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6’ CROCO

Coastal and Ragional Ocean COmmunity moded

Hardware
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Low compute density

High Compute density

Complex control logic

Simple control logic

Larger caches

Small caches

Shallow pipelines

Deep pipeline

Low latency tolerance

High latency tolerance

CPU "general-purpose" / GPU specializes in parallel computing

IDLE
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G.:tcnoco

Software Stack & Toolkit

NVIDIA H100
DATA CENTER GPU

AMD / NVIDIA

https://developer.nvidia.com/hpc-sdk
* Fortran Compiler
* OpenACC Directives
« GPU Math Libraries
» Optimized for Your CPU

° MU|t|'GPU Programming (MPI) e THE DUAL HARDWARE REFERENCE ECOSYSTEMS: AMD vs. NVIDIA
» Nsight Performance Profiling

 LIN UX(Windows Subsystem for Linux ?)
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CROCO :
2 Skt Programming Strategy:

OpenACC

e https://www.openacc.org/

'$acc kernels copyin(a, b) copyout(c)

!$acc loop
do101=1, n
c(i) = a(i) * b(i)

18 continue
I1$acc end kernels

« Copy cpu <->gpu take times
 « Handmade » kernels
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6! CROCO

Memory Philosophy:

GPU-Resident

OUR APPROACH: MULTI-NODE CLUSTER (SCALE-OUT)
— NETWORK BOTTLENECK P

CPU &
SYSTEM
RAM

Still limits
_scalability,
Minimize copies.

............

: GPU
i Memory

@

CROCO
MODEL

Memory

INTER-NODE Qi3

EXCHANGES
s NVIDIA H100
2 GPU & HBEM
MPI HALO (HPC DATA)

NODE B

v/

fil

NVIDIA H100
GPU & HBM
(HPC DATA)

NODE A

EXCHANGES
(VIA GPUDIRECT
RDMA OVER NETWORK)

OUR APPROACH: SINGLE HPC NODE (SCALE-UP)
— ULTRA-FAST TRANSPORT V

CPU &
SYSTEM
RAM

ULTRA-FAST
NVIDIA H100 GPU Nan=wiemdadd NVIDIA HI00 GPU

MPI EXCHANGES
.2 =:Z. A & Ngos,
A ||I|I choco Ag;

(VIA NVLINK)
ALL TIMESTEPS
CALCULATE HERE
NVIDIA H100
GPU & HBM GPU & HBM
(HPC DATA) (HPC DATA)
ULTRA-FAST
GPU--SPEED GPU-TO-GPU V

CROCO
MODEL

m’ig

NVIDIA H100

MPI EXCHANGES (VIA NVLINK)

MAXIMIZE COMPUTE, MINIMIZE COPIES
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fu CROCO

* How compile and launch CROCO on GPUs
 Validation and performance results
« Change or add code : synthetic view

* Recipes



(¥ CROCO - -
=== Prerequisites & Environment

#ellT deTlined BASILIN
/*

Basin Example

* To Compile and Run on GPU
* Nvidia hpc toolkit for compiler
« and/or MPI (Nvidia ou system)
» cppdefs.h

 jobcomp detect OPENACC

undef OPENMP
undef MPI

define OPENACC
define UV _ADV
define UV COR
define UV VIS2
define SOLVE3D
define TS DIF2
define BODYFORCE
define ANA GRID
define ANA INITIAL
define ANA SMFLUX
define ANA STFLUX
define ANA BTFLUX
define NO FRCFILE

HEHBEREHRER SRR
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6’ CROCO

Coastal and Ragional Ocean COmmunity moded

jobcomp and run : Personal to Cluster

e T T VW ML T VR

elif [[ $FC == pgfortran || $FC == nvfortran ]] ; then
CPP1="cpp -traditional -DLinux -DXLF"
CFT1="$FC"
FFLAGS1="-g -fast -r8 -i4 -mcmodel=medium -Mbackslash"
#FFLAGS1="-g -00 -C -Kieee -r8 -i4 -traceback -mnofmal’

T

# determine if OPENACC compilation is needed
#

unset COMPILEOPENACC
echo "Checking COMPILEOPENACC..."

if $(SCPP1 testkeys.F | grep -1 -q openaccisdefined) ; then
COMPILEOPENACC=TRUE

if [[ $FC == pgfortran || $FC == nvfortran ]] ; then
FFLAGS1="$FFLAGS1 -acc -Minfo=accel"
fi

fi
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€. CROCO

Coastal and Ragional Ooean COmMmunity mode

Test Cases to Real Configs

* many test case
« CVTK Ok

» Gibraltar
 (tide,forcing...)

