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nanoHUB: a community-driven resource

620+ apps & tools

1,800+ contributors

~18,000+ annual
simulation users

nanoHUB Simulation Users

www.nhanohub.org/usage 2M Traling and Monthly
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Apps connected to powerful research codes

Designed for end users — instructors, students, domain experts

Nanomaterial mechanics explorer # x Stop sharing  w Keep for later

https://nanohub.org/tools/dftmatpro
Powered by Quantum Espresso

DFT Material Properties Simulator % X Terminate | v Keep for later

Phase Transition

3 —| | . ! Task: |E-K Diagrams
F [T &1 Tm—|‘:

I Hands-on demo: https://nanohub.org/tools/nanomatmech
Dislocation | L | _{IT = " /:\ - : ' I JI !

Dynamics
A
/\

“Fi
“F E.

| Melting Lab Default Settings

https://nanohub.org/tools/nanomatmech
Powered by LAMMPS

Reeve, Guzman, Alzate-Vargas, Haley, Liao, & Strachan,
MRS Advances, 1-16. doi:10.1557/adv.2019.287



https://nanohub.org/tools/nanomatmech
https://nanohub.org/tools/nanomatmech

Nanomaterial mechanics explorer

© input

Experiment: | Melting

Melting Material: | Nickel Nanoparticle
¥

Crack
Propagation

F

Nanowire Tensile Test
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Melting Lab Default Settings

Q K Stop sharing W Keep for later
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nanoHub User Behavior

» Time (days)




Soph. Materials Engineering

Soph. Mechanical Engineering

Senior Electrical Engineering

Freshman Chemistry

Impact of Apps on education
e Simulations in ALL top 50 US News and World Report Engineering Schools
2,897 courses

57,000+ students in classroom setting

7| Experimen®®

Computational Researchers

.. | Self-Study Users

Time (Days) June 30, 2017):

July 1,2009 °
I




Soph. Materials Engineering

Soph. Mechanical Engineering

Senior Electrical Engineering

Freshman Chemistry

Reaching underserved populations

'n ©

Soph. Materials Enginee

... and workforce development
| © 170+ companies accessed nanoHUB courses

Computational Researchers

.. | Self-Study Users

Time (Days) June 30, 201%:

July 1,2009 °
I




Jupyter: end to end scientific workflows

# Run PolymerModeler to pack chains/molecules into a box. This step builds the initial syste
# AND writes the input files for LAMMPS to relax the system (not the Tg calculation,
# though). Here you need to specify the size of the system and the relaxation parameters

= 1. Use Polymer Modeler to create
e e amorphous polymer system

# Set the number of chains
task.set_input_value('Number of chains', 5)

# Use sp3-sp3 torsion energies

task.set_input_value('Covalent torsion energies', 'sp3-sp3’)

# Rotate all torsions along the backbone of chains to pack them as they are built
task.set_input_value('Torsion selection', 'all’)

# Set the build temperature

task.set_input_value('Monte Carlo temperature', '6C

# Have the tool generate input files for LAMMPS B+ % 2B + ¢ HNEC s @l Dashboard View . M
T et Ll (8|S )Ele )= __0(=) () oun isualize structure
# Generate LAMMPS commands to relax the structure 0u'oan 8ee the anews Umrapnadar wrep fhem info the smcason bax O

task.set_input_value('Minimization levels', 3)
task.set_input_value('Minimization steps', 5000)

ructure

# Generate LAMMPS commands to thermalize at 800K
task.set_input_value('Ensemble’, 'npt')
task.set_input_value('Number of MD steps', 10000)
task.set_input_value('Temperature',

# Run the tool

=...... Pyblish your workflow with a few clicks

e containerize it for reproducibility _

THrITe s TS e Tax I
with open(infile, 'w') as f:
f.write(task.get_output value('LAMMPS input file'))

