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» Precision medicine and bioengineering need more
comprehensive and more predictive models

* Such models need to integrate multiple modeling
methodologies across scales

« Collaboration is needed to achieve better models
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« Make it easier to share, discover, and understand modeling studies
— Models
— Simulation experiments and results
— Data visualizations of results

 Make it easier to reproduce and reuse simulations
— Find capable simulation tools
— Edit model and simulation parameters
— Re-paint figures with alternative simulation results

« Support a broad range of modeling across methods, biology, and
scales

< BioSimulations
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BioSimulations toolkit

runBioSimulations
Web application for executing
. simulations
BioSimulations
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BioSimulations
Platform for sharing and executing
simulation studies

BioSimulators
Registry of standardized
simulation tools

Community resources
& quality control

Web application for executing
simulations
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Foundation: common formats and ontologies

h

c. Simulation results
Directory

a. Modeling project
e.qg., COMBINE/OMEX

Simulations
e.g., SED-ML

i ; BioSimulations 6
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Flux b;'alance = . 7
SBML-fbe runBioSimulations

 Logical
SBML-qual | | /\

Continuous kinetic.
SBML COMB|NE

SBML / v

Dlscrete klnetlc

e
gﬁg; Hybrld kinetic
gggg SBML

Spatial kinetic

SBML-spatial ;«,\ d

Rule based
BNGL
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Standardized interfaces to simulation tools

Flux b;lance
SBML-fbc

Standardized simulators

“ Logical BioSimulators/Docker
SBML-qual
/ L CBMPy, COBRApy >
oA Continuous kinetic ™————| .. Goaions — BoolNet - =2
A SBML 5 AMICI, COPASI, GillesPy2, PySCeS, tellurium, VCell —t | I | | -
J \ i — COPASI, GillesPy2, tellurium, VCell > >
SML @"’“— — " COPASI GillesPy2, VColl ————————— %
-
>

Discrete kinetic _ ‘ VCell
SBML /\/\ \ 7 - vie
J BioNetGen
Hybrid kv C )

Standardized Standardized simulation results Data visualization

Spatial kinetic simulation project (SED-ML reports) PNG
SBML-spatial (Simulation, reports & plots) HDF5
Rule-based SED-ML, COMBINE, OMEX
BNGL
Standardized models
e.g., BGNL, SBML, SBML-fbc
BioSimulations
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Standardized interfaces to simulation tools

bionetgen -1 study.omex —-o results/

copasi -1 study.omex —-o results/
gillespy2 —-i study.omex —-o results/
tellurium —-i study.omex —o results/

vcell —-i study.omex —o results/




HDF5 schema for simulation results

Domain information HDF5
COMBINE archive - > HDF5 file
>1 SED-ML files - » Group
2 1 REPOItS - > Data set
> 1 Data sets - > Row

Meta data - > Attributes
Unique id - » dataSetlds
(Unique) label ----oeeemmememenee » dataSetlLabels
Data type - » dataSetDataTypes
ShaPe oo » dataSetShapes

¢« BioSimulations
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BioSimulators: registry of simulation tools

Simulators
REPRODUCING & REUSING
BIOMODELS & SIMULATIONS

% Simulators ¥ Simulator standards @ Help

Home » Simulators

Simulators

£ Controls

@ Columns

O

Name

[ Latest version
Frameworks
Algorithms
Model formats
O Simulaticn formats
[ Archive formats
O Image

O interfaces

O oses

[ Languages
Curation

O License

O Updated

Run

Docs

Y Filters
Q, Search

Name
AMICI

BioNetGen

BioUML

BoolNet

CBMPy

CellNetAnalyzer

COBRA Toolbox

COBRApY

COmplex PAthway

Simulator

E-Cell4

Escher-FBA

Frameworks.

non-spatial continuous

non-spatial continuous,
non-spatial discrete

flux balance, non-spatial

continuaus, non-spatial
discrete

boolean logical

flux balance

boolean logical, flux
balance

flux balance

flux balance

non-spatial continuous,
non-spatial discrete

non-spatial discrete,
spatial discrete

flux balance

Algorithms
CVODES, IDA

CVODE, Gillespie direct
algorithm, NFSim agent-
based simulation
Dormand-Prince
method, Euler forward
method, flux balance.
asynchronous logical
model simulation
method, probabilistic.
flux balance analysis.
flux variability analysis,
parsimonious enzyme.
asynchronous logical
model simulation
method, flux balance.
ACB flux sampling
method, ACHR flux
sampling method,

flux balance analysis,
flux variability analysis,
geometric flux balance.
adaptive explicit-implicit
tau-leaping method,
automatically use.

