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Why AcceleratedW

- - . . —
ﬂD Ovérall performance .
. FLOP/s
.. Memory Bandwidth

. LSpeC|aI|zed ‘hardware ,,
. (e.q. I\/IL/DL tensor cores)

. ® Compact performapce |
* In-house workstations
* Reduce HPC'real estate’

O Efficient performance _
~*Lower energy use
‘*Save money
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Directivegsmss=
> .
ﬂD Special comments that d|rect/a1|ow the co He!’to

generate code that the basé language does not - Op en _

support (e.g. paraIIellsm ‘GPU- offload data

[ ]

More science, Less Proggamming-.

" movement, etc.) - - ,
' . !1Sacc enter data copyin(x) create(y)

O Can produce S|ngle source code base for multlple | 'sace parallel loop

targets (GPU |V|U|tl -Core CPU, FPGA etc. ) | | y(i) = a*x(i) + b

) enddo .
@ Low-risk - can tgnore d|rect|ves and complle as 1 [!$acc exit data delete(x) copyout(y)
- before - | R

ﬂD Vendor-lndependent (NVIDIA AI\/ID GCN InteI .

GCC, Cray, Flang, etc.) _
ﬂD Great for rapid development and accelerat|ng o

|egaCy COdeS ‘e - ._ : . '$omp target enter data map(to:x) map(alloc y)

ISomp target teams distribute parallel do
O Two major d|rect|ve APIS for accelerated .| <o P
. y(i) = a*x(1

computlng OpenACC and ) | enddo
L : ; ISomp end target teams distribute parallel do
ISomp target exit data map(delete:x) map (from:y)

' . ™ = y g .
’@W ® Sciencelng. | The OpenMP-name and the OpenMP logo are registered tradémarks of the OpenMP Architecture Review Board
i 2 :
_.rr'[ .,:' L B i = =



Fortran Standard Parallelism=Be"CBNcUrrent

O Introduced in ISO Standard Fortran 2008
_ _ " do i=1,N
O Indlcat_es loop can be run with out-of-order | do §=1,M
. execution ' Computation
: : _ enddo
O Can be hlqt to the compiler that loop may = enddo
be parallelizable '
O No current support for reductions, atomics, p £ (1=1:N d=1:M)
: . " O concurren 1=1:N,3=1:
device selection, conditionals, etc. . . J
omputation
O Fortran 202X (2023) specification will add | enddo
reductions
}.}1 Compiler Version‘ DO CONCURRLENT parallelization support
L nvfortran >20.11 CPU and GPU with -stdpar
-....:.u.-_. i
{issasc); ifortlifx ~ 219.1  CPU with - fopenmp
["‘trl]n _ = 23.0 CPU and GPU with -fopenmp-target-do-concurrent
aa_pufer( 1o, {titie T RS gfortran > 9 CPU with -ftree-parallelize-loops=<#Threads>
acconti. Hl.l'.f:" Ir'.-
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Dlrectlves vs. St

Why use Fortran standard

parallellsm mstead of drrectlves’?_

| .'GD Longewty (ISO)
0 _ower code footprlnt

- @ Less unfamiliar to domain
- scientists |

@ For accelerated .'C_Qn"]putihg,*' £%

directives are currently more
- plcartable (may change) -

. ».

These reasons also ap'ply to

Codes that aIready use dlrectlves Y |

: "
’ igl!i P:?:Iﬁm- 5¢in~n=u|u=.:',u
# - X

am

" do k=1,np
do j=1,nt
do i=1l,nrml
br(i,j,k) = (phi(i+l,j, k)-phi(i,j, k))*dr_i (i)
enddo
enddo
enddo

OpenACC Paraﬂet_iza-_d Code .

