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| | Why AcceleratedW
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generate code that the base Ianguage does not' ; .p e n

. support (eg paraIIeIrsm GPU ofﬂoad data o A

movement etC) RERITR S REVRE ST e 7*“_.._ More SClence Less Programmmg |
| | ‘ T - - | e .“ﬂ] ?-a '$acc enter data copyln(x) create(y) |
| QD Can produce srngle source Code base for multlple - | tsace parallel loop
targets (GPU Multi-core CPU, FPGA etc) S y(i) = a*x(i) + b |
R enddo O
| QD Low nsk can tgnore d|rect|ves and oomplle as '+ '|!%acc exit data delete(x) copyout(y) |
-. GD Vendor-lndependent (NVIDIA AI\/ID GCN InteI { NS AN
- GCC, Cray, Flang, eto) R R o
QD Great for rapid development and aoceleratrng “ - . " Enabling HP > 1
|egacy COdeS s ,' . SRR o '$01:1p target enter data map (to:x) map(alloc y)
, | .| 'Somp target teams distribute parallel do
~ QD Two’ major drreotrve APIs for aooelerated o i e
} B y(i) = a*x(1
oomputlng OpenACC and OpenM enddo :
_ _s 'f'.-“ SERER ISomp end target teams distribute parallel do "
S  _., . ; B f.-mgs. r . '.‘.gﬂ“f . .?"!$omp target exit data map(delete:s) map(from:y) i

The OpenMP.name and thAe"OpenMP-Iog‘o are registered\tradém'arks ol thevOp_enMP Architecture Re.vi_eyv Board - :

.



_Fortran Standard Parallelism»B&C8ncurrent

® Introduced in ISO Standard Fortran 2008
. . ok do i=1,N
0 Indicates loop can be run with out-of-order do §=1,M
. execution o Computation
: : R enddo
® Can be hint to the compiler that loop may "2 1 | enddo
be parallelizable
® No current support for reductions, atomics, p £ (1=1:N d=1:M)
: . " O concurren i=1:N,J=1:
device selection, conditionals, etc. . . J
: . omputation
O Fortran 202X (2023) specification will add enddo
reductions |
R | Compiler  Version DO CONCURRENT parallelization support
R nvfortran =20.11  CPU and GPU with -stdpar
iy 4
{rsaaath; ifort/ifx >19.1  CPU with - fopenmp
nr[run | = 23.0 CPU and GPU with -fopenmp-target-do-concurrent
T R L gfortran > 9 CPU with -ftree-parallelize-loops=<#Threads>
‘-m.“ (TRELY ol :. )
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D\|rect|_ves VS. Staw

- ._, 5Why use Fortran standard d-- k»l i
P -~ do k=1,np
‘: -,;.parallehsm mstead of drrectlves’? | eostme

do i=1l,nrml

i T br(i,j,k) = (phi(i+l,j,k)-phi(i,]j, k))*dr i(i)
S GD LongeV|ty (ISO) o4 | enddo

enddo

0 _ower code footprlnt S T

BRGNS OpenACC Para[lellzed Code

@ 'eSS unfamlllar tO domaln » 4» N | '$a»ec enter data copyin (phi,dr i)

i | .4 SClentIStS . | :2222 §Z§§f12itio§;e3§$ﬁ(present) collapse (3) async (1)

GD For accelerated computlng | Tae st

" dlreCtlveS are Currently more o dobji:?],ﬂl:)l = (phi(i+1,5,k)-phi(i,3,k))*dr i (i)
portable (may change) C | e

1Sacc wait

dfl '$acc exit data delete(phl dr i br)

Fortran s DO CONCURRENT

:. These reasons aIso ap‘ply to

- codes that aIready use dlrectlves B
_ ., 7 |do concurrent (k=l:np,j=l:nt,i=l:nrml)
' ’ T : LS ‘ enddo




GD We have prewously tested replacmg' OpenAC’C wrth DC |n a smaII surface dlfoSIOﬂ tooI

and in our medium- Slzed potentlal field solver code B |
. QD The number of OpenACC d|rect|ves Were substantlally or completely removed Whl|e
B malntalnlng srmllar performance T 2 SR T
"‘.‘vStuIajter et. aI “Can Fortran's do concurrent' Replace Dlrectlves for " ,. glthub com/predsc‘l/POT3D |

: Accelerated Computlng'?”

