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Eric Irrgang, University of Virginia

ericirrgang@gmail.com

Eric completed his undergraduate degree at the University of Texas,
Austin and his PhD in Materials Science & Engineering with Sharon
Glotzer at the University of Michigan before joining the Kasson Lab
as a postdoctoral fellow. Now he is building interfaces for flexible
and extensible molecular dynamics simulation. Eric believes strongly
in proper software engineering design and flexible simulation
interfaces but keeps a soft spot in his heart for Monte Carlo
methods. He is supported by a MolSSI Software Fellowship.
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Kasson lab

research on physical mechanisms in
infectious disease

* infection by enveloped viruses
* drug-resistant bacteria

tools and methods development

 combining experiments with
advanced computation

* large-scale biomolecular simulation
« statistical learning




Simple Python interface, C++ performance

>>>md = gmx.from_file([filenamel, filename2, filename3, ...])

>>> potential = myplugin.EnsembleRestraint(sites, *args, **kwargs)

>>> md.add_dependancy(potential)

Bioinformatics, 2018, 1-3

doi: 10.1093/bioinformatics/bty484

o >>> gmx.run()
Advance Access Publication Date: 15 June 2018
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Complex workflows and custom code

—> Restart

Simulation Experimental Simulations

distribution distribution

Update pull potential:

U= %K(PMD(ZU) — Poger(2))’ \

restrained ensemble

Irrgang, Hays, & Kasson. Bioinformatics (2018).
DOI: 10.1093/bioinformatics/bty484



Complex workflows and custom code

—> Restart

Simulation Experimental Simulations

distribution distribution

Update pull potential:

. U= %K (Pup(x) — Poeer(z))” \
restrained ensemble

1.501
05, 117 - 107
1.251
£ 1.007 0.61
Q (.75;
(qo] ’ .
© 0.4
O 0.501
Q- 0.2
0.25+
0.00" 0.01 L
0 2 4 6 0 2 4 6
MD Initial

Irrgang, Hays, & Kasson. Bioinformatics (2018). Distance (nm) = DEFR

DOI: 10.1093/bioinformatics/bty484



Building the simulation

d

>>>md = gmx.from_file([filenamel, filename2, filename3, ...])

b

>>> potential = myplugin.EnsembleRestraint(sites, *args, **kwargs)

>>> md.add_dependancy(potential)

C

>>> gmx.run()

Irrgang, Hays, & Kasson. Bioinformatics (2018).
DOI: 10.1093/bioinformatics/bty484



Specifying work

Python command
a

> Work graph

>>>md = gmx.from_file([filenamel, filename2, filename3, ...])

b

Data Input

gmxapi.load_file
params: [filenamel, filename2,...]

)

MD Engine

gmxapi.md

>>> potential = myplugin.EnsembleRestraint(sites, *args, **kwargs)

>>> md.add_dependancy(potential)

C

>>> gmx.run()

Irrgang, Hays, & Kasson. Bioinformatics (2018).

DOI: 10.1093/bioinformatics/bty484



Specifying work

Python command
a

>

Work graph

>>>md = gmx.from_file([filenamel, filename2, filename3, ...])

b

Data Input

gmxapi.load_file

params: [filenamel, filename2,...]

)

MD Engine

gmxapi.md

>>> potential = myplugin.EnsembleRestraint(sites, *args, **kwargs)

Data Input

>>> md.add_dependancy(potential)

|

MD Engine

C

>>> gmx.run()

Irrgang, Hays, & Kasson. Bioinformatics (2018).
DOI: 10.1093/bioinformatics/bty484

Plug-in module
myplugin.mdmodule

params: [...]
}

Calculation on ensemble

gmxapi.ensemble_reduce
params: [SUM]




Dispatching for execution

Python command
a

>>>md = gmx.from_file([filenamel, filename2, filename3, ...])

b

>>> potential = myplugin.EnsembleRestraint(sites, *args, **kwargs)

>>> md.add_dependancy(potential)

C

>>> gmx.run()

Irrgang, Hays, & Kasson. Bioinformatics (2018).
DOI: 10.1093/bioinformatics/bty484

