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Physics-based versus data-driven models

PHYSICS- DATA-DRIVEN
BASED
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(QSARs as the original data-driven models

Database of Compounds

tested as anticancer Data cleaning and

preparing

OSAR model
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Reaching regulatory acceptance of QSARS took time!

The Acceptance of Computational Methods for the
Regulatory Assessment of Chemicals

Andrew Worth

European Commission, Joint Research Centre,
Institute for Health & Consumer Protection’

US Food & Drug Administration, Center for Food Safety & Applied Nutrition,  Office
of Food Additive Safety?

CIR workshop on SARs, Washington DC

' Permanent affiliation; 2 Current temporary affiliation
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The path to QSAR regulatory acceptance

Barriers to acceptance

* Industry assessors and regulators may not be familiar with QSAR
methodology and therefore not comfortable using the results

* Modellers and regulators do not speak the same language

* Models might not be relevant to the regulatory question

* Models might not be sufficiently transparent

* Models might not be reproducible or readily available

* Insufficient practical guidance on how to use models in a regulatory context

Ew UNIVERSITYOF
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The path to QSAR regulatory acceptance

Overcoming the barriers to acceptance

* Consistent and internationally accepted reporting formats on QSAR models
and their predictions: QVRF and QPRF

* Freely accessible software tools
* Training on how to use the tools

* Guidance on how to interpret the prediction results

Ew UNIVERSITYOF
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Model documentation key to regulatory acceptance!

Standardised (Q)SAR Reporting Formats

The need for “adequate and reliable” documentation is met by using
standardised reporting formats:

QMRF
Robust summary of a (Q)SAR model, which reports key
information on the model according to the QPRF
5 OECD validation principles. Description and
—
= - assessment of the

prediction made by

W given model for a
uldgliongy  oiven chemical

=
- BT -
a_l

( \
Valid Reliable

https://www.cir-safety.org/sites/default/files/Worth CIR 05-03-12%20[Compatibility%20Mode].pdf
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QMREF for standardised model documentation
(a FAIR Enabling Resource)

QSAR identifier ] 10 Summary for the JRC QSAR Model Database

General information 2

Defining the endpoint 3/

OECD Principle 1
4

9  Miscellaneous information

\ % Providing a mechanistic interpretation

QMRE | OECD Principle 5
)

QSAR Model
Reporting
Format

Defining the algorithm External validation

OECD Principle 2 OECD Principle 4
Defining the applicability domain D 6 Internal validation
OECD Principle 3 \_/ OECD Principle 4
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QSAR modelling ecosystem

About Features Resources Support Developers Repository fDownloads % Q

MANUALS

Toolbox 4.7.1 Release Notes

4 HELPDESK

DOWNLOAD PDF

Toolbox 4.7 Installation Manual

DOWNLOAD PDF

Toolbox 4.7 Multi-User Server Manual

DOWNLOAD PDF

Toolbox 4.7 Getting started — Quick reference guide

DOWNLOAD PDF

Deploying the TEDRA plugin

DOWNLOAD PDF
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QSAR modelling ecosystem

About Features Resources Support Developers Repository fDownloads % Q

Biological, environmental and phys- Using the VEGA platform, you can access a
h e obiherial series of QSAR (quantitative structure-
AU rp s BT activity relationship) models for requlatory
et substances are related to their purposes, or develop your own model for

research urposes.
structure purp

QSAR models can be used to predict the property of a chemical
compound, using information obtained from its structure.

The models have been taken from CAESAR or T.E.S.T., or have been developed later by the
contributors to VEGA.

UNIVERSITYOF
BIRMINGHAM VEGA HUB QSAR Download

Community News Contacts




QSAR modelling ecosystem

About Features Resources Support Developers Repository fDownloads % Q

B

QMRFEditor

Download QMRFEditor 3.0.0

CHANGE LOG

 QMRFEditor-v3.0.0 (build date 31 Oct 2016)

Updated QMRF DTD schema 3.0

Ontology annotation (based on eNanoMapper ontology publication,ontology source)

Free text search for ontology terms and protocols.