Lecture Notes in Computer Sctence' 131,94 3-21 Sprlnger, Cham (2021) o https://developer.nvidia.com/blog/using-fortran-

_standard parallel programm:.ng for gpu—acéeleratlon at

T o(over 10 runs) - . T o (over 10 runs) : T o(over4runs) T o(over4runs) | |
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Experimenta

AP LA - Original STDPAR + Min ACC Original STDPAR + ACC
A100 40GB ] - B cores 1 es cor e 4 (no managed) (managed) (managed) (no managed) Original DO CONCURRENT

Here we appty DC to our Iarge-scale productlon code .
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Model .

- Algorithm:
T ";w1th f1n1te dlfference stenc1ls
jImp11c1t steps.use sparse

- matrix. precondltloned |

"Hcedé:

 ." P

RLéarél;eli§m=f MPI +'OpenACC + Stharf

_General purpose s1mulat10ns A
~ of the corona .and hellosphere

'“[ffor use with solar. phys1cs and
t-ispace weather research

1Spher1cal 3D res1st1ve

“-rlﬂlghly'memory‘bandw1dth bound'

o
e

thermodynamlc MHD equatlons

.

Impllcrt and exp11c1t t1me stepplng'ﬂ

1terat1ve ‘solver

'.~70 000 11nes of Fortran Qif';ﬂf:gﬁ fi’////

;,rPréds c:L com/ mas =

‘r Ok



Mag@per aCLmn

."]educuons LT

BaSIC Loop Rt SR il
1Sacc parallel default(present) e =3 jf:'$acc parallel loop present(y)
- | 'Sacc loop collapse (2) ' 1Sacc& reduction (+:sum)
. do j=1,n R do j=1,m
do i=1,m r - sum = sum + y(3j)
y(i,j) = a*x(i,3j) + y(i,3) .+ [_enddo
enddo LT : - ‘ '
. enddo : '$acc parallel loop collapse(Z)
'°l:'$acc end parallel | 18accs default (present)
' L ' e e do j=1,m
Fortran Array—syntaX B At TP do i=1,n
R A -’5;:ll".,'l 1 '$acc atomic update
.| 'Sacc kernels default(present) f'%i ’if-t~ sum(i) = sum(i) + y(i,3)
e Y( ) = a*x( ’ :) + Y( ’ :) R S L enddo
- [!Sacc end kernels' R SR enddo

CPU<—>GPU Data transfers |

1 _' "y" Is allocated and initialized on CPU
~— |!'Sacc enter data copyin (y) (Can now use "y" in OpenACC regions)

. | 18acc update self (y) (CPU version of “y” updated for /O, etc.)
B !$ac¢. exit data delete(y) (Free up GPU memory)




- MAS O enACC Implem

B g . B

.:call MPI Comm Spllt type (MPI COMM WORLD ,MPI COMM TYPE SHARED, &
| 0,MPI INFO NULL, comm shared 1err)
i |call MPI Comm rank (comm shared, iprocsh, ierr)

l, |!'$acc set device num(iprocsh) !'Assumes #GPUs/Node #MPIranks/Node
|!Sacc host data use device(y) 1f present

call MPI Allreduce (MPI_IN PLACE,y,n,MPI DOUBLE, &
MPI_SUM,MPI COMM WORLD, J.err)

+ '|18%acc end host data




*Single . Totallines of code: 73,865 (~2% OpenACC)
~-source for * -
Y9 GPU&CPU!

