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Simbios Summ ary

Simbiosis aNationd Center for Biomedical Computing (NCBC). The NCBC programis part of
theNIH Roadmap for Medical Research, and theNationd Center was established in respons to
RFA-RM-04-003 (http://grants.nih.gov/grants/guide/rfa-files/RFA-RM-04-003.html). It is lead
by Russ Altman (Departments of Genetics, Medicine, Bioengineering & Computer Science) and
Scott Delp (Departments of Bioengineering and Mechanical Engineering) of Stanford
University. It is focused on physics-based simulation of biological structure.

Physics-based simulation provides a powerful framework for understanding biological form and
function and hdpsbiomedical researchars undestand the physcal congdraints on biological
systems as they engineer novd drugs drug ddivery systems, synthetic tissues, medical devices,
and surgica interventions Althoughindividud investigators have made elegant contributionsto
physcs-based modding in biomedicing thefield is fragmented. Modding applicationsare
typically limited to a single physcal scale, andindividud investigators frequently mug create
thar own software. These conditionscreate amajor barier to advandng simulation capabilities.
TheNationd Center for Physcs-Based Simulation of Biological Structures (Simbios) isworking
to integrate thefield and accel erate future research.

Simbiosis developing and disseminaing SImTK, an open-source software simulation toolkit
(smtk.org/home/simtkcore), developed by experienced professionds. The software indudes
advanced capabilities for modding the geometry and physcs of biological systems. To ensure
utility and accuracy, the software and training material are beng developed and tested in close
collaboration with biomedical scientists.

Our repostory for software and doaumentation, http://simtk.org, provides the necessary
infrastructure for software development, testing, disseminaion, and discussion for any hoged
projects, and specifically for the SiImTK simulation toolkit and framework.

Our driving biological problems focuson RNA folding, protein folding, myosn dynanics,
neuromuscular dynamics, and cardiovascular mechanics.

We provide multiple ways to interact with Simtk.org and use the SimTK toolkit, in order to serve
users with different levels of computationd sophistication, from cliniciansto modders to
computationd scientists.

CORES 1& 2: B IOCOMPUTATION RESEARCH

Thescopeof our Center isbroad enoughto encompass many biomedical research doneains, and
yet isfocused in itsmission to use physcal and mathematical modding to create accurate
simulationsof biological structure and fundion. In andyzingthedriving biological problems,
we foundabundant commonditiesto jugify the development of acommon simulation platform.

In addition to integrating existing methodsfor modeling, simulation, and dataandysis, we are
developing new mathematical and computationd tools to advance thefield of physcs-based
simulation. Many computationd research chdlenges arise at all scales, induding the need to:
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(1) Detect proximity and modd collisions (2) Find representationsof reduced complexity,
(3) Generate and integrate equaionsof motion, (4) Mix discrete and continuous
approximations(5) Visudize structures in the context of smulationdata (6) Visudize
trajectories and search for paterns (7) Accelerate computationsvia GPUSs.

Simtk.org is organized into distinct levels to serve users with different needs. At Level 1, it
provides access to arepostory of advanced algorithms. Level 2 isthemoddinglayer Pwhee
modds are built and stored. Level 3, containseasy to use applicationswith graphical user
interfaces, such as OpenSim and Simvascular. Develope's can upload new algorithms, models,
and pluginsto nationdly accessible repostories. Users download these new tools and make
immediate use of them in thar research. Collaborators are encouraged to paticipae,
collaborate and contribute at all three levels, degpending on interest and expertise.

APPLICATIONS
Problem solving, visualization

Figure 1.2. Simtk.org software framework. At the core of the framework is
an Algorithm Repository (Level 1) -- an open-source collection of basic and

MODELING advanced algorithms. Built on top of the algorithm repository is a modeling
Physics, mathematics, logic layer (Level 2). Domain specific applications with GUIs (Level 3) will
provide the ability to run simulations and investigate results. A few
applications cross all domains and are designed for modelers and
COMPUTATION developers, such as a model building application and the plugin manager,
Resource management which will provide the ability to import/export models, basic algorithms and
custom tools.

CoORE 3: DRIVING BIOLOGICAL PROBLEMS

We developdl criteria for theselection of our Driving Biological Problems (DBPs). Thecriteria
bdow drove our choice of ourinitial DBPs (individudly or in aggregae) and will drive our
choice of problems throughoutthelife of the Center.

Canonical: Results should be guaranteed to have broad applicability.

Cover arangeof scales: Each DBP should cover some range of scales.

Physics-based: Expressed by andyzing geometry and physcs of thebiological system.
Data rich: Rich experimental daa providing condraints tha drive and validate modds.
World-class, engageal experimentalists

Collectively cover a broadarea of biophysical modding

Hawve importantimplicationsfor disease

K K K K K K K

Our DBPs satisfy these criteria and are briefly reviewed here. These DBPs are at different stages
of maturity. We encourage collaborationin each of these DBP areas, induding DBPs tha have
matured and are no longe actively funded by Simbios Multiscale capabilities are encouraged
from the onset, since these features cannot simply be added later.

RNA FOLDING (INTRODUCED FALL 2004)

This project represents a macromolecule-scale study of the process of folding. Althoughthe
primary scale of the RNA work is at theatomic level, certain computationsare too expensve to
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perform atomistically; thus the project requires coarse-grain representationsfor which we have
provided several options indudingal bdl pe base representation, a5 bdls/base representation
aswell aninternd coordinae representation usng multibody dynamics.