'| enddo

!Sacc enter data copyin(phi,dr i)
!Sacc enter data create (br) ;
1Sacc parallel loop default(present) collapse(3) async(l) 2
do k=1,np .
do j=1,nt
do i=1l,nrml
br(i,j,k) = (phi(i+l,j,k)-phi(i,j, k))*dr_i(i)
enddo
enddo

1Sacc wait
'Sacc exit data delete(phi,dr i, br)

Fortran’'s DO CONCURRENT -

- | do concurrent (k=1l:np,j=1l:nt,i=1:nrml)

| enddo

br(ilj (k) = (Phl (l+1lj k) -phi (llj +K)) *dr_i (1)
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Previous Implemmr

= @ We have prewously tested replacma OpenACC with DC In a small surface dn‘fusmn tool

and in our medium- S|zed potential field solver code B L o
-0 The number of OpenACC directives were substantlally or completely removed wh|Ie
) malntalnlng similar performance | R
Stulajter et. al. “Can Fortran's "do concurrent’ Replace Dlrectlves for - gi thub. com/pr’eds Ci/ﬁdTé&D
Accelerated Computing?} . x
"~ Lecture Notes in Computer Science; 13194, 3-21 Springer, Cham. (2021)° https://developer.nvidia.com/blog/using-Fortran-
_standard parallel-programming-for-gpu- acceleratlon e
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Model:

_-Algofiphm:

?deé:

-

General-purpose simulations

‘ iterative solvEr _
;nghIY'memOry‘bandw1dth bound'

of the cdrona-and'helioSpheré‘_
for. use with solar physics and
space weather research o

Spherical 3D resistive
thermodynamic-MHD equationsz

Imp11CLt and exp11c1t time- stepplng

- with f1n1te dlfference stenc1ls
_Imp11c1t steps use sparse

matrix. precondltloned

~70(OQO_l1nes of Fortran

Para'fli].elis'mi - MPI +--_(5pe'nACC +.'

-
fprédsc:L com/mas -

I _



.. Basic’Loop

!1Sacc parallel default (present) w1 sacce parallel loop present(y)
1Sacc loop collapse (2) “ " | 1Saccs reduction (+: sum)
. do j=1,n e do j=1,m
. do i=l1l,m s e sum = sum + y(j)
y(i,j) = a*x(i,j) + y(i,3) .+ | enddo
enddo ot I A
enddo __" o 1Sacc parallel loop collapse (2)
| 'Sacc end parallel Y  '!$accE default (present)
_ ' > : _ : vy oL do j=1,m
~ Fortran Array-syntax - & B do i=1,n
S — — —_— !Sacc atomic update
!Sacc kernels default (present) 1 . sum(i) = sum(i) + y(i,3)
y(:,:) = a*x(:,:) + y(:,:) A i enddo
ISacc end kernels L enddo

. ‘ - CPU«GPU Data transfers

SR + | "y" is allocated and initialized on CPU.

S 'Sacc enter data copyin (y) (Can now use "y" in OpenACC regions)
1Sacc update self (y) (CPU version of “y” updated for 1/O, etc.)

Sacc exit data delete(y) (Free up GPU memory)




MAS OpenACC Im

. . . -_ : : " ' '- . ;I‘-- - . -i - . -" VF '. -
e e - _— 4 ' ' : '
L
0,

Use multiple GPUs:on one or more compute nodes | -'ﬂm"c&‘

call MPI Comm split type (MPI COMM WORLD,MPI COMM TYPE SHARED,
0,MPI_INFO NULL,comm shared,ierr)
call MPI Comm rank (comm shared, iprocsh, ierr)
!Sacc set device num(iprocsh) !Assumes #GPUs/Node

¥ .
b " - - n
L ]
L
i 1
' [ : L
- L ' 2

= #MPIranks/Node

- =
.

Use GPU data directly with I'ViI_F"I;‘c'aIIs-_(CUDA_-QWare MPI) - S

!1Sacc host data use device(y) if present

call MPI Allreduce (MPI_IN PLACE,y,n,MPI DOUBLE, &
MPI_SUM,MPI_COMM WORLD,ierr)

* |'$acec end host data

: . - . -
- . EA~




_ _Code LM
m e Single . Totallines of code: 73,865 (~2% OpenACC)
;‘UPEH:FIGG: paylable _ | ' i - -

_":-

OPENACC DIRECTIVES IN ORIGINAL

.source f_Or GPU BRANCH OF MAS (CODE 1).

- GPU & CPU!