Basic PMML support

sl

Download QMRFEditor 2.0.0
CHANGE LOG

¢ QMRFEditor-v2.0.0 (build date 22 Jan 2013):

replaced ‘QMRF Inventory’ with ‘QMRF Database’;

updated the hint for QMRF section 10.1;

UNIVERSITYOF
BIRMINGHAM

the authors dropdown list is filled in from a remote QMRF inventory;

by default saves into the QMRF XML only the endpoints used in the document;

chanaed the DTD location to htto://amrf sourceforae net/comrf did

About

In the regulatory assessment of cherr
Activity Models (QSAR) are playing a
for hazard and risk assessment. This
QSARs and to use them to derive est
estimates. To help meet these needs,
freely accessible through http:/gsard!

The QSAR Model Reporting Format (
reporting key information on QSAR m
The information is structured accordir

Download the QMRF Editor in order t
descriptions to JRC-COMPUTOX@e

The QMRF schema 3.0 is updated O«
enhancements applicable for reportin:

Acknowledgements

QMRF DTD schema, QMRI
commissioned by JRC Cornr

developed by Ideaconsult L
QMRF 3.0.0 is updated witl



Physics-based model documentation: MODA

*Mc:-dels

FEM

DDy

Scales and mechanisms
Electron Atoms Defects Domains Grains Device

M UNIVERSITYOF
BIRMINGHAM

/ PHYSICS-BASED MODEL

Equation based on a physical/chemical PHYSICS _
theory which describes the spatial and QUANTITIES
temporal evolution of a chosen physics
guantities of the entity

—

MATERIALS RELATIONS
MR
Information on the material needed
to close the PE and to make the

system of Governing Equations
solvable

=,

Z

EXAMPLES
CLASSICAL MOLECULAR DYNAMICS ” FLUID DYNAMICS
PE MR 9 Navier Stokes equation
Newton’s equation of motion Lennard-Jones potential PE 5 (o) +V: (udu)=-V-pI+V.7+/g
dv__ d’r _ i Y 5 Stress tensor for incompressible flows
d_,-——m di’ - [(:) _(;) ] MR V.7=2uV.e=uV-(Vu+Vu') =puVu

https://emmc.eu/moda/
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Standardised documentation of Simulations (MODA)

The MODA comprises a and a which should be used to document materials modelling

workflows for EU projects, but they may also find use in organisations' documentations or in supplementary documents of
scientific publications.

A compendium of over 100 projects and classification/terminology of materials modelling can be found in the

More information on MODA you may find in the presentation given within the EMMC 2017
International Workshop in Vienna.

UNIVERSITYOF
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Standardised documentation of Simulations (MODA)

The MODA comprises a text template and a graphical workflow template which should be used to document materials modelling

HOW IT LOOKS!

1 Usen Case

2 Coarm oF
Mooes

WomKFLOW ANE
TS RATIONALE

MODA for <user-case>
in praject Y

OVERVIEW of the SIMULATION

Geneval descriptioe: of the User Case,

Ploase give the pragerties and bokaviour of the parboudar materal,
manuiacturing process ang/or in-service-benavicur to be simuiated.

Mo information an the madeiing shouid appesr here. The ides is that this
user-case can sy be simulsied by others with sthee models and thal the
resuits can (hen be companed.

Pagse entlly the Mrst mogel. Nole (hese are assumed 10 be
physics-basen modeis unless it is specified diffarantiy.

MOST MOdiiing Projects consist of 8 cham of models,

(workfiow). Fere only the Mysics Equations shouid be given
Moos, 1 And anly Aames appearing in e content iist of the Review of

Malerias Mockelling VI should be entered. This review is

avadable on

hetpiiec, RN

library.cfm) All maodes should be ientificd as lectromic,

ACOMISTIC, MESOSCOMVC OF COALINGLM.

MooeL 2 o ientify the second modsl.

L :::‘I: If data-based modsts are used, please specily.

Please give the publication which documents the data of this ONE simuiation.