!submit -n $nodes -w $walltime -i $datafile lammps-15Mayl5-paralle.
Built structure from PolymerModeler
Run 6839660 registered 1 job instance. Wed Oct 10 16:11:50 2018 1.20
Relax the structure and thermalize it using LAMMPS Run 6839660 instance 1 released for submission. Wed Oct 10 16:12:0"
9 (2211398) Job Submitted at standby@brown Wed Oct 10 16:12:14 2018 115
(2211398) simulation Queued at standby@brown Wed Oct 10 16:12:28 2( g
g
E] 1.05
) simulations using :
2 1.00
:
[=}
0.95 .
LAMMPS on HPC resources ~-- Hyperbola fit
0901 —— Asymptotes
—— Bilinear fit
0.85
—}— Data
0.80 4 - - | m— r - : T
100 200 300 400 500 600 700 800
Post process results and plot
4. P P wleleleld




Publish for reproducibility and discoverability

Tools: Create New Tool

Self-serve publication process:
| anras | https://nanohub.org/whypublish/

Web of Science  InCites  Journal Citation Reports  Essential Science Indicators EndNote  Publons  Kopernio  Master Journal List

ABOUT YOUR TOOL:

Web of Science

o Search Tools v Searchesand a
Full na for thi |. Exa | a Dot Lab = . .

vl name for this tool. Bxample: Quantum Dot L2 Results: 7 Sortby: Date I TimesCited UsageCount Relevance More w

Version (from All Databases)

1.0

Optional version number for this release of the tool. Example: 1.0 or 2.1.5b. Spac. You Searched for: TITLE: (nanoTCA

D VIDES) ...More

Google Scholar  polymer modeler

‘ ‘ Create an alert

P .
Tools & Apps indexed: f l ATEGOS
Refine Results
* Web of Science o
Any time Polymer modeler
° Google Scholar Since 2020 BP Haley, N Wilson, C Li, A Arguelles, E Jaramillo
Since 2019 This tool provides a chain builder, with options to ¢
Since 2016 arrangements (tacticity), torsion angles between n

density and temperature, as well as some prebuilt

Custom range...
g vy Y9 Citedby 10 Related articles All 2 ver



Jupyter notebooks and data science

1. Query from Pymatgen

Pymatgen is an open-source library in python used for material analysis. Pymatgen is a powerful and popular resource that can be
Pymatgen makes querying these resources and obtain data from its internal database easy. We will start by querying the database

Making a query in Pymatgen requires the chemical symbol of the element, which are all listed in the cell above. From there, the pro|
to learn more about the Element class.

In this example we will query the Young's modulus for the elements in the list "sample®. You will be able to see the values with the
the "sample" elements.

querable_pymatgen ["atomic_mass", "poissons_ratio","atomic_radius", "electrical_resistivity","|

"brinell_hardness", "average_ionic_radius", "melting_point", "rigidity_modul

sample = ['Fe', 'Co', 'Ni', 'Cu', 'Zn']

for item in sample:
element_object = pymat.Element(item)
print(item, element_object.youngs_modulus) # You can change "

data = [traceo,
oungs_m¢

#for item in sample:
# for i in querabl
# ele t_object

t_ nt(item)
# print(item, 1,

1t_object,1i))

[
GPa
GPa
GPa
GPa
GPa

Fe
Co

211.0
209.0
200.0
130.0
108.0

Cu
Zn

[ ]
Exercise 1. Modify the query above to extract Brinell hardness.

Exercise 2. Uncomment the lines above to see all the properties of the

Remember: “Shift-Enter” to re-run the cell.

fig=_go.Figure(data.

Introduction to data science for materials science
https://nanohub.org
Data repositories
https://nanohub.org
Dimensionality reduction e ronso e
https://nanohub.org ‘ A

1. Obtain data by querying external databases

2. Filter, process, organize
and visualize data

legend_plot_FCC, legend_plot_BCC, legend_plot_HCP]

lavout=lavout)

tools/msem! 3. Train models (e.g. neural

networks, random forests)
tools/matdatarepo

al network will be initialized in a random manner, using a seed allows for reproducibility
. zers.RandomNormal(see

ape the model will e ct;

tools/dimredmatdecmp/

moae L.ada(vense(sZ, activatiol
model.add(Dense(64, activatiol
#model.add(Dense (64, activati

kernel_initializer=kernel_init))
‘relu', ker alizer=kernel_init))

a )

Hands-on demo: https://nanohub.org/tools/mseml

opagation

te the model's accuracy

mode L. compile( (055="mae ", Opt
model. summary ()

imizer-optimizer, metrics=

“é

2000

WARNING: tensorflow:From /apps/share64/debian7/anaconda/anaconda-6/1ib/python3.7/site-packages/tensorflow/python/framewoi
.python. framework.ops) is deprecated and will be removed in a future version.