MAS Zero-beta Flux Rope Eruption 60 Million Points OpenACC directive type # of lines

14{|mmm 175" 1E/s totar pesk mewory bondwidth | - parallel, loop 997
12] = GPU F'u;_u-'-t Tp-;:t 'Eg,.-t;t:-'-'n mr;urn A180 (4 GPUs) ; data management':

B ;> 1B/s total peak memory bandwidth enter, exit, update,
: host _data, declare
2 atomic
routine
kernels
wailt
|| set device_num
2.2 | continuation lines (! Saccé&)

l | (spread across all directive types)

CPU (EPYC) | GPU (V100) GPU (A100) Tﬂtﬂl
4 Nodes 1 Node 1 Node

w
-
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£
]
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=
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MAS OpenACC Implementation.Cent*Péfformance Check

O A roofline analysis shows how well given hardware is being
utilized compared to the theoretical maximum for the given code

s
do k=2,nz-1
do j=2,ny-1
do i=2,nx-1
result(i,j, k) =

-6"x(1, 3Jj, k )
x(i-1,3 k )
x(i+1,5 k )
x(1 ,3J-1,k )
x(1 ,3j+1,k )
x(1 ,J k-1)
x(1 ,J k+1)

enddo
enddo
enddo

\

Floating Point
Operations:
Data movement
(loads/stores) :

8*8 Bytes = 64 Bytes
Arithmetic
Intensity:

LFLOP / BYTE = 0.11

7 FLOP

A NVIDIA.

NSIGHT SYSTEMS

Floating Point Operations Roofline

10

Performance [ALOP/s]
(1= 1e+12)
—

Stencil operation for MAS
velocity parabolic operator

- |
—

0.01+

0.01

0.1

1 10
Arithmetic Intensity [FLOP/byte]

100




MAS O_P\nACC tom

SUMMARY OF ALL MAS CODE VERSIONS DEVELOPED AND TESTED.

ﬂD Multlple verS|ons based on these ConS|derat|ons
Code description and
nvfortran GPU compiler flags

QD Avord Code refactorlng (OF not) y B ' | o-cPu | Original CPU-only vension
-3 Original OpenACC
. implementation
/) Adhere to ISO 2018 Fortran Standard (or not) ‘x.r “gpu=cc80
. OpenACC for D uh.nmprtl =
. loops and data management,
* Data aﬁ" inity statements (part of specmcatlon) not ° . B DC for remaining loops
. used as they are not currently supported by some - Wn i
OpenACC for DC-incompatible
: COmpl|erS (e g GCC) _ _ e e ]l.:]r.:p.l-;. :J[" for remaining F||l|;:n.:||':n:~i,
3: ADU Unified memory 71269
acc=gpu -stdpar=gpu
ﬂD Using 202X preV|ew & spec;lal features (or not) “gpucced0, managed
: pen or for functionality
. . . DC2X for remaining loops,
* DC Reductlon clause (n\/fortran onIy) | : 4: AD2XU ‘_"'_i‘f’f’.‘.".”.:."!ﬁ'.,“?“‘i"”' -
opanaccareameswimnocioops  IEMECEEES

. s DIXU L.nmr':d Memory » 68904

O Less OpenACC ~directi'\'/es T/-s. perfor'rnance loss | o el

ol 1 [ 1T - — [
ALl lI=e=LCo

E_'.:!': OsST r I ncer [.-." g - 5,85V - o
DC2X for all loops

_+ Unified managed memory vs. manual memow e soreisads modinisiions,

: D2XAd

L.
F |
4 !@ f":i:liliﬂ" S&imndo Ing

e -



ﬂD Start wrth Fortran 2018 specrfloatlon Lace para el deran’t (presents
| Sacc loop collapse (2]

compliance; no-unified managed memory, no Mo -
refaotorlng e | _ o do i=1,nl
8 . - . !Sacc atomic update
sum0 (1) =sum0 (1) +tarray (i, jJ) *...