* Results on BASIN
» Gibraltar
» not all cppdefs.h conbinaison
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Acoustic Waves

Gibraltar

’ Canonic She

’ ’ Instabilitie

’ Convective
b Instability

2-Layer
’ Regimes

DSL Soliton

I,

——  Double upward-downward instabality

rtical Section
3D Benchmark Gibraltar Experiment,

“"aroclinic Jet

_ Dv Sections

> Bay of Bisca:

Internal Waves

&

Svr=1
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CROCO
oD Performance Results

Nuwa cluster (LAERO)

Performances HYDRO : XEON-20core-MPI vs NVIDIA V100
Légende : Test cluster de calcul
1e8 (3240 itérations)
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CROCO
oD Performance Results

Nuwa cluster (LAERO)

Performances NBQ : XEON-20core-MPI vs NVIDIA V100
Légende : Test cluster de calcul
1e7 (3240 itérations)
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f.CRO%°  Performance Results

Turpan cluster (calmip)

Performances HYDRO : 40 cores: Ampere Altra Q80-30 vs 1 Nvidia A100-80
Légende : Bench cluster Turpan
1e8 (3240 itérations)
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6’ CROCO

Coastal and Raegional Oocean COmmunity mode!

Points de grille traités par seconde

Performance Results

Turpan cluster (calmip)

Performances NBQ : 40 cores: Ampere Altra Q80-30 vs 1 Nvidia A100-80
Légende : Bench cluster Turpan
1e7 (3240 itérations)
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6’ CROCO

Coastal and Ragional Ooean COmmunity modeld

Hardware resume

compute capacity (NBQ version) : hardware compare
(400 itérations)
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Hardware configuations
Bench (20c Xeon /1 V100) - CPU
Bench (20c Xeon / 1 V100) - GPU
H200 - GPU
Turpan (40c Ampere / 1 A100) - CPU
Turpan (40c Ampere / 1 A100) - GPU
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6! CROCO

Coastal and Ragional Ocaan COmmunity mode

scalibility

Test On Jean-ZAY IDRIS :
1 node : 40 cores & 4 V100

on 8 nodes GPU ~ 2 times faster than CPU

2048x2048 horizontal grid and 50 vertical levels : 1 node

to

8192x4096 2048x2048 points and 50 vertical levels : 8 nodes

NBQ Weak scaling performance

2048x2048 horizontal grid and 50 vertical levels

NBQ Strong scaling performance

—— croco CPU

—— croco GPU
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6’ CROCO

Coastal and Ragional Ocean COmmunity moded

development side

croco sample

B e
| $ main.F A
| $HHH HHH
| R R R R R R R AR
#if defined OPENACC

C$0MP PARALLEL DO PRIVATE(tile)

initial siep do tile=0,NSUB X*NSUB E-1
call copy to devices (tile)
enddo
#endif

e i
Vi XXX E it
| g HEEH
e i
$acc kernels if(compute on_device) default(present)
\OOP do k=1,N
do j=JR _RANGE
common do i=IR RANGE
uli;j.k;l)s=:.;
V(iljlkll)=' .
enddo
enddo
enddo
Jsacc end kernels
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6’ CROCO

Coastal and Ragional Ooean COmmunity modeld

development side

if (FIRST_TIME_STEP) then
cff=0.5»dt
!$acc parallel leoop if(compute_on_device) default(present)
# 4if defined OPENACC
DOEXTEND(k,1,N,FX,FE,WORK)

# endif
do j=Jstr,Jend
do i=Istr,Iend
t(i,j,k,nnew,itre)=Hz(i,j,k)*t(i,]j,k,nstp,itre)
& =cffxpm(i,j)*pn(i,j)*( FX(i+1,j)-FX(i,3)
& +FE(1,j+1)-FE(i,3))
enddo
enddo
# 1if defined OPENACC
ENDDOEXTEND
# endif

change loops.py

CPU GPU

if (iic.eq.ntstart) then e
cff=0.5D0*xdt 1Sace parallel 'Loc;p if({compute_on_device) default(present)
$acc parallel loop if(compute_on_device) default(present) e et
do j=dstr,Jend g
do i=Istr,Iend t(i,j.k,nnew,itrc)=Hz(i,j.k)*t(i.j.k,nstp,itrc)
Ynnew,itrc)=Hz(i,j,k)*t(i,j,k,nstp,itrc) & —cFFapm(i,3)*pn(i.3)*( o o
& —cffxpm(i,j)*pn(i,j)*( FX(i+1,j)=FX(i,3) . e
& +FE(i,j+1)-FE(i,])) & +FE_3D(4,5+1,k)-FE_3D(9,5,K))
enddo enddo
enddo — enddo
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6’ CROCO