MAS Zeo—betFquope Eruption 60 Million Points o OpenACC directive type # of lines
| otal pek memory bandwidth o oo ™ 4 parallel, loop 997
| = | data management:
(") Ti0C T otat poak memory bandwidth - "B enter, exit, update,
| host data, declare
8./ atomic 34
rout ine 12
6

6

1

OPENACC DIRECTWES IN ORIINAL
GPU BRANCH OF MAS (CODE 1).

kernels

wailt

set device num

continuation lines (! Saccé&) 89
(spread across all directive types)

—_—
0
—
=
o
I
] v
£
=
v
9]
o
9]
E

CPU (EPYC) GPU (V100) GPU (A100) Total
1 ode 1 Node




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, 3,
x(i-1,3
x(i+1,5

Floating Point Operations Roofline

x(i ,3j+1,
x(i ,3
x(1 /j

k
k
k
x(i ,3j-1,k
k 10
k
k

(1= 1e+12)
'_I.

Floating Point
Operations: 7 FLOP

/
.
Performance [ALOP/s]

Stencil operation for MAS
velocity parabolic operator

-
—

Data movement
(loads/stores) :
8*8 Bytes = 64 Bytes
Arithmetic

0.01+

Intensity: 0.01 0.1 1 10 100
FLOP / BYTE = 0.11 Arithmetic Intensity [FLOP/byte]




QD Multlple verS|ons based on these ConS|derat|ons
QD Avord Code refactorlng (or not) 7; —_—— "
ﬂD Adhere to ISO 2018 Fortran Standard (or not)

. Data aft' n|ty statements (part of spec;lflcatlon) not

. used as they are not currently supported by some ~

Compllers (e g.. GCC)

b ﬂD Usmg 202X preV|ew & spec;lal features (or not) |

‘ .

. DC Reductlon cIause (n\/fortran onIy)

e Ope.nACC d|rect|ves W|th|n DC Ioops |
~ QD Less OpenACC d|rect|ves vs performance Ioss

e Un|f|ed managed memory vs manuaI memory
management ‘ | T |

- RS ¢
d S . ] g

-~ e . , - .-
@ Pred iveScie_ncelnc.) e .
% Wy Lo :

MAS O‘penACC to.De-@onElifent

SUMMARY OF ALL MAS CODE VERSIONS DEVELOPED AND TESTED.

Code
Version

; 0: CPU

4: AD2XU

Code description and Total acc
nvfortran GPU compiler flags Lines Lmes

Original CPU-only version 69874
Original OpenACC

implementation 73865
—acc=gpu —gpu=cc80

OpenACC for DC-incompatible

loops and data management,

DC for remaining luups 71661

Upc'n —\CC tu-l DC Incomps 111bl:'

loops, DC for remaining loops,

Unified memory 71269
—acc=gpu -stdpar=gpu

—-gpu=cc80, managed

OpenACC for for functionality

, DC2X for remaining loops,

Unified memory 70868
-—acc=gpu -—-stdpar=gpu
-gpu=cc80, managed
DC2X for all loops,

some code modifications,
Ul]lll-_t‘t] 111@111:::1\, 63004

e R wy

DC’X tl_n 1ll lu.nu.nps
some code modifications,
Dpen ACC ful data management

stdpa

-Minline =1 82C
boost, interp, c2s



- QD Start W|th Fortran 2018 specmoatlon iacc Eialalleildetat(ll? (present)
| B | Sacc loop collapse
compllance nounlfred managed memory, no . EEEE 3
refactonng N o i-1,nl ’
A R e . | ! Sacc atomic update
ﬂD No DC reductlon support in Current standard szmo (1) =sum0 (i) +array (i, j)
cn 0

so array reductlon code would need refactonng enddo

!Sacc end parallel

ﬂD Functlons/routlnes |ns|de Ioops

1 module c2s_interface

S -~f'7?' I | acc routine(c2s) seq
e DC requrres they are pure RS A i terface
e Even so nvfortran does not currently support l_'SE 'j'“'rbe' types
implicit none
them SO need OpenACC routrne d|reCt|ves | real(r_typ), intent(in) :: x,y,z
| real(r_typ), intent(out) :: r,t,p L
ﬂD Removrng kernels used for array syntax and _ cend subroutine c2s
- 1ntr|ns1c;s (e g MINVAL) would need refactorlng  end module
| Lew : '..: T t ey R o _.f_ . :_g |$apo.kerne1s default{present} -
!_.f_‘}v g .." S AT I Lt o SIS : ‘";;y. min_field_val local=MINVAL (field, mask) &

