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S4PST: Stewardship for Programming Systems and Tools
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S4PST Stewardship for Programming Systems and Tools
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OpenMP and OpenACC (UD, BNL, ORNL and ANL)

ooz OB
°* BEl, TO RIS TRE, F3 /34 S DHEEDHE

® |ntel AMD,NVIDIA,Arm ZCPUEGPUTDEIE. #EBED TR k Lead: Sunita Chandrasekaran

® SR+ TJOSSLDBEFER U of Delaware & BNL

® MLIRDDialect {5 (GPU OffloadingtégeM L& 1t)

JOoszs e f |

#pragma acc data copyin{ a[0m], b[0:n] ), copyout( c[(:n] )
e OpenMP6.0FE#{L (SCABERITHR) DY HEHA | mgma acc kernels
e OpenMP, OpenACCOEIEEED TR 705 5 LEDEASNDFAAIAH t |
o LIMZ{FE->T=OpenMPRIITT R 70455 LBEBENMERL A
cfi] = a[i] + b[i];
e OpenMPDTRAMTOJSLELZEAVINAS, 7T—FTYVFa7T -
D ENEREZRIKR. https://crpl.cis.udel.edu/ompvv/ \
e OpenACCDTARMTOTSLEELEZAUIINAMS, PT—XF TV FaT7T
D ENEFEEIR . https://crpl.cis.udel.edu/oaccvy/

* yoid saspy_device(float a, float w[], float y[l, int size)
1
a Y FEDHE ol el e
~ i fpragma omp target map{to:; a,size x[@#:s5izel)
ﬂ"j,j I:I v L 0) nn ; nap{tofrom: y[@:sizel)
7 - int i;
o E4S A #fpragma omp parallel for
far (1 B: i < gizg; [+e+)
1 y[i] = a = x[i] + w[il:
* LLVWMF—L 2 )
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Lead:
Johannes Doerfert

LLVM in S4PST (LLNL, ANL, LBNL, ORNL)
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Kokkos Core — Maintaining Performance Portability

JAa Y FOBEW -
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Modern Fortran (LBNL)
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Lead: Damian Rouson, LBNL

! outline the objects in the binary image

ISomp target data map(to:image) map{from:edge_mask)
lfomp target

'Surp parallel do

u aﬂ_'l l— I; n

edge_maﬁkt1. i} = .false.
if (image(i, 7) f 0) then
if (1 ==1 .0r. i ==n_.or. &
j == 1 .0r. == n} then
i edge_mask%1 i} = .true.
else
diF (any(image(i-1:141, j-1:j+1) == 0}) edge_mask(i, j} = .true.
endi
endif
enddo

enddo

1Somp end target
15omp end target data

do concurrent facilitates
optimizations, including automatic
GPU-offloading

image(:,.:)}

integer, allocatable ::
edge_mask(:,:)

logical, allecatable ::
I allocate image and edge mask

allocate Eimage(n, n), source = 0, stat = allecstat, errmsg = allacmsg)

allocate {edge_mask(n, n), source = .false., stat = allocstat, errmsg = allocmsg)
I Initialize image

! gutline the objects in_the binary image
do concurrent (i l:m, i 1:n, image(i, j) /= O

if (i 1l .or. i n .or.
i 1 o i n} then
edge_mask(i, J) Lrue,
else
if {any(image(i-1:941, j-1:3+1) 03) edge_mask(i, j) LTPUe,

LrLIr
enddo



Open MPI (ORNL)and MPICH (ANL)

OpenMPI Lead: Thomas
Naughton Il
ORNL
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UPC++ & GASNet-EX (LBNL) upc

GASNet-EX[dPartitioned Global Address Space (PGAS) & I

distributed asynchronous many-task (AMT) programming Lead: Paul H. Hargrove (LBL)

systemsEET H-ODHR—F TILIE SO AFR— kL Global Address Space

14\ Shared | Shared | Shared | Shared
Segment | Segment | Segment | Segment

UPC++ [XGASNet-EX £ [ZZEZE S 1=PGASK U Remote

: i : | . 1 .
procedure Call(RPC)DIERE & 2Cr+5 4 75 1 T | roe i roe 1| P
i ] i
7Ry FODEE Rank 0 Rank 1 Rank 2 Rank 3
e lLegion (FZVRIKR—FLAWV)

Scientific Applications and Frameworks

- Flang (Fortran23 % \ﬁﬂlfﬁﬁ'ﬁﬁz @ﬂﬂ_{)_ ~) M wotatiptter [ Exacraph [[awchemex

Fortran
Chapel Legion upc UPC++ coarrays Devastator || ...