Elf and Ehrenberg
method, enhanced
Greens function reactio.
flux balance analysis

Model formats
SBML

BNGL

SBML

SBML

SBML

SBML

SBML

SBML

SBML

SBML

SBML

Curation
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Run

Docs
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lators: registry of simulation tools

S Simulators
REPRODUCING & REUSING % Simulators & Simulator standards @ Help
BIOMODELS & SIMULATIONS
Home » Simulators » tellurium
i=Overview £ Algorithms P Versions <J> Specifications (JSON) Validation test results
Algorithms CVODE (KISAO_ocooo01g) !
« CVODE Description
« explicit fourth-order Runge-Kutta The CVODE is a package written in C that solves ODE initial value problems, in real N-space, written as y'-fity), y{to}=yo. It is capable for
method stiff and non-stiff systems and uses two different linear multi-step methods, namely the Adam-Moulton & method and the backward
« Fehlberg method differentiation formula &
. i\uesple direct aigljjomhm Modeling frameworks
+ Newton-type method # non-spatial continuous framework
Model formats
; B SBML L3Vz: information about which features this algorithm supports is not available.
More info ? g o
. Simulation formats
& Documentation B SED-ML L1V3: information about which features this algorithm supports is not available.
Archive formats
B COMBINE OMEX 1: Information about which features this algorithm supports is not available.
Parameters i .
Name Type Default  Recol range  Availabili KisAOid
absolute tolerance float 1e-12 BioSimulators Docker..  |KISAO_oogo211
ER-leap initial leap float BioSimulators Docker. KISAQ_oooo332
maximum Adams order integer |12 BioSimulators Docker. KISAO_ooooz1a
maximum BDF order integer 5 BioSimulators Docker. KISAO_ooooz20
maximum number of steps integer |2e4 BioSimulators Docker. KISAO_oooo415
maximum step size: float BioSimulators Docker KISAO_ooo0467
minimum step size float BioSimulators Docker. KISAO_oo00485
progression with adaptive time step boolean |false BioSimulators Docker.. |KISAO_ooooio7
relative tolerance float 1€-6 | BioSimulators Docker.  |KISAO_ooccozog
Dependent dimensions
= time instant (S10_ooo418)
Dependent variables
Description Target pattern
parameter values /sbmlsbml/sbmlmodel/sbmtlistOfParameters/sbmlparameter/@value
species concentrations /sbmlsbml/sbmlmodel/sbmllistOfSpecies/sbmlspecies

* BioSimulations
. REPRODUCING & REUSING 12
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Standardized fetching of simulation tools

docker pull ghcr.io/biosimulators/copasi
docker pull ghcr.io/biosimulators/copasi:latest
docker pull ghcr.io/biosimulators/copasi:4.29.228

BioSimulations

T et 13
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runBioSimulations: web app for running simulations

© Run a simulation & Your simulations @ Help

Run a simulation project

ot & methad for providing & simulation project (COMBINE/OMEX file)
Upload a local file e
= Select a simulation project (COMBINE/OMEX file) * @J

BINE /OMEX archive file whicl ne == g..in SED-ML format) of o o 5. in BNGL, SBML

P Select a version of the simulation tool -

for informa

’ Enter a descriptive name to help you recall this project *

r mod

Provide a

REPRODUCING & REUSING
BIOCMODELS & SIMULATIONS
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ioSimulations: web app for running simulations

/" run
REP
BIOMO

Home = Your simulations

Simulations
NG & REU:

BioSimulations
REPRODUCING & REUSING
BIOMODELS & SIMULATIONS

Your simulations

2 Run a simulation A Your simulations @ Help

+ 2

Click here to try a set of example simulations

M Columns

Y Filters

Name
Simulator

Oamicioi111
Obionetgen 252
Oboolnet 215
Ocbmpy 0725
O cobrapy 0.20.0
O copasi 430233
Oaittespyz 157
Opyscesogg
Otelwriumzzo
Oveell 73006
Clear filter

