DATA, DEVICES AND INTERACTION LABORATORY
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Lectures and discussions of current
research and technical developments in
computer science for beginning
graduate research students. Topics will
emphasize open problems and recent
scientific advances. Content may vary to
retlect research advances in areas such as
data analytics, scientific computing,
graphics and visualization.
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graduate research students. Topics will
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Northern lllinois University - Physics (BS)
University of lllinois @ Chicago - Computer Science (MS)
University of Chicago - Computer Science (MS, PhD)
Continuously learning in other areas
University of Chicago - Business School (SLLP)
Harvard University - Business School (GMP)

Stanford University - Hasso Plattner Institute of Design (Design Thinking)
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Fermi National Accelerator Laboratory (Undergraduate/Graduate)
Argonne National Laboratory

Northern lllinois University
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Advanced Display Environments and Collaboration Technology
High Performance Computing (Systems and Environments)
Internet of Things (Computing Continuum) [Edge Computing]
Information and Scientific Visualization

DEVCWAGENWAE

Augmented/Virtual Reality
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Joint with School of Art and Design and co-directed with Professor Joseph Insley (Time Arts)

Focused on visualization and data analysis coupled to high-performance computing in the
support of science, with side efforts involving the Internet of Things (edge computing) and
interdisciplinary activities connected to computing

Students
- 1 PhD (Information Visualization)

- 2 MS (HPC log analysis, machine learning/edge computing)

- 8 Undergraduates (loT, VR, and HPC)
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BIT ABOUT ME (RESEARCH)

» Advanced Display Environments and Collaboration Technology

» High Performance Computing (Systems and Environments)

» Internet of Things (Computing Continuum) [Edge Computing]
» Information and Scientific Visualization

» Data Analysis

» Augmented/Virtual Reality
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Cray X-MP/4 supercomputer, 1985

(www.computerhistory.org/revolution/supercomputers/10/25/23)
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Argonne’s Aurora Supercomputer, 2022/23



800megaFLOPS to ~2exaFLOPS



600,000,000 to
~2,000,000,000,000,000,000
FLOPS



2,200,000,000x
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Large-Scale Computing on the Connectomes of the Brain
Global Radiation MHD Simulations of Massive Star Envelopes

Molecular Design of Dye-Sensitized Solar Cells

Real-time Computing in support of DIII-D National Fusion Facility
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How do you translate theory into simulation?

Flame Surface (1km Resolution)
0.250 0.500 0.750 1.00

Time: 3.280 seconds

Flame Surface (2km Resolution)
0.250 0.500 0.750 1.00

Time: 3.280 seconds

Flame Surface (4km Resolution)
0.250 0.500 0.750 1.00

Time: 3.280 seconds

Flame Surface (8km Resolution)
0.250 0.500 0.750 1.00

Time: 3.280 seconds

R. Fisher, L. Kadanoff, D. Lamb, A. Dubey, T. Plewa, A. Calder, F. Cattaneo, P. Constantin, I. Foster, M. E. Papka, S. I. Abarzhi, S. M. Asida, P. M. Rich, C. C. Glendenin, K. Antypas, D. J. Sheeler, L. B. Reid B. Gallagher, and S. G.
Needham, Terascale Turbulence Computation Using the FLASH3 Application Framework on the IBM Blue Gene/L System, IBM Journal of Research and Development, 52(1.2):127-36, 2008.
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HIGH PERFORMANCE COMPUTING RESEARCH OPPORTUNITIES

» How do you more efficiently operate a facility?

Argonne 2019

Leadership Annual

Computing Report -
Facility

ale, V esis

S. Read, M. E. Papka, Operational Metrics Reporting Processes at Scientific User Facilities: Comparing A High-Energy X-Ray Synchrotron Facility to a Supercomputing Facility, 2017 IEEE International Professional
Communication Conference (ProComm), pp. 1-6, Madison, WI, July 23, 2017.
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How do you evolve traditional HPC environment?

Running Jobs Queued Jobs Reservations

Total Running Jobs: S

Project Run Time Walltime Location Queue Nodes Mode

§ wall_turb_dd 00:48:50 01:00:00 CET-02400-13731-128 default 128 ¢32
radix-io 00:37:32 01:00:00 CET-20440-31771-128 default 4  script

1692745 MoltenSalt 00:26:59 01:00:00 CET-40000-73371-1024 default 1024 ¢32
TRAssembly - 00:22:29 00:50:00 CET-00040-33371-512 default 512  script
TRAssemb, Bial 33 01:00:00 CET-00000-33331-512 default 512  script
TRAssem 3 -40440-73771-512 default 512  script
1692780 Turbulen - N 31-& default 324 script

1692783 CSC249 —— : default 4 32

1692784 CSC249A — - default 128 c32

L. Grinberg, J. A. Insley, D. Fedosov, V. A. Morozov, M. E. Papka, G. E. Karniadakis, Tightly Coupled Atomistic-Continuum Simulations of Brain Blood Flow on Petaflop Supercomputers, Computing in Science and Engineering,
14(6):58-67, 2012.



BIG IDEAS 20

How do you evolve traditional HPC environment to address real-time needs?