This articke should ensure the quality of this data sef (and nol ooy the
quaity of the madeis),

Blease 3¢ whether the mude! andfor data are free, comenercial or apen
source, Please st the pwner and the name of the software or database
finclute a web iink i vaitabie),

Please grve a toxtual rationale of why you 25 a modelior have chosen these
mxiels and this werkflow, knowing other modeliers would simulste the same
‘end-user case differently.

This S Inciude (he reason wiy 3 partkadar aspect oF the vser case Js 1o
e simulated with & particuiar mooel.

—

31

32

STMULATED.

Maremias

GEOMETRY

Timr Lapsr

Manuracruring

TN-SERVICE
CONDITIONS

PunLicaTion on
THIS DATA

MumrRical
Souven

TinE sTEP

ComputaTioNAL
REPRESENTATION

ComruraTIONAL
BOUNDARY
coNDITIONS

anorTIasaL
Souven
Pasanerens

Describe the aspects of the User Case fextually.

Moo edeeiting infanmation stouid appesr i this box. This cse Coud
2iso be simulated by other models in @ benchmarking operation!
The information in this chaptor can be end-user information,
measwred data, Wrary data etc, It witl appear i the pink circle of
your workfiow picture,

Smulated input which I8 caiculated by ancther medel shoud not be
incluched (but bivs inoul s listed in chepter 2.4)

Also the result of pre-processing recessary to transiate the user
case specilications (0 values for the physics vardables of the entities
can be documented here.

Chemical composition, ...

Kze, form, picture of the system {if aoolisabie)

WNote that computational choices like simulation bowes s to be
documented in chapler 3.

Duration of the User Case to be simulated.

This is the duration of the siluation (o be simulated. Ths is nol the
Same as the computational thmes o be given in chapter 3.

IF cetensant, plese list the conditions to be simulsted (if pphicabie)

E.g. meated walls, external pressures and bending forces,

Please rate that these FuGht agpear 35 terms in the PE or 25
doundary and inltizi conditions, and s witt e documented in the
EEEnT Chaplers.

Publication documenting the Smulanon with thvs singic modad and
its data (If available and il not already included in the overall
pubiicatio

Hiease give name and fypc of the salver.
E.g. Monte Casio, SPH, FE, ..Heralive, muili-grid, adagtive, ..

Pioase give the name of the code and if bvs i your own code, pleaso
Specily if il Ciwr Dé shared wilh &N Sventual ink (0 &
webiite/bicalion

T spplicatile, please give the Lime step vsed in Ihe sohing operations.
This {s he nmenical Unme stey and (0 js 100 the sane as e time
lapse of the case to be simwiated (see 1.4}

Pursics
o of the FnyFIcs Equanon,
MaTERIAL  Materials Reiaton and material,
Revarions,

MateRiaL  Fhom s o aesd o repeat User Case infl,
“Covnputationnal” means (hal this only needs o be Filed
in when your computations! solver represens the
matenial, properties, equation variabies. I & soediic
Lo

IF apalcatiic.

Pease aote that these can be iranstabions of the physical Soundary
congitions set i the User Case or they can be pure comptations! like
£.g. 2 i coll vath mirror bue. 1o simuisle 25 infirte doman,

Please specify pure Internal numentcal seiver detafs (If aopicabie), ke
o spocfic toinanees,
v Cuf-off, convergnnce crifenia
»  integrator aptions

MooeL Trie
AND HAME

20

MOoDEL
enrTy

21

Moves
Prysies/
22 CHEMISTRY
EQUATION
PE

Matemtus
4.3 RAATIONS

SimuLATER

Mol type and name chesen from RoMM content iist (1he PE).

This PE and oniy this will apoear in the blue croe of your moridiow
picture. Pirse do na? insert any other text slthough an indication of the
1 i pliowed.