T SR 3 A | sacc end kernels -

_-- . . I . -
'-1'-: \» _ ) - . . : g . i’ ’ : X . N ) s X : e _ . | e [ R - _ -
@ Predigtive Science I"'C) . . . : e : ' . o : E o : ; o A - 3 T, i
- - . < . . i o A .- e . o i sy °
", 5% Q. Ve '. . - D ) . : e i . . ) . 3 g ) : Ce i § e py S - TR °



QD PreV|ous DC results show usrng ,_ -_ “One A100 GPU
- unified managed memory (UM) Can R
. reduceé performance, so we Ieave E 1644.5
OpenACC data movement N G 500 2
| d|rect|ves IR R £
| N 41”1000
QD KerneI fusron (OpenACC |
. parallel regions)and - Ee
asynohronous Computatlon O .
T Origina STDPAR + Min ACC
(OpenACC async clause) are not B
ava”able |n DC R = Cde Code description and
B ",' T ;_ . B Version nvfortran GPU compiler flags
a S Gl i Original OpenACC
@ COde 2 [AD] . S o - . implt‘mt‘nt ation
| OpenACC for. DC |ncompat|ble G acc=apu_—apu=cc8o
3 | Upen %Lf_ for DC-incomps mble
IOOpS and data management . loops and data management,

T o (over4runs)

1634.3

Original

(managed)

[ _L—”_Il

DC for aII remarnlng Ioops S DU g loops

Jged

STDPAR + ACC
(no managed)



GD Here actlvate NVID'IA unn‘led managed

“memory-(UM) aIIowmg removal of
OpenACC data d|rect|ves |

GD Can t remove all OpenACC data
d|rect|ves . ,

‘e declare ln functlon CaIIs

~ «Derived- type structures in OpenACC
' Ioops when usmg default (present)

@CodeS[ADU] S
OpenACC for DC mcompatlble Ioops
- DC forall remalnlng Ioops !
Un|f|ed managed memory

. ’, " . K y 3 .
s : : . T - .
" . . . .

Lo i
¥ R i )
¥ p B
Pred‘twe Science Inc.
v ’ - iR ) =
o R O o .

) .~.

System
Memory

Developer View With
Unified Memory

real[r;typ} .1 t_cutoff1=500000. r_typ M

Code

Version

__" '$acc declare create(t_cutoffl) A
. "i|$acc update device(t_cutoffl) ' allocate {a%r{nrml,nt,np}}  ‘;

Lot I allocate (a%t(nr,ntml,np)) S
allocate (a%p(nr,nt,npml))

3 C
'$acc enter data create(a)

" Code description and Total | Sacc

nvfortran GPU compiler flags Lines Lines
OpenACC for DC-incompatible -

loops and data management,

DC for remaining loops 71661
—&Li—tlu —st ]l 1= 1£u

Opc'n ACC lm DC- 1mu+mp atible
loops, DC for remaining loops,
Unified memory
—acc=gpu —stdpar=gpu
—gpu=ccB80, managed



— Code4[W

GD Here we use the Fortran 202X preV|ew

|mpIementat|on in nvfortran o du concurren‘t tk-z-npml reduce(+:sum@) »
. LR sumO=sumO+a (2, k) *dph (k) *pL_1~two
QD DC reductlon Clause s \ enddo
ﬂD No array reductions, butoan use SRR ST L TR
OpenACC atomlCS |n DC Ioop | concurrent (j=l:1‘12, 1=1:nl)
- ! Sacc atomic update
QD ‘Able to remove most data olauses as aII sum0 (1) =sum0 (i) +array (i, j) *
Ioops usmg derlved types are now DC B enddo -
QD Some OpenACC dlreotlves remam R N R R S
R Code Code description and
e B Version nvfortran GPU compiler flags Lines
: atOmlC / dGClare R4 update r Set"‘ OpenACC for DC-incompatible
| deVlce num routlne 2 kernels : loops, DC for remaining loops,
AT SR Unified memun 71269
®Code4[AD2XU} -
OpenACC fOr funCt|OnaI|ty { : o e L Upen—\CC for for functionality
. .’ [ , DC2X for remaining loops,
DC 202X fOr a” IOOpS A' AT '_ B 4: AD2XU | Unified memory 70868
- 5 . T —acc=Jgpu -—st 111 L r=gpu
U,nlfled managed memory ol —opu-cc80, managed

o>y
Predigtive Science Inc.>
* i 4 . o L



Sl | - B “”"du CGHCUI[EHt (i= 1: :nl)
| ’v@,'-lere we aIIow mlnor- code refaotorlng BN =0
B - do concurrent (j=1:n2) reduc e(+:tmp)e

@ Replaoed kernels W|th-expanded DC Ioops mp-tmprarcay (1, 3) +. .

