Infrastructure to enable user contributions to Materials Project

MPCOMPLETE &
MPCONTRIBS




MGI & Materials Project: Achievements to Date

2011: “make the process of discovery & development of
advanced materials faster, less expensive, more predictable”

“solutions in most pressing areas require advanced materials”

DESIGN

Materials Innovation
Infrastructure

> 60,000 relaxed compounds: validated energy, phase diagrams
> 70,000 Pourbaix diagrams: world’s largest set

> 28,000 band structures + higheraccuracy 2,700 band gaps

> 1,300 elastic tensors: world’s largest data set

Ten Apps enabling material searching and design

First Materials data APl ; community download > 8 million data
MPContribs framework: platform for data sharing

Over 14,000 registered users !

Design of novel functional materials
(photocatalysts, thermoelectrics, cathodes/electrolytes)




MP Web Site — A Science Gateway

Harnessing the power of supercomputing and state-of-the-art electronic
structure methods, the Materials Project provides open web-based access

to computed information on known and predicted materials as well as

M ate ri a IS powerful analysis tools to inspire and design novel materials.

PrOject - to start using
https://materialsproject.org/
https://github.com/materialsproject
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Developed and disseminated key code base :
 FireWorks workflow

 pymatgen; comprehensive analysis code
« Custodian failure recovery




Crystal ToolKit App & MPComplete Demo

® B3 Materials Project < B Materisl mp-1010 * B Materials Prosect x phuck @bl gov

€« C (i htps:/imaterialsproject.org/¥apps/xtaltoolkit S8 Oy O 8 =

Home About ~ Apps ~ Documentation ~ AP| O Tutorials & Dashboard

Crysial Tookit

X by Material IDs -

enter a space-separated list of material IDs or upload a CIF or POSCAR

Upload a POSCAR or CIF file to edit its structure

Click image or URL to
open demo on YouTube

DRAG FILES HERE

https://youtu.be/k6mEA-sDSig

User structure submission generously
\
."‘4‘5
Citing Blog Facebook TermsofUse Contact About AP
Powered by pymalgen, custodian and fireworks




|Production Workflow / FireWorks Dash

Crystal Toolkit

' by Material IDs v | mp-604 mp-203 % search
enter a space-separated list of material IDs or upload a CIF or POSCAR
Upload a POSCAR or CIF file to edit its structure

DRAG FILES HERE
A - Adll Submit Structure
|
MATERIAL ID: Cot1_Nb1_Sb1-GGA_static_v2
KNbO; mp-935811
Cot1_Nb1_SHi-VASP_db_insertion
POWERED BY
Show JSON History | Show BibTex Citation — e p—
SEDE
Submitted by Bin Xu Extreme Science and
. :
User remarks: MP user submission

Cotl_Nbi_Sb1-VASP_db_insertion

http://fireworks.dash.materialsproject.org/wf/1445229




MP-Complete Trial Run @ XSEDE

*  One-month trial run on
XSEDE resources
e > 60 submissions

60 * > 30 new users
—— submissions * 17 new, user-submitted
USers materials

50

* Three bulk submissions
w/ ~400 structures run
through NERSC

* Now transitioning back to
XSEDE after extension

Total Submissions & Users since Launch

Sep 13 Sep 20 Sep 27 Oct 4 2015




Roles of MPComplete & MPContribs

e Assigns [new] MP identifier
* Runscalculations

Adds material to core
database

MPCOMPLETE

 Annotate materials already
existingin core database
M PCONTR'BS * Disseminate |
complementary theoretical
and experimental datato
MP users




MP is a World-Wide Resource
KI.

oyota: “Materials Project
is a wonderful project.
Please accept my
appreciation to you to
release it free and easy to
access.”