The entity in this materials moded s <le volunes, graios, storms, dr
slectrans s

Equation
Name, desicrigtion and mathematics! focm ol the PE

in case of Hghitly coupled PEs set up as one malrkx wiich
15 sadved 1 OAC g6, More than ane BE 30 apEear,

Physical
quantities  Plesse name the physics quantities in the PE tnese are
parameters {constants, matnces) and varisbies that
aapoar (i the PE, ke wave function, Hamdtoman, spin,
welochy, external force,

Relation
Plagse, glue e name of the Matécial Relation and which
PE It eonpietes,

quantithes/ Fease ive (e name of the pliysics GUantities,
descriptors  peremelers (constants, matrives) and variabies (hel
for aach appear 1 the MR(s)

Pleace document the simulsted inpur and wieh ahich madel it ©
calulateo.

This box gocuments the intercoeratyiity of the models in case of
sequenual or iterative model workflows. Siiulated owaul of the ene
mode! s impur for the next modc, TRUs what you oater foe in 2.4 wil
also appearin 4.1 of the model that calulated this input.

I you dio samUiatons i Salstios, M MRS hox will remain smpry.

Note thal & measured input (s documented e chapter I "User Case”.

4  POST PROCESSING _J

Tue Pocessen  Fleasa specify the output obtalned by the post processing.
auTeur

1# appiicanle then specify the ety i e naxt mode! in the chan far
LR PP e 16 E3ElaER! SleTRans, SO, Jraes, larger/smaier
At wolumes

in case of hamogemsanar, Mease sEacty (e averaging voltmes.

Cutpur ean e coieulsted wsies for parameees, nsw 1R s deseipeor
ruies {dnta-baned meaels).

METHODA BGTES

4.2

43

Mascin OF
Ermon

Fease destrihe the mathomakics and/or physics sed in this pase-
PROCoSEIAg CALITGN.

In hamogeaisation this (s velume averging. At alsa physics equations
s be wmed 1o desive £.g. (hermodlynanuc: guentities or aptical
Quistes oM (USRI MRS S OUpLE.

Foase saenfy Bhe mangin of eror (accacr m peeatages) of the
PRy SHEINARDS AR epiain Hhe WASAnRS K AN IAISEA aRa-user

lpplementary documents of

be found

ilisation™

in the Review of Materials

given within the EMMC 2017



Standardised documentation of Simulations (MODA)

The MODA comprises a

and a

which should be used to document materials modelling

workflows for EU projects, but they may also find use in organisations' documentations or in supplementary documents of

HOW IT LOOKS!

Usen Case

Crarn oF
Maneus

PusLicaTion
Peer-
Reviewing Tie
DATA

Access
coNDITIONS

WomrkrLow ase
TS RATIONALE

MODA for <user-case>
in project ¥

OVERVIEW of the SIMULATION

General description of Ihe User Case.

Ploase give the properties and bohaviour of the pardoudar material,
MAnulECtuning process ang/or in-service-bDehaviour to be simuiated.

o information on the modeiling should appesr here. The ides is that this
user-case £an sl e simuisted by athers with othee models arel thal the
ressuits can ey De compared,

Pagse idenllly (he Mest model. Note (hase are assumed 1o be
physics-hased modeis uniess it is specified differenty.

MOSt modeiling projects consist of & chain of models,
(workfiow). Here anly the Pysics Eguations shovid be given
Mooer 1 and only Aames appearing in e content fist of the Review of
Maieriais Modelling VI should be eniered. This review is
on

i o hfingustrial -
library.cfm), All madeis shouid be dentifed as electrome,
ACOMUSTIC, MESOSCOMIC OF CONEMLIT.

MooeL 2 oyace ientify the second modl.
PATATBASED 11 ara-tased models are used, please specily.

MODEL
Please give the publication which socuments the data of this ONE simuiation.

This arfice shouid ensure the qualily of this data Sef (and ol poly Lhe
qualiry of the models).

Plaave lisd whelher the model and/or data sre fres, commercial or open
sowee. Please iist the owner and the name of the software or database
finclude a wet fink i avaitabie),

Ploase gree a toxtual ratonaie of why you 5 a modelier have choson these
muxicls and this werkflow, knoawing ather modeliers would simulste the same
end-user case differently.

