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Background

In2004,he U. S. Depar t me nAdvanded SEienéfic Goynpusing Re3€@ED S )
(ASCR)program founded #hLeadership Computing Facility (LCF) with a mission to provide

the worl ddés most advanced computat ThebCkis r esou
ahuge nvest ment iientifid andctecimaldgicdbitaré inspirectby a growing

demand for capability computing and its impact on sciencesagtheering.

The LCFoperates two worktlass centers support of open scieneg Argonne National
Laboratory(Argonne)and at Oak Rige Natiomal LaboratoryOak Ridge)and deploysliverse
petascale machindisat are among the most powerful systems in the world today. Strategically,
the LCF ranks among the top UsSientific facilities deliveringmpactful science. fie work
performedatthese centersforms policy decisions and advars@novatiorsin far-reaching

topics such as energy assurance, ecological sustainability, andsggobaty.

The leadershizlass systems at Argonne and Oak Ridgeratearound the clock every day of
the year From an operatial standpoint, theigh levd of servicesthese centers provide and the
exceptional science they prodyastify their existencéo the DOE Office of Science arite
U.S.Congress.

ALCF CY 202D0perational Assessment Report Xi



This page intentionallieft blank.

ALCF CY 202D0perational Assessment Report Xii



Executive Summary

This Operational Assessment Report describes how the Argonne Leadership Computing Facility
(ALCF) met or exceeded every one of its gdatscalendar year (CY2021 as an advanced
scientific computing center.

In CY 2021, the ALCF operateits production resource, Theta, an Iftaksed Cray XC40
system (11.spetaflops) augmented wid NVIDIA DGX A100-basedhodes (3.Qetaflops
thatsupports diverse workloads, integrating data analyticsavitficial intelligence Al)

training and learmig in a single platformn 2021,we began deploying Polaris, our newest 40
petaflops system, araligmentedhis powerful testbed system with an additional 28 nodes to
support the integration of reame experiments and HPC resourd&® also deployed ouwo
largest storage systems yet, named Grand and Eagle, that will bring new dervicesserand
will power datedriven research for years to come.

Last year, Thetdelivered a total 020.8 million nodehours tol6 Innovative and Novel
Computationalmpact on Theory and Experiment (INCITE) projects @&imillion nodehours

to ASCR Leadership Computing Challenge (ALCC) proje@Bsafvarced duringthe 2@0i 2021
ALCC year andL7 awarded duringthe 20241 2022 ALCC year), as well as substantial support to
Director 6s Di scr &5milonmrodehours)DAB JablgS.loshows; Theta (
performed exceptionallyell in terms of overall availability95.1 percent), scheduled

availability (99.4 percent)and utilization §8.1 percent; Table 2.1).

As of the submissiodateof this documentA L CF 6 s u s e rhaspublishet4 papess

in high-quality, peefreviewedjournalsand technical proceedingst the 2021 Intemational
Conference for High Performac e Comput i ng, Net wor ki ng, Storag
Argonneresearchers won twdPCwireRe ad er s 6 Ch o weregartroirgaorddnsBella n d

Prize finalistteam recognizetbr developing an Aknablegdmulti-resolution simulation

framework for studying complex biomolecular machinBseir framework was used tdserve

the SARSCoV-2 replicationtranscription machinery in actiohy directly integrating

experimental dataALCF alsoprovideda comprehense program of higiperformance

computing (HPC) support servicestohelpc o mmuni ty make productive
diverse and growing collection of resources.

We are nowenteing the exascale erajith exascale machines beip@nned fomationa

laboratories across the countiygluding Auroraat Argonne National Laboratory (Argonna)

2023 ALCF researcherbave beetteadingand guidinghumerousstrategic activities thatill

push the boundaries of what 6enginearirggnd atldwedoi n c om
deliver science on day one.
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Table ES.1 Summary of the Target and Actual Data for the Previous Year (PY) (CY 2021) Metrics

Metric 2021 Target 2021 Actual
User Survey i Overall Satisfaction 3.5/5.0 4.5/5.0
User Survey i User Support 3.5/5.0 4.6/5.0
User Results User Survey i Problem Resolution 3.5/5.0 4.6/5.0
User Survey i Response Rate 25.0% 42.3%
% of User Problems Addressed within Three Working Days 80.0% 95.0%
Theta with expansion Overall Availability 80.0% 95.1%
Theta with expansion Scheduled Availability 90.0% 99.4%
0, i 0,

% of INCITE nod(?”t:gtuars(;(r)%ruggz ;uondgg)Z0.0/o or more of 20.0% 84.8%

% of INCITE node hours from jobs run on 60.0% or more of
Business Results Theta (2400 4008 nodes) N/A 22.1%
Lustre File System Overall Availability 90.0% 96.1%
Grand File System Overall Availability N/A 96.5%
Eagle File System Availability N/A 96.5%
HPSS 2Overall Availability 90.0% 96.5%

2 HPSS = high-performance storage system
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Section 1. User Support Results

Are the processes for supportingers resolvingu s e prabléms, ancconducting aitreachto
the user populatioreffective?

ALCF Response

TheArgonne Leadership Computing Facil{§kLCF) has processes in plateeffectively
supportits customersto resohe userproblems, ando conducbutreach. Th2021 annualuser
survey measuteoverallsatisfaction, user suppp#nd problem resolutigrand thereby served
both to mark progress and to identify areas for improvement (TabldJsersatisfaction with
ALCF services remasonsistently high as evidenced by survey response Tagdollowing
sectiongdescribeALCF events and processesinsiderthe effectivenss of those processes; and
notethe improvements that were made to thosegeses during calendar year (C021.

Table 1.1 All 2021 User Support Metrics and Results 2

2020 Target 2020 Actual 2021 Target 2021 Actual

Number Surveyed N/A ¢ 1,174 N/A ¢© 1,141
N““}gﬁ;ggﬁ;:%‘;’:g)ems 25.0% 500 (42.6%) 25.0% 483 (42.3%)
Mean 3.5 4.6 3.5 4.5
Overall Satisfaction Variance N/A 0.5 N/A 0.5
Standard Deviation N/A 0.7 N/A 0.7
Mean 3.5 4.6 3.5 4.6
Problem Resolution Variance N/A 0.4 N/A 0.5
Standard Deviation N/A 0.7 N/A 0.7
Mean 3.5 4.6 3.5 4.6
User Support Variance N/A 0.4 N/A 0.5
Standard Deviation N/A 0.7 N/A 0.7
I T
% of F’Trr?rbelsn\;\fofk‘?gée;;e/g Within 80.0% 97.7% 80.0% 95.0%

2 In September 2015, all Advanced Scientific Computing Research (ASCR) facilities adopted a new definition of a facility user
based on guidance fromthe U. S. De par t me rDtO EpGfficE of 8cienrcg. Breler this definition, a user must have
logged in to an ALCF resource during a given period. This definition of a user provides the basis for all survey results.

b The statistical population represented in this metric includes problem tickets submitted from all users. Note that this is a larger
population than that of DOE users.

¢ N/A = not applicable.
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Survey Approach

In 2017, the ALCF worked with a consultancyréwise and shorteits annual user survey
omitting theworkshoprelated questions, requiring responses onlyHfosequestionghat
comprise the DOE metrics for the Ogtonal Assessment Report (OARNd making every
other question optionarl he facility polls workshop attendees separately

The 202 user survey closely resembled th€@8urvey, with a few minor modifications to the
infrastructure, performance, and debugging tools/services listed in various qudstiongw

guestions were added: one that capttineduse or planned use of workflow tools on ALCF
systemsandanother thathecked which accelerator programming model was currently used in

u s e r sspandctwodjgestionwereremoved one t hat captured usersbo
Slack channelandanother that gauged their interest in participating in an annual meeting.

The 202 survey was administereédrough a new contract withtatistical Consulting Services
the Department of Statistics and Actuarial Science at Northern lllinois Univarsitgonsisted

of six required questions and ®ptional questions. The survey and associateikcampaign
ran from November@, 2021, through December 31, 202Each reminder-enail included a
userspecificlink to the online survey. Most respondents were able to complete the survey in
10 minutes o less

Likert Scale and Numeric Mapping

Almost all questions in thALCF usersurvey use a stpoint Likert Scale This is a standardiay
to rate user responsks surveys becaudqd) it provides a symmetric agreksagree scaj€?) it
can ke mapped t@a numeric scaleand(3) given a certain sample size, it can be used with a
normal distributiorto obtain useful statistical resulthe methodlsoallows foruse of offthe-
shelf statistics functions to determine variance and standard deviation.

ALCF follows a standard practice anthps the Likert Scale in this way or similar:

Statement Numeric

Strongly Agree 5
Agree 4
Neutral 3

Disagree 2
Strongly Disagree 1
N/A (No Value)
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The Overall Satisfactioquestionapplied a differenpointscale as follows

Statement Numeric

Excellent

Above Average

Average

Below Average

Poor

5
4
3
2
1

Beginning in 2017, some of the nametric survey questions were revised to capture sentiments

about wvari ous as pswitesthabsedthh @tioAslb&dwd s

Select all that apply.

Praise

Suggestions for Improvement

Average

Below Average

Poor

Comments

1.1 User Support Metrics

user

Everyone who met the definition of a facility uskringthe fiscal year (FY) 2021 that is,

users who would be counted

under

t he

Faci

of Sciencé was asked to complete a user survelyich came td,168individuals in total. Of
those individuals, 27 did not receive the email due to undeliverable messages @uid.opt
the 1,141 remaining users, 483 responded, for a 42.3 percent response rate. The ALCF surpassed

all targets for the survey metrics.

ity

Tale 1.2 shows user survey results grouped by allocation program. While Innovative and Novel

Computational Impact on Theory and Experiment (INCITE) and ASCR Leadership Computing

Challenge (ALCC) users reported higher average Overall Satisfaction than Diesto
Discretionary (DD) users, thariationsare not statistically significant. Other metrics are
comparable, in that the variations are statistically insignificant
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Table 1.2 User Survey Results in 2021 by Allocation Program

. INCITE
Metrics by Program INCITE ALCC + ALCC DD ‘ All
Number Surveyed 194 124 318 823 1,141
Number of Respondents 75 68 143 340 483
Response Rate 38.7% 54.8% 45.0% 41.3% 42.3%

Mean 4.7 4.6 4.7 4.5 4.5

Overall Variance 0.3 0.7 0.5 0.5 0.5
Satisfaction —

tandar

Deviation 0.5 0.8 0.7 0.7 0.7

Mean 4.7 4.6 4.6 4.5 4.6

Problem Variance 0.3 0.6 0.4 0.5 0.5

Resolution

Standard 05 08 07 07 07
Deviation

Mean 4.6 4.6 4.6 4.5 4.6

User Support Variance 0.4 0.6 0.5 0.5 0.5
Standard

Deviation 0.6 0.7 0.7 0.7 0.7

Mean 4.7 4.6 4.6 4.5 4.6

All Questions Variance 0.3 0.6 0.5 0.5 0.5

Standard 06 08 0.7 0.7 0.7
Deviation

As Table 1.3 shows, iR021, the ALCF againexceeded the targets foverall satisfaction and

user support

Table 1.3 User Support Metrics

Survey Area 2020 Target 2020 Actual 2021 Target 2021 Actual
Overall Satisfaction Rating 3.5/5.0 4.6/5.0 3.5/5.0 4.5/5.0
Avg. of User Support Ratings 3.5/5.0 4.6/5.0 3.5/5.0 4.6/5.0

1.2 Problem Resolution Metrics

Table 1.4 showsthear get set for the percentage
addressed in three days or less, which ALCF exceeded. A trouble vitketh encompasse

of
S

user

incidents, problems, and servicerequasts consi dered fAaddressedo on:
accepted by a staff member; (2) the problem is identifiedh&ser is notified; and (4) the

problem is solved, or it is in the process of being solved.
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Table 1.4 Problem Resolution Metrics

2020 Target | 2020 Actual | 2021 Target | 2021 Actual

% of Problems Addressed Within 0 o o o
Three Working Days 80.0% 97.7% 80.0% 95.0%
Avg. of Problem Resolution Ratings 3.5/5.0 4.6/5.0 3.5/5.0 4.6/5.0

2 The statistical population represented in this metric includes problem tickets submitted from all users. Note that this is a
larger population than that of DOE users.

1.3 User Supportand User Engagement
1.3.1 Tier 1 Support

1.3.1.1 Phone and E-mail Support

In 2021, ALCF addressednd categorize,034 usersupport ticketsa10 percentincreasdrom

the previous yeai he biggesincreasesvere inthe Accounts and Aocationscategories

(Tablel.5). There aréwo possible explanations for this change: FiedtCF introduceda new
training program irDctober2021, a popularAl for Science seriegimed atundergraduate and
graduate studentbBatgenerate@50 new account8efore that, ALCHosted a GPU Hackathon
that generated 7% ewaccountsSecond, there were more account requests due to the increased
numbe of projectallocationsLastJanuaryas ALCFbegan roing out its new fie systems,

Grand and Eaglenternal processes were used to track storage allocations as,awactis

resulted in an increase in allocatioBsery newproject awarded computertewas also given
anallocationon Grand or Eagle
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Table 1.5 Ticket Categorization for 2020 and 2021

Category 2020 2021 ‘
Access 806 (18%) 808 (16%)
Accounts 1,830 (40%) 2,084 (40%)
Allocations 629 (14%) 856 (16%)
Applications Software 195 (4%) 172 (3%)
A“tgzsasggsi'sma” 205 (4%) 205 (4%)
Compilers 61 (1%) 37 (1%)
Data Transfer 45 (1%) 54 (1%)
g w9
File System 162 (4%) 162 (4%)
HPl\iSaand Quota 102 (2%) 102 (2%)
anagement
Libraries 24 (1%) 36 (1%)
Miscellaneous 148 (3%) 148 (3%)
Network 7 (0%) 9 (0%)
erformance Tools | 15(0%) 15 (0%)
Reports 181 (4%) 181 (4%)
Scheduling 154 (3%) 154 (3%)
Visualization 5 (0%) 2 (0%)
TOTAL TICKETS 4,578 (100%) 5,034 (100%)

2 HPSS = high-performance storage system.

1.3.1.2 Community Data Sharing

In early 2021, ALCRleployedEagle a 100PB Lustre file system to support data sharing across
high-performance computing (HPC) facilities using Glaklddsw principal investigators (PIs)

and their collaboratonsithout ALCF accountsan both read and store data in a shared space.

A L C FUser ExperienceX) teamvalidatedthe Globus servicesadded anonymous https read

only controls (a requirement many projects have), produsegacingdocumentationand

compiled an internal arkflow process documernthe team presented atatkShar i ng dat a
Ea gl ¢he2D21altCFComputational Performan&orkshopin May and wasaterawarded

a 2021lmpact Argonne awarth recognition of theiefforts.

ALCF CY 20210perational Assessment Report 1-6



1.3.1.3 Argonne Collaborator Accounts for Joint Laboratory for System
Evaluation (JLSE) Users

ALCF helpedease théransition of JLSE usergérom the JLSBJseBase 2 (UB2) environmeimd
t he CELS CownpuirgrEnveahreent and Lifecienceslirectoraté Account
Management Systebyy proactively loading their identity datdserswere able to login and
with theclick of a button queue up their data for migration into the new sysidms effortis an
example ofa collaborative projedanvolving severateamsacross sever@irgonnedivisions
successfullyvorking with stakeholders.

1.3.1.4 Project Award On-boarding Guides

ALCF createdcstepby-step on-boarding guide$or the PIs of all major project awardsnks to
theseonline guides will be included in ramyp emailssent to Pls going forward

1.3.1.5 User Base Improvement

ALCF streamlined theroject managemerocessn UserBase3 (UB3{o reduce the

turnaroundime needed for users to start using their allocations on ALCF resources. Now, a
user6s project membership is determined autom
user 6s pr i nTaesgriesaof what usedad bie manual checks foremastr

agreements (MU#$) with user institutions has now beaantomatecind membership iset to

active and the user can start using the projects allocation immediately without any further
administrative processing

1.3.2 Application Support for Individua | Projects

Improving LAMMPS code for an ALCC project

This physics DD project aims to improve the performance of the Monte Carlo/molecular

dynamics (MC/MD) method on Theta to accelerate simulations of chemical systems radiated by
intense Xray freeelectron laser pulses, such as those providegtdlyinac Cdierent Light

Sourcell (LCLS-II). ALCF staff worked with the project PI to port the LAMMPS code to Theta.

ALCF daff then refactored the pair calculation and achieu®80 percent scaling efficiency

with 64 OpenMP threads on Theta compute nodes with mtamuinputdecks. The benchmark

data from these code i mprovements were includ
2021 2022 ALCC award

Modeling polarization of water in quantum accuracy

Based on training data from a highly accurate quasechanical method, DFBCAN, the

t e a nedral network (NNMD simulations coupled with an NN model to compute polarization
yields an excellent description of liquid watdre computed dielectric constants are in good
agreement with experimaitdataover arange of temperatureshe physicshased integrated
approach can be further improved by systematically increasing the quality of the training data for
theNNs. Computational speedups of ~5,000x were observed for small systems of water in this
work, andspeedincreass with system sizeALCF staff anda postdoc workedaloselywith this

project team omnINCITE project and an Aurora Early Scierleegram (ESP) projetd

develop a scalable implementation of the RXMMM code for the NNQMD calculation. Staff
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also assisted witthe scheduling of large jobsesulting in 97% otheallocation being used in
jobs on>60% of Thetanodes

Enabling WRF code to run on Theta

This ALCC project aims tbetter understand the interactionsyasoscale&onvectivesystem

(MCS) processes on a mukpatiotemporal scale with the focus of improving their
representation in state-the-art models and to develop novel cloud parameterizatidrescode
usedtheWeather Research and Forecasting (WRF) Mdaa previously run errdree onthe
National Center for Atmospheric Resed@rdiN C A R &€lseyenne system; however, early
simulation job runs on Theta had producedessage passing interfad¢Rl) hang issue. ACF

staff worked withthe science team to track down and resolve the problem and begin production
runs ALCF staff alscassisedwith debugginga postprocessing script on Cooley

1.3.3 User Engagement

1.3.3.1 General Outreach

User Advisory Council

A L C FUserAdvisoryCouncil (UAC) provides guidancen proposed policy changesd
services andives feedbak onthe experiences and needs of the user community in general
Members ar@ppointed by th&LCF Directorand share an expert knowledge of theks and
requirements of specific applications or domain areas.

Two new members, Sibendu Som and Aiichiro Nakano, were appointed to the@R21AC

roster, and two others, James King and Sean Dettrick, rotated off.Z220chair Tom

LeCompte agreeatserve another term, which officially commenced June 1, 20&first

guarterly meeting was held on June 14, 20&iere the councthead updates onransition plans

from Theta through Aurora (and pe&tirora). Council members asked questions and discussed a
range oftopicsthat included common workflows and the future role for abstractions like those
offered in Python and Julia

Connection to Science and Technology Partnerships and Outreach directorate

ALCF i nt er act €ommerdiahzatidrr ag@aptureg(@&£) group within thBcience
and Technology Partnerships and Outreach (S&TPO) direcemdteegularly supporS&TPO-
organized meetings withotential industy partnersS&TPQ, in turn, provides potential partners,
even those without immediate HPC needs, witbraplete picture of Argonneomputing
capabilities and partnership opportunitiegluding those at ALCF

Diversity, Equity, and Inclusion

Through participation in annual Argorsponsored outreach events, suchng®duce &Girl to

Engineering Day an8cience Careers in Search of Women, ALCF staff members connect with

young women and introduce them to pui@l career paths iscience, technology, engineering,

and math (STEM)ALCF also promotes STEM careers to women through contributions to

Ar g onn e 0in ScwWocenand Technology program Ani t aB. or gofer Top Comp
Women Technologistsrpgram, and tb Grace Hopper Celebration of Women in Computing.

ALCF staffalso attend the Richard Tapia Celebration of Diversity in Computing Conference to

recruit from a diverse set of backgrouraa&l ethnicities
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1.3.3.2 Training Activities

ALCF offersworkshops and webinars on various tools, systems, and frameworks. These
handson training programs are designed to Help and theiprojectmembergake advantage of
leadershipclass computers available at ALCF and enhance the performance and prgdoictivit
theirresearch prograsnALCF also collaborates with peer institutions and vendor partners to

offer training that strengthens community competencies and promotes best practices. Below is a
list of ALCF 202l training activities

Computational Performance Workshop (virtual)

This annual workshop helps science teams achieve computational readiness for INCITE and
other ALCF allocation programs. Participants work with ALCF and vendor staff to
debug/benchmark codes on ALCF resources and expand their datee sk#ls. The following

is abreakout o021attendeedy institution: ALCF (48),otherArgonne (18)jndustry (14),

DOE labs (9)and wiversiies(28). Of thenonArgonne attendees wltmmpletedhe feedback
survey 36 percentsaidtheyplan toapplyfor anINCITE award The 2021 workshopegistration
deadline was extended this yéainform attendees afpcomingINCITE proposalwriting
webinars(Dates: May 46, 2021)

2022 INCITE Proposal Writing Webinars (virtual)

The INCITE program officeALCF, and the Oak Ridge Leadership Computing FaqiiCF)
hosted two webinars, in May and in June, covering how to write an effective INCITE proposal.
For 2022, p to 60% of theNCITE allocatiors will go to Summit Thetg andPolaris.

Additionally, thecoming exascale systems Aurora (ALCF) and Frontier (OLCF) will be
available for ouyear requestgDates: May 4 and June 4, 2021)

Argonne Training Program on Extreme-Scale Computing (ATPESC) (virtual)

ATPESC now part of the Exascale Computing Projexa tweweek intensive training program

on the key skills and tools needed to use supercomputers for scienpeoditzen featuretalks

givenby leading computer scientists and HPC expertshandson training usinddOE

leadershigclass systems at ArgoenOak RidgeéNational Laboratory (Oak Ridge or ORNIand

the National Energy Research Scientific Compu@egter(NERSC) In 2021, ATPESC

attracted 79 attendees fror@ different institutions worldwide. Videplaylists frompast

ATPESC programs areavaib | e on Argonneds Y(DateFAubustlit3r ai ni ng
2021)

Simulation, Data, and Learning (SDL) Workshop (virtual)

This annual interactive workshop is aimed at researchers who are planning to apply for a major
allocation award in the near terfarticipants learn to scale datantric science on ALCF

systems, set up workflows and use containers, and test and debugdrbedesiowing isa

breakout 02021 SDL Workshopttendeesdy institution: ALCF (23),otherArgonne (23), DOE
labs(8), universiies(21),and ndustrybther(10). (Dates: Octoberiy, 2021)

2021 ALCF Aurora Workshop (virtual)

This invitatiorronly workshop focused on helping ESP &néscale Computing Proje@ECP
researchers prepare applicai@nd software technologies for Aurora. The workshop was geared
toward developers and emphasized using the Intel software development kit to get applications
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running on testbed hardware. Teams were also given the oppottuodgsult with ALCF staff
andprovide feedback. Part owé the workshop was heldctober26i 27 andfocused on

presentations and status updaten Aur or ab6s harRawt@mowashelchd sof t war
December7i 9 andprovided significant hanesn timewithAu r o r a 0 ®chroleges.b e d

ALCF staff also heldledicated office hoursn a range atfopics from programming models to

profiling tools Attendance breakdowns for part one and part two are as follistaber26i 27:

ESP 43 (21 from Agonng and ECP 63 (20 fromryonng. Deember7i 9: ESP43 (21 from

Argonng and ECP 62 (20 from iyonng.

Aurora Early Science Program (ESP) Dungeons and Hackathons (virtual) [funded by
ALCF-3 and ECP]

Throughout2021,the Intel Center of Excellence (COEh collaboration withALCF Early
Science Prograpmeld multiday events where selgmtoject teamsvorkedon developing,
porting, and profiling their codes wittelp fromintel and Argonne expert$he 2021 program
included the following activities:

Hackathon 11Atlas) (February 8, 2021)

Hackathon 12Kokkos) (Teams: LAMMPS, Kokkos Kernel, XGC, HYPRE/UINTAH,
VTK-m) (March 5, September 16, and October 14, 2021)

Hackathon 13 (Phastéylay 20 21, 2021)

Dungeon 2 (projects LQCD, XGC, RxMD/QxMD, NAMPJune 1517, 2021)
Hackathon 14 (ConnectomioS§eptember 23, 2021)

Hackathon 15 (CANDLEJDecember 1314, 2021)

Hackathon 16 Day 1(Fusion EnergyjDecember 16, 2021)

SC21 Student Cluster Competition (virtual)

ALCF staff participate in the annulaiternational Conference for High Performance Conmgut
Networking, Storageand AnalysigSC) student cluster competition as team mentors. In 2021,
ALCF was part of the competition committee and took the lead in providing support for three
applications from ALCF and Lawrence Livermore Natidoaboratory (LLNL): Quantum
Espresso, Cosmic Tagger, and Cardioid. Ten teams participated in the 2021 competition.
(Dates: November 1517, 2021)

ALCF Webinars (virtual)

The 202 ALCF webinar program consisted of two track&:CF Developer Sessiorand

Aurora Early Adopter Serie§he Aurora Early Adopter Seriggasfocused on public

discussions related to Aurorall talksare postedtd L CF 6 s Yo u T,ardéhe c hannel
associated training materiadan be founan theALCF Events websiteALCF also participas

in useful community events such as the INCF&posalwriting webinars, the IDEAS

productivity project webinar series, and Intel webinars. Thd 2@binar program was as

follows:

Running on ThetaGPU with NVIDIA HPC SDKanuary Z, 2021)
High-Performance Data Science with RAPIDS (February2p2,)
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SYCL 2020 & DPC++: Improvements to the SYCL Programming M{delrch 24,
2021)

Transitioning from Cobalt to PBS at the ALCApril 30, 2029

NVIDIA Profiling Tools EcosysteniMay 26 2021

Perfamance, Portability, and Productivigyune 30, 2021

Inside the NVIDIA Ampere A100 GPU in ThetaGPU and Perimittely 28, 202}

Introduction to Kernel Performance Analysis with NVIDIA Nsight Comgétegust 26,
202))

Preparing Applications for Aurora:@@nACC to OpenMP Migration Tool
(September9, 202)

SYCL WebinanDecembef7, 2021)

Reduce Crosplatform Programming Effort and Write Performant Parallel Code with
oneDPL (December 17, 2021)

ALCF GPU Hackathon (virtual)

ALCF andNVIDIA hosteda GPU hackathoan April 20 and April 2729, 2021 Thirteen small
teams b developersvorked with mentors to acceleratesir codes on ThetaGPU using a
portable programming model, such as OpenMP, araiicial intelligence Al) framework of
their choi@.

Al/Machine Learning (M/L) Workshops/Training

ALCF invited researchers from across the laboratorgttoduce researchers to the resources
availabl e i n Ard&dwahsy wil provilenextienezation capabilities for
science

Cerebrag 37 attendeeALCF [4], otherArgonne[33]) (March 21 23, 202)

Samb&lovai 45 attendees (ALCPB], otherArgonne[32], industry[2], universiies[3])
(Junelsi 16, 202)

Groqi 48 attendeeALCF [11], otherArgonne[34], universiies[3]) (July 6 7, 2021
ALCF Al for Science Training Series (virtual)
Building on ALCFO6s robust training programs i
webinarbased training series in Octolz@med at undergraduates and graduates enrolled in
U.S.universities. The ALCF Al for Science Training Serieaches the fundamentals for how to
use supercomputers to develop and apply Al solutmihgghly challenging problemsTopics

covered in 2021 sfar (to continue into 2022) include the following, each attracting around
100attendees from 22 universities

Introduction to Al training on ThetaGP8upercomputefOctober 28, 2021)
Machine Learning (November 4, 2021)

Introduction toDeepLearning (Novemer 11, 2021)

Data Pipelines for Deep Learning (December 2, 2021)
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MolSSI Workshop on HPC in Computational Chemistry and Materials Science (virtual)
ALCF and EamguwingrEeviosment and Life Sciences (CELS) directdratped
organize a dlay confeencesponsored byhe MolecularSciencesSoftwarelnstitute(MolSS)).
The eventttracted about 50 people and 25 invited speakers from uniegm®IOE, and
industry. (Dates:December 1815, 2021)

1.3.3.3 Community Outreach

ALCF supports a variety of outreach activities from giving toutisdoistrygroupsand

DOE leadership to participating in STEM efforts directedat2 studentsFrom running several
codingcampseach summer tparticipating in annual computer science @&tioneventssuch as

theHour of Code ALCF staff contribute to a wide range of activities aimedpatrkngs t udent s 6
interest inscientific computing angromotingcareer possibilitien STEM fields Additionally,

t he ALCFO6s annual amygweas oobege stdenigdtiee mgportpnityaagwork
sideby-side with staff membersonrealor | d research projects and u
most powerful supercomputers, collaborating in areas like computational science, system
administration, and da science.

STEM Activities

Summer 2021 Research Internships (virtual)

ALCF hosted 24 student participants of DOEGOGS
(SULI') program and Argonned6s Resear prdjectAi de pr
in the field of scientific computing. These junior researchers used online collaboration tools to

meet and conduct hands activities throughout the summer and presented their findings to the

ALCF community in a seminar series at the.effte 2024 summer student projects included

using Jupyter Notebooks for simulation science; developing infrastructure for data and Al

models; experimenting witthoating point operations per secoffLOPs}aware deep learning

strategies; and exploring the applicatiof reinforcement learning techniques to fluid dynamics
problems for specific controls and designs.

2021 Illinois Regional Middle School Science Bowl (virtual)

Argonnehosted the&021lllinois Regional Science Bowheld virtually for the first time, wich
allowed more students to compete than ever. Ten middle school teams from seven schools
competed in answering scienedated trivia questiong.he winner otthe lllinois regional

science bowadvancd to the National Science BowWompetitionin Washingbn, D.C.,on May

9, 2021 (Date:January30, 2021)

2021 Introduce a Girl to Engineering Day (virtual)

Argonne hosted 78 eightirade girls for its 1 annuallntroduce &Girl to EngineeringDay
(IGED) on February 18, 2021. TwentlyreeArgonnementors including ALCF staff members,
volunteeredor an engaginglay of presentations and harmis activities focused o 8TEM
careers(Date:Februaryl8, 2021)

ALCF CY 20210perational Assessment Report 1-12



2021 Science Careers in Search of Women (virtual)

ScienceCareers irsearch oWomen (SCSW)along-standingab-sponsored event heid

April, returned in a virtual format in 2021 after being canceled in 2020 due to the pantiemic.
conference provideemalestudentdrom areahigh schooln opprtunity to explore their

desired STEM profession or area of interest t
scientists and engineefeachers and counselors who accompany the students have a separate
program ALCF staff memberannually volung¢erfor various SCSW rolegDate:April 15,

202)

2021 CodeGirls @ Argonne Camp (virtual)

Argonne held its fifth annual CodeGirls @ Argonne summer camp, a weeklong STEMfoourse
6th- and 7thgrade girls taught by Argonne Learning Center staffAln@F research staff. The
campers arrive with little or no experience in programming and, over the course of a week, learn
Python codindundamentks, experiment with robotics, and meet women scientists who use code
to solve problemsThe group also virtubf toured the ALCF machine room and learned about

the future Aurora supercomputer. (Datdune 28July 2, 2021)

Argonne-NIU Al Camp (virtual)

Argonne and Northern Illinois UniversifNIU) hosted its first Affocused summer camp
Science and Inquiry: Expting Artificial Intelligence taught by learning science experts from
both institutions and ALCF computer scientiatsal attended byegional high schooleia N1 U6 s
precollegiate progrardpward BoundThe fourweek camp provided foundational introdztion

to Al and machine learningnd several hands activities explored real datasets using real
analysis tools(Date:July 2021)

2021 Coding for Science Camp (virtual)

Coding for Science Camp afive-day enrichment experiender high school frehmen and

sophomoresvho are new to codinglhe camp curriculum promot@soblemsolvingand

teamwork skills throughandson coding activitiessuch as coding with Python and

programming a robptaind interactions with Argonne staff membeking in HPC and

visualizatonThe camp i s a joint initiative of Argonr
ALCF. (Dates: July 1823, 2021)

2021 Big Data Camp (virtual)

Argonneds Educational Programs Of fi cigbamnd ALC
Camp for high school juniors and seniors to discover professional uses for their STEM and data
skills. Camp participants come with prior coding experience and learn techniques for probing

and analyzing massive scientific datasets, including dateNzation methods. Campers

accessed data from the Array of Things (AoT) urban sensor project at Argonne and learned about
data science firghand from ALCF staff. (July 280, 2021)

Hour of Code (virtual)

During Computer Science Education Wg€l SEdWeekin December each yeakrgonne
computer scientistgisit Chicagdand schoolgndassist teachers telebrating the Worldwide
Hour of Codadnitiative by giving short presentations and interacting with student®ooae
for related coding activitiesn 202Q Argonne converted its-2 Hour of Code activities into a
virtual format (Dates: Decembeii 62, 2021)
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Facility Tours

Visitors to Argonne can request a tour of the ALCF. ALCF visitors include student groups,
Congresmnal representativeand other government officials, industry representatives, summer
research students, visiting researchers, and journalists. Tours are guided by various staff
members and include the machine room, data center, and visualization lab.

ALCF has suspended ati-person tours as of March 17, 2020, due to the pandemic. Staff have
transitioned to virtual tours for participants of CodeGirls @ Argonne, Big Data camp, and
ATPESC 2021. On August 10, 2021, memberAlofC F léaslershipvelcomed White House
National Climate Advisor Gina McCarthy, U.S. Representative Sean Casten, and
U.S.Representative Marie Newman for a tour; and on September 17, 2021, welcomed DOE
Chief Commercialization Officeand Director of the Office of Technology Transitions Vanessa
Chan and SenrdAdvisor to the Director of the Office of Technology Transitions James Fritz for
a tour

1.3.4 Communications

1.3.4.1 Website Support Center Continuous Improvement

A L C Foalime Support Center contains a wide rangeesiources from onboarding guides to
community announcements to videgainingtutorials The Support Centeis maintained by
ALCFOs me diuserstppoa teameanmtergoesegularinternal contenteviews,
resulting in continuous improvements in the forrmew web featureandredesiged
webpages

ALCF usesGoogle Analytics taollect data omow usersinteract withA L C Fwélssie and

have tracked a steadgrowth in pageviews across user resources and documentsitice

launching the redesigned website in December 2012021t he Support Center 6s
was viewed 90,243 times, an increase of 17,372 pagesover CY 202Q andthe training and

events webpage had 21,4@8dgeviews, an increase of 4,508 pagiews.

1.3.4.2 Consistent Cadence of ALCF Impact on Exascale and Al Efforts

ALCF6 sommunications team created two new article seBest Practices for GPU Code
Developmenthighlighting ESP and ECRode optimization efforts for Aurorandthe Aurora
Software Developmeseries highlighing the activities and collaboratiorthat areguiding the
facility and its users into the next era of scientific computing.

In 2021,ALCF collaboraedwith ECP and Intebn severaAuroraEarly Science Program

articlesiiLet 6 s Tal k Ex as c adodcastS, ar §witierel iwveeelvemgmarvatim t

Grog and Cerebragsjoi ntly promote Al research results o
resulting inextra media exposufer ALCF overall

1.3.4.3 Communicating Scientific Impact

ALCF producesscience storieand articleandpromotes HPC trainingpportunities yeafround.
Furthermore, ALCF plans marketing campaigns arauagrannual HPC conferencasd
eventssuch as the ECP Annual Meddi ISC, Exascale DayandSC.
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In 2021, ALCF placedr2 original science stories in various news outlets in coordination with
Af fairs

Argonnedés Communications
relationshipsand tracked its media hits through its media monitosengice Meltwater In
2021, Meltwaterreportedd50unique ALCF media hit238of which were chronicled on the
ALCF website, and an audience reacl8d9.66 million (an increase of 383.886llion).

Note: Meltwater definegireachd asestimaing the potential viewership of amarticlebased on
the number of visitors to the specific source on both desktop and mobile devices.

& Publ

c

ALCF alsoproducesrarioushigh-quality publicationghat describe aspectstoth e f a c i
mission and summarize its research achieven{&éatde 1.6). Most of thesedocuments are

availablefor downloadonthe ALCF website.