Haynes International:
“The correlation between
softening  temperature
and your calculated data
is high - can we add

novel alloy compositions
? »

p—

kR \?

e X

Q “I must admit that | have always been impressed

B with MP and | wanted to be part of this outreach
activity. | am very motivated to help anyway | can.”
-> Spirit of “Giving Back” across MatSci Community

553
Micron: Your project is inspirational. Please

come to Boise and educate our technical
community”

T




MPContribs: Collaborative Platform for sharing Data

“help sharing datasets with the world”

A. T. N'Diaye (ALS, LBNL):
 measured XAS/XMCD spectra
 propertiesof rare earth substitutes
* processingof instrumental data
integration w/ MP phase diagrams

D. Morgan, H. Wu (SI12, UW):
e computed diffusion coefficients
* automated VASP data extraction

: , , also aim to develop a
and integration with MP

customized web app
driven by MPCONTRIBS

e Establish MatSci Hub for theoretical and experimental Data
* Effective dissemination for exposure to large MP user community
-> new platform to efficiently integrate data from disparate sources

Huck P. et al.; eSciencel5; GCE15; Poster full contributors list




Collective Annotation of Core Database

—

raw user files

hierarchical material

categorizationto cover
disparate scopes of
experimental and

theoretical contributions

experimental instruments
theoretical calculations

Categories [Identifiers]
Structure [mp-24972]
< Composition [Fe203]
< Chem. System [Fe*O*]




Correlating Contributions w/ Core Data

Hierarchical Material
Categorization:

r—

raw user files

experimental instruments
theoretical calculations

<

Categories [Identifiers]

< Chem. System [Fe*O*]

Structure [mp-24972]
Composition [Fe203]

materials/mp-24972/contributions
(mostly theoretical contributions)

1
links to

¥

compositions/Fe203/contributions
(experimental contributions)

o Tultipje
m,oos,'t,-Ons

ternary plot
representation,

e.g. phase

diagrams
SHowcAse: Unified Experimental and Theoretical XAS C . _ B
Application [see paper at 10t GCE workshop] 1020 30 40 9108 °0 70 80 80




MPCONTRIBS User Workflow

-k inf ~ —

pre-submission

Details Page
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photodiode for
transmission |

e pre-processingof user output data and conversion into MPFile

e visual and iterative checking of MPFile by user (“get datain shape”)
MPFile submission viacommand line or web portal (through REST)
contributed data appearsinstantly on the MP portal




|Offline Web Ul — “Get Data in Shape”

m ArchieML ~ I Choose MFFile ...

locally process contribution #0 ... OK.

check consistency of contribution #0 ... OK.
build contribution #a898b40 into Fe8Ni2Pt ... OK.
1 contributions successfully processed.

Go to contribution ... v

Fe8Ni2Pt » Patrick Huck » #a898b40

Hierarchical Data

v (root):
~ Experiment:
» Preparation: {} 1 Item

~ Sample:

Load MPFile | View MPFile Save MPFile

mgc
Command Li
Progr

submission

Material_Name: Platinum doped Permalloy

Form:
Thickness:
Grower:
Authors:
» Measurement:

» Beamline:

~ Ni_XMCD:

» get_xmcd:

~20nm film on Si wafer

ca. 20nm with 2-8 nm Au-capping (nominally)

Ales Hrabec

Ales Hrabec, Alpha T. N'Diaye, Elke Arenholz, Christopher Marrows

{} 5items

{} 7tems

{} 1item

~ xas_normalization_to_min_and_max:

energy_range: 800 1000

normalization_factor: 0.952002315041

offset:

» Fe_XMCD:

0.358620768783

{} 31items

COMPOSITION

FegNi, Pt
Tables ghihz
data_Ni_XMCD_Spectra
Contrlbutlng projects
Search:
. LBNL
Energy |: XAS XMCD -
821.0 0.0104183 -0.000451802
822.0 000031404 0000974055
Graphs
Fe8Ni2Pt - Ni_XMCD_® ot & = ik Fe8Ni2Pt - Fe_XMCD_Spectra
— XAS — XAS
N w—— XMCD ! = XMCD
08 08
0.6 06
04
0.4
0 0332625 LR,
0.2
0.2 |
““‘ \3.}
o= J;\,,_ﬁi, e p— o R
820 840 860 880 m 900 9% 680 700 720 740
Energy Energy
Play withthis dat

Demo: https://youtu.be/xIwttmXSpHqg (Full Playlist)




Offline Web Ul — Release-Ready Demo

® B MPFile Viewer

£ 127.0.0.1:5000/10ad

phuck &lbl.gov

S Oy OH =

MPContribs W L Vebprie Seaer e O

tload_ext autoreload

tautoreload 2

from mpcontribs.io.archieml.mpfile import MPFile
mpfile = MPFile.from_file()

# Load pre-submission processing of "atn" project
from mpc ibs.users.atn.pre_submission import run
run(mpfi

mpfile.w e file()