DIl-o

2K DIN-D Tokamak User Facility Argonne Leadership Computing Facility

Experiment Balsam
Pulse Database Pulse Service

Data . I Data
Coil - Analyzed
8 Configuration Data

Pulses m.....m.-....m “

Timeline Analyses «»++ + N - « I : -
ALCFAI’IQIYSQS lllll.llllllllll.llll.lllll

M. Kostuk, T. D. Uram, T. Evans, D. M. Orlov, M. E. Papka, D. Schissel, Automatic Between-Pulse Analysis of DIlI-D Experimental Data Performed Remotely on a Supercomputer at Argonne Leadership Computing Facility, Fusion
Science and Technology, September 2017.
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How do you evolve traditional HPC environment handle complex workloads?

50% of the ATLAS papers based on 2015 data use the HPC-produced computing in a

demonstrable manner

— These would still eventually be written without the US HPC effort, but they probably would not exist today:
the time-to-science has been dramatically shortened.

USAHPC 11% OLCF
LR NERSC

T. LeCompte(HEP)06/02/2016} and J. T. Childers, T. D. Uram, D. Benjamin, T. J. LeCompte, M. E. Papka, An Edge Service for Managing HPC Workflows, Proceedings of the Fourth International Workshop on HPC User
Support Tools (HUST’17), Denver, CO, November 12, 2017
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How do you evolve traditional HPC environment to increase engagement?

Simulation 2 e ey
Visualization

Display / Interaction

T. Marrinan, A. Nishimoto, J. A. Insley, S. Rizzi, A. Johnson, M. E. Papka, Interactive Multi-Modal Display Spaces for Visual Analysis, Proceedings of the 2016 ACM on Interactive Surfaces and Spaces, pp. 421-426, Niagara
Falls, Canada, November 6, 2016.
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How do we scientists to be the most

/’

How do we improve usability? |

How do simplify supercomputing? [
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HIGH PERFORMANCE COMPUTING RESEARCH OPPORTUNITIES

» How do we enable scientists to be the most productive from start to finish?
» Problems with science management:

» Tracking simulations and output: burdensome

» Finding and reproducing old simulations: difficult

» Monitoring live simulations: inconvenient, idiosyncratic

» Post-processing, analysis and archival of results: haphazard

» Assessing simulation behavior/performance: challenging



Simulations

63 1280YYY Series

Last Run Simulation Name Status Time Phase 1?7 Phase 2? Completed Runner
371 8km 63 128048 m1.365 series 1 gress 3.08s y n n Cal
373 8km 63 128088 m1.365 series 1 in progress 497 s Cal
completed 941s Klaus

8km 63 1280118 m1.36! completed 9.26s Klaus

km 63 1280 n1.365 series 1 completed 884 s Klaus

8km 63 1280128 m1.365 series 1 completed 900s

8km 63 1280148 m1.365 series 1 completed 85s

Klaus
Lynn
8km 63 1280168 m1.365 series 1 completed 8.20 s Klaus

8km 63_1280188 m1.365 series 1 in progress 45s

< 8l < il < il < &8
w Mgl Bl Bl < D
o S8 w Sl < I

Lynn

More Diagnostic Graphs

These mostly illustrate computational aspects of the simulations

Code/Machine/Bug Issues

e Code Changes - Runtime Environment Changes

e Code Errors - BGP Errors - Bug Reports

e Comparison of filesystem speed




2 HACC User ~ _ HACC User Q Smaash/HACC = o HACC User -

Model: Miral / M019 / L2100 Run: Miral / M019 7/ run001 / L2100 Run: Miral / M019 / run000 / L2100

0 simulations
019,90k 50 m019.pk.3 T " Viewing /homes/turam/dev/smaash/data/589/indat.params
m019.pk.315 2 Models
mo19.pk B R
mo19.pk 12 mo19.pk.331 Show 2 Sea # Header version information
::i;z:i:é ?2125:'; f O Runs HRRRBRRAURARRUBURBRRAUBRBRBRRBRRRRRBRARRRRRARBRRAARERRRERBRRURERARBBCLBRRCRUREREY
. m019.0K v k.34

: HACC_HEADER_VERSION 1.9.0
mo19.pk.163 m019.pk.35 = <=

mo19.pk 6 - m019.pk.3
mo19.pk mo19.pk
mo19.pk.2 m019.pk
m019.pk.2 mo19.pk 4
mo19.pk 4 mo19.pk
mo19.pk.2 mo19.pk
mo19. pk mO19 pk
mo19.pk. 279 mo19.pk.4
mo19.pk > m019.pk.49
mo19.pk m019.pk.4
mo19.pk 300 9 rur MO19

Simulation
BUBBRBRABBARGRGRBABRRURRBGRERERBORBREBERBBREBRUABARERUBR BB RURBBBBBUBBRABRURRRRERE
Cosmological Parameters

Length scales are measured in Mpc/h

OMEGA_CDM and OMEGA_NU given for Omega_cdm and Omega_nu (no $h"23)
DEUT=0megab*h"2