ﬂD No DC reduction-support in"ourrent standard, ~ - enddo

SO array reduction code would need refaotormg didl
NEaeeNenadNmaiE el

O Functlons/routmes msrde Ioops | Rl r— =
) - module c2s_interface
S ' I$acc routine(c2s) seq
* DC requrres they are pure o interface
) pure subroutine c2s (x,y,z,r,t,p)
+ Even SO, nvfortran does not ourrently support rohem L
impLicl none
them, .so need OpenACC routine d|reot|ves . real (r_typ), intent(in) ::
. , ' _ | . = . real(r_typ), intent(out) ::
® Removing kernels Used for array syntax and S0 S e
. ) i - & - : . i end interface
: iﬂtflﬂSlCS (eg MINVAL) would need refaCtorlng _ end module

I%acc kernels default(present) 1
min_field_val_local=MINVAL (field, mask) &

I$acc end kernels



Code 2 [AD}-Contr™™"

@O Previous DC results show using

unified managed memary (UM) can -

. reducé performance, so we leave
OpenACC data movement
dlrectlves -

ﬂD 'Kernel fusion (OpenACC
parallel regions) and
asynchronous Computatlon
(OpenACC async clause) are not
avallable in DC |

O Code 2 [ADI: < e
OpenACC for DC -incompatible
. loops and data management
DC for aII remalnlng Ioops |

Wall Clock Time (seconds)

Code
Version

One A100 GPU

T o(over 4 runs)

"irl:jlnai STDPAR + r1|n ACC
(no managed) {mana

Code de.sr:i]:ltinn and

Original STDPAR + ACC
{managed) (no managed)

nvfortran GPU compiler flags

Original OpenACC
implem: ntation

l‘.)p:.n ‘E.Lf lm DL mwmp atible
loops and data management,
DC for remaining loops

—acc=gpu -stdpar=gpu

-gpu=cci8l, nomanaged

71661



Code 3 [ADH——'f

_ . T—— L Developer View With

O Here actlvate NVID'IA unn‘led managed IERNe e
memory (UM) allowing re_moval of

. OpenACC data directives '

® Can’t remove all O_penACC' data
| directives:

o . real(r_typ) :: t_cutoffl=500000._r_typ
L deC]_are ln funC'uon Ca”S : l$4acc declare create(t cutoffl)

I$acc update device(t_cutoffl) allocate (a%r(nrml,nt,np))

allocate (a%t(nr,ntml,np)) BB

N Derlved type StrUCtureS In OpenACC : | ' _ | _ - allocate (a%p(nr,nt,npml))
IOOpS When US|ng default (Present) | ’ | $acc_enter data create(a) -

- Code description and
.. ’ Version nvfortran GPU compiler flags
@ COdE 3 [ADU] i OpenACC for DC-incompatible

OpenACC fOI' DC mcompatlble |00p3 | 2: AD e e 71661 | 540

DC for remaining loops
- DC for all remaining loops, B | “200=gpu ~stdpar=go
Un|f| e d m an a g e d m em Ory & | | | OpenACC I;:::r L":r:.’_‘.-nluinmmuhlc

loops, DC for remaining loops,
Unified memory 71269 162

—acc=gpu -stdpar=gpu

2 .
- - E - F h )
. . L] 1 L P, )
» : ‘ A —Jpu=Cccol, managed
I Pmﬂtﬁw Science lng, | ) . e g . _
_..-"‘ | - . b " - . =




e
L] -

| Code 4 [W

O Here, we use the Fortran 202X prewew
|mplementat|on In nvfortran

@ DC reduction clause -

O No akray reductions,-but can use
‘OpenACC atomics in DC'loop

O Able to remove most data clauses as all-

loops using derived types are now DC

@ Some OpenACC direc’[_ivé'_s remain:

*atomic, ‘declare, update,
device num, routine,

O Code 4 [AD2XU]: - *

- OpenACC for functionality,
- DC 202X for all loops,
Unified managed memory -

. L]
o " i
y '@ fr.;liﬁw Science ne,
" .

set .
kernels

du concurrent (k=2:npml: reduce(+:sum0) »
sum@=sum@+a (2, k) *dph(k) *pl_1+two
B enddo

\ .
ido concurrent

= o~
T

(j=1:n2,1=1:
update
1)=sum0 (i) +array (i

atomic
::UmU
enddo

Code
Version

Code description and
nvfortran GPU compiler flags
OpenACC for DC-incompatible
loops, DC for remaining loops,
Unified memory

—acc=gpu

71269
stdpar=gpu
B . manaaged
UpenACC for for functionality
, DC2X for remaining loops,
Unified memory

—{IT3]=( ("

4: AD2XU TOB68

—acc=gpu -stdpar=gpu

—gpu=cc80, managed



oy 'ﬂrﬁuf“!l-"

0 Here we aIIow mlnor- code refaotorlng

. O Replaoed-kern'els with -exp_a_nded DC'Ioops '

® Array reduCtion Ioop's- modiﬁed'to avOid*atomic_:

O Removed set device _num by using BASH
Jaunching sorlpt (OpenMPI based).

