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Multiscale Modeling
- Biomedical, Biological & Behavioral Systems

Individual

Physiome project

Society

Environment

Populations

Hunter and Borg, Nature 2003

Social-Ecological Systems



MULTISCALE MSM Task Forces
MODELING

Methodologies
* Cell-to-Macroscale Working Group
* High Performance Computing Working Group
* Multiscale Systems Biology Working Group
* Theoretical and Computational Methods
Basic Science Applications * Population Modeling Working Group

» Biomechanics Working Group

CONSORTIUM

IMAG

» Computational Neuroscience Working Group

» Integrated multiscale biomaterials experiment and
modeling group (IMuBEAM)

Dissemination

» Committee on Credible Practice of Modeling
& Simulation in Healthcare Description

= Model and Data Sharing Working Group

= Public Dissemination and Education

Clinical Translation

= (linical and Translational Issues



http://www.imagwiki.nibib.nih.gov/mediawiki/index.php?title=Clinical_and_Translational_Issues_Working_Group
https://www.imagwiki.nibib.nih.gov/working-groups/multiscale-modeling-and-viral-pandemics
https://www.imagwiki.nibib.nih.gov/working-groups/msm-medical-devices
http://www.imagwiki.nibib.nih.gov/mediawiki/index.php?title=Biomechanics_Working_Group
http://www.imagwiki.nibib.nih.gov/mediawiki/index.php?title=Computational_Neuroscience_Working_Group
http://www.imagwiki.nibib.nih.gov/mediawiki/index.php?title=Integrated_multiscale_biomaterials_experiment_and_modeling_group_(ImuBEAM)
http://www.imagwiki.nibib.nih.gov/mediawiki/index.php?title=Committee_on_Credible_Practice_of_Modeling_&_Simulation_in_Healthcare_Description
http://www.imagwiki.nibib.nih.gov/mediawiki/index.php?title=Model_and_Data_Sharing_Working_Group
https://www.imagwiki.nibib.nih.gov/working-groups/public-dissemination-and-education-pde-working-group
http://www.imagwiki.nibib.nih.gov/mediawiki/index.php?title=Cell-to-Macroscale_Working_Group
http://www.imagwiki.nibib.nih.gov/mediawiki/index.php?title=High_Performance_Computing_Working_Group
http://www.imagwiki.nibib.nih.gov/mediawiki/index.php?title=Multiscale_Systems_Biology_Working_Group
http://www.imagwiki.nibib.nih.gov/mediawiki/index.php?title=Theoretical_and_Computational_Methods
http://www.imagwiki.nibib.nih.gov/mediawiki/index.php?title=Population_Modeling_Working_Group
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YeLENiNel Organizational Chart
CONSORTIUM

NIBIBIT
Staff IMAG

(10+ Federal Other Agencies and Programs

Government Agencies) (Programs from all IMAG agencies, e.g.: NIH
SPARC, NIH BRAIN Initiative, NIH ILHBN

Foreign Agencies and Programs, e.g.: European
Commission, Japan, Korea)

MSM Steering Committee
(12 MSM PI’s)

Clinical Translation Task Force Basic Science Dissemination Methodologies

(led by 2-3 steering committee members) Task Force Task Force Task Force

. . Clinical i
MSM and Viral Pandemics WG Translational MSM for Medical

(led by 2 MSM Pis co-leads) Issues Devices
Participants recruited by co-leads

(WG participant list)

IMAG wiki Subgroup
subcommittee leads

27
subgroups!
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= - Created

. Jinteragency Solicitation for Multiscale Modeling in Biomedical, Biological and Behavioral Systems

(NIH, NSF, NASA, DOE)

= — Formation of the MSM Consortium

) JPredictive Multiscale Models of the Physiome in Health and Disease (Ro1)

—IMAG Futures Meeting

. gPredictive Multiscale Models for Biomedical, Biological , Behavioral, Environmental and
Clinical Systems (Interagency Uo1)
. — Celebrated MSM 10t Anniversary (10 years of consortium meetings)

—IMAG Futures Meeting — revisiting 2009 recommendations
. — MSM Consortium Meeting — Translation and Dissemination
. —Integrating ML with MSM for Biomedical, Biological and Behavioral Systems (2019 ML-MSM)

. —Amplifying Impact by Nurturing Diversity (IMAG-AND Futures)
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NEWS & EVENTS FUNDING RESOQURCES ACTIVITIES CURRENT IMAG MEETING

Results From Computational Model
Show Shortening COVID-19
Infectious Period Could Prevent

. Millions of Cases

Key takeaways:

10 Simple Rules for Credible Practice of Modeling S

Interagency Modeling and Analysis Group

(IMAQG)
(Search: IMAG Wiki)
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MODEL STANDARDS & SHARING

MODEL SHARING

MODEL

DATA SHARING

REPRODUCIBILITY

MODEL & DATA SHARING
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One of the first tasks of the o & simulation 1n healtheare.
This activity started as a Comnt generating a list of ten key elements
or simple rules of credible practice (Committee Perspective). As the Commuittee discussions finalized, the group agreed on the
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Now Applied to COVID-19

Ten Simple Rules for
Model Credibility

Define context clearly

Use appropriate data

Evaluate within context

List limitations explicitly

Use version control

Document adequately
Disseminate broadly

Conduct independent reviews
Test competing implementations
10. Conform to standards
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Alber, M., Buganza Tepole, A., Cannon, W.R. et al. * Integrating machine learning and multiscale modeling—perspectives, challenges, and
opportunities in the biological, biomedical, and behavioral sciences. npj Digit. Med. 2, 115 (2019). https://doi.org/10.1038/s41746-019-0193-y

*Ellen Kuhl
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Peng, G.C.Y., Alber, M., Buganza Tepole, A. et al.* Multiscale Modeling Meets Machine Learning: What Can We Learn?. Arch
Computat Methods Eng (2020). https://doi.org/10.1007/511831-020-09405-5 *Ellen Kuhl
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How did this all start?




NIH & IMAG Milestones

1999, NIH BISTT Report
(Biomedical Information
Technology Initiative)

2000 BISTIC formed - BISTI

Initiatives

2003 Inaugural BISTIC
Symposium — Multiscale

Modeling

2005 and 2006, NIH
Roadmap NCBC funded
(National Centers for
Biocomputing)

2000, NIBIB formed

2003, IMAG formed

(Interagency Modeling and
Analysis Group)

2004, IMAG Interagency
Funding Opportunity for
Multiscale Modeling (MSM)

2005, IMAG MSM

Consortium formed

2007, IMAG New Funding
Opportunity for the
Physiome




The Present is Creating the Future

Public Health and
The Needs of Society

Preventive Medicine Health Care Delivery

Digital Patient

Digital Astronaut
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Reflections

* Integrate concurrent events
= Entertain all ideas — even the craziest!

= Crowdsource/refine — gather, share, interact
(repeat)

= Recruit partners —discuss cost/benefits

» Delegate responsibilities — share ownership
» Evolve & understand mutually shared goals
= Communicate, communicate, communicate
= Document, organize, archive
Make it fun!




Many thanks to all the IMAG &
MSM participants since 2003!

IMAG participants

» https://www.imagwiki.nibib.nih.gov/content/listing-imag-
participants

MSM participants
= https://www.imagwiki.nibib.nih.gov/content/msm-participants



https://www.imagwiki.nibib.nih.gov/content/listing-imag-participants
https://www.imagwiki.nibib.nih.gov/content/msm-participants

ThankYou!

Grace C.Y. Peng
grace.peng@nih.gov
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