Table 1.6 Publications Designed for Print

Publication | Frequency ’ When
Press and Visitor Packets As Needed As Needed
Industry Brochure As Needed As Needed
Computing Resources As Needed As Needed
Annual Report Yearly March
Science Report Yearly October
Fact Sheets Yearly November
INCITE Posters Yearly December

1.3.4.4 Messaging for Users & Community

Thefacility maintainsseveral communication channels, includdigect email campaigns
scriptablee-mail messages, social media postifggcebook, Twitter, and Linkedlnand

website postings (Tablk7; target audiences aidentified in Tablel.8). Users can opt out of the

system notify and newsletter mailing lists.

A L C Fn@osthly enewsletterNewsbyteshighlightsALCF-supported research or
advancementg@romotedraining events and allocation program announcementsjreusotd
relevant news stories. Specinouncements abocgrtaintrainingopportunitiesand
fellowships are sent throughout the year, as needed

ALCF CY 20210perational Assessment Report

1-15

(CP

Ity

0

S



Table 1.7 Primary Communication Channels

When
Used/Updated

Channel Name Description

HTML-formatted newsletter featuring science, facility news,

recent news hits, and upcoming training events. Monthly

Newsbytes

E-mail newsletter and text-format with information
Special Announcements on conferences, training events, etc.d0 both ALCF and Ad hoc
non-ALCF opportunities.

Plain-text weekly rollup of events affecting ALCF systems

Weekly Digest and software, upcoming deadlines, and training opportunities.

Weekly

Social Media Social media used to promote ALCF news and events. Frequently

An integrated information hub for user documentation,
ALCF Website program and resources descriptions, user-centric events, Frequently
feature stories about users, and related news.

Notification of machine status or facility availability typically in

a text-based format per user and channel preference. A ezl

Custom E-mail Messages

Table 1.8 Target Audiences

Channel Target Audience(s) ‘
Newsbytes Users, scientific communities, students, the public
Special Announcements Users, scientific communities, students, the public
Weekly Digest Current users on the systems with accounts

Users, followers of the ALCF, collaborators, students,

soeel lhsda scientific communities, the public

ALCF Website Users, collaborators, students, scientific communities, the public
Custom E-mail Messages Specific projects, user groups, Pls/proxies, individual users
Conclusion
Maximizing the use oburresources is at the forefrontafl | i mpr ovemastamer t o AL

serviceln 2021, ALCF continued to support project teams in adapting their codes to new
architectures and prepare others to apply for major project allocations. We contipaette¢o

with other national laboratoriesidthe ECPandpresent ouwork in premier scientific journals

and at top professionaileetingsand conference®\LCF users gained access to two new Lustre

file systemsGrand and Eagle, and one community filesharing service. We launched a new
training seles (ALCF Al for Science Training) aimed at undergraduate and graduate students.
There were multiple improvements made to the account and project management software which
helpedour users and administrative staff.
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Section 2. Operational Performance

Did the facilityds operati ormal perf or mance

2.1 ALCF Response

ALCF has exceeded the metrics target for systeailability, INCITE hours delivered, and
capability hours delivered. For the reportable areas, such as Mean Time to Interrupt (MTTI),
Mean Time to Failure (MTTF), and system utilization, ALCF is on par with the other facilities
and has demonstrated exgepal performance. To assist in meeting these objectives and to
improve overall operations, ALCF tracks hardware and software failures and analyzes their
impact on the user jobs and metrics as a significant part of its improvement efforts.

Tables2.1and2.2summarizes albperational performanaeetics of HPC computational and
storage systenmrgported in this section

Table 2.1 Summary of Operational Performance of HPC Computational
Systems

Theta with expansion
Theta (Cray XC40): 4008-node, 251K-core,
64 TB of MCDRAM, 770 TB of DDR4

Theta expansion (NVIDIA DGX): 24-node,

26 TB of DDR4 RAM, 8.32 TB of GPU memory

CY 2020

Target Actual Target Actual
Scheduled Availability 90.0% 98.3% 90.0% 99.4%
Overall Availability 90.0% 93.8% 90.0% 95.1%
Theta: System MTTI N/A 11.45 days N/A 12.07 days
Theta: System MTTF N/A 32.74 days N/A 45.51 days
Theta expansion: System MTTI N/A N/A N/A 13.46 days
Theta expansion: System MTTF N/A N/A N/A 15;9554
INCITE Usage 17.8M 20.9M 17.8M 20.8M
Total Usage N/A 33.1M N/A 33.5M
System Utilization N/A 97.7% N/A 98.1%
INCITE Overall Capability 2 20.0% 84.8% 20.0% 84.8%
INCITE High Capability ® N/A 24.1% N/A 22.7%
2 Theta with expansionOv er al | Capabi | 20t0ypercent (800 hosles)osThatag O
b Theta with expansionHigh Capabi | i t y = péroeht$24000despof Thetss 0 . O
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Table 2.2 Summary of Operational Performance of HPC Storage Systems

Lustre File System
Cray Sonexion 2000 with 9.2 PB of usable storage

CY 2020 CY 2021

Target Actual Target Actual

Scheduled Availability N/A 98.8% 90.0% 100.0%

Overall Availability N/A 94.8% 90.0% 96.1%
System MTTI N/A 18.26 days N/A 15.25 days
System MTTF N/A 188.95 days N/A 182.47 days

Grand File System
Cray E1000 with 100 PB of storage at 650 GB/s

CY 2020 CY 2021

Target Actual Target Actual

Scheduled Availability N/A N/A N/A 100.0%

Overall Availability N/A N/A N/A 96.5%
System MTTI N/A N/A N/A 15.31 days
System MTTF N/A N/A N/A 182.45 days

Eagle File System
Cray E1000 with 100 PB of storage at 650 GB/s

CY 2020 CY 2021

Target Actual Target Actual

Scheduled Availability N/A N/A N/A 100.0%

Overall Availability N/A N/A N/A 96.5%
System MTTI N/A N/A N/A 16.01 days
System MTTF N/A N/A N/A | 365.00 days

HPSS Archive
LTOS8 tape drives and tape with 350 PB of storage capacity

CY 2020 CY 2021

Target Actual Target Actual

Scheduled Availability N/A 98.8% 95.0% 100.0%

Overall Availability N/A 94.2% 90.0% 96.5%
System MTTI N/A 19.51 days N/A 16.01 days
System MTTF N/A 366.00 days N/A 365.00 days
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2.2 ALCF Production Resources Overview

During CY 21, the ALCF operatedeveraproduction resourced hetawith expansion
Sonexion Lustre filsystem, and HPSS.

Theta is a 4,39Rh0de,~281K-core, 11.69PF Cray XC40 witl891TB of RAM. Theta
supported both ALCC and INCITE campaigns all year

ThetaGPUs a 24node expansion to Theta consistind\MIDIA DGX A100-based
system. The DGX A100 compriseght NVIDIA A100 GPW with AMD EPYC 7742
CPUs for a total of @TB of DDR4 RAM and3.32 TB of GPU memory at a speed of
3.9PF.

A Sonexion 2000 Lustre filsystem is mounted by Theta and the data and analysis
resource with 9.2 PB of usable space.

Grand andeagle Lustre filesystems provida global filesystem and a community file
system, with 200 PB of storage.

Thefacility-wide HPSS (highperformance storage system) tape arctavamprised of
three 10,0060t libraries with LTO8 drives and tapes, with some legacy LTOG6 drives
and tapes. Currently, the tape libraries have a maximum storage capacity of 305 PB.

(For more information on performance metrics calculations, see Appand)

2.3 Definitions

Overall availabilityis the percentage of time a system is available to users. Outage time
reflects both scheduled and unscheduled outages. FofatHiGes, scheduled

availability is the percentage of time a designated levedsgiurce is available to users,
excluding scheduled downtime for maintenance and upgrades. To be considered a
scheduled outage, the user community must be notified of the need for a maintenance
event window no less than Burs in advance of the outagen@rgency fixes). Users

will be notified of regularly scheduled maintenance in advance, on a schedule that
provides sufficient notification, and no less tharhérs prior to the event, and

preferably as much as seven calendar days prior. If that regsthygluled maintenance

is not needed, users will be informed of the cancellation of that maintenance event in a
timely manner. Any interruption of service that does not meet the minimum notification
window is categorized as an unscheduled outagagnificant event that delays a return

to scheduled production will be counted as an adjacent unscheduledibtiiageturn

to services four or more hours later than the scheduled end #mestorage resources,

the system is online and availablerfy use can read and write any portion of the disk
spaceThe availabilitymetricprovides measures thate indicative of the stability of the
systems and the quality of the maintenance procedures.

MTTI, mean time to interrupts the tme, on average, to anytage on the system,
whether unscheduled or scheduled. Also known as MTBI (Mean Time Between
Interrups).

MTTF, mean time to failuras the time, on average, to an unscheduled outage on the
system.
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Usageis defined as resources consumed in unitsooiehours

Utilization is the percentage of the availabledehoursused (i.e., a measure of how
busy the system was kept when it was available).

Total System Ultilizatiors the percent of time thatthesysté s c omput at i onal
user jobs. No adjustment is made to exclude any user group, including staff and vendors.

2.4 Theta

2.4.1 Scheduled and Overall Availability

Theta entered full production on July 1, 20Iiie GPU expansion to Theta entered prddac
on January 1, 2021n consultation with the DOE Program ManagetCF agreed to a target of
90 percent overall availability and a target off#cent scheduled availabilifASCR requested
that all user facilities use a target of 90 percent foedaled availability for the lifetime &
production resource). Table3lsummarizes the availability resufts Theta(with expansion in
CY 2021)

Table 2.3 Availability Results

Theta with expansion
Theta (Cray XC40): 4008-node, 251K-core,
64 TB of MCDRAM, 770 TB of DDR4

Theta expansion (NVIDIA DGX): 24-node,
26 TB of DDR4 RAM, 8.32 TB of GPU memory

CY 2020 CY 2021

Target | Actual | Target | Actual
(%) (%) (%) (%)

Scheduled Availability 90.0 98.3 90.0 99.4

Overall Availability 90.0 93.8 90.0 95.1

The remainder of this section covers significant availability losses, and responses to them, for
both scheduled and overall availability data. Details on the calculations can be found in
Appendix A.

2.4.1.1 Explanation of Significant Availability Losses

This section briefly describes the causes of major losses of availability for the petiadydan
2021, through December 31, 20, asshownin Figure 2.1
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Theta with expansion Availability
Scheduled:  99.4%
Overall:  95.1%

Start Date:  2021-01-01
End Date:  2021-12-31

|l Available | Scheduled Down | Unscheduled Down

100% 1
95%
90% 1
85%
80%
75%
70% A
65%
60% -
55% 1
50%
45% A
40% -
35% 1
30%
25%
20% -
15%
10%
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0% -

% Availability
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Figure 2.1 Theta with expansion Weekly Availability for CY 2021

Graph Description: Each bar in Figure 2.1 represents pleecentage of the machine available
for seven daysEach bar accounts for alf the time in one of three categories. The jgaken
portion represents availabh@dehours; the darker green repretsescheduled downtime for that
week; and red represents unscheduled downtigaificant losseventsaredescribed in detail
below.

May 26, 2021 Unscheduled outagé cooling failure

There was a water line break tladtectedboth chilled wateplants (CWPs) on campus
impactingwatercooled systems ithe Theory and Computing Sciences (TCS) datacehter
9:00 a.m., ALCF staff shut down compute resources to protect hardware from rising
temperatures and to head off automated protections, whechaae abrupthan human
intervention. By the time shutdown was complete, wisterperatures had risen from the normal
171 19°C to 2930°C. Atnoon the altclear was given for resumption of servicasd systems
were returned to normal operation

June 16, 2021 Unscheduled outagé Theta blower failure
During a routine replacement of a blower in Theta, a breaker tripped, causing the ungraceful
shutdown of multiple racks of Theta compute nodes. The compute environment was shut down,

ALCF CY 20210perational Assessment Report 2-5



and power was safehgstored and then brought back online. The blower was successfully
replaced. Several compute nodes had to be replaced becaaseagfe caused lige power
fluctuation

June 23 24, 2021 Scheduled extended maintenanceUpgrade Theta Lustre to NEO 3.5

This multiday scheduled maintenance was for a vital upgrade of the Theta Lusirg fdet e mod s
control software to NEO.B. This upgrade had been deferred to allow for sufficient testing.
During this window, other opportunistic maintenance activities wereneed.

July 18i 20, 2021 Scheduled extended maintenanciePower work for Aurora

In preparation for the power needs of Aurora, TCS building management shut down power to
perform maintenance and upgrades on power feeds coming into the building. This work wa
carried out over the weekend, leading to ALCF performing a controlled shutdown on Friday and
beginning startup procedures thre followingMonday at 8:00 a.m.

July 28, 2021 Unscheduled outagé Cabinet C11 down

Theta compute cabinet C11 experienced\aqy failure, resulting in an interruption of all jobs
running on the system at the time. The interruption lasted several hours, and Theta was returned
to service that evening. 32 of 36 power rectifiers were replaced during the repairs to cabinet C11.

October 10, 2021 Unscheduled outagé Cabinet C3 down

Hewlett PackardEngineering HPE) staff reported detection of failed power rectifiers in cabinet
C3. Theta remained online, although in a degraded state. Cabinet C3 was returned torservice
October 19after receiving replacement parts and release tedtmg.outage did not affect the
availability of the machine and is not shown in Figure 2.1 above as the cabinet was one of the
two extras in Theta used for redundancy.

October 26, 2021 Unscheduled outagé Cabinet C4 down

Theta cabinet C4 suffered a loss of 29 of its 36 power rectifiers, causing all nodes in the cabinet
to fail. This cabinet unfortunately contained the node that hosts the scheduler resource manager,
Cobalt. Loss of Cobaitaused operations on Theta to halt, interrupting all running jobs.

November 19 22, 2021 Scheduled extended maintenancePower work for Aurora

In preparation for the power needs of Aurora, TCS building management shut down power to
perform maintenancand upgrades on power feeds coming into the building. This work was
carried out over the weekend, leading to ALCF performing a controlled shutdown on Friday and
beginning startup procedures thre followingMonday at 8:00 a.m.

December 1, 2021Unschedukd outagei Grand file system selfcheck

The Grand file systemds RAI D ar rcegksadthenmenced i
storage system. This event coincided with many Aries network link ennditsiggered errors in

Lustred ENET router daemonsvhich subsequently caused instability in Theta. The eventual

root-cause analysis by HPE determined that on Aries networks, the LNET processes on certain
nodes become busy processing errors and show reduced capacity to handlesiatdidiied
connectionsThis instability required the system to be rebooted.
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2.4.2 System Mean Tim e to Interrupt (MTTI) and System Mean Time to

Failure (MTTF)

2.4.2.1 ALCF MTTl and MTTF Summary

MTTI and MTTF are reportable valuesth no specific targets. Tab®4 summarizethe
current MTTI and MTTF valuefr Theta and Theta expansion, respectively.

Table 2.4 MTTI and MTTF Results

Theta (Cray XC40): 4008-node, 251K-core,
64 TB of MCDRAM, 770 TB of DDR4

CY 2020 CY 2021
Target Actual Target Actual
System MTTI N/A 11.45 days N/A 12.07 days
System MTTF N/A 32.74 days N/A 45.51 days

Theta expansion

(NVIDIA DGX): 24-node,

26 TB of DDR4 RAM, 8.32 TB of GPU memory

CY 2020 CY 2021

Target Actual Target Actual
System MTTI N/A N/A N/A 13.46 days
System MTTF N/A N/A N/A 121.54 days

Theta currentijhasa biweekly maintenance scheduteperform Cray driver upgrades, hardware

replacementgperating systenqS) upgrades, etALCF useghesepreventativemaintenance
(PM) opportunitesto scheduleother potentially disruptive maintenansech as facili power

and cooling work and storage system upgrades and patéti@d: canceled or postponed

several PMs this yeam favor of preparatory worfor the installations of Polaris and Aurora

AlthoughThet abds bi
tendsto cap MTTI at 14ays

2.4.3 Resource Utilization

The following sections discuss $gm allocation and usaggystem utilization percentage, and

capability usage

2.4.3.1 System Utilization

we e k|

y mai nt e afiectMTaF, sgerdealty u | e

System tilization is a reportable valugith no specifictarget.A rate of 8Qpercent or higher is

generally considered acceptable foradershipclass system. Tab5 summarizes ALCF
systemutilization results, anéigure 2.2shows system utilization over time by program
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Table 2.5 System Utilization Results

Theta with expansion
Theta (Cray XC40): 4008-node, 251K-core,
64 TB of MCDRAM, 770 TB of DDR4

Theta expansion (NVIDIA DGX): 24-node,
26 TB of DDR4 RAM, 8.32 TB of GPU memory

CY 2020 CY 2021

Target Actual Target Actual

System Utilization N/A 97.7% N/A 98.1%

Theta with expansion Utilization

Percent: 98.1%
Start Date: 2021-01-01
End Date: 2021-12-31

| NCiTE [] ALcC [l Discretionary |

105%
100%
95%
90% 1
85% 1
80%
75%
70% A
65% 1
60% 1
55%
50% A
45% 1
40% A
35%
30% A
25% 1
20% 1
15% 1
10% A
5% 1
0% -

% Utilization
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Figure 2.2 System Utilization over Time by Program

The system utilization for Theta wé8.1 percenffor its 2@®1 production period of January 1,

2021, through December 31, 2D.

Table26s hows how Thetads system hourtgpewer e

Multiplying the theoretical hours by avalblility andsystemutilization values that were agreed

al

ocC

upon with ALCF&6s DOE Program Mafhthetheurs det er mi n

available, 6(percentwereallocated to the INCITE program, up to @ércent to ALCC program
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allocations, and 20 percent to DD allocations. The allocated values for the DD allocations appear
higher than expected because they represent a rolling alloddtshDD projects are

explaratory investigations, so the time allogdis often not used in full. DRllocations are

discussed in detail in Section 3.2. In @821, Theta delivered a total of Zmillion

nodehours

Table 2.6 Node-Hours Allocated and Used by Program

64 TB 0 DRA 0 TB of DDR4
D 0 DIA D 4-nod
6 TB of DDR4 RAM, 8 B of GP emo
020 0
Allocated Used Allocated Used
Node-hours | Node-hours % Node-hours | Node-hours %
INCITE 17.8M 20.9M 63.2% 17.8M 20.8M 62.1%
ALCC 6.7M 7.4M 22.4% 7.3M 7.2M 21.6%
DD 9.1M 4.7M 14.4% 7.8M 5.5M 16.3%
Total 33.6M 33.1M 100.0% 32.9M 33.5M 100.0%

Summary: For CY 2@1, the system usage asgstemutilization values were in line with
general expectations. The calculationssigstemutilization are described in Appendix A

2.4.3.2 Capability Utilization

On Theta, capability is defined as using greater than 20 percent of the macl@@enodes,

ard high capability is defined as using greater than 60 percent of the machine, ardt}é60

SeeTable Alin Appendix A formore detail on the capability calculatidrable2.7 and

Figure2.3 show that ALCF has substantially exceeded ttaggetsset fa INCITE. Although no

targets are set, data are also provided in the table for ALCC and DD projects as reference

Figure2 . 4 shows the thr ee nmnodeboyrs@omsTabl@wtovertime at i on
and Figure2.5 shows the overall distributioof job sizes over time
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Table 2.7 Capability Results

Theta with expansion
Theta (Cray XC40): 4008-node, 251K-core,
64 TB of MCDRAM, 770 TB of DDR4

Theta expansion (NVIDIA DGX): 24-node,
26 TB of DDR4 RAM, 8.32 TB of GPU memory

CY 2020 CY 2021

Capability Usage Total Capability Percent Total Capability Percent
P y 9 Hours Hours Capability Hours Hours Capability
INCITE Overall 2 20.9M 17.7M 84.8% 20.8M 17.6M 84.8%
INCITE High ® 20.9M 5.0M 24.1% 20.8M 4.7M 22.7%
ALCC Overall 7.4M 4.7M 63.8% 7.2M 3.0M 41.1%
ALCC High 7.4M 0.2M 3.3% 7.2M 0.6M 7.7%
Directoros DIl 4oy 1.7M 35.2% 5.5M 1.1M 20.9%
Overall
Dire Cﬁig?]r 0s DIl 47um 0.8M 16.7% 5.5M 0.2M 4.2%
TOTAL Overall 33.1M 24.1M 72.9% 33.5M 21.8M 65.0%
TOTAL High 33.1M 6.1M 18.4% 33.5M 5.5M 16.4%
2 Theta with expansionOver al | Capability = Jobs )okThaetag O 20.0 percent (800
b Theta with expansionHi gh Capabi l ity = Job400nodes)nfghed. 60. 0 percent (2
Theta with expansion INCITE 2021 Capability Percent
INCITE Capability Hours 17.6M
INCITE Total Hours 20.8M
INCITE Capability 84.8% 90%
80%
e
2 0%
I
[
E 60%
g 50%
k]
B oa0%
Q
=z
5 30%
-
20%
10%
0%
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Figure 2.3 Theta INCITE Overall Capability
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Theta with expansion 2021 Capability Node Hours

Start 2021-01-01 INCITE [] ALCC M Discretiona
End 20211231 |. § § ryl
INCITE Capability Node Hours 17.6M

INCITE Total Node Hours 208M 550K

ALCC Capability Node Hours 3.0M 525K

ALCC Total Node Hours 7.2M 500K

DD Capability Node Hours 1.1M

DD Total Node Hours 55m 475K
450K

425K
400K
375K
350K
325K
300K
275K
250K
225K
200K
175K
150K
125K
100K
75K
50K
25K
0K

Weekly Node Hours in Millions

Figure 2.4 Theta Capability Node-Hours by Program

Theta with expansion Overall Job Usage by Size

Start 2021-01-01 || 0% <= x <20% [ 20% <= x <60% [} 60% <= xl
End 2021-12-31

0% <= x < 20% 11.7M 100%

20% <= x < 60% 16.2M

60% <= x 5.5M

Total 33.5M 90%

80%

70%

60%

50%

40%

% of Total (in Node Hours)

30%

20%

10%

0%

Figure 2.5 Theta Job Usage by Size

2.5 Storage

This section covers availability and MTTI/F metrics for the production storage resources. This is
the first yeatthatthe global filesystem and second ydaatthe storage resources are being
covered separately
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2.5.1 Theta Lustre File System

Theta Lustre

al so

r e f efsOpis @Cray Sonexisn 2600 hustite flgstem that is

mounted by Theta and ThetaGPU, and also by the data and analysis resourceRBtbf9.2

usable space. Theta and Theta Lustre were instaligdher, and botentered full production on
July 1, 2017Theta LustrendThetawere not previouslyreatedasseparatentities

2.5.1.1 Scheduled and Overall Availability

ALCF useghe targetnetrics of 9Qoercent overall availability ar@D percent scheduled

availability as proposed in the 2020 OAR. Theta Lustre is tightly tied to Theta, and this follows

a | | percent éor schieduled aVailabilitydos theu s e
lifetime of aproduction resourcd.able2.8 summarizes the avabdity results

ASCRO s

The remainder of this section covers significant availability losses, and responses to them, for

request

t hat

Table 2.8 Availability Results

Lustre File System
Cray Sonexion 2000 with 9.2 PB of usable storage

CY 2020 CY 2021
Target Actual Target Actual
(%) (%) (%) (%)
Scheduled
Availability N/A 98.8 90.0 100.0
Overall
Availability N/A 94.8 90.0 96.1

both scheduled and overall availability data. Details on the calculations can be found in

Appendix A

Explanation of Significant Availability Losses
This sectiorbriefly describeshe causes of major losses of availabitifyhe Sonexiotfor the

periodof January 1, 221, throughDecembeB1, 221, as annotated iRigure2.6.
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Lustre File System Availability
Scheduled:  100.0%
Overall:  96.1%

Start Date:  2021-01-01
End Date:  2021-12-31

|l Available | Scheduled Down [l Unscheduled Down

100% 1
95% A
90% -
85% -
80% -
75% A
70% -
65% -
60% -
55% -
50% -
45%
40% 1
35% 1
30% -
25% A
20% -
15% -
10% -

5% -
0% -

% Availability

Jan

Oct

Jan Feb Mar Apr May Jun Jul Aug Sep Nov Dec

Figure 2.6 Theta Lustre Weekly Availability for CY 2021

Graph Description: Each bar in Figure 2.&presentsthper cent age of

t he

ma c

availability for seven day&ach bar accounts for all of the time in one of three categories. The

palegreen portion represents avaikallodehours; the darker green represents scheduled

downtime for that week; and red represents unscheduled downtime. Each of the significant loss

evens is described in detail beloWhese also appeared in the Theta section).

June 23 24, 2021 Scheduledextended maintenancé Upgrade Theta Lustre to NEO 3.5
This multiday schedul ed maintenance was

for a

to NEO 3.5. This upgrade had been deferred to allow for sufficient testing. Other opportunistic

maintenane activities were also performed during this window.

July 18i 20, 2021 Scheduled extended maintenancePower work for Aurora
I n preparation for Aurorabds power

needs,

TCS

building over the weekend to perform power feed maintenance and upgrades. ALCF initiated a

controlled shutdown on Friday and began startup proceduriee dollowingMonday at
8:00a.m.
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November 19 22, 2021 Scheduled extended maintenancePower work for Aurora

I n preparation for Aurorads power needs, TCS
building over the weekend to perform power feed maintenance and upghadi- initiated a

controlled shutdown on Friday and began startup procedurie dollowingMonday at

8:00a.m.

2.5.1.2 MTTland MTTF

MTTIl and MTTF Summary
MTTI and MTTF are reportable valuasth no specific targets. TabR9 summarizes the
current MI'TI and MTTF values.

Table 2.9 MTTI and MTTF Results

Lustre File System
Cray Sonexion 2000 with 9.2 PB of usable storage

CY 2020

Target Actual Target Actual
System MTTI N/A 18.26 days N/A 15.25 days
System MTTF N/A 188.95 days N/A 182.47 days

Theta Lustrecurrentlyfollows the Thetdiweekly maintenance scheduléeta Lustre is not
necessarily unavailable when Theta is in PM, but the PMs are often used to apply upgrades and
patches

2.5.2 Grand and Eagle Lustre File Systems

The ALCF installed a new set of Lustre file systems in 2020 running a Cray E1000 storage
solution. Grand and Eagle egatovide100 PB of storage at 650 GB/s and provide availability
protection if one fails. Additionally, the file systems have the capabilisharingdatavia
Globus, a move toward providing a community file system. The file systems went into
production startingn January 1, 2021.

ALCF proposstargetmetrics of 9Qpercent overall availability an@D percent scheduled

availability givent hat t hese file systems are tightly i
that all user facilities use a target of @€rcent for scheduled availability for the lifetimeaof

production resource.

2.5.2.1 Grand Scheduled and Overall Availability
Table 2.10 summarizes the availability resufty the Grand file system
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Table 2.10 Availability Results i Grand

Grand File System
Cray E1000 with 100 PB of storage at 650 GB/s

CY 2020 CY 2021 | CY 2021
Target Actual Target Actual
(%) (%) (%) (%)
Scheduled
Availability N/A N/A N/A 100.0
Overall
Availability N/A N/A N/A 96.5

The remainder of this section covers significant availability losses, and responses to them, for
both scheduled and overall availability data. Details on the calculations can be found in
Appendix A

Grand i Explanation of Significant Availability Losses
This sectiorbriefly describeshe causes of major losses of availabitifyGrandfor the periodof
January 1, 221, throughDecembeB1, 221, as annotated iRigure?2.7.

Grand File System Availability
Scheduled:  100.0%
Overall:  96.5%

Start Date:  2021-01-01
End Date:  2021-12-31

|| Available [l Scheduled Down [l Unscheduled Down

100% -
95% 1
90% 1
85% 1
80% A
75% 1
70% A
65% -
60% -
55% A
50% A
45% 1
40% A
35% A
30% A
25% 1
20% A
15% 1
10% -

5% -
0% -

% Availability

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan

Figure 2.7 Grand Weekly Availability for CY 2021
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Graph Description: Each bar in Figure 27épresentsth e er cent age of t he mach
availability for seven day&ach bar accounts for time in one of three categories. Theypda

portion represents availabi@dehours the darker green representsesihled downtime for that

week; and red represents unscheduled downtime. Each of the significaawdosss described

in detail below (these also appeared in the Theta section).

July 18i 20, 2021 Scheduled extended maintenandePower work for Aurora

In preparation for Aurorads power needs, TCS b
building over the weekend to perform power feed maintenance and upgrades. ALCF initiated a
controlled shutdown on Friday and began startup procedurie dollowingMonday at 8:00

a.m.

November 19 22, 2021 Scheduled extended maintenancePower work for Aurora

I n preparation for Aurorab6s power needs, TCS
building over the weekend to perform power feed maintenance and epghdCF initiated a

controlled shutdown on Friday and began startup proceduriee dollowingMonday at

8:00a.m.

Grand 1 MTTIl and MTTF Summary
MTTI and MTTF are reportable valuasth no specific targets. TabR11l summarizes the
current MTTI and MTTRvalues.

Table 2.11 MTTI and MTTF Results - Grand

Grand File System
Cray E1000 with 100 PB of storage at 650 GB/s

CY 2020 CY 2021

Target Actual Target Actual
System MTTI N/A N/A N/A 15.31 days
System MTTF N/A N/A N/A 182.45 days

Grandgenerallyfollows Thet@ biweekly maintenance schedu@&rand isnot necessarily

unavailable when Theta is in maintenance, but the maintenance windows are often used to apply
upgrades and patches.

2.5.2.2 Eaglei Scheduled and Overall Availability

Table2.12 summarizes the availability resufts the Eagle filesystem.
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Table 2.12 Availability Results i Eagle

Eagle File System
Cray E1000 with 100 PB of storage at 650 GB/s

CY 2020 CY 2021 | CY 2021
Target Actual Target Actual
(%) (%) (%) (%)
Scheduled
Availability N/A N/A N/A 100.0
Overall
Availability N/A N/A N/A 96.5

The remainder of this section covers significant availability losses, and responses to them, for
both scheduled and overall availability data. Details on the calculations can be found in
Appendix A.

Eagle i Explanation of Significant Availability Losses
This sectiorbriefly describeshe causes of major losses of availabitifyfEaglefor the periodf
January 1, 221, throughDecembeB1, 221, as annotated iRigure2.8.

Eagle File System Availability
Scheduled:  100.0%
Overall:  96.5%

Start Date:  2021-01-01
End Date:  2021-12-31

|l Available | Scheduled Down [ Unscheduled Down

100%
95% -
90% -
85% -
80%
75% -
70% -
65% -
60% -
55% 1
50% -
45% -
40% -
35% -
30% -
25% 1
20% 4
15% 1
10% -

5% 4
0% -

% Availability

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan

Figure 2.8 Eagle Weekly Availability for CY 2021
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Graph Description: Each bar in Figure 2.&presents thpercentage of the machine available
for seven daysEach bar accounts for time in one of three categories. Thesda portion
represents availabledehours thedarker green represents scheduled downtime for that week;
and red represents unscheduled downtime. Each of the significaevérgsis described in

detail below (these also appeared in the Theta section).

July 181 20, 2021 Scheduled extended maintenasei Power work for Aurora

I n preparation for Aurorads power needs, TCS
building over the weekend to perform power feed maintenance and upgrades. ALCF initiated a
controlled shutdown on Friday and began start@ggutures othe followingMonday at 8:00

a.m.

November 19 22, 2021 Scheduled extended maintenancePower work for Aurora

I n preparation for Aurorads power needs, TCS
building over the weekend to perform poweed maintenance and upgrades. ALCF initiated a
controlled shutdown on Friday and began startup proceduriee dollowingMonday at

8:00a.m.

2.5.2.3 MTTland MTTF

Eagle i MTTI and MTTF Summary
MTTI and MTTF are reportable valuasth no specifidargets. Tabl.13 summarizes the
current MTTI and MTTF values.

Table 2.13 MTTI and MTTF Results i Eagle

Eagle File System
Cray E1000 with 100 PB of storage at 650 GB/s

CY 2020 CY 2021

Target Actual Target Actual
System MTTI N/A N/A N/A 16.01 days
System MTTF N/A N/A N/A 365.00 days

Eaglegenerallyfollows Thetad biweekly maintenance scheduleagleis notnecessarily
unavailable when Theta is in maintenance, but the maintenance windows are often used to apply
upgrades and patches.

2.5.3 Tape Storage

Thefacility-wide HPSS (highperformance storage system) tape archiae available to all

ALCF users fromall compute resources in 2028k in previous years. The tape storage is
comprised of three 10,08ot libraries with LTO8 tape drives and LTO8 tapes, with some
legacy LTOG6 drives and tapes remaining. The first tape library went into production in 2009 in
the oldinterim Scientific Supercomputing FaciliiSSH datacenter, and the second followed in
2010 in the TCS datacenter, while the third library went into production in 2016. In 2040, all
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the tape libraries were moved to another building to proségharation of the archive data from

the data center while also permanently vacating the ISSF datacenter. The HPSS disk cache and
data movers are in the TCS datacenter. With the LTO8 drives and tape technology, the tape
libraries have a maximum storage aeyy of 305 PB

2.5.3.1 Scheduled and Overall Availability
ALCF useghe targetnetrics of 9Qoercent overall availability ar@b percent scheduled
availability as proposed in ti2200AR. Table 2.4 summarizes the availability results

Table 2.14 Availability Results

HPSS Archive
LTO8 tape drives and tape with 350 PB of storage capacity

CY 2020 CY 2021

Target | Actual Target Actual
(%) (%) (%) (%)

Scheduled Availability N/A 98.8 95.0 100.0

Overall Availability N/A 94.2 90.0 96.5

Note that HPSS is considered unavailable when usemoti@trieve or access files via logins or
data transfer nodes even though the HPSS libraries were unaffected during the scheduled
maintenance perioglsand $ill could do system functions like data migration. Therefore, HPSS
overall availability will reflectthat usergould not access it during scheduled maintenance

Explanation of Significant Availability Losses
This sectiorbriefly describeshe causes of ajor losses of availabilitgf HPSSfor the periodof
January 1, 221, throughDecembeB1, 221, as annotated iRigure2.9.

! SpectralLogic quarterly maintenance occurs during the maintenance windows where one library is offline for a
short time.
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HPSS File System Availability
Scheduled:  100.0%
Overall:  96.5%

Start Date:  2021-01-01
End Date:  2021-12-31

|l Available | Scheduled Down [l Unscheduled Down

100%
95% -
90% -
85% -
80% -
75% -
70% -
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% Availability
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Figure 2.9 HPSS Weekly Availability for CY 2021

July 18i 20, 2021 Scheduled extended maintenandePower work for Aurora

I n preparation for Auroradés power needs, TCS
building over the weekend to perform power feed maintenance and upgrades. ALCF initiated a
controlled shutdown on Friday and began startup procedurtee dollowingMonday at

8:00a.m.

November 19 22, 2021 Scheduled extended maintenancePower work for Aurora

I n preparation for Auroradés power needs, TCS
building over the weekend to perform power feed maintenance and upghadi- initiated a

controlled shutdown on Friday and began startup procedurtee dollowingMonday at

8:00a.m.

2.5.3.2 MTTland MTTF

MTTI and MTTF Summary
MTTI and MTTF are reportable valuasth no specific targets. Tab®15 summarizes the
currentMTTI and MTTF values.
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Table 2.15 MTTI and MTTF Results

HPSS Archive
LTOS8 tape drives and tape with 350 PB of storage capacity

CY 2020 CY 2021

Target Actual Target Actual
System MTTI N/A 19.51 days N/A 16.01 days
System MTTF N/A 366.00 days N/A 365.00 days

HPSSmaintenanceés not regular but typicallplignedwith Thetad maintenancecheduleHPSS
is often available even though other resources may be in preventative maintenance.

2.6 Center -Wide Operational Highlights

2.6.1 Management Storage Refresh

Formore tham decade, ALCF has leveraged NetApp storage arrays attacletdrage area
network SAN) to provide highspeed and faulblerant data stores. In April of 20241 CF
finished the migration to a new setsaflid-state driveSSD-based storage systemdotetter
support databases and other management systems.

2.6.2 Ubiquitous Secure Sockets Layer ( SSL) Certificates

For years ALCF has used Entrust SSL certificates on systems that required encrypted
connections. These were cgstind timeintensive to acquire. In 2021, ALCF participated in the
Argonne pilot program for use of InCommon SSL certificates. Thissselfice program allows
ALCF to deploy SSicertificatedrivially and at no additional cost.

