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NASA Langley Research Center, Hampton VA




NASA Career ’70-’05
FE Analysis-Viking-IPAD-CAD/CAM-FEM-Shuttle-GFA

Thompson-GPS (SWYA)-FPGA HyperComputer-RSC




Analysis - Top SC Use

Nastran
Dyna
Ansys
Abaqus
Star
Foam
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NASA Viking 1st Mars Landings
Many Langley engineers “pulled it off”

Mel Anderson - Aeroshell Dick Snyder & Olaf - Lander



Viking Lander GCMS “box”
LaRC Tiger Team redesign, build & test




Space Shuttle (pre/post Challenger)
- Wing/tail structural analysis

- Solid Rocket Booster Redesign
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US Supercomputer Lead
How? MC, GPU, FPGA, Cell?
Manhattan Project X10 -> ORNL

Gas Centrifuge, Y12, S50, K25



https://www.atomicheritage.org/history/isotope-separation-methods

X10: 1st Pilot Pu Reactor => PNL

Y12 Ernest Lawrence + uncle built Calutrons to enrich U




ORNL: #1 US Energy & Science Lab
#1 US Supercomputer+NSF+NOAA+USAF+ e i SR S
4K + 3K guest researchers (SNS) e Tk




Change LaRC => DOE
GOGO vs. GOCO (JPL)

Security Physical & Cyber

Rewards Freedom, Pubs/Talks/Travel(Intl)
Research respect: ORNL-US-SCworld

+50%9%, 6wk vac, 3Xretire, ClubORNL

Colleagues® PhDs, Natl/Intl, Teams
Cyber leads, young, Seminars

*LANL, LLNL, LBL, ANL, UT, DARPA, NSA, SC



DOE Security

Redo NASA Conf/Secret/TS => L/Q/SCI*Fs
Bldg control, TS+SCI monthly training

Why? US Nuke (U) Depository+Codes

Store/Produce/Control/Lend U to DOD+
TS ORNL Dir+4 SCIi-trained 3hrs for OS talk

TS Cyber Security: air gap a@Secret Site

Control code, talk, notes, phones, cameras, USB
How to write TS code?

*Sensitive Compartmented Information






ORNL Fast DNA sequencing

12.5 years on one 2.2 GHz Opteron
6 weeks on 150 Opterons
1 day on 150 FPGAs*

7,350X Speedup over one Opteron

also tested 64 FPGA Maxwell
@Edinburgh University

*Thanks to NRL for use of 150 FPGA Cray XD1



’08 Invited Talks: Mar-Jun, Apr U PostDoc*
Queens U (Belfast), Edinburgh*, Helsinki,

Trondheim, Oslo, Goteborg, Lund, Budapest

’05-08:UK, ‘05 Brazil, ’13 NO SE FI ES, ’15: NL Paris
’16 BE NO SE ES GEx2 FI Russia ’17 UK: Queens+Imperial






“To Hell (Norway) & Back”



Motivation

Future
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https://www.youtube.com/watch?v=OGsu5MIzruw

Technical Computer Market
$10B (*13) => $15B (’18) SC: $4B => $5.7B

/

48%
Growth

1960s » Now

20


https://www.mordorintelligence.com/industry-reports/supercomputer-market

Past 57-yr Speedup

CrayYMP

Frontier: ’21/°64 = 1.5EF/1.5KF
EF=10218 /| KF=103
1,000,000,000,000,000 X faster



https://www.olcf.ornl.gov/frontier/

World’s 500 Fastest Computers
500 top500.org June/ISC, Nov/SC

The List.

Linpack Benchmark: Ax=b Jack Dongarra
Try! My iPhoneXr ~ 21GF
Craig Hunter MacPro28 ~ 1.5TF


http://top500.org
http://hrtapps.com/blogs/20200204/

HPC Speedup: 1000X per Decade

*
o

Shuttle SRB Analysis Wins Cray Gigaflop Awa

(ORNL?)

54,870
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pvsolve =+ 6sec_Cray V1P (Shultness - ORNL)

(ORNL)

(Storaasli - NASA)

10712 Mflops = 1079 Gigaflops = 1076 Teraflops = 1,000 Petaflops = 1 Exaflop
Storaasli - Sépt 200
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Top10 Supercomputers June 2016
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Top10 Supercomputers June 2018
Speed-TF, Power-kW, Cores-M
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Top10 Supercomputers June 2020

new to Top10 #1 EF for HPL-AI (less precision) 15GF/W 1-3
6-3GF/W 4-5



Nov

NV GE IT TX SA



#1 Supercomputer Fugaku = 537 PF



China leads #Top500 Systems



Material Science
(WL-LSMS)

Role of material disorder,
statistics & fluctuations
in nanoscale materials

& systems.

Astrophysics (NRDF)
Radiation transport for

astrophysics, laser fusion,
combustion, atmospheric

dynamics & medical imaging.

Science Applications

Climate Change (CAM-SE)
Realistic climate change adaptation &
mitigation scenarios: precipitation &
tropical storm patterns/statistics.

Combustion (S3D)
Combustion simulations to
enable next generation
diesel/bio-fuels to burn more
efficiently.

Biofuels (LAMMPS)
Multiple function
molecular dynamics

Nuclear Energy (Denovo)
Calculate Radiation transport
for nuclear energy & technology

apps.



Storaasli - Sept 2009 Courtesy of Thomas Schulth



Who?

Storaasli - Sept 2009



Bill Dally NVIDIA Chief Scientist, Stanford Prof
HIiPEAC’15 Keynote Amsterdam Jan 19, 2015






https://www.olcf.ornl.gov/summit/

Summary

GREAT Life after Langley! Opportunities, travel ...
Exciting Supercomputer research: 10*15 speedup

Efficient GF/W: 2 (’15) => 15 (’21)
Exaflop Future: Frontier(GPUs), Fugatu(ARM) + ?

Change is Good! Who moved the cheese?



Thanks for listening!

Question b_,—_. 4 Answer

Contact co gle Storaasli Olaf@cox.net
Web OlafTN.com

Credits: NASA, ORNL, Top500


http://OlafTN.com
mailto:olaf@cox.net

Additional Slides
(not used)
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Top10 Supercomputers Nov 2020

_ ) - 15GF/W 1-3,5
Next: June Top10 #1 EF for HPL-AI (less precision) 6.3GF/W 4.6