THS sl include he reason vty 8 particulsr aspect of the user case 8 1o
e simulated with & particuiar mooel

—

31

32

34

3.6

AspecT OF THE
Usen Case 10 s
sTMULATED

MatemiaL

GEOMETRY

Time Lusse

Manuracruring

TN-SERVICE
CONDITIONS

PumLicATION ON
THIS DATA

Mumrmrca

Souver

Sorrwane TooL

Time sTen

COMPUTATIONAL
REPHESERTATLON

CONBITIONS

ADDITIONAL

Describe the aspects of the User Case textually.

No madetiing Information showld agpear io this box. This case cowid
alsp be simuated By other models i 2 benchmarking operaticn!
The information i this chaptor can be ond-user infarmation,
measured data, iwary data etc, Jt will appear [ the pink circle of
your workfiow picture.

Smulzted input which (2 calcwated by another model showd not be
incluched (but bivs ol s Siuted in chapter 2.4}

Also the result of pre-processing mecessary to transiate the user
case specilfeations (0 values for the physics varfables of the enlities
can be documented here.

Chemical composition, ..

Size, form, picture of the system (if aoolicable)

Note that computational chaices lrke simulation boxes e to be
documented in chaptéc 3

Duration of the User Case to be simulated.

This is (e duration of the silualion 1o be simwlated. This is nat the
same as the competational tines ta be given in chapter 3.

IF relessant, ploase i the conditions to be simulsted (if applicsbie)

E.g. heated walls, external pressures and bending forces.
Mease note that these might agpear 2s torms (n the oras
MMM and e conditions, and Us will be decumented in the
o et

Publication documenting the smwanon with tvs single meddd and
its data (I avaflable and it not aiready included in the overall
pudlication).

Picase give rame and tvpe of the salver.
E.g. Monie Carlo, SPH, FE, . erstive, muili-grd, s0aplive, ..

Ploase give the name of the code and if Hvs 1 your ann code, pleosn
Spesily if i cany be sharéd wilh an evenluai iink o &
webisie/bication

If applicatie, please give the Lume step vsed in the sohving operations.
This 15 the numencal e tep snd (his js 100 (he sene a5 Lhe time
fapse of the case to be simwiated (see 1.4)

o af tne FyFICS Equanion,
MarERIAL  Malarials Relation and materi,
Revarions,
MaveriaL  [fhore 15 o need to repeat User Case inf,

“Covnpulatioal” means (et this only needs 2o be Filed
i wiher e computatianal solver rpeesenrs the
matenal, properties, equation varlabies, in & soediic
ey,

IF anqlicaliic

Piease note that these (an be franstatons of the physical Soundary
congitions set in the Lser Case ar they can be pure computational dke
£.0. @ umit coll vt miTor b.e. 1 simuiste an nbrite domasin,

Please speaify pure internal numencal sofver detalls (if agpiicadle), ke
«  pecific toleranees,
. Ut COPUOIGRNCE CTIRETE

MooEL TYRE
AND NAME | [ogs] type snd name chosen from RoMM content fist (the PE).

workflow for a stand-alone model

processed

output

equations solved sequentially
(i.e. one-way dependency)

workflow for a chain of linked models

processed
output

—

model 2
PE+MR

f#\

model 3
PE+MR

processed
output

processed
output

MARGTN OF
4 Emmon  Firase saenfy the margin of eror (accuracy n porreifiges) of the
crIarne and SEpian Phe asans i an indisinal anaaser




Reality 1s more complex: hybrid physics-data models

High computation speed
Low computational burden

Interpretability and Transparen g
Data-driven models i 4 sparency Physics-based models

Fwm UNIVERSITYOF
& BIRMINGHAM
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The drivers for model documentation — Regulatory
acceptance and FAIR for models (software)

|
Data Quality and
Availability

CAl Model validation

Decide the
License

Challenges and

ﬁnnsidgraﬁmsfﬂr# in
Hasulatnw nppil'ﬁﬁnn
Human-Al
Interaction
‘ Testing to publishing
Wl UNIVERSITYOF Lynch, I., & Afantitis, A. (2024). WorldFAIR (D4.2) FAIRification of nanoinformatics tools

