancel [job id] bkill [job id] qdel [job id] licancel [job id]
Job status gstat [job id] squeue [job id] bjobs [job id] gstat —u \* [-j job id] |llg —u [username]
J(oblz/ itsél:)s gstat —u [user_name] |squeue -u [user_name] bjobs —u [user_name] gstat [-u user_name] |llg —u [username]
Job hold ghold [job id] scontrol hold [job id] bstop [job id] ghold [job_id] llhold -r [job id]
job release grls [job id] scontrol release [job id] bresume [job id] grls [job id] llhold —r [job id]
Queue list gstat —Q squeue bgueues gconf —sql lIclass
Node list pbsnodes -| sinfo -N OR scontrol show nodes | bhosts ghost lIstatus —L machine
Cluster status | qgstat —a sinfo bgueues ghost —@ lIstatus —L cluster
GUI xpbsmon sview xlsf OR xIsbatch gmon xload
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Batch System — Scheduler H| 1!

Job ID $PBS_JOBID $SLURM_JOBID $LSB_JOBID $JOB_ID $LOAD_STEP_ID
DSiruet::rtr:)i:y $PBS_O_WORKDIR $SLURM_SUBMIT_DIR $LSB_SUBCWD $SGE_O_WORKDIR $LOADL_STEP_INITDIR
Submit Host $PBS_O_HOST $SLURM_SUBMIT_HOST $LSB_SUB_HOST $SGE_O_HOST
Node list $PBS_NODEFILE $SLURM_JOB_NODELIST $LSB_HOSTS/LSB_MCPU_HOST |$PE_HOSTFILE $LOADL_PROCESSOR_LIST
job Array

Index

$PBS_ARRAYID

$SLURM_ARRAY_TASK_ID

$LSB_JOBINDEX

$SGE_TASK_ID
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Script

e #PBS $SBATCH $BSUB #$ #@
Queue -q [queue] -q [queue] -q [queue] -q [queue] class=[queue]
Node Count -| nodes=[count] =N [min[-max]] -n [count] N/A node=[count]
-l ppn=[count] OR B _ _
CPU Count e dEEEE coii n [count] n [count] pe [PE][count]
Cloc\:lll/alllimit -| walltime=[hh:mm:ss] -t [min] OR -t [days—hh:mm:ss] -W [hh:mm:ss] -| h_rt=[seconds] wall_clock_limit=[hh:mm:ss]
Standard Output File | —o [file name] -0 [file name] -o [file name] -o [file namel] output=[file name]
Standard e . . e e
Error File e [file name] e [file name] e [file name] e [file name] error=[file name]
Combine —j oe (both to stdout) OR o _ . _ .
stdout/err —j eo (both to stderr) (use —o without —e) (use —o without —e) j yes
Copy -V ——export=[ALL [NONE] variables] -V environment=COPY_ALL

Environment
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Event —m abe B B or =N _m abe notification=start|error|complete|ne
Notification ver|always
Email Address -M [address] —-—mail-user=[address] -u [address] -M [address] notify_user=[address]
Job Name -N [name] —-—job—name=[name] -J [name] -N [name] job_name=[name]
B ——requeue OR -—-no-requeue B B _
Job Restart r ly/n] (NOTE : configurable default) r r [yes|no] restart=[yes|no]
Job Type
Working D i . : : T
irectory N/A ——workdir=[dir_name] (submission directory) -wd [directory] initaldir=[directory]
R;ﬁ:r?:;e -| naccesspolicy=singlejob —-exclusive OR —-shared -X -| exclusive node_usage=not_shared
Memory Size -| mem=[MB] ——mem=[meml[MIGIT] OR -M [MB] - mem_free=[memory][K|M|G] requirements=(Memory )= [MB])

-—-mem-per—cpu=[mem][M|G|T]
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Account to charge -W group_list=[account] —-—account=[account] -P [account] -A [account]
Tasks Per Node - mppnppn [Pes_per_node] —-—tasks—per—node=[count] (Fixed allocation_rule in PE) tasks_per_node=[count]
CPUs Per Task —-—cpus—per—-node=[count]
Job dependency ~d [job id] -—depend=[start:job_id] -w [done | exit | finish] —hold_jid [job_id | job_name]
Job project --wckey=[name] -P [namel] -P [name]

—--nodelist=[nodes] AND/OR —- -qg [queue]@[node] OR

Job host preference exclude=[nodes] ~m [nodes] -q [queuel@@[hostgroup]
Quality Of . _ e
Service (QOS) | gos=[name] gos=[name]
Job Arrays -t [array_apec] 2—;;ray=[array_spec] (Slrum version J "namelarray_spec]" -t [array_spec]
Generic Resources | other=[resource_spec] —-—gres=[resource_spec] | [resource]=[value]
Licenses ——licenses=[license_spec] -R "rusagellicense_spec]" | [license]=[count]

Begin Time -A"YYYY-MM-DD HH:MM:SS" ——begin=YYYY-MM-DD[THH:MM[:SS]] | -b [lyear:][month:]day:]hour:minute -a [YYMMDDhhmm]
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@S HPC

RUN-UP!
#!1/bin/bash
#SBATCH ——job—name=CFD_Workflow
#SBATCH ——output=workflow_%].out
#SBATCH ——error=workflow_%ij.err
#SBATCH ——partition=prepost
#SBATCH ——ntasks=1
#SBATCH ——cpus—per—-task=8
#SBATCH —-time=00:30:00
#SBATCH ——mail-user=your_email@example.com
#SBATCH ——mail-type=END,FAIL

echo "[STEP 1] Preprocessing (Mesh Generation)"
module load ansys/2024r1
fluent 3d —g —t8 —i pre.jou

# Step 2: Submit solve as dependent job

JOB_SOLVE=$(sbatch ——dependency=afterok:$SLURM_JOB_ID solve.slurm | awk {print $4})
ono echo "[STEP 2] Solve job submitted with ID $JOB_SOLVE"
208 HPCOlictol b

# Step 3: Submit post—processing job
tﬂ ’t'.p%‘ﬁ’.‘t_f?*dil sbatch ——dependency=afterok:$JOB_SOLVE post.slurm

rea C ry Associati
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#1/bin/bash

#SBATCH ——-job—name=CFD_Solve
#SBATCH —-output=solve_%;.out
#SBATCH ——partition=compute
#SBATCH ——ntasks=64

#SBATCH ——cpus—per—task=1
#SBATCH ——gres=gpu:4

#SBATCH —-time=04:00:00

echo "[STEP 2] Running Solver’
mpirun —np 64 fluent 3d —g —t64 -i solve.jou



2. 2d2AH HY

#!/bin/bash

#SBATCH ——-job—name=CFD_Post
#SBATCH ——output=post_%j.out
#SBATCH ——partition=prepost
#SBATCH ——ntasks=1

#SBATCH ——cpus—per—task=16
#SBATCH —-time=00:45:00

echo "[STEP 3] Post-processing’
paraview ——script=auto_post.py



ABEA HPC
WL W] HPC
RUN-UP!

208 HPCOficHo[ o

| eazagy
rea Computing Indus! ss0C
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