Coastal and Ragional Ooean COmmunity modeld

development side

! do F=IV_RANGE
DOLOOP2ZD_R(IV_RANGE ,JV_RAMNGE)
do Hi=IV_RANGE
DC(i ,0)=0.
FC(i,0)=0.
enddo
do k=1,N
do -—GA=IV_RANGE
DC(i,.k)=0.5a(H=(i,j ., k)*+H={(Fi,7-1,.k) )*om_v{(i,J)
DC(i.,08)=DC (i ,8)+DC(1i.,k)
FC({i,a)=FC(i,a)+DC(i,k)»v{i,d,.k,nrhs)
enddo
enddo
do H=IV_RANGE
FC(i,a)=(FC(i,e)—DV_avg2(i,Ji)),/DCc(i,a)
enddo
do k=1,NH
do "Ai=IV_RANGE
wli,j.k.nrhs)=(v(Hi,.j.k.nrhs)—FC(i_,.a@))
Hvom(i ,F.K)=0C(17 ., k)*({ w(i,j.k.nrhs)

& )

enddo ChangG_lOOpS-py

enddo
' enddo
ENDDOLOOP2D

do j=Jstr,JendR
do "G=IstrR,IendR

DC(i,e@)=0.De CPU
FC(1,0)=0.D0

r DO j=Jstr,JendR

!$acc loop private(DC1D,FC1D) vector GPU
3

DO i=IstrR,IendR

dd %
en k:1,u DC1D(@)=0.DO
do "i=IstrR,IendR FC1D(0)=0.Do
DC(i,k)=0.5D@* (HZ(1,j,k)+H=(i,j—-1,k))*om_wv(i,j) r do k=1,N
BCCRE D) =DE (3 510) F DO CREo) DC1D(k)=0.5D0% (Hz(i,j,k)+Hz(i,j-1,k))*om_v(i,j)
:g(—i 2O)=FC(i,0)+DC(i, ,k)»v(i,d.k,nrhs) DC1D(®)=DC1D(8)+DC1D (k)
e FC1D(8)=FC1D(0)+DC1D (k) *v(i,j,k,nrhs)
do "#i=IstrR,TIendR enddo
FC(i,0)=(FC(i,0)—DV_avg2(i,j))/DC(i,a) FC1D(®)=(FC1D(8)-DV_avg2(i,j))/DC1D(0)
enddo r do k=1,N
o P s PP v(i,j,k,nrhs)=(v(i,j,k,nrhs)-FC1D(0))
o = = r - en ] . S - .
v(i,i,k,nrhs)=(v(i,i,k,nrhs)—FC(i,@)) Hvom(i,],k)=DC1D(k)*( v(i,]j,k,nrhs)
Hvom({i,j,k)=DC(i,k)*( v(i,j.k,nrhs) & )
& > enddo
enddo ENDDO
enddo ENDDO
enddo

VIVULU VvVOUIIAID Tre = VLI VST 1V



fu CROC

munity mode

Troubleshooting

- = - - - - -

deleted block device:0x4019c0000O00 size:1002388992 threadid=1

Accelerator Fatal Error: call to cuLaunchKernel returned error 2 (CUDA_ERROR_OUT_OF_MEMORY): Out of memory

too much memory required

array is not on device

poor perfomance => look at sequential at compilation time
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practices

 Think Big
* Not all key combinations in cppdefs.h have been tested
* Numeérics differ CPU vs GPU

 Cluster : accounting
* PC : GPU works, CPU have time
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future Horizon GPUs

» gitlab CI : include CVTK ACC test ...
* OpenACC ? (AMD GPU)

» Psyclone : fortran 2 fortran processing

* No AGRIF (yet)
 What about CPU when GPUs run ?
« Scalablity :

« Expand mpi ovelaping : branch martin_lat_hid_mpi_2d
* Questions ...

 Maintenance : « handmade » ]
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