Data Input
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> Work graph

Plug-in module
myplugin.mdmodule

params: [...]
}
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gmxapi.ensemble_reduce
params: [SUM]

Data Input

iy

ik

Plug-in module

W MD Engine

Calculation on ensemble




Work specification schema

{

:> "version": "gmxapi workspec 0 1",

Python command : :
Ei {elements :

“tpr input”:

>>>md = gmx.from_file([filenamel, filename2, filename3, ...]) { _

“namespace”: “gmxapi”,
“operation”: “load tpr”,
“params”: [..],
“depends”: []

}

t) “md sim”:
{

“namespace”: “gmxapi”,

>>> potential = myplugin.EnsembleRestraint(sites, *args, **kwargs) “operation”: “md”,

“params”: [],

“depends”: [“tpr input”, “ensemble restraint”]

>>> md.add_dependancy(potential) ‘}:ensemble restraint 1”:
{
“namespace”: “myplugin”,
“operation”: “ensemble restraint”,
“params”: [..],
“depends”: []
}

Irrgang, Hays, & Kasson. Bioinformatics (2018).
DOI: 10.1093/bioinformatics/bty484



Middleware layer

{
"version": "gmxapi workspec 0 1",
"elements":
{
“tpr input”:
{
“namespace”: “gmxapi”,
“operation”: *“load tpr”,
“params”: [..],
“depends”: []
}
“md sim”:
{
“namespace”: “gmxapi”,
“operation”: “md”,
“params”: [],
“depends”: [“tpr input”, “ensemble restraint”]
}
“ensemble restraint 1”:
{
/namespace”: "myplugin”, Execution manager
“operation”: “ensemble restraint”,
“params”: [..],
udepends”: [] Data Input
} '
}
} W MD Engine <> Plug-in module
i—;»

Irrgang, Hays, & Kasson. Bioinformatics (2018).
DOI: 10.1093/bioinformatics/bty484

Calculation on ensemble




Bestrained Ensemble Simulation
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Examples

Once the gmxapi package is installed, running simulations is easy with

gmx.workflow.from_tpr() and gmx.run() .:

import gmx
md = gmx.workflow.from_tpr(tpr_filename)
gmx. run(md)

To run a batch of simulations, just pass an array of inputs.:

import gmx
md = gmx.workflow.from_tpr([tpr_filenamel, tpr_filename2, ...])
gmx. run(md)

If additional arguments need to be provided to the simulation as they would for the
mdrun command line tool, you can add them to the workflow specification when you

create the MD work element.:

md = gmx.workflow.from_tpr(tpr_1list,
tmpi=20,
grid=[3, 3, 2],
pme_threads_per_rank=1,
pme_ranks=2,
threads_per_rank=1)

https://github.com/kassonlab/gmxapi



Full script

If you have written plugins or if you have downloaded and built the sample plugin, you
attach it to your workflow by making it a dependency of the MD element. You can use
the add_dependency() member function of the gmx.workflow.WorkElement returned by

from_tpr() . The following example applies a harmonic spring restraint between atoms
1 and 4:

import gmx
import myplugin
assert gmx.version.is_at_least(0,0,6)

md = gmx.workflow.from_tpr([tpr_filenamel)
params = {'sites': [1, 4],
'RO': 2.0,
'k': 10000.0}
potential_element = gmx.workflow.WorkElement(namespace="myplugin",
operation="create_restraint",
params=params)
potential_element.name = "harmonic_restraint"
md.add_dependency(potential_element)
gmx. run(md)

https://github.com/kassonlab/gmxapi



gmxapi 0.0.6

https://github.com/kassonlab/gmxapi

Change Logy

0.0.6
Interface and feature updates
- Updates to gmx.version module
Automatically set and restore from MD simulation checkpoints in the session working directory.
Allow control of whether simulation output is appended or truncated (PR #126).
Allow plugins to issue a stop signal to MD simulations (reference #62 for gromacs-gmxapi and sample_restraint repos).
« Changes to gmx.exceptions
Allow full CMake-driven install
Updated example notebooks in sample_restraint repository.