100% || 120/120 [00:09<00:00, 12.66it/s]

No. Co (at%) V (at%) Fe (at%) Total Xnom (mm) Ynom (mm)
8 1 76.8 1.7 21.5 1689 1 23
1 2 75.5 21 22.4 180 1 21
2 3 74.1 2.6 23.3 100 1 19
3 B 72.8 3.1 24.1 180 1 17
4 5 71.90 4,1 24,9 100 1 15

modify and rerun
pre-sulbmission processing

Run Again

edit MPFile contents (ArchieML Sandbox):

Experiment.Preparation: Sputter deposition

{Experiment.Sample}

Material: vicalloy

Form: ~188nm film on Si wafer

Thickness: ca. 20nm with 5 nm Pt-capping (nominally)
Authors: Please Contact Alpha 7. N'Diaye (atndiaye@lbl.gov)

table and runable Jupyter/IPython cell on the left.

Use QULIWALTHIENERGY or shifl + return to execute
MPFile I/O is handled automatically by from/write_file() .
Resulting output MPFile is used for KRR ISR

Click [RELRUIZSAEY to reload MPFile from ArchieML Sandbox.
Click EENEHRET ] / to pr a your code changes

- Start from scratch by clicking the logo

| Click image or URL to
open demo on YouTube

https://youtu.be/zH-ZauYsu64

live-preview of JSON representation after default ArchieML parsing:

{

"Experiment™: {
"Preparation”: "Sputter deposition”,
"Sample": {
"Material”: "vicalloy",
"Form": "~100nm film on Si wafer",

"Thickness": “"ca. 28nm with 5 nm Pt-capping (nominally)",
"Authors": "Please Contact Alpha T. N'Diaye (atndiaye@lbl.gov)




ALS MPFile: Labbook & Processing Control

Experiment.Preparation.Description: Sputter deposition

{Experiment.Sample}

Material_Name: Platinum doped Permalloy

Form: ~20nm film on Si wafer

Thickness: ca. 20nm with 2-3 nm Au-capping (nominally)
Grower: Ales Hrabec

Authors: A. Hrabec, A. T. N'Diaye, E. Arenholz, C. Marrows

{Experiment.Measurement}
Detection: total electron yield
Temperature: RT

Orientation: 30° grazing incidence
Date: 2015-06-24

Measured_by: Alpha T. N'Diaye

Shared Meta-Data
(from Labbook)

{Experiment.Beamline}

Beamline: ALS-6.3.1

Method: Soft x-ray XAS and XMCD
Polarization: circular, positive (ca. 60%)

Magnet_Field: 0.8T switching point by point, parallel to beam
Count_Time: 1s

Delay Time: 0.5s

Monochromator.Exit_Slit: 2@um

Monochromator.Grating: 6001/mm

{Ni20Fe80Pt10}
Ni_XMCD.get_xmcd.energy range: 800 1000
Fe_XMCD.get_xmcd.energy_range: 600 800

{Ni20Fe80Pt10.Ni_XMCD.xas_normalization_to_min_and_max}

energy_range: 800 1000 Raw Data

normalization_factor: 0.952002315041 .

offset: 0.358620768783 PrOCESSIng
Instructions

{Ni20Fe80Pt10.Fe_XMCD.scaling preedge_to_1}
preedge_range: 690 700 Results of

xas_minus_factor: ©.348231766387 S~ .
xas_plus_factor: 0.349333591384 PrOCESSIng
Steps

{Ni20Fe80Pt10.Fe_XMCD.xas_normalization_to_min_and_max}
energy_range: 600 800

normalization_factor: 1.00964185927

offset: 0.984095999176

MPFile = Config + Input + Output

Default interactive graphs from each data table
Check results & reiterate via Offline Web Ul

[+Ni20Fe80Pt10.Ni_XMCD_Spectra]
Energy, XAS,XMCD

820,0.0104944, -0. 00140602 .
821,0.0104183, -0.000451802 Final XAS
822,0.00931404, -0. 000974055 Spectra (CSV)

