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THE GOAL: AUTOMATED, RAPID, AND SCALABLE 
ESTIMATION OF PHYSICAL PROPERTY DATA
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PROVIDE TOOLS FOR CURATING AND ANALYSING DATA 
SETS OF PHYSICAL PROPERTIES

AUTOMATED, FLEXIBLE AND EXTENSIBLE ESTIMATION OF 
PROPERTIES AND THEIR GRADIENTS W.R.T PARAMETERS

MODULAR ARCHITECTURE WHICH CAN SCALE ACROSS 
SITES AND INTO THE CLOUD
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BUILT IN UTILITIES FOR EXTRACTING DATA FROM 
THE THERMOML ARCHIVE

Property
Number of Data Points (in Thousands)

Pure Binary Ternary

Density 63.6 224.5 97.3

Vapor Pressure 26.3 57.3 7.2

Enthalpy of Vaporization 0.5 0 0

Enthalpy of Mixing - 30.2 2.1

Dielectric Coefficient 1 3.2 0.2

Surface Tension 2.6 5.4 1

Activity Coefficient 30.3 3.1 4.3

Heat Capacity 14.1 16.7 2.9



EXTRACTING AND CURATING DATA FROM THE 
THERMOML ARCHIVE

https://github.com/openforcefield/nistdataselection

# Load in the data sets of interest directly from their DOIs.
data_set = ThermoMLDataSet.from_doi(*dois_of_interest)

# Filter properties measured outside of the temperature and pressure range of interest
data_set.filter_by_temperature(min_temperature=298 * unit.kelvin,
                               max_temperature=350 * unit.kelvin)

data_set.filter_by_pressure(min_pressure=0.5 * unit.atmosphere,
                            max_pressure=1.1 * unit.atmosphere)

# Filter properties measured for substances containing anything other than C, N, O and H
data_set.filter_by_elements('C', 'N', 'O', 'H')

# Filter any properties measured for substances containing more than one component
data_set.filter_by_components(number_of_components=1)

https://github.com/openforcefield/nistdataselection


ESTIMATION REQUESTS MADE FROM A ‘CLIENT’, 
AND EXECUTED ON A COMPUTE ‘SERVER’
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ESTIMATES OF PROPERTY DATA SETS CAN BE 
REQUESTED IN JUST 6 LINES OF PYTHON

# Load in the data set of interest.

data_set = ThermoMLDataSet.from_file('10.1016/j.jct.2016.10.001') 

data_set.filter_by_properties(Density, DielectricConstant)

# Load in the force field parameters to use.

force_field = smirnoff.ForceField('smirnoff99Frosst-1.1.0.offxml')

# Create the client object.

property_estimator = PropertyEstimatorClient()

# Submit the request to a running server.

request = property_estimator.request_estimate(data_set, force_field)

# Wait for the results.

results = request.results(synchronous=True)



A MULTI FIDELITY APPROACH IS EMPLOYED TO 
ESTIMATE PROPERTIES AS RAPIDLY AS POSSIBLE
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FACILITATES CHEAP AND ACCURATE 
EVALUATION OF OBJECTIVE FUNCTION

DOI: 10.13140/RG.2.2.19199.25767



ESTIMATION WORKFLOWS CONSTRUCTED FROM 
MODULAR, EXTENSIBLE PROTOCOLS
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PROTOCOLS COMBINED TOGETHER IN 
WORKFLOWS BY INPUT / OUTPUT ‘SOCKETS’

RunOpenMMSimulation

thermodynamic_state

topology_file_path

timestep=1 fs

ensemble=NPT

system_file_path

trajectory_file_path

statistics_file_path

AverageStatistic

bootstrap_iterations=200

statistics_file_path

type=Density

bootstrap=True

average_value

value_uncertainty



EXAMPLE DENSITY ESTIMATION WORKFLOWS
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DENSITY + DIELECTRIC
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CURRENTLY USING DASK FOR SCALABLE, 
ADAPTIVE, AND DISTRIBUTED COMPUTING

https://github.com/dask/dask-jobqueue

https://github.com/dask/dask-jobqueue


ALL CODE AVAILABLE TO DOWNLOAD ON 
GITHUB

THE PROPERTY ESTIMATOR

https://github.com/openforcefield/propertyestimator

NIST DATA CURATION REPO

https://github.com/openforcefield/nistdataselection

https://github.com/openforcefield/propertyestimator
https://github.com/openforcefield/nistdataselection


THE NEXT STEPS...

EXPAND THE AVAILABLE DATA CURATION AND ANALYSIS TOOLS

CONTINUE TO EXPAND, TEST AND AUTOMATE THE BUILT IN PROPERTIES

● Host Guest Binding Affinities (pAPRika + YANK) - Automated Setup?

● Absolute and Relative Solvation Free Energies (YANK / PERSES)

● Vapor Pressures

IMPLEMENT SURROGATE MODELLING FOR MARKED PERFORMANCE 
IMPROVEMENT

EXTEND THE DISTRIBUTED ARCHITECTURE TO MULTIPLE CLUSTERS