ﬂD Array reduotlon Ioops mOdIerd to av0|d atomlc -

.

@ Removed set device _'num by usmg BASH BN i-unch.ch ]
Iaunchmg sorlpt (OpenMPI based) N | /in/bash |
S BN Assume 1 GPU per MPI local rank
mplexec —np <#> /launch sh /mas.... |

e Bll# Set device for this MPI rank:
B ¢ xport CUDA_VISIBLE_DEVICES="
GD Use nvfortran flags to |n-I|ne routlnes epr|C|tIy SOMPT_COMM_WORT.D_T.OCAT,_ RANK"

Ilstlng routlnes that oantbe automattoaily in- I|ned i Execute code:

exec S«

QD Can elrmlnate duplloate CPU onIy hutings _7‘ T “'

Version nvfortran GPU compiler flags

OpenACC for for functionality

@ COde 5 [D ZXU] | .’ | o - Ve / .‘ | P DCJX for remainin g luup:,',

4 4: AD2XU | Unified memory 70868

- DC 202X forall Iooos -acc-gpu —stdpar-gpy

—cnl=cc B0 . manaced

- Some code refaotorlng, P> e SR DC2X for all loops,

some code modifications,

U n |f |ed man aged me mory €/ B s x| Unified memory 63994

tdpar=gpu —-gpu=cc

; : : _ ; v P Pt 0 —IIJ_ulJ_n =reshape, name:s2c,
“@P dlt e Science Inc. ) T SRR G . boost, interp, c2s, sv2cv

-9




'@ Spoiler alert Unlfled Managed' " S Uk
. Memory currently results in a non--~ o

_ trivial performance hit, espeolally R U L o Yy 4
across many MPI ranks SR 0

GD Here we take Code 3 but add back i e _ PRENR A
“in (in m|n|maI form) OpenACC data .- . - L = s
dwechves .{-a‘___5 : ".-f:”rl T -

Code descripinn and

. Version nvfortran GPU compiler flags
QD Result is m|n|mal number of - DC2X for all loops,
some code modifications,

~ directives, while retalnlng orrglnaI | 5 poxy | Unified memony
tdpar=gpu —-gpu=cc80

perf()rmance et Minline=resha ape, name: s2¢

r_. ;

1'_'| =N '|' T [l =] [l

QD Code 6 [D2XAd] o " DC2X for all loops,

some code modifications,

DC 202x fOr a” |OOpS | ~ [ OpenACC for d: 11 1 management

_ e 6: D2XAd acc _ ou —stdpar=gpu 71623 277
Some code refactorlng . | gpu=ce80, no

—lIlrrllrr =res

OpenACC for data management . | ]r:u::u::“r’ ir'l':‘rE:Jr L_-z_: __u__ B

5..
(VR T
Y = e L




MAS Test Case and Com utat

@ Medumsizedproduction e |
thermodynamm Corona| re|axat|on . : 5 — )
,»fﬂD 36 million cells, 24 minutes phy3|cal e (N e
" tlme Can flt on smgle 4OGB GPU T S
,GD DC has no effect on performance | 5 __
" for CPU-onIy MPI runs: s

W,y
‘

COMPUTINGIWITHOUT BOUNDAR!ES“_
| L :

# CPUs x Model (2x) EPYC
. # Total Cores 128 (we use 64)
B ¥ Peak FLOP/s 7.0 TFLOP/s
Memory 256 GB

Total Memory Bandwidth 381.4 GBIs : 7 T A \”. ]
e T N i # CPUs x Model (2x) EPYC 7742

# GPUs x Model 8x A100-40GB SXM4
Peak DP FLOP/s / GPU 9.8 TFLOP/s
Memory / GPU 40 GB

A100 40GB SXM4 Memory Ba width/ F’U 15 GIS

.‘. .
k- TR Ui S



"®Codes 1; 2; and.6 g
“all show good *
- scaling and-similar
* performance

o Cod'e'5_u'ses. -

ZERO directives

| GD 'Co'd‘e-’6 'us»_'_esj 5.2x

fewer directives
than the original -
code, while Code

. 2 (withtn current

_"}:“-\_

/
l\..