2.6.3 Community File System Live

In 2021,Argonnedeployedts community file systentagle, whoseprimary purpose is to
enableresearchers to share their data with the research community using the Globus file transfer
and data sharing servid@n top of the Lustre configuration previously detailed, Eagle fasgs
100-GB data transfer nodes running Globus Connect Servélebus provides flexible data

sharing options to our researchers, ranging from small collaborations with specific colleagues to
broad sharing with the public at largeagle is also directly accessible from all ALCF HPC
resources, which makes it possible f@aarchers to share their dateplace as soon as it is
produced.

Conclusion

ALCF is maximizing the use of its HPC systems and other resources consistent with its mission.
ALCF hasexceededhetargetmetrics of system availability, INCITE hours deliveradd

capability hours delivered. For the reportable a¥elsl§ TI, MTTF, and utilizatio® ALCF is on

par with OLCF and NERSC, and the values reportedesm®onable. These measures are
summarized in Tabl2.1.
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ALCF closely tracks hardware and softwéaiures and their impact on user jobs and metrics.
These data are used as a factor in the selection of troubleshooting efforts and improvement
projects. In CY 2021, this regular failure analysis has continued to drive code changes to
software infrastructe at ALCF (like Cobalt) and has provided details to support debugging of
storage system problems.
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Section 3. Allocation of Resources

(a) Did the allocationofcompui ng resources conform with ASCR:

policies (i .e., ratio of resources allocated
ECP)?
(b) Was the allocation of Directordds Discreti
effective?

(c) Did the Facility encounter issues with undeor overutilization of user allocationsf so,
was the Facilityds management of these issues
resources while promoting equity across the user population?

ALCF Respo nse

The all ocation of resources I s conBhemttoefnt wi t
allocation policies available to INCITE, ALCOD, and ECP is 6@ercent 20percent

10 percentand 1QpercentrespectivelyThe expectation of 3percentof the faciliy oressources

available to ASCR is provided through theffdcento ALCC and the @ percento ECP.

The INCITE program fully allocates the p@rcentof the time available to iThe Discretionary
time tends to be overallocatdaljt substantially underused due to the exploratory nature of the
projects in the Discretionagrogram.

As theresults show irsection8, these are reasonable allocasiohresourcesBelow are a few
data pointALCF looks at when analyzing usage statsfor the various allocation programs.

3.1 Usage of the INCITE and ALCC Hours

The INCITE 2021 program allocated 17.8M ndumirson Thetato 16 projects. The allocation
usage by project for Theta is shown in Figure 3.1. A total of 20.8M-hodes was delivered to
INCITE on Theta (Tabl&.1).0f the 6 INCITE projects, only3 projecs used less than

75 percent otheirallocation. The othet3 projects used more th&0 percent of their
allocations, including 1@rojects that used their entire allocations or mohese projects used
the extra nodéiours to achieve additional milestones. INCITE and ALCC projects were
permitted to exceetheir nodehour allocations up to 125 percentDimetg enabled by the
ALCF overburn policythat permitted projects to continue running capabgied jobs after
their allocationsarecompletely exhauste@sexplained in section 3.3)

For the 2@0i 2021 ALCC year,32 projects had allocations on Theta for a total of

6.9M nodehours. The allocation usage is showirigure 3.2Nine of these projects used under
50 percent of their allocations, 9 projects used between 50 and 90 percent of their allocations
and l14projects used their entire allocations or more.

The 2@1i 2022 ALCC year is approximately halfway through its allocation cycle. So far, the
17 projects have received allocations6d®M nodehours on Theta. Th20211 2022 ALCC
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projects have usedtatal of 2.3M nodehours from Julyl, 2@®1, through Decembed1, 21
The allocatbn usage is shown Figure3.3.

Table 3.2 summarizes the ALCC neldeurs allocated and used in CY 2CG#1d includes

COVID-19 research projectsnon Theta per ASCR whidypically had offcycle start and end
dates. Th&.3M ALCC nodehours allocatedrecalculated by adjustinthe 20202021 and

2021 2022 Theta ALCC year allocations by the percentage of their award cycle occurring in CY
2021, then summing these two values. The total ALCC ruoalers used?.2M, is the sum of all
nodehours charged against any Theta ALCC project in20X1.

Theta with expansion INCITE 2021 Allocation Usage

| m Allocated m Used |

3,250,000 -
3,000,000 4
2,750,000
2,500,000 -
2,250,000 4
2,000,000 4

1,750,000 -

Node Hours

1,500,000 4
1,250,000 4
1,000,000 4
750,000
500,000

250,000 -

0 d
Projects

Figure 3.1 Theta INCITE 2021 Allocation Usage (Note: Projects are randomly ordered.)

Table 3.1 INCITE 2021 Time Allocated and Used on Theta with
expansion, 2021

Projects Theta with expansion

Allocated Node-Hours 17.8M

Used Node-Hours 20.8M
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Theta with expansion ALCC 2020-2021 Allocation Usage

[ W Alocated m Used |

1,000,000 4
950,000 -
900,000 -
850,000 -
800,000 -
750,000 -
700,000 -
650,000 -
600,000 -
550,000 -
500,000 -
450,000 -
400,000 -
350,000 -

300,000 -

250,000 -

200,000 -

150,000 -

100,000

=R NTNIInT
0 LALIL L LI

Node Hours

Projects

Figure 3.2 Theta ALCC 20201 2021 Allocation Usage (Note: Projects are randomly ordered.)
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Theta with expansion ALCC 2021-2022 Allocation Usage

[m Allocated m Used |

1,050,000
1,000,000
950,000
900,000
850,000
800,000
750,000
700,000
650,000
600,000
550,000
500,000

450,000

400,000

350,000

300,000

250,000

200,000

150,000

100,000 l I

50,0001 B “_I “_I_?____ .___ B l____ | l___ l__.lj..-. ..-.I-—.----I-r---- B | B

Projects

Node Hours

o

Figure 3.3 Theta ALCC 20211 2022 Allocation Usage as of Dec. 31, 2021 (Note: Projects are
randomly ordered.)

Table 3.2 ALCC Time Allocated and Used on Theta with
expansion in CY 2021

Projects | Theta with expansion
Allocated Node-Hours 7.3M 2
Used Node-Hours 7.2M b

2 Allocation total is obtained by adjusting each ALCC cycle allocation (20207 2021,
2021i 2022) to prorate it for the amount of time allocated in CY 2021, then summing.

b Usage total is the number of node-hours charged for jobs run against any
ALCC allocation in CY 2021.

32 Faci lity Directorod6s Discretionary Res

The Director 6s Re setgonary¢DD) poograni) serves enentbero$ thelHPG ¢ r
community who are interested in testing science and applications on leagégiskipesources.
Projects are allocated in five categories:

1) INCITE or ALCC proposal preparation
2) Code support and/or development

3) Strategic science

4) Internal/support

5) ECP sipport
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INCITE and ALCCproposal preparatioallocationsareoffered forprojectsthat are targeting
submission of an ALCC or INCITRroposal Theseprojects can involve shetéermpreparation
(e.g.,arunof scaling test$or their computational readiness) or longemm development and
testing.

Code support and/or development allocations are used by teams porting and optimizing codes or
projects developing new capabilities. This category includes the devetbptesting, and runs
required for competitions such as the Gordon Bell Prize. Projects in this category have been
responsible for bringing new capabilities to ALCF.

ALCF also allocates time to projects that might still be some time awaysinibmittingan
INCITEproposal or that offer a fAstr at &gqinplesiactudee nc e o
supportingprojects frorDOE6s Scienti fic Discovery through
program, industry research efforts, and emerging use cases, suciplasggoexperimental and

computing facilitiesThe ALCF Data Science ProgrgDSP) is allocated through the DD pool

and sfocused on developing the technical capabilities of-detaen projects that need

leadershipclass resources.

Internal/support preicts are devoted to supporting the ALCF mission. ALCF does not reserve
nodehours forinternalactivities. Allinternal usecomes out of the DD allocation pool. This
category regularly includes projects that help the staff support the users and masrnsgistem,
such as diagnostics and testing of tools and applications.

To support the dynamic needs of ECP, the ECP waemovedrom ALCC to DD startingn

2019, but the 10 percent allocation is still part of the overall ASCR fraction of the system. As a
result, the discretionary pool grew to 20 percent of the system to support ECP. ECP and the
computing facilities run a Resource Allocations Council (RAC) that meets monthly to discuss
the computing needs for ECP. Allocation needs are discussed and dedltedouncil,

allocating up to 10 percent of the system.

Allocations are requested through the ALCF website and are reviewed by the Allocations
Committee (which includes representatives from Operations, User Experience, and the Catalyst
teams). The comittee collects additional input from ALCF staff, where appropriate. Allocations
are reviewed on their readiness to use the resources and their goals for the allocations and are
awarded time on a quarterly basis. The DD allocation pool is under greatdjeandroften the
requested amount cannot be accommodated.

Table 3.3shows the number of projects and total time allocated in the DD program on Theta
during 2021. By its very nature, the DD program is amenable teadeeation because often

time is leftunused; however, it should be noted that these totals do not represent open allocations
for the entire calendar yeak.project might have a,000-nodehour allocation that only persists

for three months, but thaidDO-nodehour allocation is counted ergly in the annual total

nodehour numberProjects are not guaranteed the allocated time. DD projects run at a lower
priority than INCITE or ALCC projects, which reduces the amount of time available for their

use Exceptions are made for some internajguts that support acceptance of new hardware or
support of users, which is in line with the ALCF core mission
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Table 3.3 DD Time Allocated and Used on Theta with
expansion, 2021

‘ Projects | Theta with expansion ‘
Allocated Node-Hours 7.8M
Used Node-Hours 5.5M

A list of the CY 202 DD projects on Theta is provided AppendixB.

Figure3.4 provides a breakdown of the CY 2DRD allocationsby domainfor Theta.

Theta with expansion Discretionary Allocations Active from 2021-01-01 through
2021-12-31
329 Projects, 7.8M Node Hours

Fusion Energy
1.2%

Internal 11.4%

Energy Physics 14.9%
Technologies

3.1%

Earth Science

7.6% .
Chemistry 8.1%

Training 0.3%

Computer
Science 10.8%
Materials
Science 13.8%
Engineering
13.2%
Biological
Mathematics 9

Sciences

1.0% 11.2%

Nuclear
Energy 3.4%

Figure 3.4 Theta CY 2021 DD Allocations by Domain

3.3 User Allocation Utilization

Inevitably, some projects will use less time than allocated and other projects will want to use
more time than allocated. To rebalance some of the allocated time across projects to ensure
optimal utilization of resources, an overburn policinieffect for INCITE and ALCC

allocations which permits high utilization projects to continue using the machine effectively for
capability jobs. If an INCITE or ALCC project has exhausted its allocation in the firabhihs

of its allocation year, it igligible for overburn running. At this point, capability jobs submitted
by INCITE and ALCC projects will run in the default queue (instead of b&ctdil the first

11 months of the allocation year until 1pBrcentof the project allocation has been samed.
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Should additional overburn hours be needed, INCITE and ALCC projects may provide the
facility with a short description of what they plan to do with the additional hours, highlighting
specific goals or milestones and the timeededo accomplish tem. Theserequests are

reviewed by the scheduling committee, allocations committee, and ALCF management. Non
capability jobs from projects that have exhausted their allocation will run in the backfill queue.

This overburn policy does not constitute a gudee of extra time, and the facility reserves the
right to prioritize the scheduling of jobs submitted by projects that have not yet usperié0t
of their allocation, so the earlier that an INCITE or ALCC project exhausts its allocation, the
more likdy it is to be able to take full advantage oé thverburrpolicy.

The ALCF has multiple methods of managing undexd ovesutilization of usemllocations.
The overall goal of albf the policies is to ensutbatuser projects have tlggeatesthanceo
accomplish their science goals.

Undekrutilization earlier in the allocation year is primarily managed through personal contact
with the projects to understand and help resdixamples of these challenges can include data
movement, scheduling challexgy porting problems and budgearing the end of allocation
years, projects with lower utilization are given higher scheduling priority through both the
regular batch queuing system and through reservations

3.4 Other Large -Scale Managed Resources

Last January, ALCF rolled out two new filesystems, Grand and Eagfeart of the ALCF
Community Data C@®p. Every new project awarded compute time was also given an allocation
on Grand or Eagle. Supplementary information on the technical ispéoifis and availability

for Grand and Eagle can be found in section 2.5.2. As part of the larger mission to support
collaborative and datdriven scientific discoveries, ALCF is providing researcheétk services

to securely share and reliably transiata using Globus. Since this capability was announced
and made available, 19 dadaly projects were created using these services. Additional
information on the ALCF Community Data €p can be found in section 4.1.2.

Conclusion

The ALCF delivered the fdwing nodehours to the allocation programs@y 2021:

208 million to INCITE, 72 million to ALCC, and5.5million to DD. The DD Reserve has been
used not only to develop INCITE and ALCC proposals but also to conduct real science of
strategic importancand to drive development and scaling of key INCITE and ALCC science
applications. Excellent ALCF support and solid, hpgrforming ALCF resources have enabled
INCITE and ALCC projects to run simulations efficienlgd to achieve science goals that could
not otherwise have been reached.
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Section 4. Operational Innovation

(a) Havetechnicali nnovati ons been i mplemented that

(b) Have management/workforce innovations been implemented that have improved the
facilityés operations?

(c) Is the facility effectively utilizing their postdoctoral fellows?

ALCF Response

Listed below are the innovations and best practices carried out at ALCF durid@21yY

ALCF innovations and best practices have helped to prepare for future sys@eenabled
more efficient operations, aindve strengthened collaboration and engagement, both across
ASCR facilities and beyond

4.1 Operational Innovation & Technical

The ALCF has undertaken several projects to improve the opesatidkLCF and to better
respond to user needs.

4.1.1 Drastically Improved Memory Collection in PBS

Challenge Because ofhe scale oA L C Fopesatons ALCF pushesPBS harder than most
facilities do. The existence of a memory leak in PBS has been known to the community for
several years one that everltair has beenunable to track downALCF staff have beensng a
periodic interpreter restaas a workaround;dwever, our testingand in partialar, our extreme
level of operational monitoringvas causing 6B systemainder heavy workloads to crasha
matter of hours.

Approach: After two weeks of deep effort, LACF staff trackeddownand correctethe elusive
memory le& by writing debugfihook® to track reference counts, garbage collector actigity
circular referenced he discovery of aircular reference between the class and class objects
which are cacherkvealed thaany object that had an attribute reference could ngableage
collected therebyresulting in continuous memory growtReplacing the cached dictionaries
with weakref.WeakKeyDictionary object®mpletely eliminate the issue memory
consumption now follows the typicélip and dowa pattern as memory is useddathen garbage
collected

Impact/Status: Memory consumptioby PBShas drasticallghangedincreasinghe

operational efficiencyThis bug fix has been submitted apall requestiPR) to the OpenPBS
repository and Altair has designatedlcorporation of this PR as a blocker for the V22 PBS Pro
release.
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4.1.2 ALCF Community Data Co -Op (ACDC)

Challenge EagleALCFOs recen
100PB file systemis configured taallow Pls
to broadly share their data usiGdpbus
However, simplified interfaces for sharing,
discovering, and accessing these data sets
were stillneeded

Approach: The ALCF Community Data Go
Op (ACDC)portal is a deployment afie
DjangoGlobus Portal Framework customize
for a variety of different projects. The portal
enables many possibilities for data control &
distribution, including straightforward
management of permissions and access to
data.The portalsalsoallow users taueryand i -
filter dataandto use faceted search fdata
discovery andtheyprovidea framework for
other interfaces including data processing
capabilitiesall secured with authentication
and configured authorization policy.

Impact/Status: The ACDC powers dat Argggﬂgw
driven research by providing a platform for
data access and sharing, and valdded _ _
services for data discovery and analysis Figure 4.1 Snapshot of the ALCF Community

Data Co-Op (ACDC) Portal page.

enhancing user experienéeCDCd s f |
supported production environment includes several prejgatific data portals that @le
search and discovery of data hosted on Eagle.

4.1.3 Accelerating Data Pipelines of Scientific Deep Learning
Applications

Challenge Data Input/Output (I/Opften is abottleneckfor scientific deep learning (DL)
applicationgdue to the repeated loading of large data sets from the file system at each iteration of
the training process$dentifying and mitigaing these 1/O bottlenecks can be a challenge,

particularly as the size andmplexity of the resources being used increase.

Approach: ALCF developed a new benchmark, DL IO identify I/O bottlenecks andffer
optimizationstrategiego improve the overall tim¢o-solution forDL applicationgFigure4.2).

DLIO uses highand lowlevel I/O profiling tools (pofilers fromDL frameworks like

TensorFlow andl/O profilerslike Darshai to provide a holistic view of how data is accessed
applicationsDLIO incorporates the observed 1/0 behavior of these applications and can emulate
an applliOpaformancedtsalso provides numerous tunable mechanisms to evaluate the
efficacy of multiple 1/0O access optimizatigirategiesand can project the behawaf DL

applications at scale.

ALCF CY 202 Operational Assessment Report 4-2



Impact/Status: DLIO wasdeployed on ALCF syems and evaluated with DL applications from
theECP, ADSRand ESP programandhelpedimprove application performance at scdlbe
work resulted in a Best Paper Award at the 2@1itute of Electrical and Electronics Engineers
Association forComputing MachinergylEEE ACM) International Symposium on Cluster,

Cloud and Internet Computing (CCGrid)LCF plans to investigate operational performance
soonandeventuallysharethe benchmarkvith other facilities.
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Figure 4.2 1/0 Behavior of CANDLE NT3 DL application: Graph (a) shows
the aggregate bandwidth of 8 GB/s achieved for the applications. Graph
(b) depicts the distribution of 1/O (i.e., 700 MB) and the achieved
bandwidth (28 MB/s) across ranks. Graph (c) shows the merged timeline
of I1/0 and compute, which shows that I/O and compute do not overlap in
the application. Image courtesy of H. Devarajan, H. Zheng, A. Kougkas,
X.-H. Sun, and V. Vishwanath, ALCF.

41.4 Splitting and Streamlining Thetaods GPUS:s

Challenge ThetaGPU consists of 24VIDIA DGX A100-based nodes capable of supporting
diverse workloads. While some workloads may requireight A100 GPUs oanode, otlers

may need significantlfewer. Dedicating a full A100 GPU to a job that needs only a fraction of

its cores limits the number of usaevho can access the system, while leaving resources
unutilized. TheNVIDIA Multi -Instance GPU (MIG) enables a single A1BPU to be

partitioned into as many as seven independent instances. In addition to dividing up the GPU,
other resources within a node, such as memory, local filesystem, and CPU cores, must also be
divided and managed among multiple users.

Approach: To facilitate the use athe MIG mode on Thetaa number of scripts were developed

to help streamline this process. These scripts levgraggable authentication modul@zAMs)

for allocation and isolation of CPU cores, memory, and GRid MIG. Mount namespaces are
used to isolate portions of the local filesystem, giving exclusive access to a specific job running
on the resource. Use of these scripts has ndekes cumbersome and disruptivedivide

Thetad s @delés to support muttie users.
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Impact/Status: The development of these MIG mode scripts took several iterations as

NVI DI A6s sof t wamhisegprosesshas beereconapletedeadd.the scripts are used in
production for easily reconfiguring a subset of the ThetaGPU nottesand out of, MIGnode

to accommodate user needs. For example, to support-baratgivities at recent Al for Science
workshops hosted at ALCER small number of nodes were put into MIG maoaleereeach node
wascapable of supporting 56 users (eighii0Qs, each divided into seven GPU instances). This
configurationenabledALCF to support a large number of users engaged in these workshops,
while keeping the majority of the nodes in their standard configuration, eliminating disrigption
other facility wsers helping both with user experience and increased operational performance

4.1.5 Continuous Integration Standardization and Usage Increase

Challenge Continuous integration (CI) testing on HPC resources is critical to ensuring that
user so6 c dydeesascale gystemsahen they arrive at DOE facilities. Standardizing
and simplifying this process improvAsL C Fabil#ty to support a growing number of projects.

Approach: ALCF works with the ECPCI project anctcollaboraéswith other national

laboratories on the developmeritlacamarditlab.com/ecgci/jacamasci), an executor for

supporting Gitlab CI on HPC resource schedulers, such as Cobalt. Gitlab runners are remote
servers that execute CI jobs based on configurations in the source repository. Use of the Jacamar
executor allowA\LCF to use Gitlabs official releases for the runners, rather than a forked

version of Gitlab runners, which was eaftdate andhot supporéed. Jacamar also includes quite

a few security improvements tailored to work in HPC environments.

Results/Status:ALCF maintains two Gitlab instances for supporting @le for running on

Theta, andhe otheifor JLSE to facilitate the use of Cl testing early access hardware. Both
instances have been updated to use the official Gitlab release and support the Jacamar executor.
Both have alsexperiencedncreased usage, with 20 new projects on the Theta instance, and

50 new projects on JLSH 2021

4.2 Operational Innovation & Management/Workforce

ALCF works to prepare for nexgeneration systems through collaboration with vendors and
other DOE facilitiesThe Facility reports on participation in research projec&eiction1.3.2.1
and professional community activities in Section 8.3.1.

4.2.1 New Hands -on Al Training for New Target Audience

The convergence of Al and HPC is transforming science and engigeempowering

researchers with new tools and capabilities to accelerate discoveries and innovation. To realize
the full potential of Al for science, ALCF is committed to training and mentoring a diverse, new
generation of Al practitioners and innovatorhis trainingis atool for future recruitment in the

field of scalable Al

Building on the ALCHes robust training prograsin boththeseareasALCF hosteda series of
handson Al for Science training sessions specifically aimed at undergraduate dodtgra
students enrolled at U.S. universit{€sgure 4.3) These courseaughtattendees to use leading
edge supercomputers to develop and apply Al solutions for the@onlast challenging
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problems Attendeeggairedknowledge and hanen experience insing Al tools and

frameworks on the ThetaGPU system for a variety of science cases. ALCF developed training
materials focused on scientific Al topics that include data parallel training, hyperparameter and
network architecture search, profiling and opaation of DL applications, and others.

eoe@ You are viewing Logan Ward'sscreen O @ [J§

-Aigonne &
ALCF Al FOR SCIENCE TRAINING SERIES 343 @

Introduction To Machine Learning

Adapting scientific data, picking the right approach, and testing it well

Logan Ward
Data Science and Learning Division,/”Argonne National Laboratory

Over 300 registered
participants including
high school,
undergraduate &
graduate students,
postdoctoral scholars,
scientists and faculty!

Figure 4.3 Screengrab from an Al for Science training workshop presentation.

4.2.2 ServiceNow Migration

Challenge ALCF continually strives t@nhance its useservicesTheservice desk software
used tarack and respond taserrequests israintegral part of that servicRequest Tracker
(RT), the software used for this purpose at ALCF, was an older version that was no longer
supported and in need of an update.

Approach: After an evaluation of RT andlwer similar platformsServiceNow was found to
offer additional features over RT. In additiomot only wasServiceNow already in use in other
Argonnedivisions but itis also the ladratoryd s o f f i ci al s.ervice desk s

Results/Status:The testingphase of ServiceNow in the ALCF environment started inr2G20.

That testing has been completed, and ALCFO&6s s
to ServiceNowgoinginto production in November 202WVith this migration, ALCF moved

away from a older unsupportedersion of RT to a platform that is 4p-date and in use

laboratorywide, bringing ALCF in line with the rest of the laboratory
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4.2.3 Use of Virtual Platforms for  Collaboration and User Support

The pivot to virtual platforms likdeams and Slack was very instrumental in strengthening and
advancing collaborations with project Pls. The CPSFM_2 INCITE project, for example, is a
renewed project, now in its fifth year atL &F. The collaborators in the project are spread across
four natonal laboratories (Argonne,aR Ridge Sandia, and ikermorg, multiple universities,

and four countries (the United States, South Korea, Japan, and France). Witi €meeting

and travel restrictions in place, new schemes were needed to keep comprunltatnels open

and maintain the high productivity of the project. In addition to moving theinbual faceo-

face project meetings to Teams, they leveraged Teams and Slack for training newcomers to the
project. They also implemented avbie e k | g e b b bir 0 AL@REtalgstis h e
guaranteed to be available on Slack with an option to use Teams if needed.

Virtual platforms have also been instrumental in maintaining and improving user support
activities. Prior to Covid, most user issues were handledwiaikor phone. With the shift to

virtual platforms with video conferencing capabilities, many user ssateemore adeptly

addressed, andlLCF hascontinued to use more of those services in 2021. Now a user can share
their screen with support staff in Teams to quickly diagnose and resolve problems. User support
staff have also leveraged Slack during AL§Fensored workshops and training events to

provide realtime support.

4.2.4 Use of Virtual Platforms for Workforce Engagement

As Argonne continued iMinimum Safe Operationduring FY 2021, the majority of ALCF staff
continued to work remotely. In additiofihe ALCF team continued to grow, adding five new

staff members, as well as six neaspoctorafellowsover this time. Starting a new position in

a new environment under normal circumstances can be stressful eBatglding to that the

fact that everyoe is remote camake itdifficult to feel engaged and become integrated with the

rest of your new teanVirtual platforms like Teams and Zoom have helped to ease the

onboarding process through video conferencing capabilities. However, ALCF is moresthan ju

the technical expertise of its team. While valuing diversity and inclusion, it also fosters a sense of
community, which can be lost while in isolation. Virtual platforms have been used not only for
the exchange of technical information, but also to @tensocial interaction. Outside of working
hours ALCF hosts a biveekly virtual social hour via Zoom. Members from across the division
come together to discuss arange oftgqdice om cars t o movies to sport
company. It has gregtimproved the morale of team members, both old and new.

4.3 Postdoctoral Fellows

ALCF supports a steaestate postdoctoral fellowship program. Within this program, ALCF
supports one named postdoctoral fell cience t he A
Fellow. Postdocs are awardedygar appointmentwith an option to be renewed for an

additional year (this is typically the case), with a similar option to renew for a third year. The

major goal of the program is to either convert the postttparegular staff appointment, place

them at another DOE laboratory, or support their efforts to find an academic or industry

appointment. The objective, in all casedpisthese postdod® continueaslifelong users of

DOE compute resources.
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Thegeneralpocess is that applications for postdoct
Postdoctoral Program Officen CY 2021, ALCF hiredsix new postdoctoral researcker
(fellows) and supported a total @8, representing a range of scientific dombatkgroundsOf
those threepostdocs were terminatefur transferred to another divisipand two were
promoted to ALCF staffOf thenineactive postdocs} are ESP2 are ECP, and 3 are steady
state The ALCF postdocs work on various research topnedyding computational chemistry;
computational fluid dynamic$IL/Al for particle physics; ATLAS, simulation, and deep
learning;exascale interconnect performance evaluafisgsipn and deep learning; Lattice QCD;
electronic structure; climatecalesimuation; materials sciencepsmological Fbody
simulationsdark matter halo modeling and clustering analysis and cosmological parameter
estimation and mixed precision optimization for neggneration Al accelerator systems

Once hired, each postdoc ssa@yned both a direct research supervisor and an Argonne staff

mentor. The mentor, initially selected by the division or the supervisor, can be changed by the
postdoc. The supervisor meets with the postdo
research effort. The supervisor then evaluates the progress and completes a standardized review
process that is submitted to ALCF management for review, includifgivison Director, who

reviews and authorizes all appointment renewals. The mentor is sgsdpdor meeting with the

postdoc to discuss career development milestones and personal goals; this interaction happens as
needed, but no less than once a quarter. The guidance for these discussions includes key skills
the postdoshould focus on over theext year; opportunities for development; and, if entering

the third year, whatkills or experiencavill be most beneficial to enabling a smooth career

transition. TheDivision Director also meetsionthlywith the postdocs as a group to hear

progress upakes, address any issues specific to the postdoc community, and solicit feedback in
general

ALCF supported the following 18 postdoctoral researcime@y 2021.

Abhishek Bagusetty(Ph.D., Chemical Engineerintniversity of Pittsburgh Hired: January
2020.Promotedto Argonne staff. June 2021Current role: ALCF performance engineer.

Research areacomputational chemistryPostdoctoral researchproject: Aurora ESP project
NWChemExAccomplishments includel: (1) contribuing to several pieces tfie NWChemEx

suite and other software in the ECP ecosystem; (2) nragparting codes with CUDA to

DP++SYCL and tuning them to perform in different architectures in Aurora testoedls;

(3) publishing articles inParallel Computingand inNatureCommunicationsand

(4)coauthoinga poster presented at | WOCLOG21: l nt er n:

Riccardo Balin (Ph.D.,Computational Fluid Dynamics and Turbulence Modellvigiversity of
Colorado Bouldex Hired: January2021 Research areacoupling largescale, higHidelity
simulations of turbulent flows with machine learning to perforrsiin training of, as well as
inference with, datariven turbulence closure mode@Gurrent projects: (1) CFDML_aesp

Data Analytics and Machine Learning foxdscaleComputationaFluid Dynamics CFD)

(primary project),and ) PHASTA_ aes@evelopment of the PHASTA CFD Code for Exascale
Simulations on Auror&Scientific goal:to develop a framework for applying-situ machine
learning to subgrid modeling for hybriReynoldsaveraged NavieBtokes RANS)/large eddy
simulation LES) of high Reynolds number separated flowse3étoupled simulations will be
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among the firsto run onAurora. Accomplishments:develogdan insitu machine learning
framework for largescale turbulence simulations on Aurora, including adopting SmartSim
(Cray/HPE Aurora NRE development) and connecting to CFD simulation software (PHASTA).

Denis Boyda(Ph.D.,TheoreticalPhysics National Research Center Kurchatov Institute
Moscow, Russip Hired: September 202@Research areamachine learnindpr particle
physics using HP(Project: Aurora ESPprojectiiMachine Learnindor Lattice Quantum
Chromodynam c raject(PI: William Detmold) Currently working to prepare it for Aurora
(porting code, writing tests for earccess hardware and software, trying alternative
mathematical approaches to speed up the code, and ®aenjific goal:to simulate the
interactions of dark matter candidate particles and nuclei, leading to insights into dark matter and
fundamental particle physic&ccomplishments include (1) improvingthe normalizingof

flows for sampling lattice field theories with fermions suclbesur inthe Yukawa model;

(2) developng normalizing flows for sampling lattice field theoriestimeeandfour dimensions
(U(2) model infour dimensions was developed); velopng an aproach for simulatig
Hamiltonian Monte CarlgHMC) dynamics with linearized formalism of Koopman operator;
and (4)developingmemory optimizationgnd codingor special separated convolutions and
convolutions in 4DPublished three articles iRhysical RviewD, andone inthe proceedings of
the XXXIII International Workshop on High Energy Physics

Tyler Burch (Ph.D.,Physics, Northern Illinois UniversityHired: May 2020.Terminated:
January2021.Current job: Baseball analyst for the Boston Red S@gsearch areaATLAS,
simulation, deep learning.astprojects: Aurora ESP: ATLAS (Pl: Walter Hopkins).
Accomplishmentsincluded: (1) poring the MadGraph event generation framework processes
from CUDA to SYCL; and(2) develofng a neural network that takes a Bayesian posterior as
input to perform approximate uncertainty quantification in ATLAS physics analyses

Kevin A. Brown (Ph.D.,Mathematical an@omputerScience Tokyo Institute of Technology
Hired: October2019 WonA r g o nvargfibsssWalter Massey Fellashipin 2021.Transferred

to the Mathematics and Computer Sciend€g) Division in October 2021Current role:
Argonne Fellow andnpject Plof a 3year Laboratory Directed Research and Development
(LDRD) Program projecttitted | mpr ovi ng Data Movement Perf or me
Climate Science Workloads on Future SupercompatBesearch areaat ALCF : optimizing
network designs and communicatistrategies for exascale systeifisis work will guide the
configuration of Aurora and oth&lingshot machines at IEXacilities Accomplishments
network QoSsimulation workandothernetworkmodeldevelopment andupport work

including: (1) makingcontributionsto the CODES simulations toolkit; (2levelopng and
simulatng routing strategies that can improve packet latencies on large supercongnders;

(3) supporing the Threadwork LDRD projedty simulatinghumanassisted computer control
(HACC) network traffic using CODES. Talks and papers incluolesl publicatior(paper)in

2021 ISC High Performance Conferenoeepresentation at the ECP Annual Meeting, and one
workshop presentation #te lllinois Louis Stokes Alliance for Minority Pacipation (ILSAMP)
Annual Spring Symposium & Student Research Conference.
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Kyle Felker (Ph.D.,Physics,PrincetonUniversity).Hired: September 201®romoted: to
Assistant Computational ScienceAngonned €omputational Science Divisian July 2021
Current role: memberof ALCF6 €atalyst teamResearch areafusion, deep learning.
Project: Aurora ESRorojectiiFusion RNMN (PI: Bill Tang). Scientific goal: scaling-up studies
of fusion Tokamak reactors using deep learning to predict tqpaabfailures.
Accomplishments include:(1) multiple publications on plasma physics applications \wé&bp
learning; (2) collaborations with AMlendors including Groq for deterministitachine learning
for latencycritical control systems and(3) multiple publications on the applicatisof Al in
plasma physics control systems.

Sam Foreman(Ph.D.,Physics, University of lowaHired: August 2019Research area:

machine learning, data science, high energy physics, Lattice é&htific goal:to use neural

networks to overcome bottlenecks in Lattice QCD workfldwsjects: (1) continued

development on I12hmqcd, a Python library for building and training improved sampling

techniques for simulations in Lattice QCand @) primary developer of nftcd/fthme, a larger

collaborative efforgearedoward studying trainable field transformations for generating gauge
configurations in lattice gauge modefs&zcomplishments include (1) presenng four invited

talks: atBrookhaven NationdlaboratoryHigh Energy Theaor (BNL-HET) & RIKEN BNL

Research CentdRBRC)J oi nt Wor kshop ADWQ@250,; at Machine
Physics, on and off the Lattice at ECTrento; at thevlassachusetts Institute of Technology

(MIT) Lattice Group Semimaand at the Machine Learning Techniques in Lattice QCD

Workshop (2) contribuing to ThetaGPU MLPerf HPC submission for ALGB) writing and

presenbigmat er i al at ALCFO6s 2021 SDL Wor kshop, 202
Workshop, and Al for Science Tineng Seriesand @) presening a poster at the Deep Learning

for Simulation (SimDL) workshop ahternational Conference on Learning Representations

(ICLR) 2021.

Kevin Gasperich (Ph.D.,Chemistry University of Pittsburgh Hired: November 2019
Research areacomputational materials scien€aurrent projects: collaborates in porting and
improving QMCPACK to exascale through OpenMP offlodadcomplishmentsincluded:
development of QMCPACK mini app for OneAPI testing for Aurora

Geng Liu (Ph.D., Mechanical Engineering, City College of New Yordjred: October 2021.
Research areacomputational fluid dynamics, HPCurrent projects: Aurora ESP project
multiphysics_aesfPl: Amanda Randleg) the goal of this project is to advance the use of data
science to drive in situ visualization of extrerseale fluidstructureinteraction simulations.
Accomplishmentsincluded: successfully poihg lattice Boltzmann kernels from CUDA to

Kokkos, with SYCL backend, and texj on Aurora early access hardwanerking on

performance evaluation study comparing implementations in CUDA, Kokkos (CUDA and SYCL
backends), and Raja (CUDA backend)

Romit Maulik (PhD., Mechanical & Aerospace Engineering, Oklahoma State University).
Fellowship Award: Margaret Butler Postdoctoral Fellow (202921).Promoted: to Assistant
ComputationalScientistin the MCS Divisionin June2021.Also holds a joint appointmets a
Research Assistant Professor in the Department of Applied Mathemuatiiosois Institute of
TechnologyResearch areascientific machine learning algorithm development for various
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computational problems in aerospace, geophysical, and fusion applicAtonmplishments
included: (1) beingawarded an Impact Argonne Award fitackling several climate model
challenges and advancing the field of downscaled climate modeling and impact analysis
(2) havingnumerous publicationgncluding inPhysics of FluidendPhysica D and(3) being
awardel DOE and\ational Science FoundatioN$F funding to study mathematics of
surrogate modeling for nonlinear dynamical systems.