One-sided Get/Put RMA
m Active Messages

Non-contiguous RMA

GASNet-EX

Memory Technologies Network Hardware
(Host memory, GPUS, ...) (HPE Slingshaot, InfiniBand, Cray Aries, Ethernet, Omni-Path, ...)

Closely
co-devaloped

Other interacting
Il BERKELEY LAB projects components
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;:} Legion (LANL,SLAC)

EE

E A :H,: Al = 2
?Pﬁigigo’)ﬂ%j?ggﬂzjf :9 T4 Co-Leads: Pat McCormick (LANL)
Frontier, Permutter, and El Capitan_t TEI{E and Alex Aiken (SLAC)

Legion® #I| A5

S3D (SNL)

FlexFlow (CM U/LANL/Stanford/UCSD)
SpiniFEL (SLAC)

cuPyNumeric

EE cn. _ 3
NVIDIA® cuPyNumeric® B F
GASNet-EX D | A S3D Task Graph

R )
Frontier ES3D(BABE S a2 L—2 3 ) A
8192/ — RE TR —JL

cuNumeric

- FlexFlow  SpniFEL Legate

Legion
GASNet-EX

Legion Software in S4PST’s scope
ya

—
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SYCL (ALCF, OLCF, NERSC)

CHAR—ADINT A+ —IAR—2TILT

H 75 = \/7:/Z7_'-L\ Lead: Thomas Applencourt, ALCF

o OpenCLD#ME CPU. GPU., FPGAZZ#IA
CHR—

e LLYM O V/NALSZEFIA

o FIATIEEMZEZE (LIntelEL DPC++ & A —
7 %) — XM AdaptiveCpp

o SYCLDE K. HeefEth,. BEILLEZFER
TOEENHAHIL

Usger application code

- ‘G“ -
Adaptivelpp -:::!:1-.|I:||I|:-r cmer AdaptiveCpp compiler driver
ly

. Eif

e HIP(HIP ZSYCLD/N vy O TV KELTH
F)

o Kokkos (SYCL/\w 49 T 2 K)

o LLVM
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HIP (ALCF, NERSC, OLCF)

Heterogeneous-Computing Interface for Portability

e JOTIY MEE Lead: Brice Videau, ALCF
e AMDGPURIIFTODT7OY S IUIEE A %OAKR
e NVIDIA CUDAIZIEE [ZIELAPI Argﬁﬂﬂﬁmw -*'&mail.fu L}:PEE
e DOE &intelDPETINtel 7 £S5 L—EFIFOHIP ( m AMDZI
chipStar) DBEIFE I
—  LLVM + SPIR-V + Level-Zero/OpenCL |ntel
- Intel math |IbrarIeS®'U'7|_€— l‘ PGLC {_'ie'*t;iurr' ia
DEVELOPMENT = _I'I [
¢ m% 10.0

SYCL vs. HIP Run Time Comparison (SYCL/HIP)

o chipStarD BEHMEDTHIE  (AMD,NVIDIA)

T
E
=
AN 4 =H B = ® e
= ©00o000
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— . — S
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o Intel7 VS L—R2LUNDT—FTIOF¥YDY
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—_— E 2eoeooe00000222028202202282200880208228220820820282800%0
71N E EE EEf EfffEEffEE R EEEEE EEFfEE S EEEEEEEELEEE
2 A S RE P EEE 88526 REEE2 8082 RREESSRB g EE8TTEESER
5¢ 2 ¢ PELFAREETECPES LRI wwmeTr2ETELELE ST 285 5389 3
jj A ° &3 2 54359 5 X e R3TELLLT Eg>“§ <] & ® eSO
P s s, ®®3 & §£ ¥£°93s¥s 8z° = ° B B§ g
n . ET3 : 3 x £5 § § 3" g £ =
o Q ® =
LLVM (b |-chain of AMD HIP and chip$S 3 ik ;s ;
- ase tool-chain o and chipstar S m o 8 ©
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Automatic Differentiation (Enzyme)

Team:

A. Edelman, MIT

J. Hueckelheim, ANL
W. Moses, UIUC

M. Schanen, ANL

Enzyme: Automatic Differentiation (BB %) V—IL @ o ST R
. Aoy FEHE N @
HPC AI A e ... ower nzyme eGen
SRt EHPCEAIDRES _|U|Ia e ) m% — ’
° IIIEF- L\HPC7 #77 T",s jn 77 ‘/7 nﬂn\ D(}(R()(Tm)‘ Unrolling “
> 9 4 Awﬂ,T\ DG (CUDA) ‘ Unrollin; \< MallocCoalescing < PreOptimization x
«  C/C++, Julia, Rust, OpenM P, Fortran, RAJA, CUDA, gt o
ROCm’ MPI LULESH‘ :ln)z% o aiion il .
. BMEESA TS U OEMER o e E— sy
) E m : o P @ HEEE 1t XS}:‘:lll:};;d (1x) :’-;x Jfﬁ% 100x 1000x O?M

- EHE BE

Enzyme T EA/=T0— FDX EYEE,

CALEDANUFv—7 [ZEnzyme & L
TILGPU_L TILZE{T T A5

* LLVM project
e Julia programming language

i)é'(ll) an(1) = @ C LIMA
’ ) DAHE?TH
. h , TEXAS
: = @ Los Alamos
Enzyme CEM R H A T— REBREAACIMABESREZL  (ulia CEZ)

Argonne ’ III'-
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https://github.com/EnzymeAD
https://enzyme.mit.edu/conference



https://github.com/EnzymeAD
https://enzyme.mit.edu/conference

jUIi.a MIT, ORNL

+ MATLABDIEWS VAR v I R zHDORZHERITERE
«  LLVM®DF| A & Just-in-Time TO 3 27341 JLHEEK
AT RIERRE

« TOESL—EDaA—LIZKBZEENDET

+ LWMODEFRADF v vFT7 v T

AR

+ JACC (Julia for Accelerator)

EiE, HE:

e Enzyme(AD)Z L—LT—74

- MPIA{ 23— x—X(ABI)DIE#AL
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JULIA FOR ACCELERATORS

# Unidimensional arrays
function axpy(i, alpha, x, y)
x[i] += alpha * y[i]
end
function dot(i, x, y)
return x[i] = y[i]
end
SIZE = 1_000_000
x = round.(rand(Float64, SIZE) * 100)
y = round.(rand(Float64, SIZE) * 100)
alpha = 2.5
dx = JACC.Array(x)
dy = JACC.Array(y)
JACC.parallel _for(SIZE, axpy, alpha, dx, dy)
res = JACC.parallel_reduce(SIZE, dot, dx, dy)
# Multidimensional arrays
function axpy(i, j, alpha, x, y)
x[1,3] = x[i,j] + alpha = y[i,j]
end
function dot(i, j, x, y)
return x[1i,j] * y[i,j]
end
SIZE = 1_00@
x = round.(rand(Float64, SIZE, SIZE) * 100)
y = round.(rand(Float64, SIZE, SIZE) * 100@)
alpha = 2.5
dx = JACC.Array(x)
dy = JACC.Array(y)
JACC.parallel _for ((SIZE,SIZE),axpy,alpha,dx,dy)
res = JACC.parallel_reduce ((SIZE,SIZE),dot,dx,dy)

Applications

Threads CUDA AMDGPU || OneAPI Others

NVIDIA AMD Intel
GPU GPU GPU

CPU QOthers

Lead: Alan delman, MIT

vvvvvv

Y




LLMs for HPC Programming (ORNL)

e HPC7 RS S5 LRAITOLLMETILOHRE. F
A& DR

« CodellamoEDKRBFEa—T 4 VT ETIL
FHTEDHPCTOY S 2T bEE 1= —
BHOETILZRM

Code Automatic Code
General

o J UIiO,KOkkOS,OpeﬂI\/\P,B LAS,H|g h Order Production Parallelization Translation
Explicit PDE .

@ ™

>ChatHPC Lead: Pedro Valero-Lar, ORNL
E—

”
— N s e ] &/ Ty YRR kokkos RAJV
) ERICH =L DLIERTE i -
° 7 ’f 7 7 J FH '- S 1t L/ T_ D 1"5 %}:E Code Production Threads Programming ooy
TIIIIiIziiiizic Models ~
Inout CUDA OpenMP AFMPI
pu :
S i Automatic and PIIiIIIIiIIiiiL
- REEFETILINBETE  pemoticand. [ Sransparent Prompt AVDGPU
S -L\ TF E i p ortableprompt _______ Tuning I,‘::::::::::::::::
& root@lapi25354: ~ . Give a Julia fqn(_:tlor_l that : OneAP| |
computes a multiplication of a e ChatHPC
matrix m by a vector v and return JACC a
ChatHPC.prompt("general”, "What is Julia?") the solution in a vector s” ]
Julia is a high-level, high-performance, dynamic programming language for numeric | e S o L o L n
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