PROTEIN FOLDING (INTRODUCED SPRING 2008)

This project investigates thefolding kinetics of proteinsand protein-protein complexes, through
a coupled approach of detailed smulationsvalidated and tested by experiment. A key aspect is
the development of OpenMM (Open Molecular Mechanics), an extengble API for molecular
mechanics. OpenMM is designeal to operate with thetens of different Molecular Dynamics codes
with overlapping fundiondity, each with their own user base and designed to take hardware
acceleration into account, in particular computationson Graphic Processor Units (GPUS).

MYOSIN DYNAMICS (INTRODUCED FALL 2004)

This project represents a scale tha is oneorde of magnitudelarger than RNA. Myosn
represents the fundamental source of motive force in many living systems, and so its biological
importanceis high. Itisfundanentally aphysca problem: how doesthecell turn the chemical
energy of ATP into movement? Thereevant scales for myosn rangefrom Anggromsto
nanometers. This project uses arangeof experimental techniques. Myosn dynamicsisimportant
for undestanding myopahies and the generation of motive force throughoutorgan systems.

NEUROMUSCULAR DYNAMICS (INTRODUCED FALL 2004)

Therangeof scalesrelevant to this problem isimpressive: the precise physcal propeties of a
muscle cell at themicron scale, al theway to the macroscopic forces generated by muscles on
the scale of centimeters. Modding of human motion is a biomechanical and physcal problem.
A primary applicationisin the planning of interventionsto assist patients with abnomal
movement dynamics, e.g. children with cerebral pasy, and adults with stroke and Parkinson®
disease. Advancesinimaging providerich daa sets for building and evaluaing modds.

CARDIOVASCULAR DYNAMICS (INTRODUCED FALL 2005)

This project represents scale from millimeters to meters, and focuses on the dynamics of fluid
flow throughthe branching system of bloodvessels in the human cardiovascular system. This
DBP isimportant because the physcs of fluid flow are markedly different than the physcs of
multi-body dynamics used at the molecular and neuromuscular level.

Cores 4-7: INFRASTRCUTURE, T RAINING, DISSE-
MINATION OF RESEARCH RESULT S & ADMINISTRATION

Infrastructure: Our plansfor infrastructure includeddivering software to the biomedical
research community, via Simtk.org and suppotingits routine use across diverse biomedical
research domains We have established and maintain a hardware infrastructure tha guarantees
congstent and robug access to Simtk.org. Thisinfrastructure does not generaly indude
computing power for user applications which mug beidentified throughseparate mechanisms.
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Training: Onefocusof Simbiosisto augment existing undegraduae and graduae programs
with courses and workshopsgeared towardsthe intellectud domain of physcs-based ssimulation.
We suppot an average of four pogdodoral fellows throughour distinguished pogdoc program.

Dissemination: Theuser community for Simtk.org anditstoolkit isdiverse andlarge Our
dissemination activitiesindudethefollowing highlights:

¥ Simtk.org: where al software developed by or in active collaboration with Simbiosis
made available. Our SImTK toolkit is available at simtk.org/home/core.
¥ TheBiomedical Conpuiation Review, a nendetter providingaforumfor increasing
public awareness of theintersection of biomedicine and computation.
¥ Applicationsand assodated algorithms and modds created unde an open source license
consstent with free academic use and commercialization.
For information on administration see http://simbios stanford.edu/.

Oppor tunit ies for collabo ration

1. Extendtheapplication of existing Smbiosefforts in the same biological realm. We are
currently focusng on RNA dynanics, protein folding, neuromuscular biomechanics, and
cardiovascular fluid dynamics. We welcome collaborationsin closaly related areas where
existing technologies can bedirectly tested with little modification.

2. Adopionof our APIs. Werelease an API for molecular dynanmics, designed to take hardware
acceleration via Graphic Processor Units (GPUSs) into account We will incorporate this APl into
Gromacs and Amber and are actively seeking collaborators to incorporate this APl into awide
rangeof additiond Molecular Dynamics codes. The collaboration could be at an algorithmic
level or could focuson theuse of the MD codeto solve a particular biologica problem.

3. Introdue new modds and other data into the Simbios capabilities. We areinterested in
sharing data and modds produced by other groups as part of a dissemination repostory.

4. Develop basic relevant algorithms. We are interested in breakthroughsat the basic
algorithmic level that will hdp facilitate faster or more accurate simulationsat any scale as well
as multiscale ssimulations We are aso interested in algorithms tha can be significantly
accelerated usng GPUs, which has become oneof our focusareas for Molecular Dynamics

5. Provideapplicationstha can be downloaded from Simtk.org. We are interested in providing
applications(usng novd modds, methodsand algorithms) tha end users (scientists and
cliniciang) can download from Simtk.org and use in ther research.

6. Develop waysto perform daamining and andysis of Simbiosoutput We are interested in
methodsto andyze smulations visudize them, and pull out useful new biomedical knowledge

7. Run experimental projectsto be additiond driving biological problems. We are currently
focusng onfour biological application areas. We would welcome collaborationsthat introduce
new biological areas, and extend and test codewe develop for our fourinitial areasto new areas.

8. Develop novd methodsto ddiver SimTK fundiondity. We are interested in ensuring tha
thebroadest possible base of biomedical researchers has access to adequae computationd and
human resourcesto use SImTK software.
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