Nathan Nichols(Ph.D.,Material Seences Universityof Vermon). Hired: September 2021
Research areaQuantum Chemisy and @Wmputer Sciencdroject: Postdoc for the ATLAS
Aurora ESP progran&cientific goal:to adapt research codes to a variety of architectures,
including Aurora Accomplishmentsincluded: runningSYCL software for ATLAS Aurora
Early Science project aexperimental Intel hardware for testing and measurer{@nworking
on cevelopnent of SYCL port of MadGraph5 software packaged(3) engagng with an Al
research project with the local ATLAS group memberheHigh Energy Physic$EP)
division.

Andr ea Orton (Ph.D.,GeophysicsAtmosphericSciencesPurdue University Hired: October
2020.Terminated: November2021.Current role: appointed as &isiting

Professor/Continuing Lecturer in Purdueiversityp s Depart ment of Earth,
Planetary ScienceResearch areaclimate scale simulatiofProject: DD: Earth System

Modeling projectAccomplishments includel: assistng with pre-processing phasan(tial

model setup and scaling activitgn ThetaGPU and Cori for convective resolvéchate

simulationsover the North American continent

Pankaj Rajak (Ph.D.,ComputationaMaterialsScience, University of Southern Califorjia
Hired: October 2018Terminated: May 2021.Current role: Applied Scientist at Amazon.
Research area materials science, HPC, DL, reinforcement learning (RL9jects: (1) offline
RL to build an autonomous Al agent for material synthesis and defsagomic structure with
desired physical properties; and (2) Graph Neural Network Force Field development f
molecular simulation and RL for accelerated discovery of dielectric polymer.
Accomplishments numerouspublications including two innpj Comput. Mater.one inJ. Phys.
Chem. Lett.pne inPhys. Rev. Lettone inJ. Chem Inf Model.one inApplied Phy. Lett.,and
two in Bulletin of the American Physical Society.

Esteban Range(Ph.D.,ComputerScience Northwestern Universidy Hired: July 2018

Transferred: to the Computational Scienc€P9 Division in July 2021 Research area:

computational science, cosmologicabody simulations, HPQProjects: ESP/HACC, ECP

Application Integration, ECP/ExaSky, and Threadwéw&complishments include (1) being

themain developeroHACC6 s hal o merger tree conwuwsihggauct i on
new algorithm that employs the recently developEatetrackingd methodology (2) publishing

in ApJand inApJS (3) leadng work on a new parallel tessellatiwased density estimation code

that is now being used for work on weak and strong grortal lensing; and (4) workireaf

presenon HACCG6s i mpl ementation on exascale platf
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Siddhisanket (Sid)Raskar (Ph.D.,Computer Science, University of Delawandired: June

2021. Researchgoals to evaluate the efficacy of Adrchitectures for scientific machine learning
and the design of nexteneration Al architectures for scien@arrent projects: working with
dataflowbased Al architectures to explore their efficacies for scientific applications as a member
of AL CFScencdgaotpa

Umesh Unnikrishnan (Ph.D., aerospace engineering, Georgia Instatiieechnology).

Hired: November 2021Research areaHPC, performance engineering, software portability,
CFD, turbulence modelingCurrent projects: (1) working with ALCF performance engineers to
optimize the performance portability layer, OCCA, for Aurora. This work will enable codes like
libParanumal and NekRS to run efficiently on Aurora, benefitting multiple science;taaths

(2) working with the deveapers of libParanumal to leverage the existing library features and
develop new capabilities for applications that are of interest to science teams at Argonne
(e.g.,Energy SystemfES] Division) and beyondScientific goal:to develop a scientific
application targeting CFD applications of higheed compressible flows that is performant and
portable to Aurora and other upcoming exascale architectures.

Antonia Sierra Villarreal (Ph.D.,Astrophysics, University of PittsburptHired: August2018.
Transferred: to HEP Divisionin August2021 Research areadark matter halo modeling and
clustering analysis and cosmological parameter estimfiidhe Large Synoptic Survey
Telescope (LSSTark Energy Scienc€ollaboration (DESC); HPCCurrent projects: works
with the ALCF and HEP divisions to realize key deliverables for DESC in the form efeend
end simulation result&\ccomplishments include (1) working with the Vera C. Rubin
Observatory to generate statkthe-art synthetic observation&) develojng a crosdacility
workflow and demonstrated execution on two DOE supercomp(8rsaving one manuscript
in review and one in progresnd(4) winninga 2021 NERSC HPC Achievement Award

for filnnovative Ug of High-Performance&omputing for the image simulation campaign

Zhen Xie (Ph.D.,Computer Science and Technology, The Institute of Computing Technology of
the Chinese Academy of Sciences, Beijing, ChiHaed: August2021.Research areamixed
precsion optimization for nextjeneration Al accelerator systerftarrent projects:

(1) performance optimization on HPC and Al/DL applicatiqi2g;parallel computing on various
architecturesand @) heterogeneous computing and memory syst@gmplishments

include: publication submitted on throughpatiented and accuragwaredeep neural network
(DNN) training with bfloat16 on GPU; and evaluation of critical computer vision kernels on
GPU and A hardware.
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Section 5. Risk Management

(a) Doesthe Facility demonstrateeffectiverisk managementpractices?

ALCF Response

The overview of the risk management process that ALCF fol{andlaid out in Sectiorb.1)
clearly demonstrasthat ALCFsuccessfuy managd both itrojectrisksand operatioal risks
inCY2021As part of iskMamgedn®@ah (RYP)RI risks (proposed, open,
and retired) are tracked, along with their triggers and mitigations (proposed, in progress, and
completed), in a risk register managedisi manages. All risk ratings in this report are pest
mitigation ratngs.ALCF currently has37 open risks, with twdnigh operational risk

(1) FundingBudgetShortfalls which is managed by careful planning with the DOE program
office and the@mplementatiorof austerity measures as necessang (2)Staff Recruitment
Challenges, which is managed by ongoing recruiting attasténg of current staff as needed
The major risks tracked for the past year are listed in Segtihalongwith the details of thes
risks in Table 5.1Events stemming from thosisks and the mitigations fahem aredescribed
in greater detail in Sectidh3. Section 5.6 and TableBprovide details othe major risks that
will be tracked in CY2022

Of primary interest here is @escription of the most significant operational risks and the Risk
Management Pl ands e f-fo-dayoperations.t he Facil i tyds da

The Facility should provide:
A brief overview of the risk management process employed by the Facility, including
the cyde for identifying, mitigating, and retiring risks;
A brief summary of the key risks and their mitigations, including:
¢ The 35 most important operational risks for the review year;
¢ Any significant new operational risks since the previous review;
¢ The operaiponal risks that were retired during the review year;
¢ The major risks that will be tracked in the next year; and
¢ For the risk events that occurred, how the Risk Management Plan was
i mpl emented and an assessment of the mi

5.1 Risk Management Process Overview

ALCF uses documented risk management processes, first implemented 2006nand
outlined in itsRMP, for both operatioal and project risk managemeiihis RMPis a strategic
plan that is annually reviewed, angdatedas neded throughout the year, teflect changego
incorporate new risk management techniques as they are adamdett incorporatbest
practices from other facilities. Risk managemsrgart of ALCF sulture, andRMP processes
are part ohormal operations and all projects, such as the AB@koject launched in C2013.
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Risk management is an iterative process that includes identifyidgnalyzingrisks,
performingresponse planningndmonitoring and controlling risks as shown ig&ie5.1

> Risk
[ Planning 1
| BI-Sk : Qualitative
» |dentification » -
: Risk Analysis
| & Scoring
l h 4
| Risk Continuous
k Quantitative
— — Monitoring & Risk Management ! :
Reporting Communication Risk Analysis
A
Risk
Response =
Planning

Figure 5.1 lllustration of the Iterative Risk Management Process from
ALCFO6s Risk Management Pl an

The ALCF risk management process consists of the following steps, which are performed on a
continuous basis in all normal operations and iBICF projects:

Plan, implement, and revise the RMP.
Identify threats and opportunities to the cost, schedule, and technical objectives.

3. Analyze the impact of identified threats and opportunities to the cost, schedule, and
technical baselines; and develogk management strategies to manage the risks.

4. Monitor risks, mitigation plans, and management reserve and contingency until the risks
are retired or a project is closed.

The objective of this process is to identify potential threats and opportunigasiasas possible
so that the most critical risks can be assessed, the triggers effectively monitored, and the amount
of management reserve/contingency needed to moderate the risks determined.

Risksare tracked using a secure and shared dbased stoige system, and risk forms and the
risk register are formatted using Exdeisk owners continuously monitor the risks they own and
submit monthly reports on all risks through the ALCF online risk reporting form.
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5.1.1 Risk Review Board

The ALCFemploys aive-person Risk Review Boasith representatives from senior

management, the operations team, the science team, industry outreach, and the financial services
teamthatserve in an advisory capacity to AL@kanagemenfThe board meets needednd
offersrecommendations regarding steadgte risk management issues. The RMP is consulted at

all risk meetings. At each meeting, the board

Reviews proposed new risks and makes recommendations on adding a proposed risk to
the steadystate risk register.

Monitors open risks and, for each open risk, reviews any new information on the risk
provided by the rislkbwnerand/orthe steadystate risk manageesd:

¢ Determineswvhether the risk needs to be recharacterized.
¢ Considers whether the risk has been managedtsould be closed.

¢ Reviews the mitigatiostrategiegor the risk and considerghetherany of the
strategiesieed updatindpr any reason, including because of changes in the
technology landscape

¢ Works with the risk owner to modify the riskatement should any risk
information indicate a need for changes to risk mitigation strategies, risk triggers,
or risk scope.

Reviews and identifesany risks to retire
Reviews the risks encountered in the past 18 nsdattiscuss potential actions
Discus®srisks encountered at other facilities and ideggifiny that apply tALCF.

5.1.2 Risk Management in Day -to-Day Operations

ALCF currentlyhas37 openrisks inthe facility operations risk registemd uses the

postmitigated risk scoring to rankétrisks These risks include general facility risks (such as
funding uncertainties, staffing issues, and safety concerns) and specific risks (such as system
component failures, availability of resources, and cost of electrieity), as such, all risksear
distributed throughout the division and owned by group leads or man@getfse operations

side, subject matter experts estimate risk mitigation costs and use them to inform management.

In addition to formal and individual risk meetings and the Riskié¥e Board meetingsyherein
risk owners discuss whether a risk continues to exist and whether ownership of a risk can
changethe ALCFholdsmany informal risk discussions. Risks are identified and evaluaed
mitigation actionsaredevelopedfor all changeghat occurat theFacilityd from installing a new
piece of hardware to changing the scheduling policy to upgrading softvaarexample, new
risks are created anytime a resource goes from project to sttedeland also can be triggered
by an upoming decommissioning of a resourtfehe risksidentified are shorierm or minor,
they are not added to the registry. New significant risks identified during the activity planning
are added to the registry and reviewed at the next risk me&tiggchangesmadeto an existing
riskd whether recharacterizing it, changing the factors affecting it, or retiring it entieglyires
a meetingvhich can be proposed by any of the risk owners.
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Other tools beyond the risk register are used for managing rislkes+bo-day operations. An

example is the use of Work Planning and Controls (WPCs) and Job Hazard Questionnaires
(JHQs) to manage risks for activities where safety is a potential concern. WPCs are developed in
consultation with safety and subject matterexiga JHQs are used for all staff and all contractors
and coves all work. During planning meetings fanyactivities, staff members review the

planned actions and evaluate possible safety concerns. If a potential risk is identified, detailed
discussions with the safety experts are scheduled, and procedures for mitigating the risks are
developed and then documented in the WPC. The WPC is then used during the activity to direct
the work.

Beyond the operations of the maclinesk management issed in such diverse ways as
evaluating and managing INCITE and ALCC proposal risks (the risk of too few proposals, the
risk of a lack of diversity across science domains, the risk of too few capability proposals, etc.),
safety risks in staff offices, lemg risks, support risks (including the opportunity risk that
electricity costs could be lower than budgeted), etc.

5.1.3 Continuation of the ALCF -3 Project

Theproject toprocue and deploy ALCB s  supercomputer, known as ALCE, continued in

CY 2021 Risk Register managers continue to maintginagect risk register anacka set of
detailed risks. Risk mitigation costs on the project side are developed using a iypttost
analysis, then are input tbe commercial project risk analysis toola®le Primavera Risk
Analysis (OPRA)o set the contingency pool. These risks are not included in the risk numbers
covered in this documeand are not discussed further

5.2 Major Risks Tracked for the Review Year

The ALCFoperaedboth Mira and Theta durg CY 2021and plannedhe growth of boththe
staff andthe budget to bring the facility to full strength. As suél,CF continues to monitoa
large number of major risker the facility.No risks wereretired in CY2021

Four major operations risks veetracked for CY2021, two with a risk rating of High, one with a
risk rating of Moderate, and one with a risk rating of Ldlene of these were encountered and
all of them were managed. The four major operational risks are describedl@b.1. All risk
ratings shown are postitigation ratings. The risks are colooded as follows:

Red risksareModerate or High risks
Orange risksre Lowrisks
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Encountered | Rating |

5.3 Risks Encountered inthe Review Year and Their Mitigations

ALCF encounteredour risks inCY 2021. The risk owners argentified below, along withan
as s ess me nt probdbilityahdempacts,shikebdescription ofwvhat transpiredandhow
the risk wasultimatelymanage. One risk has a rating @&ow (shown first), while three have a
rating of Very Low (shown by code number)

5.3.1 Facility Power Interruptions

0031: Facility Power Interruptions

Risk Owner Mark Fahey
Probability Low

Impact Cost: Low; Technical Scope: Low
Risk Rating Low

ALCFO6s director of operation
Data Center management group. ALCF pays part
of the cost of an Argonne Data Center liaison.

Improve power system bus transfer by investigating
the practicality of modifications to the power system
to weather bus transfers without interruption.

Primary Management Strategies

Electrical failure; multiple events related to

Triggers power quality; scheduled power outages.
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Description
On Feluary 18, 2021 the first ofseveralComEd poweline sag (decreases in voltage)
occurred at 9:46 a.ncausng Theta PDUlto trip and all ThetaGPU nodés lose power.

Evaluation
ALCF staffwaited untilthe sagsendedbefore bringng up ThetaGPUwhich was around
2:00 p.m.

Management

ALCF staff recognize that the compute nodes continue to be susceptde/érs distribution
unit (PDU) tripping andaddeda secondininterruptible power supphJPS feed to the
networkingequipment in ThetaGPlo Decembe021

5.3.2 Interruptions to Facility that Provides Cooling

0030: Interruptions to Facility that Provides Cooling

Risk Owner Mark Fahey
Probability Very Low

Impact Cost: Very Low; Technical Scope: Low
Risk Rating Low

Increased redundancy. Site cooling piping is now interconnected to enable
chiller plants to provide backup to each other.

Primary Management Strategies | Implement emergency shutdown scripts to limit impact of increased heat on
hardware and to reduce heat generation. Initiate root cause analysis on
any failures or degradation and remediate accordingly.

Rising temperatures on equipment in the Data Center; planned
maintenance; monitoring notification of outages or rising temperatures.

Triggers

Description
At 7:00a.m. onMay 26,2021, abrokenpipeat Argonneresulted intheloss of chilled water to
theentirecampusArgonne plant operations notifiedl stakeholders via-mail.

Evaluation
Theoperationgeam shut down Theta aatl equipment irBuilding 221. Running jobs were
killed andan email notification was sent to users

Management

The pipewasrepairedaround 8:3G.m.and thechilled waterplantthat supplies ALCRvas

refilled by shorty after noonOnce cooling returned and stabilizéae team brought Theta back
up and releaseitito users around:80 p.m. This event exposeahinitial communication
breakdown about the outagehich is being addressed through reinforcement of edtalolis
processes.
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5.3.3 System Stability Issues

1078: System Stability Issues

Risk Owner Ryan Milner
Probability Very Low

Impact Cost: Very Low; Technical Scope: Low
Risk Rating Low

Conduct regression testing to monitor system health.
Monitor and analyze system failure data.

Activate swat team including vendor and ALCF Operations staff to do root
cause analysis and develop workaround/resolve problem.

Primary Management Strategies

Triggers User complaints; system failure rate increasing.

Event 1:

Description

On February 18, 2021, an upstream circuit breaker trippatthg power to ThetaGPUEven
aftersystempower was rstored severabf thenodes were unresponsigae toa firmware issue
triggered by the powarycling.

Evaluation
ALCF staffwaited untilthe sagsendedbefore attempting to bring up ThetaGRAhich was
around 200 p.m.

Management
NVIDIA support was engaged regarding the fauthich identifiedssues withthe GPU
firmware. Thechassidirmwarewasupgradedshortly after this power event

Event 2:

Description

On July 28 2021 ,around 100 p.m., Thetaentereda severely degraded state due to a casoad
compute rack power rectifier failes. These failed rddiers are an older model widoknown
issue.

Evaluation
ALCF staff locatecenough spares on site to replace the failures

Management
The hardware replacement waexformedquickly. While jobs running at the time of failure were
impacted by thoutage, the machine was powered on and returned to users the same day.
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5.3.4 Rack Coolant Monitor Fails to Function

1068: Rack coolant monitor fails to function

Risk Owner Mark Fahey
Probability Very Low

Impact Cost: Very Low; Technical Scope: Very Low
Risk Rating Very Low

Consider increasing coolant flow. Contact other users for lessons learned.

Root cause analysis. Activate swat team including vendor TCS
management, FMS, and ALCF Operations to debug problem, develop
workaround, and/or resolve problem.

Primary Management Strategies

Temperatures rising in compute nodes; monitoring notifications indicate

Triggers problems with water flow.

Description
On October 26, one cabinet of Thetaut offfollowing a solenoid failureJobs running on the
machine were lost and scheduling was temporarily halted.

Evaluation
The cabinetemainedswitched off formore thara weekawaitingrepairs.The rest of Theta was
brought back online and continued to ggem the interim.

Management

Hewlett PackardEnterprise(HPE) engineeringstaff replacel the failed solenoiénd boughtthe
cabinet back onlindBecausehis was the first surcfailure on the XC40after analysisno
additional action wasecessary.

5.4 Retired Risks
No risks wereaetiredin CY 2021

5.5 New and Recharacterized Risks s ince the Last OAR
There are no new risks and no recharacterized risks to report since (DARast

5.6 Top Operating Risks Monitored Closely for the Next Ye ar

Table 51 lists the current top operating risks being closely monitored foR@2 along with
the current risk rating and magement strategies for each ri3kese are the risks that
experience has shown are most likely to be encountered in arlyyésca
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Table 5.1 Top Operating Risks Monitored for CY 2022

ID Title Rating Management Strategies ‘

Develop austerity measures. Work closely with DOE sponsors to
manage expectations and scope. Plan carefully, in conjunction
1059 | Funding/Budget Shortfalls High with program office, for handling Continuing Resolution, leasing
costs, and hires. Forward-pay lease to reduce overall
leasing costs.

Evaluate possible additional recruiting avenues. Prioritize staffing
High needs. Adjust work planning. Retrain staff to meet ALCF needs.
Re-task staff as needed.

Staff Recruitment

es Challenges

Make salaries as competitive as feasible. Identify promotion
1049 Staff Retention Moderate opportunities. Develop flexible work schedules. Implement
flexibility in work assignments.

Promote safety culture at all levels of the division. Follow Argonne
Integrated Safety Management Plan. Monitor work areas for
potential safety concerns. Enforce use of personal
protective equipment.

Injury to Workers/Overall

LS, Safety of the Division

Low

Conclusion

ALCF uses a proven risk management strategy that is documented in its RMplaimiss

regularly reviewed and updated to reflect the dynamic nature of risk managasnestl ado

documennew lessons leaed and best practices captured from other facilities. Risk

management is a partbfh e A tuluFedusd applies equally to all staff, from senior

management to summer studentdoAnal risk assessment is performed for every major activity

within ALCF, with informal assessments used for smaller activities. Risksnonitored and

tracked using a secure and shared cloaskd storage system, along with risk forms and a risk

register that are both formatted using Ex8alyondthese activitiesmany toolsare used to

manage risks ALCF, particularly in the area of safe®yLCF6 s ef f ect i ve ri sk ma
has contributed to the successful management of all significant risks encounf2d in
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Section 6. Environment, Safety, and Health

(a) Does the Facility exhibit a culture of continual improvementknvironment, Safety, and
Health (ES&H) practices to benefit staff, users, the public, and the environment?

(b) Has the Facility implemented appropriatenvironment, Safety, and Healtmeasures?

ALCF Response

ALCF is a leader in health and safety at Argenfhe facility itself has never experienced a-lost
time incident. In 2021, ALCF experienced zero recordable injuries, zero first aid incidents, and a
singlecontractor neamiss evenbccurring August 10, 2021, durinige delivery andnstallation

of Polaris

All major ALCF installations follow the work planning and control (WPC) manual, whéip
ensurehatwork is performed according to Integrated Safety Management (ISM) guiding
principlesand various approachét®m DOEHDBK-1211-2014:Activity-Level Work Planning

and Control Implementatigmvhich contain the Site Office safety metriéd CF usesthe

Argonne AWARE software applicatidor work planning and controln addition,ALCF uses
laboratoryemployedsubjectmatterexperts (SME) to analye hazardsvhen neded,andalso

usescontrol measures taoelpensure that work is performed while mitigating risks to the safety,
environment, mission, security, and health of the users, public, and wdnk2@21, # ALCF

work controldocuments (WCB) were reviewed by the work planners and updasdvaghe

WPC manualper the 3emonth review cycleALCF uses alob Safety Analysis (JSA) to plan for

work performed by contractors, as required by
laboratorywide procedur€ontractor SafetyAll JSAs, including those used in 2021, are
retained in the Laborat.oryés official <c¢cloud r

The contractorneani ss i nci dent occurred in ALCFO6s dat a
following the incdent, ALCF paused work and held a safety meeting. An account of the near
miss incident is as follows: One ofdvsubcontractorasng a4 ft. x 8 ft. aluminum sheeas

floor tile protecton during rack installations inadvertently stepped firech x 11inchreardoor

heat exchanger (RDH>utout openingn the floor. TheseRDHX cutouts had beedentified as
hazards in the pg@b briefing pointed out in the walkthrougland were tagged byafety marker
plugs The subcontractonsere usindloor tile pullers tomovethe aluminum sheeting

horizontally betweetocatiors. Due to the orientation of the sheeting, a view of the floor was
momentarily obstructed for one of the workers, who then stepped into a. dutewvorker was
uninjured. The safety pause was enforceohd a corrective action plan was developed that
included implementing safety marker plugs for future cut tiles when the tiles cannot be replaced
with whole tiles.

As part of ALCKEs commitment to safety and continuous improvetna lessotearned

documenwas devel oped with the assistance of the
The lessordearneddocumenincluded a causal analystsathelped develop the action plan and
follow-up, all of which drives the ISM proceasd will be used to improve future projects. A
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guad chart was developed and shared with the lab to share best practices and prevent accidents
through a process of continuous organizatidgarning.

ALCF performs formal management assessments, such 282h&/orking Alone Assessment,

to seek continuous improvement within the divisiBased on the findings from the Working
Alone Assessment, changes to the division WPC manual were made to include a documented
process for notifications of working alone/biburs and an escalation procedure for a
nonresponse by a worker or supervisddditionally, brannual health and safety inspections
conducted in 2021 with COVID controls by tAe. C FOvision Director and Bvironment,

Safety, and Health (B$) Coordinabr continue to function as a great tooldioserve work, seek
worker feedback, and identify areas for improvement

Worker feedback is also captured at all ALCF operations (Ops) meetings.-iWeeldy Ops
meeting begins with a safety discussion and satetye. All feedback is used to improve
operationsfor exampleways to improve communication in the data center. ALCF Ops
implementedheuse of hearing protection with integrated hafrde tweway communication
based on worker feedback. The Data Cergaility Manager also attends these meetings to help
plan and communicate any upcoming work or projects.

ALCF supports a strong safety cult@eArgonne and impments appropriatESHmeasures by
encouraging and using pause wprktocolsto helpensue thatall nornrnormal events, no matter
the impact, are reviewed and integrated into the ISM process. ALCF shares best practices
through lessonkarned, seekieedbackand utilizsassistancef lab SMEs to benefit staff,
users, the public, and the environmen
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Section 7. Security

(a) Does the Facility exhibit a culture of continual improvement in cylsercurity practices?
(b) Does the Facility have a valid cyber security plan and Authority to Opétate

(c) Does the Facility have effective processes for compliance with applicable national security
policies related to Export Controls and foreignsitor access?

ALCF Response
ALCF works to continually improve its cyber security practices by developing and maintaining

relationships between facility personnel and
ALCF and the Argonne Cyber Security Prog m Of fi ce ( CSPO). ALCF©Os

in the commitment to improving relationships with sister laboratories, auditing new software
depl oyed to ALCFO6s environment, staying up
foresight of future faility needs as they relate to security controls. This posture has led to the
ALCF having zero security incidents this year and allows ALCF to keep making forward
progress in reducing risk in its environment. The ALCF has a valid Authority to Operate (ATO)
and an effective process for compliance with export controls and foreign visitor.access

7.1 Continual Improvement in Cyber Security Practices

ALCF continuously works to maintain a strong cyber security posture and is vigilant in its efforts

to stay infomed about active and evolving threats, vulnerabilities, and potential exploitation.

t

ALCFO6s security team partners with the OLCF,

risks of security incidents unique to HPC facilities. Working together gitibties can quickly
identify, coordinate, and verify mitigations for new vulnerabilities on HPC systems.

ALCF is also vigilant in making certain that the software used in its environment is audited and

tested for securityALCF hasworkedwiththe Exasa | e Computi ng Proj ect 6s

Integration team to help perform security audits and analysis on their Gitlab Runner Custom
Executor that is being deployed at ALCF. By having the security team involved early on in
assessing the design and implementatikdrCF can help ensure that the development team is
aware of the security requirements at the site and that there are no surprises when it is time to
transition to a production service.

Additionally, ALCFOGs s e c uddternpningshe meéds ofth® o k s
facility. The security team works twreak dowrpotential procedural barriers to enable greund
breaking science and improved workflows at the facility. In 2021, it was identified that the

A

e’

0]

ow

facility might wa n entidaton flamewerk far yyakflows. AUCE s 6 s aut h

security staff worked witlhh r g 0 n n e dogevi€\she @amework and agreed that the
backendGlobus infrastructure met requirements and that any future implementation using
Gl obusdés aut hent i cerevieved and approved wyoQSRO ancALCH b
security.Having this established relationship and common understandirgjlow significantly
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faster approvals of workflows as they are determined to be production ready, and when ALCF
wants to explore making theavailable to users

In CY 2021, there wereero cyber security incidentson ALGRanaged systems. ALC(
security personnafke aproactiveapproach to problemanagenent.Examples of proactive
measures taken likie security personnel includsfforts ta

1. Conduct privileged access reviews across the environment to help ensure that everyone
has the appropriate level of access.

2. Conduct reviews of how and where datastored to help ensure that dateaccessible
only to those with proper authorization.

3. Educate users and staff about how to prevent password exposure.

4. Educate developers on secure coding best practices via internal discussions/reviews and
external training courses.

5. Integrate security audliig into developer workflows to identify security issues early in
the development life cycle.

6. Work to keep the National Institute of Standards and Technology (NIST) Certification
package up to date, including NIST 888, 80034, 80030, and 80€L.8 compliance
documents.

7. Archive and delete obsolete data.
8. Set password rotation policies for ALCF systems and verify compliance.
9. Monitor new vulnerabilities to ALCF systems.

10. Conduct penetration testing of both interraald externafacing web applicationsnal
recommend security improvements.

Additionally, ALCF takes a layered approach to secuntgreas thatfallwithn t he | abor at
CSPOmanagedyber security domairnrhe laboratory makes the following security features
available to ALCF:

1. Crosslabaatorydata sharing that CSPO integrates into automatic blocking scripts to
keep systems secure 24/7/365

2. Log ingestion capabilities that allow CSPO to block IP addresses or bad actors in near
real time. ThigrovidesALCF additionalprotecton from attacls on Argonne networks
as theyare beingletected.

3. CSPO provide€loudflare, a powerfulvebapplicationfirewall (WAF). This WAF
protectsour publicly available siteom known attacks and ensures encryption
requirements are met.

4. CSPO provides a Tenaldecurity center Tenable.sginstance that we can tie our Nessus
scanners into and allows us to leverage C@&RQblic and internal scanners. This
providesa holistic view of network vulnerabilities in our environment.

5. A laboratorymanagdnetwork bordefirewall protects ALCFapplications from the
publicInternet and other networks withimgonne
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6. CSPO helps to manage publicly visible vulnerabilities by automatically alerting ALCF
when new vulnerabilities are detedand provigsguidanceor patchng the system or
removng public conduits

7. CSPOnhelpswith cyber security policy by managing the Cyber Security Program Plan
and allovs ALCF to make documentealternative security implementationssoit
ALCFO Bmeeds

Some ofALCF proactive neasuresevealed security vulnerabilities that were promptly

addressed and fixed, usually within days of their discovery. Immediately upon detection, ALCF
staff also investigatkall relevant logs to determine whether the security vulnerability had been
exploited. In CY 202, none of the issues that were investigated were found to have been
exploited. Examples of the security issues that were detected, and their ensuing mitigations, are
as follows:

1. Issue:The CSPO identified new security issues with pufding ALCF services.
Mitigation: ALCEF staff reviewed the CSPO information and worked to address the
issues in a timely manner.

2. Issue:Passwords in some applications were found to be stored insecurely.
Mitigation: Evaluation of the application data integrity showed no unauthorized access.
Passwords were rotated as a precaution against potential exploit.

ALCF will continue toproactively investigate security issues and to monitor and respond to all
vulnerabilities. Plans for improving the security of ALCF resources include the following:

1. Retiring obsolete services and data.

2. Verifying that strong encryption is used everywheréie environment and that plain
text protocols are not used for productgystens.

3. Improving realtime log analysis techniques.

CSPO conducts an annual internal audit called a Division Site Assist Visit (DSAV) to assess
divisional compliance with NISBO0-53 controls. Each DSAV covers roughly ethérd of the
control s. Il n 2021, CSPO6s DSAV with ALCF resu
NIST controls.CSPO also identified opportunities for improvement in 11 areas that ALCF is

working to asses3.hese opportunities for improvement include the following

1. Integrating ALCF accounts with Argonne Domain accounts to better allow Argonne to
enforce domain account policies around account deactivation.

2. Making improvements in netwodegmentatiomn ALCF internal networks.

3. Leveraging logging for operational and security analysis instead of desmjtieim as
primarily for archiving purposes.

4. Improving user approval workflows with security in mind.

CSPO has committed to continuing the DSAV process in.28R2F will continue to work
with CSPO to verify that all Argonne security standards and practices are met.
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7.2 Cyber Security Plan

Ar g o n nthoditg To Bperate (ATO)ncludes the ALCF as a major application and was
granted on JanuaB2, 2018. It is vadl as long a®\rgonne maintains robust, continuous
monitoring ofits Cyber Security Program as detailed in the ATO letter, which is included at the
end of this section.

7.3 Foreign Visitor Access and Export Controls

ALCF follows all DOE security policies ad guidelines related to export controls and foreign
visitor access.

Argonne is a controlledccess facility, and anyone entering the site or acceasgumnne

resources remotely must be authorized. ALCF follows Argonne procedures for collecting
information about foreign nationals who require site access or remote (only) computer access.
All foreign nationals are required to have an active and approved5%SLb have an active

ALCF account. Users can access ALCF resources only with an active ALCF account.

To apply for an ALCF account, the user fills out a secure webform in the ALCF Account and
Project Management system (UBBjoviding details such as legal name, a valichail address,
work address, phone number, and country of citizenship. They also identify the ALCF project
with which they are associated. In addition, all foreign nationals-(h8ncitizens) are required

to fill out their personal, employer, demographic, and immigrdtidsy Citizenship and

Immigration Service¢ USCI1 S) i nformation in Argonneds Vi s
integrated with UB3. After the user submits their account application requesmainie sent to

the userdés project PI for their approval. Onc
from the project PI, 1 f the user is a foreign

to an ANL-593 form and submitted to the Forelgisits and Assignment$-V&A) office for
review.The FV&A Office is responsible for overseeing compliance within the laboratory and
ensuring compliance with the DOE.

The ANL-593 form records the type of work the user will be performing, including the

sendivity of the data used and generated. The AB83 must be approved by Argonne Cyber

Security, FV&A, the Argonne Office of Counterintelligence, and the Argonne Export Control

Of fice. Argonneodos foreign visitorEFRoeigh assi gnm
Access Central Tracking System (FACTS), which documents and tracks access control records

of international visits, assignments, and employment at DOE facilities and contractor sites. Once

the ANL-593 form for the user is approved, UB3 isautomatil | y updated with th
ANL-593 start and end dates. The ALCF Accounts team then creates the user account and

notifies the user. Any changes to the AN®3 dates are automatically updated in UB3.

Accounts are suspended if the user does not haveiae AbIL-593.

ALCF allows only a limited subset of export control datatesystems. ALCF works closely

with Argonnebés Export Control Of fice to compl
control classifications are allowed and what security nreasents are required for each instance

of exportcontrolled data. If, at any timé)e ALCF wantsto allow new classifications of export
control data on its systems, a new security p
Export Control Office and Ayonne Cyber Security.
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Department of Energy
Argonne Site Office
9800 South Cass Avenue
Argonne, lllinois 60439

JAN 2 2 2018

Dr. Paul K. Kearns

Director, Argonne National Laboratory
9700 South Cass Avenue

Argonne, lllinois 60439

Dear Dr. Kearns:

SUBJECT: AUTHORITY TO OPERATE FOR THE ARGONNE NATIONAL LABORATORY
INFORMATION TECHNOLOGY INFRASTRUCTURE

Reference: Letter, J. Livengood to P. Littlewood, dated November 21, 2016, Subject: Authority
to Operate for the Argonne National Laboratory Information Technology
Infrastructure

Over the past year, the Laboratory has conducted regular continuous monitoring briefings and
has kept me informed of changes in cyber security risk in accordance with the Risk
Management Framework. The Laboratory has revised system security documentation to
incorporate NIST SP800-53 Revision 4 security controls and has been testing at least 60
security controls annually on a rotating basis as part of the self-assessment program. This has
demonstrated that the Laboratory's IT Infrastructure is operating at an acceptable level of risk
and | am therefore, as the Authorizing Official, renewing the Authority to Operate (ATO) for the
General Computing - Low enclave and the General Computing - Moderate enclave. The IT
Infrastructure continues to contain the following sub-component major applications, which have
components in both enclaves:

Accelerator Control Systems (APS and ATLAS)
Argonne Leadership Computing Facility
Business Systems

Sensitive Information

Cyber Federated Model (CFM)

This ATO will remain in effect as long as the Laboratory carries out continuous monitoring under
the Risk Management Framework and there are no significant changes to Argonne's IT
Infrastructure. The Laboratory should retain a copy of this letter with the security authorization

package.

A component of the Office of Science
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Dr. Paul K. Kearns 2 JAN 2 2 2018

If | can be of any assistance, please contact me or have your staff contact Francis Healy at
(630) 252-2827 or e-mail frank.healy@science. doe.gov.

Sincerely, -~

O

Joanna M. Livengood
Manager

cc: S. Hannay, ANL-BIS
M. Skwarek, ANL-BIS
M. Kwiatkowski, ANL-BIS
B. Helland, SC-21
N. Masincupp, SC-OR
F. Healy, SC-CH
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Section 8. Mission Impact, Strategic Planning, and
Strategic Engagements

(a) Are the methods and processes for monitoring scientific accomplishments eff@ctive

(b) Is the Facility collaborating with technology vendors and /or advancing research that will
impact next generation [high performance computing platforms]/[high perfante
networking]?

(c) Has the Facility demonstrated effective engagements with critical stakeholders (such as
the SC Science Programs, DOE Programs, DOE National Laboratories, SC User Facilities,
and/or other critical U.S. Government stakeholders (ifdigable)) to both enable mission
priorities and gain insight into future user requirements?

ALCF Response

The science accomplishments of | NCITE, ALCC,
impact in supporting scientific breakthroughs. ALSRff members have worked effectively

with individual project teams to adapt their simulation codes to run efficiently in an HPC
environment and have enabled scientific achievements that would not have been possible
otherwise.