Instructions for updating:

Colocations handled automatically by placer.

1000 3000 4000

Layer (type) Output Shape Param #

Meltlng Temperatu re (K) dense_1 (Dense) (None, 32) 544

dense_2 (Dense) (None, 64)

dense_3 (Dense) (None, 1)

Total params: 2,721
Trainable params: 2,721
Non-trainable params: ©




Data science for design of experiments

ML can help reduce the number of experiments to achieve a design goal

-

ﬁ 5 .

| ‘g 800 + + + +
;‘; 600 +‘ + )
o B e %‘m g

Pandita P, Bilionis I, Panchal J. Journal of Mechanical Design. 2016 138, 111412.
Ling J, Hutchinson M, Antono E, Paradiso S, Meredig B. Int. Mat. and Manuf. Inn.. 2017 Sep 1;6(3):207-17.




Maximizing Li+ conductivity in solid oxides

CITRINE (ny nanoHUB Juan Carlos

INFORMATICS e
Machine Learning Algorithms for lonic Conductivity of LLZO-type Garnets Ve rd uzZco

Authorship and credits
Materials Informatics resources fr¢/ sase onwork pubiished on: Juia Ling et 2

Original notebooks from: Logan Ward, Argonne National Laboratory, and Max Hutchinson, Citrine Informatics. Their Github implementation can be found here.
i N nanoHUB tools by: Juan Carlos Verduzco and Alejandro Strachan, Materials Engineering, Purdue University
Authorshlp and credits Database curated by: Juan Carlos Verduzco, Materials Engineering, Purdue University

Based on work published on: Julia Ling et al
Original notebooks from: Logan Ward, Argonne National Laborator
nanoHUB tools by: Juan Carlos Verduzco and Alejandro Strachan, | In this notebook, I'llintroduce different regression mach| In [3]: cdr = CitrineDataRetrieval('[CITRINE_API_KEY]') # Citrine Key

Overview

data = cdr.get_dataframe(criteria={'data_set_id': 184812}, print_properties_options=False) # LLZ0 Database
property_interest = 'Ionic Conductivity' # Property to be queried

display(data.head(n=10))

05%| | /199 [@0:00<?, ?it/s]/apps/share64/debian7/anaconda/anaconda-6/1ib/python3.7/site-packages/pandas/core/frame.py
Sorting because non-concatenation axis is not aligned. A future version
of pandas will change to not sort by default.
To accept the future behavior, pass 'sort=False'.

To retain the current behavior and silence the warning, pass 'sort=True'.

100% | NN | 199/199 [00:04<00:00, 46.71it/s]

Crystallographic lonic lonic Conductivity-

chemicalFormula preparation references Structure Conductivity units

[{'name’: 'SINTERING', 'details":

- [{"citation’: .
Li6.25La3Zr1.25Bi0.75012 [('name 'S... “http://arxiv.org/abs/1902.06831')] Cubic 107-4 S/cm

[{'name’: 'SINTERING', ‘details": [{‘citation’: *10.1021/jp304737x', 'doi":
Li6La2Nb1.5Y0.5012 “10.

{('name": S... Cubic K 107-4 S/cm
[{'name': 'SINTERING', 'details": [{‘citation': *10.1149/2.0171903jes", 'doi':

Li6.25La3Zr2Ga0.25012 ['name: Cubic 107-4 S/cm

Li6La3Ta1.5Y0.5012

[('name': 'SINTERING', ‘details:  [{'citation': '10.1039/C4CP00418C", :$or: Cuble 1074 S/em

[{'name": 'S...