. Spec) uses 2.7x.

“fewer — with both

~ exhibiting similar

‘performance! .

Predigtive Science Inc. :I

R .
» . S

Code Summary a

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

1%

1: A

Original OpenACC
implementation

—acc=gpu —-gpu=cc80
OpenACC for DC-incompatible
loops and data management,
DC for remaining loops
—acc=gpu -stdpar=gpu
—gpu=cc80, nomanaged
OpenACC for DC-incompatible
loops, DC for remaining loops,
Unified memory

—acc=gpu -stdpar=gpu
—gpu=cc80, managed
OpenACC for for functionality
, DC2X for remaining loops,
Unified memory

—acc=gpu -stdpar=gpu
—gpu=cc80, managed
DC2X for all loops,

some code modifications,
Unified memory
—stdpar=gpu —-gpu=cc80
-Minline=reshape, name:sZc,
boost, interp,cls, svicv
DC2X for all loops,

some code modifications,
OpenACC for data management
—acc=gpu -stdpar=gpu
—gpu=cc80, nomanaged
-Minline=reshape, name:sZc,
boost, interp, cZs, svicv

73865

71661

71269

70868

68994

71623

Wall Clock Time (minutes)

-
N
o

o))
o

W
o

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

2 4
# A100 (40GB) GPUs




0 Codes 3 4 and 5

- 'show poor . °
“performance and
' poot scallng- aII

~.use unified

i managed memory

0 They have ~25%
~ lower performance
- with 1 GPU

-@Wlth multlple GPUS

- over MPI (evenon
 the same node) the

-performance. s over
. 2x slowep L

] NVIDIA Compller [EE

~developers are .

aware of this issue -
- and working on‘a fix

.
e .

- - . . )
1..-»'-“' i i —
QD Predive Science Inc. )
T - o .
- .""‘ <, o . - L

n
R O
o
-
B
| £
D
£
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|
O
L)
O
©
B

-
N
o

w
o

15

Performance-Gont™™

(@)
o

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

2 4
# A100 (40GB) GPUs

Time (minutes)
— - N
N 00 N
© o ©

(o)}
o

B Wall - MPI
B MPI

CODE1 CODE2 CODE3 CODE4 CODE5 CODE®6
(A) (AD)  (ADU) (AD2XU) (D2XU) (D2XAd)

)]
o

Time (minutes)
w EY
o wun

=
(&)

B Wall - MPI

| EEE MPI

CODE1 CODE2 CODE3 CODE4 CODE5 CODE®6
(A) (AD) (ADU) (AD2XU) (D2XU) (D2XAd)




) Unlfled I\/Ianaged Memory |ano;-;:;_- CU vare MPL, -~ o,
- resulting’in a lot.of CPU- GPU data transfers ."~ "~ NSIGHT SYSTEMS

ff.:‘nsys profile ——stats true mplexeC‘—np - /mas mas

. . N . b -. : v"' ) .. 3 ) .v .. ‘.
- R . . : ‘ - ‘ . SR . ) . ) .