In this section, ALCF repast

Scientifichighlights andaccomplishments
Research activities / vendor engagements for future operadiots
Stakeholder engagement.

8.1 Scien ce Highlights and Accomplishments

ALCF employs various methods and processes for monitoring its sciencepdistonents.

Monthly scientific hghlights mostly originate fronthe catalyst teanand arebased on an

outcome documented in a quarterly repdhe determination and coordination of scientific

highlightsis managethy ALCF6s applications team, made up
team and the performance engineeringteamjand consul tati on with ALCEF(
science Othersourceof sceentific highlightsincludetechnical communicatiortsetween

ALCF staff members and projectPl or caPlI; significant findings reported in a higimpact

publication or conference presentation; amdd al yst 6s own involvement

ALCF annualy tracks and reports the numberpeferreviewedpublicationsresulting (in whole

or in part) fromuse ofthnda ci | i t yds r es our c ¢takes plagdorraperiddef L CF s ,
fveyears f ol l owi ng fadilig. Tiissnonmber smayilade pldicatiomsfn t h e

press or acceptdult doesnotinclude papersubmitted or in preparation. This is a reported

number, not a metric. In addition, tfeility may report other publications wheappropriate.

Methods used for gathering publicationda i ncl ude asking users to v
online publications databaand conducting Google Scholar and Crossref sear8h€¥: also
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collects approximatelyore hi rd of its wusersdéd ORCID i Ds in a
investigating ways to ugtis method tadentify more user publication data.

Table 8.1 shows the breakdown of refereed publications based, in whole or in part, on the use of
ALCF resources, and highlights those appearing in major journals and proceétesss.
includeone publcationin Nature, onein NatureAstronomyfour in NaturePhysics six in
Nature Communication®nein Nature Machine Intelligenc@nein Scientific Reportsandone
in Scientific Datalcombined in thé&Naturejournals category in the tablelbw); two in Science
Advancesand one irScience Direcflisted under th&ciencgournals category in the table
below); threein theProceedings of the National Academy of Sciences (P8a%nn Physical
ReviewLetters andonein the proceedings of tH#020International Conference for High
Performance Computing, Networking, Storagied Analysis (SC)able 8.2 shows updated
publication counts from prior years and are based on new infornratieivedafter theprior
year 6s OAR deadline.

In addition to publicationsALCF projectsearned multiple awards in 202ncludingHPCwire

awardsThe HPCwireReader s 6 Choi ce Awa rPtysitalcScienBasast Use o
given to ALCFstaff member Eliu Huerta andh& Argonne researchefsr developng the first

class of Al models that outperform humanslassifyingthousands of compact star clusters

observed by the Hubble Space Telescdpe HPCwireReader sé Choi ce Awar d f
HPC in Industrywas given to Argonne in recognition of its collaboration with Aramco Americas

and Convergent Scienéer helping evaluate cold operations for propulsion systems.
Researchers used Ali@delbeuncartaietiesat coldbcondinbabetter a
understandvhere pollutants originate.

Table81 Summary of UBReviewed PuBleaionsin CY 2021

Physical Review Total 2021

Nature Journals Science ‘ PNAS Letters Publications

15 3 3 7 1 249

Table 8.2 Summary of Us e r s 6-ReRiened Publications for 5-year Moving Window

CY 2017 CY 2018 CY 2019 CY 2020 CY 2021

Total Publications 225 276 288 257 249

Scien ce Highlights

Scientific highlights are short narratives th
advancing DOE strategic goalighlights may describe a research accomplishment or

significant finding from either a current project or from a project origiigaith a previous year,

as data analysis may occur several months after the computational campaign has been completed.

Each project highlight includes a figure and a bar graph showing time allocated and time used
the first number in the graph title is thkocation total and the secofid parentheseshows
what the projecactuallyused. The individual bars represent the percentage of time used on the
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ion of t he machine shown bel ow t he

act
gabiclaiptyo from |l eft to right
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ot e

8.1.1 High -Fidelity Gyrokinetic Simulation of Tokamak and ITER Edge
Physics

The Science

ITER is the worlds largest magnetic T
fusionexperimentcurrentlyunder »
construction in Francdo prove the | AML= A Eb19) [141.08[1025B gy o (8/p; o) 1]
feasibility of fusion as a virtually I ] rF
inexhaustible source of carbéree energy i
for generating electricitysuccessful
operation musavoid damage to the
material surface of the divertor pgatfrom I
deposition of exhaust plasma heat loads e swa ol
that are excessively narrow in widi * e i o T LU
simple extrapolation from present v e e A ST
experimental results to ITER predicts a Booimtp (/P o))
dangerously narrow hetdad widthwhen , . . :

Figure 8.1 A supervised machine-learning program

ITERIs p_rOdUOng 10times mpre €Nergy | finds the hidden kinetic parameter a/r, pol and a simple
thanwasinput. BecausdTER is much - Eich " .
| predictive formula for Iq/ Iq where Iq is the divertor

larger in size and far stronger in magnetic . ; . . .

. . . heat-load width normalized using the Eich regression
field strength, its hedbad width may not | formula. Three more ITER simulations (black symbols)
be subject to the same physicsras have been performed to verify the validity of the new

; ; ML-found formula (black dots). The 10MA case was
present_toke_lmal,(yleldlng Ia.rge obtained on Theta utilizing 4,352 nodes.
uncertainty irnthe extrapolatiomesults
The team pursuedfast-principles-based | !Mmage courtesy o€.-S. Chang
prediction for the hedbad widthto
reduce this dangerous uncertainty

ITER 12.5MA

’
ITER 10MA ,*
. @ ITER new

;’ ® ITERISMA

;‘_q / quich(M)

Theta INCITE 2020

The Impact 1.5M (1.7M)
If the simple extrapolation from present tokamak

experiments to fulpower ITER were correct, no

known material could withstand the extreme heat

loaddensity an ordefof-magnitude higher than -

what occurn the surface of vehicles returg 0% <=x <20% 20% $=x <60%  60% <=x <= 100%

from spaceExtraordinary methodwould be

neededo reduce the hedbad density before the exhaust plassoaldreach the divertor plates,
limiting ITER science iad increasg operation cosfThus, atablishing an accurate predictive
formula for the exhaust helttad width of future tokamak fusion reactors esableoperaing
ITER in a more comfortable and ceaftective way toward the goal pfoducing0.5GW of
fusion power from 50 MW of input power. A more accurate formula canealgblemore
reliablereactordesigrs, whichare limitedby theexhaust heabad width on the divertor plates.
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Summary

The team used the extreraeale modeling code XGC to solve kinetic equations for the tokamak
edge by modeling plasma with a large number of particles. Predictions from XGC for the
divertor heaload width on present tokamaks agreed with experimental dtitan whe

experimental error bar, yielding narrower divertor Heatls than what are hoped for. A simple
extrapolation to fulpower ITER would thus give a pessimistically narrow divertor-hessat

width. Howeverapplyingthe same XGC code to the fgbwer ITERproduced a divertor heat

load widthmore than six times widehan the formulas developed frahe simple extrapolation.
These results suggested the existence of hidden parameters not realized in previous exercises
usingonly observable fluid quaities as inputTo find then, the team used a supervised

machine learningML ) program to anchor or direct the extrapolation from the existing tokamak
data to future ITER data obtained from the Higlelity kinetic XGC simulation. TheML

program identified a kinetic quantity as the hidden parameter and produced an analytic formula
as a simple modification of the existing formula. The new predictive formula has been
successfully verified by simulating three more ITER plasmas on Theta: 5SMA, 1@\iA

12.5MA casesThe new 10MA data poirgnabled the team to veritige predictive formia

line6 s ¢ o r raidng thexcerdidence levdor it significanty andpossibly affecting the ITER
operation scenario in an important way

ALCF Contribution: ALCF staff assisteth plamingjob submissions and improdgb
throughput on Theta. Stadfso helpedn setting up a reservation for a crucial run on the full
Theta machine.

Contact

ChoongSeock Chang
Princeton Plasma Physics Laboratory

cschang@pppl.gov

Publication

C. S. Chang, S. Ku, R. Hager, R. M. ChurcBilHughes, F. Kéchl, ALoarte, V.Parail, and
R.A.PittsiConstructing a new predicti veloaslwdh i ng
informed by a simulatiolanchored machine learning?hys. Plasma(2021) doi:
10.1063/5.0027637

Highlight Categories
Performer/Facility: ASCRALCF

Date Submitted to ASCR June 2021
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8.1.2 Optimized Structure and Electronic Band Gap of Monolayer GeSe
from Quantum Monte Carlo Methods

The Science

Two-dimensional 2D) semiconductor
nanomaterials are good candidates for use
electronic and optical sensors given their
unique poperties and tunability via altering
their structurs, such avy pulling, pushing,
or twisting their geometries. Quantum
Monte Carlo (QMC) methods were used tg
find the structure and electronic band gap
2D germanium selenidéseSe,

determining thatite gap and its nature are

indeed highly tunable by strain. The Figure 8.2 Optimized geometry of GeSe monolayer
. . using the newly developed structural optimization
geom_etry of the material was undetermmedalgorithm within Quantum Monte Carlo (colored
experimentally antheyond theeach of structure) compared to the initial Density Functional
standard/common theoretical methods. Theory-optimized structure (clear structure).

Using. a newly deVeJOPGd cor_nputational Imagecourtesy of Janet Knowledpseph A. Insley
technique, the detailed atomic stuwret was | Silvio Rizzi, and Victor MateevitsiArgonne National

determined, from which accurate optical | Laboratory
properties of the 2beSenanomaterial
were obtained

Theta INCITE 2020
The Impact 1.5M (1.9M)

GeSe is considered a promising materiakioch
devicesas solar cells and photodetectors that ar
used to detect the presence of light. Highly

accurate QMC methods were used to obtain the -

full geometry of a complex 2D nanomaterial for |~~~ - o i e e o0

the first time. The newly developed QMiased S8.9% L 0.0%

algorithm can accurately deteine the structure of a material without calculating the atomic
forces. The high tunability with strain of the band gaps indicates potential optical applications in
this class of materials. This work also clearly demonstrated the need for highly accurate

structural and electronic structure methods to reliably assess the properties of these foaterials
future applications

Summary

The team used newly developedomputational technique to predict the detailed atomic
structure and optical properties of e GeSenanomaterial. In the bulkhis material forms a
3D structure with layers bonded by vder Waals interactions. Different density functional
theory (DFT) results have yielded significantly different geometries and band gapeairhe
usedhighly acurate mambody diffusion Monte Carlo (DMC) methodafter firstverifying that
DMC yieldedthe correct experimental structure and electronic properties for bulk ®eSe
optimize the GeSe structure and calculate the charged quasiparticle and neutnaicey@aps.
Thet eam t hen f ound strocaure GsnGanewnevelapedaoptimizaiios

ALCF CY 20210perational Assessment Report 8-5



method within DMC(Figure 8.2) which offers anuch lower computational coghdapplication
to heavier elements

All of the atomic positions and latticenstants are fully relaxed, marking the first full structural
relaxation of a periodic nanostructure w@MC techniquesFurther, he DMC electronic
properties vary strongly with strain: not only does the magnitude of the band gap change with
strain, buta transition from direct to indirect gap can be induced with strain.résustshows

that the optical absorption properties of monolayer GeSe are highly tunablewabkeataed
primarily for the equation of state for bulk GeSe, bandgap calculations, and geometry
optimization of the monolayer (~100 calculatians)

ALCF Contribution: ALCF staff and postdocs have made significaonitributions to
QMCPACK code since the Mira Earli®@nce Project and continue to dovath an eye toward
exascale resources. The ALC&talyst worked closely witthe projectteam and scheduling
committee to coordinate job submissanroughoutheyear and made good use of tiverburn
policy. An ALCKfunded postdoc also contributed to the work v@gnfiguration Interaction
using a Perturbative Selection done Iterati(€iPSI) calculations.

Contact

Olle Heinonen
Argonne National Laboratory
heinonen@anl.gov

ASCR Allocation PI: Paul R. C. Kent, Oak Ridge National Laboratory

Publication

H. Shin, J. T. Krogel , K. Gasperich, P. R.
structure and electronic band gap of monolayer GeSe from quantum Monte Carlo Methods
Phys. Rewaterials5, 024002 (2021)oi: https://doi.org/10.1103/PhysRevMaterials.5.024002

Highlight Categories
Performer/Facility: ASCRALCF

Date Submitted to ASCR June 1, 2021
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8.1.3 Expanding the Scale of Urban Building Energy Modeling

The Science

The energyonsumption of buildings can be
modeled and simulated to gain insights into

possible energy efficiencies that would helpg =

to reduce carbon emissions. However, the
scale of the problem is vast. The simulation
of a typical urban areavolves 10,000s of
buildings and each building model involves
approximately 3,000 parameters. Research
have harnessed supercompgipowerusing
their software suite, Automatic Building
Energy Modeling (AutoBEM), to rapidly

%@ure 8.3 A digital twin of Chattanooga, Tennessee,
processed with the AutoBEM software. All
178,337 buildings and simulation results can be
searched, selected, and visualized using flexible

o regular expressions at bit.ly/virtual_epb.
create building energy modehnd study

them in unprecedented detgitoviding
utilities and industry with the information
they need to improve energy efficiency

Imagecourtesy of Joshua New.

Theta ALCC 2020-2021
300.0K (709.5K)

20% <= x < 60%
17.1%

The Impact

In the United States, residential and commercial
buildings account for 4percentof energy
consumption, 7®ercentof electrical
consumption, and 38ercentof emissions. In
2019 alone, the energy bill for the 125 million
buildings in the Wited Stateswas $41illion. As
the threat of climate change looms, th&.UDepartment of Engy has set aggressive goals for
energyefficiencyd a 30percentreduction in energy use intensity (in units of kilowadurs per
square foot) of all L&. buildings by 2030 compared to 2010. In their studies, researchers found
that 99percentof buildingsin Chattanoogal ennesseeayould benefit from the efficiency
technologies evaluated with an averageingsof $28,500 per building per year. If

implemented, such efficiencies could reduce greenhouse gas emissiorduaetheeneed for

new power plants

0% <=x < 20%

60% <= x <= 100%
0.8% 1%

Summary

ORNL researchers developed AutoBEM drayemodeled 122.9nillion buildings acrosshe

U.S. Building models include data on the materifitsors; roof type number of windows
heating, ventilation, andir conditioning(HVAC) systemsthe hourly ighting schedule of each
room; and so on. Some building data are publicly availalsiech as satellite images and street
viewst while others are obtained from utility companies or tax assessors.

Thetahas been key to accelerating the reseavith AutoBEM runs typically using more than
80 percentof Theta The current studgimulatedl 78,337 buildings in Chattanoo{faigure8.3).
Researchers found that each efficiency technalagych as improved HVAEfficiency, space
sealing, insulation, and lightimghas the potential to offset 500 t@®B0Ibs. ofcarbon dioxide
(COy) per building.In addition, he models can be used to help understand the impact of
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reducing ener gy ¢ ons usmobpgeakademard toreach month atgritidally i t y 6

loaded substations. Significant relative demand savings were available in seasonal transition
months (March/Novembewith smart thermostats, while switching from electric to gas water
heaters resulted in theegtest savings in April and October.

ALCF Contribution: ALCF staff helped with increased priority to complete science runs as
well asto providesupport for I/Gbound data handling on ALCF filesystems when processing
results for all buildings

Contact

Joshua New
Oak RidgeNational Laboratory
newjr@ornl.gov

Publications

B. Bass,J. R.New, andw. CopelandfiPotentialenergy,demand emissions, and@ostsavings
distributions forbuildings in autility és servicearea Bnergiesl4, 132(2021). DOI:
https://doi.org/10.3390/en14010132

Highlight Categories
Performer/Facility: ASCRALCF

Date Submitted to ASCR September 13, 2021
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8.1.4 Finding Druggable Sites in SARS -Cov-2 Proteins Using Molecular
Dynamics and Machine Learning

The Science

COVID-19 is caused bthenovel Severe
Acute Respiratory Syndrome Coronavirys
2 (SARSCoV-2) and was declared a
pandemic on March 11, 2029 the
World Health Organizatiorkor new drug
development,ite challenge is accurately
and efficiently determimg the locations
of drug-binding sites on target proteins.
UsingML, amolecular biophysics group
at Johns Hopkins School of Medicine
developed a joint computational and
experimenthapproachhatlocates known
smalltmolecule binding siteandpredict
locations of sites not previously observe

in SARSCov-2 experimentastructures Figure 8.4 Druggable sites of SARS-Cov-2 MTase
and other proteins. protein predicted by TACTICS workflow: open pockets
(top) and ligand-bound pockets (bottom); residues of

| =N

drug binding sites and ligands emphasized in bold color.

The Impact
General oral medications are expected tplmagereproduced from Figure 3 gf Chem. Inf. Mode81,
present significant usadlexibility and 2897 (2021).
reduced manufacturingransportation
andstorage costoverthe same metrics for Th

: etagpu DD 2020
vaccinedor COVID-19 control.A key step 0g911)< (0.4K)

toward rational drug desiga development of a
high-fidelity, high-resolution all-atom simulation
and modeling m#odology that can predict all
drug binding sites as well as their local
conformations. Thé e a WAL EICS workflow
is capabl e of detecti ng sit
are difficult to detect without a binding ligamad "o~ oo 0 e

opens the door for identifying pattial druggable

sites. TACTICS does not require specialized simulations, can analyze both single structures and
pre-computed trajectories, is sebntained within a single software package, iarickely

availableto thewiderresearch communitipr finding druggable sites in other proteins

Summary

The REST2 (Replica Exchange Solute Temperiggd generation) is a powerful sampling
enhancement algorithm that accelerates infrequent conformational transitions of macromolecules
by augmenting interaction ergy fluctuations of a simulated systdREST2 smulations were

critical in this project to search all important conformational transitions that require timescales
beyond general simulation methodologies. The MD trajectory generated witugarented
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interactions was used to analyze conformations that possess significant weights by an ML
method. Individual calculations typically ran on 144, 288432 nodes of Theta for Tidurs.

The team then applied TACTICS to explore the infrequent transitionsgamyportant
conformations. The ML model of TACTIC8ained with a large database of diigding

crystal structurgssuccessfully identiéd druggable sites observed by previous experiments and
refining the local residues and conformatigiRgyure 8.4) TACTICS alsopredicted several
additional druggable sites and characterized their drug bindability for later drug scrééeing.
drugging of these binding sites may prevent engineering replicatitie SARS CoV-2 virus.

ALCF Contribution: ALCF staff helped build the NAMD code for Theta, determining optimal
usage of the resources by coordinating productiomjog, setting optimal parameters for the
REST2 simulation algorithm, and managing the large amount of generated simulation data.

Contact

Albert Lau
Johns Hopkins University School of Medicine
alau@jhmi.edu

Publication

D. J. Evans, RA. Yovanno, S. Rahman, V. Cao, M.Q. Beckett, MH. Patel, A.F. Bandak,
and A.Y . L a u, draggablesitts impgpteinsusing TACTICS0J. ChemInf. Model61,
2897 (2021). DOI: https://doi.org/10.1021/acs.jcim.1c00204

Highlight Categories
Performer/Facility: ASCRALCF

Date Submitted to ASCR August 16, 2021
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8.1.5 Hadronic Light -by-Light Scattering and Vacuum Polarization
Contributions to the  Muon Anomalous Magnetic Moment from
Lattice QCD with Chiral Fermions

The Science

One of the current top priorities high
energyphysics research is to understand the
discrepancy between the theoretical

prediction and experimental results for the

magnetic moment of the muont{@avier || .
relative of the electron). A recent experimepf O
at Fermilab has confirmed a-3@arold

result obtained at Brookhaven National

Laboratory(BNL), increaig confidence || Az . v é
that adiscrepancyexists As the 9 999
measurement iefined, errors from the

theoretcal calculatiormust be understood | — — _ _

and reducedb determlnavhether Or nothe F|gure 85 HadronIC ||ght'by'||ght Scatte”ng

. . . ontributions to the muon anomaly. In all cases, the

difference is due to new physics. The largeshyon (horizontal line at bottom) interacts with

uncertainty in the theoretical calculation hadrons (quark loops shown as circles) through

comes from particles that interact through emission of virtual photons (wavy lines from muon).
The diagrams represent different interaction

the strong force, quantum ChrOmOdYnamlc>p053|b|I|t|es with varying numbers of quark loops.

(QCD), known as hadronic contributions. | The quark loops interact with each other through the

This project airedto quantify and reduce | exchange of gluons (not shown).

the largest uncertainties associated with thjgmage courtespf Tom Blum,University of Connecticut

value to obtain the most precise calculation

of the anomaly.

The _Impact | _ N o Mira ALCC 2018-2019
Making extensive use of Mira until its decommissionin 10.1M (11.1M)

in early 2020, the team produced the first theoretical
result for the hadronic ligHty-light scattering
contribution to the muon anomalous magnetic momen
with all errors systematically controlled. The result is
consistent with previous model results asdemntially
rules out the uncertainty in the hadronic ligytlight Mira DD 2019
scattering as being a source of the discrepancy. This 1.2M (1.6M)
resultshifts the theoretical focus to the hadronic vacut
polarization contribution as the last remaining source
theoretical unceainty that could account for the
discrepancy without requiring new physics

0% <= x < 16.7% 16.7% <= x < 33.3% 33.3% <=x <= 100%
98.8% 0.1% 1.0%

16.7% <= x < 33.3% 33.3% <= x <= 100%
% 0.0%

0% <=x < 16.7
100.0%

Summary

The muondés magneti c moment describes how this
field; it depends on all particles that can couple to the @unaoluding asyet-undiscovered
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particles.The muon moment has been measured in experiments and calculated theotatically,
those two values daot quite match up. In April 2021, the Fermilai2 gxperiment released its
initial result agreéng with B N L pravious expemental result anceinforcingthe disagreement
between theory and experimefhedisagreement is at 4s2gma (standard deviationsjust

below the5-sigmathreshold typically used to signal the discovery of new physics.

The largest uncertainty in thieeoretical calculation comes from hadronic ligltlight

scattering and hadronic vacuum polarization. A major goali@etfort wasto produce first
principles calculations of these hadronic contributions thabteely on any model or
experimentalnput.In its Physical Review Lettemaper the team presented the first theoretical
result for the hadronic ligHty-light scattering contributigrthis result has helped rule o
contribution as a significant source of the discrepasitifting the focus to the hadronic vacuum
polarization contribution for which the leading result still relies on experimental input

ALCF Contribution: ALCF staff assisteavith optimizing and debugging code on Blue Gene/Q
on many occasions

Contact

Tom Blum
University of Connecticut
thomas.blum@uconn.edu

Publication

T. Blum, N. Christ, M. Hayakawa, T. lzubuchi, L. Jin, C. Jumgh d C. L e h nlight-, AnHadr
by-light scatteringcontribution to themuonanomalougnagneticmomentfromat t i ce QCD, 0
Phys. Rev. Letll24, no.13, 132002 (2030

Highlight Categories
Performer/Facility: ASCRALCF

Date Submitted to ASCR December 2021
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8.2 Research Activities / Vendor  Engagement s for Future
Operations

8.2.1 Research Activity - Joint Laboratory for System Evaluation (JLSE)

A r g o nJhSEénables researchers to assess and improve next generation computing platforms

of interest to the DOE. Establishedtoyh e comput i ng diCELSDirectoraste of Ar g
(Data Science and Learning, Mathematics and Computer Sc@oicgutational Science, and
ALCF),and run by ALCF, JLSE centralizes Argonnedo
future extremescale computing systems, technologies, and capabilities.

JLSE users leverage existing infrastructure and-gereratiorhardware and software to
explore lowlevel experimental computer and computational science, including operating
systems, messaging, compilers, benchmarking, power measureimemt€)utput(l/O), and
new file systems. By providing access to leaekdge omputing resources and fostering
collaborative research, the JLSE enables researchers to address Argndi2OB seeds in a
variety of areas, includinigy:

Improving science productivity on future hardware and software platforms.

Providing an avenuef Argonne researchers to work collaboratively with HPC vendors
on prototype technologies for petascale and beyond.

Investigating alternative approaches to current and future system deployments.
Maintaining a range of hardware and software environmentedtng research ideas.

Helping to drive standards on benchmarks, programming models, programming
languagesandmemory technologies, etc.

ALCEF closely collaborates with Intel on Aurora. This includes accelerating their software
roadmap for traditional AC and for data and Al pillars to support the science workloads from
ESP and ECP projectdLSE testbedand software used to prepare for Aurorelude:

Arcticus: Intel Development Chassis with XeHP GPU and Future Intel Xeon CPUs
(Intel development GPUard[code name XeHJy. A similar cluster (called DevEP) at
Intel was also made available to JLSE users.

Yarrow: Supermicro SYSL029GQTNRT with Intel development GPUsdde name
DG1) and Xeon Gold 6226R CP(Usl nt el 6 s first discrete GPU)
decommissioned at the end of 2021.

Iris: SuperMicro X11SSH5F1585 Server Motherboard with Intel Xeon-E385 v5
CPU and Iris Pro Graphics P580 GRbttel integrated Gen9 GPUSs)

Intel Pre-production Development Platformincludes 2x Next Gen Intel Xeon Scalable
processor.

Presque:Intel DAOS nodes (DCPMM and NVMe storage) with Intel DAOS file system
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OtherJLSE testbeds include:

Intel Xeon Phi Knights Landin¢KNL) Cluster
NVIDIA GPUs:

o DGXi 1l (V100 GRJs)

0 Gigabyte NVIDIA A100 and A40 cluster

0 Supermicro NVIDIA V100 and P100 cluster
AMD GPUs:

o AMD GPU MI100 and MI50 cluster
Intel Xeon Clusters: Skylake, Cascade Lake, and Cooper Lake
ARM resources:

o HPE Apollo 70i Comanche Prototype ARM64 Cluster

o HPE Apollo807i 8 node Fujitsu A64X CPU

o0 NVIDIA ARM Dev Kit i Ampere Altra Q8630 ARM CPU, NVIDI A100 GPU
IBM Power System AC92¢Power9 CPU, V100 GPU)
Supermicro NVIDIA V100 and P100 cluster
Atos Quantum Learning Machine

In 2021, the JLSE supportedore than 40@sersspanning more than §ojects. These projects
ranged from application portability to software development to tools and compiler development
foranESP poject. T e ams f r o m w iApphcationDévalapmehthe® Dfvare

Technology groups have been using the JLSE Aurora testbeds and the Aurora SDK to develop
applicaions and software for Aurordhe following summaries represent a sampling of current
JLSE projects:

1 ALCF Data Science Program:Application teams from the ALCBata Science Program
use JLSE resources to explore and improve data science techniques, such as data mining,
graph analytics, machine learning, and complex and interactive workflows.

1 ALCF Early Science: ESP Application teams use JLSE resourceprpare and optimize
applications for the nexgeneration supercomputers in advance of the systerosring
available. For example, researchers fromAbeora ESP projects access the Xeon Skylake
l ris nodes with 1 ntel 6s omnsoftOaedPl aoftveack to@dvdJop a n d
and test their applications for Aurora

1 Argo: Argo is an exascale operating system and runtime system designed to support
extremescale scientific computation. Researchers from the Argo project used JLSE
resources to protype the GlobalOS distributed resource management and to evaluate the
performance of NodeOS. They also use&E resource® develop and optimize a
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lightweight, lowlevel threading and task framework for OpenMP and other programming
models é.g.,Cilk, Quark, Charm++).

1 Big Data: Researchers are using JLSE testbeds to study the layering of HPC programming
models beneath big data programming models. Specifically, they are researching the
development of a software environment with a Spark user interfaceddd Scala) that can
run on a supercomputer, clusteraaioud with a back end for executing datéensive
communication patterns.

1 CANDLE: Using the NVIDIA DGX1 system and other JLSE computing resources,
researchers are developing the CANcer Diatad Learning Environment (CANDLE), a
computational framework designed to facilitate breakthroughs in the fight against cancer.

1 Deep Learning: Multiple projects are using JLSE systems to investigate the potential of
deep learning. One research team isi$ed on understanding how deep learning can be used
to improve lossy compression of scientific data from simulations and instruments. Another
effort is exploring the performance of different machine learning frameworks that have
implemented deep learning@neural networks on KNL systems.

T LLVM: Resear cher s us poder systeans td adBaBoz ELVM &ipiler
development. The instruction set architecture for these systems is the same as for the IBM
Blue Gene/Q system, with the only difference beimgectorization. LLVM and Clang
builds were carried out on the Intel Xeon Phi systemsguatity assurance (QAjurposes.
Researchers can complete these builds in 10 minutes using JLSE resources (compared to
hours on a laptop).

1 MPI: Several MPI ChamelediMPICH) improvements were tested on JLSE systems,
including the memory scalability of MPI communicators by exploiting regular patterns in
rack-address mapping@nhanced threading support through locking optimizatiamd
communicatioraware thread schefig.

1 Quantum Computing:A research team is using the JLSE®
Machine and other resources to develop an artificial neural network for spectral analysis
called Spectranne. This tool will automate the analysis of vast amounts of idgta be
produced by statef-the art, chirpegbulse spectroscopy experiments.

Portable Programming Models

ALCF continues to push portable programming models forward across various ecosystems to

allow greater application portability across all lbading DOE systems. ALCF is leading an

ECRf unded project, HIPLZ, to pr oviwlitenwithtiieL ev el
HIP programming model to be used on Intel GPUSs. In collaboration with NERSC and OLCF,

ALCF is working on two projectstcmea bl e DPC++ (I ntel s open sour
torunonNVIDIAA1 00 GPUs a nld0 GPMD Adsitiohlly, ALCF staff are

contributing backend implementations to Kokkos, RAJA, and OCCA to support Intel GPUs.
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A critical element to the successmafrtable programming models will be the ability for different
models to interoperate. ALCF has spearheaded an effort with Intel to ensure the ability of open
standard SYCL and OpenMP to interoperate with each other so that a library implementor who
uses §CL can confidently provide it to an applicatidevelopemwho chose to use OpenMP and
know that the two will work together.

Early Hardware and Testing Framework

In collaboration with Intel, ALCF staff have deployed multiple testbeds with Intgbqa@udion
hardware to allow ECP and ESP teams to develop and test their codes for the Intel hardware and
software that will be used on Aurora. The ALCF has developed a method to quickly deploy
updated releases from Intel in a streamlined manner that allovesasassily pick up the latest
releases. In addition, the ALCF has developed a test set and automated testing framework to help
improve and ensure the quality of the new Intel software stack for Aurora. The test set has
continually expanded, with ALCF steddding tests to it basexh issues found when using the

Intel software to prepare their cofiie Aurora. The testing framework is run nightly and allows

the ALCF to monitor and providapidfeedback to Intel. The test set currently contains 540

tests, br which the pass, fail, and timeout rates are tracked.

8.2.2 Research Activity - ALCF Al Testbed

With an eye toward the future of scientific computing, ALEBuilding a testbed afdvanced

Al platformsfor the research community. This testbed will eaahk facility and its user

community to helmlefine the role of Ahccelerators in nexgeneration scientific machine

learningThe testbedbds innovative Al p-beadratiomr ms wi | |
GPU-accelerated supercomputers, Polaris anadrayito provide a stataf-the-art computing

environment that supports pioneering research at the intersection of Al and HPC.

Currently open to Argonne researchers, the ALCF expects to open the doors to the broader
research community in early 2022. Active users today include application teams from nuclear
physics, materials science, biosciences, astrophysics, cosmology, inagiges, and

precision medicineTwo highlights in the past year include scalandeep learningdL)

application to understand protegamotein interactions for COVIEL9 by coupling the ThetaGPU
systento the Cerebras system (PASC 2021), and evaluatitmedbambilova system for
applicationsincluding neutrino physics (IEEE CS&E).

The ALCF Al Testbed includes the following systems:

TheCerebrasCS-2 is a waferscale deep learning accelerator comprising
850,000processing cores, each providing 48KRBletlicated SRAM memory for an-on
chip total of 40GB and interconnected to optimize bandwidth and latency. Its software
platform integrates popular machine learning frameworks such as TensorFlow and
PyTorch

The SambaNovaDataScale system is architectedward the nexgeneration
Reconfigurable Dataflow Unit (RDU) processor for optimal dataflow processing and
acceleration. The SambaNova is a frattk system consisting of two nodes, each of
which features eight RDUs interconnected to enable model andatatkelsm.

ALCF CY 20210perational Assessment Report 8-16



SambaFlow, its software stack, extracts, optimizes, and maps dataflow graphs to the
RDUs from standard machine learning frameworks, including TensorFlow and PyTorch.

TheGraphcore Colossus, designed to provide staféhe-art performance foraining

and inference workloads, consists of 1,216 IPU tiles, each of which has an independent
core and tightly coupled memory. The Dell DSS8440, the first Graphcore IPU server,
features 8 dualPU C2 PCle cards, all connected with HRlhk technology in a

industry standard 4U server for Al training and inference workloads. The server has two

sockets, each with 20 cores and 768GB of memory

TheHabana Gaudi processor features eight fully programmable VLIW SIMD tensor
processor cores, integrating ten 100 Qloies of RDMA over Converged Ethernet

(RoCE) into each processor chip to efficiently scale training. The Gaudi system consists
of two HLS-1H nodes, each with four Gaudi FA05 cards. The software stack comprises

the SynapseAl stack and provides supparifensorFlow and PyTorch.

A Groqg Tensor Streaming Processor (TSP) provides a scalable, programmable
processing core and memory building block able to achieve 250 TFlops in FP16 and
1 PetaOp/s in INT8 performance. The Groq accelerators are PCldogsedand
multiple accelerators on a single node can be interconnected via a proprietaoy chip
chip interconnect to enable larger models and data parallelism.

Key activitiesof the testbedhclude:

Maintainng a range of hardware and software environments f@c8élerators

Providng a platform to benchmark applications, programming modelsML
frameworks

Supporing science application teanrstheporting and evaluabn of their applications
Coordinatng with vendorsduring theirproduct development

The Al Testbed effortigoports remote accesstte systems, collects feedbaakd use cases
from users, develops time tutorials in conjunction with eaaf thevendos, and conducts
in-person training ashhackathon events

Common Software Environmeiiithe Al Testbedsoftware environment is based anldbuntu
Linux distribution. Support fobL frameworkg(such as Tensoléw and PyTorch compilers,
andthe Pythonecosystem, among others, is provided.riEstemtypically supports @ustom
DL software environment, such as Poplar for GraphcoresantbaFlow for SambaiVa, and
ALCF installs and suppog theseThe environment also provides supportSorgularity-based
containers and for executidgpyter notebooks

8.2.3 Vendor Engagement & Next Silicon Ltd. (NextSilicon)

Next Silicon is a company that is in stealth mode developing a new processor, iIALCF
collaboration with OLCF and PNNLIs working with the company to benchmark the science
workloads of interest to DOE on their simulators &yroviding design feedback
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8.2.4 Vendor Engagement & Codeplay Software Ltd. (Codeplay)

ALCF collaborated closely with Codepl&pftware Ltd, OLCF, and NERSC in supporting the

SYCL 2020 programming model on AMD and NVIDIA GRP@odeplay creates software based

on open programming standards so that application developers can program complex processors
using familiar standards and tools. It is the fa@mpany to deliver a product that is SYCL
conformant, giving developers the most mature, reliable atedrtiaseddevelopment platform

on the market.

8.2.5 Vendor Engagement 0d Altair and OpenPBS

ALCF collaborates closelwith Altair and the OpenPB&mmunity on scheduler developments

as part of ALCFO6s transition t o.ThesgoahofjthiP BS as
collaboration igo ensue thatOpenPBSas sufficient suppotdb meetA L C Fnéesls antias

capabilities for schedulingicreasingly complex workflows

8.3 DOE Program Engagements / Requirements Gathering

To help ensure that the ALCF delivers on its mission of delivering breakthrough science, staff
need to closely engage with domain science and keep a close eye on digfction
supercomputing technologies. ALCF provides a crucial balance of understanding how
production science applicatioasad computer science technologias move into new and

exciting machine architectures in the near term and in the future.