Internal
Improved Cl testing
#64 Unique work spec identification.

Bug fixes
#66 Docker does not access current gmxpy version.
#123 Race condition in session closing.


http://localhost:63342/gmxpy/cmake-build-debug-default-nompi/docs/reference.html#module-gmx.version
https://github.com/kassonlab/gmxapi/pull/126
https://github.com/kassonlab/gmxapi/issues/62
http://localhost:63342/gmxpy/cmake-build-debug-default-nompi/docs/reference.html#module-gmx.exceptions
https://github.com/kassonlab/gmxapi/issues/64
https://github.com/kassonlab/gmxapi/issues/66
https://github.com/kassonlab/gmxapi/issues/123

Better data flow (future)

>>> my_stop_condition = gmx.logical and(potentiall.stop, potential2.stop)

>>> md = gmx.workflow.from tpr([tpr_filename, tpr_ filename],
restraint=[potentiall, potential2],
stop=[my_stop condition],
override nsteps=True)

>>> potential3 = myplugin.new_restraint(alpha=potentiall.output.alpha)

>>> # or

>>> # potential3 = myplugin.new_restraint(params=potentiall.output.params)

The API hcok can te provided to the C++ plugin as a function pointer in the Resources cbject. At the
higher level, the MD element params will look like

‘parans’: {
“input i
“restraint’ : ["potentiall.interface.restraint”, "potential2.interface.restraint”],
"stop : ["my_stecp_condition.ostream”]

oy

where "my_stop_condition" is an element for the gmxapi.logical_and operation, with params equal to

"input : ["potentiall.ostream.stop"”, "potential2.ostream.stop”]



Architecture and protocols

system.def(
"add_mdmodule”,
[1(Systemx system, py::object force_object){
auto spec = system—>getSpec();
auto holder = new gmxapi::MDHolder(spec);
holder—>name_ = "pygmx holder";
auto deleter = [](PyObject *o0) {
if (PyCapsule_IsValid(o, gmxapi::MDHolder_Name))
{
auto holder_ptr = (gmxapi::MDHolder *) PyCapsule_GetPointer(o, gmxapi::MDHolder_Name);
delete holder_ptr;
};
I
auto capsule = py::capsule(holder,
gmxapi::MDHolder_Name,
deleter);
py::object bind = force_object.attr("bind");
py::object obj = capsule;
bind(obj);
I

gmxapi_mdmodule.def (
"bind",
[1(std::shared_ptr<TestModule> self, py::object object){
auto holder = (gmxapi::MDHolderx) PyCapsule_GetPointer(
object.ptr(),
gmxapi::MDHolder::api_name);
auto spec = holder->getSpec();
spec—>addModule(self);

gmx: :PotentialPointData EnsembleHarmonic::calculate(gmx::Vector v,
gmx::Vector vo,

double t):




gmxapi: a high-level interface for advanced control
and extension of molecular dynamics simulations.

Irrgang, M. Eric, Hays, Jennifer M., & Kasson, Peter M. (2018).
Bioinformatics. https://doi.org/10.1093/bioinformatics/bty484
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Mark Abraham, KTH Stockholm
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https://github.com/kassonlab/gmxapi
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Status of "context" abstraction

gmx.run() provides the "big green go button” that users expect, but the hidden layers of
abstraction are also accessible to users. gmxapi 0.1 specificies that gmx.run() will use or configure
an appropriate execution context for the specified work, launch a session, and run until data flow
for results is resolved. It is assumed to be essentially an alias for the following.

with gmx.get_context(simulation.workspec) as session:
session.run()

The Context abstraction exists to allow modular handling of computing resources and
environments. The user could specify non-default Context implementations or load Contexts from
other Python modules.

context = gmx.context.ParallelArrayContext(simulation)
with context as session:
session.run()

Near term plans for Context extensions include

« support for tMPI or MPI GROMACS builds,

« serial execution fallback for workflows when MPI is not available
+ remote SLURM execution

¢ container management

https://github.com/kassonlab/gmxapi
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Directed, acyclic work graph
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