N

23s » +959ms +959.5ms +960ms +960.5ms +961lms +961.5ms +962ms +962.5ms +963ms +963.5ms +964ms +964.5ms +965ms +965.5ms +966ms +966.5ms +967ms +967.5ms +968ms +968.5ms +969ms +969.5ms

| cru128)

~ Processes (20)

One solver iteration

» 0 [2362910] ./mas
+ (1 [2362911] ./mas
~ Threads (10)

v vl [2362911] mas e

custreamsync._ Jeustr Jcustr.Jiffcust. Jeus. | R RUTRIRNIY [custreamsynchron 3

0S runtime libraries

CUDA AP ™ e s e eml .l | TS (T, T, (8 G|
otlerovehead GPU peer-to-peer data transfers

9 threads hidden... +
+ CUDA HW (0000:8b:00.0 - NVIDIA A100-5XM4-40GB) 1 ¥ W 1 I 1 W ' _r B ! |y  ________§ ! I @ U Vi |7

P —— - [ LTy o o T N L [ - [ TAWRN o [ o 1 L

. . . . . C - . . . . . e -
- . ;- » . ) -“, ° . ’ = B Co ) ..' .

-

39s 15, +238ms  +2340ms +235ms +235.0ms, +230ms +230.0ms  +23/ms +23]ams  +238ms, .+.9.3.8.-?"T‘;"'. .+?.3.9.m.5. ,+239.5ms  +240ms  +240.5ms_+241ms +2415ms_ +242ms +242.5ms  +243ms +2435ms +244ms  +244.5ms +245ms +245.4
» CPU (128) - -
One solver iteration
» [1049943] ./mas
- [1049946] ./mas
~ Threads (10)

. .._\__,_j:al_,l‘,_] mas « 1
LLUSIISU = = : 7 - : " ] ; . 1 i 1 i 1 1 i i 1 ] | T E——— | [ | ] [ i 1 1 1 | i 1
0OS runtime libraries
CUDA AP s JTco T NI s Tous - Tcostreamsy. Jcusrea T Jeustee THTc T THTT T QN [ = I s Teuste Jflcose T LT T T Te 11 TR CEN G @8 |l 1R
ol ovehead GPU-CPU data transfers
9 threads hidden... + / \ . B I 1T Y w1
- CUDA HW (0000:4¢:00.0 - NVIDIA A100-5XM4-40GR) L M IE . i TR E TV il e ——— JERENTNENE | i I i i oty

~ 94.6% Context 1

Me... Mem... Memcpy DtoH

+ (Al Streams| oo Mo T | I Wecam I Ve Joen J[[vem - N v ivoea v 2ot g Jo . QR cwote.26305. prec. Jeo.. Weowo. Won. WAL I
= - - - . — - . —

- s ) ' - . " e o

.’ . .-




MAS ProductlonCo

f@ WhICh verS|on d|d we plck forour prod'uct?on;" ode’?

0 Two Code versrons (both easy to mamtam) . ik ZI

ST |\/|a|n code has m|n|maI OpenACC d|rect|ves SO, rt N
- . canbe compiled for GPUs using unified managed memory ?_,  a
d__.Llnes Total: 68, 972 | OpenACC 132 (o zo)jag

; e “ACC” branch of Code has OpenACC data movement
~ added in; used'in productiori releases R
'J; Lines: Total 70,658 OpenACC 593 (o 8°)7¢

;QD We have added OpenI\/IP to OpenACC Ioops ,n ACC o 4
branch to allow hybrld.-CP-U mode - ST

@ May convert OpenI\/IP to OpenI\/IP target off-load for
B future use W|th InteI GPUS L & ;




5 -

B g . o

4 e

‘QD'I'S"O"Stand'ard (~0 chance of deprecatlon) |
10 More compact/slmple code BRI
QD Computatlon loops exhibit S|m|Iar performance to|

- directives (when comblned with dlrectlve manual || |
= . QD No current GPU DC support in GCC AI\/ID Cray,

- data management) | - .
D Can add hybrid MPI+thread CPU pa-raflellsm .

D Currently supported by NVIDIA and InteI for thelr .

GPUsz=

QD Stlll need OpenACC/OpenMP target for some t|me Yy

.-

ﬂD Lack of performance features (no async no

kerneI fusmn no memory management)

ﬂD Non-tr|V|aI performance drop for CUDA-aware |
MPI W|th NVIDIA (fix in progress) s e

FIang etc (some in progress )

;.-'_QD Future Fortran Ianguage addltlons & compller

support for muIt| vendor accelerators can Iead to \

: . one code to run. on, tkem, a[[

~ . nviDIA.
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