£ Controls

Status
Submitted
Last updated

Submitted locally

Q Search

Id
6o42asfd3ge3dosbagbss
603d35ffd7132300fgedd13
6037ee366e279fedb3gs461C
6037ee376€279f6035054618
6037ee376e279fobogo5462
60376€386€279f4436054622
Go37ee386e279fboo3os462
6o37ee306e27013d8f054626
60376€306€270f548054628
6037ee3c6ez7gfocs7o5462e
6042a4be3ge3do366ebbss.
6o37ee3cbe279f5d7dgs5463-
Bo42a4a039e3d0o505ch658.
6037e€3d6e2791856605463
6037ee3abe279f571295462a
Bo37ee3d6ez79f30abgs463
6037ee3e6e279f32f8954636
Go37ee3ebez7of3acegsa638
6o37e€406€279f2a8b05464
6037ee406€279f70b305464.
60376€416e279f2C46054646

Name

BioNetGen example.
bmtest

Caravagna 2010: tumor-
Caravagna 2010: tumor-
Caravagna 2010: tumor-

Chaouiya et al. BMC.

liberto 2003
Ciliberto 2003:
Ciliberto 2003:
Escherichia coli core.
Escherichia coli core
Escherichia coli core.
Escherichia coli core.
Parmar 2017 iron_
Parmar 2017: iron_
Parmar 2017: iron
Parmar 2017: iron.
Szymanska zoog: HSP..
Tomida 2003 NFAT.
Varusal 2018: mTOR

Vilar 2002: circadian-

Status

succeeded
succeeded
succeeded
succeeded
succeeded
succeeded
succeeded
succeeded
succeeded
succeeded
succeeded
succeeded
succeeded
succeeded
succeeded
succeeded
succeeded
succeeded
succeeded
succeeded

succeeded

Submitted
2021-03-05 16:43:25
2021-03-01 1344115
2021-02-251336:38
2021-02-251336'39
2021-02-2513:36:39
2021-02-25 1313640
2021-02-25 1336:40
2021-02-25 13 36141
2021-02-25 133641
2021-02-2513'36144
2021-03-05 163806
2021-02-2513:36144
2021-03-05 16:37.45

2021-02-25 13:36:45

2021-02-25 13:36:42

2021-02-2513:36145
2021-02-2513:36:46
2021-02-2513:36:46
2021-02-25 1336148
2021-02-25 133648
2021-02-25133649

<
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Export| Log
& | %
£ Ps.
& | >
X |
£ |
& | o
& |
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X | >
i |
& | >
& | >
& e
& d=
& | 2
i | >
& | >
& | >
& p=
X |
& |

Share | Trash
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HSDS database for simulation results

a. Modeling project
e.g., COMBINE/OMEX

Simulations

Web GUI

Banmulatlons
aaaaaaaaaaaaaaaaaaa
& BIOMODEL S & SIMULATIONS

Node.js
+ Kubernetes

h

c. Simulation results
Directory

MongoDB
+ HSDS

17



BioSimulations: platform for sharing simulations

ngppoﬂmg‘!{%ﬁlﬁ?s B Simulation projects 3¢ Utilities & Conventions @ Help

BIOMODELS & SIMULATIONS

Home » Simulation projects » Browse Q, Search & filter

Extraceliular
Matrix

A model for pituitary GH(3) lactotroph (Wu and
Chang 2005}

P vesss s G

A model of intracellular pH control

A mathematical model of evoked calcium A model for pacemaking in substantia nigra
dynamics in astrocytes (Handy et al 2017) neurons (A simple model based on a spherical..

u ) "'!"“';“

L

& BioSimulations
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Data visualizations combine HSDS with Vega

% Run a simul

i= Overview # Design chart L Visualize chart >_Llog

" 0.6M

Q 200 400 600 800 1000

time

BioSimulations
“} REPRODUCING & REUSING 19
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Data visualizations combine HSDS with Vega

run’ ©Simulations
REP! DL REUSIN

Home » Your simulations » 6042a4be3ge3d0366eb658cC

# Design chart L Visualize chart »>_Llog

BioSimulations
“} REPRODUCING & REUSING
BIOMODELS & SIMULATIONS
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Visualizations: Vega

G- = KIA][B]

df
Models

L] LI
[ I | [ L]
[

)/ \ Data sets
k0 kgl EEREE hASIRA

| |
Stmulatlons / Rep%rts Traisformatifns

H\m_/ L 1He

Reports Axes and marks
Simulation expts. Simulation results Visual diagrams
SED-ML HDF5 Vega

& BioSimulations
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Availability

BioSimulations
https.//biosimulations.org

runBioSimulations
https.//run.biosimulations.org

BioSimulators
https.//biosimulators.org

BioSimulations
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