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nanoHUB: a community-driven resource
620+ apps & tools

1,800+ contributors

~18,000+ annual 
simulation users

1,000,000+ simulations per year

www.nanohub.org/usage

2 million visitors per year



Apps connected to powerful research codes

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

Designed for end users – instructors, students, domain experts

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

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

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


1,700+ Users, 18,000+ jobs
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Impact of Apps on education
• Simulations in ALL top 50 US News and World Report Engineering Schools
• 2,897 courses

• 57,000+ students in classroom setting
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Reaching underserved populations
• 44% HBCUs, 37% of all HHE institutions, & 24% of all MSIs

… and workforce development
• 170+ companies accessed nanoHUB courses



Jupyter: end to end scientific workflows
1. Use Polymer Modeler to create 
amorphous polymer system

2. Visualize structure

3. MD simulations using 
LAMMPS on HPC resources

4. Post process results and plot

Publish your workflow with a few clicks
We containerize it for reproducibility



Publish for reproducibility and discoverability 
Self-serve publication process:
https://nanohub.org/whypublish/

Tools & Apps indexed:
• Web of Science
• Google Scholar



Jupyter notebooks and data science
1. Obtain data by querying external databases

2. Filter, process, organize 
and visualize data

3. Train models (e.g. neural 
networks, random forests)

Introduction to data science for materials science
• https://nanohub.org/tools/mseml
Data repositories
• https://nanohub.org/tools/matdatarepo
Dimensionality reduction
• https://nanohub.org/tools/dimredmatdecmp/ 

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



Data science for design of experiments

Predictive model 
of state of 
knowledge

Goal achieved?
YES: SUCCESS

NO: Add  data & restart

Query 
information 

source

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.

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

Information 
acquisition 

function

Existing data



https://nanohub.org/tools/citrinetools

Maximizing Li+ conductivity in solid oxides

Juan Carlos 
Verduzco



Find the best conductor with the fewest experiments

Max. Uncertainty

Max. Expected 
Improvement Max. Likelihood 

Improvement

• 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 

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

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



https://nanohub.org/tools/citrinetools

Finding best conductor with 
the fewest experiments

Max. Uncertainty

Max. Expected 
Improvement Max. Likelihood 

Improvement

• Run the notebook online
• Adapt it to your specific problem



2,400+ citations
5,900+ authors

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

Impact on research



Recent innovations
making Simulations and Data More Powerful

Automatic 
uncertainty quantification 

Instant feedback via 
simulation cache & 

simulation result database 

New ways of delivering 
simulation & data



Automatic uncertainty quantification



Automatic uncertainty quantification
Uncertainties in 
predicted quantities

Sensitivity analysis

Surrogate models



Instant feedback via simulation caching



Simulation caching & computational resources

Runs delivered by cache (12 mo. trailing)

0

50000

100000

150000

200000

250000

300000

20
15

-1
2

20
16

-0
3

20
16

-0
6

20
16

-0
9

20
16

-1
2

20
17

-0
3

20
17

-0
6

20
17

-0
9

20
17

-1
2

20
18

-0
3

20
18

-0
6

20
18

-0
9

20
18

-1
2

20
19

-0
3

20
19

-0
6

20
19

-0
9

20
19

-1
2

Runs delivered by cacheRuns delivered by cache (12 mo. trailing)

0

500000

1000000

1500000

2000000

2500000

3000000

20
15

-1
2

20
16

-0
3

20
16

-0
6

20
16

-0
9

20
16

-1
2

20
17

-0
3

20
17

-0
6

20
17

-0
9

20
17

-1
2

20
18

-0
3

20
18

-0
6

20
18

-0
9

20
18

-1
2

20
19

-0
3

20
19

-0
6

20
19

-0
9

20
19

-1
2

Simulation Jobs Delivered

Jobs executed for our users

Speculative computing
(BOINC)

Jobs executed (12 month trailing)
Are we serving fewer simulations?
No!
nanoHUB is going green!



Join your colleagues in nanoHUB & learn more
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Materials science: https://nanohub.org/groups/materials

Data science & machine learning: https://nanohub.org/groups/ml

https://nanohub.org/resources/33245



Accelerating innovation
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Science codes, 
data tools & repos

nanoHUB 
services

Online Apps & Tools

Data science & 
machine learning

Users

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

Science workflows

Research

Education & 
workforce 

development