ALCF staff sypport a wide range of computer science and domain science projects, and work in
close collaboration with the project teams to advance their use of production resources and future
resources alike. Additionally, staff members participate in community andida@utivities,

including conferencg workshops, reviews, and meetings. In 202aff participated imore

than 105 events-igure 8.6breaks down these events by both type and community. Staff

members support DOE mission needs by serving on review d¢teesaindadvisory boards and

by participating and organizing DOE and broader community workshops. ALCF staff are regular
participants in DOE and National Science Foundation (NSF) workshops and reviews. Staff are
engaged in standards committees and bdardsoth future and current software and hardware
technologies.

ALCF CY 20210perational Assessment Report 8-18



Type of Meeting Community

Symposium, 9

Forum, 7

Multi, 29

Review, 4
Standards

Committee,
1

Figure 8.6 Breakdown of some key activities by ALCF in CY 2021. The first pie chart (left) breaks down the
105 events by type, primarily derived by how the event identified itself. The second pie chart (right) breaks
down the same 105 events by the community being engaged. fiMultio refers to events such as
Supercomputing (SC), where multiple communities are engaged.

Not only do these activities maintain expertise of the staff, but they show the tbsp&dtCF
staff have in the community.

8.3.1 Engagement Highlights

Supercomputing 2021

SC is one of the key events in the field of superaaging and covers every area of the field.
Participation is one of the primary opportunities to document and share key knowledge. ALCF
hassignificantparticipation in the evenas shown in Table 8.3

Table 8.3 Summary of ALCF Participation in SC21

Program Total ‘
Tutorials 2
Workshops 14
Papers 1
Posters 1
Birds of a Feather 5
Booth Talks 1

Engagement in Standards and Community Groups

The ALCF patrticipates iseveraHPC standards and community groups to promote ALCF
interests, educate the community about ALCF resources, and increase collaboration with ALCF
staff. These include the following: HPC User Forum; Cray User Gilatgd;Extreme
PerformancaJsers Group (IXPWG); C++ Standards Committee; OpenMP Architectural Review
Board; Khronos OpenCL and SYCL working groups; OpenSFS; and MPI Forum.
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Performance, Portability, and Productivity in HPC Forum (virtual)

P3HPC events are more than User Training. Originally focusestharing definitions, best

practices, and ideas for performance portability across DOE, these events have grown into
broader events open to the public. The impact of these events has grown as the landscape of HPC
platforms has made performance portabgityimportant target for supercomputing applications.

In 2021, ALCF ceorganized the SC21 P3HPC workshop as a key opportunity for the HPC
community to discuss progress in performance portability.

Summer Student Research Programs

As mentioned irCommunityOutreach(Section 1.33.3), every summer, ALCF staff members

mentor undergraduate and graduate studentsomwreal | d r esearch projects
Science Undergraduate Laboratory I nternship (
Appointmentsin 2021, 24students worked on projects ranging from system administration and

data analytics to computational science and performance engineering. ALCF engagements with
these students, other student activities and STEM outreach, and ALCF postdocs arfge valua

part of finding the next generation of scientists.

8.3.2 Summary of Engagements with the Exascale Computing Project

Argonne is a core | aboratory of the ECP, and
engaged in the ECP project. Susan Coghlan and David Martin are a part of the ECP leadership
team: Coghlan is deputy director of Hardware and Integration (HI), anthN&coexecutive

director of theECPIndustryand AgencyCouncil. Haritha Siddabathuni Som is the leSdéad

for Facility Resource Utilizatigrand Scott Parker is the lev@llead for Application Integration.
Christopher Knight is a level lead forthe Application Integration area. Other leadership team
members participate in the various working groups and projects, inclMdirigFahey

(Facilities)and Jini Ramprakash (Facilities). ALCF Division Director Michael E. Papka

regularly participates ireteconferences with the ECP project director and other facility

directors. In addition, numerous other ALCF staff members have roles in the projects and
working groups listed above.

In 2021, more than 40 ALCF staff attended the Virtual ECP Annual Mel¢ilogApril 121 15,

2021, to participate in technical conversations, project discussions, and-fuadific

breakouts. In addition, ALCF patrticipated in several planning meetings with ECP and the other
computing facilities (NERSC, OLCF) to augment ardaite the ECP/Facilities engagement

plan and worked with EGP3$rainingLead to promote ECP training activities to ALCF users.

ECP-Funded Positions in ALCF

The ALCF6 ECP/HI Applications Integration effort made great strides in 20@idtinuing the

t e a wuodkdn porting and testing ECP applications across many GRtIsding Intel GPUSs.

There are 26 staff members funded at various levels to work with ECP Application Development
and Software Technology projects. One staff member is in place to focusnomgl training

and Inted €enter of Excellence (QE) for Aurora is staffed wittsevernpeople. Additionally,

five staff members have been funded to develop and dg@#&continuous integratio(Cl)
capabilities, support software technologies, and wotk atihers within ECP on containers. Two
additional contractors were hired to develop specific enhancements to the@igkttform

used for continuous integration. As new ECP project teams were onboarded at JLSE, additional
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staff members and a contracteere funded to support these project teams. Firfally staff
members were funded to explore the HPE/Cray Shasta software stack

Continuous Integration (Cl) Pipeline

ALCF has enabled the deployment and growth of thBigeline to its user community through
the ECPCI project using GitlakCl. This resource provides a key tool for projects to have
regular, automated testing on ALCF resources. Through G@ilabsers can enable their ClI
pipelines on Theta as well as ganbrdware available through JLSE. More details on this
resourcecan also be found in section 4.1.5.

Communication between the ALCF and the ECP Resource Allocation Council

In 2018, the ECP ALCC allocation completed and the compute facilities and ECResintibc
theResource Allocation CounciRAC) to support ECP computing needs. This group, composed
of representatives of the facilities and the ECP, meets monthly to review project progress and to
assess new project needs.

To help automate how the RAC caonses this datdhe ALCF sends allocation and usage data in
a CSV (comma separated values) file to the ECP eaciTHayfile is uploaded to a Box folder
accessible by ECP from where it is downloaded, processed, and merged into the data pipeline
that feedsnto the ECP User Program dashboard.

Conclusion

The ALCF continues to enable scientific achie
scientific breakthroughs and foundations of science, through projects carriedAuEBn

resourcesin CY 202, researchers participating in projects using ALCF resources published

249 papers in highguality conferences and journals. ALCF projects have had success in a

variety of fields, using many different computational approaches. They have been able to reach

their scientific goals and successfully use their allocati®ageralbf the projects and Pls have
subsequently received awards or have been recognized as achieving significant accomplishments

in their fields.
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Appendix A 9§ Calculations

A.1 Scheduled Availability

Scheduledavailability is the percentage of time a designated level of resource is available to
users, excludingcheduledoutagetime for maintenance and upgrades. To be considered a
scheduled outage, the user community must be notified of the need for a maintenance event
window no less than 24 hours in advance of the outage (emergencyigzesy.will be notified

of regularly scheduled maintenance in advance, on a schedule that provides sufficient
notification,andno less than 72 hours prior to the eveahd preferably as uth as seven

calendar days prioff the regularly scheduled maintenance is not needed, users will be informed
of the cancellation of the maintenance event in a timely manner. Any interruption of service that
does not meet the minimum notification winda\categorized as amscheduled outage

A significant event that delays the return to scheduled production by more than 4 hours will be
counted as an adjacent unscheduled outage, as an unscheduled availability, and as an additional
interrupt.

Formula;

. UGB CHTE TTHUTH AT HDHHME H HIHHHTL D T H .

n T H CHT D TTHUTH HT H CHHHE CHE CHHTL T CHHICHIHTHT T T
Where

time in period- start timeél end time

start time= end of last outage prior to reporting period

end time= start of first outage after reporting period (if available) or start of the last
outage in the reporting period

A.2 Overall Availability

Overall avai@bility is the percentage of time a system is available to users. Outage time reflects
both scheduled and unscheduled outages.

Formula:
TETE CHTE TTHUTH AT HD HHHE H HIHHTH TZ "H

T " "H1i 1 "H
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A.3 System Mean Time to Interrupt ( MTTI)

MTTI (MeanTime tolnterrupt) is defined as time, on average, to@umgpgeof the full system
whether unscheduled or scheduled. It is also known as MMIBa(Time Betweeninterrups).

Formula:

o  TTH HT
Enne

T w0 HT W R

“HHT T HHTHH T HT R T H

HHNTTHRHH

i -,I [

"HIH™H "Hi

"HHI TT"HHHH T

"HIHH |

A.4 System Mean Time to Failure ( MTTF)

MTTF (MeanTime toFailure) is defined as the timen average, to an unschedutedage of

thefull system

Formula:

TETEEOCHTD THA T HTURT CHI

I HH1H THHTHTH

ER A £

fH uI [

"HIHHT "

A.5 Total System Utilization

Total SystemUtilization i s

Formula:

AR71i 716 Hhi“ 0 '|=‘=|=

A.6 Capability

Capability is an attribute assigned to user jobs that meet the capability definition for a machine.
High Capability is an attribug assigned to user jobs that meet the high chiyadefinition for a

machine.

t he

iﬂ()ﬁ

"Hi

"HHTIT

percent of

t i me dedrantuset h e
jobs. No adjustment is made to exclude any user gmdipding staffandvendos. Jobs that ran
during an outage are excluded.

Table A.1showsthe @pability definitions foreportable machine Theta

Table A.1 Capability Definitions for Theta

"HHTTTHBHH
"HHH

. High Minimum Maximum
CErE Ny Capability Range Nodes Nodes
No No 0% <= x < 20.0% 1 799
Yes No 20.0% <= x < 60.0% 800 2,399
Yes Yes 60.0% <= x 2,400 Seersl Theta
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Capability also refers to a calculation. The capability datmn is the percentage of netleurs

of jobs with thecapabilityattribute versus the total noteurs of all jobs. The calculation can be
applied to a class of jobs. For examptaiovative and Novel Computational Impact on Theory
and ExperimentINCITE) cambility is the percentage of nethours of INCITE pbs with the
capabilityattribute versus the total noéieurs of all INCITE jobs for a time period

Formula:
e W O v s VOO g™
B AR WEREEAAG Ei EmTL Y Bar 0 v VOO
i AR £ 'EEH T ET A TR T T T HH
2| g 2 . [ |
se eanEant gr hal dr=rt ow Bar 0orv- voO g
AT TR T T T AR

A.7 Theta Nodes

The number of reportable nodes on Thefawerthan the totahumber ofnodes.The total node
count for Theta changed during 20&8 shown in Table A.

Table A.2 Total and Reportable Nodes for Theta

caaramge | Jom | Feporae
07/01/2017 7 12/12/2017 3,624 3,240
12/13/2017 7 12/31/2017 4,392 3,240

01/01/2018 4,392 4,008

The reportable node count is used in the following calculations:

Scheduled Availability: Affects the scheduled outage and unscheduled outage
calculations when the node count in the outagefexasrthan the totahumber ofnodes.

Overall Availability: Affects the scheduled outage and unscheduled outage calculations
when the node count in the outage fesgerthan the totahumber ofnodes.

Utilization: The calculation capped the daily utilization at 100 percent oftadge
nodes. The number of not@urs for each day was calated as the minimum of the
nodehours used and the netleurs possible.

Overall Capability: 2(perceniof the repatable nodes
High Capability: 6(percentof the reportable nodes
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AppendixB AL CF

Di r ®isctetmonady $rojects

January 1, 2021 - December 31, 2021

Directords Discretionary (DD) Projects
Allocation
. o . . Science Field | Amount
Project Name PI Institution Project Title (Short) in Node-
Hours
3DChromatin Jie Liang University of |Large Ensemble Model of | Biological 46,157
lllinois at Single-Cell 3D Genome Sciences
Chicago Structures
3DMPCK Harold Schock Michigan State Three-Dimensional Energy 14,577
University Multiphase Methodology | Technologies
to Study Piston Cylinder-
kit Tribology
ACO2RDS John J Low Argonne Adsorptive CO2 Removal Materials 2,486
National from Dilute Sources Science
Laboratory
AlElectrolytes Logan Timothy Ward Argonne Reinforcement Learning Materials 20,128
National Driven Automated Science
Laboratory Optimization of Battery
Electrolytes
ALCFAITP Eliu Antonio Huerta Argonne Argonne Al Training Training 0
Escudero National Program
Laboratory
Allinea Raymond M. Loy, Argonne Improved debugging Internal 818
Kalyan Kumaran National memory usage for BG/Q
Laboratory
APSDataAnalysis Rafael Vescovi Argonne APS Beamline Data Computer 12,082
National Processing and Analysis Science
Laboratory
arfc-moltres Kathryn Dorsey Huff | University of |Advancement of modeling Nuclear 6,382
lllinois at coupled physics in fluid- Energy
Urbana- fueled molten salt
Champaign reactors, fluoride salt
cooled reactors, and high-
temperature-gas-reactors.
ARPA-E-NPM-2019 Mahmoud | Hussein | University of | Thermal Conductivity of Materials 54,913
Colorado- Doped Nanophononic Science
Boulder Metamaterials Using
Massively Parallel
Molecular Dynamics
Simulations
athena Sylvester Johannes Argonne ATHENA EIC Detector Physics 16,000
Joosten National Simulation and
Laboratory Optimization
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Allocation

. o . . Science Field | Amount
Project Name Pl Name PI Institution Project Title (Short) in Node-
Hours
atlas_aesp Walter Howard Argonne Simulating and Learning Physics 30,999
Hopkins National in the ATLAS detector at
Laboratory the Exascale
ATPESC2021 Raymond M. Loy Argonne Argonne Training Training 5,001
National Program on Extreme-
Laboratory Scale Computing 2021
ATPESC_Instructors Raymond M. Loy Argonne Argonne Training Training 301
National Program on Extreme-
Laboratory | Scale Computing for ALL
Instructors
AutoBEM Joshua Ryan New Oak Ridge Automatic Building Energy 118,000
National Energy Modeling and Technologies
Laboratory analysis
(ORNL)
aviansolardata Yuki Hamada Argonne Storage Allocation for | Earth Science 1,000
National Avian Solar Monitoring
Laboratory Project
BIP167 Philip Kurian Howard Computing superradiance Physics 34,718
University | and van der Waals many-
body dispersion effects
for biomacromolecules
BLawB Lucian Ivan Canadian Application of Maximum- | Engineering 62,375
Nuclear Entropy Moment Methods
Laboratories to Turbulent and
Multiphase Flow
Prediction: Software
Package Preparation
bloodflow_dd Jifu Tan Northern lllinois | Multiphysics modeling of | Engineering 33,558
University biological flow with cell
(NIU) suspensions
BRAIN Getnet Dubale Betrie Argonne Scalable Brain Simulator Biological 24,108
National for Extreme Computing Sciences
Laboratory
BS-SOLCTRA Esteban Meneses Costa Rica Plasma Physics Physics 22,665
National High | Simulations for SCR-1
Technology Stellarator
Center
Bubblecollapse Eric Johnsen University of Dynamics and heat Engineering 22,743
Michigan transfer in bubble
collapse near solid
surfaces
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Project Name

Allocation
o . . Science Field | Amount
Pl Name PI Institution Project Title (Short) in Node-
Hours
BubbleOcean Parviz Moin Stanford Multiscale bubble breakup| Engineering 21,333
University and gas transfer in
turbulent oceanic
environments
Bubble_Collapse Charlotte Noemie Oak Ridge | High Definition Simulation| Engineering 5,333
Barbier National of cavitating bubble near
Laboratory a wall with a shear flow
(ORNL)
CAIDS Julio Cesar Mendez | North Carolina | Consistent Averaging Engineering 5,774
Carvajal State University | Procedure for solving the
(NCSU) fundamental equations of
fluid dynamics
candle_aesp Rick Lyndon Stevens, Argonne Virtual Drug Response Biological 7,999
Thomas Scott Brettin National Prediction Sciences
Laboratory
Carbon_composites Hendrik Heinz University of Designing Functional Materials 54,000
Colorado- Nanostructures and Science
Boulder Carbon-Based Composite
Materials
CASPER John Paul Nelson University of CASPER: Award: Computer 12,885
Walters Southern CASPER: Compiler Science
California Abstractions Supporting
(USC) High Performance on
Extreme-scale Resources
catalysis_aesp David Hamilton Bross Argonne Exascale Computational Chemistry 99,999
National Catalysis
Laboratory
Catalyst Katherine M Riley, Argonne Catalyst Internal 78,017
Christopher James National
Knight, James Clifton Laboratory
Osborn, Timothy Joe
Williams
cfdml_aesp Kenneth Edward University of Data Analytics and Engineering 77,999
Jansen Colorado- Machine Learning for
Boulder Exascale CFD
CFS_UX_TEST Haritha Siddabathuni Argonne TESTING CFS Support 0
Som National
Laboratory
CharmRTS Laxmikant Kale, University of Charm++ and its Computer 7,994
Abhinav Bhatele, lllinois at applications Science
Juan Jose Galvez- Urbana-
Garcia Champaign
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Allocation

. o . . Science Field | Amount
Project Name Pl Name PI Institution Project Title (Short) in Node-
Hours
climate_severe Vittorio Angelo Northern lllinois Anticipating Severe Earth Science 1,562
Gensini University Weather Events via
(NIU) Dynamical Downscaling
Clouds lan Foster Argonne Unsupervised analysis of | Earth Science | 104,767
National satellite cloud imagery
Laboratory
CobaltDevel Paul Michael Rich, Argonne Cobalt Development Internal 7,316
William Edward National
Allcock Laboratory
Comp_Perf_Workshop Raymond M. Loy, Argonne ALCF Computational Training 8,000
Yasaman Ghadar National Performance Workshop
Laboratory
Conductivity_Polymer Hanning Chen American Simulated Conductivity of | Chemistry 31,625
University Polymer Thin Films for
Solar Cells
connectomics_aesp Nicola Joy Ferrier, Argonne Enabling Connectomics at| Biological 155,999
Thomas David Uram National Exascale to Facilitate Sciences
Laboratory Discoveries in
Neuroscience
CONUS-Carbon Jinxun Liu U.S. Geological| Terrestrial ecosystem | Earth Science 28,305
Survey (USGS) carbon cycle of the
conterminous U.S.
covid-ct Ravi Kiran Madduri Argonne Medical Imaging Domain-| Computer 1,500
National Expertise Machine Science
Laboratory | Learning for Interrogation
of COVID
Cray Torrance lvan Cray Inc. Cray Installation Internal 78,017
Leggett, Mark R
Fahey, Susan Marie
Coghlan, Timothy Joe
Williams
cray-hpo Michael Adnan Salim Argonne Scaling Studies of CrayAl| Computer 23,866
National Hyperparameter Science
Laboratory Optimization
CRRCS Veerabhadra Rao Argonne Convection Resolved Earth Science 28,800
Kotamarthi National Regional Scale Climate
Laboratory Simulations
CSC249ADCDO1 lan Foster Argonne 2.2.6.03 ADCDO1- Computer 30,000
National CODAR Science
Laboratory
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Allocation
Science Field | Amount

Project Name Pl Name PI Institution Project Title (Short) in Node-
Hours
CSC249ADCD02 Susan Marie Los Alamos | 2.2.6.04 ADCD02-COPA: Physics 1,300
Mniszewski, Timothy National Co-Design Center for
C. Germann Laboratory Particle Applications
(LANL)
CSC249ADCD04 Tzanio Valentinov Lawrence 2.2.6.06 CEED: Center Computer 13,276
Kolev, Misun Min, Livermore for Efficient Exascale Science
Paul Fischer National Discretizations
Laboratory
(LLNL)
CSC249ADCDO05 Mahantesh Pacific 2.2.6.07 ADCDO5- Computer 26,000
Halappanavar Northwest ExaGraph Science
National
Laboratory
(PNNL)
CSC249ADCDO08 Francis Joseph Brookhaven 2.2.6.08 ADCDO08- Physics 99,000
Alexander National ExalLearn
Laboratory
(BNL)
CSC249ADCD502 Kenneth John Roche Pacific 2.2.6.02 ADCD502 Computer 4,000
Northwest Application Assessment Science
National
Laboratory
(PNNL)
CSC249ADCD504 Jeanine Cook, Shirley Lawrence 2.2.6.01 ADCD504-Proxy | Computer 1,300
Victoria Moore Livermore Applications Science
National
Laboratory
(LLNL)
CSC249ADOA01 Rick Lyndon Stevens, Argonne 2.2.4.03 ADOAO1 Biological 4,500
Thomas Scott Brettin National CANDLE: Exascale Deep Sciences
Laboratory Learning Enabled
Precision Medicine for
Cancer
CSC249ADSEO03 Andreas Samuel Fermi National 2.2.1.01 ADSEO03- Physics 146,000
Kronfeld, Norman Accelerator LatticeQCD: Exascale
Howard Christ, Paul Laboratory Lattice Gauge Theory
Mackenzie (Fermilab) Opportunities/Regmts for
Nuclear & High Energy
Physics
CSC249ADSE04 Danny Perez Los Alamos 2.2.1.04 ADSEO04- Nuclear 1,300
National EXAALT - Molecular Energy
Laboratory | dynamics at the exascale
(LANL)
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Allocation

Project Name Pl Name PI Institution Project Title SC'?ng]gr't:)'eld IAnnllI%Lér;t
Hours
CSC249ADSEO05 David Trebotich Lawrence 2.2.3.04 ADSEO5- Earth Science 1,300
Berkeley Subsurface
National
Laboratory
(LBNL)
CSC249ADSEO08 Steven Hamilton, Paul| Oak Ridge 2.2.2.03 ADSE08 Nuclear 2,200
Kollath Romano National ExaSMR Energy
Laboratory
(ORNL)
CSC249ADSE09 Paul Richard Charles | Oak Ridge 2.2.1.06 QMCPACK: Materials 4,100
Kent, Anouar Benali National Predictive and Improvable Science
Laboratory Quantum-mechanics
(ORNL) Based Simulations
CSC249ADSE11 Theresa Windus University of 2.2.1.02 ADSE11- Chemistry 1,700
Washington NWChemEXx: Tackling
Chemical, Materials, &
Biomolecular Challenges
in Exascale
CSC249ADSE12 Amitava Princeton 2.2.2.05 ADSE12 Computer 95,000
Bhattacharjee Plasma WDMAPP Science
Physics
Laboratory
(PPPL)
CSC249ADSE14 Jacqueline Chen Sandia 2.2.2.02 ADSE14- Engineering 2,200
National Combustion-Pele:
Laboratories, | Transforming Combustion
California Science & Technology
with Exascale Simulations
CSC249ADSE16 Mark S Gordon Ames 2.2.1.03 ADSE16- Chemistry 111,300
Laboratory GAMESS
CSC249ADSE17 Charlie Catlett, Argonne (OBSOLETE) 2.2.4.01 Computer 1,200
Melissa Ree Allen, National Urban: Multiscale Science
Rajeev Jain, Scott A Laboratory Coupled Urban Systems
Ehling
CSC249ADSE18 Daniel Kasen Lawrence 2.2.3.01 ADSE18 Exastar Physics 1,500
Berkeley
National
Laboratory
(LBNL)
CSC249ADSE22 Slaven Peles, Andres Pacific 2.2.4.02 ADSE22- Energy 1,300
Marquez, Zhenyu Northwest ExaSGD Technologies
Huang National
Laboratory
(PNNL)
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Allocation
Science Field | Amount

Project Name Pl Name Pl Institution Project Title

(Short) in Node-
Hours
CSC249ADTRO1 Daniel Edward Laney Lawrence 2.3.5.10 ADTRO1- Computer 1,300
Livermore ExaWorks Science
National
Laboratory
(LLNL)
CSC249ADTRO02 Ashley Barker Oak Ridge 2.4.6.02 ADTRO2- Computer 1,300
National Productivity Science
Laboratory
(ORNL)
CSC250STDAQ5S Kenneth Dean Oak Ridge 2.3.4.13 STDAOQ5- Computer 1,300
Moreland National ECP/VTK-m Science
Laboratory
(ORNL)
CSC250STDM10 Surendra Byna, Lawrence 2.3.4.15 ExalO - Computer 18,000
Venkatram Berkeley Delivering Efficient Science
Vishwanath National Parallel I/O on Exascale
Laboratory | Computing Systems with
(LBNL) HDF5 and Unify
CSC250STDM11 Scott Klasky, Norbert | Oak Ridge |2.3.4.09 STDM11-ADIOS | Computer 4,000
Podhorszki National Framework for Scientific Science
Laboratory Data on Exascale
(ORNL) Systems
CSC250STDbM12 Robert B. Ross, Argonne 2.3.4.10 STDM12- Computer 4,000
Robert J Latham National DatalLib: Data Libraries Science
Laboratory and Services Enabling

Exascale Science

CSC250STDM14 Franck Cappello Argonne 2.3.4.14 STDM14 - Computer 3,100
National VeloC-SZ: Very Low Science
Laboratory Overhead Transparent
Multilevel
Checkpoint/Restart/SZ:

Fast, Effective, Parallel
Error-bounded Exascale

Loss....
CSC250STDM16 James Paul Ahrens, Lawrence 2.3.4.16 STDM16- Computer 1,700
Terece Louise Turton Livermore ALPINE/ZFP Science
National
Laboratory
(LLNL)
CSC250STDT10 Jeffrey S Vetter Oak Ridge 2.3.2.10 STDT10 Computer 1,300
National PPROTEAS-TUNE Science
Laboratory
(ORNL)
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Project Name

Pl Name

Pl Institution

Project Title

Allocation
Science Field | Amount

(Short) in Node-
Hours
CSC250STDT11 Sunita Stony Brook |2.3.2.11 SOLLVE: Scaling| Computer 1,300
Chandrasekaran, University OpenMP with LLVm for Science
Doss ay Oryspayev Exascale
CSC250STDVO01 Charles Vernon Kitware Inc. 2.3.4.01 STDVO1-Data Computer 2,200
Atkins and Visualization Science
Software Development Kit
CSC250STMS05 Ulrike Meier Yang, Argonne 2.3.3.01 STMSO05- Mathematics 1,300
Satish Balay National Extreme-scale Scientific
Laboratory xSDK for ECP
CSC250STMS07 Todd S. Munson, Argonne 2.3.3.06 STMSO07- Mathematics 5,000
Hong Zhang, Richard National PETSc/TAO for Exascale
Tran Mills, Satish Laboratory
Balay
CSC250STNS01 Michael Lang, Terece | Los Alamos |[2.3.6.01 - STNSO1 -LANL| Computer 1,300
Louise Turton National ATDM ST Projects Science
Laboratory
(LANL)
CSC250STPM09 Yanfei Guo Argonne 2.3.1.07 STPMO09- Computer 1,300
National Exascale MPI Science
Laboratory
CSC250STPM11 George Bosilca, Earl | The University 2.3.1.09 STPM11 Computer 1,300
Luther Carr, Jack of Tennessee ParSEC: Distributed Science
Dongarra, Thomas at Knoxville Tasking
Herault
CSC250STPM17 Paul Hamilton Lawrence 2.3.1.14 STPM17-UPC++| Computer 4,000
Hargrove, Erich Berkeley & GASNet Science
Strohmaier National
Laboratory
(LBNL)
CSC250STPR19 Peter Hugh Beckman Argonne 2.3.1.19 STPR19 Argo: Computer 1,300
National Argo/Power Steering Science
Laboratory
CSC250STPR27 David Edward Oak Ridge 2.3.1.17 STPR27-OMPI- Materials 4,000
Bernholdt National X: Open MPI for Exascale Science
Laboratory
(ORNL)
CSC250STTO09 Jack Dongairra, The University 2.3.2.06 STTO09 Computer 4,000
Anthony Danalis, Earl | of Tennessee EXAPAPI Science
Luther Carr, Heike at Knoxville
Jagode
CSC250STTO11 John Michael Mellor- | Rice University 2.3.2.08 STTO11 Computer 2,200
Crummey HPCToolkit Science
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Allocation

. o . . Science Field | Amount
Project Name Pl Name PI Institution Project Title (Short) in Node-
Hours
CSC251HIHEO5 Scott Dov Pakin, Los Alamos 2.4.2.01 HIHEO5- Computer 1,300
Simon David National Analytical Modeling - Science
Hammond Laboratory Hardware Evaluation
(LANL) Working Groups
CSC251HISD01 Ryan Adamson Los Alamos 2.4.4.01 HISDO1- Computer 2,300
National Software Integration Science
Laboratory
(LANL)
CSCSTDT12345 Patrick McCormick Los Alamos 2.3.2.12 Flang: open- Computer 2,200
National source Fortran front end Science
Laboratory for the LLVM
(LANL) infrastructure
CTOP Devesh Tiwari Northeastern Cost-Efficient and Computer 8,530
University Throughput-Oriented Science
Power Capping on
Production HPC Systems
D6_XNET Robert Fisher University of Explorations of the D6 Physics 10,000
Massachusetts- Scenario of Type la
Dartmouth Supernovae on Theta
darkskyml_aesp Salman Habib Argonne Dark Sky Mining Physics 30,999
National
Laboratory
datascience Venkatram Argonne ALCF Data Science and Internal 78,017
Vishwanath National Workflows Allocation
Laboratory
DAWN Xin-Zhong Liang University of USDA Funds UMD Earth Science 32,000
Maryland Project to Sustain
Agricultural Production in
the Corn Belt with $10
Million
DDES_JET Roberto Paoli University of | DDES of compressible jet| Engineering 49,237
lllinois at flows with OpenFoam
Chicago
DDICF-Dev Duc Minh Cao University of Direct-Drive Inertial Fusion Energy 6,285
Rochester |Confinement Fusion Code
Porting and Proposal
Preparation
DFT-FE Phani Sudheer University of | Large-scale real-space Materials 15,538
Motamarri Michigan electronic structure Science
calculations for
understanding energetics
of complex defects in
materials
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Allocation

. o . . Science Field | Amount
Project Name Pl Name PI Institution Project Title (Short) in Node-
Hours
Diagnostics-CNN Lander Ibarra Argonne Inverse Problem CNN Energy 810
National Computation for Technologies
Laboratory Diagnostics
dist_relational_alg Sidharth Kumar The University Distributed relational Computer 12,107
of Alabama at algebra at scale Science
Birmingham
DLAMFC Petro Junior Milan Georgia Deep-Learning Engineering 1
Institute of Enhancement of
Technology Multiphysics Flow
(Georgia Tech) Computations for
Propulsion Applications
dl_am Satish Karra Los Alamos | Scalable Deep Learning | Engineering 14,626
National Workflow for Additive
Laboratory Manufacturing
(LANL)
DL_MODEX MARUTI KUMAR Pacific Towards a robust and | Earth Science 10,503
MUDUNURU Northwest scalable deep learning
National workflow for fast,
Laboratory accurate, and reliable
(PNNL) calibration of watershed
models
DNS3D Ramesh Balakrishnan Argonne Direct Numerical Engineering 63,478
National Simulation of Three
Laboratory Dimensional Turbulence
DNSforLIS Antonino Ferrante University of | DNS investigation for the | Engineering 23,747
Washington |law of incipient separation
DNS_SV_Turb_2WC Josin Tom Duke University| DNS study of particle Engineering 5,774
settling velocities in
turbulence in the
presence of two-way
coupling
Drug_FEP_Data Wei Jiang Argonne Machine elarning of drug Biological 50,002
National binding and toxicity based| Sciences
Laboratory on high throughput free
energy computations
DynCap Zhiling Lan lllinois Institute | Dynamic Power Capping Computer 23,817
of Technology | for Scientific Applications Science
T
DynStall Anupam Sharma lowa State | Analysis and Mitigation of | Engineering 1,545
University (ISU)| Dynamic Stall in Energy
Machines
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Pl Name

Pl Institution

Project Title

Allocation

Science Field | Amount

(Short) in Node-
Hours

Eagle_Testing Avanthi Madduri Argonne Eagle Testing purposes - Internal 0
National updated
Laboratory
ECP_SDK Sameer Suresh University of | Deploying the ECP SDK Computer 871
Shende Oregon software stack at ALCF Science
EE-ECP Xingfu Wu, Valerie Argonne Energy efficient tradeoff Computer 19,157
Taylor National among execution time, Science
Laboratory power, and resilience of
two ECP applications
ELSI_dev Alvaro Vazquez Duke University ELSI Developers Computer 830
Mayagoitia Science
EngineDNS Christos Frouzakis |Eidgendssische| Towards reactive DNS in | Engineering 44,430
Technische complex internal
Hochschule combustion engine
Zirich (ETH geometries
Zurich)
EstopSim_DD Yosuke Kanai The University Massively Parallel Chemistry 1,515
of North Electronic Stopping
Carolina- Simulations of High
Chapel Hill Energy Particles in
Solvated DNA
extrap-noise-ai Marcus Ritter Technische Noise Resilient Computer 1,559
Universitéat Performance Modeling Science
Darmstadt with Deep Learning
FASTMath2 Richard Kim Archibald| Oak Ridge FASTMath Software Mathematics 50,000
National Platform
Laboratory
(ORNL)
FDTD_Cancer_2a Allen Taflove Northwestern | Computational Physical Biological 158,554
University Genomics: Exploring Sciences
Potential Novel Cancer
Therapies
FDTD_GPU Wei Jiang Argonne Migration of FDTD Computer 10,000
National modeling to GPU Science
Laboratory
fhi_etclp Thomas Alexander Fritz-Haber- Benchmarking a High- Physics 6,108
Reichmanis Purcell Institut der Throughput Framework
Max-Planck- for the Thermal
Gesellscha ft Conductivity of
(FHI) Perovskites
FTI_Tribo_AS_DD Matthias Baldofski |Aalto University| Benchmarking atomistic Materials 34,868
simulations of tribological Science
systems
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Allocation

. o . . Science Field | Amount
Project Name Pl Name Pl Institution Project Title (Short) in Node-
Hours
fusiondl_aesp William Tang Princeton Accelerated Deep Fusion Energy 3,999
University Learning Discovery in
Fusion Energy Science
GA-bfg3d Mark Kostuk General General Atomics Next Physics 8,241
Atomics Generation Skew-
Symmetric Fluid Solver
gas-turbine Pinaki Pal Argonne Deep Learning- Engineering 16,035
National Augmented Flow Solver
Laboratory | to Improve the Design of
Gas-Turbine Engines
GNPMem Tarak K Patra Indian Institute | Computational design of Materials 8,301
of Technology polymer grafted Science
Madras nanoparticle membrane
GrainBoundaries Wissam A Saidi University of | Structure and Properties Materials 39,713
Pittsburgh of Grain Boundaries in Science
Materials for Energy
Applications
HACC_aesp Katrin Heitmann Argonne Extreme-Scale Physics 15,999
National Cosmological
Laboratory Hydrodynamics
HARDXBIOCANCEL Carles Serrat Universitat | Coherent hard X-ray core | Chemistry 11,756
Politécnica de nonlinear selective
Catalunya- cancellation of the effect
Barcelona Tech of biological target
molecules in pathogens
HED_Flows Hussein Aluie University of | Scale-Aware Modeling of | Fusion Energy 6,121
Rochester Instabilities and Mixing in
HED Flows
HEPCloud-FNAL Burt Holzman Fermi National High Energy Physics Physics 3,324
Accelerator Computing for Fermilab
Laboratory experiments via
(Fermilab) HEPCloud
Hephaestus Andrey Beresnyak Naval Hephaestus Physics 7,087
Research heterogeneous mode
Laboratory
HEP_on_HPC Jim B Kowalkowski, | Fermi National | HEP analysis workflows Physics 18,774
Marc Francis Paterno | Accelerator on HPC
Laboratory
(Fermilab)
HighMachTurbulence Sanjiva K Lele Stanford Simulations of Turbulence| Engineering 51,935
University at High Compressibility
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Project Name Pl Name PI Institution Project Title SC'?ng]gr't:)'eld IAnnllI%Lér;t
Hours
HighReyTurb_PostProc Robert D. Moser, The University | Data analysis of turbulent | Engineering 13,191
Myoungkyu Lee of Texas at Channel Flow at High
Austin Reynolds number
HiMB_Beamline Eremey Vladimirovich | Michigan State Development and Physics 14,644
Valetov University Optimization of a Novel
High-Intensity Muon
Beamline
HIV-PR Ao Ma University of Understanding the Biological 15,455
lllinois at mechanism of ligand- Sciences
Chicago induced conformational
dynamics of HIV-1
protease and the effects
of mutations
HNPballistics Sinan Keten Northwestern Engineering Engineering 23,383
University Nanocellulose based
Hairy Nanoparticle
Assemblies for High
Ballistic Impact
Performance
hpcbdsm Tanwi Mallick Argonne High-Performance Computer 15,625
National Computing and Big Data Science
Laboratory Solutions for Mobility
Design and Planning
HTAlloyDesign Dongwon Shin Oak Ridge Supercomputing for Materials 60,000
National automotive high- Science
Laboratory temperature alloy design
(ORNL)
HumanVAN Grant Addison Athinoula A. Biophysical modeling of Biological 5,418
Hartung Martinos the functional MRI signal Sciences
Center for through parametric
Biomedical variations in neuronal
Imaging activation and blood
vessel anatomy using
realistic synthetic
microvascular networks
ICE_InSitu Muhsin Mohammed Argonne Towards Exascale Chemistry 39,564
Ameen,Saumil Sudhir National Internal Combustion
Patel Laboratory Engine Simulations with
In-Situ Analysis
ImageNanoX_DD Phay J Ho Argonne X-ray Imaging of Physics 7,501
National Transient Structure and
Laboratory Dynamics of
Nanoparticles
ALCF CY 2@0 Operational Assessment Report B-13