-mpiexec —np <#> ./launch.sh ./mas

0 Use nvfortran flags to in-line routines, explloltly
13 Ilstlng routines that can'’t be automa.troaily in-lined

O Code 5 [D2XU] .
- .DC 202X for all loops,
- Some code refactoring, - )
U'nifie'd managed memory - S

.
@ ive Science Ing, :
"h..

: 4: AD2XU

do concurrent (i=1:n1l)

mp=0.

Code 5 _[ozaed-]-——f

dn concurrent (j=1l:n2) reduce (+:tmp)
tmp=tﬁp+array[i,jjt...

enddo

sumO (1) =tmp

enddo

launch.sh
#!/bin/bash
# Assume 1 GPFU per MPI local rank

# Set device for this MPI rank:
Expurt CUDA_VISIBLE_DEVICES="
SOMPI_C u[ IM_WORLD_LOCAL RANK"
# Execute code:
exec S«
Code description and DL Sacc |
' "l.-’erunn nvfortran GPU compiler flags ines Lines

OpenACC for for functionality

, DC2X for remaining loops,
Unified memory T0868
—acc=gpu —-stdpar=gp
— i _' i E=NaP=Tal=Ts
D “\. for il] ]I.H'nl‘n.

some code modihications,
Unified memory

68994

i
| e & = | 1y ...;:_:_. _:_...I.'_:l_.“_.
] rldlILE2LD, C&S, SVLLO



Code 6 [D.2X-Ad']-—'f

0 Unlfled Managed
Memory currently results in a non-
_ trivial performance hit, espeC|aIIy
across ‘many MPI ranks

) Here we take Code 5 but add back
‘in (in minimal form) OpenACC data

d|reCt|VeS . : _ | Code Code description and |
AR P Version nvfortran GPU compiler flags
- @ Result is minimal number of - DC2X Tor al l00pe,

some code modifications,

directives, while retalnlng orlglnal B <. ,xy | Unified memory

stdpar=gpu —-gpu=ccgl

performance -2 Iy ‘ —?'-:]i:'|; ine=reshape, name:s2c

T It e oy D ey

O Code 6 [D2XAd]: - * = o S o

some code modifications.

DC 202X fOr a” |OOpS ' ' - . OpenACC for data management

6: D2XAd acc=gpu -stdpar=gpu

S O m e CO d - refa Cto r| N g B _ -gpu=cc80, nomanaged

-Minline=reshape, name:s2c,

Open’ACC fOF data management -_ Z:::-:::-:::-.t 1lnterp, cls, sViCcv

i b

Tﬂ[dl Sacc
Lines Lines :

H8YO4

71623




MAS Test Case and Compmment
‘w .

ﬂD Medium-sized productlon R - 1y g S
- thermodynaimic coronal relaxatlon . A
@ 36 million cells, 24 minutes physical :
| time ~ Can fit on sin’gle 40GB GPU

0 DC has ho effect on performance
for CPU- onIy MPI-runs:

n
Temperature (MK}

I
—k

=
n

# CPUs x Model  (2x) EPYC 7742
# Total Cores 128 (we use 64)
Peak FLOP/s 7.0 TFLOFP/s
Memory 206 GB
Total Memory Bandwidth 381.4 GB/s g
# CPUs x Mndel (2x) EPYC 7742
# GPUs x Model 8x A100-40GB SXM4
Peak DP FLOP/s / GPU 9.8 TFLOP/s
- I Memory / GPU 40 GB

: . ' - A100 40GB SXM4 Memory BandwldtthF'U 1555 GB/s
@ ﬁos“ e lnc. ) e : | ) N _ . _ /s R

.'__'



®Codes 1; 2, and 6
all show good
scaling and similar
performance

® Code 5 uses.
ZERO directives

® Code 6 uses 5.2x
fewer directives
than the original
code, while Code
. 2 (within. current
. Spec) uses 2.7x
fewer — with both
exhibiting similar
performance! .