823,0.00821621, -0.00083305

[+Ni20Fe80Pt10.Fe_XMCD_Spectra]
Energy, XAS, XMCD

Future: guide user in what to include as Meta-Data




I\/IPF|Ie & Generic Contribution Details Page

Cs mp-1
Contributing projects
LBNL's contributions
Contribution plots (2)
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Hierarchical data

root:
physical properties:
phase: solid
melting point: 301.7

boiling point: 944 K

melting point density: 1.843 g/cm3
critical point temperature: 1938 K

critical point pressure: 9.4 MPa

references:

url-1: https://en.wi

url-2: http://educati

Tabular data

data table 1

Show 100 ¥ entries

T

references include
bibtex/DOI and will be
featured prominently

5p3/2 5p172
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orbital configuration

Edit

K

Interactive Graphs
Hierarchical (Meta-)Data
Tabular Data

ikipedia.org/wiki/Caesium

on.jlab.org/itselemental/ele@55. html

Search:

vapor pressure

TTOU

469.0

= {mp-1.physical_properties} for caesium

phase: solid

melting_point: 301.7 K

boiling point: 944 K
melting_point_density: 1.843 g/cm3
critical_point_temperature: 1938 K
critical_point_pressure: 9.4 MPa

[mp-1.references] list of url, bibtex, or doi
* https://en.wikipedia.org/wiki/Caesium
* http://education.jlab.org/itselemental/ele@55.html

{mp-1.plots.default_data_table2} overwrite graph props
x: configuration

y: ionization energy

kind: bar

table: table2

[+mp-1.tablel] can be named freely
T, vapor pressure
418,1

469,10

534,100 .
623,1000 ArchieML as

750,10000 MPFile format
940,100000

[+mp-1.table2]

electron number, ionization energy, configuration
1,375.7,6s1/2

2,2234.3,5p3/2

3,3400,5p1/2

[+mp-2] bare data section for palladium
temperature (K), vapor pressure (Pa)




MPContribs Software Components

| MPContribs Package |

Reusable user

MPContribs MPContribsUsers ;
Legend: ) . Your Library Elsewhere
Library Library We b a p p S
T
\ /
ST powered by MP
Django Sites mpweb_core mpcontribs
4| basic Django App MPContribsUsers
insta”[;to as git submodule

I
provides

‘ materials_django ’ )

/index, MPFile 1/O
i i /register, and
‘ your_django_site ’ /dashboard
Flask WebUI
as MPContribs
entry point

your_project

o /——{ MPContribsRester | ‘mitateSA| YourRester ’<—
inherits |
‘ MPResterBase }4/
' - "Irest" . "/your_rest"
‘ ConnectorBase Fmaymhent Django App I —n—imitates Django App

| uses

APIKeyMiddleware d uses——— uses—
@mapi_func

provide ‘ /explorer” | imitates__{ /your_explorer

L Django App Django App
RESTful DB access
via API keys




|UW/SI2 Diffusion App -

Demo

® © ®  ZmPFile Viewer

& 127.0.0.1:5000/test_site/uwsi2/explorer/
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Click image or URL to
open demo on YouTube

https://youtu.be/wbWde5StHnU
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XMCD/Magnetic Moment — Phase Diagram

\"/

Post-submission:
experimental results V,Co
vs. core MP data

63 - XMCD Signal:
7~ -+ Total Magnetic Moment

< Normalization factors: VFe

Elemental Composition

VFe.I B

Fe, ,CofFe,Co, FeCo

Fe

Does data coincide w/ any phase transitions or stable compounds?

MPCONTRIBS helps contributor to

1. guide the planningof (follow-up)experiments

2. understandresults of unknown materials

3. providereference of well understood materials (exp. data hub)
4. significantly reduce manualrepetitive analysis work




Conclusions

User-contributed data will play an important role in expanding MP towards
serving a larger community (wait-list!).

MPComplete:

 Underpins MP’s Crystal ToolKit App

 Enablesuser suggestions of new structures for calculation by MP
* MP productionat NERSC, but user submissionsat XSEDE

MPContribs:

* Softwareplatform forusersto share data with >14k users

* Extend core data with user-curatedand-contributed data
 Datapreparation,interactive graphing & integrated analyses

* Combinecontributionsandinstantly serve on generic frontend
* Basis for other projects to build custom web applications

Docs: http://pythonhosted.org/mpcontribs/
GitHub: https://github.com/materialsproject/MPContribs Tha n kS !

Demo: https://youtu.be/xIlwttmXSpHg (Full Playlist)




