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ORNL has had a Top 10 supercomputer in every year since the Leadership
Computing Facility was founded in 2005. Jaguar, Titan, and Summit are the
only DOE/SC systems to be ranked #1 on the TOP500 list of fastest computers.
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Core Capabilities

e World-Class Computational Infrastructure

* Frontier and Aurora - exascale (>1 ExaFlop) computers

e Summit (200 PF peak ModSim, 3.3 ExaOps FP16 for Al)
 Theta, 12 PF peak

« ~40 PF Polaris system at Argonne
* Supporting systems for data analysis

* Allocation Programs

 We administer and support two highly competitive user
allocation programs (INCITE, ALCC)

* Also have Director’s Discretionary allocations (DD Program)

* Allocations are typically 100 times greater than routinely

available for university, laboratory, and industrial scientific and
engineering environments
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UNCERTAINTY QUANTIFICATION

* Certain Scientific applications do not perform uncertainty

quantification
* Working group seeks to enable uncertainty quantification

* We look for workflow developments to facilitate uncertainty
quantification

» Uncertainty quantification due to hardware is on the radar
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RADICAL CYBER TOOLS

* Tools etficient workflow management on HPC resources.

» Radical pilot: For homogeneous and independent task

» Radical Ensemble toolkit: For complex workflows with
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RADICAL PILOT

Requests resources for

ensemble runs Resource
Manages the parallel executing ||rqueve rro— Staser
of a given set of Tasks on both
MongoDB Workstation/
CPU/GPU Queue Queue Resource
Stager | | Queue Stager | Asent Pilot Plal_’lfpc::rm
Can be configure to various
Queue Scheduler | | Queue Executer
HPC Plattorms

Fig. 1. RADICAL-Pilot architecture.

M. Trill, et. al, arXiv:1903.10057
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RADICAL ENSEMBLE TOOLKIT : ENTK

Requests resources for ensemble runs

Manages the parallel executing of a given set
of Tasks on both CPU/GPU

Can be configure to various HPC Platforms

Handles tasks dependencies through
pipelines
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M. Titov, et. al, arXiv:2407.01484
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PERFORMANCE
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Figure 3: Concurrency of 7875 EnTK tasks (UQ Stage 3) in

Figure 2: Resource utilization by the EnTK application (UQ scheduling and running (execution) states.
Stage 3): 100% corresponds to 448,000 CPU cores (not consid-

ering 8 cores per node reserved for system processes) and
64,000 GPUs.

M. Titov, et. al, arXiv:2407.01484 E. Merzky, et. al, arXiv:2103.00091
%OAK RIDGE

National Laboratory Open slide master to edit




APPLICATION CASE: LATTICE QCD

* Solves integrals that encode the * Typical ensemble O(1000)
strong interactions in 4D Integration variables (gauge fields)
-Lattice Spacing
Volume  Worktlow traditionally split into:
i ionmass e Monte Carlo Sampling of the
Yo, Gauge fields: few streams/
T2 ensemble

* Measurements: independent for

* Multiple integrals (ensembles) |
every gauge field

required for_physical results with
systematics uncertainties
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Application Case- LatticeQCD

DIR = '/ccs/home/antigoni/’
EXE = DIR + 'UQ°
CAMP DIR = DIR + 'UQ RCT/runs/'

1 os.environ[ 'RADICAL PILOT DBURL'] = 'mongodb://rct:rct test@apps.marble.ccs.ornl.gov:32020/rct _test'
e Gauge generation workflow R (

def main():

 Optimizing the Markov part of .. T

The chge generOTiOn pmgr rp.PilotManager (session=session)

tmgr = rp.TaskManager(session=session)

pilot = pmgr.submit pilots(rp.PilotDescription(PILOT _DESCRIPTION))

e Case set up: a4-member tagr.add. pilots (pilon
ensemble gauge generation tds =[] .

for i in range(1l,
rl.,rw |r\ RUN DIR = CAMP DIR + 'run ' + str(i) + '/°

tds.append(rp.TaskDescription({

e In Member 1 .. Member 4 are ares per rankti &

'threading type': rp.OpenMP,

4 self contained ensemble gpus_per_rank' : 1.

'executable' . EXE,

membpers. Each has d e T e LR et
run_16.sh scriptwhich will run h) | —51m-log
fhe ensemble member on 16 s

finally:

nOdeS (need 64 nOdeS in session.close(download=True)
TOTO‘) if _name_ == ' main__ ':

os.environ[ 'RADICAL PROFILE']
# for test purposes
os.environ[ 'RADICAL LOG LVL"]
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Lattice QCD Measurement Workftlow

Gauge Field 1 Gauge Field 2 Gauge Field N

Smear Gauge Field
< 8 To improve statistiscs

CPU Task
GPU Task
Propagator Solves

Compute source

Propagator Solves

Python scripts are used
To generate each task

Propagator Solves Propagator Solves
Compute Compute

Observable Observable

Compute

Compute

Observable

Observable
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NUCLEON AXIAL COUPLING

FIAG2021 gi=d
+ »+ One of the most simple calculation
- H—{ HH I(D:IQIIIID_EAtE1176
< - FLAG average for Ny.=2+1 . .
R » Systematics errors are challenging
: o] A 1
N o - IE%?(D:CDD1188
IJ_ ] e “ {HClZA AN BN BN BN BN BN BN BN BN BN BN BN BN BN BN B
< H RBCTUKQCD 098 i i
o fRQUIeB o 1 QP = 1.2711(126)  »
—1 ] ainz 0 ]
N i ik : Nature 558, 91-94 (2018)
U_ H— —H §85QF1§3 0 ||
i : D (] : 5|(3aIICI;§I§O6 : UNCA __ 1 2772(020) :
El A PDG . ga T :
W 99 1.0 1.1 1.2 1.3 1.4 : Phys. Rev. C 97, 035505
-------_-------'