Code Summary and-Perforfiance

SUMMARY OF ALL MAS CODE VERSIONS DEVELOPED AND TESTED.

Code

Version

Code description and
nvfortran GPU compiler flags

Total
Lines

Sacc
Lines

0: CPU

Original CPU-only version

69874

&

CA

: AD2XU

: D2XU

- D2XAd

Original OpenACC
implementation

—acc=gpu —-gpu=ccil
OpenACC for DC-incompatible
loops and data management,
DC for remaining loops
—acc=gpu -stdpar=gpu

gpu=cc80, nomanaged
OpenACC for DC-mncompatible
loops, DC for remaining loops,
Unified memory

acc=gpu -stdpar=gpu
-gpu=ccl0, managed
OpenACC for for functionality
. DC2X for remaining loops,
Unified memory
—acc=gpu -stdpar=gpu
-gpu=ccB0, managed
DC2X for all loops,
some code modifications,
Unified memory
-stdpar=gpu -gpu=cc80
-Minline=reshape, name:
boost, interp, cés, svicv
DC2X for all loops,
some code modifications,
OpenACC for data management
—acc=gpu -stdpar=gpu
-gpu=ccB0, nomanaged
-Minline=reshape, name:sic,

¥ ..-.._...,,._-.l Y e -K Ly I ey
DOo0S - F l.l..'ﬂ.._E_-'r L.ﬁ.:-; SWACWY

73865

71661

71269

TOB6E

68994

Wall Clock Time (minutes)

CODE 1 (A)
CODE 2 (AD)
CODE 3 (ADU)
CODE 4 (AD2XU)
CODE 5 (D2XU)
CODE 6 (D2XAd)
Ideal Scaling

2 4
# A100 (40GB) GPUs




O Codes 3; Zl, and 5
show poor
performance and
poot scaling-— all

‘use unified |
managed memory _

® They have ~25%
lower performance
with 1 GPU |

@ With multiple GPUs
- over MPI (even on
‘the same node) the

performance. is over
2x slowes

® NVIDIA compiler
developers are .
aware of this issue

- and working on‘a fix

-
L.
- i
1'-’@ F“.‘tl. P
| rociBgbi D S lne }

Wall Clock Time (minutes)

Performance-Gont™™
360

CODE 1 (A)
CODE 2 (AD)
CODE 3 (ADU)
CODE 4 (AD2XU)
CODE 5 (D2XU)
CODE 6 (D2XAd)
ldeal Scaling

1 1

2 4
# A100 (40GB) GPUs

B Wall - MPI
B MPI

270.7 273.0

200.9

Time (minutes)

CODE1 CODEZ CODE3 CODE4 CODES CODE®
(A) (AD) (ADU) (AD2XU) (D2XU) (D2XAd)

E Wall - MPI
| mmm MPI

Time {minutes)
i = o
= Ln -

=
Ln

CODE1 CODE2 CODE3 CODE4 CODES CODE®G
(A) (AD) (ADU) (AD2XU) (D2XU) (D2XAd)




| == wall - MPI -' | E Wall - MP
| EEE MPI i3 . MPI

Pt
-
-

Time (minutes)
Time (minutes)
]

o
[ ]

=
d
o

Ch
-

CODE1 CODE2 CODE3 CODE4 CODES CODE6 [ CODE1 CODEZ2 CODE3 CODE4 CODES5 CODEG®G6
(A) (AD) (ADU) (AD2XU) (D2XU) (D2XAd) (A) (AD) (ADU)  (AD2XU) (D2XU) (D2XAd)

~ A10040GB SXM4- | ‘ ~ 'H100 80GB PCle
®  'Memory Bandwidth: 1.56 TB/s - - ~ Memory-Bandwidth: 2.00 TB/s .