BA. BIRMINGHAM and models recommendations. Zenodo. https://doi.org/10.5281/zenodo.10629631
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— Model
Software
FAIR principles

Physics-based models Data-driven models

Curated dataset or
CIF file predicted data from
meta-models

MODA supports e [T [
testing L_XPerimental resutts i

FAIR models

(as QMRF does for QSAR

Documentation MODA report ] l QMRF report

Input

Walidation statistics
{following OECD
principles) and

Post-validation by small
Accuracy experimental study or

assessment further literature

evaluation

F1. Maodel is assigned a globally unique and persistent identifier.
F2. Model is described with rich metadata,
Al Metadata are accessible, even when the software is no longer
available,

F3. Metadata clearly and explicitly include the identifier of the software they
describe.

Fd4. Metadata are FAIR, searchable and indexable.

A2. Metadata are accessible, even when the software is no longer available.

Data and metadata
— submission (e.g.,
NanoPharos, zenoda)

Physics-based models / | _ |
Multi_modal models | Eflr;tsr:lr_:l}rm‘-llﬁ“.I”uvdblubvlhidvn“ﬁm using a standardised communications

ALl The protocol is open, free, and universally implementable.

tools & services
=> EasyMODA

UNIVERSITYOF
BIRMINGHAM

Deployment as user-
friendly web-service &
Share source
code/workflow and/or
API

*

Submit ECVAM Pre-
submission enquiry

i

If invited by ECVAM,
submit Test Submission
Template to start the
formal validation
process

!

Follow the validation

progress via the TRAAC i

Al.Z. The protocol allows for an authentication and authorization procedure,
where necessary,

I1. Software reads, writes and exchanges datain a way that meets domain-
relevant community standards.

R1. Software is described with a plurality of accurate and relevant attributes,
R1.1. Software is given a clear and accessible licence.

R1.2. Software is associated with detailed provenance.

R3, Software meets domain-relevant community standards

Update based on
feedback from
ECVAM



Tooling to facilitate model documentation

https://www.enaloscloud.novamechanics.com/insight/moda/

INS GHT Easy-MODA % &
WorldFAIR

Simplifying Standardized Registration of Scientific Simulation Workflows through MODA powered by the

Green v

Load version from: or (Cloud ) (Search )
MODA: MODELLING DATA GENERALISATION

Please fill in the boxes

Short title of the project

[ Enter the project title... ]

Acronym of the project

[ Enter the project acronym... ]

Description of the project

[ Enter the description of the project... 1


https://www.enaloscloud.novamechanics.com/insight/moda/

Tooling to reduce errors / formalise metadata and
ontologies etc. (FAIR1fication)

Computational and Structural Biotechnology Journal 25 (2024) 256268

Contents lists available at ScienceDirect

Computational and Structural Biotechnology Journal

= ass

LSEVIER journal homepage: www.elsevier.com/locate/csbj

E

Software/web server article ».)

Check for

Easy-MODA: Simplifying standardised registration of scientific simulation s
workflows through MODA template guidelines powered by the Enalos
Cloud Platform

Panagiotis D. Kolokathis *", Nikolaos K. Sidiropotilos *°, Dimitrios Zouraris >,

Panagiotis (Takis) Kolokathis Dimitra Danai Varsou *", Dimitris G. Mintis ™, Andreas Tsoumanis *“, Francesco Dondero >,

g ’

N Mechani Thomas E. Exner °, Haralambos Sarimveis f, Evgenia Chaideftou ®, Martin Paparella ®,
ovalvliechanics Fotini Nikiforou"”, Achilleas Karakoltzidis ", Spyros Karakitsios ", Dimosthenis Sarigiannis ",

Jesper Friis 4 Gerhard Goldbeck’", David A. Winkler >, Willie Peijnenburg **, -
Angela Serra 9, Dario Greco 9, Georgia Melagraki’, Iseult Lynch "%, Antreas Afantitis >"%"

* F
* *

UNIVERSITYOF * EMMC % |
BIRMINGHAM * Ins GH I WorldFAIR

* 4 X

\ [
.
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