Allocation
Science Field | Amount

Project Name Pl Name PI Institution Project Title (Short) in Node-
Hours
Intel Kalyan Kumaran, Argonne Intel employees in Internal 78,017
Scott Parker, Timothy National support of Theta
Joe Williams, Laboratory
Venkatram
Vishwanath
IntelVis Joseph A Insley Argonne Intel Visualization Computer 5,672
National Development Science
Laboratory
inversedesign_oerorr Rafael Gomez- Massachusetts | Inverse design of oxide Materials 874
Bombarelli Institute of catalysts for OER/ORR Science
Technology
(MIT)
JCESR Larry Curtiss, Argonne Development of High Materials 78,000
Anubhav Jain National Throughput Methods Science
Laboratory
Job_Interference Zhiling Lan lllinois Institute | Workload Interference Computer 19,427
of Technology Analysis on Theta Science
Ty
lalitha_test Haritha Super User | 3Q-Lab GmbH testing Internal 1
LatticeQCD_aesp Paul Mackenzie, Fermi National Lattice Quantum Physics 390,999
Norman Howard Accelerator Chromodynamics
Christ Laboratory Calculations for Particle
(Fermilab) and Nuclear Physics
LESDNSHTECESHE2021 Lane Benjamin Virginia LES and DNS of Heat Engineering 4,705
Carasik Commonwealth | Transfer Enhancements
University in Clean Energy System
(VCU) Heat Exchangers
LES_CommTransAir Parviz Moin Stanford Large-Eddy Simulation of | Engineering 30,324
University a Commercial Transport
Aircraft Model
LIGHTCONTROL Sandra Gail Biedron | University of Light sources and their Physics 6,857
New Mexico control using Al
techniques
lipid-sampling Yun Lyna Luo Western Development of Biological 17,812
University of enhanced sampling Sciences
Health approach for
Sciences heterogenous membrane
LMPMBXOpt Francesco Paesani University of Enabling Chemical Chemistry 15,625
California-San | Accuracy Through Large-
Diego Scale Many-body
Molecular Dynamics
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Science Field | Amount

Project Name Pl Name PI Institution Project Title (Short) in Node-
Hours
LQCDdev James Clifton Osborn Argonne Lattice QCD development Physics 1,640
National
Laboratory
lgcdml_aesp William Detmold Massachusetts | Machine Learning for Physics 54,999
Institute of Lattice Quantum
Technology Chromodynamics
(MIT)
LTC_Aramco_theta Roberto Torelli Argonne Investigation of Gasoline- | Engineering 16,017
National Range Fuels for a Heavy-
Laboratory Duty Diesel Engine in a
Low-Temperature
Combustion Regime
LTP-Opt Vyaas Gururajan Argonne Low Temperature Plasma| Chemistry 19,975
National Optimization
Laboratory
magnetotail Samuel Richard Princeton Kinetic simulations of the Physics 54,717
Totorica University dynamic magnetotail
Maintenance Mark R Fahey Argonne LCF Operations System Internal 78,017
National Maintenance
Laboratory
marine-twin Flavio Dal Forno Oak Ridge Marine Digital-Twin Full- Energy 41,184
Chuahy National Scale Simulation Technologies
Laboratory
(ORNL)
matml_aesp Noa Marom Carnegie Many-Body Perturbation Materials 219,999
Mellon Theory Meets Machine Science
University Learning to Discover
Singlet Fission Materials
metastable Subramanian Argonne Metastable phase Materials 52,996
Sankaranarayanan National diagram of material Science
Laboratory
MI2Dmaterials Trevor David Rhone Rensselaer Materials informatics Materials 142,942
Polytechnic | study of two-dimensional Science
Institute (RPI) | magnetic materials and
their heterostructures
microwave_catalysis fanglin che University of Characterizing Non- Chemistry 1,711
Massachusetts- Thermal Effects of
Lowell Microwave Accelerated
Heterogeneous Catalysis
MITboiling Jinyong Feng Massachusetts | Modeling of Boiling Heat Nuclear 31,999
Institute of Transfer in Nuclear Energy
Technology Reactors
(MIT)
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MKM_catal Wilfred T Tysoe University of Enantioselectivity in Chemistry 100,000
Wisconsin- | Heterogeneous Catalysts
Milwaukee via the Addition of Chiral
Modifiers
ML-Coupling shinhoo kang Argonne Data-driven Coupling | Earth Science 526
National Methods for Atmospheric-
Laboratory Ocean Interactions
ML-target Lianshan Lin Oak Ridge Application of ML to the Physics 67,933
National Liquid Mercury Target
Laboratory
(ORNL)
ML4MPF Gina Maureen Sforzo Argonne Enabling predictive Engineering 12,527
National simulations of reacting
Laboratory | multiphase flows via data-
driven emulation
MLP4THERMO Cem Sevik Eskisehir Machine Learning Materials 9,587
Technical Potentials for Thermal Science
University Properties of Two-
Dimensional Materials
mmaADSP Eliu Antonio Huerta University of | Deep Learning at Scale Physics 25,660
Escudero lllinois at for Multimessenger
Urbana- Astrophysics through the
Champaign NCSA-Argonne
Collaboration
MOAB_App Vijay Subramaniam Argonne MOAB Algorithmic Mathematics 16,503
Mahadevan National Performance Portability
Laboratory
ModelingCoronaVirus Zhangli Peng University of Modeling Corona Virus Biological 160,755
lllinois at Sciences
Chicago
MoltenSalts Nicholas Everett University of Automated Active Nuclear 22,530
Jackson lllinois at Learning on ALCF for Energy
Urbana- Machine Learning
Champaign Forcefield Automation
MPICH_MCS Kenneth James Argonne MPICH - A high Computer 36,741
Raffenetti, Pavan National performance and widely Science
Balaji Laboratory portable MPI
implementation
mriPic Gregory R Werner University of Particle-in-Cell Physics 8,000
Colorado- simulations of the
Boulder magneto-rotational
instability
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. o . . Science Field | Amount
Project Name Pl Name PI Institution Project Title (Short) in Node-
Hours
MSEMNeuro Thomas David Uram Argonne Reconstruction of Biological 6,461
National neuronal connectivity Sciences
Laboratory from MSEM imaged
tissue
Mu2e_HEPCloud luri Artur Oksuzian Argonne MuZ2e simulations through Physics 25,628
National the HEPCloud Project
Laboratory
multimode_comb Pinaki Pal Argonne High-Fidelity CFD Energy 35,455
National Simulations of Multi-Mode | Technologies
Laboratory Combustion
MultiphaseNuc Igor A Bolotnov North Carolina Multiphase Flow Nuclear 30
State University| Simulations of Nuclear Energy
(NCSsU) Reactor Flows
multiphysics_aesp Amanda Randles |Duke University| Extreme-scale In Situ Engineering 38,999
Visualization and Analysis
of Fluid-Structure-
Interaction Simulations
MyVirtualCancer Leili Shahriyari University of My Virtual Cancer Biological 20,000
Massachusetts- Sciences
Amherst
NAMD_aesp Benoit Roux, James | The University | Free Energy Landscapes | Biological 77,999
C. Phillips of Chicago of Membrane Transport Sciences
(UChicago) Proteins
NAQMC_RMD_aesp Aiichiro Nakano University of Metascalable Layered Materials 38,999
Southern Materials Genome Science
California
(USC)
nek52rs Aleksandr V. Obabko Argonne Nek5000/NekRS for NRC | Engineering 7,529
National and COVID LES
Laboratory
Nek5RS_covid Aleksandr V. Obabko Argonne Nek5000/NekRS for Engineering 10,000
National COVID particle transport
Laboratory and NRC
Nek_Boost Pinaki Pal Argonne Development of High- Energy 34,502
National Fidelity and Efficient Technologies
Laboratory Modeling Capabilities for
Enabling Co-Optimization
of Fuels and Multi-Mode
Engines
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Hours
networkbench Devi Sudheer Kumar Argonne network benchmarking Computer 17,303
Chunduri, Elise National and modeling Science
Jennings, Kevin Laboratory
Harms, Misbah
Mubarak
neutrinoADSP Andr zej Mi | The University Developing High Physics 26,785
Corey J Adams, of Edinburgh | Performance Computing
Diego Garcia-Gamez Applications for Liquid
Argon Neutrino Detectors
neutrino_osc_ADSP Marco Del Tutto Fermi National Machine Learning for Physics 48,328
Accelerator Data Reconstruction to
Laboratory Accelerate Physics
(Fermilab) Discoveries in
Accelerator-Based
Neutrino Oscillation
Experiments
NextGenReac Yigi Yu Argonne Toward the Future: High Nuclear 16,841
National fidelity simulation for next Energy
Laboratory Generation Nuclear
Reactors
NGM_EHT Charles Forbes University of | Next-generation Models Physics 20,000
Gammie lllinois at for the Event Horizon
Urbana- Telescope
Champaign
niubmrk Sergey A Uzunyan |Northern lllinois Benchmarks of Computer 5,000
University applications running at Science
(NIU) NIU compute clusters
using modern hardware
novacosmics Alexander | Himmel | Fermi National | NOVA Cosmic Rejection Physics 450
Accelerator
Laboratory
(Fermilab)
NucContainmentMix Christopher Fred U.S. Nuclear LES Simulations of Nuclear 30,358
Boyd Regulatory Severe Accident Energy
Commission Conditions in Nuclear
(NRC) Containment
NWChemEx_aesp Theresa Windus, Pacific NWChemEX: Tackling Chemistry 7,999
Alvaro Vazquez Northwest Chemical, Materials &
Mayagoitia National Biochemical Challenges
Laboratory in the Exascale Era
(PNNL)
Operations Mark R Fahey Argonne Systems administration Internal 78,017
National tasks
Laboratory
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Hours
OptADDN Sandeep Madireddy Argonne Optimal Architecture Computer 60,000
National discovery for deep Science
Laboratory probabilistic models and
neuromorphic systems
ogs_int David Beratan Duke University| Efficient Simulation of Chemistry 32,000
Open Quantum Systems
with Matrix Product States
in the Interaction Picture
PARTURB3D Ramesh Balakrishnan Argonne Simulating turbulent Engineering 5,418
National particulate flows inside
Laboratory enclosures
Performance Scott Parker, Argonne Performance Internal 78,017
Raymond M. Loy National
Laboratory
perf_research Devi Sudheer Kumar Argonne Performance group Computer 0
Chunduri National external facing research Science
Laboratory
PerovskiteMachine Volker Wolfgang Blum|Duke University | High-Precision Dynamical Materials 4,608
Properties of Complex Science
Perovskites by
Interpolative Machine
Learning
PHASTA_aesp Kenneth Edward University of Extreme Scale Engineering 77,999
Jansen Colorado- Unstructured Adaptive
Boulder CFD: From Multiphase
Flow to Aerodynamic
Flow Control
PHASTA_NCSU Igor A Bolotnov North Carolina | Multiphase Simulations of | Engineering 32,000
State University | Nuclear Reactor Thermal
(NCSsU) Hydraulics
pnc_ml Boran Ma Duke University Machine Learning- Materials 64,000
assisted Polymer Science
Nanocomposite
Microstructure Design
poly-ion-dd Juan Pablo The University | lon Conduction Through Chemistry 5,144
of Chicago Polymeric Interfaces
(UChicago)
PPE-CV-NTM Sandra Jean Bittner Individual Computational Study and | Computer 16,900
Visualization Models for Science
Non-Traditional Materials
for Personal Protective
Equipment
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psro01 Ronald Otis Grover |General Motors| Electric Motor Thermal Engineering 52,948
Company Management Analysis
PTLearnPhoto Noa Marom Carnegie Many-Body Perturbation Materials 73,966
Mellon Theory Meets Machine Science
University Learning to Discover
Materials for Organic
Photovoltaics
PUR-IRL Nicholas Lee-Ping Mayo Clinic- Inferring the Reward Biological 476
Chia Minnesota Function of Cancer Sciences
Q-Pix Jonathan Asaadi The University | QPix: Achieving kiloton Physics 937
of Texas at scale pixelated readout
Arlington for Liquid Argon Time
Projection Chambers
QCProxyApps Graham Donald Argonne Quantum Chemistry Chemistry 25,087
Fletcher National Proxy Applications
Laboratory
QMCPACK _aesp Anouar Benali Argonne Extending Moore's Law Materials 77,999
National computing with Quantum Science
Laboratory Monte Carlo
gsars_gm_vae Brad Reisfeld Colorado State | Discovering quantitative Biological 742
University structure activity Sciences
relationships using
quantum chemical
descriptors and
variational autoencoding
QSim Yuri Alexeev Argonne Quantum Simulations Computer 48,468
National Science
Laboratory
QuantumbDS Alvaro Vazquez Argonne Quantum mechanics and | Chemistry 17,850
Mayagoitia National Data Science
Laboratory
radix-io Philip Hutchinson Argonne System software to Computer 6,579
Carns National enable data-intensive Science
Laboratory science
RaptorX Jinbo Xu Toyota Protein Folding through Biological 36,445
Technological Deep Learning and Sciences
Institute at Energy Minimization
Chicago (TTIC)
RCM_4km Jiali Wang Argonne Generation of a next level | Earth Science | 269,862
National dataset for regional scale
Laboratory climate modeling:
convective resolving
spatial scales
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Redox_ADSP Logan Timothy Ward Argonne Autonomous Molecular Materials 17,116
National Design for Redox Flow Science
Laboratory Batteries
REI_Flares Marc Cremer Reaction Leveraging the UCF for Chemistry 52,144
Engineering Simulation of Industrial
International Flares
ReservoirQuality James Edward The University | Numerical prediction of | Earth Science 9,765
Guilkey of Utah sandstone reservoir
quality
RL-fold Arvind Ramanathan Argonne Targeting intrinsically Biological 29,080
National disordered proteins using Sciences
Laboratory artificial intelligence
driven molecular
simulations
rnn-robustness Liam Benjamin University of Large-scale Factorial Computer 1,790
Johnston Wisconsin- Experiment on RNN Science
Madison Robustness
Rxn_Diff Neeraj Rai Mississippi Modeling reaction- Chemistry 50,000
State University | diffusion processes for
liquid-phase
heterogeneous catalysis
sbi-fair Pete Beckman, Kamil Argonne FAIR Surrogate Computer 3,802
Antoni Iskra National Benchmarks Supporting Science
Laboratory Al and Simulation
Research
scalablemoose Fande Kong Idaho National | MOQOSE scaling study Nuclear 3,168
Laboratory Energy
(INL)
SCPlasma RANGANATHAN University of Thermodynamics and Physics 16,994
GOPALAKRISHNAN Memphis Transport Models of
Strongly Coupled Dusty
Plasmas
SDL2021x Wai Nim Alfred Tang | Phd Tutor Hub SDL2021 Extension Computer a7
Science
SDL_Workshop Raymond M. Loy Argonne ALCF Simulation, Data, Training 3,000
National and Learning Workshop
Laboratory
SENSEI Silvio Humberto Argonne Scalable Analysis Computer 61,761
Rafael Rizzi, Joseph National Methods and In Situ Science
A Insley, Nicola Joy Laboratory | Infrastructure for Extreme
Ferrier, Venkatram Scale Knowledge
Vishwanath Discovery
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SimMCSProce Andreas Franz Prein | The National | Using ARM Observations | Earth Science 33,043
Center for to Evaluate Process-
Atmospheric Interactions in MCS
Research Simulations Across
(NCAR) Scales
SI_IBM Saurabh Chawdhary Argonne Scalable, efficient sharp- | Engineering 9,410
National interface immersed
Laboratory boundary method for
fluid-structure interaction
problems
SolarWindowsADSP Jacqueline Manina University of Data-Driven Molecular Materials 31,553
Cole Cambridge Engineering of Science
Solar-powered Windows
spentFuel Angela Di Fulvio University of Cask Mis-loads Nuclear 163,900
lllinois at Evaluation Techniques Energy
Urbana-
Champaign
SU2_PadeOps_aesp Sanjiva K Lele Stanford Benchmark Simulations of| Engineering 99
University Shock-Variable Density
Turbulence and Shock-
Boundary Layer
Interactions with
Applications to
Engineering Modeling
SuperBERT lan Foster Argonne Training of language Computer 4,767
National models on large Science
Laboratory | quantities of scientific text
THGSupport Kevin Harms Argonne The HDF Group Support Computer 245
National Science
Laboratory
TNContract James Clifton Osborn Argonne Tensor Network Physics 21,313
National Contractions for QIS
Laboratory
TomoEncoders Aniket Tekawade Argonne TomoEncoders: Engineering 2,887
National Computer Vision
Laboratory Framework for 4D X-ray
Tomography
Tools Scott Parker Argonne ALCF Performance Tools Internal 10,000
National
Laboratory
TotalView Peter Michael Rogue Wave | TotalView Debugger on Internal 1,301
Thompson, Raymond | Software, Inc. Blue Gene P
M. Loy
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Hours
TurbNet Romit Maulik Argonne TurbNet: Scaleable Engineering 8,893
National physics-informed deep
Laboratory learning for turbulence
model development
UINTAH_aesp Martin Berzins, John | The University | Design and evaluation of | Chemistry 62,999
Andrew Schmidt of Utah high-efficiency boilers for
energy production using a
hierarchical V/UQ
approach
Uintah_GPU_benchmark |Marta Garcia Martinez Argonne Uintah benchmarks on Engineering 32,000
National GPU
Laboratory
Ultrafast_X-ray Jin Wang Argonne Ultrafast_X-ray Engineering 20,425
National
Laboratory
User_Services Haritha Siddabathuni Argonne User Services Internal 0
Som, Sreeranjani National
Ramprakash Laboratory
VeloC Bogdan Florin Nicolae Argonne VeloC: Very Low Computer 16,895
National Overhead Checkpointing Science
Laboratory System
visualization Joseph A Insley, Argonne Visualization and Analysis Internal 15,603
Michael E. Papka National Research and
Laboratory Development for ALCF
Viz_Support Joseph A Insley, Argonne Visualization Support Computer 3,900
William Edward National Science
Allcock Laboratory
wall_turb_dd Ramesh Balakrishnan Argonne Wall Resolved Engineering 16,584
National Simulations of Canonical
Laboratory Wall Bounded Flows
WaterHammer Hong Zhang, Hong Argonne Water Hammer Mathematics 20,000
Zhang National Simulation
Laboratory
WGSanalysis Elizabeth McNally Northwestern Large scale alignment Biological 2,571
University and analysis of whole Sciences
human and mouse
genomes, with focus on
realigning to HG 38 and
harmonized workflows
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WindScenarios Ignas Vasilijus National wind scenario generation Energy 2,585
Satkauskas Renewable for two-stage stochastic | Technologies
Energy optimization
Laboratory
(NREL)
WRLCMF Krishnan Mahesh University of Wall-Resolved LES of Engineering 49,888
Minnesota- complex maneuvering
Twin Cities flows
XGC_aesp Choongseok Chang Princeton High fidelity simulation of | Fusion Energy 77,999
Plasma fusion reactor boundary
Physics plasmas
Laboratory
(PPPL)
Xin-ZhongLiang Xin-Zhong Liang, University of Xin-Zhong Liang Earth Science 31,076
Chao Sun Maryland
yingtao Yingtao Wang AAAS On the Role of Crystal Chemistry 476
Fellowship Defects on the Lattice
Programs, Inc. | Thermal Conductivity of
Monolayer WSe2
(P63/mmc)
Thermoelectric Materials
by DFT Calculation
Total DD 7,389,111
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Allocation
. o . . Science Field | Amount
Project Name Pl Name Pl Institution Project Title (Short) in Node-
Hours
ACO2RDS John J Low Argonne Adsorptive CO2 Removal Materials 1,176
National from Dilute Sources Science
Laboratory
AGI-for-Science Rick Lyndon Stevens Argonne Large scale multi modal Computer 601
National language models for Science
Laboratory science comprehension
Al-based-NDI-Spirit Rajkumar Kettimuthu Argonne Framework and Tool for | Engineering 114
National Artificial Intelligence &
Laboratory Machine Learning
Enabled Automated Non-
Destructive Inspection of
Composite Aerostructures
Manufacturing
AIASMAAR Rui Hu Argonne Artificial Intelligence Nuclear 2,536
National Assisted Safety Modeling Energy
Laboratory |and Analysis of Advanced
Reactors
Al_Acceleration lan Foster Argonne Exploration of Al Computer 741
National Accelerators for Neural Science
Laboratory Networks
ALCFAITP Eliu Antonio Huerta Argonne Argonne Al Training Training 1,566
Escudero National Program
Laboratory
AP4AGPU Kevin Harms Argonne AutoPerf for Nvidia GPU Computer 749
National Science
Laboratory
APSDataAnalysis Rafael Vescovi Argonne APS Beamline Data Computer 1,008
National Processing and Analysis Science
Laboratory
APSPolarisI2E Nicholas Schwarz Argonne APS Beamline Computer 3,504
National Processing and Science
Laboratory Workflows using ALCF
Polaris I12E
ArgonneGPUAccess Craig Stacey Argonne GPU access for Argonne Internal 181
National researchers
Laboratory
athena Sylvester Johannes Argonne ATHENA EIC Detector Physics 500
Joosten National Simulation and
Laboratory Optimization
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Hours
ATPESC2021 Raymond M. Loy Argonne Argonne Training Training 2,001
National Program on Extreme-
Laboratory Scale Computing 2021
ATPESC_Instructors Raymond M. Loy Argonne Argonne Training Training 201
National Program on Extreme-
Laboratory | Scale Computing for ALL
Instructors
AuroraPIC Frank Shih Yu Tsung | University of Code preparation for Physics 1,000
California-Los Aurora
Angeles
AutoPhase Yudong Yao Argonne Real-time X-ray coherent | Computer 485
National imaging with a self-trained Science
Laboratory neural network
BES-AXMAS Charlotte Lisa Haley Argonne Al for quality control of Materials 473
National single crystal X-ray Science
Laboratory scattering experiments
biolearning Chongle Pan University of Development of large- Biological 1,021
Oklahoma | scale biomedical machine Sciences
learning models
BioMed Yuri Alexeev Argonne Research hypotheses Biological 153
National from existing biomedical Sciences
Laboratory papers
BioML Yuri Alexeev Argonne Biomedical machine Biological 2,000
National learning Sciences
Laboratory
BIP167 Philip Kurian Howard Computing superradiance Physics 3,428
University | and van der Waals many-
body dispersion effects
for biomacromolecules
BirdAudio Nicola Joy Ferrier Argonne Machine Learning for Computer 683
National Classification of Birdsong Science
Laboratory
BLawB Lucian Ivan Canadian Application of Maximum- | Engineering 600
Nuclear Entropy Moment Methods
Laboratories to Turbulent and
Multiphase Flow
Prediction: Software
Package Preparation
BlazingSQLforHPC Benjamin Hernandez Oak Ridge Optimizing BlazingSQL Computer 751
Arreguin National for DOE's Leadership Science
Laboratory Computing Facilities
(ORNL)
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bloodflow_dd Jifu Tan Northern lllinois| Multiphysics modeling of | Engineering 1,016
University biological flow with cell
(NIU) suspensions
BNN-Scale Murali Krishna Emani Argonne Optimizing Bayesian Computer 1,840
National Neural Networks for Science
Laboratory Scientific Machine
Learning Applications
BRAIN Getnet Dubale Betrie Argonne Scalable Brain Simulator Biological 3,013
National for Extreme Computing Sciences
Laboratory
BS-SOLCTRA Esteban Meneses Costa Rica Plasma Physics Physics 3,052
National High Simulations for SCR-1
Technology Stellarator
Center
bubble-ai Ben J Blaiszik Argonne Discovery of Novel Fuel Materials 83
National Cell Catalyst Materials via Science
Laboratory Development of High-
Throughput Al-Guided
Characterization Methods
Bubblecollapse Eric Johnsen University of Dynamics and heat Engineering 947
Michigan transfer in bubble
collapse near solid
surfaces
CAIDS Julio Cesar Mendez | North Carolina | Consistent Averaging Engineering 577
Carvajal State University | Procedure for solving the
(NCSU) fundamental equations of
fluid dynamics
caloml Douglas Paul Argonne Fast simulation of the Physics 865
Benjamin National ATLAS calorimeter
Laboratory system with Machine
Learning
candle_aesp Rick Lyndon Stevens, Argonne Virtual Drug Response Biological 25,000
Thomas Scott Brettin National Prediction Sciences
Laboratory
Carbon_composites Hendrik Heinz University of Designing Functional Materials 100
Colorado- Nanostructures and Science
Boulder Carbon-Based Composite
Materials
Catalyst Katherine M Argonne Catalyst Internal 15,303
Riley,Christopher National
James Knight,James Laboratory
Clifton
Osborn, Timothy Joe
Williams
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ceed-app Misun Min Argonne Aerosol Transport Engineering 6,459
National Modeling Towards
Laboratory Exascale
cfdml_aesp Kenneth Edward University of Data Analytics and Engineering 50
Jansen Colorado- Machine Learning for
Boulder Exascale CFD
CharmRTS Laxmikant Kale, University of Charm++ and its Computer 5,022
Abhinav Bhatele, lllinois at applications Science
Juan Jose Galvez- Urbana-
Garcia Champaign
Clouds lan Foster Argonne Unsupervised analysis of | Earth Science 54,767
National satellite cloud imagery
Laboratory
compsensingADSP Robert Hovden University of Dynamic Compressed Materials 2,684
Michigan Sensing for Real-time Science
Tomographic
Reconstruction
Comp_Perf_Workshop Raymond M. Loy, Argonne ALCF Computational Training 2,000
Yasaman Ghadar National Performance Workshop
Laboratory
connectomics_aesp Nicola Joy Ferrier, Argonne Enabling Connectomics at| Biological 177
Thomas David Uram National Exascale to Facilitate Sciences
Laboratory Discoveries in
Neuroscience
coreform-lattice Greg Vernon Coreform LLC | HPC-enabled geometry- | Engineering 1,113
compliant lattice
structures for 3d printing
and structural simulation
covid-ct Ravi Kiran Madduri Argonne Medical Imaging Domain-| Computer 5,384
National Expertise Machine Science
Laboratory | Learning for Interrogation
of COVID
CSC249ADCD502 Kenneth John Roche Pacific 2.2.6.02 ADCD502 Computer 2,000
Northwest Application Assessment Science
National
Laboratory
(PNNL)
CSC249ADOA01 Rick Lyndon Stevens, Argonne 2.2.4.03 ADOAO01 Biological 6,771
Thomas Scott Brettin National CANDLE: Exascale Deep Sciences
Laboratory Learning Enabled
Precision Medicine for
Cancer
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CSC250STDM14 Franck Cappello Argonne 2.3.4.14 STDM14 - Computer 1,000
National VeloC-SZ: Very Low Science
Laboratory Overhead Transparent
Multilevel
Checkpoint/Restart/SZ:
Fast, Effective, Parallel
Error-bounded Exascale
Loss....
CSC250STDT11 Sunita Stony Brook |2.3.2.11 SOLLVE: Scaling| Computer 6,000
Chandrasekaran, University OpenMP with LLVm for Science
Dossay Oryspayev Exascale
D6_XNET Robert Fisher University of Explorations of the D6 Physics 2,000
Massachusetts- Scenario of Type la
Dartmo uth Supernovae on Theta
datascience Venkatram Argonne ALCF Data Science and Internal 1,549
Vishwanath National Workflows Allocation
Laboratory
Deep_WF Zhi Qiao Argonne Al-enabled real-time Physics 1,079
National super-resolution X-ray
Laboratory wavefront sensing and
advanced beamline
control
dendritesegmentation Ben J Blaiszik Argonne Machine Learning for Materials 88
National Automated Dendrite Science
Laboratory Segmentation to
Accelerate Experiments
at the Advanced Photon
Source
Diagnostics-CNN Lander Ibarra Argonne Inverse Problem CNN Energy 810
National Computation for Technologies
Laboratory Diagnostics
DL4VIS Hangi Guo Argonne Deep Learning for In Situ Computer 3,162
National Analysis and Visualization Science
Laboratory
DLHMC Sam Alfred Foreman Argonne Deep Learning HMC Physics 6,099
National
Laboratory
d_am Satish Karra Los Alamos | Scalable Deep Learning | Engineering 914
National Workflow for Additive
Laboratory Manufacturing
(LANL)
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DL_MODEX MARUTI KUMAR Pacific Towards a robust and | Earth Science 656
MUDUNURU Northwest scalable deep learning
National workflow for fast,
Laboratory accurate, and reliable
(PNNL) calibration of watershed
models
DNS_SV_Turb_2WC Josin Tom Duke University| DNS study of particle Engineering 577
settling velocities in
turbulence in the
presence of two-way
coupling
DPCPPA100 Kevin Harms Argonne DPC++ on A100 Computer 2,508
National Science
Laboratory
Drug_FEP_Data Wei Jiang Argonne Machine elarning of drug Biological 1,062
National binding and toxicity based Sciences
Laboratory on high throughput free
energy computations
ecp_omp2021 Colleen Elizabeth Argonne ECP OpenMP Virtual Computer 24
Bertoni National Hackathon 2021 Science
Laboratory
ECP_SDK Sameer Suresh University of | Deploying the ECP SDK Computer 1,980
Shende Oregon software stack at ALCF Science
EE-ECP Xingfu Wu, Valerie Argonne Energy efficient tradeoff Computer 1,526
Taylor National among execution time, Science
Laboratory power, and resilience of
two ECP applications
ELSI_dev Alvaro Vazquez Duke University ELSI Developers Computer 415
Mayagoitia Science
EngineDNS Christos Frouzakis |Eidgendssische| Towards reactive DNS in | Engineering 3,094
Technische complex internal
Hochschule combustion engine
Zurich (ETH geometries
Zurich)
ES Al Himanshu Sharma Pacific Deep Neural Network | Earth Science 329
Northwest Model for Modeling
National Aqueous Aerosol
Laboratory Chemistry for Climate
(PNNL) Science
ExalLearn lan Foster Argonne ExalLearn applications Computer 2,586
National and libraries Science
Laboratory
ALCF CY 2@0 Operational Assessment Report B-30



Allocation
Science Field | Amount

Project Name Pl Name PI Institution Project Title (Short) in Node-
Hours
ExaPF Michel Schanen Argonne Optimal Power Flow on | Mathematics 214
National GPUs
Laboratory
FASTMath2 Richard Kim Archibald| Oak Ridge FASTMath Software Mathematics 2,000
National Platform
Laboratory
(ORNL)
FDTD_GPU Wei Jiang Argonne Migration of FDTD Computer 2,000
National modeling to GPU Science
Laboratory
fibregpu Davide Di Giusto University of DNS of fibre-laden Engineering 577
Udine turbulent channel flow
Fornax_GPU Adam Seth Burrows Princeton Porting the Fornax Physics 1,052
University  |Supernova Code to GPUs
gcey3 Marc Francis Paterno | Fermi National | Cosmological Parameter Physics 2,129
Accelerator Inference from Galaxy
Laboratory Clusters
(Fermilab)
gnn_uq Shengli Jiang University of Molecular Property Computer 444
Wisconsin- | Uncertainty Quantification Science
Madison via Automated Graph
Neural Networks
GNPMem Tarak K Patra Indian Institute | Computational design of Materials 1,303
of Technology polymer grafted Science
Madras nanoparticle membrane
GPU-DG Pinaki Pal Argonne GPU-enabled Engineering 2,005
National Discontinuous Galerkin
Laboratory simulations of complex
fluid flows
gpu_hack Yasaman Ghadar, Argonne GPU Hackathon Training 2,000
Raymond M. Loy National
Laboratory
GRACE Sayan Ghosh Pacific Graph Analytics Codesign| Computer 1,154
Northwest on GPUs Science
National
Laboratory
(PNNL)
GrainBoundaries Wissam A Saidi University of | Structure and Properties Materials 4,368
Pittsburgh of Grain Boundaries in Science
Materials for Energy
Applications
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GraphNeuralNetwork QiYu University of Accelerating Traffic Computer 1,967
California-San Simulation via Graph Science
Diego Neural Networks
hp-ptycho Tekin Bicer Argonne High Performance 3D Materials 2,622
National Ptychographic Science
Laboratory Reconstruction and
Image Enhancement
IMEXLBM Saumil Sudhir Patel Argonne ECP ProxyApp Computer 2,213
National Development for the Science
Laboratory |Lattice Boltzmann Method
img_ai_exp Venkatram Argonne Benchmarking Xray and Physics 2,000
Vishwanath National EM based Deep Learning
Laboratory | Al expedition applications
inversedesign_oerorr Rafael Gomez- Massachusetts | Inverse design of oxide Materials 1,714
Bombarelli Institute of catalysts for OER/ORR Science
Technology
(MIT)
lonTransES-ML Boris Kozinsky Harvard lonTranskES - Machine Energy 3,800
University learning of quantum Technologies
energies
IVEM-AlDefects Logan Timothy Ward Argonne Realtime Analysis of Nuclear 200
National Intermediate Voltage Energy
Laboratory Electron Microscopy
Images
JCESR Larry Curtiss, Argonne Development of High Materials 4,900
Anubhav Jain National Throughput Methods Science
Laboratory
Job_Interference Zhiling Lan lllinois Institute | Workload Interference Computer 471
of Technology Analysis on Theta Science
(I1T)
les120 George Karniadakis Brown Learning the sub-grid Mathematics 1,013
University model in Large Eddy
Simulations using
domain-decomposition
based parallel physics-
informed neural networks
(PINNs)
LES_CommTransAir Parviz Moin Stanford Large-Eddy Simulation of | Engineering 1,895
University a Commercial Transport
Aircraft Model
LIGHTCONTROL Sandra Gail Biedron | University of Light sources and their Physics 488
New Mexico control using Al
techniques
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LQCD-ML Wai Nim Alfred Tang | Phd Tutor Hub LQCD parametric Physics 1,108
regression by neural
networks
LQCDdev James Clifton Osborn Argonne Lattice QCD development Physics 991
National
Laboratory
lgcdml_aesp William Detmold Massachusetts | Machine Learning for Physics 2,861
Institute of Lattice Quantum
Technology Chromodynamics
(MIT)
M4DA Zichao Di Argonne Enabling Large-scale Materials 1,534
National Multimodal Data Analysis Science
Laboratory for the APS
Maintenance Mark R Fahey Argonne LCF Operations System Internal 1,998
National Maintenance
Laboratory
matml|_aesp Noa Marom Carnegie Many-Body Perturbation Materials 3,050
Mellon Theory Meets Machine Science
University Learning to Discover
Singlet Fission Materials
MBPTA100 Marco Govoni Argonne Efficient implementation Materials 559
National of MBPT on Science
Laboratory heterogeneous
architectures
MI2Dmaterials Trevor David Rhone Rensselaer Materials informatics Materials 1,663
Polytechnic | study of two-dimensional Science
Institute (RPI) | magnetic materials and
their heterostructures
MILC_GPU Steven Arthur Gottlieb Indiana Exploring the muon Physics 1,384
University (1U) anomalous magnetic
moment using ThetaGPU
nodes
ML-Coupling shinhoo kang Argonne Data-driven Coupling Earth Science 1,447
National Methods for Atmospheric-
Laboratory Ocean Interactions
MLP4THERMO Cem Sevik Eskisehir Machine Learning Materials 135
Technical Potentials for Thermal Science
University Properties of Two-
Dimensional Materials
MLPerf-Science Murali Krishna Emani Argonne Performance Evaluation Computer 2,000
National of MLPerf Scientific Science
Laboratory Machine Learning
Benchmarks
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MOAB_App Vijay Subramaniam Argonne MOAB Algorithmic Mathematics 2,000
Mahadevan National Performance Portability
Laboratory
MPICH_MCS Kenneth James Argonne MPICH - A high Computer 531
Raffenetti, Pavan National performance and widely Science
Balaji Laboratory portable MPI
implementation
MSEMNeuro Thomas David Uram Argonne Reconstruction of Biological 1,720
National neuronal connectivity Sciences
Laboratory from MSEM imaged
tissue
MultiActiveAl Dario Dematties Consejo Multimodal Intelligence Computer 2,624
Nacional de from Active Foveated Science
Investigaciones Vision
Cientificas y
Técnicas de
Argentina
MVAPICH2 Dhabaleswar Kumar | The Ohio State | Optimizing and Tuning Computer 2,588
Panda University MVAPICH2-GDR Library Science
and Study Its Impact on
HPC and Al Applications
nanoct Viktor Valerievich Argonne Multi-GPU nanoscale 3D Materials 2,682
Nikitin National reconstructions of Science
Laboratory dynamically evolving
materials
nek52rs Aleksandr V. Obabko Argonne Nek5000/NekRS for NRC | Engineering 470
National and COVID LES
Laboratory
Nek5RS_covid Aleksandr V. Obabko Argonne Nek5000/NekRS for Engineering 1,500
National COVID particle transport
Laboratory and NRC
networkbench Devi Sudheer Kumar Argonne network benchmarking Computer 471
Chunduri, Elise National and modeling Science
Jennings, Kevin Laboratory
Harms, Misbah
Mubarak
neutrino_osc_ADSP Marco Del Tutto Fermi National | Machine Learning for Physics 1,342
Accelerator Data Reconstruction to
Laboratory Accelerate Physics
(Fermilab) Discoveries in
Accelerator-Based
Neutrino Oscillation
Experiments
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Allocation
Science Field | Amount