| Georgia
Tech




e Peﬁbnnanceéhl!!-!’= -

@ Unified I\/Ianaged Memory IS nmm'zm éHDA,aware MPI, e,
. resulting’in a lot.-of CPU-GPU data transfers - e NSIGHT SYSTEMS

nsys.proflle --Stats=true mpiexec -np 8 ./mas mas

238 » #939ms  +959.5ms = +900ms  +960.5ms = +061ms  +961.5ms  +062ms  +96L.5ms  +B6ims  +963.5ms  +96dms +964.5ms  +965ms  +065.5ms  #966ms  4+006.5ms  496Tms  +967.5ms  +968ms  +968.5ms  +06Oms  +960.5ms

N L CPU (128}

= Processes (20) . -
+  12362912) Jrons One solver iteration
[ [2362910] .'mas
w [2362911]) .'mas
= Threads (10

0% runtime libraries

CUDA AP - e e T | T — G (S (T G IR . |

GPU peer-to-peer data transfers

3 threads hidd "
= CLIDA HW (0000:80:0000 - NVIDLA A100-50M4-40G8) N . . . i - '/ ¥ I _f N ' [ tl _l___ T §F W T [N = 1 I|_
. [AN Streams] KB NN (GRG0 | : i o Qg 3603 Jores Tra o Qe Jon L . IEEEOTECEIINTE . CEEETCTN W TG CEREN|. . TR

LR e '_'.:.-.CdeerD] T T

395 =15 +234ms +7345ms +235ms +2355ms  +236ms +2365ms  +237ms 423 +238ms  +230.5ms  +230ms _+230.5ms_ +240 4+2415ms  +242ms +2425ms_ +243ms +2435ms +24dms  +244.5ms  +245ms 42454

:fw Onﬁsoiver lteratlon-'

. e v v v rereww

0% runtime Boraries

cuoa AP NG ) ST T W T (e
verhes «~ GPU-CPU data transfers-..,___,

- LA HW (D000 - NI AL S DG E ) e e P Y WIPY il T R —
= 4. 6% Contaxt 1

+ [l Streams] : EB.CH.Ik ..___l- BESLE e Jueo l[M= . 1¢ B e st g s DL e Qe ]| ot M1 Jwee_Jeo | Jcoss Mun OO OO

o v - 39 : Code3[ADU] - ESEREEER b T

L L | +
Sl T ¢ -

T ————————— — I N S W &




MAS Production Code-m

. @Whlch verS|on d|d we plck for our productlen code’? | s :| : ‘I %

@ Two CO.de verS|ons (both easy to mamtam)

e Mam code has mm|maI OpenACC dlrectlves so it SRR
~can be compiled for GPUs 'using unified managed memory e —
.Lines: Total: 68, 972 OpenACC 132 (0.2%) W W o

; “ACC” branch of code has OpenACC data movement
added in; used'in production releases

Lines: Total: 70,658 OpenACC: 593 C 8%) 47D OpenMP |

- v
@We have added OpenI\/IP to OpenACC Ioops in ACC S
- branch to aIIow hybrid-CRU mode - . |

) May convert OpenMP to OpenMP target off-load for |
. future use with InteI GPUs: . - | %

L ]
i .
i a - .
!
*
’ @Pmﬂ? Soiense g H_,
L
- .

e AT



Do Concurren

_. @-ISO“standard (~0 ohance of deprecatlon) e
® More compact/simple code Lol

|{® Computation loops exhibit similar performance to
~ directives (when combined with d|reot|ve manual

data management) .
|® can add hybrid MPI+thread CPU pa-ratlellsm

1O Currently supported by NVIDIA and Intel for the1r .

GPUs

@ Stlll need OpenACC/OpenMP target for some tlme

(/ Future Fortran language®additions & compiler
support for multi-vendor accelerators can Iead to

mwa’eﬁ momﬁma//

EEEEE

Summary and Future"@utiook
ortran‘hanflerated computlng
\ s .

@ Laok of performanoe features (no async, ho

. kernel fusion, no memory management)

(V) Non-trivial performance drop for CUDA-aware .
MPI with NVIDIA (fix in progress) - o

@ No current GPU DC support In GCC ‘AMD, Cray,_'
Flang etc. (some in progress ) :
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