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Introduction

For more than a decade the Materials Genome Initiative (MGI) has put data at the centre of
significantly accelerated materials development and deployment. The 2021 MGI Strategic Plan
highlighted the need for Materials Innovation Infrastructure and community sharing of data to fuel
machine learning and other data-intensive approaches to revolutionize materials research. the
fundamental goal of this project has been developing methods and instantiations of the graphical
data model (GEMD) used in PARADIM to fully capture materials synthesis and characterization
details. Such detailed data model instantiations provide details, including both successful and
unsuccessful experiments, of the entire research workflow that are central to developing Al
implementation for automation of the research process. With data fully described in GEMD we will
be able to make information, scientific findings, and data more FAIR (findable, accessible,
interoperable, and reusable) to researchers around the world.

Methodology:

A central part of the research was development of techniques to capture and laboratory procedures
and develop codes that is user friendly so experimentalists can translate their workflow into GEMD
compliant JSON file representations. Our main focus was on instrument usage; from input variables,
set up procedures and output variables, we are able to make a simplified and general flowchart that
encompasses the important information for each instrument that is commonly used in the material
science field. From there we work on hard coding this information into GEMD objects.

Flowchart examples — these are some of the flowcharts that were made.



mailto:julia.camacho_wejbrandt@kcl.ac.uk
https://www.paradim.org/reu_participants
https://www.paradim.org/reu_participants

PPMS and MPWS: Magnetic

crystals

heat capacity

/1) place sample i\,
/plastic stravs
(2) put seram wrap ball on )
"\ either side to retain

\sample in sraw

|
‘ PR—— S

mu e

> pPMS —for heat capacity———

PPMS
(H paralel to
straw)
( input: - sample mass. |
multivu = - molar mass
* / T ihermal conduciity - background /
% L / output

(sometimes)

= ( ' multivu - > MvsTemp |

vS S -MvsH

Windows 10, PPMS  magneioresistance

M
st s - vibrating sample ’ Windows 10, PPMS

(lower threshold)

Encoding GEMD obijects

All the code was constructed in Python-kernel Jupyter notebooks using four categories:

User input — Users are presented a series of statements where to manually enter information. Users
hit enter to execute the code. . For example:
PPMS_ET setup = {

#conditions

"voltage orientation’: ’parallel’, #either label ’parallel’ (to current)or(hall resistivity)then state either '+V on top’ or ~+V on bottom’

#parameters

"current’ : ’ 6 #in amps)
Template — Templates provide controls consistent with laboratory capability and experiment design
on each of the inputs given. For example, if there are only two different possibilities that a wire can
attach to a sample, then restraining the input to only two answers allows efficient, error-checking
representations.
temp_ET = ProcessTemplate (

"Electric Transport PPMS setup’,

parameters=[ParameterTemplate C humidity level in lab’, bounds=RealBounds (0.0, 1.0, kg/kg’) ),

ParameterTemplate (' voltage orientation’, bounds=CategoricalBounds([’+V on top’, ’+V on bottom’,’ parallel’,]) )1)

Spec — Specifications allow users to use templates to build processes for a given experiment. Specs
check conformity with the template and then convert to GEMD objects.
spec_ET = ProcessSpec (

name="Eletric Transport PPMS setup’,

template=temp ET,

conditions=[Condition(’ voltage orientation’, value=NominalCategorical (PPMS_ET setup[’ voltage orientation’]))],

parameters=[Parameter ( current’, value=NominalReal (float (PPMS_ET setup[’ current’ 1), amp’),)]
run BT = make instance (spec ET)
Convert Spec into a JSONfile — JSON files allows for structured data to be transmitted into the GEMD
data modelling platform to construct complete materials history graphs stored in a queryable
database.
entire model fn = *ET PPMS entire model. json’
with open(pathlib.Path()/entire model fn,”w") as fp :

fp. write (encoder. dumps ([run ET], indent=2)