Li6.55La32r2Ga0.15012

[{'name': 'SINTERING', ‘de.laxls‘: [{'citation": ‘\0.1021/acsami.6b‘33??', Mixed Cubic / Tetragonal X 107-4 S/cm

[{'name’: 'S...

htt pS .// nano h u b .0 g (e]0) I S/C |t rl netoo I S Li7.4La32r1.76W0.24012 ({name’ ISINTER‘“?\;::@‘EE *10.1016].electacta.201 §'8§?§45%"ff Cuble - 104 Sfcm

[{'name’: 'SINTERING", ‘details": [{"citation’:

1i6.41 a37r2Ga0 2012 Cubic 3 10A-4 S/em



Find the best conductor with the fewest experiments

Start with 10 data points (black) out of 100

Train a ML model and evaluate on possible
experiments

Use acquisition functions to decide what experiment
to reveal next

Add result and iterate
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Ling J, Hutchinson M, Antono E, Paradiso S, Meredig B. Int. Max. Uncertainty
Mat. and Manuf. Inn.. 2017 Sep 1;6(3):207-17. Test candidates

Predicted Fatigue Strength




Finding best conductor with | —
the fewest experiments
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* Run the notebook online
* Adapt it to your specific problem
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Test candidates

https://nanohub.org/tools/citrinetools

Number of Experiments Random MEI MLI MU UCB

T2 17.5 17.5 17.5 17.5 17.5

15.0 15.0 ° 15.0 ° 15.0 ° 15.0 ° 15.0 °
2
S > ° > ° > ° > [ ] > [ ]
E 12.5 =2 125 2125 2125 2125 2125
5} > > 2 > >
3 bS] ° bS] ° k3] ° 5] ° © °
N 3 =] =] 3 3
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=} o Y L o Y ® O ) i O ) . O [ ] o
5 5] 5] © ] ]
= 7.5 c 75 c 75 c 75 c 75 c 75
© ] o o o o
= [ ] [ J [ J [ J [ ]

—— Random
5.0 — MEl 5.0 1 Values 50 14 Values 50 14 Values 50 1 Values 50 ® Values
—_— MU @ Initial Set @ Initial Set @ Initial Set @ Initial Set @ Initial Set
25 — MU 25 @® Tests 25 @® Tests 25 ® Tests 25 @® Tests 25 Tests
uce
== Max Value e e ® ® ®
0.0 0.0 P 0.0 o peree— 0.0 e - 0.0 ey e 0.0 ey
0 10 20 30 40 Test Candidates Test Candidates Test Candidates Test Candidates Test Candidates

Number of Experiments




Impact on research

2,400+ citations
5,900+ authors

WA
N

2,100+ use in research
1,600+ Outside NCN papers

. NCN-affiliated documents . Non-NCN-affiliated documents

Three distinct dot sizes indicate the level of influence on h-index
Papers with relatively low secondary citations ® Papers with potential to influence h-index @ Papers affecting the h-index
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Recent innovations

making Simulations and Data More Powerful

Instant feedback via
simulation cache &
simulation result database

New ways of delivering
simulation & data

Automatic
uncertainty quantification




Automatic uncertainty quantification




Automatic uncertainty quantification

Uncertainties in
predicted quantities




nstant feedback via simulation caching

Nanomaterial Mechanics Explorer Q- X Terminate

M Input

Main Tab ] Structure Details | Thermomechanics Details | Simulation Details | Outputs Checklist |

Experiment ; |Nanowire Tensile Test

Nanowire Material and Orientation: |Nickel [100]

Phase Transformation

<
Crack A
Propagation I

’ (' T ~.. Dislocation Dynamics

Nanowire Tensile Test _L
%

Advanced Options?: ™ yes

Wit ko & °°
This tool is developed by the Strachan Research Group and is powered by

2] ATOMSK




Simulation caching & computational resources

3000000

2500000

2000000

1500000

1000000

500000

Jobs executed (12 month trailing)

Speculative computing

(BOINC)

Jobs executed for our users

Are we serving fewer simulations?

No!

Runs delivered by cache (12 mo. trailing)

300000

250000

200000

150000

100000

50000
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Join your colleagues in nanoHUB & learn more

Materials science: https://nanohub.org/groups/materials

Welcome to the Materials Science group!

Here, you can find many resources for materials science research and education, including complete

Be sure to catch the Summer 2020 MSE Education Webinar Series, July through August!

) in April 2020. Click to find out more

https://nanohub.org/resources/33245 Educational Material and Training

Overview: Machine Learning for Materials Science




Science codes,
data tools & repos

e § Keras
The

CITRI N E SLEEER
Sl Project

Accelerating innovation

via user-friendly, accessible apps, tools, and data

Online Apps & Tools

nanoHUB

services / ¢ —

Education &
‘workforce
- development
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Data science &
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