FLAG Review 2021

Y. Aoki, T. Blum, G. Colangelo, S. Collins, M. Della Morte, P. Dimopoulos, S. Durr, X. Feng, H. Fukaya, M. Golterman, Steven Gottlieb, R. Gupta, S. Hashimoto, U. M. Heller, G. Herdoiza, P. Hernandez, R. Horsley, A.
Juttner, T. Kaneko, E. Lunghi, S. Meinel, C. Monahan, A. Nicholson, T. Onogi, C. Pena, P. Petreczky, A. Portelli, A. Ramos, S. R. Sharpe, J. N. Simone, S. Simula, S. Sint, R. Sommer, N. Tantalo, R. Van de Water, U.
Wenger, H. Wittig

OAK RIDGE

National Laboratory




%

1.40

1.35

1.30

ga"(t/ a)

1.20

1.15

OAK RIDGE

National Laboratory

CORRELATOR ANALYSIS

¢ SS: excited-state subtracted
o PS: excited-state subtracted
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CONTINUUM EXTRAPOLATION

135 4 model average gLl (PS¢,

& ngG = 1.2723(23)
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INFINITE VOLUME EXTRAPOLATION
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EXTRAPOLATION MODELS

JgA =

NNLO xPT: Eq. (S8)+ 84 + 67
NNLO+ct xPT: Eq. (S8) + cqex + 64 + 67

NLO Taylor € :

co +0262 + g4 +5'L

LQCD( €r, A= 0)

1.35 4« NNLO xPT
$ g4 ¢ =12723(23)
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!
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Stablhty of Etraoltloaly51s

model avg -

NNLO xPT

NNLO+ct xPT
NLO Taylor €2

T

NNLO Taylor €2

NLO Taylor €,
NNLO Taylor €,

+0(asa’) disc.
+0O(a) disc.

omit FV
NLO FV

2x LO width
2% all widths

my, < 350 MeV
m, < 310 MeV

my, > 220 MeV

a<0.12 fm
a~>0.12 fm

N3LO xPT
NLO xPT(A)
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Analysis Details

Final result

6 fits included in the model

average and their relative
weights

discretization corrections

finite volume corrections
sensitivity to prior width

sensitivity to pion mass
cuts

sensitivity to lattice
spacing cuts

additional XPT analysis
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Analysis Details

Stability of Extrapolation Analysis

my, < 400 MeV < 350 MeV < 310 MeV
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f ..
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Analysis Details

Stability of Extrapolation Analysis

model avg ' = ' - - - | Final result

NNLOXPT- } I | { | - - | - = m -
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a<0.12 fm R } - | + is 4 sensitivity to lattice
a2012fm = | ° i r r 1 spacing cuts
| | 1 | | additional XPT analysis
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RESULTS

i ..ol | A\ | NLO Taylor €2
1.35 - d I : . Ya NS
model average $ ohPe=r2m2)( LN NNLO Taylor 63:
1.30 - | i ---------- NNLO+ct xPT
e S D DY W p— NNLO xPT
[ \
os %_,j,‘ ...... NLO Taylor e,
= D T s | | [ | NNLO Taylor e,
1.20 - | 1 model average
1.15- |
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1.10 - : " a~0.12fm
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RESULTS

| : LOCP (¢ 4 =0) i i f{QCD(em a=0)
1391 model average i 3 Zipa _ 1.2723(23) L3571 model average | 5 z};DG = 1.2723(23)
1301 [ 1.30- i
1.95 - NS T 1.5
< [ B <
D | i* % ~~~~~~ ﬁ D
1.20- i : 1.20;
1.15 1 i 1.15- ga(€r,a ~0.15 fm) ¥ a~0.15fm
i ¥ a~0.15 fm % a~0.09 fm ga(€r,a ~0.12 fm) % a~0.12 fm
1.10 | ¥ a~0.12fm 1.10/1 ga(€r,a ~0.09 fm) % a~0.09 fm
000 005 010 015 020 025  0.30 000 005 010 015 020 025 030
Cr = mﬂ'/(47TF7T) €Er = mﬂ/(47TF7T)
I M
ga =1.2711(103)"(39)*(15)*(19)" (04)"(55) gQP =1.2711(125) — 1.2642(93)
a=0.06 fm lattice
data to be added
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ELECTROMAGNETIC CORRECTIONS

* Nucleon axial coupling electromagnetic corrections are ~1%

* QED interactions are long range in power law finite volume etfects

emerge

* QED existing methods require large volumes in some cases to control

finite volume effects

* New method using massive photon is under study
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SUMMARY AND OUTLOOK

We are working on enabling tools to facilitate uncertainty quantification
using HPC Resources

Radical cyber tools have proven to efficiently manage workflows for
uncertainty quantification

Systematics errors for QED Massive photon are under study to later
compute QED corrections to the nucleon axial coupling

A. Walker-Loud, C. C. Chang, K. Orginos, K. Clark, E. Rinaldi, E. Berkowitz, B. Joo, N. Garron, P.
Vranas, D. Brantley, T. Kurth, A. Nicholson, C. Monahan, C.Bouchard, A .Georgiadou

This research used resources of the Oak Ridge Leadership Computing Facility, which is a DOE Office of Science User
Facility supported under Contract DE-AC05-000R22725.
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