Project Name Pl Name PI Institution Project Title (Short) in Node-
Hours
NGM_EHT Charles Forbes University of | Next-generation Models Physics 2,000
Gammie lllinois at for the Event Horizon
Urbana- Telescope
Champaign
niubmrk Sergey A Uzunyan |Northern lllinois Benchmarks of Computer 50
University applications running at Science
(NIU) NIU compute clusters
using modern hardware
NNM Yongchao Yang Michigan Deep Learning for Engineering 2,503
Technological Strongly Nonlinear
University Dynamical Systems
NODE-PETSc Hong Zhang Argonne Training neural ordinary | Mathematics 2,000
National equations using PETSc
Laboratory
novacosmics Alexander | Himmel | Fermi National | NOvVA Cosmic Rejection Physics 2,232
Accelerator
Laboratory
(Fermilab)
NSCS Tanwi Mallick Argonne Towards Neighborhood Computer 114
National Scale Climate Simulations Science
Laboratory | using Al and Accelerated
GPUs
Nucleant John J Low Argonne Multi-scale modeling of Materials 6,926
National nucleant evolution and Science
Laboratory alloy solidification for
manufacturing of high-
strength parts from
aluminum alloys
NuQMC Alessandro Lovato Argonne Nuclear quantum Monte Physics 2,000
National Carlo
Laboratory
Operations Mark R Fahey Argonne Systems administration Internal 1,566
National tasks
Laboratory
OptADDN Sandeep Madireddy Argonne Optimal Architecture Computer 4,000
National discovery for deep Science
Laboratory probabilistic models and
neuromorphic systems
ogs_int David Beratan Duke University| Efficient Simulation of Chemistry 2,000
Open Quantum Systems
with Matrix Product States
in the Interaction Picture
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Allocation
Science Field | Amount

Project Name Pl Name PI Institution Project Title (Short) in Node-
Hours
Pagoda-GPU Paul Hamilton Lawrence Pagoda GPU Computer 1,926
Hargrove Berkeley development for ECP Science
National WBS 2.3.1.14
Laboratory
(LBNL)
PARTURB3D Ramesh Balakrishnan Argonne Simulating turbulent Engineering 2,000
National particulate flows inside
Laboratory enclosures
PDE_ML Ramin Baghgar University of | Self-supervised Coupling | Engineering 2,941
Bostanabad California-Irvine of Deep Operator
Surrogates for Scalable
and Transferable
Learning
Performance Scott Parker, Argonne Performance Internal 1,566
Raymond M. Loy National
Laboratory
poly-ion-dd Juan Pablo The University | lon Conduction Through Chemistry 1,472
of Chicago Polymeric Interfaces
(UChicago)
PPE-CV-NTM Sandra Jean Bittner Individual Computational Study and | Computer 8,900
Visualization Models for Science
Non-Traditional Materials
for Personal Protective
Equipment
ptychopy Ke Yue Argonne Ptychopy: a framework for| Computer 2,000
National ptychographic data Science
Laboratory processing
PUR-IRL Nicholas Lee-Ping Mayo Clinic- Inferring the Reward Biological 3,967
Chia Minnesota Function of Cancer Sciences
QCProxyApps Graham Donald Argonne Quantum Chemistry Chemistry 558
Fletcher National Proxy Applications
Laboratory
gsars_gm_vae Brad Reisfeld Colorado State | Discovering quantitative Biological 263
University structure activity Sciences
relationships using
quantum chemical
descriptors and
variational autoencoding
QSim Yuri Alexeev Argonne Quantum Simulations Computer 1,276
National Science
Laboratory
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Allocation

. o . . Science Field | Amount
Project Name Pl Name PI Institution Project Title (Short) in Node-
Hours
QuantumbDS Alvaro Vazquez Argonne Quantum mechanics and | Chemistry 951
Mayagoitia National Data Science
Laboratory
radix-io Philip Hutchinson Argonne System software to Computer 112
Carns National enable data-intensive Science
Laboratory science
RAPINS Eliu Antonio Huerta Argonne Reproducible and Physics 1,017
Escudero National Accelerated Physics-
Laboratory | inspired Neural Networks
RaptorX Jinbo Xu Toyota Protein Folding through Biological 5,394
Technological Deep Learning and Sciences
Institute at Energy Minimization
Chicago (TTIC)
rdesim Venkatramanan University of | GPU-based Simulation of | Engineering 4,000
Raman Michigan Shock-containing Flows
Redox_ADSP Logan Timothy Ward Argonne Autonomous Molecular Materials 234
National Design for Redox Flow Science
Laboratory Batteries
RL-fold Arvind Ramanathan Argonne Targeting intrinsically Biological 12,238
National disordered proteins using Sciences
Laboratory artificial intelligence
driven molecular
simulations
rnn-robustness Liam Benjamin University of Large-scale Factorial Computer 217
Johnston Wisconsin- Experiment on RNN Science
Madison Robustness
Rxn_Diff Neeraj Rai Mississippi Modeling reaction- Chemistry 2,000
State University| diffusion processes for
liquid-phase
heterogeneous catalysis
sbi-fair Pete Beckman,Kamil Argonne FAIR Surrogate Computer 950
Antoni Iskra National Benchmarks Supporting Science
Laboratory Al and Simulation
Research
SDL2021x Wai Nim Alfred Tang | Phd Tutor Hub SDL2021 Extension Computer 47
Science
SDL_Workshop Raymond M. Loy Argonne ALCF Simulation, Data, Training 2,000
National and Learning Workshop
Laboratory
ALCF CY 2@0 Operational Assessment Report B-37



Allocation

. o . . Science Field | Amount
Project Name Pl Name PI Institution Project Title (Short) in Node-
Hours
SEEr-planning Zhiling Lan lllinois Institute | Performance and Power Computer 32,400
of Technology | Tradeoff Analysis of Al- Science
T Enabled Science on CPU-
GPU System
SI_IBM Saurabh Chawdhary Argonne Scalable, efficient sharp- | Engineering 2,808
National interface immersed
Laboratory boundary method for
fluid-structure interaction
problems
skysurvey_adsp George Frazer Stein Lawrence Learning Optimal Image Physics 1,342
Berkeley Representations for
National Current and Future Sky
Laboratory Surveys
(LBNL)
smarthpc Zhengchun Liu Argonne System level approach to | Computer 3,769
National optimize neural Science
Laboratory architecture search in
HPC environments
SolarWindowsADSP Jacqueline Manina University of Data-Driven Molecular Materials 2,094
Cole Cambridge Engineering of Science
Solar-powered Windows
SOLLVE Sunita Brookhaven Scaling OpenMP With Computer 243
Chandrasekaran National LLVm for Exascale Science
Laboratory Performance and
(BNL) Portability
SuperBERT lan Foster Argonne Training of language Computer 19,408
National models on large Science
Laboratory | quantities of scientific text
SWIFT_CRADA Venkatram Argonne Anomaly Detection for Computer 171
Vishwanath National Swift Transaction Science
Laboratory Streams
THGSupport Kevin Harms Argonne The HDF Group Support Computer 245
National Science
Laboratory
TMEM_DEL Diomedes Elias Northeastern Molecular Dynamics Biological 1,154
Logothetis University simulation on TMEM16A Sciences
chloride channel
TomoADSP Robert Hovden University of Dynamic Compressed Materials 4,483
Michigan Sensing for Real-time Science
Tomographic
Reconstruction
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Allocation
Science Field | Amount

Project Name Pl Name PI Institution Project Title (Short) in Node-
Hours
TomoEncoders Aniket Tekawade Argonne TomoEncoders: Engineering 1,154
National Computer Vision
Laboratory Framework for 4D X-ray
Tomography
Tools Scott Parker Argonne ALCF Performance Tools Internal 1,000
National
Laboratory
TORCHANIA100 Alvaro Vazquez Argonne Distributed training of Chemistry 896
Mayagoitia National Deep Neural Networks of
Laboratory the ANI Neural Network
Potentials
Turbulent_Transport Paul Fischer Argonne Turbulent Transport for | Engineering 476
National Multiphysics Applications
Laboratory
Uintah_GPU_benchmark |Marta Garcia Martinez Argonne Uintah benchmarks on Engineering 2,000
National GPU
Laboratory
Ultrafast_X-ray Jin Wang Argonne Ultrafast_X-ray Engineering 3,276
National
Laboratory
User_Services Haritha Siddabathuni Argonne User Services Internal 54
Som, Sreeranjani National
Ramprakash Laboratory
VASPDEK David Eugene Keller | University of Vasp 2.0.1 GPU timing Physics 0
Rochester Simulations
VeloC Bogdan Florin Nicolae Argonne VeloC: Very Low Computer 2,416
National Overhead Checkpointing Science
Laboratory System
visualization Joseph A Insley, Argonne Visualization and Analysis Internal 1,566
Michael E. Papka National Research and
Laboratory Development for ALCF
wall_turb_dd Ramesh Balakrishnan Argonne Wall Resolved Engineering 1,305
National Simulations of Canonical
Laboratory Wall Bounded Flows
WaterHammer Hong Zhang, Hong Argonne Water Hammer Mathematics 1,846
Zhang National Simulation
Laboratory
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Project Name

Pl Name

Pl Institution

Project Title

Allocation

Science Field | Amount

(Short) in Node-
Hours
WGSanalysis Elizabeth McNally Northwestern Large scale alignment Biological 2,000
University and analysis of whole Sciences
human and mouse
genomes, with focus on
realigning to HG 38 and
harmonized workflows
WRFGPU Veerabhadra Rao Argonne WRF GPU testing Earth Science 1,498
Kotamarthi National
Laboratory
WRLCMF Krishnan Mahesh University of Wall-Resolved LES of Engineering 3,118
Minnesota- complex maneuvering
Twin Cities flows
Total DD 450,546
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Appendix C d ALCF CY2021 Science Highlights

The following Science Highlights were submitted to ASCR for the 2021 OAR performance
period.
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Atomistic Insights Into Metal Hardening

The Science

Although known since the earliest days of metallurgy that metals get
stronger or harden when mechanically deformed, mechanisms of
metal hardening continue to be investigated with tenacity to develop
a predictive theory based on intrinsic properties of a material. While
known that the motion of crystal lattice dislocations where layers of
atoms slide over each other play an important role in the process,
debates on mechanisms continued because of an inability to observe
dislocations in situ during straining. Large-scale molecular simulations
enable examining atomic level details of metal hardening and
demonstrated staged hardening of metals is direct consequence of
crystal rotation under uniaxial straining.

The Impact

While known for years of the connection between crystal plasticity and
dislocation defects, no quantitative theory currently exists to predict
metal hardening directly from the intrinsic properties of a material.
From the detailed atomistic data collected from large-scale molecular
simulations, the team observed that the basic mechanism is the same
across all stages of metal hardening. This is at odds with widely
divergent and contradictory views in literature, but the simulations
clarify that three-stage hardening is not an intrinsic material property.
The ability to simulate crystal reorientation at very large strains and
identify the most likely slip deformation is important for improving the
accuracy of engineering models used to predict the evolution of
polycrystalline textures in several industrial processes, such as rolling,
forging, extrusion, and other metal-forming operations.

A data reduction workflow in which a detailed all-atom
representation of compressed crystal (bottom) gradually
morphs into a more economical representation (top) in terms
of its lattice defects - dislocation lines and interfaces of twin
particles. (Image courtesy of Alexander Stukowski).

ContactPI: Vasily V. Bulatov

ASCR Allocation PI: Vasily V. Bulatov
ASCR Program/Facility: INCITE/ALCF
ASCR PM: Sonia Sachs

| LLNL, TU Darmstadt, UC Berkeley, Stanford

Date submitted to ASCR: January 27, 2021
I Publication(s) for this work: L.A. Zepeda-Ruiz, et. al., Nat. Mater.

(2020).

U.S. DEPARTMENT OF Omce of

ENERGY Science

| NNSA ASC & TU Darmstadt
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The Last Journey
An Extreme-Scale Simulation on the Mira Supercomputer

The Science

Some of the most important observational tools for cosmologists trying to
understand the content and history of the universe are measurements of the
growth and distribution of structures on the largest scales, including how galaxies
group into clusters and how those clusters are distributed. These measurements
are used to determine how the content of the universe is divided between normal
(baryonic) matter, dark matter, and dark energy, and also to try to understand
more about the physical properties of dark matterand dark energy. Enormous
current and near future astronomical sky surveys can measure positions of
millions or hillions of galaxies, and massive simulations of cosmological structure
formation have become indispensable tools for interpreting the measurements,
controlling systematic uncertainties well enough to use the statistical power of
the data, and looking for tensions between our current theoretical understanding
of cosmology and the signals writtenon the sky.

The Impact

The team used almost 400 million core-hours over the last six months of
operation on the Mira supercomputer at ALCF to generate and analyze the Last
Journey simulation, one of the largest cosmological structure formation
simulations ever performed. The Hardware/Hybrid Accelerated Cosmology Code
(HACC) was used to simulate the movements of 1.24 trillion particles tracing the
mass distribution in the universe over cosmic time. HACC's CosmoTools

infrastructure was used to perform the largest data analysis and reduction Zoomed views of a thin density slice of the simulation
operations in-situ, dramatically reducing the amount of data storage required volume, ending with the largest cluster in the simulation.
while still producing a rich set of outputs that will be used to support awide (Heitmann et al 2021)
variety of cosmological measurements. Outputs from the Last Journey simulation
will be used to help with planning and analysis of current and upcoming sky Contact Pl: Katrin Heitmann
surveys including the Dark Energy Spectroscopic Instrument (DESI), the Legacy ASCR Allocation PI: Katrin Heitmann
Survey of Space and Time (LSST), the Stage 4 Cosmic Microwave Background ASCR Program/Facility: ALCC/ALCF
experiment (CMB-54), and the SPHEREX space telescope. ASCR PM: Sonia Sachs
Date submitted to ASCR: February 2021
| Argonne N ational Laboratory Publication(s) for this work: Heitmann et al., ApJS, 252, 19 (2021)

U.S. DEPARTMENT OF Ofﬁce Of

EN ERGY Science
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Validating first-principles molecular dynamics calculations of oxide/water
interfaces with x-ray reflectivity data

The Science

First-principles electronic structure calculations can reveal unique insights
into molecular, structural, and reactive processes when combined with
molecular simulation algorithms. However, such simulations rely on several
design choices, whose validation is often a challenging and complextask
requiringa means to confirm that they do indeed describe the real world.
Properly validating simulation protocols is important to predict accurate
structural models, and in turn requires careful experimentalvalidation.
Building upon a systematic testing of theoretical and numerical
approximations and assessing the impact on accuracy, a general,
quantitativevalidation protocol was developed for first-principal molecular
simulations of oxide/aqueous interfaces using x-ray reflectivity (XR) data.

The Impact

Metal oxide/water interfaces play a crucial role in electrochemical and
photocatalytic processes, including water splitting and CO2 reduction to
create fuel from sunlight. The process of developing a validation protocol
highlighted the need for choosing appropriate numericalalgorithms and for
accurate first principles electronic structure theories to properly describe
interfacial interactions; indeed, the XR data are sensitive not only to atomic
structure, butalso to the electron-density distributions. It was demonstrated
that electronicstructure simulations can accurately reproduce XR data. In
order to validate the interactions between atoms and electrons at the
interface, using XR data, accurate predictions not only of the surface
structure butalso of the bulk substrate and bulk water are required, since
bulkand interfacial regions are probed simultaneously.

Pictorial representation of joint experimental and computational
study of the atomic structure of interfaces. The study utilized the
Advanced Photon Source (upper panel and Argonne Leadership
Computing Facility (lower panel). (Emmanuel Gygi, UCSD).

Contact Pl: Giulia Galli

ASCR Allocation PI: Giulia Galli

ASCR Program/Facility: ALCC/ALCF

ASCR PM: Sonia Sachs

Date submitted to ASCR: March 15, 2021

Publication(s) for this work: K.J. Harmon et. al., Phys. Rev.
Materials 4, 113805 (2020).

U. Chicago, Argonne, UC Davis, James Madison University, Northwestern University

U.S. DEPARTMENT OF OfﬁCe Of

EN ERGY Science

DOE BES, ANL LDRD, DOD NDSEG, plus others
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Reliable and practical computational description of molecular crystal
polymorphs

The Science

Individual molecular properties are just one fundamental problem in
computer-aided drug design. How those molecules are arranged
when forming solids highly determine their resultant properties, such
as their bioavailability. Further complicating the matter is the
potential for molecules to form two or more crystal structures known
as polymorphs. The prediction of crystal polymorphs is indeed very
challenging due to the high dimensionality of the problem and the
relatively small free energy differences (within 1 kJ/mol) between
crystal polymorphs. By coupling two methods proven successful in
blind test competitions, a hierarchical workflow was created
providing a robust and computationally feasible procedure to
accurately determine structures and stabilities of molecular crystals.

The Impact

The determination of molecular crystal structures is of high interest for
drug design and nanotechnological applications, such as
semiconductor synthesis, hybrid perovskites for solar energy
production, and nano scale machines. As polymorphs often have
different, potentially unwanted, properties, confirming the most
thermodynamically stable solid structure of a pharmaceutical drug
candidate enables an informed and critical assessment of the potential
risk associated with the assumed stable form transforming in
undesired ways. The large number of thermodynamically relevant
conformations found with this capability also provides an excellent
source for accurate datasets that can be used to further accelerate
materials discovery with data-driven and machine learning techniques.
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Crystal structure prediction workflow based on the GRACE
software for sampling crystal structures and the first principles-
based DFT+MBD framework. (Alexandre Tkatchenko, University
of Luxembourg).

Contact PI: AlexandreTkatchenko

ASCR Allocation Pl: Alexandre Tkatchenko

ASCR Program/Facility: DD/ALCF

ASCR PM: Sonia Sachs

Date submitted to ASCR: April 19, 2021

Publication(s) for this work: J. Hoja et. al., Sci. Adv. 5, eaau3338
(2019).

U. Luxembourg, Princeton, Avant-garde Materials Simulation Deutschland GmbH, Cornell

U.S. DEPARTMENT OF Office of
e EN RGY Science

DFG, ERC, DOE BES, Cornell University
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High-fidelity gyrokinetic simulation of tokamak and ITER edge physics

The Science

Successful operation of ITER, the world's largest magnetic fusion
experiment under construction in France, to prove the feasibility of
fusion as a virtually inexhaustible source of carbon-free energy for
generating electricity, requires avoiding damage to the material surface
of the divertor plates from deposition of excessively narrow exhaust
plasma heat loads. A simple extrapolation from present experimental
results to ITER predicts a dangerously narrow heat-load width for
ITER’s production of 10-times more energy than the input

energy. Since ITER is much larger in size and far stronger in magnetic
field strength, its heat-load width may not be subject to the same
physics as present tokamaks and the simple data extrapolation may be
subject to large uncertainty. A first-principles-based prediction for the
heat-load width could reduce this dangerous uncertainty. Such a study
is now possible due to the availability of DOE resources.

The Impact

Establishing an accurate predictive formula for the exhaust heat-load
width of future doughnut-shaped tokamak fusion reactors can allow
scientists to operate ITER in a more comfortable and cost-effective way
toward the goal of 0.5 GW of fusion power production from 50 MW of
input power. A more accurate formula can also allow for more reliable
design of future fusion reactors, which suffer from the limitation
imposed by exhaust heat-load width on the divertor plates. The team
simulated three ITER plasmas shown in the figure. The 10MA case has
been obtained using all of Theta. Without this new critical data point,
there would have been a large gap between the lowest and highest
data-points and hence it would not have been possible to verify the
correctness of the machine learning formula.
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Image caption (credit: CS. Chang). A supervised machine-learning
program finds the hidden kinetic parameter a/p; ,; and a simple
predictive formula for 2.5/ ;5" where 7 is the divertor heat-
load width normalized using the Eich regression formula. Three
more ITER simulations (black symbols) have been performed to
verify the validity of the new ML-found formula (black dots). The
10MA case has been obtained from Theta, utilizing 4,352 nodes.

Contact Pl: CS Chang (Princeton Plasma Physics Laboratory)
ASCR Allocation PI: CS Chang

ASCR Program/Facility: INCITE/ALCF

ASCR PM: Sonia Sachs

Date submitted to ASCR: June 2021

Publication: Chang et al, Physics of Plasma, 2021,

doi: https://doi.org/10.1063/5.0027637.

U.S. DEPARTMENT OF Ofﬁce of

EN ERGY Science

DOE-FES, DOE-ASCR
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Optimized structure and electronic band gap of monolayer GeSe from
guantum Monte Carlo methods

The Science

2D semiconductor nanomaterials are good candidates for use in
electronic and optical sensors given their unique properties and
tunability via altering their structure, such as pulling, pushing, or
twisting their geometries. Quantum Monte Carlo (QMC) methods were
used to find the structure and electronic band gap of 2D GeSe,
determining that the gap and its nature are indeed highly tunable by
strain. The geometry of the material was undetermined experimentally
and out of reach of standard/common theoretical methods. Using a
newly developed computational technique, the detailed atomic
structure was determined, from which accurate optical properties of
the 2D nanomaterial GeSe were obtained.

The Impact

GeSe is considered a promising material for devices used to detect the
presence of light, such as solar cells and photodetectors. Highly
accurate QMC methods were used to obtain the full geometry of a
complex 2D nanomaterial for the first time. The newly developed
QMC-based algorithm can accurately determine the structure of a
material without calculating the atomic forces. The high tunability with
strain of the band gaps indicates potential optical applications in this
class of materials. This work also clearly demonstrated the need for
highly accurate structural and electronic structure methods to reliably
assess the properties of these materials in order to exploit them in
future applications.

Optimized geometry of GeSe monolayer using the newly
developed structural optimization algorithm within
Quantum Monte Carlo (colored structure) compared to
the initial Density Functional Theory optimized structure
(clear structure). (Janet Knowles, Joseph Insley, Silvio Rizzi,
and Victor Mateevitsi)

Contact PI: Olle Heinonen

ASCR Allocation PI: Paul R.C. Kent

ASCR Program/Facility: ALCF / OLCF

ASCR PM: Sonia Sachs

Date submittedto ASCR: June 1, 2021

Publication(s) forthis work: H. Shin, et. al., Phys. Rev. Mater. 5,
024002 (2021).

Argonne National Laboratory and Oak Ridge National Laboratory

U.S. DEPARTMENT OF

Office of

RGY Science

DOE BES CMS Center
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Towards a Definitive Model of Core-Collapse Supernova Explosions

The Science

Core-collapse supernovae dramatically announce the death of massive
stars and the birth of neutron stars. These violent explosions, which
produce the highest densities of matter and energy in the universe, are
responsible for creating most of the elements in nature. The neutrino
signal they emit carries information about the nuclear equation of
state and the strength of their explosion is sensitive to how both the
neutrinos and ultra-dense matter are treated. A fundamental theoretical
understanding of such explosions is needed to advance research in
nuclear and particle physics, and inform the interpretation of data from
large-scale experiments.

The Impact

To shed light on this mysterious cosmological phenomenon, aresearch
team led by Princeton University is using ALCF supercomputers to
complete and analyze a suite of 19 simulations spanning a broad

range of progenitor masses and structures, the largest such collection of
3D investigation in the history of core-collapse theory. The researchers
are using these simulations for several studies, including exploring the
impact of spatial resolution on the outcome and character of 3D
supernova simulations, the strength and persistence of proto-neutron
star convection, the neutrino and gravitational-wave signatures of core-
collapse, and the origin of pulsar spins and kicks. The team’s efforts to
advance the fundamental understanding of supernova explosions will
benefit ongoing research to determine the origin of the elements in the
universe, measure gravitational waves, and interpret laboratory nuclear
reaction rate measurements in light of stellar nucleosynthesis.

Newly-born neutron star left behind when the inner regions
of a 25 solar-mass star explodes. The tangled “hair” are
matter trajectories. Inner “sphere” is an isodensity surface
colored by electron fraction. Image: Joseph Insley (ANL)

Contact Pl: Adam Burrows

ASCR Allocation Pl: Adam Burrows

ASCR Program/Facility: INCITE 2019/ALCF

ASCRPM: Sonia Sachs

Date submitted to ASCR: July 2021

Publication for this work: A. Burrows and D. Vartanyan, Core-
collapse supernova explosion theory. Nature, 589, 29-39 (2021)

Princeton University, LANL, LLNL, LBNL

U.S. DEPARTMENT OF Office of
e EN RGY Science

DOE, NSF, Princeton IAS
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Dielectric Constant of Liquid Water Determined with Neural Network
Quantum Molecular Dynamics

The Science

The large dielectric constant of water is responsible for several physical
properties, such as its excellent solvation properties and importance in

biological systems. It is a challenging quantity to accurately predict in
fully quantum mechanical calculations in part due to the need of very
long trajectories to reach convergence. Based on training data from a
highly accurate quantum-mechanical method, DFT-SCAN, neutral
network (NN) molecular dynamics simulations coupled with an NN
model to compute polarization yields an excellent description of liquid
water. The computed dielectric constants are in good agreement with
experiment over arange of temperatures.

The Impact

The accurate prediction of electrical polarization is essential for
understanding the physical and chemical behavior in liquids and
materials. The developed scalable scheme coupling multiple NNs
enables modeling polarization in quantum accuracy. It is applicable to
arange of systems, including other polar molecular liquids in
biomedical applications, as well as nanoelectronics with potential
applications in information and energy technologies. The physics-
based integrated approach combines the accuracy of quantum
molecular dynamics with the computational efficiency of empirical
forcefield models and can be further improved by systematically
increasing the quality of the training data for NNs. Computational
speedups of ~5,000x were observed for small systems of water in this
work and increase with system size.

Illustration of scalable workflow for large-scale neural network
molecular dynamics simulations of polarizable liquids and
materials.

(Image created by Aravind Krishnamoorthy, courtesy of Priya
Vashishta)

Contact PI: Priya Vashishta

ASCR Allocation PI: Priya Vashishta

ASCR Program/Facility: ALCF

ASCR PM: Sonia Sachs

Date submitted to ASCR: July 26, 2021

Publication(s) forthis work: A. Krishnamoorthy, et. al., Phys.
Rev. Lett. 126, 216403 (2021).

USC, Kumamoto University, ANL

Office of

U.S. DEPARTMENT OF
e EN RGY Science

DOE BES CMS Center, ANL
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Finding druggable sites in SARS-Cov-2 proteins using molecular dynamics and
machine learning

The Science

Coronavirus disease 2019 (COVID-19) is caused by a novel coronavirus
called Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2)
and was declared a pandemic by the World Health Organization on
March 11, 2020. To date, only a few repurposed drugs have shown
limited benefits in critically ill patients. The challenge here is the ability
to accurately and efficiently determine where the drug-binding sites
are located on target proteins. A molecular biophysics group at Johns
Hopkins School of Medicine developed a joint computational and
experimental approach using machine learning to accelerate novel
drug discovery, which was able to locate known small-molecule
binding sites as well as predict locations of sites not previously
observed in experimental structures of SARS-Cov-2 and other proteins.
The Impact

General oral medications are expected to present significant usage
flexibility and reduced manufacturing /transportation/storage cost than
antibodies for COVID-19 control. Development of a high fidelity, high-
resolution all-atom simulation and modeling methodology that can
predict all drug binding sites as well as their local conformations is a
key step towards rational drug design. The TACTICS workflow
developed here, which is capable of detecting “cryptic” binding sites
that are difficult to detect without a binding ligand, opens the door for
identifying potential druggable sites. TACTICS does not require
specialized simulations, can analyze both single structures and pre-
computed trajectories, is self-contained within a single software
package, and freely available for the research community to find
druggable sites in other proteins.

Druggable sites of SARS-Cov-2 MTase protein predicted by
TACTICS workflow: open pockets (top) and ligand-bound
pockets (bottom) with residues of drug binding sites and ligand
emphasized in bold color.

(Image reproduced from Figure 3 of J. Chem. Inf. Model, 61,
2897 (2021))

ContactPI: Albert Lau

ASCR Allocation PI: Albert Lau

ASCR Program/Facility: ALCF

ASCR PM: Benjamin Brown

Date submitted to ASCR: August 16, 2021

Publication(s) for thiswork: D. Evans, et. al., J. Chem. Inf. Model
61, 2897 (2021).

John Hopkins School of Medicine

U.S. DEPARTMENT OF Ofﬁce Of

EN ERGY Science

NIH
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DLIO: A Data-Centric Benchmark for Scientific Deep Learning Applications

The Science

Coronavirus disease 2019 (COVID-19) is caused by a novel coronavirus
called Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2)
and was declared a pandemic by the World Health Organization on
March 11, 2020. To date, only a few repurposed drugs have shown
limited benefits in critically ill patients. The challenge here is the ability
to accurately and efficiently determine where the drug-binding sites
are located on target proteins. A molecular biophysics group at Johns
Hopkins School of Medicine developed a joint computational and
experimental approach using machine learning to accelerate novel
drug discovery, which was able to locate known small-molecule
binding sites as well as predict locations of sites not previously
observed in experimental structures of SARS-Cov-2 and other proteins.
The Impact

General oral medications are expected to present significant usage
flexibility and reduced manufacturing /transportation/storage cost than
antibodies for COVID-19 control. Development of a high fidelity, high-
resolution all-atom simulation and modeling methodology that can
predict all drug binding sites as well as their local conformations is a
key step towards rational drug design. The TACTICS workflow
developed here, which is capable of detecting “cryptic” binding sites
that are difficult to detect without a binding ligand, opens the door for
identifying potential druggable sites. TACTICS does not require
specialized simulations, can analyze both single structures and pre-
computed trajectories, is self-contained within a single software
package, and freely available for the research community to find
druggable sites in other proteins.

Druggable sites of SARS-Cov-2 MTase protein predicted by
TACTICS workflow: open pockets (top) and ligand-bound
pockets (bottom) with residues of drug binding sites and ligand
emphasized in bold color.

(Image reproduced from Figure 3 of J. Chem. Inf. Model, 61,
2897 (2021))

Contact PI: Venkatram Vishwanath

ASCR Allocation PI: Venkatram Vishwanath

ASCR Program/Facility: ALCF

ASCR PM: Benjamin Brown

Date submitted to ASCR: August 16, 2021

Publication(s) for this work: H. Devarajan, et. al., JEEE/ACM
Symposium on Cluster, Cloud and Internet computing (2021).
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Expanding the Scale of Urban Building Energy Modeling

The Science

The energy consumption of buildings can be modeled and simulated to
gain insights into possible energy efficiencies that would help to
reduce carbon emissions. However, the scale of the problem is vast.
The simulation of a typical urban area involves 10,000's of buildings
and each building model involves approximately 3,000 parameters.
Researchers have now harnessed supercomputers using their software
suite, Automatic Building Energy Modeling (AutoBEM), to rapidly
create building energy models and study them in unprecedented detail
providing utilities and industry with the information they need to
improve energy efficiency.

e g
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The Impact A digital twin of Chattanooga, Tennessee processed with the AutoBEM
In the United States, residential and commercial buildings account for ~ software. All 178,337 buildings and simulation results can be searched,

selected, and visualized using flexibleregular expressions at

40% of energy consumption, 73% of electrical consumption, and 39% 5 %
bit.ly/virtual_epb (Image courtesy of Joshua New).

of emissions. In 2019 alone, the energy bill for the 125 million
buildings in the US was $412 billion. As the threat of climate change

looms, the US Department of Energy has set aggressive goals for Contact Pl: Joshua New
energy-efficiency — a 30% reduction in energy use intensity (in units ASCR Allocation Pl: Joshua New
of kilowatt-hours per square foot) of all US buildings by 2030 ASCR Program/Facility: ALCC/ALCF
compared to 2010. In their studies, researchers found that 99% of ASCRPM: Benjamin Brown

Date submitted to ASCR: September 13, 2021
Publication(s) for this work: B. Bass, J. New, and W. Copeland,
Energies 14, 132 (2021).

Chattanooga buildings would benefit from the efficiency technologies
evaluated with an average of $28,500 saved per building per year. If
implemented, such efficiencies could reduce greenhouse gas

emissions and replace the need for new power plants.

| Oak Ridge National Laboratory |
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Stream-Al-MD: Streaming Al-driven Adaptive Molecular Simulations for
Heterogeneous Computing Platforms

The Science

The research integrates scientific simulations with Al wherein near
real-time feedback between the two approaches are used to
understand how two proteins in the SARS-CoV-2 viral genome,

nspl10 and nsp1l6, interact to help the virus replicate and elude the
host’s immune system. The team developed Stream-Al-MD, a novel
application of deep learning to drive adaptive molecular dynamics
(MD) simulations in a streaming manner from the ThetaGPU onto the
Cerebras CS-1 Al accelerator platform to simultaneously analyze how
the two proteins interact.

The Impact

Two scientific use-cases were used to evaluate the efficacy of Stream-
Al-MD: (1) folding a small prototypical protein, namely BBa-fold (BBA)
FSD-EY and (2) understanding protein-protein interaction (PPI) within
the SARS-CoV-2 proteome between two proteins, nsp16 and nsp10. By
coupling simulations with Al/ML approaches, a speedup of at least 50X
(i.e., time-to-solution) was achieved as well as enhanced sampling of
complex conformational landscapes as quantified by the fraction of
conformational states sampled with respect to equilibrium simulations

raoreaing corformational g confo mational states samplad

— |°Y.£
!h

Stream AI-MD simulations. (1) Proteintrajectories are fed as contact map
representations which are passed through (2) convolutional filters and then
compressed using a dense layer to obtain (3) a latent representation of the
protein conformational landscape. Reconstruction of the contactmapsis
constructed via deconvolution filters. The latent representation is then used
to (4) trackthe conformational states sampled thus far, and (5) outlier
conformations detected from these states using LOF are fed backto
continue/restart productive simulationsand killunproductive simulations.

(offering an additional order-of-magnitude speedup). Given the
importance of the ongoing Coronavirus disease (COVID-19) pandemic,
this approach can provide the necessary infrastructure to drive novel
therapeutic discovery. Stream-Al-MD also has implications for how Al
and high-performance computing (HPC) workflows will intersect in the
future and on the design of future systems for Al-driven science.

Contact PI: Arvind Ramanathan

ASCR Allocation PI: Arvind Ramanathan

ASCR Program/Facility: ALCC/ALCF

ASCR PM: Benjamin Brown

Date submitted to ASCR: September 14, 2021

Publication(s) for this work: A. Brace, et. al., ACM PASC (2021).

| Argonne National Laboratory, Cerebras Systems Inc.,

Univ. of Chicago, Univ. of Illinois
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