HUBBLE: Hubble constant/100 km/s/Mpc

SS8: target value for sigma_8

NS: index of the primordial power spectrum

W_DE: constant dark energy equation of state

Currently flat Universe only

B R R R RO AR R BRRUURABRRGRRBRRURRARRRURRRRRRRRRAREE
OMEGA_CDM 0.145084

DEUT @.02217382692

OMEGA_NU 0.00686393

HUBBLE 9.825136069

SS8 ©0.854654384

NS 1.026482126

W_DE -0.981272302

WA_DE -9.339335368548398

T_CMB 2.726

N_EFF_MASSLESS 0.0

N_EFF_MASSIVE 3.04

T A R "R R R RN

MO18

MO19

BRRBARBRYBR ARG RECRRUGARRRRGBERERRCRRRRBC R BB ERAGABRBRA GO VRUGGERRBROGCRORRBERARE R
Initializer Set-up and read-ins
ZIN: Starting redshift
USE_WHITE_NOISE_INIT: YES: real space, NO: k space
input type: INIT|RECORD|BLOCK|COSMO|RESTART
INIT: generates internal initial conditions, rest if for read-ins
distrib. type: ROUND_ROBIN|ALL_TO_ALL|ONE_TO_ONE|restart_step
(ignored if INPUT_TYPE is INIT)
ROUND_ROBIN indicates particles must be looked at by all processors
ONE_TO_ONE indicates that particles physically reside on matching processor
ALL_TO_ALL improved ROUND_ROBIN
For restart: specify time step and modify INPUT_BASE_NAME
TRANS: Transfer function: Read in CAMB file (specify name in INPUT_BASE_NAME)
or internal TF (KH, HS, PD, BBKS)
HARRAURRARAAACHBRAREAORRRECRBRABORBURARRABUCERA ARG VARG CEGRAGABRBRBRCGORORGRERR Y
Z_IN 200.0
USE_WHITE_NOISE_INIT YES
TRANS CMB
INPUT_BASE_NAME cmbM@19.tf
INPUT_TYPE INIT
DISTRIBUTE_TYPE LAST
MAX_MINUTES 700

B R/ /RN TR N




Basic Overview

A general overview visualization

Feature-Based

A single movie that provides an
overview and highlights
individual features

Fly-Through

Generates a video with a general
view around the data

Create a Job

Time-Varying Data

Visualize the time-based
evolution of your data

Tom

APS
Basic Job
Jan. 15, 2016, 11:47 a.m.

Complete

B

HA_tube5_test2
Basic Job
Dec. 8, 2015, 6:04 p.m.

Basic Job
Jan. 15, 2016, 11:41 a.m.

HA_tube5_test2
Basic Job
Dec. 8, 2015, 5:23 p.m.

In Progress

Basic Job

Jan. 15, 2016, 11:11a.m.

G : > Processing...

hacc_160x160x160 _float.little_endian.bin
Basic Job

Dec. 4, 2015, 3:39 p.m.

Create a Job Tom

HA_tube5_test2
Basic Job

Dec. 8, 2015, 6:14 p.m.

Complete

hacc_160x160x160 _float.little_endian.bin
Basic Job
Dec. 4, 2015, 10:06 a.m.

job_id
job_data
job_type

job creator
time_received
time_modified

Snapshots

Comments

Download
Files

Create a Job Tom

1449620045101408
HA_tube5_test2

Basic

oculus

Dec. 8, 2015, 6:14 p.m
Dec. 9, 2015, 10:04 a.m.

60




Defined
Radios

- - —

|| Hyperspectral

Actuators

‘ Servos

Dynamic W
adaptation "

Al @ Edge

Powerful Edge computing and deep learning
Parallel Edge with feedback for continuous

Computing improvement

——

Reduced, Compreséé

E—)

New inference (model) ‘_ |
Adaptive steering Deep Learning Training
Artificial Intelligence Simulation / Forecast

Deep Learning Inference
Lightweight Training
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https://www.youtube.com/watch?v=BHrsllHJHeo

BIG IDEAS

From 2018-04-21 to 2019-04-29
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C. Catlett, P. Beckman N. Ferrier, H. Nusbaum, M. E. Papka, M. G. Berman, R. Sankaran, Measuring Cities with Software-Defined Sensors, Journal of Social Computing, 1(1), pp. 14 - 27, September 2020.
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Use of in Science

Usability, virtual interactions

Rendering, realistic data in VR time



BIG IDEAS

e s S

ol P TP I .

LTy

T. Marrinan, M. E. Papka, Real-Time Omnidirectional Stereo Rendering: Generating 360° Surround-View Panoramic Images for Comfortable Immersive Viewing, to appear Proceedings of IEEE VR 2021, Lisbon, Portugal,
03/27 - 04/01/2021.
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www.anl.gov/hr/argonne-career-and-internship-opportunities
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Current funding is provided by the
Argonne Leadership Computing Facility v
a DOE Office of Science User Facility
supported under contract DE-
AC02-06CH11357 with additional
support from the National Science
Foundation grant OAC-1935%984.

Thanks to all the students of the ddiLab
and my colleagues at NIU and ANL.

Spring 2019 ddiLab
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